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Streszczenie rozprawy doktorskiej

Zakazenia uktadu moczowego (ZUM) naleza do najczestszych infekcji bakteryjnych
na $wiecie, stanowigc drugg pod wzgledem czestosci grupe zakazen po infekcjach drég
oddechowych. Dotykajg one od okoto 150 do 250 milionéw ludzi rocznie, stanowig okoto
30% wszystkich zakazen szpitalnych i generuja znaczne wydatki systemu opieki
zdrowotnej oraz spoteczno-ekonomiczne, przy czym w samych tylko Stanach
Zjednoczonych roczny koszt leczenia niepowikltanych ZUM szacuje sie na okoto 2 miliardy
dolaréw. Cho¢ ZUM wystepuja u obu pici, kobiety sg nieproporcjonalnie czesciej dotkniete
tego typu infekcjami, gdyz ponad potowa kobiet na $wiecie doSwiadcza co najmniej

jednego epizodu zakazenia w ciggu zycia.

Glownym czynnikiem etiologicznym ZUM sg uropatogenne szczepy Escherichia coli
(uropathogenic Escherichia coli, UPEC), odpowiadajace za okoto 75-85% niepowiktanych
i 50-65% powiklanych zakazen, ktére wraz z innymi przedstawicielami rzedu
Enterobacterales, przede wszystkim Klebsiella pneumoniae, stanowig przyczyne
wiekszosci przypadkéw infekcji. Dominacja bakterii E. coli w$réd uropatogenéw wynika
przede wszystkim z ich zdolnosci do unikania odpowiedzi immunologicznej gospodarza
oraz do zasiedlania dr6g moczowych. Co istotne, bakterie UPEC nie s3 jednolitg grupg,
albowiem obejmuja szczepy istotnie réznigce sie profilami wirulencji i opornosci. Genom
E. coli mozna podzieli¢ na zachowany ewolucyjnie genom rdzeniowy (core genome),
obejmujacy geny kodujace biatka petnigce podstawowe funkcje zyciowe komorki oraz
sekwencje wysoce zmienne (accessory genome), obejmujgce mobilne elementy
genetyczne, takie jak plazmidy, profagi i wyspy genomowe, ktérych nabywanie lub utrata,
za posrednictwem horyzontalnego transferu gendéw, ksztattuje zdolno$¢ bakterii do

kolonizacji uktadu moczowego, ich patogennos$c¢ i oporno$¢ na antybiotyki.

Patogennos$¢ UPEC jest determinowana przez zréznicowany zestaw czynnikéw
wirulencji, a nie przez jeden uniwersalny czynnik. Genomy tych bakterii zawierajg geny
zwigzane z adhezjg, umozliwiajgce przyleganie do komdrek nabtonka i kolonizacje, w tym
fimbrie typu 1, P i S, adhezyny Dra/Afa oraz antygen 43. Niosg one réwniez geny kodujace
toksyny, ktére moduluja odpowiedz immunologiczng i uszkadzaja komoérki gospodarza,
jak na przyktad a-hemolizyna, martwiczy czynnik cytotoksyczny 1 (cytotoxic necrotizing
factor 1, CNF1) czy biatko USP (uropathogenic-specific protein), a takze geny

zaangazowane Ww biosynteze i transport sideroforéw, umozliwiajgce efektywne



pozyskiwanie zelaza. Dodatkowe geny i biatka zwigzane z wirulencja obejmujg czynniki
inwazyjne, biatka autotransporterowe, elementy sekrecyjnego systemu typu VI oraz
produkty uczestniczagce w biosyntezie otoczki i lipopolisacharydu, ktére utatwiajg

ucieczke przed odpowiedzig immunologiczng i hamujg proces fagocytozy.

Tworzenie biofilmu jest kluczowym etapem patogenezy ZUM, umozliwiajagcym
UPEC skuteczne przetrwanie i ekspansje w obrebie dréog moczowych. Rozwdj biofilmu
umozliwiajg struktury komérkowe, takie jak fimbrie typu 1 i P, ktére rozpoznajg receptory
na powierzchni komorek nablonka gospodarza i inicjuja produkcje macierzy
zewnatrzkomoérkowej chronigcej bakterie przed antybiotykami i komoérkami uktadu
odporno$ciowego. W macierzy biofilmu wystepuja dodatkowo komorki przetrwate
(persister cells), ktére potrafig przetrwac¢ ataki uktadu odpornos$ciowego oraz terapie
antybiotykowe i umozliwiajg ponowny wzrost populacji bakteryjnej po zakonczeniu
antybiotykoterapii, co sprawia, ze eradykacja biofilmu jest skrajnie trudna, a nawroty
zakazen sg czeste. Biofilmy mogg rowniez powstawac¢ na powierzchniach abiotycznych,
takich jak cewniki moczowe, co czyni leczenie odcewnikowych ZUM szczegdlnie trudnym
zadaniem, albowiem wydtuzajace sie cewnikowanie zwieksza ryzyko zakazenia o okoto
5% na dobe. W $rodowisku szpitalnym biofilm bakteryjny stanowi zZrédto przewlektych
zakazen oraz miejsce intensywnego miedzykomorkowego transferu genéw, sprzyjajacego

selekcji i rozprzestrzenianiu sie opornosci na antybiotyki.

Oporno$¢ na S$rodki przeciwdrobnoustrojowe wsréd uropatogendw jest stale
rosngcym problemem, napedzanym w duZej mierze niewtasciwym stosowaniem
antybiotykéw i generuje wysokie koszty leczenia. Odnotowane wskazniki opornosci
réznig sie znacznie w zalezno$ci od regionu geograficznego i grupy antybiotykow.
Opornos$¢ na trimetoprim-sulfametoksazol wsréd izolatéw UPEC w Europie wynosi od
14,6 do 60%, podczas gdy oporno$¢ na amoksycyline-kwas klawulanowy miesci sie
w zakresie od 5,3% w Niemczech do 37,6% we Francji, a w krajach rozwijajgcych sie
odnotowuje sie jeszcze wyzsze wartoSci. Opornos¢ na cefalosporyny II i III generacji
réwniez rosnie w Europie, a badania izolatéw klinicznych UPEC wykazaty opornos$¢ na
cefalosporyny III generacji i amoksycyline-kwas klawulanowy w niektorych regionach
przekraczajaca 70-85%. Rozlegte stosowanie fluorochinolonéw, w szczego6lnosci
cyprofloksacyny, przyczynito sie do stalego wzrostu opornosci na te grupe lekow, ktora

jest wyraznie bardziej rozpowszechniona w regionach o niskich i srednich dochodach



(w zakresie 55,5-85,5%) niz w krajach wysoko rozwinietych (w zakresie 5,1-32,0%).
Z drugiej strony, izolaty UPEC na o0gét pozostaja wrazliwe na karbapenemy
i nitrofurantoine, przy czym ta ostatnia, nadal stanowi terapie pierwszego wyboru
w zalezno$ci od lokalnych wzorcéw opornosci i rodzaju zakazenia. Skale problemu
odzwierciedla wiaczenie E. coli do listy patogen6w monitorowanych przez Europejskie
Centrum ds. Zapobiegania i Kontroli Choréb (ECDC) a takze dane z globalnego systemu
nadzoru WHO GLASS, wskazujgce na istotne obcigzenie zwigzane z opornoscig na Srodki
przeciwdrobnoustrojowe ws$rod E. coli i K. pneumoniae, bedacych czestymi przyczynami
zakazen krwi. W zwigzku z rosngcg czestoScia opornosci na  Srodki
przeciwdrobnoustrojowe wsréd bakterii UPEC, pojawita sie pilna potrzeba opracowania

terapii alternatywnych.

Wsrod alternatywnych strategii walki z zakazeniami wywotywanymi przez
wielolekooporne UPEC obiecujgcym podejsciem jest terapia fagowa. Lityczne bakteriofagi
posiadajg kilka swoistych zalet w poréwnaniu z konwencjonalnymi $rodkami
przeciwdrobnoustrojowymi: (I) mogg niszczy¢ biofilmy bakteryjne, ktére sa oporne na
leczenie antybiotykami, (II) namnazaja sie w miejscu zakazenia, zapewniajac w ten
spos6b samoreplikujgce sie S$rodki bakteriobdjcze oraz (III) zabijaja patogeny
selektywnie, zachowujac przy zyciu pozyteczne bakterie mikrobiomu. Mimo to
zastosowanie terapeutyczne fagdw pozostaje wyzwaniem. Do terapii nadajg sie wylacznie
fagi o Scisle litycznym cyklu rozwojowym, a bioinformatyczna predykcja drogi rozwoju
fagow czesto wymaga potwierdzenia eksperymentalnego. Rzadko badanym aspektem jest
to, ze aktywno$¢ fagébw moze byC obnizona przez odpowiedZ immunologiczng
gospodarza. Ponadto, wiele bakteriofagéw jest wysoce specyficznych wobec zaledwie

kilku szczepdéw bakterii, co uniemozliwia ich szerokie, uniwersalne zastosowanie.

Co wazne, genomy fagéw stanowig rowniez cenne Zrédio informacji genetycznej,
mogacej zawiera¢ geny kodujace biatka i inne czynniki o znaczeniu zaréwno
aplikacyjnym, jak i poznawczym. Z jednej strony produkty gendw znajdujgcych sie
w genomach fagow moga mie¢ uzyteczne aktywnosci biologiczne, takie jak liza komoérek
bakteryjnych lub degradacja struktur na powierzchni bakterii, przez co moga stanowic
zrédto nowych S$rodkéw przeciwdrobnoustrojowych. Z drugiej strony, sekwencje
genomow fagowych moga zawiera¢ informacje przydatne w badaniach réznorodnosci

i ewolucji fagow, umozliwiajac identyfikacje cech genomowych przydatnych w okreslaniu



pokrewienstwa oraz rekonstrukcji zalezno$ci filogenetycznych miedzy fagami.
Niewatpliwie systematyczna eksploracja genomdéw fagéw moze jednocze$nie przyczyniac
sie do odkrywania nowych biatek o znaczeniu aplikacyjnym oraz do lepszego zrozumienia

molekularnej i ewolucyjnej charakterystyki bakteriofagow.

W niniejszej rozprawie skoncentrowaliSmy sie na bakteriofagach infekujacych
bakterie UPEC. Badania obejmowaty zaréwno fagi juz opublikowane, ktérych sekwencje
genomowe byly dostepne w bazie GenBank, jak i poszukiwanie nowych fagéw oraz ich
kompleksowa charakterystyke, uwzgledniajaca analize morfologiczng i fizjologiczna,
ocene stabilnosci i bezpieczenistwa wobec komérek ludzkich, a takze sekwencjonowanie,
skladanie i szczegétowa analize ich genomoéw. PrzeprowadziliSmy réwniez analize
filogenetyczng badanych fagéw w celu okreslenia ich pokrewienstwa z innymi wirusami
infekujgcymi bakterie UPEC. Z kolei analizy genomowe ukierunkowaliSmy na
identyfikacje genéw i cech genomowych o potencjalnym znaczeniu poznawczym i
aplikacyjnym. Szczegblng uwage poswieciliSmy identyfikacji genéw kodujacych biatka
enzymatyczne, w tym biatka zaangazowane w lize komorek bakteryjnych i potencjalne
depolimerazy, mogace stanowi¢ Zrédio nowych narzedzi przeciwdrobnoustrojowych.
Z drugiej strony, badania miaty takze na celu identyfikacje genéw o silnym sygnale
filogenetycznym, odgrywajacych istotng role w rekonstrukcji relacji ewolucyjnych nawet

dla blisko spokrewnionych fagéw infekujacych UPEC.

W artykule nr 1 przeprowadziliSmy analize 98 bakteriofagéw i wykazaliSmy ich
znaczny potencjat terapeutyczny w zwalczaniu UPEC. StwierdziliSmy, ze zdecydowana
wiekszo$¢ tych izolatow, a doktadnie 95%, zostata oceniona pod katem zakresu
gospodarza, co stanowi fundament zrozumienia spektrum ich aktywnos$ci wobec réznych
szczepOw  bakteryjnych. W naszym badaniu wyrdzniliSmy siedem fagéw:
vB_Ecos_Golestan, myPSH1131, Killian, 590b, FS2B, UGKSEcP1 i UGKSEcP2 jako dobrze
scharakteryzowanych, potencjalnych kandydatéw do dalszych badan nad terapig fagowa.
Te konkretne szczepy fagowe przeszty szczegétowa analize fizjologiczng
i bioinformatyczng, obejmujaca ocene zakresu gospodarza, stabilnosci, kinetyki rozwoju
i organizacji genomu. Co godne uwagi, analiza faga FS2B ujawnita jego silng aktywnos$¢
lityczna, duzy plon fagowy oraz wyjatkowa stabilno$¢ w szerokim zakresie temperatur
i pH, wraz z potwierdzonym litycznym cyklem rozwojowym i brakiem gen6w zwigzanych

z lizogenia. Ponadto zaobserwowalismy, ze fag ten wykazywat synergistyczne dziatanie



zbadanymi antybiotykami, co sugeruje, Ze stanowi on przyklad dobrze
scharakteryzowanego faga, ktéry prezentuje duzy potencjat, aby sta¢ sie skuteczna,

spersonalizowang opcja terapeutyczng w nawracajgcych zakazeniach uktadu moczowego.

Analizy bioinformatyczne wykazaty ponadto znaczne zréznicowanie genomowe
fagow infekujacych UPEC. Wielkosci ich genoméw miescity sie w zakresie od 39 091 do
169 905 pz, a liczba przewidzianych otwartych ramek odczytu (open reading frames, ORF)
od 49 do 305. Adnotacje genoméw oraz analizy poréwnawcze przeprowadziliSmy w celu
okreslenia funkcji biatek fagowych. Co istotne, osiem wcze$niej zsekwencjonowanych,
lecz nieopisanych genoméw fagoéw zostato w tej pracy poddanych adnotacji po raz
pierwszy. Sposrdéd 792 unikatowych biatek fagowych zgromadzonych w tabelach
uzupelniajgcych S2 i S3, az 79 biatek fagowych o potencjalnym charakterze aplikacyjnym
zidentyfikowaliSmy w nowo zadnotowanych genomach fagéw anty-UPEC. Szczegdlny
nacisk potozyliSmy na identyfikacje fagowych enzymoéw o potencjalnym zastosowaniu
w strategiach przeciwdrobnoustrojowych, w tym biatek uczestniczacych w lizie komérek
bakteryjnych oraz potencjalnych depolimeraz, zidentyfikowanych na podstawie
strukturalnych analiz bioinformatycznych. kLacznie, u wszystkich badanych fagow
zidentyfikowano 40 klasycznych endolizyn, 75 holin, 40 spanin i 16 potencjalnych
depolimeraz. Aby doktadniej scharakteryzowac potencjat rozwojowy fagéw, wykonalismy
predykcje cyklu zyciowego, dostarczajac nowych wynikow i wskazujgc kilka fagow
wymagajacych dalszej weryfikacji eksperymentalnej ze wzgledu na potencjalnie
lizogeniczny cykl rozwojowy. Ponadto opracowaliSmy wieloetapowe podejscie do analizy
filogenetycznej badanych fagéw. W pierwszym etapie, 82 fagi pogrupowali$my w klady na
podstawie ich wstepnego podobienstwa i pokrewienistwa ewolucyjnego, okreslonego na
podstawie drzewa proteomicznego wygenerowanego z wykorzystaniem programu
ViPTree. Nastepnie, za pomocg oprogramowania OMA, zidentyfikowaliSmy grupy genéw
ortologicznych. W kolejnym etapie oceniliSmy poszczegélne matryce uszeregowan
sekwencji biatkowych pod katem liczby miejsc parsymonicznie informatywnych. Na tej
podstawie = wytypowaliSmy geny  dostarczajagce informacji filogenetycznej
i wykorzystaliSmy je do skonstruowania drzew wielogenowych. Nalezaty do nich miedzy
innymi geny kodujace biatka ogonka, biatka portalowe oraz biatka zwigzane z replikacja

genomu. Z analizy wykluczyliSmy sekwencje o wysokim stopniu zakonserwowania.



Te nowo wykonane analizy w znacznym stopniu wzbogacity dostepng
charakterystyke bioinformatyczng genomoéw fagowych i dostarczyty nowych informacji
o ich potencjale aplikacyjnym, cechach rozwojowych i relacjach ewolucyjnych tych fagéw.
Co wazne, analizy przeprowadzone z uzyciem wielu narzedzi bioinformatycznych
konsekwentnie wskazywaty na brak czynnikéw wirulencji i genéw opornosci na
antybiotyki w analizowanych genomach fagéw. Wyniki te demonstrujg istotnos¢
i znaczenie kompleksowej charakterystyki fagéw dla oceny ich stabilnosci,
bezpieczeistwa wobec komorek ludzkich, ich cech rozwojowych i zaleznoSci

ewolucyjnych, przed zastosowaniem terapeutycznym.

Mimo tych obiecujgcych wynikéw zidentyfikowaliSmy istotne luki metodologiczne
i niespdjnosci w opublikowanych pracach, ktére utrudniajg ocene przydatnosci badanych
fagow w terapii fagowej. Nasza praca przegladowa (artykul nr 1) ujawnita, ze kluczowe
dane dotyczace bezpieczenstwa fagéw w duzej mierze nie istnieja, a co wazne, zaden z 98
analizowanych fagéw nie zostat przetestowany pod katem cytotoksycznosci wobec
komérek eukariotycznych. Ponadto tylko 42% przeanalizowanych fagéw miato zbadang
wydajnos¢ infekcji (efficiency of plating, EOP). Brak wynikéw tej analizy, jest istotnym
zaniedbaniem prowadzacym do nieprecyzyjnych ocen skutecznosci dziatania
opublikowanych fagéw. Z kolei badania stabilnosci przeprowadzono jedynie dla 20%
szczepow fagowych pod wzgledem temperatury i 19% pod wzgledem pH. Dodatkowo
15% genomow fagowych w ogdle nie zostalo zsekwencjonowanych, a inne nie miaty
wykonanej prawidlowej adnotacji ani analizy filogenetycznej. W celu zaradzenia tym
ograniczeniom doszliSmy do wniosku, Ze przyszie badania powinny opieraé sie na
ustandaryzowanych, kompleksowych protokotach charakterystyki fagéw, a konkretnie,
opowiedzieliSmy sie za obowigzkowymi testami EOP, doktadnymi badaniami
przesiewowymi pod katem cytotoksycznos$ci, badaniami stabilno$ci w warunkach
fizjologicznie istotnych oraz rygorystyczng weryfikacja bioinformatyczng genoméw pod
katem obecnosci genéw toksyn i opornosci na antybiotyki, aby méc oceni¢ potencjat

badanych fagéw w zastosowaniu w terapii fagowe;j.

Majac na uwadze ograniczenia dotyczace charakterystyki bakteriofagow,
zidentyfikowane w pracy nr 1, staraliSmy sie im zaradzi¢ we wtasnych badaniach
eksperymentalnych, przedstawionych w artykule nr 2. W tej pracy wyizolowaliSmy

i wszechstronnie scharakteryzowaliSmy kilka nowych litycznych bakteriofagow
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infekujacych Kkliniczne szczepy UPEC oraz zaproponowaliSmy pie¢ nowych gatunkéw
fagow: Hanrivervirus vB_EcoS-149_4M, Warwickvirus vB_EcoS-149_6D, Nonavirus vB_EcoS-
164 2, Kagunavirus vB_EcoS-179_3 i Vectrevirus vB_EcoP-179_5. Co wazne, wyszliSmy
daleko poza opisowe raportowanie dominujgce w literaturze: zamiast jedynie rejestrowac
zakres gospodarzy standardowo stosowanym testem nakropien (spot test), wykonali$my
analize EOP i zintegrowali$my charakterystyke fagéw z poré6wnawcza analizg genomowa
samych gospodarzy bakteryjnych. Ponadto wykonaliSmy szeroka analize
bioinformatyczna genomdw fagowych, wykluczyliSmy wystepowanie gendéw toksyn
i gendw opornosci na antybiotyki oraz udokumentowali$my obecno$¢ genéw kodujacych
potencjalne biatka lityczne, takie jak endolizyny, holiny i spaniny, u wszystkich nowo

zidentyfikowanych fagow.

Aby ustali¢ pozycje filogenetyczng badanych fagéw, zmodyfikowaliSmy nieco
podejscie zastosowane w pracy przegladowej nr 1. Odlegtosci genomowe pomiedzy
analizowanymi fagami okres$liliSmy za pomoca programu VIRIDIC, a nastepnie
przeprowadziliSmy rekonstrukcje relacji filogenetycznych na podstawie drzew
wielogenowych. Do analiz wykorzystaliSmy grupy gendw ortologicznych zidentyfikowane
za pomocg oprogramowania OMA. Po wykonaniu uszeregowania sekwencji oraz ocenie
ich sygnatu filogenetycznego wykluczyliSmy sekwencje charakteryzujace sie
niewystarczajacg liczbg miejsc parsymonicznie informatywnych, a pozostate
wykorzystaliSmy do rekonstrukcji drzew. Wsrod gendw wykorzystanych do rekonstrukeji
znajdowaly sie miedzy innymi geny kodujgce biatka ogonka, matg i duza podjednostke

terminazy, a takze biatka zwigzane z lizg komorki, w tym holiny i spaniny.

Ponadto wykazalismy, ze wtasciwosci biologiczne i bezpieczenstwo badanych
fagow istotnie réznicujg ich potencjalng przydatno$¢ w terapii fagowej. Fag vB_EcoS-
149_4M, charakteryzujacy sie najszerszym zakresem gospodarza, wysoka stabilno$cia
w badanych warunkach oraz korzystnym profilem bezpieczenstwa, obejmujacym brak
genow kodujacych toksyny i determinanty opornosci na antybiotyki oraz brak
wykrywalnego dziatania cytotoksycznego wobec badanych linii komoérek ludzkich,
stanowi obiecujgcego kandydata do dalszych zastosowan aplikacyjnych. Natomiast fagi
vB_Eco0S-179_3ivB_EcoP-179_5 prezentuja bardzo waski zakres gospodarza, ograniczony
do infekcji szczepu EC179, co wskazuje na ich potencjalng przydatno$c¢ raczej w podejsciu

zindywidualizowanym niz w zastosowaniach o charakterze uniwersalnym.
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Chociaz identyfikacja pieciu nowych gatunkéw bakteriofagéw anty-UPEC
poszerzyta dotychczasowa pule 98 opisanych fagéw zdolnych do infekcji tych
uropatogendw, to uzyskane wyniki wskazujg jednak, Ze liczba opisanych fagéw litycznych
infekujacych UPEC nadal pozostaje niewystarczajgca w poréwnaniu z duza liczbg
i znacznym zréznicowaniem genotypowym i fenotypowym przedstawicieli tej grupy
bakterii. Szczeg6lnie wymownym przyktadem jest szczep EC256, dla ktérego w ramach

przeprowadzonych badan nie udato sie zidentyfikowac infekujgcego go bakteriofaga.

Strategie wieloaspektowej charakterystyki pozyskanych ze $rodowiska
bakteriofagdw rozszerzyliSmy jeszcze bardziej w pracy nr 3, dotyczacej bakteriofaga vB-
EcoS_57-3 i jego endolizyny 57_3Lys. W tej pracy wyizolowaliSmy faga ze Sciekéw
miejskich, scharakteryzowaliémy go jako faga o morfologii siphoviruséw i oceniliSmy
morfologie tysinek, ktéra sugeruje dzialanie depolimerazy. W petni zsekwencjonowaliSmy
i opisaliSmy jego genom o dtugosci 45 774 pz, obejmujacy 91 ORF, oraz jednoznacznie
ustaliliSmy jego pozycje taksonomiczng jako nowego przedstawiciela rodzaju
Veterinaerplatzvirus w rodzinie Drexlerviridae. Ponadto eksperymentalnie zbadaliSmy
cykl rozwojowy faga: okresliliSmy czas latencji wynoszacy 11 minut, plon fagowy na
poziomie okoto 42 PFU na komoérke, umiarkowanie szybka adsorpcje osiggajaca
wydajnos¢ 80% w ciggu 10 minut oraz wysoce wydajny rozwoj lityczny, prowadzacy do
istotnej redukcji liczby zywych komorek bakteryjnych w ciggu 30 minut. Co istotne,
przetestowaliSmy faga w warunkach zblizonych do warunkéw zamierzonego
zastosowania klinicznego, czyli w sztucznym moczu przy pH 4,5, 5,8 i1 6,5, w ktorym fag
pozostat stabilny i redukowat liczbe bakterii do zaledwie 10% poczatkowej ich liczby po
24 godzinach. Dodatkowo wykluczyliSmy niekorzystne dziatanie lizatu fagowego na
komorki ssacze, wykazujac brak cytotoksycznosci wobec ludzkich linii pecherza

moczowego (T24) i nerki (HEK293).

W dalszej czeSci pracy zwrdciliSmy uwage na kodowane przez fagi biatka,
poniewaz enzymy lityczne pochodzenia fagowego stanowig ciekawg grupe czynnikéw o
wtasciwosciach przeciwbakteryjnych. Jak podsumowaliSmy w artykule nr 4, endolizyny
to enzymy degradujgce peptydoglikan, produkowane w trakcie litycznego cyklu faga
i majg wiele zalet, takich jak szybkie zabijanie bakterii, niskie prawdopodobienstwo
rozwoju opornosci, aktywnos¢ synergistyczna vA innymi Srodkami

przeciwdrobnoustrojowymi oraz skuteczno$¢ zarowno wobec komorek planktonicznych,
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jak i biofilméw bakteryjnych. Poprzez zastosowanie technik inzynierii genetycznej, ich
spektrum dziatania mozna nawet celowo modyfikowa¢, na przyktad poprzez fuzje
z komponentami uszkadzajagcymi btone zewnetrzng, domenami wigzacymi $ciane
komoérkowa dla bardziej specyficznego dziatania lub peptydami
przeciwdrobnoustrojowymi. Niemniej jednak liczba doniesien na temat endolizyn
wykazujacych bezposrednia aktywno$¢ wobec uropatogenéw, w szczeg6lnosci bakterii
UPEC, pozostaje ograniczona. Istotnym ograniczeniem ich zastosowania wobec Gram-
ujemnych bakterii UPEC jest obecno$¢ btony zewnetrznej, ktéra stanowi bariere
utrudniajgca dostep egzogennie aplikowanych enzyméw do warstwy peptydoglikanu.
Dodatkowe wyzwania obejmujg ryzyko zaburzen mikrobiomu wynikajgce ze zbyt
szerokiego spektrum aktywnoSci przeciwbakteryjnej, trudnosci w oczyszczaniu oraz fakt,
ze zbyt niskie stezenia endolizyn moga zmienia¢ fenotyp bakterii w sposéb potencjalnie
niekorzystny dla pacjenta, co uwidacznia konieczno$¢ przeprowadzenia doktadnej oceny

ich bezpieczenstwa.

Poszukujac opisanych w artykule nr 4 endolizyn, przeanalizowaliSmy genomy 75
litycznych fagéw anty-UPEC dostepnych w bazie GenBank. Analiza ta pozwolita nam
zidentyfikowa¢ 39 potencjalnych endolizyn w 30 genomach fagowych. Zidentyfikowane
enzymy obejmowaty zaréwno biatka wcze$niej opisane przez innych badaczy, jak i biatka
opisane po raz pierwszy przez nas. Przeprowadzona analiza in silico wykazata znaczna
réznorodnos$¢ potencjalnych endolizyn pod wzgledem przewidywanej aktywnosci
enzymatycznej. Wsrdd zidentyfikowanych biatek wyrozniono pie¢ grup obejmujacych
enzymy z domenami lizozymowymi, amidazowymi i peptydazowymi, a takze biatka o
przewidywanej aktywnoSci  transglikozylazowej i hydrolazowej. Parametry
fizykochemiczne zidentyfikowanych endolizyn wskazujg, Zze masy czasteczkowe tych
biatek miescity sie w zakresie od okoto 8,7 do 22,6 kDa, a ich punkty izoelektryczne
wskazywaly na zasadowy charakter. Warto$ci wskaznika niestabilno$ci sugerowaty dobrg
stabilno$¢ wiekszosci analizowanych biatek, natomiast wysokie wartosci wskaznika
alifatycznosci wskazywaly na ich potencjalng stabilno$¢ termiczng. Ujemne wartosci
wspotczynnika GRAVY wskazywaty z kolei na hydrofilowy charakter biatek i ich
przewidywang rozpuszczalnos¢ w wodzie. Dodatkowo w sekwencjach tych biatek
zidentyfikowaliSmy  wiele = sekwencji ~ przeciwdrobnoustrojowych  peptydéw

(antimicrobial peptides, AMP), co wskazuje na ich potencjalne wtasciwosci lityczne.
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Szczegllnie interesujace byto rowniez nasze odkrycie, Ze w genomach siedmiu
fagow wystepuja duze biatka o masie od 120 do 145 kDa z domenami przypominajacymi
endolizyny, ktére prawdopodobnie utatwiajg wstrzykiwanie materiatu genetycznego faga
do wnetrza komorki na poczatku infekcji, a nie ostateczng lize komérki. Co wiecej,
przeprowadzona przez nas analiza filogenetyczna i funkcjonalna ujawnita problemy
zwigzane z prawidlowg adnotacjg niektérych, opisanych przez innych badaczy
potencjalnych endolizyn. W przypadku kilku biatek pierwotnie opisanych jako endolizyny
analiza zidentyfikowanych domen wskazata na mozliwo$¢ ich btednej klasyfikacji.
Przyktadowo, w przypadku biatek pochodzacych z fagow Killian i ZCEC14
zidentyfikowano domeny charakterystyczne odpowiednio dla  beztlenowej
rybonukleozydo-trifosforanowej reduktazy oraz RNazy H T4, a takze domene inhibitora
proteazy uczestniczacej w dojrzewaniu gtéwki bakteriofaga. Obecnos$¢ tych domen,
a takze przeprowadzona klasyfikacja filogenetyczna sugerowaty, Zze analizowane biatka
moga peti¢ inne funkcje niz degradacja peptydoglikanu i prawdopodobnie nie s3
endolizynami. Wyniki te wskazuja na konieczno$¢ szczegétowej weryfikacji biatek

adnotowanych jako endolizyny fagowe.

Kontynuacjg prac bioinformatycznych dotyczacych fagowych endolizyn byty nasze
kolejne badania eksperymentalne, opisane w pracy nr 3. W tej pracy dokonaliSmy
walidacji funkcjonalnej endolizyny faga vB-EcoS_57-3, nazwanej 57_3Lys. In silico
ustaliliSmy, ze 57_3Lys to niewielkie biatko o dtugosci 161 aminokwasow i masie 17,55
kDa. Na podstawie analizy domen zidentyfikowanych w 57_3Lys udato sie ustali¢, ze jest
to endolizyna SAR klasy II, reprezentowanej przez endolizyne R21 lambdoidalnego faga
21. W obrebie sekwencji 57_3Lys zidentyfikowaliSmy N-koncowy, umiarkowanie
hydrofobowy segment 20 reszt jako domene ,signal-anchor-release”, katalityczng triade
E(X)g-D(X)s-T w pozycjach E26, D35 i T41 oraz kationowy, amfipatyczny region podobny
do peptydéw przeciwdrobnoustrojowych AMP, miedzy resztami 110 a 140. W ramach
przeprowadzonych prac eksperymentalnych, sklonowaliSmy i nadprodukowali$my
enzym, a nastepnie oczyszczaliSmy go metoda chromatografii powinowactwa, uzyskujac
biatko o masie okoto 17,55 kDa, zgodnej z wartoscig przewidywang in silico. Nastepnie,
wykorzystujac azydek sodu (NaN3), bedacy inhibitorem translokazy Sec u E. coli,
wykazaliSmy zalezne od stezenia zahamowanie lizy komorek bakteryjnych indukowanej
przez 57_3Lys. Przy stezeniu 5 mM NaNj3 efekt lityczny byt wyraZnie ograniczony,

natomiast przy 10 mM zostat niemal catkowicie zahamowany. W potaczeniu z obecnoscia
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przewidywanej N-konicowej domeny SAR oraz charakterystycznego dla endolizyn SAR
klasy Il motywu E(X)g-D(X)s-T, wyniki te dostarczyty zbieznych dowodéw na udziat szlaku
Sec w translokacji 57_3Lys do przestrzeni peryplazmatycznej. Oprdcz tego, wykazalismy,
ze oczyszczone biatko 57_3Lys, zastosowane zewnetrznie wobec komoérek klinicznego
izolatu UPEC, EC57, wykazywato aktywnos$¢ przeciwbakteryjng bez dodatku
zewnetrznego permeabilizatora btony zewnetrznej, powodujgc istotne zmniejszenie
zaro6wno metnosci hodowli, jak i liczby zywych komoérek wyrazonej w CFU/mL. Efekt ten
rozwijatl sie powoli i byl obserwowany po 24 godzinach inkubacji, podczas gdy w ciggu
pierwszych 60 minut nie stwierdzono istotnego dziatania przeciwbakteryjnego.
W przeciwienstwie do 57_3Lys, komercyjnie dostepny lizozym nie wykazywat istotnego
dziatania przeciwbakteryjnego, co prawdopodobnie wynikato z ograniczonego dostepu
enzymu do warstwy peptydoglikanu. Obserwowana aktywnos$¢ 57_3Lys wobec komoérek
Gram-ujemnych moze by¢ zwigzana z obecnoscig przewidywanego C-koncowego regionu
AMP, obejmujacego reszty 110-140 i wzbogaconego w reszty dodatnio natadowane oraz
hydrofobowe, ktéry moze sprzyjac elektrostatycznym oddzialtywaniom
z lipopolisacharydem i destabilizacji btony zewnetrznej, utatwiajac dostep domeny
enzymatycznej do peptydoglikanu. Nalezy jednak podkresli¢, ze udziat tego regionu
w aktywnos$ci 57_3Lys pozostaje hipoteza wymagajaca bezposredniej weryfikacji

eksperymentalne;j.

Podsumowujac, przedmiotem niniejszej rozprawy doktorskiej byta kompleksowa
analiza bakteriofagow infekujacych uropatogenne szczepy E. coli oraz poszukiwanie w ich
genomach czynnikéw o potencjalnym znaczeniu aplikacyjnym i poznawczym. Podjecie tej
tematyki  wynikatlo z  narastajagcego  problemu  opornosci na  $rodki
przeciwdrobnoustrojowe  ws$réd uropatogendéw, zwigzanego miedzy innymi
z niewtasciwym stosowaniem antybiotykéw. Skala tego zjawiska jest zréznicowana
w zaleznosci od regionu geograficznego oraz stosowanej klasy antybiotykéw, co wskazuje
na potrzebe poszukiwania alternatywnych metod zwalczania zakazen wywotywanych
przez UPEC. Jedng z takich mozliwosci stanowi terapia fagowa, ktorej potencjal wynika
miedzy innymi ze zdolnosci fagow litycznych do eliminacji biofilméw, namnazania sie
w miejscu zakazenia oraz selektywnego oddzialywania na bakterie patogenne, przy

ograniczonym wptywie na bakterie komensalne.
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Przeprowadzony przez nas systematyczny przeglad 98 bakteriofagéw anty-UPEC
wykazat jednak istotne braki w sposobie ich dotychczasowej charakterystyki. Szczegdlnie
widoczne byly ograniczenia dotyczace oceny bezpieczenstwa, w tym brak badan
cytotoksycznos$ci wobec komoérek eukariotycznych, a takze niepetne oznaczenia EOP,
ograniczony zakres badan stabilno$ci oraz niekompletna adnotacja i analiza genomdw.
Wyniki te wskazaly na potrzebe stosowania bardziej kompleksowego i ujednoliconego
schematu oceny bakteriofagéw. Wyniki uzyskane w czes$ci eksperymentalnej rozprawy
stanowity nasza bezposrednig odpowiedZ na zidentyfikowane wcze$niej ograniczenia.
WyizolowaliSmy i kompleksowo scharakteryzowaliSmy nowe lityczne bakteriofagi
infekujgce kliniczne szczepy UPEC, co doprowadzito do zaproponowania pieciu nowych
gatunkoéw. Szczegblng uwage zwrdcit fag vB_EcoS-149_4M, ktory ze wzgledu na szeroki
zakres gospodarza, wysoka stabilno$¢ oraz korzystny profil bezpieczenstwa zostat
wskazany jako kandydat do dalszych badan w kierunku oceny jego przydatnos$ci w terapii
fagowej. Podejscie to rozszerzyliSmy dodatkowo poprzez poglebiong charakterystyke
bakteriofaga vB-EcoS_57-3 i jego endolizyny 57_3Lys. Istotnym elementem badan byta
ocena wiasciwosci faga w warunkach zwigzanych z potencjalnym zastosowaniem
w zakazeniach uktadu moczowego. WykazaliSmy jego stabilno$¢ i aktywnos¢ lityczng
w sztucznym moczu o warto$ciach pH odpowiadajacych zakresowi wystepujagcemu
w drogach moczowych, a jednocze$nie nie stwierdziliSmy cytotoksycznego dziatania
wobec ludzkich komdrek. Rownolegle przeprowadziliSmy analize 75 genomow litycznych
bakteriofagdw anty-UPEC, koncentrujac sie na identyfikacji potencjalnych endolizyn.
ZidentyfikowaliSmy 39 biatek nalezgcych do pieciu grup funkcjonalnych, réznigcych sie
przewidywang aktywno$cia enzymatyczng. Analiza ta pokazata réwniez, ze sama
adnotacja genomu nie zawsze pozwala na wiarygodng identyfikacje endolizyn.
Szczegbétowa analiza endolizyny 57_3Lys pozwolita nastepnie na potgczenie przewidywan
bioinformatycznych z wynikami badan funkcjonalnych. Uzyskane wyniki wskazuja, ze
zidentyfikowana przez nas endolizyna 57_3Lys wykazuje dziatanie antybakteryjne
i w przyszto$ci moze mie¢ praktyczne zastosowanie w leczeniu ZUM. Enzym ten byt
zdolny do znaczacego zmniejszenia zaréwno metnosci, jak i liczby zywych komorek
klinicznego izolatu UPEC bez dodatku egzogennego permeabilizatora btony zewnetrznej,
co podkresla jego aktywno$¢ wobec ostony bakterii Gram-ujemnych i umacnia potencjat
terapeutyczny enzymow  litycznych  pochodzenia fagowego jako  strategii

komplementarnej wobec terapii fagowe;.
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Co istotne, uzyskane w ramach tej rozprawy wyniki majg znaczenie nie tylko
w kontekscie poszukiwania nowych czynnikéw przeciwdrobnoustrojowych, ale rowniez
znaczenie poznawcze, istotne z punktu widzenia badan nad biologiag i ewolucja
bakteriofagdw. Analiza genéw wptywajacych na topologie drzew filogenetycznych
pozwolita wskaza¢ sekwencje szczegdlnie przydatne do odtwarzania relacji ewolucyjnych
pomiedzy fagami anty-UPEC. Wybrane geny, w tym geny kodujgce biatka ogona, biatka
portalowe, lityczne oraz biatka zwigzane z replikacjg, charakteryzowaly sie silnym
sygnatem filogenetycznym. Mogg one zatem stanowi¢ uzyteczne markery genomowe,
pomocne w rozréznianiu blisko spokrewnionych fagéw oraz zwiekszaniu wiarygodnosci

ich klasyfikacji i rekonstrukcji zalezno$ci ewolucyjnych.

Ostatecznie wyniki uzyskane w ramach niniejszej rozprawy pokazujg, ze
bakteriofagi sg Zrédiem réznorodnych czynnikéw o potencjalnym znaczeniu zaréwno
aplikacyjnym, jak i poznawczym. Ich kompleksowa charakterystyka pozwala nie tylko
identyfikowa¢ i ocenia¢ kandydatéw do wykorzystania w nowych strategiach
przeciwdrobnoustrojowych, lecz takze dostarcza informacji przydatnych do poznania
réznorodnosci, biologii i ewolucji tych wiruséw. Szczegblne znaczenie ma potgczenie
klasycznych badan biologicznych z analiza bioinformatyczng genomu i badaniem
zalezno$ci filogenetycznych, co pozwala na petniejsza ocene zaréwno mozliwosci
wykorzystania fagow i ich produktdw, jak i glebsze zrozumienie biologii i ewolucji

bakteriofagow.
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Abstract of doctoral dissertation

Urinary tract infections (UTIs) are among the most common bacterial infections
worldwide, constituting the second most frequent group of infections after those affecting
the respiratory tract. They affect approximately 150-250 million people annually,
represent about 30% of all hospital-acquired infections, and impose a substantial medical
and socioeconomic burden, with the annual cost of uncomplicated UTIs in the United
States alone estimated at approximately $2 billion. Although UTIs occur in both sexes,
women are disproportionately affected, with more than half of women worldwide

experiencing at least one episode during their lifetime.

The predominant etiological agent of UTIs is uropathogenic Escherichia coli
(UPEC), which accounts for approximately 75-85% of uncomplicated and 50-65% of
complicated infections, and together with other members of the order Enterobacterales,
notably Klebsiella pneumoniae, constitutes most cases. The predominance of E. coli among
uropathogens stems primarily from its ability to evade the host immune response and to
colonize the environment of the urinary tract. Importantly, UPEC does not constitute a
monolithic group, as it comprises strains that differ substantially in virulence and
resistance profiles. The genome of E. coli can be divided into a conserved core genome,
encoding vital functions, and a highly flexible accessory portion comprising mobile
genetic elements such as plasmids, prophages, and genomic islands, whose acquisition or
loss, mediated by horizontal gene transfer, shapes colonization, pathogenicity, and

antibiotic resistance.

The pathogenicity of UPEC is determined by a diverse repertoire of virulence
determinants rather than by a single universal factor set. Genomes of these bacteria
contain genes involved in adhesion, enabling attachment to epithelial cells and
colonization, including type 1, P, and S fimbriae, Dra/Afa adhesins, and antigen 43. They
also carry genes encoding toxins that modulate immune responses and damage host cells,
such as a-hemolysin, cytotoxic necrotizing factor 1 (CNF1), and the uropathogenic-
specific protein (USP), as well as genes involved in siderophore biosynthesis and
transport, which facilitate efficient iron acquisition. Additional virulence-associated genes
and proteins include invasion-associated factors, autotransporter proteins, type VI
secretion system components, and products involved in capsule and lipopolysaccharide

biosynthesis, which contribute to immune evasion and inhibition of phagocytosis.
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Biofilm formation constitutes a crucial stage in the pathogenesis of UTIs, enabling
UPEC to persist and expand effectively within the urinary tract. Biofilm development is
facilitated by structures such as type 1 and P fimbriae, which recognize receptors on the
surface of host epithelial cells and initiate production of an extracellular matrix that
protects the bacteria from antibiotics and immune cells. The biofilm matrix additionally
harbours persister cells, which are capable of surviving immune system attacks and
antibiotic therapies and permit immediate regrowth of the bacterial population after
antibiotic treatment, rendering biofilm eradication extremely challenging and infection
relapses frequent. Biofilms may also form on abiotic surfaces such as urinary catheters,
which makes treatment of catheter-associated UTIs particularly difficult, as prolonged
catheterization increases the risk of infection by approximately 5% per day. In the hospital
environment, bacterial biofilm serves as a reservoir of chronic infection and a site of
intensive intercellular gene transfer, promoting the selection and dissemination of

antibiotic resistance.

Antimicrobial resistance among uropathogens is a continuously growing problem,
driven largely by the incorrect use of antibiotics, and it generates high treatment costs.
Reported resistance rates vary markedly by geographic region and antibiotic class.
Resistance to trimethoprim-sulfamethoxazole among UPEC isolates in Europe spans
approximately from 14.6 to 60%, whereas resistance to amoxicillin-clavulanate ranges
from 5.3% in Germany to 37.6% in France, with even higher levels reported in developing
countries. Resistance to second- and third-generation cephalosporins is also increasing in
Europe, and studies of clinical UPEC isolates have documented resistance to third-
generation cephalosporins and amoxicillin-clavulanate exceeding 70-85% in some
regions. Extensive use of fluoroquinolones, particularly ciprofloxacin, has contributed to
a steady rise in resistance to this class, which is markedly more prevalent in low- and
middle-income regions (in the range of 55.5-85.5%) than in highly developed countries
(in the range of 5.1-32.0%). On the other hand, UPEC isolates generally remain
susceptible to carbapenems and nitrofurantoin, the latter still constituting first-line
therapy depending on local resistance patterns and infection type. The scale of the
problem is reflected in the inclusion of E. coli among the pathogens monitored by the
European Centre for Disease Prevention and Control (ECDC), as well as in data from the
WHO Global Antimicrobial Resistance and Use Surveillance System (GLASS), which

indicate a substantial burden of antimicrobial resistance among E. coli and K. pneumoniae,
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both of which are frequent causes of bloodstream infections. Given the increasing
prevalence of antimicrobial resistance among UPEC, there is an urgent need for alternative

therapeutic solutions.

Among alternative strategies against infections caused by multidrug-resistant
UPEC, bacteriophage therapy is a promising approach. Lytic bacteriophages offer several
inherent advantages over conventional antimicrobials: (I) they can destroy bacterial
biofilms, which are resistant to antibiotic treatment, (II) they replicate at the site of
infection, thereby providing self-amplifying antibacterial agents, and (III) they Kkill
pathogens selectively, sparing the commensal microbiota. Nevertheless, the therapeutic
application of phages remains challenging. Only phages with a strictly lytic life cycle are
suitable for therapy, and bioinformatic predictions of the phage lifestyle often require
experimental verification. Phage activity may be reduced by the host immune response,
an aspect that remains rarely investigated. Also, the narrow strain specificity of many

phages precludes their broad, universal application.

Importantly, phage genomes also represent a valuable source of genetic
information that may reveal proteins and other genomic features with both applied and
fundamental scientific significance. On the one hand, gene products encoded in phage
genomes can possess useful biological activities such as the lysis of bacterial cells or the
degradation of bacterial surface structure and thus serve as a source of new antimicrobial
agents. On the other hand, phage genomic sequences provide a rich resource for studying
phage diversity and evolution, allowing the identification of genomic features that can
improve the reconstruction of evolutionary relationships. Thus, systematic exploration of
phage genomes can simultaneously contribute to the discovery of novel application-
oriented proteins and to a better understanding of the molecular and evolutionary

characteristics of bacteriophages.

In this dissertation, we focused on bacteriophages infecting UPEC bacteria. The
study encompassed both previously described phages, whose genome sequences were
available in the GenBank database, and the isolation of novel phages followed by their
comprehensive characterization, including morphological and physiological analyses,
assessment of their stability and safety toward human cells, as well as genome sequencing,
assembly, and detailed genomic analysis. We also performed phylogenetic analyses of the

investigated phages to determine their relatedness to other viruses infecting UPEC. The
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genomic analyses were focused on identifying genes and genomic features of potential
scientific and applied significance. Particular attention was given, on the one hand, to the
identification of genes encoding enzymatic proteins, including proteins involved in
bacterial cell lysis and putative depolymerases, which may represent a source of novel
antimicrobial tools. On the other hand, the study aimed to identify genes with a strong
phylogenetic signal to improve the quality and reliability of evolutionary relationship

reconstructions, even for closely related phages infecting UPEC.

In article no. 1, we performed an analysis of 98 bacteriophages, and we
demonstrated the considerable therapeutic potential of these viruses for combating UPEC.
We found that most of these isolates, specifically 95%, were evaluated for host range,
establishing a foundational understanding of their spectrum of activity against various
bacterial strains. Our study identified seven phages: vB_Ecos_Golestan, myPSH1131,
Killian, 590b, FS2B, UGKSEcP1, and UGKSEcP2, that stand out as well-characterized
candidates for further research towards phage therapy development. These specific phage
strains underwent detailed physiological and bioinformatic profiling, including
assessments of host range, stability, development kinetics, and genome content. Notably,
our examination of phage FS2B revealed its strong lytic activity, a high burst size, and
exceptional stability across a wide temperature and pH range, alongside a confirmed lytic
replication cycle and lack of lysogeny-related genes. Furthermore, we observed that this
phage demonstrated synergistic interactions with tested antibiotics, suggesting that with
continued refinement, such a well-documented candidate could become an effective,

personalized treatment option for recurrent urinary tract infections.

Bioinformatic analyses further demonstrated substantial genomic diversity among
UPEC-infecting phages, with genome sizes ranging from 39,091 to 169,905 bp and the
number of predicted ORFs ranging from 49 to 305. Genome annotation and comparative
analyses were performed to investigate phage protein functions. Notably, eight previously
sequenced but unannotated phage genomes were annotated for the first time in this work.
Among all 792 unique phage proteins gathered in Supplementary Tables S2 and S3, 79
interesting phage proteins were identified by us in the newly annotated anti-UPEC phage
genomes. A particular focus was placed on the identification of phage-encoded enzymes
with potential application in antimicrobial strategies, including proteins involved in

bacterial cell lysis and putative depolymerases identified through structure-based

22



bioinformatic analysis. A total of 40 classical endolysins, 75 holins, 40 spanins, and 16
putative depolymerases were identified in the analysed anti-UPEC phage genomes. To
further characterize phage developmental potential, life-cycle predictions were
performed, providing newly obtained results and revealing several phages requiring
further experimental verification because of potentially temperate characteristics.
Furthermore, we developed a multi-step approach for the phylogenetic analysis of the
phages under investigation. In the first step, the 82 phages were grouped into clades based
on their preliminary similarity and evolutionary relatedness, as determined using a
proteomic tree generated with ViPTree. Subsequently, orthologous gene groups were
identified using OMA. In the next step, individual multiple sequence alignments of the
encoded proteins were evaluated based on the number of parsimony-informative sites. On
this basis, genes providing phylogenetic information were selected and used to construct
multilocus phylogenetic trees. These included, among others, genes encoding tail proteins,
portal proteins, and proteins involved in genome replication. Highly conserved sequences

were excluded from the analysis.

Collectively, these newly performed analyses substantially expanded the available
genomic characterization of anti-UPEC phages and provided new information on their
functional potential, developmental characteristics, and evolutionary relationships.
Importantly, screening performed using multiple bioinformatic tools consistently
indicated the absence of virulence factors and antibiotic-resistance genes in the analysed
phage genomes. These findings demonstrate the value of comprehensive genome analysis
for assessing phage safety, developmental characteristics, and evolutionary relationships

before therapeutic application.

Despite these promising findings, we identified substantial methodological gaps
and inconsistencies that currently hinder the clinical translation of phage therapy. Our
review (article no. 1) revealed that critical safety data is largely missing; notably, none of
the 98 analysed phages were tested for cytotoxicity toward eukaryotic cells. Furthermore,
only 42% of the phages had their efficiency of plating (EOP) values determined, a critical
omission that leads to inaccurate efficacy assessments. In turn, stability studies were
conducted on only 20% of isolates regarding temperature and 19% regarding pH.
Additionally, 15% of the phages were not sequenced at all, and others lacked proper

annotation or phylogenetic analysis. To address these deficiencies, we conclude that
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future research must adopt standardized, comprehensive characterization protocols.
Specifically, we advocate for mandatory EOP assays, thorough cytotoxicity screening,
stability testing under physiologically relevant conditions, and rigorous bioinformatic
verification of genomes for toxin or antibiotic-resistance genes to assess the potential of

the investigated phages for application in phage therapy.

Building directly upon the limitations we identified in article no. 1., we sought to
address these shortcomings through our own experimental work, as presented in article
no. 2. In that study, we isolated and comprehensively characterized several novel lytic
bacteriophages infecting clinical UPEC strains, and we formally proposed five novel phage
species: Hanrivervirus vB_EcoS-149_4M, Warwickvirus vB_EcoS-149_6D, Nonavirus
vB_EcoS-164_2, Kagunavirus vB_EcoS-179_3, and Vectrevirus vB_EcoP-179_5. Crucially, we
went far beyond the descriptive reporting that dominates the literature: rather than
merely recording host range by spot test, we performed EOP analysis and integrated
phage characterization with a comparative genomic analysis of the bacterial hosts
themselves. Moreover, we performed a broad assessment of our candidates: we confirmed
the absence of toxin and antibiotic-resistance genes in the phage genomes, documented
the presence of putative lytic protein genes encoding endolysins, holins, and spanins in all

newly identified phages.

To determine phylogenetic positions of the tested phages, we refined the approach
used in the review article no. 1. The genomic distances among the analyzed phages were
determined using VIRIDIC, followed by reconstruction of their phylogenetic relationships
based on multilocus phylogenetic trees. Orthologous gene groups identified using OMA
were used for these analyses. Following multiple sequence alignment and assessment of
their phylogenetic signal, sequences with an insufficient number of parsimony-
informative sites were excluded, while the remaining sequences were used for tree
reconstruction. The genes selected for phylogenetic reconstruction included, among
others, those encoding tail proteins, the small and large terminase subunits, and proteins

involved in cell lysis, including holins and spanins.

Furthermore, we demonstrated that the biological properties and safety profiles of
the investigated phages substantially influence their potential applicability in phage
therapy. The phage vB_EcoS-149_4M, characterized by the broadest host range, high

stability under the tested conditions, and a favorable safety profile, including the absence
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of genes encoding toxins and antibiotic resistance determinants, as well as no detectable
cytotoxic activity against the human cell lines examined, represents a promising candidate
for further application-oriented studies. In contrast, phages vB_EcoS-179_3 and vB_EcoP-
179_5 exhibited a very narrow host range, restricted to infection of strain EC179,
indicating that they may be more suitable for personalized approaches than for broad-

spectrum applications.

Although the identification of five novel species of anti-UPEC bacteriophages
expanded the previously described pool of 98 phages capable of infecting these
pathogens, our results indicate that the number of characterized lytic phages infecting
UPEC remains insufficient relative to the high abundance and substantial genotypic and
phenotypic diversity of this bacterial group. A particularly illustrative example is strain
EC256, for which no bacteriophage capable of infecting it was identified in the present

study.

Next, we extended this multi-aspect characterization strategy even further in
manuscript no. 3 about bacteriophage vB-EcoS_57-3 and its phage-derived endolysin
57_3Lys. In this work, we isolated the phage from urban sewage, characterized its
siphovirus-like morphology and plaque phenotype, suggesting depolymerase activity. We
fully sequenced and annotated its 45,774 bp genome comprising 91 predicted ORFs and
firmly established its taxonomic position as a new representative of the genus
Veterinaerplatzvirus within the family Drexlerviridae. Rather than stopping at descriptive
features, we quantified the full phage development cycle: we determined a latent period
of 11 minutes, a burst size of approximately 42 PFU per cell, moderately fast adsorption
reaching 80% within 10 minutes, and highly efficient lytic development reducing viable
cell counts dramatically within 30 minutes. Importantly, we tested our phage under
conditions relevant to the intended clinical application: stability and activity in artificial
urine at pH 4.5, 5.8, and 6.5, where the phage remained stable and reduced bacterial
numbers to as little as 10% of the initial inoculum after 24 hours. Additionally, we
excluded adverse effects of the phage lysate on mammalian cells by demonstrating no

cytotoxicity against human bladder (T24) and kidney (HEK293) lines.

Following the characterization of bacteriophages, we turned our attention to the
proteins they encode, since phage-derived lytic enzymes represent a complementary and

versatile class of antibacterial agents. As we summarized in article no. 4, endolysins are
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peptidoglycan-degrading enzymes produced during the phage lytic cycle, and they offer
several advantages such as rapid bacterial Kkilling, a low probability of resistance
development, synergistic activity with other antimicrobial agents, and effectiveness
against both planktonic cells and biofilms. Through genetic engineering, their spectrum
of activity can even be deliberately modified, for instance by fusing them with outer-
membrane-disrupting components, cell wall-binding domains for targeting specificity, or
antimicrobial peptides. Nevertheless, reports on endolysins directly tested against
uropathogens, especially UPEC, are limited. The central obstacle is that the outer
membrane of Gram-negative bacteria severely restricts access of externally applied
enzymes to peptidoglycan. Additional challenges include the risk of microbiota disruption
resulting from an overly broad antibacterial activity spectrum, purification difficulties,
and the fact that low concentrations of endolysins may alter bacterial phenotypes in ways
that could be unfavorable for the patient, underscoring the need for thorough safety

evaluations.

In our search for the endolysins described in article no. 4, we analyzed the
genomes of 75 lytic anti-UPEC phages available in the GenBank database. This analysis
enabled us to identify 39 putative endolysins in 30 phage genomes. The identified
enzymes included both proteins previously described by other researchers and proteins
reported by us for the first time. The in silico analysis revealed considerable diversity
among the putative endolysins with respect to their predicted enzymatic activities. The
identified proteins were classified into five groups comprising enzymes with lysozyme,
amidase, and peptidase domains, as well as proteins with predicted transglycosylase and
hydrolase activities. The physicochemical properties of the identified endolysins indicated
that their molecular masses ranged from approximately 8.7 to 22.6 kDa, while their
isoelectric points indicated a predominantly basic character. The instability index values
suggested good stability for most of the analyzed proteins, whereas the high aliphatic
index values indicated their potential thermal stability. Negative GRAVY values, in turn,
indicated the hydrophilic nature of these proteins and their predicted solubility in water.
In addition, multiple antimicrobial peptide (AMP) sequences were identified within the

protein sequences, suggesting their potential lytic properties.

Particularly noteworthy was our finding that the genomes of seven phages

contained large proteins ranging from 120 to 145 kDa with endolysin-like domains. These
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proteins are likely involved in facilitating the injection of phage genetic material into the
host cell at the initial stage of infection rather than in the final lysis of the bacterial cell.
Furthermore, our phylogenetic and functional analyses revealed issues concerning the
correct annotation of several putative endolysins previously described by other
researchers. For several proteins originally annotated as endolysins, analysis of the
identified domains indicated that they may have been incorrectly classified. For example,
proteins derived from phages Killian and ZCEC14 were found to contain domains
characteristic of anaerobic ribonucleoside-triphosphate reductase and T4 RNase H,
respectively, as well as a protease inhibitor domain associated with bacteriophage head
maturation. The presence of these domains, together with the results of phylogenetic
classification, suggested that the analyzed proteins may perform functions other than
peptidoglycan degradation and are therefore unlikely to represent endolysins. These
findings highlight the need for thorough verification of proteins annotated as phage

endolysins.

The continuation of this bioinformatic groundwork came in our subsequent
experimental study in manuscript no. 3. In this work, we performed functional validation
of the vB-EcoS_57-3 phage endolysin, called 57_3Lys. In silico, we established that 57_3Lys
is a small 161-amino-acid protein of 17.55 kDa. Based on 57_3Lys domain analysis, we
found that it is a class II SAR endolysin, exemplified by the endolysin R21 of lambdoid
phage 21. We identified its N-terminal, moderately hydrophobic 20-residue segment as a
signal-anchor-release domain, its catalytic E(X)g-D(X)s-T triad at residues E26, D35, and
T41, and a cationic, amphipathic antimicrobial peptide-like region between residues 110
and 140. Functionally, we cloned and overproduced the enzyme, purified it via affinity
chromatography to the in silico predicted molecular weight. Next, using sodium azide
(NaN3), an inhibitor of the Sec translocase in E. coli, we demonstrated a concentration-
dependent inhibition of 57_3Lys-induced bacterial cell lysis. At a concentration of 5 mM
NaNg3, the lytic effect was markedly reduced, whereas at 10 mM it was almost completely
abolished. Combined with the presence of a predicted N-terminal SAR domain and the
characteristic E(X)g-D(X)s-T motif of class II SAR endolysins, these results provided
convergent evidence for the involvement of the Sec pathway in the translocation of
57_3Lys into the periplasmic space. Besides, we showed that purified 57_3Lys, applied
externally, significantly reduced both the turbidity and the viable cell count of clinical

EC57, a UPEC strain without any added outer-membrane permeabilizer. This activity
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developed slowly, becoming significant after 24 h of incubation, in contrast to
commercially available hen egg-white lysozyme, which showed no such effect. This
activity against the Gram-negative envelope offers a plausible functional role for the C-
terminal AMP-like region, presumably facilitating electrostatic interaction with
lipopolysaccharide and destabilization of the outer membrane. However, it should be
emphasized that the involvement of this region in the activity of 57_3Lys remains a

hypothesis that requires direct experimental validation.

In summary, the subject of this doctoral dissertation was a comprehensive analysis
of bacteriophages infecting uropathogenic E. coli strains and the identification of factors
within their genomes with potential application-oriented and fundamental research
significance. This research was motivated by the growing problem of antimicrobial
resistance among uropathogens, associated, among other factors, with the inappropriate
use of antibiotics. The scale of this phenomenon varies depending on the geographical
region and the class of antibiotics used, highlighting the need to explore alternative
approaches to combating infections caused by UPEC. One such approach is phage therapy,
whose potential is associated, among other factors, with the ability of lytic phages to
eliminate biofilms, replicate at the site of infection, and selectively target pathogenic

bacteria while exerting a limited effect on commensal bacteria.

However, our systematic review of 98 anti-UPEC bacteriophages revealed
significant gaps in their characterization to date. The most notable limitations concerned
safety assessment, including the lack of cytotoxicity studies using eukaryotic cells, as well
as incomplete EOP determinations, limited assessment of phage stability, and incomplete
genome annotation and analysis. These findings highlighted the need for a more
comprehensive and standardized framework for bacteriophage characterization. The
results obtained in the experimental part of this dissertation directly addressed the
limitations identified in the systematic review. We isolated and comprehensively
characterized novel lytic bacteriophages infecting clinical UPEC strains, leading to the
proposal of five new phage species. Particular attention was given to phage vB_EcoS-
149_4M, which, owing to its broad host range, high stability, and favorable safety profile,
was identified as a candidate for further studies aimed at assessing its suitability for phage
therapy. We further extended this approach through an in-depth characterization of
bacteriophage vB_EcoS_57-3 and its endolysin, 57_3Lys. An important component of this
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work was the assessment of phage properties under conditions relevant to its potential
application in urinary tract infections. We demonstrated its stability and lytic activity in
artificial urine at pH values corresponding to those occurring in the urinary tract, while
no cytotoxic effects on human cells were observed. In parallel, we analyzed 75 genomes
of lytic anti-UPEC bacteriophages, focusing on the identification of putative endolysins.
We identified 39 proteins belonging to five functional groups that differed in their
predicted enzymatic activities. This analysis also demonstrated that genome annotation
alone does not always enable reliable identification of endolysins. Detailed
characterization of 57_3Lys subsequently enabled us to combine bioinformatic
predictions with functional experimental data. The results indicate that the endolysin
57_3Lys identified in this study exhibits antibacterial activity and may have potential
future applications in the treatment of UTIs. The enzyme was capable of significantly
reducing both the turbidity and the number of viable cells of a clinical UPEC isolate in the
absence of an exogenous outer-membrane permeabilizer, highlighting its activity against
the Gram-negative bacterial envelope and further supporting the therapeutic potential of

phage-derived lytic enzymes as a complementary strategy to phage therapy.

Importantly, the findings of this dissertation are relevant not only to the
identification of novel antimicrobial agents but also have fundamental research
significance for the study of bacteriophage biology and evolution. Analysis of genes
influencing phylogenetic tree topology enabled us to identify sequences particularly
informative for reconstructing evolutionary relationships among anti-UPEC phages. The
selected genes, including those encoding tail proteins, portal proteins, lysis-associated
proteins, and proteins involved in genome replication, exhibited strong phylogenetic
signals. They may therefore serve as useful genomic markers for distinguishing closely
related phages and improving the reliability of their classification and the reconstruction

of their evolutionary relationships.

Overall, the results obtained in this dissertation demonstrate that bacteriophages
are a source of diverse factors with potential application-oriented and fundamental
research significance. Their comprehensive characterization enables not only the
identification and assessment of candidates for incorporation into novel antimicrobial
strategies but also provides valuable information for understanding the diversity, biology,

and evolution of these viruses. In particular, the integration of classical biological
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approaches with genomic bioinformatics and phylogenetic analyses enables a more
comprehensive assessment of both the potential applications of phages and their products

and the underlying biology and evolutionary history of bacteriophages.
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ARTICLE INFO ABSTRACT

Keywords: Phage therapy is a promising alternative for treating urinary tract infections (UTIs), particularly given the rapid

Phages ) emergence of antimicrobial resistance among uropathogenic Escherichia coll (UPEC). In this study, we review 98

ﬂ_‘;rc bacteria reported lytic phages infecting UPEC, summarizing their morphology, host range, isolation sources, infection
3

efficiency, progeny yield, adsorption rate, stability across pH and temperature ranges, biofilm-disrupting ca-
pacity, and other relevant characteristics. In addition, we conducted detailed bioinformaric and phylogenetic
analyses of phage genomic sequences. This multi-faceted analysis highlights the considerable diversity and
strong therapeutic potential of anti-UPEC phages, providing a solid scientific basis for their application in phage
therapy., However, several limitations remain that hinder clinical translation. We discuss these challenges,
drawing on examples from the literature, and outline that comprehensive physiological and genomic charac-
terization, combined with standardized testing methodologies, can address current barriers to the effective use of

Phage therapy

anti-UPEC phages.

1. Introduction

Uropathogenic Escherichia coli (UPEC), responsible for urinary tract
infections (UTIs), have developed resistance to common antibiotics like
penicillins, cephalosporins, and fluoroquinolones (Carlet et al., 2011;
Zowawi et al., 2015), UPECs are responsible for 50-65 % of complicated
and 75-85 % of uncomplicated UTIs (Zalewska-Pigtek and Pigtek, 2020).
Complicated infections, especially those related to catheterization, are
challenging to treat due to bacterial biofilm formartion, presence of
persister cells in this structure, and more common antibiotic resistance
in the population. Prolonged catheterization increases infection risk by
5 % per day, complicating recovery and reducing the quality of life
(Hariati et al., 2018, 2019; Sabih and Leslie, 2023; Paliett and Hand,
20110). Antibiotic resistance is a growing crisis affecting multiple sectors,
including medicine and industry. This problem also affects UPEC bac-
teria, and the main reason for the increasing number of
multidrug-resistant strains is the incorrect use of antibiotics. In the

treatment of complicated UTls, the Ffrst-choice antibiotic is
amoxicillin-clavulanic acid (Whelan et al, 2023), to which approxi-
mately 5.3 %, 13.9 %, 30 %, and 37.6 % of strains in Germany, Poland,
England, and France, respectively, are estimated to be resistant (Kot,
2019; Abduzaimovic et al., 2016; Kot et al., 2016; Abernethy et al.,
2017; Lavigne et al,, 2016). In developing countries, these percentages
are even higher and reach up to 43 % in Saudi Arabia (Alameer et al,,
2025) In Europe, an increased number of strains resistant to second- and
third-generation cephalosporins is also being reported. For the former,
the percentage of drug-resistant strains ranged from 5.5 % in Belgium to
16.6 % in Spain. Ciontea et al., in 2015-2017 studied UPEC isolates from
patients in Romania, where it turned out that as many as 87 % of isolates
were resistant to third-generation cephalosporins and 71 % to
amoxicillin-clavulanic acid (Ciontea et al, 2018). In 2025, Hejazi
Dehaghani et al., showed that 50 % of UPEC clinical isolates were
resistant to ceftazidime, 45 % to cefixime, and 20 % to cefepime Hejazi
Dehaghani et al. (2025). In cases involving other groups of antibiotics,
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we can observe a similar trend, which has led to increased interest in
alternative therapies against UPEC bacteria (Kot, 2019). In this light,
phage therapy, using bacterial viruses called bacteriophages (shortly
phages) alone (Necel et al., 2025; Topka-Bielecka et al., 2021a,b) or in
combination with other agents (Devi et al., 2024; Necel et al., 2022),
offers a promising alternative to antibiotics. Recent reports of our team
and other scientists showed that combining phage and enzymatic ther-
apies may be more effective than antibiotics (Wesolowski et al., 2025; Lu
et al., 2023; Topka-Bielecka et al., 2021a,b). Although the number of
studies describing phages has increased recently, the lack of standard-
ized actions in this area and the still not enough number of
well-characterized phages remain serious limitations. The available re-
ports differ significantly in the scope of analyzed phage properties and
methods used for this purpose, which makes their comparison difficult.
This article reviews previous efforts to isolate phages targeting UPEC
and compares their morphological, physiological, and sequence
features,

2. Host spectrum and origin of phages targeting UPEC strains

Establishing the host range of a newly isolated phage is essential for
evaluating its effectiveness in phage therapy. The phage should infect a
specific pathogen without harming the natural microbiota. Additionally,
it must efficiently eliminate the pathogenic bacterium. This allows to
effectively constrain the bacterial cell resistance development against
the phage, expediting the treatment process. Therefore, determining the
efficiency of plating (EOP) has become more important alongside the
classical spot test for host range assessment.

The analysis carried out in this study (Table 1) shows that the EOP
assay is not typically performed when determining the range of UPEC
bacteria sensitive to the tested phage. The host range for a newly iso-
lated from Ganges river phage called myPSH1131 was examined. Out of
the 53 carbapenem-resistant E. coli isolates that were tested and
belonged to different pathotypes, such as enteropathogenic E. coli
(EPEC), enterchemorrhagic E. coli (EHEC), enterotoxigenic E. coli
(ETEC), enteroaggregative E. coli (EAEC), and one unknown pathotype;
31 of them were found to be infected by the phage using spot test
(Manohar et al., 2018). However, using the full plate double-layer agar
method, this number decreased to 29. In turn, among tested UPEC
strains, infection occurred in 9 out of 12 strains (75 %), including 3 at a
highly efficient level. What is interesting is that using the spot method,
the phage myPSH1131 was able to infect UPEC strain PSH399, while no
phage plaques were observed on double-layer agar plates obtained
during the EQP assay (Manohar et al,, 2018). Another study examined
the ability of the phage vB_EcoS-Golestan to attack UPEC isolates ob-
tained from patients suffering from UTI (YVazdi et al., 2020). It is worth
noting that among the 52 UPEC strains, 41 were identified as MDR
{multi-drug resistant) strains. Of the 52 UPEC clinical isolates, the phage
infected 28 (53.8 %), including 23 (56 %) MDR strains, but the efficiency
level of these infections was not determined. Additionally, the activity of
vB_FcoS-Golestan phage against other bacterial species such as Acine-
tobacter bauwmannii ATCC19606, Staphylococcus aureus ATCC 43300,
Pseudomonas aeruginosa ATCC 27853, P. aeruginosa ATCC 47085, S.
epidermidis PTCC 1435; (S. epidermidis ATCC 14990), Klebsiella prieu-
moniae ATCC 700603, K. oxytoca PTCC 1402: (K. oxytoca ATCC8724), S.
saprophyticus ATCC 15305 was tested, but infection did not occur. An
exception was the reference strain E. coli ATCC 25922 against which the
phage vB_EcoS-Golestan turned out to be active (Yazdi et al.. 2020).

A phage named vB_EcoP-EG1 was able to infect 10 out of the 21
(47.6 %) UPEC strains isolated from human urine and also 7 laboratory
strains, such as E coli MG1655, TOP10, 517-1, DH5u, BL21(DE3),
JM110 and BW25113 (Gu et al., 2019). However, the efficiency of these
infections was not determined {(Gu et al., 2019). Phage Killian, which
infected 6 out of 9 (66,7 %) UPEC strains, among which 3 strains were
clinical isolates, was isolated from sewage, however, infection was
determined as _inefficient” in four cases (Khunt er al, 2023).
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Furthermore, Killian efficiently infected E. coli laboratory strains ATCC
25922 and MC4100, as well as the probiotic strain E. coli Nissle 1917,
which is important information from the perspective of developing a
phage therapy safe for natural microbiota (Khunti et al., 2023).
Recently, the effectiveness of four newly discovered phages from
wastewater in fighting 53 clinical UPEC strains, including 16 MDR
strains, was investigated (Malik et al., 2021). Phages named FS11, FS17,
P56, and PS8 infected 28 (52.8 %), 35 (66 %), 28 (52.8 %), and 26
(49 %) strains, respectively. It is important to emphasize that the
cocktail composed of these phages exhibited a much broader spectrum
of activity, lysing 86.7 % of UPEC strains, including 87.5 % of MDR
strains (Malik et al., 2021). The broad host range was also demonstrated
by phage KEFP10, obtained from environmental water, infecting as many
as 27 out of 41 (65.8 %) UPEC strains isolated from urine samples of
hospitalized patients, but the effectiveness of these infections was not
determined (Mishikawa et al., 2008).

The activity of newly isolated phages against E. coli strains obtained
from stool samples, patients with acute UTI, and patients with recurrent
UTI was investigated (Gonzdlez-Villalobos et al., 2021), Phages $Ecl,
$Fec3, and Ec4, isolated from wastewater, exhibited lytic activity
against strains from all tested groups. However, in the case of UPEC,
infection occurred in 25 %, 18 %, and 12 % of all strains, respectively.
The phage activity was also tested against other species such as refer-
ence strains of Salmonella enterica subsp. enterica serovar Typhi ATCC
6539, S. enterica subsp. enterica serovar Choleraesuis ATCC 10708, §.
enterica subsp. enterica serovar Typhimurium ATCC 14028, P. aeruginosa
ATCC 9027 and Yersinia enterocolitica, K. pneumoniae, Shigella boydii, and
S. aureus clinical isolates, but no phage activity was observed
(Gonzalez-Villalobos et al., 2021). In turn, wastewater-isolated phages
vEMB22 and vEMB26 were able to infect 18 (45 %) and 33 (B2.5 %) out
of 40 tested UPEC strains, respectively, with phage vKMB26 efficiently
infecting 22 of them. Interestingly, a cocktail composed of these phages
showed similar activity to that of vKMB26 phage alone, Additionally,
even when diluted 100-fold, the phages from the cocktail still infected
over half of the UPEC strains (57 %) (Slobodnikova et al., 2021).

In another study (Vera-Mansilla et al., 2022), phages MLP1, MLP2,
and MLP3, isolated from the Valdivia River, showed lytic activity
against reference strains CFT073, CFT073 Awaal, UTI-89 and isolates
from patients with UTI. Phage MLP1 has been found to infect only 2 out
of the 8 (25 %) UPEC strains analyzed, indicating a relatively narrow
range of activity. In contrast, phages MLP2 and MLP3, despite belonging
to different families, demonstrated a broader and comparable range of
activity, infecting 7 out of 8 (87.5 %) strains both. That study aimed to
determine the plating efficiency of the examined phages. However, the
results showed that phage MLP1 infected the clinical strain with
significantly lower efficiency compared to the reference strain. Mean-
while, phages MLP2 and MLP3, despite having a similar host profile,
exhibited differences in the degree of infection efficiency for these
strains, Interestingly, the study included the E. coli strain Awaal, which
lacks a gene for the O-antigen ligase, resulting in preventing LPS pro-
duction. Interestingly, phage MLP1 was able to infect the CFT073 strain
efficiently, however, the infection of the mutant strain decreased by
about 4 orders of magnitude. This suggests that the O-antigen in the LPS
may act as a receptor for phage MLP1. On the other hand, phage MLP2
infected the mutant with the same efficiency as the wild-type strain,
indicating that phage MLP2 recognizes a different receptor
[Vera-Mansilla et al., 2022).

The ability of sewage-isolated phages to combat biofilm formed by
UPEC strains was tested (Chibeu etal., 2012), Phage vB_EcoM_ACG-C40,
demonstrating the broadest range, infected as many as 28 out of 43
clinical isolates, accounting for 65 %, while the other two phages
vB_EcoP ACG-C91 and vB_EcoS_ACG-M12 exhibited significantly nar-
rower ranges, at 39.5 % and 34.8 %, respectively. It's worth noting that
80.5 % of the tested strains were infected by at least one phage using the
spot test, although the efficiency of these infections was not determined
(Chibeu et al., 2012). In turn, 28 phages whose plaquing host range



Table 1
The list of reported anti-UPEC phages and their features.
Phage name Source Heost  Taxenomy Lengthof  Number  Proteomics Virionsize Burst  Adsorption Cytotoxic  Model Stability  Stability  Stability  Accession Reference”
range genome of ORFs head /tail size effect "oy~ (pH)™ {uring) number
(bp) (nm)
FU1 River NI ND (P} ND ND + 47.2/12.5 ND ND NDy Liguid NI ND ND ND a7
culture
FuU3 River NI ND (P} ND ND t 40,20 ND ND NDv Liguid ND ND ND ND 67
culture
vB_EcoS- Sewage 28/52  Guernseyvirinae, 44,829 78 + 35/28 100 65.8%/5 ND Liquid 37-45 6-9 ND MGO099933 75
Golestan Kogunavirus (S) culture
vB_EcoP-EG1 Sewage 13/35 Autographiviridae/ 39,919 51 + 50,10 152 ND N Biofilm 4-45 ND - MG488277 24
Studiervirinae/
Teseptimavirus (P)
IBEC 77 Urine 1/1 ND (P} ND ND WD ND 150 ND ND Biofilm ND ND ND ND 62
. mellonella
IBEC 78 Sewage 1/1 ND (P} ND ND ND ND ND ND NI Biofilm ND ND ND ND 62
G. mellonella
IBEC 98 Urine 1/1 ND {P} ND ND ND ND ND ND NIy Binfilm ND ND ND ND 62
. mellonella
AL505 P1 Sewage 1/1 ND (8] KD ND ND ND ND ND NI Biofilm ND ND NI ND 20
Mice
ALS05 P2 Sewage 171 ND (M) ND ND ND ND ND ND NI Biofilm ND ND ND ND 20
Mice
AL505_P3 Sewage 1/1 ND (P} WD WD NI ND ND ND NI} Biofilm ND NI WD NI 20
Mice
myPSH1131 River 9/12 Gordonclarkvirinae, 76,163 97 ND 45/95 130 50 %%/10 ND G. mellonella 4-45 3-13 ND MG983840 45
Kuravirus (P)
St11PhS Sewage ND Schitoviridae 72,444 90 NIy ND ND ND ND ND ND ND ND MG208881 22
Enquatrovirinas/
Gamaleyavirus (P}
Killian Sewage 6/9 Straboviridae/ 169,905 276 ND Bl.2/168 139 90 %20 ND Liguid 4-40 4-10 ND OO446694 3z
Tevenvirinae,” culture
Tequatravirus (M)
Fs11 Sewage 28/53 ND (M) ND ND ND 72/63.6 121 96 9%/25 NIy Liquid 0-50 4-12 WD ND 44
culture
F517 Sewage 35/53 ND (M) ND ND ND 63.4/100.7 98 96 %,/20 NI¥ Liguid 0-50 4-12 ND ND 44
culture
PS6 Sewage 28/53 ND(S) ND ND ND 46,113 78 96 %/32 ND Ligquid 0-50 4-12 ND ND 44
culture
ps8 Sewage 26/53 ND(S) ND ND ND 60.2/105.3 87 96 %35  ND Ligquid 0-50 4-12 ND ND 44
culture
5908 Sewage 4/50  Guernseyvirinae, 44,390 73 NIy a35,/190 108 95 %12 ND Biofilm —20-50 4-9 ND MW722821 12
Kagunavirus (S)
vB_EcoM_ Sewage 2/3 Ounavirinae/ 88,369 126 ND ND 134 66.9 %4  ND Liquid NI ND ND MZ311863 54
LNA1 Felixoumavirus (M) culture
vB_EcolM_ Sewage 3/3 Straboviridae,/ 168,414 267 ND ND 68 79.7 /4 ND Liquid ND ND ND MZ311865 54
LNAZ Tevenvirinae,/ Mosigvirus culture
(M)
vB_EcolM_ Sewage 2/3 Autographivirida/ 39,663 53 ND ND 12 95.7 %4 ND Liquid ND ND ND MZ311862 54
LNA3Z Studiervirinae/ culture
Kayfunavirus (P)
vB_EcolM_ Sewage 1/3 Vequintavirinae, 147,613 249 ND ND 28 60.5 %/4 ND Liquid ND ND ND MZ311864 54
LNA4 Seunavirus (M) culture
vB_Ecol_ Sewage 2/3 Autographiviridae/ 39,091 58 ND ND 100 99.4 %4 ND Liguid ND ND WD MZ311861 54
LNAS Studiervirinas/ culture
Kayfunavirus (P)

(continted on fext page)
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Table 1 (continued )

Phage name Source Host  Taxonomy Length of  Number Proteomics Virion size Burst  Adsorption  Cytotoxie  Model Stability  Stability  Stability Accession Reference”
range genome of ORFs head /tail size effect o (pHI* (urine) number
(bp) [am)
vB_EcoM_ Sewage 8/12  Aurngraphiviridae/ 39,471 56 ND ND ND ND WEx NI NI ND ND OR594184 7
SHAK9454 Studicrvirinae/
Kayfunavirus
vB_EcoM_ Sewage 8/12  Aurographiviridae/ 44,446 64 ND ND ND ND ND ND ND ND ND OR594181 7
SHAK7704 Studiervirinae,/
Kayfunavirus
vB_EcoM_ Sewage 3412 Autographiviridae,/ 39,734 57 ND ND ND NI ND ND ND ND ND OR594182 7
SHAK7854 Studiervirinae,
Kayfunavirus
vE_EcoM_ Sewage 9/12  Autographiviridae/ 44,517 82 ND ND ND ND NI NI ND ND ND OR594183 7
SHAK7858 Studiervirinae/
Kayfunavirus (5)
vB_Ecobl_ Sewage 7/12  Autographiviridae/ 44,656 63 ND ND ND  ND ND ND ND ND ND OR584179 7
SHAK7163 Studiervirinae,
Kayfunavirus
vB_EcoM._ Sewage 8/12  Autographiviridae/ 45,233 a3 ND ND ND  ND ND ND ND ND ND OR594180 7
SHAK7693 Studiervirinae,/
Kayfunavirus (5)

KEP10 Environ- 27/41  ND (M) ND ND ND B3/104 ND ND NDy Mice ND ND - AB326953 55
mental (major capsid)
water AR3I26954

(tail fiber)

vB_EcoM- JEcl Sewage 25/ ND (M) ND ND + 76,126 ND ND ND Biofilm ND ND ND ND 23

100
vB_EcoM- ¢Ec3 Sewage 18/ Cuermnseyvirinae, 45,288 79 + ND ND ND NDy Biofilm ND ND ND MZ576217 23
100 Kagunavirus (M)
vB_EcoM- JEcd Sewage 12/ Giuernseyviringe, 44,540 74 + ND ND ND ND Biofilm ND ND ND MZ576218 23
100 Kagunavirus (M)
MLP1 River 2/8 Chaseviridae/ 51,940 72 ND 66,135 ND ND NI Liquid ND ND ND OK148439 72
Cleopatravirinae culture
MLP2 River 7/8 Straboviridae/ 168787 2649 ND 63/73 ND ND ND Liquid ND ND ND OK148441 72
Tevenvirinae, culture
Tequatrovirus (M)
MLP3 River 7/8 Gordonclarkvirinae 76,234 119 ND 48/11 NI NI INI¥ Liquid NI NI WD OK148440 72
Kuravirus (P) culture
vB_EcoM_ Sewage 18/40 Straboviridas/ ND ND WD ND ND ND NI Ligquid ND ND ND ND 65
KMB22 Teqguatrovirus (M) culture
vB EcoM_ Sewage 33/40  Straboviridae/ 168,222 266 WD ND ND ND NDy Liguid NI ND ND OW536688 65
KMB26 Tequatravirus (M) culture
vE EcoP_ Sewage 17743  Autographiviridae/ 43,731 55 65-68/12 ND ND ND NI Biofilm ND ND ND JNOBG6844 15
ACG-C91 Molineuxvirinae,
Vectrevirus (P)
vB_EcolM_ Sewage 28/43  Straboviridae, 167,396 291 1107114 ND ND NI ND Biofilm NI ND ND INOBRE4G 15
ACG-C40 Tevenvirinae,
Teguatravirus (M)
vB_EcoS_ Sewage 15/43  Drexierviridae/ 46,054 78 157/172 ND ND ND ND Biofilm ND ND WD JN9B6E4S 15
ACG-M12 Braunvirinae/ Guelphvirus
(5)
NTEC3 Sewage 9/45  Guernseyvirinae, 44,240 i ND ND ND ND NI ND ND ND ND DK539620 14
Kagunavirus (S)
CHD16UKEL Sewage 33/79  Straboviridae, 168,543 300 ND ND ND ND ND Liquid ND ND ND MZ234030 40
Tevenvirinae/ culture

Teguatrovirus (M)

{continued on next page)
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Table 1 (continued )

Phage name

Host
range

Taxenomy

Length of
genome
(bp)

Number
of ORFs

Proteomics  Virion size

head /tail
(nm)

Burst
size

Adsorption  Cytetoxic

effect

Model

Stability
ey

Stability
(pHI*

Stability
(urine)

Accession
numhber

Reference”

CHD94UKE2

G3G7

101117851

22664UKE3-2

101120B2

10111881

101101 UKE1

UTIB9UKEZ

UTIB9UKE3

101117UKE2

101118UKE1

10112081-2

101126851

22664B51

172859UKE1

101112UKE3-1

CHD2BS1

101114853

Sewage

Sewage

Sewage

Sewage

Sewage

Sewage

Sewage

Sewage

Sewage

Sewage

Sewage

Sewage

Sewage

Sewage

Sewage

Sewage

Sewage

Sewage

23/79

48/79

27/79

40479

15/79

2/79

3/79

6/79

32/79

15/79

35/79

33/79

3/79

29/79

10479

42479

Straboviridae/
Tevenvirinae,
Teguatrovirus (M)
Straboviridae/
Tevenvirinae/
Tequatrovirus (M)
Straboviridae/
Tevenvirinde,”
Tequatrovirus (M)
Autographiviridae/
Studiervirinae/
Kayfunavirus
Autographiviridae/
Studiervirinae,
Kayfunavirus
Autographiviridae,
Molinewsvirinae,/
Vectrevirus
Autographiviridae,
Molinewsvirinae/
Vectrevirus
Autographiviridae/
Molineuxviringe/
Vectrevirus
Aurographiviridae/
Molinewxvirinae,/
Vectrevirus
Autographiviridae/
Molineuxvirinae/
Vectrevirus
Autographiviridae/
Studiervirinae/
Kayfunavirus
Aurographfviridaey
Studiervirinae,
Kayfunavirus
Autographiviridae,
Srudiervirinae/
Kayfunavirus
Autographiviridae/
Srudiervirinae,
Kayfunavirus
Straboviridas/

Tevenvirinae, Mosigviris

(M)

Straboviridae,
Tevenvirinae/
Tequatravirus (M)
Straboviridaz/
Tevenviringe,
Tequatrovirs (M)
Gordonclarkvirinae/
Kuravirus (P)

167,922

168,649

167,080

40,482

39,890

44,526

44,450

44,526

40,233

39,845

39,375

39,133

168,667

169,555

168,577

75,747

300

300

300

58

59

59

61

66

66

58

6l

59

54

58

299

143

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

NI

ND

ND

ND

ND

ND

NI

ND

ND

ND

ND

ND

ND

ND

NIy

ND

[L18]

ND

ND

NDy

ND

ND

ND

ND

NI

NIy

NDY

Liquid
culture

Liquid
culture

Liquid
culture

ND

ND

ND

ND

NI

ND

ND

ND

ND

ND

ND

NI

ND

ND

NI

ND

NI

ND

ND

ND

ND

ND

ND

ND

NI

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

NI

ND

MZ234031

MZ234040

MZ234018

MZ234011

MZ234023

MZ234020

MZ234012

MZ234049

MZ234050

MZ234019

MZ234021

MZ234022

MZ234024

MZ234009

MZ234025

MEZ234013

MZ234027

MZ2Z34015

40

40

40

40

a0

40

40

40

40

40

40

40

40

40

40

40

40

40
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Table 1 (continued )

Phage name Source Host  Taxonomy Length of  Number Proteomics Virion size Burst  Adsorption  Cytotoxie  Model Stability  Stability  Stability Accession Reference”
range genome of ORFs head /tail size effect o (pHI* (urine) number
(bp) [am)
101114UKE3 Sewage 25/79  Gordonclarkvirinae/ 75,747 145 ND ND ND ND WEx NI NI ND ND MZ234017 40
Suseptimavirus (P}
CHDSUKE1 Sewage 1/79  Gordonclarkvirinae/ 77,359 152 ND ND ND ND NI ND ND ND WD MZ234028 40
Kuravirus (F)
10111482 Sewage 30079 Dhillonvirus (S) 44,971 69 NI ND ND ND NDy ND ND ND NI MZ234014 40
101114B54 Sewage 21/79  Dhillonvirus (5) 45,251 70 ND ND ND ND ND NI ND ND ND MZ234016 40
2266481 Sewage 32/79  Dhillonvirus (S) 45,019 70 NI NI ND NI NI NI NI NI NI MZ234008 40
CHD2E1 Sewage 12/79 Dhillonvirus (S) 45,144 68 ND ND ND ND N ND ND ND ND MZ234026 40
CHDSUKE2 Sewage 19/79  Dhillonvirus (5) 45,243 a8 WD ND ND ND NI NI ND ND ND MZ234029 40
UTIS9UKE]L Sewage 1/79  Guernseyvirinae, 41,265 73 ND ND ND ND NI NI ND ND ND MZ234048 40
Kagunavirus (P)
22664852 Sewage 34/79  Guernseyvirinae, 45,176 85 ND ND ND ND NDY ND ND ND NI MEZ234010 40
Kagunavirus (S)
vE-EcoP_ Sewage 17/77  Autographiviridae/ 44,488 54 NI ND 211 98 %/5 NI» Liguid ND NI NI OR424385 46
KMB47 Molinewevirinoe / culiure
Vectrevirus
vE-EcoP_ Sewage 13/77 Autographiviridae/ 44,563 53 ND ND 190 98 %3 NI Liguid ND ND ND OR424384 46
KMB14 Molinewxvirinae,/ culture
Vectrevirus
vB-EcoS_ Sewage 4/77 Drexlerviridae/ 50,475 87 ND ND ND ND ND ND ND ND ND OR424386 46
KMB25 Tempevirinae,/ Tlsvirus
vB-EcoS_ Sewage 877 Drexterviridae/ 50,953 96 ND ND ND ND NIy ND ND ND WD DR525699 46
KMB46 Tempevirinae,
Warwickvirus
vB-EcoM_ Sewage 18/77 Srephanstirmviringe/ 148,640 305 ND ND ND ND NDy NI ND ND ND OR525700 46
KMB37 Justusliehigvirus
vE-EcoM_ Sewage 33/77  Swroboviridae/Krischvirus 164,476 264 ND ND 38 80 %5 NI Liquid ND ND ND OR525698 46
KMB43 culture
vB-EcoM_ Sewage 13/77 Swaboviridas/ 169,640 270 ND ND ND ND NI ND ND ND ND DR525701 46
KMB38 Tevenvirinae/Mosigvirus
vB-EcoM _ Sewage 26/77  Straboviridae/ 167,010 276 ND ND ND ND ND ND ND ND ND OR539217 46
KMB22 Tevenvirinae,
Tequatrovirus
vE-EcoM_ Sewage 25/77  Smraboviridae/ 166,939 291 ND NI 95 72 %5 INI¥ Liquid NI NI WD OR525702 46
KMB23 Tevenvirinae, culture
Tequatroviris
vE-Ecol_ Sewnge 45/77  Swraboviridae/ 168,232 275 NIy ND 47 81 %/5 INI¥ Liguid NI NI N DR539218 46
KMB26 Tevenvirinae, culture
Tequatroviris
vE-EcolM_ Sewage 21/77  Swraboviridae/ 168,887 275 NI ND ND ND NI NI ND ND ND OR539219 46
KMB39 Tevenvirinae/
Tequatrovirus
vB-EcolM_ Sewage 28/77  Straboviridae/ 166,966 275 WD ND ND NI ND NI NI ND ND OR539220 46
KMBA4D Tevenvirinae,
Teguatrovirus
vB-EcoM_ Sewage 2977  Struboviridae, 165,962 270 ND ND 69 T7 %/5 ND Liquid ND ND WD 0OR539221 46
KMB42 Tevenvirinae/ culture
Tequatroviris
vB-EcoP_ Sewage 477 Murrayvirus 41,822 62 ND ND ND ND NI ND ND ND ND DR539216 46
KME41
vB-EcoS_ Sewage 6/77 Glernseyvirinae, 43,891 82 ND ND ND ND ND ND ND ND ND OR525704 46
KMB35 Kagunavirus

(continued on rext page)
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Table 1 {continued )

Phaze name Source Host  Taxonomy Length of  Number  Proteomics Virion sise Burst  Adsorption  Cytotoxic  Model Stability  Stability  Stability  Accession Reference”
range genome of ORFs head/tail size effect )= (pHI* (urine) number
(bp) [nm)
vB-Eco-KMB36 Sewage 2777 Guernseyvirinae, 44,710 77 ND ND ND MND NI NI ND ND ND OR525703 46
Kogunavirus
vB_Ec_ Sewage 11/25 Straboviridae/ 165,162 265 ND 130/120 ND ND ND NI =20-60 7-11 ND OP168898 25
ZCEC14 Tevenvirinae/
Tegquatrovirus
Mimirl 24 River 1/8 Schitoviridae/ 72,768 101 NI FO/ND ND 100 %/3  ND NI NI NI NI PQ310662 21
Enquatrovirinas/
Gamaleyavirus (F)
vE_EcoS_ Sewage 16/30 CGuernseyvirinae/ 44,772 73 ND 66.2/102.2 198 ND NI Biofilm 5-50 6-10 ND PP291582 59
UTEC1O Kagunavirus Mice
FS2B Sewage 37/53 Gordonclarkvirinae/ 77,407 118 ND 98.2/65.2 137 90 %12 ND Liquid 0-60 4-12 NI MW929182 43
Kuravirus culture MW929183
vE_EcoA_ Sewage 5/49  Aurographiviridoe/ 39,508 49 NI} 79/20 250 NI NI¥ Liguid —20-37 50 NI MN414250 13
RDNB.1 Studierviringe,’ culture,
Kayfunavirus Biofilm
oEc_Makalu 001 Sewage 12/45 Straboviridae/Krischvirus 163,752 284 ND BB.9/109 127 ND NI Liguid 25-37 69 ND MNBEQ4EES 18
(M) culture
weEc_Makalu_002 Sewage 14/45  Sraboviridae/Krischvirus 164,674 285 NDY BB.5/9.4 74 ND ND Liquid 25.37 6-9 ND MN709127 18
(M) culture
#Ec_Makalu_003 Sewage 14/45  Sraboviridae/ Krischvirus 162,966 284 ND B3.7/94.3 120 ND NI Liquid 25-37 9 ND MNB82349 18
(M) culture
Escherichia Urine 6/21 ND (M) ND ND ND 39/ 26 NI ND Liquid 37 7-8 ND ND 17
phage 105.317 culture
UGKSEcP1 Sewage 9/11  Swraboviridae/ 167,433 277 ND 66/116 + 99.3 %/10 ND Liquid -20-35 7-10 ND OV877085 66
Tevenvirinae, culture
Tequatrovirus (M)
UGKSEcP2 Sewage 9/11 Straboviridae,/ 167221 276 ND B6/116 + 99.3 %/12 ND Liquid -20-35 7-10 ND OVE765900 66
Tevenvirinae/ culture
Teguatrovirus (M)
ES10 Sewage ND Guernseyvirinae, 48,315 74 ND 95,200 90 ND ND Liquid 0-35 57 - OR466728 53
Kagunavirus culture

Please note: The host range was determined by spot test and provided as the number of strains sensitive to the phage/total UPEC strains tested. Underlined values indicate that an additional efficiency of plating (EOP)
analysis was performed. Taxonomic units were provided based on the authors' data. Letters in brackets indicate Myoviridae (M), Podoviridae (P), and Siphoviridae (S) phage families, according to the previous nomenclature
system. The adsorption results were provided as the percentage of phage particles adsorbed to bacterial cells/minutes, The "<-" sign indicates that the experiment was conducted, however, the results were obtained with
different methods and they are not provided in the Table. Each row of the table contains descriptions of phages from one publication. The abbreviation NI} means that the data were not obtained by the authors and once
written in a row it applies to all phages from the row unless otherwise stated. The table preserves the original names of phages given and used by the authors. As reported by the authors, phages vB_EeoM_KMB22 and
vB_EcoM_KMB26 were analyzed twice (Slobodnikova et al.. 2021; Markuskova et al., 2024). Due to different methodologies, we included results from both publications in the table. *Stability ranges are presented as
proposed by the authors, however, due to different incubation times and interpretation approaches, it is difficult to compare them.

# The reference numbers correspond to the respective publications in the references section.
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ranged from 61 % to 1 % were isolated. The infection efficiency was
analyzed only for 7 phages (Loose ¢t al., 2021), In another study, Ngiam
et al. (2021) examined the host range for five phages - vB_EcoM_LNA1,
vB_FEcoM_LNA2, vB_EcoP LNA3, vB_EcoM_LNA4, vB_EcoP LNAS using
the spot test. It was found that each phage infects at least two out of
three UPEC strains, with phage vB_EcoM_A2 infecting all tested strains.
However, the results of experiments aimed at determining the infection
efficiency indicated that phage vB EcoM LNA2, which formed lysis
zones on the lawns of all tested strains in the spot test, did not efficiently
infect any of the investigated UPEC isolates. These results suggested that
all phages, except vB_EcoM_LNA2, demonstrated infectivity beyond
their original hosts, and effectively infected some UPEC strains,
implying that the creation of phage cocktails may be required in
combating UTIs. These findings also suggest that the spot test is not
always an adequate indicator of whether a particular strain falls within
the host range of a tested phage (Ngiam et al., 2021),

Phage vB_Ec_ZCEC14, isolated from sewage in Egypt, produced a
lysis zone against 11 out of 25 UPEC isolates (44 %), and 3 of them were
infected with high efficiency. In turn, phage vB_EcoS_ UTEC10, isolated
from sewage outflow of the Zagazig University Hospital, was reported to
show lytic activity against 53 % (n = 16) of the tested isolates in a spot
test, and high efficiency of plating (>0.5) against 46.7 % (n = 14).
Mimir124 is another phage isolated on the UPEC host from river water
(Golomidova et al., 2024), This phage was tested on 7 E. coli strains,
however, no strain was found to be susceptible to Mimirl24 other than
its original host (Golomidova et al., 2024). Contrary to this, phage FS2B
showed high lytic activity and in the spot test it exhibited a broad host
range, infecting 69.8 % (n = 37) of the collected UPEC isolates, among
them 64.8 % (n = 24) were identified as MDR (Malik et al., 2024). In
turn, 6 phages isolated from sewage collected from Brisbane (named
vB_EcoM_SHAK7704, vB_EcoM_SHAK7854, vB_EcoM_SHAK7858, vB_E-
coM_SHAK7163, vB_EcoM SHAK9454, and vB_EcoM_SHAK7693) infec-
ted from 2 to 6 UPEC strains out of 12 in total. Interestingly, when used
in cocktails, these phages showed synergistic improvement against a
mixed UPEC population (Asgharzadeh Kangachar et al., 2024), 8imi-
larly, six phages were characterized in detail and used in a cocktail
(Markuskova et al,, 2024). These phages were able to infect from 2 to 44
out of 77 clinical strains (3-57 %). Among them, phages vEMB26 and
vKMB43 showed the broadest host range, and lysed 57 % and 43 % of
the strains, respectively (Markuskova et al., 2024).

Reports describing UPEC-infecting phages FU1 and FU3, isolated
from the Cisdane River, as well as the phage St11Ph5 were published,
however, the host range for these phages has not been determined (Sufa
et al., 2018; Golomidova et al., 2018). Similarly, the effectiveness of a
cocktail composed of 25 different phages against UPEC bacteria from
patients which caused UTI in mice was investigated, however, the host
range of these phages remained unspecified (Mijbel All et al., 2021),
According to another report, phage 590B has the narrowest host range
among all the above-described phages, infecting only 8 % (4 out of 50
tested) of UPEC strains (Chaudhary et al., 2022a). The MDR E. coli 590
strain was used for the isolation of not only phage 590B but also phage
NTEC3 which, compared to 590B, had a broader host spectrum and was
able to infect 9 out of 45 UPEC strains tested in that study (Chaudhary
el al., 2022¢), During the next study, three phages (IBEC 77, IBEC 78,
and IBEC 98) were isolated from sewage and urine, and tested against
three different UPEC strains: CFT073, MG1655, and LF82 (Sanmukh
el al., 2023). Nevertheless, none of these phages showed specificity
against the other two strains. In addition, 18 more were isolated during
that study, but none of them were found to attack the UPEC strain
(Sanmukh et al., 2023). Using the clinical strains UPEC AL505 -
AL505-P1, AL505-P2, and AL505-P3, newly isolated phages were ob-
tained from wastewater (Galtier et al., 2016). However, that article did
not include information about the host range for these phages. In
another study, phages from sewage attacked 100 % of clinical strains
gained from UTT hospitalized patients. However, individual phages from
that mix were not isolated and described (Hahimzadeh et al., 2020).
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As presented above, many phages infecting UPEC exhibit a broad
host range among these bacteria (infecting from 8 % to 100 % of the
tested strains). The average range was around 53.5 % using the spot test.
Importantly, there are discrepancies in the results of spot tests and EOP,
which may indicate that the spot test is not always a reliable indicator of
whether a phage will be able to effectively kill pathogenic bacteria
during therapy.

3. Stability of phages infecting UPEC strains

As phages are composed of nucleic acid and a protein capsid, they are
highly susceptible to external factors. This makes evaluating their sta-
bility in various physical and chemical conditions crucial before using
them in phage therapy. Not all phages are suitable for use in the human
body's complex environment. Therefore, selecting phages that not only
effectively eliminate bacteria but also remain stable is imperative. The
stability of virions is also crucial for phage cocktail long-term storage,
which requires low temperatures and optimal pH. The results obtained
by the authors are described below according to their interpretations,
although the large variation in the adopted methodology makes it
difficult to compare them and draw more general conclusions.

The activity of phage vB_EcoS_Gaolestan was tested by incubating it at
different temperatures (from 45 to 75 “C) for an hour (Yazdi el al.,
2020). The phage was stable at 37 “C (control) and 45 “C. However, its
activity gradually decreased at higher temperatures, and the phage
became completely inactive at 75 “C (Yazdi et al, 2020). Phage
vB_EcoP-EG1 was tested during a 1 h incubation at temperatures from 4
to 65 °C, and it was stable at a temperature range between 4 and 45 °C
(Gu et al.,, 2019). When the temperature was increased to 50 °C, only
50 % of phage particles remained active (Gu et al, 2019). Both
myPSH1131 and Killian phages remained stable at temperature ranges
4°C—45 “C and 4°C-40 “C, respectively, but both were inactivated
rapidly at temperatures above 50 °C (Manohar et al., 2018; Khunti et al.,
2023).

The viability of phages FS11. F517, P56, and PS8 did not fall below
80 % at the temperature range of 0-50 °C, and their stability at lower
temperatures was also examined in the context of their storage (Malik
et al., 2021). Phage lysates mixed with glycerol and stored at tempera-
tures of —70 "C and —20 °C remained virtually unchanged for 3 months.
However, the titers of lysates deprived of glyvcerol decreased rapidly
after 3 months of storage at room temperature, while those of lysates
stored at 4 °C did not change (Malik et al., 2021). Phage 5908 also
showed stability at both —20 °C and 45 “C. However, the survival rate of
phage particles began to decline above 60 “C, as in the previous cases
(Chaudhary er al., 2022a). Similarly, phage FS2B was quite stable from
0 to 60 "C and almost completely lost its viability above 80 °C (Malik
et al., 2024). Phage vB_EcoS_UTEC10 was also stable over the temper-
ature range 5-50 “C, and higher temperatures resulted in a gradual drop
in phage titer (Rajab et al., 2024). Contrary to them, phage vB_Ec_Z-
CEC14 showed quite high thermal tolerance at 80 °C, as after an hour of
incubation the number of phage particles decreased from 10* to 10*
(Ismael et al., 2024).

The low survival rate of phages at high temperatures is due to their
protein structure. Proteins are sensitive molecules and easily denature at
high temperatures, however, this is not so important in the context of
phage therapy. On the other hand, phage lysates must be stable at low
temperatures, due to the need for their long-term storage. It is also
important that phage virion survival is high at temperatures oscillating
within the temperature range of the human body, ranging from 36 °C to
40 °C,

From all available studies examining the influence of pH value on the
survival of phages, all tested viruses survived in solutions with pH values
similar to human urine, ranging from 4.5 to 8.0 (Manohar et al., 2018;
Malik et al., 2021; Chaudhary et al., 2022a; Khunt et al., 2023; Ismael
et al., 2024), except phages vB_EcoS Golestan and vB_EcoS_UTEC10,
whose titers dropped at pH = 5 (Yazdi et al., 2020; Rajab et al., 2024).
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All phages survived at slightly acidic pH but were completely inacti-
vated at low pH (2.0). From all analyzed reports about phages infecting
UPEC strains, where the stability of phage particles in solutions of
different pH was tested, the phage myPSH1131 showed high survival in
the widest pH spectrum, from 3 to 13 (Manohar et al., 2018). Our
attention was also attracted by studies in which researchers presented
the results of the survival of phages in human and mouse urine. Phages
vB_EcoP-EG1 and KEP10 showed high stability after 24 h incubation in
human urine (Nishikawa et al., 2008; Gu et al., 2019). Phage KEP10 was
also incubated in mouse urine, and its titer did not change significantly
(Nishikawa et al., 2008). Checking the stability of phages in urine
(which is rich in various compounds such as urea, creatinine, uric acid,
chloride, sodium, potassium, sulphate, ammonium, phosphate, and
other ions and molecules) seems to be important from the perspective of
using phage therapy against UTIs. Unfortunately, only a few such tests,
mentioned above, have been reported so far.

4. Kinetics of development of phages targeting UPEC bacteria:
pace and dynamics of viral infection

It is essential to ensure that phages in a phage cocktail act rapidly.
This helps to minimize the risk of the development of bacterial cell
resistance to the phages. It is also important because if the phages persist
for too long time in the human body, the patient’s immune system may
develop anti-phage antibodies that could inactivate virions. Therefore,
the phages used in phage therapy should quickly adsorb to the surface of
the host cells and have a high burst size, thereby increasing the number
of active phage particles against the pathogen. Moreover, they should
have a short latency period to rapidly eliminate the bacterial cells and
release progeny particles,

It was demonstrated that the phage vB EcoS Goelestan lysed the
culture of the uropathogenic strain E. coli 333 at various multiplicity of
infection (MOI) values, reducing the bacterial cell count by several or-
ders of magnitude (Yazdi et al., 2020), At MOI of 10, a rapid decrease in
the quantity of bacterial cells from 10® to 107 CFU/ml was observed
after 1 h. When testing MOI values of 0.1, 1, and 10, the cell count
dropped to the order of 10* CFU/ml after 3 h from adding the lysate to
the bacterial culture. The same cell count was achieved through phage
infection at an MOI of 0.01 after 3 h of incubation. However, after 24 h
of incubation with phage, the bacterial population renewed, although it
did not reach the initial level, That study monitored both the number of
bacterial cells (CFU/ml) and optical density measurements (ODggq), and
these measurements were compatible. Furthermore, the phage vB_E-
coS_Golestan titer corresponded to ~100 phage particles per cell, and
the latent period lasted 40 min, Moreover, 65.8 % of phage particles
adsorbed to bacterial cells within 5 min of introducing the lysate into the
culture. Caleium and magnesium ions positively influenced the phage
vB_EcoS_Golestan adsorption process. However, 15 min after the start of
the infection, the quantity of adsorbed phages was nearly the same in
both ion-depleted and ion-enriched cultures (Yazdi et al., 2020).

Phage vB EcoP-EGI1 releases about 150 phage particles from one
infected E. coli MG1655 cell (Gu et al.. 2019). Interestingly, it has a very
short latent period, which took only 5 min. The culture of the E. coli
MG1655 strain was also treated with phage lysate at various MOI values,
including 0.1, 1, and 10. A rapid decrease in optical density values was
observed after 1 h of incubation at each MOI variant. The study was
conducted for 300 min, during which no regrowth of the bacterial cul-
ture was observed (Gu et al., 2019).

Compared to the use of phages individually, the greater effectiveness
of the phage cocktail was confirmed. The liquid culture of the UPEC
strain AL505 was lysed by a cocktail composed of three phages - AL505-
P1, AL505-FP2, and AL505-P3, and did not recover within 15 h, whereas
the use of each phage separately resulted in the onset of bacterial pop-
ulation rebuilding already after & h (Galtier et al., 2016). It was
emphasized that afrer 15, no mutants resistant to the applied phages
could be identified. In the case of phage IBEC77, the burst size was
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approximately 150 phage particles released from UPEC cells (Sanmulh
et al., 2023). The high burst sizes, 198 PFU/cell and 250 PFU/cell, and
short latent period (~10 min), were observed for phages vB_EcoS_U-
TEC10 and vB_EcoA RDNB8.1, respectively (Chaudhary et al., 2022b;
Rajab et al,, 2024), thus making them good candidates for phage ther-
apy. For phage myPSH1131, the phage titer was 130 virions per cell, and
the latent period was 20 min (Manchar et al., 2018). After the addition
of the phage lysate (MOI = 0.001) into the culture of the primary host
E. coli PSH131 strain (EPEC, enteropathogenic E. coli) for 5 min, 20 % of
the phages were attached to the surface of bacterial cells. After 25 min,
there were no free, unattached phage particles present in the mixture
(Manohar et al.,, 2018). Similar to myPSH1131, the latent period of
phage FS2B was approximately 20 min, and the burst size was
137 PFU/cell (Malik et al., 2024). In addition, approximately 90 % of
phage FS2B particles adsorbed to the cells within 12 min (Malik et al.,
2024). An even better result was observed for phage Mimirl24, which
adsorbed with an efficiency of above 90 % in 3 min (Golomidova el al,,
2024). The study of the Killian phage on the UPEC CFT073 strain also
revealed its high burst size, amounting to 139 phage particles per bac-
terial cell, and a latency period of 40 min (Khunti et al., 2023). More-
over, the Killian phage efficiently adsorbs to UPEC cells, as
approximately 90 % of phage particles were bound to the host within
20 min of introducing the phage lysate into the bacterial culture.
Interestingly, an experiment assessing the lysis efficiency of the E. coli
CFT073 culture by the Killian phage showed that at high MOI values (1,
10, or 100), the phage causes a rapid decrease in optical density in the
initial 8 h of incubation with bacteria. However, after this period, the
bacterial population recovered rapidly. On the other hand, lower MOI
values, especially 0.001 and 0.0001, resulted in less drastic lysis, but the
populatien did not undergo recovery (Khunti ot al., 2023).

Among four phages infecting UPEC strains, F§11 exhibited the
highest phage titer, amounting to 121 phage particles per bacterial cell,
and the shortest latency period of 24 min (Malik et al., 2021), The other
phages, FS17, PS8, and PS6, also showed substantial burst sizes of 98,
87, and 78 phage particles released during bacterial cell lysis, with la-
tency periods of 26, 42, and 35 min, respectively. The efficient infection
process was further indicated by the high adsorption efficiency of these
phages, reaching 96 % of bound phage virions within 20-35 min,
depending on the phage strain. Additionally, the lytic effectiveness
against the UPEC strain PB3 was examined for each phage individually
and collectively in a cocktail with an MOI value of 0.1 of each phage
used. The results indicated that each phage effectively lysed the host
culture. However, when the cocktail was applied, the optical density
measurements remained consistently low throughout the entire experi-
ment (12 h), suggesting the superiority of phage cocktails over prepa-
rations composed of a single phage strain (Malik et al., 2021).

Among all phages infecting UPEC strains found in the literature,
phage 590B possesses the most favourable kinetic parameters
(Chaudhary et al, 2022a). Its burst size is 109 phage particles, with a
latency period of only 15 min. Moreover, within 12 min of introducing
the phage lysate into the UPEC590 strain culture, 95 % of the virion
particles were adsorbed. Furthermore, phage 590B demonstrated lytic
activity against UPEC strain at three different MOI values (0.01, 0.1, and
1). It is worth noting that at the lowest MOI, optical density measure-
ments remained stable and at a low level for the entire 24 h duration of
the experiment, whereas at the other two MOI values, bacterial popu-
lation renewal began after 20 h (Chaudhary et al., 2022a),

It was demonstrated that the phage vB_EcoP_LNA3, isolated on the
UPEC MS7163 strain, exhibits a latency period of only 2 min (Ngiam
etal, 20021). However, it is characterized by a low phage yield, releasing
only 12 phage particles from the cell after infection. On the other hand,
another phage described in the same study, vB_EcoP_LNAS, also showed
a very short 2-min latency period but had a significantly higher phage
vield of up to 100 phage particles. Intracellular development of both
phages appeared extremely rapid, however, such examples are known in
the literature, e.g., phage vB_EcoS-95 with the eclipse and latent periods
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of 3 min and 4 min, respectively (Topka ¢t al., 2019), On the other hand,
vB_EcoP_LNAS efficiently adsorbed to bacterial cells, with 99.4 % of
phage particles adsorbed within 4 min, compared to 66.9 % for phage
vB_FcoP LNA3. The phage yields for the remaining phages, vB_E-
coM_LNA1, vB_EcoM_LNA2, and vB_EcoM_LNA4, were 134, 68, and 28
virion particles per cell, respectively, with latency periods of 15, 10, and
20 min, respectively. The efficiency of phage adsorption varied between
60 and 80 %. It is worth emphasizing that experiments for the phages
vB_EcoM_LNA1 and vB_EcoM_LNA2 were conducted in the E. coli
MG1655 strain, while for the remaining phages, they were performed in
the primary UPEC hosts (Ngiam et al., 2021). In the case of phage FU3,
which was able to reduce the population of the uropathogenic host by 2
orders of magnitude within 25 h at an MOI of 0.9, information of phage
titer and adsorption efficiency was not provided (Sufa et al., 2018). The
article also lacks data on the subsequently investigated phage FU4 (Sufa
et al, 2018). It is important to note that many studies about UPEC
phages do not include information about their development Kinetics.
However, understanding these aspects is crucial for phage therapy.

5. Application of phages destroying UPEC bacteria in
experimental models

Phages used in phage therapy must not only be well-characterized
but also tested on various experimental models in the laboratory. Such
studies allow us to assess their effectiveness in more natural conditions.
In various studies, the effectiveness of phages in eliminating biofilm
generated by UPEC, in both living and non-living surfaces, such as
urological catheters, has been frequently assessed.

The application of phage vB EcoP_EG1 as a limiting and reducing
factor for biofilm formation was investigated using E. coli MG1655 and
UPEC strain 390G7 (Gu et al, 2019), Incubating both strains with the
phage on 96-well plates for 24 h resulted in the formation of a biofilm,
with biomass reduced by 50 % in the UPEC strain and 60 % in the
MG1655 strain compared to cultures incubated without phage lysate
(Gu et al,, 2019). The biomass of the biofilm formed by the UPEC strain
AL505 was effectively reduced by a cocktail composed of phages
AL505-P1, AL505-P2, and AL505-P3; biomass reduction occurred by
approximately 60-70 % depending on the use of different phage titers in
the preparation (Galticr et al., 2016). In another study, 21 phages were
isolated, including 3 specific to the UPEC strain CFT073 (Sanmukh et al.,
2023). One of these phages, named IBEC?77, and two non-infective
phages were tested to examine their biofilm reduction abilities on the
following strains: CFT073, characterized as strongly biofilm-forming,
MG1655 with moderate biofilm-forming ability, and LF82, which pro-
duced the weakest biofilm. After 72 h of incubation with phages, it was
found that phage IBEC77 significantly reduced the biofilm biomass of
the CFT073 strain by 68 % relative to the contrel variant. This could be
due to the cumulative action of the phage and its depolymerase. Sub-
sequently, the UPEC strain CFT073, known for its high biofilm-forming
capabilities, was selected to investigate the biofilm-eradicating potential
of phages IBEC77 and IBEC40 (non-infective strain to UPEC) in a flow
system. The results confirmed the findings obtained in the static system —
phage IBEC77 significantly reduced the biofilm biomass and thickness.
Interestingly, phage IBEC40, despite being incapable of infecting the
UPEC strain, also reduced the biofilm biomass and thickness of the
biofilm layer formed by this strain. This phage was deliberately chosen
for the experiment due to the production of depolymerase, similar to
phage IBEC77 (Sanmulkh et al., 2023). Thus, biofilm could be reduced by
a depolymerase associated with phage. Indeed, phages that secrete
depolymerase could be a valuable tool in fighting against biofilms
formed by strains not specifically targeted by the applied phage.

Phage 5908 also proved 1o be effective in reducing the biofilm pro-
duced by the UPEC strain 590 in Foley’s catheter (Chaudhary et al..
2022a). Additionally, it was investigated how the phage would reduce
the number of bacterial cells in a previously disrupted biofilm. It was
found that the action of the phage led to a reduction in the number of
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bacterial cells in the previously mechanically damaged biofilm by
approximately 0.6-1 orders of magnitude (CFU/ml] for each of the three
applied MOIs - 0.01, 0.1, and 1 in comparison to undisturbed biofilm.
This confirmed the significant role that the intercellular matrix plays in
the stability of the biofilm and how its disruption positively affects the
action of the phage, allowing it to reach bacterial cells. Interestingly,
both in the case of the disrupted and intact biofilm, the use of the phage
at an MOI value of 0.01 resulted in the fewest viable bacterial cells
(Chaudhary er al., 2022a). Similarly, the effect of three different phage
titers of three different phages, vB_EcoM_ACG-C40, vB_EcoM_ACG-C91,
and vB_EcoM_ACG-M12, on the biofilm formed in 96-well plates by the
UPEC strain Can 91 was tested (Chibeu et al., 2012). It was suggested
that lower phage titers in phage therapy may be equally effective as
higher ones. The resurgence of bacterial populations after a 24-h incu-
bation with the phage, which may be attributed to the emergence of
phage-resistant mutants, was also assessed. It is worth noting that in the
case of two out of three tested phages, this renewal occurred when the
highest lysate titer was applied (Chibeu et al., 2012). Interestingly,
phages vB_EcoM_$Ecl and vB_EcoM _§Ec3 could reduce biofilm biomass
in only a few of the E. cali biofilm-forming strains - 4 out of 9 and 3 out of
6, respectively (Gonzalez-Villalobos et al., 2021). However, statistically
significant differences were observed only in the case of the action of
phage vB_EcoM _¢Ec1 on the biofilm formed by two strains. [n contrast,
phage vB EcoM_{Ec4 showed no activity against the biofilm. These
surprising results were explained by the significantly shorter exposure
time of the phage to the biofilm layer, which was only 1 h. Indeed,
literature often reports much longer incubation times of phages with
biofilm, ranging up to several dozen hours, as indicated in earlier sec-
tions of this article.

Phages infecting UPEC bacteria have also been tested on live or-
ganisms. Previously tested on biofilms, phages IBEC77 and IBEC40 were
evaluated for their effective eradication of infection caused by E. coli
CFT073 in Galleria mellonella larvae (Sanmukh et al., 2023), A combi-
nation of phages with the antibiotic ciprofloxacin was also used to assess
the potential synergistic action of these components. When larvae were
only exposed to bacteria, 50 % of them died within 22 h. However, when
phages were administered separately, this time extended to 38 and
28.5 h, for phages IBEC77 and IBEC40, respectively. After administering
a dose resembling phage IBECY7, this time extended to 50.5 h, whereas
for phage IBEC40, it underwent a reduction, confirming earlier results
obtained on biofilms. In the case of combined therapy involving the
administration of phages together with ciprofloxacin, 100 % of larvae
remained alive for 55 h. Howewver, it was noted that the administration
of ciprofloxacin at a dose of 20 mg/kg alone yielded the same effect in
the same time (Sanmulkh et al., 2023),

Combined therapy is a promising method for combating drug-
resistant bacteria, nevertheless, it requires further research to assess
different doses of phages, antibiotics, administration order, and timing.
The significance of booster doses despite the short developmental cycle
of phage was also confirmed in the study assessing the efficacy of phage
myPSH1131 in treating G. mellonella larvae infected with the PSH1131
strain (EPEC), where only after the application of three doses of phage,
larval survival reached 100 % (Manohar et al., 2018).

Phages infecting UPEC bacteria were tested for combating induced
infections in mice. The application of a high MOI of 60 of phage KEP10
in mice infected with UPEC strain E. coli ECUS, resulted in 90 % survival
of the individuals after one week, whereas untreated mice died within
three days (Nishikawa et al., 2008), Despite the use of such a high titer of
phage lysate, no behavioural abnormalities were observed in mice overa
month (Nishikawa et al, 2008). The impact of administering a cocktail
of three phages — vB EcoM AL505-P1, vB EcoM AL505-P2, and
vB_EcoM_AL505-P3 into the multispecies bacterial culture occurring in
the gur of mice was examined (Galtier er al., 2016). Before administra-
tion of the phage cocktail, mice were treated with streptomycin and
kanamycin for a week to facilitate colonization of the colon by the
antibiotic-resistant strain ALS05. At the stage of administering
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antibiotics and the phage cocktail, the composition of gut microbiota in
the tested mice was assessed. Phages, as viruses that exhibit high spec-
ificity towards bacterial hosts, indeed led to lesser disruptions in the
composition and species proportions of bacteria in the mouse gut
compared to the used antibiotics. The major changes in species
composition during phage cocktail treatment involved a drastic decrease
in the abundance of E. coli, which is a consequence of using phages
isolated with the UPEC strain AL505 (Galtier et al., 2016). Another study
was conducted on the mouse model focusing on the action of a single
phage named PEC80 and a phage cocktail composed of 25 phages tar-
geting UPEC bacteria (Mijbel Ali et al., 2021). A higher efficacy of the
phage cocktail in treating UPEC-induced urinary tract infections in mice
compared to the individual phage strains against E. coli 8 and E. coli 302
was confirmed. However, the publication did not include basic infor-
mation about the characteristics of the phages present in the cocktail or
the PEC80 phage (Mijbel Ali et al., 2021). A mouse infection model was
also used to assess the bacteriolytic activity of phage vB_EcoS_UTEC
(Rajab et al., 2024). That work revealed that 90 % of mice survived the
infection with E. coli in phage-treated variant, whereas only 45 % sur-
vived in the untreated one. In addition, this phage showed significant
antibiofilm activity (Rajab et al., 2024). The least attention was paid to
toxicity tests against eukaryotic cells because in none of the analyzed
works was such an analysis performed. Nevertheless, it should be noted
that such experiments are necessary due to demonstrated interactions
between phages and the animal immune system (Podlacha et al., 2024),

6. Bioinformatic approaches applied in the analyses of the anti-
UPEC phage genomes

6.1. Phage genome assembly and annotations

Lytic phages infecting UPEC identified so far vary considerably at the
genomic sequence level. Genome sizes of the phages in question range
from 39,091 base-pairs in phage LNAS (Ngiam et al,, 2021) to 169,905
base-pairs in Killian phage (Khunti et al.. 2023} (Table 1). Most authors
determined phage genome sequences using [llumina short reads. Ex-
ceptions include phages - ACG-C91, ACG-M12, and ACG-C40, which
were sequenced by pyrosequencing (Chibeu et al, 2012) and phage
S5t11Ph5, sequenced with the lon Proton System (Golomidova et al.,
2018). The following phages: vB_EcoM _LNA1, vB EcoM LNA2, vB E-
coP LNA3, vB_ EcoM _LNA4, vB EcoP_LNAS, vB_EcoM _SHAK7704, vB_E-
coM_SHAK7854, vB_EcoM_SHAK7858, vB_EcoM_SHAK7163, and
vB_EcoM_SHAK9454 were sequenced using hybrid approach by Oxford
Nanopore and Illumina platforms (Ngiam et al., 2021; Asgharzadeh
Kangachar et al,, 2024). Genome assemblies by different authors were
generated with diverse algorithms. SPAdes was the most frequently
applied (59 phages), followed by CLC Genomics Workbench (7 phages).
Other programs were used just once (SKESA, IVA, Newbler, SOAP-
denovo, Platanus).

In most publications, annotations for these genomes were typically
performed with Glimmer (14 phages) and GeneMark (9 phages),
allowing for coding sequence prediction. Other programs, such as
Fgenes was used to annotate 2 phages: myPSH1131 and FS2B (Manohar
et al., 2018; Malik et al., 2024), and Artemis and Prodigal were used
once for annotations of EG1, and phiEC3/phiEC4 phages, respectively
(Gu et al, 2019; Gonzalez-Villalobos et al., 2021). The number of
identified ORFs ranged from 49 in phage RDNS8.1 (Chaudhary er al,
2022b) to 305 in KMB37 virus (Markuskova et al., 2024), as shown in
l'able 1. Functional annotations employed different BLAST programmes
and multiple databases, including UniProt, SwissProt, NCBI RefSeq and
Conserved Domains, TIGRFAM, Pfam, or p¥OGs. In addition, some au-
thors used the PHAST, PHASTER, ar RAST web servers (Axziz et al., 2008;
Zhouet al., 2011; Arndt et al., 2016; Nawaz A. et al., 2024) alongside the
programs described above (as in the case of the NTEC3 phage;
Chaudhary et al., 2022¢), while others relied solely on RAST (as in the
case of the KMB26 phage; Slobodnikova et al., 2021). Additional tools
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such as TMHMM, HMMER, and PhANNs were applied for annotation
refinement. Notably, eight phages (vB_EcoM_LNA1l, vB EcoM_LNAZ,
vB_EcoP LNA3, vB_EcoM _LNA4, vB EcoP LNAS, vB_EcoM_SHAK7704,
vB_EcoM_SHAK7854, and vB_EcoM _SHAK9454) were sequenced but not
annotated in the original publications. For the purposes of this study,
these genomes were annotated using Pharokka v1.6.1 (Bouras et al.,
2023). The resulting gene lists are provided in Supplementary Table 51.

Annotation revealed interesting phage proteins involved in host cell
lysis, including 40 Rz-like or putative spanins, 75 holins or putative
holins, and 45 endolysins. Proteins involved in DNA synthesis were also
identified. These included 90 DNA polymerases, 18 DNA top-
oisomerases, 118 DNA helicases, and a variety of nucleases, like 287
endonucleases, 7 endoribonucleases, and 96 exonucleases
(Supplementary Tahle 52). Following Latka et al. (2019) guidelines, 16
potential depolymerase genes in the genomes of 16 analyzed phages
were identified using the Phyre2 software (Kelley et al,, 2015) and are
listed in Supplementary Table 53, Moreover, some authors employed
programs for the identification of tRNAs (tRNAscan-SE, ARAGORN;
Laslett and Canbaclk, 2004; Lowe and Chan, 2016}, rRNAs (Rnammer;
Lagesen et al., 2007), promoters (PhagePromoter, PHIRE; Lavigne et al.,
2004; Sampaio et 20149), and rho-independent terminators
(ARNOLD; http://rssf.i2bc.paris-saclay.fr/toolbox/arnold/index.php).
These searches identified one to twelve tRNA genes in 23 phages. No
promoters, terminators, or rRNA were identified. Automated annotation
pipelines were also employed in two studies. Prokka was applied te 31
phages, but no other curation was carried out (Golomidova et al., 2018;
Loose et al., 2021; Ssekatawa et al., 2024). Pharokka-phold-phynteny

pipeline was used once on phage Mimirl 24 (Golomidova et al., 2024),
and pharokka pipeline was used once on phages oFEc_Makalu_001,
oEc_Makalu 002, pEc_Makalu 003 (Dhungana et al., 2024).

6.2. Phage genome content analyses

Because of the medical use of phages in therapy, a fundamental
question is whether newly discovered phages carry toxin genes, viru-
lence factors, or antibiotic resistance genes. Different strategies were
applied by the authors to evaluate the safety of the identified viruses,
with many approaches relying on annotation profiles. Apart from the
databases described above, most authors relied on the Virulence Factor
Database (VFDB), Comprehensive Antibiotic Resistance Database
(CARD), or Pathogenicity Island Database (PAIDB). In addition, speci-
alised programs such as VirulenceFinder (Joensen et al., 2014), Res-
Finder (Bortolaia el al., 2020), RGI (Alcock et al., 2023), or PhageLeads
(Yukzehnaish et al., 2022) were frequently used to screen for undesired
genes. Some authors relied solely on manual verification of information
regarding the presence of virulence genes. However, not all publications
provided explicit information on the presence or absence of toxins,
virulence factors, or antibiotic resistance genes in UPEC phage genomes.
To address this, we performed several analyses of the phage genomes
compared in this study using the following programs: ABRicate 1.0.1
with all available databases (databases version 2023-Nov-4; https://gith
ub.com/tseemann/abricate), AMRFinderPlus 3.12.8 (database version
2024-01-31.1; Feldgarden et al., 2021), RGI 6.0.3 (database version
3.2.9; Alcock et al., 2023), VirulenceFinder 2.0.5 (Joensen et al,, 2014),
and ResFinder 4.4.2 software (Bortolaia et al,, 2020), Importantly, all
programs consistently confirmed that the analyzed phage genomes were
free of virulence factors and antibiotic resistance genes.

Phage development cycle is another critical factor for the phage to be
applied in phage therapy. Phages may develop by the lytic or lysogenic
pathway, however, only lytic phages are suitable. Most publications
classified phages by the absence of specific genomic markers, such as
integrase, recombinase or excisionase. Currently, many tools are avail-
able for predicting the phage development cycle, yet only six of the
analyzed studies made use of them. In two cases, the authors applied
PHACTS (Loose et al., 2021; Ngiam et al., 2021}, in one case, BACPHIP
and Phageleads were used together (Nawaz et al., 2024), and in another
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case PHACTS and BACPHIP were used together (Vera-Mansilla et al.,
2022). The PhageAl program was applied twice (Khunti et al., 2023,
Dhungana et al., 2024), while PhaBOX and PhaTYP were used once
(Asgharzadeh Kangachar et al., 2024). PhageLeads (Ismael et al., 2024)
was also used once, To obtain comparable results across all phages
tested in this study, we performed development cycle predictions using
PHACTS 1.8 (McNair et al., 2012), BACPHLIP 0.9.6 (Hockenberry and
Wilke, 2021), and PhaTYP 0.3.0 (Shang et al., 2023) (Supplementary
Table 54). PHACTS evaluated 23 phages (LNA4, SHAK7858, UTEC10,
Golestan, KMB35, CHDSUKEZ2, UTI8SUKE]1, 101118B1, CHD5UKE], ES,
MLP1, phiEc4, SHAK7693, St11Ph5, phiEc3, KMB36, 5908,
UTIS9UKE3, 22664B52, ACG-C91, KMB41, 101117UKE2, MLP3) as
temperate. However, in all cases the probability scores ranged between
0.50 and 0.54 — close to the limit value. BACPHLIP 0.9.6. produced more
confident predictions, although in five cases (KMB36, 590B, KMB35,
NTEC3, KMB37) the probability that the phage is lytic dropped below
0.7 value. The PhaTYP program classified 6 phages (FS2B, 101114853,
101114UKE3, CHDSUKEl, myPSH1131, MLP3) as temperate with
scores over 0.999, Overall, deeper experimental verification is recom-
mended for KMB35, KMB36, CHD5SUKE1L, MLP3, and 590B development
cycles as they were independently classified as temperate by two pro-
grams. In addition, myPSH1131, 101114853 and 1011 14UKE3 warrant
closer investigation due to their high PhaTYP score indicating lysogenic
development, especially given PhaTYP's leading role among all such
programs. Interestingly, when considering lysogeny-related gene car-
riage in these phages, only the integrase gene was identified in genomes
of phages 101114853, 101114UKE3, and CHDSUKE1. No other genes
typically associated with lysogenic development of phages, such as re-
pressors of the lytic eyele or recombination-related proteins, were
identified. This highlights cases where induction experiments in liquid
culture of a potential lysogen strain should be performed to confirm or
exclude a prophage state, since temperate phages - inherently capable of
transferring toxic or antibiotic-resistance genes - are unsuitable for
phage therapy.

6.3. Phylogenetic analyses

Phylogenetic relationships were investigated with VipTree web-
server (Ngiam et al., 2021; Slobodnikova et al., 2021; Chaudhary et al.,
2022a; Vera-Mansilla et al.,, 2022; Khunti et al., 2023; Asgharzadeh
Kangachar et al., 2024; Rajab et al., 2024; Ssekatawa et al., 2024; Nawaz
2024) and MEGA software (Chaudhary et al., 2022a, 2022c¢;
Gonzalez-Villalobos et al., 2021; Gu et al., 2019; Rajab et al., 2024),
Other tools such as phylogeny.fr website (Yazdi et al., 2020) and PhyML
{(Vera-Mansilla et al., 2022), 1Q-TREE (Ssekatawa et al., 2024) were also
utilised. Phylogenetic trees focused on single gene markers engaged
genes coding for terminase large subunit (Ismael et al., 2024; Malik
etal., 2024; Ngiam et al., 2021), major head protein (Ismael et al., 2024;
Malil et al., 2024; Manohar et al., 2018; Ngiam et al., 2021; Yazdi et al.,
2020; Ssekatawa et al., 2024), and DNA polymerase (Yazdi et al., 2020;
Ngiam et al., 2021; Chaudhary et al., 2022¢; Ismael et al., 2024; Malik
et al., 2024). The most frequently used method was neighbour-joining
with a bootstrap test of 1000 replicates. The only exception was phage
590B, for which the bootstrap was limited to 500 replicates (Chaudhary
el al, 2022:). Maximum-likelihood method with a bootstrap test equal
to 1000 replicates was used by the authors describing phages MLP1,
MLP2, and MLP3, vBEcZCEC14, UGKSEcP1, and UGKSEcP2
(Vera-Mansilla et al., 2022; Ismael et al., 2024; Ssekatawa et al., 2024).
The fast minimum evolution method was used in case of phages
¢Ec_Makalu 001, oEc_Makalu 002, ¢Ec_ Makalu 003 (Dhungana et al.,
2024), Sequence selection strategies for tree construction also varied.
For phage NTEC3, the authors used the DNA polymerase genes with
BLASTp values > 90 % (Chaudhary et al., 2022¢). A similar approach
was applied to phage 590B; however, instead of DNA polymerase, the
authors used terminase large subunit sequences with BLASTp identity
values above 99 % (Chaudhary et al., 2022a). For phages MLP1, MLP2,
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and MLP3, the authors first constructed VipTree-based phylogenetic
tree, then selected closely vrelated phages and built a
maximum-likelihood tree based on terminase large subunit amino acid
sequences (Vera-Mansilla et al., 2022). Today, it is well recognised that
phage phylogeny is complex and modern approaches often require
analysing multiple genes — or even the whole genome — when possible.
The whole-genome approach was applied for EG1 using the
neighbour-joining method with 1000 bootstrap replicates.
Neighbour-joining without bootstrap was used for myPSH1131
(Manohar et al., 2018; Gu et al., 2019). In this study, we constructed a
VipTree-based phylogenetic tree for all 82 analyzed phages (Fig. 1).
Notably, 15 phages listed in Table 1 (FU1, FU3, IBEC 77, IBEC 78, IBEC
98, AL505 P1, ALS05 P2, ALS05 P3, FS11, FS17, P56, P58, KEP10,
vB_EcoM- ¢Fcl, Escherichia phage) were not deposited by their authors
and, therefore, could not be included in this multigene tree. Conversely,
phage FS2B was deposited twice, and both sequences were included in
the analysis. Based on the results we concluded that phages are not
grouped in monophyletic groups according to taxonomy deposited in
MNCBL. For instance, phages SHAK7858 and SHAK7693, classified under
the Smdiervirinae subfamily, are grouped within Guernseyvirinae sub-
family. Similarly phages SHAK7704 and SHAK7163, although assigned
to Studiervirinae, are closely related to Molinewxvirinae subfamily, All
such discrepancies are illustrated in VipTree-based phylogenetic tree
(Fig. 1).

The results further allowed the identification of 7 clades (I-VII).
Clades were divided at 0.15 height of normalized maximum tree,
selecting as many phages as possible with at least twenty orthologous
genes available, Consequently, clades I-VII encompass 26, 4, 5,12, 6, 10,
and 12 phages, respectively, while phages LNA1, LNA4, KMB37,
KMB41, MLP1, Mimir124, and St11Ph5 do not belong to any clade.
Based on this grouping, 7 multigene trees (one for each clade) were
made of 60, 24, 53, 20, 27, 28, and 14 orthelogous genes, respectively,
as shown in Iigs. 2-8. All orthologous phage genes are listed in Sup-
plementary Table 55. The multigene phylogenetic trees were generated
as described in the Methodology Section. An effort was also made to
reduce the number of genes required to reconstruct the same tree to-
pology as the original multigene trees. For the trees presented in
Figs. 2-5, reductions were made to 51, 1, 2, 6, 1, 18, 5 orthologous
genes, respectively. Reductions were performed by removing from the
analysis those genes whose alignments contained the fewest parsimony-
informative sites, provided that the tree topology remained consistent
with the original multigene tree, As reported in Supplementary Table 55,
orthologous genes were gathered with the number of parsimony infor-
mative sites for each alignment, and analyzed using InterProScan 5.72
{Jones et al., 2014) to identify common protein features and address
discrepancies in author-provided annotations. This analysis primarily
utilised CDD, Hamap, Pfam, FunFam, SUPERFAMILY, and NCBIFam,

The most complex multigene tree was constructed for phages in clade
1 (Fig. 2). This clade comprised all 26 analyzed phages from the Stra-
boviridae family, and gathered 60 orthologous genes. Interestingly, only
51 genes were sufficient to reconstruct the same tree topology; these are
indicated by “+" in Supplementary Table 55, The most influential genes,
contributing the greatest phylogenetic signal, encode proteins with
features involved in tail fibres and baseplates production (801 and 502
parsimony informative sites, respectively), and in DNA replication (481
parsimony informative sites). Among the 51 genes significant for this
clade, 13 encode capsid proteins, 16 are involved in DNA replication, 18
encode various enzymes, and 4 are not recognised by InterProScan.

Fig. 3 presents a tree constructed from 24 orthologous genes of four
phages from clade 2. Interestingly, as indicated in Supplementary
Table 55, only a single gene — a tail protein with 181 parsimony infor-
mative sites — is sufficient to reproduce the full tree topology. Fiz. 4
shows all five phages belonging to the Dhillonvirus genus. Although they
acquire 53 orthologous genes, only two - hypothetical proteins,
collectively carrying 74 parsimony informative sites — are needed to
reconstruct the same tree topology. Notably, within clade 3, 26 genes
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Fig. 1. The VipTree-based phylogenetic multigene tree for 82 phages infecting UPEC, whose sequences were available in the NCBI database. The analysis allowed to
distinguish 7 clades, which are numbered I-VIL. The following VipTree options were used to generate this tree: no reference, prodigal to get gene information, genetic
code no. 11, no functional prediction of proteins. Bootstrap values were not generated.

show no phylogenetic signal, indicating they are conserved across all
analyzed phages, and 29 genes lack any predicted domains according to
InterProScan. Clade 4, shown in Fig. 5, includes phages from the
Guernseyvirinae subfamily along with two phages from the Studiervirinae
subfamily. In this case, it was possible to reduce the number of genes
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from 20 to 6, three of which encode phage tail proteins, while the other
three do not have an explicit role assigned yet. Based on phylogenetic
analysis, it is unlikely that SHAK7693 and SHAK7858 belong to the
Studiervirinae subfamily, as they cluster closely with representatives of
the Guernseyvirinae subfamily. Clade 5, visualised in Fig. 6, comprises
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Fig. 2. The multigene maximum likelihood phylogenetic tree with 1000 bootstrap replications, made for 26 phages from the first clade and generated based on 60
orthologous phage genes presented in Supplementary Table 55, Panel A presents all analyzed phages. Panel B shows a modified tree, where phages KMB38,
172859UKEL, LNA2, KMB43, pEc_Makalu 002, pEc Makalu_003, pEc_Makalu_001 were excluded to make the tree more transparent. Orthologous groups were chosen
by OMA software, alignment was made with Clustal Omega, [Q-TREE was used for tree computation, and visualization was made with MEGA software,
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Fig. 3. The multigene maximum likelihood phylogenetic tree with 1000
bootstrap replications, made for 4 phages from the second clade and generated
based on 24 orthologous phage genes presented in Supplementary Table S5,
Orthologous groups were chosen by OMA software, alignment was made with
Clustal Omega, IQ-TREE was used for tree computation, and visualization was
made with MEGA software.

representatives of the Gordonclarkvirinae subfamily. In this case, only a
single one out of 27 genes was required to reproduce the same tree to-
pology as the multigene tree. The gene is glutathione synthetase with an
ATP-binding domain carrying 151 parsimony informative sites.

Clades 6 and 7 include phages from the Autographiviridae family.
Clade 6 comprises representatives of the Molineuxvirinae subfamily
along with two phages from the Studiervirinae subfamily (Fig. 7). Inter-
estingly, the reduction of shared orthologous genes was less effective
compared to clades 2-5. Of the 28 available genes, 18 were required to
preserve the tree topology. Among these 18 genes, 10 are unrecognised
by InterProScan, 3 are involved in DNA replication, 1 is a tail tubular
protein, and 4 are enzymes. The most influential is the orthologous
group characterised as phage lysozyme with 551 parsimony informative
sites. Notably, it is highly unlikely that SHAK7704 and SHAK7163
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Fig. 4. The multigene maximum likelihood phylogenetic tree with 1000
bootstrap replications, made for 5 phages from the third clade and generated
based on 53 orthologous phage genes presented in Supplementary Table 55,
Orthologous groups were chosen by OMA software, alignment was made with
Clustal Omega, IQ-TREE were used for tree computation, and visualization was
made with MEGA software.

belong to the Studiervirinae subfamily, as they are too closely related to
Molineuxvirinae phages. Finally, Fig. 8 presents phages from the Stud-
fervirinae subfamily. Here, only 5 of the 14 orthologous genes are needed
to maintain the same tree topology. Of these 5 genes, 3 are involved in
DNA replication, 1 has a lysozyme-like function, and 1 has no identified
domains.

7. Methodology
This anti-UPEC phages review was conducted by selecting articles

published in the years 2008-2024, which were within the scope of this
investigation. To search for such articles, the PubMed database was used
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Fig. 5. The multigene maximum likelihood phylogenetic tree with 1000
bootstrap replications, made for 12 phages from the fourth clade and generated
based on 20 orthologous phage genes presented in Supplementary Table S5,
Orthologous groups were chosen by OMA software, alignment was made with
Clustal Omega, 1Q-TREE was used for tree computation, and visualization was
made with MEGA software,
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Fig. 6. The multigene maximum likelihood phylogenetic tree with 1000
bootstrap replications, made for 6 phages from the fifth clade and generated
based on 27 orthologous phage genes presented in Supplementary Table S5,
Orthologous groups were chosen by OMA software, alignment was made with
Clustal Omega, 1Q-TREE was used for tree computation, and visualization was
made with MEGA software.

(https://pubmed.nchi.nlm.nih.gov/; last accessed on October 9, 2025),
and the following keywords in combinations were employed: UPEC,
bacteria, phages, and phage therapy. In this way, a total number of 52
articles were identified. Non-English language articles were excluded, as
were those that were not closely related to the phage therapy and phages
infecting UPEC strains. After such an exclusion, 29 articles deseribing 98
phages were analyzed in detail. Interestingly, 10 out of the 29 articles
were from 2024, 2 from 2023, 4 from 2022, 5 from 2021, 3 from 2018,
and single articles from 2020, 2019, 2016, 2012, and 2008. In addition,
50 articles reviewing antibiotic resistance among UPEC phages, UTIs,
and applied in silico methods were also included. In total, 79 articles
were investigated in the groundwork presented here.

In silico analyses were performed using the following programs.
Pharokka v1.6.1 (Bouras et al., 2023) was employed to annotate phage
genomes, however, for depolymerases identification, the Phyre2 soft-
ware (Kelley et al., 2015) was used according to the guidelines reported
by Latka et al. (2019). To detect virulence factors, toxins, and antibiotic
resistance genes, several programs were utilised, including ABRicate
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Fig. 7. The multigene maximum likelihood phylogenetic tree with 1000
bootstrap replications, made for 10 phages from the sixth clade and generated
based on 28 orthologous phage genes presented in Supplementary Table 55,
Orthologous groups were chosen by OMA software, alignment was made with
Clustal Omega, IQ-TREE was used for tree computation, and visualization was
made with MEGA software.
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Fig. 8. The multigene maximum likelihood phylogenetic tree with 1000
bootstrap replications, made for 12 phages from the seventh clade and gener-
ated based on 14 orthologous phage genes presented in Supplementary
Table 55, Orthologous groups were chosen by OMA software, alignment was
made with Clustal Omega, 1Q-TREE was used for tree computation, and visu-
alization was made with MEGA software.

1.0.1 with all available databases (database version 2023-Nov-4;
htips://github.com/tseemann/abricate), AMRFinderPlus 3.12.8 (data-
base version 2024-01-31.1; Feldgarden et al., 2021), RG1 6.0.3 (database
version 3.2.9; Alcock et al., 2023), VirulenceFinder 2,0.5 (Joensen et al.,
2014), and ResFinder 4.4.2 (Bortelaia et al., 2020). To determine the
phage life cycle, we employed PHACTS 1.8 (McNair et al., 2012),
BACPHLIP 0.9.6 (Hockenberry and Wilke, 2021), and PhaTYP 0.3.0
(Shang et al., 2023) programmes.

To establish a common evolutionary origin, the VipTree server 4.0
(Nishimura et al., 2017) was used to cluster the analyzed phages into
clades. Clades were defined at 0.15 of the normalized maximum tree
height to include as many phages as possible with at least twenty
orthologous genes. Orthologous gene groups were identified using OMA
2,6.0 (Altenhoff et al., 2019). Amino acid sequence alignments were
performed with Clustal Omega 1.2.4 (Sievers er al, 2011), and
maximum likelihood phylogenetic trees were constructed using
IQ-TREE 3.0.1 (Minh et al., 2020) with 1000 bootstrap replicates. MEGA
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software was used for tree visualization with midpoint rooting. Trees
based on a reduced number of orthologous genes were generated by
removing  alignments  with  the  smallest amount  of
parsimony-informative sites, the absence of which did not cause a
change in the original multigene tree topology. Protein domain and
feature analyses were conducted using InterProScan 5.72 (Jones et al.,
2014).

8. Conclusions

Lytic phages have several advantages, particularly in combating
multidrug-resistant bacteria like UPEC strains. They can destroy bio-
films, self-replicate, and selectively kill pathogens, showing promise for
treating bacterial infections. Moreover, they carry great value in the
form of phage proteins e.g. endolysins and depolymerases, which can
also serve as antimicrobial agents. Despite many advantages, phages
have limitations, making their therapeutic use complicated. First, only
phages with a lytic life cycle should be used in therapy, and as we have
shown above, bioinformatic predictions often require experimental
verification in this case. Second, some may show reduced activity due to
an immune response that is investigated rarely. Additionally, there are
phages highly specific to certain bacterial strains, which disqualifies
them from broad use.

Unfortunately, significant discrepancies in host range testing
methods reduce data comparability, and some tests, like the EOP assay,
are often overlooked, leading to inaccurate effectiveness assessments.
Considering 98 phages tested in this work, the EOP values were deter-
mined for only 42 % of them. There is also a lack of studies on the impact
of UPEC-specific phages on eukaryotic cells, their stability, and insuffi-
cient bioinformatic analyses of their genomes for the presence of toxin or
antibiotic-resistance genes. Among the phages analyzed here, none of
them were tested for cytotoxicity towards eukaryotic cells (Table 1).
Besides, in general, only 20 of 98 reported phages (20 %) were tested for
stability at different temperatures (Supplementary Fig. 51, Panel A). It
was found that all 20 phages were investigated at the range of temper-
atures optimal for bacterial growth (30-37 “C), however, more phages
were analyzed at 30 "C than at 37 “C, which is more equal to the natural
human body temperature. Besides, the temperature values at which the
authors tested the phages varied significantly, and only 4 and 10 phages
were tested at temperatures optimal for phage lysates storage (—20°C
and 4 °C, respectively). On the other hand, the highest number of phages
(19 in total) were analyzed at 50 “C and 60 °C, the values which exceed
the temperature of the human body or even values reached in fever, and
are not very useful in relation to phage therapy (Supplementary Fig. 51,
Panel A). Moreover, such a differentiated approach in the study of
thermal phage stability and results interpretation makes it difficult to
draw general conclusions. Our experience shows that the phage is stable
when the phage count does not drop below 80 % during at least an hour
of incubation, while at each larger drop, this stability is reduced. Un-
fortunately, such a universal approach was not always used by the au-
thors. Similar difficulties occurred when assessing the stability of phages
in response to different pH. In total, only 19 % of all 98 phages analyzed
in this work were investigated in this context. As a rule, these were the
same phages that were tested for stability at different temperatures. The
only exception was the EGL phage, whose stability at different pH
conditions was not verified. Interestingly, phages were more frequently
tested at pH values 4, 6, 8, and 10, while their number dropped signif-
icantly at extreme pH values (Supplementary Fig. S1, Panel B).
Extremely low pH occurs in the human gastric fluid (1.5-2), although
phages are usually not stable in such conditions and require additional
protection. In trn, when analyzing the research on phage genomes, we
found that 15 % of all tested phages were not even sequenced by the
authors, and another 8 were sequenced but not annotated. Besides, the
prediction of the cycle and the presence of toxin or antibiotic resistance
genes was also not performed as standard, or the outdated software was
often used. In addition, we also found that phylogenetic analysis
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requires more attention in terms of selecting genes that influence the
topology of multigene trees and carry real informative value, In this
light, some of these limitations can be easily overcome by performing a
detailed physiological and bioinformatic characterization of the isolated
phages and by paying more attention to the selection of appropriate and
standardized methods.

However, based on the available results summarized in Table 1, we
managed to divide the tested phages into three categories. The first
category included phages that we considered well-characterized and
analyzed in terms of host range, stability, kinetics of development, and
genome content. Phages missing one of these results were determined as
partially well-characterized, while phages lacking two or more were
categorized as insufficiently characterized. Based on this division, only 7
phages: vB_Ecos_Golestan, myPSH1131, Killian, 590b, FS2B, UGKSEcP1,
and UGKSEcP2 were identified as well characterized (Fig. 9), whereas
the vast majority of the discussed phages have been insufficiently
described. On the other hand, considering that basically all (95 %) of the
phages gathered in Table | were tested for host range, we divided the
phages according to the number of infected by them bacterial strains.
The analysis revealed that phages 22664UKE3-2, vB_EcoM _KMB26,
101114853, 10111881, and FS2B infected the highest numbers of iso-
lates, respectively, 48, 45, 42, 40, and 37 (Supplementary Fig. 52).
Interestingly, phage FS2B was indicated in both of the above-described
analyses. Its detailed analysis confirmed that phage FS2B exhibited
strong lytic activity, high burst size, and short adsorption and latent
periods. This phage was also stable at 0-60°C, pH values between 4 and
12, and its titer remained almost unchanged in long-term storage at
—20 °C and —70 °C in the presence of cryoprotectant. Besides, genome
annotation confirmed the presence of genes associated with the lytic
replication cycle, while lysogeny-related genes were absent. Moreover,
combination assays indicated a positive synergistic interaction between
phage FS2B and tested antibiotics (Malik et al., 2024). Undoubtedly,
these preliminary findings suggest that phage FS2B holds strong po-
tential as a promising candidate for the therapeutic management of in-
fections caused by UPEC strains, however, some research (like
cytotoxicity test or EOP assay) is still required to confirm it.

9. Future perspectives

Phage therapy offers a promising alternative for treating urinary
tract infections caused by uropathogenic Escherichia coli bacteria, espe-
cially strains resistant to conventional antibiotics. Enhancements in
phage isolation, genome sequencing, and its content verification, as well
as phage cocktail design, may expand the therapeutic application of
phages and improve the safety of phage therapy. Detailed phage char-
acterization, research on phage-host interactions, including effects on
human immunity and microbiota, will be erucial for reliable selection of
optimal candidates for therapy. Standardization of testing methods and
clinical protocols will be essential to ensure reproducibility and regu-
latory approval. With continued development and improvement, phage
therapy could become an effective, personalized treatment option for
recurrent and urinary tract infections caused by multidrug-resistant
UPEC.
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Fig. 9. Categorization of the reported anti-UPEC phages based on their level of characterization. Well-characterized phages were defined when four different pa-
rameters, such as host range, kinetics, temperature and pH stability, and genome content, were analyzed. Phages missing one of these results were considered as
partially well-characterized. Phages lacking two or more of these experiments were deemed insufficiently characterized.
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Supplementary Figure S1. The number of phages tested in different temperature ranges
(Panel A) and pH values (Panel B). If a phage was tested in two temperature ranges/pH
values, it was included in both bars to show the total number of viruses investigated under

particular conditions.

Supplementary Figure S2. The number of bacterial strains infected by the analyzed
phages. The analysis was performed based on the spot test results, since most phages
were assayed using this method. As the EOP assays were performed for only 42% of the

tested here phages, these results were not considered in this analysis.

Supplementary Table S1. The lists of newly annotated genes for phages: vB_EcoM_LNA1,
vB_EcoM_LNA2, vB_EcoP_LNA3, vB_EcoM_LNA4, vB_EcoP_LNAS5, vB_EcoM_SHAK7704,
vB_EcoM_SHAK7854, and vB_EcoM_SHAK9454.

Supplementary Table S2. The list of annotated interesting phage proteins reported in
genomes of 82 anti-UPEC phages, available in the NCBI database. Seventy-two of the

predicted proteins were newly identified in the frame of this work.

Supplementary Table S3. The list of putative phage depolymerases newly identified in
this work in genomes of the analyzed 82 anti-UPEC phages, according to the guidelines

reported by Latka et al., 2019.

Supplementary Table S4. Results of phage development prediction, newly obtained in

this work with PHACTS 1.8, BACPHLIP 0.9.6, and PhaTYP 0.3.0 tools.

Supplementary Table S5. The lists of selected genes localized in genomes of phages
belonging to particular clades of the VipTree - based tree, presented in Figure 1. These
phage genes were used by us to generate new multigene trees presented in Figures 2-8.
Sequences of used genes were obtained from the NCBI database, and their names and
positions in phage genomes were collected. Genes important for tree topology were

identified in this work and marked by “+”. The number of parsimony informative sites in

particular alignments has been determined.
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' Number of infected bacterial strains
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Anngtation of phage vB_EcolM_LNA1.

Supplementary Table S1

Locus_tag Start End Length_nt Strand Function_by_amino_acid_sequence Praotein_ID  Category
vB_EcoM_LNA1_MZ311863_CDS_0001 1 1802 1602 + terminase large subunit self_TKOZ1 protein
vB EcoM_LNA1 MZ311863 CDS 0002 1619 3085 1467 + portal protein self TKOZ2 pratein
wB FcoM_LNA1 MZ311863 CDS 0003 3085 3585 501 + hypothetical protein self TKOZ3 protein
vB_EcoM_LNA1_MZ311863_CD5_0004 3585 3917 333 + head protein self_TKOZ4 protein
vB_EcoM_LNAL1_MZ311863_CDS_0005 3929 5275 1347 + head maturation protease self_TKOZS protein
vB_EcoM_LNA1_MZ311863 CDS_0006 5287 5664 378 + tail protease self_TKOZ6 protein
vB_EcoM_LNAL_MZ311863_CDS_0007 5698 604 1107 + major head protein self_TKOZ7 protein
vB_EcoM_LNA1_MZ311863_CDS_0008 6826 7275 450 + hypothetical protein self TKDZ8 pratein
wB_EcoM_LNA1_MZ311863_CDS5S_0009 7235 7757 483 + tail completion or Neckl protein self_TKOZ9 protein
vB_EcoM_LNA1_MZ311863 CD5_0010 7754 8155 402 + hypothetical protein self TKOZ10 protein
vB EcoM LNA1 MZ311863 CDS 0011 8130 8729 600 + hypothetical protein self TKOZ11  protein
vB EcoM LNA1 MZ311863 CDS 0012 8730 10082 1353 + tail sheath self TKOZ12  protein
vB_EcoM_LNA1_MZ311863_CDS_0013 10098 10544 447 + virion structural protein self_TKDZ13  protein
vB_EcoM_LNA1 _MZ311863_CDS_0014 10618 11016 399 + tail assembly chaperone self_TKDZ14 protein
vB_EcoM_LNA1 MZ311863 CDS 0015 11019 11258 240 + tail assembly chaperone self_ TKOZ15  protein
vB_EcoM_LNA1_MZ311863_CDS_0016 11258 13501 2244 + tail length tape measure protein self_TKDZ16  protein
vB_EcoM_LNA1_MZ311863_CDS_0017 13501 14298 798 + hypothetical protein self_TKOZ17  protein
vB_EcoM_LNA1_MZ311863_CD5_0018 14298 14635 342 + wirion structural protein self_TKDZ18 protein
vB_EcoM_LNA1_MZ311863_CDS_001% 14639 15616 978 + baseplate hub self TKOZ19  protein
vB EcoM LNA1 MZ311863 CDS 0020 15616 16239 624 + baseplate spike self TKOZ20  protein
vB_EcoM_LNA1_MZ311863_CD5_0021 16239 16658 420 + baseplate wedge subunit self_TKOZ21  protein
vB_EcoM_LNA1_MZ311863 CDS_0022 16658 18127 1470 + baseplate wedge subunit self_TKOZ22  protein
vB_EcoM_LNA1 _MZ311863 CDS_0023 18130 18987 858 + baseplate protein self TKOZ23  protein
vB_EcoM_LNA1 MZ311863 CDS 0024 18987 19289 303 + hypothetical protein self TKOZ24  protein
vB_EcoM_LNA1 _MZ311863_CDS_0025 19292 20440 1149 + tail fiber protein self_TKDZ25  protein
vB_EcoM_LNA1l _MZ311863 CDS 0026 20418 22838 2421 + tail fiber protein self TKOZ26  protein
vB_EcoM_LNA1_MZ311863 CDS_0027 22918 23112 195 + hypothetical protein self_TKOZ27  protein
vB_EcoM_LNA1_MZ311863_CD5_0028 23113 23484 372 + hypothetical protein self_TKDZ28  protein
vB_EcoM LNA1 MZ311863 CDS 0029 23521 24420 900 - thymidylate synthase self TKOZ29  protein
vB_EcoM_LNA1 MZ311863 CDS_0030 24422 24967 546 - dihydrofolate reductase self_TKOZ30  protein
vB_EcoM_LNA1_MZ311863_CDS_0031 24964 25224 261 - hypothetical protein self_TKDZ31 protein
vB_EcoM LNA1 MZ311863 CDS 0032 25225 25740 516 - hypothetical protein self TKOZ32  protein
vB_EcoM_LNA1 MZ2311863_CDS_0033 25754 26113 360 - hypothetical protein self_TKDZ33  protein
vB_EcoM_LNA1 MZ311863_CDS5_0034 26115 26414 300 - transcriptional regulator self TKDZ34 protein
vB_EcoM_LNA1_MZ311B63_CDS_0D035 26407 26622 216 - hypothetical protein self_TKOZ35  protein
vB_EcoM_LNA1_MZ311863_CDS_0036 26624 27007 384 - hypothetical protein self_TKOZ36  protein
vB_EcoM _LNA1 MZ311863 CDS 0037 27087 27194 108 - hypothetical protein self TKOZ37  protein
vB_EcoM LNA1 MZ311863 CDS D038 27295 28395 1101 - ATP-dependent DNA ligase self TKOZ38  protein
vB_EcoM_LNA1_MZ311863_CDS_0039 28392 28649 258 - hypothetical protein self_TKOZ39  protein
vB_EcoM_LNA1 MZ311863 CDS 0040 28609 28833 225 - hypothetical protein self TKOZAO  protein
vB_EcoM_LNA1_MZ311863 CDS_0041 2BB56 29002 147 - hypothetical protein self_TKOZ41  protein
vB_EcoM_LNA1 _MZ311863_CDS_0042 289958 29217 219 - hypothetical protein self TKDZ42  protein
vB_EcoM_LNA1 MZ311863 CDS 0043 29214 29423 210 - hypothetical protein self TKOZA3  pratein
vB_EcoM_LNA1 MZ311863 CDS_0044 29475 30011 537 - HNH endonuclease self TKOZ44  protein
vB EcoM_LNA1 MZ311863 CD5 D045 299598 30465 468 - DNA polymerase self TKDZ45 protein
vB_EcoM_LNA1_MZ311863_CDS_0046 30522 30710 189 + hypothetical protein self_TKOZ46  protein
vB_EcoM_LNA1 MZ311863 CD5_0047 30782 32965 2184 - DNA polymerase self TKOZ47  pratein
vB_EcoM_LNA1 MZ311863 CDS 0048 33224 33646 423 4 hypothetical protein self TKOZ48  protein
vB_EcoM_LNA1 _MZ311863_CDS_0049 33648 34460 813 + minor tail protein self_TKOZ49  protein
vB_EcoM_LNAL_MZ311863_CDS_0050 34522 35265 744 + deoxynucleoside monophosphate kinase self TKOZ50  protein
vB_EcoM_LNA1_MZ311863_CDS_0051 35274 35474 201 + hypothetical protein self_TKOZ51  protein
vB_EcoM_LNAl_MZ311863 CDS_0052 35467 37452 1986 + DNA primase/helicase self TKDZ52  protein
vB_EcoM_LNA1_MZ311863_CDS_0053 37427 37708 282 + hypothetical protein self TKOZ53  protein
vB_EcoM_LNA1_MZ311863 CDS_0054 37705 37854 150 + hypothetical protein self_TKOZ54  protein
vB_EcoM LNA1 MZ311863 CDS 0055 37927 38784 858 + hypothetical protein self TKOZ55  protein
vB_EcoM_LNA1 _MZ311863_CDS_0056 38847 39887 1041 + exonuclease self TKOZ56  protein
vB_EcoM_LNA1 MZ311863 CDS D057 39877 40374 498 + NAD synthetase self TKOZ57  protein
vB EcoM LNAL1 MZ311863 CDS 0058 40396 40644 249 + hypothetical protein self TKOZ58  protein
vB_EcoM_LNA1_MZ311863_CDS5_0059 40620 41375 756 + MazG-like pyrophosphatase self_TKOZ59  protein
vB_EcoM_LNAL1_MZ311863_CDS_0060 41356 41679 324 + hypothetical protein self TKOZ6O  protein
vB EcoM LNA1 MZ311863 CDS D061 41771 42007 237 + hypothetical protein self TKOZ61  protein
vB_EcoM_LNA1_MZ311863_CD5_D062 42054 44288 2235 + ribonucleotide reductase large subunit self_TKOZ62  protein
vB_EcoM_LNA1_MZ311863_CDS_0063 44260 44601 342 + hypothetical protein self TKDZ63  protein
vB EcoM _LNA1 MZ311863 CDS_0D064 44598 45671 1074 + ribonucleoside diphosphate reductase small subunit self TKOZ64  protein
vB_EcoM_LNA1_MZ311863_CD5_0065 45671 45913 243 + thioredoxin domain self TKOZ6S  protein
vB_EcoM_LNA1 MZ311863 CDS 0066 45906 46112 207 + hypothetical protein self TKOZ6E  protein
wB_EcoM_LNA1_MZ311863 CDS_0067 46161 47360 1200 + NrdD-like anaerobic ribonucleotide reductase large subunit self_TKOZ67  protein
vB_EcoM_LNA1_MZ311863 CDS_0063 47385 47495 111 + hypothetical protein self TKOZ68  protein
vB_EcoM_LNA1 MZ311863 CDS_0D069 47473 47937 465 + HNH endonuclease self TKOZE9  protein




vB_EcoM_LNAL_MZ311863_CDS_0070 47978 48121 144 - hypothetical protein self TKOZ70  protein
wvB_EcoM_LNA1 MZ311863 CDS_0071 48193 49047 855 + anaerobic ribonuclenside reductase large subunit self TKOZ71  protein
vB_EcoM_LNA1_MZ311863_CDS5_0072 49110 49334 225 + hypothetical protein self_TKOZ72  protein
vB EcoM_LNA1 MZ311863 CDS 0073 49348 43446 99 + hypothetical protein self TKDZ73  protein
wB_EcoM_LNA1 MZ311863 CDS 0074 49449 45649 201 + membrane protein self TKOZ74 protein
vB_EcoM_LNA1_MZ311863_CD5_0075 40646 50041 396 + hypothetical protein self_TKOZ7S  protein
vB_EcoM_LNAL1_MZ311863_CDS_0076 50038 50337 300 + hypothetical protein self TKOZ76  protein
vB_EcoM_LNA1 _MZ311863 CDS_0077 50347 50832 486 + anaerobic ribonucleotide reductase small subunit self TKOZ77  protein
vB_EcoM_LNA1_MZ311863_CDS_DO78 50795 51172 378 + hypothetical protein self_TKOZ78  protein
vB_EcoM_LNA1_MZ311863_CDS_0079 51139 51396 258 + hypothetical protein self TKOZ79  protein
vB_EcoM_LNA1_MZ311863_CDS_0080 51399 51719 321 + hypothetical protein self TKOZBO  protein
vB_EcoM_LNA1_MZ311863 CD5 0081 51771 52286 516 + hypothetical protein self TKOZ81 protein
vB EcoM LNA1 MZ311863 CDS D082 52279 52557 279 + hypothetical protein self TKOZ82  protein
vB_EcoM_LNA1 MZ311863 CDS5 0083 52569 53450 882 + ribose-phosphate pyrophosphokinase self TKOZB3  protein
vB_EcoM_LNA1_MZ311863_CDS_0084 53496 55277 1782 + nicotinamide phosphoribosyl transferase self_TKOZB4  protein
vB_EcoM_LNA1_MZ311863_CDS_0085 55331 55666 336 + hypothetical protein self_TKDZBS5 protein
vB_EcoM_LNA1 MZ311863 CDS D086 55648 55824 177 + hypothetical protein self TKOZB6  protein
vB_EcoM_LNAL1_MZ311883_CDS_00B7 55853 582185 2367 + RIIA lysis inhibitor self_TKDZB7 protein
vB_EcoM_LNA1_MZ311863_CDS_008E 58299 59408 1110 + RIIB lysis inhibitor self_TKOZ88  protein
vB_EcoM_LNA1_MZ311863_CD5_0D089 59509 60057 549 + unknown function self_TKOZ89  protein
vB_EcoM_LNA1_MZ311863_CDS_0090 60035 60730 696 + polynucleotide kinase self TKOZ90  protein
vB EcoM LNA1 MZ311863 CDS 0091 60741 61205 465 + hypothetical protein self TKOZ91  protein
vB_EcoM_LNA1_MZ311863_CD5_0092 61256 62140 885 + DNA methyltransferase self_TKOZ92  protein
vB_EcoM_LNA1 _MZ311863_CDS_D093 62152 62964 813 + hypothetical protein self_TKOZ93  protein
vB_EcoM_LNA1 _MZ311863 CDS_0094 63011 63358 348 + Rz-like spanin self TKOZ94  protein
vB_EcoM_LNA1 MZ311863 CDS 0095 63324 63521 198 + hypothetical protein self TKOZ95  protein
vB_EcoM_LNA1_MZ311863 CDS5_0D096 63518 63787 270 + hypothetical protein self_TKOZ96  protein
vB_EcoM_LNA1l _MZ311863 CDS 0097 63790 64113 324 + hypothetical protein self TKOZ97  protein
vB_EcoM_LNA1_MZ311863 CDS_D0S8 64091 64318 128 + hypothetical protein self TKOZ98  protein
vB_EcoM_LNA1_MZ311863_CDS5_0099 64331 64531 201 + hypothetical protein self_TKDZ99  protein
vB_EcoM LNA1 MZ311863 CDS 0100 64532 65317 786 + phosphatase self TKOZ100 protein
vB_EcoM_LNA1 MZ7311863_CDS_0101 65405 65557 153 + hypothetical protein self_TKOZ101 protein
vB_EcoM_LNA1_MZ311863_CDS_0102 65562 65657 96 + hypothetical protein self_TKDZ102 protein
vB_EcoM LNA1 MZ311863 CDS 0103 65675 65827 153 + hypothetical protein self TKOZ103 protein
vB_EcoM_LNA1_MZ311863_CDS_0104 65839 66027 189 + hypothetical protein self_TKDZ104 protein
vB_EcoM_LNA1 MZ311863 CDS_0105 6E027 66233 207 + hypothetical protein self TKDZ105 protein
vB_EcoM_LNA1_MZ311B63_CDS_0106 66325 66705 381 + hypothetical protein self_TKOZ106 protein
vB_EcoM_LNA1_MZ311863_CDS_0107 66794 67090 297 + hypothetical protein self_TKOZ107 protein
vB_EcoM _LNA1 MZ311863 CDS 0108 67084 67416 333 + hypothetical protein self TKOZ108 protein
vB_EcoM LNA1 MZ311863 CDS D109 67507 67779 273 + hypothetical protein self TKOZ109 protein
vB_EcoM_LNA1_MZ311863_CDS_0110 67866 68270 405 + hypothetical protein self_TKOZ110 protein
vB_EcoM_LNA1 MZ311863 CDS 0111 68369 68572 204 + hypothetical protein self TKOZ111 protein
vB_EcoM_LNA1_MZ311863 CDS_0112 68658 69200 543 + hypothetical protein self_TKOZ112 protein
vB_EcoM_LNA1 _MZ311863_CDS_0113 69267 69500 234 + hypothetical protein self TKOZ113 protein
vB_EcoM_LNA1 MZ311863 CDS 0114 69592 59933 347 + hypothetical protein self TKOZ114 pratein
vB_EcoM_LNA1 MZ311863 CDS 0115 70008 70124 117 - hypothetical protein self TKOZ115 protein
vB EcoM_LNA1 MZ311863 CD5 D116 70156 70686 531 + hypothetical protein self TKDZ116 protein
vB_EcoM_LNA1_MZ311863_CDS_0117 70750 71013 264 + hypothetical protein self_TKOZ117 protein
vB_EcoM_LNA1 MZ311863 CD5 D118 71079 71327 249 + hypothetical protein self TKOZ118 pratein
vB_EcoM_LNA1 MZ311863 CDS 0119 71286 71414 129 - hypothetical protein self TKOZ119 protein
vB_EcoM_LNA1 _MZ311863_CDS_0120 72281 72412 132 - hypothetical protein self_TKOZ120 protein
vB_EcoM_LNAL_MZ311863_CDS_0121 72838 72975 138 - hypothetical protein self_TKOZ121 protein
vB_EcoM_LNA1_MZ311863_CDS5_0122 73012 73560 549 - hypothetical protein self_TKOZ122 protein
vB _EcoM_LNAl_MZ311863 CDS 0123 73574 74038 465 - hypothetical protein self TKODZ123 protein
vB_EcoM_LNA1_MZ311863_CDS5_0124 74091 74315 225 - hypothetical protein self_ TKOZ124 protein
vB_EcoM_LNAL_MZ311863_CDS_D125 74315 74410 96 - hypothetical protein self_TKOZ125 protein
vB_EcoM LNA1 MZ311863 CDS 0126 74392 74895 504 - hypothetical protein self TKOZ126 protein
vB_EcoM_LNA1 _MZ311863_CDS_0127 74892 75110 219 = hypothetical protein self TKOZ127 protein
vB_EcoM_LNA1 MZ311863 CDS 0128 75194 75775 582 - hypothetical protein self_TKOZ128 protein
vB EcoM LNAL1 MZ311863 CDS 0129 75775 76119 345 - hypothetical protein self TKOZ129 protein
vB_EcoM_LNA1_MZ2311863_CDS_0130 76112 76405 294 - hypothetical protein self_TKOZ130 protein
vB_EcoM_LNAL1_MZ311863_CDS_0131 76405 T6B00 396 - hypothetical protein self TKOZ131 protein
vB EcoM LNA1 MZ311863 CDS 0132 76793 77191 399 - hypothetical protein self TKOZ132 protein
vB_EcoM_LNA1_M7311863_CD5_D133 77244 77708 465 - endolysin self_TKOZ133 protein
vB_EcoM_LNA1 _MZ311863_CD5 0134 77708 73093 1386 - tail protein self_TKOZ134 protein
vB _EcoM _LNA1 MZ311863 CDS_0135 79090 79461 372 - hypothetical protein self TKOZ135 protein
vB_EcoM_LNA1l MZ311863_CDS_D136 79510 80100 591 - hypothetical protein self TKOZ136 protein
vB_EcoM_LNA1 MZ311863 CDS 0137 80094 80327 234 - hypothetical protein self TKOZ137 protein
vB_EcoM_LNAL_MZ311863_CDS_0138 80386 80514 129 + hypothetical protein self TKOZ138 protein
vB_EcoM_LNA1_MZ311863 CDS_0139 80720 81091 372 + hypothetical protein self TKOZ139 protein
vB_EcoM_LNA1_MZ311863_CDS_0140 81173 82588 1416 + RMNA-binding protein self_TKOZ140 protein




vB_EcoM_LNAL_MZ311863_CDS 0141 B2620 82709 90 - hypothetical protein self TKOZ141 protein
vB_EcoM_LNA1 M7311863 tRNA_ 0001 82755 B2831 77 + tANA-Pro(TGG) tRMNA
vB_EcoM_LNA1_MZ311863_CDS5_0142 82834 23049 216 - hypothetical protein self_TKOZ142 protein
vB_EcoM_LNA1 MZ311863 tRNA_0002 82839 82916 78 + tRNA-GIW(TTC) tRNA
vB FcoM LNA1 MZ311863 tRNA 0003 83169 83245 77 + tRNA-Asn{GTT) tRNA
vB_EcoM_LNA1 MZ311863_tRNA_0D0O04  B3255 83342 88 + tRNA-Tyr({GTA) tRNA
vB_EcoM_LNAL MZ311863_CDS_0143 83469 83588 120 + hypothetical protein self_TKOZ143 protein
vB_EcoM_LNA1 MZ311863 CDS 0144 83588 83689 102 + hypothetical protein self TKDZ144 protein
vB_EcoM_LNAL_MZ311863_tRNA_0005 83771 83846 76 + tRNA-Lys(TTT) tRNA
vB_EcoM_LNA1 MZ3I11863 tRNA_0006 83851 83927 77 + tRNA-Met{CAT) tRNA
wB_EcoM_LNA1_MZ3I11863_tRNA_0007 83930 84005 76 + tRNA-Ile(GAT) tRNA
vB_EcoM_LNA1_MZ311863 CD5_0145 84075 84215 141 - hypothetical protein self TKOZ145 protein
vB EcoM LNA1 MZ311863 CDS 0146 BA265 24402 138 - hypothetical protein self TKOZ146 protein
vB EcoM LNA1 MZ311863 CDS 0147 B4570 84974 405 + HNH endonuclease self TKOZ147 protein
vB_EcoM_LNA1_MZ311863_CDS_0148 85163 85309 147 + hypothetical protein self_TKOZ148 protein
vB_EcoM_LNA1 MZ311863 tRNA 0010 85332 85409 78 + tANA-Leu(TAG) tRNA
vB_EcoM_LNA1 MZ311863 tRNA_0011 85417 85492 76 + tRNA-Lys(CTT) tRNA
vB_EcoM_LNAL1_MZ311863 tRNA_0012 85499 85574 76 + tRNA-Ala{TGC) tRNA
vB_EcoM_LNA1_MZ311863_tRNA_0013  BS581 85655 75 + tRNA-GIy(TCC) tRNA
vB_FroM_LNA1 MZ311863_tRNA_0014  B5G62 B5738 77 + tANA-Thr(TGT) tANA
vB_EcoM_LNA1 MZ311863 tRNA_0016 85910 85987 78 + tRNA-Leu(CAA) tRNA
vB EcoM LNA1 MZ311863 CDS 0149 86007 86564 558 + hypothetical protein self TKOZ149 protein
vB_EcoM_LNA1_MZ311863_tRNA_0017 86574 86648 75 + tRNA-GIN({TTG) tRNA
vB_EcoM_LNA1_MZ311863_tRMNA_0018 86651 86729 79 + tRMA-Leu(TAA) tRNA
vB_EcoM LNAL MZ311863 tRNA_0019 B6735 86810 76 + tRNA-GIN{CTG) tRNA
vB_EcoM_LNA1 _MZ311863 tRNA_0020 86842 86917 76 + tANA-His[GTG) tRMNA
vB_EcoM_LNAL_MZ311863_tRNA_0021 86932 86999 68 + tRMA-Phe(GAA) tRNA
vB_EcoM_LNA1 _MZ311863 CDS 0150 87016 87750 735 + hypothetical protein self TKOZ150 protein
vB_EcoM_LNA1_MZ311863 tRNA_0022 87850 87925 T6 + tRNA-Cys({GCA) tRMNA
vB_EcoM_LNA1_MZ311863_CD5_0151 B7947 88123 177 - hypothetical protein self_TKDZ151 protein



Anngtation of phage vB_EcolM_LNA2.

Locus_tag Start End Length_nt Strand Function_by_amino_acid_sequence Protein_ID  Category
vB_EcoM_LNA2_MZ311865_CDS5S_0001 2 382 381 - unknown function self_YRGQ1 protein
vB EcoM_LNAZ MZ311865 CDS 0002 441 728 288 - hypothetical protein self YRGO2 protein
wB FcoM _LNA2 MZ311865 CDS 0003 267 1347 981 - unknown function self YRGO3 protein
vB_EcoM_LNA2_MZ311865_CD5_0004 1917 2135 219 - hypothetical protein self_YRGO4 protein
vB_EcoM_LNAZ2_MZ311865_CDS_0005 2244 2525 282 - hypothetical protein self_YRGOS protein
vB_EcoM_LNA2 MZ311865_CDS_D006 2557 3546 990 - nucleotidyltransferase self_YRGQ6 protein
vB_EcoM_LNA2_MZ311865_CDS_D0O7 3543 4016 474 - membrane protein self_YRGO7 protein
vB_EcoM_LNAZ _MZ311865_CDS_0008 4026 4556 531 - hypothetical protein self YRGOS protein
wB_EcoM_LNA2_MZ311865_CDS5_0009 4558 4737 180 - helicase loader self_YRGQ9 protein
vB_EcoM_LNAZ_MZ311865 CDS_0010 4734 4844 111 - hypothetical protein self YRGQL0  protein
vB EcoM LNA2 MZ311865 CDS 0011 4902 5111 210 - hypathetical protein self YRGQ11  protein
vB _EcoM_LNA2 MZ311865 CDS 0012 5119 5298 180 - hypothetical protein self YRGQ12  protein
vB_EcoM_LNAZ MZ311865_CD5 0013 5400 5702 303 - lysis inhibition self YRGQ13 protein
vB_EcoM_LNA2_MZ311865_CDS_0014 5715 5927 213 - hypaothetical protein self_YRGQ14 protein
vB_EcoM_LNA2 MZ311865_CDS_D015 5955 6536 582 - thymidine kinase self YRGQL15  protein
vB_EcoM_LNA2_MZ311865 CDS_0D016 6546 6728 183 - hypothetical protein self_YRGQ16 protein
vB_EcoM_LNA2_MZ311865_CDS_0017 6725 6937 213 - hypothetical pratein self YRGQL7  protein
vB_EcoM_LNAZ_MZ311865_CD5_0018 6928 7140 213 - hypothetical protein self_YRGQ18  protein
vB_EcoM_LNA2 MZ311865 CD5_0019 7137 7517 381 - phosphatase self_YRGQ19  protein
vB EcoM LNAZ MZ311865 CDS 0020 7597 7935 339 - valyl tRNA synthetase modifier self YRGQ20  protein
vB_EcoM_LNA2_MZ311865_CDS5_0021 7941 8483 543 - unknown function self YRGQ21  protein
vB_EcoM_LNAZ_MZ311865_CDS_0022 8492 8950 459 - endoribonuclease self_YRGQ22Z  protein
vB_EcoM_LNA2 MZ311865 CDS 0023 007 9306 300 - hypothetical protein self YRGO23  protein
vB_EcoM_LNA2 MZ311865 CDS 0024 9306 9572 267 - hypothetical protein self YRGQ24  protein
vB_EcoM_LNA2Z_MZ311865_CDS_0025 9562 9786 225 - hypothetical protein self YRGQ25 protein
vB_EcoM_LNA2 MZ311865 CDS 0026 9786 10148 363 - hypothetical protein self YRGO26  protein
vB_EcoM_LNA2_MZI311865 CDS_0027 10155 10463 309 - unknown function self_YRGQ27  protein
vB_EcoM_LNAZ_MZ311865_CD5_0028 10460 10999 540 - unknown function self YRGO28 protein
vB_EcoM_LNA2 MZ311865 CDS 0029 11010 11114 105 - hypothetical protein self YRGQ29  protein
vB_EcoM_LNA2_MZ311865_CDS_0D030 11173 11502 330 - hypathetical protein self_ YRGQ30  protein
vB_EcoM_LNAZ_MZ311865 CDS_0031 11528 11842 315 - hypothetical protein self_YRGQ31 protein
vB_EcoM LNA2 MZ311865 CDS 0032 11907 12161 255 - internal head protein self YRGQ32  protein
vB_EcoM_LNA2_MZ311865_CDS_D033 12174 12587 414 - endonuclease V N-glycosylase UV repair enzyme self YRGQ33  protein
vB_EcoM_LNAZ_MZ311865 CDS_0034 12646 12927 282 - internal head protein self YRGQO34 protein
vB_EcoM_LNAZ_MZ311B65_CDS_0035 12524 13412 489 - hypothetical protein self_YRGQ35 protein
vB_EcoM_LNA2_MZ311865_CDS_0036 13447 13805 459 - nudix hydrolase self_YRGO36 protein
vB_EcoM _LNAZ MZ311865 CDS 0037 13895 14131 237 - hypothetical protein self YRGQ37  protein
vB_EcoM LNA2 MZ311865 CDS D038 14128 14619 492 - membrane protein self YRGQ38  protein
vB_EcoM_LNA2_MZ311865_CDS_0039 14619 15305 687 - hypothetical protein seff YRGO39  protein
vB_EcoM_LNA2 MZ311865 CDS 0040 15307 15612 306 - hypothetical protein self YRGQA0  protein
vB_EcoM_LNA2_MZ311865 CDS_0041 15681 16637 957 - hypathetical protein self YRGQ41  protein
vB_EcoM_LNA2_MZ311865_CD5_0042 16666 16905 240 - hypothetical protein self_YRGQ42 protein
vB _EcoM_LNAZ MZ311865 CDS 0043 16968 17165 198 - hypaothetical protein self YRGQ43 protein
vB_EcoM_LNA2_MZ311865 CDS_0044 17175 17447 273 - hypothetical protein self YRGO44  protein
vB_EcoM_LNAZ MZ311865 CD5 D045 17457 17762 306 - hypothetical protein self YRGO45 protein
vB_EcoM_LNAZ2_MZ311865_CDS_0046 17759 18118 360 - unknown function self_YRGQ46 protein
vB_EcoM_LNAZ MZ311865 CDS 0047 18097 18492 396 - unknown function self YRGO4A7  protein
vB_EcoM_LNA2 MZ311865 CDS 0048 18461 19057 597 - hypothetical protein self YRGO48  protein
vB_EcoM_LNAZ MZ311865_CDS_0049 19107 19700 594 - hypothetical protein self_YRGQ49 protein
vB_EcoM_LNA2_MZ311865_CDS_0050 19771 199958 228 - unknown function self_YRGQOS0  protein
vB_EcoM_LNA2_MZ311865_CDS5_0051 20045 20209 165 - hypothetical protein self_YRGOS51  protein
vB_EcoM_LNAZ MZ311865 CDS_0052 20277 20582 306 - hypothetical protein self YRGQ52  protein
vB_EcoM_LNA2 MZ311865_CDS_0053 20692 21318 627 - hypothetical protein self YRGO53  protein
vB_EcoM_LNA2_MZ311865_CDS_D054 21344 21433 90 + hypothetical protein self_YRGQ54  protein
vB_EcoM LNA2 MZ311865 CDS 0055 21497 21625 129 - hypothetical protein self YRGOS5  protein
vB_EcoM_LNA2_MZ311865_CDS_0056 21702 22046 345 - hypaothetical protein self_YRGQS6  protein
vB_EcoM_LNAZ MZ311865 tRMNA_0001 22068 22141 74 - tRNA-Arg(TCT) tRNA
vB EcoM LNA2 MZ311865 tRNA 0002 22148 22219 72 - tRNA-Met{CAT) tRNA
vB_EcoM_LNA2_MZ311865_CDS5_0057 22220 22312 83 - hypothetical protein self_YRGQS7  protein
vB_EcoM_LNAZ_MZ311865_CDS_0058 22299 22814 516 - hypothetical protein self_YRGO58 protein
vB EcoM LNA2 MZ311865 CDS D059 22819 23109 291 - hypothetical protein self YRGOS9  protein
vB_EcoM_LNA2_M7311865_CD5_D060 23106 23488 363 - hypothetical protein self_YRGQEO  protein
vB_EcoM_LNAZ MZ311865 CD5 0061 23470 23676 207 - unknown function self YRGOG61 protein
vB _EcoM _LNA2Z MZ311865 CDS_0D062 23726 24013 288 - internal virion protein self YRGQ62  protein
vB_EcoM_LNA2_MZ311865_CDS_D063 24091 24546 456 - RNA ligase self_YRGQB3  protein
vB_EcoM_LNAZ2 MZ311865 CDS 0064 24546 24776 231 - tail fiber chaperone self YRGOG4 protein
wB_EcoM_LNA2_MZ311865_CDS5_0065 24781 25515 735 - deoxynucleoside monophosphate kinase self YRGQE5  protein
vB_EcoM_LNA2_MZ311865 CDS_0066 25569 26153 585 - tail tube self YRGQB6  protein
vB_EcoM_LNAZ2_MZ311865_CDS_0067 26256 27077 822 - DNA end protector self_YRGQGT protein




vB_EcoM_LNA2_MZ311865_CDS_0068 27080 27529 450 - head closure self YRGQGE  protein
vB_EcoM_LNA2 MZ311865 CDS_0069 27663 28166 504 + baseplate wedge subunit self YRGOB9  protein
vB_EcoM_LNA2_MZ311865_CDS5_0070 28166 29899 1734 + baseplate hub subunit and tail lysozyme self_YRGQ?0  protein
vB EcoM_LNAZ MZ311865 CDS 0071 29503 30418 516 + hypothetical protein self YRGO71 protein
vwB_EcoM_LNA2 MZ311865 CDS 0072 30421 30714 294 + PAAR matif of membran proteins self YRGQ72 protein
vB_EcoM_LNA2_MZ311865_CD5_0073 30723 32696 1974 + baseplate wedge subunit self YRGO73  protein
vB_EcoM_LNAZ2_MZ311865_CDS_0074 32693 35791 3099 + baseplate wedge subunit self_YRGO74 protein
vB_EcoM_LNA2 MZ311865 CDS 0075 35784 36788 1005 + baseplate wedge subunit self YRGQ75  protein
vB_EcoM_LNA2_MZ311865_CDS_D076 36861 37733 873 + baseplate wedge tail fiber protein connector self_YRGO76  protein
vB_EcoM_LNA2 MZ311865_CDS_0077 37733 39538 1806 + baseplate wedge subunit self YRGQ77 protein
wvB_EcoM_LNA2_MZ311865_CDS5_0078 39538 40197 660 + baseplate wedge subunit self YRGQ?8  protein
vB_EcoM_LNAZ_MZ311865 CDS_0079 40194 41777 1584 + tail collar fiber protein self YRGO79  protein
vB EcoM LNA2 MZ311865 CDS 0080 41777 43225 1449 + fibritin neck whisker self YRGQB80  protein
vB _EcoM_LNA2 MZ311865 CDS 0081 43258 44184 927 + head-tail adaptor Ad2 self YRGQB81  protein
vB_EcoM_LNAZ MZ311865_CDS_0082 44186 44950 765 + head closure He2 self_YRGQOS2 protein
vB_EcoM_LNA2_MZ311865_CDS_0083 45003 45824 822 + tail sheath stabilizer self_YRGQOSB3 protein
vB_EcoM_LNA2 MZ311865 CDS D024 45834 46328 495 + terminase small subunit self YRGO84  protein
vB_EcoM_LNA2_MZ311865_ CDS_D0BS 46312 48147 1836 + terminase large subunit self_YRGOE5 protein
vB_EcoM_LNAZ_MZ311865_CDS_0086 48178 50160 1983 + tail sheath self_YRGOB6 protein
vB_EcoM_LNA2_MZ311865_CDS5_D087 50273 50764 492 + tail tube self YRGOS7  protein
vB_EcoM_LNA2 MZ311865 CD5_ 0088 50748 50852 105 + hypothetical protein self_YRGQB8  protein
vB EcoM LNAZ MZ311865 CDS 0089 50849 52420 1572 + portal protein self YRGQB9  protein
vB_EcoM_LNA2_MZ311865_CD5_0090 52420 52659 240 + prohead self YRGQS0  protein
vB_EcoM_LNAZ_MZ311865_CDS_0091 52659 53084 426 + head scaffolding protein self_YRGQ91  protein
vB_EcoM_LNA2 MZ311865 CDS 0092 53084 53725 642 + head maturation protease self YRGO92  protein
vB_EcohM_LNA2 MZ311865 CDS 0093 53759 54571 813 + head scaffolding protein self YRGQ93  protein
vB_EcoM_LNA2Z_MZ311865_CDS_0094 54589 5R157 1568 + major head protein self_YRGQ94  protein
vB_EcoM_LNAZ2 MZ311865 CDS 0095 56210 56479 270 - hypothetical protein self YRGQ95  protein
vB_EcoM_LNA2_MZI311865 CDS_D096 56580 5VEE3 1284 + major head protein self_YRGQ96  protein
vB_EcoM_LNA2_MZ311865_CDS_DOS7 57896 588394 999 - RNA ligase self_YRGQ97 protein
vB_EcoM_LNA2 MZ311865 CDS 0098 59014 59265 252 - hypothetical protein self YRGQ98  protein
vB_EcoM_LNA2_ MZ311865_CDS_D099 59262 59468 207 - hypathetical protein self_ YRGQ99  protein
vB_EcoM_LNAZ_MZ311865 CDS_0100 59557 60972 1416 - Hoc-like head decoration self YRGO100 protein
vB EcoM_LNAZ MZ311865 CDS 0101 60982 61650 669 - minor head protein inhibitor of protease self YRGQ101 protein
vB_EcoM_LNA2_MZ2311865_CDS_0102 61701 63215 1515 + DNA helicase self YRGQ102 protein
vB_EcoM_LNAZ_MZ311865_CDS5_0103 63241 63474 234 + DNA helicase self YRGQ103 protein
vB_EcoM_LNAZ_MZ311B65_CDS_0104 63534 63701 168 - unknown function self_YRGQ104 protein
vB_EcoM_LNA2_MZ311865_CDS5_0105 63734 63058 225 - hypothetical protein self_YRGQL05 protein
vB_EcoM _LNAZ MZ311865 CDS 0106 63958 64452 495 - UvsY-like recombination mediator self YRGQ106 protein
vB_EcoM LNA2 MZ311865 CDS 0107 64452 64850 399 - baseplate wedge subunit self YRGQ107 protein
vB_EcoM_LNA2_MZ311865_CDS_0108 64850 65476 627 - baseplate hub self YRGQL108 protein
vB_EcoM_LNA2 MZ311865 CDS 0109 65524 66276 753 + baseplate hub self YRGQL09 protein
vB_FcoM_LNA2_MZ311865 CDS 0110 66273 67445 1173 + baseplate hub self YRGO110 protein
vB_EcoM_LNA2_MZ311865_CDS_0111 67383 67926 534 + baseplate hub distal subunit self_YRGQ111 protein
vB_EcoM_LNAZ MZ311865 CDS 0112 67923 69655 1773 + baseplate hub subunit and tail length self YRGQ112 protein
vB_EcoM_LNA2_MZ311865_CDS_0113 69704 70813 1110 + baseplate tail tube cap self YRGQ113 protein
vB_EcoM_LNAZ MZ311865_CD5 0114 70813 71775 963 + tail tube self YRGQ114 protein
vB_EcoM_LNAZ2_MZ311865_CDS_0115 71808 72101 294 - hypothetical protein self_YRGQ115 protein
vB_EcoM_LNAZ MZ311865 CDS 0116 72160 74247 2088 - Alt-like RNA polymerase ADP-ribosyltransferase self YRGQL16 protein
vB_EcoM_LNA2 MZ311865 _CDS 0117 74303 74401 189 - hypothetical protein self YRGQ117 protein
vB_EcoM_LNA2 MZ311865_CDS 0118 74491 75984 1494 - ATP-dependent DNA ligase self YRGQ118 protein
vB_EcoM_LNA2_MZ311865_CDS_0118 75981 76250 270 - hypothetical protein self_YRGQ119 protein
vB_EcoM_LNA2_MZ311865_CDS_0120 76260 77075 816 - unknown function self_YRGQ120 protein
vB_EcoM_LNAZ MZ311865 CDS 0121 77072 77530 459 - hypothetical protein self YRGQ121 protein
vB_EcoM_LNA2 MZ311865_CDS_0122 77523 77741 219 - hypothetical protein self YRGQ122 protein
vB_EcoM_LNA2Z_MZ311865 CDS_0123 77731 77928 198 - hypothetical protein self YRGO123 protein
vB_EcoM LNA2 MZ311865 CDS 0124 77983 78597 615 - hypothetical protein self YRGO124 protein
vB_EcoM_LNA2_MZ311865_CDS_0125 78633 78998 366 - hypaothetical protein self_YRGQ125 protein
vB_EcoM_LNA2_MZ311865 CDS 0126 79073 79441 369 - hypothetical protein seff YRGQ126 protein
vB EcoM LNA2 MZ311865 CDS 0127 79574 79753 180 - hypothetical protein self YRGQ127 protein
vB_EcoM_LNA2_MZ311865_CDS5_0128 79810 79908 83 - hypothetical protein self_YRGQ128 protein
vB_EcoM_LNAZ_MZ311865_CDS_0129 79889 79999 111 - hypothetical protein self YRGQ129 protein
vB EcoM LNA2 MZ311865 CDS 0130 80022 80270 249 - lysis inhibition self YRGQ130 protein
vB_EcoM_LNA2_MZ311865_CDS5_0131 80395 BO727 333 - head morphogenesis self_YRGO131 protein
vB_EcoM_LNAZ MZ311865 CD5 0132 80785 B1081 297 - hypothetical protein self YRGQ132 protein
vB EcoM _LNA2 MZ311865 CDS 0133 81083 81664 582 - dCMP deaminase self YRGQ133 protein
vB_EcoM_LNA2_MZ311865_CDS_0134 81664 B2656 993 - phospho-2-dehydro-3-deoxyheptonate aldolase self_YRGQ134 protein
vB_EcoM_LNA2 MZ311865_CDS 0135 82665 82790 126 - hypothetical protein self YRGQ135 protein
vB_EcoM_LNA2_MZ311865 _CDS_0136 82777 83013 237 - hypothetical protein self YRGQ136 protein
vB_EcoM_LNA2_MZ311865 CDS_0137 83074 83349 276 - hypothetical protein self YRGQ137 protein
vB_EcoM_LNAZ MZ311865 CDS 0138 83357 83581 225 - hypothetical protein self YRGQ138 protein




vB_EcoM_LNA2 _MZ311865_CDS 0139 83562 B3753 192 - hypathetical protein self YRGQ139 protein
vB_EcoM_LNA2 MZ311865 CDS_0140 83753 84529 777 - polynucleatide kinase self YRGO140 protein
vB_EcoM_LNA2_MZ311865_CDS5S_0141 84649 B4840 192 - hypothetical protein self_YRGQ141 protein
vB EcoM_LNAZ MZ311865 CD5 0142 84840 B5139 300 - hypothetical protein self YRGO142 protein
wB FcoM _LNA2 MZ311865 CDS 0143 85197 85415 219 - hypothetical protein self YRGO143 protein
vB_EcoM_LNA2 MZ311865_CDS_0144 85412 85702 291 - Rz-like spanin self_YRGQ144 protein
vB_EcoM_LNAZ2_MZ311865_CDS_0145 85699 86055 357 - Rz-like spanin self YRGQ145 protein
vB_EcoM_LNA2 MZ311865_CDS_0146 86043 B6E06 564 - inhibitor of host transcription self YRGQ146 protein
vB_EcoM_LNA2_MZ311865_CDS_0147 86606 B7730 1125 - RNA ligase and tail fiber protein attachment catalyst self_YRGO147 protein
vB_EcoM_LNAZ MZ311865_CDS_0148 87787 BB197 411 - endonuclease self YRGQ148 protein
wB_EcoM_LNA2_MZ311865_CD5_0149 88224 89402 1179 - ribonucleotide reductase class la beta subunit self_YRGQ149 protein
vB_EcoM_LNAZ_MZ311865 CDS_0150 89456 91711 2256 - ribonucleotide reductase large subunit self YRGQ150 protein
vB EcoM LNA2 MZ311865 CDS 0151 91799 92053 255 - hypaothetical protein self YRGQ151 protein
vB _EcoM_LNA2 MZ311865 CDS 0152 92055 92915 861 - thymidylate synthase self YRGQ152 protein
vB_EcoM_LNAZ MZ311865_CDS_0153 92912 93499 588 - dihydrofolate reductase self YRGQ153 protein
vB_EcoM_LNA2_MZ311865_CDS_0154 93492 93740 249 - hypaothetical protein self_YRGQ154 protein
vB_EcoM_LNA2 MZ311865 CDS 0155 93743 93991 249 - hypothetical protein self YRGO155 protein
vB_EcoM_LNA2_MZ311865 CDS_0156 94054 84446 393 - unknown function self_YRGQ156 protein
vB_EcoM_LNA2_MZ311865_CDS_0157 94560 95423 864 - single strand DNA hinding protein self_YRGQ157 protein
vB_EcoM_LNAZ_MZ311865_CD5_0158 95461 95565 105 + hypothetical protein self_YRGQ158 protein
vB_EcoM_LNA2 MZ311865 CD5 0159 95589 96242 654 - DMA helicase loader self YRGQ159 protein
vB EcoM LNAZ MZ311865 CDS 0160 96239 96577 339 - |late promoter transcriptional regulator self YRGQ160 protein
vB_EcoM_LNA2_MZ311865_CDS_0161 96555 D6EE24 270 - transcriptional regulator self YRGQ161 protein
vB_EcoM_LNA2_MZ311865_CDS_0162 96832 97749 918 - exonuclease self_YRGQ162 protein
vB_EcoM_LNA2 MZ311865 CDS 0163 97853 101731 3879 + tail fiber protein proximal subunit self YRGQ163 protein
vB_EcoM_LNA2 _MZ311865 CDS5S 0164 101740 102867 1128 + long tail fiber protein proximal connector self YRGQ164 protein
vB_EcoM_LNA2Z_MZ311865_CDS_0165 102930 103595 666 + hinge connector of long tail fiber protein distal connectar self_YRGQ165 protein
vB_EcoM_LNAZ MZ311865 CDS 0166 103604 106687 3084 + long tail fiber protein distal subunit self YRGQ166 protein
vB_EcoM_LNA2_MZ311865_CDS_0167 106718 107269 552 + tail fiber assembly self_YRGQ167 protein
vB_EcoM_LNA2_MZ311865_CDS_D168 107279 107938 660 + holin self_YRGQ168 protein
vB_EcoM LNA2 MZ311865 CDS 0169 107939 108211 273 - anti-sigma factor self YRGQ169 protein
vB_EcoM_LNA2 MZ311865_CDS_0170 108258 108419 162 - hypathetical protein self YRGQ170 protein
vB_EcoM_LNAZ_MZ311865_CDS_0171 108409 108795 387 - hypothetical protein self YRGQ171 protein
vB EcoM_LNAZ MZ311865 CDS 0172 108792 109010 219 - anti-restriction nuclease self YRGQ172 protein
vB_EcoM_LNA2_MZ2311865 CDS_0173 108994 109275 282 - unknown function self YRGQ173 protein
vB_EcoM_LNA2_MZ311865 CDS 0174 109275 109736 462 - hypothetical protein self YRGQ174 protein
vB_EcoM_LNAZ_MZ311B65_CDS_0175 109733 110062 330 - hypothetical protein self_YRGQ175 protein
vB_EcoM_LNA2_MZ311865_CDS_0176 110073 110705 633 - MotA-like activator of middle period transcription self_YRGOQL76 protein
vB_EcoM _LNAZ MZ311865 CDS 0177 110810 111025 216 - hypothetical protein self YRGQL77 protein
vB_EcoM LNA2 MZ311865 CDS D178 111013 111141 129 - hypothetical protein self YRGQ178 protein
vB_EcoM_LNA2_MZ311865_CD5_0179 111211 112536 1326 - DNA topoisomerase |l self YRGQ179 protein
vB_EcoM_LNA2 MZ311865 CDS 0180 112541 112681 141 - hypothetical protein self YRGQI8O protein
vB_FcoM_LNA2_MZ311865 CDS_D181 112681 112827 147 - hypothetical protein self YRGO181 protein
vB_EcoM_LNA2_MZ311865_CD5_0182 112880 113326 447 - Ndd-like nucleoid disruption protein self_YRGQ182 protein
vB_EcoM_LNAZ MZ311865 CDS 0183 113311 113400 90 - hypothetical protein self YRGQ183 protein
vB_EcoM_LNA2_MZ311865 CD5_ D184 113403 113603 201 - unknown function self YRGO184 protein
vB EcoM_LNAZ MZ3118B65 CD5 D185 113664 113774 111 - hypothetical protein self YRGO185 protein
vB_EcoM_LNAZ2_MZ311865_CDS_0186 113854 114117 264 - hypothetical protein self_YRGQI186 protein
vB_EcoM_LNA2 MZ311865 CD5 D187 114186 114743 558 - DenB-like DNA endonuclease IV self YRGQ187 protein
vB_EcoM_LNA2 MZ311865 CDS 0188 114679 114966 288 - hypothetical protein self YRGQ188 protein
vB_EcoM_LNA2 MZ311865_CDS 0189 115008 115955 948 - RIB lysis inhibitor self YRGQ189 protein
vB_EcoM_LNA2_MZ311865_CDS5_0190 115965 118178 2214 - RIIA lysis inhibitor self_YRGQ190 protein
vB_EcoM_LNA2_MZ311865_CD5_0191 118191 118391 201 - hypothetical protein self_YRGQ191 protein
vB_EcoM_LNAZ MZ311865 CDS_0192 118484 119584 1101 - hypothetical protein self YRGQ192 protein
vB_EcoM_LNAZ MZ311865 CD5_0193 119627 121444 1818 - DMA topoisomerase Il large subunit self YRGQ193 protein
vB_EcoM_LNA2Z_MZ311865 CDS_0194 121508 121951 444 - unknown function self_ YRGO194 protein
vB_EcoM_LNA2_ MZ311865 CDS 0195 121954 122133 130 - FmdB-like transcriptional regulator seff YRGQ195 protein
vB_EcoM_LNA2 MZ311865_CDS_0196 122133 122546 414 - unknown function self YRGQ196 protein
vB_EcoM_LNA2 MZ311865_CDS 0197 122546 122818 273 - cef modifier of supressor tRNAs self YRGQ197 protein
vB EcoM LNA2 MZ311865 CD5 0198 122831 123355 525 - unknown function self YRGQ198 protein
vB_EcoM_LNA2_MZ311865_CDS5_0199 123415 123834 420 - MotB-like transcriptional regulator self_YRGQ199 protein
vB_EcoM_LNAZ_MZ311865_CDS_0200 123844 124404 561 - MotB-like transcriptional regulator self YRGOQ200 protein
vB EcoM LNA2 MZ311865 CDS 0201 124404 124898 495 - unknown function self YRGO201 protein
vB_EcoM_LNA2_M7311865_CD5_D202 124965 125642 678 - exonuclease self_YRGQ202 protein
vB_EcoM_LNAZ MZ311865_CD5_0203 125652 126965 1314 - Dda-like helicase self YRGQ203 protein
vB _EcoM _LNA2 MZ311865 CDS_0204 126962 127273 312 - hypothetical protein self YRGQ204 protein
vB_EcoM_LNA2_MZ311865_CDS_D205 127276 128022 747 - Srd anti-sigma factor self_YRGQ205 protein
vB_EcoM_LNAZ MZ311865 CDS 0206 128175 128783 609 - RNA polymerase ADP-ribosylase self YRGQO206 protein
vB_EcoM_LNA2_MZ311865_CDS_0207 128841 120422 582 - RNA polymerase ADP-ribosylase self_YRGQ207 protein
vB_EcoM_LNA2_MZ311865 CDS_0208 129478 129642 165 - hypothetical protein self YRGQ208 protein
vB_EcoM_LNAZ MZ311865 CDS 0209 129639 129818 180 - hypothetical protein self YRGQ209 protein




vB_EcoM_LNA2 _MZ311865_CDS_0210 129820 130284 465 - Mrh transcription modulatar under heat shock self YRGQ210 protein
vB_EcoM_LNA2 MZ311865 CDS 0211 130284 130463 180 - hypothetical protein seff YRGO211 protein
vB_EcoM_LNA2_MZ311865_CDS5S_0212 130460 130708 249 - hypothetical protein self_YRGQ212 protein
vB_EcoM_LNAZ MZ311865_CD5 0213 130674 130901 228 - hypothetical protein self YRGQZ213 protein
vwB_EcoM_LNA2 MZ311865 CDS 0214 131006 131242 237 - virion structural protein self YRGO214 protein
vB_EcoM_LNA2_MZ311865_CD5_0215 131239 131810 522 - nucleoside triphosphate pyrophosphohydrolase self YRGQO215 protein
vB_EcoM_LNAZ2_MZ311865_CDS 0216 131901 132098 198 + hypothetical protein self YRGO216 protein
vB_EcoM_LNA2 MZ311865 CDS 0217 132095 133117 1023 - DNA primase self YRGQ217 protein
vB_EcoM_LNA2_MZ311865_CDS_D218 133157 133624 468 - hypothetical protein self_YRGQZ18 protein
vB_EcoM_LNAZ MZ311865_CDS 0219 133644 133841 198 - hypothetical protein self YRGQ219 protein
wB_EcoM_LNA2_MZ311865_CDS5_0220 133843 134493 651 - hypothetical protein self_YRGQ220 protein
vB_EcoM_LNAZ_MZ311865 CDS_0221 134495 134788 294 - spackle periplasmic self YRGO221 protein
vB EcoM LNA2 MZ311865 CDS 0222 134852 135100 249 - immunity to superinfection self YRGQ222 protein
vB _EcoM_LNA2 MZ311865 CDS 0223 135162 135530 369 - hypothetical protein self YRGQZ23 protein
vB_EcoM_LNAZ MZ311865_CDS_0224 135602 135790 189 - Dmd discriminator of mRNA degradation self YRGO224 protein
vB_EcoM_LNA2_MZ311865_CDS_0225 135787 136104 318 - hypaothetical protein self_YRGQ225 protein
vB_EcoM_LNA2 MZ311865_CDS_D226 136160 136534 375 - hypothetical protein self YRGQ226 protein
vB_EcoM_LNAZ_MZ311885_CDS_0227 136623 137999 1377 - DnaB-like replicative helicase self_YRGQ227 protein
vB_EcoM_LNA2_MZ311865_CDS_0228 138075 138434 360 - head vertex assembly chaperone self_YRGO228 protein
vB_EcoM_LNAZ_MZ311865_CD5_0229 138409 135581 1173 - DMA repair protein self_YRGO229 protein
vB_EcoM_LNA2 MZ311865 CD5_0230 139681 140229 549 - thymidylate kinase self YRGO230 protein
vB EcoM LNAZ MZ311865 CDS 0231 140231 141100 870 - hypothetical protein self YRGQ231 protein
vB_EcoM_LNA2_MZ311865_CD5_0232 141130 141846 717 - thymidylate synthase self_YRGQ232 protein
vB_EcoM_LNA2_MZ311865_CDS_0233 141867 141968 102 - hypothetical protein self_YRGQ233 protein
vB_EcoM_LNA2 MZ311865 CDS 0234 141979 142128 150 - hypothetical protein self YRGO234 protein
vB_EcoM_LNA2 MZ311865 CDS 0235 142125 143285 1161 - peptidase self YRGQ235 protein
vB_EcoM_LNA2_MZ311865_ CD5_0236 143344 143745 402 - phosphoheptose isomerase self YRGO236 protein
vB_EcoM_LNA2 MZ311865 CDS 0237 143730 145415 1686 - hypothetical protein self_YRGQ237 protein
vB_EcoM_LNA2_MZ311865 CDS_0238 145457 145600 144 - hypothetical protein self_YRGQ238 protein
vB_EcoM_LNAZ_MZ311865_CD5_0239 145597 146232 636 - arabinose 5-phosphate isomerase self YRGO239 protein
vB_EcoM LNA2 MZ311865 CDS 0240 146273 148984 2712 - DNA polymerase self YRGO240 protein
vB_EcoM_LNA2 MZ311865_CDS_D241 148981 149076 96 - hypathetical protein self_YRGQ241 protein
vB_EcoM_LNAZ_MZ311865 CDS_0242 149066 149443 378 - translation repressor self YRGO242 protein
vB EcoM_LNAZ MZ311865 CDS 0243 149437 150000 564 - clamp loader of DNA polymerase self YRGO243 protein
vB_EcoM_LNA2_MZ2311865_CDS_0244 150002 150964 963 - clamp loader of DNA polymerase self YRGQ244 protein
vB_EcoM_LNA2 MZ311865 CDS_0245 151040 151726 687 - DNA polymerase processivity factor self YRGQ245 protein
vB_EcoM_LNAZ_MZ311B65_CDS_0246 151769 152185 417 - RNA polymerase binding self_ YRGO246 protein
vB_EcoM_LNA2_MZ3118685_CDS_0247 152198 152386 189 - hypothetical protein self_YRGQ247 protein
vB_EcoM _LNAZ MZ311865 CDS 0248 152441 154129 1689 - SheC-like subunit of palindrome specific endonuclease self YRGQ248 protein
vB _EcoM LNA2 MZ311865 CDS 0249 154126 154365 240 - hypothetical protein self YRGO249 protein
vB_EcoM_LNA2_MZ311865_CDS_0250 154352 154609 258 - hypothetical protein self_ YRGO250 protein
vB_EcoM_LNAZ MZ311865_CDS_0251 154606 155625 1020 - SheD-like subunit of palindrome specific endonuclease self_YRGQ251 protein
vB_FcoM_LNA2_MZ311865 CDS 0252 155696 155869 174 - hypothetical protein self_YRGQ252 protein
vB_EcoM_LNA2_MZ311865_CD5_0253 155809 156115 207 - hypothetical protein self YRGO253 protein
vB_EcoM_LNAZ MZ311865 CDS 0254 156090 156413 324 - hypaothetical protein self YRGQ254 protein
vB_EcoM_LNA2 MZ311865_CDS 0255 156415 156624 210 - hypothetical protein self YRGQ255 protein
vB EcoM_LNAZ MZ3118B65 CD5 0256 156614 157171 558 - RNA polymerase sigma factor self YRGO256 protein
vB_EcoM_LNAZ2_MZ311865_CDS_0257 157244 157513 270 - hypothetical protein self_YRGQ257 protein
vB_EcoM_LNA2 MZ311865 CD5 0258 157510 157737 228 - hypothetical protein self YRGO258 protein
vB_EcoM_LNA2 MZ311865 CDS 0259 157734 158066 333 - hypothetical protein self YRGQ259 protein
vB_EcoM_LNAZ MZ311865_CDS_0260 158133 158372 240 - hypothetical protein self_YRGQ260 protein
vB_EcoM_LNA2_MZ311865_CDS_0261 158436 158636 201 - hypothetical protein self_YRGO261 protein
vB_EcoM_LNA2_MZ311865_CD5_0262 158633 158767 135 - hypothetical protein self_YRGO262 protein
vB_EcoM_LNAZ MZ311865 CDS_0263 158775 159068 294 - hypothetical protein self YRGQ263 protein
vB_EcoM_LNA2 MZ311865_CDS_0264 159076 159324 249 - hypothetical protein self YRGO264 protein
vB_EcoM_LNA2Z_MZ311865 CDS_0265 159321 159665 345 - hypothetical protein self_YRGQ265 protein
vB_EcoM_LNAZ MZ311865 CD5 0266 159670 159978 309 - thioredoxin domain self YRGO266 protein
vB_EcoM_LNA2_MZ311865_CDS_0267 159981 160193 213 - hypaothetical protein self YRGQ267 protein
vB_EcoM_LNA2 MZ311865_CDS 0268 160210 160311 102 - hypothetical protein self YRGQ268 protein
vB EcoM LNA2 MZ311865 CDS 0269 160304 160774 471 - anaerobic ribonucleotide reductase small subunit self YRGQ269 protein
vB_EcoM_LNA2_MZ311865_CDS5_0270 160771 162588 1818 - anaerobic ribonucleoside reductase large subunit self_YRGQ270 protein
vB_EcoM_LNAZ_MZ311865_CDS_0271 162585 163058 474 - endonuclease VI self YRGOQ271 protein
wvB EcoM LNA2 MZ311865 CDS 0272 163098 163277 180 - hypothetical protein self YRGO272 protein
vB_EcoM_LNA2_M7311865_CD5_D273 163287 163700 414 - inhibitor of host Lon protease self_ YRGO273 protein
vB_EcoM_LNAZ MZ311865 CD5 0274 163687 163848 162 - hypothetical protein self YRGO274 protein
vB _EcoM _LNA2 MZ311865 CDS_0275 163820 163990 171 - antitoxin from a toxin-antitoxin system self YRGQ275 protein
vB_EcoM_LNA2_MZ311865_CDS_D276 163993 164205 213 - hypothetical protein self_YRGQ276 protein
vB_EcoM_LNA2 MZ311865_CDS5 0277 164205 164468 264 - thioredoxin domain self YRGQ277 protein
vB_EcoM_LNA2_MZ311865 _CDS_0278 164461 164874 414 - hypothetical protein self YRGQ278 protein
vB_EcoM_LNA2_MZ311865 CD5_0279 164874 165179 306 - unknown function self YRGQ279 protein
vB_EcoM_LNAZ MZ311865 CDS 0280 165179 166129 951 - unknown function self YRGQ280 protein




vB_EcoM_LNAZ MZ311865_CDS_0281 166192 167151 960 - hypothetical pratein <elf_YRGO281 protein

vB_EcoM_LNAZ_MZ311865_CDS_0282 167207 168202 996 - unknown function self_ YRGQ282 protein



Anngtation of phage vB_EcolM_LNA3.

Locus_tag Start End Length_nt Strand Function_by_amino_acid_sequence Protein_ID  Category
vB_EcoP_LNA3_MZ311862_CDS_0001 3 187 165 + tail protein self Z2LQ01  protein
vB_EcoP LNA3 MZ311862 CDS_0002 167 2524 2358 + tail protein self ZL0Qz2 protein
vB FcoP LNA3 MZ311862 CDS_ 0003 2601 3071 471 + internal virlon protein self ZL0Q3  protein
vB_EcoP_LNA3_MZ311862_CDS5_0004 3056 3643 588 + internal virion protein self Z2L0Q4  protein
vB_EcoP_LMNA3_MZ311862_CDS5S 0005 3655 5937 2283 + internal virion protein self ZLQQS  protein
vB_EcoP LNA3 MZ311862 CDS_0006 5943 9830 3888 + internal virion protein with endolysin domain self ZLOA6  protein
vB_EcoP_LNA3_MZ311862_CDS_0007 9896 13080 3195 + tail protein self_ZLQQ7  protein
vB_EcoP LNA3 MZ311862_CDS_0008 13223 13417 195 + halin self ZLO08 protein
vB_EcoP_LNA3_WMZ311862_CDS_0009 13414 13677 264 + terminase small subunit self_ 2LaQ9  protein
vB_EcoP LNA3 MZ311862_ CDS_0010 13779 14228 450 + Rz-like spanin self ZLGQ10 protein
vB _EcoP LNA3 MZ311862 CDS 0011 14258 15988 1731 + terminase large subunit self L0011 protein
vB EcoP LNA3 MZ311862 CDS 0012 16280 16438 159 + hypothetical protein self 7LQQ12  protein
vB_EcoP_LNA3_MZ311862 CDS_0013 16652 16798 147 + hypothetical protein self ZLOQ13 protein
vB_EcoP LNA3 MZ311862_CDS_0014 17031 17246 216 + hypothetical protein self_ZL0Q14 protein
vB_EcoP LNA3 MZ311862 CDS_0015 17457 17711 255 + hypothetical protein self ZLGQ15 protein
vB_EcoP_LNAZ MZ311862_CDS_0016 17795 18298 504 + ocr-like anti-restriction self_ZLOQ16 protein
vB_EcoP_LNA3_MZ311862_CDS_0017 18298 18447 150 + hypothetical protein self 7LOQ17 protein
vB_EcoP_LNA3_WMZ311862_CD5_0018 18514 18681 168 + hypothetical protein self_ZLQQ18 protein
vB_EcoP_LNA3_MZ311862_CD5_0019 18685 18882 198 + hypothetical protein self ZLQQ1S  protein
vB_EcoP LNA3 MZ311862 CDS 0020 18882 19142 261 + hypothetical protein self ZLGQ20 protein
vB_EcoP_LNA3_MZ311862_CDS_0021 19240 21921 2682 + Na-like RNA polymerase self_ ZLAQ21 protein
vB_EcoP_LNA3_MZ311862_CD5_0022 21934 22149 216 + hypothetical protein self_ZL0022 protein
vB_EcoP LNA3 MZ311862 CDS5_0023 22317 2249% 180 + hypothetical protein self ZLGQ23 protein
vB_EcoP LNA3 MZ311862 CDS 0024 22568 22747 180 + dGTPase inhibitor self 7LGQ24  protein
vB_EcoP_LNA3_MZ311862_CDS_0025 22747 23772 1026 + DNA ligase self_7L0Q25 protein
vB_EcoP LNA3 MZ311862 CDS_0026 23903 24163 261 + hypothetical protein self ZLOQ26  protein
vB_EcoP_LNA3_MZ311862_CDS_0027 24156 24556 441 + hypothetical protein self_ZLQQ27 protein
vB_EcoP LNA3_MZ311862_CDS_0028 24586 24813 228 + hypothetical protein self_ZLOQZ8 protein
vB_EcoP LNA3 MZ311862 CDS_0029 24806 24904 99 + hypothetical protein self ZLQ029 protein
vB_EcoP LNA3 MZ311862_CDS_0030 24901 25059 159 + RMA polymerase inhibitor self 2LaQ30 protein
vB_EcoP_LNA3 MZ311862_CDS_0031 25116 25829 714 + Gp2.5-like ssDMNA binding protein and ssDNA annealing protein self_7L0Q31 protein
vB_EcoP LNA3 MZ311862 CDS 0032 25829 28281 453 + endonuclease self ZLQ032  protein
vB_EcoP_LNA3 MZ311862 CDS 0033 26281 256736 456 + hypothetical protein self 2L0033  protein
vB_EcoP LNA3_MZ311862_CDS_0034 26726 27184 458 + amidase self Z2LaQ34  protein
vB_EcoP_LNA3_MZ311862_CDS_0035 27209 27424 216 + hypothetical protein self_7LO035 protein
vB_EcoP_LNA3_MZ311862_CDS_0036 27493 27672 180 + hypothetical protein self_ZLO036 protein
vB_EcoP LNA3 MZ311862 CDS 0037 27683 29383 1701 + DA primasefhelicase self ZLQQ37 protein
vB_EcoP LNA3 WMZ311862 CDS 0038 29435 29599 165 + hypothetical protein self ZLAQ38 protein
vB_EcoP_LNA3_MZ311862_CDS_0039 29664 31835 2172 + DNA polymerase | self_ZLQQ39 protein
vB_EcoP LNA3 MZ311862 CDS_0040 31835 31993 159 + hypothetical protein self_ZLQQ40  protein
vB_FcoP LNA3 MZ311862 CDS 0041 31993 32277 285 + hypothetical protein self 7L0041  protein
vB EcoP LNA3 MZ311862 CDS_0042 32274 32483 210 + hypothetical protein self ZLOQ42 protein
vB_EcoP LNA3 MZ311862 CDS 0043 32480 32935 456 + hypothetical protein self 2L0Q43  protein
vB_EcoP LNA3 MZ311862 CDS_0044 32925 33794 870 + exonuclease self ZLQQ44  protein
vB_EcoP_LNA3_MZ311862_CDS5_0045 33776 33868 93 + hypothetical protein self ZLO045 protein
vB_EcoP_LNA3_MZ311862_CDS_0046 34005 34277 273 + hypothetical protein self_ZL0046 protein
vB_EcoP LNA3 MZ311862 CDS5_0047 34292 34516 225 + hypothetical protein self ZLOQ47 protein
vB_EcoP LNA3 MZ311862 CDS 0042 34521 34925 405 + host range and adsorption protein self ZLQG48 protein
vB_EcoP LNA3 MZ311862 CDS_0049 34918 35166 249 + host range and adsorption protein self_ZLOQ49 protein
vB_EcoP LNA3 _MZ311862_CDS_0050 35178 36746 1569 + head-tail adaptor self_ZLQQS0 protein
vB_EcoP_LNA3_MZ311862_CDS_0051 36841 37725 B85 + head assembly self_ZLO0OS1  protein
vB_EcoP_ LNA3_MZ311862_CD5_0052 37852 38895 1044 + major head protein self ZLQQ52 protein
vB_EcoP_LNA3_MZ311862_CDS5_0053 39068 39178 111 + hypothetical protein self_7LO0Q53 protein



Annotation of phage vB_EcoM_LNA4.

Locus_tag Start End Length_nt Strand Function_by_amino_acid_sequence Protein_ID Category
vB EcoM_LNA4 MZ311864 CDS 0001 1 123 123 + hypothetical protein self AGKR1 protein
vB_EcoM LNA4 MZ311864 CDS 0002 255 437 183 - hypothetical protein self AGKR2 protein
vB_EcoM_LNA4 MZ311864 CDS_0003 434 550 117 - hypothetical protein self_AGKR3 protein
vB EcoM_LNA4 MZ311864 CDS 0004 671 1099 429 - hypothetical protein self AGKR4 protein
vB_EcoM_LNA4 MZ311864 CDS 0005 1112 1297 186 - hypothetical protein self AGKRS protein
vB_EcoM_LNA4_MZ311864 CDS 0006 1294 1524 231 - hypothetical protein self AGKR6 protein
vB_EcoM_LNA4 MZ311864 CDS 0007 1521 1715 185 - hypothetical protein self AGKR7 protein
vB_EcoM_LNA4_MZ311864 CDS_0008 1720 2040 321 - hypothetical protein self_AGKRS protein
vB_EcoM_LNA4 MZ311864 CDS 0009 2064 2333 270 + hypothetical protein self AGKRS protein
vB_EcoM_LNA4 MZ311864 CDS_0010 2323 2649 327 + hypothetical protein self AGKR10  protein
vB_EcoM_LNA4 MZ311864 CDS 0011 2657 2842 186 - hypothetical protein self AGKR11 protein
vB_EcoM_LNA4_MZ311864 CDS_0012 2913 3158 246 - hypothetical protein self_AGKR12  protein
vB_EcoM_LNA4_MZ311864_CDS_0013 3255 3449 195 - hypothetical protein self_AGKR13  protein
vB_EcoM_LNA4 MZ311864 CDS 0014 3478 3615 138 - hypothetical protein self AGKR14 protein
vB_EcoM_LNA4 MZ311864 CDS_0015 3637 3750 114 - hypothetical protein self AGKR1S  protein
vB_EcoM_LNA4 MZ311864 CDS 0016 3834 4985 1152 - regulator of chromosome condensation self AGKR16 protein
vB_EcoM_LNA4 MZ311864 CDS_0017 5026 5274 249 - hypothetical protein self AGKR17  pratein
vB_EcoM_LNA4_MZ311864 CDS_0018 5261 5437 177 - hypothetical protein self AGKR18  protein
vB_EcoM_LNA4 MZ311864 CDS_0019 5434 5628 185 - hypothetical protein self AGKR19  protein
vB_EcoM_LNA4 MZ311864 CDS 0020 5625 5873 249 - hypothetical protein self AGKR20 protein
vB_FcoM_LNA4_MZ311864_CD5_0021 5870 6127 258 - hypothetical protein self AGKR21 protein
vB_EcoM_LNA4_MZ311864_CD5_0022 6121 6279 159 - hypothetical protein self_AGKR22  protein
vB_EcoM_LNA4_MZ311864_CDS_0023 6276 6485 210 - hypothetical protein self AGKR23  protein
vB_EcoM_LNA4_MZ311864 CDS_0024 6475 7623 1149 - hypothetical protein self AGKR24  protein
vB_EcoM_LNA4 MZ311864 CDS_0025 7659 7754 96 - hypothetical protein self AGKR25  protein
vB_EcoM_LNA4 MZ311864 CDS_0026 7743 7991 249 + hypothetical protein self AGKR26  protein
vB_EcoM_LNA4_MZ311864_CDS_0027 7991 8302 312 + hypothetical protein self _AGKR27 protein
vB_EcolM_LNA4_MZ311864_CDS 0028 8326 8829 504 - hypothetical protein self AGKR28  protein
vB_EcoM_LNA4_MZ311864 CDS_0029 8814 9209 396 - endonuclease VII self AGKR29  protein
vB_EcoM_LNA4_MZ311864_CDS_0030 9221 9709 489 - virion structural protein self AGKR30  protein
vB_EcoM_LNA4_MZ311864 CDS_0031 9789 10019 231 - hypothetical protein self_AGKR31 protein
vB_EcoM_LNA4_MZ311864_CDS 0032 10016 10174 159 - hypothetical protein self AGKR32  protein
vB_FcoM LNA4 MZ311864 CDS 0033 10171 10347 177 - hypothetical protein self AGKR33  protein
vB_EcoM_LNA4 MZ311864 CDS_0034 10334 10546 213 - hypothetical protein self AGKR34  protein
vB_EcoM_LNA4_MZ311864_CDS 0035 10539 11612 1074 - nucleotidyltransferase self AGKR35 protein
vB_EcoM_LNA4_MZ311B64_CDS 0036 11621 11995 375 - hypothetical protein self AGKR36 protein
vB EcoM_LNA4 MZ311864 CDS 0037 11997 12332 336 - membrane protein self AGKR37 protein
vB_EcoM_LNA4 MZ311864 CDS_0038 12329 12514 186 - hypothetical protein self AGKR38  protein
vB_FcoM_LNA4_MZ311864 CDS_0039 12516 13004 489 - hydrolase self AGKR39  protein
vB_EcoM_LNA4_MZ311864_CDS_0040 13001 13219 219 - membrane protein self AGKR40  protein
vB_EcoM_LNA4_MZ311864 CDS_0041 13219 13536 318 - hypothetical protein self AGKR41  protein
vB_EcolM_LNA4 MZ311864 CDS_0042 13546 13752 207 - hypothetical protein self AGKR42  protein
vB_EcoM_LNA4 MZ311864 CDS_0043 13739 14194 456 - hypothetical protein self AGKR43  protein
vB EcoM LNA4 MZ311864 CDS 0044 14203 15456 1254 - tRNA nucleotidyltransferase self AGKR44  protein
vB_EcoM_LNA4_MZ311864 CDS_0045 15466 15732 267 - hypothetical protein self AGKRAS  protein
vB_EcoM_LNA4 MZ311864 CDS 0046 15729 16040 312 - hypothetical protein self AGKR46 protein
vB_EcoM_LNA4 _MZ311864_CDS_0047 16030 16281 252 - hypothetical protein self AGKR47 protein
vB_EcoM_LNA4 MZ311864 CD5 0048 16278 16436 159 - hypothetical protein self AGKR48 protein
vB_EcoM_LNA4 MZ311864 CDS_0049 16420 16824 405 - hypothetical protein self AGKR49  protein
vB_EcoM_LNA4_MZ311864 CDS_0050 16809 17081 273 - hypothetical protein self AGKRS50  protein
vB_EcoM_LNA4 MZ311864 CDS_0051 17169 17288 120 - hypothetical protein self AGKR51  protein
vB_EcoM_LNA4 MZ311864 CDS_0052 17281 17961 681 - DNA methyltransferase self_AGKRS52 protein
vB_EcoM_LNA4 MZ311864 CDS 0053 17961 18893 933 - ATP-dependent protease self AGKR53 protein
vB_EcoM_LNA4_MZ311864_CDS_0054 18395 19377 483 - hypothetical protein self AGKRS4  protein
vB_EcoM_LNA4_MZ311864_CDS_0055 19385 19702 318 - hypothetical protein self_AGKRS55  protein
vB EcoM LNA4 MZ311864 CDS 0056 19669 20190 522 - HNH endonuclease self AGKR56 protein
vB_EcoM_LNA4_MZ311864 CDS_0057 20165 20794 630 - DprA-like DNA recombination-mediator protein self AGKRS7  protein
vB_EcoM_LNA4 MZ311864_CDS_0058 20805 21605 801 - PhoH-like phosphate starvation-inducible self AGKR58  protein
vB_EcoM_LNA4 MZ311864 CDS 0059 21617 22171 555 - endolysin self AGKRS9 protein
vB_EcoM_LNA4 MZ311864 CDS_0060 22184 22615 432 - hypothetical protein self AGKR60  protein
vB_EcoM_LNA4 MZ311864 CDS_0061 22624 22764 141 - hypothetical protein self AGKRE1  pratein
vB EcoM_LNA4 MZ311864 CDS 0062 22842 23108 267 - thioredoxin domain self AGKRG62 protein
vB EcoM_LNA4 MZ311864 CDS 0063 23120 24208 1089 - ribonucleoside diphosphate reductase small subunit self AGKR63 protein
vB_EcoM_LNA4_MZ311864_CDS_0064 24247 26562 2316 - ribonucleotide reductase large subunit self_AGKR64  protein
vB_EcoM_LNA4_MZ311864 CDS_0065 26572 26802 231 - hypothetical protein self AGKR6S  protein
vB_EcoM_LNA4 MZ311864 CDS_0066 26802 27278 477 - hypothetical protein self AGKRGE  protein
vB_EcoM_LNA4 MZ311864 CDS_0067 27360 28358 999 - thymidylate synthase self AGKR67  protein
vB_Ecol _LNA4 MZ311864 CDS_0068 28358 28681 324 - hypothetical protein self AGKR68  protein




vB_EcoM_LNA4_MZ311864 CDS_0069 28678 28872 195 - hypothetical protein self AGKRGS  protein
vB_EcoM_LNA4 MZ311864 CDS 0070 28872 29474 603 - unknown function self AGKR70  protein
vB EcoM_LNA4 MZ311864 CDS 0071 29467 30072 606 - deoxynucleoside monophosphate kinase self AGKR71 protein
vB_EcoM LNA4 MZ311864 CDS 0072 30072 30257 186 - hypothetical protein self AGKR72  protein
vB_EcoM_LNA4 MZ311864 CDS_0073 30288 31262 975 - DNA polymerase exonuclease subunit self AGKR73  protein
vB EcoM_LNA4 MZ311864 CDS 0074 31262 31387 126 - hypothetical protein self AGKR74 protein
vB_EcoM_LNA4 MZ311864 CDS_0075 31464 31949 486 - endonuclease VIl self AGKR7S  protein
vB_EcoM_LNA4 MZ311864 CDS_0076 31994 32647 654 - RuvC-like Holliday junction resolvase self AGKR76  protein
vB_EcoM_LNA4 MZ311864 CDS 0077 32622 32927 306 - hypothetical protein self AGKR77  protein
vB_EcoM_LNA4_MZ311864 CDS 0078 32924 34045 1122 - exonuclease self_AGKR78 protein
vB_EcoM_LNA4 MZ311864 CDS 0079 34054 34521 468 - HNH endonuclease self AGKR79  protein
vB_EcoM_LNA4 MZ311B64 CDS 0080 34493 34999 507 - hypothetical protein self AGKRSO protein
vB_EcoM_LNA4 MZ311864 CDS 0081 35011 35205 195 - hypothetical protein self AGKRS1 protein
vB_EcoM_LNA4_MZ311864_CDS_0082 35269 36159 891 - lipoprotein self AGKR82  protein
vB_EcoM_LNA4_MZ311864_CDS_0083 36152 36316 165 - hypothetical protein self_AGKR83  protein
vB_EcoM_LNA4 MZ311864 CDS 0084 36300 36503 204 - membrane protein self AGKRS4 protein
vB_EcoM_LNA4 MZ311864 CDS_0085 36503 36838 336 - transcriptional regulator self AGKR85  protein
vB_EcoM_LNA4_MZ311864_CDS_0086 36907 37152 246 - hypothetical protein self AGKRB6  protein
vB_EcoM_LNA4 MZ311864 CDS_0087 37207 37896 690 - nucleotide pyrophosphohydrolase self_AGKR87  pratein
vB_EcoM_LNA4_MZ311864 CDS_0088 37906 38277 372 - hypothetical protein self AGKR88  protein
vB_EcoM_LNA4 MZ311864 CDS_0089 38277 38723 447 - hypothetical protein self AGKR89  protein
vB_EcoM_LNA4 MZ311864 CDS 0090 38723 40027 1305 - ATP-dependent DNA ligase self _AGKR90 protein
vB_FcoM_LNA4_MZ311864_CDS5_0091 40027 40803 777 - Sir2 (NAD-dependent deacetylase) self AGKR91 protein
vB_EcoM_LNA4_MZ311864_CD5_0092 40800 41018 219 - hypothetical protein self_AGKR92  protein
vB_EcoM_LNA4_MZ311864_CDS_0093 41025 41909 885 - ATPase self_ AGKR93  protein
vB_EcoM_LNA4_MZ311864 CDS_0094 41919 42095 177 - hypothetical protein self AGKR94  protein
vB_EcoM_LNA4 MZ311864 CDS_0095 42114 42470 357 - hypothetical protein self AGKR95  protein
vB_EcoM_LNA4_MZ311864_CDS_0096 42475 43071 597 - phosphoesterase self_AGKR96 protein
vB_EcoM_LNA4_MZ311864_CDS_0097 43068 43352 285 - hypothetical protein self_AGKRS7 protein
vB_EcoM_LNA4_MZ311864_CDS 0098 43349 43618 270 - hypothetical protein self AGKRI8  protein
vB_EcoM_LNA4_MZ311864 CDS_0099 43736 44080 345 - hypothetical protein self AGKR99  protein
vB_EcoM_LNA4_MZ311864_CDS_0100 44092 44214 123 - hypothetical protein self AGKR100 protein
vB_EcoM_LNA4 MZ311864 CDS_0101 44241 44336 96 + hypothetical protein self_AGKR101 protein
vB_EcoM_LNA4_MZ311864_CDS 0102 44359 44676 318 + replication initiation protein self AGKR102 protein
vB_FcoM LNA4 MZ311864 CDS 0103 44678 45490 813 + ribose-phasphate pyrophosphakinase self AGKR103 protein
vB_EcoM_LNA4 MZ311864 CDS_0104 45490 46023 534 + hypothetical protein self AGKR104 protein
vB_EcoM_LNA4_MZ311864_CDS 0105 46077 47762 1686 + nicotinamide phosphoribosyl transferase self _AGKR105 protein
vB_EcoM_LNA4_MZ311B64_CDS_0106 47824 47913 a0 + hypothetical protein self AGKR106 protein
vB EcoM_LNA4 MZ311864 CDS 0107 47898 48113 216 + hypothetical protein self AGKR107 protein
vB_EcoM_LNA4 MZ311864 CDS_0108 48106 48315 210 + hypothetical protein self AGKR108 protein
vB_EcoM_LNA4_MZ311864 CDS 0109 48395 48640 246 + hypothetical protein self AGKR109 protein
vB_EcoM_LNA4_MZ311864_CDS_0110 48704 48823 120 + hypothetical protein self_AGKR110 protein
vB_EcoM_LNA4_MZ311864 CDS_0111 48826 49005 180 + hypothetical protein self AGKR111 protein
vB_EcoM_LNA4 MZ311864 tRNA_0001 49029 49105 77 + tRNA-Met(CAT) tRNA

vB_EcoM_LNA4 MZ311864 CDS 0112 49120 49287 168 + hypothetical protein self AGKR112 protein
vB_EcoM LNA4 MZ311864 CDS 0113 49357 49686 330 + hypothetical protein self AGKR113 protein
vB_FcoM_LNA4_MZ311864 CDS_0114 49705 49830 126 + hypothetical protein self AGKR114 protein
vB_EcoM_LNA4 MZ311864 tRNA_0002 49895 49970 76 + tRNA-Lys[CTT) tRNA

vB_EcoM_LNA4 MZ311864_CDS 0115 50145 50756 612 + hypothetical protein self AGKR115 protein
vB_FcoM_LNA4 MZ311864 CDS_0116 50834 51481 648 + tail fiber protein self AGKR116 protein
vB_EcoM_LNA4 MZ311864 CDS_0117 51629 51772 144 + hypothetical protein self AGKR117 protein
vB_EcoM_LNA4_MZ311864 tRNA_0003 51869 51943 75 + tRNA-Thr(TGT) tRNA

vB_EcoM_LNA4 MZ311864 CDS 0118 52108 52212 105 + hypothetical protein self AGKR118 protein
vB_EcoM_LNA4_MZ311864 tRNA_0005 52326 52403 78 + tRNA-Leu(TAA) tRNA

vB_EcoM LNA4 MZ311864 tRNA_ 0006 52407 52481 75 + tRNA-Arg(TCT) tRNA

vB_EcoM_LNA4 MZ311864 tRNA_00O7 52487 52560 74 + tRNA-Cys{GCA) tRNA

vB_EcoM_LNA4_MZ311864_CD5_0119 52647 53012 366 + hypothetical protein self_ AGKR113 protein
vB_EcoM_LNA4 MZ311864 tRNA_0008 53015 53102 B8 + tRNA-Tyr(GTA) tRNA

vB_EcoM_LNA4_MZ311E864 tRNA_0002 53109 53183 75 + tRNA-Ile[GAT) tRNA

vB_EcoM_LNA4 MZ311864 tRNA_0011 53271 53346 76 + tRNA-GIU(TTC) tRNA

vB_EcoM _LNA4 MZ311864 tRNA_0012 53354 53430 77 + tRNA-Trp(CCA) tRNA

vB_EcoM_LNA4 MZ311864 tRNA_0013 53436 53511 76 + RNA-GIn(TTG) tRNA

vB_EcoM_LNA4_MZ311864 tRNA_0014 53626 53718 93 + tRNA-Ser(GGA) tRNA

vB EcoM_LNA4 MZ311864 CDS 0120 53731 53820 ag - hypothetical protein self AGKR120 protein
vB_Ecol LNA4 MZ311864 tRNA 0015 54066 54152 87 + RNA-Lys(TTT) tRNA

vB_EcoM_LNA4_MZ311864_tRNA_0016 54322 54410 829 + tRNA-Asn(GTT) tRNA

vB_EcoM_LNA4_MZ311864 tRNA_0017 54454 54530 77 + tRNA-Asp(GTC) tRNA

vB_EcoM_LNA4_MZ311864 tRNA_0018 54714 54791 78 + tRNA-Pro(TGG) tRMNA

vB_EcoM_LNA4_MZ311864 tRNA_0019 54797 54872 76 + tRNA-Arg(ACG) tRNA

vB_Ecol _LNA4 MZ311864 tRNA_ 0020 54908 54984 77+ tRNA-Leu(TAG) tRNA




vB_EcoM_LNA4_MZ311B64_tRNA_0021 54992 55067 76 + tRNA-Phe[GAA) tRNA

vB_EcoM_LNA4 MZ311864 CDS 0121 55164 55628 465 + endanuclease VIl self AGKR121 protein
vB_EcoM_LNA4 MZ311864 CDS 0122 55675 55821 147 + hypothetical protein self AGKR122 protein
vB_EcoM LNA4 MZ311864 CDS 0123 55838 57262 1425 + hypothetical protein self AGKR123 protein
vB_EcoM_LNA4 MZ311864 CDS_0124 57259 57663 405 + Rz-like spanin self AGKR124 protein
vB EcoM_LNA4 MZ311864 CDS 0125 57660 57950 291 + Rz-like spanin self AGKR125 protein
vB_EcoM_LNA4 MZ311864 CDS 0126 58089 59549 1461 + terminase large subunit self AGKR126 protein
vB_EcoM_LNA4_MZ311864 CDS 0127 59694 61115 1422 + hypothetical protein self AGKR127 protein
vB EcoM LNA4 MZ311864 CDS 0128 61182 61811 630 + hypothetical protein self AGKR128 protein
vB_EcoM_LNA4_MZ311864 CDS_0129 61808 62809 1002 + hypothetical protein self_AGKR129 protein
vB_EcoM_LNA4 MZ311864 CDS 0130 62830 63249 420 + head decoration self AGKR130 protein
vB_EcoM_LNA4 MZ311B64 CDS 0131 63271 64284 1014 + major head protein self AGKR131 protein
vB_EcoM_LNA4 MZ311864 CDS 0132 64418 64942 525 + hypothetical protein self AGKR132 protein
vB_EcoM_LNA4_MZ311864 CDS_0133 64952 67573 2622 + tail fiber protein self_ AGKR133 protein
vB_EcoM_LNA4_MZ311864_CDS_0134 67609 68253 645 + hypothetical protein self_AGKR134 protein
vB_EcoM_LNA4 MZ311864 CD5S 0135 68263 68814 552 + tail needle knob self AGKR135 protein
vB_EcoM_LNA4 MZ311864 CDS_0136 68835 69134 300 + head fiber protein self AGKR136 protein
vB_EcoM_LNA4 MZ311864 CDS 0137 69157 69561 405 - membrane protein self AGKR137 protein
vB_EcoM_LNA4 MZ311864 CDS_0138 69696 70214 519 + hypothetical protein self AGKR138 protein
vB_EcoM_LNA4_MZ311864 CDS_0139 70280 70756 477 + tail completion or Neckl protein self AGKR139 protein
vB_EcoM_LNA4 MZ311864 CDS_0140 70756 71190 435 + minor head protein self AGKR140 protein
vB_EcoM_LNA4 MZ311864 CDS 0141 71190 71720 531 + hypothetical protein self AGKR141 protein
vB_EcoM_LNA4_MZ311864_CDS_0142 71851 73263 1413 + tail sheath self AGKR142 protein
vB_EcoM_LNA4_MZ311864_CD5_0143 73267 73740 474 + virion structural protein self_AGKR143 protein
vB_EcoM_LNA4_MZ311864_CDS_0144 73724 73819 96 + hypothetical protein self AGKR144 protein
vB_EcoM_LNA4 MZ311864 CDS_0145 73816 74289 474 + tail assembly chaperone self AGKR145 protein
vB_EcoM_LNA4 MZ311864 CDS_0146 74325 74567 243 + hypothetical protein self AGKR146 protein
vB_EcoM_LNA4_MZ311864_CDS_0147 74621 77014 2394 + tail length tape measure protein self AGKR147 protein
vB_EcoM_LNA4 MZ311864 CDS_0148 77096 77968 873 + hypothetical protein self AGKR148 protein
vB_EcoM_LNA4 MZ311864 CDS_0149 77968 78318 351 + virion structural protein self AGKR149 protein
vB_EcoM_LNA4_MZ311864 CDS_0150 78321 79310 990 + baseplate hub self AGKR150 protein
vB_EcoM_LNA4_MZ311864 _CDS_0151 79310 80011 702 + baseplate spike self AGKR151 protein
vB_EcoM_LNA4_MZ311864 CDS_0152 80021 B0638 618 + hypothetical protein self_AGKR152 protein
vB_EcoM_LNA4_MZ311864_CDS 0153 80649 81323 675 + tall fiber protein self AGKR153 protein
vB_FcoM LNA4 MZ311864 CDS 0154 81323 84112 2790 + tail protein self AGKR154 protein
vB_EcoM_LNA4 MZ311864 CDS_ 0155 84122 86260 2139 + colanic acid degradation self AGKR155 protein
vB_EcoM_LNA4_MZ311864_CDS 0156 86369 87862 1494 + baseplate wedge subunit self_AGKR156 protein
vB_EcoM_LNA4_MZ311B64_CDS_0157 87873 8B505 633 + baseplate protein self AGKR157 protein
vB_EcoM_LNA4_MZ311864_CDS_0158 88517 89629 1113 + tail fiber protein self AGKR158 protein
vB_EcoM_LNA4 MZ311864 CDS_0159 89641 90156 516 + tail fiber assembly protein self AGKR159 protein
vB_EcoM_LNA4_MZ311864 CDS 0160 90166 90480 315 + hypothetical protein self AGKR160 protein
vB_EcoM_LNA4_MZ311864_CD5_0161 90477 90950 474 + hypothetical protein self_AGKR161 protein
vB_EcoM_LNA4_MZ311864_CD5_0162 90966 91235 270 + membrane protein self AGKR162 protein
vB_EcoM_LNA4 MZ311864 CDS 0163 91255 93054 1800 + tail fiber protein self AGKR163 protein
vB_EcoM_LNA4 MZ311864 CDS 0164 93099 94802 1704 + tail protein self AGKR164 protein
vB_EcoM LNA4 MZ311864 CDS 0165 94834 95265 432 - endonuclease self AGKR165 protein
vB_EcoM_LNA4_MZ311864 CDS_0166 95271 96407 1137 - hypothetical protein self AGKR166 protein
vB_EcoM_LNA4 MZ311864 CDS 0167 96421 96768 348 - hypothetical protein self AGKR167 protein
vB_EcoM_LNA4 MZ311864_CDS_0168 96831 97037 207 - hypothetical protein self AGKR168 protein
vB_EcoM_LNA4 MZ311864 CD5 0169 97034 97219 186 - hypothetical protein self AGKR169 protein
vB_EcoM_LNA4 MZ311864 CDS_0170 97280 97786 507 - hypothetical protein self AGKR170 protein
vB_EcoM_LNA4_MZ311864_CDS_0171 97779 98057 279 - hypothetical protein self_AGKR171 protein
vB_EcoM_LNA4 MZ311864 CDS 0172 98048 98419 372 - hypothetical protein self AGKR172 protein
vB_EcoM_LNA4_MZ311864 CDS_0173 98423 98992 570 - hypothetical protein self AGKR173 protein
vB_EcoM_LNA4 MZ311864 CDS 0174 99007 99186 180 - hypothetical protein self AGKR174 protein
vB_EcoM_LNA4_MZ311864_CDS_0175 99183 99830 708 - PnuC-like nicotinamide mononucleotide transport self AGKR175 protein
vB_EcoM_LNA4_MZ311864_CDS_0176 99915 100142 228 - hypothetical protein self_AGKR176 protein
vB EcoM LNA4 MZ311864 CDS 0177 100139 100387 249 - hypothetical protein self AGKR177 protein
vB_EcoM_LNA4_MZ311864 CDS_0178 100380 100718 339 - ribonucleotide reductase NrdA-like self AGKR178 protein
vB_EcoM_LNA4 MZ311864 CDS_0179 100718 101143 426 - hypothetical protein self AGKR179 protein
vB_EcoM _LNA4 MZ311864 CDS 0180 101130 101495 366 - hypothetical protein self AGKR180 protein
vB_EcoM_LMA4 MZ311864 CDS_0181 101497 102564 1068 - nicotinamide-nucleotide adenylyltransferase self AGKR181 protein
vB_EcoM_LNA4 MZ311864 CDS_0182 102572 102892 321 - hypothetical protein self AGKR182 pratein
vB EcoM_LNA4 MZ311864 CDS 0183 102926 103132 207 - hypothetical protein self AGKR183 protein
vB EcoM_LNA4 MZ311864 CDS 0184 103143 103337 195 - hypothetical protein self AGKR184 protein
vB_EcoM_LNA4_MZ311864_CDS_0185 103404 103802 399 - hypothetical protein self_AGKR185 protein
vB_EcoM_LNA4_MZ311864 CDS_0186 103799 103999 201 - hypothetical protein self AGKR186 protein
vB_EcoM_LNA4_MZ311864 CDS_0187 104002 104475 474 - HNH endonuclease self AGKR187 protein
vB_EcoM_LNA4_MZ311864 CDS 0188 104502 106916 2415 - DNA polymerase self AGKR188 protein
vB_Ecol _LNA4 MZ311864 CDS_0189 106974 107105 132 + hypothetical protein self AGKR18S protein




vB_EcoM_LNA4_MZ311864 CDS_01380 107243 107746 504 - HNH endonuclease self AGKR190 protein
vB_FroM_LNA4 MZ311864 CDS 0191 107878 109890 2013 - DNA primase/helicase self AGKR191 protein
vB_EcoM_LNA4 MZ311864 CDS 0192 109900 110046 147 - hypothetical protein self AGKR192 protein
vB_EcoM LNA4 MZ311864 CDS 0193 110055 110705 651 - DNA methyltransferase self AGKR193 protein
vB_EcoM_LNA4_MZ311864_CDS_0194 110758 111021 264 - DNA ligase self AGKR194 protein
vB EcoM_LNA4 MZ311864 CDS 0195 111021 111302 282 - hypothetical protein self AGKR195 protein
vB_EcoM_LNA4 MZ311864 CDS_0196 111299 111790 492 - hypothetical protein self AGKR196 protein
vB_EcoM_LNA4_MZ311864_CD5_0197 111783 112106 324 - DNA ligase self AGKR197 protein
vB_EcoM_LNA4 MZ311864 CDS 0198 112087 112266 180 - hypothetical protein self AGKR198 protein
vB_EcoM_LNA4_MZ311864 CDS_0189 112268 112777 510 - hypothetical protein self_AGKR199 protein
vB_EcoM_LNA4 MZ311864 CDS 0200 112789 114096 1308 - helicase self AGKR200 protein
vB_EcoM_LNA4 MZ311864 CDS_0201 114096 115376 1281 - RIIB lysis inhibitor self AGKR201 protein
vB_EcoM LNA4 MZ311864 CDS 0202 115373 117367 1995 - RIIA lysis inhibitor self AGKR202 protein
vB_EcoM_LNA4_MZ311864 CDS_0203 117379 117552 174 - hypothetical protein self_AGKR203 protein
vB_EcoM_LNA4_MZ311864_CD5_0204 117557 118129 573 - endalysin self_AGKR204 protein
vB_EcoM_LNA4 MZ311864 CD5S 0205 118130 118486 357 - hypothetical protein self AGKR205 protein
vB_EcoM_LNA4 MZ311864 CDS_0206 118515 118736 222 - hypothetical protein self AGKR206 protein
vB_EcoM_LNA4 MZ311864 CDS_0207 118848 119894 1047 - RNA ligase self AGKR207 protein
vB_EcoM_LNA4 MZ311864 CDS_0208 119887 120276 390 - methyltransferase self AGKR208 protein
vB_EcoM_LNA4_MZ311864 CDS_0209 120263 120535 273 - hypothetical protein self AGKR209 protein
vB_EcoM_LNA4 MZ311864 CDS_0210 120525 120767 243 - hypothetical protein self AGKR210 protein
vB_EcoM_LNA4 MZ311864 CDS 0211 120767 120967 201 - hypothetical protein self AGKR211 protein
vB_FcoM_LNA4_MZ311864_CD5_0212 120964 121146 183 - membrane protein self AGKR212 protein
vB_EcoM_LNA4_MZ311864_CD5_0213 121146 121637 492 - phasphatase self_AGKR213 protein
vB_EcoM_LNA4 _MZ311864_CDS_0214 121637 122140 504 - HNH endonuclease self AGKR214 pratein
vB_EcoM_LNA4 MZ311864 CDS_0215 122140 122352 213 - hypothetical protein self AGKR215 protein
vB_EcoM_LNA4 MZ311864 CDS_0216 122349 122540 192 - baseplate wedge subunit self AGKR216 protein
vB_EcoM_LNA4_MZ311864_CDS_0217 122525 122722 198 - hypothetical protein self AGKR217 protein
vB_EcoM_LNA4_MZ311864_CDS_0218 122716 123009 294 - hypothetical protein self AGKR218 protein
vB_EcoM_LNA4_MZ311864 CDS_0219 123006 123158 153 - hypothetical protein self AGKR219 protein
vB_EcoM_LNA4_MZ311864 CDS_0220 123155 123310 156 - hypothetical protein self AGKR220 protein
vB_EcoM_LNA4_MZ311864_CDS_0221 123339 123680 342 - hypothetical protein self AGKR221 protein
vB_EcoM_LNA4_MZ311864 CDS_0222 123739 124428 690 - hypothetical protein self AGKR222 protein
vB_EcoM_LNA4_MZ311864_CDS 0223 124438 125646 1209 - ATPase self AGKR223 protein
vB_FcoM LNA4 MZ311864 CDS 0224 125633 125875 243 - hypothetical protein self AGKR224 protein
vB_EcoM_LNA4 MZ311864 CDS_ 0225 125860 126231 372 - hypothetical protein self AGKR225 protein
vB_EcoM_LNA4_MZ311864_CDS_0226 126224 126712 489 - hypothetical protein self AGKR226 protein
vB_EcoM_LNA4_MZ311B64_CDS 0227 126709 126822 114 - hypothetical protein self AGKR227 protein
vB_ EcoM_LNA4 MZ311864 CDS 0228 126786 127142 357 - hypothetical protein self AGKR228 protein
vB_EcoM_LNA4 MZ311864 CDS_0229 127139 127648 510 - metal-dependent phosphohydrolase self AGKR229 protein
vB_FcoM_LNA4_MZ311864 CDS_0230 127612 128676 1065 - thymidylate kinase self AGKR230 protein
vB_EcoM_LNA4_MZ311864_CD5_0231 128691 128783 93 + hypothetical protein self_ AGKR231 protein
vB_EcoM_LNA4_MZ311864_CDS_0232 128771 129676 906 + HNH endonuclease self AGKR232 protein
vB_EcoM_LNA4 MZ311864 CDS 0233 129676 129936 261 + tail protein self AGKR233 protein
vB_EcoM_LNA4 MZ311864 CDS_0234 129968 131431 1464 + HNH endonuclease self AGKR234 protein
vB_EcoM_LNA4 MZ311864 CDS 0235 131415 131801 387 + tail protein self AGKR235 protein
vB_EcoM_LNA4 MZ311864 CDS_0236 131798 132094 297 + replication initiation protein self AGKR236 protein
vB_EcoM_LNA4 MZ311864 CDS 0237 132234 132329 96 + hypothetical protein self AGKR237 protein
vB_EcoM_LNA4 MZ311864_CDS 0238 132330 132758 429 + hypothetical protein self AGKR238 protein
vB_EcoM_LNA4 MZ311864 CD5 0239 132758 133399 642 + hypothetical protein self AGKR239 protein
vB_EcoM_LNA4 MZ311864 CDS 0240 133396 133734 339 + MazG-like pyrophosphatase self AGKR240 protein
vB_EcoM_LNA4_MZ311864_CDS_0241 133731 134075 345 + hypothetical protein self AGKR241 protein
vB_EcoM_LNA4 MZ311864 CDS 0242 134077 134223 147 + hypothetical protein self AGKR242 protein
vB_EcoM_LNA4_MZ311864 CDS_0243 134348 135172 825 + hypothetical protein self AGKR243 protein
vB_EcoM_LNA4 MZ311864 CDS 0244 135230 135361 132 + hypothetical protein self AGKR244 protein
vB_EcoM_LNA4 MZ311864 CDS_0245 135348 135506 159 + hypothetical protein self AGKR245 protein
vB_EcoM_LNA4_MZ311864_CDS_0246 135503 135676 174 - hypothetical protein self_AGKR246 protein
vB EcoM LNA4 MZ311864 CDS 0247 135730 135825 96 + hypothetical protein self AGKR247 protein
vB_EcoM_LNA4_MZ311864 CDS_0248 135943 136134 192 + hypothetical protein self AGKR248 protein
vB_EcoM_LNA4 MZ311864 CDS_0249 136180 136296 117 + hypothetical protein self AGKR249 protein
vB_EcoM_LNA4 MZ311864 CDS 0250 136396 136926 531 + hypothetical protein self AGKR250 protein
vB_EcoM_LNA4_MZ311864_CDS_0251 137000 137296 297 + DNA ligase self AGKR251 protein
vB_EcoM_LNA4 MZ311864 CDS_0252 137387 137716 330 + hypothetical protein self AGKR252 protein
vB EcoM_LNA4 MZ311864 CDS 0253 137716 137817 102 + hypothetical protein self AGKR253 protein
vB EcoM_LNA4 MZ311864 CDS 0254 137878 138075 198 + hypothetical protein self AGKRZ54 protein
vB_EcoM_LNA4_MZ311864_CDS_0255 138156 138449 294 + hypothetical protein self_AGKR255 protein
vB_EcoM_LNA4_MZ311864_CDS_0256 138453 138542 a0 + hypothetical protein self_AGKR256 protein
vB_EcoM_LNA4_MZ311864 CDS_0257 138529 138927 399 + hypothetical protein self AGKR257 protein
vB_EcoM_LNA4 MZ311864 CDS_0258 138929 139072 144 + hypothetical protein self AGKR258 protein
vB_Ecol _LNA4 MZ311864 CDS_0259 139085 139270 186 + hypothetical protein self AGKR259 protein




vB_EcoM_LNA4_MZ311864 CDS_0260 138367 139933 567 + hypothetical protein self AGKR260 protein
vB_FroM_LNA4 MZ311864 CDS 0261 139937 140284 348 + hypothetical protein self AGKR2Z61 protein
vB Ecol LNA4 MZ311864 CDS 0262 140299 140502 204 + hypothetical protein self AGKR262 protein
vB_EcoM LNA4 MZ311864 CDS 0263 140536 140706 171 + hypothetical protein self AGKR263 protein
vB_EcoM_LNA4 MZ311864 CDS_0264 140832 141122 291 + hypothetical protein self AGKR264 protein
vB EcoM_LNA4 MZ311864 CDS 0265 141199 141300 102 + hypothetical protein self AGKR265 protein
vB_EcoM_LNA4 MZ311864 CDS_0266 141302 141520 219 + hypothetical protein self AGKR266 protein
vB_EcoM_LNA4_MZ311864 CDS 0267 141530 141715 186 + hypothetical protein self AGKR267 protein
vB_EcoM_LNA4 MZ311864 CDS 0268 141800 141916 117 + membrane pratein self AGKR268 praotein
vB_EcoM_LNA4_MZ311864 CDS_0269 141932 142273 342 + hypothetical protein self_AGKR2E9 protein
vB_EcoM_LNA4 MZ311864 CDS 0270 142327 142560 234 + hypothetical protein self AGKR270 protein
vB_EcoM_LNA4 MZ311864 CDS 0271 142563 142895 333 + hypothetical protein self AGKR271 protein
vB _EcoM LNA4 MZ311864 CDS 0272 142982 143371 390 + hypothetical protein self AGKR272 protein
vB_EcoM_LNA4_MZ311864 CDS_0273 143422 143646 225 + hypothetical protein self AGKR273 protein
vB_EcoM_LNA4_MZ311864_CDS_0274 143643 143870 228 + hypothetical protein self_AGKR274 protein
vB_EcoM_LNA4 MZ311864 CDS 0275 143867 144016 150 + hypothetical protein self AGKRZ75 protein
vB_EcoM_LNA4 MZ311864 CDS_0276 144013 144351 339 + hypothetical protein self AGKR276 protein
vB_EcoM_LNA4 MZ311864 CDS 0277 144444 144809 366 + hypothetical protein self AGKR277 protein
vB_EcoM_LNA4 MZ311864 CDS_0278 144886 145209 324 + hypothetical protein self AGKR278 protein
vB_EcoM_LNA4_MZ311864 CDS_0279 145259 145624 366 + hypothetical protein self AGKR279 protein
vB_EcoM_LNA4 MZ311864 CDS_0280 145631 145894 264 + hypothetical protein self AGKR280 protein
vB_EcoM_LNA4 MZ311864 CDS 0281 145920 146060 141 + hypothetical protein self AGKR281 protein
vB_FcoM_LNA4_MZ311864_CD5_0282 146111 146218 108 + hypothetical protein self_AGKRZ82 protein
vB_EcoM_LNA4_MZ311864_CD5_0283 146265 146489 225 + hypothetical protein self_AGKR283 protein
vB_EcoM_LNA4_MZ311864_CDS 0284 146741 146839 99 + hypothetical protein self_AGKR284 protein
vB_EcoM_LNA4 MZ311864 CDS_0285 146859 147047 189 + hypothetical protein self AGKR285 protein
vB_EcoM_LNA4 MZ311864 CDS_0286 147139 147261 123 + hypothetical protein self AGKR286 protein
vB_EcoM_LNA4_MZ311864_CDS_0287 147267 147371 105 + hypothetical protein self AGKR287 protein



Annotation of phage vB_EcoM_LNAS.

Locus_tag Start End Length_nt Strand Function_by_amino_acid_sequence Protein_ID Category
vB_EcoP_LNAS_MZ311861 CDS_0001 2 229 228 - host range and adsorption protein self UTCO1 protein
vB_EcoP_LNAS_MZ311861_CDS_0002 234 458 225 - hypothetical protein self_UTCO2 protein
vB_EcoP LNAS5_MZ311861 CDS_0003 473 745 273 - hypothetical protein self_UTCO3  protein
vB_EcoP_LNAS_MZ311861_CDS_0004 882 974 93 - hypothetical protein self_UTCO4  protein
vB_EcoP_LNAS5S_MZ311861_CDS_0005 956 1828 873 - exonuclease self_UTCOS protein
vB_EcoP_LNAS_MZ311861_CDS_0006 1819 2028 210 - hypothetical protein self_UTCO6 protein
vB_EcoP_LNAS5_MZ311861_CDS_0007 2025 2309 285 - hypethetical protein self_UTCO7  protein
vB_EcoP_LNAS_MZ311861_CDS_0008 2309 4480 2172 - DNA polymerase | self UTCO8  protein
vB_EcoP_LNAS_MZ311861 CDS_0009 4544 4672 129 - hypothetical protein self_UTCOY9  protein
vB_EcoP LNAS_MZ311861 CDS_0010 4692 4781 a0 - hypothetical protein self UTCO10 protein
vB_EcoP LNAS_MZ311861_CDS_0011 4760 6460 1701 - DNA primase/helicase self_UTCO11 protein
vB_EcoP LNAS MZ311861 CDS 0012 6617 7075 459 - amidase self UTCO12 protein
vB_EcoP LMNAS5_MZ311861_CDS_0013 7065 7556 492 - hypothetical protein self UTCO13 protein
vB_EcoP_LNAS_MZ311861_CDS_0014 7556 8008 453 - endonuclease self_UTCO14 protein
vB_EcoP LNAS MZ311861 CDS 0015 2008 8709 702 - Gp2.5-like ssDNA binding protein and ssDNA annealing protein  self UTCO15 protein
vB_EcoP_LNAS5_MZ311861 CDS_0016 8768 8926 159 - RNA polymerase inhibitor self UTCOle protein
vB_EcoP LNAS_MZ311861_CDS_0017 8923 9018 96 - hypothetical protein self UTCO17 protein
vB_EcoP_LNAS_MZ311861 CDS_0018 9005 9478 474 - nucleotide kinase self_UTCO18 protein
vB_EcoP LNAS_MZ311861 CDS_0019 9549 9203 255 - hypothetical protein self_ UTCO19 protein
vB_EcoP_LNAS_MZ311861_CDS_0020 9936 11012 1077 - DNA ligase self_UTCO20 protein
vB_EcoP_LNAS_MZ311861_CDS_0021 11012 11263 252 - dGTPase inhibitor self_UTCO21 protein
vB_EcoP_LNAS_MZ311861_CD5_0022 11275 11448 174 - hypothetical protein self_UTCO22 protein
vB_EcoP_LNAS_MZ311861 CDS_0023 11616 11831 216 - hypothetical protein self UTCO23 protein
vB_EcoP_LNAS_MZ311861_CDS_0024 11842 12072 231 - hypothetical protein self UTCO24 protein
vB_EcoP_LNAS_MZ311861_CDS_0025 12088 14769 2682 - N4-like RNA polymerase self_ UTCO25 protein
vB_EcoP LNAS_MZ311861 _CDS 0026 14867 15193 327 - hypothetical protein self UTCO26 protein
vB_EcoP_LNAS_MZ311861 _CDS_0027 15193 15356 204 - hypothetical protein self UTCO27 protein
vB_EcoP LNAS MZ311861 CDS 0028 15393 15497 105 - hypothetical protein self UTCO28 protein
vB_EcoP LNAS MZ311861 CDS 0029 15630 15857 228 - hypothetical protein self UTCO29 protein
vB_EcoP LNAS5 MZ311861_CDS_0030 15921 16070 150 - hypothetical protein self UTCO30 protein
vB_EcoP_LNAS_MZ311861_CDS_0031 16070 16573 504 - ocr-like anti-restriction self UTCO31 protein
vB_EcoP LMNAS_MZ311861 CDS_0032 16657 16902 246 - hypothetical protein self UTCO32 protein
vB_EcoP LNA5 MZ311861 CDS 0033 17115 17333 219 - hypothetical protein self UTCO33 protein
vB_EcoP_LNAS_MZ311861 CDS_0034 17486 17620 135 + hypothetical protein self_UTCO34 protein
vB_EcoP LNAS MZ311861 CDS_0035 17681 17776 96 + hypothetical protein self UTCO35 protein
vB_EcoP_LNAS MZ311861 CD5 0036 17790 17879 a0 + hypothetical protein self UTCO36 protein
vB_EcoP LNAS_MZ311861 _CDS_0037 17919 18077 159 - hypothetical protein self UTCO37 protein
vB_EcoP_LNAS_MZ7311861_CDS_0038 18052 18144 93 - hypothetical protein self_UTCO38 protein
vB_EcoP_LNAS_MZ311861_CDS_0039 18229 18345 117 - hypothetical protein self UTCO39 protein
vB_EcoP_LNAS5_MZ311861_CDS_0040 18375 20105 1731 - terminase large subunit self_UTCO40 protein
vB_EcoP_LWAS_MZ311861_CDS_0041 20135 20584 450 - Rz-like spanin self_ UTCO41 protein
vB_EcoP LNAS_MZ7311861 _CDS_0042 20686 20949 264 - terminase small subunit self UTCO42 protein
vB_EcoP_LWNAS_MZ311861_CDS_0043 20946 21140 195 - holin self UTCO43 protein
vB_EcoP LNAS MZ311861 CDS 0044 21285 23465 2181 - tail fiber protein self UTCO44 protein
vB_EcoP LNAS MZ311861 CD5 0045 23530 27417 3888 - internal virion protein with endolysin domain self UTCO45 protein
vB_EcoP LNAS MZ311861 CD5 0046 27399 27848 450 - HMNH endonuclease self UTCO46 protein
vB_EcoP LNAS_MZ311861 CD5 0047 27851 30133 2283 - internal virion protein self UTCO47 protein
vB_EcoP LNAS MZ311861 CD5 0048 30145 30732 Gas8 - internal virion protein self UTCO48 protein
vB_EcoP_LNAS_MZ7311861 CD5_0049 30711 31187 477 - internal virion protein self_UTCO438 protein
vB EcoP LNAS5 MZ311861 CDS 0050 31264 33621 2358 - tail protein self UTCO50 protein
vB_EcoP_LNAS_MZ311861 CDS_0051 33631 33858 228 - RNA-binding protein self_UTCOS51 protein
vB_EcoP LNAS5 MZ311861 CDS 0052 33858 34424 567 - tail protein self UTCO52 protein
vB_EcoP LMNAS_MZ311861 CDS_0053 34436 34525 90 - hypothetical protein self_UTCOS53 protein
vB_EcoP LNAS5 MZ311861 CDS 0054 34584 34730 207 - hypothetical protein self UTCO54 protein
vB_EcoP LNAS_MZ7311861 CDS_0055 34847 35856 1050 - major head protein self UTCOS5 protein
vB_EcoP LNAS MZ311861 CD5S 0056 36023 36910 BEE - head assembly self UTCOS6 protein
vB_EcoP LNAS MZ311861 CDS 0057 37000 38568 1569 - head-tail adaptor self UTCOS7 protein
vB_EcoP_LNAS5_MZ311861_CD5_0058 38580 38828 249 - host range and adsorption protein self_UTCOS& protein



Annotation of phage vB_EcoM_SHAK7704.

Locus_tag Start End Length_nt Strand Function_by_amino_acid_sequence Protein_ID  Category
vB_EcoM_SHAK7704 OR594181_CDS_0001 1 18%6 1896 + terminase large subunit self GXWAL1  protein
vB Ecol SHAK7704 OR594181 CDS 0002 2054 2335 282 + acetyl-Coh acetyltransferase self GXWA2  protein
vB_EcoM_SHAK7704_OR594181_CD5_0003 2280 2636 357 + acetyl-CoA acetyltransferase self GXWA3  protein
vB EcoM_SHAK7704 OR594181 CDS 0004 2638 3327 690 + hypothetical protein self GXWA4  protein
vB_EcoM_SHAK7704_0R594181_CDS_0005 3327 3671 345 + endolysin self GXWAS  protein
vB_EcoM_SHAK7704_0R594181_CDS_0006 3665 3802 138 + hypothetical protein self_GXWAE  protein
vB_EcoM_SHAK7704_OR594181_CDS_0007 3780 3929 150 + holin self GXWA7  protein
vB_EcoM_SHAK7704 OR594181 CDS_0008 4019 4216 198 + Re-like spanin self GXWAE  protein
vB_EcoM_SHAK7704_OR594181 CDS_0003 4348 4683 336 + hypothetical protein self GXWAS  protein
vB_EcolM_SHAK7704_ORS594181_CDS_0010 4751 7186 2436 + tail spike protein self GXWAI0 protein
vB_EcoM _SHAK7704 OR594181 CDS 0011 7164 7469 306 + hypothetical protein self GXWAI11 protein
vB_EcoM_SHAK7704_OR594181_CDS_0012 7456 7554 99 + hypothetical protein self_GXWAI12 protein
vB_EcoM_SHAK7704 OR594181 CDS_0013 7578 7775 198 + hypothetical protein self GXWAI13 protein
vB_EcoM_SHAK7704_OR594181_CDS_0014 7953 8042 ao - hypothetical protein self_GXWAl4 protein
vB_EcoM_SHAK7704_OR594181_CD5_0015 8134 8238 105 - hypothetical protein seli GXWAIS protein
vB_EroM_SHAK7704 OR594181 CDS 0016 8281 8550 270 + hypothetical protein self GXWALE protein
vB_EcoM SHAK7704 OR594181 CDS 0017 8537 8716 180 + hypothetical protein self_ GXWAL17 protein
vB_EcoM_SHAK7704_0OR594181_CD5_0018 8716 8940 225 + hypothetical protein self_GXWAIL18 protein
vB_EcoM_SHAK7704_OR594181_CDS_0019 9016 9150 135 - hypothetical protein self_GXWAI19 protein
vB_EcoM_SHAK7704_0OR594181_CDS_0020 9225 9437 213 + hypothetical protein self GXWA20 protein
vB_EcoM_SHAK7704 OR594181_CDS_0021 9500 9595 96 + hypothetical protein self GXWAZ21 protein
vB_EcoM_SHAK7704_OR594181 CDS_0022 9646 9798 153 + hypothetical protein self GXWA22 protein
vB_EcoM_SHAK7704_OR594181_CDS_0023 9862 10218 357 + ocr-like anti-restriction self GXWA23 protein
vB_EcoM_SHAK7704_0OR594181 CDS 0024 10221 10334 114 + hypothetical protein self GXWA24 protein
vB_EcoM_SHAK7704_OR594181_CDS_0025 10411 10638 228 + hypothetical protein self GXWA25 protein
vB_EcoM_SHAK7704_0OR594181_CD5_0026 10703 11587 885 + hypothetical protein self_GXWAZ26 protein
vB_EcoM_SHAK7704_0R594181_CDS_0027 11651 14278 2628 + RNA polymerase self GXWA27 protein
vB_EcoM_SHAK7704_OR594181_CDS5_0028 14612 14740 129 + hypothetical protein self GXWA28 protein
vB_EcoM SHAK7704_OR594181 CDS_0029 14744 14962 219 + hypothetical protein self GXWAZ9 protein
vB_EcoM SHAK7704_OR594181 CDS_0030 14962 16950 1989 + DNA primase/helicase self GXWA30 protein
vB_EcoM_SHAK7704_0R594181_CD5_0031 16950 17111 162 + hypothetical protein self GXWA31 protein
vB_EcoM_SHAK7704_OR594181_CD5_0032 17184 17867 B84 + hypothetical protein self_GXWA32 protein
vB_EcoM_SHAK7704_OR594181_CDS_0033 17878 18093 216 + hypothetical protein self GXWA33 protein
vB_EcoM_SHAK7704_0R5S4181_CDS_0034 18083 18292 210 + hypothetical protein self GXWA34 protein
vB_EcoM_SHAK7704 OR594181 CDS_0035 18351 18503 153 + hypothetical protein self GXWA35 protein
vB_EcoM_SHAK7704_OR594181_CDS_0036 18490 21036 2547 + DNA polymerase self GXWA36 protein
vB_EcoM_SHAK7704_OR594181 CDS5_0037 21036 21152 117 + hypothetical protein self GXWA37 protein
vB EcoM_SHAK7704 OR554181 CDS_ 0038 21152 21250 99 + hypothetical protein self GXWA3E protein
vB_EcoM_SHAK7704_0OR594181_CDS_0039 21407 21784 378 + polysaccharide chain length determinant protein self GXWA39 protein
vB_Ecol_SHAK7704_0R594181_CDS_0040 21790 22089 300 + hypothetical protein self_GXWA40 protein
vB_EcoM_SHAK7704_ORS594181_CDS_0041 22167 22973 807 + hypothetical protein self GXWA41 protein
vB_EcoM_SHAK7704_OR594181_CDS_0042 22583 23201 219 + hypothetical protein self GXWA42 protein
vB_ EcoM_SHAK7704 OR594181 CDS_0043 23307 23678 372 + hypothetical protein self GXWA43 protein
vB_EcoM_SHAK7704_OR594181_CDS_0044 23782 23858 117 + hypothetical protein self GXWA44 protein
vB_EcoM_SHAK7704_OR594181 CD5_0045 23881 25009 1029 + exonuclease self GXWAA4S5  protein
vB_EcoM_SHAK7704 OR594181 CDS 0046 24594 25407 414 + endonuclease V|| self GXWA46 protein
vB_Ecol_SHAK7704 OR594181 CDS_0047 25373 26407 1035 + metallo-phosphoesterase self GXWA47 protein
vB_EcoM_SHAK7704_0OR594181_CDS_0048 26476 26946 471 + nucleotide kinase self_GXWA4R protein
vB_EcoM_SHAK7704_OR594181_CDS_0049 26948 27064 117 + hypothetical protein self_GXWA49 protein
vB_EcoM_SHAK7704 OR594181 CDS_ 0050 27061 28008 948 + ATP-dependent DNA ligase self GXWAS0 protein
vB EcoM SHAK7704 ORS594181 CDS 0051 27980 28195 216 + hypothetical protein self GXWAS1 protein
vB_EcoM_SHAK7704_OR594181_CDS5_0052 28200 28328 129 + hypothetical protein self_GXWAS2 protein
vB_EcoM_SHAK7704_OR594181_CDS_0053 28325 28786 462 + acetyltransferase self_GXWAS3 protein
vB_EcoM_SHAK7704_OR594181_CD5_0054 28796 29005 210 + hypothetical protein self GXWAS4  protein
vB_EcoM_SHAK7704_OR594181 CDS_0055 29007 30557 1551 + head-tail adaptor self GXWAS5 protein
vB_EcoM_SHAK7704_OR594181 CDS_0056 30557 31477 921 + head scaffolding protein self GXWAS6 protein
vB_EcoM_SHAK7704 OR594181 CDS_0057 31554 32762 1209 + major head protein self_ GXWAS7 protein
vB_EcoM_SHAK7704_OR594181_CDS5_0058 32816 33553 738 + tail protein self GXWAS8 protein
vB_FroM_SHAK7704 OR594181_CDS_0059 33553 35955 2403 + tail protein self GXWASS  protein
vB_EcoM_SHAK7704_0OR594181_CD5_0060 35955 36677 723 + internal virion protein self_GXWAB0D protein
vB_EcoM_SHAK7704_0R594181_CD5_0061 36677 39625 2949 + lysozyme domain-containing protein self_GXWAE1 protein
vB_EcoM_SHAK7704_0R594181_CDS_0062 39690 42958 3309 + internal virion protein with endolysin domain self_GXWAGBZ protein
vB_EcoM_SHAK7704_OR594181_CDS_0063 42998 43960 963 + tail fiber protein self GXWAE3  protein
vB_EcoM_SHAK7704_OR594181_CDS5_0064 43970 44164 195 + holin self GXWAB4 protein



Annotation of phage vB_EcoM_SHAK7854.

Locus_tag Start End Length_nt Strand Function_by_amino_acid_sequence Protein_ID Category
vB_EcoM_SHAK7254_0OR594182_CDS_0001 1 1731 1731 + terminase large subunit seff NJZI1  protein
vB_EcoM_SHAK7854_ORS594182_CDS_0002 1761 1877 117 + hypothetical protein self_NJZIZ  protein
vB_EcoM_SHAK7E54 OR594182 CDS 0003 1962 2054 93 + hypaothetical protein self NJZI3  protein
vB_EcoM_SHAKT854_OR594182_CDS_0004 2090 2224 135 + hypothetical protein self_MJZI4  protein
vB_EcoM_SHAK7854_0OR594182_CDS_0005 2401 2571 171 + hypothetical protein self_NJZIS  protein
vB_EcoM_SHAK7854 OR594182_CDS_0006 3044 3184 141 + hypothetical protein self NJZIE  protein
vB_EcoM_SHAK7B854_OR594182_CDS_0007 3398 3652 255 + hypothetical protein self_MNJZI7  protein
vB_EcoM_SHAKY854_0OR594182_CDS_0008 3726 4004 279 + hypothetical protein self_NJZI8  protein
vB_EcoM_SHAKT7854 0OR594182 CDS_0009 4085 4588 504 + ocr-like anti-restriction selff NJZI9  protein
vB_EcoM_SHAK7854 OR594182 CDS_0010 4588 4737 150 + hypathetical protein self_NJZI10 protein
vB_EcoM_SHAK7354_OR594182_CD5_0011 4801 5028 228 + hypothetical protein self_MNJZI11 protein
vB_EcoM_SHAK7854_0OR594182_CD5_0012 5161 5265 105 + hypothetical protein self_MNJZI12 protein
vB_EcoM_SHAK7854_OR594182_CDS_0013 5253 5465 213 + hypothetical protein self_MNJZI13 protein
vB_EcoM_SHAKT854 OR594182 CDS 0014 5465 5791 327 + hypothetical protein self NJZI14  protein
vB_EcoM_SHAKT7854_0OR594182_CDS_0015 5889 8570 2682 + Nd-like RNA polymerase self_NJZI15 protein
vB_EcoM_SHAK7854_0R594182_CD5_0016 8586 B8Bl6 231 + hypothetical protein self_MJZI16 protein
vB_EcoM_SHAK7854_OR594182_CDS_0017 8827 9042 216 + hypothetical protein self_NJZI17 protein
vB_EcoM_SHAK7854_0OR594182_CDS5_0018 5065 9181 117 + hypaothetical protein self_NJZI18 protein
vB_EcoM_SHAKTB54_OR594182_CDS_0019 9214 9393 180 + hypothetical protein self_NJZI19 protein
vB_EcoM_SHAK7854_OR594182_CDS_0020 9397 9648 252 + dGTPase inhibitor self_ NJZ120 protein
vB EcoM SHAK7854 OR594182 CDS 0021 9648 10712 1065 + DNA ligase self NJZI21  protein
vB_EcoM_SHAK7854_0OR594182_CD5_0022 10845 11099 255 + hypaothetical protein self_NJZI22 protein
vB_EcoM_SHAK7854 OR594182 CD5 0023 11099 11635 537 + nucleotide kinase self NJZI23 protein
vB_EcoM_SHAK7254_0OR594182_CDS_0024 11716 11814 99 + hypothetical protein self_MNJZI24 protein
vB_EcoM_SHAKT854 OR594182 CDS 0025 11811 11969 159 + RNA polymerase inhibitor self NJZI25 protein
vB_EcoM_SHAK7854_OR594182_CDS_0026 12028 12729 702 + Gp2.5-like ssDNA binding protein and ssDNA annealing protein self_MNJZI26 protein
vB_EcoM_SHAK7254_0OR594182_CDS_0027 12729 13181 453 + endonuclease self_NJZI27 protein
vB_EcoM_SHAK7854_OR594182_CDS_0028 13181 13672 492 + hypathetical protein self_NJZI28 protein
vB_FcoM_SHAK7854 OR594182 CDS 0029 13662 14120 459 + amidase self_ NIZI29 protein
vB_EcoM_SHAK7854_0OR594182 CDS_0030 14145 14360 216 + hypothetical protein self_NJZI30 protein
vB_EcoM_SHAK7854_OR594182_CD5_0031 14429 16129 1701 + DNA primase/helicase self_NJZI31 protein
vB_EcoM_SHAK7854 OR594182 CDS 0032 16177 16305 129 + hypothetical protein self NJZI32 protein
vB_EcoM_SHAK7854_OR594182_CDS_0033 16369 18540 2172 + DNA polymerase | self_NJZI33  protein
vB_EcoM_SHAK7254 OR594182_CD5_0034 18540 18824 285 + hypothetical protein self NJZI34 protein
vB_EcoM_SHAK7854_0OR594182 CDS 0035 18821 19030 210 + hypothetical protein self_NJZI35 protein
vB_EcoM SHAK7854 OR594182 CDS 0036 19021 19893 873 + exonuclease self NJZI36 protein
vB_EcoM_SHAK7854_OR594182_ CDS_0037 19875 19967 93 + hypothetical protein self NJZIZ7 protein
vB_EcoM_SHAK7854_0OR594182_CD5_0038 20104 20376 273 + hypothetical protein self_NJZI38 protein
vB_EcoM_SHAK7854_OR594182_CDS_0039 20391 20615 225 + hypathetical protein self_NJZ139 protein
vB_EcoM_SHAKTA54_OR554182 CDS_0040 20620 21042 423 + host range and adsorption protein self_NIZI40 protein
vB_EcoM_SHAKT854_0OR594182_CDS 0041 21035 21283 249 + host range and adsorption protein self_MNJZI41 protein
vB_EcoM_SHAK7254_0OR594182_CDS_0042 21295 22863 1569 + head-tail adaptor self_NIZI42 protein
vB_EcoM_SHAKT854_OR594182 CDS_0043 22953 23837 B85 + head assembly self_MNJZI43 protein
vB_EcoM_SHAK7854_0OR594182_CDS5_0044 23964 25013 1050 + major head protein self_NJZI44  protein
vB_EcoM_SHAKT854_OR594182_CD5 0045 25070 25276 207 + hypothetical protein self_MNJZI45 protein
vB_EcoM_SHAK7854_DR594182_CDS_0046 25341 25430 90 + hypothetical protein self_NIZI46 protein
vB_EcoM SHAK7854 OR594182 CDS 0047 25442 26008 567 + tail protein self NJZI47 protein
vB_EcoM_SHAK7854_OR594182 CDS_0048 26008 26235 228 + RNA-binding protein self_NJZI48 protein
vB EcoM SHAK7854 OR594182 CDS 0049 26245 28602 2358 + tail protein self NJZI49 protein
vB_EcoM_SHAK7854_DR594182_CDS 0050 28689 20159 A71 + internal virion protein self_ NJZI50 protein
vB_EcoM_SHAKTA54 OR554182 CD5 0051 29144 29731 588 + internal virion protein self NJZIS1 protein
vB_Ecom_SHAKY854 OR594182_CDS_0052 29743 32025 2283 + internal virion protein self MNJZIS2 protein
vB_EcoM_SHAK7254_OR594182_CD5_0053 32030 35917 3888 + internal virion protein with endolysin domain self_NJZI53 protein
vB_EcoM_SHAK7854_OR594182_CDS 0054 35982 38513 2532 + tail spike protein self_NIZIS4  protein
vB_EcoM_SHAK7E54_0OR594182 CD5_0055 38551 38703 153 + hypothetical protein self_NJZI55 protein
vB_EcoM_SHAK7854_OR594182_CDS_D056 38700 38894 195 + holin self_NJZI56 protein
vB_EcoM_SHAK7254_0OR594182_CD5_0057 38891 39154 264 + terminase small subunit self_MJZI57 protein



Annotation of phage vB_EcoM_SHAK9454,

Locus_tag Start End Length_nt Strand Function_by_amino_acid_sequence Protein_ID Category
vB_EcoM_SHAK9454_OR594184_CDS_0001 1 1731 1731 + terminase large subunit self_LVCG1  protein
vB_EcoM_SHAKS454_OR594184_CDS5_0002 1962 2054 93 + hypothetical protein self_LVCGZ  protein
vB_EcoM_SHAKS454 OR594184 CDS_0003 2090 2224 135 + hypothetical protein self LVCG3  protein
vB_EcoM_SHAKS454 OR594184_CDS_0004 2369 2458 90 + hypathetical protein self_LVCG4  protein
vB_EcoM_SHAKS454_OR594184 CDS_0005 2584 2775 192 + hypothetical protein self_LVCGS  protein
vB_EcoM_SHAKS454_ OR594184_CDS_0006 2988 3206 219 + hypothetical protein self LVCGG protein
vB_EcoM_SHAKS454 OR594184 CDS 0007 3419 3664 246 + hypothetical protein self LIVCG7  protein
vB_EcoM_SHAKS454 ORS94184_CDS_0008 3748 4351 504 + ocr-like anti-restriction self_LVCGE protein
vB_EcoM_SHAKS454_OR594184_CDS_0009 4251 4400 150 + hypathetical protein self_LVCGS  protein
vB_EcoM_SHAKS454 OR594184 CDS_0010 4464 4691 228 + hypothetical protein self LVCG10 protein
vB_EcoM_SHAK9454 OR594184 CDS 0011 4824 4928 105 + hypothetical protein self_LVCG11l protein
vB_EcoM_SHAKS454 OR594184 CDS_0012 4916 5128 213 + hypothetical protein self IVCG12 protein
vB_EcoM_SHAKS454 ORS94184_CDS 0013 5128 5454 27 + hypothetical protein self LVCG13 protein
vB_EcoM_SHAK9454_DRS94184_CDS_0014 5552 8233 2682 + N4-like RNA polymerase self_LVCG14 protein
vB_EcoM_SHAKS454_OR594184_CDS_0015 8249 8479 231 + hypothetical protein self_LVCG15 protein
vB_EcoM_SHAKS454_OR594184_CDS5 0016 8490 8705 216 + hypothetical protein self_LVCG16 protein
vB_EcoM_SHAK9454 OR5S94184 CDS 0017 8728 8844 117 + hypothetical protein self LVCG17 protein
vB_EcoM_SHAK9454 ORS594184 CDS 0018 8874 9053 180 + hypothetical protein self_LVCG18 protein
vB_EcoM_SHAK9454 DRS94184 CDS_0019 9058 9315 258 + dGTPase inhibitor self_LVCG19 protein
vB_EcoM_SHAKS454 OR594184 (DS 0020 9320 10363 1044 + DNA ligase self_LVCG20 protein
vB_EcoM_SHAKS454_OR594184_CDS_0021 10496 10750 255 + hypothetical protein self_LVCG21 protein
vB_EcoM_SHAKS9454 OR594184_CDS_0022 10821 11294 474 + nucleotide kinase self_IVCG22 protein
vB_EcoM_SHAKS454 ORS94184_CDS 0023 11281 11376 96 + hypothetical protein self_LVCG23 protein
vB_EcoM_SHAK9454_DRS94184_CDS_0024 11373 11531 159 + RNA polymerase inhibitor self_LVCG24 protein
vB_EcoM_SHAKS454 OR594184 CDS_0025 11590 12288 699 + Gp2.5-like ssDNA binding protein and ssDNA annealing protein  self_LVCG25 protein
vB_EcoM_SHAK9454 OR594184 CDS 0026 12288 12734 447 + endonuclease self LVCGZ6 protein
vB_EcoM_SHAKS454 _OR594184_CDS 0027 12721 13173 453 + endonuclease self_LVCG27 protein
vB_EcoM_SHAKS454 OR594184 CDS 0028 13173 13625 453 + hypothetical protein self LVCG28 protein
vB_EcoM SHAK9454 ORG594184 CDS 0029 13615 14073 459 + amidase self LVCG29 protein
vB_EcoM_SHAKS454_ORS594184_CDS_0030 14138 15838 1701 + DNA primase/helicase self_LVCG30 protein
vB_EcoM_SHAKS454 ORS5S94184_CDS 0031 15886 16014 129 + hypothetical protein self_LVCG31 protein
vB_EcoM_SHAK9454 OR594184 CDS_0032 16083 16514 432 + endonuclease VI self LVCG32 protein
vB_EcoM_SHAK9454 OR594184 CDS 0033 16507 18678 2172 + DNA polymerase | self_LVCG33 protein
vB_EcoM_SHAK9454 OR594184 CDS 0034 18678 18962 285 + hypathetical protein self LVCG34 protein
vB_EcoM_SHAKS454 ORS594184 CDS 0035 18959 19168 210 + hypothetical protein self_LVCG35 protein
vB_EcoM_SHAK9454 OR594184 CDS 0036 19159 20031 873 + exonuclease self LVCG36 protein
vB_EcoM_SHAK9454 ORS594184_CDS_0037 20013 20105 93 + hypothetical protein self_LVCG37 protein
vB_EcoM_SHAK9454 OR594184 _CDS 0038 20242 20514 273 + hypothetical protein self_LVCG38 protein
vB_EcoM_SHAK9454 OR594184 CDS 0039 20529 20753 225 + hypothetical protein self LVCG39 protein
vB_EcoM_SHAK9454 OR594184 CDS_0040 20758 21180 423 + host range and adsorption protein self_LVCGAD protein
vB_EcoM_SHAK9454_OR594184_CDS 0041 21173 21421 249 + host range and adsorption protein self_LVCG41 protein
vB_EcoM_SHAKSA454 OR594184 _CDS 0042 21433 23001 1569 + head-tail adaptor self_LVCGA2 protein
vB_EcoM_SHAKS454 ORS594184_CDS_0043 23098 23982 885 + head assembly self_LVCG43 protein
vB_EcoM_SHAK9454_OR594184_CDS_0044 24109 25158 1050 + major head protein self_LVCGA4 protein
vB_EcoM_SHAKS454_ORS594184_CDS 0045 25257 25421 165 + hypothetical protein self_LVCG45 protein
vB_EcoM_SHAK9454 OR594184 CDS 0046 25481 25570 0 + hypothetical protein self_LVCG46 protein
vB_EcoM_S5HAKSA454 OR594184 CD5_0047 25582 26148 567 + tail protein self LVCG47 protein
vB_EcoM_SHAK9454_OR594184_CDS_0048 26148 26375 228 + RNA-binding protein self_LVCG48 protein
vB_EcoM_SHAKS454_OR594184 _CD5 0049 26385 28742 2358 + tail protein self_LVCGA9 protein
vB_EcoM_5SHAKS9454 OR594184 CD5_0050 28819 29295 477 + internal virion protein self LVCGS0 protein
vB_EcoM_SHAKSA54 OR594184 CDS 0051 29274 29861 588 + internal virion protein self LVCG51 protein
vB_EcoM _SHAKS454 OR594184_CDS 0052 29873 32155 2283 + internal virion protein self_LVCGS2 protein
vB_EcoM_5SHAKS454 OR594184 CDS 0053 32160 36047 3888 + internal virion protein with endolysin domain self LVCGS3 protein
vB_EcoM_SHAK9454 OR594184 CDS 0054 36112 38292 2181 + tail fiber protein self_ LVCG54 protein
vB_EcoM_SHAKS454_OR594184_CD5_0055 38437 38631 195 + halin self_LVCGS5 protein
vB_EcoM_SHAKS454 OR594184 CDS 0056 38628 38891 264 + terminase small subunit self LVCGS56 protein



The list of interesting proteins ocourl

Supplementary Table S2

hages. Froteins identified in this work [72 in total) are marked in bold.

Phage name start _ End _ Length_nt Strand Function_by amino_acid_sequence Protein_ID__ Category
wB_EcoP ACG-CY1_IMSB6A44 ACG-C91_0013 6892  BRED 1989 + putative DMNA hellcase AFH19838.1 protein
wB_EcoPf ACG-C91_IMOBES4 ACG-C21_0018 10416 12962 2547 » putative DNA polymerase AFH19843.1 protein
vB_Fcof_ACG-C31_JNSB5844 ACG-C31_DD42 35770 35994 225 + putative holin AFH19868.1 protein
VB _FroP ACG-C91_INOBGSELD ACG-CI1_D043 35955 36344 IRT + putative HNH endonuclease AFH19869.1 proteln
vB_Ecos ACG-MIZ INIERSAS ACG-MIZ D031 17228 17711 498 + putative HNH endonuclease AFH10912.1 protein
vB_EcoS ALG-M1Z_INIEEBLS ACG-M12_D061 33194 39GEE 495 + putativie HNH endonuclease AFH19943.1 protein
wB_Fros ACG-MI12_INSEGBAS ACG-M12_D06S 41170 41385 216 + putative hofin AFH19947.1 protein
vB_EcoS_ACG-M1Z_JNIBGEB4S ACG-M12_D0GS 41386 41371 486 + putative endolysin AFH19948.1 protein
vB_FroM_ACG-C40_JNIBEEAS ACG-CAd 0012 7634 B3I17 B84 - exonuclease & AFH19971.1 protein
vwB EroM ACG-CAD INSEEEAE ACG-Cad_DO1S 2819 10138 1320 - DONA helicase AFH19974.1 protein
vB_EcoM_ACG-C40_INISEE4S ACG-CaD_ 0043 27196 25802 2697 - ONA polymerase AFH20008.1 pretein
vB_EcoM_ACG-CAD_INIS6E4E ACG-Cad_D077 42558 43297 735 - haming endonuclease AFH20038.1 protein
vB_EroM ACG-C40 INSEGEAG ACG-CA0 D079 45195 45668 A474 - packaging and recombination endanuckease Vil AFHZO0040.1 protein
wB_EcoM ACG-CAD INISEEAE ACG-CAD 0115 60119 GOSE0 462 - site-specific ANA endonuciease AFH20078.1 protein
vB_EcoM_ACG-CAD_INIBEEAS ACG-CA0_0173 108208 105615 618 + homing endonuclease AFH20143.1 protein
vB_EroM_ACG-C40_INIE6E4E ACG-C4D_D130 104618 111126 1509 + RNA-DNA and DNA-DNA helicase AFH20144.1 protein
wB ErcM ACG-C40 IN9BRBAG ACG-CA0 0181 111123 111815 693 + homing endonuclease AFH2I145.1 protein
wB_EcoM_ACG-CAD INSBEBAG ACG-CAD 0182 111841 113071 231 + RANA-DNA and DNA-DNA helicase AFHZ0146.1 protein
vB_EcoM_ACG-CAD_INIEEBAG ACG-CAD_ D325 135609 138019 411 - endonuclease Il AFH20190.1 protein
wB_ErcoM_ACG-C40_INJBEE4E ACG-CAD 0231 140558 141205 738 - haming endonuclease AFH20196.1 protein
wB_FroM_ACG-CA0_INSSGELG ACG-CAD D240 145167 145799 633 - haming endonucleass AFH20206.1 protein
wB_EcoM_ACG-CA0_INFE6EAG ACG-CA0_D250 157742 158398 657 + halin hsis mediatorn t AFH20216.1 protein
wB_ErcM_ACG-C40_INSEEEAR ACG-CAD_0253 153833 1558111 279 - inhibitor of MrcBC restriction endonuclease AFH20219.1 protein
wB_FroM_ACG-C40 INSBER4G ACG-CAD 0270 165365 165841 477 - DMA endonuclease IV AFHIZO238.1 protein
Sr11Ph5 BAGIORBAT St11Ph5 00047 22560 23RTO 1311 + A heficase ATE82510.1 protein
Stl1Ph5 RMG20ESE1 St11PhE 00049 24421 27000 2580 + DMA polymerase ATS92512.1 protein
St11PhS_MGOEERL St11Phs_00074 53780 GO2EG 507 - putative Bz/Rzl spanin pretein AT592535.1 protein
St11Ph5_MG20BBA1 5t11PhS_00076 BOB92 61152 261 - putative holin protein ATSH2537.1 protein
WVB_EcoS-Golestan_MG099333 El_ 7 5234 5610 387 + putative spanin AT593231.1 protein
VB_EcoS-Golestan_MG099933 El 8 3386 5719 144 + putative spanin AT593232.1 proten
WB EcoS-Golestan MGI99933 E1 39 27955 30207 2253 - putative NS pol'!:me’ase AT593263.1 protein
VB_Ecos-Golestan_MGD39933 E1 66 A0EGE 41174 309 + putative class || holin-like protein AT593250.1 protein
VB_EcoS-Golestan_MG099933 E1 67 41167 41439 273 + putative class | holin-like protein AT593281.1 protein
WB_EcoS-Golestan MG099933 E1 68 41444 41502 459 + lyscryme/endalysin ATS532592.1 protein
EG1_BMAGAEEZTT 20_CDs 10722 11177 456 + endonuciease ATWST72E.1 protein
EG1_MGaBB2TT 26 CDS 13452  1lesbe 2157 + ONA potymerase ATWSET734.1  protein
EG1_MGAERZTT 31 _CD5 17521 18423 203 + exonuclease ATWST739.1 protein
Sr11Ph5_MG20EBE1 St11Ph5_00073 54833 60120 288 - putative Rz/Rzl spanin protein ATZ35206.1 protein
myPSH1131 MGSE3B40 P5H1131 005 3701 8519 219 + putative holin AVO10010.1 protein
myF5H1131 _MGIEIEID F3H1131 020 27490 2EIBI 553 - 5'-3' enonuclease AVOQID0Z5.1  protein
myF5H1131 MGIEIEA0 PSH1131 029 33286 33519 234 - 5'-3' exonuclease AVOI0034.1  protein
myF5H1131_MGIEIEA0 P5H1131 038 37901 35709 1809 - OMA polymerase AVO10043.1 protein
myPSH1131_MGIEIBA0 PSH1131 052 43591 43956 366 - DNA polymerase AVQ10057.1 protein
myPSH1131_MGISIEAD PSH1131_064 43816 49251 236 - OINA polymerase AVOIO0RE.1  protein
myPSH1131 MGIEI840 P5H1131 067 53266 53379 114 - type | DNA polymerase AVO10072.1 protein
UGKSECP2 DVETEI00 UGKSECPZ 00011 761 4237 477 - Deni-like DNA endonuclease IV CAHIE152968.1 protein
UGKSECF2 OVETEI00 UGKSECP2 Q0026 13418 14101 B84 - exonutiease CAHI615313.1 protein
UGKSECP2_OWETEI00 UGKSECP2_00060 30738 33434 2697 - ONA polymerase CAHIE15347.1 protein
UGKSECP2_OVBTE900 UGKSECPZ_000&T 47676 48148 474 - endonuclease Vil CAH1615374.1 protein
UGKSECPZ_OVETEI00 UGKSECF2 00125 G4985  A5A46 462 - ibonuclease CAH1615412.1 protein
LGKSECP2_OWVETES00 UGKSECP2 00132 67514  AROBS E52 - endonuciease ¥ N-glycosylase UV repalr enzyme CAH1615419.1 protein
UGKSECP2 OVETEI00 UGKSECP2 00134 68497 GBI9L 495 - endaolysin CAH1615421.1 protein
UGKSECP2_DVETES00 UGKSECP2_00200 115556 117067 1512 + DONA helicase CAHIB1S507.1 protein
UGKSECP2_OVETEI00 UGKSECP2_00201 117093 117323 231 + ONA helicase CAHI1615509.1 protein
UGKSECF2 OVETEI00 UGKSECP2 00240 140285 140584 300 - Rz-like spanin CAH1615586.1 protein
UGKSECP2 _OVETEI00 UGKSECP2_ 00241 140581 140934 354 - Ra-like spanin CAHIB15588.1 protein
UGKSECP_OVETE000 UGKSECP2_00244 142670 143080 411 - endonuciease CAH1E15594.1 protein
UGKSECR2 OVEBTEI0) UGKSECP2 00267 163376 164032 657 + halin CAHIE15640.1 protein
UGKSEeP1_OVET7085 UGKSECP1_00010 6852 TOR2 231 - DOHA helicase CAHIE15835.1 protein
UGKSECF1 OVET7085 UGKSECPL 00011 7108 B519 1512 - OMA helicase CAH1615836.1 protein
UGKSECP]1_OWVET7085 UGKSECP1_ 00077 53175 55669 455 + endolysin CAHIG15891.1 protein
UGKSECFI_OVETTOES UGKSECP1_ 00079 58101 SE&652 552 + endonuciease ¥ N-glycosylase UV repalr enzyme CAHIG15893.1 protein
UGKSEcP1_OVBT7085 UGKSECP1 00086 53718 59179 462 + endoribonucizase CAH1G15300.1 protein
UGKSECP1_OVET7085 UGKSECP1_00123 7e016  TEABS 474 + endonucimase Vi CAHIE15937.1 profein
UGKSECP1_OVEBTT085 UGKSECP1 00150 90740 93436 2697 + DNA polymerase CAH1615564.1 protein
UGKSECF1_OVET7045 UGKSECPL 00184 103856 110539 GB4 + exonuclease CAHIB1595E.1 protein
UGKSECP1_OVETYORS UGKSECPL 00199 119724 120200 A77 + DenB-like DNA endonuciease IV CAHIB16013.1 protein
UGKSECPT _OVET7085 UGKSECP1 00220 127242 127898 657 - halin CAH1616034.1 protein
UGKSECP1_OVET7085 UGKSECP1_00243 148194 148604 411 + endonuciease CAH1B16057.1  protein
UGKSECP1_OVBT7085 UGKSECP1 00246 150340 150693 354 + Rz-like spanin CAH1616060.1 protein
UGKSECP1 OVET7085 UGKSECP1 00247 150650 150589 ng + Rz:like spanin CAHIG16D61.1 protein
vB_EcoM_KMB2E OWS3E688 12_CD5 7630 8313 634 - T4-like phage Dexd exonuclease & CAHIE18977.1 protein
vB_EcoM_KMB26_OW536633 13 (D5 3313  ESGS 243 - Phage exonuclease CAH2618378.1 protein
vB_EFroM_KMB26 OW536683 14 CDS 3548  Er93 246 - Phage expruclease CAHZE18579.1 protein
vB_EroM_KMB26_OW536683 16_CDS 9047 10366 1320 - DMA helicase [EC, phage-associated CAH2612981.1 protein
vB_EroM_KMB26 OW536683 33 _CDS 17510 1RG38 1029 - OWA primase (EC [ DNA helicase (EC, phage-associated CAHI513398.1 protein
vB_EcoM_KMB2E OW336633 49 (D3 27054 29750 2687 - OnA polymerase (EC, phage-associated CAH2619014.1 protein
vB_EcoM_KMB2E _OWS3E683 57_CDS 33383 35023 1641 - Phage recombination-refated endonuciease Gp46 CAHIE19022.1 protein
vB_EcoM_KMB26_OWS536633 60_CD5 35500 36528 1020 - Phage recombination-refated endonuciease Gpa7 CAH2619025.1 protein
vB_EcoM_KMB26_0OW536683 79_CD5 44230 44703 474 - Phage endonuclease #T4-like phage gp43, endonuclease VIl #14 GC1525 CAHZE19044.1  protein
wB_ErchM_KMB26 OW536683 124 CDS 63720 B4A136 417 - Phage endonuclease CAH2619085.1 protein
vB_Ecol KMB2G OWS5I6683 177 _CDs 104198 110709 1512 + OMA helicasa, phage-associated CAH1619142.1 protein
vB_Ecol KMB26_OWS536688 178 CD5 110735 110965 231 + ONA helicase, phage-assoclated CAHIE19143.1 protein
vB_FroM_KMB26_0OW536683 219 D5 134482 134835 354 - Phage spanin Rz CAH2619183.1 protein
wB_Feoh_KMBX_OWS36A83 222_C0S 136571 136981 411 - Phage endonuelease CAHZB19187.1 protein
vB_Eroh_KMBIG OWS36684 237 €05 141520 143257 738 - Phage-assoclated haming endonuclease CAHIE19192.1 protein
vB_Ecol_KMBIGE_OWS36683 137 _CD§ 145482 148244 463 - Phage-assaciated homing endenuclease CAHI1619202.1 protein
vB_EcoM_KMBE26_OWS3E633 247 _C05 158544 155600 657 + Phage holin CAHIE19212.1 protein
wB_FroM KMB26 OW536683 257 €05 162943 164271 1329 - DNA topoisomerase, phage-associated CAH2619222.1 protein
vB_EcoM_KMB26_0W536653 265_CD5 166406 165363 558 - Phage endonuclease CAHZE19230.1 protein
Ec_Makalu_002_MN709127 PiakaluD02_D08 5315 5983 668 - exonuchease QG5E3613.1 protein
Ec_Makalu 002 MNTOS127 MakaluD02 012 G584 TSTS 1392 - A helicase OGSEIA1T.1 protein
Fe_Makalu_ 002 MNTO9127 Makalu002 027 15982 18660 2679 - ONA podyrmerase (GSEI6IZ.1 protein
Ec_Makalu_002 _MN709127 Makalu(02_ 061 38815 39288 474 - recombination endonuclease Vil QG5E3666.1 protein




Ec_Makalu_002 MNTO91L7 PakaluQ02 084 51263 516B5 423 - site-specfic RNA endonucizase QG583699.1 rotein
Ec_Makalu_002 _MNT09127 Makalu002 102 54429 54818 350 - putative endalysin OGSEITOT.1 protein
Ec_Makalu_ 002 _MMN709127 MakaluD0? 131 BITOR 64718 1023 + putative homing endonuclease, HNH family OG5SE3736.1 protein
Ec_Makalu_00Z_MNTFO9127 MakaluD02_149 83563 84378 816 » homing endonuclease (G583754.1 protein
Er_Makalu_002_MN709127 MakaluD02_172 103865 105367 1503 + ATP-dependent DNA helicase QGS5E3777.1  protein
Ec_Makalu 002 MN7O9127 MakaluD0z 219 129371 129873 a53 - putative o-spanin OQGSE3E24.1 protein
Ec_Makalu_D0Z_MMNTOI1ZY Makalu®0z 220 123820 130143 324 - putative i-spanin QGEE3825.1 protein
Ec_Makalu_002 MN709127 Makalu0dz 222 131293 131754 462 - endonuclease Il QGSE3827.1 protein
Ec_Makalu_002_MMN709127 Makalu(02_240 141938 142534 597 - putative HNH endonudease (G583845.1 protein
Ec_Makalu_003 MN709127 Makalud0z_252 155311 155967 657 + halin hysis mediator QG583857.1 protein
Ec_Makalu 003 MNBEE2349 Makalub03 00B 5315 LSR3 6R4 - exonuclease QHIT2956.1 protein
Ec_Makalu_003 MMNBE2349 Makalu0D3 012 6584 7975 1392 - ATP-dependent DNA helicase OHI72960.1 protein
Ec_Makalu_003 MNES2349 Makalu(03_037 159680 18658 2679 - DONA polymerase QHIT2975.1 protein
Ec_Makalu_003_MPNBE2349 MakaluGds_061 38812 39285 474 - reconthination endonucleass Vil QHI73009.1 protein
Ec_Makalu 003 MNBS2349 Makalu003 095 51473 51895 423 - site-speafic ANA endonuclease QHI730431 protein
Ec_Makaly_003_MNBS2349 Makalu003_103 54639 55028 390 - putative endolysin QHIT30511  protein
Ec_Makalu_003_MMNE82349 MakaluD03_136 67270 G7809 540 + putative HNH endonuclease QHJ73084.1 protein
Ec_MWakalu_003_MMNES2349 Makalud03_172 102546 104048 1503 + ATP-dependent DNA helicase aHI73120.1 protein
Ec_Makalu_003 MMNEE2349 MakaluD03 222 129986 130447 A62 - endonuclease Il OHIT3170.1 protein
Ec_Makalu 003 MIMNBAZIS Makalu003 252 153602 154258 657 + holin kysis mediator OHI73200.1 protein
Ec_Makalu_001 MNEIAEES Echakalu00]_00E 5327 5345 663 - exonuclease QHJ73228.1 protein
Ec_Makalu_001 MMBO4RES EcMakalw001_012 8506 7963 1368 - DA helicase OHI732331 protein
Ec_Makaly 001 _MPMBI4ERS EcMakalu0l_027 15992 1BGT0 2679 - DNA polymerase OHIT3248 1 protein
Ec_Makalu_001_MNBEI48E5 EcMakalu001_061 33827 39315 489 - recombination endonuclease VIl QHIT3282.1 protein
Ec_Makalu_001_MMNES4EES EcMakalulil_093 51273 51685 423 - site-spedfic RNA endonuclease QHI73314.1 protein
Ec_Makalu_001 MMRS4ARS Echlakalu0nl 101 54440 54879 a0 - putative endalysin OHIT3322.1 protein
Ec_hiakalu 001 MMNES4RRS EchMakaludil_ 147 22443 @357 Bi6 + putative Seg-like homing endonudease, GIY-¥IG family QHIT3368 1 protein
Ec_Makalu_001 MMBO4BEE EcMakalw001_170 101765 103267 1503 + RNA-DMA and DMA-DNA helicase ATPase QHI73361.1 protein
Ec_Makalu_001_MMNB942ES EcMakalu0Dl_171 103311 103547 237 + putative ATP-d dent DNA helicase QHI73392.1 protein
Ec_Makalu_001_MMNES4BRS EcMakaludol_218 127678 128130 453 - O-spanin QHI73439.1 protein
Ec_Makalu_001_MMEIIBES EcMakaluDil_219 128137 128450 324 - |-spanin Q734401 protein
Ec_Makalu_001 _MNBI4BES Echakalwe001 221 123600 130061 462 - endonuciease | QHIT3442.1 proten
Ec_Makalu_001 MMNBSAEES Echakalw00l 251 154405 155061 B57 + halin hysis mediator QHI73472.1 protein
RDNB_1_MN414250 12_CD5 3283  E525 243 + HNH homing endonuclease DZ21009.1 protein
RONB_1_MNA14250 17_CD5 10273 10697 420 + endonuclease | MD21014.1 protein
RONE 1 MN414250 19 CDS 11131 11585 459 + endolysin 021016.1 protein
EDNE_1 PANAL4Z50 24 CDs 14DB6 1&257 2172 + OMA-directed DA pobymerase QiD21021.1 protein
RONE_1_MN414250 29 CDS 17261 1&1p3 B73 + exonuclease MD21026.1 protein
RONB_1_MN414250 47_CDS5 36601 36798 198 + halin class | qID21044.1 protein
ROMNE_1_MN414250 49 CDS 37501 38031 441 + HMH homing enrdonutlsase QID21046.1 protein
5508_MW722871 5_CDS 4272 4558 387 + putative spanin protein QVR4B536.1  protein
5508 _MWw722821 62_CD5 39352 39660 309 + putative holin-like class || QvR48620.1 profein
550B_MW722821 63_CDS 39653 39525 273 + class | holin-like protein QVR4E621.1 protein
5908_MW722821 64_CD5 39503 40391 483 + endolysin OVR4B622.1 protein
vB_EcoS-phiEcd_M2576218 AAKBPDAN_00007 5250 5636 387 + putative spanin aYu43gs6.1  protein
wB_Frof-phibcd_MZ576218 AAKBPDAN_DOOOR 5500 5745 147 + putative spanin OYU43857.1  protein
vB_EcoS-phiBcd_M2576218 AAKBPDAN_ 00039 27586 30238 2253 - DA polymerase | QYU43888.1 protein
wB_Ecos-phiEcd MES576218 AMKBPDAN D00BS 41164 41436 273 + putative holin-like class | protein QYU439i4.1 protein
B_EroS-phiEcd MZ576218 ABKBPDAN_D00EE 41414 41899 486 + endolysin OYU43915.1  protein
vB_EcoS-phibed MZ576217 MONNIMEKB_00006 4928 5314 387 + putative spanin QzITe273.1 protein
vB_EcoS-phibc3_MZ576217 MONNIMEKB_0D007 5280 5423 144 + putative spanin QZITE274.1 protein
wB_FrofS-phibc3_MZ576217 MONNIMEKB_0003% 27798 30050 2353 - ONA polymerase | OFITEI06.1 protein
vB_EroS-phibcd_M2576217 MONNIMEKR_0D066 4082 41200 09 + putative holin-like class || protein QZTE3IE3.1 protein
vB_EcoS-phifcd M2576217 MONNIMKE_ 00067 41283 41555 273 + putative holin-like class | protein QZITE334.1 protein
vB_EcoS-phibed_MZS76217 MONNIMEB_DO0GE 41533 42021 489 + endolysin QIITEI35.1 protein
wB_FrofS-2766481_MZ234008 2266481 _057 32136 32459 324 - HNH endonuclease 071784111 protein
vB_EroS-2266481 MZ234008 21266481 054 33148 34572 1425 - DONA halicase O7ITRA13.1 protein
vB_EcoS-2766481 MZ234008 1266481 _059 35523 37814 2292 - OMA pobymerass | QzI7R418.1 protein
wB_EcoP-JI664B51 MZIZA008 22664851 003 5603  5ag7 105 + class Il holin QZI78433.1 protein
vB_EcoP-22664851 MI234005 22664851 1033 18780 15232 453 # endonuciease | Q7784631 protein
vB_EraP-22664851_MI234009 22664851 _035 19873 20226 354 # endolysin OZITBAGS. 1 protein
vB_EcoP-22664B51 MI234005 22664851 039 23584 24755 2172 + OMA-directed DNA polymerase OZITE4E3.1 protein
vB_EcoP-22664651 MT234005 22664851 043 25548 26471 B73 + Exonuchesse QIITEATI.1 protein
wB_ECoS-22664852_MIZ33010 22664852 051 29577 31109 1533 DMA helicase QIITES40.1 protein
vB_Eco5-22664852 MZ234010 22664852 058 32533 34712 2181 - ONA polymerase | QZIT8547.1 protein
vB_FcoP-22664UKER-2 MZZ34011 22664UKE-2 003 G0B3 6277 195 + chass Il helin QTITESTE.1 profein
vB_Ecof-22664UKES-2 MZZ34011 22664UKE3-2 006 708X 7519 438 + HNH homing endonuclease OFITE581.1 protein
vB_EcoP-22664UKE3-2_MZZ34011 22654UKES-2_034 20125 20577 453 + endonuciease | QZITes09.1 protein
vB_EcoP-J26B4UKE3I-2 MZ234011 226E4UKES-2 036 21058 21516 459 + endolysin QITEALLL protein
WB_Frof-22664UKE3-2_MZZ34011 22664UKE3-2_040 23841 26012 2172 + DONA-directed DNA polymerase OFI78615.1 protein
vB_EcoP-22664UKE3-2_MZZ34011 22664UKEI-2 043 26493 27365 873 + exonuclease QII178618.1 protein
vB_EcoP-101101UKEL_MZ234012 101101UKEL_D10 7572 10118 2547 + DNA-directed DNA polymerase Q2178645.1 protein
vB Erof-101101UKEL MZ234012 101301UKEL 019 13793 14371 1029 + exonuclease O7ITEGS4.1 protein
vB_EcoP-101101UKEL_MZ234012 101101UKEL 038 33309 33503 195 + chass Il helin CQZI78673.1 protein
vB_EcoM-101112UKE3-1 MZ234013  101112UKE3-1 017 8536 9009 474 + endonuclease QIITE7i4.1 protein
vB_EroM-101112UKE3-1_MZ234013  101112UKE3-1 038 17010 18029 1020 + recombination-related endonuclease 021787351 protein
vB_EroM-101112UKES-1_MZ234013 101112UKE3I-1_Da2 19343 21025 1683 + recombination-related endonuclease Q2787351 protein
vB_EcoM-101112UKE3-1 MZ234013  101112UKE3-1 051 24658 27354 2657 + OhA polymerase QTITETAT.1 protein
vB_EcoM-101112UKES-1_MZZ34013  101112UKES-1 D67 34835 35EE3 1029 + ONA primase | DNA helicase QIITETEd. 1 protein
vB_EcoM-101112UKES-1_MZ234013  101112UKES-1 086 43020 44348 1320 + DA helicase QIITE?E2.1 protein
vB_EcoM-101112UKE3-1 _MZ234013  101112UKE3-1 098 44602 44847 246 + exonuclease QIITETE4.1 protein
vB_EcoM-101112UKES-1_MZ234013  101112UKE3-1_089 44840 45087 243 + exonucléase QTITEYES. 1 protein
vB_EcoM-101112UKE3-1_M7234013  1011120KE3-1_090 45082 45765 BB + exonuchease (FIT8786.1 protein
vB _EcoM-101112UKE3-1 MZ234013  101112UPKE3-1 104 54378 54573 195 + endonuciease QTITEA00.1 protein
vB EcoM-101112UKES-1 MZ234013  101112UKE3-1 105 54660 55217 558 + endonuclease QZITEE00. 1 protein
wvB_FroM-101112UKE3-1_MZ234013  1011120KE3-1_116 57407 58735 1329 & ONA topoisomearase O7178812.1 protein
wB_Feoh-101112UKES-1_MZ234013  10T192UKES-1_128 IR 6ITI4 657 - halin QFITEAZ4.1 protein
vB_Erob-101112UKES-1 MZ234013 101112UKES-1 154 1777 HIS0E F32 + homing endonuclaase OFITEASO.1 protein
vB_EcoM-101117UKE3-1_MZ234013  101113UKE3-1_156 33714 34114 411 + andonuclpase QZITEE52.1 protein
vB_EcoM-101112UKES-1_MZ234013  101112UKE3-1 202 104733 109963 231 DA helicase Q178581 profein
vB_FroM-101112UKE3-1_MZ234013  101112UKE3-1_203 104989 111500 1512 - DONA helicase OTITRAS.1 protein
vB_EcoM-101112UKE3-1_MZZ234013  101112UKE3-1_223 123939 129751 813 - homing endenuclease QzI78913.1 protein
wB_EcoM-101112UKE3-1_MZ234013  1011120KE3-1_249 152793 153458 666 » homing endonuclease Q21789451 protein
vB EroM-101112UKE3-1 MZ234013  10111200KE3-1 263 158657 155073 417 + endonuclease QFITEASS. 1 protein
vB EesM-101112UKE3-1 MZ234013  1D1112UKE3-1 271 161274 161735 ABZ + andonuclease QFITBIGT.1 protein
vB_EceS-10111482 MI231014 10111482 051 32051 32374 324 - HNH endonucleass QZIT9041.1 protein




vB_EcoS-10111482 MIZ34014 10111482 053 33063 34487 1425 - DA helicase QZITo043.1 protein
vB_Fro5-10111462 MI234014 10111482 058 35438 37729 2292 - DNA potymerase | QZIT5048.1 protein
wB_EcoS-101114854 MZ234016 101114854 047 30650 30673 324 - HNH endonuclease Q1791071 protein
wB_EccS-101114854_MZ234016 101114854 049 31662 33086 1425 - DA helicase QAITe108.1 protein
vB_FcoS-1011146854_MZ234016 101114834_054 34037 363218 2292 - DA podyrmerase | QIITe114.1 protein
VB _ECoP-101114UKE3 MZI33017 101114UKES D32 31360 321E1 B22 - exonuclease 21791631 protein
vB_EcoP-101114UKES MEZ235017 10L114UKE D53 33440  402E4 1845 - DNA-directed DNA pohymerase QIITo184.1 protein
vB_EcoP-101114UKES_MZ233017 101114UKE3_D76 43822 49370 549 - DNA polymerase Q792071 protein
wB_FroP-101114UKE3_MZ234017 101114UKE3_121 63264  BESGS 306 - ONA helicase Qz2I79252.1 protein
wB_EcoM-101117851 MZ234018 101117851 013 34583 2056 474 + endonuciEase Q71792534.1 protein
vB FroM-101117B51 MZ234018 101117851 D40 17058 1BOTE 1020 + recombination-related endonucleaze QZiTa3is.1 protein
vB_EroM-101117B51 MZ23401% 101117851 043 18564 20204 1641 + recombination-related endonuclease 021793191 protein
vB_EcoM-101117851_MZ234018 101117851 062 23863 26559 26097 + ONA polymerase QIT9327.1 protein
vB_EcaM-101117B51_MZ234018 101117851 06% 34407 35435 1029 + DNA primase / DNA helicase QI179344.1 protein
vB_EroM-101117851 MZ234018 101117851 D86 41507 42816 1320 + DONA helicase QZI79361.1 protein
vB_Ecoh-101117B51 MZ234018 101117851 D88 43080 43335 246 + exonuciesse QzI79353.1 protein
vB_EcoM-101117651 MZ234018 101117851 089 43318 43560 243 + exonuclease QZIT93E4.1 protein
vB_EroM-101117851_MZ234018 101117851 _090 43560 44243 B84 + exonuclease QZI7T9365.1 protein
wB ErcM-1011178%1 MZ234018 101117851 104 53047 53241 195 + endonuclease Q21793791 protein
wB_EcoM-101117B51 MZ234018 101117851 105 53324 538R1 558 + endonuclease QZ2179380.1 protein
vB_EcoM-101117651 MZ234018 101117851 118 56354 5763 1329 + ONA topoisomerase QrIT9393.1 protein
vB_EroM-101117851 MZ23401% i0iia7esy 124 60684 61340 E57 - halin Fi79403.1 protein
wB_Eroh-101117851 _M7234018 101117851 _151 81515 81925 411 + endonuciease QI73436.1 protein
wB_EcoM-101117B51_MZ234018 101117B51_197 107549 107779 231 - DNA helicase QIT3472.1 protein
wB_ErcM-101117851_MZ234018 101117851198 107805 109316 1512 - OMA helicase O2I79473.1 protein
wB_FroM-101117851 MZ234018 101117851 258 155180 155586 417 + endonuclease a7179533.1 protein
vwB_ErohM-101117A%1 MZ234018 101117881 267 158602 158063 A62 + endonuclease AFITa54r 1 protein
vB_EcoP-101117UKE2 MZ234019 101117UKEZ D11 7620 10193 2574 + DMA-directed DNA polymerase QZI79577.1 protein
vB_EcoP-101117UKED_MZI34019 101117UKE2_D18 12780 13808 1029 + exonuclease Q2I79584.1 protein
vB_EroP-101117UKE2_MZ23401% 101117UKE2_D37 35435 35529 195 + class Il halin Q279603.1 protein
vB_EcoP-10111861_MZ234070 10111881_011 7565 10138 574 + DNA-directed DN& polymerase QZITI63E.1 protein
vB_EcoP-10111861_MZ234020 10111881 018 12735 13753 1029 + exonuclease Q796431 proten
vB EcoP-10111881 MZ234020 10111881 038 35435 35629 155 + chass Il helin QZITH663.1 protein
wB_EcoP-101118UKEL_MZ234021 101118UKEL_DO3 5603 5887 195 + class Il halin QIITH6E8.1 protein
vB_EcoP-101118UKEL_MZ234021 101118UKEL_D34 191594 19646 453 + endonuclease | Q2797191 protein
wB_EroP-101118UKE1 MZ234021 101118UKEL D36 20127 20585 459 + endolysin QHTeTal protein
vB_EcoP-10111BUKED MZ234021 1DI11BUKEL D41 23258 25476 2169 + OMA-directed DA pobymerase QZITI726.1 protein
vB_Ecof-101118UKEL_MEI34021 101118UKEL D45 26220 2708 B73 exonuclease QEITE730.1 protein
vB_EcoP-10112081-2_MZ234022 10112081-2_D04 G234 EAZ8 195 + class Il halin QzITe751.1 protein
vB_EcoP-10112081-2_ MZ1348022 10112081-2_007 7233 a7 438 + HNH homing endonutlsase Q2I7e754.1 protein
wB_EcoP-10112081-2_MZ234022 10112081-2_035 19507 20362 456 + endonuclease | QII79782.1 protein
vB_EcoP-10112081-2_MZ234022 10112081-2_037 20840 21298 459 + endolysin QZI79784.1 protein
vB_EcoP-10112081-2 MZ234022 101120812 041 23623 2570d 2172 + DWA-directed DNA polymerase QZIT9728.1 protein
vB_EcoP-10112081-2 MZ234022 10112081-2_ 044 26275 27147 B73 + exonuclease QZITe751.1 protein
vB_EcoP-10112082_MI234023 10122082_004 6234 6428 195 + class il helin Q179811.1 protein
wB_EroP-10112082 M2234023 10122082 007 7133 7670 438 + HMWH homing endonuclease Q21798141 protein
vB_EcoP-10112082 MI234023 10122082 035 13962 20417 456 + endonuciease | QZ179842.1 protein
vB_EcoP-10112082 MIZ34023 10122082 037 20895 21353 459 + endolysin QI179844.1 protein
vB _EccoP-10112082 MZZ234023 10122082 041 23678 25849 2172 + DONA-directed DNA potymerase QZI79848.1 protein
vB_EcoP-10112082_MI234013 10122082 044 26330 27202 873 + exonuclease QzI79851.1 protein
vB_EcoP-101136851 MZ234024 101136851 _003 5603 S8BT 195 + class Il helin QZITa870.1 protein
wB_EroP-101136851_MZZ34024 101136851_034 13795 19247 A53 + endonuclease | QZI79901.1 protein
wB_EroP-101136851 MZ234024 101136851 036 19728 20186 459 + endolysin Q1799031 protein
vB_EcoP-101136851 MZ234024 101136851 040 22438 24807 2172 # DWA-directed DNA pofymerase QZI79907.1 protein
vB_EcoP-101136851_MZ234024 101136851_044 25401 26273 E73 + exonuclease Q711 protein
wB_EroP-101136851_MZ234024 101136851 _058 35511 35912 402 + endonuciease Vi Q2179925.1 protein
wB_EcoM-172855UKE1_MZ234025 172859UKE]L D14 7132 7505 A74 + recombination endonucleasa Vil Q7179941.1 protein
vB_EcoM-172858UKE]_MZ234025 172B50UKE]_D3% 14871 15800 1020 + recombination: related andonuclease QzI79862.1 protein
wB_EcoM-172850UKE1_MZ234015 172850UREL D3 17020 18666 1647 + recombination-related endonuclease QZI79965.1 protein
vB_FroM-172859UKE1_MZ234025 1728590FKEL_070 37589 35011 1023 + OMA primase / DNA helicase QZITH996.1 protein
vB_EroM-172853UKE1_MZ234025 172859UKE]L_DB4 44137 45440 1314 + DOHA helicase QOZIB0010.1 protein
wB_EcoM-172855UKE1_MZ234025 172B59UKEL_DBS 45450 46127 678 + axonuclease Q21800111 protein
vB_FroM-172853UKE]_MZZ34075 172B853UKE]_100 56287 SE8d4d4 558 + endonuciease Q7IB0026.1 protein
wB_ECoM-172853UKE]l_MZIZ34025 172ESOUKEL_108 58404 53219 1326 + OMA topoisomerase CQZIED034. 1 protein
vB_EcoM-172855UKE1_MZ234025 172859UKEL_118 62772 63431 G660 - halin QZIE0044.1 protein
wB_EcoM-177853UKE1_MZ234025 172RS9UKEL_137 B2516 82926 411 + endonuclsase QFIED0G3.1 profein
wB EcoM-172855UKE1_MZ234025 1728590UKE]L_181 107171 107404 234 - OMA helicase QFIE0107.1 protein
vB_EcoM-172858UKE]L_MZZ34025 172B5OUKEL 182 107430 108344 1515 - OiA helicase QZIE010E.1 protein
vB_EcoM-172850UKE]l_MZ234025 172859UKEL_ 252 158372 158785 414 + endonuciease QLE0178.1 protein
wB_EroM-172859UKE1_MZ234025 172859U/KE]1 263 161843 162301 459 + endonuciease OZIB0185.1 protein
vB_EcoM-CHD2BS1_MI234027 CHDZBS1_017 8537 9010 474 + endonuciease Q7IB0223.1 protein
wB_EcoM-CHO2B51_MZ234027 CHD2E51_038 17012 18031 1020 + recombination-related endonuclease Q2102441 protein
vB_EcoM-CHD2BS1 M7234077 CHD2B51 D41 13572 20211 1641 + recombination-related endonuclease O7IB0247.1 protein
vB_EcoM-CHD2BS1 MI234027 CHD2BS1_050 23845 26541 2607 + ONA polymerase QIIEN255.1 protein
vB_EcoM-CHD2BS1 MI234027 CHD2851 068 35010 38038 1029 + DMA primase / DNA helicase QZIE0273.1 protein
vB_EroM-CHD2B51 M7234027 CHD2851 088 43525 44344 1320 + OMNA helicase 02180293.1 protein
vB_EroM-CHD2B51_MZ234027 CHDB2B51_000 45098 45343 26 + exonuclease O2IB0295.1 protein
wB_EroM-CHD2B51 MZ234027 CHD2B51 091 45336 45578 243 » exonuclease QFIB0296.1 protein
vB_EcoM-CHDZBS1 MIZ34077 CHDZB31 092 43578 46261 BE4 + exonuclease QIIE0297.1 protein
vB_EcoM-CHD2BS1 MZ234027 CHD2BS1 106 S4875 55060 195 + endonuciease QIIB0311.1 protein
vB_EcoM-CHDZ2BS1 _MI234027 CHD2B51_108 55370 55527 558 + endonucigase QZIen313.1 protein
vB_EcoM-CHD2B51_M7234027 CHD2B51_118 53062 55390 1329 + DNA topomsamerase (71B0323.1 protein
wB_ErcM-CHD2BS1 MZ234027 CHD2B51 130 62746 H3402 657 - halin (71B0335.1 protein
wB_Ecol-CHDZBS1 MIZ34027 CHD2BS1 140 75238 75870 633 + homing endonuclease Q7IE0345.1 protein
vB_EcoM-CHD2BS1 MZ234027 CHDZBS1 151 7AT35  80ATE 738 + haming endenuclease QZIE0356.1 protein
vB_EroM-CHD2BS1 MZ234027 CHD2B51 157 85012 &5422 a411 & endonuciease Q280362 .1 protein
wB_Ecob-CHOIRS1_MZ234027 CHD2851_203 111199 111429 231 - ONA helicase Q7IBD408 1 protein
vB_EroM-CHO2B51 MT234027 CHD2RS1 204 111455 112966 1512 - DA helicase OFIE0A0E9.1 protein
vB_EcoM-CHDZBS1 MIZ34027 CHD2B851_ 160 157682 158008 417 + endonuclease QZIE04ES.1 protein
vB_EcoM-CHDIES1 _MI234027 CHD2BS1 268 160206 160757 462 + endonuclease QI1E0473.1 prodein
wB_EcoP-CHOSUKE] MZ234028 CHODSUKEL 0032 31423 32241 819 - exonuciease Q7160528 .1 protein
vB_EcoP-CHDGUKEL MZ234028 CHDSUKEL D053 39164 40872 1809 - OMNA-directed DNA pohymerase QZIB0543.1 protein
wB_EcoP-CHOSUKEL MZ234028 CHDSUKEL_ 0076 43572 50129 558 - DNA polymerase Q21805721 protein
wB EroP-CHDSUKEL MZ234028 CHOSUKEL 126 63617 65513 247 - A helicase AFIE0622.1 protein
wB_EcaP-CHDSUKE] MZ234028 CHDSUKE] 149 75658 75921 264 - ONA polymerase B region CZIB0645,1 protein
vB_EcoM-CHD1GUKEL MI234030 CHO1GUKEL 017 8537 9010 474 + endanuciease Q2IB0655.1 protein




vB_EcoM-CHD16UKEL MZ234030 CHDLBUKEL 038 17012 18031 1020 + recombination-related endonuclease QZIB06EE.1 protein
wB EroM-CHDIGUKE]L MI234030 CHDIGUKEL 041 18517 20157 1641 + recombination-related endonuclease OFIE0GET. 1 protein
wB_EcoM-CHDI6UKEL PMZ238060 CHOD1BUKEL 050 23790 26486 2697 + ONA polymerase IB065ST.1 protein
wB_EcoM-CHO16UKEL MI234030 CHOLBUKEL 068 34555 35583 1029 » DNA primase / DNA helicase QZIB0715.1 protein
vB_EcoM-CHDIGUKE]_MZZ34030 CHDIGUKEL_0E8 43471 44780 1320 + DMA helicase QIIED735.1 protein
VB_ECoOM-CHD1BUKEL MZZ33030 CHDISUKEL 090 45044 452E9 246 + exonuclease CZIE0737.1 protein
vB_EcoM-CHDISUKEL MIZ34030 CHDLEUKEL 091 45282 45524 243 + exonuchease QIIE0738.1 protein
vB_EcoM-CHDIGUKE] _MIZ34030 CHDIBUKEL 092 453524 4s207 684 + Exonuclease QZIB0739.1 protein
wB_FroM-CHD16UKE1_MZ234030 CHD1GUKEL 106 54821 55015 195 + endonuciease OZIB0753.1 protein
wB_EcoM-CHDIGUKEL MI234030 CHDLIGUKEL_108 55316 558731 558 + endonuciEase QFIE0755.1 protein
vB_EroM-CHO16UKEL MZ234030 CHD1G6UKEL_ 118 SA008 55336 1329 + OMWA topoisomerase QIIBOTES.1 protein
vB_EroM-CHD1EUKE1 MZ234030 CHD1BUKEL 130 62679 63335 657 - haolin OZIB0777.1 protein
wB_EcoM-CHD16LIKE]_MIZ38030 CHDIBUKEL 141 75215 75847 633 + haming endonuclease QFIE07E8.1 protein
vB_EcoM-CHD16UKEL MI234030 CHD1GUKEL_152 79713 80450 738 + haming endonuclease Q11807991 protein
vB_EcoM-CHDIGUKEL MZZ34030 CHDIGUKEL 158 84992 85402 411 + endonuclease OFI80805. 1 protein
vB_EcoM-CHO16UKE]L MIZ34030 CHDIGUKEL 204 111168 111358 231 - OMA helicase QzIe0851.1 profein
vB_EcoM-CHD16UKEL MIZ34030 CHDLEUKEL 205 111424 112935 1512 - DA helicase QIIE0852.1 protein
vB_EroM-CHDISUKEL_MZ234030 CHD1GUKE]1 261 157648 158064 A417 # endonuciease QZ180508.1 protein
wB_EroM-CHD16UKE] MI234030 CHD16UKEL 269 160262 160723 A62 + endonuclease Q2809161 protein
wB_EcoM-CHDS4UKE2Z MI234031 CHDS4UKE2 017 540 5013 474 + endonuclease OZIB0956.1 protein
vB_EcoM-CHOSAUKER MIZ34031 CHDE4UKEZ 019 10820 11650 B3l + haming endonuclease QIIE0a58.1 protein
wB_EcoM-CHDO4UKE? MIZ34031 CHDOAUKE2 041 17800 1291% 1020 + recombination-related endonuclease QZIB0ORD.1 protein
wB_Eroh-CHNSMUKE? MI234031 CHDE4UKEZ (4 13404 21044 1641 + recomhinatinn-related endonuciease Q7IEN983.1 protein
wB_EcoM-CHDSAUIKEZ_MIZ34031 CHDOAUKEZ_053 24677 27373 2697 + DMA pedyrierase QzIB0991.1 protein
wB_ErcM-CHDSAUKEZ MZ234031 CHDS4AUKE?_D6E 34239 35267 1029 + OMA primase / DNA helicase OZ181006.1 protein
wB_FroM-CHOSALIKEZ MIZ234031 CHDB4UKE? 071 35043  3ETIT 675 + haming endonuclease OFIRI008.1 protein
wB_ErohM-CHOS4UKER? MAZI34031 CHOA4UKE2 085 41587 42916 1320 + WA heficase AZIE1023.1 protein
vB_EcoM-CHDSAUKEZ MZ234031 CHDO4UKE2 OE7 43170 43415 246 + exonuclease QZIB1025.1 protein
vB_EcoM-CHDSAUKE2 MI234031 CHDO4UKE2 088 43408 43650 243 + expnuclease QIIE1026.1 protein
vB_EroM-CHDSUKEZ_MI234031 CHOS4UKE2 089 43650 44333 684 + exonutlease Q2810271 protein
vB_EcoM-CHDS4UKEZ_MIZ34011 CHDR4UKEZ_103 52244 53138 195 + endonucicase QTIEI041.1 protein
vB_EcoM-CHDSAUKET MIZ34031 CHDI4UKEZ_104 53202 53759 358 + endonuciease QIIEI042.1 proten
vB EcoM-CHDSAUKEZ MIZ34031 CHODS4UKEZ 114 55832 57220 1325 + DNA topoisomerase QZIEI052.1 protein
wB_EcoM-CHDS4UKEZ_MI234031 CHDO4UKEZ_126 60721 61377 657 - halin QIIB1064.1 protein
vB_EcoM-CHDS4UKEZ_MZ234031 CHDS4UKEZ_136 73158 73790 633 + homing endonuclease Q21B1074.1 protein
wB_EroM-CHDS4UKE2 MZ233031 CHOS4UKE2 150 82072 #2482 A411 + endonuciease OFIE1088.1 protein
vB_EcoM-CHDSMUKEZ MIZ34031 CHDOAUKEZ 196 108245 108475 231 - OMA helicase QZIE1134.1 protein
vB_EcoM-CHDS4UKES MIZ34031 CHOUY4UKEZ 197 108501 110012 1512 - ONA helicase QZIE1135.1 protein
vB_EcoM-CHDS4UKEZ MIZ34031 CHDSAUKEZ 256 155671 1560E4 414 + endonuclzase QZIE11%4.1 protein
vB_EcoM-CHDS4UKE? MIZ238031 CHOO4UKE2 266 159226 159687 462 + endonuclease (181204.1 protein
wB_EcoM-G3G7_MZ234040 G3G7_017 4537 5010 474 + endonuclease OIIE3144.1 protein
VB EcoM-G3G7_MZ234040 G3G7_038 17012 18031 1020 + recombination-related endonuclease O7IR3165.1 protein
vB_EroM-G3G7_hZ234040 G3G7 041 13517 20157 1641 + recombination-related endonuclease OZIg3168.1 protein
vB_EcoM-G3G7_MZ234040 G3GT 050 23790 26486 2697 + ONA polymerase O71B3176.1 protein
vB_EcoM-G3G7_MZE234040 G3G7_068 34955 35963 1029 + ONA primase / DNA helicase Q21831941 protein
wB_EroM-G3G7_hE234040 G367_088 43470 44789 1320 + DMA helicase 02832141 protein
vwB_EcoM-G3G7_MZ234040 GIGT 090 45043 452E8 246 + exonuchease Q71831216.1 protein
vB_EcoM-G3G7_MEZZ34040 G3G7_09] 45281 45513 243 + exonuclease QIIE3217.1 protein
vB _EcoM-G3G7_MZ234040 GIGT 092 45523 46206 B34 + exonutiease QZIE3218.1 protein
vB_EcoM-G3G7_MZ234040 G3G7_106 54820 S5014 195 + endonuclease Q71B3232.1 protein
vB_EcoM-G3G7_MZ234040 G3G7_108 55315 55872 558 + endonuclease Q7183234.1 protein
wB_EcoM-G3G7 MZ234040 G3G7_113 53007 55335 1329 + OMA topoisomerase O71E3244.1 protein
wB_FrobM-G3GT_MZ234040 GAGT_130 B2601  AI4T 657 - halln QFIEI256.1 protein
vB_EcoM-G3G7_MZ234040 GIG7_141 75310 75841 B33 + haming endenuclease QTIB3267.1 protein
vB_EcoM-G3G7_MZ234040 G3G7_152 7IE07 80544 738 + homing endonuclease Qne327a.1 protein
wB_FroM-G367_MZ234040 G3G67_158 85084 85494 411 + endonuciease 071832841 protein
wB_Ero-G3G7_RAZZ34040 GIGT_204 111271 111501 231 - DONA halicase O7IBI330.1 protein
vB_EroM-G3G7_MZ234040 G3IGT_305 111537 113038 1817 - OMA halicase QrIe3a3l.l protein
vB_Ecol-G3G7_MZ334040 G3G7_J61 157754 158170 417 + endonuciease QZIE3ZE7.1 protein
wB_FroM-G3G7_MZ234040 GIGT_2E69 160368 160829 462 + endonuciease Q7I83395.1 protein
wB_EcoP-UTIBIUKEZ MZ234049 UTIBFUKEZ_D11 7556 10102 2547 + DHA-directed DNA pobirmerase OZIB4545.1 protein
wB_EcoP-UTIBSUKEZ MZ234045 UTIBSUKEZ 021 13134 14162 1029 + axonuclease QO21B4555.1 protein
vB_Fcof-UTIBSUKEZ MZZ34045 UTISSLKEZ 040 33143 33337 195 + chass Il holin Q7IB4574.1 protein
wB_ECOP-UTIBOUKES _MZ234050 UTIE2UEKES 011 7557 10103 2547 + DHa-directed DA pobymerase QZIE4612.1 protein
vB_EcoP-UTIS9UKES_MZ234050 UTISZUKES D21 13135 14163 1029 + exonuclease QZIB4622.1 protein
wB_EcoP-UTIRSUKES MZ234050 UTIBSUKES 040 33144 33338 195 + class | helin QFIE4641.1 profein
vB_FooM_LNA4 MZ311864 wB_EcoM _LNA4_MZ311864 CDS_0121 55164 55628 A65 + endonudease Vil self AGKR121  protein
vB_Ecoi_LMAG_MI311864 vB_EcoM_LNA4_MI3L11864_C0S_0124 57259 57663 405 + Rz:like spanin self AGKR1Z4 protein
vB_EcoM_LNAG_MZI311864 vB_EcoM_LNAG_MI3L11BR4_CDS_0125 57660 57950 291 + Rz-like spanin self AGKR125 protein
vB_FcoM_LNAS MZ311864 vB_EcoM_LNA4_MZ311864_CDS_0165 94834 95265 432 - endonudease self AGKR165 protein
vB_EcoM_LNA4_MZ311864 vB_EcoM_LNA4_MI311864_CDS_0187 104002 104475 474 - HNH endonucleas: self_AGKR187 protein
vB_EcoM_LNA4_MZ311864 vB_EcoM_LNAA_MZ311864_COS_0188 104502 106916 2415 - DNA polymerase self_AGKR188 protein
vB_EcoM_LNAS MZ311864 wB_EcoM _LNAZ MI311E64_CDS 0190 107243 107746 504 - HNH endonuclease self AGKR130 protein
vB_EcoM_LMNAS MZ311864 vB_EcoM_LNA4 MIZ3L1B64_CDS_0204 117557 118129 573 - endolysin self_AGKR204 protein
vB_EcoM_LNA4_MI311864 vB_EcoM_LNA4_MI311864_CDS_0214 121637 122140 504 - HNH endonuclease self_AGKR214 protein
vB_EcoM_LMNA4 MZ311864 wB_EcoM _LNA4_MZ311864 CDS_0232 123771 129676 906 + HNH endonuclease self AGKR232  protein
vB_EcoM_LNAd_M7311864 vB_EcoM_LNAA_MZ311864_CDS_0234 129968 131431 1464 + HNH endonuclease self_AGKRI34 protein
vB_EcoM_LNA4_MI311864 wB_EcoM_LWNA4_MZI311864_CDS_0029 8814 9209 396 - endonudlease Vil self AGKR23  protein
vB_Ecol_LMNAJ MI311864 wB_EcoM _LNAS MI311E6EA CDS_0056 19669 20190 322 - HNH endonuclease self_AGKRSE  protein
vB_EcoM_LNAS MI311864 vB_EcoM_LNAS_MI311B64 CDS_0059 21617 22171 555 - endolysin self AGKRS9  protein
vB_EcoM_LNA4 MI311864 vB_EcoM _LNA4 MZI311864_CDS_0075 31464 31949 486 - endonuclease VIl self AGKRTS  protein
vB_EcoM_LNAS_MZ311864 wB_EcoM_LNA4_MZ311E864_CDS_0078 32924 34045 1122 - exonuclease self_AGKR7EB  probein
wB_FcoM_LMAS MZ311864 wB_EcoM _LNAA_MZ311B64_CDS_0079 34054 34521 A6 - HNH endonuclease self AGKR?S  protein
vB_EcoM_SHAKTTDA ORS554181 vB_EcoM_SHAKT704 ORS34131 CDS 0036 18450 21036 2547 + DNA polymarase self GKWAIG  protein
vB_EcoM_SHAK7704_OR594181 vE_EcoM SHAK7704_OR524181 CDS_ 0045 23981 25009 1029 + i self GKWA4S pratein
vB_FcoM_SHAK7704_ORS94181 wB_EroM_SHAKT704_ORS594181_CDS_0046 24994 25407 a1d + endonudease Vil self GKWALE protein
wB_EcoM_SHAK7704_ORS94181 vB_EcoM_SHAK7704_ORS94181_CDS_0005 3327 3BT 345 + dalbysi self GKWAS  pratein
vB_EeolM_SHAKT?04 ORSG4181 wB_EcoM _SHAKTIO4 ORS594181 CDS_D062 39600 47908 3304 + internal virlon protein with endolysin domain self GNWAEZ protein
vB_EcoM_SHAKIT04_ORES4181 vB_EcoM_SHAKT704_DRE94181_CDS_0064 43870 44164 195 + halin self GKWABA  protein
vB_EcoM_SHAK7704 ORSS4181 wB_EcoM_SHAK7704_ORSS4181 CDS_0007 3780 3929 150 + halin self_GXWAT pratein
vB_EcoM_SHAK7704 ORS54181 vB_EcoM_SHAKT7O4 ORS94181_CDS_0008 4019 4216 198 + Rz-like spanin self GKWABR protein
vB_EcoM_SHAKD454 OR554184 vB_EcoM_SHAKS454 ORS54184 CDS_0026 12288 12734 447 + endonudlease self_LVCG26 protein
vB_EcoM_SHAK9454_OR554184 wB_EcoM_SHAKS454_OR534184_CDS5_D0Z7 12721 13173 A53 » endonudease self_LWCG2T protein
vB _Fcohl_SHAKS454 ORSS4184 wB Eoob SHAKS454 ORSS4184 CDS 0032 16083 16514 A3k + endonudease Vil self LWOG32 protein
vB_EcoM_SHAKD454 OR594184 vB_EcoM_SHAKS453 DRSS4184 CDS D033 16507 1BG7E 2172 + DNA polymerase | self LWCG33  protein
vB_EcoM_SHAKDS454_OR594184 vB_EcoM _SHAKS454 ORS94184 CDS_0036 19159 20031 B73 + ! self_LVCG36 protein




vB_Ecoi_SHAKS454_OR594184 vB_EcoM_SHAKS454_OR594184_CDS_0053 32160 36047 3888 + internal virion in with endolysin demain self LWCG53  protein
vB_EcoM _SHAKS454 ORS54184 vB_EcoM_SHAKS454 ORS594184 CDS_0055 38437 38631 195 + halin self_LVCGSS protein
WB_EcoM_SHAK7854_OR594182 vB_EcoM_SHAKTS54_OR594182_CDS_D027 12729 13181 453 + endonuclease self NIZIZ7  proteln
wB_EcoM_SHAKTES54_ORS594181 wB_EcoM _SHAKTES4_ORS54182_CDS_0033 15369 18540 2172 » DMA polymerase | self NIZI33 protein
vB_EcoM_SHAK7B54_OR594182 vB_EcoM_SHAK7B54_OR594182_CD5S_D036 13021 19893 B73 + exonucleass sell_NIZI36 protein
vE_EcoN_SHAK7ES54 ORS94182 wB_EcoM_SHAK7ESS ORS94182 CDS_0053 32030 35917 IEEE + Internal virlon protein with endolysin domain self_NIZISZ proteln
vB_EcoM SHAKTES54 ORS04182 vB_EcoM SHAK7ESS ORSD4182 CDS 0056 38700 38804 195 + hafin self _NIZISE protein
vB_EcoM_LNAl_MI311863 wB_EcoM_LNAL_MZI311B63_CDS_0133 77244 7IT0R 465 - endalysin self_TKOZ133  protein
vB_EcoM_LNA1_MZ311863 wB_EcoM_LNAL_MZ311863_CDS_0147 84570 34974 A05 + HMNH endonuclease self TROZ147  protein
vB_EcoM_LNAL MZ311863 wB_EcoM _LNAL MZ3I11863_CDS_0044 23475 30011 537 - HNH endonuclease self_TKOZ44 protein
vB_EcoM_LMA1_MZ311863 wB_EcoM_LNAL MZ311B63_CDS_0045 29598 30465 A6 - DNA polymerase self_TKOZ45 protein
vB_EcoM_LNA1l MZ311863 wB_EcoM LNAL MZ311863 CDS 0047 307EX 32965 2134 - DNA polymerase self TROZ47 protein
vB_EcoM_LMNAL MI311863 vB_EcoM_LNAL MZ311863_CDS_0056 38847  398E7 1041 + i self_ TKOZS6  protein
vB_EcoM_LNAL1_MZ311863 vB_EcoM_LNAL_MZI311863_COS_0069 47473 47937 465 + HNH endonuclease self_TKOZ63  protein
vB_EcoM LMNAL1 MZ311863 wB_EcoM LNAL MZI311863_CDS 0094 63011 63358 348 + Ra-like spanin self TROZ94 protein
vB_EcoP_LNAS MZ311861 vB_EcoP LNAS MZ311861 CDS_0014 7556 BODS 453 - endonudease self_UTCO14  protein
vB_EcoP_LNAS_MI311861 vB_EcoP_LNAS_MZ311861_CD5_0041 20135 20584 450 - Re:like spanin self UTCO41  protein
vB_EcoP_LNAS _MZ311861 vB_EcoP LNAS MZ311861_CD5_0043 20946 21140 195 - halin self UTCD43  protein
vB_FcoP LNAS MZ311861 vB_EroP INAS MZ311861_CDS_0045 23530 27417 3888 - Internal virion protein with endolysin domain self_ UTCO&S  protein
vB_EcoP LNAS MZ311861 wB_EcoP LNAS MZ311861 CD5_0046 273599 27848 Aa50 - HNWH endonuclease self UTCO46  protein
vB_EcoP LNAS MZ311861 vB_EcoP LMAS MZ311861 CDS 0005 556 1828 B73 - exonuclease self_UTCOS protein
vB_EcoP_LNAS MZ311861 vB_EcoP_LNAS MZ311861_CD5_000E 2309 44E0 2172 - DNA polymerase | self UTCO& protein
wB_Ecol_LMNAZ_MZ311865 wB_EcoM_LNAZ_MZ3I11B65_CDS_0102 61701 63215 1515 + DNA helicase self YRGOI02 protein
vB_EcoM_LNAZ_MI311865 wB_EcoM_LNAZ_MZ311B65_CDS_0103 63241 63474 234 + DNA helicase self_YRGQIO3 protein
vwB_EcoM_LMAZ MZ311865 wB_EcoM _LNAZ MZ311B65_CDS 0134 85412 @5702 291 - Rz-fike spanin self YRGO144  protein
wB_Fool_LNAZ_MIZ311865 wB_FooM_LNAZ_MZ3I11B65_CDS_0145 85600 A&055 357 - Ra:like spanin self YRGO145  protein
vB_Feoh LNAZ MZ311865 wB_Ecob LNAZ MZ311B65 CDS_0148 BTTRT @R1GT a1l - endonuclease self YRGO148  protein
vB_EcoM_LNAZ MI311865 vB_EcoM _LNAZ MIZ11865_CDS 0162 95832 97748 918 - exonuclease self YRGQI6Z protein
vB_EcoM_LNAZ_MZ311865 wB_EcoM_LNAZ_MZI311B65_CDS_0168 107279 107338 EB60 + halin self_YRGOIGE protein
wB_EcoM_LNAZ_MZ311865 vB_EcoM_LNAZ_MZ311865_CDS_0179 111211 112536 1326 - DNA topolsomerase Il sell_YRGOU79  protein
vB_Ecol_LNAZ_MZ311865 wB_EcoM_LNAZ_MZI118B65_CDS_0187 114186 114743 558 - DenB-like DNA endonuclease IV self_YRGOI87 protein
vB_EcoM_LNAZ_MZ311865 vB_EcoM_LNAZ MZ311865_CDS_0202 124965 125642 678 - exonuclease sell_YRGO202 protein
vB EcoM LMAZ MI311865 vB_EcoM LNAZ MI311865 CDS 0022 8452  £950 459 - endoribonuciease self YRGO2IZ  protein
vB_Ecol_LNAZ_MI311865 wB_EcoM_LNAZ_MII11B65_CDS_0240 145273 148984 2712 - DNA polymerase self_YRGO240 protein
vB_EcoM_LNAZ_MZ311865 wB_EcoM_LNAZ_MZI311865_CDS_0271 162585 163058 474 - endonudease VI self_YRGO271 proteln
vl _EcoM LNAZ MZ311865 wB_EcoM LNAZ MZ311865 CDS_0033 12174 13587 414 - endonudease V N-glycosylase UV repair enzyme self YRGOIZ  protein
vB_EcoP_LNAZ_MZ311B62 vB_EcoP LNA3_MZ311862_CDS_0010 13779 14278 450 + Rz-like spanin self 7LO0Q10  protein
vB_EcoP_LNA3_MI311862 vB_EcoP_LNA3_MZ3Ll1862_CD5_0032 25829  262E1 453 + endonuciease self ZLAQ32  protein
vB_EcoP_LNAZ_MZ3I11862 vB_EcoP_LNA3_MZ311862_CDS_0033 23664 31835 2172 + DNA polymerase | self_ZLOQ39 protein
vB_EcoP_LNA3Z_MZ311862 vB_EcoP_LNA3_MZ311862_CDS5_0044 32925 33794 B70 + exonuclease self 70044  protein
vB_EcoP LNA3Z MZI311862 wB_EcoP LNA3 MZ311862_CD5_00D6 5543 5430 3838 + internal virion protein with endolysin domain self_7L006 protein
vB_EcoP LNA3 MZ311862 vB_EcoP LNA3 _MZ311862_CD5_0008 13233 13417 195 + halin self_7L008 pratein
FS2B_MWa29182 3 _CDs 3221 3439 219 + putative holin UAGEE392.1  protein
F52B_MWO29182 17 CD5 19824 20003 130 - HMH endonuclease UAGS8413.1 protein
F528_MWI29182 18_CD5 20017 20844 B28 - 5'-3' exonuclease UAG58414.1  protein
FS2B_MWO29182 35_CDS 27708 29516 1809 - OMA polymerase-like protein UAGEE431.1 protein
F521B_MWO29182 57_CDS 38048 383E3 336 - type | DNA polymerase UAG58453.1 protein
5008_MW7T22811 19 _CD§ 11388 11858 471 - HNH horning endonuclease UCR96557.1 protein
5908 MW722821 30 (D5 23820 25244 1425 - DONA helicase UCRSE560.1 protein
5908_MW722821 35_CDS 26741 28914 2184 - DONA polyrierase | UCRS6566.1 protein
5908_MW722821 44 D5 32573 34795 2223 - replicative DNA helicase UCR96573.1 protein
NTEC3 OK539620 6_CD5 3391 3777 387 - putative spanin protein UDGT325.1 protein
NTECS OK539620 22_CDS 11540 12028 489 - endolysin UDGTIREL L protein
NTEC3_DK539620 30 CD5 14275 14748 474 - haming endonuclease UDGT3260.1  protein
NTEC3_DK539620 42_CD5 17660 15500 2241 + DONA helicase UDG73IZELL protein
NTEC3_OK539620 49_CDS 23272 25452 2181 + DNA polymerase | UDG73288.1 protein
NTEC3 OK535620 52 D5 25805 FE0R9 285 + endoniclease protein UnG73291.1 protein
NTEC3 _OK338620 55_CD5 37095 28519 1425 + OMA halicase UDG732edl  protein
NTEC3 OK530620 67_CDS A04B1 40651 A71 + HMH homing endonuclease UDGT3306.1 protein
MLP1_OK148439 25_CDS 21344 216B5 342 + halin UEMEB355.1 protein
MLP1_DK148339 46_CD5S 32790 33185 396 + endolysin UENBB3A0.1 protein
MLF1_OK148435 61_CD5 41581 43315 1935 + OMA polymerase UENBB395.1 protein
MLF1_OK148439 &4 (D5 45068 46105 1038 + exonuciesse UENGB3ZE. 1 protein
MLPE_ DK 148340 B_CD5 9002 SEIZ B2 - exonuclease UEMBEA14, 1 protein
MLP3_DK148440 28 _CD5 16096 17540 1845 - ONA polymerase UENGE434.1 protein
MLP3_DK148440 48_CD5 26258 26806 549 - ONA polyrmerase UENGB454.1 profein
MLF3_ 0148440 87 _CDS 45567 45872 306 - OMA helicase UENBEA%3.1 protein
MLP3_OK148440 108 CDs 62375 62887 513 + HWH homing endonuciease UENGES1S.1  protein
MLPZ_OR148441 15 CD5 7128 7601 474 & endonuciease ¥l UENBES40.1 protein
MLP2_OK148441 16_CDS 7598 8419 822 + homing endonuclease LUENBBS41.1 protein
MLP2_DK148441 36_CD5 16416 17435 1020 + recombination-related endonuclease UENBESS1.1 protein
MLFZ_OK148441 41_CD5 18748 20430 1683 + recombination-related endonuclease UENBRSSE6.1 protein
MLPZ 0148441 43 CD5 24063 26759 2697 + ONA polymerase IENERS74.1 protein
MLPZ_OK148441 54 CD5 34617 35645 1029 + ONA primase / DNA helicase UENEBSED,1 protein
MLPZ_OK148441 B8l _CD5 A2T7T 44096 1320 + DMA helicase UEMEBGDE. 1 protein
MLPZ 0148441 823 (D5 44350 44595 246 + exonutiease UENGBGIE. 1 protein
MLPZ?_OK148441 84_CDS 44588 44830 243 + exonuclease UENGBGDE.1 protein
MLP2_OK148441 85 CDs 44830 45513 684 » exonuclease & UEMGEG10.1 protein
MLFZ_OK148441 101_CD5 34930 55406 477 + endonuciease UENEBGIE. 1 protein
MLPZ _OK148441 107 _Chs 57541 SEBED 1329 + OMA topoisomerase UENERE32, 1 protein
MLPZ_OK148441 118 _CD5 62212 62868 657 - halin UENGBE43.1 protein
MLF2_OK148441 141_CD5 #3382 83792 411 + endonuclease UENEBG6E.1 protein
MLP2_OK148441 144 CDS 85528 @581 354 + spanin Rz UENGB665.1 protein
MLPZ OK1d48441 135 CO5 104544 105774 231 - DA helicase UENGBTIO0.1 protein
MLPZ_OK148441 186 _CD5 104800 111311 1512 - DA helicase UENEBY11.1 protein
MLPZ_OK148441 241_CD5 156976 1573492 A417 & endonuciease UENEBTEE.1 protein
MLP2_DK148341 248 _C05 159593 160054 462 + endofibonuclease UENGRTTI1 protein
vB_ErcS-CHD2ZB1 MZ234026 CHD2B1 015 7520 811 2397 + O polyrerase | USLEAZT1 1 protein
vB_EccS-CHOZB1_MZZ34026 CHD2B1 013 10670 12084 1425 + OMA helicase USLE5IT5.1 protein
wB_EcoS-CHD2B1 _MZ234026 CHD2B1_021 12832 13106 285 + HNH endonucleass USLERITY. 1 prodein
wB_FEroS-CHOSUKE? MIZ23402% CHOSUKE2 048 24603 26854 2292 + DNA potymerase | USL85373.1 protein
vB_Eco5-CHOSUKEZ MZ23402% CHDSUKEZ 053 27845 29269 1425 + ONA helicase U5L856378.1 protein
wB_EcoS-CHOSUKER MZ234025 CHDSUKE2_055 29958 30281 324 » HMWH endonucleass USLB63E0.1 protein
wB EroP-1011148%53 MZEX34015 101114853 009 9813 10834 822 - exonuclease UShEE1136.1 protein
vB_EcaP-101114B53 MZ234015 101114853 030 16803 18737 1845 - ONA-directed DNA pobmerase USME1157.1  protein
vB_EcoP-101114853_MZ234015 101114853 053 27275 27823 549 - DONA polymerase USME1180.1  protein




vB_Ecof-101114853 MZZ34015 101114853 098 46717 47012 306 - DA helicase USME1235.1  protein
vB_ErocS-UTIESUKE] MI234048 UTIBSUKE] 045 26618 28042 1425 - CNA heficase U5METT16.1 protein
wB_EcoS-UTIBSUKEL MZ234048 UTIASUKEL 052 29715 31895 2181 - ONA polymerase | UsMEL323.1 protein
ZCEC14_OP168E98 1 €05 53 202 150 + flap endenuclease UvD3z312.1 protein
ZCEC14_OP16ERI8 18_CD5 13508 14425 9138 + endolysin UvD33zze.l protein
ZCEC14 OP168E9E 23 DS 16521 17043 228 + ONA polymerase UVD33334.1  protein
ZCECL4 OP16EE0S 34 CD5 23952 24361 411 + single-stranded- DMNA-specific exonuclease UVD33345.1 protein
£LCECTA_DP1GERIE 39_CDs 26744 26974 231 + flap endonuclease UvD3I3348.1 protein
ZCEC14_DP168R98 41 D5 27270 28178 909 + HNH homing endonuclease UvD33351.1 protein
ZCEC14 OP16EREIE 42 D5 23243 28518 276 + halin UvD33352.1 protein
ICEC14_OP168EIE 67_CDS 43518 45290 1773 - OWA helicase UvD33377.1 protein
ZCECLA OP1RERSR 72_CD5 48367 ARTRS 359 + putative HHNH homing endonucliease UvD33382.1  protein
ZCECT4 OP16ERIE 78_CDS 51539 52219 6Bl + endolysin UVD33388.1  protein
Z2CEC14_OP1688IE 83 CD5 59689 60114 426 - putative replicative DNA helicase UvD33398.1 protein
ZCEC14 DP1GERIE 52 (D5 62619 63236 618 - halin UVD3I3402.1 protein
ZCECL4 OP16EROE 138 Cos 94740 100102 363 + HNH homing endonuclease uvD33448.1  protein
ZCEC14_OP16EE9E 152 CD5 103680 104270 582 + DMA polymerase UVD33462.1  protein
ZCEC14_DP16ERIE 157_CO05 105498 105701 24 + putative DNA polymerase UVD33467.1 protemn
ZCEC14 OP16BEAE 165 D5 108203 109213 1011 + putative HNH homing endonuclease UVD3I3475.1 protein
ZCEC14 OP16BESE 168 CDS 109806 110774 969 + putative DNA polymerase UvD33478.1 protein
ZCEC1A_OP1GEEIE 194 CO5 122637 122837 201 + OMA helicase UvD33502.1 protein
ICECI4 OP16RROE 195 CDS 123800 123716 327 + VSR endonutlease UVD33503.1  protein
ZCEC14 OP1GERIE 204 _CD5 126654 127673 1020 + halin UVD33511.1 protein
ZCEC14_OP16ERIE 2056_C05 127670 127933 264 + endolysin UVD33512.1 protein
ZCEC1A_OP16ER9E 229 _CD5 144467 144667 201 - OMA polymerase UVD33536.1 protein
ZCECI4_OP16RRIA 252 D5 155146 155322 177 + flap endonuclease V033558, 1 protein
Killian_ 00446684 PLBFAGEN_00003 IRIA  A4B3 657 + halin pratain WELISTT54.1 protein
Killian_0CA46694 PLEFAGEN 00012 7E37  79B6 150 - flap endonuclease WEUS7764.1  protein
Klllian_CC0446694 PLBFAGBEN_D0O14 7983 5311 1329 - DNA lepoisamerase WEUGT7ES.1  protein
Killian_OO446654 PLBFAGEN_DO024 11659 12135 A77 - endonuclease WELIS?775.1  protein
Killian_0O0446654 PLBFAGHAN_OD0S57 23501 30151 651 - HNH endonuclease WELGTEDS.1 protein
Killian_00446684 PLBFAGEN 00073 38949 41645 2697 - DNA polyimerase WELIG7EZ4.1 proten
Killian_OC0446654 FLBFAGEN 00082 45519 471E 264 - endolysin WELIGTEZ3.1 protein
Killian_00446654 PLBFAGBEN_DO0B3 47179 48198 1020 - recombination-related endenuclease WELGTE341  protein
Killlan_0 0446654 PLBFAGBN_D0084 48176 48799 B24 - homing endonuclease WELS7E35.1  protein
Killian 00446654 PLBFAGEBN 00091 52017 52232 216 - recombination endonuclease Vil WELIGTE4A2 1 protein
Killlan_00A466%4 FLBFAGEN _DD100 S46BT SE504 1818 endolysin WELIGTES1.1 protein
Killlan_00446684 PLBFAGEN_D0L01 56495 57316 #22 - putative homing endonuclease WEUGTES2.1  protein
Killlan_OQ04266%4 PLEFAGBN_D0102 57313 STTER 474 - endonuciease domain-centaining pratein WELIGTES3.1 protein
Killian_0C446654 PLBFAGEN_DO144 T5830 76159 330 - endoribonuclease WELIS7ESS.]  protein
Killian_00446654 PLBFAGBN_DD145 75156 TEG98 543 - putative endoribonuclease WELIGTEIG.1 protein
Killian_DO0446654 FLBFAGRN_DDL4G 75709 77260 552 - endonuciease ¥ N-glycosylase UV repair enzyme WELGTES?.1  protein
Killian_0C446654 PLBFAGEN_DD143 77607 78186 495 - endodysin WELSTEIS.1  protein
Killian_O0446654 PLEBFAGBN_DOL66 84533 85141 609 - HMH endonuclease WELS7510.1 protein
Killlan_D0446654 PLEFAGEN_00210 124433 125944 1512 + ONA helicase WELIG7954.1  protein
Killian_DO0446694 PLBFAGBEN_D0211 1250941 126633 693 & homing endonuclease WELIG7E855.1 protein
Killian_OC445654 PLBFAGBN_DD212 125650 128889 131 + DA helicase WELIE7956.1 protein
Killlan 00446654 PLBFAGBN_D0249 149309 142629 3i1 - DA helicase WELISY503.1 protein
Killian_00446654 PLBFAGBN 00250 143626 143856 231 - flap endonuclease WELIG7594.1 protein
Killian_00445654 PLBFAGBN_O0255 152238 152648 411 - endonuclease WELI57599.1 protein
Killian_0C446694 PLBFAGEN_D0257 153851 154492 642 - putative homing endonuclease WELUSB001.1 protein
Killian_0 0446654 PLBFAGRN_D0273 163120 164037 918 - endolyzin WELIBED17.1 protein
ES_ORABETIR 3 0% £75 1351 477 + HNH endonuclease signature motif containing protein WNO4TSES 1 protein
ES_OR4GET2E 11 Cos 8977 223 246 + exonuclease WHNO47593.1  protein
ES_OR4G67T28 17_CD5 11641 118E9 249 + exonuclease WNO47599.1  protein
ES_ORAGET2E 55_CDS 42316 42519 204 - ONA helicase WNO47E371  protein
ES ORAGETIE 56_CD5 42531 42716 186 - DONA halicase WHNOATERA1  protein
ES_ORA6ETIE 55_CD5 45107 48241 135 + u=spanin WHOATEL3 1  protein
ES_OR466728 67_(Ds 45260 4B411 162 + endolysin WHOATEAD.1  protein
vB-Eco-KMB41_OR535216 19 _CDS 8327 10360 2034 + OMNA helicase WPITDENS.1 protein
vB-Ero-KMBA1_OR539216 21_CD5 10869 11909 1041 + expnuchease WPITDEDT.1 protein
wB-Eco-KMBA41_OR535216 24 _CD5 13229 13565 Adl + endonuclease WRITD610.1 protein
vB-Eco-KMB22_OR533217 13_CD5 TEAY  ESZG 684 - exonuciesse WRITDGE3. 1 protein
wB-ECco-KMB22_OR539217 13 CD5 3526 EThE 243 - exonuclease WPITOERS. 1 protein
vB-Eco-KMB22_ORS535217 15 _CD5 3761 5006 246 - exonuclease WPIT0EGS.1 protein
vB-Eco-KMB2Z_OR539217 17_CD5 9260 10579 1320 - DNA helicase WPITDEGRT. 1 profein
vwB-Eco-KMB2Z ORS535217 34_CDS 16647 17675 1029 - DNA primase / DNA helicase WRITOERA 1 protein
vB-Eco-KMBZZ_OR532217 43 (D5 25527 283713 2697 - DA polymerase WRIT0639.1 protein
vE-Eco-KMB22_ORS39217 57_CD5 J1BB2 33521 1641 - recombination-related endonuclease WEITOFOT.1 protein
WB-Ero-KMB22_OR535217 60_CDS 34008 35027 1020 - recombination-related endonuclease WPI70710.1 protein
vB-Eco-KMB22_0RS39217 79_C05 43378 43801 474 - endonuciease Vil WRJ70729.1 protein
vB-Eco-KMB22_ORS39217 94_COS 51455 53172 720 - homing endonuclease WRIT0744.1 protein
vB-Eco-KMB2Z OR533217 117 CD5 605900 61361 462 - endonuciease WPRITOTAT.1 protein
vB-Eco KMB22 ORS539217 177 _Cos 109160 110680 1512 + DA helicase WRJF0E27.1 protein
vB-Eco-KMB22_OR535217 178 CD5 110706 110936 231 + DNA helicase ‘WPJF0E28.1 protein
vwB-Eco-KMB22 ORS539217 222 CD5 136577 136387 411 - endonuclease I ‘WPIT0E72.1 protein
wB-Eco-KMB22_OR535217 235_CDS 145554 146186 633 - homing endonuclease WPITOERS.1 protein
vB-Eco-KMB2Z ORS35217 245 _CD5 158059 158715 657 + halin WRIT085.1 protein
vB-Eco-KMBZZ OR539217 2533 CD5 161772 163100 1329 - DMA topoisomerase WPJ70905.1 protein
vB-Eco-KMB22_ORS39217 264 CDS 165228 1657ES 558 - endonuciease IV WPJI0014.1 protein
vB-Eco-KMB22_ORS535117 265_CD5 165840 165043 195 - endonuciease WPRITD915.1 protein
vB-Eco-KMB26_0OR535218 12_CD5 7630 E313 GE4 - exonuchease WPIT0928.1 protein
wB-Eco-KMB26_OR539218 13_CDS #3313  BGS5 243 - exonuchease WRIFIE29 1 protein
vB-Eco-KMB26_OR533218 14 D5 3548 E793 26 - exonuciease WRITDE30.1 protein
vB-Eco-KMB26_ORS39218 18 _CDS 9047 10366 1320 - DA helicase WPIT0932.1 protein
vB-Eco-KMB26_OR539718 33 (D5 17510 18538 1029 - OMA primase / DNA helicase ‘WPIF0E49.1 protein
vB-Eco-KMB26_ORS3ISR 43_CD5 27054 29750 2697 DNA polymerase WRITE6S 1 protein
vB-Eco-KMB26_ORS39218 57 05 33383 380713 1641 - recombination-related endonuclease WRIFET73.1 protein
vB-Eco-KMB26_OR538218 60_CD5 35508 36518 1020 - recombination:related endonuclease ‘WPI70876.1 protein
vB-Eco-KMB26_ORS39118 78_CDs 44230 44703 474 endonuclease Vil WPRJ70904.1 prodein
wB-Ero-KMB26_OR539218 115_C0S 61060 61521 462 - endonuciease WPIT1031.1 protein
vB-Eco-KMB26_0OR535218 122_CD5 63720 64136 417 - endonuclease ‘WPJ71038.1 protein
wB-Eco-KMB26_0OR539218 174_CD05 104198 110709 1512 » OWA helicase WEIT1050.1 protein
vB-Ero-KMB26 ORS535218 175 CDS 110735 110565 231 + A helicase WRIT1091.1 protein
vB-Eco-KMB26_OR539218 219 CD5 136571 136981 411 - endonuclease WPI71135.1 protein
vB-Eco-KMB26_0R539218 224_CD5 141520 142257 738 - homing endonuclease ‘WPRJ71140.1 protein




vB-Eco-KMB26_0OR533218 234 CD5 145483 147115 633 - homing endonuclease ‘WPI71150.1 rotein
vB-Ero-KMB26_ORS535218 244 CD5 153944 155600 657 + halin WPITI160.1 protein
vB-Eco-KMB26_0R5359218 255_CD5 162943 164271 1329 - ONA topoisomerase WPIT1171.1 protein
wB-Eco-KMB26_0OR535218 264 _CD5 165406 165563 558 - endonuclease WEIT1180.1 protein
vB-Eco-KMB26_OR539218 265_C05 167050 167244 185 - endonuciease WPRIT11E81.1 protein
VB-ECD-KMB39_ORS39219 11_CDS 6803 7876 BEd - exonuclease WPIT1193.1 proteln
vB-Eco-KMB3D_OR535219 12_CDs 7576 TE1B 243 - exonuchease ‘WPRJ71194.1 protein
vB-Eco-KMB39_OR539219 13_LDs 7E1l  EO56 246 - Exonuclease WPIT1185.1 protein
wB-Eco-KMB39_0R535219 14_CD5 8078 5397 1320 - DNA helicase ‘WPRIT1156.1 protein
vB-Eco-KMB39_ORS535119 29 (D5 15097 16125 1029 - DA primase / DNA helicase WPRJT1211.1 protein
vB-Eco-KMB39_OR535219 43 (D5 23374 28070 2697 - DNA polymerase ‘WPRIT1225.1 protein
vB-Eco-KME3S_0OR5359219 51_CD5 29702 30418 717 + homing endonuclease WPI71233.1 protein
vB-Eco-KMBI9_ORS39219 52_CD5 30411 32057 1647 - recombination-related endonuclease WPJ71234.1 protein
vB-Eco-KMB3IY_ORS39219 55_CO5 32543 33562 1020 - recombination-related endonuclease WPI71237.1 protein
wB-Eco-KMB39 OR535219 74 (D5 41564 42037 A474 - endonuciease ¥ ‘WPI71256.1 protein
yB-Eco-KMB39_ORS5352119 12 Cos 58451 58912 462 - endonuciease WPIT1284.1 protein
vEB-Eco-KMBZ9_0OR535119 130 CD5 67654 GE262 609 - homing endonuclease WPI71312.1 protein
vB-Eco-KMB39_0R535219 140_CD5 72508 73167 B6O - HHH endonuclease WPI71322.1 protemn
wB-Eco-KMB39_ 0R539219 175 €05 108802 1069419 618 + homing endonuclease WPIT1357.1 protein
wB-Eco-KMB39 OR535219 176 CD5 108422 110530 1509 + OMWA helicase WPRJ71358.1 protein
vB-Eco-KMB30_OR535218 177_CD5 110827 111618 653 + haming endonuclease WPIT1358.1 protein
wB-Eco-KMB30_ORS39219 178 CDs 111645 111875 231 + DA helicase WPIT1360.1 protein
vB-Eco-KMB39_OR535214 221_C05 136879 137289 411 - endonuciease ‘WPI71403.1 protein
wB-Eco-KMB39_0R539219 223 CD5 138495 139276 73z - haming endonuclease ‘WPIT1405.1 protein
wB-Eco-KMB39_0OR535219 228 _CD5 142507 143244 738 - homing endonuclease WPI71410.1 protein
wB-Ero-KMB38_0OR535218 237 D5 147240 147872 633 - homing endonuclease WRIT1418.1 protein
wB-Eco-KMB30 ORS39219 247 _CDS 159874 160630 657 + halin WRIT1428.1 protein
wB-Eco-KMB30_0R539219 257 CD5 163634 164962 1329 - DMA topoisomerase ‘WPRJ71430.1 protein
vB-Eco-KMB39_ORS35219 265_CD5 167095 167652 558 - endonuciease WPIT1447.1 preten
vB-Eco-KMB39_0R539219 266_CD5 167716 167910 195 - endonuclease WPIT1448.1 protein
vB-Eco-KMBA0_OR535220 11_CDs 7255 7938 GB4 - exonuclease WPIT1460.1 protein
vB-Eco-KMBA0_ORS39220 12_CD5 TH3E B0 243 - exonuclease WRIT1461.1 protein
vB-Eco-KMB40_OR535220 13 CDs 2173 8418 246 - exonuclease ‘WEIT1462.1 protein
vB-Eco-KMB40_OR539220 14 CDs 8440 9755 1320 - ONA helicase ‘WPRI71463.1 protein
wB-Eco-KMBA0_OR535220 30_CDs 15567 16595 1029 - DMA primase / DNA helicase WPRJT1479.1 protein
wB-Eco-KMB&0 ORS535220 45 CD5 24071 26767 2657 - OMA polymerase ‘WRIT1454.1 protein
vB-Eco-KMBA0_DR539220 52_CDS 30177 31853 1683 recombination-related endonuclease WPIT1501.1 proteln
vB-Eco-KMBA0_OR539220 53 CDs J1EIS 3279 55 - putative endonuclaase WRIT1502.1 protein
vB-Eco-KMBS0_DR539220 56_CD5 33173 341%: 1020 - recombination-related endonutiease WPIT1505.1 protein
vB-Eco-KMBA0_0R535220 74_CDS 41896 42369 474 - endonuciease Vil WPIT1523.1 protein
wB-Eco-KMBA0 _OR535220 112 CD5 53572 55033 d62 - endonuclease WPRJT1561.1 protein
vB-Eco-KMBA0_OR533220 120 _CD5 61714 62130 417 - endonuclpase ‘WPI71569.1 profein
vB-Eco-KMB4&0_OR535220 174_CD& 107571 1085E8 618 + homing endonuclease WPIT1623.1 protein
vB-Eco-KMB&0_0R535220 175 CD5 104591 110099 1509 + DNA helicase 'WPIT1624.1 protein
vB-Eco-KMBS0_OR539220 176_C05 110125 110358 234 + ONA helicase WPJ71625.1 protein
wB-Eco-KMB4&0_0OR539220 219_CD5 135587 135947 11 - endonuclease WRIT1668 1 protein
vB-Eco-KMB40_OR535220 234 CDS 145041 145673 633 - haming endenuclease WPIT1683.1 protein
vB-Eco-KMBAD ORS39220 244 CD5 157812 158468 657 + halin WRIT1ES3.1 pretein
vB-Eco-KMB40 OR539220 254 CD5 161471 162799 1329 - ONA topoisomerase WPRI71703.1 protein
vB-Eco-KMBS0_ORS535220 262 CD5 164938 165414 477 - endonuclease WPI71711.1 protein
wB-Eco-KMB40_ORS535220 264 CD5 16579 165990 195 - endonuclease WPRIT1713.1 protein
wB-Eco-KMBAZ_ORS5359221 13_CD5 7866 BS540 6Ed - exonuclease WPIT1727.1 protein
vB-Eco-KMBAZ_ORS39221 14 CDS A543  &700 249 - exonuchease WRIT1T28 1 protein
vB-Eco-KMBAZ_ORS39221 15_CDS 4783 9028 246 - exonuclease WPIT1729.1 protein
vB-Eco-KMB4Z_OR535221 17_CDs 3282 10601 1320 - DONA helicase WPRIT1731.1 protein
wB-Eco-KMBA2Z_OR535221 33_(Ds 16417 17445 1029 - ONA primase / DNA helicase WPRIT1747.1 protein
wB-Eco-KMBAZ OR535221 48 _CD5 25303 27599 2657 - DOMA polymerase WPITITA2.1 protein
vB-Eco-KMBAZ_OR538711 56_CDs 3163z 3277 1641 - recombination: related andonuclease WPI71770.1 protein
wB-Eco-KMEB42 _OR539221 59 _CD5 33758 34777 1020 - recombination-related endonuclease WPI71773.1 protein
vB-Ero-KMB42_ORG35221 77_CD5 42773 43246 474 - endonuclease Wil WPIT1791.1 protein
vB-Eco-KMBA2_OR539221 113_CD5 53633 60094 A62 - endonuclease WPIT1827.1 protein
vB-Eco-KMBAZ OR535221 173 CD5 104375 105886 1512 + OMA helicase WRIJT1887.1 protein
vB-Eco-KMBAZ_OR539221 174 CD5 104212 110145 234 + ONA helicase ‘WPIT1BES. ] protein
wB-ECco-KMBA2_OR539221 217 (D5 1353330 135740 411 - endonuciease WPIT1931.1 protein
vB-Eco-KMB4Z_OR535221 240_CD5 1556823 157479 657 + halin WPIT1954.1 protein
vB-Eco-KMB42 OR539221 250_CD5 160481 161809 1329 - ONA topoisome ase WPJT1964.1 profein
wB-Eco-KMB4Z ORS535221 258 CDS 163939 164415 477 - endonuciease WEIT1972.1 protein
vB-Eco-KMB42_OR535221 260_CDS 164790 164384 195 - endonuciease WPI71974.1 protein
vB-Eco-KMB14_OR424384 15_CD5 4910 12456 2547 + DA polymerase WPK2TE?9,1  protein
wB-Ero-KMB14_OR424384 23 (D5 15599 16576 978 + exonuchease 'WPK27887.1 protein
vB-Eco-KMB14_0R424364 24 €05 16561 18971 411 + endonuclease WPK278B8.1  protein
vB-Eco-KMB14_ORA24384 42 _CD5 35654 35848 185 + class Il helin WPK27906.1  protein
vB-Eco-KMB14 OR424384 47 [D5 33777 35121 345 + endolyin WPK27911.1 protein
vB-Eco KMB14_OR4243164 49 _CD5 39230 39379 150 + halin WPK17913.1 pretein
vB-Eco-KMBA7_OR4243B5 15 (D5 3480 12026 2547 + DNA-girected DNA palymerase WPK27923.1 protein
vB-Eco-KMB47 _OR4243B85 23 (D5 15201 16229 1029 + exonutiease WPK27941.1 protein
vB-Eco-KMBA7_OR424385 24_CDS 16214 16624 d411 + HMH endonuclease motif protein WPK27942 1 protein
wB-Eco-KMBAT ORA243B5 43 (D5 35216 35410 195 + clazs Il helin WPK2T961.1 protein
VB-ECO-KMBAT OR4ZAIBS 43 (D3 33695 35138 444 + HNWH homing endonuclease WRK27563.1 protein
vB-Eco-KMB25_OR4243E6 32 (DS 27873 29846 1974 + DMA helicase WPK2E005.1 protein
vB-Eco-KMB25_OR4243B6 33 (D5 23640 30056 408 + endonuciease 'WPK2B006.1 protein
vB-Eto-KMB25_0R4243B6 40_CD5 33151 33375 235 + halin WPE2ED13.1 protein
wB-Eco-KMB25_ORA424386 42 (D5 33866 34255 390 + unimalecular spanin WPK2B015.1 protein
wB-Eco-KMB25_ORA243B6 45 _CD5 35083 36663 1581 - DA helicase WPKIB019.1  protein
vB-Eco-KMB43_OR525608 8 COS 5303 671 668 - exonuclease A WONOE336.1  protein
vB-Eco-KMBA3_ORS25608 11_CDs 5305  7TBG 1392 - OMA helicase WONGE239 1 protein
wB-Eco-KMB43_ORS25698 15_CDS 10023 11051 1039 - OMA primase / DNA helicase WONDEILT 1 protein
wB-Eco-KMBAE ORSIS6AR 16_CDS 11058 11622 564 - HHWH haming endonuclease WONDGEILL 1 protein
vB-Eco-KMBAZ_OR525698 16_CD5 16370 15048 2679 - DA pobymerase WONDEISA1  protein
vB-Eco-KMBA3_ORS2SE98 34_CDs 22837 24519 1683 recombination related endonuclease WONOEIEL 1 protein
wB-Eco-KMB43 OR525698 39 CD5 25927 26552 1026 - recomhbination-related endonuclease WONDEIET 1 protein
vB-Eco-KMB43_OR525698 59_CD5 39163 35435 273 - endonuclease Vi WONDEIBT1  protein
vB-Eco-KMBA3_OR525638 61_CDS5 39944 40699 756 - homing endonuclease WONOEIBS1  protein
vB-Eco-KMB43 ORS525648 92 CDS 51447 51869 423 - endoribonuciease WONOE4201  protein
vB-Eco-KMB43_ORS25698 100_CDS 54619 55104 576 - haming endonuclease WONDBIZE 1 protein
vB-Eco-KMB43_ORS25608 101 CD5 55240 55629 390 - endolysin WONDE429.1  protein




vB-Eco-KMB42 OR5Z5608 164 _CDE 101846 103330 1485 » DNA helicase WONDE4D2.1 rotein
vB-Ero-KMBA3 OR5256598 165 €05 103447 103683 237 + CNA heficase WONGE493.1  protein
vB-Eco-KMB43_OR525698 213 CDs 128805 129071 267 spanin Rz WONGESE1.1  protein
wB-Eco-KMBA3_OR525698 215 _CD5 130278 130739 A62 - endonuclease WONDE543.1  protein
vB-Eco-KMBA3_OR525698 242 _CD5 154ERG 155547 657 + halin WONDEST01  protein
VB-ECD-KMBAE ORS25698 260 CD% 160880 162226 1347 OHMA topoisomerase WONDESEZ1  protein
vB-Eco-KMB4G_ORS25600 7 CDs 5502 6847 1056 - exonuchense WONOEEDD.1  protein
vB-Eco-KMB4G6_OR525693 87_CDs 44819 45034 216 - halin WONDEEBLT  protein
wB-Eco-KMB46_OR525699 95_{D5 43364 50361 1998 - ONA helicase WONDEEBE1  protein
wB-Eco-KMB37_ORS25700 87_CD5 35584 35504 921 - exonuchease WONOETT7.1  protein
wB-Eco-KMB37 OR525T00 90 CDS 38356 35342 B85 - exonuclease WONOETBOL1  protein
vB-Eco-KME37_ORS25700 136_CD5 55278 57362 2085 + large terminase with endanuclease WONDEEZE 1 protein
vB-Eco-KMB37_OR525700 178 CDS 96354 98933 2580 - DNA polymerase WONOEERS. 1  protein
vB-Eco-KMB37_ORS525700 218 _CDS 124434 124949 516 - HNH endonuclease WONDES08.1  protein
wB-Eco-KMB3B OR525701 13 D5 3369 G646 678 - exonuckEase WONDESS? 1 protein
vB-Eco-KMB38_ORS25701 14 CDS 9656 1069 1314 - OMA heficase WONDEESE1  protein
vE-Eco-KMB28_OR525701 27 CD5 16084 17106 1023 - DNA primase / DNA helicase WONOTO11.1  protein
vB-Eco-KMB38_ORS525701 50_CD5 30469 33180 72 - ONA polymerase WOND?O341  protein
wB-Eco-KMB38_0ORS525701 57_CDS 36637 3IEIDS 1689 - recombination-related endonuclease WONOT0411  protein
wB-Eco-KMB38 OR525701 60 CDS JARB02 35821 1020 - recombination-related endonuclease WONOT044.1  protein
vB-Eco-KMB3E_OR525701 80_CD5 47086 47359 474 - recombination endonuclease VI WONDTOEA1  protein
vB-Eco-KMB3E ORS25701 111 _CDS B1602 6150 459 - site-specific ANA endonuclease WONOTIO5 1 protein
wB-Eco-KMB38_ORS525701 121_CDS 65203 G576 414 - endonuciease ¥ WONOTIOS 1 protein
wB-Eco-KMB3B_OR525701 184_CD5 114122 114853 732 + haming endonuclease WONDTIEE.1  protein
wB-Eco-KMB38_ORS525701 185 _CD5 114859 116373 1515 + OMA helicase WONOT1691  protein
wB-Ero-KMB38_OR525701 186_CD5 116399 116637 234 + DNA helicase WONOTITR 1 protein
wB-Eco-KMB3E ORS25701 236 005 134577 138933 357 - cpanin Az WONDTI10.1  protein
vB-Eco-KMB38 OR525701 229 CD5 140664 141074 411 - endonuciease Il WONDT213.1  protein
vB-Eco-KMB3E_ORS25701 250 D5 160876 161635 BED + halin WONDT341  protein
vB-Eco-KMB38_ORS25701 260_CDS 164507 166232 1326 - DNA topolsomerase Il WOND?244.1  protein
vB-Eco-KMB3E_0ORS25701 267_C05 167882 163358 477 - DMA endonuclease IV WONOT251.1  protein
vB-Eco-KMB23_ORSZ570Z 13_€D5 TT65  B44E GB4 - exonuclease WONOT266.1  protein
vwB-Eco-KMBZ3 OR525702 14 CD5 B4R BESO 243 - exonuclease WOQNOTIE7.1  protein
vB-Eco-KMB23_0R525702 15_CD5 3683 E9I8 246 - exonuclease WONOTIE8.1  protein
vB-Eco-KMB23_OR525702 17 (D5 9182 10501 1320 - DA helicase WONOT270.1  protein
vB-Eco-KMB23 ORS525702 34 (DS 16570 17558 1029 - WA primase / DNA helicase WONOTIB7 1 protein
vB-Eco-KMB23_OR525702 50_CDs 25447 2EB138 2687 - OMA polymerase WONDTI03 1 protein
vE-Eco-KMBZ3_OR525702 58_CDs 31797 33479 1683 - recombination-related endonuclease WONOT3111  protein
vB-Eco-KMB23_OR525702 59 CD5 33495 34349 855 - haming endonuciease WOND7I12.1  protein
vB-Eco-KMB23_0R525702 B2_CDS 34793 35812 1020 - recombination-related endonuclease WONGT3151  protein
wB-Eco-KMB23_OR525702 82 (D5 43508 435B1 474 - endonuciease ¥l WONOTI35.1  protein
vB-Eco-KMB23_OR525702 121 CD05 60163  60&X4 A6 - site-specific RNA endonuciease WONDTITA1  protein
vB-Eco-KMB23_ORS25702 144 CD& 6845 70485 6851 - horming endonuclease 'WONOTI97.1  protein
vB-Eco-KMB23_ORS525702 188 CD5 109718 111229 1512 + DNA helicase WQNO74411  protein
vB-Eco-KMB23_ORS25702 189 (05 111255 111485 231 + ONA helicase WONOT4421  protein
wB-Eco-KMB23_0R525702 234 DS 136641 137051 411 - endonuciease WONOTIET 1 protein
vB-Eco-KMB23_OR525702 255_CDS 157793 158448 657 + halin WOQNDT512.1  protein
vB-Eco-KMBZ3_OR525702 279 CDS 164920 165396 477 - endonuclease IV WONDTS32.1  protein
vB-Eco-KMB23 OR525702 281 CD5 165778 1655972 195 - endonuciease WOND75341  protein
vB-Eco-KMB36_0OR525703 5_CDS 5550 5545 387 + spanin WONOTS40.1  protein
wB-Eco-KMB36_OR525703 19 €05 12411 12950 540 - HNH homing endonuclease WONOTE54.1  protein
wB-Eco-KMB36_OR525703 34_CD5 24635 26059 1435 - OWA helicasa WONOT5691  protein
wB-Eco-KMB36_ORSI5T02 i7 CDS 26564 27061 498 - HNH endonucleass motif proteln WONDTST21  protein
vB-Eco-KMB36_ORS25703 40 CDS 27265 30360 3096 - DNA polyrmerase | WONOTSTS.1  protein
vB-Eco-KMB36_OR525703 41_CD5 30353 306E8 336 - HNH homing erdonuclease WOND7576.1  protein
wB-Eco-KMB36_OR525703 B6_CDS 41007 41258 252 & putative hiolin WONDTE011  protein
wB-Eco-KMB3I5 ORG25704 7 CO5 4505 5291 387 + spanin WONOTERD1  protein
vB-Eco-KMB3S_ORS25704 35_CDs 24377 25704 1435 - OMA halicase WONDTEAZ.1  protein
wB-Eco-KME3S_OR525704 39 _CDs 26981 27079 09 - HNH endenucleass WONOTES21  protein
wB-Eco-KMB35_OR525704 41_CD5 27197 27528 732 - restriction endonuclease WONOTES4.1  protein
vB-Eco-KMB35_ORS525704 42 _CD5 27972 30152 2181 - DONA polyrerase | WONOTESS 1 protein
wB-Eco-KMB35 OR525704 50 _CD5 33774 35008 2235 - replicative DMNA helicased WONOTEEI.1  protein
vB-Eco-KMB35_ORS25704 53_CD5 40134 40433 309 + putative holine 'WONDTEBZ.1  prolein
wB-ECco-KMB35_ ORS25704 J0_CDs 40435 40897 273 + putative holin WONOTRES. 1 protein
vB_EcoM_SHAKT1GI_OR594179 SHAKT163_0020 10447 12993 2547 + ONA polymerase WVWT7634.1  protein
wB_EcoM_SHAKTLG3_OR594179 SHAKT1G3_002% 15238 16966 1029 + exonuchease WWWTTE43.1  protein
wB_EroM SHAKT1E3 ORS5S94179 SHAKT163 0046 31648 34568 3321 + Internal virion protein with endolysin domain WWWTT560.1  protein
vB_EcoM_SHAKT163_ORS94179 SHAKT163 0048 35940 36134 195 + holin WYWT7e62.1  protein
wB_EcoM _SHAKYLE3 ORS94179 SHAKT163_0054 39749 40093 345 + endolysin WWWTTBEGE.L  protein
wB_EroM_SHAKT163 OR594179 SHAK7163 0056 40202 40351 150 + halin WVW7IET0.1  protein
vB_EcoM_SHAKT163 ORS94179 SHAK?163_0057 40441 40638 198 + Re-like spanin WWWPIBTL1  protein
wB_Ecol_SHAKT693_OR594180 SHAK?7693_0008 3483 58R9 387 + Rz-like spanin WWWTIBET.1  protein
vB_EroM SHAKTES3 ORS94180 SHAKTG93 0025 12924 14054 1131 - CONA repair exonucease WWVWTTTDAL  protein
wB_EcoM_SHAKTEO1 ORS04180 SHAKT7E93 0031 17626 18276 651 - HNH endonucleass WVWTITI0.1  protein
vB_EcoM_SHAKTEOX ORS941E0 SHAKTE93 0033 25778 27166 1389 - DMA helicase WVWT7IT1B1l  protein
vB_EroM_SHAKTE93 ORS94180 SHAK7E93 0046 29005 31206 2202 - ONA polymerase WWWT77725.1  protein
vB_EroM_SHAKTEOZ_ORS04180 SHAK7693_004% 32133 3260 492 - HMH endonuclease WWVWTTT28.1  protein
wB_Eroh_SHAKTSO3 ORS94180 SHAKTES3_ 0050 32621 33861 1242 - exonuclease WWVWTIT29.1  protein
vB_EcoM _SHAKT&ESI OR594180 SHAKTE93 0072 41E83 42191 309 + halin WVWTITSL1  protein
VB _EcoM_SHAKTED3Z ORSS41E0 SHAKTE93 0073 42184 42456 273 + halin WAVWT7752.1  protein
vB_EcoM_SHAKTEO3 ORS04180 SHAKTE93_0074 42419 42658 240 + endolysin WWWTIT53.1  protein
vB_EcoM_SHAKTEII_OR594180 SHAK7G93_0075 42651 42953 303 + endolysin WWVWTITELT  protein
wB_ErchM_SHAKTESE ORS94183 SHAK7358 0007 4898 S2E4 387 + Rz-like spanin WWVWTTTTOL  protein
wB_Ecol SHAKTESE ORSO41E3 SHAKT3SE D008 5250 5353 144 + Ri-like spanin WVWTTTTL1  protein
vB_Ecol SHAKTESE ORS94183 SHAKTESE 0022 12701 13831 1131 - ONA repalr exonuclease WVWT7T8E5.1  protein
vB_EroM_SHAKTESE ORS594183 SHAKTE58_ 0035 24873 26297 14325 - OMA helicase WWVWTITSR.1  protein
wB_Feob_SHAKTESE_ORS94183 SHAKTHSS 0041 I7162 29342 2181 - OHA polmornvn WAVWT TR0 1 protein
vB_Eroh _SHAKTESE ORS94183 SHAK7ESE 0044 30288 31538 1251 - exonucleace WWVWTTEDT.1  protein
vB_Ecol_SHAKTESE OR5D4182 SHAKT7E58 0068 39935  AD243 g + halin WVW77831.1  protein
vB_EroM_SHAKTESE ORS94183 SHAK7858 006% 40236 40508 273 + halin WVWT7832.1  protein
wB_FcoM SHAKTBSE ORG94183 SHAKTA58 0070 AMBE 41001 516 + HMH endonuclease WWVWTTE33.1  protein
vB_EcoM_SHAKTESE_ORGS04183 SHAK7E58_0071 40280 41474 486 + endolysin WWVW77834.1  protein
wB_EcoS UTEC10_PP291582 7_C05 1847 1332 486 - endolysin WWYEEIELL  protein
wB Ecof UTECIO PRP291582 8 COS 2310 258} 273 - halin WWYEGIEX 1  protein
wB_Eess UTEC10 PP291582 31_CDS 13241 15412 2172 + ONA polymerase WWYRES05. 1 protein
vB_Ecos_UTECL0_PP291582 &4 _CD5 37822 37968 147 - Az-like spanin WWYBE53B.1  protein




Mimirl24_PQ310662 21 CD5 6030 6536 507 + HNH endonuclease XL223656.1 rotein
Mimirl24 P03 10662 29 _CDS 10848 11324 47T + HNH endonuciease XLF23664.1 protein
Mimirl24_PO3 10662 30_CDS 11324 12499 1176 + HNH endonuclease XLI23665.1 protein
Mimirl24_P0310662 45_CD5 21725 22204 ABD » HNH endonucleass XLZ23680.1 protein
Mimirl2d_PQ310662 43_CD5 24554 27133 2580 + DA polyrmerase XLZZ3684.1 protein
Mimirlzd_PO3 10662 52_CDS 27980 ZBATT A98 + HMH endonucleasa XLEZZ6ET.1 protein
Mimirl24 P03 10662 53_CD5 28474 20454 D81 + exonuchedse XLI2IGEE.L protein
Mirmir124_PQ310662 82_CD5 59644 GOL3E 495 - Ra-like spanin XL223717.1 protein
Mimir124_PQ310662 #3_CD5 60125 6O76D 636 - endolysin XLZ23718.1 protein
Mimirl24_PQ310662 84_CD5 60750 61010 261 - halin XLI23715.1 protein



Supplementary Table S3

The list of putative phage depolymerases identified accordingly to the criteria described below the list. Proteins marked in bold (7 in total) were found in genomes of phages annotated first time in this work (Supplementary Table 51). The remaining
depolymerases were annotated by the authors but not indicated strictly as depolymerases.

Phage name Phage acc. Protein name indicated  Protein acc.  Number of Gene Strand Template Confidence %i.d. Aligned PDB header  Chain PDRB Maolecule PDBTitle
No. by annotations No. amino acids position Residues
vB_EcoP-22664UKE3-2  MZ234011 hypothetical_protein QZI78577.1 843 3368:5899 + c2x3hA 100 89 485 lyase A K5 LYASE coliphage k5a lyase
vB FcoP-101101UKE1  MZ234012 hypothetical_protein Q7178684.1 532 37884:39782  + c2%3hA 100 98 498 lyase A K5 LYASE coliphage k5a lyase
vB EcoP-10112081-2 MZ234022 hypothetical _protein QZ179749.1 843 3368:5899 + c2u3hA 100 a1 479 lyase A K5 LYASE coliphage k5a lyase
vB _EcoP-10112082 MZ2234023 hypothetical_protein QZ179809.1 843 3368:5899 + c2x3hA 100 91 478 lyase A K5 LYASE coliphage k5a lyase
a - AT ; v e
VB EcoP-UTIBOUKE2 Mz23dpqg  Unclassified_head QZ184586.1 811  38367:40802 +  c3judA 100 82 666 hydrelase A Endec- crystal strushus inalyiss oF andaiidesend 2t
- tail protein = acetylneuraminidase 0.98 a resolution
VB _EcoP-UTIBOUKE2  MZ234043 ""da,ssmea—':'ead' Q7184586.1 811 38367:40802  + c3gvia 100 81 666 hydrelase A E"do'N,' ; arprl stk e sTne e aEam ki Ry
= tail_protein = acetylneuraminidase mutant
lassi head- ol
VB_EcoP-UTIBOUKE2  Mzz3dpag  Umclassified_head QzI84586.1 811  38367:40802 +  c4hizA_ 100 52 gag  orolsevial Endosialidase phage phio2 endasislidase
tail_protein protein
lassified_head- Endo-M- tal struct lysis of endosialid f at
VB_EcoP-UTIBQUKE3 Mz23405p  -ncosslied.nea QZI84653.1 811  38368:40803 +  c3judA 100 82 666 hydrolase A L e A ot o
- tail_protein - acetylneuraminidase 0.98 a resolution
VB_EcoP-UTIBSUKE3 Mz2340sp  Undiessified heads oo pest 811  38368:40803 +  c3gviA 100 82 666 hydrolase A Srmiel: sl Bk Rof 0 R rieUr RN AG A
= tail_protein = acetylneuraminidase mutant
lassified_head- hydrolase,viral s -
VB_EcoP-UTIBOUKE3 ~ Mz234050 o oooednea Qz184653.1 811  38368:40803 +  cdhizA_ 100 58 Bae TTOYERARL Endosialidase phage phi92 endosialidase
tail_protein pratein
vB_EcoM_SHAK7704 ORS594181  tail_spike_protein  self_GXWA10 811 47517186  +  c3judA_ 100 81 666 hydrolase A Frado-: erptakstuctuns onlyiis of endosialiment ot
acetylneuraminidase 0.98 a resolution
Endo-N- tal structure of do- inidasenf
vB_EcoM_SHAK7704 OR584181  tail_spike_protein  self GXWA10  8ii 4751:7186  +  c3gviA_ 100 81 666 hydrolase A e S e
acetylneuraminidase mutant
, . . hydrolase,viral .y . .
vB_EcoM_SHAK7704 OR594181 tail_spike_protein self_ GXWAL0 811 4751:7186 + cdhizA_ 100 52 646 uratuhs Endosialidase phage phi92 endosialidase
vB_EcoM _SHAK7854 OR594182 tail_spike_protein self NJZIS4 843 35982:38513 + c2x3hA 100 79 476 Iyase K5 LYASE coliphage kS5a lyase
Endo-N- tal structure of do- inidasenf
vB_EcoP_LNA3 MZz311862 tail_protein self_ZLOQ7 1064 9896:13090 +  c3gvjA_ 100 97 668 hydrolase b e s e s
acetylneuraminidase mutant
Endo-N- tal struct lysis of endosialid f at
vB_EcoP_LNA3  MZ311862 tail_protein self 21007 1064  9896:13090 +  c3judA_ 100 97 667 hydrolase A PR T RIS e
acetylneuraminidase 0.98 a resolution
i hydrolase,viral i E ¢ e
vB_EcoP_LNA3 MZ311862 tail_protein self_ZLOQ? 1064 9896:13090 + cdhizA_ 100 55 642 fotelh A Endosialidase phage phig2 endosialidase
e ) _ hydrolase,viral = . ke
vB_EcoS-UTIB9UKE1  MZ234048 tailspike USME1314.1 084 23501:26455  + cdhizA_ 100 80 656 . A Endosialidase phage phi92 endosialidase
Endo-M- tal struct f do- inid f
vB_EcoS-UTIBOUKEL  MZ234048 tailspike USMa1314.1 984 23501:26455 +  c3gviA_ 100 52 689 hydralase A oo CRYITE STUCTUTE DT N FRCorneLminiGasey
acetylneuraminidase mutant
Endo-N- tal struct lysis of endosialid f at
VvB_EcoS-UTIBSUKE1  M2234048 tailspike USM81314.1 984  23501:26455 +  c3judA_ 100 52 668 hydrolase G Bl Sl h el e
acetylneuraminidase 0.98 a resolution
vB-Eco-KMB14 0OR424384 tail_spike_protein WPK27915.1 632 39798:41696  + c2x3hA, 100 98 498 lyase A K5 LYASE coliphage k5a lyase
vB-Eco-KMB47 OR424385 hypothetical_protein WPK27970.1 532 39752:41690 + e2u3hA 100 98 458 Iyase A K5 LYASE coliphage k5a lyase
; : crystal structure of the colanidase tailspike
; ; Bacteriophage Phig92 ! :
vB-Eco-KMB37 0OR525700 colanidase_tailspike WONOBB59.1 804 85229:87643  + coelwh_ 100 99 599 hydrolase A 150 protein gp150 of phage phig2 complexed with
i one repeating unit of colanic acid
vB-Eco-KMB36 OR525703 tailspike WONO7566.1 778 21945:24281 + ¢2x3hA 100 59 472 Iyase K5 LYASE coliphage k5a lyase
vB_EcoM SHAK7163 OR594179  tail_spike protein  WVW77673.1 811  41173:43608 +  c3judh_ 100 83 666 hydrolase Eaolly Syt shichur amalysss of endiasialiiseny ot
acetylneuraminidase 0.98 a resolution
Endo-N- tal struct f do- inid f
vB_EcoM_SHAK7163 OR5594179 tail_spike_protein WVW77673.1 811 41173:43608 + c3gviA_ 100 83 666 hydrolase A e o S AUMELIE 010N ETGg-nenrdinInEasen
acetylneuraminidase mutant
? . - = hydrolase, viral i ; o
vB_EcoM_SHAK7163  OR594179 tail_spike_protein WWVW77673.1 811 41173:43608 + cdhizA_ 100 53 644 A Endosialidase phage phi92 endosialidase

protein




Non-contractile tail structure of klebsiella phage p560

Mimir124 PO310662 tail_fiber_protein XL723723.1 788 61722:64088 - cvuld 100 44 603 lyase A }
1 s = fiber protein depolymerase

Criteria for predicting putative depolymerase activity were applied by us as indicated by Latka et al,, 2019. First, we have selected proteins longer than 200 residues, and annotated by the authors as tail/tail spike/hypothetical proteins in the NCBI database. Next,
we focused only on proteins that showed homology to domains annotated as lyase [hyaluronate lyases (hyaluronidases), pectin/pectate lyases, alginate lyases, K5 lyases) or hydrolase (sialidases, rhamnosidases, levanases, dextranases, and xylanases) with a
confidence = 100% and i.d.% of at least 40% as analyzed by Phyre2 software (Kelley et al., 2015). Finally, we confirmed that the length of homology with one of these enzymatic domains spans at least 100 residues and predicted a typical B-helical structure by
Phyre2. Importantly all selected proteins possess such a structure and in the Table above, we have included the results of the deseribed analyses. Impartantly, confidence - represents the prabability (from 0 to 100) that the match between the sequence
considered as depolymerase and its template protein/domain is a true homology whereas the % i.d. means percentage identity between the potential depolymerase sequence and the template. Besides,in the table, we also included basic information from PDB
{PDB header, Chain, PDB Molecule, PDBTitle) about the ternplate protein as shown by Phyre2.
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Supplementary Table S4

Development prediction provided by Phacts.

Phage name _ Acc. No. Phage Development Prediction Probability Standard deviation
Killian 0Q446694 Lytic 0.8084915084915085 0.03981755315791634
ZCEC14 OP168898 Lytic 0.8066933066933066 0.04993856011707866
vB-Eco-KMB42_0OR539221 Lytic 0.8001958001998002 0.052733628246767875
UGKSEcP2_0V876900 Lytic 0.7993006993006994 0.057939388136500354
vB-Eco-KMB23_0OR525702 Lytic 0.7909090909090908 0.03151860025847168
vB_EcoM-CHD2BS1_MZ234027 Lytic 0.7841158841158842 0.048862179518650066
vB_EcoM-101112UKE3-1_MZ234013  Lytic 0.7812187812187812 0.07698791978793594
vB-Eco-KMB40 OR539220 Lytic 0.7809190809190809 0.05155861480091239
vB EcoM KMB26 QOWS536688 Lytic 0.7802197802197802 0.0549159854079656
vB-Eco-KMB26 OR539218 Lytic 0.7795204795204794 0.04469019552021623
UGKSEcP1_0QV877085 Lytic 0.767032967032967 0.04781824488965274
vB_FcoM-101117B51_MZ7234018 Lytic 0.764035964035964 0.05967105805184602
MLP2_0OK148441 Lytic 0.7585414585414585 0.056644413777406304
vB_EcoM-G3G7_MZ234040 Lytic 0.7584415584415585 0.054589349015637396
vB_EcoM_ACG-C40_JN986846 Lytic 0.7551448551448552 0.05331044130086957
vB-Eco-KMB22_0OR539217 Lytic 0.7549450549450549 0.03715974872496407
vB_EcoM-CHD94UKE2_MZ234031 Lytic 0.752947052947053 0.05051439438630861
vB-Eco-KMB39_0R539219 Lytic 0.7492507492507492 0.0865310191655401
vB-Eco-KMB43_0OR525698 Lytic 0.7398601398601399 0.052147852147852135
Ec_Makalu_002_MN709127 Lytic 0.7269730269730271 0.03217046917418424
Ec_Makalu_003_MN882349 Lytic 0.7230769230769231 0.06846590503393363
vB EcoM-CHD16UKE1 MZ234030 Lytic 0.7149850149850149 0.08105838947652758
vB_EcoM_LNA2_MZ311865 Lytic 0.7107892107892108 0.0513398072902401
Ec_Makalu_001_MN894885 Lytic 0.7077922077922079 0.057932153206275656
vB_EcoM-172859UKE1_MZ234025 Lytic 0.700899100899101 0.06610216817343365
vB-Eco-KMB38_0R525701 Lytic 0.6780219780219781 0.05192316702049144
EG1_MG488277 Lytic 0.6559440559440559 0.04749238561170755
vB_EcoP_LNA3_MZ311862 Lytic 0.6224775224775224 0.040845460315579604
vB_EcoP-101120B1-2_MZ234022 Lytic 0.6087912087912087 0.05809549424877568
vB_EcoM_SHAK7854_0OR594182 Lytic 0.6038961038961039 0.05752415695778564
vB_EcoM_SHAK9454 OR594184 Lytic 0.59880119838011988 0.03798884378792097
vB_EcoP-101136BS1_MZ234024 Lytic 0.5978021978021979 0.05380935060126192
vB_EcoP-101118UKE1_MZ234021 Lytic 0.5943056543056944 0.04083324167140766
vB_EcoP-22664UKE3-2_MZ234011 Lytic 0.5928071928071929 0.04052349996510999
vB EcoP-22664BS1 MZ234009 Lytic 0.5921078921078922 0.05455323009792227
vB EcoP LNAS5 MZ311861 Lytic 0.5872127872127872 0.03922602578799767
vB_FEcoP-10112082_M7234023 Lytic 0.5832167832167834 0.038960526649466067
vB_EcoP-101114UKE3_MZ234017 Lytic 0.5485514485514486 0.042992922311362966
RDN8_1_MN414250 Lytic 0.5369630369630369 0.02838024520552686
vB_EcoP-101101UKE1_MZ234012 Lytic 0.532967032967033 0.040570388723319334
vB_EcoM_LNA1_MZ311863 Lytic 0.5268731268731268 0.02939576353934294
vB-Eco-KMB25_0OR424386 Lytic 0.5236763236763238 0.04774305104154496
FS2B_MW929183_MW929182 Lytic 0.5234765234765234 0.04401730360260719
vB_EcoM_SHAK7163_0OR594179 Lytic 0.5228771228771228 0.03179649281088874
vB_EcoM_SHAK7704_0OR594181 Lytic 0.5210789210789211 0.021598762012036112
vB-Eco-KMB47_0OR424385 Lytic 0.5177822177822178 0.04933901993235517
vB-Eco-KMB46 OR525699 Lytic 0.515084915084915 0.0520846586228672
vB-Eco-KMB37_0OR525700 Lytic 0.5148851148851149 0.03553186893573369
vB_EcoP-UTI89UKE2_MZ234049 Lytic 0.5124875124875125 0.03250363012912384




vB_Eco5_ACG-M12_JNS86845 Lytic 0.5115884115884116 0.05592166313649559
myPS5H1131 MG983840 Lytic 0.5071928071928072 0.04243591151396859
vB_Eco5-101114B54 MZ234016 Lytic 0.5065934065934066 0.03412857038622432
Mimirl24 PQ310662 Lytic 0.5058941058941059 0.061253019381096764
vB-Eco-KMB14_OR424384 Lytic 0.5052947052947052 0.04677800176280204
vB_EcoS-CHD2B1 _MZ234026 Lytic 0.5028971028971029 0.041311318585690045
vB_EcoP-101114B53_MZ234015 Lytic 0.5022977022977024 0.030575959290554382
vB_Eco5-101114B82_MZ234014 Lytic 0.5017982017982019 0.033718466647800725
NTEC3_OK539620 Lytic 0.500999000999001 0.043380690974404924
vB_EcoS-22664B1_MZ234008 Lytic 0.500899100899101 0.035775396045280135
vB_EcoM_LNA4 MZ311864 Temperate 0.5408591408591409 0.03875351375692474
vB_EcoM_SHAK7858 OR594183 Temperate 0.5226773226773227 0.01638361638361638
vB_EcoS_UTEC10_PP291582 Temperate 0.5221778221778222 0.050332303584103824
VB_EcoS-Golestan_MG099933 Temperate 0.5204795204755205 0.020565837442392577
vB-Eco-KMB35_0OR525704 Temperate 0.5183816183816183 0.06047620688691993
vB_EcoS-CHD5UKE2_MZ234029 Temperate 0.5183816183816183 0.030799218621140163
vB_EcoS-UTIBOUKEL1_MZ234048 Temperate 0.5181818181818183 0.03479923584480584
vB_EcoP-101118B1_MZ234020 Temperate 0.5141858141858141 0.028656008883703066
vB_EcoP-CHDSUKE1_MZ234028 Temperate 0.5132867132867134 0.021481076910454693
ES_OR466728 Temperate 0.5127872127872128 0.04599322917954495
MLP1_0K148439 Temperate 0.5121878121878122 0.029846732723432533
vB_EcoS-phiEc4_MZ576218 Temperate 0.5114885114885115 0.04769/459363083304
vB_EcoM_SHAK7693_OR594180 Temperate 0.5095804095904096 0.04673670053957779
St11Ph5_MG208881 Temperate 0.5087912087912089 0.03446205950427083
vB_EcoS-phiEc3_MZ2576217 Temperate 0.5064935064935066 0.05187884423949967
vB-Eco-KMB36_OR525703 Temperate 0.5017982017982018 0.04651966978136441
590B_MW722821 Temperate 0.5016983016983018 0.040334905032335215
vB_EcoP-UTIB9UKE3_MZ234050 Temperate 0.5013986013986014 0.016191522689992813
vB_Eco5-22664B52_MZ234010 Temperate 0.5012987012987012 0.025838422633889652
vB_EcoP_ACG-C91_JN986844 Temperate 0.500999000999001 0.038583301685973556
vB-Eco-KMB41_0R539216 Temperate 0.5007992007992008 0.026085406316677637
vB_EcoP-101117UKE2_MZ234019 Temperate 0.5007992007992008 0.03137260803137165
MLP3_0K148440 Temperate 0.5004995004995004 0.04883878745886241



Development prediction provided by Bacphlip.

Phage name_ Acc. No Virulent Temperate
vB_EcoP-101114BS53_|_MZ234015 1 0
vB_EcoM-CHD94UKE2_|_MZ234031 1 0
MLP3_|_OK148440 1 0
EG1l_|_MG488277 1 0
vB_EcoP-101101UKE1_|_MZ234012 1 0
Ec Makalu 003 | MN882349 1 0
vB_EcoM-101117BS1_| MZ234018 1 0
vB_EcoP-101120B2_|_MZ234023 1 0
UGKSEcP1 | OV877085 1 0
vB_EcoP-101136BS1 | MZ234024 1 0
ZCEC14 | OP168898 1 0
RDN8_1 | MN414250 1 0
myPSH1131_| _MG983840 1 0
vB_EcoP-101120B1-2_| MZ234022 1 0
vB-Eco-KMB22 | OR539217 1 0
FS2B | MW929182 1 0
MLP1 | OK148439 1 0
vB-Eco-KMB47 | OR424385 1 0
UGKSEcP2_|_0OV876900 1 0
Ec_Makalu_001_| MN894885 1 0
vB _EcoM LNA2 | MZ311865 1 0
vB-Eco-KMB39_| OR535219 1 0
vB_EcoP-101114UKE3_|_MZ234017 1 0
MLP2_|_0OK148441 1 0
vB_EcoP-CHDSUKE1 | MZ234028 1 0
vB_EcoP_LNAS_|_MZ311861 0,998656518 0,001343482
vB_EcoM_SHAK7854 | OR594182 0,998656518 0,001343482
vB_EcoP-22664UKE3-2_| MZ234011 0,998088282 0,0015911718
vB-Eco-KMB25_|_OR424386 0,998044612 0,001955388
vB_EcoP-101117UKE2_|_MZ234019 0,997298624 0,002701376
vB_EcoP-22664BS1_|_MZ234009 0,997298624 0,002701376
vB_EcoM_SHAK9454 | OR594184 0,997298624 0,002701376
vB_EcoP_ACG-C91 | JNS86844 0,997298624 0,002701376
vB_EcoP-101118B1_| MZ234020 0,997298624 0,002701376
St11Ph5_|_MG208881 0,993351672 0,006648328
vB_EcoM_SHAK7704_| _OR594181 0,9875 0,0125
vB-Eco-KMB14_|_OR424384 0,9875 0,0125
vB-Eco-KMB23_|_OR525702 0,9875 0,0125
vB-Eco-KMB26_| _OR539218 0,985022026 0,014977974
vB_EcoM-G3G7_|_MZ234040 0,985022026 0,014977974
vB_EcoM_KMB26_| OW536688 0,985022026 0,014977974
vB EcoM-CHD16UKE1l | MZ234030 0,985022026 0,014977974
vB_EcoM-CHD2BS1_|_MZ234027 0,985022026 0,014977974
vB-Eco-KMB42_| _OR539221 0,985022026 0,014977974
vB_EcoM-101112UKE3-1_|_MZ234013 0,975 0,025
Ec_Makalu_002_|_MN709127 0,975 0,025
Killian_|_0Q446694 0,975 0,025
vB_EcoP-101118UKE1_|_MZ234021 0,974136829 0,025863171




vB_EcoS-101114B54 | _MZ234016 0,973802342 0,026197658
Mimir124_|_PQ310662 0,963505857 0,036494143
vB_EcoP-UTI89UKE3_|_MZ234050 0,9625 0,0375
vB_EcoS-CHD2B1_|_MZ234026 0,9625 0,0375
vB_EcoM_LNA1_|_MZ311863 0,9625 0,0375
vB_EcoP-UTI89UKE2_|_MZ234049 0,9625 0,0375
vB_EcoS-101114B2 | MZ234014 0,961302342 0,038697658
vB_EcoS-22664B1_|_MZ234008 0,95 0,05
vB_EcoM-172859UKE1_| MZ234025 0,95 0,05
vB_EcoS_ACG-M12_| JN986845 0,949446177 0,050553823
vB_EcoP_LNA3_| MZ311862 0,949210342 0,050789658
FS2B_|_MW929183 0,913270925 0,086729075
vB-Eco-KMB43_| OR525698 0,9125 0,0875
vB-Eco-KMB40_| _OR539220 0,912005277 0,087994723
vB_EcoS-CHD5UKEZ2_|_MZ234029 0,9 0,1
vB_EcaoM_LNA4 | MZ311864 0,9 0,1
vB_EcoM_ACG-C40_| JN986846 0,8875 0,1125
vB_EcoM_SHAK7163_|_ OR594179 0,8875 0,1125
vB-Eco-KMB38_| _OR525701 0,8875 0,1125
vB_EcoS_UTEC10_| PP291582 0,875 0,125
vB-Eco-KMB41_| _OR539216 0,8625 0,1375
vB_EcoS-phiEcd_|_MZ576218 0,8625 0,1375
vB_EcoS-phiEc3_|_MZ576217 0,8625 0,1375
ES_|_OR466728 0,85 0,15
vB-Eco-KMB46_|_OR525699 0,848044612 0,151955388
vB_EcoM_SHAK7858_|_ OR594183 0,825 0,175
VB_EcoS-Golestan_|_MG099933 0,8 0.2
vB_EcoM_SHAK7693_|_0OR594180 0,7875 0,2125
vB_EcoS-UTIBOUKE1_|_MZ234048 0,75 0,25
vB_Ec0S-22664BS2_|_MZ234010 0,7375 0,2625
vB-Eco-KMB36_|_OR525703 0,6875 0,3125
S590B_|_MWw722821 0,6875 0,3125
vB-Eco-KMB35_| _OR525704 0,65 0,35
NTEC3_|_OK539620 0,6 0,4
vB-Eco-KMB37_|_OR525700 0,5 0,5



Development prediction provided by Phatyp.

Phage name_ Acc No. Phage Development Prediction Score
vB-Eco-KMB38_|_OR525701 virulent 0,9998679
vB_EcoP_LNA3_|_MZ311862 virulent 0,99986744
vB-Eco-KMB37_|_OR525700 virulent 0,99986744
vB-Eco-KMB23_|_OR525702 virulent 0,99986744
vB-Eco-KMB22 | OR539217 virulent 0,99986744
vB_EcoP_LNA5 | MZ311861 virulent 0,99986696
vB_EcoP-101118UKE1l_| MZ234021 virulent 0,9998665
vB-Eco-KMB40_| _OR539220 virulent 0,9998665
vB_EcoS-22664B1 | MZ234008 virulent 0,99986607
vB EcoM-101112UKE3-1 | MZ234013  virulent 0,99986607
vB_EcoP-101117UKE2_|_MZ234019 virulent 0,99986607
vB_EcoP-101118B1_|_MZ234020 virulent 0,99986607
vB_EcoP-101120B1-2_| MZ234022 virulent 0,99986607
vB_EcoP-101120B2 | _MZ234023 virulent 0,99986607
vB EcoP-101136BS1 | MZ234024 virulent 0,99986607
vB-Eco-KMB26 | OR539218 virulent 0,99986607
UGKSEcP2_|_0V876900 virulent 0,99986607
vB_EcoM_KMB26_| OW536688 virulent 0,99986607
vB_EcoM_ACG-C40_|_JN986846 virulent 0,9998656
RDN8_1_|_MN414250 virulent 0,9998656
vB_EcoM-CHD16UKE1_|_MZ234030 virulent 0,9998656
vB_EcoM-CHD94UKE2_|_MZ234031 virulent 0,9998656
MLP2_|_OK148441 virulent 0,9998656
vB-Eco-KMB39_|_OR539219 virulent 0,9998656
vB_EcoM_SHAK7854_|_OR594182 virulent 0,9998656
vB_EcoP-22664UKE3-2_|_MZ234011 virulent 0,9998651
vB_EcoM-CHD2BS1_|_MZ234027 virulent 0,9998651
vB_EcoM-G3G7_|_MZ234040 virulent 0,9998651
vB_EcoM_LNA2_|_MZ311865 virulent 0,9998651
ZCEC14 | _0OP168898 virulent 0,9998651
vB_Eco5-101114B2_|_MZ234014 virulent 0,9998645
vB_EcoS-phiEc3_|_M2576217 virulent 0,9998645
Killian_| _0Q446694 virulent 0,9998645
vB-Eco-KMB46_| _OR525699 virulent 0,9998645
vB-Eco-KMB42_| _OR539221 virulent 0,9998645
UGKSEcP1_|_0OV877085 virulent 0,9998645
vB_EcoS_UTEC10_ | PP291582 virulent 0,9998645
EG1_|_MG488277 virulent 0,99986404
vB_EcoS-22664BS2_| _MZ234010 virulent 0,99986404
vB_EcoS-CHD2B1 | _MZ234026 virulent 0,99986404
ES_| _OR466728 virulent 0,99986404
vB-Eco-KMB36_|_OR525703 virulent 0,99986404
vB_EcoM_SHAK7704_| OR594181 virulent 0,99986404
vB_EcoM_SHAK9454 | OR594184 virulent 0,99986404
vB_EcoS_ACG-M12_| JN986845 virulent 0,9598636
VB_EcoS-Golestan_|_MG099933 virulent 0,9998636
Ec_Makalu 003 _| MN882349 virulent 0,9998636
vB_EcoP-22664BS1_|_MZ234009 virulent 0,9998636




vB_EcoM-101117BS1_|_MZ234018 virulent 0,9998636
vB_EcoM-172859UKE1_|_MZ234025 virulent 0,9998636
vB_EcoP_ACG-C91_|_JN986844 virulent 0,99986315
Ec_Makalu_001_|_MN894885 virulent 0,99986315
vB_EcoS-UTIB9UKE1_|_MZ234048 virulent 0,99986315
vB_EcoP-UTI89UKE2_|_MZ234049 virulent 0,99986315
vB_EcoP-UTI89UKE3_|_MZ234050 virulent 0,99986315
Mimiri24_| PQ310662 virulent 0,99986315
Ec_Makalu_002 | MN709127 virulent 0,9998627
vB_EcoS-phiEc4 | _MZ576218 virulent 0,9998627
NTEC3_| OK539620 virulent 0,9998627
vB-Eco-KMB35_|_OR525704 virulent 0,9998627
vB_EcoM_SHAK7693 | OR594180 virulent 0,9998627
vB_EcoP-101101UKE1_|_MZ234012 virulent 0,9998622
MLP1_|_OK148439 virulent 0,9998622
vB-Eco-KMB14_| _OR424384 virulent 0,9998622
vB-Eco-KMB43_|_OR525698 virulent 0,9998622
vB_EcoM_SHAK7858_| OR594183 virulent 0,9998622
St11Ph5_|_MG208881 virulent 0,99986124
vB_Eco5-101114BS4_| _MZ234016 virulent 0,99986124
vB_EcoM_LNA1_|_MZ311863 virulent 0,599986124
590B_|_MW722821 virulent 0,9998608
vB-Eco-KMB47_|_OR424385 virulent 0,99985975
vB-Eco-KMB25_|_OR424386 virulent 0,99985975
vB_EcoM_SHAK7163_| OR594179 virulent 0,99985975
vB_EcoS-CHD5UKE2_|_MZ234029 virulent 0,9998593
vB_EcoM_LNA4_| _MZ311864 virulent 0,9998593
vB-Eco-KMB41_|_OR539216 virulent 0,99983126
FS2B_|_MW929183 temperate 0,9998593
vB_EcoP-101114BS3_|_MZ234015 temperate 0,99985695
vB_EcoP-101114UKE3_|_MZ234017 temperate 0,99985695
vB_EcoP-CHDSUKE1 | _MZ234028 temperate 0,99985695
myPSH1131_|_MG983840 temperate 0,9998565
FS2B_| MW929182 temperate 0,9998565
MLP3_|_OK148440 temperate 0,9998517



Supplementary Table S5

Names of the encoded proteins and positi f their iin genomes of phages from the first dade of the VipTree-based r i tree d in Figure 1. These lists were used to generate tree presented in Figure 2, Genes important for tree topol were i ied in this work,
T:;ﬂ"miz::;‘:f" Be: "':;";'::;:;::’:“T’t“ Characteristic protein features identified by InterProScan

+ a01 pyocin_knob; Leng tail fiber proximal subunit, C-terminal, second; Long-tall fiber prowimal subunis, C-terminal, trimerization domain
+ 502 Baseplate wedge pratein go?, domain Wi; Fibranectin type |Il; Baseplate wedge protein gp7.; Baseplate wedge protein gp7, helical domain; Basepiate wedge protein gp7, domain Vi FN3
* 481 DNA polymersse family B, enonuclease domain; DNA-directed DNA pelymerase.; DNA-directed DMNA polymerase; DNASRNA rmerases; Ribonuelease H-like; DNA DMA_polB_axo
+ 348 ; ; ! retein Gpld, C-terminal domain
+ 325 5 i
* 322 ATP dependent DMNA ligase domain; Mucleic acid-binding proteins, DNA ligase/mRNA capping enzyme, catalytic demain
- 301 AMA domaln; Rad50 colled-coll Zn hook; P-loop containing nucleaside triphosphate hydrolases; ABC_ATPase; RecF/RecH/SMC N terminal domaln
" 203 Baseplate structural protein gpé, C-terminal domain |; Baseplate wedge protein gpé-like, helical domaln; Baseplate structural protein gph, C-terminal domain [1; Baseplate wedge protein gpb. ! Basepiate structural protein goé, C-terminal domain 1i; Baseplate

wedge protein gpb, demain ||

+ 292 PFL-like glyey radical enzymes; Ribonucleotide reductase, barrel damain; Ribonucleoside-diphosphate reductase; RY subunit of Abonudeotide reductase, N-terminal demain; ATP cone domain; Ribonudleotide reductase, all-alpha domaln
ATPaze domain of HSPOD chaperene/DNA topoisamerase lIfhistidine kinase: Histidine kinase-, DNA gyrace B-, and HSPRO0-like ATPase; DNA tepoisamerase Il large subunit; Ribosamal protein 55 domain 2-like; DNA gyrase B; Type || DNA tepoisomerase; DNA

+ 278 3
topoisomerase 2

+ 269 Tail sheath protein Gp18 damain |1l N-torminal region; Phage tail sheath protein subtilisin: (ke domain; Phage tall sheath protain beta:sandwich domain; Tail sheath protein Gpl8-like domain |; Phage tail sheath C-terminal domain

+ 243 Dda helicase 5H3 damain; P-doop containing nucleoside triphosphate hy : 5F1_C_Rech; AdA domain; DEXSc_RecD-like; UvrDike helicase C-terminal domain

+ 245 Fhage tall proteins; Basaplate structural pretein, domaln 2; Baceplate structural protein, domain 1

+ 241 RMA ligase 1.; ANA ligasa; T4 ANA ligase 1, C-terminal domain; T4 RMA ligase 1

. 241 Portal pratein.; Bacteriophage TA-like partsl protein (Gp20)

. 240 DEXHe Livel: Holicase concarved C-terminal domain; P-leap cantaining nuclecside triphacphate hydralages; Type [ rectriction enzyme, res subunit; DNA helicace UveW, Noterminal

- 240 RME_IIl; Anaarobic ribonudeoside-triphosphate reductase; PFL-like ghycyl radical enzymes; AJL ging ribbon domain

+ 31 Capsid vartox protein; Majer capsid protein Gpl3; Capsid vartex protein,

- 209 DnaB-like replicative helicase [41].; PHloog containing nuclesside triphesphate hydrolases; Dnag-like helicase € terminal domain; DMA primase/helicase, hellcase subunit

- 180 P-loep containing nucleoside triphosphate hydrolases; rech bacterial DNA recombination protein; Bacterlophage T4, Recombination and repalr protein, C-terminal domain

& 190 DNA primase.; DNA primase core

4 180 T4 Riase H, € tarminal: PIN_ Td-like: PIN domain-iike: 53" exonuclpase, N-terminal resalvase-like domain: 5' to 3’ exanuclease, C-terminal subdamaing HITH Td-like; PIN_SIEX0-like

+ 178 P-loop cantaining nucleoside triphosphate hydrolases; HAD-like; HAD PMKP-C, Polmucleotide kinase; AAR domain; PITM 1-3, LNSZ damain

+ 179 Matallo-dependent phosphatases; Calcineurin-liks phosphoesterase

+ 172 Ribonucleoside-diphosphate reductase 1 subunit beta; Ribonucleotide reductate, small ehain; Fesritindike, RNAR2

- 167 Major capsid pretein.; Majer capsid protein Gp2d

4 166 Shiding-clamp-loader large subunit, AAMA+ ATPaze lid domain; ATPase family associated with various cellular activities [AAA) AMA; Sliding-clamp-loader large subunit, C-terminal domain; P-loop containing nuclesside triphosphate hydrolases; Shiding-clamp-
loadar large suburit.

+ 153 T4 bacterinphage base plate protein

+ 153 DA clamp: Slkding clamp : gpd5 sliding clamp, C terminal: DNA palymerase processivity factor; Gpds sliding clamp DNA polymerase

+ 146 -

+ 142 -

+ 141 gp32 DONA binding protein like; Single-stranded DNA-binding protein [32] ; Single-stranded DNA binding protein; Nucleic acid-hinding prateins

+ 139 Td-like wirus Myoviridas tail sheath stahiliser: Tall sheath stahilizer and completion

x 136 -

+ 127 3%5' exaribonuclease Rv2 179¢-like domain; Ribonuclease H-llke

+ 126 Bacteriophage Td, GpB; Baseplate structural protein gpd; Baseplate wedge pratein gpB

* 126 Bacteriophage T holin; Holin,

+ 128 e

* 123 Bacterinphage dlama leader A subunit: $liding-clamp-foader small subunit.

+ 107 Virus neck protein

+ 104 all-alpha NTP pyrophosphatases: dUTPase

* 103 Trans SLT deenain; Lysozyme-like

+ 101 Loader of gpdl DMA helicasa; gene 53 halicase asiambly protein; T4 gene GpS9 loader of gpal DNA helicase C-term; T4 gena GpSS Isader of gpdl DMA helicase: DMA heliczse assambly protein [59]

+ 95 Base plate wedge protein 53

+ 51 P-loop cantaining nucleoside triphasphate hydrolases; Thymidine kinase [rdk].; Glucoeorticoid receptor-like (DMNA-Binding domain); Thymidine kinase

. Cytiding and des |dylate deaminase zinc-binding region; Cytidine deaminase-like; deo: idylate_deaminase

i Prohead core protein sering protease

* Terminase DNA packaging enzyrne; Phage terminase, small subunit

+ TnsA-like endonuclease N terminal; Head completion nuclease.

+ Recombination, repair and ssDNA binding protein LvsY

+ RMA polymerase sigrma-like factar.

GIY-YIG endonuclease: GIY-YIG_Endoll_Hpy1E8I_Eke; GIY-¥IG catalytic domain

Td-like wirus tail tube protein gpld
Baseplate wedge protein go25; gpWW/gplS-like

Gene product 67

Eaﬂﬂiuﬁﬂ_ﬁt translational regulator; Trarslatioral regulator protein regd

Transcriptional regulator Debd
PAAR motif, PAAR_1, Putative phospholipase

=4 b b B A e ol I A o i

9 UwsW.1 domain
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long_tail_fiber 69173:73042

tail_protein 164142:168011

long_tail_fibers 60078:72947

baseplate wedge initiator 138499:131587

baseplate_wedge_subunit 55363-98966

baseplate_wedge initiator 138395:141453

DNA_polymerase 23790: 26486

DHA_polymerase 3894941645

DHA_polymerase 23790: 26486

nypothetical_protein 134766:136571

baseplate_hub_structural protein flysozyme R 144408:146135

baseplate_wedge subunit_and tall_pin 100836102701

hypothetical_protein 134663:136468

glycoside_hydrelase family_protein $1330:93057

OMA_ligase D6E05.98 268

baseplate_hub_structural_protein flysoryme R 144304:146031

DNA_ligase 139931:141391

DNA_ligase 96704 98167

recombination-related_endonuclease 18517:20157

AAM_Family_ATPase 4505346693

racombination-related_endonuclease 18517:20157

baseplate_wedge_subunit 141594: 143576

baseplate_wedge_subunit 93889:95871

baseplate_wedge_subunit 141490:143472

ribonuclestide_reductasa_of class_la_[serobich,_alpha_subunit 81562:83826

ribonudeoside-diphosphate_reductase_subunit_alpha 154492:156756

ribonucieotide_reductase_of class la_(serobic),_alpha_subunit 81470:83734

DMA_topessomerase_large_subunit 49578:51395

ATP-binding_protein 16134:17951

DNA_topaisomerase_large_subunit 495795139

tail_sheath 124170:125149

tail_protein 111318:113297

tail_sheath 124067126046

DMA_helicase 43470:44789

AAA_family_ATPase 22738:24057

DMA_helicase 43471:44790

baseplate_hub_subunit 107313;108491

haseplate_protein 120665130844

haseplate_hub_subunit 107217:108389

RNA_ligase 85547-BE6TL

RnlA_family_RNA_ligase 151061:1521R5

RMA_ligase RS455:R6570

portal _protein 121904:123478

portal _protein 11398%:115563

portal_protein 121801:123375

OMNA_helicase 111527:113038

DNA_halicase 124433:125944

DMA_halicase 111424:112935

ribonuclectide reductase_of class_1l_{anaerobic),_large_subunit 9007-10E24

endolysin S6ET:56504

ribonucleatide_reductase_of clacs_|Il_{anaerobic], large_subunit 9007-10824

capsid_wertex_protein 116811118084

capsid_wertex_protein 119373:130656

capsid_wertex_protein 116708:117591

DMNA_primase/halicase 33136:33563

AMA_Family_ATPase 33064:34521

DA _primase/helicase 33135:33563

recombination_protein 30614:317850

putative_Rech-fike_recombination_protein 34868:360408

racorm bination_protein 30614:31728

DMA_primasa_f DMA_helicase 34955-35083

DMA_primase 30419:31447

DMA_primase [ DNA_helicase 34985:35083

ribonuclease H 73147:T4064

endolysin 1631300184037

ribonuclease H 73052:73969

3-phosphatase,_5-polynuciectide_kinase 88430:B9325

3'-phosphatase S'-polynuclectide_kinase 148404:140317

3-phosphatass S-polynuclentide_kinace BE378:99233

recombination-related_sndonuelease 17012:18031

recombination-related_endenuclease 47179:48198

recombination-related_sndanuclease 1701218031

ribonuclectide_reductasa_of class la_[serohic),_bata subunit 8387885056

ribonuclectide raductase of clase la_serobic_beta_subunit 152676:153854

jor_capsid_protein 118178:119743

major_capsid_protein 117724:119289

ribonucleotide reductase of class |a_(serobic), beta subunit 8378684954
major_capsid_protein 118075:119640

replication_factor_C_small_subunit_¢_DNA_polymerase_clamp_loader_subunit 21554:22553

putative_replication_factor 42653:43615

replication_factor_C_small_subunit_/_DNA_polymerase_clamp_loader_subunit 21554:22553

baseplate LOB4EE:109240

baseplate_protein 12B920:129672

baseplate 108386:109138

shiding_clamp_DNA_palymerase accessory_protein 20856:21542

sliding_clamp_DN&_polymerase_zccessory_protein 4366544354

sliding_clamp_DNA_polymerase_sccessory_protein 20856:21542

hypothetical _protein 113089:113765

inhibitor_of_prohead_protease 123702:124382

hyoathetical_protein 112586:113666

prohead _assembly_protein 119762:120571

prehead_core_protein 116896:117705

prahead_assembly_protein 119659120468

single_stranded_DNA-hinding_protein 7599776902

ssfiNA_binding_protein 160B68:161776

single_stranded_DNA-binding_protein 75902:76807

tall_sheath_stabilizer_and_completion_protein 128500:129318

tail_sheath_stabilirer_and letion_pratein 108149108967

tail_sheath_stabilirer_and letion_protein 128397:129215

DNA_end_protector_pratein 147209:148033

DNA_end_protector_during_packaging BD432:50256

DNA_enel_pratectar_protein 147105:147929

axonuckease 4552346206

3.5 exoribonurlease 2132122004

enonuclease 45524:46207

baseplate_wedge subunit 137502:138506

baseplate_wedge subunit $8959:95563

baseplate_wedge_subunit 137398:138402

holin 62691:63347

holin_protein 3826.4482

holin 6267963335

neck_proteln 130132;131061

neck_protein 106406:107335

neck_protein 130029:130458

OMA_polymerase_clamp_loader_subunit 2255523118

ONA_polymerase_clamp_loader_subunit_A 43094,42657

DNA_polymerase_damp_loader_subunit 3255523118

neck_protein 128360130130

head_clesure 107337: 108107

neck_protein 129257:130027

hypothetical _protein 37680:38198

dCTP_pyrophosphatase 28981:30499

hypothetical _protein 160837:161383

hypothetical_protein 37680:38198

transghycosylase SLT_domain-containing_protein 7362774172

hypothetical_protein 160731:161276

DMA_helbease loader TAE70:75308

Inader_of DNA_heliease and ssDNA_binding 161876-162529

DWA_helicase loader TA875:75313

baseplate_wedge subunit 146119: 146709

baseplate wedge protein 0075691345

baseplate_wedge subunit 195015:146605

thymidine kinase 162954:163535

thyrmidine kinase 71481:72062

thymiding _kinase L62848:163420

dCMP_deaminase O1144:91725

dCMP_deaminase 146000:146581

dCMP_deaminase 91052:91633

prohead_assembly_protein 120602:121240

prohead _core scatfolding_protein_and_protesse 116227:116865

terminase_smiall_subunit 127997128451

prohead assembly_protein 120499121137

small_terrninase protein MES7E:109470

tead_completion_grotein 146757147209

terminase small subunit 127894:128368

head_completion 2025630708

head_completion_protein 146653:147105

single_stranded_DNA-binding_protein 110382:110795

recombination_mediatar_pratein 127365127778

single_stranded_DNA-binding_protein 110279:110692

RNA_pabymerase_sigma_factor_for_late_tramscription 14140:14697

RNA_polymerzse_sipma_factor 51115:51672

RNA_palymerase_sigma_factor_for_late_transcription 14140:14657

endonuclease 85084:85404

endonuclease 152238:152648

endonuclease B49%2:85402

capsid_and_scaffiold_protein 12124001 21665

prohead_core protein 115802:116227

capsid_and_scaffold_protein 121137:121562

tall_tube protein 123562:124053

tail_protein 113414:113905

tall_tube proteln 123458:123950

baseplate_wedge_subunit 109917:110315

baseplate_wedge_subunit 127845:126243

baseplate_wedge_subunit 109814:110212

prohead_oore_protein 121665121904

putative_prohead _cote_protein 115563:115802

prehead_core_protein 121562:121801

endoribonuclease_translational_repressor of early genes 23130:23488

translational_repressor 41724:42082

endoribenuclease trar repressor_of sarly genes 23120:334B8

double-stranded DNA_binding protein 74073:74342

double-stranded DMNA_binding protein 162542:163111

double-stranded DMNA_binding peotein 73978:74247

phospholipase 143585143478

PAAR_domain-containing_protein 83587 93880

phospholipase 143481:143774

DNA_helicase 111271:111501

ONA_helicase | 26655126889

DNA_helicase 111168111338
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toil_fibes_protein_proximal_subunit 153865:157734

long_tail_fiber_proximal_subunit 68564:73433

long_tail_fiber, proximal_subunit 146932:150801

baseplate wedge subunit 8565789755

baseplate_wedge_subunit 136481,139519

baseplate wedge_initiator 79811-829056

ONA_polymerase 30738:33434

OMA_polymerase 24063 26759

DN&_polymerase 25303:3795%

baseplate_wedge subunit 31724:93529

baseplate_wedge subunit_and _tail_pin 132745:134554

baseplate wedge subunit_and _tail_pin B4836:85641

baseplate_hub_subunit_and tail_lysozyme B2159:83886

baseplate_bub_+ tail lysoryme 142390:144117

ATP-dependent DNA_ligase 130365:131825

baseplate_hub_structural protein /_lysoryme R 75273:77000

DA lgase 9507996542

DNA_ligase 123187:124650

She-like_subunit_of_palindrome_specific_endonucloase 36844:38484

T ination-related_ond J 18748:20430

tion-related_endonuclease 31632:33272

baseplate_wedge_subunit 3471886700

baseplate_wedge_subunit 139576:141558

baseplate_wedge_subunit 77832:75814

Ribonucleoside-diphosphate_reductase_1_subunit_alpha 144338146602

ribonucleatide_reductase_of_class_la_{aerobic),_slpha_subunit 79860:82124

ribonuclestide_reductase_of_class_la_[aerobic),_alpha_subunit 136998139262

DMA_gyrase_subunit_B B231.10048

DMA_gyrase_subunit_B 49112:5092%

DNA_topeisamerase_langs subunit 2447:4264

tail_sheath 102146:104125

tail_shesth_monomer 122154:124133

tail_sheath 95258:97237

Dea-fike_hellcase 14835:16154

OnA_hellcase 42777:44096

DMA_helicase S52E2:10601

baseplate_hub 120103:121378

baseplate_hub_subunit 105590-106765

baseplate_hub_subunit 112634:114095

RNA_ligase_and_tail_finer_protein_attachment_catalyst 141493-142617

RANA_ligase RIZA5 B4365

RNA_ligase 134153135277

portal _protein 1048171063491

portal wertex of the head 1198R8A:131462

portal vertex of the head 97929:99503

OMNA_helicase 115556:117067

OnA helicase 109800111311

DMA_helicase 10B375:109886

Anaerobic_ribonuclesside-triphosphate_reductase 4586247679

ribonucleatide_reductase_of _class_1_j i), large subunit 8410-10227

ribonucheotide_reductase_ol_clase ll_{anaerobic],_large_subunit 4095941776

major_head_protein 110201:111484

capsid_vertex 114795:11607T8

capsid_vertex_protein 103319:104501

Dnal-like_replicative_helicase 242883: 26310

DiA_primase /halicase 31768:33225

DhA_primasa/helicase 19466 J0EH3

recombinase 2665717838

recombination_protein 30270:31451

recombination_protein 21240:334731

DMA_primase 23306: 23334

DMA_primase ¢ ONA_helicase 34517:35645

Dhis_primase / ONA_helicase 16417:17445

RiaceH 153843:153760

rlbonuclease H 7253473455

rlbonuclease H 145910:146827

polynuclostide_kinase 138835:129743

F-phosphatase, 5'-polynuckeatide kinase 86719-B7624

3-phosphatase, S'-polynucleotide_kinase 131458:132403

SheD-like_subunit_of_palindrome_specific_endonuelesse 38970:30080

recombination-related_sndonuclense 1641617435

recombination-telated_endonutlease 13758314777

Ribonucleoside-diphosphate seductase 1 subunit_bata 143108:144286

major_head _protein 108552:110117

ribonucleatide_reductase of class_la_laerobicl, beta subunit 82176:83354
major_capsid_protein 116162:117727

ribonucleotide_reductase of class ia_[serobic), beta_subunit 135768:136946
major_capsid_protein 101670:103235

damp_loader_of_DNA_polymerase 34448:35407

replication_factar_C_small_subunit_/_DNA_polymerase_clamp_loader_subunit 21867:22826

replication_factor_C_small_subunit_/_DMA_polymerase_clamp_loader_subunit 29236:30195

baseplate_hub 119353120106

baseplate 106762:107514

baseplate 112175:112927

DMA_polymerase_processivity_factor 35459:36145

shiding_clamp_DNA_po _acoessory_protein 21129:21815

sliding_clamp_ONA_poly _accessory_protein 30247:30933

minor_tead_protein_inhibitor_of_protease 114825:115505

inhibitor_of_prohead_protease 111362:112042

inhibitor_of_prohead_protease 107644 108324

head_scaffolding_protein 107724: 108533

prohead_assembly_[scaffolding)_protein 117746:118555

prohead_assembly_[(seaffolding)_protein 200842:101651

hypothetical_proteln 150691:151499

single_stranded_DNA-binding_pratein 74799: 75707

single_stranded DNA-binding_protedn 143658:144566

tall_sheath_stabilizer 98977.99795

oximal_tail_sheath_stabilization_protein 126484- 127302

tail_sheath_stabilizer_and_completion_protein 520389.92907

DONA_end_protector BO261-81085

DMA_end_protectes_during_packaging 145191:146015

DNA_end_protector_peatein 73375:74199

exonuckease 1341814101

exonuclease_A 44330:45513

exonuclease TBES A543

baseplate_wedge subunit B9788:50792

baseplate wedge subunit 135484:135488

baseplate_wedge subunit 82902:83505

holin 163376:164032

holin 6221262868

holin 156823:157479

head-tail_sdaptor_AdZ 9723498163

head _completion, neck_hetero-dimeric_preteln 128116:129045

meck protedn 90346:91275

damp_loader_of DNA_polymerace 33883.34445

DiA_polymerase_clamp_loader_subunit 22828:3339]1

DNA_polymerase_cdamp_loader_sybunit 18671:23234

head_closure Hcl 98165:58935

head_complation,_neck_hetero-dimeric_protein 127344128114

neck protein 9127792047

nucleoside_triphosphate_pyrophesphohydrolzse 11419:21937 d{TP_pyrophosphatase 3734237860

hypothetical_protein 64432:64977

dCTP_pyrophosphatase 15630:16148

hypothetical_protein 160062: 180607

hypothetical_protein SG080:50625

DMA_helbease londer 151599:152251

DMA_helicase |ander 7A046:TAEDD

DNA_helicace |oader 144666:145310

baseplate wedge subunit 815B5:82175

basepiate wedge subunit 144101:149691

baseplate wedge subunit 74599:75285

Thymidine kinase 6218662867

thymidine kinase 162179:162760

dCMP_deaminase 136434137015

thymidine kinase 56334.57515

deanycytidyiate_deaminase B9444:90025

head_maturation_protease L07055:107693

JCMP_deaminase 120616:130197

prohead_assembly (scaffolding) protein 118586:119224

terrninase smiall subunit 99804:100293

prohead_assembly _(seaffolding)_protein 100173:100811

rerminase smizll_subunit 125081:126475

head_closure B1085:81537

terminase small_subunit 92916:93910

head_completion_protein 184735,145191

head_completion_grotein 74199:74651

Uws¥-like_recombination_mediator 117799;118212

single_stranded_DNA-binding_protein 108655: 109068

single_ d_DNA-Binding_protein 110620:111033

late_sigma_transcription_factar 42305:42862

ANA_polymerase_sigma_factos_for_fate transcription 13543:14100

RNA_polymerase_sigma_factor_for_late_transcription 37093:37650

endonuclease 142670:143080

endonuclease 83382:83752

endonucleass 135330:135740

head_scaffolding_protein 106630 107055

capsid_and_scaffold_protein 119224:119645

capsid_and_scaffold 95748:100173

tall_tube 104242:104733

tall_fibers_proteln 131546:122037

tail_fibers_protein 0735497845

baseplate_wedge_subunit 118279: 118637

baseplate_wedge subunit 108150103588

baseplate_wedge_subunit 111100:111458

prohead 106331:106630

prohead_core_protein 119645119888

prohead_core_protein 99503:99743

translation repressor 33513:33881

endoribonuclesse_translatienal repressor_of early genes ¥3393:23761

endoribonuciease_translational repressor_of early genes 28301:28665

transcriptional regulator 152565:152834

double-stranded DMA_binding protein 73464:73733

double-stranded DNA binding protein, |ate transcriptional _regulation 145632:145901

PFAAR motif_of_membran_proteins B4416:84709

phospholipase 141567:141860

phospholipase 77530:T7823

ONA_helicase 117083:117323

DNA_helicase 108544:108774

DNA_helicase 109912110145
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DNA_polymerase 15980:18558
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baseplate_wedge_subunit_and_tad_pin 7678978591

taseplate_hub_subunit_and tail lysozyme 64891:66690

baseplate_hub_structural_protein f lysozyme R 80923:82656
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DNA_ligase 123564:125080
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ATP-dependent_helicase 11866:14273
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o
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baseplate_assembly_protein 105995:106265

shiding_clmap_holder 20723:21409

sbding_clamp_DNA_polymerase_accessary_protein 35236:35922

sliding_clamp_DNA_polymerase_accessory_protein 21113:2179%

inhibiter_of_prohead_protease 101759:102475

inhibitor_of_prohead_protease 113404:114072

protein_nh 101050-101775

prohsad_rore_protein 53737:94531

prohead_assembly_(scaffolding)_protein 106464:107276

prohead_assembly_(scafiolding)_protein 9298793781

single-stranded_DMA_hinding_protein 139605 140573

single_stranded DMA-binding protein 147823:138725

single_stranded OMA-binding protein 140137:141105

tall_sheath_stabilizer_and_completion_pretein 81954 B47RT

promal_tajl_sheath_stabilization_pratein 37717:98528

proximal_tad_sheasth_stabilization_protein B4203:85036

DNA_end_protectar_pratein 62063:63784

DNA_end_protector_protein 7301379834

DNA_end_pratectar_during_packaging 63768:64589

axonuciease 53155683

ewonucleass 8969 9616

axonuclease & 5303:5971

baseplate_wedge subunit 7309574030

baseplate_wedge subunit 8B537:83541

baseplate_wedge_subunit 73343:74338

holin_lysis mediztor 153602154258

holin 160876: 161635

holin 154886:155542

neck_proteln B2216:83148

neck_protein 85972:96398

head_completion,_neck_hetero-dimeric_protein B2467,83399

damp_loader_small_subunit 19105:19683

OMA_polymerase_clamp_loader_subunit 3363334196

DNA_polymerase_damp_loader_subunit 19459530073

neck_protein B3185:83935

nack_protein S6500:97664

head gompletion,_neck_hetero-dimeric_protein 83436:34176

dCTP_pyrophosphatase 9677:10195

dCTP_pyrophosphatase 15280:15801

dCTP_pyrophosphatase 9490: 10008

putative_20.7_kDa_protein S0797:51387

hypathetical_protein 61141-61683

hypothetical_protein 50770:51360

putative DNA_helicase loader_protein 140834-141314

DA helicase_loader 148842:140495

DNA_helicase loader 141221:141801

baseplate wedge subunit 8432564870

baseplate wedge _subunit 8D34E:30023

baseplate wedge subunit 85133:656E7

thymidine kinase 48673:45274

thymidina _kinase 5915559736

thymidine kinase 4865149247

deowycytidylate_desminase 126455:126961

dCMP_deaminase 133962134543

deonycytidylate deaminase 126747:127253

prohead_assembly_(scatfoldingl_protein 105789:106430

prohead_core_scaffolding_protein_and_protease 33010:93705
small_terminase_protein $4801:85258

prohead_assembly_(scaffolding)_protein 92260:92955

terminase_small subunit 0B548:99042

terrminase small subunit 85050:85547

head_completion_pratein 6379664269

head_completion_grotein 79837:30286

head_completion_grotein 62601:65077

reeconbination,_regair_and_ssDMA_binding_protein 104590:104957

single_stranded_DNA-binding_protein 117113:117607

single_stranded_DNA-binding_pretein 103945104352

RNA_pofymerase_sigma_factor 2715827691

RNA_palymerase_sigma_factor_for_late transceiption 40814:41371

RMA_polymerase_sipma_factor_for_late_transcription 27550:28083

endonuclease || 1259986:130447

endonuclease_ |l 140664:141074

endonuclease 130278:130735

prohead_assembly_protein 92591:92998

prohead_core_protein 105364:105785

prahead_core_protein 91841:92248

tall_tube protein 30220:00714

tail_inner_tube 102987103478

tail_fibers_protein B9476:29470

baseplate_wedge_subunit 105045: 105431

baseplate_wedge_subunit 117607:118005

baseplate_wedge_subunit 104400:104786

putative_prohead _core_protein_| 9233%:92578

prohead_core_protein 105134105354

probead cone_protein 91505:91823

translation_repressor_protein 18741:19103

endoribonuclease translational_repressor_of early genes 33262:33630

endoribonuclease_transiational repressor_of early_genss 19131:1%483

double-stranded DNA-binding protein 141571:141846

double-stranded OMNA_binding protein L4S808:150077

double-stranded DNA_binding protein 142158:142433

hypothetical_protein 6782568118

putative_phosphalipase 83177.83470

phospholipase 6807368366

helicase 104092: 104328

ONA_helicase 116389:116632

DNA_helicase 103447, 103683



WB_Ecohl-101117851

wB-Eco-KMB22

UGKSECPL

long_tail_fiber 67076:70045

long_tail fiber prosimal_subunit 148454:152323

tail_fiber_protein_proximal_subunit 133540:137400

baseplate wedge initiator 134813:137411

baseplate_wedge_initiator 80870:E3968

baseplate wedge subunit 34373:37471

DNA_polymerase 23863: 26559

DHA_polymerase 25527:28123

DNA_polymerase 9074093436

nypothetical_protein 131078:132886

taseplate_hub_structural protein /lysozyme R 140722:142449

baseplate_wedge subunit_and tail_pin 8583587703
baseplate hub structural protein f lysoryme R 7633278059

DOMA_ligase 9304194504

baseplate_wadge_subunit 30640:32445
baseplate_hub_subunit_and tad |ysoryme 4028242009

DMA_ligase 123978:125441

ATP-dependent DNA_ligase 159653:161116

recombination-related_endonuclease 18560:20204

recambination-related_ond loase 31882:33522

SheC-like_subunit_of_palindrome_specific_ E5E20:87330

baseplate_wedge_subunit 137908: 139830

baseplate_wedge_subunit 7T88391:80873

baseplate_wadge _subunit 3746839450

ribonuclestide_reductasa_of_class_la_[aerobich,_alpha_subunit 77993:80257

ribonuclectide_reductase_of class_|a_(aerokic), alpha_subunit 138245:140500

Ribonucleoside-diphosphate_reductase_1_subunit_alpha 144672:146636

DMA_topessomerase_large_subunit 4780549622

DNA_topolsomerase_large_subunit 24584275

DMA_gyrase_subunit_B 113908:115725

tail_sheath 120456:122435

tail_sheath 96346:98325

tall_sheath 20044:22023

DMA_helicase 41507:42826

DMA_helicase 9260:10579

Dda-like_helicase 108035:109354

baseplate_hub_subunit 103554:104765

haseplate_hub_subunit 113716:114891

baseplate_huh 28974072

RNA_ligase 81973:83102

RNA_ligase 1254000136524

RNA_ligase_and_tail_fiber_protein_attachment_catalyst 148657:143781

portal_protein 118190:119764

portal vartex of the head 99017 100591

portal_protein 17778:19352

OMA_helicass 107805:100316

DONA_halicase 10916%:110680

ONA_helicase 71088619

ribonuclectide reductase_of class_1l_{anaerobic),_large_subunit 9053-10E7D

ribonucleatide_reductace_of clase (il_{anaerohic),_large_subunit 41514:43331

Anaerobic_riboay ide-triphosphate_reduct ace T6486:78303

capsid_wertex_protein 113088:114371

capsid_wertex_protein 104401:105684

major_head_protein 12685:13968

DMNA_primase/halicase 208065:31393

DHA_primase/helicase 19640:31117

DOnaB-fike_replicative_helicase 9786598292

recombination_protein 29437 30618

recombination_protein }1464:37645

recombinase 9633767518

DMA_primasa_f DMA_helicase 34407:35438

DMA_primase_/ Dhd_helicase 16647:17675

DNA_primase 100930101967

ribonuclease H 71060:71967

ribonuclease H 147433:142349

RiaceH 137514:138431

3-phosphatase,_5'-polynucientide_kinase 84852:85760

3'-phosphatase, S-polynucleotide_kinase 132746133654

polymnucisotide_kinase 151531:152439

recombinatinn-related endonuslease 17053:18078

recombination-related_endanuclease 34008:35027

SheD-like_subunit_of_palindrame_specific_sndonuclease 8418585204

ribonuclectide reductase of class |a_(serabic),_beta subunit 137015:138193

ribonuclectide_reductasa_of class la_[serohic),_bata subunit 8030%:81487
jor_capsid_protein 114455:116020

major_capsid_protein 102752:104317

Ribonucleoside-diphosphate reductase 1_subunit_beta 145988:148166
majer_head protein 14052:15617

replication_factor_C_small_subunit_¢_DNA_polymerase_clamp_loader_subunit 21641:22600

repiication_factor_C_small_subunit_/_DNA_polymerase_clamp_loader_subunit 2948630445

tlamp_loader_of_DNA_palymerase 88767-85726

baseplate 10476%:105518

baseplate_hub chaperone 112967:113716

baseplate_hub 30724821

shiding_clamp_DNA_palymerase accessory_protein 20903:21589

sliding_clamp_DN&_polymerase_zccessory_protein 30497:31183

DMA_paolymerase_processivity_factor 8802988715

hypothetical_protein 109367:110047

inhibitor_of_prohead_grotease 108438:109118

minar_head_protein_inhibitor_of_protease 8670:9350

prohead _assembly_protein 118039:116848

prehead_core_protein 101924:102733

head_scaffolding_protein 15636: 16445

single_stranded_DNA-hinding_protein 73310:T4218

single_stranded _DNA-binding_protein 144599145504

hypothetical_protein 139775: 140683

tall_sheath_stabilizer_and_completion_pretein 124786:125604

tail_sheath_stabilirer_and_completion_prate/n 93177:33335

tail_sheath_stabilizer 243174:25192

DNA_end_protectar_protein 143523:144347

DNA_end_protector_protein 78434:75258

ONA_snd_protector £2083:43507

axonuckease 4356044243 exonuclease 78438526 axonuclesse 109856:110639

baseplate_wedge subunit 133816:134820 baseplate_wedge subunit 83361:84965 baseplate wedge subunit 33376:34380

holin G0684:61340 holin 158058: 158715 holin 127242:13 7858

neck_proteln 136418127347 neck_protein 91434:92363 head-tall adaptor Ad2 26006.26935
DNA_polymerase_clamp_loader_subunit 2260223165 DNA_polymerase_clamp_loader_subunit 28972125484 clamp_loader_of DNA_polymerase 83728:90291
neck_protein 125646:126416 neck_protein 92365:93135 head_closure_He? 35234:26004

dCTP_pyrophosphatase 35704:36222

dCTP_pyrophosphatase 1586016378

hypothetical _protein 159071:150616

nucleoside_triphosphate_pyrophosphohydrolase 102336:102754

hypothetical_protein 50347:60882

hypothetical_protein 59187:689732

DMA_helicase loader 72573:71211

DMA_helicase |oader 14R188: 146841

ONA_heliease loader 139022:139675

baseplate wedge subunit 142433:143023

baseplate wedge subunit TSTS3: 76348

baseplate wedge subunit 4190347583

thymidine kinase 161175:161756

thyrmidine kinase SB017:58508

JCMP_deaminase 87579:88160

Thymidine kinase 6129761878

dCMP_deaminase 130345:130826

dCMP_deaminase 154259:154840

prohead_assembly_protein 116873:117517

prohead core scatfolding_protein_and_protesse 101255:101893

termninase smiall_subunit 124283.124777

head_maturation_protease 16476:17114

terminase_small_subunit 9400494498

tead_completion_grotein 143071143523

terminase_small subunit 23871:24365

head_completion_pratein 7525875710

head_clasure 42631:43083

single_stranded_DNA-binding_protein 106660107073

recombination,_repair_and_ssDNA_binding_protein 111412:111825

Uvet-like_recombination_mediator 5963;6376

RNA_pobymerase_sigma_factor_for_fate_tramscription 14186:14743

RNA_polymerzse_sipma_factor_for_late_transcription 37943:38500

late_sigma_transcription_factor 81312:81869

endonuclease 81515:81925

endonuclease |l 136577136987

endanuciease 1481594: 145604

capsid_and_scaffiold_protein 117517:117542

capsid_and_scaffold 100830:101255

head_scaffolding_protein 17114:17539

tall_tube protein 119848:120339

tail_fibers protein 98442:98933

tail_tube 19436:19927

baseplate_wedge_subunit 106195 106533

baseplate_wedge_subunit 111892:112290

baseplate_wedge subunit 5498:5896

prohead_oore_protein 117542:118150

prohirad_core protein 100551100830

prohesd 17539:17778

endoribonuclease_translational repressor_of early genes 2316723535

endoribonuclease translational re of early_genes 28551:1891%

translation repressor 90293:50661

double-stranded DNA_binding protein 7187672245

double-stranded DNA_ binding protein, late transcriptional regulation 147154:147423

transcriptional regulator 138440: 138709

phospholipase 135855:140152

phospholipase 78583. 76882

PAAR_motifl_of_membran_proteins 39459:39752

ONA_helicase 107545107778

ONA_helicase | 10706;110936

ONA_helicase 68527082



The name of gene praduct and ts position In genome of particular phage:

wE_EcoM-172850UKEL

wB-Eco-KMB23

vB_EcoM_KMB26

long_tail_fiber 68504:72860

long_tail fiber prosimal_subunit 148188:152054

Ph.gjg long tail fiber_prosimal_subunit 140383:153353

baseplate_wedge_initiator 134850:137948

baseplate_wedge_initiator 809385:84083

Phage_baseplate_wedge_subunit B401:83439

hypothetical_protein 22123:24634

DHA_polymerase 25442:28138

OMA_polymerase [(EC, phage-associated 27054:29750

hypathetical_protein 131103:132508

baseplate_weodge_subunit_and_tall_pin 86010:87818

Phage_baseplate_wedge_subunit_and_tail_pin_[T4-lke_gpl0) 85366:67171

baseplate hub_structural protein flysozyme R 140742:142475

baseplate_hub_structural _protein f lysoryme R 7644778174

hypothetical_protein $4660:96153

Td-like_phage baseplate hub + tail lysceyme 75809:77530

DMA_ligase 124527:125950

DMA_ligase, phapge-associated 123968:125431

recombination-related_endonuclease 17020:18666

recambination-related_endonucloase 21797:33479

Phage_recombination-related_endonuclease Gpds 33383:35023

baseplate_wedge_subunit 137945:139975

baseplate_wedge_subunit TH006:60988

Phage_baseplate_wedge_subunit_{T4-like_gp&| 78362:80344

ribonuclestide_reductasa_of class_la_[serobich,_alpha_subunit 79003:81258

ribonudectide_reductase_of class_la_(aerckic), alpha_subunit 138300:140564

Ribonucleotide_reductase_of _class_la_(aerobic),_alpha_subunit_(EC 1382391140503

DMA_topoisomerase_lange_subunit 49586:1403

DNA_topolsomerase_large_subunit 24584275

DMA_gyrase_subunit_B_{EC 24474264

tail_sheath 120481:122463

tail_sheath 96462:97823

Phage_tall_sheath_monamer 9578857767

DMA_helicase 44127:45440

DHA_helicase 9182:10500

OMA_helicase_(EC, phage-associated 5047:10366

baseplate_hub_subunit 103202:104374

haseplate_hub_subunit 114271:115440

Phage_baseplate_hub_subunit 113745:114517

RNA_ligase 8298184105

RNA_ligase 135464136588

RNA_ligase,_phage-associated _#T4-like_RnlA_8#T4_GC1653 135334136518

putative portal werrex protein 118231:1197432

portal {connector]_protein 99260: 100834

Phage portal wertex of the head 98459100033

OMNA_helicass 107430:108844

DONA halicase 109718:111229

OMA hellcase, pheage-assoclated 109198110709

ribonuclectide reductase_of class 1l _{anaerobic),_large_subunit 7602-8419

ribonucleatide_reductace_of clase_(Il_{anaerchic),_large_subunit 41694:43511

Ribonudentide_reductace_of_class_1I_{anaerobic), large subunit_|EC 47416:44233

capsid_wertex_protein 112783114063

capsid_wertex_protein 104652:105845

Phage_capsid_vertex 103843105126

DNA_primase/helicase 23107:34433

DHA_primase/helicase 19605:71032

DMA_primasefhelicase, phage-associated 19931:11358

recombination_protein 3153533687

recombination_protein 2137%:32560

Phage_recombination_protain 71 708: 22830

DMA_primasa_f DMA_helicase 37983-30011

DMA_primase_/ Dhid_helicase 16570:175098

OMA_primase (EC_J/ DMNA_hellcase (EC, phage-assoclated 17510: 18538

ribonuclease H 72873:73800

ribonuclease H 147163:142080

Phage_ribonuclease H_(EC 148361:149074

3-phasphatase,_5"-polynuciectide_kinase 861526958

3'-phosphatase, S-polynucleotide_kinase 1317824:133732

3'-phosphatase, S'-polynuclsotide_kinase, phage-associsted 132740:133645

recombination-related_endonuclease 14871:15850

recombination-related_endenuclease 3470335812

Phage_recombination-related_endsnuelease Gpa7 35509:36528

ribonuclectide reductase of class |a_(serobic), _beta subunit 1372079:138248

ribonuclectide_reductasa_of class la_[serohic),_bata subunit 81314:82489
/il protein 114487116055

o

Ribonucleotide reductase of class_la_{aerobicl, beta subumit [EC 137009:13B187

major_capsid_protein 103013:104578

Phage_major_capsid_protein 102194:103759

replication_factor_C_small_subumit_/_OMA_polymerase_clamp_loader_subwnit 20143:21105

repiication_factor_C_small_subunit_/_DNA_polymerase_clamp_loader_subunit 2940130360

Replication_factor_C_small_subunit_¢_Phage_DNA_pclymerase_clamp_loader_subunit 30987:31945

baseplate 104371:105123

baseplate_hub assembly_protein 113516:114265

Phage L late 112996:113748

shiding_clamp_DNA_palymerase accessory_protein 19381:20067

sliding_tlamp_DNA_polymerase_accessory_protein 30412:31098

Sliding_clamp_OMA_polymerase_sccessory_protein,_phage_associsted 31998:32684

inhibiter_of_prohead_protease 108955:109663

inhibitor_of_prohead_grotease 108987:109667

Inh_inhibitor_of_gp21_probead_protease 108467:109147

prohead _assembly_protein 116073:116885

prhead_assembly_(scaffolding)_protein 102185:102994

Phage_prohead bly_{zcaffolding]_protein 101366: 102175

single_stranded_DNA-hinding_protein 75252:76154

single_stranded _DMA-binding_protein 144911:145819

Single_stranded DNA-binding protein,_phage-associated 145518:146423

tall_eampletien_protein 124817:125638

tail_sheath_stabilirer_and_completion_pratein 93263:34111

Proximal_tail_sheath_stabilization_prateln 92667-03437

ONA_end_pratector_protein 141564:144385

DNA_end_protector_protein 74549-75373

Phage_DNA_end_protector_during_packaging 73905:74729

axonuckease 45450046127

exonuclesse 77658448

Td-like_phage_Dewd_exonuclaase A 7630:8313

baseplate_wedge subunit 133853:134857

baseplate_wedge subunit 84076:85080

Phage_baseplate_wedge subunit [T4-like_gp8| 83432:84436

holin 62772:63431

holin 157793158449

Phage halin 158944-159600

neck_proteln 126457,127383 neck_protein 91550.92479 T4-like_phage_head_completion,_neck_hstero-dimeric_protein [T-l-lll:e_@]i} 4087691805
OMA_polymerase_clamp_loader_subunit 2110721670 DONA_polymerase_clamp_loader_subunit 28836:24359 Phage DNA_polymerase clamp_loader_subynit Gpé2 30422:30985
neck_protein 125691126455 neck_protein 92481:93251 Td-like_phage_head _completion, neck_hetero-dimeric_protein_(T4-like_gp14) 9180752577

dCTP_pyrophosphatase 30064:39315

dCTP_pyrophosphatase 15783:16301

hypothetical _protein 162310:162853

dCTP_pyrophesphatase (EC, phage-asseciated 15295:18813

hypothetical_protein 59610:60155

Phage_protein 60507:61052

DMA_helbease londer 74480:75133

DWA_helicase |oader 145019:146557

Phage OMA_halicase loader 147117:147755

baseplate wedge subunit 142475: 142078

baseplate wedge subunit TS873:76463

Phage baseplate_wedge subunit 75129:75810

thymidine kinase 164257:164838

thyrmidine kinase STI80:57861

dCMP_deaminase 82047:89628

Thymidine kinase (EC 58354:59935

dCMP_deaminase 130944:131525

dCMP_deaminase (EC 130340:130921

prohead_assembly_protein 116918:117560

prohead_assembly_(scaffolding)_protein 100516:102154

termninase smiall_subunit 124313:124807

Phage_prohead assembly |scaffolding)_protein 100697:1001335

terminase_small_subunit 94120:94614

Phage_terminase, small_subunit 93446:33940

head_completion_pratein 142968143561

head_completion_pratein 75373.75825

Phage_head_completion_protein 7472975181

single_stranded_DNA-binding_protein 106195 106689

single_stranded DMNA-binding_protein 111961;112374

Single_stranded _DNA-Binding_protein,_phage-associated 111441:111854

RNA_pobymerase_sigma_factor_for_late_transcription 13322:13879

RNA_polymerzse_sipma_factor_for_late_transcription 38128:38685

T4-like_phage_RMA_polymerase_sipma_factor_for_late_transcription 38844:3%401

endonuclease 8251682526

endonuclease 136641:137051

Phage_endonuclease 136571:136981

capsid_and_scaffiold_protein 1175600117985

capsid_and_scaffold 101091:101516

Phape_capsid_and scaffold 100272:100657

tall_tube 119877:120368

tail_tube protein 95685:99176

Phage_tall_fibers 97ER4:98375

baseplate_wedge_subunit 105797: 106195

baseplate_weodge_subunit 112441112833

Phage_baseplate_wedge subunit_[T4-like_gp25) 111521:112319

prohead_oore_protein 117385:118221

prohiad_core_protein 100834: 101091

Phage_probead core pratein 100033:100272

endoribonuclease_translational repressor_of early genes 21664:23041

endoribonuclease translational re of early_genes 28466:18834

Phage endoribonulcease translational reprecsor of early genes, regd 30052:30420

double-stranded ONA_binding protein 7388674167

double-stranded DNA binding protein 146385:147154

Phage double-stranded DNA_binding protein #T4-like dsba, late transcriptional regulation #T4 GC1668 148083:1458352

putative_phospholipase 133937140220

phospholipase 7870478587

Phospholipase 7060, 78353

ONA_helicase 107171:107404

ONA_helicase 111255111485

ONA_helicase,_phage-associated 110735110965



Ec_Makalu_002

wB-Eco-KMBIE

VB _Ecobd-101113UKER-1

long_tail_fiber, proximal_subunit 145552:149292

Iong_tail_fiber 140383:153352

long tail_fiber 68407:72276

baseplate wedge predein 70377:73463

baseplate_wedge_|nitiator 30341:83438

baseplate_wedge_Initiator 138121:141219

DNA_polymerase 1598218560

DNA_polymerasa 27054: 28750

DA _polyrerase 24658:27354

baseplate_wedge subunit_and_tail_pin 7630178703

hypothetical _protein B5366:87171

hypothetical _protein 134388:136193

baseplate_hub subunit_and tail_lysoz ESB123:67611

baseplate_hub_structural_protein f lysoryme R T5803:77530

baseplate_hub_structural_protein /lysozyme R 144030:145757

DMA_ligase 124801:126387

DNA_ligase 123968:125431

DNA_ligase 95267:96730

endonuclease_subunit 22448:24130

recambination-ralated_endonucleass 31383:35023

recombination-related_endenuclease 19343:21025

baseplate_wedge_protein 68476:70360

baseplate_wedge_subunit 7336260344

baseplata_wedge_subunit 141216:143198

ribonuclecside diphosphate_reductase_subunit_alpha 135323:137566

rizonucleotide_reductase_of_class_la_[aerabic),_alpha_subunit 138239:140503

ribonuclectide_reductase_of_class_la_{aerobicl, alpha_subunit 79513:81777

DNA_topeisomerase_ll_large_subunit 32175040

DNA_topolsamerase_Large_subunit 2447:4264

DNA_topoiseimerase_large_subunit 4913750954

tail_sheath_protein B9374:91374

tail_sheath 9578E.97767

tall_shiath 122977:124956

DMA_helicase 6584:7975

DNA_helicase 9047:10366

DNA_helicase 43029:44348

baseplate_central_spike_complex_protein 108206 109315

baseplate_huk_subunit 111745:114917

baseplate_hub_subunit 105781:106553

RNA_ligase_A 13018R:131357

RMA_ligase 135394136518

RNA_ligase BATT7:85301

portal vertex protein $2001:93566

portal vertex of the head 98459100033

portal _protein 120071:121845

ATP-depandent OWA_helicass 103865105367

ONA_helicase 109168:110709

OMA_helicase 109989:111500

putative_anaerabic_ribonuclenside-triphosphate_reductase 3420636068

ribonucheatide_reductate_of clasc Il|_{anaerobic],_large_subunit 42416:44233

ribonucleotide_reductase_of_class_lli_[anaerabic),_large_subunit B0D6:10823

capsid_vertex_protein 98178-99359

capuid_wertex_protein 103843:105116

capsid_vertex_protein 114950:116273

ATP-dapendent_helicase 13868:14280

DNA_primase/helicase 19931:71358

DMA_primase/helicase 31764:32191

RechA-like_recombination_protein 14650:15720

recombination_protein 2170522280

recombination_protein 3033631417

DMA_primase 10213:11340

DNA_primase / DMA_helicase 17510:18538

DMA_primase ¢ DNA_helicase 34858:35883

ribonuclease 144342:145389

ribonuclease H 148361149378

ribonucleace H T2381:73298

polynuclootide_kinass 128493179371

3-phosphatase, _5polynucirotide_kinase 13740133645

3.phosphatase, 5'-palynuclnotide_kinase 8705087955

endonuciease subunit 25537: 26562

recambination-related_endonuclease 35509:36528

recombination-related_sndenuclease 1701018029

ribonuclentide_reductase_of class |a_{serobic), beta subunit 137009:138187

aerobic MDP_reductase, small_subunit 133571:134731
/il protein 95819:97405

o

major_capsid_protein 102194:103759

ribonucleatide_reductase_of class _la_{aerobic], beta _subunit 82508 83686
major_capsid_protein 116357:117922

damp_loader,_small_subunit 19685:20659

replication_factor_C_small_subunit_{_DNA_polymerase_clamp_loader_subunit 30387:31946

replication_facter_C_small_subunit_{_DNA_polymerase_clamp_loader_subunit 22462:23421

baseplate_hub_assembly_pretein 107458:108228

baseplate 112996:113748

baseplate 106950:107702

shiding_clamp 20725:21411

siding_clamp_DNA_polymerase_accessory_protein 31598:32684

sliding_damp_DNA_pol _accessory_protein 21724:22410

inhibiter_of_prohead_protease 10306%:1053794

hypothetical_protein 108467109147

hypothetical _protein 111551:112231

prohead _core_scaffold_protein 9496595759

prohead _assembly_{scaffolding)_protein 101366:102175

prohead _assembly_protein 117941:118750

single-stranded_DMA_hinding_protein 140903: 141877

single_stranded_DMA-binding_protein 145518:146423

single_stranded_ONA-binding_protein 74642:75550

tall_sheath_stabilizer_and_completion_pretein B5182-B6015

tail_sheath_stabilizer_and_completion_protein 9261%:93437

tall_sheath_stabllizer_and_completion_protein 127307:128135

DNA_end_protectar_pratein 62758:63579

DNA_end_protectar_pratein 73905:74729

DMA_end_pratectar_pretein 146831147658

axonucieass 53155683 exonuclease TH30:8313 exonuclease d5082:45765
baseplate_wedge protein 73456:74451 baseplate_wedge_subunit 8343264436 baseplats_wedge subunit 137124:138123
holin lysis mediztor 155311 155967 halin 15B944; 159500 holin 6207862734

neck_proteln B2577.83509

nreck_protein 90876:31805

neck protein 129748130677

Slhiding-clamp-loader_subunit 1910719635

DNA_polymerase_clamp_loader_subunit 3042730985

ONA_polymerase_clamp_loader_subunit 23423: 33586

neck_protein B4415:85155

neck_protein 91807:32577

neck_protein 128167128937

dCTP_pyrophosphatase 9679:10197

hypothetical _protein 15205:15813

hypothetical protein 37530:38008

hypothetical_protein S0587:51177

hypothetical_protein 60507:610583

hypothetical_protein 161 743: 16238

helicase_laader 142571:143198

DNA_helicase loader 147117:147770

DMA_helicace |sader 73004: 74542

baseplate wedge protein 65246:65800

baseplate wedge subunit 75220:75819

baseplate wedge subunit 145741:146331

thymidine kinase 4346345064

thymidine kinase 58354:58935

deowycytidylate_desminase 127762:128268

thymidine_kinase 163860: 164441

SCMP_deaminase 130340:130921

dCMP_deaminase 83774:00355

prohead_assembly_(scatfolding)_protein 100657:101335

prohead_core_scaffolding_protein_and_protease 34238:94932
small_terminase_protein 85029:86526

prohead_assembly_protein 118781:119419

terminase small subunit 93346:03240

ead_completion_grotein 63717:65190

terminase_small_subunit 126804:127208

head_completion_pratein 7472975181

head_completion_protein 146373146831

reeconbination,_regair_and_ssDMa_binding_protein 105308:106315

sngle_stranded_DMA-binding_prodein 111441:111854

singhe_stranded_0ONA-binding_protein 108844,109257

RNA_pobymerase_sigma_factor 27159: 27642

RNA_polymerase_sipma_factor_for_late_transcription 38844:39400

RNA_polymerase_sigma_factor_for_late transcription 14138:14695

endonuclease |l 131293:131754

endonuclease 136571:136981

endonuclease 83714:84124

prohead_core_protein 53819:94226

capsid_and_scaffold 100272:100657

capsid_and_scaffold_protein 119419:119344

tall_tube protein 91448-01947

tail_fibers_peotein 97884:98375

tall_tube protein 121729:122220

baseplate_wedge_protein 106363:106745

baseplate_wedge_subunit 111921:112319

baseplate_wedge_subunit 108379108777

putative_prohead _core_protein_| 93567:93806

prohead_core_protein 100033;100272

prohead_core_protein 119844:120071

translation_repressor_protein 1874319105

endoribonuclease_translational repressor of eary genes 30052:30420

endoribonuclease_translational_repressor of early panes 23988:34356

double-stranded DNA-binding_protein 143455:143730

double-stranded DNWA_hinding protein 148083:148352

double-stranded ONA binding protein 73307:73576

hypothetical_protein 68186:68473

phospholipase TE0G0: FE351

phospholipase 143207:143500

helicase 105411:105647

DNA_helicase 110735110965

ONA_helicase 108733:109963
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long_tail_fiber, prosimal_subunit 184472:148212

long_tail_fiber,_prosimal_subunit 147041:151810

hypothetical_protein 0534:13403

baseplate wedge subunit 89256:72342

baseplate_wedge_|nitlator 79702:82800

hypothetical_protein 77606:80704

DNA_polymerase 15992: 18570

DNA_polymerasa 2407 126767

primase 133205135905

baseplate_wedge subunit_and_tail_pin 7578077582

hypothetical _protein B4727:86532

hypothetical _protein 73872 75677

taseplate_hub_subunit_and tail lysozyme 64697:66490

baseplate _hub_structural_protein f lysoryme R 75164:76891

DNA_ligase 123198:124694

DNA_ligase 123500:124963

hypothetical_protein 35218:36678

putative_racombination_sndonuclease_subunit 22450:34142

recambination-ralated_endonuclease 30177:31859

tail_tip_protein 138158:12979%

baseplate_wedge_subunit 673555925%

baseplate_wedge_subunit 7772379705

minar_tail_protein 80701:82683

ribonuclecside diphosphate_reductase_subunit_alpha 133630:135873

rizonucleotide_reductase_of_class_la_[aerabic),_alpha_subunit 137246:139510

hypothetical _protein 2043022604

DMA_topoasomerase_Il_large_subunit 3229,5052

DNA_topolsamersse_Large_subunit 2453:4270

hypothetical_pratein 156032:157849

tail_sheath_protein B7260:85260

tail_sheath 9514597128

hypothetical _protein 63276:65255

DMA_helicase 6596:7963

DNA_helicase 8440:9759

deaxl-UTP_pyrophasphatase 150173:151492

baseplate_central_spike_comples_protein 106106:107215

baseplate_hub_subunit 111337:114409

tail_fibers_protein 4576546540

RNA_ligase_A 128495139664

RMA_ligase 134410135534

hypothetical _protein 24415:25535

portal vertex protein BABET:91452

portal vertex of the head 97820:993%4

deoxynuclenside kingss 60352 61936

RUA-ONA_snd ONA-ONA_helicase ATPase 101765:103267

ONA_helicase 1085G1:110099

terminase _large subunit 45977:51488

putative_anaerabic_ribonucleoside-triphosphate_reductase 342138-36080

ribonucheatide_reductate_of class Ill_{anaerohic],_large_subunit AD083-41898

hypothetical_pratein 118646:120463

capsid_vertex_protein 960TE-97269

capuid_wertex_protein 103204:1044E7

hypothetical_protein 55260-56543

DMA_primase-helicase_subunit 12878:14250

DNA_primase/helicase 18243:18670

hypothetical_protein 140323:141750

RecAdike_recombination_protein 14660:15730

recombination_protein 2001721198

hypothatical_protein 138795:139476

DMA_primase 10223:11350

DNA_primase / DMA_helicase 15567:16585

hypothetical _protein 143443144470

RnaseH 143364:144211

ribonuclease H 106019:14TE36

endolysin 13508:14425

polynuclootide _kinass 126800-1 37674

I-phosphatase, 5-polynudieatide_kinase 131765132660

HNH_haming_sndnnuclnase 27270:28178

endonuciease subunit 25549: 26574

recombination-related _pndonuclease 331173:34192

halin 126658:-127673

ribonuclentide_reductase_of class |a_{serobic), beta subunit 136025137194

aerobic MDP_reductase, small_subunit 131878:133038
/il protein 93705:953%1

o

hypothetical protein 22746:23924

major_capsid_protein 101555103120

hypothetical _protein 5662758192

damp_loader,_small_subunit 19655:20669

replication_factor_C_small_subunit_{_DNA_polymerase_clamp_loader_subunit 27781:28740

putative_single-stranded_DMNA_binding_protein 131236:132195

baseplate_hub_assembly_pretein 105358:106128

baseplate 112488:113240

hypothetical_protein 46940:47683

shiding_clamp_DNA_polymerase_accessory_protein 20735:21421

siding_clamp_DNA_polymerase_accessory_protein 28792: 79478

ATP-dependent Clp_protesse 130458:131184

inhibiter_of_prohead_protease 100569:107654

hypothetical_protein 107241:107921

endolysin 51539:52219

prohead_rore_protein 92851:93645

prohead _assembly_{scaffolding)_protein 100727101538

baseplate_wedge 58211 50020

single-strand_DMA_hinding_protein 140435:141376

single_stranded_DMA-binding_protein 144081:144986

hypothetical_protein 15768: 16676

tall_sheath_stabilizer_and_completion_pretein B4106:B4894

tdl_sheath_stabilizer_and_completion_protein 91980:32798

hypothetical_protein 6760668424

DNA_end_protector_pratein 62763:63584

DNA_end_protectar_protein 73266:74090

hypothetical_pratein B5316:87140

axonuciease 53275585

exonuclease 71557933

lysoryme 151994:152677

baseplate wedge subunit 72335:73330

baseplate_wedge_subunit 82793:83757

hypothetical protein 7660977613

holin lysis mediztor 154405: 155061

halin 157812: 158968

Onafi-tke_helicase 3216:3872

neck_proteln 145682388

neck_protein 93023791166

tall_fibers_protein 6923870167

damp_loader_small_subunit 19117:19695

DNA_polymerase_climp_loader_subunit 27216:37779

D2_protein 133197132760

neck_protein B3754:84034

neck_protein 9116851538

hypothetical_protein 58456:65236

dCTP_pyrophosphatase 9685:10207

GCTP_pyrophosphatase 14780:15298

hypothetical protein 144730:145257

hypothetical_protein 50597:51187

hypothetical_protein 5801458564

hypothetical_protein 101383:101934

hypothetical_protein 141437:142117

DNA_helicace loader 145675146328

hypothatical protein 15016:15868

baseplate wedge subunit 8412564679

baseplate wedge subunit 74590:75180

hypothetical_protein BS226-85816

thymidine kinase 43473:45074

thymidine kinase 55879:56460

deowycytidylate_desminase 126069:126575

DNA_polymerase LO3GES 104270

SCMP_deaminase 129873:130454

nicotinamide_mononuclestide transporter 8351585242

hypothetical _protein 20673:30254

prohead_assembly_(scatfolding)_protein 100058:100696

prohead_core_scaffolding_protein_and_protease 32124:92819
small_terminase_protein $4929:85405

hypothetical _protein 50051:50683

terminase small subunit 9280793301

tead_completion_grotein 6359664063

hypathetical protein 67103:67597

head_completion_pratein 74090:74542

NrdH_family_redoxin 85364:863 16

reeconbination,_regair_and_ssDMA_binding_protein 103808:104215

sngle_stranded_DMA-binding_prodein 110933:111346

hypothetical_protein 48832.49245

RNA_pobymerase_sigma_factor 2717127704

RNA_polymerase_sipma_factor_for_late_transcription 36507:37064

hypothetical _protein 123781:124338

endonuclease |l 129600:130061

endonuclease 135567:135997

single-stranded-DNA-specific_exonuclease 2395224362

prohead_core_protein 91705:92112

capsid_and_scaffold 99633 100058

putative_replicative DNA_helicase 59685:60114

tail_tube protein 89334:80828

tail_frbers_peotein 9724597736

hypothetical _protein 62020:62511

baseplate_wedge_protein 104263-104645

baseplate_wedge_subunit 111413:111811

putative_HNH_homing_endonuclease 48367:48765

putative_prohead _core_protein 91453:91632

prohead_core_protein 99394:99633

hypothetical _protein 60114:60362

hypothetical protein 18753:19115

endoribonuclease_translational repressor of eary genes 26846:27214

hypothetical _protein 132762:133130

double-stranded DNA binding protein 14237:142645

double-stranded DONA_hinding protein, [ate transcriptional_regulation 146641:146910

hypothetical protein 144 34:14703

hypothetical _protein 67065:67358

phospholipase 77421:77714

hypothetical_protein 82692 82985

putative_ATP-dependent_DMA_helicase 103311:103547

DNA_helicase 110025110358

portal_protein 49721:43951



VE_Ecol-CHDOAUKE2

vB_EcoM ACG-CI0

wB-Eco-KMBAD

long_tail_fiber 5702170890

long_tail fiber prosimal_subunit 148D67:151036

long tail_fiber, proximal_subunit 150140:154000

baseplate_wedge_initiator 135472:138570

baseplate_wedge_initiator 80721-83819

baeplate_wedge_|nitiator 79602:82700

DNA_polymerase 24677:27373

DHA_polymerase 2715620802

DNA_polymaerase 23374:26070

nypothetical_protein 131740:133545

taseplate_hub_structural protein flysozyme R 141381:143108

baseplate_wedge subunit_and tail_pin 8574687551
baseplate_hub_subunit_and_tail lysoryrme 75208:77024

DMA_ligase 9378595248

baseplate_wedge_subunit_and_tad_pin 8463786432
basepiate _hub structural protein f lysoryme R 7506576792

DMA ligase 123368:124831

DNA_ligase 124918:126381

recombination-related_endonuclease 194049:21044

recambination_endenuclease_subunit 33525:35207

recombination-related_endonucloase 30411:32057

baseplate_wedge_subunit 138567 140549

baseplate_wedge_subunit TA742:80724

baseplate_wedge subunit 77623: 79605

ribonuclestide_reductasa_of class_la_[serobich,_alpha_subunit 78555:80823

ribonudeoside-diphosphate_reductase_subunit_alpha 137277:139541

ribonucleatide_reductase_of_class la_[aerobic),_alpha_subunit 130226:141490

DMA_topessomerase_large_subunit 47702:49519

topoisomerase_l|_large_subunit 2447,4264

DNA_topolsamerase_farge_subunit 2448.4265

tail_sheath 121144:123123

tail_sheath_monomer 95168:98147

tail_sheath 55051:97030

DMA_helicase 41597:42916

DMA_helicase BE19:10138

DNA_helicase BO7E:9397

baseplate_hub_subunit 104253:105465

haseplate_hub_subunit 114851:116023

baseplate_hub_subunit 114655:115827

RNA_ligase 82535-B3659

RNA_ligase_1_and_tail_fiber_attachment_catalyst 134432:135556

RMNA_ligase 135703136826

portal_protein 118878120452

portal wvartex provein_of head 98339100413

portal vertex_of the hesd 9835899532

OMNA_helicass 108501:110012

RNA-DNA_and DNA-ONA_helicase 109618:111126

DNA_helicase 109422:110930

ribonuclectide reductase_of class_1l_{anaerobic), large_subunit 9010-10E27

anaerohic_NTP_reductace_large_subunit 43381-:45188

ribonuclentide_reductate_of clace lll_{anaercbic], _large_subunit 39750:41567

capsid_wertex_protein 113TES: 115068

head_vertes_peotein 104217: 105500

capeid_wertex_protein 103748:105031

DMNA_primase/halicase 31780:33207

DMA_primase-helicasa_subunit 30738:33158

DNA_primase/helicase 17784:15211

recombination_protein 30252:31433

RecA-lika_recombination_protein 22502:33683

recombination_protein 1955820738

DMA_primasa_f DMA_helicase 34239:35267

DMA_primase_subunit 18050: 19078

DNA_primase J DMA_helicase 15097:16125

ribonuclease H 70995:71013

ribonuclease fMaseH 147045:14 7562

ribonuclease H 145118:15003%

3'-phosphatase 5'-polynuclestide_kinase 8540085317

palynucieatide_5'-kinase_and_3'.phoiphatase 131774-132687

¥-phosphatase, '-polynucleatide_kinase 133045:133953

recombinatinn-related endonuslease 17800:18018

recombination_endenutlease_subunit 35651-36670

recombination-related_endenuelease 32543:33562

aerobic NOP_reductase small_subunit 136047:137225

ribonuclectide_reductase_of class la_[serohic),_bata subunit 8087582044
jor_capsid_protein 115152:116717

ribonucleotide reductase of class |a_[aerobic), bets subunit 137317:138495

major_capsid_protein 102574:104133

major_capsid_protein 102099:103664

replication_factor_C_small_subunit_¢_DNA_polymerase_clamp_loader_subunit 22481:23440

clamp_loader_subunit 31129:32088

replication_tactor_C_small_subunit_/_DNA_polymerase_clamp_loader_subunit 27307:28266

baseplate 105462:106214

baseplate_hub . bly_protein 114102:114854

baseplate 113906:114655

shiding_clamp_DNA_polymerase accessory_protein 21743:22429

sliding_clamp_DN&_polymerase_zccessory_protein 32140032826

sliding_clamp_DNA_polymerase_accessory_protein 28318:29004

hypothetical _protein 110063:110743

inhibitor_of_prohead_protease 108268: 1085348

inhibitor_of_prohead_protease 108072:108752

prohead _assembly_protein 116736:117545

prethead_core _scaffold_protein 101746:102555

prohead_assembly_{scaffolding)_protein 101271102080

single_stranded_DNA-hinding_protein 73845:74750

single-stranded_ONA_binding_protein 144202:145107

single_stranded DOMA-binding protein 146280147185

tall_sheath_stabilizer_and_completion_pretein 125474:126292

tail_sheath_stabilirer_and_completion_praten 92999:33317

tall_sheath_stabilizer_and_eompletion_protein 918872:92700

DONA_end_protectar_protein 144183:145006

DNA_end_protector_protein 73396:74220

DNA_end_protectar_peotein 73164:73991

axonuckease 4365044333

exonuclease A T634:8317

axonuclease 68537576

baseplate_wedge subunit 134475:13547%

baseplate_wedge subunit 83872:84816

baseplate_wedge_subunit 82633:83657

holin 6507 21:61377

holin_lysis_mediator § 157742:158398

holin 158974; 160630

neck_proteln 127106128035 neck_protein 91256.92 185 neck_progein 9013791065
OMA_polymerase_clamp_loader_subunit 2344224005 clamp_leader_subunit 30564:31127 DNA_polymerase_damp_loader_subunit 2674237305
neck_protein 126334127104 neck_protein 8218702957 meck_protein 31069:81839

dCTP_pyrophosphatase 3553836053 dCTPase 15835:16353 dCTP_pyrophosphatase 14310:14828

hypothetical _protein 159645:160240 hypothetical_protein 58578:60111 hypathetical_protein 5 43

DMA_helbease loader 72518:73156

loader_of DNA_hellcace 145801146454

DNA_helicase_loader 147874: 148527

baseplate wesdge subunit 143007: 143682

baseplate wedge subunit 74720:75310

baseplate wedge subunit 74431-75081

thymidine kinase 161799:162380

thymidine kinase 57414:57995

thymidine kinase 55752:56333

dCMP_deaminase BE137:88718

dCMP_deaminase 120894:130475

prohead_assembly_protein 117576:118214

dCMP_deaminase 131165:131746

prohead core scatfold protein_and protease 101077:101715

terrninase smiall_subunit 124971.125365

prohead_assembly_(scaffolding)_protein 100602:101240

terminase DMNA_packaging enzyme small subunit 93826:94320

tead_completion_grotein 143730144142

terrminase small subunit 92709:93203

head_completion_pratein 74220:74672

head_completion_profein 7399174443

single_strandid_DNA-binding_protein 107356:107769

recombination,_repair_and_ssONA_binding_protein 112547,112960

single_stranded_DMNA-Binding_pretein 112351:112764

RNA_pabymerase_sigma_factor_for_late_tramscription 15026:15583

sigma_factor_recognition_late_T4_promoter 38986:39543

RMA_polymerase_sipma_factor_for_laste_transcription 35878:36435

endonuclease 82072:82482

endonuclease |l 135609:136019

endonuclease 136679137285

capsid_and_scaffiold_protein 118214:11863%

prohead_core_protein 100652: 101077

capsid_and_scaffold 100177100602

tall_tube protein 120536:121027

tail_tube protein 98264:98755

tail_fibers_protein 97TH3:98274

baseplate_wedge_subunit 106891; 1072383

baseplate_wedge_subunit 113027:113425

baseplate_wedge_subunit 112831:11322%

prohead_coore_protein 118639:118878

prohrad_core_protein 100413: 100652

probead cone_protein 99937100177

endoribonuclease_translational repressor_of early genes 24007:24375

translational_repressor_protein 30154:30562

endoribonuclease_transiational_repressor_of early_genes 26372:26740

double-stranded DNA_binding protein 71821:72150

dsDNA_binding_protein 146767147038

double-stranded DWA_binding protein, |ate transcriptional _regulation 148840:139104

phospholipase 140558: 140851

hypathetical_protein 7R440:78733

phosphelipase 7732177614

ONA_helicase 108245108475

RNA-DNA_and_DNA-DNA_helicase 111841:112071

DNA_helicase 111645111875



vB_EcoM-CHD2BS1

vB_Ecold LMAZ

long_tail_fiber 69101:72070

tail_fiber_protein_prosimal_subunit 97853:101731

baseplate wedge initiator 138427:11525

baseplate_wedge_subunit 32693:35791

DNA_polymerase 23845:26541

DHA_polymerase 146273:1458084

nypothetical_protein 134694:136499

baseplate_hub_structural protein flysozyme R 144336:146063

baseplate_wodge_subunit 37733:39538

DNA_ligase 96733:98196

ATP-dependent DNA_ligase 74491: 755984

recombination-related_endonuclease 18572:20212

SheC-like_subunit_of_palindrome_specific_sndonuclease 152441:154129

baseplate_wedge_subunit 141522143504

baseplate_wedge_subunit 30723:32656

ribonuclectide_reductase_of_class_la_[aerobic),_alpha_subunit 8149083754

ribonudectide_reductase_large _subunit 89456:91711

DMA_topoisomerase_large_subunit 49633:31450

DHA_topalsomerase_Il_large_subunit 119627:121444

tail_sheath 124098:126077

tail_sheath 4817850160

DMA_helicase 43525:44844

Dda-like_helicase 135652:1260965

baseplate_hub_subunit 107247:108419

baseplate_hub 6627367445

RNA_ligase 85475-B6599

RNA_ligase_and_tail_fiber_protein_attachment_catalyst B6606:87730

portal_protein 121832123006

portal _protein SOB45:524 30

OMNA_helicasa 111455:11 2966

DNA_halicase 61701:63215

ribonuclectide reductase_of class_1l_{anaerobic),_large_subunit 9007-10E24

anaerohic_ribonucleaside_reductase_large_subunit 160771:1652588

capsid_wertex_protein 116735: 118032

major_head _protein S6580:5TE63

DMNA_primase/halicase 33101:33618

DinaB-like_replicative_helicase 136633:1370958

recombination_protein 30663:3 1344

DMA_repair_protain 128409:139581

DMA_primasa_f DMA_helicase 35010-3R038

DMA_primase 133008:133117

ribonuclease H 73075:73003

expnuclesce 0RE32:97749

3'-phosphatase, 5'-polynucleatide_kinase 82348:80253

palynucieotide_Linase 81753:84520

recombinatinn-related endonuslease 17012:18031

SheD ike_subunit_of_palindrome_specifie_sndonuclease 154606:155625

ribonuclectide raductase class la_beta subunit 88224:85400

ribonuclectide_reductasa_of class la_[serohic),_bata subunit 8380684984
jor_capsid_protein 118106:119671

major_head protein 54589:56157

replication_factor_C_small_subunit_¢_DNA_polymerase_clamp_loader_subunit 21649:22608

clamp_loader_of_DMA_polymerase 150002:150964

baseplate 10B416:109168

baseplate_hub 65524.66276

shiding_clamp_DNA_palymerase accessory_protein 20911:215%7

DNA_polymerase_processivity_factor 151040151726

hvpothetical_protein 113017113697

minor_head_protein_inhibitor_of_protease 60982:61650

prohead _assembly_proteln 131%640:120499

head_scaffolding_protein 53759:54571

single_stranded_DNA-hinding_protein 75925:T6830

single_strand_DMNA_binding_protein 9456095423

tall_sheath_stabilizer_and_completion_protein 128428-129245

tail_sheath_stabilizer 85003:45824

DNA_end_protector_pratein 147137:147961

DHA_gnd_grodector 2635627077

axonuckeass 4557846261

exonuclease 124965:125642

baseplate wedge subunit 137430:138434

baseplate_wedge subunit 35784:36786

holin 62736:63402

holin 107278107438

neck_proteln 130060130989

head-tall_adagtor_Ad2 43258:44184

OMA_polymerase_clamp_loader_subunit 2261023173

clamp_leader_of DMA_polymerase 14343 7:1 50000

neck_protein 1252881300538

head_clesure_Hcl 4418644850

hypothetical _protein 37735:38253

hypothetical _protein 160765:161310

unknown_function 7941:2483

DMA_helbease loader 74508:75236

DWA_helicase loader DSRE0:06242

baseplate wedge subunit 146047: 148637

baseplate wedge subunit 27663:IE166

thymidine kinase 162832:163463

thyrmidine kinase 59556536

dCMP_deaminase 01072:91653

baseplate_hub_subunit_and_tail_lysoryrme 28166:29899

nucleoside_triphosphate_pyrophosphohydrolase 131380131810

dCAMP_deaminase 81083:81664

prohead_assembly_protein 120530:121168

head_maturation_protease 53084:53725

termninase_smiall_subunit 127925:128419

terminase_small_subunit 45834:46328

tead_completion_protein 146685147137

head_clasure 27080:27529

single_strandmd_DNA-binding_protein 1103100110723

Lws¥-fike_recombination_mediator 6395864452

RNA_polymerase_sigma_factor_for_fate_tramscription 14140:14697

RNA_polymerzse_sipma_factor 156614:157171

endonuclease 85012:85422

endonuclease B7767:88197

capsid_and_scaffiold_protein 121168:121553

head_scaffelding_protein 52659:53084

tall_tube protein 123490:123981

tail_tube S0273:50764

baseplate_wedge_subunit 109845:110243

baseplate_wedge_subunit 64452:54850

prohead_oore_protein 121553:121832

prethrad 52420:52659

endoribonuclease_translational repressor of early genes 23175:23543

translation_repressor 149066:149443

double-stranded DNA_binding protein 74001: 74270

transcriptional regulator 96555:968.24

phospholipase 143513143406

PanR_motil_of_membran_proteins 30421:30714

ONA_helicase 111195111428

ONA_helicase 5324163474



Names of the encoded proteins and positions of their genes in genomes of phages from the second clade of the VipTree-based multigene tree presented in Figure 1. These lists were used to generate tree presented in Figure 3.

The importance of the gene for
tree topology marked by '+

No. of parsimany informative
sites in alignment

Characteristic protein features
identified by InterProScan

The name of gene product and its position in genome of particular phage:

vB_EcoS_ACG-M12

vB-Eco-KMB46

ES

vB-Eco-KMB25

Bacteriophage tail tip fiber protein;
Fibranectin type |II; FN3; Tip

putative_tail_fiber_protein

host_specificity_protein_J

tail_protein_with_putative_glycosyl_

+ 181 attachment pr_otemJ,FNIII:.& 20695:24111 834111919 hypothetical_protein 18148:21534 hydrolase 16222:19680
domain; Putative phage tail
protein
Tape measure protein [H].;
hi il s
135 larrlbia{ga g atsa T: m?;; ol putative_tail_tape-measure_protein tail_length_tape-measure_protein_H tail_length_tape-measure_protein  tail_length_tape-measure_protein_1
- I | m m H
M 14174:17152 14483:17164 12591:15563 10744:13656
Prophage tail length tape measure
protein
Helicase conserved C-terminal
domain; Type Ill restriction . ) putative_single-
2 82 enzyme, res subunit; P-loop 2;;:‘1‘_’;;?:: dependent_heficase s helicase 48364:50361 stranded_DNA_binding_protein DNA_helicase 27673:29646
containing nucleoside . 31974:33506
triphosphate hydrolases
- 79 Terminase RNaseH-like domain z:;a;:;;g;ermina%_mfge_SUb“n't Tzesr‘::l::a;:%_;jrge'su il terminase_large_subunit 1330:2892 terminase_large_subunit 537:2108
- 75 Major capsid protein hypothetical_protein 9505:1044% hypothetical_protein 20588:21559  hypothetical_protein 7942:8886 major_capsid_protein 6362:7336
PDDEXK-like domain of unknown  putative_exodeoxyribonuclease VI . capsid_maturation_protease exodeoxyribonuclease_VII
: i function {DUF3799) 26618:27583 samauclewe: S852: 6847 23516:24487 21063:22118
56 Zinc-binding domain of primase- ;. pNA_primase 32162:33088 DNA_primase/helicase 28:957 hypathetical_protein 28820:29743  DNA_primase/helicase 25990:26916
helicase; Zinc beta-ribbon - - - - -
Protein of unknown function
- 53 (DUF;9B?) g hypothetical_protein 42590:44173  hypothetical_protein 41526:43106  hypothetical_protein 39556:41139  DNA_helicase 35083:36663
) ) ) portal_(connector)_protein DUF1073_domain- .
437 Ph rtal t tati tal tein G428.7684 = = = rtal tein 2162:3457
age portal protein putative_portal_protein ABBOSELT containing_protein 3374:4645 portal_protein
endolysin_R21-like; Phage | T T
- a3 lysozyme; Lysozyme-like; putative_endolysin 41386:41871  lysozyme_R 44328:44819 hypothetical_protein 38337:38822 :;:;; 32_5:9_ uramicase
Endolysin.; SAR-endolysin. i
tati hosphoestera rotei
= 41 Metallo-dependent phosphatases  hypothetical_protein 37986:39122 z;la‘;’:g; 95 RS Seprowin hypothetical_protein 35526:36659  phosphoesterase 31924:33039
Uncharacterized protein putative_prohead_protease ; i DUF2213_domain- : ;
) . conserved in bacteria (DUF2213)  7750:8859 capsid_and_scaffold 23002:24117 \\ining_protein 4666:5781 SRR, SadTMA ST
- - i TG . -
= 35 Phage minor tail protein L ';:;a;{'}‘:iagzzw—“' - proten 1133' 3—;2;:;?;“ y_protein L hypathetical_protein 15984:16739  minor_tail_protein 1407114829
. putative_recombination_protein o head_morphogenesis_protein :
B 25 ERF superfam recombinase 4602:5255 recombinase 22532:23194
tperiamlly 27656:28306 ' 25039:25689 '
tail_completion_or_Neckl_protein
- 25 . hypothetical_protein 11591:12028  hypothetical_protein 18994:19437  hypothetical_protein 10020:10463 849_8'893‘38 i i
tative_minor_tail_protein
- 24 Phage minor tail protein ':;};;_ 1§th$ ~Rlpree minor_tall_protein 14130:14480  hypothetical_protein 15595:15945  minor_tail_protein 13656:14003
= 21 VRR-NUC domain hypothetical protein 35747:36166  hypothetical_protein 47945:48364  hypothetical _protein 33508:33927  endonuclease 29649:30056
- 21 Phage tail terminator protein hypothetical_protein 12018:12419  hypothetical_protein 18603:19004  tail_fiber_protein 10463:10861 putative tail_protein 8928:9320
putative_single- ; :
- 20 . hypothetical_protein 11227:11598  hypothetical_protein 19427:19801  stranded_DNA_hinding_pratein FuLativn. Pibac-tal adaptor

9656:10027

8134:8505




18

Nucleic acid-binding prateins

putative_single-
stranded_DNA_binding_protein
28354:28815

single-stranded_DNA-
binding_protein 4106:4558

terminase_small_subunit
25730:26167

single-stranded_DNA-
binding_protein 23232:23657

17

hypothetical_protein 41847:42236

lipoprotein 43936:44331

hypothetical_protein 38819:39205

unimolecular_spanin 33866:34255

15

Phage tail assembly chaperone

hypothetical_protein 13504:13818

hypothetical_protein 17521:17838

hypothetical_protein 11925:12239

tail_assembly_chaperone
10075:10389

14

DNA-packaging protein gp3

putative_terminase_small_subunit
3877:4383

terminase_small_subunit
27811:28338

hypothetical_protein 283:807

terminase_small_subunit 1:525

hypothetical_protein 42251:42586

hypothetical_protein 43103:43498

hypaothetical _protein 39217:39552

hypothetical_protein 34688:35080



Names of the encoded proteins and positions of their genes in genomes of phages from the third clade of the VipTree-based multigene tree pr i in Figure 1. These lists were used to generate tree presented in Figure 4.

The importance of the gene for No. of parsimony informative Characteristic protein features The name of gene product and its position in genome of particular phage:
tree topology marked by '+' sites in alignment identified by InterProScan vB_EcoS-10111482 vB_EcoS-CHD2B1 vB_Eco5-2266481 vB_EcoS-CHDSUKEZ vB_EcoS5-101114854
+ 38 - hypathetical protein 31263:31727 hypothetical_proteln 13430:13894 hypothetical _protein 31348:31812 hypothetical _protein 30362:30826 hypothetical_protein 30105:30569
Family of unk functi
+ T I;'T;;;;';" deo hypothetical_protein 25578:26543  hypothetical_protein 18613:19578  hypothetical_protein 25663:26628  hypothetical_protein 35166:36131  hypothetical_protein 24865:25830
Enterobacter phage Enc34, ssDNA-
21 binding protein; Nucleic acid- hypothetical_protein 37900:38715 hypothetical_protein 65037294 hypothetical_protein 37985:38794 hypothetical_protein 23646:24377 hypothetical_protein 36553:37341
binding proteins
Bacteriophage tail tip fiber protein;
7 Putative phage tail pratein; Tip host_specificity_protein_J host_specificity_protein_J host_specificity_protein_J host_specificity_protein_| hast_specificity_protein_l
attachment protein LENII-A 22104:25550 19606:23052 22189:25635 35159:39605 21391:24837
domain
Domain of unk functi
= 13 ID;:‘;;;’M‘ nawn function hypothetical_protein 29535:30056 hypothetical_protein 15100:15621 hypothetical_protein 29620:30141 hypothetical_protein 32033:32626 hypothetical_protein 28307:28900
Nucleatide modificati ted
12 d:;':; '5 & modiiication associaled | pothetical_protein 8913:10677  hypothetical_protein 34461:35225  hypothetical_protein 9998:10762  hypothetical_protein 6277:7041  hypothetical_protein 9206:9970
Demain of unk functi
12 ID;Z':S:}“" o tuRston hypothetical_protein 6857:8377 hypothetical_protein 36761:38281  hypothetical_protein 6942:8462 hypothetical_protein 9154:10674  hypothetical_protein S576:7096
10 Major capsid protein 13-like major_capsid_protein 11629:12729  major_capsid_protein 32415:33509  major_capsid_protein 11714:12814  major_capsid_protein 3865:4965 major_capsid_protein 10922:12016
z Tonctl
pis} ré:t:;g}unkngwn unetiex hypothetical_protein 39018:40448 hypothetical_protein 4748:6178 hypothetical_protein 39097:406527 hypothetical_protein 21921:23321 hypothetical_protein 37665:33095
- 7 - hypothetical_protein 16041:161%6  hypothetical_protein 28948:29103 hypothetical_protein 16126:16281 hypothetical_protein 399:554 hypothetical_protein 15328:15483
JAB1/MPN domain; Cysteine
proteinases; MPN_NLPC_PBO; . _ . R . . . . . .
- ] = = tail_assembly_protein 20759:21499  tail_assembly_protein 23657:24397  tail_assembly_protein 20844:21584  tail_assembly_protein 40210:40950  tail_assembly_protein 20046:20786
NIRC/P6O family; Prokaryotic = 1.8 = Lo = el L i 2 JoH
hamolags of the JAB domain
A in; P-H tainin,
S 3 AAR domain; P-100p CONERINNE oy ketical protein 42320:44583  hypothetical_protein 608:2872 hygothetical_protein 42407:44671  hypothetical_protein 17928:20189  hypothetical_protein 41046:43238
nucleoside triphosphate hydrolases
5 hypothetical protein 30586:30810 hypothetical protein 14347:14571 hypothetical protein 3067130895 hypothetical_protein 31279:31503 hypothetical protein 294.28:29652
- 4 hypothetical_protein 417:686 hypothetical_protein 44560:44829  hypothetical_protein 447:716 hypothetical_protein 16842:17111  hypothetical_protein 44055:44324
. 4 DNA N-6-adenine- DNA_N-G-adenine_methyltransferase DNA_N-6-adenine_methyitransferase DMA_M-6-adenine_methyltransferase DNA_MN-6-adenine_methyltransferase DNA_M-6-adenine_methyltransterase
methyltransferase (Dam) 30791:31276 13221:14366 30876:31361 30813:31298 29633:30112
4 assembly protein | 21496:22107 assembly proteln | 230459:2 3666 assembly _protein | 21581:22152 assembly protein | 30602:40213 assembly_protein | 20783:21354
4 hypothetical_protein 1670:1957 hypothetical protein 43181:43468 hypothetical _protein 1700:1587 hypothetical_protein 15575:15874 hypothetical_protein 174:461
= 4 = minar_capsid_protein 8361:94564 minor_capsid_protein 35674:36777  minor_capsid_protein 8446:9549 mingr_capsid_protein 8067:9170 minor_capsid_protein 70808183
- 3 - hypoethetical_protein 40636:40887 hypothetical_protein 4312:4563 hypothetical_protein 40715:40966 hypothetical _protein 21482:21733 hypothetical_protein 39280:39531
termi Il it
3 rerminase_small_subunit 4889:5461 3'3;1::;‘2;&;"“ subun terminase_small_subunit 4974:5546 hypothetical_protein 12070:12642  hypothetical_protein 3608:4180
- 2 hypothetical_protein 10827:11531 hypothetical_protein 33607:34311 hypothetical_protein 10912:11616 hypothetical_protein 5063:5767 hypothetical_protein 10120:10824
1 - hypethetical_protein 38783:39025 hypothetical_protein 6171:6413 hypothetical_protein 38862:39104 hypothetical_protein 23314:23556 hypothetical_protein 37430:37672
- 1 ~ HNH_endonuclease 32051:32374 HNH_endonuclease 12822:13106 HMWH _endonuclease 32136:32459 HNH_endonuclease 29858:30281 HNH_endonuclease 30650:30973
- 1 - hypothetical protein 94679610 hypothetical protein 35528:35671 hypothetical protein 9552:9695 hypothetical protein 7921:8031 hypothetical protein 8186:8329
Terminase RNaseH-like domain;
Terminase large subunit,
1 T4|ikeuirus-type, M-terminal; P-loop terminase 5461:6846 terminase 38292:39677 terminaze 5546:6931 terminase 10685:12070 terminase 4180:5565
cantaining nucleoside triphosphate
hydrolases
1 - hypothetical_protein 32371:33030 hypothetical_protein 12127:12786 hypothetical protein 32456:33115 hypothetical protein 29302:29961 hypothetical_protein 30970:31629
= 1 Phage minor tail protein hypothetical _protein 19372:19571 hypothetical _protein 25185:25784 hypothetical_protein 1945720056 hypothetical _protein 41738:42337 hypothetical _protein 18659:19258
- 0 - hypothetical_protein 41857:41994  hypothetical_protein 3207:3344 hypothetical _protein 41935:42072 hypothetical_protein 20688:20831  hypothetical _protein 40502:40639
- 1] HAD-like hypethetical _protein 30119:30589 hypothetical_protein 14568:15038 hypothetical_protein 30204:30674 hypothetical_protein 31500:31970 hypothetical_protein 289061:29431
- o Phage tail terminator protein hypothetical_protein 14338:14760 hypothetical_protein 30384:30806 hypothetical_protein 14423:14845 hypothetical_protein 1834:2356 hypothetical _protein 13625:14047
- 1] - hypoathetical _protein 34753:34926 hypothetical protein 10231:10404 hypothetical_protein 34838:35011 hypothetical _protein 27406:27579 hypothetical_protein 33352:33525




VRR-NUC-like; Restriction

0 endonuclaaseike hypothetical_protein 34967:35245  hypothetical_protein 9912:10190 hypothetical_protein 35052:35330  hypothetical_protein 27087:27365  hypothetical_protein 33566:33844
DNA polymerase family A;

0 Ribonuclease H-like; DNA/RNA DNA_polymerase_| 35438:37729 DNA_polymerase_| 7520:9811 DNA_polymerase | 35523:37814 DNA_polymerase_| 24603:26894 DNA_polymerase_| 34037:36328
polymerases

0 - hypothetical _protein 2010:2300 hypothetical _protein 42838:43128 hypothetical_protein 2040:2330 hypothetical_protein 15232:15522 hypothetical_protein 514:804
Putative DnaT-like ssDNA binding 2 " " . . 5

0 protein hypothetical_protein 12788:13288 hypothetical_protein 31856:32356 hypothetical_protein 12873:13373 hypothetical_protein 3306:3806 hypothetical_protein 12075:12575

0 - hypothetical_protein 13290:13403 hypothetical _protein 31741:31854 hypothetical protein 13375:13488 hypothetical protein 3191:3304 hypothetical protein 12577:12690
P-loop containing nucleoside

0 triphosphate hydrolases; SNF2- DNA_helicase 33063:34487 DNA_helicase 10670:12094 DNA_helicase 33148:34572 DNA_helicase 27845:29269 DNA_helicase 31662:33086
related domain

0 - hypothetical_protein 4580:4792 hypothetical _protein 40346.40558 hypothetical_protein 4665:4877 hypothetical_protein 12739:12951 hypothetical_protein 3299:3511

0 - hypothetical_protein 13390:13743 hypothetical_protein 31401:31754 hypothetical_protein 13475:13828 hypothetical_protein 2851:3204 hypothetical_protein 12677:13030

0 Phage tail assembly chaperone hypothetical_protein 15617:15979  hypothetical_protein 29165:29527  hypothetical_protein 15702:16064  hypothetical_protein 616:978 hypothetical_protein 14504:15266

0 - hypothetical_protein 2297:2536 hypothetical_protein 42602:42841  hypothetical_protein 2327:2566 hypothetical_protein 14990:15235  hypothetical_protein 801:1040

0 - hypothetical_protein 28917:29452 hypothetical_protein 15664:16239 hypathetical_protein 29002:29577 hypothetical_protein 32669:33244 hypothetical_protein 27689:28264

0 - hypothetical_protein 3034:3201 hypothetical_protein 41882:42088 hypothetical_protein 3064:3231 hypothetical_protein 14328:14495 hypothetical_protein 1538:1705

0 Phage minor tail protein L minor_tail_protein 19968:20756 minor_tail_protein 24400:25188 minor_tail_protein 20053:20841 minor_tail_protein 40953:41741 minor_tall_protein 19255:20043

0 ;:azi;ﬁ::;‘m:;:m;y‘me"m' lysin 2526:3017 lysin 42121:42612 lysin 2556:3047 lysin 14512:15003 Iysin 1030:1521

0 - hypothetical_protein 16198:16293 hypathetical_protein 28851:28946 hypothetical_protein 16283:16378 hypothetical_protein 302:397 hypothetical protein 15485:15580

0 - hypothetical protein 1545:1685 hypothetical_protein 43453:43593  hypothetical protein 1575:1715 othetical_protein 15939:16085 othetical_protein 49:189

0 Phage tail tube protein, TTP tail_tube protein 14822:15547 tail_tube_protein 29597:30322 tail_tube_protein 14907:15632 tail_tube_protein 1048:1773 tail_tube protein 14109:14834

0 - hypothetical_protein 34492:34710  hypothetical_protein 10441:10665  hypothetical_protein 34577:34795  hypothetical_protein 27622:27840  hypothetical_protein 33091:33309

0 - hypothetical_protein 37726:37896 hypothetical_protein 7353:7523 hypothetical_protein 37811:37981 hypothetical_protein 24436:24606 hypothetical_protein 36325:36501

0 Phage lipoprotein family lipoprotein 26546:26767 lipoprotein 18389:18610 lipoprotein 26631:26852 lipoprotein 34542:35163 lipoprotein 25833:26054

0 - hypothetical_protein 9668:9898 hypothetical_protein 35240:35470  hypothetical_protein 9753:9983 hypothetical_protein 7633:7863 hypothetical_protein 8387:8617

0 hypothetical_protein 13835:14338 hypothetical_protein 30806:31309 hypothetical_protein 13920:14423 hypothetical_protein 2256:2759 hypothetical_protein 13122:13625



Names of the encoded proteins and positions of their genes in genomes of phages from the fourth clade of the VipTree-based multigene tree presented in Figure 1. These lists were used to generate

tree presented in Figure 5.

The impartance of the gene for
tree topology marked by '+

No. of parsimony informative
sites in alignment

Characteristic protein features
identified by InterProScan

vB-Eco-KMB36

VB_EcoS-Golestan

+ 158 - tail_protein 19377:21932 putative_tail_protein 19660:22227
tail bly_ch
+ 74 Phage tail assembly chaperone al_assemiy_chaperons hypothetical_protein 14257:14673
14899:15315
+ 45 Phage tail tube protein tail_tube_protein 11219:12385 putative_tail_protein 10484:11650
13.88_kDa_late_protein
. 43 : 3:1'358[;336g; e_prote hypothetical_protein 33347:33850
) tail_assembly_chaperone . )
+ 41 Phage tail assembly chaperone 1532115680 hypothetical_protein 14679:15038
Pratein of unknown function PR
+ 35 (DUF2800) nuclease_protein 31596:32837 (D/E)XK_nuclease_superfamily_prote
in 31450:32691
SNF2-related domain; P-loop
- 23 containing nucleoside triphosphate DNA_helicase 24635:26059 helicase 24900:26324
hydrolases
. . ) VRR-NUC_domain_protein
- - - h : T -
20 VRR-NUC-like hypothetical_protein 26287:26574 37465:97752
Putative DnaT-like ssDNA binding  putative_head-tail_connector
2" 1 = = i i :
8 — $828:9340 hypothetical_protein 8188:8700
- 15 - spanin 5559:5945 putative_spanin 5234:5620
DNA-
13 HTH_XRE; Helix-turn-helix domain; bindlig_fFanscilptional_acivitor helix-turn-helix_domain_protein
Putative DNA-binding d i T = 37312:37500
utative inding domain 36672:36854
s 11 - hypothetical_protein 32834:33106  hypothetical_protein 33032:33304
. 9 Domain of unknown function putative_tail_protein 18509:19024  hypothetical_protein 18792:19307
(DUF1833)
9 Immunoglobulin fibritin_protein 4757:5215 putative_tail_protein 3858:4319
" ; : tail_completion_protein y .
| terminator = = rotein :104
6 Phage tail terminator protein 10800:11216 hypothetical _protein 10065:10481
& - hypothetical_protein 27144:27275  hypothetical_protein 27834:27965
5 - scaffold_protein 6137:6838 hypothetical_protein 5812:6513
4 - DNA_binding_protein 43343:43579 hypothetical_protein 43675:43911
murein_DD-endopeptidase
- 2 - i hypothetical in 19304:1 9
19021:19386 ypothetical_protein 966
0 - hypothetical_protein 24312:24449  exonuclease_subunit 24254:24391



The name of gene product and its position in genome of particular phage:

5908

vB_EcoM_SHAK7693

vB_EcoS-phiEcd

vB_EcoS-22664B52

vB_EcoS_UTEC10

putative_tall_protein 18897:21464

tail_protein 20635:23124

tail_protein 19748:22243

hypothetical_protein 24409:26904

hypothetical_protein 20932:23418

hypothetical_protein 13542:13958

tail_assembly_chaperone
14463:14879

hypothetical_protein 14273:14689

hypothetical_protein 18955:19371

tail_assembly_chaperone
28447:28863

tail_protein 9949:11115

minor_tail_protein 11144:12310

putative_tail_protein 10500:11666

hypothetical_protein 15184:16350

tail_protein 31454:32620

13.88_kDa_late_protein
31715:32215

hypothetical_protein 34474:34944

hypothetical_protein 33371:33889

13.88_kDa_late_protein
37480:37980

hypothetical_protein 10262:10762

tail_assembly_chaperone
14057:14320

hypothetical_protein 14987:15244

hypothetical_protein 14695:15054

hypothetical_protein 19479:19736

tail_assembly_chaperone
28082:28441

nuclease_superfamily_protein
30161:31402

exonuclease 32621:33862

PD-

(D/E)XK _nuclease superfamily prote

in31473:32714

hypothetical_protein 35672:363810

nuclease 11075:12316

DNA_helicase 23820:25244

DNA_helicase 25778:27166

chromatin_remodeling_complex_ATP

ase 24916:26340

DNA_helicase 29577:31109

helicase 16985:18409

VRR-NUC_domain_protein
26203:26538

Holliday_junction_resolvase
28368:28652

putative_nuclease 27496:27783

hypothetical_protein 31896:32180

nuclease 15807:16109

hypothetical_protein 7548:8060

head-tail_adaptor_Adl 8753:9265

hypothetical_protein 8204:8716

hypothetical_protein 12888:13400

head-to-
tail_connector_complex_protein
34532:35044

putative_spanin_protein 4272:4658

Rz-like_spanin 5483:5869

putative spanin 5250:5636

hypothetical protein 9615:10001

hypothetical protein 37931:38317

helix-turn-helix_domain_protein
35277:35459

excisionase_and_transcriptional_regu

lator 38163:38333

helix-turn-helix_domain_protein
37311:37481

hypothetical_protein 41561:41743

hypothetical_protein 7204:7374

hypothetical_protein 31399:31671

hypothetical_protein 33859:34131

hypothetical_protein 33055:33327

hypothetical_protein 37164:37436

hypothetical_protein 10806:11078

hypothetical_protein 18029:18544

minor_tail_protein 19701:20216

hypothetical_protein 18808:19323

hypothetical_protein 234659:23984

minor_tail_protein 23843:24358

putative_tail_protein 3202:3663

Hoc-like_head_decoration_protein
4428:4889

putative_tail_protein 3858:4319

fibritin_protein 8548:9006

fibritin_protein 39260:39721

tail_protein 9533:9946

tail_terminator 10728:11141

hypothetical_protein 10084:10497

hypothetical_protein 14765:15181

hypothetical protein 32623:33036

hypothetical_protein 26620:26751

hypothetical_protein 28884:29015

hypothetical_protein 27865:27996

hypothetical_protein 32412:32543

hypothetical_protein 15402:15533

scaffold_protein 4850:5551

putative_head_scaffolding_protein
6061:6762

hypothetical_protein 5828:6532

hypothetical_protein 10193:10894

scaffold_protein 37038:37739

hypothetical_protein 42155:42391

hypothetical_protein 44176:44412

hypothetical_protein 43317:43553

hypothetical_protein 3120:3356

NinH_protein 152:388

hypothetical_protein 18541:18906

minor_tail_protein 20213:20578

peptidoglycan_endopeptidase
19320:19685

hypothetical_protein 23981:24346

hypothetical_protein 23481:23846

hypothetical_protein 23686:23823

hypothetical_protein 25414:25551

hypothetical_protein 24270:24407

hypothetical_protein 28931:29068

hypothetical_protein 18918:19055



vB_EcoS-phiEc3

vB_EcoM_SHAK7858

NTEC3

vB_EcoS-UTIS9UKEL

vB-Eco-KMB35

tail_protein 19560:22055

tail_protein 19688:22189

tail_protein 30875:33442

hypothetical_protein 20999:23488

tail_protein 19238:21739

hypothetical_protein 14085:14501

tail_assembly_chaperone
14240:14656

hypothetical_protein 38381:38797

hypothetical_protein 16475:16891

tail_assembly_chaperone
13817:14233

putative_tail_protein 10497:11663

minor_tail_protein 10467:11633

putative_tail_protein 41224:42390

hypothetical_protein 12717:13883

tail_protein 10707:11873

hypothetical_protein 33183:33701

hypothetical_protein 31851:32369

hypothetical_protein 20258:20758

13.88_kDa_late_protein
34231:34740

13.88_kDa_late_protein
32667:33167

hypothetical_protein 14507:14866

hypothetical_protein 14764:15021

hypothetical_protein 38019:38291

hypothetical_protein 16990:17256

hypothetical_protein 14332:14595

PD-
(D/E)XK_nuclease superfamily prote
in 31285:32526

exonuclease 30288:31538

nuclease superfamily protein
21071:22312

hypothetical_protein 32668:33918

hypothetical_protein 31113:32354

chromatin_remodeling_complex_ATP

ase 24728:26116

DNA_helicase 24873:26297

DNA_helicase 27095:28519

DNA_helicase 26618:28042

DNA_helicase 24277:25701

putative_nuclease 27308:27595

Holliday_junction_resolvase
26525:26809

endonuclease_protein 25805:26089

hypothetical_protein 29078:29362

replication_repair_nuclease_VRR-
NUC 26707:26594

hypothetical_protein 8201:8713

head-tail_adaptor_Adl 8171:8683

head-io-
tail_connector_complex_protein
1:513

hypothetical_protein 10326:10838

head-tail_connector_protein
8178:86590

putative_spanin 4928:5314

Rz-like_spanin 4898:5284

putative spanin_protein 3391:3777

hypothetical protein 7921:8307

spanin 4905:5291

helix-turn-helix_domain_protein
37123:37293

excisionase_and_transcriptional_regu

lator 35938:36120

hypothetical_protein 17200:17370

hypothetical_protein 37763:37945

pyocin_activator_protein
36490:36672

hypothetical_protein 32867:33139

hypothetical_protein 31535:31807

hypothetical_protein 20802:21074

hypothetical_protein 33915:34187

hypothetical_protein 32351:32623

hypothetical_protein 18620:19135

minor_tail_protein 18754:19269

hypothetical_protein 33795:34310

hypothetical_protein 20065:20580

hypothetical_protein 18304:18819

putative_tail_protein 3858:4319

Hoc-like_head_decoration_protein
3825:4286

fibritin_protein 4386:4847

fibritin_protein 7117:7578

fibritin_protein 3835:4296

hypothetical protein 10081:10434

tail_terminator 10048:10464

tail_protein 42393:42806

hypothetical_protein 12298:12714

tail_completion_protein
10291:10704

hypothetical_protein 27677:27808

hypothetical_protein 27041:27172

hypothetical_protein 25442:25573

hypothetical_protein 29594:29725

hypothetical_protein 27076:27207

hypothetical_protein 5506:6210

head_scaffolding_protein 5476:6180

scaffold_protein 2498:3199

hypothetical_protein 8496:9122

scaffold_protein 5483:6184

hypothetical_protein 44087:44323

NinH_family_protein 43285:43525

hypothetical_protein 9656:9892

hypothetical_protein 2096:2332

DNA_binding_protein 42893:43129

peptidoglycan_endopeptidase
19132:15497

minor_tail_protein 19266:19631

hypothetical_protein 33433:33798

hypothetical_protein 20577:20942

murein_endopeptidase_protein
18816:19181

hypothetical_protein 24082:24219

hypothetical_protein 24227:24364

hypothetical_protein 28516:28653

hypothetical_protein 26484:26621

hypothetical_protein 23961:24098



Names of the encoded proteins and positions of their genes in genomes of phages from the fifth clade of the VipTree-based multigene tree presented in Figure 1. These lists were used to generate tree presented in Figure 6.

The importance of the gene for

Mo, of parsimony informative Characteristic protein features

The name of gene product and its position in genome of particular phage:

tree topology marked by '+ sites in ali it identified by InterProScan myPSH1131 wB_EcoP-101114UKE3 vB_EcoP-1011146B53 MLP3 wB_EcoP-CHDSUKEL F528
+ 151 :I:;:;I::;:\::_II:‘E(&SE ATP: ATP-grasp_enzyme 57073:58167  hypothetical_protein 52948:54183 hypothetical_protein 31401:32636 hypathetical_protein 30334:3161%9 hypothetical_protein 53254:54447 ATP-grasp_enzyme 41535:42728
- 104 - hypothstical_protein 18536:19786 hypothetical_protein 24204:25871 hypothetical protein 2657:4324  hypothetical proteln 1846:3513  hypothetical_protein 24124:25773 hypothetical_protein 12710:14365
- 80 - hypothetical_protein 23310:24263 hypothetical_protein 22155:23211 hypothetical_protein 612:1664 hypothetical_protein 500853 hypothetical_protein 22077:23129 hypothetical_protein 10663:1171%
DNA/RNA polymerases; DNA DNA-directed_DNA_polymerase  DMA-directed DMA_polymerase DMA-directed DNA_polymerase  DMA_polymerase-like_protein
T T901: R = ¥ A a7 gt =
$ polymerase family A DNA_polymerase 3790139709 3544040284 16893:18737 DNA_polymefase 16096:17940 341 64:40072 37708:29516
- 72 :lnnﬂ ‘Dnu:l::r:;t:::s'de ATP-binding_protein 33971:34864 dNMP_kinase 32174:32770 dNMP_kinase 10627:11223 hypathetical_protein 9816:10412  dNMP_kinase 32228:33121 ATP-binding_protein 20822:21715
I e
DMA_Injection_protein . . : " ¢ R . ’ " . . putative_DMA_Injection_protein
- 58 - 24700:25635 hypothetical_protein 23221:24189 hypothetical_protein 1674:2642  hypathetical_protein 863:1831 hypathetical_protein 23142:24110 11728:12696
54 - hypothetical_protein 65234:65596 hypothetical_protein 61454:61826 hypothetical_protein 39817:40279 hypothetical_protein 38900:39262 hypothetical_protein §1717:62075 hypothetical_protein 49938:50360
- 53 E:f:;’;f::a'z.““ QULIAANE hypothetical_protein 63909:64508 hypothetical_protein 58477:59283 hypothetical_protein 36930:37736 hypathetical_protein 35913:36719 hypothetical_protein 58728:59534 hypothetical_protein 4700947815
- 49 - hypothetical_protein 74914.7527% hypothetical_protein 7354773873 hypothetical_protein 52000:52326 terminase 50837:51163 Terminase 74733. 75098 hypothetical protein 13612:139¢7
PIN domain-like; 5' to 3'
48 exonucease, C-terminal 5-3'_exanuclease 27490:28182 exonuclease 31300:32181 exonuclease 9813:10634 exanuclease 90029823 exonuclease 31423:32241 5-3'_exonuclease 20017.20844
subdomain
Sigma2 domain of ANA o . ECF sl gt - | £CF -
a2 polymerase sigma factors; -polymerase_ECESIBMATACT b pothetical_pratein 32770:33420 hypothetical_protein 11223:11873 hypathetical_pratein 10412:11062 hypathetical_pratein 33507:34154 o Merase _ECE_sigma_fac
st or 29574:30104 ar 22101:22748
Homeodomain-like
- 41 hypothetical_protein 30771:31517 hypothetical_protein 34218:34958 hypothetical_protein 12671:13411 hypothetical_protein 11859:12599 hypothetical_protein 35591:36337 hypothetical_protein 23761:24507
40 - hypothetical_protein 61902:52309 hypothetical_protein 57841:58467 hypothetical_protein 36294:36%20 hypaothetical_protein 35277:35803 hypothetical_protein 58101:58718 hypathetical_protein 456382-:46789
31 hypothetical_protein 3672537117 hypothetical_protein 37073:37465 hypothetical_protein 15526:15%18 hypothetical_protein 14729:15121 hypothetical_protein 37623:38015 hypothetical_protein 26167:26559
Terminase large subunit,
Talikevirus-type, N-terminal; Z : : 1erminase_large_subunit terminase_large_subunit putative_DMNA_packaging_protein  terminase_large_subunit Terminase_large_subunit
= Tarminase, large subunit.; terminase_large_subunit 151:1131 4 2660 56264:57805 55443:56984 2030:3571 #195:3736
Terminase RNaseH-like domain
27 = hypathetical_protein 42675:42842 hypathetical_protein 37749:37913 hypathetical_protein 16202:16366 hypathetical_protein 15405:15572 hypothetical_protein 38248:38415 hypothetical_protein 2679226959
DA ligase-like, N-terminal N« - ) .
27 binding domain; DNA ligase/mANA NAD-dapentent DN Rasy hypathetical_protein 42503:42823 hypathetical_protein 20956:21276 hypaothetical_protein 20059: 20473 hypothetical_protein 4370744036 NAD-ceperdant.DNA. figise
7 44735:45064 32553:32876
capping enzyme, catalytic domain
Appr-1-
- 25 hypothetical_protein 30363:30713 hypothetical_protein 33811:34158 hypothetical_protein 12264:12611 hypothetical_protein 11453:11800 hypothetical_protein 34759:35109 p_processing_enzyme_family
23353:33703
terminase_small_subunit terminase_smafl_subumnit terminase_smafl_subunit terminase_small_subunit terminase_small_subunit z
= HiHe 26897:27265 30767:31171 9320:9624 5402:5813 30842:31243 hypothetcalpratein G137
19 hypothetical_protein 55508:55748 hypothetical_protein 52679:52921 hypothetical_protein 31132:31374 hypothetical_protein 30115:30357 hypothetical_protein 52999:53247 hypothetical_protein 41280:41528
16 putative_holin 8701:8919 hypothetical_protein 14701:14%13 hypothetical_protein 68B46:69064 hypothetical_protein 68577:68795 hypothetical_protein 14635:14853 putative_holin 3221:3435
- 16 Cell Wall Hydrolase hypothetical_pratein 70851:71156 hypathetical_protein 68771:69076 hyporhetical_protein 47224:47529 hypathetical_protein 46074:46379 hypothetical _protein 70113:-70502 hypothetical_protein 57718:58107
13 hypothetical_protein 33093:33272 hypothetical_protein 31158:31349 hypothetical_protein 9611:9802  hypothetical_protein 8800:8991  hypothetical_protein 31230:31409 HNH_endonuclease 19324:20003
i dUTPase-like; trimeric_dUTPase; deoxycytidine triphosphate deam deowycytidine triphosphate_deam deowycytidine triphosphate_deam deoxycytidine_triphosphate_deam deaxycytidine triphosphate_deam e e T R ey
dCTP deaminase-like inase 46792:473215 inase 46841:47374 inase 2529435827 inase 24289: 24822 inase 47666:48159 - i
- 10 - hypothetical_protein 41262:41576 hypothetical_protein 41225:41539 hypothetical_protein 19678:19%92 hypothetical_protein 18881:19198 hypothetical_protein 42060:42377 hypothetical_protein 3106931383
& hypothetical_protein 66442:66675 hypathetical_protein 62480:62713 hypothetical_protein #0933:41166 hypothetical_protein 39916:40149 hypothetical_protein 62925:63158 hypothetical_protein S0966:51199
4 SU10 adaptor protein hypothetical_protein 4647:539%  hypothetical_protein 9019:9771 hypothetical_protein 63164:63918 hypathetical_protein 62877:63626 hypothetical_protein 8924:9676  hypothetical_protein 2001:2843



Mames of the encoded proteins and positions of their genes in genomes of phages from the sixth clade of the VipTree-based multigene tree presented in Figure 1. These lists were used to generate tree presented in Figure 7.

The importance of the gene for

tree topology marked by "+

No. of parsimony informative sites

in alignment

Characteristic protein features identified by InterProScan
vB_EcoP-101101UKE1

vB_EcoP-UTIBSUKE2

vB_EcoP-101118B1

baseplate_hub_subunit_/_lysozyme

+ 551 Phage lysozyme; Lysozyme-like hypothetical_protein 26127:29075  hypothetical_protein 25850:28738 2 28476
N Yod non-contractile_tail_tubular_protein non-contractile_tail_tubular_protein non-contractile_tail_tubular_protein
22979:25381 22702:25104 22353:24758
: 11 capsid_assembly_scaffolding_protein capsid_assembly_scaffolding_protein capsid_assembly_scaffolding_protein
19988:20908 19710:20630 19370:20278
+ 65 major_capsid_protein 20985:22187  major_capsid_protein 20707:2190%  major_capsid_protein 20358:21557
* &4 T7 wirus internal virion protein gpl4 family internal_virion_protein 25381:26127 internal_virion_protein 25104:25850 internal_virion_protein 24758:25483
2 =3 Tail tubular protein non-contractile_tail_tubular_protein non-contractile_tail_tubular_protein non-contractile_tail_tubular_protein
PEEE 22242:32979 21965:22702 21613:22353
+ 50 hypothetical protein 68137:6820 hypothetical protein 6295:6978 hypothetical protein 6295:7017
+ 36 hypothetical_protein 11036:11413 hypothetical_protein 10472:10849 hypothatical_protein 10410:10787
+ a5 hypothetical_protein 36273:36551  hypothetical_protein 35678:35953  hypothetical_protein 37966:38247
I | i i |
3 1 Terminace Bactariophage T7; Ribonuclaase Hilike domain terminase_large_subunit terminase_large_subunit terminase_large_subunit
34218:36116 33620:35518 35912:37807
+ 31 hypothetical_protein 36570:36863  hypothetical_protein 35972:36259  hypothetical_protein 38265:38552
+ 30 . hypothetical_protein 1:924 hypothetical_protein 1:924 hypothetical_protein 1:924
& 5 DNA/RNA polymerases; DNA polymerase family A; Ribonuclease  DNA-directed_DNA_polymerase DMA-directed_DNA_polymerase DNA-directed_DNA_polymerase
H-like 7572:10118 7556:10102 7565:10138
RecA-like_GpdD_helicase; TOPRIM_primases; DnaB-like helicase C
+ 22 terminal domain; DNA primase core; P-loop containing primase/helicase_protein 4072:6060 primase/helicase_protein 4073:6061 primase/helicase_protein 4073:6061
nucleoside triphosphate hydrolases
MNAT_SF; Acetyl fi GMAT) family; Acyl-CoA N-
+ 19 oA COGRRA Nt se (GHAT TmiNG Atykeo hypothetical_protein 17756:18217  hypothetical_protein 17478:17939  hypothetical_protein 17138:17599
acyltransferases (Nat)
+ 17 - hypothetical_protein 18227:18436  hypothetical_protein 17949:18158  hypothetical protein 17609:17818
ATP d dent DNA i d in; DNA li OB-like d in; ; : )
. 17 ONA 1?:?;:1;“ o |gianseE;mna1|2 catal ':: ::»main- Ie\lu:I:;:I:ci 3. ATP-dependent_DNA_ligase ATP-dependent_DNA_ligase ATP-dependent_DMNA_ligase
e R s T Sy SO : 16492:17439 16214:17161 15874:16821
binding proteins
+* 16 - hypothetical_protein 12630:13010 hypothetical_protein 12460:12831 hypothetical_protein 12089:12457
= 14 5' 1o 3" exonuclease, C-terminal subdomain exonuclease 13293:14321 exonuclease 13134:14162 exonuclease 12725113753
- 13 hypothetical protein 10118:10234 hypothetical protein 10102:10218 hypothetical protein 10138:10254
- 10 Metallo-dependent phosphatases phosphoesterase 14577:15716 phosphosesterase 14418:15560 phosphoesterase 14117:15148
- 7 - hypothetical_protein 11491:12297 hypothetical_protein 11320:12126 hypothetical _protein 10950:11756
- 7 Hedgehog/DD-peptidase; Peptidase M15 hypothetical_protein 36863:37207 hypothetical_protein 36944:37288 hypothetical_protein 39216:39587
- 5 hypothetical_protein 12307:12525 hypothetical_protein 12136:12354 hypothetical_protein 11766:11984
- 2 hypothetical_protein 17411:17626 hypothetical _protein 17133:17348 hypothetical_protein 16793:17008
- 2 hypothetical_protein 43970:44083 hypothetical_protein 43855:43968 hypothetical_protein 44099:44212
- 1 hypothetical_protein 17646:17758 hypothetical_protein 17353:17481 hypothetical_protein 17013:17141
- 1 hypothetical_protein 3731&:37465  hypothetical_protein 37397:37546  hypothetical_protein 39696:39845



The name of gene product and its position in genome of particular phage:

vB_EcoM_SHAK7704

vB-Eco-KMB47

vB-Eco-KMB14

vB_EcoP_ACG-C91

vB_EcoP-101117UKE2

vB_EcoM_SHAK7163

vB_EcoP-UTIZ9UKE3

Iysozyme_domain-containing_protein

36677:39625

hypothetical_protein 28035:30983

baseplate_hub 28361:31309

hypothetical_protein 28598:31546

baseplate_hub_subunit_/_lysozyme
25539:28481

lysozyme_domain-containing_protein

28635:31583

hypothetical_protein 25851:28799

tail_protein 33553:35955

non-contractile_tail_tubular_protein
24887:27289

tail_tubular_protein_B 25237:27639

putative_tail_tubular_B_protein
25468:27870

non-contractile_tail_tubular_protein
22408:24813

tail_protein 25511:27913

non-cantractile_tail_tubular_protein
22703:25105

head_scaffolding_protein
30557:31477

capsid_assembly_scaffolding_protein
21896:22816

capsid_assembly_scaffolding_protein
22243:23163

putative_scaffolding_protein
22474:23394

capsid_assembly_scaffolding_protein
19425:20333

head_scaffolding_protein
22511:23431

capsid_assembly_scaffolding_protein
19711:20631

major_head_protein 3155432762

major_capsid_protein 22893:24095

major_capsid_protein 23240:24445

putative_major_capsid_protein
23471:24676

major_capsid_protein 20413:21612

major_head protein 23511:24719

major_capsid_protein 20708:21910

internal_virion_protein 35855:36677

internal_virion_protein 27289:28035

internal_virion_protein 27639:28361

putative_internal_virion_protein
27870:28598

internal _virion_protein 24813:25538

internal_virion_protein 27913:28635

internal_virion_protein 25105:25851

tail_pratein 32816:33553

non-contractile_tail_tubular_protein
24150:24887

tail_tubular_protein_A 24500:25237

putative_tsil_tubular_A_protein
24731:25468

non-contractile_tail_tubular_protein
21668:22408

tail_protein 24774:25511

non-contractile_tail_tubular_protein
21966:22703

hypothetical protein 17184:17867

hypothetical protein 8045:8728

hypothetical protein 8475:9158

hypothetical protein 9114:9836

hypothetical protein 6419:7072

hypothetical protein 8340:9662

hypothetical protein 6295:6978

polysaccharide_chain_length_determ
inant_protein 21407:21784

hypothetical _protein 12944:13321

hypothetical_protein 13170:13547

hypothetical_protein 13332:13709

hypothetical _protein 10465:10842

polysaccharide_chain_length_determ
inant_protein 13363:13740

hypothetical _protein 10473:10850

acetyl-CoA_acetyltransferase
2054:2335

hypothetical_protein 38181:38459

acetyl-Coa_acetyltransferase
3R187:38465

hypothetical_protein 38739:39017

hypothetical_protein 37966:38247

acetyl-CoA_acetyltransferase
38470:38751

hypothetical_protein 35679:35954

terminase_large_subunit 1:1896

terminase_large_subunit
36125:38023

DMNA_packaging_protein 36131:38029

putative_large_terminase_subunit
36684:38582

terminase_large_subunit
35912:37807

terminase_large_subunit
36417:38312

terminase_large_subunit
33621:3551%

acetyl-CoA_acetyltransferase
2280:2636

hypothetical _protein 38478:38771

hypothetical_protein 38484:38777

hypothetical_protein 39030:39347

hypothetical_protein 38265:38552

acetyl-Col_acetyltransferase
38696:39055

hypothetical _protein 35973:36260

hypaothetical_protein 10703:11587

hypothetical _protein 1909:2832

hypothetical_protein 2186:3109

hypothetical_protein 2859:3743

hypothetical_protein 1:924

hypothetical_protein 2599:3570

hypothetical_protein 1:924

DNA_peolymerase 18490:21036

DNA-directed_DNA_polymerase
9480:12026

ONA_polymerase 9910:12456

putative_DNA_polymerase
10416:12962

DNA-directed_DNA_polymerase
7620:10193

DNA_polymerase 1044712993

DNA-directed_DNA_polymerase
7557:10103

DNA_primase/helicase 14962:16950

primase/helicase_protein 5930: 7968

DNA_primase/helicase 6253:8241

putative_DNA_helicase 6892:5880

primase/helicase_protein 4073:6061

DNA_primase/helicase 6718:8706

primase/helicase_protein 4073:6061

acetyitransferase 28325:28786

hypothetical _protein 19664:20125

GMNAT_family_N-acetyltransferase
20011:20472

putative_N-acetyltransferase
2024220703

hypothetical_protein 17193:17654

acetyltransferase 20282:20743

hypothetical_protein 17479:17940

hypothetical_protein 28796:29005

hypothetical_protein 20135:20344

hypothetical_protein 20482:20691

hypothetical_protein 20713:20922

hypothetical_protein 17664:17873

hypothetical_protein 20753:20959

hypothetical_protein 17950:18159

ATP-dependent_DNA_ligase
2706128008

ATP-dependent_DNA_ligase
18400:19347

DNA_ligase 18747:19694

hypothetical_protein 18978:19925

ATP-dependent_DNA_ligase
15929:16876

ATP-dependent_DNA_ligase
19018;19965

ATP-dependent_DNA_ligase
16215:17162

hypothetical_protein 23307:23678

hypothetical_protein 14538:14918

hypothetical_protein 14850:15221

hypothetical_protein 15233:15604

hypothetical_protein 12144:12512

hypothetical_protein 15264:15635

hypothetical_protein 12461:12832

exonuclease 23981:25009

exonuclease 15201:16229

exonuclease 15599:16576

exonucluease 15907:16932

expnuclease 127580:13808

exonuclease 15938:16966

exonuclease 13135:14163

hypothetical protein 21036:21152

hypothetical protein 12026:12142

hypothetical protein 12456:12572

hypothetical protein 12962:13078

hypothetical protein 10193:10309

hypothetical_protein 12993:13109

hypothetical protein 10103:10219

metallo-phosphoesterase
25373:26407

phosphoesterase 16617:17624

metallo-phosphoesterase
16964:17971

hypothetical_protein 17323:18330

phosphoesterase 14172:15203

metallo-phosphoesterase
17222:18364

phosphoesterase 14419:15561

hypathetical_protein 22167:22973

hypothetical _protein 13399:14205

hypothetical_protein 13710:14516

hypothetical_protein 14093:14899

hypothetical _protein 11005:11811

hypothetical _protein 14124:14930
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Names of the encoded proteins and positions of their genes in genomes of phages from the seventh clade of the VipTree-based multigene tree presented in Figure 1. These lists were used to generate tree

presented in Figure 8.
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Significant variability in virulence
factors and antibiotic resistance
of uropathogenic Escherichia

coli strains may be counteracted
by their susceptibility to lytic
bacteriophages
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Wioletta Adamus-Biatek*

Uropathogenic Escherichia coli (UPEC) strains are the primary cause of urinary tract infections and
pose a serious clinical problem due to their remarkable genetic variability, diverse virulence traits, and
rapidly increasing antibiotic resistance. In this study, five clinical UPEC isolates (EC3, EC149, EC164,
EC179, and EC256) were deeply investigated to better understand their pathogenic potential. The
strains differed substantially in genome architecture, mobile genetic elements, plasmid composition,
virulence factors composition, and antibiotic resistance profiles, illustrating the highly dynamic
nature of UPEC populations. Of particular concern was the detection of plasmids linked to resistance
against “last-resort” antibiotics, emphasizing the growing epidemiological risk associated with these
pathogens. To address the limitations of conventional therapy, five lytic bacteriophages active against
the analyzed UPEC strains were isolated and thoroughly characterized. Comparative genomic and
phylogenetic analyses revealed that all phages represent previously undescribed species belonging to
the genera Hanrivervirus, Warwickvirus, Nonavirus, Kagunavirus, and Vectrevirus. Functional assays
demonstrated pronounced differences in host range and infectivity. Among them, phage vB_EcoS-
149_4M emerged as the most promising candidate, combining broad antibacterial activity with high
stability and a favourable safety profile, including the absence of toxin or antibiotic resistance genes
and no detectable cytotoxicity toward human cell lines. Taken together, these findings highlight both
the complexity and clinical threat posed by UPEC strains and the substantial potential of carefully
selected bacteriophages as effective and precise antimicrobial tools. In effect, this multi-faceted
approach provides a strong foundation for the development of precision phage therapy against
multidrug-resistant UPEC infections.

!Department of Molecular Biology, Faculty of Biology, University of Gdansk, Wita Stwosza 59, Gdansk 80-308,
Poland. Division of Microbiology, Institute of Biology, Jan Kochanowski University, Uniwersytecka 7, Kielce 25-4086,
Poland. *Chair of Urology and Andrology, Faculty of Medicine, Ludwik Rydygier Collegium Medicum in Bydgoszcz,
Nicolaus Copernicus University in Torun, M. Curie Sklodowskiej 9, Bydgoszcz 85-094, Poland. “Department of
Medical Genetics and Laboratory Diagnostics, Faculty of Medicine, Jan Kochanowski University, IX Wiekow Kielc
19a, Kielce 25-317, Poland. *Division of Environmental Toxicology, Faculty of Health Sciences with the Institute of
Maritime and Tropical Medicine, Medical University of Gdansk, Debowa 23 A, 80-204, Gdansk, Poland. ®Department
of Medical Microbiology, Faculty of Medicine, Medical University of Gdansk, Debowa 25, Gdansk 80-204, Poland.
’Laboratory of Bioimaging, Faculty of Biology, University of Gdansk, Wita Stwosza 59, Gdansk 80-308, Poland.
BWojciech Wesofowski and Grzegorz Czerwonka contributed equally to this work. “email: bozena.nejman-
falenczyk@ug.edu.pl; wioletta.adamus-bialek@ujk.edu.pl

Scientific Reports|  (2026)16:26677 | https://doi.org/10.1038/s41598-026-62793-9 nature portfolio



www.nature.com/scientificreports

Scientific Reports |

Keywords Uropathogenic Escherichia coli (UPEC), Bacterial and bacteriophage genomes, Virulence factors,
Antibiotic-resistant genes, Anti-UPEC phages

Abbreviations

ARGs Antibiotic resistance genes

EOP Efficiency of plating

ESBLs  Extended-spectrum p-lactamases

HCA Hierarchical cluster analysis

MES Major facilitator superfamily

RND Resistance-nodulation-cell division
SNP Single nucleotide polymorphism
UPEC  Uropathogenic Escherichia coli
UTI Urinary tract infection

VAGs  Virulence associated genes

Urinary tract infections (UTIs) are among the most common bacterial infections affecting millions of
individuals worldwide each year. They constitute about 30% of all hospital-acquired infections, and more than
50% of women worldwide will experience a UTI at least once in their lives'Z. The national economic burden of
uncomplicated UT1s in the US costs approximately $2 billion annually, and several billions more in complicated,
recurrent, or hospital-acquired infection®.The primary causative agent of these infections is uropathogenic
Escherichia coli (UPEC), a subset of strains that have evolved to thrive in the urinary tract*®. The predominance
of E. coli among other microorganisms causing UTIs stems primarily from its ability to evade the host's immune
response and invade the extremely unfavorable urinary tract environment. Their remarkable adaptability is
provided by horizontal gene transfer, in which pathogenic islands play a key role. These islands carry genes
involved in adhesion, enabling attachment to epithelial cells and colonization, including genes encoding type
1 (fiml1), P (pap), and S (sfa) fimbriae, Dra/Afa (dra/afa) and Tha (iha) adhesins, and Antigen 43 (flu). They
also harbor genes encoding secreted toxins that modulate immune responses and damage host cells, such as
hemolysin A (hlyA), cytotoxic necrotizing factor 1 (enf1), and uropathogenic-specific protein (usp), as well as
genes involved in siderophore biosynthesis and transport, which facilitate efficient iron acquisition (iuc, aer, irp).
A feature that particularly favors the maintenance of urinary tract infection is the extraordinary ability of UPEC
to cause intracellular bacterial communities (IBCs), which determines the escape from the components of the
immune response and antibiotics, while at the same time giving time to activate subsequent mechanisms related
to pathogenesis and antibiotic resistance®”. These bacteria have been shown to lose certain virulence-associated
genes (VAGs) when acquiring resistance, particularly to fluoroquinolenes®. It should be noted that despite the
highest resistance to penicillins and fluoroquinolones among all antibiotic classes, they are still used in empirical
treatment, even despite evidence of cross-resistance®”

All these features make UPEC seem to be the most specific in terms of its ability to cause urinary tract infection.
This creates a huge inconvenience and even impairment in social and professional life and permanent loss of
health, including increased risk of bladder cancer®. First-line drugs for UTI have still remained nitrofurantain,
trimethoprim-sulfamethoxazoleand fosfomyc.,in however it depends on local resistance patterns, medical history,
and type of infection. Unfortunately, in the case of chronic UT]s, no antibiotic has been proven to permanently
eliminate the infection. Therefore, the search for new therapeutic solutions is extremely necessary ™"

Among these, bacteriophage therapy has garnered significant attention as a potential s.olutlon to combat
UPEC infections'® 2, Bacteriophages, or shortly phages, are viruses that specifically infect and lyse bacterial
cells, making them a promising tool in the fight against antibiotic-resistant bacterial pathogens. UPEC is not a
monolithic group but rather consists of various strains that differ in their virulence and resistance profiles'*!",
This diversity poses a significant challenge for both traditional antibiotic therapies and phage therapy, as a
phage that is effective against one UPEC strain may not necessarily be effective against another. Therefore, a
comprehensive analysis of multiple UPEC genomes is essential to develop a broad-spectrum Fhage therapy
or, alternatively, to tailor phage cocktails that are effective against a wide range of UPEC strains'’. In addition
to the genomic analysis, this research also considers the potential ecological implications of phage therapy.
The introduction of bacteriophages into the urinary tract environment, which is already a complex microbial
ecosystem, could have unforeseen consequences on both the bacterial community and the host. Therefore,
understanding the interaction between UPEC, its resident phages, and the therapeutic phages is crucial for
developing safe and effective treatments.

In the present study, we first selected five clinically relevant UPEC isolates representing diverse antibiotic
resistance profiles, virulence gene repertoires, and phylogenetic backgrounds and characterized their genomes
in detail. Because this diversity may constitute an important obstacle for phage-based interventions, we
subsequently isolated lytic bacteriophages using these same strains as hosts and comprehensively characterized
their biological properties. Finally, we evaluated the activity of the isolated phages against a broader collection of
UPEC isolates to determine whether they display narrow or broad host ranges and to assess their potential utility
as precision antimicrobial agents against multidrug-resistant UPEC populations.

This study employed a combination of bioinformatic tools and genomic sequencing technologies to dissect the
genomes of the novel UPEC strains and the lytic phages infecting them, which represent previously undescribed
species, Comparative genomics of bacterial strains was used to identify conserved and unique genetic elements
across the strains, with particular attention given to genes associated with virulence, antibiotic resistance, and
phage susceptibility. Furthermore, the study examined the presence of prophages in UPEC genomes, as these
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endogenous phages could influence the outcome of bacteriophage therapy by conferring immunity in the host
bacterium.

Materials and methods

Bacterial strains

All 37 Escherichia coli strains used in this study (EC1, EC3, EC13, EC22, EC40, EC53, EC57, EC65, EC113,
EC124, EC130, EC131, EC134, EC149, EC162, EC164, EC179, EC189, EC192, EC217, EC223, EC227, EC229,
EC234, EC255, EC256, EC259, EC263, EC294, EC295, EC296, EC313, EC319, EC341, EC344, EC348, EC378)
were isolated from patients with UTI as described previously® and stored at -80 °C at the Department of Medical
Genetics and Laboratory Diagnostics, Faculty of Medicine, Jan Kochanowski University in Kielce, Poland.
The study was approved by the Bioethics Committee at the Collegium Medicum, Jan Kochanowski University
in Kielce, Poland (Resolutions: No. 23/2017 of September 11, 2017; No. 22/2024 of March 13, 2024, and No.
35/2025 of June 12, 2025) and all experiments were performed in accordance with relevant named guidelines and
regulations. Informed consents were obtained from all patients. Five isolates (EC3, EC149, EC164, EC179, and
EC256) were selected for detailed analysis and lytic phages isolation due to their different antibiotic resistance
profiles. The characteristics of the selected five E. coli strains are presented in Table 1.

Bacterial cultivation and DNA extraction

Bacterial strains used in this study were cultured at 37 °C in liquid Luria-Bertani broth (LB, BioShop) or plated
on solid LB medium supplemented with 1.5% agar (LA, BTL). For the DNA isolation procedure, the liquid
cultures were grown with aeration in a shaker incubator at 200 rpm and a temperature of 37 °C. DNA was isolated
using the NucleoSpin Tissue spin column-based kit (Macherey-Nagel). Isolation was performed according to the
manufacturer’s protocol. The DNA concentration was determined spectrophotometrically at 260 nm.

Genome sequencing and de-novo assembly

Each bacterial isolate was sequenced commercially in the Genomed company (Warsaw, Poland) using two
methods: short reads on the MiSeq platform and long reads on the MinION platform, to increase sequence
reliability during genome assembly. The concentration of genomic DNA was measured using the PicoGreen
(Invitrogen™) reagent. Genomic DNA was fragmented by sonication using Covaris E210, in accordance
with the parameters recommended for preparing libraries for sequencing using MiSeq Illumina technology.
Libraries were prepared using the NEBNext Ultra™ kit I DNA Library Prep Kit for Illumina’ according to
the manufacturer’s recommendations. Sequencing was performed using paired technology 2 x 300 bp ends and

- x

Sex |F
Patient Data | Age (years) 85 77 2.5 66 Bl
Material Urine ‘ Urine | Urine | Urine | Urine

Phylogenetic group A |E B2 D F
Antibiotic resistance

Ampicillin R R S R R
Ampicillin sulbactam R S S S R
Amoxicillin clavulate R S S N R
Piperacillin tazobactam R | S S S S
Cefuroxim S N S S R
Cefotaxim S N S S R
Ceftazidime S N S S 1
Cefepim S N S S R
Ertapenem S S S S S
Imipenem S S S S S
Meropenem N N S S S
Aztreonam S S S S R
Amikacin S 'S S S R
Gentamicin S 1 S S S R
Tobramycin s |s S S R
Norfloxacin N | R R I R
Ciprofloxacin S R S S R
Nitrofurantoin S S S N S
Co-trimoxazole N R S S R

Table 1. The characteristics of clinical Escherichia coli strains selected for the isolation of lytic phages. Legend:
F — female, M - male, S- susceptible, I - intermediate, R- resistance.
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Reagent Kit v3 (Illumina). Libraries for the MinION platform were prepared with the Rapid Barcoding Kit
(SQK-RBK004) and next sequenced with a SpotON Flow Cell Mk T (R9.4.1).

Raw sequences were assembled by hybrid assembly of [llumina and Oxford Nanopore Technologies reads via
the Unicycler program (Galaxy Version 0.5.0 4 galaxv]l) on default settings, with the exception that the contigs
shorter than 500 bp were excluded. Assembled sequences were deposited by the Banklt tool in the GenBank
database under the numbers: GCF_036282145.1 for EC3, GCF_036281895.1 for EC149, GCF_036281865.1 for
EC164, GCF_036281825.1 for EC179, and GCF_036281835.1 for EC256.

Genomes annotation

Assembled genomes were subjected to annotation in RAST server'® using the ClassicRAST annotation scheme,
FIGfams version 70, automatic errer correction, and automatic frame shift correction'” and additionally by
Bakta Web server. Subsequently, according to the submission to NCBI, genomes were annotated using the NCBI
Prokaryotic Genome Annotation Pipeline (PGAP)!.

Phylogenetic analysis of bacteria

Single nucleotide polymorphism (SNP) was the basis of the analysis by CSI phylogeny platform to generate
phylogenetic tree. Tree was constructed by CSI Phylogeny algorithms at default settings: minimal depth at
SNP positions x10, minimal relative depth at SNP positions 10%, minimal distance between SNPs (prune)
10 bp, minimal SNP quality 30, minimal read mapping quality 25, minimal Z-score 1.96, and without ignoring
heterozygous SNPs'”. The Newick file was uploaded into the iTOL online tool to generate the phylogeny tree based
on the SNPs™. Genetic distances were calculated by the OrthoAni program®'. Dendrograms were prepared with
the Oat tool*"*?, Genetic distances between strains were calculated by the online Average Nucleotide Identity
(OrthoANI) calculator (EZbioCloud)**+,

Virulence-associated genes, CRISPR-cas analysis, and serotyping

The raw FASTA sequence(s) of a genome were screened against the VFDB database? using the E. coli CFT073
UPEC genome as the reference. The obtained data were tabulated and manually analyzed for virulence-associated
genes (VAGs). The assembly was additionally searched for the presence of Clustered Regularly Interspaced Short
Palindromic Repeats (CRISPR) arrays using CRISPRCasFinder (online version; default settings)**. Serotypes
of the strains were determined from whole-genome sequence data using the SerotypeFinder tool with default
settings and the Escherichia coli reference database, based on sequence homology of O-antigen and flagellar
antigen determinant genes. The analysis was performed using a minimum sequence identity threshold of 85%
and a minimum target gene coverage of 60%.

Plasmid identification

Assembled circular plasmid contigs were screened through BLAST database for identification of similar plasmid
sequences. The highest coverage of sequences pointed the most similar plasmid. Plasmid replicons were searched
by PlasmidFinder service (2.0.1 Server 2020-07-01, Database version: 2023-01-18)*" against the Enferobacteriales
database, with 95% ientity threshold and 60% mnimum coverage.

Identification of antibiotic resistance genes

Whole-genome sequences of E. coli were screened for the presence of antibiotic resistance genes (ARGs) using
the Resistance Gene Identifier (RGI) tool implemented in the Comprehensive Antibiotic Resistance Database
(CARD)*. Genome assemblies were uploaded in FASTA format and analyzed using only Perfect and Strict hits.
Results were used to assess the resistome composition of the analyzed E. colf genomes.

Prophage sequences identification

The materials used in this study consisted of assembled genome sequences of five E. coli strains: EC3, EC149,
EC164, EC179, and EC256. The genomic sequences were analysed using the PHASTEST tool® to identify
prophage regions. Identified prophages were labelled according to the strain name, sequence number in the
bacterial genome, and region number in the specific sequence. Only prophages labelled as complete were selected
for further analysis. The amino acid sequences of proteins identified as belonging to the holin or endolysin
family (lytic cassette proteins) by PHASTEST were transferred to the Phyre2 server’ to confirm the obtained
protein annotations. Simultaneously, an analysis of antibiotic resistance genes within prophages was conducted
using the CARD server®®. The analysis results included only detected antibiotic resistance genes classified as
perfect and strict matches.

Sequencing and in silico analyses of phage genomes

Phage genomes of vB_EcoS-149_4M, vB_EcoS-149_6D, vB_EcoS-164_2, vB_EcoS-179_3, and vB_EcoP-179_5
were sequenced using next-generation sequencing technology on an Hlumina MiSeq Elatform. Assembly and
annotation of the sequences were accomplished according to the Shen and Millard"!. The quality of reads
was controlled using FastQC (https://www.bioinformatics.babraham.ac.uk/projects/fastqc/). The raw data
were filtered using a BBtools program. Reads subsampling was performed using Seqtk. De novo assembly
was conducted using SPAdes™. Correction of the assembly was performed by Pilon™ and prediction of phage
termini by PhageTermVirome™. Lastly, Pharokka™ was used to annotate phage genomes, PhaTYP*" was applied
for life cycle identification, and several programs, such as ABRicate (Seemann, 2016), AMRFinderPlus*", RGI*,
VirulenceFinder™, and Resfinder®, were used for identification of antimicrobial resistance or virulence genes.
Assembled and annotated phage genomes were deposited in the GenBank database under the following accession
numbers: PX985795 for vB_EcoS-149 4M, PX985796 for vB_EcoS-149 6D, PX985797 for vB FcoS-164 2,
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PX985798 for vB_EcoS-179_3, and PX985799 for vB_EcoP-179_5. All genomic sequences are also available in
the Zenodo repository under the following access link: https://doi.org/10.5281/zenodo.20098588. Visualization
of phage genomes was made using Proksee*, and genome comparison was performed using EasyFig software*!,

Taxonomic and phylogenetic analysis of phages

To establish the phylogeny relations of the analyzed phages, PhaGCN** was initially used to assign them to
putative families or genera. For phage vB_EcoS-164 2, BLAST analysis was performed to identify closely related
phages, since PhaGCN was unable to assign this phage to any genus or family. The reference phages selected
for vB_EcoS-164_2 shared at least 50% squence similarity. Genomic distances among all analyzed phages
were calculated using VIRIDIC*, In turn, OMA software was applied to establish their common evolutionary
origin based on orthologous groups of amino acid sequences of gene products. Multiple sequence alignments
were generated using Clustal Omega** and subsequently trimmed with trimAl*® using the “gappyout” option.
Each alignment was evaluated for the strength of its phylogenetic signal. Alignments were excluded if they
contained fewer than 10 parsimony-informative sites or if the proportion of such sites was below 5%. The
remainin orthologous groups were used to construct maximum likelihood phylogenetic trees with 1Q-TREE™,
Tree visualization was performed using MEGA, and tree rooting was determined based on hierarchical cluster
analysis (HCA) using a distance matrix generated by VIRIDIC. What is more, in cases where analyzed phages
formed species-level clusters, a single representative phage was selected using the medoid of the cluster method.
Clustering with complete linkage was carried out using the SciPy library®’

Isolation, propagation, and stability of phages

All bacteriophages tested in this work were isolated from urban sewage (Gdansk Wastewater Treatment Plant,
Poland) and propagated according to the protocol described by Topka and colleagues™. Newly isolated phages
were deposited in the collection of phage strains at the Department of Molecular Biology of the University
of Gdansk, Gdansk, Poland. The double overlay plaque assay was employed to determine a titer of phage
suspensions. Serial 10-fold dilutions of each phage suspension were prepared in TM buffer (10 mM Tris-HCI,
10 mM MgSO,; pH 7.2). From each suspension, 5 uL was spotted onto a double agar layer. After overnight
incubation of plates at 37 °C, plaques were counted, and the phage titer (expressed as PFU/mL) was calculated.
Phage stability assays were performed as described previously*.

Efficiency of plating (EOP) determination

All five phages were tested against its primary UPEC host (EC149, EC164, or EC179) and thirty-six other UPEC
clinical isolates listed above, for a more thorough evaluation of productive infection as defined by the efficiency
of plating (EOP) method proposed by™.

Analysis of plague and virion morphology

Plaque morphology was determined using the double-layer agar method and phage lysates serially diluted in TM
buffer as described Topka Transmission electron microscopy (TEM) photos of the phage virions' morphology
were performed in the Bioimaging Laboratory, Faculty of Biology, University of Gdansk, Gdansk, Poland
according the procedure presented by Topka-Bielecka and colleagues'.

Assessment of phage cytotoxicity

Purified phage particles were first obtained using the caesium chloride density gradient centrifugation method
according to the protocol provided by”. Next, the level of endotoxins in each phage suspension was measured
using the Thermo Scientific Pierce chromogenic endotoxin quant kit { Thermo Scientific). Finally, the safety and
the impact of the purified phage particles on the viability of the human bladder cancer cell line, T24, and the
human embryonic kidney line, HEK293, were measured, using the Neutral Red Uptake (NRU) cytotoxicity test.
The NRU cytotoxicity test was performed in accordance with the following protocol. Mammalian cells were
grown in McCoy’s 5 A Medium (for T24, Avantor) or Dulbeccos Modified Eagle’s Medium (for HEK293, Gibco)
containing 10% FS (Gibco), 1% pnicillin (Gibeo), and 1% sreptomycin (Gibco). For the assay, mammalian cells
were seeded into 96-well plates at a density of 1 x 10* cells per well and allowed to attach for 24 h at 37 °C and
5% CO,. After 24 h incubation, the medium was removed from all wells, and cells were exposed to 200 pL of the
mix solzution containing culture medium and selected phage particles (in the highest available concentrations,
10° PFU/mL for phage vB_Eco$-149_4M; 10" PFU/mL for phages vB_Eco$-149_6D and vB_EcoS-179_3; 10"
PFU/mL for phages vB_Eco5-164_2 and vB_EcoP-179_5). In addition, 1% Titon X-100 (Merck) and TM buffer
were used as positive and negative controls, respectively. Plates were kept overnight in an incubator (37 °C,
5% C,). Following 24 h incubation, the mixed solution was removed, and the mammalian cells were washed
with 150 pL of PBS (Invitrogen) and treated with 100 uL of neutral red dye solution (0.33%, hermo Scientific),
which efficiently penetrates membranes of viable cells. After 45 min. incubation in the dark at 37 °C, the
solution was removed, and the cells were washed with 150 pL of PBS. Then, 100 pL solution containing 50%
ehanol (Chempur) and 1% gacial acetic acid (Merck) in water was added to each well to extract the dye into
the solution. The amount of released neutral red (proportional to the amount of viable cells) was measured as
AS540 in the Viroskanmicroplate reader. The cell viability was expressed as a percentage of the control values,
The assay was performed in triplicate. The tested solution was considered cytotoxic if the cell viability was below
70%. ontrol and phage-treated T24 and HEK293 cells were also examined for morphological changes and cell
growth inhibition under a light microscope at x10 magnification (OLYMPUS IX51 microscope). Cells were
photographed at time zero and 24 h upon treatment with phage suspensions. Stability of phage particles during
incubation with mammalian cells was quantified during this assay accordingly to the procedures described in
Sect. 11 and expressed as PFU/mL.
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Statistical analyses

Statistical analyses were performed using JASP software (version 0.97.1). Data are presented as means + standard
deviation (5D). Comparisons between two groups were performed using a Student’s t-test. Experiments involving
more than two groups or factors were analyzed using a two-way analysis of variance (two-way ANOVA), followed
by Tukey’s honestly significant difference (HSD) post hoc test when appropriate. The assumptions of ANOVA
were evaluated by examining residual normality using Q-Q plots and homogeneity of variances using Levene’s
test. Differences were considered statistically significant at p < 0.05.

Results

Genomes' overview

Previously described urinary isolates of E. coli® were selected for this study based on their diverse drug resistance
profiles: highly resistant (MDR strain}, highly susceptible (resistance only to ampicillin), and mixed drug
resistance (resistance to penicillins, fluoroquinolones, co-trimoxazole, and others). Additionally, a diverse
profiles of virulence genes (presence of the 6 previously studied VAGs, or the absence of any, or a varying number
of VAGs) and phylogenetic groups (A, B2, E, D, F) were also considered. These parameters were intended to aid
in the search for the largest possible number of phages for a diverse group of strains. This diversity gave us the
basis to hypothesize that we will find even more interesting features that may determine relationships with
phages. The genomes of 5 strains (Table 1) maintaining the above-mentioned criteria, were sequenced in this
work and compared with previously performed genetic analyses (CRISPR, VAGs, and phylogenetic groups by
PCR) and phenotypic analyses (drug resistance testing by the automated VITEK 2 apparatus using AST Cards,
BioMerieux). All studied E. coli strains revealed small genomic differences, including GC content, genome size,
number of RNAs, and number of coding sequences, according to the Rapid Annotation Subsystem Technology
(RAST) server annotation (Table 2). The genome sizes ranged from approximately 4.59 Mb to 5.51 Mb, with the
largest genome being EC256 and the smallest EC3. The GC content across all genomes was relatively consistent,
hovering around 50.5% o 50.8%.The number of subsystems varied slightly, with EC256 showing the highest
count at 611 and EC3 the lowest at 585. The number of coding sequences (CDS) also varied, from 4,361 in EC3 to
5,469 in EC164. Lastly, the number of RNAs ranged from 79 in EC3 to 118 in EC164, indicating some variation
in RNA content among these genomes.

Phylogenetic analysis

The phylogeny analysis of tested strains was performed by calculation of the OrthoANI values between genome
sequences and the reference genome (K-12 substr. MG1655, RefSeq: GCF_000005845.2). The comparison
revealed the similarity of genomes in range from 96.96% for EC164 to 99.38% for EC3, which indicated
that all of them belong to the E. coli species (Table 3). Whole-genome relatedness among the investigated
Escherichia coli strains was assessed using Ortho ANI values and isolates shared OrthoANI values above 96.7%,
confirming their assignment to the same species (Fig. 1). However, notable differences in genomic similarity
were observed among the strains. The highest similarity was detected between EC3 and the reference strain .,
coli K-12 MG1655 (99.43%), indicating a very close phylogenetic relationship. Similarly, EC149 also exhibited
high similarity to MG1655 (99.01%). In contrast, the remaining UPEC isolates (EC164, EC179, and EC256)
showed lower similarity to MG 1655, with OrthoANI values ranging from 97.04% to 97.54%. Comparison with
the well-characterized uropathogenic strain CFT073 revealed a different pattern. EC164 displayed the highest
genomic similarity to CFT073 (98.86%), suggesting a closer relationship to the UPEC lineage. In contrast, EC3,
EC149, EC179, and EC256 showed lower similarity to CFT073, with OrthoANI values ranging from 96.75%
to 97.21%. Additionally, we have constructed a phylogenetic tree for the studied UPEC strains to investigate
their relationships and assess genomic diversity through SNP analysis of five UPEC genomes. The SNP-based
phylogenetic analysis revealed that the UPEC isolates formed distinct lineages relative to the reference strain.
Isolate EC164 clustered most closely with the well-characterized UPEC strain CFT073, suggesting a high degree
of genomic relatedness. This cluster was further associated with EC256, while EC179 and EC149 occupied
progressively more distant branches. EC3 formed a separate lineage, showing the greatest divergence from the
remaining UPEC isolates. The high bootstrap support values (0.955-1.000) for the major nodes indicate strong
confidence in the inferred phylogenetic relationships. Overall, the SNP tree demonstrates substantial genomic
diversity among the analyzed UPEC strains, with EC164 exhibiting the closest evolutionary relationship to the
reference UPEC strain CFT073 (Fig. 2).

GeneBank No. GOF_036282145.1 | GOF_036281895.1 | GCF_036281865.1 | GOF_036281825.1 | GCF_036281835.1
Genome size (Mb) 4,589,678 4,860,575 5463,518 | 5,243,574 5,500,402
GC content 50.8 50.7 50.6 50.6 50.5
Numer subsystems 385 593 a2 6l 6ll
Numer of coding sequences | 4361 4712 5469 022 5358
Number of RWNAs 79 | 113 118 | 110 111
Table 2. General attributes of five UPEC genomes according to RAST server analysis.
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OrthoANTu value (%) 99.38 99.00 96.96 97.53 97.28

Genome MG1165 (bp)

'UPEC genome length (bp) | 4,524,720 | 4,858,260 | 5,462,100 | 5,241,780 | 5,503,920
Average aligned length (bp) 2,974,079 | 3,052,734 | 2,892,033 | 3,068,755 | 2,989,802
MG1165 Genome coverage (%) | 64.08 65.78 62,31 66,12 64.42
UPEC genome coverage (%) 65.73 62.84 5295 58.54 54.32

Table 3. Overall genome relatedness expressed as calculated nucleotide identities of orthologous fragment
pairs by OrthoANI algorithm for UPEC genomes compared to reference strain K-12 substr. MG1655 (RefSeq:
GCF_000005845.2) (www.ezbiocloud.net/tools/ani).

EC3

K12_.MG1655

— EC149

- EC179

EC256

et EC164

——UPEC_CFTO073

Fig. 1. UPEC genome relatedness based on orthologous average nucleotide identity (OrthoANI) values. The
reference genomes belong to the MG1655 and CFT073 UPEC strains. The dendrogram was created using Oat
0.93 software”!,

Plasmid identification

Because plasmids can encode phage defense systems and influence susceptibility to bacteriophage infection,
characterization of the plasmid content of UPEC strains is important for evaluating their suitability as targets
for phage therapy and for identifying potential barriers to phage-mediated bacterial eradication. Genomic
sequences were analyzed using the PlasmidFinder and BLAST tools, which led to the identification of 13 unique
replicons among the tested UPEC E. coli strains. All tested UPEC strains carried at least one plasmid (Table 4).
The plasmid pEC3-1 (41,901 bp) identified in host EC3 contains the IncI1-I(Alpha) replicon, exhibiting 100%
identity and coverage with its closest match, plasmid R64 from Salmonella enterica subsp. enterica serovar
Typhimurium. The pEC149-1 plasmid, with the pO111 replicon, showed 98.87% identity with the reference,
suggesting a specific plasmid associated with serotype O111. Furthermore, the EC149 strain harboured three
additional replicon sequences, where one was similar to the IncB/O/K/Z group (pEC149-2 plasmid), and the
replicons of the two remaining plasmids were unidentified. The two plasmids identified in EC164 were pEC164-
1 (185,871 bp) classified as IncFIB (98.51%), showing 99.93% similarity to pMTY17668_IncF, and pEC164-2
(98,778 bp) classified as IncY (99.87%), showing 99.41% similarity to pQ502. The EC179 strain also revealed
two plasmids, one with replicon likely belonging to the IncFIA (99.72%) group, while the second remained
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Fig. 2. Phylogenetic tree based on the SNP counts per substitution within genomes of the five UPEC isolates.
The reference marked in red belongs to the MG1655 strain.
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[ pECI164-1 = 185,871 | IncFIB (98.51); IncFIC (FI1-95.79) | pMTY 17668_Inck 98 9993 CP134354.1
7 [pecisiz | '™ (o778 | ncY (9987) pQS02 90 9941 | CP127257.1
B |pECIS | 168705 i e PMEIODS_ 1 9 100 | CPo74681.1
1551 | Unknown pMUB-MIN6-6 100 100 | CP069699.1
136,868 | IncF11 (100); IncFLB (98.51) pCEDD2611 100 9098 | CPLISOOLL
11. | pEC256-2 EC256 90,451 IneM2 (99.83) RCS40_p 95 9999 LT985241.1
12. | pEC256-3 34,051 | Unknown p2-6712.08 (Kiebsiella pneumoniac) 100 9787 CPO83002.1
13. | pEC256-4 2462 | Unknown pMBB775_4 100 9826 | CP134922.1

Table 4. Characteristics of identified plasmids. * according to PlasmidFinder tool.

unidentified. The EC256 strain carried four plasmids, with the identification results indicated that pEC256-1 and
pEC256-2 belonged to the IncFIB and IncM2 groups, respectively, while pEC256-3 and pEC256-4 were classified
as “unknown” with sequence similarities to Kiebsiella pnewmoniae.

Detection of virulence associated genes

Genes encoding adhesins

A comparative analysis of five UPEC genomes revealed the presence of several VAGs linked to adhesion,
exhibiting varied distribution across strains (Table 5). Colonization factor antigen 1 {(CFA/I) was identified
exclusively in strain EC256, indicating its potential strain-specific role in adherence. Conversely, E. coli common
pilus (ECP), a conserved adhesin, was prevalent across all genomes, where EC3 and EC149 displaying partial
presence, reinforcing its ubiquitous role in UPEC adhesion. Similarly, HCP and upaG/ehaG, key contributors to
host cell attachment, were consistently identified in all genomes, emphasizing their significance as core adhesion
factors.

The presence of fimbrial adhesins varied among strains. A fimH, part of the type 1 fimbrial system, was partially
represented in all genomes highlighting its fundamental role in urinary tract colonization. A pap fimbriae, linked
to pyelonephritis, were detected in EC164 and EC256, albeit partially, suggesting their involvement in more
severe infections, Neither sfa nor foc fimbriae genes were detected in the analyzed genomes. Other adhesion
factors showed differential distribution. Gene encoding EaeH protein was common in most strains except
EC3, while genes coding ELF pilus was identified in EC3, EC149, and EC256, pointing to strain-dependent
roles in pathogenesis. Interestingly, pllQRW were found in EC3 and EC149. This diversity in adhesion-related
VAGs underscores the adaptability of UPEC strains in urinary tract colonization and pathogenesis, driven by a
repertoire of strain-specific and conserved adhesins.

Genes encoding autotransporters

We examined 10 virulence-associated autotransporter genes (Table 5). The genes analyzed included aatA, agn43,
cah, cdiA, e¢haB, air/eaeX, pic, sat, upaH, and vat, which are involved in adhesion, biofilm formation, tissue
colonization, and host cell damage. The gene distribution varied across strains, with cah (biofilm formation)
present in two genomes (EC3 and EC164) and ehaB (adhesion and biofilm development) found in three (EC164,
EC179, and EC256).
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efaABCDE = - . - +
ecpABCDER (+) {+) + - +
elfACDG + ¥ ; . .
eacH - + + + +
focACDFGHI = B : = g
hepABC ) + 3+ + + +
Adhesion
papABCDEFGHITKX ; 1 " ; )
sfaABCDEFGHS - - = 2 z
JSimABCDEFGHI {+) (+) (+) + (+)
plQRW + (+) . R B
St - . - - -
upaG/ehaG + + + + 4
amtA . + - - +
agrnd3 = = = + a
cah + z + z &
cdiAB - . - . -
chaAB B = (+) (+) (+)
Autotransporter
airfeacX - . - £ +
.pjc - - - A -
sl = = - = _
tipal - - = = ¥
val = - + + -
ibADC () R
Invasion
tia - i + 4 +
icABCD - - » + +
chuASTUWXY = R S F
ired - + - +
= Iron uptake - p T N "
iroBCDEN - n ¥ #
SyuA - - + + +
irpl2 + + +
YHAEPQSTUX + i +
espl. (+) {+) - (+) +
s Non-LEE encoded TTSS effectors Ll el : s )
espX (+) (+) (+) i+) (+)
o 2 - - (+) (+)
il Secretion k) i Lac SN S
scl (T655) - - (+) - z
hlyABCD - : : 5 =
hiyE/clyA - . + + +
wsp Toxin - - + = =
cnfl 3 . : = :
senB - . - - -
galk Capsule (Immune evasion) + = : ¥ +
other LOS - & - - :
other Capsule [Antiphagocytosis) + - . - -

Table 5. Identified virulence associated genes (VAGs) in sequenced genomes of E. coli strains. Legend: +:
presence of the genes; (+): lack of at least one of the genes in the operon; - absence of the genes.

Invasion and iren uptake associated genes

A comparative analysis of VAGs related to invasion and iron uptake in five UPEC genomes revealed distinct
gene distributions, underscoring their potential roles in UPEC pathogenesis (Table 5). The invasion-related gene
ibe was consistently present across all strains, indicating its pivotal role in facilitating bacterial entry into host
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cells. In contrast, tia was variably distributed, appearing in ECl164, and EC256 but absent in others, suggesting
strain-specific differences in invasion mechanisms. Genes associated with iron uptake, a critical function for
bacterial survival in iron-limited environments like the urinary tract, exhibited considerable variability. The
siderophore synthesis genes iuc, chu, ireA, sit, iro, and fyuA/irp/ybt were inconsistently distributed among
strains. For instance, chu and iro were present in most strains except EC3 and EC149, whereas iuc was found
only in EC179 and EC256. Similarly, ireA was uniquely present in EC164, highlighting its specific adaptation.
The iron transporter sit was more widespread, detected in four of the five genomes (except EC3).

Secretion systems and toxins associated genes

A detailed analysis of VAGs linked to type III secretion system (TTSS) effectors, secretion systems, and toxins
was conducted (Table 5). TTSS effector genes, including espL, espR, espX, and esp Y, were variably present among
the strains. espl was partially identified in four strains, while espR and espX were found in four strains, with
espX is present (partially) in all five strains. The espY gene was detected only in strains EC179 and EC256. These
findings suggest variability in T'TS5 effector gene distribution among UPEC strains. Regarding secretion systems,
genes associated with the T655 systems, such as aec ACE T658 (present in all genomes except EC149) and 5CI-1
T6SS (present only in genome EC164) were heterogeneously distributed. Toxin-related genes exhibited diverse
profiles. The classical hemalysin operon hlyABCD was absent from all genomes, whereas hlyE/clyA was detected
in four strains (except EC149). Other toxins, such as usp, cufl, and senB, were found sporadically. These results
highlight the heterogeneous distribution of VAGs among UPEC strains, reflecting their diverse pathogenic
capabilities in urinary tract infections,

Capsule and LOS synthesis genes

Genes involved in capsule production, which play a critical role in immune evasion and antiphagocytic activity,
were identified in selected strains. The galE gene, associated with capsule biosynthesis and immune evasion was
present in EC3, EC179, and EC256, but was absent in the other strains, suggesting strain-specific utilization of
this mechanism. Another capsule-related gene linked to antiphagocytic functions was identified only in EC3,
highlighting its unique strategy among the analyzed genomes. In terms of LOS biosynthesis, a critical virulence
factor for bacterial survival and host interaction, one gene was found in EC3. Tts absence in the remaining strains
points to alternative mechanisms compensating for LOS-related functions in these UPEC isolates.

Detection of phage associated regions

CRISPR/Cas sequences revealed multiple CRISPR loci with varying spacer numbers and repeat sequences.
Evidence levels varied with some strains showing high-confidence CRISPR/Cas systems, notably Type IF Cas
genes in EC164, and Type IE Cas genes in EC179 and EC256. The obtained CRISPR sequences are listed in
Table 6. Importantly, the sequences of phages isolated in this work weren’t found within the spacer regions of
the identified CRISPRs.

The conducted research aimed to identify prophage regions in strains of bacteria from the species E. coli
(EC3, EC149, EC164, EC179, EC256) and characterize the general parameters of these regions. Additionally,
the analysis aimed to check the presence of genes encoding proteins associated with the lytic cassette and genes
responsible for antibiotic resistance in the detected prophage regions. A description of the identified prophage
areas in the analyzed E. coli strains was developed, along with the results of the search for sequences encoding
potential antibiotic resistance proteins and those included in the phage lytic cassette. The analysis results were
presented in Table 7. No prophage regions were detected in the genome of strain EC3. Names for individual
prophage regions were created by combining the strain name from which they originated, the sequence number
from the given strain with PHASTEST, and the region number for the specific sequence. Some of the proteins
encoded by the analyzed sequences were labelled by the PHASTEST and Phyre2 services as putative. This fact has
been considered in the presented results. Special attention should be paid to prophages labelled as EC.179.2(1)
and EC.256.1(2). Within the first one, a gene conferring resistance to [-lactam antibiotics was identified. This
sequence was marked by the RGI CARD service as a perfect match (100% agreement) and identified as the
gene encoding TEM-1 p-lactamase. Region EC.256.1(2) contains a sequence encoding the efflux pump emrE,
described in the genome of E. coli and marked as a close match (98.18% agreement) in the aforementioned
server.

Detection of antibiotic resistance genes

Analyzed genomes showed a total of 81 ARGs were detected, with various mechanisms of antibiotic resistance
identified across different UPEC strains (Supplementary Table 1). The majority of identified ARGs were
associated with efflux pumps, particularly the resistance-nodulation-cell division (RND) and major facilitator
superfamily (MFS) types. The identified genes contribute to multidrug resistance through different mechanisms.
The efflux pump genes acrB and mdtG encode transporters involved in the extrusion of a variety of toxic
compounds and antibiotics from bacterial cells. In contrast, marA and hns encode global transcriptional
regulators that modulate the expression of multiple resistance-associated genes, including efflux systems and
membrane permeability determinants, Together, these genes may contribute to reduced susceptibility to several
classes of antimicrobials, including fluoroquinolones, tetracyclines, macrolides, and other structurally diverse
compounds. Several identified genes encoded p-lactamases (e.g., TEM-1, CTX-M-3, SHV-I) which inactivate
f-lactam antibiotics such as penicillins and cephalosporins. Genes for target modification and protection
were also detected: sull, dfrAl, armA modify antibiotic targets, rendering them less susceptible to drugs like
sulfonamides and trimethoprim. Additionally, we identified the mutations in gyrA and parC which contributes
to fluoroquinolone resistance. Many ARGs confer resistance to multiple antibiotic classes. For instance, marA
and acrB provide resistance to fluoroquinolones, cephalosporins, and tetracyclines. Overall, the genetic analysis
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ECA-1 239,143 239,843 11 CGGTTTATCCCOCGETGGOGOCGGGGAACTC - 4

EC32 239,049 148,599 8 cas2_TypelE, casl_TypelE, cusé_TypelE, cas5_TypelE, cas7_TypelE, c;cQ_TypeIE,
FC3 # ¥ csel_TypelE, cas3_Typel
EC3.3 265,390 | 266641 |20 CGGTTTATCCCCGCTGGCGCGGGGAACAC . 4
EC3-4 3,289,243 | 3,289,390 |2 GTTCACTGCCGTACAGGCAGCTTAGAAA + 1
EC149-1 1,415474 | 1415618 |1 CACAATGCCTGATGCGACGCTGGAGCGTCTTATCATGCCTACAAA + 1
EC149-2 1,485,190 | 1,485462 |4 COGGITTATCCCCGUTGGLGCOGLGAACAC 3
EC149 | EC149-3 1,503,696 | 1,504,518 | 13 COGGTTTATCCCCGCTGGUGCGGGGAACAT - 4
EC149-4 3,694,018 | 3,694,164 |1 TCCGGCCTACGGATGGCGCGACAATTTGTAGGCCTGATAAGACGCG ND 1
EC149-5 3,722,732 | 3,722,876 |1 ATGCCTGATGCGACGCTTGUCGCGTCTTATCAGGCCTACAAAA ND I
EC164-1 491,146 | 491,269 1 CGACCCCCACCATGTCAAGGTGGTGCTCTAACCAACTGAGCTA ND 1
EC164-2 912,967 | 913049 |1 TGGACACTGGCTGGACATCGGCTGGACA + 1
EC164-3 1,196,045 | 1,196,136 | 1 CCACCTTTTTTACCTGCTTCAGATGC ND 1
EC164-4 1,317,681 | 1,318,069 |6 TTTCTAAGCTGCCTGTACGGCAGTGAAC - 4
EC164 CAS-TypelF | 1318610 | 1326957 | 6 ﬁe_]'?pelﬁ csy3_TypelF, csy2_TypelE, csyl_TypelF, cas3-cas2_TypelF, casl_
EC164-5 1,327,130 | 1,327,337 |3 TTTCTAAGCTGCCTGTACGGCAGTGAAC . 1
ECl64-6 1,487,869 | 1,487,999 | 1 TTGCCTGATGCGACGCTTGCGCGTCT TATCAGGCCT ND 1
ECI64-7 2,485,527 | 2,485,676 | 1 Igﬂﬂégs{mﬁTCCGACCTACACAGCACTGAA(ZTCGTJ\GGCCTG ATAAG ND 1
EC179-1 A1A426 411575 |1 gg%ﬁ_j&l’fﬁﬂTﬁ:\G-GC(,T!\(X}AGI'TCGGTGCTGTGTA.GGTCGG ATAAGG ND 1
EC179-2 895,813 | 898954 |1 GTTTGTAGGCATGATAAGACGCGTCAGCGTCGCATCAGGCA ND 1
EC179-3 1,410,874 | 1,411,015 |1 GUCOGATGOGGCGTOAACGCCT TATCCOGCCTACAAAAGAAATGCAG + 1
ik EC179-4 3,084,207 | 3,084,333 | 1 TTTGTAGGCCTGATAAGACGCCGCCAGCGTCGCATCAGGC + 1
EC179-5 3,655,982 | 3,657,047 | 17 CGGTTTATCCCCGCTGGCGCGGGGAACAC - 1
CAS-TypelE | 3,657,144 | 3,665,705 |8 ;a:fj%‘;:}% ;::i_¥$¥5 cast_TypelE, cas5_TypelE, cas?_TypelE. cse2_TypelE,
ECI79-6 3,682,750 | 3,683,327 |9 COGTTTATCCCOCGOTGGEGUGGGGAACTC - 4
ECI79-7 4072440 | 4,072,562 | | TTGCCGGATGOGGCGTAAACGCCTTATCOGGC
EC256-1 531,399 | 531522 |1 CGACCCCCACCATGTCAAGGTGGTGCTCTAACCAACTGAGCTA ND 1
EC256-2 1,275,360 | 1,275,451 |1 CCACCTTTTTTACCTGCTTCAGATGC ND 1 1
EC256-3 1,409,877 | 1,410,024 |2 TTTCTAAGCTGCCTGTACGGCAGTGAAC - 1
EC256 | peasea | 4,432,516 | 4,433,767 |20 GTGTTCCCCGCGCCAGCGGGGATAAACCT + 4
CAS-TypelE | 4,450,558 | 4,459,208 |8 :‘if:%::gsg&?iﬁj;sez_ﬁpelE. cas?_TypelE, cas5_TypelE, casé_TypelE,
EC2565 | 4,459,314 | 4,460,014 | 11 GAGTTCCCCGCGCCAGCGGGGATAAACCG + 4

Table 6. A list of CRISPR sequences detected by CRISPRCasFinder tool.

indicated a high level of multidrug resistance in studied UPEC strains, driven mainly by efflux mechanisms and
B-lactamase production. However, these results were not fully consistent with phenotypic studies, except EC256
strain®, This is not surprising as drug resistance is multifactorial.

Susceptibility to lytic phages testing

The search for phages capable of infecting the five selected UPEC strains showing different antibiotic resistance
profiles, led to the isolation of five new lytic phages from municipal sewage. The isolation procedure was based
on the one-host enrichment methed in which a raw urban sewage sample was mixed with a culture of the UPEC
strain. With this approach, no phages infecting the EC3 and EC256 strains were acquired, however, two phages
against EC149, two phages against EC179, and one phage against the EC164 strain were successfully isolated.
All of them infected host UPEC bacteria with high efficiency, giving the titer of the order from 10* to 10"
PFU/mL. The obtained phages were named according to the nomenclature principles proposed by Kropinski
and collaborators™, taking into account the name of the original host strain, Thus, phages isolated using strain
EC149 were named vB_EcoS-149_4M, and vB_EcoS-149_6D, whereas phages isolated on strains EC164 and
EC179 were named vB_EcoS-164_2 and vB_Ec0S5-179_3 or vB_EcoP-179_5, respectively.

To evaluate the sensitivity of UPEC strains (o the isolated phages, a more detailed analysis based on the
measurement of the efficiency of plating (EOP) was performed. This method allowed for comparing the phage
efficiency of infection between the primary host strain EC149, EC164, or EC179, and other UPEC clinical
isolates (Fig. 3). Analysis revealed that phage vB_FEcoS-149_4M presented the broadest strong activity, infecting
7 isolates with high efficiency and 3 with medium efficiency (Fig. 3). Interestingly, 3 of 7 strains infected by this
phage with high efficiency (EC113, EC131, and EC134) showed EOP values above 1, which means that they are
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Identified in Escherichia coli EC149

EC149.1(1) |44.5 | PHAGE_Entero_BP_4795_NC_004813(7) 52 [ 4601 1% 1
EC149.1(2) | 367 | PHAGE Entero_SfV_NC_003444(14) 2 47.32

ECI49.1(3) | 20.0 | PHAGE_Entero_SIT_NC_027339(6) 28 49.41 ¥
EC149.1i4) | 13.8 | PHAGE_Entero_HK106_NC_019768(3) 20 16.68

ECI149.2(1) |99.5 | PHAGE Entero HK106_NC_D19768(3) 119 | 48007

Identified in Escherichia coli EC164

EC164.1(1) | 383 | PHAGE_Entero_fiAA91_ss NC_022750(23) 36 19.72 2 |1
ECI64.1{2) | 46.5 | PHAGE_Entero_lambda NC_001416(23) 57 5136 |17
ECI164.1(3) |57.3 | PHAGE_Salmon_vB_SosS_Oslo_NC_018279(13) 78 5215 |2
EC164.1{4) | 44.3 | PHAGE_Entero_DE3_NC_042057(25) 62 5030 |17
EC164.1{3) |53.9 | PHAGE_Entero_mEp460_NC_019716(22) 59 5045 |1
ECI641(6) | 54.1 | PHAGE_Entero_mEpd60_NC_019716(38) 60 ®ad4 |1 1
EC164.1{7) | 46.7 | PHAGE_Entero_mEp460_NC_019716{41) 55 5058 |17 1
ECI64.1(8) |39.8 | PHAGE Burkho BeepMu NC_005882(31) 58 35.05 5l
ECI64.1(9) | 43.1 | PHAGE Shigel Sf1_NC_021857(34) 53 19.39 1 |
ECI164.1(10) | 46.3 | PHAGE_Escher_500465_1_NC_049342(37) 56 5003 |1
ECI64.1{11) | 42.3 | PHAGE Entero Sf101_NC_027398(19) 63 4714 |1
EC164.3(1) | 984 | PHAGF_Entero_Sf101_NC_027398(19) 115 4762

Identified in Escherichia coli EC179

EC179.1{1) |22.4 | PHAGE_Entero_fiAA91_ss_NC_022750(20) 29 5404 |2 1
EC.179.1{2) |45.1 | PHAGE_ Entero_lambda NC_001416(22) 46 5092 |10
EC.179.1{3) |49.2 | PHAGE_Entero_lambda_NC_001416(28) a1 s0.02 1%
EC.179.1{4) | 586 | PHAGE_Entero_mEpd60_NC_019716(24) 59 4876 |1 1
EC179.1{5) | 369 |PHAGI-Z_Enlem_ﬁAAgluss_NC_ﬂ?_Z'?Sﬂ(ZSJ 47 s011 |2 [E
EC.179.1{6) | 444 | PHAGE_Escher_phiV10_NC_007804(41) 57 asTo |10 1*
EC179.2(1) |43.8 | PHAGE_Salmon_5]46_NC_031129(6) 42 Jsuu TEM-1
Identified in Escherichia coli EC156

EC.256.1(1) |16.5 | PHAGE Burkho_phiE255_NC_009237(16) 21 | 48.63 |1
EC256.1(2) | 469 | PHAGE_Entero_DE3_NC_042057(23) 57 4887 | 1* | emrE
EC256.1{3) |56.8 | PHAGE Escher HK639 NC_DI6158(8) 68 4727 | 1* 1
EC256.1{4) |37.6 | PHAGE_Entero_mEp460_NC_019716{21) 45 5107 |17 |1
EC.256.1(5) |37.8 | PHAGE Entero P88 NC_026014{29) 50 5057 |1 |
EC.256.1(6) |45.3 | PHAGE_Entero_RAA91_ss_NC_022750(26) 46 5050 |2 1
EC.256.4(1) |40.7 | PHAGE Escher TL_2011h_NC_019445(37) 53 | 48.01 ik L

Table 7. Results of bioinformatic analysis of prophage regions and protein-coding sequences within them.
Legend: Proteins - number of encoded proteins; Holins - Consistent holins between PHASTEST and Phyre2;
Endolysins - consistent endolysins between PHASTEST and Phyre2; TEM-1-100%, TEM p-lactamase;

emrE ~ 98.18%, small multidrug resistance (SMR) antibiotic efflux pump, Escherichia coli emrE, * - putative.

even better bacterial strains for phage propagation than the primary strain EC149 (Fig. 3). In turn, phage vB_
EcoS-149_6D infected 4 isolates with high efficiency but showed the highest number of low-efficiency infections,
whereas phage vB_EcoS-164_2 had high efficiency against only 2 isolates, with most other infections being
sporadic (10 UPEC isolates, Fig. 3). Phages vB_Ec0S-179_3 and vB_EcoP-179_5 displayed very limited activity,
each infecting only one isolate (the primary EC179 host) with high efficiency and showing no medium, low, or
sporadic infections among other UPEC strains (Fig. 3). Surprisingly, none of the phages isolated on EC149 was
able to infect strains EC164 and EC179, and vice versa (Fig. 3). Overall, the data indicate substantial variability
in phage host range and infection strength, with some phages (particularly vB_FcoS-149_4M) demonstrating
broader and stronger activity against UPEC isolates compared to other tested phages, which were more selective
or had predominantly sporadic infections.

Based on these results, the five newly isolated phages were subjected to further studies of their morphology,
stability, toxicity toward eukaryotic cells, and genome content to generate a background for phage therapy, as it
may help to overcome the problems of developing resistance among UPEC strains.
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Bacterial | VB_EcoS- vB_EcoS- vB_EcoS- vB_EcoS- vB_EcoS-
strain 1494M  1496D 1642 1793 1795
name
EC1 <0.001
EC3
EC13 0.01 <0.001
<0.001
0.0011
00011
ECI89 0.01
EC192 0.002
EC217 <0.001
EC223
EC227
EC229
EC234 0.004
EC255 <0.001 <0.001
EC256
EC259 067 |
EC263 <0.001
EC294 <0.001
EC295 <0.001
EC296 <0.001
EC313 0.01
EC319 0.57
EC341 001 | 047
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EC348 0.01 <0.001
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Fig. 3. A. EOP (efficiency of plating) values obtained on UPEC clinical isolates. According to the accepted
classification™”, an EOP value £0.001 indicates sporadic production of phage particles in a given bacterial
strain, while values in the range 0.001 < EOP <0.1; 0.1 <EOP < 0.5, and 2 0.5 indicate low 0, medium 0, and
high o efficiency of phage infection, respectively. Lack of infection is indicated by empty white. The obtained
results are from three independent replicates. The SD values are not shown; however, they do not exceed 15%.
The distribution of infection efficiencies for tested phages against the UPEC isolates.

Detailed comparative analysis of newly isolated anti-UPEC phages as background for phage
therapy

Plaque and virion morphology

First, all tested phages were subjected to morphological analysis of their plaques and virions. As presented in
Fig. 4, all of them formed clear plaques, typical for lytic phages, which differed in size. The smallest ones had
a diameter<1 mm and were formed by phage vB_EcoS-164 2, while the largest ones were about 2 mm and
were generated by phage vB_EcoS-149_6D. In addition, for phages vB_Ec0S-179_3 and vB_EcoP-179_5, barely
visible haloes (turbid zones around the plaques) were observed. Their presence indicates the action of released
(not associated with a tail) phage enzymes on bacterial cells. The plaques of the remaining phages did not
show the presence of haloes. Although we cannot completely exclude the possibility that strain EC179 releases
extracellular factors in response to phage infection, this explanation appears less likely. Plaque-associated halos
are most commonly attributed to phage-encoded polysaccharide depolymerases that diffuse beyond the plaque
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Plaques

Virions

margins and enzymatically degrade bacterial surface polysaccharides, including capsules, exopolysaccharides,
and biofilm matrix components. Supporting this hypothesis, bioinformatic analyses identified a tail spike
protein (YEP44078.1) in phage vB_EcoS-179_3 and a tail fiber protein (YEP44190.1) in phage vB_EcoP-179_5
as candidate depolymerases. Notably, halo formation was restricted to phages infecting strain EC179, whereas
phages infecting EC149 and EC164 formed clear plaques without detectable halos. This observation may indicate
that strain EC179 possesses unique surface polysaccharide structures that serve as substrates for depolymerase
activity and that both phages encode depolymerase-like proteins capable of interacting with these structures.
Therefore, we speculate that the halo phenotype observed for EC179-associated phages results primarily from
phage-mediated enzymatic degradation of host surface polysaccharides rather than from the release of host-
derived factors.

Viron morphology of all phages was investigated under electron microscopy. This analysis revealed that they
all belong to tailed phages and four present morphology characterized by flexible, long non-contractile tails and
isometric heads, whereas phage vB_EcoP-179_5 has a short tail (Fig. 4).

The sensitivity to external agents

The stability of the tested phages following exposure to physical and chemical agents is summarized in Fig. 5.
The values are expressed as percentages of surviving phages relative to the untreated control. A two-way ANOVA
demonstrated significant effects of both phage type (F(4,120)=32.51, p<0.001) and experimental condition
(F(11,120)=112.60, p<0.001) on phage survival. Moreover, a significant phage x condition interaction
was observed (F(44,120)=14.94, p<0.001), indicating that the response to external agents depended on the
particular phage tested and the tested external factors affected phage survival to significantly different extents.

Overall, phage vB_EcoS-149_4M exhibited the highest stability. Tt retained full infectivity under most tested
conditions, including exposure to pH 4 and pH 10, temperatures of 20 °C and 40 °C, osmotic shock, and
treatment with DMSO, ethanol, sarkosyl, and chloroform. A reduction in titer was observed only after exposure
to high temperature (62 °C), strong acidity (pH 2), and CTAB. In contrast, vB_EcoS-149_6D displayed moderate
stability, remaining fully resistant to 40 °C, pH 10, chloroform, and sarkosyl, while maintaining relatively high
survival at pH 4 (59%), DMSO (83%), CTAB (67%), and under osmotic shock (87%).

Phages vB_EcoS-179_3 and vB_EcoP-179_5 remained fully stable at —20 °C and 40 °C, as well as at pH 4 and
pH 10, but showed marked reductions in titer following exposure to detergents and ethanol. Phage vB_EcoS-
164_2 exhibited the lowest overall stability, with its viability being strongly reduced under most conditions. Only
exposure to pH 4, pH 10, DMSO, and chloroform had little or no effect on its infectivity (Fig. 5A).

Tukey’s post hoc test further demonstrated that vB_EcoS-149_4M exhibited significantly higher overall
survival than all remaining phages (all p<0.001). Phage vB_EcoS-149_6D also showed significantly higher
survival than vB_EcoP-179_5 (p<0.001), vB_EcoS-164_2 (p<0.001), and vB_EcoS-179_3 (p=0.029). In
contrast, no significant differences in overall survival were detected among vB_EcoP-179_5, vB_EcoS-164_2,
and vB_Ec0$-179_3 (all p > 0.05).

Taken together, these findings indicate that vB_EcoS-149_4M was the most resistant phage among those
tested, whereas vB_EcoS-164_2, vB_Ec0S-179_3, and vB_EcoP-179_5 formed a group of comparatively labile
phages. Overall, a strong acid (pH=2) completely inactivated all tested phages, and CTAB caused complete
or nearly complete inactivation of most phages except vB_EcoS-149_6D. In contrast, weak acidic and alkaline
conditions, as well as moderate heating (40 °C), were generally well tolerated. These differential stability profiles
have practical implications for phage storage and handling.

vB _EcoS-149 4M vB_EcoS-149_6D vB_EcoS-164_2 vB _EcoS-179 3 vB_EcoP-179 5

Fig. 4. Phage plaques (upper row) and virions (lower row) morphology. All photographs were made in the
same magnification: In the upper row, the bar corresponds to 1 mm and plaque diameters are about: 1 mm for
vB_EcoS-149_4M, 2 mm for vB_EcoS-149 6D, < 1 mm for vB_EcoS-164_2, I mm for vB_EcoS-179_3, and
1.5 mm for vB_EcoP-179_5. In the lower row, the bar corresponds to 50 nm. Phage particles were observed
under a Philips CM 1000 electron microscope (Philips, Eindhoven, The Netherlands).
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Fig. 5. Resistance of phage virions to physical and chemical agents. The phage titer (PFU/mL) was determined
using the spot-test method on two-layer plates and expressed as a percentage of phages surviving the exposure
to the external agent, relative to the untreated control variant. Conditional formatting was used to mark the
values equal or close to 100% as green, middle values as yellow, and values equal or close to 0% as red. Phage
survival, expressed as a percentage of the untreated control, was analyzed using a two-way analysis of variance
(two-way ANOVA). The model included two fixed factors: phage identity (five levels) and experimental
condition (twelve levels). Three independent replicates were analyzed for each phage-condition combination.
Pairwise comparisons were performed using Tukey’s honestly significant difference (HSD) post hoc test.
Differences were considered statistically significant at p <0.05.

The toxicity toward human cells

To test the safety of phages to mammalian cells, the viability of the human bladder cancer cell line, 124, and the
human embryonic kidney line, HEK293, was assessed after treatment with all the tested phages (Fig. 6). The
endotoxin levels were checked in all phage solutions and most didn’t exceed the value of 1 EU/mL (Supplementary
Figure S1). In addition, the stability of phage particles was tested after 24 h-long incubation with mammalian
cells (Fig. 6).

The §ddition of phages (to a concentration of at least 10® PFU/mL) to T24 or HEK293 cultures resulted in
no significant changes detected in the number of viable cells relative to the negative control, which includes
non-treated cultures with viability at the level of 100% (Fig. 6A, B). The lack of a drop in cell survival below 70%
in all tested cases (except positive control) suggested no deleterious effect of the tested phages on the viability
of mammalian cells and was corroborated by observations of T24 and HEK293 human cells under a light
microscope. Compared to untreated cells, no morphological changes could be observed after phage treatment
(Fig. 6F, F). Importantly, all phage titers were comparable at time zero and after incubation with mammalian
cells for 24 h, which indicated high virion stability under culturing conditions (Fig. 6C, D).

In summary, the obtained results show that all tested phages are safe for human cells and might be used in
therapy.

Phage genome content
‘The complete genomes of all five phages were sequenced and subjected to detailed bioinformatic analysis. The
results revealed that genome lengths ranged from 43,053 to 56,684 bp, with GC contents between 44% and 51%.
Genome annotation identified multiple coding sequences (CDSs), ranging from 67 to 101 per phage genome;
however, putative functions were assigned to less than half of them. Genes with assigned functions were used to
generate phage genome maps, which are presented in Supplementary Figure S2A-E.

In addition, analysis using PhageTermVirome indicated that vB_EcoS-149_4Mand vB_EcoS-149_6D possess
headful packaging termini, whereas vB_EcoP-179_5 contains short direct terminal repeats. For vB_EcoS-164_2
and vB_EcoS-179_3, the phage termini were not determined with the applied tools (Table 8).
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Fig. 6. Assessment of cytotoxicity of phage particles to mammalian cells. Panels (A) and (B) show results for
the human bladder cancer cell line (T24) and the human embryonic kidney line (HEK293), respectively. The
phage lysate was concentrated with PEG, purified by ultracentrifugation in a CsCl gradient, and then dialyzed
and tested. Letter T means a drop in cell survival below 70%, which qualifies the agent as toxic. Panels (C)

and (D) present the number of phage particles in 1 ml (PFU/mL) of suspension at time 0 and after 24 h of
incubation of phage lysates with cells T24 and HEK293, respectively. Statistically significant differences were
determined by pairwise comparisons between the phage lysate and the negative or positive control under
standard culture conditions, using the Student’s t-test and marked with the star symbols, where p <0.001 (***).
Importantly, no statistically significant differences were observed between any of the tested phage lysates and
the negative control in either the T24 or HEK293 cell lines. Panels (E) and (F) present the morphology of T24
and HEK293 cells, respectively, after 24 h of incubation with phage vB_EcoS-164_2 (representative photos).
Images were taken using light microscopy at magnification (x10) (OLYMPUS IX51 microscope). Triton X-100
and TM buffer were used as positive and negative controls, respectively. The bar on panels E and F corresponds
to 50 pm.

Importantly, all analyzed phages were classified as virulent with a confidence of at least 0.98 (Table 8).
Nevertheless, genes encoding proteins potentially involved in integration and excision processes were
unexpectedly identified in phages vB_EcoS-164_2 and vB_EcoS-179_3, however, they were classified as moron
genes acquired during earlier evolutionary events and retained in the phage genomes. Importantly, other
sequences classified as morons were detected in all analyzed phages. In turn, screening for virulence factors
and antimicrobial resistance genes did not reveal the presence of any such genes in the studied phage genomes.

Taxonomic and phylogenetic analyses

Performed classification revealed that phages vB_EcoS-149_4M and vB_EcoS-149_6D belong to the family
Drexlerviridae but represent two distinct genera: phage vB_EcoS-149_4M clusters within the genus Hanrivervirus
(Fig. 7), whereas phage vB_EcoS-149_6D groups within the genus Warwickvirus (Fig. 8).

Hierarchical cluster analysis (HCA) based on VIRIDIC genomic distances (Fig. 7A) showed that phage vB_
EcoS-149_4M forms a separate branch within the Hanrivervirus cluster and exceeds the species demarcation
threshold (red dashed line), indicating substantial genomic divergence from all currently described members
of this genus.

This result was further supported by the maximum-likelihood phylogenetic tree (Fig. 7B), where we observe
that vB_EcoS-149_4M forms a well-supported, isolated lineage relative to other Hanrivervirus representatives,
including EC147, aalborv, haarsle, vojen, pSf-1, JakobBernoulli, KarlJaspers, JLBYU09, vB_EcoD_Fulton,
Henu8, and aaroes. The long branch length separating vB_EcoS-149-4 M from its closest relatives indicates a
considerable evolutionary distance. For phage vB_EcoS-149_4M, a total of 29 orthologous genes were identified.
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Fig. 7. Taxonomic and phylogenetic analysis of phage vB_EcoS-149_4M. Panel (A) presents the results of
HCA based on the VIRIDIC intergenomic distance matrix, with the species demarcation threshold indicated
by the red dashed line, This analysis illustrates the genomic relatedness of vB_EcoS5-149_4M to representative
members of the genus Hanrivervirus and supports its taxonomic assignment as a novel species within this
genus. Panel (B) shows a maximum-likelihood phylogenetic tree reconstructed from three orthologous genes
using [Q-TREE with 1,000 bootstrap replicates. Phage names and accession numbers are indicated on the tree.

Interestingly, only three orthologous groups contained a sufficient number of parsimony-informative sites and
were therefore retained for phylogenetic reconstruction (Supplementary Table 52),

Further taxonomic classification revealed that phage vB_Eco5-149_6D belongs to the genus Warwickvirus
within the family Drexlerviridae (Fig. 8). HCA based on VIRIDIC genomic distances (Fig. 8A) demonstrated
that vB_EcoS-149_6D clusters below the species demarcation threshold (red dashed line) together with phage
AV105, indicating that these two phages constitute a single species. This cluster is clearly separated from other
Warwickvirus representatives, including Tuinin, MikeNSara, EC167, BEK12A, and PeterMerian, supporting its
distinet taxonomic position at the species level,

The maximum-likelihood phylogenetic tree reconstructed from orthologous gene alignments (Fig. 8B)
corroborated the clustering results. It shows that phage vB_Eco5-149_6D is separated from more distantly
related Warwickvirus phages such as Tuinin, MikeNSara, and EC167, indicating a distinct evolutionary lineage
within the genus. High bootstrap support values at the internal nodes further confirm the robustness of this
phylogenetic placement. For phage vB_EcoS-149_6D, a total of 51 orthologous genes were identified, of which
eight met the criteria for phylogenetic analysis (Supplementary Table 52).

Taken together, both the genomic distance clustering (Figs. 7A and 8A) and phylogenetic tree topology
(Figs. 7B and 8B) consistently demonstrate that phage vB_EcoS-149_4M represents a distinct lineage within
the genus Hanrivervirus, while phage vB_Eco5-149_6D belongs to the genus Warwickvirus and forms a separate
species cluster with phage AV105, Based on these data, we propose to establish two novel species: Hanrivervirus
vB_EcoS-149_4M and Warwickvirus vB_EcoS-149_6D.

Further analyses revealed that phage vB_EcoS-164_2 is related to phages currently assigned to two closely
related genera that are not yet classified within any recognized family. As shown in Fig. 9, vB_EcoS-164_2 clusters
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Fig. 8. Taxonomic and phylogenetic analysis of phage vB_Eco5-149_6D. Panel (A) presents the results of
HCA based on the VIRIDIC intergenomic distance matrix, with the species demarcation threshold indicated
by the red dashed line. This analysis illustrates the genomic relatedness of vB_EcoS-149 6D to representative
members of the genus Warwickvirus and supports its taxonomic placement as a species cluster with phage
AV105 within this genus. Panel (B) shows a maximum-likelihood phylogenetic tree reconstructed from eight
orthologous genes using 1Q-TREE with 1,000 bootstrap replicates. Phage names and accession numbers are
indicated on the tree.

with phages of the genus Nonavirus, including several closely related Sashaviruses. Interestingly, phage 9NA,
although the most distantly positioned, also clusters within the Nonavirus lineage (Fig. 9), further suggesting
the genetic cohesion of this group. HCA showed that the analyzed phages form three subclusters that exceed
the recommended by ICTV genus demarcation threshold (blue dashed line), suggesting the presence of three
potential separate genera (Fig. 9A). However, the observed clustering remains compact and the overall genomic
distances among these phages are relatively small, indicating a shared evolutionary background. In addition, the
maximum-likelihood phylogenetic tree based on the concatenated orthologous sequence alignments (Fig. 9B)
demonstrates that all analyzed phages form a coherent monophyletic lineage, with clear internal branching
corresponding to the three subclusters observed in the HCA. Interestingly, the two outermost subclusters
are formed by phages (vB_EcoS P]16, vB_EcoS AVIO78A, KarinMuster_Bas82, vB_EcoS-164_2, and 9NA)
belonging to the genus Nonavirus. Besides, the overall topology and short inter-branch distances support
a close evolutionary relationship among all members of the group. In respect to this an taking into account
the shared orthelogous gene content (of which 13 exhibited sufficient phylogenetic signal to be retained for
tree reconstruction as indicated in Supplementary Table 52), and the consistent phylogenetic placement of all
analyzed phages, we propose to classify all these phages within a single genus, Nonavirus as indicated by a dashed
black line in Fig, 9B. Our proposal results from the fact that despite the recommendation, ICTV accepts cases
in which phages showing less than 70% of sequence similarity and exceeding the genus threshold (blue dashed
line) are classified as belonging to the same genus due to their close evolutionary relationship. Furthermore, as
phage vB_EcoS5-164_2 apparently represents a distinct species within this genus, we propose to designate this
species as Nonavirts vB_EcoS5-164_2.

In turn, phage vB_EcoS-179_3 belongs to the family Sarkviridae and is most closely related to members of the
genus Kagunavirus (Fig. 10). HCA showed that phage vB_EcoS-179_3 clusters within the Kagunavirus lineage
but exceeds the recommended species demarcation threshold (red dashed line), indicating that it represents a
distinct, previously uncharacterized species within this genus (Fig. 10A). As observed for the Nonavirus genus
described above, although genome similarities among analyzed Kagunavirus phages are generally below 70%,
and phages exceed the genus threshold (blue dashed line), they can still be formally classified within a single
genus due to high evolutionary relationship.

The maximum-likelihood phylogenetic tree reconstructed from concatenated orthologous protein alignments
further supported this classification (Fig. 10B). Phage vB_Eco0S-179_3 forms a well-supported branch within
the Kagunavirus clade, however, it is clearly separated from other Kagunavirus representatives. These results
were obtained on 10 of 28 identified orthologous genes, which contained sufficient phylogenetic signal to be
retained for tree reconstruction (Supplementary Table 52). Therefore, we suggest classifying phage vB_EcoS-
179_3 as a novel species within the genus Kagunavirus. Accordingly, we propose the designation of this species
as Kagunavirus vB_EcoS5-179_3.
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Fig. 9. Taxonomic and phylogenetic analysis of phage vB_EcoS-164_2. Panel (A) presents the results of HCA
based on the VIRIDIC intergenomic distance matrix, with the species demarcation threshold indicated by the
red dashed line and the genus demarcation threshold marked by the blue dashed line. This analysis illustrates
the genomic relatedness of vB_EcoS-164_2 to closely related phages assigned to the genus Nonavirus and
supports its taxonomic classification as a novel species within this genus. The orange cluster represents phages
currently assigned to the genus Sashavirus, whereas the green cluster represents phages belonging to the genus
Nonavirus, including phage vB_Eco5-164_2 and its closest relatives. Panel (B) shows a maximum-likelihood
phylogenetic tree reconstructed from thirteen orthologous genes using IQ-TREE with 1,000 bootstrap
replicates, depicting the evolutionary relationships among the analyzed phages and their placement within the
Nonavirus lineage (black dashed line). Phage names and accession numbers are indicated on the tree.

Finally, phage vB_EcoP-179_5 is suggested to represent a novel species within the genus Vectrevirus of the
family Autosignataviridae (Fig. 11). HCA showed that the analyzed phages segregate into two major clades.
Phage vB_EcoP-179_5 is clearly separated from the main clade and forms an independent branch, indicating
substantial genomic divergence from previously characterized Vectrevirus members (Fig. 11A). The maximum-
likelihood phylogenetic tree (based on 10, the most informative genes as indicated in Supplementary Table
S2) further supported the distinct phylogenetic position of phage vB_EcoP-179_5. This phage forms a well-
supported, isolated lineage within the Vectrevirus clade and is clearly separated from its closest relatives. This is
apparently consistent with its classification as a novel species, which we designated as Vectrevirus vB_EcoP-179-5
(Fig. 11B).

The performed taxonomic and phylogenetic analyses clearly demonstrate the successful identification and
characterization of novel bacteriophage species infecting uropathogenic E. coli bacteria. The integration of
HCA based on VIRIDIC genomic distance matrices with maximum-likelihood phylogenetic reconstruction
enabled accurate taxonomic placement of the analyzed phages and assessment of their evolutionary divergence,
Supplementary Figure 53 presents a comprehensive hierarchical cluster analysis of all phages analyzed in this
study (including the tested five), providing an integrated overview of their genomic relationships. The obtained
dendrogram resolves the phages vB_EcoS-149_4M,vB_Eco§-149_6D,vB_Eco5-164_2, vB_Eco8-179_3,and vB_
EcoP-179_5 into well-defined, distinct clusters, reflecting their pronounced genomic diversity and assignment
to different phylogenetic lineages. Phages vB_EcoS-149_4M and vB_EcoS-149_6D cluster within lineages
corresponding to the family Drexlerviridae but belong to separate genera Hanrivervirus and Warwickvirus,
whereas vB_EcoS-164_2, vB_Eco5-179_3, and vB_EcoP-179_5 form independent lineages clearly separated
from one another and from the remaining analyzed phages of Nonavirus, Kagunavirus, and Vectrevirus genus,
respectively. This spatial separation on the dendrogram supports their distinct taxonomic status and confirms
that they represent newly characterized species.

Genomic comparison between phages

As shown in Fig. 12, all analysed phages are similar to the selected reference phages from their respective genera.
In the case of phages vB_EcoS-149_4M and vB_EcoS-149_6D, a small inversion is observed at the end of the
genome, which is most likely the result of differences in genome assembly approaches. Nevertheless, gene regions
responsible for DNA, RNA and nucleotide metabolism, as well as, connector, head and packaging, and lysis
functions, are highly similar among all pairs of phages. The most pronounced differences are observed within
the tail region of the vB_EcoS-164_2, vB_EcoS-179_3, and vB_EcoP-179_5 and their reference phage genomes,
potentially reflecting variation in receptor-binding proteins and depolymerase-encoding genes.

As mentioned earlier, genes predicted to encode products participating in integration and excision processes
were identified in the genomes of phages vB_EcoS-164_2 and vB_EcoS-179_3; however, both bicinformatic
analyses and laboratory experiments indicate that all five phages analysed by us are lytic. To further investigate
this discrepancy, the PhaTYP software was used to predict the lifecycles of all phages included in the phylogenetic
analysis above, As shown in Supplementary Table 53, only phages Sasha, Sergei, KarinMuster Bas82, and Solent
were classified as temperate, whereas all the rest, including the tested vB_EcoS-149_4M, vB_EcoS-149_6D,
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Fig. 10, Taxonomic and phylogenetic analysis of phage vB_EcoS-179_3, Panel (A) presents the results of HCA
based on the VIRIDIC intergenomic distance matrix, with the species demarcation threshold indicated by the
red dashed line and the genus demarcation threshold marked by the blue dashed line. This analysis illustrates
the genomic relatedness of vB_EceS-179_3 to members of the genus Kagunavirus and supports its classification
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genera but rather distinet phylogenetic subclusters within the same genus. The analyzed Kagunavirus phages
generally share less than 70% genome similarity and exceed the recommended genus threshold (blue dashed
line). Nevertheless, their close evolutionary relationships support their classification within a single genus.
Panel (B) shows a maximum-likelihood phylogenetic tree reconstructed from ten orthologous genes using 1Q-
TREE with 1,000 bootstrap replicates. Phage names and accession numbers are indicated on the tree.
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vB_Eco5-164_2, vB_Eco5-179_3, and vB_EcoP-179_5, were classified as lytic. Interestingly, Sasha, Sergei, and
Solent were described as lytic phages by their authors™. This inconsistency cannot be fully explained based
on the available information; therefore, experimental confirmation of the bivinformatic-based predictions is
required.

Nonetheless, the presence in vB_Eco5-164_2 and vB_EcoS-179_3 genomes of genes annotated as products
engaged in integration and excision processes may represent remnants of a temperate ancestor or so-called
moron genes that were acquired in the past and have been retained in these genomes. As confirmed by
phylogenetic analysis, both phages vB_EcoS-164_2 and vB_EcoS-179_3 are relatively unique, and the limited
number of closely related phages currently available makes it difficult to draw definitive conclusions at this stage.

Discussion

Urinary tract infections, despite many years of intensive research, still pose a serious medical threat®*", The main
factor causing urinary tract infections is E. coli bacterium™®, Although the concept of a distinct evolutionary
specialization of UPEC remains debated and the boundaries between pathogenic and commensal E. coli are
often blurred, several studies have suggested that certain phylogenetic lineages and combinations of virulence-
associated traits may confer an increased propensity to cause urinary tract infections®”. Accordingly, the ability
of E. coli to cause U'Tls does not rely on a universal set of virulence factors but rather on specific combinations of
determinants that promote adaptation to the urinary tract environment®. These determinants include adhesion
to epithelial cells, invasion of urinary tract cells, intracellular biofilm formation, antibiotic resistance, and the
ability to transfer resistance determinants to bacterial cells inhabiting the same ecological niche, all of which are
among the most important features enabling UPEC to cause persistent or recurrent infections’!. Consequently,
the risk, severity, and clinical outcome of UTIs are likely determined by complex interactions between host
susceptibility and the urovirulence potential of genetically diverse E. coli strains® %"

The use of bacteriophages and phage cocktails to combat infections caused by uropathogenic bacteria is
one of the promising and constantly developed methods of biocontrol of pathogens®™ ", This study aimed to
provide preliminary insights into the relationship between the genomic features of a tested UPEC strains and
their potential relevance to bacteriophage therapy. By elucidating the genetic underpinnings of UPEC strains,
this research contributes to the development of targeted phage therapies that could offer a viable alternative
to antibiotics in the treatment of UTIs. The findings from this study have the potential to inform future phage
therapy protocols, not only for UTIs but also for other bacterial infections where antibiotic resistance is a growing
concern. This study focused on the comparative analysis of five UPEC genomes with the aim of identifying
potential targets for bacteriophage therapy. By examining the genomic structure, virulence factors, and resistance
mechanisms present in these UPEC strains, this research sought to uncover the vulnerabilities that could be
exploited by phages. A detailed understanding of the genomic features of UPEC is crucial for designing effective
phage-based treatments, as it allows for the identification of specific bacterial receptors, metabolic pathways, and
genetic determinants that are critical for phage infection and replication. The rationale behind selecting multiple
UPEC genomes for this study lies in the genetic diversity observed among UPEC strains.

The basis for the large diversity of UPEC is the dynamic structure of their genome® "%, Tt can be conventionally
divided into two parts. The first includes the core genome, which consists of housekeeping genes involved in
replication, transcription and translation. The core genome determines the basic metabolic functions of bacteria
and is characterized by stability. The second part is much more flexible, consisting of a set of genes that are often
unique to individual strains and includes mobile elements, like plasmids, phages, and genomic islands™ . These
genes may be acquired or lost depending on adaptive needs and influences the colonization and pathogenicity
of bacteria. The structure and size of the genome reflect the functioning and habitat of bacteria. Mobile elements
increase the cell's adaptability to a changing environment, which therefore increases the genome size.

In our study isolate EC3 had the smallest genome size. It also had the lowest number of subsystems, coding
sequences and the number of RNAs. Tsolate EC256 had the largest genome and the largest number of subsystems,
isolate EC164 had the largest number of coding sequences and RNAs, The GC content was relatively consistent.
Despite differences resulting from the need to adapt to the environment, comparisons of the genomes of all
isolates confirmed that they belong to E. coli species and are relatively closely related to each other. The genome
isolates and EC3 was closest to the UPEC_CFT073 reference genome. The most distinctive strain was EC256,
but it should be remembered that it was the only multi-drug-resistant strain and seems to be the most virulent.

The most frequently identified plasmids were those from the IncF group. This is a family of plasmids
commonly found in Gram-negative bacleria, including commensal ones. However, they may carry genes
associated with virulence and antibiotic resistance, especially resistance to extended-spectrum B-lactamases
(ESBLs), but also to aminoglycosides, tetracyclines and carbapenems especially resistance to extended-
spectrum B-lactamases (ESBLs), but also to aminoglycosides, tetracyclines and carbapenems”™ ", What is more,
their remarkable intracellular versatility and the rapid evolution of the regulatory sequences of their replicons
enable them to effectively spread among Enterobacteriaceae. In isolate EC149, we identified a pO111 plasmid
that harbored the colistin resistance gene mer-1.1, suggesting a potential role of this plasmid in the transfer of
colistin resistance”®””, This is an important observation because colistin is often a “last resort” drug and the
increase in resistance has serious consequences. We also detected the IncM2 plasmid in isolate EC256. In the
literature, this plasmid is associated with the presence of the gene encoding NDM-1 carbapenemase. Moreover,
plasmids from the IncM2 group encoding blaNDM-1 are considered emerging threats and require constant
monitoring ', In addition to their role in the dissemination of antimicrobial resistance genes, plasmids may
also influence bacteriophage susceptibility by carrying phage defense systems, such as restriction-modification
systems, abortive infection systems, and other mobile genetic elements that can interfere with phage infection,

thereby potentially affecting the efficacy of phage therapy™.
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Fig. 12. Comparative genome organization of selected bacteriophages. Linear genome maps of phages
vB_EcoS-149_4M, vB_EcoS-149_6D, vB_EcoS-164_2, vB_EcoS-179_3, and vB_EcoP-179_5 are shown in
comparison with their closest related reference phages (selected in phylogenetic analysis). Predicted open
reading frames (ORFs) are displayed as arrows indicating gene orientation and are color-coded according to
functional categories, including: DNA, RNA and nucleotide metabolism (orange), transcription regulation
(light green), tail (light blue), connector (dark blue), head and packaging (purple), lysis (pink), integration

and excision (dark green), membrane and auxiliary metabolism (navy blue) and host takeover, other functions
(dark red), and hypothetical proteins (grey). Grey-shaded regions between genomes represent nucleotide
sequence similarity, illustrating conserved synteny and homologous genomic regions. The scale bar represents
the percentage of nucleotide sequence identity. The comparison highlights both conserved genome architecture
within related phages and structural divergence, supporting the taxonomic distinction of the newly
characterized phages. Comparisons were made using Easyfig software.
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The studied bacterial strains exhibit varied resistance profiles, with a concerning level of resistance to
commonly used antibiotics like ampicillin. The presence of resistance in strains from different phylogenetic
groups, especially to broad-spectrum antibiotics, suggests the potential complexity in treating infections caused
by these strains, this is in line with our previous observations®. Globally, the high occurrence and increasing
antibiotic resistance among uropathogenic E. coli constitute one of the most important health problems, which
consequently generates high financial costs of treatment™"*'. The consistent susceptibility to carbapenems and
nitrofurantoin highlights these as potential treatment options for infections caused by these strains. However,
the resistance observed in some strains to other commonly used antibiotics emphasizes the importance of
accurate susceptibility testing before treatment. The alarming rate of drug resistance among E. coli strains,
accompanied by the capacity for intracellular pathogenesis, has elevated to the ranks of the monitored species
by European Centre for Disease Prevention and Control®’, . More than half of E. coli isolates were resistant
to at least one antimicrobial group. Our previous study of 784 E. coli isolated from various clinical patients
indicated similar phenomenon®, especially in the case of penicillins and blood-derived isolates. Moreover, only
26% E. coli isolate were sensitive for all antibiotics, The Global Antibiotic Resistance Surveillance Report in
2025 confirmed that E. coli and K. pneumoniae are the leading drug-resistant Gram-negative bacteria found in
bloodstream infections™. Amaong them, the E. coli uropathogens exhibit considerable variability in susceptibility
to trimethoprim-sulfamethoxazole, with reported resistance levels spanning approximately 14.6% to 60% in
Europe™ - Besides the extensive use of fluoroquinclones, particularly ciprofloxacin, has alsa contributed to a
steady rise in resistance of UPEC bacteria to this class of drugs. Fluoroquinolone resistance in UPEC was markedly
more prevalent in low- and middle-income regions (55.5-85.5%) compared with high-incomecountries, where
reported values range from 5.1% to 32.0%". In Poland, resstance toF(Js was observed in about 30% of UPEC
isolates™. It is worthadding that the presence of genetic determinants associated with fluoroquinolone resistance
is accompanied by reduced susceptibility to these antibiotics, as observed in our studies, Although amoxicillin-
clavulanate remains a recommended first-line option for the treatment of pyelonephritis and complicated
urinary tract infections, its effectiveness varies geographically. Resistance rates among UPEC isolates to this
medicament ranged from 5.3% in Germany"’ to 37.6% in France”. he continuing upward tren in antimicrobial
resistance underscores the importance of prudent antibiotic use in the management of UTIs*", The aim of this
work was therefore to thoroughly screen E. coli for its hidden potential for drug resistance and virulence, which
could become a target for new tools to combat this pathogen. The studied strains were susceptible to most
antibiotics, with the exception of one strain (EC256). Despite this, a large number of genes associated with drug
resistance were detected. This observation further underscores how dangerous E. coli strains are. Here, most of
the detected ARGs related to efflux system and the antibiotic inactivation. These data are in good agreement with
literature data, where p-lactamases™ and efflux pumps™ are pointed as a major source of resistance.

Taken together, genomic analysis of several UPEC clinical isolates revealed substantial diversity among them,
attributable to the dynamic nature of their genomes. All tested isolates carried stable core genes responsible
for essential metabolic processes, virulence factors, and variable genome fragments in the form of mobile
genetic elements, including prophages, plasmids, and determinants linked to multidrug resistance. The genomic
variability observed among the analyzed isolates likely reflects adaptation to diverse ecological niches and poses
challenges for treatment. It should be noted that each phylogenetic group was represented by a single isolate
in the present study. Therefore, the observed genomic and phenotypic characteristics should be interpreted as
isolate-specific observations rather than representative features of entire phylogenetic groups. Nevertheless, the
findings illustrate the remarkable diversity that exists among UPEC strains belonging to different evolutionary
lineages.

Because the genomic heterogeneity and multidrug resistance of UPEC may limit the effectiveness of
conventional antimicrobial therapies, we next sought to isolate and characterize lytic bacteriophages using these
same UPEC isolates as hosts and to determine their potential utility as precision antimicrobial agents against
multidrug-resistant UPEC populations.

Five new lytic bacteriophages targeting UPEC were isolated from municipal sewage. Host range testing and
EOP analyses revealed substantial variability in infectivity among these phages, with phage vB_EcoS5-149_4M
standing out as the most promising therapeutic candidate. This phage demonstrated the broadest and strongest
activity, infecting 27% of all tested UPEC isolates with high or medium efficiency. Interestingly, several isolates
allowed for phage propagation even better than the primary host, the ECI149 strain. Furthermore, vB_EcoS-
149_4M displayed satisfactory stability under various physical and chemical conditions, retained high infectivity
during prolonged incubation with mammalian cell cultures, and exhibited no cytotoxic effects toward human
bladder (T24) or kidney (HEK293) cells. An additional advantage was the lack of toxin and antibiotic resistance
genes in its genome, as well as the presence of phage genes encoding lytic proteins. On the other hand, two other
tested phages, vB_EcoS5-179_3 and vB_EcoP-179_5, are highly specific and able to infect only the primary host,
strain EC179.

Taxonomic and phylogenetic findings confirm that the investigated bacteriophages represent new species,
thereby expanding current knowledge of anti-UPEC phage diversity. In total, five novel bacteriophage species
were proposed in this study: Hanrivervirus vB_EcoS-149_4M, Warwickvirus vB_FEcaS-149_6D, Nonavirus vB_
EcoS-164_2, Kagunavirus vB_EeoS-179_3, and Vectrevirus vB_EcoP-179_5. All of them were clearly separated
into distinct clusters, reflecting their pronounced genomic diversity and assignment to different phylogenetic
lineages. Their identification enriches the pool of 98 anti-UPEC phages that we reviewed in our recent study™
however, the total number of known Iytic phages capable of infecting uropathogenic bacteria is still insufficient
with respect to the number and diversity of identified UPEC strains. A good example is the highly virulent
EC256 strain investigated in this study, for which no bacteriophage could be identified.

The marked differences in susceptibility to the isolated bacteriophages among the analyzed UPEC strains
appear to reflect differences in their genomic architecture. Despite belonging to the same bacterial species and,
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in some cases, forming closely related phylogenetic clusters, the strains exhibited distinct susceptibility patterns,
as phages isolated on EC149 failed to infect EC164 and EC179, and vice versa (Figs. 2 and 3). This observation
suggests that productive phage infection is primarily governed by strain-specific genomic determinants.

Comparative genomic analyses revealed considerable heterogeneity in genes associated with bacterial surface
structures, including O-antigen-associated loci, surface polysaccharide biosynthesis genes, and fimbrial adhesins
(Table 5). Since these structures determine the composition and accessibility of phage receptors, their differential
distribution likely contributes to the observed variability in phage infectivity and host range. This interpretation
is further supported by the broad host range of vB_EcoS-149_4M and the highly restricted activities of vB_EcoS-
164_2, vB_Eco5-179_3, and vB_EcoP-179_5, as well as by the inability to isolate phages infecting EC3 and
EC256 (Fig. 3).

In addition, differences in prophage content and CRISPR-Cas systems (Tables 6 and 7) may further modulate
phage susceptibility through mechanisms such as superinfection exclusion, modifications of cell surface
structures, or other defence functions encoded within mobile genetic elements. Collectively, our findings indicate
that genomic heterogeneity amang UPEC strains is accompanied by substantial variability in susceptibility to
Iytic bacteriophages, highlighting the importance of considering bacterial genomic diversity when developing
precision phage therapy strategies against UPEC infections.

The combined bacterial and phage characterization highlights both the complexity of UPEC as a pathogen
and the potential of well-selected bacteriophages as therapeutic tools. This broader study provides an essential
groundwork for phage therapy research, as it not only identifies effective anti-UPEC phages but also includes
their detailed assessments, highlighting their potential relevance for future applications. The efficacy of vB_EcoS-
149_4M, in terms of host range, stability, and safety, positions it as a strong candidate for further preclinical
development. In contrast, due to extremely high specificity toward one bacterial strain and sensitivity to most
external factors, phages vB_EcoS-179_3 and vB_EcoP-179_5 do not seem to be appropriate for universal therapy,
although they may be used in an individual approach. Such preclinical characterization is a critical step before
moving toward in vive testing and eventual clinical application to combat drug-resistant UPEC infections.

Overall, this research lays the groundwork for phage therapy against MDR UPEC infections by providing
(i) a genomic insight into strain-specific determinants, (ii) a detailed preclinical assessment of candidates for
therapeutic phages, (iii) evidence supporting the feasibility of integrating genomic data with phage selection
to enhance therapeutic precision. Such an approach may have an impact not only on future UTI treatment
protocols but also on broader phage therapy applications against other antibiotic-resistant bacterial pathogens.

Conclusions
Urinary tract infections caused by uropathogenic Escherichia coli remain a significant clinical challenge, largely
due to the high genetic diversity, adaptive potential, and increasing antimicrobial resistance of these bacteria. The
comparative genomic analysis performed in this study confirmed that UPEC strains possess a conserved core
genome alongside highly dynamic mobile genetic elements, including plasmids and prophages. These elements
not only contribute to virulence and environmental adaptability but also facilitate the dissemination of antibiotic
resistance determinants, including those conferring resistance to last-resort drugs. The presence of numerous
resistance-associated genes, even in phenotypically susceptible isolates, further emphasizes the hidden threat
posed by these pathogens and highlights the limitations of conventional antibiotic-based therapies. Importantly,
our findings demonstrate that integrating genomic insights with bacteriophage research provides a promising
avenue for the development of alternative therapeutic strategies.

The combined genomic and phage-based approach presented here provides a solid foundation for future
investigations and supports the potential implementation of precision phage therapy as an effective tool against
multidrug-resistant UPEC pathogens.

Data availability

Data availability Assembled genome sequences were deposited by the Banklt tool in the GenBank database under
the followi ng accession numbers: GCF_036282145.1 for EC3, GCF_036281895.1 for EC149, GCF_D36281865.1
for ECle4, GCF_036281825.1 for EC179, GCF_036281835.1 for EC256, PX985795 for vB_FEco5-149_4M,
PX985796 for vB_EcoS-149_6D, PX985797 for vB_EcoS-164_2, PX985798 for vB_EcoS-179_3, and PX985799
for vB_EcoP-179_5. 'These genomic sequences are also available in the Zenodo repository under the following
access link: https://doi.org/10.5281/zenodo.20098588,
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Supplementary Figure S1. Endotoxin levels in purified phage lysates. Endotoxin concentrations
(EU/mL) were measured in solutions of phages vB EcoS-149 4M, vB EcoS-149 6D, vB EcoS-
164 2, vB EcoS-179 3, and vB_EcoP-179 5 using the Thermo Scientific Pierce chromogenic
endotoxin quant kit. Bars represent mean values, and error bars indicate standard deviation from three

replicate measurements.

Supplementary Figure S2. Circular genome maps and functional annotation of newly
characterized bacteriophages. Circular genome maps of phages (A) vB_EcoS-149 4M, (B) vB_EcoS-
149 6D, (C)vB_EcoS-164 2,(D)vB EcoS-179 3, and (E) vB_EcoP-179 5 are shown. Predicted open
reading frames (ORFs) are displayed as arrows indicating transcriptional orientation and are color-coded
according to functional categories, including DNA, RNA and nucleotide metabolism, transcription
regulation, tail, connector, head and packaging, lysis, integration and excision, moron/auxiliary
metabolism and host takeover, other functions, and hypothetical proteins (legend on the right side of
each map). The inner rings represent GC content and GC skew across each genome. Annotated genes
involved in genome replication, virion structure and assembly, host interaction, and lysis are indicated.

Genome coordinates (kbp) are shown inside each map.

Supplementary Figure S3. Hierarchical cluster analysis of all bacteriophages analyzed in this
study based on the VIRIDIC intergenomic distance matrix. Clustering was performed using the
complete linkage method. The dendrogram illustrates genome-wide similarity relationships among all
included phages and resolves them into well-defined clusters corresponding to major taxonomic
lineages. The red dashed line indicates the species demarcation threshold, and the blue dashed line
indicates the genus demarcation threshold. The positions of the newly characterized phages vB_EcoS-
149 4M, vB EcoS-149 6D, vB EcoS-164 2, vB_EcoS-179_3, and vB_EcoP-179 5 highlight their
separation into distinct clusters and support their classification into the genera Hanrivervirus,

Warwickvirus, Nonavirus, Kagunavirus, and Vectrevirus, respectively.
Supplementary Table S1. ARG detected in UPEC genomes.

Supplementary Table S2. Identified orthologous genes and their annotated functions. Genes
indicated by "+" contained a sufficient amount of parsimony-informative sites and were therefore

retained for phylogenetic reconstruction.

Supplementary Table S3. Phage lifecycle classification predicted by the PhaTYP
software.
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Supplementary Table $1. ARG detected in UPEC genomes.

No ARO Term Detlect_|on AMR Gene Family Drug Class Resustapce Strain
criteria mechanism
1. baeR protein resistance-nodulation- | aminoglycoside antibiotic EC149,
homolog model cell division (RND) antibiotic, efflux EC164,
antibiotic efflux pump aminocoumarin EC179,
antibiotic EC256
2. marA protein resistance-nodulation- |  fluoroquinolone antibiotic EC149,
homolog model cell division (RND) antibiotic, efflux, EC164,
antibiotic efflux pump, monobactam, reduced EC179,
General Bacterial carbapenem, permeability EC256
Porin with reduced cephalosporin, to antibiotic
permeability to beta- glycylcycline,
lactams cephamycin,
penam,
tetracycline
antibiotic,
rifamycin
antibiotic, phenicol
antibiotic, penem,
disinfecting agents
and antiseptics
3. H-NS protein major facilitator macrolide antibiotic EC149,
homolog model superfamily (MFS) antibiotic, efflux EC164,
antibiotic efflux pump, fluoroquinolone EC179,
resistance-nodulation- antibiotic, EC256
cell division (RND) cephalosporin,
antibiotic efflux pump cephamycin,
penam,
tetracycline
antibiotic
4, mdtG protein major facilitator phosphonic acid antibiotic EC149,
homolog model superfamily (MFS) antibiotic efflux EC164,
antibiotic efflux pump EC179,
EC256
5. msbA protein ATP-binding cassette nitroimidazole antibiotic EC149,
homolog model | (ABC) antibiotic efflux antibiotic efflux EC164,
pump EC179,
EC256
6. kdpE protein kdpDE aminoglycoside antibiotic EC149,
homolog model antibiotic efflux EC164,
EC179,
EC256
7. acrB protein resistance-nodulation- | fluoroquinolone antibiotic EC149,
homolog model cell division (RND) antibiotic, efflux EC164,
antibiotic efflux pump cephalosporin, EC179,
glycylcycline, EC256
penam,
tetracycline
antibiotic,
rifamycin
antibiotic, phenicol
antibiotic,
disinfecting agents
and antiseptics
8. sul2 protein sulfonamide resistant sulfonamide antibiotic EC149,
homolog model sul antibiotic target EC256
replacement
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9. CpxA protein resistance-nodulation- | aminoglycoside antibiotic EC149,
homolog model cell division (RND) antibiotic, efflux EC164,
antibiotic efflux pump aminocoumarin EC256
antibiotic
10. SAT-2 protein streptothricin nucleoside antibiotic EC256
homolog model acetyltransferase antibiotic inactivation
(SAT)
1. mdtE protein resistance-nodulation- macrolide antibiotic EC149,
homolog model cell division (RND) antibiotic, efflux EC164,
antibiotic efflux pump fluoroquinolone EC179,
antibiotic, penam EC256
12. TolC protein ATP-binding cassette macrolide antibiotic EC149,
homolog model | (ABC) antibiotic efflux antibiotic, efflux EC164,
pump, major facilitator | fluoroquinolone EC179,
superfamily (MFS) antibiotic, EC256
antibiotic efflux pump, aminoglycoside
resistance-nodulation- antibiotic,
cell division (RND) carbapenem,
antibiotic efflux pump cephalosporin,
glycylcycline,
cephamycin,
penam,
tetracycline
antibiotic, peptide
antibiotic,
aminocoumarin
antibiotic,
rifamycin
antibiotic, phenicol
antibiotic, penem,
disinfecting agents
and antiseptics
13. protein major facilitator tetracycline antibiotic EC149,
emrY homolog model superfamily (MFS) antibiotic efflux EC169,
antibiotic efflux pump EC179,
EC256
14, protein TEM beta-lactamase monobactam, antibiotic EC149,
TEM-1 homolog model cephalosporin, inactivation EC179,
penam, penem EC256
15. protein trimethoprim resistant | diaminopyrimidine antibiotic EC256
dfrA1 homolog model dihydrofolate antibiotic target
reductase dfr replacement
16. protein trimethoprim resistant | diaminopyrimidine antibiotic EC256
dfrA12 homolog model dihydrofolate antibiotic target
reductase dfr replacement
17. protein ANT(3") aminoglycoside antibiotic EC256
aadA2 o S
homolog model antibiotic inactivation
18. protein major facilitator disinfecting agents |  antibiotic EC256
gacEdelta1 homolog model superfamily (MFS) and antiseptics efflux
antibiotic efflux pump
19. protein sulfonamide resistant sulfonamide antibiotic EC256
sul1 homolog model sul antibiotic target
replacement
20. protein 16S rRNA aminoglycoside antibiotic EC256
armA homolog model methyltransferase antibiotic target
(G1405) alteration
21. protein msr-type ABC-F macrolide antibiotic EC256
homolog model protein antibiotic, target
msrE . :
streptogramin protection
antibiotic
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22. protein macrolide macrolide antibiotic EC3,
mphE homolog model | phosphotransferase antibiotic inactivation EC256
(MPH)
23. protein CTX-M beta- cephalosporin, antibiotic EC256
CTX-M-3 homolog model lactamase cephamycin, inactivation
penam
24, protein resistance-nodulation- | aminoglycoside antibiotic EC149,
baeS homolog model cell division (RND) antibiotic, efflux EC164,
antibiotic efflux pump aminocoumarin EC179,
antibiotic EC256
25. rotein homolog | resistance-nodulation- | aminocoumarin antibiotic EC149,
mdtC model cell division (RND) antibiotic efflux EC164,
antibiotic efflux pump EC179,
EC256
26. protein resistance-nodulation- |  aminocoumarin antibiotic EC149,
mdtB homolog model cell division (RND) antibiotic efflux EC164,
antibiotic efflux pump EC179,
EC256
27. protein resistance-nodulation- | aminocoumarin antibiotic EC149,
mdtA homolog model cell division (RND) antibiotic efflux EC164,
antibiotic efflux pump EC179,
EC256
28. protein pmr peptide antibiotic antibiotic EC149,
ugd homolog model | phosphoethanolamine target EC164,
transferase alteration EC179,
EC256
29. Escherichia coli protein small multidrug macrolide antibiotic EC164,
homolog model resistance (SMR) antibiotic efflux EC256
emrE o
antibiotic efflux pump
30. protein small multidrug macrolide antibiotic EC149,
homolog model resistance (SMR) antibiotic, efflux EC164,
antibiotic efflux pump aminoglycoside EC179,
antibiotic, EC256
Kiebsiella cephalosporin,
. tetracycline
pneumoniae antibiotic, peptide
KpnE N
antibiotic,
rifamycin
antibiotic,
disinfecting agents
and antiseptics
31. protein small multidrug macrolide antibiotic EC149,
homolog model resistance (SMR) antibiotic, efflux EC164,
antibiotic efflux pump aminoglycoside EC179,
antibiotic, EC256
Klebsiella cephalospp fin,
: tetracycline
pneumoniae antibiotic, peptide
KpnF N
antibiotic,
rifamycin
antibiotic,
disinfecting agents
and antiseptics
32. protein major facilitator fluoroquinolone antibiotic EC149,
mdtH homolog model superfamily (MFS) antibiotic efflux EC164,
antibiotic efflux pump EC179,
EC256
33. Escherichia coli protein major facilitator tetracycline antibiotic EC149,
homolog model superfamily (MFS) antibiotic, efflux EC164,

mdfA

antibiotic efflux pump
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disinfecting agents

EC179,

and antiseptics EC256
34, Escherichia coli protein small multidrug macrolide antibiotic EC149,
i homolog model resistance (SMR) antibiotic efflux EC179,
antibiotic efflux pump EC256
35. protein resistance-nodulation- |  fluoroquinolone antibiotic EC149,
homolog model cell division (RND) antibiotic, efflux EC164,
antibiotic efflux pump cephalosporin, EC179,
glycylcycline, EC256
penam,
Escherichia coli tetracycline
acrA antibiotic,
rifamycin
antibiotic, phenicol
antibiotic,
disinfecting agents
and antiseptics
36. protein glycopeptide glycopeptide antibiotic EC149,
vanG homolog model resistance gene antibiotic target EC164,
cluster, Van ligase alteration EC179,
EC256
37. protein major facilitator nucleoside antibiotic
homolog model superfamily (MFS) antibiotic, efflux EC149,
leuO antibiotic efflux pump | disinfecting agents EC164,
and antiseptics EC179,
EC256
38. protein major facilitator fluoroquinolone antibiotic EC149,
homolog model superfamily (MFS) antibiotic, efflux EC164,
antibiotic efflux pump lincosamide EC256
antibiotic,
mdtM nucleoside
antibiotic, phenicol
antibiotic,
disinfecting agents
and antiseptics
39. protein major facilitator tetracycline antibiotic EC256
tet(B) homolog model superfamily (MFS) antibiotic efflux
antibiotic efflux pump
40. APH(3 protein APH(3") aminoglycoside antibiotic EC256
(3")-la h o o
omolog model antibiotic inactivation
41, APH protein APH(6) aminoglycoside antibiotic EC256
(6)-1d o Lo
homolog model antibiotic inactivation
42. APH(3")-1b protein APH(3") aminoglycoside antibiotic EC149,
homolog model antibiotic inactivation EC256
43. protein pmr peptide antibiotic antibiotic EC149,
eptA homolog model | phosphoethanolamine target EC164,
transferase alteration EC179,
EC256
44, protein major facilitator nucleoside antibiotic EC149,
mdiN homolog model superfamily (MFS) antibiotic, efflux EC164,
antibiotic efflux pump | disinfecting agents EC179,
and antiseptics EC256
45, protein major facilitator nucleoside antibiotic EC149,
mdto homolog model superfamily (MFS) antibiotic, efflux EC164,
antibiotic efflux pump | disinfecting agents EC179,
and antiseptics EC256
46. protein major facilitator nucleoside antibiotic EC149,
mdtP homolog model superfamily (MFS) antibiotic, efflux EC164,
antibiotic efflux pump | disinfecting agents EC179,
and antiseptics EC256
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47. protein ANT(3") aminoglycoside antibiotic EC256
aadA A C
homolog model antibiotic inactivation
48. protein resistance-nodulation- macrolide antibiotic EC149,
gadX homolog model cell division (RND) antibiotic, efflux EC164,
antibiotic efflux pump fluoroquinolone EC179,
antibiotic, penam EC256
49 protein resistance-nodulation- macrolide antibiotic EC164,
homolog model cell division (RND) antibiotic, efflux EC256
gadW L .
antibiotic efflux pump fluoroquinolone
antibiotic, penam
50. protein resistance-nodulation- macrolide antibiotic EC149,
mdtF homolog model cell division (RND) antibiotic, efflux EC164,
antibiotic efflux pump fluoroquinolone EC179,
antibiotic, penam EC256
51. protein resistance-nodulation- macrolide antibiotic EC149,
CRP homolog model cell division (RND) antibiotic, efflux EC164,
antibiotic efflux pump fluoroquinolone EC179,
antibiotic, penam EC256
52. protein resistance-nodulation- |  fluoroquinolone antibiotic EC149,
homolog model cell division (RND) antibiotic, efflux EC164,
AcrF antibiotic efflux pump cephalosporin, EC179,
cephamycin, EC256
penam
53. protein resistance-nodulation- |  fluoroquinolone antibiotic EC149,
homolog model cell division (RND) antibiotic, efflux EC164,
AcrE antibiotic efflux pump cephalosporin, EC179,
cephamycin, EC256
penam
54. protein resistance-nodulation- |  fluoroquinolone antibiotic EC149,
homolog model cell division (RND) antibiotic, efflux EC164,
antibiotic efflux pump cephalosporin, EC179,
glycylcycline, EC256
cephamycin,
penam,
AcrS tetracycline
antibiotic,
rifamycin
antibiotic, phenicol
antibiotic,
disinfecting agents
and antiseptics
55. protein undecaprenyl peptide antibiotic antibiotic EC149,
bacA homolog model | pyrophosphate related target EC164,
proteins alteration EC179,
EC256
56. protein resistance-nodulation- | fluoroquinolone antibiotic EC149,
homolog model cell division (RND) antibiotic, efflux EC164,
rsmA antibiotic efflux pump | diaminopyrimidine EC179,
antibiotic, phenicol EC256
antibiotic
57. protein major facilitator fluoroquinolone antibiotic EC149,
emiB homolog model superfamily (MFS) antibiotic efflux EC164,
antibiotic efflux pump EC179,
EC256
58. protein major facilitator fluoroquinolone antibiotic EC149,
emrA homolog model superfamily (MFS) antibiotic efflux EC164,
antibiotic efflux pump EC179,
EC256
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59. protein major facilitator fluoroquinolone antibiotic EC149,
emR homolog model superfamily (MFS) antibiotic efflux EC164,
antibiotic efflux pump EC179,
EC256
60. protein resistance-nodulation- | aminoglycoside antibiotic EC149,
aciD homolog model cell division (RND) antibiotic efflux EC164,
antibiotic efflux pump EC179,
EC256
61. protein major facilitator macrolide antibiotic EC149,
homolog model superfamily (MFS) antibiotic, efflux EC164,
evgS antibiotic efflux pump, fluoroquinolone EC179,
resistance-nodulation- | antibiotic, penam, EC256
cell division (RND) tetracycline
antibiotic efflux pump antibiotic
62. protein major facilitator macrolide antibiotic EC149,
homolog model superfamily (MFS) antibiotic, efflux EC164,
evgA antibiotic efflux pump, fluoroquinolone EC179,
resistance-nodulation- | antibiotic, penam, EC256
cell division (RND) tetracycline
antibiotic efflux pump antibiotic
63. protein major facilitator tetracycline antibiotic EC149,
emrK homolog model superfamily (MFS) antibiotic efflux EC164,
antibiotic efflux pump EC179,
EC256
64. protein pmr peptide antibiotic antibiotic EC149,
AT homolog model | phosphoethanolamine target EC164,
transferase alteration EC179,
EC256
65. protein pmr peptide antibiotic antibiotic EC149,
PmrE homolog model | phosphoethanolamine target EC164,
transferase alteration EC179,
EC256
66. protein ATP-binding cassette | peptide antibiotic antibiotic EC149,
Yo homolog model | (ABC) antibiotic efflux efflux EC164,
pump EC179,
EC256
67. EC-5 protein EC beta-lactamase cephalosporin antibiotic EC164
homolog model inactivation
68. EC-8 protein EC beta-lactamase cephalosporin antibiotic EC179
homolog model inactivation
69. EC-15 protein EC beta-lactamase cephalosporin antibiotic EC149
homolog model inactivation
70. EC-19 protein EC beta-lactamase cephalosporin antibiotic EC256
homolog model inactivation
71.| Haemophilus protein variant Penicillin-binding cephalosporin, antibiotic EC149,
influenzae model protein mutations cephamycin, target EC164,
PBP3 conferring conferring resistance penam alteration EC179,
resistance to to beta-lactam EC256
beta-lactam antibiotics
antibiotics
72. | Escherichia coli | protein variant elfamycin resistant elfamycin antibiotic EC149,
EF-Tu mutants model EF-Tu antibiotic target EC164,
conferring alteration EC179,
resistance to EC256
Pulvomycin
73. | Escherichia coli | protein variant | antibiotic-resistantcya | phosphonic acid antibiotic EC149,
cyaA with model adenylate cyclase antibiotic target EC179,
mutation alteration EC256
conferring
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resistance to
fosfomycin

74. | Escherichia coli | protein variant fluoroquinolone fluoroquinolone antibiotic EC149,
parC conferring model resistant parC antibiotic target EC256
resistance to alteration
fluoroquinolones
75. | Escherichia coli | protein variant antibiotic-resistant phosphonic acid antibiotic EC149,
GlpT with model GlpT antibiotic target EC164,
mutation alteration EC179,
conferring EC256
resistance to
fosfomycin
76. - .| protein variant fluoroquinolone fluoroquinolone antibiotic
Escherichia ?OI' model resistant gyrA antibiotic target EC149
gyrA conferring alteration EC16 4’
resistqnce to EC1 79’
fluoroquinolones EC256
77. | Escherichia coli | overexpression | resistance-nodulation- | fluoroquinolone antibiotic EC149,
AcrAB-TolC with model cell division (RND) antibiotic, target EC164,
MarR mutations antibiotic efflux pump cephalosporin, alteration, EC179,
conferring glycylcycline, antibiotic EC256
resistance to penam, efflux
ciprofloxacin tetracycline
and tetracycline antibiotic,
rifamycin
antibiotic, phenicol
antibiotic,
disinfecting agents
and antiseptics
78. | Escherichia coli | overexpression | resistance-nodulation- | fluoroquinolone antibiotic EC149,
AcrAB-TolC with model cell division (RND) antibiotic, target EC164,
AcrR mutation antibiotic efflux pump cephalosporin, alteration, EC179,
conferring glycylcycline, antibiotic EC256
resistance to penam, efflux
ciprofloxacin, tetracycline
tetracycline, and antibiotic,
ceftazidime rifamycin
antibiotic, phenicol
antibiotic,
disinfecting agents
and antiseptics
79. tetR overexpression major facilitator tetracycline antibiotic EC256
model superfamily (MFS) antibiotic target
antibiotic efflux pump alteration,
antibiotic
efflux
80. | Escherichia coli | overexpression | ATP-binding cassette fluoroquinolone antibiotic EC149,
soxR with model (ABC) antibiotic efflux antibiotic, target EC164,
mutation pump, major facilitator cephalosporin, alteration, EC179,
conferring superfamily (MFS) glycylcycline, antibiotic EC256
antibiotic antibiotic efflux pump, penam, efflux
resistance resistance-nodulation- tetracycline
cell division (RND) antibiotic,
antibiotic efflux pump rifamycin
antibiotic, phenicol
antibiotic,
disinfecting agents
and antiseptics
81. | Escherichia coli | overexpression | ATP-binding cassette fluoroquinolone
s0xS with model (ABC) antibiotic efflux antibiotic,
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mutation pump, major facilitator monobactam, EC149,
conferring superfamily (MFS) carbapenem, EC164,
antibiotic antibiotic efflux pump, cephalosporin, EC179,
resistance resistance-nodulation- glycylcycline, EC256
cell division (RND) cephamycin,
antibiotic efflux pump, penam,
General Bacterial tetracycline
Porin with reduced antibiotic,
permeability to beta- rifamycin

lactams

antibiotic, phenicol

antibiotic, penem,

disinfecting agents
and antiseptics
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Supplementary Table S2

Identification of orthologous genes and their annotated functions. Genes indicated by "+" contained a sufficient amount of phylogenetically informative sites and were therefore retained for phylogenetic

reconstruction of phage vB_Eco5-149_4M.

seq_length parsimeny singleton constant

gene in phylogeny

evolution model

HenuB_MMNO55691

haarsle_MMN850600

1141 21 69 981 + VT+G4 tail_fiber_protein 26964:30542 tail_fiber_protein 22167:25592
128 18 23 a7 * HIVb+G4 lipoprotein 45954:46340 RzlA 41634:42032

- i infi i ites less than 5% of all
679 18 33 628 ;1 ,Z::‘::::w Informative sites fess than 5% af ATP-dependent_helicase 39401:41488 ATP-dependent_helicase 35612:37657

|

- i infi ti ites less than 5% of all
310 14 11 285 e e e e ie DMA_primase 37898:38932 DNA_primase 34061:35035

alignment -
161 13 44 108 + WAG+G4 hypothetical_protein 16256:16768 putative_zonula_occludens_toxin 11453:11971

=, parsimony informative sites less than 5% of all
890 12 50 828 2 1i2nmer1t t tail_tape-measure_protein 21727:24399 hypathetical_protein 16930:19602

- i inf ti ites less than 5% of all
324 11 20 293 parsimony infarmative sites fess than %-ar-a major_capsid_protein 17332:18306 MCP_protein 12535:13509

alignment
353 3 16 328 less than 10 parsimony informative sites exonuclease 32295:33356 putatoie_Sxodmoryriboouclene Vi

* i Y ; 27285:28346
370 8 16 336 -, less than 10 parsimony informative sites major_head_subunit_precursor 15047:16243  major_capsid_protein 10334:11446
220 8 22 190 -, less than 10 parsimony informative sites major_tail_protein 20297:20959 major_tail_protein 15500:16162

_ _ : ‘ single-stranded_DNA_binding_protein putative_single-stranded_DMA_binding_protein

148 -3 14 126 -, less than 10 parsimony informative site - =

858 parmony Inorative sies 34463:34915 29453:29893
243 8 17 218 -, less than 10 parsimony informative sites tail_assembly_protein 25575:26306 minor_tail_protein 20778:21509
92 7 12 72 -, less than 10 parsimony informative sites hypothetical_protein 33438:33716 hypothetical_protein 28428:28706
522 -] 20 456 -, less than 10 parsimony informative sites terminase_large_subunit 11445:13013 terminase_large_subunit 6649:8217
254 [ 19 229 -, less than 10 parsimony informative sites head_morphogenesis_protein 14362:15126 head_morphogenesis_protein 9566:10330
162 =] 6 150 -, less than 10 parsimony informative sites putative_lysozyme 45463:45951 endolysin 41143:41631
218 6 3 209 -, less than 10 parsimony informative sites recombinase 33762:34418 putative_recombination_protein 28752:23408
75 5 25 45 -, less than 10 parsimony informative sites hypothetical_protein 339:566 hypothetical _protein 46286:46513
370 5 14 351 -, less than 10 parsimony informative sites phosphoesterase 43989:45101 putative_phosphoesterase 39666.40781
132 3 8 121 -, less than 10 parsimony informative sites putative tail_protein 19893:20291 minor_tail_protein 15096:15494

ribonucleoside-triphosphate_reductase
123 3 B 114 -, less than 10 parsimony informative sites hypothetical_protein 19096:19467 phos -
14299:14670
138 3 6 129 -, less than 10 parsimony informative sites hypothetical_protein 18683:13099 hypothetical_protein 13886:14302
253 pl 6 245 -, less than 10 parsimony informative sites minor_tail_protein 24784:25575 putative_minor_tail_protein 20017:20778
98 2 2 94 -, less than 10 parsimony informative sites minor_tail_protein 24456:24752 putative_minor_tail_protein 19658:19955
76 1 3 72 -, less than 10 parsimony informative sites hypothetical_protein 9854:10084 hypothetical_protein 5059:5289
527 1 8 518 -, less than 10 parsimony informative sites helicase 46868:48451 putative_helicase 42857:44440
. : o tape_measure_chaperone_protein

105 0 6 99 - t 10 f = - TfmS 16262:1657

, less than 10 parsimony informative sites 21059:91375 mS 1626 579
71 0 4 67 -, less than 10 parsimony informative sites holin 45248:45463 holin 40928:41143
90 0 0 90 -, less than 10 parsimony informative sites hypothetical_protein 18363:18635 hypothetical_protein 13566:13838



aaroes_MME50572

EC147_ON185589

vajen_MNB850569

pSf-1_KC710998

JLBYUO9_OK272487

tail_fiber_protein 34543:38121

tail_tip_host_specificity_protein_J 16497:19922 tail_fiber_protein 26044:29469

hypothetical_protein 41091:44543

putative_tail_fiber_protein 26964:30542

hypothetical_protein 2537:2935

lipoprotein 3454934947

RzlA 45541:45939

hypothetical_protein 8880:9296

putative_unimolecular_spanin 45441:45839

helicase 48199:50244

DMA_helicase 28458:30551

DMA_helicase 39520:41565

hypothetical_protein 2859:4541

putative_ATP-dependent_helicase 39356:41443

DNA_primase 46648:47682

DNA_primase/helicase 26955:27887

DNA_primase 37969:39003

hypothetical_protein 1308:2240

putative_DNA_primase 37852:38847

putative_zonula_occludens_toxin 23835:24347

hypothetical_protein 5789:6301

putative_zonula_occludens_toxin 15335:15847

hypothetical_protein 30383:30895

putative_zonula_occludens_toxin 16256:16768

hypothetical_protein 23306:31978

tail_length_tape-measure_protein_H
11260:13932

hypothetical_protein 20807:23479

hypothetical_protein 35854:38526

putative_tail_tape-measure_protein
21727:24399

MCP_protein 24311:25885

hypothetical_protein 6865:7839

MCP_protein 16412:17386

hypothetical_protein 31458:32432

putative_major_capsid_protein 17290:18306

putative_exodeoxyribonuciease_VIII
39873:40934

exonuclease 21705:22766

putative_exodeoxyribonuclease_VIIl
31215:32280

hypothetical_protein 46260:47321

putative_exodeoxyribonuclease_VII|
32290:33351

prohead_protease 22710:23822

capsid_and_scaffold 4664:5776

capsid_protein 14210:15322

hypothetical_protein 29258:30370

putative_major_head_subunit_precursar
15131:16243

major_tail_protein 27876:28538

tail_fiber 9830:10492

putative_major_tail_protein 19377:20039

hypothetical_protein 34424:35086

putative_major_tail_protein 20297:20959

single-stranded _DNA_binding_protein
42041:42487

hypothetical_protein 23873:24325

putative_ssDNA-binding_protein 33386:33838

hypothetical_protein 48428:48880

putative_single_stranded_DNA-binding_protein
34458:34910

putative_minor_tail_protein 33154:33885

tail_tip_assembly_protein_K 15108:15839

putative_minor_tail_protein 24655:25386

hypothetical_protein 39702:40433

putative_minor_tail_protein 25575:26306

hypothetical_protein 41016:41282

hypothetical_protein 22848:23135

hypathetical_protein 32362:32640

hypothetical_protein 47403:47681

putative_tail_length_tape_measure_protein
33433:33711

terminase_large_subunit 19025:20593

terminase_large_subunit 979:2547

terminase_large_subunit 10525:12093

hypothetical_protein 25574:27142

putative_terminase_large_subunit 11446:13014

head_morphogenesis_protein 21942:22706

minor_capsid_protein 3896:4660

putative_minor_capsid_protein 13442:14206

hypothetical_protein 28490:29254

putative_head_morphogenesis_protein
14363:15127

endolysin 2046:2534

tysin 34058:34546

endolysin 45050:45538

hypothetical_protein 8389:8877

putative_endolysin 44950:45438

putative_recombination_protein 41340:41996

recombinase 23172:23828

putative_recombination_protein 32686:33342

hypothetical_protein 47727:48383

putative_recombinase 33757:34413

hypothetical_protein 7175:7402

hypothetical_protein 39202:39429

hypathetical_protein 49890:50117

hypothetical_protein 14046:14273

putative_polyribonucleotide_nucleotidyltransfe
rase 1104:1331

putative_phosphoesterase 569:1699

hypothetical_protein 32581:33636

putative_phosphoesterase 43573:44688

hypothetical_protein §912:8027

putative_phosphoesterase 43473:44588

minor tailﬁprotEIn 27472: 27870

hypothetical_protein 9426:9824

minor_tail_protein 18973:19371

hypothetical_protein 34020:34418

putative_minor_tail_protein 19893:20291

ribonucleoside-triphosphate_reductase
26675:27046

hypothetical_protein 8629:9000

ribonucleoside-triphosphate_reductase
18176:18547

hypothetical_protein 33223:33594

putative_ribonuclecside-
triphosphate_reductase 19096:19467

hypothetical_protein 26262:26678

hypothetical_protein 8216:8632

hypathetical_protein 17763:18179

hypothetical_protein 32810:33226

putative_head-tail_adaptor 18683:19099

putative_minor_tail_protein 32393:33154

tail_tip_assembly_protein_L 14347:15108

putative_minor_tail_protein 23894:24655

hypothetical _protein 38941:39702

putative_minor_tail_protein 24784:25575

putative_minor_tail_protein 32035:32331

minor_tail_protein 13935:14285

putative_minor_tail_protein 23536:23832

hypothetical_protein 38529:38879

putative_minor_tail_protein 24402:24752

hypothetical_protein 17442:17672

hypothetical_protein 45190:45420

hypothetical_protein 8940:9170

hypothetical_protein 23985:24215

hypothetical_protein 9838:10068

putative_helicase 3758:5341

hypothetical_protein 35773:37356

putative helicase 46467:48050

hypothetical_protein 10620:12203

putative_helicase 46663:48246

TfmS 28638:28955

hypothetical_protein 10592:10909

tape_measura_chaperone 20139:20456

hypothetical_protein 35186:35503

putative_tape_measure_chaperone_protein
21059:21376

holin 1831:2046

hypothetical_protein 33843:34058

holin 44835:45050

hypothetical_protein 8174:8389

putative_holin 44735:44950

hypothetical_protein 25942:26214

hypothetical_protein 7896:8168

hypothetical_protein 17443:17715

hypothetical_protein 32490:32762

hypothetical_protein 18363:18635



JakobBernoulli_MZ501079

Karllaspers_MZ501090

vB-Eco5_149-4M_04

vB_EcoD_Fulanol_0OL539459

aalborv_MN850591

J-like_tail_tip_protein 16040:19465

MHike_tail_tip_protein 16041:19619

tail_protein 24705:28283

putative_tail_fiber_protein 16090:19668

tail_fiber_protein 10741:14166

u-spanin 35785:36183

u-spanin 36536:36934

Ri-like spanin 45168:45566

putative_lipoprotein 35591:35989

RzlA 43942:44340

DNA_helicase 29769:31808

DMA_helicase 30499:32538

hypothetical_protein 39100:41193

putative_helicase 29548:31593

putative_ATP-dependent_helicase 1657:3702

DNA_primase 28218:29150

DMA_primase 28048:29880

DNA_primase 37596:38528

putative_DNA_primase 27997:29031

DNA_primase 4219:5253

capsid_decoration_protein 5333:5845

capsid_decoration_protein 5332:5844

hypothetical_protein 13627:14118

putative_zonula_occludens_toxin 5381:5893

putative_zonula_occludens_toxin 24363:24875

tail_tape_measure_protein 10803:13475

tail_tape_measure_protein 10804:13476

tail_length_tape_measure_protein
19467:22139

putative_tail_tape_measure_protein
10853:13525

hypothetical_protein 16731:19403

major_capsid_protein 6409:7383

major_capsid_protein 6408:7382

major_head _protein 15072:16046

putative_major_capsid_protein 6457:7431

MCP_protein 22825:23799

putative_exodeoxyribonuciease_VIII
21254:22315

putative_excedeoxyribonuclease_WI
21316:22377

exonuclease_VII 29991:31052

putative_excdeoxyribonuclease_WIll
21418:22479

putative_exodeoxyribonuclease VIl 7930:8991

prohead_protease 4208:5320

prohead protease 4207:5319

head maturation_protease 12502:13614

hypothetical_protein 4256:5368

major_capsid_protein 24888:26000

major_tail_protein 9373:10035

major_tail_protein 9374:10036

major_tail_protein 18037:18699

putative_major_tail_protein 9423:10085

major_tail_protein 20171:20833

single-stranded _DNA_binding_protein
23422:23874

single-stranded_DMA_binding_protein
23487.23938

single_strand_DNA_binding_protein
32161:32607

putative_helix-destabilizing_protein
23586:24047

single-stranded_DNA_binding_protein
6371:6823

putative_minor_tail_protein 14651:15382

putative_minor_tail_protein 14652:15383

rinor_tail_protein 23316:24047

putative_tail_assembly_protein 14701:15432

minor_tail_protein 14824:15555

hypothetical_protein 22397:22675

hypothetical_protein 22459:22740

tail_length_tape_measure_protein
31128:31415

hypothetical_protein 22561:22839

hypothetical_protein 7570:7848

terminase_large_subunit 522:2090

terminase_large_subunit 522:2090

terminase_large_subunit 8816:10384

putative_terminase_large_subunit 571:2139

terminase_large_subunit 28117:29685

minor_capsid_protein 3440:4204

minor_capsid_protein 3432:4203

head_morphogenesis 11734:12498

putative_head_morphogenesis_protein
3488:4252

putative_minor_capsid_protein 26004:26768

endolysin 35294:35782

endolysin 36045:36533

endolysin 44677:45165

putative_lysozyme 35100:35588

endolysin 44343:44831

putative_recombination_protein 22721:23377

putative_recombination_protein 22786:23442

Erf-like_ssDNA_annealing_protein 31461:32117

putative_recombination_protein 22885:23541

putative_recombination_protein 6868:7524

hypothetical_protein 40140:40367

hypothetical_protein 41189:41416

hypathetical_protein 49822:50049

putative_polyribonucleotide 41180:41470

hypothetical_protein 39461:39688

hypothetical_protein 33817:34932

hypothetical_protein 34568:35683

DNA_repair_exonuclease 43200:44315

putative_phosphoesterase 33623:34753

putative_phosphoesterase 45193:46308

minor_tail_protein 8969:9367

minor_tail_protein 8970:9368

tail_terminator 17633:18031

hypothetical _protein 9019:9417

minor_tail_protein 20839:21237

hypothetical_protein 8172:8543

hypothetical_protein 8173:8544

head_closure_Hcl 16836:17207

hypothetical_protein 8222:8593

ribonucleoside-triphosphate_reductase
21663:22034

head-tail_adaptor_protein 7759:8175

head-tail_adaptor_protein 7760:8176

virion_structural_protein 16423:16839

hypothetical_protein 7809:8225

hypothetical_protein 22031:22447

minor_tail_protein 13890:14651

minor_tail_protein 13891:14652

rminor_tail protein 22555:23316

putative_minor_tail_protein 13940:14701

putative_minor_tail_protein 15555:16316

minor_tail_protein 13532:13828

minor_tail_protein 13533:13829

minor_tail_protein 22197:22493

putative_tail_protein 13528:13873

putative_minor_tail_protein 16378:16674

hypothetical_protein 50259:50489

hypothetical_protein 50404:50634

hypothetical_protein 7225:7455

hypothetical_protein 50746:50576

hypothetical_protein 31035:31265

putative_helicase 36711:38294

putative_helicase 37759:39342

DNA_helicase 46393:47976

putative_helicase 37507:39000

putative_helicase 41535:43118

tape_measure_chaperone 10135:10452

tape_measure_chaperone 10136:10453

tail_length_tape_measure_protein
18799:19116

hypothetical_protein 10185:10502

TfmS 19754:20071

holin 35079:35294

holin 35830:36045

holin 44462:44677

hypothetical_protein 34885:35100

holin 44831:45046

hypothetical_protein 7439:7711

hypothetical_protein 7440:7712

hypothetical_protein 16103:16375

hypothetical_protein 7489:7761

hypothetical_protein 22495:22767



Identification of orthologous genes and their annotated functions. Genes indicated by "+" contained a sufficient amount of phylogenetically informative sites and were therefore retained for phylogenetic reconstruction of phage vB_EcoS-149_6D.

seq_length parsimony singleton constant gene in phylogeny evolution model BEK12A_MMN158210 Tuinin_ORB96B28
235 127 4 104 + PMB hypothetical _protein 39324:40010 DMA_methyitransferase 37913:38686
1141 a7 ag 945 + O pfam+Ga tail_fiber_protein 17349:20927 tail_protein 15893:19471
832 76 389 427 + VT+F+G4 tail_length_tape-measure_protein_1 11754:14678 tail_length_tape_measure_protein 10648:13329
126 58 2 BE + Blosumb2+] hypothetical _protein 43370:49750 hypothetical_protein 47513:47914
90 45 4 41 + nT hypothetical_protein 44677:44949 hypothetical_protein 42720:42992
162 23 333 71+ WAGH hypothetical_protein 6274:6786 hypothetical_protein 4823:5332
59 22 1 36 4 LG+ hypothetical_protein 32989:33168 hypothetical_protein 31855:32074
219 17 45 157 + WAG+GA tail_fibers_protein 10318:10980 major_tail_protein 9212:9874
313 10 32 281 -, parsimany informative sites less than 5% of all alignment hypothetical _protein 7350:8324 major_head protein 6253:7224
426 E] 68 349 -, less than 10 parsimony informative sites portal_protein 3101:4381 hypothetical_protein 1640:2932
anm 7 4] 303 -, less than 10 parsimony informative sites capsid_and_scaffold_protein 5149:6261 head_maturation_protease 3695,4810
95 7 41 47 -, less than 10 parsimony informative sites hypothetical_protein 50300;505%0 hypothetical_protein 4846448754
87 6 B 73 -, less than 10 parsimony informative sites hypothetical_protein 47869:48132 hypothetical_protein 46195:46458
69 6 10 53 -, less than 10 parsimony informative sites hypothetical_protein 38332:38553 hypothetical_protein 37239:37460
196 5 16 175 -, less than 10 parsimony informative sites hypothetical_protein 48709:49299 deoxynucleoside_ monophosphate_kinase 46852:47442
131 5 10 116 -, less than 10 parsimony informative sites hypothetical_protein 35459;35854 Rz-like_spanin 34365:34760
132 5 32 95 -, less than 10 parsimony informative sites hypothetical_protein 9914:10315 tail_terminator 8808:9209
104 4 44 56 -, less than 10 parsimony informative sites hypothetical_protein 11080:11394 tail_length_tape_measure_protein 9974:10291
371 4 3 364 -, less than 10 parsimony informative sites hypothetical_protein 33495:34610 DMA_repair_exonuclease 32401:33516
148 4 60 B4 - less than 10 parsimany informative sites single-stranded _DNA-binding_protein 24448:24900 single_strand_DMA_binding_protein 23253:23705
198 4 18 176 -, less than 10 parsimany informative sites tail_assembly_protein 16567:17163 tail_protein 15218:15814
139 3 1 135 -, less than 10 parsimony informative sites hypothetical_protein 30986:31405 hypothetical_protein 30332:30751
88 3 34 51 -, less than 10 parsimony informative sites hypothetical_protein 8381:8653 hypothetical_protein 7234:7548
98 3 9 86 -, less than 10 parsimony informative sites minor_tail_protein 14681:15031 minor_tail_protein 13332:13682
665 3 6 656 -, less than 10 parsimony informative sites DNA_helicase 28939:30986 hypothetical_protein 28335:30332
147 3 25 119 -, less than 10 parsimony informative sites hypothetical _protein 9481:9924 tail_completion_or_Neckl protein 8375:8818
163 3 4 156 -, less than 10 parsimony informative sitas lysin 34971:35462 endolysin 33877:34368
54 3 4 47 -, less than 10 parsimony informative sites hypothetical_protein 48150;48314 hypothetical_protein 4645546640
251 3 48 200 -, less than 10 parsimony informative sites hypothetical_protein 4381:5145 head _morphogenesis 2929:3684
351 3 76 272 -, less than 10 parsimony informative sites exodeaxyribonuclease VIl 2262023675 exonuclease VIl 21164;22219
25 2 2 81 -, less than 10 parsimony informative sites hypothetical_protein 32656:32913 hypothetical_protein 31562:31819
74 2 4 68 -, less than 10 parsimony informative sites hypothetical_protein 40536:40760 hypothetical_protein 38634:38858
253 2 45 206 -, less than 10 parsimony informative sites minor_tail_protein 15094:15855 minor_tail_protein 13745:14506
522 2 40 480 -, less than 10 parsimony informative sites terminase_large subunit 985:2553 terminase_large_subunit 1:1569
123 2 4 117 -, less than 10 parsimony informative sites hypothetical_protein 9117:9491 head_closure_Hcl 8011:8385
a0 : B B1 -, less than 10 parsimony informative sites hypothetical protein 43269:43541 hypothetical_protein 41293:41565
217 1 41 175 -, less than 10 parsimony informative sites recombinase 23751:24404 Erf-like_ssDMA_annealing_protein 2255623209
104 1 3 100 -, less than 10 parsimony informative sites hypothetical protein 51135:51449 hypothetical protein 49265:45583
243 1 35 207 -, less than 10 parsimony informative sites tail_assembly_protein 15855:16586 minor_tail_protein 14506:15237
526 1 25 500 -, less than 10 parsimony informative sites hypothetical _protein 36683:38263 DMA_helicase 35590:37170
75 1 28 46 -, less than 10 parsimony informative sites hypothetical_protein 40916:41143 hypothetical_protein 35013:35240
80 1 9 70 - less than 10 parsimony informative sites hypothetical_protein 33158:33400 hypothetical_protein 32064:32306
139 1 3 135 -, less than 10 parsimaony informative sites hypothetical_protein 8701:9120 virion_structural_pratein 7532:8014
241 0 12 229 -, less than 10 parsimony informative sites DNA_adenine_methyltransferase 31926:32651 DNA_methyltransferase 30805:31557
129 0 11 118 -, less than 10 parsimony informative sites hypothetical _protein 36291:36680 hypothetical_protein 35198:35593
158 0 0 158 -, less than 10 parsimony informative sites hypothetical _protein 28425:28901 transcriptional_regulator 27771:28247
71 0 1 70 -, less than 10 parsimony informative sites holin 34756:34971 holin 33662:33877
50 0 1] 50 -, less than 10 parsimony informative sites hypothetical _protein 52232:52417 hypathetical_protein 5039750549
76 0 1] 76 -, less than 10 parsimony informative sites hypothetical_protein 51649:51879 hypothetical_protein 49782:50012
81 0 40 41 -, less than 10 parsimony informative sites hypothetical _protein 49850:50098 hypothetical _protein 48014:48262
70 0 1 69 -, less than 10 parsimony informative sites hypothetical_protein 50666:50878 hypothetical _protein 48830:49042
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putative DNA&_cytosine methyltransferase 37863:38573

DNA_methyltransferase 36699:37472

DNA_ methyltransferase 47183:47923

Demi-like C5_cytosine methyltransferase 38218:38958

putative_tail_fiber_protein 16482:20060

tail_protein 15898:19323

tail_protein 25361:28939

Iike_tail_tip_protein 16428:20006

putative_tail_tape measure_protein 11237:13918

tall_length_tape_measure_protein 10653:13334

tall_length_tape_measure_protein 19901:22582

tail_tape_measure_protein 11183:13864

hypothetical _protein 48042:48467

hypothetical_protein 46887:47267

hypothetical _protein 5390:5791

hypothetical_protein 44404:44784

hypothetical_protein 43281:43541

hypothetical_protein 41760:42032

hypothetical_protein 939:1211

hypothetical_protein 42772:43032

putative_scaffolding_protein 5408:5917

hypothetical_protein 4823:5332

hypothetical_protein 14076:14585

capsid_decoration_protein 5350:5859

hypothetical_protein 31846:32025

hypathetical_protein 30682:30861

hypothetical_protein 41159:41344

hypothetical_protein 32195:32374

putative_major_tail_protein 9801:10463

major_tail_protein 9217:9879

major_tail_protein 18465:19127

major_tail_protein 9747:10409

putative_major_capsid_protein 6841:7812

major_head protein 6256:7227

major_head protein 15506:16477

major_capsid_protein 6784:7758

putative_portal_protein 2225:3517

hypothetical_protein 1640:2932

hypothetical_protein 10893:12185

portal_protein 2167:3459

putative_zonula_occludens_toxin 4280:5335

head_maturation_protease 3695:4810

head_maturation_protease 12948:14063

prohead_protease 4222:5337

hypothetical_protein 49017:49307

hypothetical_protein 47817:48107

hypothetical_protein 6341:6631

hypothetical_protein 45363:45650

hypothetical_protein 46769:47032

hypothetical_protein 45377:45640

hypothetical_protein 4072:4335

hypothetical_protein 43104:43367

hypothetical _protein 37189:37410

hypothetical_protein 36025:36246

hypothetical_protein 4650%:46730

hypothetical_protein 37553:37762

hypothetical_protein 47426:48016

deoxynucleoside_monophosphate_kinase 462 26:46816

deoxynucleoside_monophosphate_kinase 4729:5319

putative_P-loop_NTPase_protein 43743:44333

hypothetical_protein 34298:34711

Rez-like_spanin 33152:33547

Re-like_spanin 43635:44030

u-spanin 34666:35061

putative_structural_protein 9397:9798

tail_terminator 8813:9214

tail_terminator 18061:18462

minor_tail_protein 9343:9744

putative_tape_measure_chaperone_protein 10563: 10880

tail_length_tape_measure_protein 9979:10296

tail_length_tape_measure_protein 19227:19544

tape_measure_chaperone 10509:10826

putative_phosphoesterase 32352:33467

DMNA_repair_exonuclease 31188:32303

DNA_repair_exonuclease 41671:42786

hypothetical_protein 32701:33816

putative DNA_primase 23843:24295

single_strand_DNA_binding_protein 22847:23293

single_strand_DNA_binding_protein 32460:32912

single-stranded_DNA_binding_protein 23546:23992

putative tail_assembly_protein 15807:16403

tall_protein 15223:15819

tall_protein 24472:25068

tail_assembly_protein 15753:16349

putative_VRR-NUC_domain-containing_protein 30283:30702

hypothetical_protein 29120:29539

hypothetical_protein 39602:40021

hypothetical_protein 30631:31050

hypothetical_protein 7871:8137

hypothetical_protein 7287, 7553

hypothetical _protein 16487:16801

hypothetical_protein 7817:8083

putative_minor_tail_protein 13915:14271

minor_tail_protein 13337:13687

minor_tail_protein 22585:22935

minor_tail_protein 13867:14217

putative_ATP-dependent_helicase 28286:30283

hypothetical_protein 27123:29120

hypothetical_protein 37605:39602

DNA_helicase 28634:30631

hypothetical_protein 8964:9407

tail_completion_or Neckl protein 8380:8823

tail_completion_or Neckl protein 17628:18071

hypothetical_protein 8910:9353

putative endolysin 33828:34319

endolysin 32664:33155

endolysin 43147:43638

endolysin 34178:34669

hypothetical_protein 47029:47214

hypothetical_protein 45637:45822

hypothetical _protein 4332:4517

hypothetical_protein 43364:43549

putative_head_morphogenesis_protein 3514:4269

head_morphogenesis 2929:3684

head_morphogenesis 12182:12937

minor_capsid_protein 3456:4211

putative_exodeoxyribonuclease 21754:22809

exonuclease VIl 21018;22073

exonuclease VIl 30632:31687

putative_exodeoxyribonuclease VIl 21713:22774

hypothetical_protein 31513:31770

hypothetical_protein 30349:30606

hypothetical_protein 40832:41089

hypothetical_protein 31861:32118

hypathetical_protein 39075:39299

hypothetical_protein 37420:37644

hypothetical_protein 48395:48619

hypothetical_protein 39430:39654

putative_minor_tail_protein 14334:15095

minor_tail_protein 13750:14511

minor_tail_protein 22999:23760

minor_tail_protein 14280:15041

putative_large_terminase_subunit 586:2154

terminase_large_subunit 1:1569

terminase_large subunit 925410822

terminase _large subunit 528:2096

putative_ribonucleoside-triphosphate_reductase 8600:8971

head_closure_Hcl B016:8387

head_closure_Hcl 17264:17638

hypothetical_protein 8546:8917

hypothetical protein 41852:42124

hypothetical_protein 40352:40624

hypothetical protein S0548:50820

hypothetical_protein 41363:41635

putative_recombination_protein 23146:23799

Erf-like_ssDNA_annealing_protein 22150;22803

Erf-like_ssDNA_annealing_protein 31763:32416

putative_recombination_protein 22851:23504

hypothetical_protein 49852:50166

hypothetical protein 48571:48966

hypothetical protein 7146: 7460

hypothetical_protein 46195:46509

putative_tail_assembly_protein 15095:15826

minor_tail_protein 14511:15242

minor_tail_protein 23760:24491

putative_minor_tail_protein 15041:15772

putative_helicase 35540:37120

DNA_helicase 34376:35956

DMA_helicase 44B60:46440

putative_helicase 35890:37473

hypothetical_protein 39455:39682

hypothetical_protein 37800:38027

hypothetical_protein 48774:49001

hypothetical_protein 39810:40037

hypothetical _protein 32015:32357

hypothetical_protein 30851:31093

hypothetical_protein 41334:41576

hypothetical_protein 32364:32606

putative_head-tail_adaptor 8184:8603

virion_structural_protein 7600:8019

virion_structural_protein 16785:17267

head-tail_adaptor_protein 8130:8549

putative_DNA_adenine_methyltransferase 30756:31508

ONA_methyltransferase 29619:30344

DNA_methyltransferase 40075:40827

Dam-like_N6-adenine_methyltransferase 31131:31856

hypothetical_protein 35148:35537

hypothetical_protein 33984:34379

hypothetical_protein 44468:44863

hypothetical_protein 35498:35893

putative_transcriptional_regulator 27722;28198

transcriptional_regulator 26559:27035

transcriptional_regulator 37041:37517

putative_transcriptional_regulator 28070:28545

putative_holin 33613:33828

halin 32449:32664

holin 42932:43147

holin 33963:34178

hypothetical_protein 50948:51133

hypothetical_protein 49781:49933

hypothetical _protein 8275:8427

hypothetical_protein 47291:47476

hypothetical_protein 50344:50595

hypothetical_protein 49165:49395

hypothetical_protein 7659: 7889

hypothetical_protein 46708:46938

hypothetical_protein 48567:48815

hypathetical_pratein 47367:47615

hypothetical_protein 5891:6139

hypothetical_protein 44884:45147

hypothetical _protein 49383:49595

hypothetical_protein 48183:48395

hypothetical _protein 6707:6919

hypothetical_protein 45726:45938
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hypothetical_protein 38946:39632

putative DNA_methylase 10944:11717

tail_tip_host_specificity_protein_1 16609:20187

putative_tail_fiber 40615:44040

tail_length_tape-measure_protein_H 11372:14044

tall_tape-measure_protein 35371:38052

hypothetical _protein 47644:48024

hypothetical_protein 20849:21229

hypothetical_protein 42916:43194

hypothetical _protein 16093:16365

hypothetical_protein 5350:5829

HtjA 26542:30051

hypothetical_protein 32129:32308

hypothetical_protein 47204899

tail_fiber 9942:10604

putative_major_tail_protein 33935:34597

hypothetical protein 6384:7955

major_capsid_protein 30976:31347

portal_(connector)_protein 2167:3459

putative_portal_protein 26359:27651

capsid_and_scaffold 4222:5337

capsid_protein 28414;29529

hypothetical_protein 48574:48864

hypothetical_protein 21779:22069

hypothetical_protein 46143:46406

hypothetical_protein 19348:19611

hypothetical _protein 37954:38175

hypothetical_protein 10270:10491

dMMP_kinase 46083:47573

hypothetical_protein 20188:20778

lipoprotein 35081:35476

hypothetical _protein 7190:7585

hypothetical_protein 9538:9936

putative_structural_protein 33531:33932

hypothetical_protein 10704:11021

tape_measure_chaperone 34697:35014

hypothetical _protein 33036:34232

putative_phosphoesterase 5145:6341

single-stranded DNA-binding_protein 23711:24163

single-stranded_DNA_binding_protein 47825:48271

tail_tip_assembly_protein_| 15932:16528

putative_tail_assembly_protein 39940:40536

hypothetical _protein 30567:30986

VRR-NUC_domain-containing_protein 3157:3576

hypothetical_protein 8012:8278

hypothetical_protein 32005:32271

hypothetical_protein 14101:14397

minor_tail_protein 38055:38405

DNA_helicase 28570:30567

ATP-dependent_helicase 1160:3157

hypothetical_protein 9105:9548

hypothetical _protein 33098:33541

Iysoryme R 34593:35084

endolysin 6702:7193

hypothetical _protein 46403:46588

hypothetical _protein 19608;19793

hypothetical_protein 3456:4211

head morphogenesis protein 27648:28403

exonuclease 21882;22937

exodeoxyribonuclease VI 45736:46791

hypothetical_protein 31796:32053

hypothetical_protein 4387.4644

hypathetical_protein 40158:40382

hypothatical_protein 11665:11889

tail_tip_assembly_protein_L 1445%:15220

putative_minor_tail_protein 38467;39228

terminase_large_subunit 528:2096

terminase _large subunit 24720.26288

hypothetical_protein 8741:91132

ribonucleoside-triphosphate_reductase 32734:33105

hypothetical protein 41515:41787

hypothetical _protein 14664:14936

recombinase 23014:23667

putative_recombination_protein 47128:47781

hypothetical_protein 49408:49722

hypothetical_protein 22613:22927

tail_tip_assembly_protein_K 15220:15951

minor_tail_protein 39228:30959

hypothetical _protein 36305:37885

putative_helicase B621:10201

hypothetical_protein 40539:40841

hypothetical_protein 12045:12272

hypothetical _protein 32298:32540

hypothetical_protein 4889:5131

hypathetical_protein 8325:8744

hypothetical_protein 32318:32737

DNA_ad _methyltransferase 31066:31791

putative_DNA_N-6-adenine-methyitransferase 3657:4382

hypothetical_protein 35913:36308

Ydbl 8229:3618

hypothetical_protein 28006: 28482

putative_transcriptional_regulator 596:1072

holin 34378:34593

putative_holin 6487:6702

hypothetical_protein 5050450689

hypothetical _protein 23708;23893

hypothetical_protein 49921:50151

hypothetical_protein 23126:23356

hypothetical_protein 48124:48372

hypothetical _protein 21329:21577

hypothetical_protein 48940:49161

hypothetical _protein 22144:22356



Identification of orthologous genes and their annotated functions. Genes indicated by "+" contained a sufficient amount of phylogenetically informative sites and were therefore retained for
phylogenetic reconstruction of phage vB_EcoS-164_2.

seq_length parsimony singleton constant gene in phylogeny evolution model vB_EcoS_PJ16_0Q955832

114 38 4 72 + Blosum&2 hypothetical_protein 12497:12841
108 26 14 68 + FLU hypothetical_protein 13149:13478
62 25 3 34 + LG NinH_family_protein 14917:15111
107 25 1 Bl + Q.insect holin 36064:36387
240 25 156 659 -, parsimony informative sites less than 5% of all alignment tail_tip_protein 31473:34001
167 23 7 137 + JTT+l deoxyuridine_5'- triphosphate nucleotidohydrolase 13475:13978
319 23 13 283 + LG head_morphogenesis_protein 15284:16243
110 21 5 84 + Q.yeast hypothetical_protein 12149:12481
587 21 (] 560 -, parsimony informative sites less than 5% of all alignment terminase_large_subunit 4742:6505
451 19 12 420 -, parsimony informative sites less than 5% of all alignment portal_protein 10761:12116
132 18 7 107 + Q.bird+l i-spanin_component 37001:37399
82 17 7 58 + ITT hypothetical_protein 12904:13152
253 16 59 178 + T helicase 43749:44501
115 14 0 101 + LG+ 2'deoxynucleoside_5'-_phosphate_N-hydrolase 38642:38995
211 14 22 175 + WAGH terminase_small_subunit 324:959
419 11 33 375 -, parsimony informative sites less than 5% of all alignment hypothetical protein 18711:19970
88 10 9 69 + Q.insect+| hypothetical_protein 16896:17171
618 9 256 353 -, less than 10 parsimony informative sites DNA_polymerase 39788:41644
485 8 59 418 -, less than 10 parsimony informative sites major_tail_tube_protein 24250:25707
122 8 4 110 -, less than 10 parsimony informative sites hypothetical_protein 18301:18711
60 8 16 36 -, less than 10 parsimony informative sites hypothetical protein 14735:14917
127 7 3 117 -, less than 10 parsimony informative sites L_alanyl_D_glutamate_peptidase_endolysin 36384:36773
163 7 28 128 -, less than 10 parsimony informative sites nuclease 47397:47888
339 7 19 313 -, less than 10 parsimony informative sites major_capsid_protein 20384:21403
142 & 15 121 -, less than 10 parsimony informative sites type_1_neck_protein 23360:23791
65 5 8 52 -, less than 10 parsimony informative sites hypothetical_protein 50823:51020
136 5 16 115 -, less than 10 parsimony informative sites capsid_fiber_protein 19970:20380
338 5 68 265 -, less than 10 parsimony informative sites hypothetical_protein 41725:42588
124 3 13 108 -, less than 10 parsimony informative sites hypothetical_protein 22984:23358
381 3 78 300 -, less than 10 parsimony informative sites hypothetical_protein 42604:43749
76 3 0 73 -, less than 10 parsimony informative sites hypothetical_protein 36784:37014
784 3 64 717 -, less than 10 parsimony informative sites DNA_helicase 48164:50518
140 3 17 120 -, less than 10 parsimony informative sites tail_assembly_chaperone 25813:26235
70 2 16 52 -, less than 10 parsimony informative sites hypothetical_protein 50609:50821
117 2 24 91 -, less than 10 parsimony informative sites hypothetical_protein 21467:21820
88 2 15 71 -, less than 10 parsimony informative sites hypothetical_protein B748:9023
178 1 32 145 -, less than 10 parsimony informative sites hypothetical_protein 39212:39748
178 1 29 148 -, less than 10 parsimony informative sites hypothetical_protein 22574:22984
167 1 37 129 -, less than 10 parsimony informative sites hypothetical_protein 30118:30621
70 1 28 41 -, less than 10 parsimony informative sites hypothetical_protein 51013:51228
253 1 25 227 -, less than 10 parsimony informative sites hypothetical_protein 52369:53136
97 1 17 79 -, less than 10 parsimony informative sites N-acetyltransferase tail_protein 31121:31480
140 1 15 124 -, less than 10 parsimony informative sites structural_protein 23791:24213
168 1] 26 142 -, less than 10 parsimony informative sites enolase_like_protein 30618:31124
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hypothetical _protein 10840:11184

hypothetical_protein 7272:7616

hypothetical protein 12911:13255

hypothetical_protein 11437:11763

hypothetical_protein 8406:8732

hypothetical_protein 14027:14356

NinH 13365:13568

hypothetical_protein 10415:10609

NinH 15819:16013

holin 34197:34523

holin 32645:32968

holin_or_antiholin 36526:36849

tail_protein 29533:32055

tail_protein 27592:30123

tail_tip_protein 31935:34463

putative deoxyuridine 5'-triphosphate nucleotidohydrolase 11763:12266

dUTPase 8732:9235

deoxyuridine 5'-triphosphate_nucleotidohydrolase 14353:14856

head_morphogenesis 13743:14702

head_morphogenesis_protein 10783:11742

head_morphogenesis_protein 16187:17146

hypothetical_protein 10480:10824

hypothetical_protein 6924:7256

hypothetical_protein 12563:12895

Terl_protein 4070:5833

terminase_large_subunit 1:1764

large_terminase_subunit 5131:6894

portal_protein 8779:10134

portal_protein 5535:6890

portal_protein 11174:12529

Rz-like spanin 35137:35535

Rz-like spanin 33582:33980

i-spanin_component 37463:37861

hypothetical_protein 11186:11440

hypothetical_protein 7678:7927

hypothetical_protein 13318:13575

hypothetical_protein 42326:43120

hypothetical_protein 40143:40913

helicase 44048:44800

nucleoside_2-deoxyribosyltransferase 36988:37338

hypothetical_protein 34776:35129

nucleoside_2-deoxyribosyltransferase 38657:39010

hypothetical_protein 296:931

terminase_small_subunit 53526:54278

terminase_small_subunit 276:911

hypothetical protein 16609:17868

hypothetical _protein 14554:15813

hypothetical protein 19798:21063

hypothetical_protein 15141;15407

hypothetical_protein 12137:12412

hypothetical_protein 17379:17654

DNA_polymerase 3823740138

DNA_polymerase 36014:37870

DNA_polymerase 39919:41775

major_tail_protein 22692:24149

hypothetical_protein 19819:21276

major_tail_tube_protein 25066:26523

DNA_methyltransferase 16199:16609

DNA_methyltransferase 14144:14554

hypothetical_protein 19388:19798

hypothetical protein 13177:13368

hypothetical protein 10233:10415

hypothetical protein 15637:15819

endolysin 34520:34909

endolysin 32965:33354

endolysin 36846:37235

hypothetical_protein 45585:46076

hypothetical_protein 43290:43781

hypothetical_protein 47177:47668

major_head_protein 18282:19301

major_head_protein 16227:17246

major_capsid_protein 21477:22496

tall_completion_or_Neckl protein 20872:21300

tall_completion_or_Neckl_protein 18929:19360

hypothetical_protein 24176:24607

lipoprotein 49028:49225

lipoprotein 47082:47279

hypothetical_protein 50970:51167

major_virion_structural_protein 17868:18278

head_scaffolding_protein 15813:16223

major_virion_structural_protein 21063:21473

Gp2.5-like_ssDNA_binding_protein_and_ssDNA_annealing_protein 40218:41168

ssDNA_binding_and_annealing_protein 37951:38982

hypothetical_protein 41856:42887

hypothetical_protein 20498:20872

hypothetical_protein 18553:18927

hypothetical_protein 23800:24174

exonuclease 41181:42326

exonuclease 38998:40143

hypothetical_protein 42903:44048

membrane_protein 34920:35150

membrane_protein 33365:13595

rliA_lysis_inhibitor 37246:37476

DNA_primase 46250:48604

DNA_primase 43955:46309

hypothetical_protein 47842:50196

tail_assembly_chaperone 24508:24933

tail_assembly_chaperone 21725:22147

tail_assembly_chaperone 26875:27297

hypothetical_protein 48695:48907

hypothetical_protein 46400:46612

hypothetical_protein 50287:50459

hypothetical_protein 19365:19748

hypothetical_protein 17309:17662

hypothetical_protein 22559:22912

hypothetical_protein 6973:7248

hypothetical_protein 4008:4274

hypothetical_protein 9051:9359

hypothetical_protein 37660:38196

hypothetical_protein 35438:35974

hypothetical_protein 39343:39879

hypothetical_protein 19953:20498

hypothetical_protein 18014:18553

hypothetical_protein 23282:23800

virjon_structural_protein 28178:28681

virion_structural_protein 26237:26740

hypothetical_protein 20580:31083

hypothetical_protein 49218:49430

hypothetical_protein 47272:47487

hypothetical_protein 51160:51375

ParB-like_partition_protein 50488:51252

ParB-like_partition_protein 48409:49176

hypothetical_protein 52254:53021

hypothetical_protein 29181:29540

minor_tail_protein 27240:27599

hypothetical_protein 31583:31942

tail_terminator 21297:21719

tail_terminator 19360:19782

hypothetical_protein 24607:25029

minor_tail_protein 28678:29184

minor_tail_protein 26737:27243

enolase-like_protein 31080:31586



vB-EcoS_164-2_02

Solent_MHS586730

vB_SenS_Sasha_NC_047786

hypothetical _protein 4547:4891

putative_transmembrane protein 14163:14507

hypothetical protein 11045:11389

hypothetical_protein 5663:5989

hypothetical _protein 14761:15087

hypothetical_protein 11643:11969

hypathetical_protein 7407:7601

NinH 16408:16596

NinH 13290:13478

holin 31407:31730

putative_holin_or_antiholin 36905:37231

holin 33787:34113

tail_protein 25429:27960

tail_tip_protein 32261:34789

tail_protein 29143:31671

dUTPase 5989:6492

deoxyuridine_5'-triphosphate_nucleotidohydrolase 15087:15590

deoxyuridine 5'-triphosphate nucleotidohydrolase 11969:12472

head_morphogenesis 7775:8734

head_morphogenesis_protein 16780:17739

head_morphogenesis 13662:14621

hypothetical_protein 4199:4531

hypothetical _protein 13812:14147

hypothetical_protein 10694:11029

terminase_large_subunit 1:1764

large_terminase_subunit 6521:8284

Terl_protein 1805:3568

portal_protein 2810:4165

portal_protein 12424:13779

portal_protein 9306:10661

Rz-like spanin 32344:32742

i-spanin 37839:38237

Rz-like spanin 34721:35119

hypothetical_protein 4954:5202

hypothetical_protein 14513:14764

hypothetical_protein 11395:11646

hypothetical_protein 39126:39887

putative_TonB_receptor_protein 44863:45624

hypothetical_protein 41835:42596

nucleoside_2-deoxyribosyltransferase 33828:34178

putative_nucleoside_2-deoxyribosyltransferase 39690:40040

nucleoside_2-deoxyribosyltransferase 36572:36922

terminase_small_subunit 52003:52755

small_terminase_subunit 358:993

terminase_small_subunit 276:911

hypothetical protein 11388:12647

hypothetical _protein 19662:20927

hypothetical_protein 16544:17809

hypothetical_protein 8967:9242

hypothetical_protein 18283;18558

hypothetical_protein 15165:15440

DNA_polymerase 35087:36943

DNA_polymerase 40944:22800

DNA_polymerase 37826:39682

minor_tail_protein 17659:19116

major_tail_protein 24933;263%90

major_tail_tube_protein 21815:23272

DNA_methyltransferase 11020:11388

hypothetical_protein 19252:19662

DNA_methyltransferase 16134:16544

hypothetical protein 7225:7407

hypothetical protein 16229:16411

hypothetical protein 13111:13293

endolysin 31727:32116

endolysin 37228:37611

endolysin 34110:34453

endonuclease 41761:42252

hypothetical _protein 48001:48492

hypothetical_protein 4497345464

major_head_protein 13061:14080

major_capsid_protein 21341:22360

major_head_protein 18223:19242

tall_completion_or_Neckl_protein 16772:17200

hypothetical_protein 24043:24474

tail_completion_or_Neckl_protein 20925:21356

lipoprotein 45523:45720

putative_transmembrane_lipoprotein 51325:51522

lipoprotein 48297:48494

head_scaffolding_protein 12647:13057

major_virion_structural_protein 20927:21337

major_virion_structural_protein 17809:18219

Gp2.5-like_ssDNA_binding_protein_and_ssDNA_annealing_protein 37024:37965

hypothetical_protein 42881:43702

Gp2.5-like_ssDNA_hinding_protein_and_ssDNA_annealing_protein 39763:40674

head_closure_Hcl 15478:15852

hypothetical_protein 23667:24041

hypothetical_protein 20549:20923

exonuclease 37981:39126

hypothetical_protein 43718:44863

exonuclease 40690:41835

membrane_protein 32097:32357

putative_holin_or_antiholin 37622:37852

membrane_protein 34504:34734

DNA_primase 42528:44882

primase 48666:51020

DNA_primase 45638:47992

tail_assembly_chaperone 19565:19987

tail_measure_chaperone 27201:27623

tail_assembly_chaperone 24083:24505

hypothetical_protein 44973:45185

hypothetical_protein 51111:51323

hypothetical_protein 48083:48295

hypothetical_protein 14143:14496

hypothetical_protein 22423:22776

hypothetical_protein 19305:19658

hypothetical_protein 1879:2145

putative_integral_membrane_protein 10518:10793

hypothetical_protein 7401:7676

hypothetical_protein 34511:35047

hypothetical_protein 40368:40904

hypothetical_protein 37250:37786

hypothetical_protein 14939:15478

hypothetical _protein 23257:23667

hypothetical_protein 20139:20549

virjon_structural_protein 24074:24577

hypothetical _protein 30906:31409

virion_structural_protein 27788:28291

hypothetical_protein 45713:45928

hypothetical_protein 51515:51730

hypothetical_protein 48487:48702

ParB-like_partition_protein 47419:48186

putative_ParB-like_protein 53308:54075

ParB-like_partition_protein 50280:51047

minor_tail_protein 25077:25436

hypothetical_protein 31975:32268

hypothetical_protein 28857:29150

tail_terminator 17200:17622

hypothetical _protein 24474:24896

tail terminator 21356:21778

minor_tail_protein 24574:25080

putative_enolase-like_protein 31406:31912

minor_tail_protein 28288:28794



Identification of orthologous genes and their annotated functions. Genes indicated by "+" contained a sufficient amount of phylogenetically informative sites and were therefore retained for phylogenetic

reconstruction of phage vB_EcoP-179_3.

seq_length parsimony singleton constant

gene in phylogeny

evolution model

BUCT789_PQ999132

vB_EcoS_HSE2_MG252615

407 221 27 159 + Blosum62 terminase_large_subunit 10351:11601 terminase 21925:23175
DUF4 in- ini tei
490 78 17 395+ T+l 11"5125;;*1‘;:'"3'" CoRRInIne rotein putative_structural_protein 23187:24680
208 71 0 137 + Q.pfam ARG WGling dedl_Sideating fhein helix-destabilizing_protein 8471:9097
" = I b
" 37790:38422 aR
747 71 54 622 + WAGH replicative_helicase/primase 597:2855 putative_helicase-primase 12085:14322
138 70 3 65 + VT+| tail_assembly chaperone 23000:23416 hypothetical_protein 35302:35718
388 35 17 336 + ITT+l tail_tube_protein 19726:20892 tail_protein 31869:33035
171 33 4 134 + VT hypothetical_protein 27479:27994 hypothetical_protein 38907:39422
131 30 5 96 + VT+ tall_protein 18915:19310 tail_protein 31058:31453
121 27 6 88 + WAG hypothetical protein 27991:28356 peptidoglycan_endopeptidase 39419:39784
arsimony informative sites less than 5% of all calcineurin-
376 18 22 a}lipnment y calcineurin-like_phosphoesterase 21313:22443 like_phosphoesterase_superfamily_domain_pr
8 otein 33774:34904
94 12 6 76 + LG+ WVRR-NUC_domain_protein 34791:35105 VRR-NUC_domain_protein 5367:5651
474 11 19 sPaslrony nfarmative sifes Was than S ol sl DNA_helicase 32874:34298 helicase 3715:5139
alignment
- i inf tive sites less than 5% of all ; : g :
347 10 15 pASIHORY NI R e ee minor_capsid_protein 13176:14219 head_protein 24717:25793
alignment
-, parsimony informative sites less than 5% of all . . .
204 10 18 alighinent prohead_core_protein_protease 17942:18559 hypothetical_protein 30088:30702
733 7 129 597 -, less than 10 parsimony informative sites DNA_polymerase_| 35458:37731 DNA_polymerase 5932:8136
128 7 4 117 -, less than 10 parsimony informative sites spanin 15023:15409 spanin 27168:27554
170 6 14 150 -, less than 10 parsimony informative sites head-tail adaptor Adl 17427:17939 hypothetical protein 29573:30085
64 5 5 54 -, less than 10 parsimony informative sites hypothetical_protein 9060:9296 transcriptional_regulator 20873:21109
93 5 10 78 -, less than 10 parsimony informative sites hypothetical_protein 6083:6376 hypothetical_protein 18028:18309
119 4 9 106 -, less than 10 parsimony informative sites minor_capsid_protein 18559:18918 ATP-hinding. sugar, iansporter, protein
30702:31061
413 4 68 341 -, less than 10 parsimony informative sites nuclease_superfamily_protein 38513:39754 nuclease superfamily protein 89672:10913
79 4 7 68 -, less than 10 parsimony informative sites hypothetical_protein 8369:8608 hypothetical_protein 20295:20534
60 2 2 56 -, less than 10 parsimony informative sites hypothetical_protein 8595:8777 hypothetical_protein 20455:20703
137 2 4 131 -, less than 10 parsimony informative sites tail_terminator 19310:19723 hypothetical_protein 31450:31866
153 2 18 133 -, less than 10 parsimony informative sites tail_protein 14219:14680 tail_protein 25793:26254
67 1 2 64 -, less than 10 parsimony informative sites hypothetical protein 5880:6083 hypothetical_protein 17366:17584
161 0 16 145 -, less than 10 parsimony informative sites endolysin 6988:7488 endolysin 18921:19421
76 1] 2 74 -, less than 10 parsimony informative sites hypothetical_protein 21086:21316 hypothetical_protein 33063:33293



SZH-1_ON391668

vB-EcoP_179-3_06

AV104_OR352935

large_terminase 42135:43385

hypothetical protein 1:1131

terminase 1:1236

putative_structural_protein 40641:42122

portal_protein 1144:2616

62kDa_structural_protein 1249:2730

DNA_helix_destabilizing_protein 13324:13950

Gp2.5-

like_ssDNA_bhinding_protein_and_ssDNA_anne

aling_protein 28850:29482

hypothetical_protein 28662:30294

replicative DNA_helicase 8418:10661

replicative_helicase-primase 32574:34841

replicative DNA_helicase 32974:35259

tail_assembly chaperone 28881:29297

tail_assembly chaperone 14914:15330

hypothetical_protein 13875:14291

tail_tube_protein 31409:32575

minor_tail_protein 11224:12390

hypothetical_protein 10282:11448

hypothetical_protein 25207:25722

minor_tail_protein 18519:19034

hypothetical_protein 18348:18863

tail_component 32991:33386

tail_completion_or Neckl protein
10413:10808

hypothetical_protein 9471:9866

hypothetical protein 24845:25210

minor_ftail protein 19031:19396

hypothetical protein 18860:19225

phosphatase 29854:30984

DNA_repair_exonuclease 13387:14517

hypothetical_protein 12189:13319

VRR-NUC_domain_protein 16788:17102

Holliday_junction_resolvase 25851:26165

hypothetical_protein 26510:26824

DNA_helicase 18262:19686

DNA_helicase 23943:25367

DNA_helicase 23926:25350

head_protein 39313:40356

head morphogenesis 3530:4573

hypothetical _protein 2800:3843

hypothetical_protein 33852:34466

hypothetical_protein 9443:10057

hypothetical_protein 8501:9115

DNA_polymerase 14162:16435

DNA_polymerase 26518:28791

DNA_polymerase_| 27177:29450

spanin 37552:37938

Rz-like_spanin 5649:6035

hypothetical_protein 5032:5418

hypothetical protein 34469:34981

head-tail adaptor Adl 8928:9440

hypothetical protein 7986:8498

hypothetical_protein 357:593

hypothetical_protein 42026:42226

hypothetical_protein 41842:42078

hypothetical_protein 4462:4755

hypothetical_protein 38469:38762

hypothetical_protein 38906:39199

head-to-tail_connector_complex_protein
33383:33742

tail_completion_or_Neckl_protein
10057:10416

hypothetical_protein 9115:9474

nuclease_superfamily protein 11821:13062

exonuclease 29809:31050

hypothetical_protein 30562:31803

hypothetical_protein 1376:1615

hypothetical_protein 41210:41449

hypothetical_protein 41194:41433

hypothetical_protein 1207:1389

hypothetical_protein 41436:41618

hypothetical_protein 41420:41602

tail_completion_protein 32578:32991

tail_terminator 10808:11221

hypothetical_protein 9866:10279

tail_protein 38852:39313

Hoc-like_head_decoration 4573:5034

fibritin_protein 3843:4304

hypothetical protein 5095:5298

hypothetical protein 37860:38078

hypothetical protein 38332:38535

lysozyme 2932:3432

endolysin 39795:40295

lysin 39826:40311

hypothetical_protein 30981:31211

hypothetical_protein 13160:13390

hypothetical_protein 11478:11708



Ildentification of orthologous genes and their annotated functions. Genes indicated by "+ contained a sufficient amount of phylogenetically informative sites and were therefore retained for phylogenetic reconstruction of phage vB_EcoP-179_5.

seq_length parsimony singleton constant

gene in phylogeny

evolution model

vB_EcoP-101101UKE1_MZ234012

vB-Eco-KMB14_OR424384

6948_0L362272

398 62 14 322 + WAG+GA major_capsid_protein 20985:22187 major_capsid protein 23240:24445 major_capsid_protein 31624:32832
190 40 22 128 + WT+54 hypothetical_protein 6137:6820 hypothetical_protein B475:9158 hypothetical_protein 16838:17521
91 35 5 51 + WAG+GA hypothetical_protein 36273:36551 acetyl-CoA_acetyltransferase 38187:38465 hypothetical_protein 2363:2641
1061 35 20 1006 ™ parsimony informative sites less than peptidoglycan_lytic_exotransglycosylase peptidoglycan_lytic_exotransglycosylase peptidoglycan_lytic_exotransglycosylase
5% of all alignment 29140:32337 31374:34682 39761:42958
294 33 12 249 + JTTDCMuUL+H hypothetical_protein 1;924 hypothetical_protein 2186:3109 hypothetical_protein 10485:11408
315 32 12 271 + LG+ ATP-dependent_DNA_ligase 16492:17439  DNA_ligase 18747:19694 ATP-dependent_DNA_ligase 27000:27947
106 20 11 266 4 STTECMUtsGH capsid_assembly_scaffolding_protein capsid_assembly_scaffolding_protein capsid_assembly_scaffolding_protein
19988:20908 22243:23163 30624:31544
95 27 11 57 + WAG+G4 hypothetical_protein 36570:36863 hypothetical_protein 38484:38777 hypothetical_protein 2660:2950
631 20 7 SEREBIET WVoiwithoe Siex jess than terminase_large_subunit 34218:36116  DNA_packaging_protein 3613138029 terminase_large_subunit 300:2198
5% of all alignment = = = = =
114 19 5 90 + WAG+G4 hypothetical_protein 36863:37207 endolysin 38777:39121 hypothetical_protein 2953:3297
240 14 4 222 + HIVB+F+ internal _virion_protein 25381:26127 internal_virion_protein 27639:28361 internal_virion_protein 36026:36748
59 10 15 ELE CpREV+G4 hypothetical_protein 42821:43000 hypothetical_protein 595:774 hypothetical_protein 8853,9032
-, parsimony informative sites less than non-contractile_tail_tubular_protein ” . non-contractile_tail_tubular_protein
245 10 & 227 tail_tubul t A 24500:25237
5% of all alignment 2224223979 s 32887:33624
123 8 4 111 -, |ess than 10 parsimony informative sites hypothetical_protein 12630:13010 hypothetical_protein 14850:15221 hypothetical_protein 23332:23703
. - i DNA-directed_DNA_polymerase DNA-directed DNA_polymerase
835 B 139 688 -, less than 10 fol t t - - DNA_pol 9510:12456 u
ess than 10 parsimony informative sites e e _polymerase P
786 & 24 756 -, less than 10 parsimony informative sites DNA-directed_RNA_polymerase 988:3615  DMA-directed_RNA_polymerase 3173:5800 Trﬂ:t-zd.uzcnsff:_ﬁliﬁ_polymerase
435 5 4 426 -, less than 10 parsimony informative sites primase/helicase_pratein 4072:6060 DNA_primase/helicase 6253:8241 primase/helicase_protein 14773:16761
f : G = nen-centractile_tail_fiber_protein non-contractile_tail_fiber_protein non-contractile_tail_fiber_protein
320 4 17 299 -, less than 10 parsimony informative sites SalaT ey GRS BEEA iatsg AsnTn
982 4 18 960 -, less than 10 parsimony informative sites hypothetical_pratein 26127:29075 baseplate_hub 28361:31308 hypothetical_protein 36748:39696
123 3 33 87 -, less than 10 parsimony informative sites hypothetical_protein 11036:11413 hypothetical_protein 13170:13547 hypothetical_protein 21737:22114
335 3 49 283 -, less than 10 parsimony informative sites phosphoesterase 14577:15716 metallo-phosphoesterase 16964:17971 phosphoesterase 25387:26304
71 3 21 47 -, less than 10 parsimony informative sites hypothetical_pretein 6831:7049 hypothetical_protein 91699387 hypothetical_protein 17532:17750
GNAT family N-acetylt
153 3 6 144 -, less than 10 parsimony informative sites hypothetical_protein 17756:18217 il e gl Lol ok hypothetical_protein 28392:28853
267 3 10 254 -, less than 10 parsimony informative sites hypothetical_protein 11491:12297 hypothetical_protein 13710:14516 hypothetical_protein 22192:22938
a9 2 a4 93 -, less than 10 parsimony informative sites terminase_small_subunit 33487:33786 terminase_small_subunit 35832:36131 terminase_small_subunit 1:300
&9 1 1 67 -, less than 10 parsimony informative sites hypothetical_protein 18227:18436 hypothetical_protein 20482:20681 hypothetical_protein 28863:259072
. . R head-to-tail_connector_protein . head-to-tail_connector_protein
516 1 2 513 -, less than 10 parsimony informative sites A aogHS collar 20693:22243 A AE
72 1 5 66 -, less than 10 parsimony informative sites hypothetical_protein 12307:12525 hypothetical_protein 14526:14744 hypothetical_protein 23008:23226
308 o 10 298 -, less than 10 parsimony informative sites exonuclease 13293:14321 expnuclease 15599,16576 exonuclease 23971:24999



vB_Ec-G9_PQ433351

EC120_ON185580

vB-EcoP_179-5_05

EEc2_ON210144

vB_Eco_Seml_PV717788

VEC3_MG251330

major_head protein 16821:18026

major capsid_protein 22709:23917

major_head protein 23710:24918

major capsid protein 23554:24762

major capsid protein 40876:42081

major_capsid protein 23474:24679

hypothetical_protein 2324:2905

hypothetical_protein 8214:8897

hypothetical_protein B764:9453

hypothetical _protein BE61:9544

hypothetical_protein 26079:26753

hypothetical _protein 9172:9855

acetyl-CoA_acetyltransferase 315597:31538

hypothetical_protein 38526:38807

acetyl-CoA_acetyltransferase 38562:38843

hypothetical_protein 38491:38772

hypothetical_protein 11111:11389

Sema_domain-containing_protein
38861:39139

internal_virion_protein_with_endaolysin_do
main 24961:28158

hypothetical_protein 30848:34156

internal_virion_protein_with_endolysin_do
main 31874:35059

peptidoglycan_lytic_exotransghycosylase
31691:34999

DNA_ejectosome_component 5306:7606

internal_virion_protein 31608:34516

hypothetical_protein 39806:40630

hypothetical_protein 2076:2999

hypothetical_protein 2656:3540

hypothetical _protein 2390:3274

hypothetical_protein 19570:20493

hypothetical protein 2460:3383

ATP-depend, DNA_ligase 12313:13275

ATP-dependent_DMNA_ligase 18085:19032

ATP-dependent_DNA_ligase 19214:20161

ATP-dependent_DNA_ligase 18619:19566

ATP-dependent_DNA_lipase 36255:37202

DNA_ligase 18853:19800

head_scaffolding_protein 15824:16744

capsid_assembly_scaffolding_protein
21709:22629

head_scaffolding_protein 22710:23630

capsid_and_scaffold_protein 22554:23474

capsid_assembly_scaffolding_protein
30879:40799

scaffolding_protein 22477:23397

acetyl-CoA_acetyltransferase 31957:32247

hypothetical_protein 38825:39112

acetyl-Cod_acetyltransferase 38861:39148

hypothetical_protein 38790:39077

hypothetical_protein 11408:11701

fwpothetical_protein 39158:39448

terminate_large_subunit 2960731505

terminase_|arge subunit 36475:38373

terminase_large_subunit I6508:38403

terminase_large subunit 36448:38343

terminase_large_subunit 9055:10953

terminase_large subunit 36797:38655

endolysin 32250:32594

hypothetical_protein 39115:39459

endolysin 39839:40183

hypothetical_protein 39769:40113

hypothetical_protein 11701:12045

peptidase 39451:39795

internal_virion_protein 21220:21948

internal_wvirion_protein 27113:27835

internal_virion_protein 28114:28860

internal wirion_protein 27956:28678

DNA_ejectosome_component_internal_viri
on_protein 564:1286

internal_virion_protein 27873:28585

hypothetical_protein 38419:38640

hypothetical_protein 548727

hypothetical_protein 1184:1369

hypothetical_protein 783:965

hypothetical_protein 17967:18143

hypothetical_protein $61:1137

tail_protein 18081:18818

non-contractile_tail_tubular_protein
23974:24711

tail_protein 24975:25712

non-contractile_tail_tubular_protein
24817:25554

non-contractile_tail_tubular_protein
42136:42873

tail_tubular_protein_a 24734:25471

hypothetical_protein 8208:8585

hypothetical_protein 14244:14618

hypothetical_protein 14970:15338

hypathetical_protein 14892:15263

hypothetical_protein 32364:32735

hypothetical_protein 14997:15371

DNA_polymerase 3425:5958

DNA-directed DNA_polymerase
9645:12195

DNA_polymerase 10030:12540

DMA-directed_DNA_polymerase
10295:12842

DMA-directed DNA_polymerase
27756:30305

DNA_polymerase 10402:12948

RMA_polymerase 40754:43381

DMA-directed_RMA_polymerase 3063:5690

RMA_polymerase 3604:6231

DNA-directed_RMNA_polymerase 3338:5965

DNA-directed_RNA_polymerase
20557:22917

RMA_polymerase 3447:6074

DNA_primase/helicase 72:1988

primase/helicase_protein 6149:8137

DNA_primase/helicase 6699:8687

primase/helicase_protein 6639:8627

primase/helicase_protein 24538:25845

DHA_helicase 6950:8938

tail_fiber_protein 28158:29120

non-contractile_tail_fiber_protein
34156:35118

tail_fiber_protein 35059:36021

non-contractile_tall_fiber_protein
34999:35961

non-contractile_tail_fiber_protein
7606:8568

tail_fiber_protein 34916:35878

Ilysozyme_domain-containing_protein
21948:24896

hypothetical_protein 27835:30783

lysozyme_domain-containing_protein
28860.31808

hypothetical_protein 28678:31626

baseplate_hub_subunit 1286:4234

lysozyme-like_domain_protein
28595:31543

polysaccharide_chain_length_determinant_
protein 6623:6994

hypothetical_protein 12565:12942

polysaccharide_chain_length_determinant_
protein 13244:13621

hypothetical_protein 13212:13589

hypothetical_protein 30675:31052

hypothetical_protein 13324:13695

metallo-phosphoesterase 10715:11722

phosphoesterase 16302:17309

metallo-phosphoesterase 17472:18503

phosphoesterase 17006:18013

phosphoesterase 34340:35479

calcineurin-like_phosphoesterase
17070:18077

hypothetical_protein 2916:3134

hypothetical_protein 8908:9126

hypothetical_protein 9464:9679

hypothetical_protein 9555:9773

hypothetical_protein 26772265990

hypothetical_protein 9866:10084

acetyltransferase 13592:14053

hypothetical_protein 13477:19938

acetyltransferase 20478:209390

hypothetical_protein 20322:20783

hypothetical_protein 37647:38108

N-acetyltransferase 20245:20706

hypothetical_protein 70727875

hypothetical_protein 13105:135911

hypothetical_protein 13831:14637

hypothetical_protein 13752:14558

hypothetical_protein 3122532031

hypothetical_protein 13858:14664

terminase_small_subunit 2930829607

terminase_small_subunit 35744:36043

terminase_small_subunit 36209:36508

terminase_small_subunit 36149:36448

terminase_small_subunit 8756:9055

terminase_small_subunit 36066:36365

hast_range_and_adscrption_protein
14063:14272

hypothetical_protein 19948:20157

hypothetical_protein 20949:21158

hypothetical_protein 20793:21002

hypothetical_protein 38118:38327

hypathetical_protein 207 16:20925

head-tail_adaptor 14274:15824

head-to-tail_connector_protein
20159:21709

head-tail_adaptor 21160:22710

head-to-tail_connector_protein
21004:22554

collar_head-to-tail_connector_protein
38329:39879

head-tail_connector 20927:22477

hypothetical_protein 7885:8103

hypothetical_protein 13521:14139

hypothetical_protein 14647:14865

hypothetical_protein 14568:14786

hypothetical_protein 32041:32255

hypothetical_protein 14674:14892

exonuclease 8967:9896

exonuclease 14886:15914

exonuclease 15654:16679

expnuclease 15590:16618

exonuclease 33056:34084

exonuclease 15654:16682



Supplementary Table S3

Development prediction provided by Phatyp.

Phage Name_Accession No Length TYPE PhaTYPScore
JK16_MK962751 51854 virulent 1.0
vB_EcoS_XY1_MN927225 45566 virulent 1.0
K1G_GU196277 43587 virulent 1.0
BUCT825_PVv040721 44228 virulent 1.0
YSP2_MG241338 50316 virulent 1.0
vB_EcoP-101101UKE1_MZ234012 44450 virulent 1.0
vB-EcoS_164-2_PX985797 56684 virulent 0.98
Henu4 2 PQ159479 50260 virulent 1.0
Klindl_GU196279 42292 virulent 1.0
vB_SenS_PHBO7_MH102284 51818 virulent 1.0
vB_EcoA fTuEco01 _MZ031013 44320 virulent 1.0
MatMar_OR896829 50761 virulent 1.0
vB_EcoS-UTIBQUKE1 MZ234048 41265 virulent 1.0
JLBYUQ7_QK272485 50290 virulent 1.0
vB_CfrD_SorkZaugg 0OL539466 50023 virulent 1.0
vB-Eco-KMB14_OR424384 44563 virulent 1.0
JLBYU16_0OK272471 49995 virulent 1.0
vB_Eco_Seml PV717788 44711 virulent 1.0
vB_EcoS_SCS92_ON548432 44240 virulent 1.0
damhaus_MN850602 51154 virulent 1.0
BEK12A_MN158210 52716 virulent 1.0
vB_EcoP_C_KY295892 44970 virulent 1.0
vB_EclS_AS5_OR753409 49578 virulent 1.0
JLBYU19 0K272489 49897 virulent 1.0
vB_EcoP_B_KY295891 44018 virulent 1.0
vB_EcoS_fTaEco03_MT711528 41972 virulent 1.0
tonijn_MN850641 51627 virulent 1.0
Tuinin_OR896828 51375 virulent 1.0
vB_CfrD_Brooksby_0L539443 50071 virulent 1.0
UTI-CM001_0OM810255 41222 virulent 1.0
LL5_MH491968 49788 virulent 1.0
vB_CfrD_ElisaCorrea_0K499973 49523 virulent 1.0
NBSal0o01_MN994500 50922 virulent 1.0
vB_EcoS_PHB17_MNO090155 48939 virulent 1.0
Jahat_MG145_MK552105 50984 virulent 1.0
vB_FcoP_ACG-C91_IN986844 43731 virulent 1.0
phiWAQ78-1 MW331437 44551 virulent 1.0
EC167_ON185587 50988 virulent 1.0
vB_GS156_PV153712 48552 virulent 1.0
EEc2_ON210144 44883 virulent 1.0
phiE31-2_PP988008 51468 virulent 1.0
vB_Eco5-22664B52_MZ234010 45176 virulent 1.0
JSSK01_0Q442786 44509 virulent 1.0
vB-Eco-KMB47 OR424385 44488 virulent 1.0
Isaaklselin_MZ501077 49911 virulent 1.0
EC120 ON185580 44544 virulent 1.0




Henu7_MN019128 49526 virulent 1.0
MBBL140_OR786094 49190 virulent 1.0
tinuso_MN850634 50856 virulent 10
Henu8_MN055691 49890 virulent 1.0
vB_Ka_Sem4_PV775411 45205 virulent 1.0
vB_EcoS_UTEC10_PP291582 44773 virulent 1.0
grams_MN850567 49530 virulent 1.0
tunus_MN850638 51111 virulent 1.0
NTEC3_0OK539620 44240 virulent 1.0
vB-Eco-KMB25_0OR424386 50475 virulent 1.0
WaterSpirit OR896833 51324 virulent 1.0
9NA_NC_025443 52869 virulent 0.98
vB_EcoD_Poky 0L539445 51374 virulent 1.0
GSP032_ON855040 52100 virulent 1.0
K1E_KY435490 44246 virulent 1.0
BEBK14_MN158214 50853 virulent 1.0
ityhuna_ MNB850582 50768 virulent 1.0
vB-Eco-KMB36_0OR525703 44710 virulent 1.0
Karllaspers_MZ501090 51474 virulent 1.0
JakobBernoulli_MZ501079 51129 virulent 1.0
FritzSarasin_MZ501069 51777 virulent 1.0
26_MZ832314 42462 virulent 1.0
vB_EcoD_Phunderstruck_0OL539446 51274 virulent 1.0
6949_0L362273 44371 virulent 1.0
tonn_MN850596 51012 virulent 1.0
36_KR296690 41085 virulent 1.0
tuinn_MN850606 50505 virulent 1.0
Stevie_KM236241 49816 virulent 1.0
vB_EcoS_fTaEco01_MT711527 41273 virulent 1.0
RP180_MK737937 44851 virulent 1.0
vB_CfrD_Supreme284_MW021750 49439 virulent 1.0
vB_EcoP-101118B1_MZ234020 44526 virulent 1.0
vB_VIPECOTHO7_PQ417132 44205 virulent 1.0
MikeNSara_OR896827 50759 virulent 1.0
K1H GU196278 41632 virulent 1.0
vB-Eco-KMB46_0R525699 50953 virulent 1.0
vB_EcoP-UTI89UKE3_MZ234050 44294 virulent 1.0
vB_SenS_Sasha_NC_047786 53263 temperate 1.0
N5822 MW032452 78128 virulent 1.0
vB-EcoP_179-3_PX985798 43053 virulent 1.0
vB_EcoS_fPoEco01_MT711526 44391 virulent 1.0
vB_EcoS-phiEc3_MZ576217 45288 virulent 1.0
JLBYUQ9_0OK272487 48988 virulent 1.0
tiwna_MN850643 51014 virulent 1.0
K1-5_AY370674 44385 virulent 1.0
vB_EcoD Fulanol OL539459 51759 virulent 1.0
JLBYU38_0K272481 49995 virulent 1.0
BubbaBully OR896831 51209 virulent 1.0




tonnikala_MN850613 51277 virulent 1.0
Motto_ONB43697 49960 virulent 1.0
vB_EcoS_011D2_MT478992 50633 virulent 1.0
herni_MN850640 50971 virulent 1.0
PeterMerian_MZ501101 47775 virulent 1.0
vB_EcoP_K_KY295897 37775 virulent 1.0
vB_EcoS-Rol45clw_MG852086 42031 virulent 1.0
ULINTec2_MZ997838 40815 virulent 1.0
JLBYU41_QK272479 51277 virulent 1.0
VEc3_MG251390 44895 virulent 1.0
Pocis76_MW689258 48795 virulent 1.0
Tls_AY308796 49902 virulent 1.0
vB_Eco5-95 MF564201 50910 virulent 1.0
AV104_0R352935 43102 virulent 1.0
GJLO1_KY657202 50407 virulent 1.0
aalborv_MN850591 46660 virulent 1.0
L AB-2017 KY295896 41039 virulent 1.0
ZCEC5_MK542015 43372 virulent 1.0
vB_EcoS WO011D MK778457 49847 virulent 1.0
JLBYUO1 _QOK272478 51210 virulent 1.0
vB_CfrD_ZerotoHero MW021748 49802 virulent 1.0
mutPK1A2_MGO004687 44784 virulent 1.0
slyngel_MT074433 51048 virulent 1.0
ULINTec6_MZ997840 44728 virulent 1.0
vB_EcoD_Mishu_0K499984 49713 virulent 1.0
vB_SenS_UTKOD06_0Q359885 49758 virulent 1.0
BEK26_MN158216 52716 virulent 1.0
vB_EcoS_XY2_MN927226 44138 virulent 1.0
vB_EcoS5-G3B1_MZ234033 51299 virulent 1.0
vB_Eco_Sem2_PV775413 44244 virulent 1.0
Sephi301i_PP503414 48674 virulent 1.0
JohannLBurckhardt_MZ501085 49715 virulent 1.0
JLBYU26_0K272483 51253 virulent 1.0
SFP17_MN432485 51296 virulent 1.0
Shashou_MK931440 44155 virulent 1.0
vB_EcoS_G29-2_MK373798 51739 virulent 1.0
paulsarasin_MZ501099 51285 virulent 1.6
ULINTec7_MZ997841 46142 virulent 1.0
vojen_MNE850569 50709 virulent 1.0
VB_EcoS-Golestan_MG099933 44829 virulent 1.0
vB_SenS_Sergei_KY002061 56051 temperate 1.0
F61_0P292674 46635 virulent 1.0
P-K7R_OM317910 52111 virulent 1.0
vB_EcoS_AVIO78A_MZ726797 57811 virulent 1.0
vB_EcoP-G3A1_MZ234032 44471 virulent 1.0
Klind3 GU196281 43461 virulent 1.0
Sciku_MK931439 43130 virulent 1.0
6948 0L362272 44545 virulent 1.0




KarinMuster_Bas82_PQ850612

58508 temperate 1.0

EC147 _ON185589 46060 virulent 1.0
590B_MW722821 44390 virulent 1.0
vB_EcoS-Ro145c2YLVW_MH051334 42145 virulent 1.0
pET128_PQ811887 49720 virulent 1.0
vB-EcoS_149-4M_PX985795 52000 virulent 1.0
vB_EcoP-UTI89UKE2_MZ234049 44293 virulent 1.0
haarsle_ MN850600 48613 virulent 1.0
G_AB-2017_KY295895 41519 virulent 1.0
KMM3_0P902292 49164 virulent 1.0
Sazh_MH729819 49665 virulent 1.0
ExeQuayColi_OR896819 51258 virulent 1.0
pSf-1 KC710998 51821 virulent 1.0
BUCT789_PQ999132 40771 virulent 1.0
vB_EcoP_D_KY295893 44931 virulent 1.0
phage_vB_EcoD_Punny_0L539444 49765 virulent 1.0
AV105 OR352936 49722 virulent 1.0
vB_CfrD_Reinasaurus_0L539465 48103 virulent 1.0
vB_EcoS fKuEco0l MT711525 40825 virulent 1.0
Snoke_MK931441 44454 virulent 1.0
Klind2_GU196280 42765 virulent 1.0
fBC-Eco01_OM272052 43466 virulent 1.0
atuna_MN850620 50732 virulent 1.0
tunzivis_ MN850604 50596 virulent 1.0
phSE-5_KX015771 49178 virulent 1.0
vB_EcoS_fFiEco02_MT711523 44723 virulent 1.0
fEg-Eco06_PQ141284 45491 virulent 1.0
vB_GS71_PV090992 48587 virulent 1.0
vB-EcoP_179-5_PX985799 44811 virulent 1.0
orkinos_MN850586 49798 virulent 1.0
K1E_AMO084415 45251 virulent 1.0
vB_EcoP_R_KY295899 44941 virulent 1.0
P_AB-2017_KY295898 41184 virulent 1.0
EEc4_ON210145 44590 virulent 1.0
SZH-1 ON391668 43969 virulent 1.0
MartyMcPhage_OR896836 51258 virulent 1.0
vB_EcoS_fFiEco03_MT711524 43947 virulent 16
phage_vB_CfrD_Devorator_0L539461 49712 virulent 1.0
vB EcoS HSE2 MG252615 41317 virulent 1.0
U136B_MW598258 492323 virulent 1.0
NorthRox_OR896823 51138 virulent 1.0
Mt1B1_P10_MT496971 45359 virulent 1.0
aaroes_MN850572 51662 virulent 1.0
DK-2017_KY694971 50339 virulent 1.0
F115_0P292673 48162 virulent 1.0
phSE-2 KX015770 49167 virulent 1.0
JLBYU10_0OK272486 50987 virulent 1.0
vB_SalS TTS5 PV007924 51608 virulent 1.0




vB_Eco_Sem3_PV775410 45137 virulent 1.0
vB_EcoS_PJ16_0Q955832 57756 virulent 0.96
EC125_ON185586 50477 virulent 1.0
Solent_MH586730 55978 temperate 1.0
vB_VIPECOMCO04_PQ423993 45658 virulent 1.0
vB_SenS_UTKO007_0Q359886 51921 virulent 1.0
Schulenburg_MK931438 44748 virulent 1.0
PGN590_MT127619 49043 virulent 1.0
ULINTec4_MZ997839 45159 virulent 1.0
BEK7_MN158209 51031 virulent 1.0
vB_EcoS_SCS44_0ON001686 44829 virulent 1.0
vB-EcoS_149-6D_PX985796 51036 virulent 1.0
AAPEc6 KX279892 44559 virulent 1.0
BEC3_MN158217 51031 virulent 1.0
vB_CfrD_BlueShadow_0L539462 49619 virulent 1.0
vB-Eco-KMB35_0OR525704 43891 virulent 1.0
DanielBernoulli_MZ501059 50731 virulent 1.0
vB_Ec-G9_PQ433351 44261 virulent 1.0
vB_EcoP_KAW1A4500 _MK373773 44241 virulent 1.0
egaa_MNB850607 51643 virulent 1.0
vB_Kpn_K50PH164C1_0Y978835 49063 virulent 1.0
BEK1-23_MN158211 51031 virulent 1.0
vB_EcoS_XY3_MN781674 51345 virulent 1.0
EC195_ON185588 50477 virulent 1.0
vB_GS166_PV090993 48069 virulent 1.0
ST20_MF153391 44517 virulent 1.0
fEg-Eco19_0L539727 45805 virulent 1.0
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Supplementary Figure S1. Endotoxin levels in purified phage lysates. Endotoxin
concentrations (EU/mL) were measured in solutions of phages vB_EcoS-149 4M, vB EcoS-
149 6D, vB_EcoS-164 2, vB EcoS-179 3, and vB_EcoP-179_5 using the Thermo Scientific
Pierce chromogenic endotoxin quant kit. Bars represent mean values, and error bars indicate
standard deviation from three replicate measurements.
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wspoltudziale w zbadaniu wydajnosci infekcji badanymi fagami szczepéw UPEC (Rycina nr 3),
wspéludziale w przygotowaniu, zaggszczeniu i oczyszczeniu wirionéw fagowych
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najblizej z nimi spokrewnionych, wytypowanych na podstawie wynikéw analizy
filogenetycznej (Rycina 12),
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24
25  Abstract
26 The increasing prevalence of antibiotic-resistant uropathogenic Escherichia coli
27  highlights the need for antibacterial strategies that can complement or extend beyond
28 conventional antibiotic treatment. Bacteriophages and phage-derived lytic enzymes
29 represent promising alternatives because of their distinct mechanisms of bacterial killing
30  and their potential activity against drug-resistant pathogens. In this study, we characterized
31  the newly discovered UPEC-infecting bacteriophage vB-EcoS 57-3 and the endolysin
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32 57 3Lys, encoded by this phage, combining genomic, structural, and functional
33  approaches. The phage demonstrated lytic activity against clinical UPEC isolates and
34  retained antibacterial potential under conditions relevant to the urinary tract. Genomic and
35 sequence analyses revealed distinctive features of 57 3Lys associated with signal-anchor-
36 release endolysins and suggested a less common mode of intracellular translocation and
37  activation. Functional experiments supported the involvement of the bacterial secretion
38 machinery in endolysin-mediated lysis. Notably, the purified enzyme also displayed
39 antibacterial activity against intact clinical E. coli cells, despite the intrinsic barrier
40  presented by the Gram-negative cell envelope. Although this activity developed slowly, it
41 significantly reduced both bacterial culture turbidity and viable cell number. Together,
42  these findings provide new insights into the antimicrobial strategies based on the phages
43  and their phage lytic enzymes, supporting further exploration of vB-EcoS 57-3 and
44 57 3Lys as potential tools against antibiotic-resistant UPEC.

45

46  Keywords: uropathogenic Escherichia coli (UPEC), urinary tract infections (UTIs),
47  bacteriophages, SAR-endolysins, phage therapy, antibacterial activity, antibiotic resistance
48

49  Highlights

50 e vB-EcoS 57-3 reveals lytic activity against multiple clinical UPEC isolates.

51 ¢ The phage retains antibacterial activity under artificial urinary conditions.
52 ¢ Endolysin 57 3Lys exhibits distinctive SAR-associated features and activity
53 mechanism.

54 ¢ Purified 57_3Lys lyses intact UPEC cells in the absence of a permeabilizer.
55

56

57 1. Introduction

58 Urinary tract infections (UTIs) are among the most common bacterial infections

59  worldwide and constitute the second most frequent group of infections after those affecting
60 the respiratory tract. They represent a substantial healthcare burden, affecting
61  approximately 150-250 million people annually and generating considerable medical and

62  socioeconomic costs. Although UTIs occur in both sexes, women are disproportionately
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63 affected because of anatomical and physiological predispositions (Salman et al., 2026).
64  Gram-negative bacteria are responsible for the majority of UTIs, with members of the order
65  Enterobacterales, particularly £. coli and Klebsiella pneumoniae, accounting for most
66  cases (Flores-Mireles et al., 2015; Cito et al., 2026).

67 Uropathogenic E. cofi (UPEC) is the predominant etiological agent of UTIs and is
68  responsible for approximately 85% of uncomplicated infections (Terlizzi et al., 2017). The
69  pathogenicity of UPEC is determined by a diverse repertoire of virulence determinants,
70  including adhesins, toxins such as a-hemolysin, biofilm-forming ability, and other factors
71 that facilitate colonization, persistence, and dissemination within the urinary tract ( Terlizzi
72 et al., 2017; Fuad et al., 2026). The increasing prevalence of multidrug-resistant UPEC
73  strains has substantially reduced the effectiveness of conventional antibiotic therapy
74 (Khatun et al., 2026). Furthermore, recurrent infections requiring repeated antibiotic
75  administration promote the accumulation and dissemination of antimicrobial-resistance
76  determinants within the urogenital microbiome (Groleau et al., 2026). Consequently, there
77  is an urgent need to develop alternative antibacterial strategies.

78 Among the most promising alternatives are bacteriophages, viruses that specifically
79  infect bacteria (Lukasiak et al., 2026; Joshi et al., 2026). Phages are the most abundant
80  biological entities on Earth, with an estimated global population of approximately 10°
81  particles, and represent an enormous reservoir of genetic diversity (Hatfull et al., 2015).
82  Their narrow host specificity minimizes disruption of the commensal microbiota, while
83 their ability to replicate at the site of infection enables self-amplifying antibactenial activity
84  (Lukasiak et al., 2026). In parallel with the rapid increase in the number of newly described
85  bacteriophages, both fundamental and translational phage research have expanded
86  considerably over the past decade. Nevertheless, relatively few bacteriophages, particularly
87  those infecting clinically relevant UPEC strains, have been comprehensively characterized,
88  limiting both mechanistic understanding and therapeutic development (Hussein et al.,
89  2025; Lukasiak et al., 2026; Joshi et al., 2026).

90 Besides whole phages, increasing attention has been directed toward phage-derived
91  lytic enzymes, particularly endolysins, as next-generation antibacterial agents (Bai et al.,
92  2020; Niaz et al., 2025; Wesotowski et al., 2025; Xia et al., 2026). During the lytic cycle,

93  bacterial cell lysis is orchestrated by the coordinated activity of holins and endolysins.
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94  Holins permeabilize the cytoplasmic membrane, whereas endolysins hydrolyse glycosidic,

95 peptide, or amide bonds within peptidoglycan, ultimately causing osmotic collapse and

96 rapid bacterial lysis (Young, 2013: Young, 2014).

97 Currently, phage endolysins are classified into three major classes (Cernooka et al.,

98  2025). Canonical endolysins, the most widespread class, accumulate in the cytoplasm

99  during phage development and gain access to the peptidoglycan only after the formation
100 of large membrane lesions by holins. A distinct group of double-stranded DNA
101 bacteriophages encodes endolysins containing N-terminal signal-anchor-release (SAR)
102  domains (Woznica et al., 2015). Recently, a third major class of endolysins, termed C-
103  terminal anchor (CTA) endolysins, has been proposed. CTA endolysins possess a C-
104  terminal transmembrane anchor instead of an N-terminal SAR domain and appear to
105  represent a distinct lysis strategy, although their activation mechanism remains to be fully
106 elucidated (Cernooka et al., 2025).
107 Unlike two other classes, SAR endolysins are exported into the periplasm via the Sec
108  secretion pathway independently of holin-mediated transport. Their SAR domain remains
109  anchored in the inner membrane because it is not cleaved by signal peptidase, whereas the
110  catalytic domain is already localized in the periplasm in an inactive conformation that
111 prevents premature host cell lysis. Subsequent membrane depolarization, typically
112  mediated by pinholins, releases the SAR domain from the membrane, induces a
113 conformational rearrangement of the enzyme, thereby activating its lytic function (Xu et
114 al., 2005; Woznica et al., 2015). Structural diversity within both the catalytic and SAR
115  domains underlies distinct activation mechanisms, leading to the classification of SAR
116  endolysins into three functional classes (Xu et al., 2004). Despite their unique activation
117 processes and considerable therapeutic potential, only a limited number of SAR endolysins
118  have been experimentally characterized, particularly those encoded by newly isolated
119  bacteriophages infecting clinically important pathogens.
120 In the present study, we describe a novel UPEC-infecting bacteriophage, vB-EcoS_57-
121 3, together with its SAR endolysin, 57 3Lys. We demonstrate the antibacterial activity of
122 both the phage and its endolysin against clinical multidrug-resistant UPEC isolates.
123  Comparative genomic and functional analyses identify vB-EcoS 57-3 as anewly identified

124  representative of the genus Veterinaerplatzvirus within the family Drexlerviridae and
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125  reveal that 57 3Lys is a class I SAR endolysin whose activity depends on Sec-mediated
126  translocation. These findings expand the current knowledge of SAR endolysins and support
127  their potential application as antibacterial agents against antibiotic-resistant UPEC.

128

129

130 2. Materials and methods

131

132 2.1.  Bacterial strains

133 The E. coli strain EC57 and other clinical UPEC isolates: EC02, EC10, EC28,
134  EC47, EC55, EC70, EC106, EC116, EC131, EC149, EC164, EC179, EC296, EC302, and
135  EC353 used in this study, were isolated from patients with urinary tract infections (UTIs),
136  as described previously by Dziuba et al. (2023), and stored at —80°C at the Department of
137  Medical Genetics and Laboratory Diagnostics, Faculty of Medicine, Jan Kochanowski
138  University in Kielce, Poland. Laboratory E. coli strains: MG1655, C600, MC1061, BL21
139  and DH3a were obtained from the strain collection of the Department of Molecular
140  Biology, University of Gdansk.

141

142 2.2, Cultivation of bacteria and DNA extraction

143 All bacterial strains were cultured at 37°C in liquid Luria-Bertani broth (LB;
144  BioShop, Burlington, ON, Canada) or on solid LB medium supplemented with 1.5% agar
145  (LA; BTL, Lodz, Poland). For genomic DNA isolation, bacterial cultures were grown in
146 LB broth with aeration at 200 rpm and 37°C in a shaker incubator. Genomic DNA was
147  extracted using the NucleoSpin Tissue spin column kit (Macherey-Nagel, Diiren,
148  Germany) according to the manufacturer’s instructions. DNA concentration and purity
149  were determined spectrophotometrically by measuring absorbance at 260 nm.

150

161 2.3.  Whole-genome sequencing of EC57

152 The bacterial isolate EC57 was sequenced by a commercial sequencing service
153  using two complementary sequencing approaches: short-read sequencing on the Illumina

154  MiSeq platform and long-read sequencing on the Oxford Nanopore MinlON platform to
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1565  improve genome assembly quality and completeness (Genomed, Warszawa, Poland).
156  Genomic DNA concentration was measured using the PicoGreen reagent (Invitrogen™,
157  Thermo Fisher Scientific, Waltham, Massachusetts, USA). DNA fragmentation was
158  performed by sonication using a Covaris E210 instrument with parameters recommended
159  for MMumina MiSeq library preparation. Libraries for Illumina sequencing were prepared
160  using the NEBNext® Ultra™ II DNA Library Prep Kit for Illumina® (New England
161 Biolabs, Ipswich, Massachusetts, USA) according to the manufacturer's instructions.
162  Sequencing was performed using paired-end technology (2 x 300 bp) with the MiSeq
163  Reagent Kit v3 (Illumina, San Diego, California, USA). Libraries for Oxford Nanopore
164  sequencing were prepared using the Rapid Barcoding Kit (SQK-RBK004; Oxford
165  Nanopore Technologies, Oxford, UK) and sequenced on a SpotON Flow Cell Mk 1
166 (R9.4.1).

167

168 2.4. De novo assembly and annotation

169 Raw sequencing reads generated from both sequencing platforms were assembled
170  using a hybrid assembly approach implemented in Unicycler v0.5.0 (Galaxy version
171 0.5.0+galaxy1) with default parameters. Contigs shorter than 500 bp were discarded. The
172 assembled genome was initially annotated using the Bakta Web server (Schwengers et al.,
173 2021; Beyvers et al., 2025). After submission to NCBI, the genome was reannotated using
174  the NCBI Prokaryotic Genome Annotation Pipeline (PGAP) (Tatusova et al., 2016). The
175  genome sequence of strain EC57 was deposited in GenBank under the whole-genome
176  shotgun (WGS) accession number JAWHTWO10000001.1.

177

178  2.5.  Phylogenetic analysis of EC57

179 A single nucleotide polymorphism (SNP)-based phylogenetic analysis was
180  performed using CSI Phylogeny to reconstruct the phylogenetic tree. The analysis was
181  conducted using the default parameters: minimum depth at SNP positions of x10,
182  minimum relative depth of 10%, minimum distance between SNPs (prune) of 10 bp,
183  minimum SNP quality score of 30, minimum read mapping quality of 25, minimum Z-

184  score of 1.96, and without exclusion of heterozygous SNPs (Kaas et al., 2014). The
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185  resulting Newick-format file was subsequently imported into iTOL for phylogenetic tree
186  visualization and annotation (Letunic and Bork, 2021).

187

188 2.6. Identification of plasmid replicons, CRISPR-Cas systems, antimicrobial
189  resistance genes, and virulence-associated genes in the EC57 genome

190 Putative plasmid replicons were identified using PlasmidFinder v3.0.3 (Carattoli et
191  al., 2014). The assembled genome sequence was analyzed using the default parameters,
192  with a minimum nucleotide identity threshold of 95% and a minimum coverage threshold
193  of 60%. Identified replicon sequences were assigned to incompatibility (Inc) groups based
194  on the PlasmidFinder database, enabling characterization of the plasmid content of the
195  EC57 genome.

196 CRISPR arrays and associated cas genes were identified using the
197  CRISPRCasFinder web server (Couvin et al., 2018). The assembled genome sequence was
198  analyzed to identify CRISPR arrays and classify CRISPR-Cas systems based on repeat
199  sequences, spacer content, and the presence of adjacent cas genes. CRISPR arrays were
200 assigned confidence levels according to the CRISPRCasFinder scoring system, and
201 CRISPR-Cas subtypes were determined based on the composition and organization of the
202  cas operon.

203 Putative virulence-associated genes (VAGs) were identified using the Virulence
204  Factor Database (VFDB) (Liu et al., 2019). Genes were classified according to their
205 functional categories, including adhesion, invasion, iron acquisition, secretion systems,
206  toxins, autotransporters, and immune evasion.

207 Antimicrobial resistance genes (ARGs) were identified using the Resistance Gene
208 Identifier (RGI) v6.0.4 against the Comprehensive Antibiotic Resistance Database
209 (CARD) v3.2.9 (Alcock et al., 2023). Protein sequences predicted from the EC57 genome
210  were analyzed using the Perfect and Strict hit criteria with default parameters. Identified
211 ARGs were classified according to their resistance mechanism, AMR gene family, and
212  associated antibiotic class.

213

214

215
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216  2.7.  Sequencing, assembly and annotation of phage vB-EcoS_57-3

217 The genome of phage vB-EcoS 57-3 was sequenced by Genomed (Warszawa,
218  Poland) using next-generation sequencing (NGS) on an [llumina MiSeq platform with
219  paired-end technology (2 x 300 bp). A double-stranded DNA (dsDNA) sequencing library
220  was prepared using the NEBNext® Ultra™ Il DNA Library Prep Kit (New England Biolabs,
221 Ipswich, Massachusetts, USA). Raw sequencing reads were trimmed using Cutadapt v3.0
222  (Martin, 2011), and read quality was assessed with FastQC v0.12.1
223 (https://www.bioinformatics.babraham.ac.uk/projects/fastqc/) by Genomed (Warszawa,
224  Poland). Genome assembly and annotation were performed according to the workflow
225  described by Shen and Millard (2021). De novo assembly was carried out using SPAdes
226  v3.15.5 with the “only-assembler” option (Bankevich et al., 2012), based on 188,971
227  sequencing reads. Assembly artifacts were removed using apc.pl (available at:
228  https://github.com/jfass/apc). Viral genome termini, DNA packaging strategy, and genome
229  reordering were predicted using PhageTermVirome v4.1 with [llumina short reads and
230  default parameters (Garneau et al., 2021). The assembled genome was subsequently
231 polished using Pilon v1.24 (Walker et al., 2014) with filtered and sorted reads generated
232 by SAMtools (Danecek et al., 2021). The final assembly consisted of a single contig
233  representing the complete genome of phage vB-EcoS_57-3, with an average sequencing
234  coverage of 1,710x.

235 Genome annotation was performed using Pharokka v1.5.1 (Bouras et al., 2023).
236  Coding DNA sequences (CDSs) were predicted with PHANOTATE (McNairet al., 2019),
237  whereas tRNA genes were identified using tRNAscan-SE 2.0 (Chan et al., 2021).
238  Functional annotation was generated by comparing predicted CDSs against the PHROGs
239 (Terzianetal.,2021), VFDB (Chen et al., 2005), and CARD (Alcock et al.. 2020) databases
240  using MMseqs2 (Steinegger et al., 2017) and PyHMMER (Larralde et al., 2023). Genome
241 visualization, as well as GC content and GC skew analyses, were performed using the
242  Proksee platform (Grant et al., 2023). The phage lifestyle was predicted using PhaTYP
243  (Shang et al., 2023), implemented in PHAbox v2.1.13. To identify antimicrobial resistance
244  determinants and virulence-associated genes within the phage genome, the following tools
245  were used: ABRicate v1.0.1 (Seemann, 2023), AMRFinderPlus v3.11 (Feldgarden et al.,
246 2021), RGI v6.0.3 (Alcock et al., 2023), VirulenceFinder (Joensen et al., 2014), and
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247  ResFinder (Bortolaia et al., 2020). Comparative genomic analysis of the related phages
248 CEB EC3a, DTL, IME542, 122101, Rtp, IME253, and ACG-M12 was performed using
249  Easyfig v2.2.5 (Sullivan et al., 2011). The assembled and annotated genome sequence of
250 phage vB-EcoS 57-3 was deposited in the GenBank database under accession number
251 PZ349761.

252

253 2.8. Phylogenetic analysis of vB-EcoS _57-3

254 To determine the phylogenetic position and taxonomic classification of
255  bacteriophage vB-EcoS 57-3, PhaGCN implemented in PHABOX v2.1.13 (Shang et al.,
256  2021) was initially used to assign the phage to a putative taxonomic family. Subsequently,
257 211 complete reference genomes representing the identified family were retrieved from the
258  NCBI Virus database. Pairwise intergenomic similarities among all 212 phages, including
259  vB-EcoS 57-3, were calculated using VIRIDIC (Moraru et al., 2020), and the resulting
260  distance matrix is provided in Supplementary Table S1. Hierarchical clustering based on
261 complete linkage was performed using the SciPy v1.16.3 library (Virtanen et al., 2020).
262  Orthologous protein groups were identified using OMA v2.6.0 (Altenhoff et al., 2019).
263 Based on the VIRIDIC results, 19 representative phages were selected for multigene
264  phylogenetic analysis. Phages sharing at least 30% genome-wide similarity with vB-
265 EcoS_57-3 were included, provided they did not belong to the same species-level cluster.
266  When multiple phages formed a species-level cluster, a single representative genome was
267  selected using the medoid-based approach. Phage F61 was selected as the outgroup because
268 it represented the most divergent phage while still sharing the orthologous protein set
269 required for multigene phylogenetic analysis, including the endolysin.

270 Multiple sequence alignments of orthologous protein groups identified by OMA
271 were generated using Clustal Omega v1.2.3 (Sievers and Higgins, 2018) and subsequently
272  trimmed with trimAl v1.4.revl5 (Capella-Gutiérrez et al., 2009) using the automated!
273  option. A maximum-likelithood phylogenetic tree was reconstructed from 11 orthologous
274  protein groups (Supplementary Table S2) using IQ-TREE v3.1.1 (Wong et al., 2026).
275  The optimal substitution models were selected with ModelFinder Plus (Kalyaanamoorthy
276 et al., 2017), and phylogenetic inference was performed using the edge-linked partition
277  model (Chernomor et al., 2016), with branch support assessed by 1,000 ultrafast bootstrap
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278  replicates (Hoang et al., 2018) and 1,000 SH-like approximate likelihood ratio tests
279  (Guindon et al., 2010). The resulting phylogenetic tree was visualized using Dendroscope
280  v3.8.10 (Huson and Scornavacca, 2012).

281

282  2.9. Isolation of the vB-EcoS 57-3 bacteriophage from urban sewage

283 Bacteriophage vB-EcoS 57-3 against E. coli EC57 was isolated from urban sewage
284  from the Gdansk Wastewater Treatment Plant in Poland following the protocol described
285 by Jurczak-Kurek et al. (2016), with some modifications. Briefly, 10 mL of the sewage
286  sample was mixed with 1 mL of the host strain overnight culture and cultivated for a few
287  hours at 37°C with shaking. After cell lysis, the sample was centrifuged at 10,000 x g for
288 30 min at 4°C. The obtained supernatant was treated with 4% chloroform (Chempur,
289  Piekary Slqskie, Poland) for 15 min, centrifuged (2,000 x g; 10 min; 4°C), and filtered
290  through a 0.22 pm syringe filter with surfactant-free cellulose acetate membrane (SFCA;
291  Thermo Fisher Scientific, Waltham, Massachusetts, USA). In the next step, 10-fold
292  dilutions of the phage lysate were prepared in TM buffer (10 mM Tris-HCI, 10 mM
293  MgSOs; pH 7.2). Then, 50 pL of each dilution was mixed with 1 mL of overnight host
294  bacterial culture and 2 mL of top agar. The mixtures were poured onto Petri dishes
295  (Alchem, Torun, Poland) containing 25 mL of LA medium. After overnight incubation at
296  37°C, a single phage plaque was transferred to a new flask with EC57 bacterial culture and
297  propagated three times by the procedure described above to obtain purified lysate with vB-
298  EcoS_57-3 particles.

299

300 2.10. Lysate titration procedure

301 The titer of the phage lysate was determined using the standard double-overlay
302  method described by Sambrook and Russell (2001), with some modifications. In the first
303  step, the suspension of phage particles was serially 10-fold diluted in TM buffer (10 mM
304  Tris-HCI, 10 mM MgSOs; pH 7.2). Then, an appropriate volume of each dilution of phage
305  lysate was mixed with 2 mL of top agar and 1 mL of the overnight bacterial cell culture.
306  The mixtures were poured onto the standard Petri dishes filled with 25 mL of LA. Plates
307  were incubated overnight at 37°C. The phage titer was calculated on the basis of counted

308  plaques and presented as the number of plaque-forming units per milliliter (PFU/mL).

10
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309 2.11. Preparation of the vB-EcoS_57-3 lysate

310 E. coli EC57 was grown in LB medium at 37°C to the early log phase (ODsgo =
311 0.2). Then, host bacterial cells were infected with vB-EcoS 57-3 phage at an m.o.1. of 0.05
312  and cultivated until lysis was observed. The phage suspension was shaken with 4%
313 chloroform (Chempur, Piekary Slaskie, Poland) for 15 min at 37°C, centrifuged at 2,000 x
314 g for 20 min at 4°C to separate the host cell debris, and passed through a 0.22 um syringe
315  filter with SFCA membrane (Thermo Fisher Scientific, Waltham, Massachusetts, USA).
316  The lysate was titrated on double-layer agar plates and incubated overnight at 37°C. The
317  phage titer was determined on the basis of counted plaques. The phage stock was stored at
318  4°C until subsequent experiments.

319

320 2.12. Electron microscopy

321 The lysate with vB-EcoS 57-3 particles was concentrated in the presence of 10%
322  polyethylene glycol 8000 (PEGR000:; BioShop, Burlington, ON, Canada) for 18 h at 4°C.
323  After centrifugation (8,000 x g; 20 min; 4°C), the supernatant was discarded, and pelleted
324  phage particles were suspended in TM buffer (10 mM Tris-HCI, 10 mM MgSOy; pH 7.2).
325  PEGS8000 was removed from the sample using 4% chloroform. Concentrated lysate was
326  then subjected to ultracentrifugation (20,000 rpm; 2 h; 10°C) in the cesium chloride
327  gradient as described by Sambrook and Russell (2001). Electron microscopic analysis of
328  vB-EcoS 57-3 virions was performed in the Bioimaging Laboratory, Faculty of Biology,
329  University of Gdansk, Poland, by using the negative staining with uranyl acetate method
330  as previously described by Topka-Bielecka et al. (2020).

331

332 2.13. Plagque morphology

333  The plaque morphology of phage vB-EcoS 57-3 was examined on an overnight culture of
334  the EC57 isolate. To obtain visible plaques, 10-fold dilutions of vB-EcoS 57-3 stock were
335 prepared in TM buffer (10 mM Tris-HCI, 10 mM MgSOy; pH 7.2). In the next step, 1 mL
336  ofthe overnight EC57 culture was mixed with 2 ml of top agar and 15 uL of'an appropriate
337  dilution of lysate. The mixture was poured onto a Petri dish with 25 mL of LA medium

338 and incubated overnight at 37°C. The next day. plaque morphology and diameter were
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339  determined. Visualization of phage vB-EcoS 57-3 plaques was performed using UVITEC
340  Alliance Q9 Mini software (UVITEC Ltd, Cambridge, UK).

341

342  2.14.  Efficiency of plating (EOP)

343 Efficiency of plaque formation on 21 E. coli strains was determined according to
344  the protocol described by Mirzaei and Nilsson (2015), with some modifications. Briefly,
345  10-fold serial dilutions of phage stock were prepared in TM buffer (10 mM Tris-HCI, 10
346 mM MgSOus; pH 7.2). Then, 15 uL of the appropriate dilution was mixed with | mL of an
347  overnight bacterial culture and 2 mL of top agar. The mixture was poured onto an LA agar
348  plate and incubated overnight at 37°C. Efficiency of plaque formation of vB-EcoS_57-3
349  phage was calculated by dividing the phage titer on the tested strain by the phage titer on
350 the EC57 host. The EOP values for each virus-bacteria combination were classified as
351  follows: (1) EOP = 0.05 - high infection efficiency, (i) 0.5 > EOP = 0.1 - medium infection
352  efficiency (iii) 0.1 > EOP = 0.001 - low infection efficiency, and (iv) EOP < 0.001-
353 inefficient infection.

354

355  2.15. Adsorption assay

356 A phage adsorption assay was performed following a previously described method
357 by Czajkowski et al. (2014), with slight modifications. Briefly, host bacteria were
358  cultivated to an ODgoo of 0.2 at 37°C. Then, 3 mL of EC57 cells were mixed with a phage
359  suspension to reach an m.o.i. of 0.05 and incubated at 37°C without shaking. Aliquots from
360  the prepared mixture were collected at 0 (control), 20 s, 1 min, 2 min, 3 min, 4 min, 6 min,
361 8 min, and 10 min post-infection intervals and centrifuged at 12,000 x g for 1 min at 4°C
362  to pellet the host bacteria with adsorbed phages. In the next step, the obtained supernatants
363  were filtered with 0.22 pm syringe filters with SFCA membranes (Thermo Fisher
364  Scientific, Waltham, Massachusetts, USA) and tested for free, non-adsorbed virus particles
365 by using the standard double-overlay method. The kinetics of phage adsorption to the host
366  cell surface was determined based on the formula: percentage of adsorbed phages =
367  ((control titer — residual titer)/control titer) x 100. Additionally, to estimate the number of
368  bacterial cells during the adsorption process, 100 pL of samples were collected at the times

369 indicated above, and their serial 10-fold dilutions were prepared in 0.85% NaCl
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370 (STANLAB, Lublin, Poland). Then, 40 uL of each dilution were spread onto LA plates.
371  After overnight incubation at 37°C, the number of bacterial cells per mL (CFU/mL) was
372 calculated.

373

374  2.16. One-step growth curve

375 To determine the latent period and the burst size of phage vB-EcoS 57-3, a one-
376  step growth experiment was conducted according to the procedure described by Necel et
377  al. (2020), with some modifications. Host bacteria were grown in LB medium (BioShop,
378  Burlington, ON, Canada) to an ODgoo of 0.2. Then, 10 mL of bacterial culture was
379  harvested by centrifugation (2,000 x g; 10 min; 4°C) and resuspended in 1 mL of LB
380 medium supplemented with 3 mM NaNj (Avantor Performance Materials Poland S.A.,
381  Gliwice, Poland) to synchronize host growth. After 5 min incubation of the sample at 37°C,
382  the phage particles were added to bacteria to an m.o.1. of 0.05. The phages were allowed to
383  adsorb to the surface of bacterial cells for 1 min at 37°C. To remove unadsorbed virions,
384  the sample was centrifuged (2,000 x g; 10 min; 4°C), and the bacterial pellet was suspended
385 in | mL of LB medium supplemented with 3 mM NaNi (Avantor Performance Materials
386 Poland S.A., Gliwice, Poland). In the next step, 25 pL of the suspension was added to 25
387 mL of LB medium (time 0) and cultivated at 37°C with shaking. The number of infective
388  centers was estimated from the sample taken 1 min after infection by mixing 2 puL of the
389  suspension with | mL of the overnight EC57 culture and 2 mL of top agar. Subsequently,
390  the mixture was poured onto an LA plate. At indicated times, all samples were cleared by
391  centrifugation (10,000 x g; 2 min; 4°C) and titrated to calculate the value of PFU/mL. After
392  overnight incubation at 37°C, burst size was presented as the ratio of phage titer to the
393 number of infection centers.

394

395  2.17. Lysis profile

396 EC57 cells were grown in LB medium to an ODgoo of 0.2 at 37°C with shaking.
397  Then, phage stock was added to the bacterial host to an m.o.i. of 0.005. A bacterial culture
398 prepared in the same way but without virus supplementation was used as the control.
399  Bacterial growth was monitored by measuring the optical density (ODgoo) every 10 min for

400 upto 70 min. Additionally, the number of bacterial cells per mL (CFU/mL) and phage titer
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401  (PFU/mL) were also determined. After overnight incubation at 37°C, bacterial colonies
402  and plaques were counted.

403

404  2.18. Stability of phage particles in the presence of physical and chemical factors

405 To determine the effects of various physical and chemical agents on the stability of
406  the phage particles, the procedures described earlier by Jurczak-Kurek et al. (2016) were
407  used, with some modifications. Briefly, 100 puL of phage lysate was mixed with 900 puL of
408 TM buffer (10 mM Tris-HCI, 10 mM MgSOy; pH 7.2). Then, the stability of phage
409 suspension was tested in the presence of the following external factors: temperatures
410  (-20°C, 40°C, and 62°C), pH values (2, 4, and 10), organic solvents (chloroform, DMSO,
411 and ethanol), and detergents (CTAB and sarkosyl). Additionally, the effects of osmotic
412 shock on the survival of virus particles were also analyzed. At appropriate times, samples
413  were collected and assayed for phage presence by the standard double-overlay method
414  described above. The percentage of residual infective virions under different conditions
415  was calculated by comparing the initial and post-incubation phage titer (PFU/mL). Phage
416  particles stored in TM buffer at 4°C were used as a control.

417

418  2.19. Stability and activity of phage virions in artificial urine

419 Synthetic urine was prepared according to the protocol previously described by
420  Torzewska and Rozalski (2015) and consisted of the following components (g/300 mL):
421 0.195 g of CaCl: x 2H:20 (BioShop, Burlington, ON, Canada), 0.195 g of MgClz x 6H20
422  (Chempur, Pickary Slaskie, Poland), 1.38 g of NaCl (STANLAB, Lublin, Poland), 0.69 g
423  of NaxSO4(Thermo Fischer Scientific, Waltham, Massachusetts, USA), 0.195 of g sodium
424  citrate (BioShop, Burlington, ON, Canada), 0.006 g of sodium oxalate (Merck KGaA,
425  Darmstadt, Germany), 1.26 g of KH2PO4 (Avantor Performance Materials Poland S.A.,
426  Gliwice, Poland), 0.48 g of KCI (Chempur, Pickary Slaskie, Poland), 0.3 g of NH:Cl
427  (Chempur, Pickary Slaskie, Poland), 7.5 g of urea (Avantor Performance Materials Poland
428 S.A., Gliwice, Poland), and 0.33 g of creatine (Thermo Fischer Scientific, Waltham,
429  Massachusetts, USA). The pH of artificial urine was adjusted to values of 4.5, 5.8, and 6.5
430 by using HCI (Merck KGaA. Darmstadt, Germany) or NaOH (Merck KGaA, Darmstadt,
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431 Germany). Then, prepared urines were sterilized by passing through 0.22 pm syringe filters
432  with SFCA membrane (Thermo Fisher Scientific, Waltham, Massachusetts, USA).

433 In the first part of the experiment, the effect of artificial urine with different pH
434  values on the stability of phage particles was analyzed. Briefly, 100 puL of phage lysate was
435 mixed with 900 uL of synthetic urine with a pH of 4.5, 5.8, or 6.5 and incubated at 37°C.
436  Samples were withdrawn at the indicated times (0, 2, 4, 6, and 8 h), and the concentration
437  of phage particles (PFU/mL) was determined by using double-layer agar plates.

438 In the second part of the experiment, the activity of phage virions against host
439  Dbacteria during incubation in the artificial urine with a pH of 4.5 was tested. EC57 bacteria
440  were grown in fresh LB medium to an ODsgoo of 0.2 at 37°C with shaking. In the next step,
441 3.6 mL of bacterial culture was centrifuged (2,000 x g; 10 min; 4°C), and the obtained
442  pellet was suspended in 0.9 mL of the artificial urine with a pH of 4.5. Then, host bacteria
443  were treated with 100 pL of phage lysate with a titer of 3.6 x 10? PFU/mL, corresponding
444  to an m.o.i. of 0.5. Additionally, to assess the stability of bacterial cells in synthetic urine
445 at pH 4.5, 100 pL of TM buffer (10 mM Tris-HCL, 10 mM MgSOa; pH 7.2) was mixed
446  with 900 pL of the EC57 culture. The mixture was incubated at 37°C for 24 h. Bacterial
447  viability was determined by enumerating colony-forming units (CFU/mL) at 0, 2, 4, 6, 8,
448 and 24 h. At each time point, 100 pL samples were collected, serially diluted 10-fold in
449  0.85% NaCl (STANLAB, Lublin, Poland), and 40 uL aliquots of each dilution were spread
450 onto LA plates. Following overnight incubation at 37°C, colonies were counted, and the
451  CFU/mL values were calculated.

452

453  2.20. Cytotoxicity assay

454 The safety of phage vB-EcoS 57-3 obtained after purification in the cesium
455  chloride gradient was tested with the Thermo Scientific Pierce chromogenic endotoxin
456  quant kit (Thermo Fischer Scientific, Waltham, Massachusetts, USA) and Neutral Red
457  Uptake (NRU) cytotoxicity assay according to the procedure described earlier by
458  Wesolowski et al. (2026), with some modifications. The human bladder cancer cell line
459  (T24) and the human embryonic kidney line (HEK293) were used in the experiment. The
460 NRU cytotoxicity assay was conducted according to the following protocol. T24 and
461  HEK293 cells were grown in McCoy’s 5A Medium (Avantor Performance Materials
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462  Poland S.A., Gliwice, Poland) or Dulbecco’s Modified Eagle’s Medium (Gibco, Thermo
463  Fischer Scientific, Waltham, Massachusetts, USA) supplemented with 10% FBS (Thermo
464  Fischer Scientific, Waltham, Massachusetts, USA), 1% penicillin (Thermo Fischer
465  Scientific, Waltham, Massachusetts, USA), and 1% streptomycin (Thermo Fischer
466  Scientific, Waltham, Massachusetts, USA), respectively. Mammalian cells were seeded
467  into 96-well plates at a density of 10" per well and incubated in the presence of 5% CO- at
468  37°C for 24 h. Then, the culture medium was discarded from each well and cells were
469 treated with 200 pL of a mixture composed of appropriate medium and vB-EcoS 57-3
470  phage solution with a final titer of 10%, 10 or 10'"? PFU/mL. In addition, 1% Triton X-100
471 (Merck KGaA, Darmstadt, Germany) and TM buffer (10 mM Tris-HCI, 10 mM MgSOy;
472 pH 7.2) were used as positive and negative controls, respectively. Following 24 h
473  incubation (37°C and 5% CO3), the mixture was removed, and mammalian cells were
474  washed with 150 pL of 1x PBS (Thermo Fisher Scientific, Waltham, Massachusetts, USA).
475 In the next step, 0.33% NR dye solution (Thermo Fisher Scientific, Waltham,
476  Massachusetts, USA) was added to each well, and the plate was incubated in the dark at
477  37°C for 45 min. After removal of the NR dye solution, the tested cells were washed with
478 150 pL of 1x PBS (Thermo Fisher Scientific, Waltham, Massachusetts, USA) and treated
479  with 100 pL of NR desorb solution containing 50% ethanol (Chempur, Piekary Slaskie,
480 Poland) and 1% glacial acetic acid (Merck KGaA, Darmstadt, Germany) in water. The
481 amount of released NR proportional to the amount of viable mammalian cells was
482  measured as Ass in the Viroskan microplate reader (Thermo Fisher Scientific, Waltham,
483  Massachusetts, USA). The cell viability was estimated as a percentage of the control
484  values. According to the PN-EN ISO 10993-5:2009 standard, the tested agent is considered
485  cytotoxic if the mammalian cells’ viability is below 70%. Additionally, the stability of vB-
486  EcoS_57-3 particles in the presence of tested cells and media was determined by using the
487  standard double-overlay method and expressed as PFU/mL.

488

489  2.21. Cloning of the gene encoding the 57 _3Lys endolysin

490 The 57 3Lys gene was cloned from genomic DNA of phage vB-EcoS 57-3 by PCR
491  using Walk DNA polymerase (A& A Biotechnology, Gdansk, Poland) and specific primers:
492 F 57 3Lys (57 GCGCCATGGCTCATATGAAGCAGAAGCTGCTAATTA 3°) and
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493 R 57 3Lys(5' TTTAAGCTTCTCGAGACGCTGCAATCCACTTAAACA 3°). The PCR
494  primers were designed by Primer3web (version 4.1.0) and synthesized by Genomed.
495 (Warszawa, Poland). The PCR product was cloned into a commercially available
496  pET26b(+) expression vector (Merck KGaA, Darmstadt, Germany), which carries a C-
497  terminal His-Tag sequence. Following digestion with Ndel and Xhol restriction
498  endonucleases (Thermo Fisher Scientific, Waltham, Massachusetts, USA), the PCR
499 product was ligated with the Ndel-Xhol fragment of plasmid pET26b(+) bearing a
500 kanamycin-resistant gene, using the T4 DNA ligase (Thermo Fisher Scientific, Waltham,
501  Massachusetts, USA). The construct pET26b 57 3Lys was introduced into E. cofi
502 MCI061 by chemical transformation and then verified by sequencing (Genomed,
503 Warszawa, Poland).

504

506  2.22. In silico endolysin analysis

506 The Prot-Param module from the Biopython library was used to predict molecular
507  weight, instability index, isoelectric point (pl), and grand average of hydropathy (GRAVY)
508 score (Cock et al., 2009). The aliphatic index was calculated using a previously described
509  formula (Ikai, 1980). A domain search was performed using InterProScan version 5.72-
510 103 (Jones et al., 2014). Additionally, to get deeper insight into the protein structure and
511 its properties, DeepTMHMM (Hallgren et al., 2022), SignalP6.0 (Nielsen, 2025), CD-
512  Search (Wang et al., 2023), and CAMPR3 (Waghu et al., 2015) were applied.

513

514  2.23. Overproduction and purification of the 57 _3Lys endolysin

515 The construct pET26b_57 3Lys was transformed into the BL21-AT™ E. coli strain
516 (Thermo Fisher Scientific, Waltham, Massachusetts, USA). Bacteria carrying the
517  overexpression plasmid were cultivated at 37°C in 200 mL of LB medium supplemented
518 with 30 pg/mL kanamycin (BioShop, Burlington, ON, Canada) and 12.5 pg/mL
519  tetracycline (Merck KGaA, Darmstadt, Germany) to an ODgoo of 0.8. At that point,
520 overproduction of the 57 3Lys protein was induced by adding 0.5 mM isopropyl-p-D-
521 thiogalactopyranoside (IPTG; A&A Biotechnology, Gdansk, Poland) and 0.2% L-(+)-
522  arabinose (BioShop, Burlington, ON, Canada). and the incubation was continued for 1 h at

523  37°C until complete lysis of bacterial cells occurred. Then, Pierce Protease Inhibitor
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524  Tablets (Thermo Fisher Scientific, Waltham, Massachusetts, USA) were added to the
525 lysate and the mixture was shaken for 30 min at 37°C. Subsequently, the lysate was
526 clarified by centrifugation (6,000 x g; 10 min; 4°C) and filtered through a 0.45 pm vacuum
527  filter with a polyethersulfone membrane (PES; Avantor Performance Materials Poland
528  S.A., Gliwice, Poland). In the next step, the lysate was loaded onto a 5 mL HisTrap ™FF
529  crude column (Cytiva, Marlborough, Massachusetts, USA). The protein was eluted with
530  elution buffer (50 mM Tris-HCI, pH 7.5; 300 mM NacCl, 5% glycerol, 0.2 mM TCEP, and
531 200 mM imidazole) and dialyzed overnight against buffer containing 50 mM Tris-HCI (pH
532  7.5; BioShop, Burlington, ON, Canada), 200 mM NaCl (STANLARB, Lublin, Poland), 40%
533 glycerol (STANLAB, Lublin, Poland), and 0.2 mM TCEP (Merck KGaA, Darmstadt,
534  Germany). The purity of the 57 _3Lys endolysin was assessed with the use of 20% sodium
535 dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), and the concentration
536 was determined fluorometrically by the Qubit™ Protein Assay Kit (Thermo Fisher
537  Scientific, Waltham, Massachusetts, USA). Afterwards, the identity of the purified protein
538  was further verified by LC-MS/MS analysis of excised and in-gel digested protein bands,
539  as described previously (Fiolka et al., 2021), using an M5 MicroL.C system with a C18
540  column coupled to a ZenoTOF 7600 mass spectrometer (SCIEX). The purified protein was
541  stored at —20°C until further analysis.

542

543  2.24. Sec machinery assay

544 To test whether Sec machinery 1s responsible for endolysin secretion, the host cell
545  lysis kinetics by 57 3Lys was determined in the presence of various concentrations of
546  NaNj according to the protocol described by Bai et al. (2020), with some modifications.
547  Briefly, E. coli BL21-AI™ cells bearing plasmid pET26b 57 3Lys were grown in LB
548  medium at 37°C to an ODeoo of 0.8 with aeration. Then, overproduction of 57_3Lys from
549  the pET26b 57 3Lys plasmid in host cells was induced by 0.5 mM IPTG (A&A
550  Biotechnology, Gdansk, Poland) and 0.2% L-(+)-arabinose (BioShop, Burlington, ON,
551 Canada). Additionally, some cultures were treated with NaN3 added to a final concentration
552  of | mM, 5 mM, or 10 mM. Controls were grown without addition of induction agents and

553  NaNjor in the presence of 10 mM NaNs;. Bacteria were incubated at 37°C with shaking,
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554  and their density was monitored by ODeoo measurement at the same time intervals, every
555 10 min for 180 min.

556

557

558

559  2.25. Activity assay of the 57 3Lys endolysin

560 Turbidity and cell number reduction assays of EC47, EC57, and EC131 cultures by
561  purified 57 3Lys endolysin were performed at 37°C in a standard 96-well titration plate.
562  Briefly, tested bacteria were grown in LB medium (BioShop, Burlington, ON, Canada) at
563  37°C to an ODsoo of 0.8. Then, 50 mL of bacterial culture was spun down (2,000 x g; 20
564  min; RT) and subsequently suspended in 5 mL of 50 mM Tris-HCI (pH 7.5). Bacteria were
565 shaken for 45 min at RT. To measure the protein activity, 200 uL of 57 3Lys endolysin at
566  a concentration of 60 ng/uL or 200 pL of the reaction buffer (negative control; 50 mM
567  Tris-HCI, pH 7.5; 200 mM NaCl; 40% glycerol, and 0.2 mM TCEP) were mixed with 100
568 pL of tested bacterial culture. Additionally, the antibacterial activity of the chicken egg
569  white lysozyme (Merck KGaA, Darmstadt, Germany) against host bacteria was
570  determined. The changes in ODsoo were recorded after 24 h of incubation at 37°C by using
571  the Viroskan microplate reader (Thermo Fisher Scientific, Waltham, Massachusetts, USA).
572  During this experiment, the number of survivors per mL was also examined. To estimate
573 CFU/mL, 20 uL of bacterial samples were collected and 10-fold diluted in 0.85% NaCl
574  (STANLAB, Lublin, Poland). In the next step, 10 pL of each dilution was spotted onto a
575 LA plate. After overnight incubation at 37°C, colonies were counted, and the CFU/mL was
576  calculated.

577

578  2.26. Statistical analysis

579 All experiments were carried out in at least three or even more biological replicates.
580 The means £ SD were used in the statistical analysis of the data and the graphics. A
581  comparison of two averages in experiments was performed using Student's ¢-test by using
582  Microsoft” Excel 365 with Real Statistics Resource Pack. The significant differences were
583  marked by asterisks as follows: p < 0.01 (**) or p < 0.001 (***).

584
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585

586 3. Results

587

588  3.1. Overview of the uropathogenic clinical ECS57 isolate, a primary host for phage vB-
589 EcoS 57-3

590 3.1.1. EC57 genomic content and pathogenicity deferminants

591 E. coli EC57 was part of the clinical E. coli strain collection previously analyzed by
592  Dziuba et al. (2023). This strain was isolated from the urine of a 14-year-old boy and
593  belongs to the B2 phylogenetic group.

594 According to Bakta annotation, the genome of E. coli EC57 consists of one
595  complete circular chromosome and three plasmids with a total size of 5,111,555 bp and
596  was assembled into a single large chromosomal contig. Genome annotation performed
597  using Bakta identified a total of 5,108 genomic features, including 4,684 protein-coding
598  sequences (CDSs) and 65 small open reading frames (sORFs). In addition, 88 tRNA genes,
599 22 rRNA genes, one tmRNA, 189 ncRNAs, and 52 ncRNA-associated regions were
600 identified. The relatively high number of regulatory ncRNAs suggests complex post-
601 transcriptional regulation and adaptive potential under changing environmental conditions.
602  The genome also contained two predicted chromosomal origins of replication (oriC), as
603  well as one plasmid replication origin (ori}) and one origin of transfer (oriT), confirming
604  the mobilizable nature of at least one plasmid present in the strain. Overall, the genome
605  architecture of E. coli EC57 reflects a genetically versatile strain with a well-conserved
606 core genome supplemented by plasmid-associated functions that may contribute to
607  environmental adaptation, survival, and acquisition of accessory traits, including
608  antimicrobial resistance or virulence-associated determinants.

609 PlasmidFinder tool identified a single plasmid, designated pECS57-1, in the E. coli
610  ECS57 genome. The plasmid DNA consists of 69,890 bp, and pEC57-1 was classified as a
611  member of the IncFII incompatibility group, showing 100% identity to the IncFII
612  replication region. Comparative analysis revealed that the replication region of plasmid
613 pECS57-1 is identical to that of the E. coli plasmid pCl5-1a (ENA accession number
614 AY458016), showing 258/261 bp coverage and 100% nucleotide identity according to

615  PlasmidFinder. However, comparison of the complete plasmid sequence using BLAST
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616  indicated that pEC57-1 is most closely related to plasmid p1 A28403 from Enterobacter
617  hormaechei (accession number CP182042.1), with approximately 90% query coverage and
618  99.74% nucleotide identity. These results suggest that although pEC57-1 carries an IncFII
619  replication region identical to that of pCl5-1a, its overall sequence differs substantially
620  from previously described plasmids. Even after lowering the detection thresholds to 60%
621  minimum identity and 30% minimum coverage, no additional plasmid replicons were
622 1dentified. However, further examination of the genome assembly revealed two additional
623  circular sequences potentially representing plasmids, they contained no recognizable
624  plasmid replicon.

625 CRISPRCasFinder identified eight CRISPR loci in the E. coli EC57 genome (Table
626 1). Six loci (EC57-1, EC57-2, EC57-3, EC57-6, EC57-7, and EC57-8) consisted of single-
627  spacer CRISPR arrays lacking adjacent cas genes and were classified as low-confidence
628  structures (evidence level 1). A complete, high-confidence Type [-F CRISPR-Cas system
629  (evidence level 4) was identified between positions 3,151,428 and 3,162,042 bp. This locus
630 comprised two CRISPR arrays (EC57-4 and ECS57-5) containing 15 and 10 spacers,
631  respectively, flanking a complete cas operon encoding cas6, csy3, csy2, csvi, cas3-cas2,
632 and casi. Both  arrays shared the repeat consensus  sequence
633 TTTCTAAGCTGCCTGTACGGCAGTGAAC and were oriented in the reverse direction
634 (Table1).

635 CARD analysis identified two acquired antimicrobial resistance genes, blaTEM-1 and
636  tet(Ad), encoding a TEM-1 P-lactamase and a tetracycline efflux pump, respectively. In
6837  addition, several chromosomally encoded antimicrobial resistance determinants were
638 detected, including multidrug efflux systems (acrdAB-tolC, acrDEF, mdtABC-
639 EFGHMNOP, and emrABKYR) and regulatory systems associated with antimicrobial
640  resistance (evgAS, baeRS, marA, soxRS, and crp). The genome also contained genes
641  implicated in resistance to peptide antibiotics (arnT, pmrF, ugd, and eptd) and B-lactam
642  resistance (ampC’). Furthermore, CARD identified resistance-associated protein variants,
643 including PBP3 encoded by fis/ and GlpT encoded by g/pT.

644 VFDB analysis identified a broad repertoire of virulence-associated genes (VAGs) in
645 E. coli EC57. The genome contained multiple adhesin-associated genes, including the

646  complete E. coli common pilus (ecp) and type 1 fimbrial (fim) operons, as well as genes
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647  associated with F1C (foc), P (pap), and S (sfa) fimbriae, hemorrhagic £. coli pilus (hcp),
648 the EaeH adhesin (eaeH), and UpaG (upaG). Several genes encoding autotransporter
649  proteins were also detected, including agn43, cah, cdiA, ehaB, pic, upaH, and vat.

650 The genome also contained invasion-associated genes (ibeABC and tia) and genes
651 involved in multiple iron acquisition systems, including the chu heme uptake system, the
652  salmochelin iro operon, and the yersiniabactin-associated genes fyud, irpl, irp2, and
653  yhtAEPQSTUX. Furthermore, genes encoding several toxins were identified, including a-
654  hemolysin (hlyABCD), cytotoxic necrotizing factor | (cnf7), uropathogenic-specific
655  protein (usp), and hemolysin E/cytolysin A (hlyvE/clyA). Genes encoding components of
656  type VI secretion systems (T6SSs), including the ACE-T6SS and SCI-I T6SS, were also
657  detected, together with espL /, which encodes a non-LEE-encoded type 111 secretion system

658  effector.

659
660 3.1.2. EC57 phylogeny
661 SNP-based phylogenetic analysis demonstrated that £. coli EC57 clustered within the

662 uropathogenic E. coli (UPEC) lineage and was clearly separated from the reference strain
663  E. coli K-12 MG1655 (Figure 1). The K-12 reference strain grouped together with strains
664 VRS0, EcPF16, CIS, and EcPF 15, forming a distinct branch distant from EC57. In contrast,
665 ECS57 formed a well-supported subclade (bootstrap support = 1.000) with strains 04-00955
666 and VG38-53El, while strain A4 represented the closest sister lineage to this cluster
667  (bootstrap support = 0.989). The short branch lengths separating EC57 from 04-00955 and
668  VG38-53E1 indicate a high degree of genomic similarity and recent common ancestry. The
669 ECS57-containing clade was clearly separated from other well-characterized UPEC
670 reference strains, including CFT073, UTI89, J96, and 536, which formed independent
671  phylogenetic lineages. These results confirm that EC57 belongs to the UPEC phylogenetic
672  group while representing a distinct evolutionary lineage within this pathotype.

673

674  3.2. Phage vB-EcoS_57-3 isolation and morphological characterization

675 The above-characterized UPEC strain EC57 was used to isolate vB-EcoS 57-3
676  bacteriophage from samples of urban sewage. The isolation procedure was based on the

677  one-host enrichment method in which a raw urban sewage sample was mixed with a culture
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678  of'the EC57 strain to obtain the lysate of vB-EcoS 57-3 bacteriophage, as described in the
679  Materials and Methods section. The bacteriophage vB-EcoS 57-3 was morphologically
680  characterized using transmission electron microscopy. The virion exhibited a typical
681  siphovirus-like morphology with an icosahedral capsid and a long, flexible, non-contractile
682 tail (Figure 2A). Large plaques (diameter 4.5 + 0.5 mm), with a halo, formed on the E. coli
683 EC57 lawn, confirmed its lytic activity against the ECS7 isolate and suggested the
684  production of free-releasing polysaccharide depolymerase protein (Figure 2B).

685

686  3.3. Genome content

687 The vB-EcoS_57-3 phage possesses a 45,774 bp genome with 91 predicted ORFs,
688 and a GC content of 44%. The whole genome of vB-EcoS_57-3 has been sequenced and
689  deposited in GenBank (accession number PZ349761). Genome annotation revealed
690 modular organization, including genes associated with, e.g.., DNA replication,
691  transcription, virion structure, host interaction, and lysis (Figure 3). Among all identified
692  coding regions, only 31 ORFs were predicted to be functional genes. Phage lytic enzymes,
693  holin and endolysin, have been identified automatically during annotation by Pharokka,
694  while phage polysaccharide depolymerase was first recognized as a structural protein and
695 subsequently classified by the Phyre2 program as Latka et al., (2019) proposed.
696  Interestingly, only a single (arginine) tRNA gene was predicted in the phage genome
697  (Figure 3). In addition, analysis using PhageTermVirome indicated that vB-EcoS 57-3
698  possesses Headful packing, whereas the PhaTYP classified it as virulent with a confidence
699  equal 1.0. Finally, the comparative genomic analysis (Figure 4) performed by the EasyFig
700  program showed conserved genome organization of vB-EcoS_57-3 with closely related
701 phages CEB_EC3a, DTL, IME542, 122101, Rtp, IME253, and ACG-M12.

702

703 3.4. Taxonomic and phylogenetic analyses

704 According to the PhaGCN analysis, phage vB-EcoS 57-3 was classified within the
705  family Drexlerviridae and the subfamily Braunvirinae, with confidence scores of 0.99 and
706  0.61, respectively. To further investigate its taxonomic position, VIRIDIC was used to
707  assess intergenomic relationships between vB-EcoS 57-3 and Drexlerviridae reference

708  phages available in RefSeq (Supplementary Figure S1 and Supplementary Table S1).
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709  VIRIDIC analysis showed that vB-EcoS 57-3 and vB EcoS-122101 share 71.45%
710  intergenomic similarity (Supplementary Table S1), supporting the assignment of vB-
711 EcoS 57-3 to the genus Veterinaerplatzvirus (Supplementary Figure S1).

712 Phylogenetic analysis of 20 phages based on the concatenated alignments of 11
713 orthologous protein groups (Supplementary Table S2) placed vB-EcoS 57-3 within a
714 well-supported clade comprising the Braunvirinae phages CEB EC3a, DTL, IMES42,
715  vB_EcoS-122101, Rtp, IME253, and ACG-M12 (Figure 5). Within this clade, vB-
716 EcoS_57-3 was most closely related to vB_EcoS-122101, with the two phages forming a
717  strongly supported sister group (99.8/95), further supporting their close evolutionary
718  relationship. The 11 orthologous protein groups used for phylogenetic reconstruction
719  included DNA primase, major head protein, endolysin, a single-stranded DNA-binding
720  protein, a virion structural protein, several tail-associated proteins, and one hypothetical
721  protein (Supplementary Table S2).

722

723 3.5. Host range and specificity against uropathogens

724 Host range analysis (Table 2) indicated variable infectivity efficiency across tested
725  E. coli strains. Interestingly, phage vB-EcoS_57-3 infects only UPEC bacteria and shows
726 no lytic activity against non-pathogenic laboratory E. coli strains. Among tested
727  uropathogens (Dziuba et al., 2023), high or medium efficiency of plating (EOP > 0.5 or
728 0.1, respectively) was observed for six clinical isolates, including EC28, EC47, EC57,
729 ECI116, EC131, and EC353, whereas the other ten strains showed low, limited, or no
730  susceptibility (Table 2). They were previously characterized based on antimicrobial
731 susceptibility and virulence potential (Dziuba et al., 2023). Half of them were susceptible
732 to all antibiotics, while the remaining showed wvariable resistance to penicillins,
733  cephalosporins, aminoglycosides, or fluoroquinolones. All were susceptible to
734  carbapenems and were ESBL-negative. Besides, most of the tested strains (72%) belonged
735  to the B2 phylogenetic group, all revealed CRISPR-Cas regions, and all (except one)
736  possessed virulence-associated genes (Dziuba et al., 2023) and the ability to form biofilms
737  (data not shown). Therefore, we conclude that this phage is a moderate host-range virus,
738  however, specific to uropathogenic E. colfi bacteria.

739
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740  3.6. Bacteriophage development

741 The parameters of phage vB-EcoS 57-3 development were determined in the EC57
742 host strain. The analyzed lysis profile of infection (Figure 6) revealed a rapid decrease in
743  ODgw (Figure 6A) and viable cell counts up to 100 cells in 30 minutes after addition of
744  phage (Figure 6B). These drops were accompanied by a significant increase in phage
745  particles up to 10'® PFU/mL (Figure 6C), confirming efficient lytic development. One-
746  step growth analysis (Figure 6D) demonstrated efficient phage replication, with a burst
747  size of approximately 42 PFU per cell and an 11-minute-long latent period.

748 Adsorption of vB-EcoS 57-3 on cells of the EC57 host (Figure 7A) was
749  moderately fast but efficient. Initially, a rapid rise in adsorption efficiency was observed,
750  suggesting a fast initial interaction phase between phage particles and bacterial cells,
751 however, this was followed by a transient decrease in the percentage of adsorbed phages,
752  which may reflect short-term binding instability. From the second minute, the adsorption
753  efficiency increased again and continued to rise more gradually, approaching a plateau
754  efficiency equal to 80% at the 10™ minute, indicating a possible saturation of available
755  binding sites on the bacterial surface. Importantly, bacterial cell numbers remained stable
756  during all analyzed adsorption stages (Figure 7B), proving that the observed drop was not
757  an effect of phage entry inside bacteria and its further lytic development leading to the
758  decrease in bacteria number, but likely due to the reversible phage binding to the cell
759  surface at the early stages of the infection.

760

761 3.7. Resistance of vB-EcoS_57-3 virions to external conditions and urine environment
762 The sensitivity of vB-EcoS_57-3 to various external conditions, including various
763  temperatures, pH conditions, solvents, and detergents was tested (Table 3). The virions
764  appeared relatively resistant to freezing, pH values, or osmotic shock, although they could
765  not survive under conditions of 65°C and a pH of 2. Resistance to disinfectants, organic
766  solvents, and detergents differed depending on the nature of the tested compound and was
767  the highest for ethanol and chloroform and the lowest for 0.1% cetyltrimethylammonium
768  bromide (CTAB), in which phages lost their activity completely.

769 In artificial urine (Figure 8A), vB-EcoS 57-3 remained relatively stable across all

770  tested pH values (4.5, 5.8, and 6.5), with only minor fluctuations in PFU counts over time.
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771 At pH 5.8 and 6.5, phage titers were consistently maintained at high levels throughout the
772  incubation period, indicating favorable conditions for virion stability. In contrast, at pH
773 4.5, a slight reduction in PFU was observed at certain time points (4, 6, 8 h), suggesting
774  that more acidic conditions may have a modest negative impact on phage stability.
775  Nevertheless, even under acidic conditions, the decrease was not pronounced,
776  demonstrating that vB-EcoS 57-3 retains antibacterial activity in artificial urine,
777  significantly reducing bacterial counts up to 10% of the initial amount, after 24-hour of
778  incubation (Figure 8B). In contrast, in the absence of phage particles, bacterial populations
779  remained stable after 24 hours of incubation, with CFU values close to or only slightly
780  reduced from the initial levels (Figure 8C). The survival of bacteria was correspondingly
781  high, indicating that artificial urine at pH 4.5 alone does not significantly inhibit bacterial
782  growth. This highlights that the observed reduction in bacterial counts in Figure 8B is
783  specifically attributable to phage activity rather than environmental stress.

784

785  3.8. The safety of vB-EcoS_57-3 toward human cells

786 To test the safety of phage vB-EcoS 57-3 to mammalian cells, the viability of the
787  human bladder cancer cell line, T24 (Figure 9A), and the human embryonic kidney line,
788  HEK293 (Figure 9B), was assessed after treatment with the phage lysate at 3
789  concentrations (10'°, 10°, and 10® PFU/mL). The endotoxin level in the applied phage
790  lysate was estimated at 0.57 = 0.03 EU/mL, which is considered to be safe for mammalian
791 cells. Besides, the stability of phage particles was tested after 24-hour incubation with
792  mammalian cells T24 (Figure 9C) and HEK293 (Figure 9D). The addition of phages to
793  T24 or HEK293 cultures resulted in no significant changes detected in the number of viable
794  cells relative to the negative control, which included non-treated cultures with viability
795  estimated at the level of 100% (Figure 9A, B). The lack of a drop in cell survival below
796  70% in all tested cases (except the positive control) suggested no deleterious effect of the
797  tested phage on the viability of mammalian cells.

798

799  3.9. In silico analysis of the 57 3Lys endolysin properties

800 The vB-EcoS 57-3 genome analysis allowed for the identification of the endolysin
801  (GenBank accession number YEN46648.1) in the predicted lysis cassette. /n silico analysis
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802  (Table 4) revealed that the analyzed endolysin gene is located between nucleotides 40,824
803 and 41,309 in the phage genome and has a length of 486 bp, encoding a relatively small
804  protein of 161 amino acids. The compact size of both the gene and the encoded protein is
805  characteristic of phage lytic enzymes, particularly endolysins. The predicted molecular
806  weightof 17.55 kDa further supported the classification of this protein as a small enzymatic
807  protein, consistent with known phage lysins. The isoelectric point (pI) of 9.7 indicates that
808 the protein is basic in nature, suggesting a net positive charge at physiological pH. This
809  property may facilitate interactions with negatively charged bacterial cell wall components,
810  such as peptidoglycan.

811  The instability index of 32.544 classifies the protein as stable (values below 40 indicate
812  stability), suggesting that it is likely to maintain its structural integrity under standard
813  conditions. The aliphatic index of 101.18 is relatively high, indicating a substantial
814  proportion of aliphatic amino acids, which is typically associated with enhanced thermal
815  stability. The GRAVY score of -0.057 indicates that the protein is overall slightly
816  hydrophilic. This suggests good solubility in aqueous environments, which is advantageous
817  for enzymes that act on cell wall substrates in extracellular or periplasmic spaces. Domain
818  prediction analysis identified multiple overlapping domains associated with lysozyme and
819  endolysin activity, including SAR endolysin and lysozyme domains at positions 3-158 and
820  25-151, respectively (Table 4), thus confirming that the protein belongs to the phage
821  endolysin/lysozyme family, responsible for degrading bacterial peptidoglycan during host
822  cell lysis.

823

824  3.10. Identification of motifs characteristic for class I SAR endolysins within 57 _3Lys
825 Searching for motifs characteristic for phage endolysins revealed three important
826  domains within the 57 3Lys organization structure, typical for class 11 SAR endolysins
827  (Figure 10), represented by Ry, the endolysin of the lambdoid phage 21 (Xu et al., 2004,
828  Kuty etal,, 2010). These enzymes have the canonical E-D-T catalytic triad and no C residue
829  in the SAR domain.

830 The N-terminal region (residues 1-20) of 57 3Lys contains a clearly identifiable
831 signal peptide with SAR-domain properties, as indicated by the sequence
832 MKOQKLLISAATAAAIYIAAP (Figure 10 and Supplementary Figure S2). This
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833  segment is moderately hydrophobic, has no cysteine residue, and is predicted to function
834  as a transient membrane anchor. Its identification by SignalP 6.0 suggests that the 57 3Lys
835 protein, as a typical class II SAR endolysin, is targeted to the Sec-dependent secretory
836  pathway, where it is translocated across the cytoplasmic membrane and remains anchored
837  within the membrane by the N-terminal signal peptide until membrane depolymerization
838  occurs. Unlike classical signal peptides, the SAR domain of class II endolysins is not
839 immediately released but instead retains the enzyme in an inactive, membrane-tethered
840  state.

841 Downstream of the signal peptide, the 57 3Lys protein sequence forms the catalytic
842  core of the endolysin as revealed by NCBI Conserved Domain software (Figure 10 and
843  Supplementary Figure S2). Within this region, three key residues, E26, D35, and T41,
844  are highlighted as the putative catalytic motif. This arrangement corresponds to the
845  conserved E-(X)s-D-(X)s-T motif, which is characteristic for class 11 SAR endolysins rather
846 than the canonical cysteine-dependent catalytic triads of class [ SAR endolysins. The
847  positioning of these residues suggests a hydrolytic mechanism targeting peptidoglycan,
848  although enzymatic activity is dependent on conformational rearrangements that reposition
849  the catalytic glutamate upon release from the membrane, rather than solely on residue
850  composition.

851 In addition, the CAMP analysis predicted an antimicrobial peptide (AMP) region
852  between residues 110-140, located within the C-terminal part of the 57 3Lys protein
853  (Figure 10 and Supplementary Figure S2). This region shows strong similarity to
854  cecropin-like a-helical antimicrobial peptides, particularly in its enrichment in positively
855  charged and hydrophobic residues. Despite relatively low primary sequence identity (~20-
856  25%) to Cecropin A from Hyalophora cecropia, the physicochemical properties, such as
857  cationic charge distribution and amphipathic character, are conserved, suggesting a similar
858  membrane-disruptive mode of action. This implies that the 57 3Lys protein may possess a
859  dual function: enzymatic degradation of the peptidoglycan and direct disruption of bacterial
860 membranes.

861 Phylogenetic analysis of 20 orthologous endolysins revealed that the endolysin of
862 vB-EcoS 57-3 (YEN46648.1) clustered with endolysins from related phages (Figure 11).
863  The vB-EcoS_57-3 endolysin of vB-EcoS 57-3 formed a well-supported sister group with
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864  the endolysin of vB_EcoS ACG-M12 (SH-aLRT/UFBoot: 85.6/92), while the endolysin
865 of vB EcoS-12210I was positioned as the next related lineage. The analyzed endolysins
866  generally showed similar physicochemical properties and domain composition
867  (Supplementary Table S3). Most were 160-161 amino acids long, with predicted
868  molecular weights of approximately 17.3-17.6 kDa and basic isoelectric points.

869 Domain analysis further demonstrated a highly conserved architecture among the
870  analyzed endolysins. The vB-EcoS_57-3 endolysin contained signatures corresponding to
871  phage lysozyme (PF00959), endolysin R21-like (cd16900), lysozyme-like (SSF53955),
872  endolysin (MF 04110), and SAR-endolysin (MF 04136), a domain profile shared by most
873  oftheanalyzed proteins (Table 4, Supplementary Table 83). Notable exceptions included
874  the shorter putative phage-related lysozyme of phiJLA23 (131 aa), for which the SAR-
875 endolysin signature was not detected. Overall, the phylogenetic and domain analyses
876  indicate that the vB-EcoS 57-3 endolysin belongs to a group of closely related, structurally
877  conserved phage lysozymes.

878

879  3.11. Involvement of the Sec machinery in 57_3Lys-mediated lysis of E. coli bacteria
880 To examine whether the identified SAR motif functions as a secretion sequence for
881  Sec translocase and whether Sec machinery is responsible for 57 3Lys secretion, the
882  endolysin was produced from the plasmid in the presence of NaN3 (Figure 12), a well-
883  known inhibitor of E. coli Sec translocase (Bai et al., 2020). In this experiment, the host
884  cell lysis kinetics of 57_3Lys were determined by adding various concentrations of NaNs.
885  Increasing concentrations of NaNj inhibited the cell lysis process induced by the 57 3Lys
886 produced from the plasmid after the addition of TPTG and arabinose (Figure 12). The
887  addition of 3 mM NaNs reduced the Iytic effect of the 57 3Lys endolysins by about half an
888  ODeoo unit, whereas the addition of 10 mM NaN; almost completely inhibited it and
889  returned the culture turbidity to the level of the variant with non-produced 57 3Lys. This
890  line of evidence implies that the Sec system might be mmvolved in 57 3Lys-mediated cell
891  lysis in vitro.

892

893  3.12. Functional analysis of the purified 57 3Lys Iytic activity
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894 Functional assays showed that overexpression of 57 3Lys significantly reduced
895  bacterial turbidity, indicating effective lysis (Figure 12), so we decided to purify this
896  protein and analyze its lytic action against the EC57 clinical UPEC isolate. The Ni**-NTA
897  affinity chromatography allowed us to obtain a fraction of the purified 57 3Lys endolysin
898  corresponding to the predicted molecular weight of approximately 17.55 kDa, further
899  verified by mass spectrometry (Supplementary Figure S3).

900 Purified 57 3Lys was used in turbidity and cell number reduction assays that
901 demonstrated its antibacterial activity, significantly reducing the ODgoo value of the EC57
902  Dbacterial culture and the amount of viable EC57 cells expressed as CFU/mL (Figure 13 A,
903  B). Importantly, the antibacterial effect was observed after 24 h incubation of the bacterial
904  cells with the 57 3Lys endolysin and was not detected during the first 60 minutes of the
905 treatment (Supplementary Figure S4). Curiously, incubation with the commercially
906  purchased lysozyme has no significant antibacterial eftect, probably due to a lack of access
907  of the lysozyme to the peptidoglycan layer. The observed antibacterial effect of the
908 57 3Lysin this case may be the result of the outer membrane destabilization by the internal

909  AMP peptide action.

910
911 4. Discussion
912 In this study, we characterized the newly isolated UPEC-infecting bacteriophage vB-

913  EcoS 57-3 and its endolysin 57 3Lys. The phage efficiently lysed EC57, showed activity
914  against selected clinical UPEC isolates, including antibiotic-resistant strains, remained
915  active under urinary conditions, and did not measurably affect the viability of tested human
916  bladder and kidney cell lines. 57 3Lys was identified as a class IT SAR endolysin, and
917  functional data indicated that its lytic activity depends strongly on the host Sec pathway.
918  Importantly, purified 57 3Lys also reduced the turbidity and the number of viable EC57
919 cells without an externally added outer-membrane permeabilizer, suggesting intrinsic
920  activity against Gram-negative bacteria.

921 Sequence analysis identified an N-terminal, moderately hydrophobic segment of
922  approximately 20 amino acids with properties expected for a SAR domain, together with
923 the E(X)8-D(X)5-T catalytic motif characteristic of class II SAR endolysins. This

924  architecture differs from canonical cytoplasmic phage endolysins, whose access to the
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925  periplasm generally depends on holin-generated membrane lesions. In SAR systems, the
926  N-terminal signal-anchor engages the host Sec machinery, allowing translocation of most
927  of the endolysin through the cytoplasmic membrane while the SAR domain remains
928 transiently tethered to it. Membrane depolarization subsequently releases the N-terminal
929  signal and permits formation of the active periplasmic enzyme. The paradigm was
930 established for the PI endolysin Lyz, for which Sec-dependent export and non-proteolytic
931 release of the N-terminal SAR sequence were demonstrated experimentally (Xu et al.,
932  2004). Related pinholin-SAR systems have been described for phage 21 and phiKMV,
933 illustrating that membrane depolarization rather than formation of large protein-conducting
934  holes can control the timing of lysis (Park et al., 2007; Briers et al., 2011).

935 Our functional data obtained for 57 3Lys support this pathway. Increasing
936  concentrations of sodium azide, an inhibitor of the E. coli SecA-dependent translocation
937 machinery (Bai et al., 2020), progressively suppressed lysis following induction of
938 57 3Lys expression. At 5 mM NaN; the lytic effect was markedly reduced, whereas 10
939 mM NaN; almost completely abolished the decrease in culture turbidity, bringing the
940  phenotype close to that of the variant without induced 57-3Lys production. Because sodium
941  azide can exert cellular effects beyond a single protein-transport event, these experiments
942  should not be interpreted as direct visualization of 57 _3Lys translocation. Nevertheless,
943  the dose-dependent inhibition, considered together with the predicted N-terminal SAR
944  signal and phylogenetic placement of 57 3Lys among class IT SAR endolysins, provides
945  convergent functional evidence that Sec-mediated export 1s required for efficient 57 _3Lys-
946  mediated lysis.

947 The absence of cysteine in the SAR region of 57 3Lys further supports a class IT SAR
948 endolysin-type activation model. In contrast to class [ SAR endolysin P1 Lyz, controlled
949 by topological, conformational and disulfide-dependent changes after membrane release
950 (Xu et al., 2005), class Il-like enzymes lacking the cysteine residues within the SAR
951  domain are expected to rely primarily on conformational repositioning of catalytic residues
952 E, D, T after release from the membrane (Woznica et al., 2015). Importantly, the described
953 57 3Lys features also argue against describing its N-terminal region as a conventional

954  cleavable signal peptide. In the established class I1 SAR paradigm, the signal-anchor is
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955  retained rather than removed by signal peptidase and is released from the membrane upon
956  depolarization (Xu et al., 2004; Park et al., 2007).

957 A next particularly notable finding was the antibacterial activity of externally applied
958 57 3Lys against intact EC57 cells. Because the Gram-negative outer membrane normally
959  restricts access of endolysins to peptidoglycan, this activity suggests that 57 3Lys
960  possesses features facilitating interaction with or passage across the outer membrane. The
961 effect developed slowly, becoming significant after 24 h rather than within the first 60 min,
962 indicating that outer-membrane access may represent the rate-limiting step. Similar
963 intrinsic activity has been reported for ABgp46, LysMK34, LysAm24, LysECD7 and
964  LysSi3 (Oliveira et al., 2016; Antonova et al., 2019; Abdelkader et al., 2022). More
8965 recently, PAl6cLys demonstrated activity against mature biofilms of uropathogenic P.
966  aeruginosa without an additional permeabilizer, further supporting the potential of
967  intrinsically active lysins in urinary infections (Zhang et al., 2026).

968 The predicted C-terminal AMP-like region of 57 3Lys, enriched in positively charged
969  and hydrophobic residues, together with the high predicted pl (~9.7), provides a plausible
970  explanation for this activity. Such cationic and amphipathic regions may interact
971  electrostatically with lipopolysaccharide and destabilize the outer membrane. Similar
972  principles underlie cecropin A-fused lysins and artilysins (Briers et al., 2014; Abdelkader
973 et al., 2022). However, the contribution of this region to 57 3Lys activity remains to be
974  experimentally demonstrated. The relatively slow killing compared with ABgp46 and
975  engineered membrane-active lysins such as Art-175 (Briers et al., 2014; Oliveira et al.,
976  2016) suggests that improving outer-membrane penetration could substantially enhance
977 57 3Lys antibacterial efficacy.

978 Finally, the present study demonstrates that both the parental phage vB-EcoS 57-3 and
979 its endolysin 57 3Lys possess features relevant to this approach. The phage provides self-
980  amplifying, receptor-dependent killing and showed stability and antibacterial activity in
981 artificial urine, whereas the purified endolysin bypasses the need for phage adsorption and
982  replication. This distinction may be particularly relevant when phage resistance emerges.
983 A recent report on PAl6cLys is illustrative, as the endolysin retained activity against
984  phage-resistant P. aeruginosa mutants (Zhang et al., 2026). Overall, the findings support
985 further investigation of both vB-EcoS 57-3 and 57 3Lys as potential alternative or
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986 adjunctive strategies against antibiotic-resistant UPEC, while highlighting the need to
987 improve and mechanistically define the extracellular activity of 57 3Lys. Besides,
988 combined or sequential phage—endolysin treatment could be investigated as a potential
989  strategy to improve antibacterial efficacy and address phage resistance.
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1349  Table 1. CRISPR arrays and cas gene sequences detected in EC57 genome

CRISPR
Id/

Cas Type

Start

End

No of Repeat consensus sequences /
S[!ﬂCCl’S Cas gC]‘ICS
/genes

Direction Evidence
Level

EC57-1

EC57-2

EC57-3
EC57-4

CAS-
Type I-F

EC57-5
EC57-6
ECS57-7

EC57-8

1685647

2399780

3029915

3151428

3152894

3161414

4011107

4087523

4815925

1685760

2399903

3030006

3152355

3161241

3162042

4011197

4087640

4816051

1 TGCCGGATGCGCTTCGCTTATCCGGCCTACAAA

COACCCCCACCATGTCAAGGTGGTGCTCTAACCAA
CTGAGCTA

1 CCACCTTTTTTACCTGCTTCAGATGC

15 TTTCTAAGCTGCCTGTACGGCAGTGAAC

6 cast, csv3, csv2, csyl, cas3-cas2, casl

10 TTTCTAAGCTGCCTGTACGGCAGTGAAC
1 AACGCCTTATCCGGCCTACAAAACTGACAA
1 TTTGTAGGCCGGATAAGCAAAGCGCATCCGGCA

1 TGCCGGATGCGGCACGAGTGCCTTATCCGGCCTAC

ND 1

ND I

ND 1

ND 1

ND 1

ND 1

1350

1351
1352
1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1368
1370
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1371  Table 2. EOP (efficiency of plating) analysis of vB-EcoS_57-3 phage on E. coli
1372  laboratory strains and UPEC clinical isolates

1373
1374 i EOP after
1375 g vB-EcoS _57-3
1376 sealn infection®
1377 . MG1655 0
1378 =& €600 0
1379 £L  MCio6l 0
1380 3% L2 0
1381 < S

- — DH5a 0
55 EC02 0
1384 EC10 <0.001
1385 EC28 1.48
1386 EC47 1.37
1387 EC55 0
1268 § EC57 I
ggi % EC70 0.007
- < EC106 <0.001
1392 5 EC116 0.72
1393 § [Ecii 0.42
1394 = EC149 0
1395 = EC164 0
129 EC179 <0.001
122; EC296 0
1399 EC302 0
1400 EC353 0.84
1401

1402  *According to the accepted classification proposed by Mirzaei et al. (2015) an EOP value
1403  <0.001 indicates sporadic production of phage particles in a given bacterial strain, while
1404  values in the range 0.001< EOP <0.1; 0.1< EOP <0.5, and >0.5 indicate low, medium,
1405 and high efficiency of phage infection, respectively. Lack of infection is indicated by 0.
1406  The obtained results are from three independent replicates. The SD values are not shown;
1407  however, they do not exceed 15%.



Table 3. Resistance of vB-EcoS 57-3 phage virion to physical and chemical agents. The values presented in the table represent
the percentage of viable phage particles under the specified conditions.

Phage name Temperature pH (1h, 37°C) Osmotic 0.1% 0.1% 63% 50% Chloroform
20°C 40°C 62°C pH 2 pH4 pHI10 shock CTAB Sarkosyl Ethanol DMSO (1.5 h)
(24h) (40 min) (40 min) (1h) (1h) (1h) (1 min) (10 min)  (Th) (10 min)

vB-EcoS 57-3 100 100 1.5 0 100 100 100 0 50 100 50 100
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Table 4. Characteristics of the 57 _3Lys endolysin

Analyzed parameter Result
Gene position in genome 40,824-41,309
Gene length (nt) 486
Protein accession number YEN46648.1
Protein length (aa) 161
Molecular weight (kDa) 17.55
Isoelectric point (Ip) L 3 |
Instability index 32.544
Aliphatic index 101.18
GRAVY -0.057
Melting point (°C) 51
Signal peptide position in protein 1-20
sequence (aa)
AMP position in protein sequence 110-140
(aa)
Catalytic triad and its position in E (26)
protein sequence D (35)
T (41)
Predicted domain and its position in 26-158
protein sequence (aa) endolysin R21-like
(cd16900)
3-158
SAR-endolysin
(MF 04136)
25-151
Phage lysozyme
(PF00959)
6-159
Lysozyme-like
(SSF53955)
4-158
Endolysin
(MF _04110)

47



bioRxiv preprint doi: hitps://doi.org/10.64898/2026.09.09.750462; this version posted September 10, 2026. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It
is made available under a CC-BY-NC 4.0 International license.

Figure legends

Figure 1. SNP-based phylogenetic tree of E. coli EC57 and representative E. coli strains.
The phylogenetic tree was constructed using whole-genome single nucleotide
polymorphism (SNP) analysis performed with CSI Phylogeny and visualized using iTOL.
The laboratory strain E. coli K-12 MG1655 (reference) was included as a non-pathogenic
reference genome. The grey-shaded sector indicates reference UPEC strains included for
phylogenetic comparison.

Figure 2. Electron micrograph of phage vB-EcoS 57-3 (A) and its plaques formed in
double-layer agar plates with E. coli EC57 strain (B). The bar corresponds to 50 nm on
panel A and 1 mm on panel B.

Figure 3. Genome map of bacteriophage vB-EcoS 57-3. Predicted open reading frames
(ORFs) are displayed as arrows indicating transcriptional orientation and are color-coded
according to functional categories, including DNA, RNA and nucleotide metabolism,
transcription regulation, tail, connector, head and packaging, lysis, integration and
excision, moron/auxiliary metabolism and host takeover, other functions, and hypothetical
proteins (legend on the right side). The inner rings represent GC content and GC skew
across each genome. Annotated genes involved in genome replication, virion structure and
assembly, host interaction, and lysis are indicated. Genome coordinates (kbp) are shown
inside each map.

Figure 4. Comparative genome organization of vB-EcoS 57-3 linear genome
bacteriophage with their closest related reference phages. Predicted open reading frames
(ORFs) are displayed as arrows indicating gene orientation and are color-coded according
to functional categories listed in the legend. Grey-shaded regions between genomes
represent nucleotide sequence similarity, illustrating conserved synteny and homologous
genomic regions. The scale bar represents the percentage of nucleotide sequence identity.
The comparison highlights both conserved genome architecture within related phages and
structural divergence, supporting the taxonomic distinction of the newly characterized
phages. Comparisons were made using Easyfig software.

Figure 5. Maximum-likelihood phylogenetic tree of bacteriophage vB-EcoS 57-3 and
related phages based on orthologous protein sequences. The phylogenetic tree was
reconstructed from concatenated alignments of 11 orthologous protein groups shared
among 20 phages (Supplementary Table S2) using 1Q-TREE v3.1.1. Phylogenetic
inference was performed using an edge-linked partition model, with the optimal
substitution model for each partition selected by ModelFinder Plus. Branch support values
are shown at the nodes as SH-aLRT support (%) / ultrafast bootstrap support (%), based on
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1,000 replicates cach. Phage vB-EcoS_57-3 is highlighted in bold. Phage F61 was used as
the outgroup. Different name colors indicate the genus-level taxonomic assignment of the
tested phages as follows: red Rogunavirus, orange Eastlansingvirus, dark
yellow Wilsonroadvirus, bottle green Lindendrivevirus, green Loudonvirus,
teal Christensenvirus, dark cyan Veterinaerplatzvirus, blue Ripvirus, violet Guelphvirus,
pink T/svirus. The scale bar represents the number of amino acid substitutions per site.

Figure 6. Kinetics of lytic development of bacteriophage vB-EcoS 57-3 in E. coli EC57
bacteria (A-C) and progeny production by vB-EcoS 57-3 phage in the single life cycle
(D). Filled squares represent the bacterial strain EC57 following infection with phage vB-
EcoS 57-3, whereas open squares represent the uninfected control EC57 without phage
addition. Results are shown as (A) bacterial culture density measured at ODggo, (B) a
number of surviving cells after the vB-EcoS 57-3 infection per 1 mL (CFU/mL), (C) a
number of phages per | mL (PFU/mL), and (D) PFU per I cell. The average burst size in
EC57 at the 16" minute after infection has been estimated to be 42 PFU per cell, indicating
efficient lytic development of the phage. Results are presented as mean values + SD from
three independent experiments. Please note that in some cases, the bars are smaller than
the sizes of the symbols. The Student’s r-test was used to calculate statistical significance.
The significance of differences between infected cells and control EC57 culture is observed
and marked by asterisks: P < 0.001 (**%),

Figure 7. Kinetics of vB-EcoS 57-3 phage adsorption on host EC57 cells (A) and number
of bacterial cells during this process (B). Filled squares represent the bacterial strain EC57
following infection with phage vB-EcoS 57-3, whereas open squares represent the
uninfected control EC57 without phage addition. Results are presented as mean values +
SD from three independent experiments. Please note that the bars are smaller than the sizes
of the symbols.

Figure 8. Stability and activity of phage vB-EcoS 57-3 in artificial urine. (A) Stability
analysis of phage virions was performed at 2, 4, 6, and 8 hours of incubation in artificial
urine with different pH (4.5; 5.8; 6.5). The number of phage particles was presented as the
number of plaque-forming units (PFU) present in 1 mL of urine. (B, C) Activity of
bacteriophage vB-EcoS 57-3 presented as the number of bacterial cells of the EC57 strain
that survived 24-hour incubation in artificial urine at pH = 4.5, in the presence (B) and
without the addition of phage particles (C). The number of bacterial cells was expressed as
colony-forming units (CFU) per | mL of urine. The number of cells that survived the
infection relative to the initial number of bacteria is expressed in percentages above the
bars. The Student’s #-test was used to calculate statistical significance. Statistically
significant results are marked with asterisk symbols: P < 0.01 (**) and P < 0.001 (**¥),
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Figure 9. Assessment of cytotoxicity of vB-EcoS 57-3 phage particles to mammalian cells
T24 (A) and HEK293 (B) after 24 h incubation. The phage lysate tested at 3 concentrations
(10'°, 10, and 10* PFU/mL). The letter T means a drop in cell survival below the red dotted
threshold line at 70%, which qualifies the agent as toxic. The stability of phage vB-
EcoS 57-3 during incubation with mammalian cells T24 (C) and HEK293 (D) shown as
the number of phage particles in 1 mL (PFU/mL) of lysate measured at time 0 and after 24
hours of incubation. The Student’s t-test was used to calculate statistical significance,
which are marked with asterisk symbols: P < 0.001 (¥**).

Figure 10. Sequence of 57_3Lys endolysin with predicted motifs characteristic for class II
SAR endolysins: a typical signal peptide with features of a SAR domain, including a
moderately hydrophobic segment encompassing the first 20 amino acids; putative catalytic
residues (E26, D35, and T41); and an AMP peptide at the C-terminus, between 110 and
140 amino acids.

Figure 11. Phylogenetic relationships of the endolysin from bacteriophage vB-EcoS_57-3
and orthologous endolysins from related phages. The maximum-likelihood phylogenetic
tree was constructed based on amino acid sequences of 20 orthologous endolysins. Branch
support values at the nodes are presented as SH-aLRT support (%) / ultrafast bootstrap
support (%), based on 1,000 replicates each. The endolysin of vB-EcoS 57-3
(YEN46648.1) is highlighted in bold. Different protein name colors indicate the genus-
level taxonomic assignment of the analyzed phages as follows: red Rogunavirus,
orange Eastlansingvirus, dark vyellow Wilsonroadvirus, bottle green Lindendrivevirus,
green Loudonvirus, teal Christensenvirus, dark cyan Veterinaerplatzvirus, blue Ripvirus,
violet Guelphvirus, pink Tlsvirus. The scale bar represents the number of amino acid
substitutions per site.

Figure 12. Kinetics of E. coli cell lysis by the 57 3Lys endolysin in the presence of the
Sec translocase inhibitor, NaNa. In all experiments, expression of 57 3Lys from plasmid
in E. coli cells was induced by adding 0.5 mM of IPTG and 0.2% arabinose, except for the
controls. Dark blue circles indicate samples without NaNs, IPTG and arabinose (control 1),
orange circles indicate samples treated with 10 mM NaNs in the absence of IPTG and
arabinose (control 2), while dark green, light blue, dark pink, and light green circles
represent samples treated with 0, 1, 5, and 10 mM NaNs, respectively. All experiments for
the cell lysis kinetics were performed in triplicate and the results of each treatment are
represented by the mean =+ SD. Statistical analyses were performed by the Student’s r-test.
The significance of differences between control 1 and particular variants are observed from
the 10™ minute and marked by asterisks: P < 0.001 (***). Please note that the bars are
smaller than the sizes of the symbols.
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Figure 13. Turbidity (A) and cell number (B) reduction assays of EC57 culture by purified
57 3Lys endolysin after 24 hours of incubation. Each experiment was performed in
triplicate, and the results of each treatment are represented by the mean + SD. Statistical
analyses were performed by the Student’s #-test. The significance of differences between
endolysin variant and particular control variants are observed and marked by asterisks: P
<0.01 (**)and P <0.001 (*¥**).
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Supplementary materials

Supplementary Figure S1. VIRIDIC-based clustering of phage vB-EcoS 57-3 and
reference phages from the family Drex/erviridae. Hierarchical clustering based on pairwise
intergenomic distances calculated using VIRIDIC for phage vB-EcoS 57-3 and reference
phages from the family Drexlerviridae. Clustering was performed using complete linkage.
Dashed lines indicate the distance thresholds corresponding to the species level (5%; red),
genus level (30%; blue), and for limiting the number of the analyzed phages up to 20 cases
(70%; green).

Supplementary Figure S2. Results of bioinformatic analysis of the 57 3Lys endolysin
sequence confirming the presence of a 20 aa-long signal molecule at the N end (>SignalP
6.0 and >Deep TMHMM); a catalytic triad E-D-T encompassing 26", 35" and 41%
residues, respectively (*NCBI Conserved Domain); and an AMP peptide occurring at a
position between 110 and 140 amino acids (>CAMP).

Supplementary Figure S3. SDS-PAGE analysis of protein purification fractions obtained
after Ni2+-NTA affinity chromatography of 57 3Lys endolysin. The 7% lane,
corresponding to the 2" elution fraction contains a prominent band at approximately 17.55
kDa, corresponding to the predicted molecular weight of 57 3Lys, indicating successful
expression and purification. The remaining gel lanes contain: 1 - Lysate of E. coli BL21-
Al [pET26b_57 3Lys]; 2 - Flow through; 3 - Wash 1; 4 - Wash 2; 5 - Wash 3; 6 - 1" elution
fraction; 8 - 3™ elution fraction. The last, 9" lane contains SeeBlue® Pre-Stained Protein
Standard marker (kDa). The gel was stained with BlueStain Sensitive Plus.

Supplementary Figure S4. Turbidity reduction assays of ECS57 culture by purified
57 3Lys endolysin after 60 minutes of incubation. Turbidity reduction assays were
performed in triplicate and the results of each treatment are represented by the mean + SD.

Supplementary Table S1. Intergenomic distances among phage vB-EcoS_57-3 and
reference phages calculated using VIRIDIC. Pairwise intergenomic distances between
phage vB-EcoS 57-3 and reference phages from the family Drexlerviridae, calculated
using VIRIDIC. Values are expressed as genomic distances (%), where lower values
indicate higher intergenomic similarity. (plik dostarczony na nos$niku)

Supplementary Table S2. Orthologous protein groups used for phylogenetic analysis of
vB-EcoS 57-3. The first six columns provide information on the alignments and their use
in the phylogenetic analysis. Alignment length - length of the protein sequence alignment
(number of amino acid positions); Parsimony - number of parsimony-informative sites in
the alignment; Singleton - number of singleton sites in the alignment; Constant - number
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of constant sites in the alignment; Included in phylogeny - indicates whether the
corresponding orthologous protein group was included in the phylogenetic analysis,
together with the justification for its inclusion (+) or exclusion (-), where applicable;
Evolution model - best-fit amino acid substitution model selected for the corresponding
alignment partition by ModelFinder Plus implemented in 1Q-TREE., The remaining
columns correspond to individual phages, with each column header providing the phage
name and its GenBank accession number. Cells in these columns contain the annotated
protein assigned to the corresponding orthologous group and its protein accession number.

Supplementary Table S3. Physicochemical properties and functional annotation of the
endolysin from bacteriophage vB-EcoS_57-3 and orthologous endolysins included in the
phylogenetic analysis. The table summarizes the predicted physicochemical properties and
functional annotations of the 20 orthologous endolysins included in the phylogenetic
analysis (Figure 11). For each protein, the phage name, protein accession number, protein
length, predicted molecular weight (MW), theoretical isoelectric point (pl), instability
index, aliphatic index, and GRAVY value are provided. Functional annotations and
sequence signatures identified using InterPro are also presented. including phage
lysozyme, endolysin R21-like, lysozyme-like, endolysin, and SAR-endolysin signatures,
if detected.
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Figure 10
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Supplementary Figure S1
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Supplementary Figure S3

Endolysin 57_3Lys (17.55 kDa)
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Supplementary Table 52. Orthologous protein groups used for phylogenetic analysis of vB-Eco5_57-3.

Included in Evolution vB_EcoS_IME542_NC_04820
Alignment length  Parsimony  Singleton Constant S5f12_NC_047848 phiEB49_NC_023743 = = e
phylogeny model 8
DNA_primase DNA_primase DNA_primase
302 201 a4 57 + VT+G4 - i .
YP_009751997.1 YP_009018637.1 YP_009824872.1
major_head_protein major_head_protein major_head_protein
313 128 73 112 + .PFAM+G4
& YP_009792027.1 YP_009018666.1 YP_009824918.1
159 93 19 47 - WAG+G4 endolysin YP_009791980.1 endolysin YP_009018622.1 endolysin YP_009824886.1
131 79 29 23 . T virion_structural_protein virion_structural_protein virion_structural_protein
YP_009792025.1 YP_009018663.1 YP_009824920.1
putative_single- hypothetical_protein
137 68 30 39 + LG+G4 stranded_DNA _binding_prot gp26 YP_009018640.1 36 BaasAAn
ein YP_009791999.1 -
minor_tail_protein minor_tail_protein minor_tail_protein
248 & " 106 ¥ G YP_009792012.1 YP_009018650.1 YP_009824932.1
hypothetical_protein hypothetical_protein
+ + ;
116 60 26 30 VT+G4 YP 009791976.1 gp4 YP_009018618.1 YP 009824890.1
187 58 48 81 + LG+G4 tail_protein YP_009792011.1 tail_protein YP_009018649.1 tail_protein YP_009824933.1
tail_terminator tail_terminator tail_terminator
128 53 27 48 + WAG+| T = g=
YP_009792022.1 YP_009018660.1 YP_009824923.1
minor_tail_protein minor_tail_protein minor_tail_protein
115 A4 37 34 LG+R3 R, Tt S
K i YP_009792017.1 YP_009018653.1 YP_009824930.1
104 a1 20 40 " LG ta||_.Iength_tape_measure_p ta|I_!ength_tape_measure_p ta|I_.Iength_tape_measwe_p
rotein YP_009792020.1 rotein YP_009018657.1 rotein YP_009824926.1

The first six columns provide information on the alignments and their use in the phylogenetic analysis. Alignment length — length of the protein sequence
alignment (number of amino acid positions); Parsimony — number of parsimony-informative sites in the alignment; Singleton — number of singleton sites
in the alignment; Constant — number of constant sites in the alignment; Included in phylogeny — indicates whether the corresponding orthologous
protein group was included in the phylogenetic analysis, together with the justification for its inclusion (+) or exclusion (-}, where applicable; Evolution
model — best-fit amino acid substitution model selected for the carresponding alignment partition by MaodelFinder Plus implemented in IQ-TREE. The
remaining columns correspond to individual phages, with each column header providing the phage name and its GenBank accession number. Cells in
these columns contain the annotated protein assigned to the corresponding orthologous group and its protein accession number.
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stranded_DNA_binding_prot
ein YP_009789339.1

single-
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hypothetical_protein
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virion_structural_protein
YP_007112227.1

virion_structural_protein
YP_277463.1

hypothetical_protein
YP_009900885.1
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hypothetical_protein hypothetical_protein hypothetical_protein hypothetical_protein hypothetical_protein hypothetical_protein
YP_009900866.1 ¥YP_399013.1 ¥P_009791967.1 ¥YP_009056574.1 YP 007112271.1 YP_277490.1

tail_protein YP_009500829.1 tail_protein YP_398986.1

tail_protein YP_009791928.1 tail_protein YP_009056540.1
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YEN46616.1 YP_009055360.1 ¥P_009789218.1 ¥P_006987850.1 ¥YP_012319457.1

tail_length_tape_measure_p tail_length_tape_measure_p tail_length_tape_measure_p tail_length_tape_measure_p hypothetical_protein
rotein YEN46613.1 rotein YP_009055357.1 rotein YP_009789214.1 rotein YP_006987846.1 ¥P_012319460.1



Supplementary Table S3

Analysis of orthologically common endolysins.,

Protein

Protein accession Melecular Instability Isoelectric Aliphatic  Name of the predicted Position of the domain
Fhaga A ith necesuan Pratuis e number It;hglih weight (kDa) index point (pi) Sy index domain in protein sequence
cEl
Endolysin.
(MF_04110)
endolysin_R21-like LAk
(cd16500) SERE
-,
vB-Eca5_57-3_P7349761 endalysin YENABGSE 1 161 17.55 32,544 9.7 -0,067 101.18 L\;:::";r:;j:;e 6-159
SaR-endalysin, :5_1;81
(MF_04138)
Phage lysozyme
[PFO05D)
endolysin_R21-like
(cd16900)
Phage lysozyme 20.155
S E
wB_Eco5_ACG-M12_NC_015404 endalysin YP_D06987885.1 161 17,63 33,838 9,83 -0,108 99,938 ":ss 5 F\; 5 gsslh £-159
4-158
Endolysin el
(MIF_04110)
SAR-endalysin,
(MF_04136)
Endoysin.
(MF_04110)
Lysozyme-like
5159
(S5F53955) 5159
B Phage lysoryme
vB_EcoS_Roguel NC 015718 endolysin YP_0O7113265.1 160 17,26 17,401 946 0,068 a7.5 (PFOnasa) 25-152
endolysin_R21-like 1d3_-115596
(ed16900)
SAR-endalysin,
(MF_04135)
Endofysin.
(MF_04110)
endolysin_R21-like
= 5-159
(cd16900) 13-158
Z ; SAR-endolysin.
phiER4D_NC_023743 endalysin YP_D09018622.1 160 17,53 28,014 9,61 -0,032 95,562 (MF_04138) 4-159
Phage lysoryme 2;;15592
[PFO0SST)
Lysezyme-like
[S5F53955)
Phage lysorymae
(PFOD9S9)
endolysin_R21-like 25,152
{cd16900) 13156
SAR-endalysin.
ed_lc_NC_024210 endalysin YP_DOS036051.1 160 17,41 22,44 9,88 0,06 99,875 4-159
(MF_04138) i
Endolysin. ;— 159
(MF_04110)
Lysezyme-like
{S5F53955)
Phage lysozyme
(PFO0S5Y)
SAR-endolysin,
25152
(MF_04136) P
vB_Ecos_AHS24_NC_024784 endolysin YP_009055394.1 160 17,32 14,654 9,51 0,044 97,5 : ;Tc;:?:n 5159
endolys?n_ﬂ!l-hke 1:.1]::
(cd16900)
Lysozyme-like
{55F53955)
endoelysin_R21-like
(cd16900)
Phage lysoryme
13-156
[PFOOESS) 25-152
vB_Eco5_AKS96_NC_024789 endolysin YP_009056105.1 160 17,33 23,295 9,83 0,086 101,062 s:‘:q:"ﬂi";;:; ; 8159
Emi_ofysln. :ig:
(MF_04110)
Lysozyme-like
|55F53955)
endolysin_R21-like
(cd16900)
Phage lysozyme
13-156
[FFODGSS) 25.152
vB_EcoS_AHPA2_NC 024793 endolysin ¥P_O090GE567 1 160 17,33 233205 9,83 0,086 101,062 S?:q:";"g:;' 8-159
re 5159
Endofysin. SR
(MF_04110)

Lysozymae-like
{S5F53955)




SAR-endotysin.

(MF_04138)
Endobysin. ENE
MF_04110
. Plfagequsc:yn]ﬂe Gl
€118 NC_ 042046 endalysin ¥P_ 009615881 1 161 17,58 21,534 10,07 -0,002 84,472 (PFO0959) 26-153
: 7-160
Lysezyme-like 16167
{55F53955)
endolysin_R21-like
(cd16300)
Lysozyme-like
{55F53955)
Phage lysozyme 7-129
philLAZ3_NC_D47740 r:'l’:::;j;’::::;; YP_D09784128.1 131 18,3 17,415 9,76 DOD7 89,389 [Em:? 2::::
(MF_04110) 14-130
endolysin_R21-like
(cd16900)
endolysin_R21-like
(cd16900)
SAR-endolysin,
(ME_04135) 2:“1]::
. Phage lysozyme
wB_EcoS-IME253_NC_047810 endolysin YP_DD9785175.1 161 17,49 35,15 9,76 -0,078 99,876 (PF00959) 25-151
Lysozyme-like :i::
{S5F53955)
Endolysin.
(MF_04110)
Phage lysoryme
(PFDO959)
endolysin_R21-like 25151
[ed16900) 13.156
vB_EcoS_CEB_EC3a_NC_047812 endolysin ¥P_D09789354.1 161 17,51 36,792 9,61 0,01 104,151 ( :ﬂ?ﬁ;‘;‘m 4-158
SAR-endatysin, z:::
(MF_04138)
Lysazyme-like
|S5F53955)
SAR-endotysin.
(MF_04138)
Phage lysoryme S
(PFDO959) ses
Sd1_NC_047847 endolysin ¥P_009791972.1 161 17,44 30,394 9,66 0,091 98,696 ::::ﬂ:lrﬁ; 6160
andolysin_R21-like 1:::;
(ed16900)
Lysozyme-like
{SSF53855)
Phage lysozyme
(PFDO959)
endolysin_R21-like 25152
(c16900) 13-156
: Lysozyme-like
5f12_NC_047848 endalysin ¥P_DO9791980.1 160 17,44 21,849 9.87 -0,006 93,812 {55F53955) £-159
SaR-endolysin. :_i::
(MF_04138)
Endolysin.
(MF_04110)
Lysozyme-like
{55F53955)
endolysin_R21-like 6158
(cd16900) 26158
DTL_MC_047893 endobysin YP_DO9T95695,1 161 17,52 41,81 9,81 -0,052 102,36 Endofysin. 4-158
(MF_04110)
25-151
Phage lysozyma 3158
(PFDO959)
SAR-endalysin,
{MF_04136)
endolysin_R21-like
(ed16900)
SAR-endotysin,
(MF_04138) 2: :55 :
. Lysozyme-like
wB_EcoS_IMES42_NC_048208 endolysin ¥P_D09824886.1 161 17,6 34,935 9,62 -0,081 95,714 6159
{55F53955) 4158
Endolysin. 25151
(MF_04110)
Phage lysozyme
(PFO0DSSS)
endolysin_R21-like
(cd16900)
Phage lysoryme Shash
[PFMS?L 25-151
vB_Ecos-122101_NC_049813 endolysin VP 0099008711 161 17,62 35,273 9,78 0075 101,18 """;::";';';5 ;' ° 6159
sR-endalysin, i:i::
(MF_04138)
Endofysin.

(MF_04110]




Endolysin.

(MF_04110)
jroninry S50l
Phage lysozyme i¢:1pa
F61_NC_108349 lysin YP_012319505.1 164 18,17 16,04 9,62 0,248 82,744 (PFO0SSS) 25-154
endolysin_R21-like o
= 4-161
(ed16900)
SAR-endolysin,
(MF_04136)
Lysozyme-like
(SSF53955)
endolysin_R21-like 6159
(cd16900)
2 SAR-endolysin. 15156
1k0D6_NC_007291 endolysin YP_277498.1 160 17,39 17,571 9,63 -0,051 93,812 (MF_04136) 4-159
e 5-159
Endolysin. 25-152
(MF_04110)
Phage lysozyme
(PFO0959)
endolysin_R21-like
(ed16900)
Endolysin.
(MF_04110) 2:_)1155:
Rtp_NC_007603 endolysin YP_399008.1 161 17,49 34,328 9,7 0061 100,497 L‘;:::’;’;;':;e 5159
SAR-endolysin. o
(MF_04136)

Phage lysoryme
(PFO0959)



Oswiadczenia wspo6tautorow

283



Wojciech Wesotowski (2 g OS | 2\.0,;{6

...................................................

IMIE I NAZWISKO DATA

Katedra Biologii Molekularnej,
Wydzial Biologii,
Uniwersytet Gdanski

.....................................................

AFILIACJA

OSWIADCZENIE

Niniejszym o$wiadczam, iz méj wkiad w manuskrypt:

Wesotowski W, Bloch S, Czerwonka G, Jagiela E, Grabowski L., Jeschke M, Jacewicz J, Piwnicka E,
Morcinek-Ortowska J, Loika H, Czaplewska P, Wegrzyn G, Adamus-Bialek W, Lukasiak A, Nejman-

Falenczyk B. Antibacterial activity of a newly identified phage-derived endolysin and its parental

bacteriophage against clinical uropathogenic Escherichia coli,

polegat na:

przygotowaniu, zageszczeniu i oczyszczeniu wirionéw faga vB-EcoS_57-3 z wykorzystaniem
ultrawirowania w gradiencie chlorku cezu celem wykonania zdje¢ oraz przeprowadzeniu
analizy na obecnos$¢ zanieczyszczen w postaci endotoksyn (Rycina nr 2),

przygotowaniu, rozcienczeniu i zmiareczkowaniu lizatu faga vB-EcoS_57-3 celem wykonania
zdjgé tysinek (Rycina nr 2),

ztozeniu i wykonaniu funkcjonalnej adnotacji genomu faga vB-EcoS_57-3, przygotowaniu na
Jej podstawie mapy kotowej genomu (Rycina nr 3) oraz zdeponowaniu fagowej sekwencji
genomowej w bazie GenBank,

przeprowadzeniu analizy poréwnawczej organizacji genomu vB-EcoS_57-3 oraz fagéw blisko
z nim spokrewnionych (Rycina nr 4),

wykonaniu analizy filogenetycznej i wygenerowaniu drzew (Rycina S1, Rycina 5 i Rycina 11),
wspéludziale w zbadaniu kinetyki lizy faga i jego rozwoju wewnatrzkomérkowego
z okresleniem plonu fagowego w doswiadczeniu ,,one step growth” (Rycina nr 6),
wspotudziale w zbadaniu wydajnosci adsorpcji faga do komérek bakteryjnych (Rycina nr 7),
okresleniu wydajnosci infekcji fagiem vB-EcoS_57-3 klinicznych izolatow UPEC (Tabela 2),
wspoludziale w analizie stabilnosci wirionéw faga vB-EcoS 57-3 w obecnoéci réznych
czynnikéw chemicznych i fizycznych (Tabela nr 3),

zidentyfikowaniu genu endolizyny 57 3Lys w genomie faga i wykonaniu analizy in silico
sekwencji tego biatka, ktéra umozliwita m.in. okreslenie pozycji peptydu sygnatowego, peptydu
AMP oraz triady katalitycznej (Tabela nr 4, Rycina nr 10, Tabela S2),

wspotudziale w przygotowaniu konstruktu do nadprodukeji endolizyny 57 3Lys oraz jej
oczyszczeniu na zlozu niklowym (Rycina nr S3) i zbadaniu jej aktywnosci (Rycina nr 13 oraz
Rycina nr $4),

wykazaniu zaleznosci endolizyny 57_3Lys od systemu translokacji Sec (Rycina nr 12),
wspotudziale w przygotowaniu odpowiedzi na uwagi recenzentow,

a takze na obrébce i interpretacji wynikéw oraz przygotowaniu rycin i tabel.

.......................................

PODPIS



Sylwia Bloch 08.09.2026 r.

................................................................................................

IMIE 1 NAZWISKO DATA

Katedra Biologii Molekularnej,
Wydziat Biologii,
Uniwersytet Gdanski

.............................................................

AFILIACIA

OSWIADCZENIE

Niniejszym oswiadczam, iz m6j wkiad w manuskrypt:
Wesotowski W, Bloch S, Czerwonka G, Jagieta E, Grabowski L, Jeschke M, Jacewicz J,
Piwnicka E, Morcinek-Orfowska J, Loika H, Czaplewska P, Wegrzyn G, Adamus-Biatek W,
Lukasiak A, Nejman-Faleniczyk B. Antibacterial activity of a newly identified phage-derived

endolysin and its parental bacteriophage against clinical uropathogenic Escherichia coli,

polegat na:

(i) wspottworzeniu i opisaniu metodologii;
(i1) wspoétudziale w nadzorowaniu przebiegu realizacji prac eksperymentalnych;

(it) wspétudziale w redagowaniu ostatecznej wersji manuskryptu.

.......................................

PODPIS



e 24.08.2026......

IMIE 1 NAZWISKO DATA

Zakiad Mikrobiologii,
Instytut Biologii,
Uniwersytet Jana Kochanowskiego w Kielcach

AFILIACIA

OSWIADCZENIE

Niniejszym o$wiadczam, iz méj wkiad w manuskrypt:
Wesolowski W, Bloch S, Czerwonka G, Jagieta E, Grabowski L, Jeschke M, Jacewicz J, Piwnicka E,
Morcinek-Ortowska J, Loika H, Czaplewska P, Wegrzyn G, Adamus-Biatek W, Lukasiak A, Nejman-
Falenczyk B. Antibacterial activity of a newly identified phage-derived endolysin and its

parental bacteriophage against clinical uropathogenic Escherichia coli,

polegat na:

gromadzeniu, opracowywaniu i weryfikacji danych badawczych (Data Curation),
przeprowadzaniu analiz formalnych oraz interpretacji uzyskanych wynikoéw (Formal Analysis),
realizacji prac badawczych i eksperymentalnych (Investigation), a takze wspOitworzeniu
metodologii badan (Methodology). Ponadto uczestniczylem w przygotowaniu pierwszej wersji
manuskryptu (Writing — Original Draft) oraz w jego merytorycznej recenzji, redakcji i korekcie
(Writing — Review and Editing).

PODPIS



| ——

R I el 208 2%,

IMIE I NAZWISKO DATA

Zaktad Mikrobiologii,
Instytut Biologii,
Uniwersytet Jana Kochanowskiego w Kielcach

AFILIACIA

OSWIADCZENIE

Niniejszym o$wiadczam, iz méj wkiad w manuskrypt:

Wesolowski W, Bloch S, Czerwonka G, Jagieta E, Grabowski L, Jeschke M, Jacewicz J, Piwnicka E,
Morcinek-Ortowska J, Loika H, Czaplewska P, Wegrzyn G, Adamus-Biatek W, Lukasiak A, Nejman-
Falenczyk B. Antibacterial activity of a newly identified phage-derived endolysin and its parental

bacteriophage against clinical uropathogenic Escherichia coli,

polegat na:
Udziale w analizach dotyczacych charakterystyki genetycznej szczepu E. Coli.

PODPIS



Fukasz Grabowski

............................................................... 08.08. 46

IMIE I NAZWISKO DATA

Katedra Biologii Molekularnej,
Wydziat Biologii,
Uniwersytet Gdanski

AFILIACJA

OSWIADCZENIE

Niniejszym o$wiadczam, iz mdj wkiad w manuskrypt:
Wesolowski W, Bloch S, Czerwonka G, Jagiela E, Grabowski L, Jeschke M, Jacewicz J, Piwnicka E,
Morcinek-Ortowska J, Loika H, Czaplewska P, Wegrzyn G, Adamus-Bialek W, Lukasiak A, Nejman-
Falenczyk B. Antibacterial activity of a newly identified phage-derived endolysin and its parental

bacteriophage against clinical uropathogenic Escherichia coli,

polegat na wspétudziale w przeprowadzeniu do$wiadczenia majacego na celu zbadania poziomu

toksycznosci lizatu fagowego wobec komorek eukariotycznych.

J PODPIS



Marta Jeschke

IMIE 1 NAZWISKO DATA

Katedra Biologii Molekularnej,
Wydzial Biologii,
Uniwersytet Gdanski

.............................................................

AFILIACJA

OSWIADCZENIE

Niniejszym o$wiadczam, iz méj wkiad w manuskrypt:
Wesolowski W, Bloch S, Czerwonka G, Jagieta E, Grabowski L, Jeschke M, Jacewicz J, Piwnicka E,
Morcinek-Orlowska J, Loika H, Czaplewska P, Wegrzyn G, Adamus-Bialek W, Lukasiak A, Nejman-
Falenczyk B. Antibacterial activity of a newly identified phage-derived endolysin and its parental

bacteriophage against clinical uropathogenic Escherichia coli,

polegat na wspoétudziale w wykonaniu analizy stabilnosci wirionéw faga vB-EcoS_57-3 w sztucznym
moczu.

...... ‘}&mwewk

PODPIS



Jakub Jacewicz 30.08.2026

IMIE I NAZWISKO DATA

Katedra Biologii Molekularnej,
Wydziat Biologii,
Uniwersytet Gdanski

.............................................................

AFILIACIA

OSWIADCZENIE

Niniejszym oswiadczam, iz mdj wkiad w manuskrypt:

Wesolowski W, Bloch S, Czerwonka G, Jagieta E, Grabowski L, Jeschke M, Jacewicz J, Piwnicka E,
Morcinek-Orlowska J, Loika H, Czaplewska P, Wegrzyn G, Adamus-Bialek W, Lukasiak A, Nejman-
Falenczyk B. Antibacterial activity of a newly identified phage-derived endolysin and its parental

bacteriophage against clinical uropathogenic Escherichia coli,

polegat na wspétudziale w przygotowaniu konstruktu do nadprodukeji endolizyny 57 3Lys. Prace te
wykonywalem pod bezposrednia opieka mgr. Wojciecha Wesotowskiego.

Podpisano
przez
JACEWICZ
JAKUB w dniu

PODPIS



Szafir 2.0.0 (build 706)

-

Raport z weryfikacji podpisu

2026-08-30 20:39:49

elektronicznypodpis.pl

INFORMACJE O DOKUMENCIE:

Nazwa pliku JJ_20praca_20nr_204.pdf
Data weryfikacji podpisow 2026-08-30 20:39:49
SZCZEGOLY WERYFIKAC]I:
Jokub Jacewicz 30082026
e S
Katedra Biologii Molckulamej.
Wydzial Biologn.
Uniwersyiet Gdafski
OSWIADCZENIE

Ninigjszym oswiadczam, 12 moj wkiad w manuskrypi:
Wesalowski W. Bloch S, Czerwonka G, Jagiela F. Grabowsks L. Jeschke M, Jacewicz J, Piwascka F.

Morcinek-Orlowska J. Loika H, Czaplewska P. Weerzyn G. Ad Bialek W. Lukasiak A, Nej
Falenczyk B. Antibacicrial activity of a newly identificd phage-derived endolysin and its parental

bacteriophage against clinical uropathogenic Escherichia coli.

polegal na wspotudziale w przygotowaniu konstrukty do nadprodubcii endolizyny 57 3Lys. Prace e

wykonywalem pod bezpasrednia opicks mgr. Wojaecha Wesolowskicgo,

acpaem

el

mcTwC:

A W

03500
............ ey e

PODMS




Szafir 2.0.0 (buiid 706)

2026-08-30 20:39:49

Podpis: Pozytywny

Rodzaj certyfikatu

Kwalifikowany

Format podpisu

PAdES-LTV

Data ztozenia podpisu

2026-08-30 20:04:55

Podpis zawiera znacznik czasu

Data znacznika czasu: 2026-08-30 20:04:57

Rodzaj certyfikatu: Kwalifikowany

Data waznosci certyfikatu: 2031-05-29 13:41:20

Wystawca znacznika czasu: organizationldentifier=VATPL-
5250001090,CN=CUZ Sigillum - QTSU1,0U=Centrum Ustug Zaufania
Sigillum,O=Polska Wytwdrnia Papieréw Wartosciowych S.A.,C=PL

Znacznik archiwalny dokumentu

Data znacznika czasu: 2026-08-30 20:04:58

Rodzaj certyfikatu: Kwalifikowany

Data waznosci certyfikatu: 2031-05-29 13:43:53

Wystawca znacznika czasu: organizationldentifier=VATPL-
5250001090,CN=CUZ Slglllum - QTSU2,0U=Centrum Ustug Zaufania
Sigillum,O=Polska Wytwornia Papieréw Wartosciowych S.A.,C=PL

Certyfikat podpisujgcego /
sk!adajacego ;?ieczeé .

Nazwa powszechna: JACEWICZ JAKUB

Numer seryjny certyfikatu

279276056478171234160913650596935310743353078453

Wystawca certyfikatu

Nazwa powszechna: CUZ Sigillum - QCA2

ga;wgl.organizacji: Polska Wytwérnia Papieréw Wartosciowych S.A.
raj:

Identyfikator organizacji: VATPL-5250001090

Lista CRL wykorzystana do
weryfikacji certyfikatu

Odpowiedz OCSP wykorzystana do
weryfikacji certyﬂ;vaytu

Status: GOOD
ArchiveCutOff: 14 Mar 2026 09:57:20 GMT

30 Aug 2026 18:04:57 GMT

Zweryfikowano na dzien

2026-08-30 20:04:57 (Znacznik czasu)

Status weryfikacji Pozytywny
Kwalifikowany podpis poprawnie zweryfikowany certyfikatem
kwalifikowanym

Uwagi

Weryfikowany podpis zostat uznan{ za kwalifikowany. Zgodnie z Art. 25.
Punkt 2 rozporzadzenia Parlamentu uropefsklego.l Rady (UE) nr 910/2014 z
23 lipca 2014 r. kwalifikowany podpis elektroniczny ma skutek prawny
rownowazny podpisowi wiasnorecznemu.




Emilia Piwnicka (Weglinska)

IMIE I NAZWISKO DATA

Katedra Biologii Molekularne;j,
Wydziat Biologii,
Uniwersytet Gdanski

.............................................................

AFILIACIA

OSWIADCZENIE

Niniejszym oswiadczam, iz m6j wkiad w manuskrypt:
Wesotowski W, Bloch S, Czerwonka G, Jagieta E, Grabowski L, Jeschke M, Jacewicz J, Piwnicka E,
Morcinek-Orfowska J, Loika H, Czaplewska P, Wegrzyn G, Adamus-Bialek W, Lukasiak A, Nejman-
Faleficzyk B. Antibacterial activity of a newly identified phage-derived endolysin and its parental

bacteriophage against clinical uropathogenic Escherichia coli,

polegal na zebraniu danych literaturowych i przygotowaniu na ich podstawie rozdziat: Introduction.

p——

s ‘ Y

- C"'V'<‘ s -
Sl Tl cia

B AL S 2 TP et e o

PODPIS



Joanna Morcinek-Orfowska 24 / o8 / 2026

..............................................................................................

IMIE I NAZWISKO DATA

Zakiad Biologii Strukturalne;j,
Migdzyuczelniany Wydziat Biotechnologii UG i GUMed

.............................................................

AFILIACIA

OSWIADCZENIE

Niniejszym oswiadczam, iz méj wkiad w manuskrypt:
Wesolowski W, Bloch S, Czerwonka G, Jagiela E, Grabowski L, Jeschke M, Jacewicz J, Piwnicka E.
Morcinek-Orfowska J, Loika H, Czaplewska P, Wegrzyn G, Adamus-Bialek W, Lukasiak A, Nejman-
Faleficzyk B. Antibacterial activity of a newly identified phage-derived endolysin and its parental

bacteriophage against clinical uropathogenic Escherichia coli,

polegal na wspétudziale w przygotowaniu procedury oczyszczania endolizyny 57 3Lys.

.....................................

PODPIS



Hanna Loika

IMIE I NAZWISKO DATA

Katedra i Zaktad Mikrobiologii,
Wydzial Lekarski,
Gdanski Uniwersytet Medyczny

AFILIACIA

OSWIADCZENIE

Niniejszym o$wiadczam, iz mo6] wkiad w manuskrypt:
Wesolowski W, Bloch S, Czerwonka G, Jagieta E. Grabowski L, Jeschke M, Jacewicz J, Piwnicka E,
Morcinek-Ortowska J, Loika H. Czaplewska P, Wegrzyn G, Adamus-Bialek W, Lukasiak A, Nejman-
Falenczyk B. Antibacterial activity of a newly identified phage-derived endolysin and its parental

bacteriophage against clinical uropathogenic Escherichia coli,

polegal na wspotudziale w przeprowadzeniu analizy wydajnosci adsorpcji czastek bakteriofaga vB-

EcoS 57-3 do powierzchni komorek bakteryjnych.

PODPIS



Dr hab. Paulina Czaplewska, prof. UG 07.09.2026
Laboratorium Spektrometrii Mas

Migdzyuczelniany Wydziat Biotechnologii UG i GUMed

Uniwersytet Gdanski

OSWIADCZENIE

Niniejszym o$wiadczam, iz méj wkiad w manuskrypt:
Wesotowski W, Bloch S, Czerwonka G, Jagieta E, Grabowski L, Jeschke M, Jacewicz J, Piwnicka E,
Morcinek-Ortowska J, Loika H, Czaplewska P, Wegrzyn G, Adamus-Biatek W, Lukasiak A, Nejman-
Falenczyk B. Antibacterial activity of a newly identified phage-derived endolysin and its parental
bacteriophage against clinical uropathogenic Escherichia coli,

polegal na przygotowaniu i wykonaniu doswiadczenia identyfikacji endolizyny 57 3Lys z
wykorzystaniem LC-MS/MS.

b / . ) i =

PODPIS



Grzegorz Wegrzyn 27 sierpnia 2026 r.

IMIE I NAZWISKO DATA

Katedra Biologii Molekularnej.
Wydzial Biologii.
Uniwersytet Gdanski

.............................................................

AFILIACIA

OSWIADCZENIE

Ninigjszym oswiadczam, iz m¢oj wklad w manuskrypt:
Wesotowski W, Bloch S. Czerwonka G. Jagiela E. Grabowski L. Jeschke M. Jacewicz J, Piwnicka E.
Morcinek-Orfowska J. Loika H. Czaplewska P. Wegrzyn G, Adamus-Bialek W. Lukasiak A. Nejman-
Falenczyk B. Antibacterial activity of a newly identified phage-derived endolysin and its parental
bacteriophage against clinical uropathogenic Escherichia coli (manuskrypt wyslany do redakcji

Virology)

polegat na konsultacjach merytorycznych przy interpretacji wynikéw eksperymentow oraz pomocy w
redagowaniu tekstu manuskryptu.

KIEROWNIK
KATEDRY BICLOGH MOLEKULARNEJ

PODPIS



Wioletta Adamus-Biatek 23.08.2026

...........................................................

IMIE 1 NAZWISKO DATA

Zaktad Genetyki Medycznej i Diagnostyki Laboratoryjnej,
Wydziat Lekarski,
Uniwersytet Jana Kochanowskiego w Kielcach

.............................................................

AFILIACJA

OSWIADCZENIE

Niniejszym oswiadczam, iz méj wkiad w manuskrypt:
Wesolowski W, Bloch S, Czerwonka G, Jagieta E, Grabowski L, Jeschke M, Jacewicz J, Piwnicka E.
Morcinek-Ortowska J, Loika H, Czaplewska P, Wegrzyn G, Adamus-Bialek W, Lukasiak A, Nejman-
Faleficzyk B. Antibacterial activity of a newly identified phage-derived endolysin and its parental
bacteriophage against clinical uropathogenic Escherichia coli.

polegat na: selekcji i dostarczeniu materiatu do badan (izolaty bakteryjne), wraz z ich charakterystyka,
nadzorowaniu pracy zwiazanej z sekwencjonowaniem genomu bakteryjnego, wspétudzialem w

przygotowaniu czesci manuskryptu, a nastgpnie jego redakcji i korekcie.

Signed by /
Podpisano przez:

Wioletta Adamus-
Biatek

Date / Data: 2026-
08-23 20:50

.......................................

PODPIS



Szafir 2.0.0 (build 699)

B

Raport z weryfikacji podpisu

2026-08-24 15:57:04

elektronicznypodpis.pl

INFORMACJE O DOKUMENCIE:

Nazwa pliku

WAB praca nr 4-sig.pdf

Data weryfikacji podpiséw 2026-08-24 15:57:04
SZCZEGOLY WERYFIKAC)I:
Wioletta Adamus-Bialek 23.08.2026
i I NAZWIsKO DATA

Zaklad Genetyki Medyeznej i Diagnostyki Laboratoryjnei.
Wydzial Lekarski.
Uniwersytet Jana Kochanowskiego w Kiclcach

AFILIACIA

OSWIADCZENIE

Niniejszym oswiadczam, iz moj wklad w manuskrypt:
Wesolowski W, Bloch S, Czerwonka G. Jagicla E, Grabowski L. Jeschke M. Jacewicz J. Piwnicka E.
Morcinek-Orlowska J. Loika H, Czaplewska P, Wegrzyn G, Adamus-Biatek W, Lukasiak A. Nejman-
Faleiiczyk B. Antibacterial activity of a newly identified phage-derived endolysin and its parental
b iophage against clinical uropathogenic Excherichia coli.

polegal na: scleka) 1 dostarczeniu matenatu do badan (izolaty bakieryne), wraz z ich charakiervstyka,
nadzorowaniu pracy zwiwzanc] 7 sekwenc) em g bakieryjnego, wspoludzalem w
prrygo iu czgsci kryptu. a nastepnic jego redakedi | korekcie.




Szafir 2.0.0 (build 699)

2026-08-24 15:57:04

Podpis: Pozytywny

Rodzaj certyfikatu

Kwalifikowany

Format podpisu PAdJES-BES

Data ztozenia podpisu 2026-08-23 20:50:47

Podpis zawiera znacznik czasu Brak

Certyfikat podpisujacego / Nazwa powszechna: Wioletta Adamus-Biatek
skiadajacego pieczed Kraj: PL

Numer seryjny certyfikatu

183280257084507262196234348068648645422160390452

Wystawca certyfikatu

Nazwa powszechna: COPE SZAFIR - Kwalifikowany

Qaz.ngorgamzacji: Krajowa Izba Rozliczeniowa S.A.
raj:

Identyfikator organizacji: VATPL-5260300517

Lista CRL wykorzystana do
weryfikacji certyfikatu

Odpowiedz OCSP wykorzystana do

weryfikacji certyfikatu

Status: GOOD
ArchiveCutOff: 13 Mar 2017 14:07:47 GMT

CN=COPE SZAFIR OCSP Responder OZK62
O=Krajowa lzba Rozliczeniowa S.A.
L=Warszawa

ST=mazowieckie

C=PL - 24 Aug 2026 13:56:57 GMT

Zweryfikowano na dzien

2026-08-24 15:56:57 (Biezacy czas systemowy)

Status weryfikacji

Pozytywny

Kwalifikowany podpis poprawnie zweryfikowany certyfikatem
kwalifikowanym

Uwagi Weryfikowany podpis zostat uznany za kwalifikowany. Zgodnie z Art. 25.
Punkt 2 rozporzadzenia Parlamentu Europeﬂskiego i Rady (UE) nr 910/2014 z
23 lipca 2014 r. kwalifikowany podpis elektroniczny ma skutek prawny
rownowazny podpisowi witasnorecznemu.




Aleksandra Eukasiak
........................................................... ... 27.08.2026 ...
IMIE I NAZWISKO DATA

Katedra Biologii Molekularne;j,
Wydziat Biologii,
Uniwersytet Gdanski

.............................................................

AFILIACIA

OSWIADCZENIE

Niniejszym o$wiadczam, iz méj wklad w manuskrypt:
Wesolowski W, Bloch S, Czerwonka G, Jagiela E, Grabowski L, Jeschke M, Jacewicz J, Piwnicka E,
Morcinek-Orfowska J, Loika H, Czaplewska P, Wegrzyn G, Adamus-Bialek W, Lukasiak A, Nejman-
Faleficzyk B. Antibacterial activity of a newly identified phage-derived endolysin and its parental

bacteriophage against clinical uropathogenic Escherichia coli,

polegat na
(i) wspotudziale w okresleniu efektu cytotoksycznego wywolywanego przez lizat
fagowy na komorki eukariotyczne;

(ii) pozyskaniu funduszy.



Bozena Nejman-Falenczyk (\f: O

................................................................................................

IMIE I NAZWISKO DATA

Katedra Biologii Molekularnej,
Wydzial Biologii,
Uniwersytet Gdanski

AFILIACJA

OSWIADCZENIE

Niniejszym o$wiadczam, iz méj wkiad w manuskrypt:

Wesolowski W, Bloch S, Czerwonka G, Jagieta E, Grabowski L, Jeschke M, Jacewicz J, Piwnicka E,
Morcinek-Ortowska J, Loika H, Czaplewska P, Wegrzyn G, Adamus-Biatek W, Lukasiak A, Nejman-
Falenczyk B. Antibacterial activity of a newly identified phage-derived endolysin and its parental

bacteriophage against clinical uropathogenic Escherichia coli,

polegat na:

* opracowaniu i konsultowaniu koncepcji badan oraz zalozen naukowych niniejszej
publikacji,

* wspdludziale w sprawowaniu merytorycznego nadzoru nad realizacja prac,
udziel w doborze metod badawczych, interpretacji uzyskanych wynikéw oraz
formutowaniu wnioskow,

e koordynowaniu prac zwigzanych z przygotowaniem manuskryptu i dbaniu o jego
spdjnos¢ merytoryczng i redakcyjna,

* koordynowaniu wspéipracy pomi¢dzy wspélautorami i okresleniu zakresu ich pracy,

* przygotowaniu oraz edycji pierwotnej i ostatecznej wersji manuskryptu.

......................................

PODPIS



Praca nr 4

Phage endolysins as promising and effective candidates for use against

uropathogenic Escherichia coli.

Wesotowski W, L.ukasiak A, Bloch S, Kuligowska K, Neumann J,
Lewandowska N, Weglinska E, Wegrzyn G, Nejman-Faleniczyk B.

Viruses. 2025 Apr 13;17(4):560. doi: 10.3390/v17040560.

Impact Factor: 3.8

Punktacja Ministerstwa Nauki i Szkolnictwa Wyzszego: 100

303



ﬁ- viruses

by

Review

Phage Endolysins as Promising and Effective Candidates for Use
Against Uropathogenic Escherichia coli

Wojciech Wesolowski 7, Aleksandra Lukasiak 1", Sylwia Bloch 12, Kaja Kuligowska !, Julia Neumann 3,
Natalia Lewandowska ', Emilia Wegliriska ', Grzegorz Wegrzyn ' and Bozena Nejman-Falericzyk '*(

check for

updates
Academic Editors: Zuzanna
Drulis-Kawa and Tomasz Olszak

Received: 27 February 2025
Revised: 26 March 2025
Accepted: 11 April 2025
Published: 13 April 2025

Citation: Wesolowski, W.; Lukasiak,
A Bloch, 5.; Kuligowska, K.;
Meumann, |.; Lewandowska, N.;
Wegliriska, E.; Wegreyn, G.;
Nejman-Falericzyk, B. Phage
Endolysins as Promising and Effective
Candidates for Use Against
Uropathogenic Escherichia coli, Viruses
2025, 17, 560. https://doiorg/
1013390/ v17040560

Copyright: © 2025 by the authors.
Licensee MDPT, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commaons
Attribution (CC BY) license

(https:/ fcreativecommons.org/

licenses /by /4.0/).

Laboratory of Biology and Biotechnology of Bacteriophages, Department of Molecular Biology, Faculty of
Biology, University of Gdarisk, Wita Stwosza 59, 80-3085 Gdansk, Poland;
wojciech.wesolowski@phdstud. ug edu.pl (W.W.); aleksandra lukasiak@phdstud ug.edu pl (AL.);
sylwia.bloch@ug.edu.pl (5.B.); k. kuligowska. 370@studms.ug.edupl (K.K.);
natalia.lewandowska@phdstud.ug.edu.pl (N.L.); e weglinska.l66@studms.ug.edu.pl (EW.);
grzegorz.wegrzyn@ug.edu.pl (G.W.)

= BNF—MNew Bio Force Ltd., Kartuska 420a, 80-125 Gdarnsk, Poland

Laboratory of Environmental Chemoinformatics, Faculty of Chemistry, University of Gdansk (UG), Wita
Stwosza 63, 80-309 Gdansk, Poland; j.neumann.618@studms. ug.edu.pl

*  Correspondence: bozena.nejman-falenczyk@ug.edu.pl; Tel.: +48-(58)-523-60-38

Abstract: The presented in silico and phylogenetic analysis of putative endolysins poten-
tially produced by phages infecting uropathogenic Escherichia coli (UPEC) demonstrates
their remarkable diversity. These proteins exhibit significant variations in sequence length,
molecular weight, isoelectric point, and stability, as well as diverse functional domains
determining their enzymatic activity, including lysin, lysozyme, hydrolase, amidase, and
peptidase functions. Due to their predicted lytic properties, endolysins hold great promise
in combating UPEC bacteria, including those within biofilms, which are often highly resis-
tant to conventional treatments. Despite their potential, several challenges hinder the full
utilization of endolysins. These include the relatively small number of identified proteins,
challenges in the annotation process, and the scarcity of studies evaluating their efficacy
in vitro and in vivo against Gram-negative bacteria. In this work, we emphasize these
challenges while also underlining the potential of endolysins as an effective tool against
UPEC infections. Their effectiveness could be significantly enhanced when combined
with agents that disrupt the outer membrane of these bacteria, making them a promising
alternative or complement to existing antimicrobial strategies. Further research is necessary
to fully explore their therapeutic potential.

Keywords: bacteriophages; phage endolysins; uropathogenic Escherichia coli (UPEC);
urinary tract infections (UTIs); phage therapy

1. Introduction

Phage endolysins are the best-studied peptidoglycan-degrading enzymes [1,2]. These
molecules are produced by bacteriophages during viral multiplication within the host. They
belong to the lytic system that is responsible for the digestion of the bacterial cell wall from
inside of the bacterium, thereby inducing fast osmotic lysis of host cells and the release
of phage progeny into the environment [3-5]. When developed as a drug, endolysins
must be stable, soluble, and able to degrade peptidoglycan from outside [5]. Taking into
account the enzymatic activity and mechanism of the disruption of peptidoglycan, phage-
derived endolysins can be subdivided into five different groups: (I) glucosaminidases
(N-acetyl-B-D-glucosamidases), (11} lysozymes or muramidases (N-acetylmuramidases),
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(I1I) lytic transglycosylases, (IV) endopeptidases (L-alanoyl-D-glutamate endopeptidases),
and (V) amidases (N-acetylmuramoyl-L-alanine amidases) [6]. The action of endolysins
is frequently supported by other accessory proteins such as holins and pinholins. These
proteins form pores in the cytoplasmic membranes and enable endolysins to enter and
degrade the peptidoglycan layer [7,5].

Proteins functioning as endolysins during the phage life cycle have a globular or
modular structure [9,10]. Moreover, their architecture differs between enzymes specific
for Gram-positive and Gram-negative bacteria which is related to the different structures
of the cell walls of these microorganisms [11]. The bacteriophage-derived endolysins of
Gram-positive hosts have a molecular mass between 25 and 40 kDa and are composed
of an N-terminal enzymatic activity domain (EAD) and a C-terminal cell wall-binding
domain (CBD). However, some of these enzymes may also have more than one EAD and
CBD domains in different orders. The EAD and CBD domains are connected by a short,
flexible linker region [9,10,12,13]. The N-terminal EAD contributes to the simple enzymatic
cleavage of different bonds in peptidoglycan structure, while C-terminal CBD can recognize
and bind to specific ligand molecules on the cell wall [11,14,15]. Importantly, the modular
structure of these Gram-positive phage-derived products allows protein engineering to
improve the production process, enhance the activity against bacteria, widen the lytic
spectrum of action of enzymes, and modify physicochemical properties of endolysins, such
as stability and solubility [16-18]. In contrast, Gram-negative endolysins are mostly small,
single-domain globular proteins with molecular mass between 15 and 20 kDa. Most of
them contain only a single EAD domain, without a CBD [8,14]. Similarly to endolysins
active against Gram-positive bacteria, some Gram-negative endolysins were found to have
a modular structure. Examples include endolysins encoded by Pseudomonas, Salmonella,
and Burkholderia bacteriophages [8,14]. Unfortunately, the presence of the outer membrane
at the cell wall of Gram-negative pathogens makes the exogenous application of endolysins
less attractive and effective compared to their counterparts produced by phages infecting
Gram-positive bacteria. However, due to the huge problem of antibiotic resistance among
Gram-negative bacteria, recently, the increasing attention of researchers has been devoted
to developing new strategies for overcoming the obstacle of the outer membrane by Gram-
negative targeted endolysins [14,19-21].

Antimicrobial resistance is a huge problem among UPEC that are responsible for
urinary tract infections (UTIs). It is estimated that UPEC bacteria are responsible for
approximately 50-65% of complicated cases and 75-85% of uncomplicated infections [22].
Although antibiotics are effective in treating uncomplicated UTIs, such a therapy becomes
problematic for complicated infections, especially those caused by resistant bacterial strains.
UPEC bacteria are hazardous due to their adhesive abilities, which enable the colonization
of the urinary tract, as well as the formation of biofilm.

Biofilm formation is a crucial stage in the pathogenesis of UTls, allowing UPEC
bacteria to expand within the urinary tract effectively. Biofilm development is facilitated
by the production of specific adhesins by UPEC, such as type 1 and P fimbriae, which
recognize receptors on the surface of the host’s epithelial cells. This enables the bacteria to
adhere to the epithelial cell layer, such as that of the bladder, and initiate the production
of an extracellular matrix (EPS), which effectively protects the bacteria from the action
of antibiotics and the host’s immune cells. Moreover, the biofilm contains persister cells,
whose presence enables the immediate restoration /regrowth of the bacterial population
after antibiotic treatment [23,24]. For this reason, biofilm removal is extremely challenging,
and infection relapses are frequent. Biofilm can also be formed on abiotic surfaces, such
as urinary catheters, making the treatment of UTlIs in catheterized patients especially
challenging. In the hospital environment, biofilm serves as a source of chronic infections,
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and the spread of resistant strains, due to the intensive transfer of genes between cells,
which promotes the selection and dissemination of antibiotic resistance [25].

Bacteriophages and the endolysins they produce may help address the problem of
biofilm removal due to their ability to go through the EPS structure and increase the
exposure of bacterial cells to the action of the phages and their enzymes, as well as to
applied antibiotics [11,26]. Phage therapy targeting biofilms, incorporating both phages
and phage-derived enzymes, should address several challenges. The most significant are
the following: insufficient number of characterized bacteriophages and phage proteins, the
development of bacterial resistance to phages, and safety concerns. Importantly, there are
no studies clearly indicating that phage lytic enzymes, including endolysins, induce the
development of resistance similar to the one observed in the case of antibiotics or even
phages. Therefore, great hopes are placed in them, among others, for combating UPEC.
For this reason, in this review, we decided to summarize our knowledge about putative
endolysins identified in the genomes of bacteriophages infecting UPEC bacteria to show
their great application potential and indicate the main research problems. Importantly, we
focus on both endolysins produced by phages specific only to UPEC, but also those derived
from phages that, apart from UPEC, infect other types of E. coli bacteria. To our surprise,
we could not find reports concerning in vitro and in vivo applications of these endolysins;
thus, we focused mainly on the in silico characteristics of their sequences found in the
GenBank database. We gathered 39 proteins annotated by authors as endolysins or proteins
having endolysin domains and performed their detailed in silico analysis and phylogenetic
searches. In addition, we summarized the literature reports on the use of endolysins
derived from phages other than anti-UPEC to combat uropathogens, concentrating on the
endolysin action against bacterial biofilms.

2. In Silico Analysis of Anti-UPEC Phage Proteins Annotated
as Endolysins

This analysis considered 75 lytic anti-UPEC bacteriophages with DNA sequences
found in the GenBank database on 15.12.2024. Table 1 summarizes the most important
information and properties of the putative endolysins (39 in total) annotated by different
authors in the genomes of tested bacteriophages [27-41]. In cases where the phage genomic
sequence was available, but no annotations were made, we performed the annotation
ourselves using the Pharokka version 1.6.1 [42]. All putative endolysins annotated by us
were labeled as “self”, with the appropriate number indicating the open reading frame
number assigned during the annotation process. For all proteins, annotated both by us and
other scientists, we gathered data, such as the name of the protein, position of the gene in
the virus genome, gene length, protein accession number, protein length, molecular weight,
isoelectric point (pI), melting point (Tm), instability index, aliphatic index, grand average
of hydropathy score (Gravy), name of the predicted domain, and its position in the protein
sequence (Table 1).
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Table 1. Characteristics of endolysins annotated in genomes of anti-UPEC bacteriophages.
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VB—E‘“F?E.]I‘ IBUKEL  odglysin 20127-20585 458 QFI79721.1 152 17.04 4476 7.79 -038 7BA58 81.0°C [S5F55846) 1
- Neacetylmuramoyl-L-alanine amidase 2150
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(PFDI510)
Feptidase M15
. s ; E . (PFD8291) 1106
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fedl4845) 1120
vB-EcoM-KMB43 endalysin 55240-55629 389 WQNI429.1 129 1472 12666 93 —paiz 79922 530 °C Hedpehiog/Ut) pephiiag 2-120
[37] (S5F35166) 35190

D-alanyl-D-alanine carboxypeptidase
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Table 1. Cont.

Position of the
Gene in Virus
Genome

Phage name Protein
[References] Name

Gene Length
(nt)

Protein
Accession
Number

Protein
Length (aa)

Molecular
Weight
(kDa)

Instability

Index

Isoelectric
Point (pl)

Gravy

Aliphatic
Index

Melting
Point (Tm)

Name of the Predicted D

Position of the

mn

Sequence

Protein

endolysin

KLlan 1691947182

263

WEU67833.1

87

1024

48.485

421

-0.197

74943

W00°C

internal
virion protein
with 31648-34968
endolysin
domain

vB_EcoM_SHAK7163
33l

WVW77660.1

1106

121.66

35115

561

~0.423

79322

420°C

internal
virion protein
with 3969042998
endolysin
domain

vB_EcoM_SHAK7704
(33

sell_RMKP62

1102

121.26

35421

569

-0.429

78.63

420°C

internal
virion protein
with 32030-35917
endolysin
domain

vB_EcoM_SHAK7854
33l

self DNYN53

1295

140.9

37494

5.67

—0.39

79.012

410°C

_internal
virion protein
with 32160-36047
endolysin
domain

vB_ EmM_S:{AK‘M.H
3

self_ZENB33

1295

140.83

37.467

587

78942

410°C

_internal
¥B_Ecol INA3 Firkon pein
127 endolysin

domain

5943-9830

self_GX1J6

1295

140.96

36.837

5.68

-0.399

79459

a1.0°C

_internal
virion protein
with 23530-27417
endolysin
domain

vB_Ecol_LNAS
[27]

self_TCEH45

1295

140.81

37.737

-0.398

77.892

410°C

b endolysin 127670127933

UvVD33512.1

87

1029

48.816

43

-0.277

74943

400°C

* Endolysins are arranged based on the type of domain they possess.
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The data in Table 1 were obtained by us using several in silico tools. The Prot-Param
module from the Biopython library was used to predict molecular weight, isoelectric point
(pl), instability index, and Gravy score [43]. The DeepSTABp software was used to predict
protein melting points [44]. The aliphatic index was calculated using a previously described
formula [45]. A domain search was performed using InterProScan version 5.72-103 [46].
This tool integrated predictive information about proteins’ function from several partner
resources (such as CDD, Coil, FunFam, Gene3D, Hamap, MobiDBLite, NCBIfam, Panther,
Pfam, Phobius, PIRSF, PRINTS, ProSitePatterns, ProSiteProfiles, SMART, and SUPERFAM-
ILY), giving an overview of the domains that a protein contains and families that it belongs
to. All data generated by this program are collected in Supplementary Table S1. Notably,
this analysis showed that some of the analyzed proteins do not have domains typical for
phage endolysins, and they are described in more detail below.

In silico analyses indicated that genomes of 30 anti-UPEC bacteriophages contain genes
encoding potential endolysins or proteins with endolysin domain [27-41]. In total, 39 pu-
tative enzymes were listed in Table 1. Interestingly, seven bacteriophages—EG1, LNA3,
LNAS, SHAK9454, SHAK7163, SHAK7854, and SHAK7704 [27,33,39]—were identified
to produce the internal virion proteins with endolysin domains (Table 1). In this group
of 30 bacterial viruses, we can distinguish eleven bacteriophages that produce enzymes
with lysozyme domains: 590B, Killian, NTEC3, LNA1, SHAK7693, SHAK?7858, ACG-M12,
UTEC10, Golestan, phiEc3, phiEc4 [27-35]; six phages with enzymes of amidase activity:
101118UKE1, 101120B1-2, 101120B2, 101136B51, 22664B51, 22664UKE3-2 [36]; six phages hav-
ing endolysins with peptidase domain: ACG-C91, SHAK7704, SHAK7163, KMB14, KMB43
MLP1 [33,34,37,38]; EG1 phage [39] with enzyme having transglycosylase domain; and
LNA4 phage [27] producing enzymes with hydrolase activity, as indicated in Table 1. The
exceptions are seven internal virion proteins (YP_009795842.1, self TCEH45, self ZENB53,
self_GXIJ6, self_DNYN53; self RMKP62, and WYW77660.1) identified in phages SHAK7163,
SHAK7704, SHAK7854, SHAK8454, LNA3, LNA5 [27,33], and five endolysins (WEU68017.1,
WEU67833.1, UVD33329.1, UVD33388.1, and UVD33512.1) originated from phages Kil-
lian [35] and ZCEC14 [40], in which the in silico tools were unable to identify the domains
typically characteristic of endolysins (Table 1, Supplementary Table S1).

As we mentioned above, the first considered group of endolysins are enzymes with
domains of lysozymes (Table 1), and they are annotated in genomes of the 11 anti-UPEC
phages: 590B, Kilian, NTEC3, LNA1, SHAK7693, SHAK7858, ACG-M12, UTEC10, Golestan,
phiEc3, and phiEc4 [27-35]. Phages probably produce these potential N-acetylmuramidases
to kill Gram-negative bacteria through targeted hydrolysis. As a result of such action, the
integrity of peptidoglycan is interrupted and an imbalance of turgor pressure occurs,
causing the lysis of bacterial cells [47-49]. The endolysins (YP_010749568.1, QYU43915.1,
YP_009620148.1, YP_010749155.1, QVR48622.1, WWY66481.1, WVW77834.1, and self_
ZKRH133) of the phages phiEc3 [30], phiE4 [30], Golestan [32], NTEC3 [31], 590B [28],
UTEC10 [29], SHAK7858 [33], and LNA1 [27] demonstrate the presence of endolysin and
autolysin domains (cd00737, Table 1), and based on their domains, they are classified as
lysozyme-like proteins or phage lysozymes (S5F53955, PF00959, respectively). These in
silico-identified proteins have a predicted molecular mass of 8.73 to 18.59 kDa and an
isoelectric point from 7.91 to 10.21 (Table 1). Interestingly, the endolysins (self . ZKRH133,
YP_006987885.1, YP_009620148.1, WVW77753.1, and WVW77754.1) encoded in genomes of
the LNA1 [27], ACG-M12 [34], Golestan [32], and SHAK7693 [33] bacteriophages probably
melt below 50 °C (Table 1). The remaining enzymes may denature at 50 °C and above
(Table 1). The grand average of hydropathy (Gravy) of all proteins is below 0, indicating
that they are soluble in water. The aliphatic index spans between 70.380 and 99.938, which
indicates that these proteins are thermally stable and contain high amounts of hydrophobic
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amino acids. Moreover, the instability index of all of them is below 40, confirming these
proteins’ stability (Table 1).

An interesting case among endolysins with a lysozyme domain is the endolysin
(YP_006987885.1) synthesized by phage ACG-M12 [34]. It is an alkaline protein with a pl of
9.83, a melting temperature of 49 °C, and an aliphatic index of 99.938. This protein has a
molecular weight of 17.63 kDa, is composed of 161 amino acids, seems to be stable as its
instability index is equal to 33.838, and possesses the endolysin R21-like protein domain
(cd16900, Table 1) that encompasses residues from 20 to 156. In addition to this, analyses
from Phobius reveal that this protein contains a signal peptide spanning amino acids 1 to
27, and Hamap shows that it resembles SAR-endolysins (Supplementary Table S1) and may
anchor to the membrane in an inactive form, which acts to prevent premature lysis of the
infected host [50-52]. Another interesting protein with predicted lysozyme activity is the
enzyme (WEU67899.1) encoded by the gene located in the DNA of the Killian phage [35].
This anti-UPEC virus possesses in its genome as many as four potential genes responsible
for the production of endolysins. However, only one of them has the bacteriophage T4-like
lysozyme domain (¢cd00735) that encompasses amino acid residues from 2 to 160 and is
characteristic of N-acetylmuramidases (Table 1). The endolysin of the Killian phage has
164 amino acids, a molecular mass of 18.59 kDa, and the theoretical isoelectric point is
estimated to be 9.59. Additionally, the critical melting point of the Killian-derived enzyme
with the lysozyme activity equals 53 “C, the aliphatic index equals 88.049, and its instability
index is 37.155, which, with the high value of the aliphatic index, may indicate its good
stability (Table 1). In addition, it is worth emphasizing that all enzymes belonging to the
group of proteins with lysozyme activity are involved in the peptidoglycan (GO:0009253)
and cell wall macremolecule catabolic (GO:00016998) processes (Supplementary Table 51).

The second group of endolysins potentially produced by phages infecting UPEC
bacteria are enzymes with an amidase domain (IPR002502; Supplementary Table S1). These
proteins are probably produced by six viruses—22664UKE3-2, 101120B2, 101118UKEI1,
101120B1-2, 101136BS1, and 22664BS1 [36]—and possess N-acetylmuramoyl-L-alanine
amidase activity (PF01510; Table 1) and a peptidoglycan recognition protein (PGRP) domain
(cd06583, Table 1). It is known that the peptidoglycan amidases act by breaking the amide
bond that separates the glycan strand from the stem peptide located between the N-
acetylmuramic acid and L-alanine residues [48,49]. Five of these proteins (QZI79721.1,
QZI79903.1, QZI79784.1, QZ179844.1, QZI78611.1) are composed of 152 amino acids, their
predicted molecular weight is approximately 17 kDa, and they are predicted to be unstable
as the instability index remains over 40 (Table 1). The exception is amidase encoded by the
22664B51 phage (QZI178465.1). This protein is slightly shorter (117 amino acids) and has a
molecular mass of 13.16 kDa and an instability index equal to 50.611. Interestingly, all these
enzymes possess similar isoelectric point values, ranging from 7.79 to 8.83, a theoretical
melting point which ranges from 49 °C to 51 °C, and a Gravy score below 0, which indicates
they are hydrophilic. Taking into account gene ontology, the analyzed endolysins with
amidase properties are also involved in the peptidoglycan catabolic process (GO:0009253),
as indicated in Supplementary Table S1.

In the analyzed group of putative endolysins encoded by phages infecting UPEC
strains, there are also six proteins with peptidase activity (SSF55166, Table 1). These
proteins (WPK27911.1, WOQN06429.1, self RMKP5, WVW77668.1, YP_010844467.1, and
YP_006987811.1) are encoded by genes located in the genomes of six phages: KMB14,
KMB43, SHAK7704, SHAK7163, MLP1, and ACG-C91 [33,34,37,38]. The target of such
proteins is a peptide that is made up of the L-lysine and D-alanine link [29,30]. Interestingly,
the MLP1- [38] and KMB43- [37] derived peptidases (YP_010844467.1 and WQN06429.1)
have the L-Ala-D-Glu peptidase-like domain (cd148945, Table 1), whereas ACG-C91- [34],
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KMB14- [37], SHAK7704- [33], and SHAK7163- [33] derived endolysins (YP__006987811.1,
WPK27911 1, self RMKP5, and WVW77668.1) have been identified to have the peptidase
M15 domain (PF08291, Table 1). These enzymes’ length spans from 114 to 131 amino acid
residues, and their molecular weights are between 12.59 and 14.96 kDa (Table 1). Moreover,
the theoretical isoelectric point of potential peptidases is above 8.79, which indicates their
alkaline nature. The predicted melting point of KMB14 putative peptidase (WQN06429.1)
is 49 “C, which is the lowest predicted melting temperature, whereas the highest one is
calculated for MLP1 putative peptidase (YP_010844467.1) and equals 57 °C. Importantly,
most of these peptidases seem to be stable, besides KMB14- and MLP1- derived peptidases
(WPK27911.1 and YP_010844467.1) with stability indexes of 40.639 and 47.821, respectively.
Additionally, all of them show Gravy values below 0 and an aliphatic index above 65,
indicating their thermal stability.

Interesting cases are also two putative endolysins encoded by genes located in the
genome of the LNA4 bacteriophage [27]. Both of them seem to have hydrolase activity;
however, in one of these two enzymes (annotated by us as self PFX]59), the chitinase class
I domain (PF00182, Table 1) was found between amino acids 41 and 146. The presence of
such a domain may suggest that this protein participates in the chitin catabolic process (GO:
0006032, Supplementary Table S1). This is a rather unusual feature for a phage, but a similar
phenomenon has been observed previously in Bacillus infecting phage [53]. As indicated
in Table 1, the endolysin has a molecular weight of 20.08 kDa, a pl of 9.3, and a Tm of
53 °C. Its instability index is low and equals 23.118, which demonstrates that the protein is
stable. In addition, its aliphatic index is 88.098, a high value that also indicates the thermal
stability of this protein. The Gravy index score equals -0.335, suggesting that this endolysin
is more hydrophilic and soluble in water (Table 1). Interestingly, the second LNA4-derived
endolysin (annotated by us as self_PFX]204) probably has the cell wall hydrolase domain
between amino acids 70 and 181 (PF07486, Table 1). This is a protein with a molecular mass
of 21.65 kDa, a pl of 9.67, and a Tm of 41 °C. Its instability index equals 30.802, and the
aliphatic index is 81.105, both suggesting the stability of this protein; and the Gravy score
is —0.374 (Table 1).

It is worth emphasizing that anti-UPEC bacteriophages can potentially produce not
only typical endolysins, but also the internal virion proteins with endolysin domains
(Table 1). As we mentioned above, this phenomenon concerns seven bacterial viruses:
SHAK9454, SHAK7163, SHAK7704, SHAK7854, EG1, LNA3, and LNAS5 [27,33,39]. These
enzymes are longer than the typical endolysins synthesized by bacteriophages. They are
composed of over 1100 amino acids, and their molecular weight is estimated to be approxi-
mately between 121 and 145 kDa (Table 1). Moreover, their theoretical isoelectric point is
within the range of about 5.61 to 6.58, and almost all of them seem to be stable. All of these
proteins probably melt at temperatures between 41 °C and 42 °C and have an aliphatic
index score between 77.892 and 79.459. Interestingly, among these bacteriophages [27,33],
only the EG1-derived internal virion protein (YP_009795842.1) exhibits transglycosylase
activity (PF01464, Table 1). This protein has the putative lytic transglycosylase (LT)-like do-
main between amino acids 28 and 144 (cd00254, Table 1). On the other hand, LN A3, LNAS5-,
SHAK7854-, and SHAK9454- derived internal virion proteins (self_GXIJ6, self_TCEH45,
self DNYN53, and self_ZENB53) are equipped with transmembrane regions (Supplemen-
tary Table S1), whereas the SHAK7163-, SHAK7704- derived proteins (WVW77660.1 and
self_RMKP62) have coiled regions (Supplementary Table 51). Interestingly, the results
of the Blast search indicated the highest similarity (100% query cover, 0.0 e-value, and
95.62% identity) of the EG1-derived protein to the DNA ejectosome component of Yersinia
phage vB_YenP_WW?2 and the outer membrane protein of Yersinia phage vB_YenP_WX1.
On the other hand, Blast search against a non-redundant database of E. coli (taxid:562)
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records revealed that this protein is also similar to transglycosylase SLT domain-containing
protein, with 100% query cover, 0.0 e-value, and 65.63% identity. In turn, LNA3-, LNAS5-,
SHAK9454-, and SHAK7854-derived proteins (self_GXIJ6, self_TCEH45, self_ZENB53, and
self_DNYN53) are mostly common to internal virion protein D, with 100% query cover, 0.0
e-value, and identity varying from 96.76 to 98.46%. Lastly, SHAK7163- and SHAK7704-
derived proteins (WVW77660.1 and self_RMKP62) are mostly similar to E. coli hypothetical
proteins, also with 100% query cover, e-value equal to 0.0, and identity varying from 93.22%
to 94.58%.

As mentioned before, in the Killian phage genome [35] there are four putative endolysins,
but only one (WEU67899.1) with a phage lysozyme domain is described (Table 1). Other
proteins, WEU67851.1 and WEU68017.1, have motifs not typical of endolysins, such as
anaerobic ribonucleoside-triphosphate reductase domain (PF13597, Table 1) or a T4 RNase H
motif (PF09293, Table 1), respectively. In the case of ZCEC14 phage [40], one of its putative
endolysins (UVD33329.1) also possesses a T4 RNase H motif (PF(09293, Table 1), and the
second one (UVD33388.1) is considered to have a prohead protease inhibitor (IPR016594,
Supplementary Table S1). Importantly, the identified domains suggest that these proteins may
have other activities and are probably not endolysins.

Among these, we analyzed sequences of putative endolysins for the presence of
antimicrobial peptides (AMPs) and found 39 such peptides with a high probability > 0.8,
as indicated in Supplementary Table 52. The presence of such peptides indicates the lytic
properties of analyzed endolysins against bacterial cells. Interestingly, some sequences
of the identified peptides occur in more than one endolysin, which may suggest their
evolutionary preservation.

The obtained results indicate a large diversity of domains present in endolysins and
potentially high stability of the identified proteins. Moreover, we demonstrate that it is
extremely important to thoroughly verify the annotated proteins in terms of functions they
may perform.

3. Phylogenetic Analysis of Putative Endolysins Annotated in Genomes
of Anti-UPEC Phages

The analyzed putative endolysins differ significantly, as indicated in the previous
paragraph. To establish their common evolutionary origin, the OMA [54] software version
2.6.0 was used to determine 11 orthologous groups for all 39 annotated endolysins and
other proteins identified in 75 genomic sequences of anti-UPEC phages found in the
NCBI database on 15.12.2024 [27-41]. Then, based on such orthologous groups containing
endolysin sequences, maximum likelihood trees were prepared using IQ-TREE [55]. The
alignments of nucleotide sequences were performed using Clustal Omega version 1.2.4 [56],
and the MEGA [57] program was used to perform visualization with midpoint rooting.
This analysis allowed us to generate 11 separate trees (Figures 1-11), which are discussed in
detail below. In addition, we also identified proteins that were not annotated by the authors
as endolysins, but turned out to be closely related to them and may have similar functions.
Importantly, phylogenetic trees were not obtained for some of the described endolysins
(WVW77754.1, WYW77753.1, self_ZKRH133, WOQN06429.1, YP_010844467.1, self_PFX]59,
and self_PFXJ204) due to the lack of their sequence similarity to other annotated proteins.
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endolysin YP 010749568.1 vB EcoS-phiEc3 NC 073323
endolysin QVR48622.1 590B MW722821

e lysin WQNO7684.1 vB-Eco-KMB35 OR525704
lysin USM81274.1 vB EcoS-UTIBOUKE1 MZ234048

34

endolysin WWY66481.1 vB EcoS UTEC10 PP291582

endolysin YP 010749155.1 NTEC3 NC 073318

#—— endolysin QYU43915.1 vB EcoS-phiEc4 MZ576218

— lysin WQNO07602.1 vB-Eco-KMB36 OR525703

endolysin WWW77834.1 vB EcoM SHAK7858 OR594183

0.10

Figure 1. The phylogenetic tree is generated based on the first orthologous group determined
by OMA and contains endolysins (YP_009620148.1, YP_010749568.1, QVR48622.1, WWY66481.1,
YP_010749155.1, QYU43915.1, and WVW?77834.1), with autolysin domains derived from phages
Golestan, phiEc3, 590B, UTEC10, NTEC3, phiEc4, and SHAK7858, respectively. The tree was made
as described in the text, using the maximum likelihood method with 1000 bootstrap replications.
Panel (A) presents a tree with all grouped proteins. Panel (B) shows a modified tree, where proteins
derived from phages CH5UKE2, 101114BS4, 2266481, 101114B2, and CHD2B1 were removed to
highlight the particular distances on the tree. The names indicated on the tree include the protein
name and its accession number, followed by the phage name and its accession number.
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lysazyme R WPJT1039.1 vB-Eco-KMB26 ORS30218
lysozyme R QZIB3385.1 vB EcoM-GIGT MZ234040
lysazyme R QZIB0464.1 vB EcoM-CHDZBS1 MZZ34027
Té-ske phage basepiate hub tall ysozyme CAHZE10090,1 vB EcoM KMBZ6 OWS36638
M lysozyme R QZIT8954.1 vB EcoM-101112LKE3-1 MZ234013
baseplate hub tail lysozyme UEMBSTES.1 MLP2 0K 148441

8| lysazyme R QZIBOSOT. 1 vB EcoM-CHDIBUKE T MZ234030
lysozyme R OZITI532 1 vB EcoM-101117TBS1 MZ234018

o lysozyme R WRI71570.1 vB-Eco-KMB40 ORS38220
lysezyme R WONOT383 1 vB-Eco-KMB23 ORS25702

#f ysozyme: R WPJTO775.1 vB-Eco-KMB22 ORS38217

. [Mm R WPJ71303.1 vB-Eco-KMB39 DR538218

- endolysin WEUBTE9.1 Killan 00446654

lysozyme R WPJT1835.1 vB-Eco-KMB4AZ OR535221

ghycoside hydrolase family protein P 008986678 1 vB EcoM ACG-C40 NC 019398
w| | ypothetical protein UVD33441.1 ZCEC14 OP168898
4 lysazyme R QZI81192 1 vB EcoM-CHDB4UKEZ MZ234031

Iysozyme R WQMNIT107.7 vB-Eco-KMB38 ORS25T01

Iy R OZI80176.1 vB BcoM-172850UKE 1 MZ234025

Iy STy

hypothetical proten sefl HLWW3S vB EcoM LNAZ MZ311885
lysazyme murein hydrolase WOMIETS. 1 vB-Eco-KMB3T ORSZSTO0

lysozyme R WPJ71039.1 vB-Eco-KMB26 OR539218
lysozyme R QZI83386.1 vB EcoM-G3G7 MZ234040

lysozyme R QZI80464.1 vB EcoM-CHD2BS1 MZ234027

Ta-like phage baseplate hub tail lysozyme CAH2619090.1 vB EcoM KMB26 OW536688
lysozyme R QZI78958.1 vB EcoM-101112UKE3-1 MZ234013

[~ baseplate hub tail lysozyme UENBE765.1 MLP2 OK148441

lysozyme R QZI80907.1 vB EcoM-CHD16UKE1 MZ2234030
i lysozyme R QZ179532.1 vB EcoM-101117BS1 MZ234018

lysozyme R WPJ71570.1 vB-Eco-KMB40 OR539220

— lysozyme R WQNO7383.1 vB-Eco-KMB23 ORS525702

lysozyme R WPJT0775.1 vB-Eco-KMB22 OR539217

17
i 4[
*L lysozyme R WPJ71303.1 vB-Eco-KMB39 OR538219

endolysin WEUS7899.1 Killian 00446694
lysozyme R WP.J71835.1 vB-Eco-KMB42 OR539221

glycoside hydrolase family protein YP 006986678.1 vB EcoM ACG-C40 NC 019389

001

Figure 2. The phylogenetic tree is generated based on the second orthologous group estimated by
OMA and contains a selected endolysin (WEU67899.1) of the Killian anti-UPEC phage. The tree was
made using the maximum likelihood method with 1000 bootstrap replications. Panel (A) presents a
tree with all grouped proteins. Panel (B) shows a modified tree, where proteins derived from phages
KMB37, LNA2, 172859UKE1, KMB38, CHD94UKE?2, and ZCEC14 were removed to highlight the
particular distances on the tree. The names indicated on the tree include the protein name and its
accession number, followed by the phage name and its accession number.
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[ lysozyme or muramidase WPK28014.1 vB-Eco-KMB25 OR424386

l lysozyme R WQNO06679.1 vB-Eco-KMB46 OR525699

endolysin YP 006987885.1 vB EcoS ACG-M12 NC 019404

Figure 3. The phylogenetic tree is generated based on the third orthologous group determined by
OMA and contains endolysin (YP_006987885.1) derived from phage ACG-M12. The tree was made
using the maximum likelihood method. The names indicated on the tree include the protein name
and its accession number, followed by the phage name and its accession number.
endolysin QZ179721.1 vB EcoP-101118UKE1 MZ234021
endolysin QZ179903.1 vB EcoP-101136BS1 MZ234024
amidase self DNYN29 vB EcoM SHAK7854 OR594182
amidase self GXIJ34 vB EcoP LNA3 MZ311862
amidase self ZENB29 vB EcoM SHAK9454 OR594184
89
amidase self TCEH12 vB EcoP LNA5 MZ311861

endolysin QZ179784.1 vB EcoP-10112081-2 MZ234022

endolysin QZI79844.1 vB EcoP-101120B2 MZ234023

endolysin QZ178465.1 vB EcoP-22664BS1 MZ234009

endolysin QZI78611.1 vB EcoP-22664UKE3-2 MZ234011

amidase YP 009795817.1 EG1 NC 047895

050

Figure 4. The phylogenetic tree is generated based on the fourth orthologous group estimated
by OMA and contains endolysins with an amidase domain (QZ179721.1, QZ179903.1, QZ179784.1,
QZ179844.1, QZ178465.1, and QZI78611.1). The tree was made using the maximum likelihood method
with 1000 bootstrap replications. The names indicated on the tree include the protein name and its
accession number, followed by the phage name and its accession number. The ‘self’-labeled proteins
were annotated by us using Pharokka version 1.6.1 [42].

hypothetical protein WPK27967.1 vB-Eco-KMB47 OR424385

'%! hypothetical protein QZI78680.1 vB EcoP-101101UKE1 MZ234012

endolysin WPK27911.1 vB-Eco-KMB14 OR424384
hypothetical protein QZI79610.1 vB EcoP-101117UKE2 MZ234019

%! hypothetical protein QZ179670.1 vB EcoP-10111881 MZ234020

endolysin WWW77668.1 vB EcoM SHAK7163 OR594179

endolysin self RMKPS vB EcoM SHAK7704 OR594181

hypothetical protein QZI84581.1 vB EcoP-UTIBSUKE2 MZ234049

hypothetical protein QZI84648.1 vB EcoP-UTIBOUKE3 MZ234050

endolysin YP 006987811.1 vB EcoP ACG-C91 NC 019403

—_—
0.050

Figure 5. The phylogenetic tree is generated based on the fifth orthologous group determined by
OMA and contains endolysins with peptidase domain (WPK27911.1, WYW77668.1, self_RMKPS5, and
YP006987811.1) derived from phages KMB14, SHAK7163, SHAK7704, and ACG-C91, respectively.
The tree was made using the maximum likelihood method with 1000 bootstrap replications. The
names indicated on the tree include the protein name and its accession number, followed by the phage
name and its accession number. The ‘self’-labeled endolysin was annotated by us using Pharokka
version 1.6.1 [42].



Viruses 2025, 17, 560

16 of 30

Iytic exotransglycosylase QZI78748.1 vB EcoP-101120B1-2 MZ234022

tidogly Iytic exotransglycosylase QZI79808.1 vB EcoP-101120B2 MZ234023

pep 2 Y

¥ i Iytic lase QZI78576.1 vB EcoP-22664UKE3-2 MZ234011

P el cR Y

+f internal virion protein with endolysin domain self DNYNS3 vB EcoM SHAK7854 OR594182

tidogly Iytic exotransglycosylase QZ179686.1 vB EcoP-101118UKE1 MZ234021

Y

internal virion protein with endolysin domain self ZENBS3 vB EcoM SHAK9454 OR594184
1 intarnal virion protein with endolysin domain self TCEHAS vB EcoP LNAS MZ311861

;} peptidogiycan lytic exotransglycosylase QZ179868.1 vB EcoP-1011368S1 MZ234024
sbol
|

 peptidoglycan lytic glycosylase QZIT8431.1 vB EcoP-22664BS1 MZ234009

~ internal virion protein with endolysin domain self GXIJ6 vB EcoP LNA3 MZ311862

internal virion protein with endolysin domain YP 009795842.1 EG1 NC 0478395

o Iytic glycosylase QZI79748,1 vB EcoP-101120B1-2 MZ234022

L idoglycan Iytic exotransglycosylase QZI79808.1 vB EcoP-101120B2 M2234023

34

peptidogh Iytic exotransglycosy QZ178576.1 vB EcoP-22664UKE3-2 MZ234011

internal virion protein with endolysin domain self DNYN53 vB EcoM SHAK7854 OR594182

peptidoglycan lytic exotransglycosylase QZI79686.1 vB EcoP-101118UKE1 MZ234021

internal virion protein with endolysin domain self ZENBS3 vB EcoM SHAK9454 OR594184
(» internal virion protein with endolysin domain self TCEH45 vB EcoP LNAS MZ311861

MLL plidoglycan ytic exotransalycosylase QZIT9868.1 vB EcoP-101136B51 M2234024
7L peptidoglycan lytic exotransglycosylase QZI78431.1 vB EcoP-22664BS1 MZ234008

—_—
[ 13

Figure 6. The phylogenetic tree is generated based on the sixth orthologous group determined
by OMA and contains internal virion proteins with endolysin domain, such as EG-derived pro-
tein YP_009795842.1, and four other annotated and assigned by us: self TCEH45, self_ZENB53,
self_GXIJ6, and self DNYN53. The tree was constructed using the maximum likelihood method with
1000 bootstrap replications. Panel (A) presents a tree with all grouped proteins. Panel (B) shows a
modified tree, where proteins derived from phages EG1 and LNA3 were removed to highlight the
particular distances on the tree. The names indicated on the tree include the protein name and its
accession number, followed by the phage name and its accession number.

peptidoglycan lytic exotransglycosylase QZ184572.1 vB EcoP-UTIBSUKE2 MZ234049
peptidoglycan Iytic exotransglycosylase QZ184639.1 vB EcoP-UTI8SUKE3 MZ234050
internal virion protein with endolysin domain self RMKP62 vB EcoM SHAK7704 OR594181

100
peptidoglycan lytic exotransglycosylase WPK27904.1 vB-Eco-KMB14 OR424384

——— internal virion protein with endolysin domain WVW77660 1 vB EcoM SHAK7163 OR594179

[ peptidoglycan lytic exotransglycosylase WPK27958.1 vB-Eco-KMB47 OR424385
9L peptidoglycan lytic exotransglycosylase QZI78671.1 vB EcoP-101101UKE1 MZ234012

putative internal virion protein YP 006987803.1 vB EcoP ACG-C91 NC 019403

0.0s0

Figure 7. The phylogenetic tree is generated based on the seventh orthologous group established by
OMA and contains internal virion proteins with a coiled-coil domain (WVW?77660.1 and, annotated
by us, self_RMKP62). It was made using the maximum likelihood method with 1000 bootstrap
replications. The names indicated on the tree include the protein name and its accession number,
followed by the phage name and its accession number.
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ribonucleotide reductase of class |ll anaerobic large subunit QZ180224.1 vB EcoM-CHD2BS1 MZ234027

'™ ribonucleotide reductase of class |1l anaerobic large subunit QZI83145.1 vB EcoM-G3G7 M2234040
ribonucleotide reductase of class Il anaerobic large subunit QZI80666.1 vB EcoM-CHD16UKE 1 MZ234030
hypothetical protein UVD33494.1 ZCEC14 OP 168898

ribonucleotide reductase of class Il anaerobic large subunit QZ179295.1 vB EcoM-101117BS1 MZ234018
ribonucleotide reductase of class Il anaerobic large subunit WQNO07063.1 vB-Eco-KMB38 OR525701
 ribonucleotide reductase of class |1l anaerobic large subunit WPJ71255.1 vB-Eco-KMB39 OR539219
ribonucleotide reductase of class |l anaerobic large subunit WPJ70728.1 vB-Eco-KMB22 OR539217
ribonucleotide reductase of class Il anaerobic large subunit WQN07334.1 vB-Eco-KMB23 OR525702

*] ribonucleotide reductase of class |Il anaerobic large subunit QZI1768715.1 vB EcoM-101112UKE3-1 MZ234013
ribonucleotide reductase of class Il anaerobic large subunit WPJ70993.1 vB-Eco-KMB26 OR539218

Ribonuclectide reductase of class Il anaerobic large subunit EC CAH2619043.1 vB EcoM KMB26 OW536688

i

ribonucleotide reductase of class Ill anaerobic large subunit QZI80957.1 vB EcoM-CHD4UKE2 MZ234031

* anaerobic ribonucleoside reductase large subunit YP 006986631.1 vB EcoM ACG-C40 NC 019399

) ribonucleotide reductase of class |1l anaerobic large subunit WPJ71522.1 vB-Eco-KMB40 OR539220
14 ribonucleotide reductase of class Il anaerobic large subunit WPJ71790.1 vB-Eco-KMB42 OR539221
ribonucieotide reductase of class 1l anaerobic large subunit QZ179942.1 vB EcoM-172859UKE1 MZ234025

 anaerobic ribonucleoside reductase large subunit self NLWW270 vB EcoM LNA2 MZ311865

J endolysin WEUE7851.1 Killian OQ446694
ribonucleotide reductase of class |l anaerobic large subunit UEN68542.1 MLP2 OK 148441

ribonucleotide reductase of class |Il anaerobic large subunit WQN08382.1 vB-Eco-KMB43 OR525698

2.00

nbonucleotide reductase of class Il anaerobic large subunit WQN06901.1 vB-Eco-KMB37 OR525700

Figure 8. The phylogenetic tree is generated based on the eighth orthologous group established
by OMA and contains putative endolysin of Killian phage (WEU67851.1). The tree was made
using the maximum likelihood method with 1000 bootstrap replications. The names indicated on
the tree include the protein name and its accession number, followed by the phage name and its
accession number.

For convenience, we gathered all potential endolysins that appeared in our phyloge-
netic analysis in Supplementary Table S3. These were annotated differently by the authors
(e.g., lysins, lysozymes, amidases, hydrolases, or hypothetical proteins). We performed
analogous analyses for them, similar to those conducted for the originally annotated en-
dolysins in Table 1. The results are presented in Supplementary Table S3. In addition,
we performed a detailed domain search for all these proteins using InterProScan version
5.72-103 [47] and listed the obtained data in Supplementary Table S4. Among these, we
analyzed the sequences of these proteins for the presence of AMPs and found 42 such
peptides with high probability (>0.8). Interestingly, a few sequences of these peptides seem
to be conserved among found proteins, as they repeat and occur in unchanging form in
different putative enzymes (Supplementary Table S5).

The tree presented in Figure | includes almost all endolysins (YP_009620148.1,
YP_010749568.1, QVR48622.1, WWY66481.1, YP_010749155.1, QYU43915.1, and WVW77834.1)
with endolysin and autolysin domain (¢d00737, Table 1) beyond endolysin from phage
LNA1 [28] which, despite having the same domain type, has no common evolution ori-
gin. Interestingly, all endolysins included on the tree are closely related to proteins
annotated as lysins in other anti-UPEC phages and probably act as their endolysins
(Supplementary Tables S3 and 54).
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riboruciease H Q21803411 vB EcoM-CHDZBS1 M2234027
J riboruclease H QZ183263.1 vB EcoM-G3G7 MZ234040
ribonuclease H UENGB650.1 MLP2 OK148441

ribonucleasa H QZI80784.1 vB EcoM-CHD16UKE1 MZ234030
ribonuciease H WPJ71154.1 vB-Eco-KMB26 OR538218

| Phage ribonuciease H EC CAH2619206.1 vB EcoM KMB26 OW536688
ribonuclease H QZ181070.1 v8 EcoM-CHDO4UKE2 MZ234031
riboruclease H WPJ71423.1 vB-Eco-KMB38 OR539219

: ribonuclease H WPJ71948.1 vB-Eco-KMB42 OR539221

riboruciease H WQNO7506.1 vB-Eco-KMB23 OR525702

‘| ribonuclease H WPJ71687.1 vB-Eco-KMB40 OR539220

endolysin WEUGE017.1 Killan 0Q446694

H QZI79409.1 vB EcoM-1011178S1 MZ234018
endolysin UVD33329.1 ZCEC14 OP168698
«f Mbonuciease H Q7178830 .1 vB EcoM-101112UKES-1 MZ234013

* ribonuciease RNaseH YP 0069868021 vB EcoM ACG-C40 NC 019399

riboruciease H WPJ70889.1 vB-Eco-KMB22 OR539217
riboruclease H QZI80050.1 vB EcoM-172850UKE1 MZ234025
o:i ribonuclease H WQND7227.1 vB-Eco-KMB38 OR525701

exonuciease self NLWW162 vB EcoM LNA2 MZ311865

H WQN0E562 1 vB-Eco-KMB43 ORS525698

0%

ribonuclease H QZ180341.1 vB EcoM-CHD2BS1 MZ234027
7 ribonuclease H QZ183263.1 vB EcoM-G3G7 MZ234040

s
ribonuclease H UENG8650.1 MLP2 OK148441

| fbonuclease H QZ180784.1 vB EcoM-CHD16UKE1 MZ234030

_Irbonudease HWPJ71154.1 vB-Eco-KMB26 OR539218
”

Phage ribonuclease H EC CAH2619206.1 vB EcoM KMB26 OW536688

ribonuclease H QZ181070.1 vB EcoM-CHD94UKE2 MZ234031
—T ribonuciease H WPJ71423.1 vB-Eco-KMB39 OR539219
= ribonuclease H WPJ71948.1 vB-Eco-KMB42 OR539221

rib I HWQN07506.1 vB-Eco-KMB23 OR525702

“ ribonuclease H WPJ71687.1 vB-Eco-KMB40 OR539220

endolysin WEU68017.1 Killian OQ446694
ribonuclease H QZ179409.1 vB EcoM-101117BS1 MZ234018

7 — endolysin UVD33329.1 ZCEC14 OP168898
n —{j ribonuclease H QZI178830.1 vB EcoM-101112UKE3-1 MZ234013
n ribonuciease RNaseH YP 006986802.1 vB EcoM ACG-C40 NC 019399

ribonuclease H WPJ70889.1 vB-Eco-KMB22 OR539217

—
0.01

Figure 9. The phylogenetic tree is generated based on the ninth orthologous group determined by
OMA and contains Killian’s putative endolysin no. WEU68017.1 and ZCEC14 putative endolysin
no. UVD33329.1. It was constructed using the maximum likelihood method with 1000 bootstrap
replications. Panel (A) presents a tree with all grouped proteins. Panel (B) shows a modified tree, in
which proteins of phages KMB43, LNA2, KMB38, and 172859UKE] were removed to highlight the
particular distances on the tree. The names indicated on the tree include the protein name and its
accession number, followed by the phage name and its accession number.
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inhibitor of prohead protease WELBTS53.1 Kilian 00446694
rypothetical protein QZIT8S00.1 vB EcoM-101112UKE3-1 MZ234013
inhibltor of prohead protease WPJT0826 1 vE-Eco-KMB22 ORS539217
inhibltor of prohead protease WONGT440, 1 vB-Eco-KIMB23 OR525702
hypethelcal protein QZIT474.1 vB EcoM- 101117851 MZ234018
hypothetical protein WPJT1622.1 vB-Eco-KMB4D OR538220
endolysin UVD32388.1 ZCEC14 OP168298

inhibitor of prohead protease WPJ71356.1 vB-Eco-KMB39 OR539219
hypothetical protein (12181138 1 vB EcoM-CHDA4UKE? MZ234031

inhibiter of prohead protease WPJT 1886 1 vB-Eco-KMB42 ORS39221

L

H

minor head protein inhiblor of profease self NLWW101 vB EcoM LNAZ MZ311885
'—{ inhibitor of prohead protease WQMNOT167T.1 vB-Eco-KMB3D OR525701
-

rhibitor of prohead protease QZIB0103.1 v8 EcoM-172858UKE1 M2234025

hypothetical protein QZIB3332 1 vB EcoM-G3GT MZ234040
hypothetical protein QZIB0BS3.1 vB EcoM-CHDIGUKE MZ234030
hypothetical protein QZIB0410.1 vB EcoM-CHD2BS1 MZ234027

hypothetical protein WPJT1089.1 vB-Eco-KIMB26 ORS535218

Inhibitor of prohead protease UENGET12.1 MLPZ DK148441
protein Irh WON0E481.1 vB-Eco-KMB43 OR525688

200

inhibitor of prohead protease WELSTI53,1 Kilian OQ446654
hypothetical protein Q21783001 vB EcoM- 10111 2UKES-1 MZ2234013
inhibitor of prohead protease WPJ70826.1 vB-Eco-KMB22 OR539217
inhibitar of prohead protease WQNOT440.1 vB-Eco-KMB23 ORS25702
hypothetical protein QZIT8474.1 vB EcoM-101117BS1 MZ234018
hypothetical protein WP.71522.1 vB-Eco-KMB40 ORS539220
endolysin LWVD33388 1 ZCEC14 OP168858
ihibitor of probead protesse WPJ71356.1 vB-Eco-KMB39 OR539219
rypothetical protein QZIE1136.1 vB EcoM-CHDO4UKER MZ234031
inhibitor of probead protease WPJT1886.1 vB-Eco-KMB42 OR539221

minor ead protein inhibiter of protease YP DOG5S6T34.1 vB EcoM ACG-C40 NG 019329

Inh inhibitor of gp21 prohead protease CAHZE19141.1 vB EcoM KMB2E OWS36688

minor head protein inhibitor of proteass seif NLWW101 vB EcoM LNA2 MZ311665
ss| inhibitor of prohead prolease WQMNOT167.1 vB-Eco-KMB38 OR525701
inhibitor of prohead protease QZIB0109.1 vB EcoM-172859UKE 1 MZ234025

hypothetical protein QZ183332.1 vB EcoM-G35T MZ234040

hypathatical proteln QZIB0E53.1 vB EcoM-CHD16UKE1 MZ234030

hypothetical protein QZI80410.1 vB EcoM-CHD2BS1 MZ234027

minor head pratein inhibitor of protease YP 006986734, 1 vB EcoM ACG-C40 NC 019398
hypathetical protein WPJT 1088, 1 vB-Eco-KMB26 OR339218

Inh inkibsitor of gp21 prohead protease CAH2619141.1 vB EcoM KMB26 OWS536688

Inhibitor of prohead protesse UENGET12 1 MLPZ OK 148441

p———i

osn

Figure 10. The phylogenetic tree is based on the tenth orthologous group identified by OMA
and includes the ZCEC14-derived putative endolysin (UVD33388.1). It was constructed using the
maximum likelihood method with 1000 bootstrap replications. Panel (A) displays the tree with all
grouped proteins, while panel (B) presents a modified version in which the phage KMB43 protein
was removed to emphasize specific distances within the tree. The names on the tree consist of the
protein name and its accession number, followed by the phage name and its accession number.



Viruses 2025, 17, 560

20 of 30

hypothetical protein WPJ71504.1 vB-Eco-KMB40 ORS39220
hypothetical protein QZIS0687.1 vB EcoM-CHD18UKE1 MZ234030
 hypathetical protein QZIB0981.1 vB EcoM-CHDS4UKE2 MZ234031
hypothetical protein WPJ70708.1 vB-Eco-KMB22 ORS39217
typothetical protein QZ179317.1 vB EcoM-1011178S1 MZ234018
hypothetical protein WQNO07314.1 vB-Eco-KMB23 OR525702
hypothetical protein YP 006986610.1 vB EcoM ACG-C40 NC 019399
hypothetical protein WPJ70975.1 vB-Eco-KMB26 OR539218
hypathetical protein QZIB3166.1 vB EcoM-G3G7 MZ234040

“1 hypothetical protein QZI80245.1 vB EcoM-CHD2BS1 M2234027

Phage protein CAH2618024.1 vB EcoM KMB26 OWS536688

Iy ical protein WPJ71236,1 vB-Eco-KMB38 OR539219
hypothetical protein UENG8562.1 MLP2 OK148441

hypothetical protein WPJ71772.1 vB-Eco-KMB42 OR539221

“+ hypothetical protein QZI78736,1 vB EcoM-101112UKES-1 M2234013

endolysin WEUG7833.1 Kilian OQ446694

endolysin LWVD33512.1 ZCEC14 OP168898
I hypothetical protein self NLWW250 vB EcoM LNA2 MZ311865

050

fypothetical protein WQNO7043.1 vB-Eco-KMB38 OR525701
hypothetical protein QZ179963.1 vB EcoM-172858UKE1 MZ234025

— hypothetical protein WPJ71504.1 vB-Eco-KMB40 OR539220
hypothetical protein QZI80687.1 vB EcoM-CHD18UKE1 MZ234030
hypothetical protein QZ180981.1 vB EcoM-CHDS4UKE2 MZ234031
hypothetical protein WPJ70709.1 vB-Eco-KMB22 OR539217
hypothetical protein QZI79317.1 vB EcoM-101117BS1 MZ234018
hypothetical protein WQN07314.1 vB-Eco-KMB23 OR525702
hypothetical protein YP 006986610.1 vB EcoM ACG-C40 NC 019399
hypothetical protein WPJ70975.1 vB-Eco-KMB26 OR539218
hypothetical protein QZ183166.1 vB EcoM-G3G7 MZ234040
| hypothetical protein QZ180245.1 vB EcoM-CHD2BS1 MZ234027
Phage protein CAH2619024.1 vB EcoM KMB26 OW536688
hypothetical protein WPJ71236.1 vB-Eco-KMB39 OR539219
— hypothatical protein UEN68562.1 MLP2 OK 148441
4‘ hypothetical protein WPJ71772.1 vB-Eco-KMB42 OR539221
46

om

hypc
YP

——— endolysin WEUB7833.1 Killian 0Q446694
endolysin UVD33512.1 ZCEC14 OP168898

hetical protein QZ178736.1 vB EcoM-101112UKE3-1 MZ234013

Figure 11. The phylogenetic tree is generated based on the eleventh orthologous group determined
by OMA and contains two putative endolysins of Killian and ZCEC14 phages (WEU67833.1 and
UVD33512.1). It was made using the maximum likelihood method with 1000 bootstrap replications.
Panel (A) presents a tree with all grouped proteins. Panel (B) shows a modified tree, in which
the proteins of phages LNA2, 172859UKE1, and KMB38 were removed to highlight the particular
distances on the tree. The names indicated on the tree include the protein name and its accession
number, followed by the phage name and its accession number.
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Another two phylogenetic trees were prepared for the endolysins no. WEU67899.1
and YP_006987885.1 that have lysozyme domains and are derived from Killian [36] and
ACG-M12 [35] phages, respectively (Figures 2 and 3). Within endolysin WEU67899.1
of the Killian phage, we identified, using different programs, three similar domains—a
T4-like lysozyme domain (cd00735), a phage lysozyme (PF00959), and a lysozyme-like
domain (SSF53955)—as indicated in Table 1. Phylogenetic analysis shows this protein is
closely related to other phage proteins annotated as lysozyme R (Figure 2A,B). In turn,
the ACG-M12-derived endolysin with a R21-like domain (cd16900), a phage lysozyme
(PF00959), and a lysozyme-like domain (SSF53955) are grouped on the tree (presented in
Figure 3) with proteins WPK28014.1 and WQNO06679.1 annotated as lysozymes in genomes
of KMB25 and KMB46 phages [37] that can serve as potential endolysins in these phages
(Supplementary Tables 53 and 54).

Lastly, there are two SHAK7693- derived [33] unique endolysins (WVW77754.1 and
WVWZ77753.1) with function confirmed by InterProScan but showing no similarity to
other proteins.

Another tree, presented in Figure 4, encompasses endolysins containing amidase
domain (PF01510, Table 1). All six originally annotated endolysins [36] with this do-
main (QZI179721.1, QZI79903.1, QZI179784.1, QZI79844.1, QZ178465.1, and QZI78611.1) are
grouped with other proteins annotated as amidases, which can serve as potential endolysins
for these phages and are indicated in Supplementary Tables 53 and S4. Importantly, four
of the analyzed endolysins (QZI79784.1, QZ179844.1, QZI78465.1, and QZI78611.1) are
almost identical in sequence, while the two others (QZ179721.1 and QZ179903.1) show a
little disparity.

The next tree, presented in Figure 5, is based on endolysins with the domain clas-
sified as peptidase M15 (PF08291, Table 1). Interestingly, three of the four analyzed en-
dolysins (WPK27911.1, WVW?77668.1, and YP006987811.1) derived from phages KMB14 [37],
SHAK7163 [33], and ACG-C91 [34], respectively, have longer branch lengths, indicating
more genetic changes. This implies faster evolution of these proteins compared to hypo-
thetical proteins. On the other hand, domain analysis conducted with InterPro shows that
these hypothetical proteins have common peptidase M15 and hedgehog/DD-peptidase do-
mains with the analyzed endolysins (Supplementary Tables S1 and 54). Unfortunately, two
other endolysins (WQNO06429.1 and YP_010844467.1) with peptidase domain no. PF13539,
derived from phages KMB43 [37] and MLP1 [38], respectively, were not collected into the
orthologous group by OMA, so they were not included in this analysis.

A separate tree was created, including proteins annotated as internal virion proteins
with the endolysin domain (Figure 6). Importantly, all these proteins are significantly bigger
than typical phage endolysins and present molecular weights from 120 to 145 kDa (Table 1).
Among them, one interesting protein (YP_009795842.1) derived from EG1 phage [39] con-
tains the SLT domain (PF01464, Table 1). This protein is grouped on the tree with four
other internal virion proteins (annotated and assigned by us: self_GXIJ6, self_ TCEH45,
self_ZENB53, and self_DNYN53) originating from phages LNA3, LNA5, SHAK9454, and
SHAK?7854 [27,33] and showing transmembrane regions in their sequence (Supplementary
Table 51). All of them seem to be closely related to phage proteins annotated as peptidogly-
can lytic exotransglycosylases. However, the internal virion protein (YP_009795842.1) of
EG1 phage [39] is the protein least related to others. Importantly, apart from internal virion
proteins, the phages analyzed here have in their genomes genes encoding amidases, which
were not annotated directly as endolysins but may serve such functions, as indicated in
Supplementary Tables 53 and S4.

Two other internal virion proteins (WVW?77660.1 and, annotated by us, self_RMKP62)
derived from phage SHAK7163 [33] and phage SHAK7704 [33], respectively, have been sur-
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prisingly classified by OMA into another orthologous group. The generated tree (Figure 7)
shows that these two proteins with established coiled-coil structural motifs (Supplementary
Table 51) are also closely related to proteins annotated as peptidoglycan lytic exotransg-
lycosylases, but the least related protein, in this case, is a putative internal virion protein
originating from phage ACG-C91 [34]. Importantly, except for internal virion proteins, the
typical phage endolysins (WVW77668.1 and self_RMKP5) were also identified in genomes
of phages SHAK7163 and SHAK7704 (Table 1). This may suggest that, although internal
virion proteins may degrade peptidoglycan similarly to endolysins, they should not be
considered classical endolysins participating in the lysis of bacterial cells that allow phage
particles to release [58].

Since more than one endolysin was identified in Killian [35] and ZCEC14 [40] phages,
we suspected that some of them might be annotated incorrectly and decided to take a closer
look at the phylogenetic positions of all of them to clarify this. We created trees for them
based on the orthologous group identified by OMA. We observed that one of the Killian
putative endolysins (WEU67851.1), with predicted anaerobic ribonucleoside-triphosphate
reductase feature (PF13597, Table 1), was grouped and closely related to many proteins an-
notated as large sub-units of ribonucleotide reductases (Figure 8). Another Killian putative
endolysin (WEU68017.1), as well as a ZCEC14 putative endolysin (UVD33329.1) with a
predicted 5'-3' exonuclease, N-terminal resolvase-like domain (PF02739, Table 1), and T4
RNase H motif (PF09293, Table 1), turned out to be related to many ribonucleases H and one
exonuclease (Figure 9). Another ZCEC14-derived putative endolysin (UVD33388.1), with
prohead protease inhibitor (IPR016594, Supplementary Table 51) was, in turn, mostly re-
lated to inhibitors of head proteases and a few hypothetical proteins (Figure 10). Finally, the
last two putative endolysins of Killian and ZCEC14 phages (WEU67833.1 and UVD33512.1)
were grouped on the tree with many hypothetical proteins (Figure 11). Importantly, no
specific endolysin domains were found within their sequences (Table 1).

Based on the presented results of phylogenetic analysis, we suggest that some proteins
of anti-UPEC phages originally annotated as endolysins may play other roles. Phages in
which more than one endolysin was annotated were particularly suspicious to us, and
these doubts were clarified above. Our assumptions were confirmed because some of
the originally annotated phage endolysins were found to be closely related to proteins
with completely different functions (Figures 8-10). In addition, we found that proteins
annotated as internal virion proteins with endolysin domains ditfer significantly from
typical endolysins in size and domain content and are known to play a different role than
typical endolysins. As reviewed by Rodriguez-Rubio [58], virion-associated peptidoglycan
hydrolases (VAPGHs) are enzymes that locally degrade the peptidoglycan of the bacterial
cell wall during the beginning of the phage infection. In contrast to endolysins that mediate
the lysis of the host bacteria at the end of the lytic cycle, the action of VAPGHs generates a
small hole through which the phage tail tube crosses the cell envelope to inject the phage
genetic material at the beginning of the infection cycle.

On the other hand, phylogenetic analysis performed here allowed us to identify other
putative endolysins that were initially annotated by the authors as lysins, lysozymes,
amidases, hydrolases, or hypothetical proteins but which may serve as phage endolysins.
All of them are gathered in Supplementary Tables S3 and 54 and are shown to have AMPs
in their sequences (Supplementary Table S5).

Undoubtedly, the annotation of phage endolysins is not an easy process due to the
diversity of domains and motifs present in their sequences. Nevertheless, such analysis
should be performed more carefully and be verified by other methods, including phyloge-
netic position determination. Such an approach may allow us to obtain more reliable results.
In addition, the nomenclature of endolysins should be standardized. Currently, the name
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of an annotated protein is frequently assigned based on the identified domains and not
the function it probably performs in the phage life cycle. Endolysins are very problematic
in this respect as some authors annotate these proteins according to their purpose, and
others according to the identified domain, which introduces confusion and difficulties in
their identification.

Importantly, phage endolysins might also be grouped based on the similarity to
endolysins produced by model phages, simply as (I) lysozymes of T4-like phages, (II) en-
dopeptidases of T5-like phages, (III) amidases of T7-like phages, (IV) small peptidases of
SP6-like phages, and (V) lysosymes of lambda-like phages. Considering this, we decided
to perform detailed characteristics of model endolysins that confirmed the presence of
appropriate domains and predicted their high stability (Supplementary Table S6). Then, we
analyzed all the endolysins tested in this work in terms of their similarity to endolysins of
model phages. Interestingly, we revealed that sequences of analyzed proteins were similar
to model endolysins at varied levels, from 0.85% to 96.97% (Supplementary Table S7).
However, the similarity at the level of about 1% was calculated for internal virion proteins,
which, as we considered above, do not belong to typical endolysins. Among the classical
endolysins, the protein originated from the LNA4 phage was the least similar to any refer-
ence endolysin, showing only 4.32% and 9.95% similarity to endolysins of phage T5 and T4,
respectively. Importantly, we did not find any endolysin that was similar to A phage protein
in more than 5%. This observation coincides with the fact that only endolysins derived from
lytic phages are considered in this work. Interestingly, 18 of the studied proteins showed
very high sequence similarity (> 90%) to the reference endolysins. In total, a similarity
above 70% was noted in 41 cases. For details, please see Supplementary Table S7.

4. In Vitro and In Vivo Testing of Endolysin Properties, Including Their
Capability to Eradicate Biofilms

The formation of bacterial biofilms is a huge problem in UTI treatment. The harsh
conditions within the urinary system, such as the flushing of cells during urination, force
bacteria to develop strong adhesion mechanisms. In addition to the walls of the human
bladder, bacterial biofilms can also form on medical surfaces, like catheters, leading to
catheter-associated urinary tract infections (CAUTIs) [25]. Importantly, bacteria living in
biofilm structures are frequently highly resistant to antibiotics; thus, addressing biofilms is
crucial in the treatment of urinary tract infections.

Phage enzymes, including endolysins, show great promise in combating infections
caused by antibiotic-resistant bacterial strains. Research on bactericidal proteins targeting
Gram-negative bacteria is challenging due to the presence of the additional outer membrane
that complicates access to peptidoglycan, the substrate for these enzymes [48]. The situa-
tion becomes even more complex when biofilms are involved, as the matrix serves as an
additional layer of protection for bacterial cells, making it difficult for antibacterial agents
to penetrate it [59]. Such challenges forced the necessity of searching for new effective
treatment options. An interesting direction seems to study the effects of phage endolysins
on biofilm-forming Gram-negative bacteria, also in combination with bacteriophages or
antibiotics. One significant advantage of using phage enzymes is the lower likelihood
of bacteria developing resistance to them, unlike traditional bacteriophage or antibiotic
applications, where resistance cannot be completely ruled out [60]. The literature contains
numerous reports on the activity of endolysins against bacteria from the ESKAPE group,
such as endolysins LysAB1245 [61], Lys]EP8 [62], and LysPA26 [63], targeting biofilms
produced by Pseudomonas aeruginosa, or endolysins LysAm24, LysAp22, LysECD7, and
LysSi3 [64] against biofilms of Klebsiella pneumoniae, Acinetobacter baumannii, and P. aerug-
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inosa. However, there are relatively few reports on endolysins targeting uropathogens,
particularly UPEC strains.

In the study conducted by Kajsikova et al. [65], the impact of an endolysin named
EN572-5 on clinical uropathogenic isolates, primarily Gram-positive Streptococcus agalactiae
bacteria, was investigated. The study also included four Gram-negative UPEC strains.
The endolysin EN572-5, derived from S. agalactine prophage KMB-572-E, exhibited lytic
activity against 32 strains of S. agalactise, averaging an impressive 83% effectiveness. The
authors emphasized that no correlation could be observed between the enzyme’s activity
and the type of bacterial strain, confirming that phage enzymes are characterized by a
broader spectrum of activity, in contrast to bacteriophages. On the other hand, endolysin
EN572-5 showed activity against UPEC strains at low levels of 16-20%. However, its action
was tested without the addition of compounds that destabilize the outer membrane—a
primary barrier for this type of enzyme. This highlights how the outer membrane hinders
the enzyme’s access to peptidoglycan in Gram-negative bacteria. Importantly, this enzyme
was also inactive against bacteria playing a protective role, like Lactobacillus spp., whose
absence as a result of antibiotic treatments for UTIs can lead to complications such as
bacterial vaginosis [65].

In the study conducted by Fursov et al. [66], the focus was on comparing the effects
of the coliphage endolysin LysECD7? and amikacin against biofilm formation by a clinical
multidrug-resistant strain of K. preumoniae Ts 141-14, isolated from a patient’s urine. It
was demonstrated that both the endolysin and the antibiotic exhibited similar efficacy
against forming biofilms in vitro. However, the enzyme showed greater bactericidal activity
against mature biofilm, whose density was decreased by 60% and 68% compared to the
control group. Notably, the concentrations used in this work (1000 and 3000 pg/mL) were
highlighted by the authors as a potential limitation for the therapeutic application of the
enzyme. The results of the in vivo experiments, however, indicated significant therapeutic
potential for this endolysin. The researchers used rats implanted with specially designed
chambers containing a nitrocellulose membrane filled with a suspension of K. pneumoniae
Ts 141-14 cells. On the fourth day post-infection, treatment was initiated with LysECD7
administered daily for seven days, delivering 50 pg. This resulted in a reduction in biofilm
biomass as early as two days after starting the therapy. On the eighth day of treatment, the
colony count decreased from 1000 viable bacterial cells to an average of 58 cells. Amikacin
produced a similar effect, although in this case, the number of bacteria increased compared
to the fifth day, when the first measurement was taken [66].

Interestingly, in another study [67], the activity of three different endolysins derived
from Psendomonas phages was examined against various bacterial species, including clinical
isolates obtained from patients with UTIs. The tested group included uropathogens such
as E. coli strain 531, K. pneumoniae strains identified as ESBL (extended-spectrum beta-
lactamases) producers, and P. aeruginosa strain 471. Additionally, other bacterial strains
belonging to the ESKAPE group were also included. Notably, one of these endolysins,
named PlyKp104 [66], exhibited the best bactericidal activity and a broad spectrum against
Gram-negative bacteria. Its action reduced the number of viable cells (CFU/mL) of P. aerug-
inosa, K. pnewmonine, E. coli, and A. baumannii strains by five or six orders of magnitude
in most tested variants. The authors did not use additional permeabilizing agents and
attributed the activity of the PlyKp104 endolysin against Gram-negative bacteria to the pres-
ence of a positively charged C-terminal region, which interacts with the outer membrane.
This natural ability to kill Gram-negative bacteria undoubtedly highlights its great potential
in combating Gram-negative pathogens, including uropathogenic strains. The knowledge
about PlyKp104 biofilm-eradicating capabilities is highly valuable and the researchers
tested its lytic activity in vivo using a mouse skin wound infection model with K. preumo-
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nige. A single application of 300 ng ot PlyKp104 was used, and after three hours, a reduction
in the number of viable bacterial cells by two orders of magnitude was observed [67].

An interesting approach to overcoming the outer membrane of Gram-negative bac-
teria involved the use of a modified endolysin Lysep3 [68] with additional hydrophobic
amino acid residues. The study examined the native endolysin and variants with added hy-
drophobic residues at the C-terminus, consisting of three, five, seven, and twelve residues.
Enzymes with 12 residues were tested in two variants differing in amino acid composition.
All proteins were applied externally. Endolysins with a higher number of hydropho-
bic residues exhibited greater bactericidal activity against E. coli bacteria compared to
the unmodified enzyme. The activity increased with the number of residues, while no
differences were noted regarding amino acid composition, as the degree of hydropho-
bicity was the same [68]. Meanwhile, Hasan et al. [69] used lactic acid in combination
with two endolysins, LysEP114 and LysEP135, to combat biofilm formation by the E. coli
KCCM 40405 strain. When applied together, the enzymes and lactic acid demonstrated
significantly greater antibacterial and antibiofilm effects than when used separately. The
numbers of biofilm cells were reduced by more than three and five logs for LysEP114
and LysEP135, respectively. The authors highlight an important observation that lactic
acid’s ability to permeabilize the outer membrane of Gram-negative bacteria gives it an
advantage, particularly for applications such as food safety control [69]. In the field of food
safety, significant attention is focused on the E. coli O157:H7 strain, a member of the STEC
(Shiga toxin-producing E. coli) group, which causes severe gastrointestinal symptoms and
is often linked to contaminated fruits and vegetables. It has been demonstrated that the
endolysins LysECP26 [70], LysPECP14, and LysPECP20 [71] can effectively kill bacterial
cells after pre-treatment with EDTA. However, the referenced studies examined only the
bactericidal effect on liquid cultures, and the biofilm-disrupting potential of these enzymes
remains unknown. Polymyxin B or cecropin A fused at the N-terminus, which is an an-
tibacterial peptide, are capable of disrupting the structure of the outer membrane and have
also been shown to effectively eradicate planktonic cells of K. pnewmoniae, P. aeruginosa,
A. baumannii, and E. coli in combination with the endolysin LysKP213 both in vitro and
in the Galleria mellonella model [72]. A particularly interesting fact is that the mentioned
endolysin, LysKP213, is highly thermostable. Its lytic activity remains at the level of 44.4%
after 20 h of incubation at 95 °C, while after 30 min of autoclaving at 121 °C, it retains
activity at up to 57.5%. This is valuable information regarding the potential applications of
this protein in biotechnology, the medical industry, and food preservation [72].

In the context of the safety of therapies using endolysins against Gram-negative
bacteria, including E. coli, the findings presented by Hwang et al. [73] are particularly
intriguing. The researchers demonstrated that the endolysin LysPA90, encoded by the
bacteriophage PBPA40, which infects P. aeritginosa strains, affects the motility of E. coli
AIEC strain (adherent invasive E. coli). Sub-inhibitory concentrations of this protein caused
stress in bacterial cells and increased the expression of genes responsible for flagella
biosynthesis. This resulted in enhanced adhesion to intestinal epithelial cells of the Caco-2
line. The increased adhesion of bacterial cells was accompanied by elevated levels of
proinflammatory cytokines in eukaryotic cells [73]. Therefore, in addition to studying the
activity of enzymes against pathogens, very thorough and precise research is necessary
to assess the safety of such therapies. The study mentioned earlier demonstrates that
endolysins, even if they do not exhibit bactericidal activity, can influence the bacterial
phenotype in ways that may be unfavorable for the patient.

The growing antibiotic resistance is a global problem that creates an urgent need to
find new or improved known alternative methods for treating infections caused by MDR
strains. Endolysins, despite their limitations in terms of selective activity against Gram-
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negative bacteria, represent an interesting and potentially effective solution, especially
when combined with agents that disrupt the structure of the outer membrane of these bac-
teria. Structural modifications of endolysins to enhance their bactericidal potential are also
worth noting. Such an alternative strategy involves fusing endolysins with components that
facilitate their access to the peptidoglycan layer. For instance, the E. coli phage lysin Lysep3
has been fused with the endolysin-binding domain D8 from Bacillus amyloliguefaciens. On
its own, Lysep3 cannot break through E. coli’s outer membrane. However, when combined
with the D8 domain, it gains the ability to destroy the bacteria externally. This is because
D8 weakens the outer membrane’s structure, allowing the enzyme to reach and degrade
the peptidoglycan layer [74]. Other solutions of this problem are artilysin, which involves
the fusion of LPS-disrupting molecules to a lysin; lysecins, which are combined endolysins
and bacteriocins; innolysins, which exploit phage receptor-binding proteins (RBPs) to
bind surface receptors to destabilize the outer membrane, synergy with permeabilizing
chemicals; other phage enzymes, such as depolymerases, that degrade capsular polysaccha-
rides, or even antibiotics; and finally, adding cationic compounds or antimicrobial peptides
(AMPs) to the N- or C- terminus, as reviewed recently [48,75]. Importantly, the combined
antimicrobial effect of phage-derived endolysin and depolymerase against biofilm-forming
Salmonella Typhimurium was reported by Kim et al. [76]. However, studies accounting for
tusions of these proteins or the combined effect of depolymerases and phage endolysins on
Gram-negative bacteria are still missing,

To fully assess the potential of phage-derived enzymes in combating infections caused
by antibiotic-resistant bacteria, including UPEC, it is essential to optimize their action
against biofilms, conduct comprehensive safety studies, and test the efficacy of these
proteins in clinical practice.

5. Conclusions

Interestingly, not only whole bacterial viruses, but also phage-derived proteins with
lytic properties, named endolysins, have gained researchers’ interest in recent years. En-
dolysins seem to possess greater application potential than intact phage particles, making
them very promising and effective candidates for use as alternatives to antibiotics, also in
UTTI treatment. The major advantages of endolysins are the following: rapid bacterial cell
lysis, a low probability of developing resistance, synergistic action with other antimicro-
bial agents, and high efficacy in planktonic and biofilm cells. Moreover, through genetic
modification of endolysins, their lytic spectrum of action may be changed. Due to the
above-mentioned unique features, parental and recombinant endolysins have been applied
in much research.

We observe a growing interest in both phages and their enzymes; however, the number
of identified and well-characterized phage particles or lytic proteins is still too small and
not sufficiently studied for them to be introduced into standard treatment. The first main
problem of endolysins concerns the difficulties with their identification in phage genomes.
QOur analyses have shown that annotation programs can make mistakes and mark proteins
as endolysins that finally turn out not to be ones. Moreover, the nomenclature of phage
proteins is not unified, which introduces confusion in the marking. The second problem
is a broad spectrum of endolysins, which, when applied as antimicrobial agents, could
affect the patient’s microbiota and induce dysbiosis. Interesting solutions in this case can
be the addition of a cell wall-binding domain to target only specific bacteria or phage
RBPs. Other problems concern the difficulties with the purification of endolysins and
their limited action from the outside of the cell, especially in the case of Gram-negative
bacteria. The endolysin diffusion through the outer membrane of such bacteria is limited
and, when administered exogenously, they are not able to reach their site of action—
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peptidoglycan. In general, three main approaches have recently been explored to bypass
the outer membrane of Gram-negative bacteria. These include utilizing lysins with intrinsic
activity stemming from a positively charged C-terminus that destabilizes the membrane,
employing physical or chemical methods to disrupt membrane integrity, and applying
protein engineering to obtain the fusion of endolysins to components that allow them to
gain access to the peptidoglycan layer. Undoubtedly, phage endolysins still face many
challenges; however, they seem to be promising and effective candidates for use against
bacteria, including UPEC.
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endolysins. Supplementary Table 83, Characteristics of the proteins identified by phylogenetic
analysis as closely related to the identified endolysins. Supplementary Table 54. Data obtained by
InterProScan version 5.72-103 software, giving an overview of the domains identified within the
proteins found by phylogenetic analysis as closely related to the tested endolysins. Supplementary
Table S5. The list of AMP peptides found within sequences of the proteins identified by phylogenetic
analysis as closely related to the tested endolysins. Supplementary Table 56. Data providing an
overview of the size, genome position, stability, and domains identified within the endolysins derived
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Supplementary Table 51. Data obtained by InterProScan version 5.72-103 software, giving an overview of the domains identified within the annotated endolysins. The domains marked in yellow are the ones selected and listed in Table 1.

Phage name Protein name  Protein accesslon  Position of the Segquence Analysis Slgnature accession Slgnature description Start Stop Score InterPro  InterPro annotations - GO annotations
number gene in virus  length location location ions - descripti
genome accession
590B_MWT22821 endalysin QVRABE22.1 39903 -40391 162 oD cd00737 lyz_endolysin_autalysin ) 146 1.6770BE-30 IPRO33507  Endolysinfautolysin GO:0003796( InterPra)
5908_MW722821 endolysin QVR48622.1 39903-40391 162 GenelD G3DSA:1.10.530.40 2 147 3.5E-32 IPRO23347 :::?r";:l:r"ma'" G0:0003796{InterPro)
A Bacteriophage
5908_MW722821 endalysin QVR48622.1 30003 - 40391 162 PANTHER PTHR3IE107 3 144 1.6E-22 IPROS1018 GO:0003796( PANTHER)
Glycosyl Hydrolase 24
G0:0003796( InterPra)| GO:
Glycoside hydrolase,
530B_MW722821 endalysin QVRA8622.1 30003-40391 162 Plam PFO095D Phage lysozyme 15 138 24E-23 lpRoo2186 0003253(InterPro) | G0:001
ami
¥ 6998 (InterPro]
590B_MWT22821 endolysin QVR48622.1 30003 - 40391 162 SUPERFAMILY  S5F33055 Lysozyme-like 3 149 5.126-32  IPRO23348 :“;‘;;"';“:I'lt“ domain
1]
vB_EcoS-phiEcd_MZ576218 endalysin Qyu43g1s.1 41414 - 41899 161 cob cd00737 lyz_endolysin_autalysin 9 146 BGB255E-29 IPRO33%07  Endolysin/autolysin GO:0003796( InterPro)
vB_EcoS-phikcd_MZ576218 endalysin QvuU43sisl  41414-41839 161 GenedD G3DSA:1.10.530.40 2 147 1.76-30 IPRO23347 :“:’;}"ﬂ“;ld"ma'" GO:0003796(InterPra)
A ily
Bacteriophage
vB_Ecos-phiEcd_MZ576218 endolysin Qyu43915.1 41414 - 41899 161 FANTHER PTHR3IE1DT - 3 144 1.2E-21 IPRO51018 GO:0D03796(PANTHER)
Ghyeosyl Hydrolase 24
aiveoside hdroase, S0 0003796(InterPro} | GO:
vB_EcoS-phiEcd_MZ576218 endalysin Qyu43815.1 41414- 41899 161 Pfam PFOC959 Phage lysozyme 15 138 1.9E-22 IPRO02196 Iy it ¥ ' 0009253(InterPro) | GO:001
e 6998 InterPra)
T -like damai
VB_EcoS-phiEca_MZ576218 endalysin QYU439151  41414-41899 161 SUPERFAMILY  S5F53955 Lysozyme-like 3 19 23630 IPRO233G s:::’ﬁ""::”; PR
H-acetylmurameoyl-L- : |
vB_FcoP-22664B51_MZ234009 endolysin QZI78465.1 19873-20226 117 con cd06583 PGRP 5 98 6.4B269E-24 IPROD2502  alanine amidase SO:0008745] Inter iea)| GO:
E 0005253 InterPro)
domain
vB_FcoP-22664B51 MZ234000 endalysin 0Z178465.1 10873-20226 117 Cails Cail Coll &7 &7
M-acetylmuramaoyl-L- - .
vB_EcoP-22664851_MZ234009 endalysin QZI78465.1 19873 - 20226 117 GeneiD G3DSAI3 40.80,10 1 117 2.3E-41 IPRO36E505 alanine amidase/PGRP ggﬂ.g?:g::::::t;l’lpmﬂﬁc.
domain superfamily
2 Peptidoglycan
vB_EeoP-22664B51_MZ234009 endalysin QZI7EAE5.1 1987320226 117 PANTHER PTHR11022 PEPTIDOGLYCAN RECOGNITION PROTEIN 4 103 #3617 IPRO15510 encopabienondsn
1 1
H-acetylmurarmaoyl-L- 3 :
vB_EcoP-22664B51_MZ234009 endolysin 02178465.1 19873-20226 117 Pfam PFO1510 M-acetylmuramayl-L-alanine amidase 7 99 25E-11 IPROD2502  alanine amidase g;)dggg:‘;:-::::t;rpmnsc_
domain d )
N-acetylmuramoyl-L- s 3
vB_EcoP-22664B51 MZ234009 endolysin 021784651 18873 - 20226 117 SMART SMO0644 ami 2 1 99 0.008 IPROO2502 alanine amidase GO:0DDE745 nterPro)| GO
) X 0005253(InterPro)
dormain
:’:;"‘:}?E:’f': i GO-0008270(lnterPro)| GO-
vB_EcoP-22664B51_MZ234009 endolysin QZI7a465.1 19873-20226 117 SMART SMO0701 perp 2 9 9.1E-6 IPROOGE1S 1amiir dum:ﬂ” "™ poperas(interPro) |G0:000
metazoa/bacteria 283 Intifro)
Neacetylmuramovkl o o ong7as(interpro)| Go:
vB_EcoP-22664851_MZ234009 endalysin QFI7B4E5.1 19873-20226 117 SUPERFAMILY  SSFE5846 N-acetylmuramoyl-L-alanine amidase-like 2 112 A 45E-37 IPROIES05  alanine amidase/PGRP 3

domain superfamily

0005253 InterPro)




N-acetylmuramaoyl-L-

GO:0008745(InterPra) | GO:

vB_EcoP-22664UKE3-2_MZ234011  endolysin QzI73611.1 21058-21516 152 oD cd06583 PGRE 14 133 470395E-27 IPROO250Z  alanine amidase
s 0005253 InterPro)
VB_EcoP-22664UKES-2_ME234011  endolysin Q1786111 11058-21516 152 Cails Call Coll 102 122 -
M-acetylmuramoyl-L- " .
vB_EcoP-22664UKES-2_MZ234011  endalysin qz7es1L 21058- 21516 152 Genedd GIDSA3.40.80.10 8 152 13649 IPROIESOS  alanine amidase/PGRP g;g;’gg;:fi#‘;fmmm
domain superfamily
GO:0008745(InterPra)| GO:
; 0009253(InterPro) | GO:003
P KE3-2_MEZ234 78611.1 -2151 F : 0  47.00658  IPRO34
vB_EcoP-22664UKE3-2_MZ234011  endolysin Q2178611 21058-21516 152 Hamap MF_04111 Endolysin 2 15 8 IPROGED  Endolysin TTHype ool E e ags
A{InterPro)
vB_EcoP-22664UKE3-2 MZ234011 endolysin QZI7ee11.1 21058 - 21516 152 PANTHER PTHR11022 PEFTIDOGLYCAN RECOGNITION PROTEIN 15 137 4.0E-18 IPRO1S51D Peptidoglycan " -
recognition protein
N-acetylmuramoyl-L- . :
vB_EcoP-22664UKE3-2_MZ234011  endolysin QzI78611.1 21058-21516 152 Pfam PFO1510 N-acetylmuramayl-L-alanine amidase 1 134 14613 IPRO02502  alanine amidase S;ggg:ﬁ‘::‘:'rm”m'
domain & i
M-acetylmuramoyl-L- ) :
vB_EcoP-22664UKE3-2_MZ234011  endolysin Q786111 21058-21516 152 SMART SMO06A4 ami 2 2 134 12619 IPRO02502  alanine amidase HOR0T Sl Mterhng | o
! 0009253 InterPro)
domain
P i |
r;':':?g:f'lmm GO-00082701 InterPro) | GO:
vB_EcoP-22664LKES-2_MI234011  endalysin QzI78611.1 11058-21516 152 SMART SMOn701 parp 2 128 71618 IPROOG61E famlfv doma?n 0008745(InterPro) |G0:000
% 1253l P
metazoa/bacteria #2323 (Interfro)
N-acetylmuramoytL: o 0 o0m7as(InterPra)| GO:
vB_EcoP-22564UKE3-2_MZ234011  endolysin QzI7861L.1 21058-21516 152 SUFERFAMILY  SSFSS846 N-acetylmuramoyl-L-alanine amidase-like 11 147 ASSE42  IPROJESOS alanine amidase/PGRP oo e L L :
domain superfamily 4
H-acetylmurameoyl-L- : |
B_EcoP-101118UKE1_M2234021  endalysin 2797211 20127-20585 152 oD cd06583 PGRP 14 133 6.62816E-26 IPROO2502  alanine amidase SO:0008745] Inter iea)| GO:
Pt 0005253{InterPro)
vB_EcoP-101118UKEL M2234021 _ endolysin Q21797211 2012720585 152 Cails Coil Coll 102 122
M-acetylmuramaoyl-L- - .
vB_EcoP-101118UKE1_MZ234021 endalysin Qzi79721.1 20127 - 20585 i82 Geneil GADSA:E 408010 g 152 1HE-48 IPRO36E505 alanine amidase/PGRP ggﬂ-g?:g::::::t;?’m!iiio-
domain superfamily
GO:ODOATA5 InterPra) | GO:
. ) - 0005253 (InterPro) | G0:003
B_EcoP-101118UKE1_MZ234021  endalysin Q797211 20127-20585 152 Hamap MF_D4111 Endolysin. 2 150 47156376 IPRO34GED  EndohsinTTrpe oo bl aass
9fInterPro)
vB_EcoP-101118UKE1_MZ234021  endolysin QzTerIL 20127-20585 152 PANTHER PTHR11022 PEFTIDOGLYCAN RECOGNITION FROTEIN 16 138 2.1E17 IPRO15510 fg;‘;?ﬁ::‘;'lm_n -
i
N-acetylmuramoyl-L- ) .
vB_EcoP-101118UKE1_MZ234021  endolysin 797211 2012720585 152 Pram PFO1510 N-acatylmurarioyl-L-alanine ansidase 11 134 71E-13 [PRO02502  alanine amidase g;g;::ﬂ:é::erjpm:iso.
domain o
N-acetylmuramoytl- ) os7as(interPra) | GO:
vB_EcoP-101118UKE1_MZ234021 endaolysin a1yl 20127 - 20585 152 SMART SM00644 ami_7 2 134 39E-18 IPROO2502 alanine amidase 3 {interPro)| B
T E Q005253 InterPro)
domain
fe"“d?:'"'f”r i GO-00DB270(InterPro)| GO:
VB_EcoP-101118UKEL_M2234021  endolysin QzI7972L.1 20127-20585 152 SMART SM00701 pErp 2 128 20616 IPROOGG1G - oontian TG 0008745 InterPro) |GO:000

family domain,
metazoa/bacteria

9253(InterPra)




H-acetylmuramoyl-L-

G0:0008745] InterPro) | GO:

vB_EcoP-101118UKE1_MZ234021  endolysin QzI79721.1 20127- 20585 152 SUPERFAMILY  SSF55846 N-acetylmuramoyl-L-alanine amidase-like 11 147 131641 IPRO36S05  alanine amidase/PGRP oo o
dormain superfarmily -
M-acetylmuramoyl-L- " .
vB_EcoP-10112081-2_MZ234022  endalysin qz79784.1 20840-21298 152 oo cdg5az PGRP 14 133 931561627 IPROO2SOZ  alanine amidase g;’dg;’g‘:;:fi:,‘;m’ 160:
domain
vB_EcoP-10112081-2_MZ234022 __endalysin Qz179784.1 20840- 21298 152 Coils Coll Coll 102 122 . -
N-acetylmuramoykl o 508245 nterpro)| G0:
vB_EcoP-10112081-2_MZ234022  endalysin Q2179784.1 20840-21298 152 Gene3D G3DSA:3.40.80.10 8 152 16E-49 IPRO36505  alanine amidase/PGRP oo oo o) )
dornain superfamily
GO:0008745(InterPro) | GO:
) 0009253(InterPre) | 60:003
vB_FcoP-10112081-2_MZ234022  endalysin QzI79784.1 20840-21298 152 Hama MF_04111 Endolysin. ? 150 47136852  IPRO346EI  Endolysin T71
‘ L L f 2 i Wsin TIWRE 2897 (InterPro) | GO:004465
A InterPro)
vB_EcoP-10112081-2_MZ234022  endolysin Q1797841 20840- 21298 152 PANTHER PTHR11022 PEPTIDOGLYCAN RECOGNITION PROTEIN 16 137 5.4E-18 lpRo1ssig  Feptidoglean
recognition protein
H-acetylmuramaoyl-L- : ]
vB_EcoP-10112081-2_MZZ34022  endalysin QzI79784.1 20840-21298 152 Plam PFO1510 N-acetylmuramayl-L-alanine amidase 11 134 2.36-13 IPROCZS0Z  alanine amidase g&gﬁgﬂﬁiﬂtﬁfm’ e
domain
N-acetylmuramaoyl-L-
0D0AT45(InterP :
vB_EcoP-10112081-2_MZ234022 endalysin QIITa784.1 20840- 21298 152 SMART SMO0644 ami_2 2 134 3.4E-19 IPROO2S02 alanime amidase 50:0008745(InterPro)| GO
; 0009253(InterPro)
domain
e
s ’m'd?g"":‘": i GO-00DE270InterPro)| GO:
vB_EcoP-101120B1-2_MZ234022  endolysin Qz179784.1 20840-21298 152 SMART SM00701 perp 2 128 6.8E-13 IPRODEE1D :n:’lf: do‘:na?nc’ €M gonaras(interPro) |G0:000
5 Interp
metazoa/bacteria 9253 (InterPro]
N-acatylmurament - GO:0008745(InterPra)| GO:
wB_EeoP-10112081-2_MZ234022  endolysin 0179784.1 20840-21298 152 SUPERFAMILY  SSFS5846 N-acetylmuramoyl-L-alanine amidase-dike 11 147 903E42  IPROIESOS  alanine amidase/PGRP oo o {I"lrir] Fodats
domain superfamily i
M-acetylmuramaoyl-L- - .
vB_Ecop-10112002_M2234023 endolysin Qzi79844.1 20895213585 152 oD cd06583 PGRP 14 133 9.31S61€-27 IPROD250Z  alanine amidase SOy SR G0:
; 0009253(InterPro)
domain
vB_EcoP-10112082_MZ234023 endolysin QZ179844.1 20895- 21353 152 Coils Coil Coil 102 122 :
H-acetylmuramoyl-L : s
vB_EcoP-10112082_MZ234023 endolysin QZI79844.1 20895-21353 152 Gene3D G3DSA3.40.80.10 8 152 1.66-49 IPRO3ES0S  alanine amidase /PGRP gg&gﬁ:ﬂ:ﬁnﬂpmj lon:
domain superfamily
GO:0008745(InterPro) | GO:
" . Q009253(InterPro) |GO:003
B_EcoP-10112082_MZ234023 dol 179844.1 20895- 21353 152 H MF_04111 i 2 150 47.136852  IPRO34689 j
vB_Eco - endalysin Qzl amap ik Endalysin Endolysin TV type 2897 InterPro} | GO-004455
W InterPro)
. Peptidoglycan
vB_EcoP-10112082_MZ234023 endolysin QZI79844.1 20895-21353 152 PANTHER PTHR11022 PEPTIDOGLYCAN RECOGNITION PROTEIN 16 137 5.4E-18 PROISSIO T o protein
N-acetylmuramoyl-L-
g 7 P H
vB_EcoP-10112082_MZ234023 endolysin 0Z179844.1 20895- 71353 152 Pfam PFO1510 N-acetylmuramoyl-L-alanine amidase 11 134 2.3E-13 IPROO2502  alanine amidase ggoggg:u:?ir:; o} | G0:
damain
N-acetylmuramaoyl-L- ; :
vB_EcoP-10112082_MZ234023 endalysin QzI79844.1 20895-21353 152 SMART SMO0644 ami_2 2 134 3.4E-19 IPROO2502  alanine amidase SROO0azasHntePra| oo

domailn

0009253(InterPro)




Peptidoglycan
recognition protein

GO:0008270{InterPra) | GO:

vB_EcoP-101120B2_MZ234033 endolysin Q2179844.1 20885 - 21353 152 SMART SMOO701 pETR 2 128 G.8E-18 IPROOEGLS farrlly d : 000E745{InterPro) | G0O:000
BTy coman, 9253(interPra)
metazoa/bacteria
M-acetylmuramoyl-L- " .
vB_EcoP-10112082_M2234023  endalysin qz79sad 20895-21353 152 SUFERFAMILY  SSF55846 N-acetylmuramoyl L alanine amidase fike 11 147 903642  IPROIESOS  alanine amidase/PGRP g;g;’::ﬁ:fm‘;’m’ 160:
domain superfamily
N-acetylmuramoyl-L- . :
vB_EcoP-101136B51_MZ234024 endalysin Qz2179903.1 19728-20186 152 oD cd06583 BGRP 14 113 201169E-26 IPROOISOZ  alanine amidase E&ggggﬂf\izt:rm! |Go:
domain
vB_EcoP-101136851 MZ234024 endalysin QZI79903.1 19728 - 20186 152 Coils Coil Coll 102 122 - -
N-acetylmuramoyl-L- . ]
vB_EcoP-101136B51 MZ234024 endalysin Q21799031 19728 - 20186 152 Gene3D G305A:3.40.80.10 & 152 7.6E-49 IPRO36505  alanine amidase/PGRP g;ﬁdggggﬂ:fiﬂt:’:PmnGO-
domain superfamily
GO:0D08745( InterPra)| GO:
: ! ; 0009253(InterPro) | 50:003
vB_EcoP-101136851 MZ234024 endalysin QZI79803.1 159728 - 20186 152 Hamap MF_ 04111 Endolysin, 2 150 47.195431  |PRO34639  Endolysin T7 type 2857 (InterPro| | GO:004465
interPro)
P
vB_EcoP-101136B51_MZ234024  endolysin 0z179903.1 10728-20186 152 PANTHER PTHR11022 PEPTIDOGLYCAN RECOGNITION PROTEIN 16 138 17617 IPROI5510 r:{‘ﬁ;ﬁ?ﬁ(’:ﬁiﬁﬂ .
H-acetylmuramoyl-L- : :
vB_EcoP-101136B51_WMZ234024 endalysin 0Z179903.1 19728 - 20186 152 Pfam PFO1510 N-acetylmuramoyl-L-alanine amidase 11 134 7.2E-13 IPROO2502  alanine amidase SO:0008 M InterPro)| 20
i 0009253 InterPro)
daomain
N-acetylmuramoyl-L-
G0:0008745{ InterPra)| GO:
vB_EcoP-101136B51 MZ234024 endolysin Q2179903.1 19728 - 20186 152 SMART SMIB0&e44 ami_2 2 134 1.8E-18 IPRO02502  alanine amidase {interPrai]
R 0005253(InterPro)
dornain
f:z':?:"‘:a "m ey GO.0008270( nterPro} | GO:
vB_EcoP-101136651_MI234024 endolysin QZ179903.1 19728- 20186 152 SMART SMOOT01 pER 2 128 1.36-17 IPROOEELD £ ilg d:rna?n 0008745(InterPre) | G0:000
iy o 9253 (InterPro)
metazoa/bacteria
M-acetylmuramaoyl-L- - .
vB_EcoP-101136851 MZ234024 endalysin QZ179903.1 19728 - 20186 152 SUPERFAMILY S5F55846 N-acetylmuramoyl-L-alanine amidase-like 11 147 1.18E-41 IPRO36505  alanine amidase /PGRP ggﬂ'g?gg::::m;?’m! 180:
domain superfamily
ptarnal Wirlon pe Region of a membrane-bound protein
vB_EcoM_SHAKVES4 OR524182 otein_with_endol self_DNYN53 32030- 35917 1295 Phobius TRANSMEMBRANE gl, i ! 1114 1131 - -
st 5 predicted to be embedded in the membrane.
ysin_domain
internal_wirion_pr Region of a membrane-bound protein
vB_EcoM_SHAK7E54_OR524182 otein_with_endol self_DNYN53 32030- 35917 1295 Phabilus CYTOPLASMIC_DOMAIN predicted to be outside the membrane, in 1132 1295 -
ysin_domain the cytoplasm,
internal_wirion_pr Region of a membrane-bound protein
vB_EcoM_SHAKVES4_ORS54182 otein_with_endol self_DNYM53 32030 - 35917 1295 Phabius NON_CYTOPLASMIC_DOMAIN predicted to be outside the membrane, in 1 1113 -
ysin_domain the extracellular region.
internal_wirion_pr Regi £ b i st
VB_EcoP_LNA3_MZ311862 otein_with_endol sell_GXIJ& 5943 - 9830 1295 Phabius TRANSMEMERANE ittt lalisi ot ma4 131 - . -

ysin_domain

predicted to be embedded in the membrane.




internal_wirion_pr

Region of a membrane-bound protein

vB_EecoP_LNA3_MZ311862 otein_with_endal self_GXI6 5043 - 9830 1295 Phobius CYTOPLASMIC_DOMAIN predicted to be outside the membrane, in 1132 1245 -
ysin_domain the cytoplasm,
internal_wirion_pr Region of a membrane-bound protein
vB_EcoP LNA3 MZ311862 otein_with_endol self_GXIJ& 5943 -9830 1295 Phobius NON_CYTOPLASMIC_DOMAIN predicted to be outside the membrane, in 1 1113 - - -
ysin_domain the extracellular region.
vB_EcaoM_LNA4_MZ311864 endaolysin self_PFXI204 117557 - 118129 130 Gene3D G3D5A:1.10.10.2520 Cell wall hydrolase SleB, domain 1 55 131 3.1E-18 IPRO42047 ::!"Ew:” h"'_d";[ase
e, domain
Cell wall hydrolase,
vB_EcoM_LNA4_MZ3118864 endolysin self_PFXJ204 117557 -118129 190 Pfam PFOT7486 Cell Wall Hydrolase 70 181 2.7E-17 IPRO11105 S GO:0016787(InterPra)
vB_EcoM _LMA4 hZ311E64 endalysin self PFXIZ04 117557 - 118129 180 Phabius SIGMAL _PEPTIDE_C REGION C-terminal reglon of a signal peptide. 32 a7 - -
vB FcoM LNA4 MZ311864 endolysin self PFXI204 117557 - 118129 190 Phobius SIGMAL_PEPTIDE_H_REGION Hydrophobic region of a signal peptide, 20 31 - -
vB_EcoM_LNA4 MZ311864 endalysin self PFXIZ04 117557 - 118129 190 Phobius SIGNAL_PEPTIDE_N_REGION N-terminal region of a signal peptide. 1 19 =
Regien of a membrane-bound protein
vB_EcoM_LNA4 MZ311854 endalysin seli_PFxI204 117557 -118125 150 Phobius NON_CYTOPLASMIC_DOMAIN predicted to be outside the membrane, in 38 190 -
the extracellular region.
vB_EcoM_LNA4 MZ311864 endolysin self PFXI204 117557 - 118125 190 Phaobius SIGMAL_PEPTIDE Signal peptide region 1 7 A = -
vB_EcoMi_LNA4_MZ311864 endolysin self_PFXIS2 21617-22171 184 Gere3D G3D5A:1.10.530.10 - 3 183 7.1E-45 - . =
vB EcoM_LNAS4 MZ311864 endolysin self_PFXIS% 21617-22171 184 PANTHER PTHR34408 FAMILY PROTEIN, PUTATIVE-RELATED 31 178 15E-19 IPROS2354 Bacearial Vil -
Dynamics Protein
G0:0004568( InterPra) | GO:
% Glyeoside hydrolase,
vB_EcoM_LNA4_MZ311864 endalysin self_PFXIS2 21617-22171 184 Pfam PFOO182 Chitinase class | 41 146 7.3E7 IPROOOT26 PEITE Q00E032{InterPro) | GO:001
¥ EEVEE Gagg(interpral
L -like d i
vB_EcoM_LNA4_MZ311864 endolysin self_PFXJS9 21617-22171 184 SUPERFAMILY  SSF53955 Lysozyme-like 3 182 422645 IPRO23346 5::;:“:“; bbb
Hedgehog
signalling/DD-
vB_EcoM_SHAK7704_OR534181 endolysin self_RMKPS 3327 -3671 114 Gene3D G3D5A:3,30.1380.10 5 114 1.1E-25 IPRODS0AS = =
peptidase zinc-binding
domain superfamily
Pepti c-
vB_EcoM_SHAK7704_ORS94181 endalysin self_RMKPS 3327 - 3671 114 plam PFO8291 Peptidase M15 5 106 3.4€-29 IPRO13230 1::1';2"* MLos
Hedgehog
ignalling/DD-
vB_EcoM _SHAKY704_OR5594181 endalyiin self RMKPS 3327 -3671 114 SUPERFAMILY 55F55166 Hedgehog/DD-peptidase 5 107 1.29E-24 IPROOS0D45 stgna: ne/ N = -
peptidase zinc-binding
domain superfamily
internal_wirion_pr
vB_EcoM_SHAKY704_ORS594181 otein_with_endol self_RMKP&2 39600 - 42998 1102 Cails Coil Coil 604 524 - -
wsin_domain
Internal_wirion_pr
vB_EcoM_SHAKT704_0OR594181 ctein_with_endel sell_RMKPS2 39690-42998 1102 Cails Caoil Coll 638 G665
ysin_domain
internal_wirion_pr
vB_EcoP_LNAS_MZ311861 otein_with_endol self_TCEHA5 23530-27417 1295 MobiDBLite mobidb-lite consensus disorder prediction 1 21 - - =
ysin_domain
internal_wirion_pr
vB_EcoP_LNAS_MZ311861 otein_with_endol sell_TCEHA5 23530- 27417 1295 MobiDBLIte mobidb-lite consensus disorder prediction 1 12 -

ysim_domain




internal_wirion_pr

Region of a membrane-bound protein

vB_EcoP_LNAS_MZ311861 otein_with_endal self_TCEH45 23530 - 27417 1295 Phobius TRANSMEMBRANE : ? 1114 1131 -
: = predicted to be embedded in the membrane.
ysin_domain
internal_wirion_pr Region of a membrane-bound protein
vB_EcoP LNAS MZ311861 atein_with_endol self TCEHA4S 23530- 27417 1295 Phobius CYTOPLASMIC_DOMAIN predicted to be outside the membrane, in 1132 1295 - - -
ysin_domain the cytoplasm.
internal_virion_pr Region of a membrane-bound protein
vE_EcoP_LNAS_MZ311851 otein_with_endol self _TCEH45 23530- 27417 1295 Phobius NON_CYTOPLASMIC_DOMAIN  predicted to be outside the membrane, in =~ 1 1113 =
ysim_domain the extracellular region.
Internal _wirion_pr F g A
VB EcoM SHAK9454 ORS94184 otein_with_endol self ZENBS3 32160- 36047 1295 Phabius TRANSMEMERANE Reglan'of ameinbrane-bound proteln 1114 1131 - -
iy = predicted to be embedded in the membrame.
ysin_domain
internal_wirion_pr Region of a membrane-bound protein
vB_EcoM_SHAKS454 ORS594184 otein_with_endol sell ZENBS3 32160 - 36047 1295 Phobius CYTOPLASMIC_DOMAIN predicted to be outside the membrane, in 1132 1295 - - -
ysin_domain the cytoplasm.
internal_wvirion_pr Regicon of a membrane-bound protein
vB_EcoM_SHAKS454 ORS54184 otein_with_endol self _ZENB53 32160 - 36047 1295 Phobius NON_CYTOPLASMIC_DOMAIN predicted to be outside the membrane, in 1 1113 - -
yein_domain the extracellular region.
vB_EcoM_LNA1_MZ3I11863 endalysin self_ZKRH133 T7244-77708 154 oD cd00737 lyz_endolysin_autalysin 7 148 2 64914E-63 IPRO33%07  Endolysin/autolysin GO:0003796( InterPro)
vB_EcoM_LNA1_MZ311863 endolysin self ZKRH133  77244-77708 154 Gene3d G3DSA/1.10.530.40 1 149 72647 IPRO23347 :::m: I‘:“ma'" G0:0003796{InterPra)
[l
vB_EcoM_LMAL1 MZ311863 endalysin self_ZKRH133 77244 - 77708 154 Hamap MF_04110 Endolysin. ) § 150 22414141  IPRO34690  Endolysin T4 type S(?[;ggg:;:i{é:r:};?)mnﬁoz
i Bacteriophage
vB_EcoM _LNA1_MZ3118563 endolysin self ZKRH133 77244 - 77708 154 PANTHER PTHR3E107 2 151 34E-38 IPROS101B G0:0003796(PANTHER)
Glycosyl Hydrolase 24
3 GO:0003796{InterPra) | GO:
- Glyeoside hydrolase, :
vB_EcoM_LNAL_MZ311863 endolysin self_ZKRH131  77244-77708 154 Pfam PFO0959 Phage lysozyme 12 143 3.1E-37 IPROD21SG vk 0009253(InterPro) | GO:001
Ay 6998(InterPra)
i
VB EcoM LNAL MZ311863 endolysin self ZKRH131  77244-77708 154 SUPERFAMILY  SSF53955 Lysozyme-like 1 152 7.16E-45  IPRO23346 :“':‘:::ﬂ:”;“ domain..
i1}
ZCEC14_OP162388 endalysin UvD33329.1 13508 - 14425 305 oo cd09859 H3ATH T4-like 184 259 3. 49981E-12 -
ZCEC14 OP163398 endolysin uvyD33329.1 13508 - 14425 305 CDD cd00008 PIN_S3EXO-like 17 120 5.97673E-76 -
ZCEC14 OP1683S8 endolysin UyD33329.1 13508 - 14425 305 Gene3D G30S5A1,10.150.20 183 259 6.2E-121 =
ZLEC1A OP1GHBYE endolysin UVD33329.1 13508 - 14425 305 Gene3il G30SA:3,40.50.1010 17 292 6.2E-121 -
G0:0017108{ InterPro) | GO:
ICEC14_OP163898 endolysin UvD33328.1 13508 - 14425 305 FANTHER PTHRAZG46 FLAP ENDOMNUCLEASE XNI 60 202 54E-12 IPRO3ES6S  Flap endonuclease 003356?llrlt::;’::ir] o)l
ta o 5'-3' exonudease,
ZCEC14_0P168898 endolysin UVD33329.1 13508 - 14425 305 Pfam PFO2739 3'3 e_aonuciease, Meterminal fesoivaseriice 174 93E-11 IPRO20046  alpha-helical arch, M- GO:0003677{InterPro)
Qe terminal
F T4 RNase H, C-
ZCEC14_OP16BESE endalysin UvD33329.1 13508 - 14425 305 Pfam PFO9293 T4 RMase M, C terminal 183 305 3.0E-66 IPROZE2TE teriinl -
ZCEC14_OP168898 endolysin UVD33329.1  13508-14425 305 SMART SMa0475 53ex03 38 258 00062 IPROC24ZL  5-3 exonudease  ©0.0003677(InterPro)| GO:
0008409(InterPro)
ICEC14 OP168BSS endalysin UVD33325.1 13508- 14425 305 SMART SMI00275 HhH_4 185 220 0.0029 iprooanys  Helchalminhelly  GO:0D0367H(InterPra)|GO:
- motif, elass 2 0003824(InterPra)
5-3 exonudease, C-
ZCEC14_OP163ASH endalysin uyD33329.1 13508 - 14425 305 SUPERFAMILY SSF4T7BOT 5'to 3' exonuclease, C-terminal subdomain -~ 183 3ons B.B9E-51 IPRO3G279  terminal domain -

superfamily




PIN-like domain

ZCEC14_OP168898 endalysin UVD33329.1 13508- 14425 305 SUPERFAMILY  SSF8B723 PIN damain-like 13 179 336639 PRO290GD o T
ZCEC14_OP168898 endolysin UVD3338R1  51539-52219 226 PIRSF PIRSFO12158 Inh_gp21 1 226 796103 |PRO16594  Bacteriophage T4, inh -
Ribonucleoside- GO0006260( InterPro) | GO:
Killian_00446694 endalysin WEUBT851.1  54687-56504  BOS oD cd01675 RNR_III 21 584 0.0 IPROI2833  triphosphate 0008998 InterPro) | GO:001
reductase, anaerobic 6491 (InterPra)
Killian OQ4466%34 endolysin WELBTES1.1 L4687 - 56504 605 Gene3D G3D5A:3.20.70.20 26 586 T 2E-207 -
Ribonucleoside- GO:0006260{InterPra) | GO:
bi leoside-triphasph
Killian_0Q446694 endolysin WEUSTBS1.1  546B7-56504 605 NCBIfam TIGRO2487 ::::;"as; TRiariisieasiiectiiphasphete 21 s04  35E-165  (PRO12833  triphosphate 0008398(InterPro) | GO:001
reductase, anaerobic  6491(InterPraj
GO0004748(PANTHER) | G
Killian_0Q446694 endilysin WEUGTESL1  54687-56504  BOS PANTHER PTHR21075 AMAEROBIC RIBMUCLECRIDE 5 605  S6E-133 CHI00R0IRIEANTHER) G
TRIPHOSPHATE REDUCTASE 0005 265(PANTHER})| G000
31250(PANTHER)
: B Ribonucleoside- G0:0006260( InterPra) | GO:
Killian_OQ446694 endolysin WEUS7851.1  54687-56504 605 Pfam PF13597 Eaued"uh': e 21 504  9.3E-167  IPROIZ833  triphosphate 0002398{InterPro) | 60:001
reductase, anaerobic 6491 (InterPra)
Formate C-
Killian_00446604 endalysin WEUG78S1,1 5468756504 605 PrositePatterns  PSO08S0 Glycine radical demain signature 575 583 = IPRO19YT? ::m::j;'?se
conserved site
Killian_0OQ4466%4 endolysin WEUBTESL.1 54687 - 56504 BOS PrositeProfiles P551149 Glycine radical domain profile, 482 a05 13676711  IPROO11SD  Glycine radical domain GO:0003824(InterPra)
Killian_O0446694 endolysin WEUG7851.1  54687-56504 505 SUPERFAMILY __ 55F51598 PFL-like glycyl radical enzymes 26 585 3.576-194 : -
Killian_00446694 endalysin WEUB7E99.1 77692 - 78186 164 oD cd00735 Ta-like lys £ 1a0 9.7315E-78 -
Killian_00446694 endaolysin WEUG7ES9.1 77692 - JB1EBG 164 FunFam G305A:1.10.530.40:FF:000002 Endaolysin 1 164 2.6E-114 - -
Killian_00496694 endalysin WEUB7BS9.1  77692- 78186 164 Gene3d GI0DSA1.10.530.40 1 164 1.66-74 IPRO23347 ::::}:“;Iﬁ“”“'" G0:0003796(InterPra)
— . - GD:0003796(InterFra)| GO-
Kill 00446634 WELIB7ES9.1 77692 - TR186 164 Hai MF_D4110 H 1 159 16.697023 IPRO34650
illian_00 endolysin map i Endolysin Endolysin TAtyPe  4005353(InterPro)
- Bacteriophage
Killian_00446694 endalysin WEUGTS99,1  77692- 78186 164 PANTHER PTHR37406 TA-TYRE LYSOZYME 1-RELATED 4 161 73628 PROS2GID | ek i
) GO:0003796( InterPro) | GO:
- Glycoside hydrolase,
Killian_0Q446694 endolysin WEUG7895.1 77692-78186 164 Pfam PFOO959 Phage lysozyme 11 141 4.8E-10 IPRO02196 iy 0009253(InterPro) | GO:001
4 6998(InterPro)
Killian_QO446694 endolysin WEUBTESS.1 77692 -78188 164 PRINTS PRODGEA Phage T4 lysozyme signature 85 114 39E-91 IPRO0L16S  T4-type lysczyme SUELOERm A
G 0016998{InterPro)
G0:0003796( InterP G0o:
Killian_0Q0446604 endolysin WELUB7E99.1 77692 - 78186 164 PRINTS PRODGES Phage T4 lysoryme signature 24 42 3.9e-91 IPROCIIES  T4-type lysozyme mlﬁggﬂilnt:r:rorl rell
Killian_00446634 sndolysin WELSTB9S.1  77692-78186 164 PRINTS PRODBSA Phage T4 lysozyme signature 72 92 3 9E-91 IPROC116S  Td-typelysczyme D0 0003736(InterPra)] GO:
0016598 (InterPro)
Killian_DO446694 endalysin WEUG7ESS.1  77692- 78186 164 PRINTS PRODGES Phage T4 lysozyme signature 4 23 356-51 PROOIIES  Taaypelysyme Do nous oninberPro}] GO:
0016998 InterPro)
G0 7 | P 4
Killian_0Q446634 endolysin WELIGTESD.1 77692 - 7B186 164 PRINTS PRODGE4 Phage T4 lysozyme signature 118 137 3.9E-91 IPROO116S  T4-type lysozyme 0;2;;”?::::—! "ol e
Killian_00446694 endolysin WEUB?899.1  77692-78186 164 PRINTS PRODSSA Phage T4 lysozyme signature 51 70 3.9E-91 IPRODI165  T4-type lysazyme gg{gx;ﬁf::‘;‘;m”“:
Killian_D0446684 endalysin WEUBTES5.1 776592 78186 164 PRINTS PRODGEA Phage T4 lysozyme signature 138 159 35651 IPROOI16S  T4-type lysczyme gg{ggg:ﬁg:':‘“?m”ﬁﬁ:
Nterrro,
Killian_O0446694 endolysin WEUS7899.1 7769278186 164 SUPERFAMILY  SSF53855 [eoerme T 1 161 819E.54  IPRO23346 :::";ﬁ"":n:i'lt'* Homan;,.
Killian_ 00446634 endolysin WEUGB017.1 163120 - 164037 305 oD cd03853 H3TH Td-like 184 259 3 45981E-12 - -




Killian_00446634 endolysin WELIGB017.1 163120 - 164037 305 oD cdoooog PIN_S3EXO-like 17 180 5.97673E-76 - =
Killian 00446694 endolysin WELIGB017.1 163120 - 164037 305 GeneiD G3DSA:1.10.150.20 . 133 253 6.2E-121
Killian_00446604 endolysin WELIGBO17.1 163120 - 164037 305 Gene3D G30SA3.40.50.1010 17 292 6.2E-121 -
Killian_00446634 endolysin WEUGBO17.1 163120 - 164037 305 PANTHER PTHR42646 FLAP ENDONUCLEASE XNI 60 202 5.4E-12 IPROZEZ6S  Flap endonuclease SO aterro) |60
0033567|InterPro)
oy r 5'-3' exonudease,
Killian_OQ446694 endalysin WEUSS017.1 163120 - 164037 306 Pam PFO2739 30:1;:"”““““' ean ol | 174 93811 IPRO20046  alpha-helical arch, N-  GO:0003677(InterPra)
terminal
1t ) ; T4 RNase H, C-
Killian_DO446694 endolysin WELG2017.1 163120 - 164037 305 Pfam PFO9253 T4 RNase H, C terminal 183 05 3 0E-B6 IPROIE2TE el =
i
GO:0003677( InterPra) | GO:
Killian_0O446694 endalysin WEUGB017.1 163120 - 164037 305 SMART SMIO0475 53exod 38 258 0.0062 IPROO2421  5'-3' exonudease {interProjl
0008409 InterPra)
s . Helix-hairpin-helix G0:0003677( InterPra) | GO:
1 ; -
Killian_0O0446694 endalysin WELBBO17.1 163120 - 164037 305 SMART SMO0279 HhH_4 185 220 0.0029 IPROOES1B AtiE dlass 2 0003824(InterPro]
5'-3' exonudlease, C-
Killian_OO446659:4 endolysin WELUBRD1T.1 163120 - 164037 305 SUPERFAMILY SSF47207 5' 10 3" exonuclease, C-terminal subdomain 153 05 B 89E-51 IPROZGZTS terminal domain -
superfamily
i PIN-like domain
Killian_0O044665%4 endolysin WEUGB017.1 163120 - 164037 305 SUPERFAMILY S5FBBT723 PIN domain-like 13 17 3.36E-39 IPRO2206D superfamily -
Hedgehog
signalling/DD-
vBE-Eco-KMBL4_OR4Z4324 endolysin WPK27911.1 38777-39121 114 Geneil G3DSA3,30,1380.10 5 114 2.0E-26 IPROOS04S 2 x AT
peptidase zinc-hinding
domain superfamily
Fepti 3
vB-Eco-XMB14_DR424384 endolysin WPK27911,1  38777-39121 114 Plam PFOB291 Peptidase M15 4 106 1.3€-29 IPRO13230 T:::i::sle M3
Hedgehog
vB-Eco-KMB14_OR424324 endolysin WPK279111  38777-39121 114 SUPERFAMILY  SSF55166 Hedgehog/DD-peptidase 5 108  204E27  IPRoospas  VEMNEDO-
peptidase zinc-binding
darmaln superfamily
vB-Eco-KMB43 _DR525658 endalysin WONDE429.1 55240 - 55629 129 oD cd14845 L-Ala-D-Glu_peptidase like 11 120 1.31964E-27 -
Hedgehog
. ' " signalling/DD-
vB-Eco-KMB43_DRS25698 endolysin WONDG429.1 55240 - 55629 129 Gene3D G30GA:3.30.1380.10 2 120 1.7E-20 IPROD9045 : 8 L.
peptidase zinc-binding
domain superfamily
vB-Ece-KMBA3_ORS25638 endolysin WONDE429.1 55240-55629 129 Plam PF13539 D-alanyl-D-alanine carboxypeptidase 55 120 18E-4 IPRO39561  Peptidase M15C G0:0008233(InterPra)
Hedgehog
VB-Eco-KMBA3_DR525698 endalysin WOND5429.1  55240-55629 129 SUPERFAMILY  SSFS5166 Hedgehog/DD-peptidase 2 120 353323  iprooopas  SEMAINEDD-
peptidase zinc-binding
domain superfamily
internal _wirion_pr
vB_EcoM_SHAK7163_ORS54179 otein_with_endol WWW77660.1 31648 - 34968 1106 Cails Coil Coil G608 628 -
ysin_domain
internal_wirion_pr
vB_EcoM_SHAKTLG3 OR584179 otein_with_endol WVW77660.1 31648 - 34968 1106 Coils Coll Coil 642 L -
ysin_domain
Hedgehog
) signalling/DD-
vB_EcoM_SHAK?Z163_COR554179 endalysin WVWTTEEE.1 35749 - 40093 114 Gene3d GIDEA:3.30.1380.10 5 114 4.2E-25 IPROOS045

peptidase zinc-binding

domain superfamily




Peptidase M154, C-

vB_EcoM_SHAK7163_OR594179  endalysin WVWTT668.1  39749-40093 114 Pfam PFOB291 Peptidase M15 5 06 S54E-29 pRo13230 PR
Hedgehog
i Il -
B_EcoM_SHAKT163_ORS34178  endalysin WVWI7668.1  39749-40093 114 SUPERFAMILY  SSES5166 Hadgehog/DD-peptidase 5 107 902624  IpRogopas  CENANNEMO-
peptidase zinc-binding
domain superfamily
vB_EcoM_SHAK7693_ORSS4180  endolysin WYW77753.1 4241942858 79 Genead GIDSA!1.10.530.40 6 72 79610 IPRO23347 ::;::_f""a“n::f'mﬁ'" GO:00037961 InterPra)
vB_EcoM_SHAK7E23 OR594180 endolysin WWW77753.1 42419-42658 79 MobiDBLite mabidb-lite consensus disorder prediction 56 79 - -
G0-0003796(InterPra) | GO
Glycoside hydrolase,
vB_EcoM_SHAK7E93_ORS94180  endalysin WVWTT753.1  42419- 42658 79 Pfam PFOO9ST Phage lysozyme 20 57 2364 IpRo02196  * VO 0009253(InterPro) | GO:001
bl G908 InterPral
vB_EcoM_SHAK7693_ORS94180  endolysin WVWTTT53.1  42419- 42658 79 SUPERFAMILY  SSFS3855 Lysozyme-like 6 8 563612 IPRO23346 :::.':’rf"":r:i'ltke Homain:
vB_Ecob_SHAK7693_ORS04180  endalysin WVWT7754.1  42651-42953 100 Gened G308A:1.10.530.40 1 85 47614 IPRO23347 ::::’:ﬁ“r:i:f"m'" G0:0003796(Interra)
. GOD:0003796( InterPro) | GO:
I Glycoside hydrolase,
vB_EcoM_SHAKTES3_ORS594180 endolysin WWWTTT54.1 42651 - 42953 100 Plam PFDOSS59 Phage lysozyme 2 76 23E-2 |PROD2196 tamily 24 0009253 InterPro) IG’D:UUI
amiy 6998(Interfro}
vB_EcoM_SHAKTEZ3_OR554180 endolysin WVW77T754.1 42651 -42553 100 SUPERFAMILY S5F53955 Lysozyme-like 2 BiG 1.33E-13 IPRO23346 L:::l:::l-ll;ke domain -
5
vB_EcoM_SHAKTESE_ORS554133 endolysin WWWTTEIL.1 A4D9E9 - 41474 161 oD cd00737 lyz_endolysin_autaolysin 8 145 7.46015E-29 |IPRO33507 Endolysin/autolysin GO:0003796( InterPro)
L domai
vB_EcoM_SHAK7858_OR594183  endolysin WVW77834.1  40989-41474 161 Gene3d G3DSA/1.10.530.40 1 146 63F-30 IPRO23347 s::’:ﬁ*’?':“:m'" G0:0003796{InterPra)
g Bacteriophage
vB_EcoM_SHAK7ESE_OR554183 endalysin WVW7TT834.1 40989 - 41474 161 PAMNTHER PTHR3E107 - 2 143 5.5E-20 IPROS1018 GO:0DO3TI6(PANTHER)
Glycosyl Hydrolase 24
. G0:0003796( InterPra) | GO:
L Glycoside hydrolase,
vB_EcoM_SHAK7858_OR534183  endolysin WVWTTEIA1  40989-41474 161 Pram PFO0959 Phage lysozyme 14 137 14E-20 tpRoo2196 VoS 0009253 (InterPro) |GO:001
v 5908(InterPra)
il i
VB_EcoM_SHAK78S8_OR594183  endolysin WVW77834,1  40989-41474 161 SUPERFAMILY  S5F53955 Lysozyme-like 4 148 261E-28  IPRO23346 :::zr"f"a“n:”;ke Hemain
vB_Eeo5_UTECI1O_PP291582 endolysin WWYEE4E1.1 1847 - 2332 161 DD cdd0737 lyz_endolysin_autolysin ] 146 6.37925E-31 IPRO23907 Endelysin/autalysin GO:0003796] InterPro)
vB_EcoS_UTEC10_PP291582 endalysin WWYBEI811 1847 - 2332 161 Gene3D G3DSA1,.10.530.40 2 147 1.6E-32 IPRO23347 :::’:ﬂ"":nfﬂ‘i“ma'" G0:0003796(InterPra)
vB_Ecos_UTECI0_PP291582 endalysin WWYEBABL1 1847 -2332 161 PANTHER PTHR3IB107 3 144 24822 IpROsiolg  Docteriophage -
Glycosyl Hydrolase 24
Ghycoside hydrol GO:0003796( InterPra) | GO:
vB EcoS UTECIO RR291582 endolysin WWYEEA81.1 1847 - 2332 161 Pfam PROOSSE Phage lysozyme 1= 138 12E-23 IPROO2196 : le 1: YErTEE  aop9253(InterPro) G001
el 6998(InterPro]
B EcoS UTECIO PP291582 endolysin WWYGEA8L1 18472332 161 SUPERFAMILY  SSF53955 Lysozyme-like 3 145 501632 IPRO23346 :::’;r:;:u:ke GBI,
Hedgehog
signalling/DD-
vB_EcoP_ACG-CO1_NC_019403 endolysin ¥P_006987811.1 39340-39684 114 Gene3D G3DSA13.30.1380.10 5 114 72626 IPRO09045 , .
peptidase zinc-binding
domain superfamily
B_EcoP_ACG-C91_NC_019403 endulysin YP_ODG987B11.1 39340- 39684 114 pfam PFOB291 Peptidase M15 4 106 3.0E-29 iPRO1323p  [optidese ML3A, C-

terminal




Hedgehog

VB_EcoP_ACG-C91_NC_019403 endolysin YP_006987811.1 39340-39684 114 SUPERFAMILY  SSF55166 Hedgehog/DD-peptidase 5 107 239626 IPRoogoas  CElne/DD-
peptidase zinc-binding
domain superfamily
VB_EcoS_ACG-M12_NC_019404 endolysin YP_006987885.1 41386-41871 161 coD €d16900 dolysin_R21-like 20 156 1.10155€-60 - : Z
VvB_EcoS_ACG-M12_NC_015404 endolysin YP_006987885.1 41386-41871 161 Gene3D G3DSA:1.10.530.40 1 160  4.9E-44 |PR023347 :z;‘;::l;"""'" G0:0003796(InterPro)
vB_EcoS_ACG-M12_NC_019404 endolysin YP_0D6987885.1 41386-41871 161 Hamap MF_04110 Endolysin. 4 158 27.074312  IPRO34690  Endolysin T4 type %ggiﬁﬂlﬁi’,”m"w
vB_EcoS_ACG-M12_NC_019404 endolysin YP_006987885.1 41386-41871 161 Hamap MF_04136 5AR-endolysin. 3 158 30775623 IPR043688  SAR-endolysin-like g:;gz:‘ﬁfg;mm”m:
Bacteriophage
vB_EcoS_ACG-M12_NC_015404 endolysin YP_006987885.1 41386-41871 161 PANTHER PTHR38107 8 159 15632 IPROS1018 GO:0003796(PANTHER)
Glycosyl Hydrolase 24
Glycoside hydrolase, ©0:0%03796(1nterPr0)| GO:
VB_EcoS_ACG-M12_NC_019404 endolysin YP_006987885.1 41386-41871 161 Pfam PFO0959 Phage lysozyme 25 151 3.96-32 IPROG2196 VP Y * 0009253(InterPro)| GO:001
Y 6998(InterPro)
VB_EcoS_ACG-M12_NC_019404 endolysin YP_006987885.1 41386-41871 161 Phobius SIGNAL_PEPTIDE_C_REGION C-terminal region of a signal peptide. 16 27 g S 2 2
VB_EcoS_ACG-M12_NC_019404 endolysin YP_006987885.1 41386-41871 161 Phobius SIGNAL_PEPTIDE_H_REGION Hydrophobic region of a signal peptide. 5 15 2 = z
VB_FcoS _ACG-M12_NC 019404 endolysin YP 0069878851 41386- 41871 161 Phobius SIGNAL PEPTIDE_N_REGION N-terminal region of a signal peptide. 1 [ = E
Region of a membrane-bound protein
VB_EcoS_ACG-M12_NC_019404 endolysin YP_006987885.1 41386-41871 161 Phabius NON_CYTOPLASMIC_DOMAIN  predicted to be outside the membrane, in 28 161 - . =
the extracellular region,
VB_EcoS_ACG-M12_NC 019404 endolysin YP_006987885.1 41386- 41871 161 Phobius SIGNAL_PEPTIDE Signal peptide region 1 27 = -
VB_EcoS_ACG-M12_NC_019404 endolysin YP_006987885.1 41386-41871 161 SUPERFAMILY  SSF53955 Lysozyme-like 6 159 102E-43  IPRO23346 ::;mi'lt“ dopmin:.
VB_EcoS-Golestan_NC_042084 endolysin YP_009620148.1 41444-41902 152 oD ¢d00737 Iyz_endolysin_autolysin 3 137 6.04237630 IPRO33907  Endolysin/autolysin  GO:0003796(InterPro)
VB_EcoS-Golestan_NC_042084 endolysin YP_009620148.1 41444-41902 152 Gene3D G3DSA1,10.530.40 " 1 138 36E31 |PRO23347 :::‘;mlsmm G0:0003796(InterPro)
VB_EcoS-Golestan_NC_042084 endolysin YP_009620148.1 41444-41902 152 PANTHER PTHR38107 2 135 5.1€-21 IPROS1018  Bacteriophage >
Glycosyl Hydrolase 24
Glycoside hydrolase, ©0:0003796(InterPro)| GO:
VB_EcoS-Golestan_NC_042084 endolysin YP_009620148.1 41444-41902 152 Pfam PFO0959 Phage lysozyme 6 129 16623 IPRo02195 Ve V " 0009253 (InterPro) | GO:001
4 6998(InterPro}
VB_EcoS-Golestan_NC_042084 endolysin YP_009620148.1 41444-41902 152 SUPERFAMILY  SSF53955 Lysozyme-like 2 141 348629 IPR023346 ::;‘;m“r:i‘lt"e domaln;:
internal_virion_pr
EG1_NC_047895 otein_with_endol YP_009795842.1 30249-34223 1324 DD d00254 LT-like 28 144 5.06794€-25 - . .
ysin_domain
internal_virion_pr
EG1_NC_047895 otein_with_endol YP_009795842.1 30249-34223 1324 Gene3D G3DSA:1.10.530.10 = 5 151 9.66-31 - i =
ysin_domain
Internal_rion. pr Internal virion protein
EG1_NC_047895 otein_with_endol YP_009795842.1 30249-34223 1324 Hamap MF_04121 Peptidoglycan transglycosylase gp16. 2 1314 1010026  IPRO389S4 L GO:0039678(InterPro)
ysin_domain P
internal_virion_pr
§ ¥ :
EG1_NC_047895 otein_with_endol YP_009795842.1 30249-34223 1324 PANTHER PTHR37423 SOLLIBLE LYTIC MUBEIN TRANSSLYCOMAYE o 143 2.96-18 < .

ysin_domain

RELATED




internal_wirion_pr

Transglycosylase 5LT

EG1_NC_047895 otein_with_endal YP_009795842.1 30249-34223 1324 Pfam PFO1464 Transglycosylase SLT domain 15 127 1.6E-25 IPRO0B258 06V
ysin_domain
internal_wirion_pr Prokaryatic GO:00002 70{InterPra) | GO:
EG1_NC 047895 otein_with_endol YP_009755842.1 30249-34223 1324 ProSitePatterns  P500922 Prokaryotic transglycosylases signature. 33 61 - IPRODOIAY transglycosylase, 0008933(InterPro) |50:001
ysin_domain active site 6020(InterPra)
internal_wirion_pr lik i
EG1_NC_047895 otein_with_endol YP_009795842.1 30249-34223 1324 SUPERFAMILY  SSF53955 Lysozyme-fike 5 146 346E-28  IpRo2azag  LYSOrymedlike domain
ysim_domain superfamily
NTEC3_NC_073318 endolysin ¥P 0107491551 11540-12028 162 oD d00737 lyz_endolysin_autolysin g 146 849828£-29 IPRO3307  Endolysin/autolysin  GO.0003796(InterPro)
Lysozyme domain
NTEC3 NC 073318 endolysin ¥P 0107491551 11580-12028 162 Gene3D G305A:1.10.530.40 2 147 176-30 IPRO23347 szpeﬂmw i GO:0003796(InterPra)
NTEC3_NC_073318 endolysin ¥P_010749155.1 11540-12028 162 PANTHER PTHRIE107 2 3 144 13£21 lpRosiorg  Cocteriophage G0:0003796(PANTHER)
Glycosyl Hydrolase 24
Ghycaside hydrol GO:0003796{ InterPra)| GO:
NTEC3_NC_073318 endolysin ¥P_010749155.1 11540-12028 162 Pram PFO095S Phage lysozyme 15 138 20622 IPROD2196 famifs‘z: WErHaSE:  a009253(InterPro) |G0:001
v 6998(InterPro)
L -ike di i
NTECI_NC_073318 endalysin ¥P 0107491551 11540-12028 162 SUPERFAMILY  SSFS3955 Lysozyme-like 3 143 235630 IPRO23346 s::‘f':::il; L L=
vB_EcoS-phiEc3_NC_073323 endolysin ¥P_D10749568.1 41533-42021 162 oD d00737 Iyz_endelysin_autelysin g 146 175147E-30 IPRO33907  Endolysin/autolysin  GO:00D3796(InterPra)
vB_EcoS-phiEc3_NC_073323 endolysin ¥P_010749568.1 41533-42021 162 Gene3d G3D5A:1.10.530.40 2 147 29632 IPRO23347 :::’E"ﬂn‘:l:r"ma'" G0:0003796(InterPro)
= ¥ Bacteriophage
vB_EcoS-phifc3_NC_073323 endalysin Y¥P_010749568.1 41533-42021 162 PANTHER PTHR38107 3 144 13622 IPROS 1018 GO:0003796(PANTHER)
Glycosyl Hydrolase 24
Giycoside hydrolase GO:OD03796(InterPra) | GO:
vB_EcoS-phiEc3_NC_073323 endolysin ¥P_010749568.1 41533-42021 162 Ffam PFOO9SS Phage lysczyme 15 138 24E23 Iproo2196 2 VEOSTE Y ' 0009253(InterPro) | GO:001
4 6998(InterPro)
vB_Ecos-phifc3_NC_073323 endalysin Y¥P_D10749568.1 41533-42021 162 SUPEREAMILY  S5F53955 Lysazyme-like 3 149 102631  IPRO23346 ::;‘:r";“;['ltk”"'“a'" :
MLP1_NC_079176 endolysin YP 0108444671 32790- 33185 131 oD cd14845 L-Ala-D-Glu_peptidase_like 9 130 1.8598E-23 -
Hedgehog
MLP1_NC_079176 endalysin YP_010844467.1 32790-33185 131 Gene3D G3DSA13.30.1380.10 3 129 91E21 iProcggas  SBnalline/bD- :
peptidase zinc-binding
damain superfamily
MLPL_NC_079176 endolysin ¥P_010844467.1 3279033185 131 Plam PF13539 D-alanyl-D-alanine carboxypeptidase 58 110 0004 IPRO39561 _ Peptidase M15C GO:0008233(InterPra)
Hedgehog
ignalling/DD-
MLP1_NC_079176 endolysin ¥P_010844467.1 32790-33186 131 SUPERFAMILY  SSESS166 Hedgehog/DD peptidase 4 129 392618 (pRngopss  SEMANlnB/DD

peptidase zinc-binding -

domain superfamily



Supplementary Table 52. The list of AMP peptides identified within sequences of putative endolysins.

Phage name Protein name Protein accession number Position Sequence Class AMP Probability
590B-MW722821 endolysin QVR48622.1 123-142 FINONGRPLLGLRRRTAGRL AMP  0.950
VB-ECOS-PHIEC4-MZ575218 endolysin QYu43915.1 123-142 FINQNGRPLLGLRRRTAGRL AMP  0.950
VB-ECOP-22664B51-M2234009 endolysin QZ2178465.1 33-52 GSHVKDWNSRSVGVCLVGGI AMP 0.B40
VB-ECOP-22664UKE3-2-MZ234011  endolysin QZ178611.1 68-87 GSHVKDWNSRSVGVCLVGGI AMP  0.840
VB-ECOP-101118UKE1-MZ234021 endolysin 0Z2179721.1 68-87 GSHVKDWNSRSVGVCLVGGI AMP  0.840
VB-ECOP-10112081-2-MZ234022 endolysin QZ179784.1 68-87 GSHVKDWNSRSVGVCLVGGI AMP  0.840
VB-ECOP-101120B2-MZ234023 endolysin QZ179844.1 68-87 GSHVKDWNSRSVGVCLVGGI AMP  0.B40
VB-ECOP-101136B51-MZ234024 endolysin QZ179903.1 68-87 GSHVKDWNSRSVGVCLVGGI AMP 0.B40
VB-ECOM-SHAK7854-0R594182 internal-virion-protein-with-endolysin-domain SELF-DNYNS3 323-342  IAGQVGKGGKLVNKMFTVAA AMP  0.987
VB-ECOP-LNA3-MZ2311862 internal-virion-protein-with-endolysin-domain SELF-GX6 323-342 IAGQIGKGGKLVNKMFTVAA AMP  0.990
VB-ECOM-LNA4-MZ311864 endolysin SELF-PFXJ204 15-34 LKVKNLILATACAFSLATTP AMP  0.937
VB-ECOM-LNA4-MZ311864 endolysin SELF-PFXJ59 98-117 GLIQVTGLANYKACGKALGL AMP  0.969
VB-ECOM-SHAK7704-OR554181 endolysin SELF-EMEKPS 50-659 AKHNANVGGAKNSMHLTGKA AMP 0.BS2
VB-ECOM-SHAK7704-0R594181 internal-virion-protein-with-endolysin-domain SELF-EMEKPB2 38-57 LOQEQVLEAKADADILGAVGA AMP  0.989
VB-ECOP-LNAS-MZ2311861 internal-virion-protein-with-endolysin-domain SELF-TCEHA5 323-342  IAGOVGKGGKLVNKMFTVAA AMP  0.987
VB-ECOM-SHAKS454-0R594184 internal-virion-protein-with-endolysin-domain SELF-ZENBS3 323-342 IAGQVGKGGKLVNKMFTVAA AMP  0.987
VB-ECOM-LNA1-MZ311863 endolysin SELF-ZKRH133 109-128 GNKVGCAEAMOQWWNKITVKG AMP  0.541
ZCEC14-0OP168838 endolysin UvD33329.1 135-154 |AVLVKKFSLEGHEILIISS AMP 0.977
ZCEC14-OP168898 endolysin UVD33388.1 94-113  LIDSPVKSDIKIEVVETDKI AMP  0.963
ZCEC14-0P168898 endolysin UvD33512.1 42-61 RIKKVTYCTDWAVSFNFNIL AMP  0.532
KILLIAN-OQ446694 endolysin WEU67833.1 42-61 CIKKVTVCTDWAVSFNFNIL AMP  0.715
KILLIAN-OQ446694 endolysin WEUG7851.1 38-57 AGIVSKHIACRILPSHIVNA AMP  0.540
KILLIAN-OQ446694 endolysin WEUG7899.1 41-60 VAKSELDKAIGRNCNGVITK AMP  0.B58
KILLIAN-0Q446694 endolysin WEUBB017.1 135-154 IAVLVKKFSLEGHKILIISS AMP 0977
VB-ECO-KMB14-OR424384 endolysin WPK27911.1 50-69 AKHNANVGGAKNSMHLTGKA AMP  0.892
VB-ECO-KMB43-0OR525698 endolysin WQN06429.1 53-72 GKSKTMKSRHLHGFAVDVVA AMP  0.582
VB-ECOM-SHAK7163-OR594179 internal-virion-protein-with-endolysin-domain WYVW77660.1 38-57 LQEQVLEAKADADILGAVGA AMP  0.989
VB-ECOM-SHAK7163-OR554179 endolysin WVW77668.1 50-69 AKHNANVGGYNNSMHLTGKA AMP  0.B46
VB-ECOM-SHAK7693-0R594180 endolysin WVW77753.1 28-47 AYRATPNEKYLTIGYGHYGP NAMP 0.455
VB-ECOM-SHAK7693-0R594180 endolysin WVW77754.1 56-75 AKLALFINCNGKPLLGLRRR AMP  0.980
VB-ECOM-SHAK7858-0OR594183 endolysin WYW77834.1 117-136 AKLALFINONGKPLLGLRRR AMP  0.980
VB-ECOS-UTEC10-PP291582 endolysin WWYB6481.1 118-137 AKLALFINONGKPLLGLRRR AMP  0.980
VB-ECOP-ACG-C91-NC-019403 endolysin YP-006987811.1 50-69 AKHNANVGGAKNSMHLTGKA AMP 0.B92
VB-ECOS-ACG-M12-NC-019404 endolysin YP-D0B987885.1 125-144 ALGMWNKARVMNGKLKVVKGL AMP  0.975
VB-ECOS-GOLESTAN-NC-042084 endolysin ¥P-008620148.1 109-128 AKLALFINONGKPILGLRRR AMP  0.983
EG1-NC-047895 internal-virion-protein-with-endolysin-domain YP-009795842.1 354-373 GFKLINKALVVGAQSAAINA AMP  0.993
NTEC3-NC-073318 endolysin ¥YP-010749155.1 123-142 FINONGRPLLGLRRRTAGRL AMP  0.950
VB-ECOS-PHIEC3-NC-073323 endolysin ¥P-010749568.1 118-137 AKLALFINONGKPILGLRRR AMP  0.983

MLP1-NC-079176 endolysin YP-010844467.1 102-121 IRWGGTWERSFTKPVKWAKF AMP  0.828



Suppl y Table S3 giving an overview of the selected fi of the ins identified by phyl tic analysis as closely related to the identified endolysi

Position of
Position of the  Gene Protein Molecular Melting
Phage name in e Protein accession ht Instability Isoelectric Aliphatic " of the predicted domai the domain
[Reference] g number € 8 index point (pl) Y index L in protein
genome (nt) (aa) (kDa) (Tm)
sequence
VB._Ecos- £138
e lysin 2556 - 3047 491 QZ178369.1 163 18,18 31,013 9,22 -0,456 77,914 46.0°C 14-139
2266481 [36]
1-153
vB_EcoS- 9-146
22664852 lysin 817 -1305 488 02178493.1 162 17,08 19,002 9,81 -0,117 87,531 50.0°C 15-138
[36] 3-149
vB_EcoS- 9-146
UTISSUKE1[ lysin 361-849 488 Usmg1274.1 162 17,08 18,337 9,81 -0,121 87,531 50.0°C 15-138
36] 3.149
vB_EcoS- 7-148
10111482 lysin 2526 - 3017 491 Q2179000.1 163 1818 31,013 9,22 -0,456 77914 46.0°C 14-139
136] 1-153
vB_EcoS- 7-148
101114854 lysin 1030 - 1521 491 Qz179065.1 163 18,18 31,013 9,22 -D,456 77,914  46.0°C 14-139
136] 1-153
vB-E 9-146
o lysin 40675 - 41163 488 WQN07684.1 162 17,05 18,337 9,81 -0,075 89,938 51.0°C 15-138
KMB35 [37]
3-149
8-E 14-151
lysin 41598 - 42101 503 WQNO7602.1 167 17,77 16,158 9,59 -0,151 85,509 51.0°C 20-143
KMB36 [37]
7-154
vB_EcoS- 7-148
CHD5UKE2 lysin 14512 - 15003 491 UsL86352.1 163 18,3 31,731 9,43 -D,478 77914 47.0°C 14-139
136) 1-153
vB_EcoS- Lsid
= lysin 42121 - 42612 491 USL86318.1 163 18,18 31,013 9,22 -0,456 77,914  46.0°C 14-139
CHD281 [36]
1-153
19-158
vB-Eco- 4-161
lysczyme R 44328 - 44819 491 WQN06679.1 163 1833 33,344 9,55 -0,351 8319 49.0°C 25-154
KMB46 [37]
15-161
5-161
13-158
vB-Eco- lysozyme or @18
- 494 P < , 4, X « ,744 °! -
KMB25 [37)  muramid 33375 - 33869 9. WPK28014.1 164 183 24,023 9,65 0,318 82 50.0°C 3-:;;

5-161




vB-Eco- o
KMB39 [37] lysozyme R 61730 - 62224 499 WPJ71303.1 164 18,61 37,155 9,59 -0,368 88,659 52.0°C
vB_EcoM_K h-like phg

u’fzs l‘;] baseplate hub+ 64196 - 63690 494 CAH2619090.1 154 18,61 37,155 9,59 -0,368 88,659 52.0°C
tall lysozyme
lysozyme R 62848 - 63342 494 WPJ71835.1 164 18,61 37,155 9,59 -0,368 88,659 52.0°C
KkmBaz (377 0 - ! Y , X
vB-Eco- o
lysozyme R 64127 - 64621 494 WPI70775.1 164 18,63 36,638 9,59 -0,365 89,878 52.0°C
KMB22 (37]
vB-Eco- -
lysozyme R 63387 - 63881 494 WQN07383.1 164 1861 37,155 9,59 -0,368 88,659 52.0°C
KMB23 [37]
vB_Ecom_ac  Elveoside
G.:w 13-4] hydrolase 63339-63833 494  YP_006986578.1 164 1861 37,155 9,59 -0,368 88,659 52.0°C
family protein

vB-Eco- . o

lysozyme R 64196- 64690 494 WPJ71039.1 164 1861 37,155 9,59 -0,368 88659 52.0°C
KMB26 [37)

lysozyme R 62190 - 62684 499 WPJ71570.1 164 18,61 37,155 9,59 -0,368 88,659 52.0°C
KMB40 [37] g J ; % 7 X

2-160
11-141
1161
1-159
1-164

2-160
11-141
1-161
1-159
1-164

2-160
11-141
1-161
1-159
1-164

2-160
11-141
1-161
1-159
1-164

2-160
11-141
1-161
1-159
1-164

2-160
11-141
1-161
1-159
1-164

2-160
11-141
1-161
1-159
1-164

2-160
11-141
1-161
1-159
1-164



vB_EcoM-
101112UKE3-  lysczyme R 158103 - 158597 494 QZi78958.1 164 1861 37,155 2,59 -0, 368 EB659 52.0°C
1361
vB_EcoM-
CHD2BS1 lysczyme R 157128- 157622 494 0ZIB0464.1 154 1861 37,155 9,59 -0,268  EEA59  52.0°C
[36]
baseplate hub + n s o
MLP2 [38] sall vsaying 156422 - 156916 494 UENBE765.1 164 18,61 37,673 9,39 0,366 K8,659  51.0°C
;:i:?::i lysozyme R 157200- 157694 494 0Z183386.1 164 1861 37,155 9,59 0,368 88,650 52.0°C
vB_EcoM-
101117851 lysozyme R  154626- 155120 494 Qziras3al 164 1861 37,155 9,59 -,368  BEG5D  52.0°C
[28]
vB_EcoM-
CHD16UKE1  lysczymeR 157094157588 494 07180907.1 184 18,61 37,155 9,59 -0,368 BRGS0 52.0°C
[36]
ZCEC14 [40] h“pml mhl 56330 - 96818 488 UvD33441.1 152 1839 36,363 2,66 -0,354 89,136 52.0°C
vB_EcoM- )
CHD94UKE2  Iysczyme R 154846- 155334 488 QZ181192.1 162 1838 35,161 9,66 -0,338 89,136 52.0°C
[36]
KMB38 [37] lysozyme R 66043 - 66531 488 WaN07107.1 182 1831 29,657 9,66 -0,269 88519 51.0°C

2-160
11-141
1-161
1-159
1-164

2-160
11-141
1-161
1-158
1-164

2160
11-141
1-161
1159
1164

2-160
11-141
1-161
1-159
1-164

2-160
11-141
1-161
1-159
1-164

2-160
11-141
1-161
1-159
1-164

2-160
11-141
1-161
1-159

2-160
11-140
1-161
1-158

2-160
10-140
1-161



Ta-like_iys

| (cdDO735]
B-Eco- ysozyme th'&' 7-164
ICN:BET 37) murein 22896 - 23396 500 WaND0ETs4.1 166 1886 21,257 8,67 0,281 9512 44,0°C : (PE '} 15-142
hydrol s 7-166
b Lysozyme-like
[SSF53955)
Ta-like_fys
vB_EcoM- mtcdﬂ Eyss] 2-160
172850UKEL  lysozymeR 157547 - 158035 488 0ZIB0176.1 152 18,32 28,133 566 0,263 BES518  52.0°C :g:mﬂm 10-140
1361 Lysozyme-like 1-161
{SSF53955)
Ta-like_lys
(cdD0735) S
vB_EcoM IN  hypothetical 1,54 13413 488 self NUWW3S 162 1829 26867 973 028 87346 52.0°C Fhege lysatymie 10-140
A2 [27] pratein {PFOO959) 1161
Lysazyme-like
{55F53955)
PGRP
(cdDESE3)
M-acetylmuramoyl-L-alanine amidase-like
13-132
[Pataagacy 10-146
£G1[39) amidase 11177-11632 455  YP_009795817.1 151 17,01 36916 883 0501 75497  49.0°C Mmm""“m"n' 1;':;"’““ e 11132
Enc!niy;in. ;t:?
[MF_D4111)
Endolysin
[G3D5A:3.40.80.10:FF:000009)
PGRP
{cdDE583)
N-acetylmuramoyl-L-alanine amidase-like 14-133
vB_EcoM_SH - : ” (4SF55846) _ 11-147
AK7854 [33) amidase 13662 - 14120 458 self_DNYN29 152 17,06 44325 883 1,391 78158 51.0°C A S T e peleh
(PFO1510] 2-150
Endolysin.
[MF_04111)
PGRP
(cdDE583)
N-acetylmuramoyl-L-alanine amidase-like 14-133
vB_EcaP_LN _ (SSF55846) 11-147
it d 26726-27184 458 If_GXI34 152 17,02 44 826 847  -D418 75592 51.0°C :
A3[27] amidase e N-acetylmuramoyl-L-alanine amidase 11-134
(PFO1510) 2-150
Endolysin.
[MF_04111)
PGRP
(cdDE5E3)
N-acetylmuramoyl-L-alanine amidase-like  14-133
vB_EcoP_LN : g ) L (55F55846) 11-147
As(27] amidase 6617 - 7075 458 self TCEH12 152 17.08 44,824 847 0442 76,25 51.0°C MeacetyimuramoykLalanine amidase 11134
(PFO1510) 2-150
Endolysin.
[MF_D4111)
PGRP
(cdDESB3)
M-acetylmuramoyl-L-alanine amidase-like 14-133
vB_EcoM_SH _ (SSF55846) 11-147
= 52 - 14 4 f | . 8 -4 5, 07 |
AXS454 [33] amidase 13615 - 14073 58 self ZENB29 152 17,08 45,883 8,83 0,404 75592 51.0°C Nkt e e Tiida4
(PFO1510} 2-150
Endolysin.
[MF_pa111)
Peptidase M15
VBECOP: L athetical ef:ro‘:;m 4106
- 04 7 s
111[1:1611.:“1 i I6BEI- 37207 344 02178580.1 114 12,8 39,555 9,45 0,439 J0088  S0.0°C Hedgehog/DD- o Siin
|SSES5166)
vB_EcoP.  pothetical Pef:riass:'sﬁls 14115
= 7 | B \ 8 E 0,34 . 0 1
lﬂliila.:].mﬂ A 30216 - 30587 371 QZI79510.1 123 1364 26,292 9,02 0,349 72848 52.0°C Hedgeh D-paptidase 14416
{S5F55166)
Peptidase M15
wB_EcoP-
= hypothetical (PFOB291} 14-115
- 7 7 179570, ; : : 0,349 72, o :
I.D!:;]BM protein 39216 - 3958 37l Q2795701 123 1364 26,292 9,02 0,349 B4E 52.0°C Hedgehog/DD e 14116
(SSF55166)
i B Peptidase M15
= hypothetical . {PFD8291} 4-106
un?:;.llez i 36944 - 37288 344 07184581.1 114 12,65 29,187 942  -DA04 70,088 50.0°C Mt hoDD-peptidsse i
(SSF55166)
Peptidase M15
wiB_EcoP- ]
unsoukes  YPOMENEl  enas a2m0 3aa 0ZI84648.1 114 12,65 29,187 3,42 -0,404 70,088  50.0°C AReat) g
361 protein Hedgehog/DD-peptidaze 5107
{SSF55166)
Peptidase M15
vB-Eco- hypothetical g 4 s 4 4 i 4 i (PFD8291) 4106
N 1 e 38771-30115 34 WPK27967.1 11 12,8 39,555 5,45 0,433 70,088  50.0°C Pl et s

(SSF55166)



Supplementary Table S4. Data obtained by InterProScan version 5.72-103 software, giving an overview of the domains identified within the proteins found by phylogenetic analysis as closely related to the tested endolysins. The domains
marked in yellow were selected and listed in Supplementary Table 53.

Protein Paosition of the InterPro InterPro
Sequence . Start Stop . .
Phage name Protein name accession gene in virus Analysis Signature accession  Signature description Score annotations - annotations- GO annotations
length location location i AsE
number genome accession description
vB EcoM KMB2E T4-like phage _ Lysozv,lrme
OWE3E588 baseplate hub + tail CAH2619090.1 64196 - 64690 164 Gene3D G3D5A:1.10.530.40 - 1 164 6.6E-75 IPRD23347 domain G0:0003796(InterPro)
lysozyme superfamily
vB EcoM KMB26 T ke phage G3DSA:1.10.530.40:FF:
OWS536688 baseplate hub + tail CAH2619090.1 64196 - 64690 164 FunFam 000002 Endolysin 1 164  1.1E-114 - -
lysozyme
T4-like phage <
vB EcoM KMB26 ¢ ; Endalysin T4  GO:0003796(InterPro) |G
+ ; - i ;
OWS35688 baseplate hub + tail CAH2619090.1 64196- 64690 164 Hamap MF 04110 Endolysin 1 155  16.677807 IPRD346350 type 0:0009253{InterPro)
lysozyme
Ta-lik i
vB EcoM KMB26 lke phaze . : Lvsm\,rme e
OWS536688 baseplate hub + tail CAH2619090.1 64196- 64690 164 SUPERFAMILY SSF53955 Lysozyme-like 1 161 4.81E-54 IPRD23346 domain -
lysozyme superfamily
vB EcoM KMB26 T4-like phage Glycoside G0:0003796({InterPro} | G
OWs36sss baseplate hub + tail CAHZ619090.1 64196 - 64690 164 Pfam PFO0959 Phage lysozyme 11 141  4.4E-10 IPROD2196 hydrolase, 0:0009253(InterPro) | GO:
lysozyme family 24 0016998(InterPro)
T4-like phage
vB EcoM KMB26 2 Phage T4 lysozyme Td-type GO:0003796(InterPro) |G
OWS36688 baseplate hub + tail CAH2619090.1 64196 - 64690 164 PRINTS PROOGEA signature a5 114 2.7E-91 IPROD11865 Iysazyme 0:0016998(InterPro)
lysozyme
vB EcoM KMB26 1a-ike phage Phage T4 lysozyme Ta-type GO:0003796(InterPro} | G
baseplate hub + tail  CAH2619090.1 64196- 64690 164 PRINTS PRO0SS4 nage 1= lysexy! 72 92 276491  IPROOL1ES YP '
OwW536638 signature Iysozyme Q:0016598(InterPra)
lysozyme
vB EcoM KMB26 T:ihe plitge Phage T4 lysozyme Té-type GO:0003796(InterPro) | G
OWS36688 baseplate hub + tail CAH26159090.1 64196 - 64690 164 PRINTS PROOGE4 signature 4 23 2.7E-91 IFRODO1165 lysozyme 0:0016998(InterPro)
lysozyme
vB EcoM KMB26 Tk phage Phage T4 lysozyme Ta-type GO:0003796(InterPro} |G
baseplate hub + tall  CAH2619090.1 64196-64690 164 PRINTS PRO0684 nagh A lysony 24 42 27691  IPROOL1SS 1 '
OwW536688 signature lysozyme 0:001e598(InterPro)
lysozyme
vB EcoM KMB26 At phags Phage T4 lysozyme Ta-type GO:0003796{InterPro} |G
OW536682 baseplate hub + tail CAH2619090.1 64196 - 64690 164 PRINTS PRO0G34 signature 118 137 2.7E91 IPRO0OL165 Iysoaie 0:0016998(InterPro)
lysozyme
vB EcoM KMB26 TiHlke phage Phage T4 lysozyme Ta-type GO:0003796(InterPro} |G
baseplate hub + tail CAH2619090.1 64196 -645690 164 PRINTS PROOBE4 . 5 yrozy 51 70 2.7E-91 IPRODO1165 tvp '
OWGE36688 signature lysozyme Q:0016998(InterPra)
lysozyme
vB EcoM KMB26 il phags Phage T4 lysozyme Ta-type GO0:0003796(InterPro) | G
baseplate hub + tail  CAH2619090.1 64196- 64690 164 PRINTS PROOBR4 G 138 150  2.7691  IPROD1LES YP ' I
OW536688 signature lysozyme 0:0016998(InterPra)
lysozyme
T4-like phage
07455E-
;%E;:sh;::l326 baseplate hub + tail CAH2619090.1 64196- 64690 164 CcDD cd00735 T4-like lys 2 160 :BO? e - -

lysozyme




T4-like phage

vB EcoM KMB26 ; T4-TYPE LYSOZYME 1- Bacteriophage
b late hub + tail CAH2619090.1 64196- 64690 164 PANTHER PTHR37406 4 161 1.5E-27 IPRO52619 -
OWS36688 g RELATED Iysozyme-like
lysozyme
Bacteriophage
:322{3?3]_028266481 lysin QZ178369.1 2556 - 3047 163 PANTHER PTHR38107 - 2 147 3.6E-18 IPROS1018 Glycosyl GO:0003796(PANTHER)
Hydrolase 24
vB Ec05-2266481 , Lysozyme
MZ234008 fysin QZI78369.1 2556 - 3047 163 Gene3D G3D5A:1.10.530.40 - 2 154 9.0E-31 IPRD23347 domain G0:0003796(InterPro)
superfamily
Lysozyme-like
B EcoS-22664B1
Lzz;?: S lysin QzI78369.1  2556-3047 163 SUPERFAMILY SSF53955 Lysozyme-like 1 153 379632  IPRO23346  domain -
superfamily
\3252:155.02;5541 lysin QZ178369.1  2556-3047 163 cDD ¢d00737 lyz endolysin autolysin 7 148 ;;2933& IPR033907 ET\«Z:WM A 50:0003796(InterPro)
VB EcoS-22664B1 Glycoside G0:0003796{InterPro) |G
ME34008 lysin QZ178369.1 2556 -3047 163 Pfam PFO0959 Phage lysozyme 14 139  4.6E-18 IPROD2196 hydrolase, 0:0009253(InterPra) | GO:
family 24 0016998(InterPro)
Lysozyme
13223150302664352 Iysin Q21784531 817-1305 162 GenedD G3DSA:1.10.530.40 - 2 147 1.1E-31 IPRO23347 domain G0:0003796(InterPro)
superfamily
Bacteriophage
\r::zi;iﬁufgﬁﬂﬁﬁz lysin QZ178493.1 817 - 1305 162 PANTHER PTHR38107 - 3 144 3.2E-22 IPRO51018 Glycosyl GO:0003796(PANTHER)
Hydrolase 24
VB E0S-22664B52 _ ‘ Lvsozyme-rlke
fysin Q1784931 817 - 1305 162 SUPERFAMILY 55F53955 Lysozyme-like 3 149 1.53E-31 IFRO23346 domain -
MZ234010 F
superfamily
vB Eco5-22664B52 , . y 2.67399E- Endolysin/aut
I 78493, - | | 4 IPR 2 796{1
MZ234010 ysin QZ178493.1 817-1305 162 cpbp cd00737 yz endolysin autolysin 9 146 30 033907 Syl GO0:0003796{InterPro)
VB EcoS-22664852 . _ Glycoside G0:0003796(InterPro) |G
MZ234010 fysin QZ178493.1 817 - 1305 162 Pfam PFO0959 Phage lysozyme 15 138  6.2E-23 IPRO02196 hydrolase, 0:0009253(interPra) | GO:
family 24 0016998(InterPro)
Hedgehog
signalling/DD-
vB EcoP-101101UKE1 : ; peptidase zinc-
h hetical 17 X 36863 - 37207 114 D A:3.30.1 A0 - 5 11 5E-2 IPRO0OS04 -
MZ234012 ypothetical protein ~ QZI78680.1 6863 - 37207 11 Gene3 G3DSA:3.30.1380 3 3.5E-26 009045 binding
domain
superfamily
Hedgehog
signalling/DD-
vB EcoP-101101UKE1 : z Hedgehog/DD- peptidase zinc-
MZ234012 hypothetical protein ~ Q2178680.1 36863 - 37207 114 SUPERFAMILY S5F55166 e iitise 5 110 6.28E-25  IPRDO9045 binding -
domain
superfamily
Peptidase
VB ECOP- I IDIUNES hypothetical protein ~ QZ178680.1 36863 - 37207 114 Pfam PFO8291 Peptidase M15 4 106  1.4E-29 IPRO13230  MI15A, C- -

MZ234012

terminal




Lysozyme

B EcoM-101112UKE3- 158103 -
VE EeOfAIOLLL % lysozyme R QZ178958.1 i 164 Gene3D G3D5SA:1.10.530.40 - 1 164  6.6E-75 IPRO23347 domain G0:0003796(InterPro)
1 MZ234013 158597 i
superfamily
vB EcoM-101112UKE3- 158103 - G3D5A:1.10.530.40:FF:
I R 78958.1 164 FunF. Endolysi 1 164 1.1E-114 - -
1 MZz234013 YARRYIE o 158597 o 000002 HERIR
vB EcoM—iDlliZUKE}I R Qz/78958.1 158103 - 164 H MF 04110 Erdolvsi 1 159 16.677807 IPRO34590 Endolysin T4  GO:0003796(InterPro)| G
1 MZ234013 Y20Lyme : 158597 amap TERIYeAE: " type 0:0009253(InterPra)
Lysozyme-like
vB EcoM-101112UKE3- 158103 - .
1 MZ234013 BBl AA783581  yeangy 164 SUPERFAMILY SSF53955 Lysozyme-like 1 161 481ES4 IPRO23346  domain -
superfamily
Glycoside GO:0003796(InterPro) |G
B EcoM-101112UKE3- 158103 -
highi lysozyme R Q7Z178958.1 164 Pfam PFO0959 Phage lysozyme 11 141  4.4E-10 IPRO02196 hydrolase, 0:0009253(InterPro) | GO:
1 MZ234013 158597 3
family 24 0016998(InterPro)
vB EcoM-101112UKE3- 158103 - Phage T4 lysozyme Td-type G0:0003796(InterPro) |G
1 M7234013 lysozyme R QZI78958.1 158507 164 PRINTS PROOGES signature a5 114 2.7E-91 IPROD11E5 — 0:0016998{InterPro)
vB EcoM-101112UKE3- 158103 - Phage T4 lysozyme T4-type GO:0003796(InterPro) | G
I e I 7E- PR
1 MZ234013 ysozyme R Qz178958.1 158597 164 PRINTS PROOGE4 signature 72 % 27851 IPROD1185 Iysozyme 0:0016998(InterPra)
vB EcoM-101112UKE3- 158103 - Phage T4 lysozyme Td-type GO:0003796(InterPro) |G
1 M7234013 lysozyme R QZI78958.1 158597 164 PRINTS PROOGEA signature 4 23 2.7E-91 IPROD11865 Iysazyme 0:0016998(InterPro)
vB EcoM-101112UKE3- 158103 - Phage T4 lysozyme Ta-type G0:0003796(InterPro} |G
I R |78958.1 164 PRINT PROOBRA 24 42 2.7E-91 IPRO0O1165
1 MZz234013 L i QA7esss 158597 s 0o signature ° 85 \ysozyme  0:0016998(InterPro)
vB EcoM-101112UKE3- 158103 - Phage T4 lysozyme Ta-type GO:0003796(InterPro) |G
1 MZ234013 lysozyme R Q7178958.1 158597 164 PRINTS PROOGE4 signature 118 137 2.7E-91 IFRODO1165 Iysozyme 0:0016998InterPra)
vB EcoM-101112UKE3- H—- Q71789581 158103 - 164 PRINTS PROOGSA F‘Ihage T4 lysozyme 51 20 2.76-91 {PRODL16ES Td-type GO:0003796(InterPro) |G
1 MZ234013 158597 signature lysozyme 0:001e598(InterPro)
vB EcoM-101112UKE3- 158103 - Phage T4 lysozyme T4-type G0:0003796(InterPro) |G
— lysozyme R QZ178958.1 — 164 PRINTS PRO0O634 signature 138 159  2.7E-91 IPROD1165 Iysaying 0:0016998(InterPro)
vB EcoM-101112UKE3- 158103 - ; 6.07455E-
1 MZ234013 lysozyme R QZ178958.1 158567 164 cop ed00735 T4-like lys 2 160 78 - -
VBEcoM-10LLIIURES: i s Qzi7sess1  Looi03- 164 PANTHER  PTHR27406 THTTFELISOCt ML 4 161 15627  IPROS2619  Dacteriophage
1 MZ234013 158597 RELATED lysozyme-like
Bacteriophage
YBEcas 10111453 lysin QZ179000.1 2526 - 3017 163 PANTHER PTHR38107 - 2 147 3.6E-18 IPROS1018 Glycosyl G0:0003796(PANTHER)

MZ234014

Hydrolase 24




vB EcoS-101114B2

Lysozyme

MZ234014 lysin QZ175000.1 2526-3017 163 Gene3D G3DSA:1.10.530.40 . 2 154  9.0E-31 IPRO23347 domain GO:0003796(InterPro)
superfamily
Lysozyme-like
::2?3?3}_:3111432 lysin QZ179000.1 2526 - 3017 163 SUPERFAMILY SSF53955 Lysozyme-like 1 153 3.79E-32 IPRD23346 dormain -
superfamily
“MBZ';;‘;EEHMM lysin QZI79000.1  2526-3017 163 coD d00737 lyz endolysin autolysin 7 148 ;:‘2933E' IPRO33907 Erv:::"s’“f 2t £0.0003796(InterPro)
VB Ecos-10111482 Glycoside G0:0003796(InterPro} |G
MZ234014 lysin QZ179000.1 2526 - 3017 163 Pfam PFO0959 Phage lysozyme 14 139 4.6E-18 IPROO2196 hydrolase, Q:0009253(InterPra) | GO:
family 24 0016998(InterPra)
Bacteriophage
1:221250-521114851 lysin QZ179065.1 1030 - 1521 163 PANTHER PTHR38107 - 2 147 3.6E-18 IPRO51018 Glycosyl GO:0003796(PANTHER)
Hydrolase 24
Lysozyme
;fzi‘;ﬁllsm‘ms“ lysin QzI79065.1  1030-1521 163 Gene3D G3DSA:1.10.530.40 - 2 154 90E-31  IPRO23347  domain G0:0003796{InterPro}
superfamily
Lysozyme-like
= 4B54
::Zi‘;isﬁljﬁnl A% lysin QZ2179065.1 1030 - 1521 163 SUPERFAMILY SSF53955 Lysozyme-like 1 153  3.79E-32 IPRO23346 domain -
superfamily
VOREOS-10TAMIBSY i Q1790651  1030-1521 163 oD cd00737 lyz endolysin autolysin 7 148 1APBE pnazggy  Endolsinfaut o n003796(Interpro)
MZ234016 36 olysin
VB EcoS-101114R54 . Glycoside G0:0003796(InterPro) |G
MZ234016 lysin QZ179065.1 1030 - 1521 163 Pfam PFO0959 Phage lysozyme 14 139  4.6E-18 IPROD2196 hydrolase, 0:0009253(InterPro) | GO:
family 24 0016998(InterPro)
Lysozyme
B EcoM-101117B51 154626 -
e lysozyme R QZ179532.1 164 Gene3D G3DSA:1.10.530.40 - 1 164  6.6E-75 IPRO23347 domain GO:0003796(InterPro)
MZ234018 155120 .
superfamily
vB EcoM-101117B51 154626 - G3D5A:1.10.530.40:FF: 3
D lysezyme R Q7179532.1 155120 164 FunFam 000002 Endolysin 1 164  1.1F-114 - -
vB EcoM-101117851 154626 - ; Endolysin T4 GO:0003796({InterPro) |G
IS ADTE lysozyme R QZ179532.1 Tes a0 164 Hamap MF 04110 Endolysin. 1 159  16.677807 IPRD34630 _— 0:0009253(InterPra)
Lysozyme-like
vB EcoM-101117851 154626 - ? ;
MZ234018 lysozyme R QzZ179532.1 155120 164 SUPERFAMILY 55F53955 Lysozyme-like 1 161  4.831E-54 IPRO23346 domain . -
superfamily
Glycoside G0:0003796(InterPro) |G
B EcoM-101117B51 154626 -
ety lysozyme R Q21795321 164 Pfam PFOO959 Phage lysozyme 11 141  4.4E-10 IPRO02196 hydrolase, Q:0009253(InterPra) | GO:
MZ234018 155120 p
family 24 0016998(InterPra)
vB EcoM-101117B51 154626 - Phage T4 lysozyme T4-type GO:0003796(InterPro) | G
I R 79532.1 164 PRINTS PROOBE4A as 114 2.7E91 IPROD1165
MZ234018 ysozyme 5 155120 signature lysozyme  ©0:0016998(InterPra)
vB EcoM-101117851 bRBEHE R QzI79532.1 154626 - 164 PRINTS PROOGSA Phage T4 lysozyme 72 a2 2.76-91 |PROD1165 T4-type GO:0003796(InterPro) | G
MZ234018 VRN : 155120 signature ) lysozyme Q:0016998(InterPra)
vB EcoM-101117851 154626 - Phage T4 lysozyme T4-type GO:0003796(InterPro} | G
I , 4 4 TE-
MZ234018 ysozyme R QeI7RsIzd 155120 16 PRI PROOGEA signature B it IPRODLIES lysozyme 0:0016598(InterPra)
vB EcoM-1011178B51 154626 - Phage T4 lysozyme T4-type G0:0003796({InterPro} | G
I R 79532.1 164 PRINT. PROOGE4A 24 12 2.7E-91 IPRODL1ES
MZ234018 VIoRYTRE Qzl7953 155120 > 0 signature ? % ysoyme  0:0016998(InterPro)




vB EcoM-101117B851 154626 - Phage T4 lysozyme T4-type G0:0003796(InterPro) | G
I R 79 1 4 PRIMNTS P 624 11 1 2.7E- IPROO1165
MZ234018 AGEe T 155120 2 R Ll signature s 3F &R 001185 | cosyme  0:0016998(interPro)
vB EcoM-101117851 154626 - Phage T4 lysozyme T4-type GO:0003796(InterPro) |G
I R 179532.1 164 PRINTS PROOBEA 51 70 2.7E-91 IPROD1165
MZ234018 i i o 155120 signature lysozyme  ©:0016998{InterPro)
vB EcoM-101117BS1 154626 - Phage T4 lysozyme Ta-type G0:0003796({InterPro} |G
esatia lysozyme R Q2179532.1 ieatag 164 PRINTS PROOGE4 signature 138 159 2.7E-91 IPROD1165 ysozyme 0:0016998(InterPra)
vB EcoM-101117B51 154626 - ’ 6.07455E-
MZ232018 lysozyme R QZ179532.1 155120 164 cbbD cd00735 T4-like lys 2 160 78 - -
vB EcoM-101117B51 154626 - T4-TYPE LYSOZYME 1- Bacteriophage
I R 7 5 PANTHER HR37406 4 SE-27 IPROS26 -
MZ234018 veRRe el T T = HINHHE Al RELATED koL LoER 052619 | eozyme-like
Hedgehog
signalling/DD-
VB ECOP-10I117UKEZ | ihetical protein ~ QZI79610.1  39216-39587 123 GenelD G3DSA:3.30.1380.10 - 14 123 10625  IPRopoggs ~ Peplidasezine
MZ234019 binding
domain
superfamily
Hedgehog
signalling/DD-
vB EcoP-101117UKE2 hypothetical protein Q21796101 39216 - 39587 123 SUPERFAMILY SSF55166 Hedgehug,r'DD- 14 116 2 86E-24 IPRO09045 paptiEnsezine: -
MZ234019 uibohass obd ' peptidase : binding
domain
superfamily
Peptidase
B EcoP-101117UKE2
;'122;:-019 hypothetical protein QZ179610.1 39216- 39587 123 Pfam PFO8291 Peptidase M15 14 115 3.2E-29 IPRO13230 M154, C- -
terminal
Hedgehog
signalling/DD-
vB EcoP-10111881 } . ) peptidase zinc-
MZ234020 hypothetical protein QZ179670.1 39216 - 39587 123 GeneldD G3D5A:3.30.1380.10 - 14 123 1.0E-25 IPRDD2045 binding -
domain
superfamily
Hedgehog
signalling/DD-
vB EcoP-101118B1 i i Hedgehog/DD- peptidase zinc-
MZ234020 hypothetical protein QZI79670.1 39216 - 39587 123 SUPERFAMILY S5F55166 paptidase 14 116 2.86E-24 IPRODS045 binding -
domain
superfamily
Peptidase
B EcoP-101118B1
LZZZZMD hypothetical protein ~ QZ179670.1 39216 - 39587 123 Pfam PFOR291 Peptidase M15 14 115  3.2E-29 IPRO13230 M154, C- -
terminal
Lysozyme
VMBZZ;T;ZE?ESSBUKEI lysozyme R QZIg0176.1 i;;;:; 162 Gene3D G3DSA:1.10.530.40 - 2 162 1.0E-89 IPRO23347 domain GO:0003796(InterPro)

superfamily




Lysozyme-like

B EcoM-172859UKEL 157547 -
VB ERolRd7 204 lysozyme R QZ180176.1 LA 162 SUPERFAMILY SSF53955 Lysozyme-like 1 161  6.14E-53 IPROZ23346 domain -
MZ234025 158035 _
superfamily
Glycoside G0:0003796{InterPro} | G
VB EroM JIGARUREL lysozyme R QZ180176.1 sl 162 Pfam PFO0959 Phage lysozyme 10 140  2.6E-10 IPRO02196 hydrolase, 0:0009253(InterPra) | GO:
MZ234025 158035 :
family 24 0016998(InterPro)
vB EcoM-172B59UKE1 i R QzI80176.1 157547 - 162 PRINTS PROOGSA Phage T4 lysozyme 2 23 3.3E-76 (PROOL1ES Té-type GO:0003796(InterPro) | G
MZ234025 L ' 158035 signature ' lysozyme 0:0016998(InterPra)
vB EcoM-172859UKE1 157547 - Phage T4 lysozyme T4-type G0:0003796({InterPro} | G
I R I 3E- 1P|
MZ234025 ysozyme QZ180176.1 158035 162 PRINTS PROOG24 signatize 118 137 3.3E-76 ROO1165 soeyme 0:0016998{InterPro)
vB EcoM-172859UKEL 157547 - Phage T4 lysozyme T4-type GO:0003796(InterPro) | G
et lysozyme R Q2180176.1 e 162 PRINTS PROOB34 i 138 159  3.3E-76 IPROD1165 Iysozyme 0:0016998(InterPra)
vB EcoM-172859UKEL 157547 - Phage T4 lysozyme Td-type G0:0003796(InterPro) |G
MZ234025 lysozyme R QZIB0176.1 158035 162 PRINTS PROOGE4 signature 24 42 3.3E-76 IPROD1165 — 0:0016998{InterPro)
vB EcoM-172859UKEL 157547 - Phage T4 lysozyme T4-type GO:0003796(InterPro) | G
I . I 3E- PR
MZ234025 ysozyme R (Qz180176.1 158035 162 PRINTS PROOGE4 signature 72 % 33876 IPROD1185 Iysozyme 0:0016998(InterPra)
vB EcoM-172859UJKE1 157547 - Phage T4 lysozyme Td-type GO:0003796(InterPro) |G
MZ234025 lysozyme R QZ180176.1 158035 162 PRINTS PROOGEA signature a5 114 3.3e-76 IPROO1165 Iysazyme 0:0016998(InterPro)
vB EcoM-172859UKE1 157547 - Phage T4 lysozyme Ta-type G0:0003796(InterPro} |G
I R 180176.1 162 PRINT! PROOGRA 51 70 3.3E-76 IPRO0O1165
MZ234025 L i @ 158035 6 s 0o signature 3 85 \ysozyme  0:0016998(InterPro)
vB EcoM-172859UKEL 157547 - : 1.16396E-
MZ234025 lysozyme R Q7Z180176.1 158035 162 CDD ed00735 T4-like lys 2 160 7 - -
VB oM=L ESIREL v B azsorzer M- 162 PANTHER  PTHR37406 T4-TYPE LYSOZYME 1- a 160 57626  IPRos2gle  Docieriophage
MZ234025 158035 RELATED lysozyme-like
Lysozyme
B EcoM-CHD2BS1 157128 -
Ve e lysozyme R Q71804641 164 Gene3D G3DSA:1.10.530.40 - 1 164  6.6E75  IPRO23347  domain G0:0003796{InterPro}
MZ234027 157622 .
superfamily
vB EcoM-CHD2BS1 157128 - G3D5A:1.10.530.40:FF;
4, 4 i 1E- [ "
KAEIALNT lysozyme R QZ180464.1 $ET8y 16 FunFam 5 Endolysin b & 164  1.1E-114
vB EcoM-CHD2BS1 157128 - . Endolysin T4  GO:0003796(InterPro) |G
I R 180464.1 164 H MF 04110 Endol . E 159 16.677807 IPRD34650
MZ234027 y=0zyme i 157622 S S type 0:0009253(InterPra)
vB EcoM-CHD2BS1 157128 BrsoRyme ke
lysozyme R QZ180464.1 164 SUPERFAMILY S5F53955 Lysozyme-like 1 161 4.81E-54  IPR0O23346 domain -
MZ234027 157622 i
superfamily
Glycoside G0:0003796(InterPro) |G
vB EcoM-CHD2BS51 157128 -
MZ234027 lysozyme R Q71804641 157622 164 Pfam PFO0959 Phage lysozyme 11 141 4.4E-10 IPROD2196 hydrolase, 0:0009253(InterPro) | GO:

family 24

0016998(InterPro)




vB EcoM-CHD2BS1 157128 - Phage T4 lysozyme T4-type G0:0003796(InterPro) | G
I R 1 4.1 4 PRIMNTS Pl 624 5 114 2.7E- IPROO1165
MZ2234027 il aannis 157622 e Roo signature 2 e i lysozyme  0:0016998(InterPro)
vB EcoM-CHD2B51 157128 - Phage T4 lysozyme T4-type GO:0003796(InterPro) |G
I R 180454.1 164 PRINTS PROOBEA 72 92 2.7E-91 IPROD1165
MZ234027 i i o 157622 signature lysozyme  ©:0016998{InterPro)
vB EcoM-CHD2BS1 157128 - Phage T4 lysozyme Ta-type G0:0003796({InterPro} |G
S lysozyme R QZ180464.1 T 164 PRINTS PROOBS4 signature 4 23 2.7E-91 IPRO01165 lysozyme 0:0016998{InterPro)
vB EcoM-CHD2BS1 NEOHHER QZI80464.1 157128 - 164 PRINTS PRODESA P-hage T4 lysozyme 24 42 2.7E.91 |PRODI1ES T4-type GO:0003796(InterPro) | G
MZ234027 157622 signature lysozyme 0:0016998(InterPro)
vB EcoM-CHD2BS1 157128 - Phage T4 lysozyme Td-type G0:0003796(InterPro} |G
| R g0464.1 164 PRINTS PROOEE4 118 137 2.7E-91 IPROD1165
MZ234027 il e 157622 sighature lysozyme 0:0016998{InterPro)
vB EcoM-CHD2BS1 157128 - Phage T4 lysozyme Td-type GO:0003796(InterPro} | G
I 4, I .TE- PRI
MZ234027 ysazyma B A 164 PRINIS PRIOGE signature i HOETERE EWRERR e 0:0016998(InterPra)
vB EcoM-CHD2BS1 157128 - Phage T4 lysozyme T4-type GO:0003796(InterPro) | G
I R 180464.1 164 PRINTS PROOGE4A 138 159 2.7E-91 IPROD1165
MZ234027 HAREYTE i 157622 signature lysozyme  0:0016998(InterPro)
vB EcoM-CHD2BS1 157128 - 6.07455E-
; ike | - -
MZ234027 lysozyme R QZ180464.1 157622 164 cbD cd00735 Ta-like lys 2 160 8
vB EcoM-CHD2BS1 157128 - T4-TYPE LYSOZYME 1- Bacteriophage
I R 80464.1 164 PANTHER PTHR37406 4 161 1.5E-27 IPRO52619 -
MZ234027 L i oz 157622 RELATED lysozyme-like
Lysozyme
vB EcoM-CHD16UKE1 157094 - ;
MZ234030 lysozyme R QZ180907.1 157588 164 Gene3D G3DSA:1.10.530.40 - 1 164  6.6E-75 IPRO23347 domain ) GO:0003796(InterPro)
superfamily
vB EcoM-CHD16UKEL 157094 - G3D5A:1.10.530.40:FF: )
MZ234030 lysozyme R Q21809071 157588 164 FunFam 2 Endolysin 1 164  1.1E-114 - -
vB EcoM-CHD16UKEL 157094 - i Endolysin T4  G0O:0003796{InterPro) |G
I s 4 8 R 7 IPRO34
MZ234030 ysozyme R QZ180807.1 157588 16 Hamap MF 04110 Endolysin. 1 159  16.67780 034630 S/ba 0:0009253(InterPro)
Lysozyme-like
vB EcoM-CHD16UKE1 157094 - . .
MZ234030 lysozyme R Q2180907.1 157588 164 SUPERFAMILY 55F53955 Lysozyme-like 1 161  4.81E-54 IPRO23346 domain . -
superfamily
8 EcoM-CHD16UKE1 157094 Glycoside G0:0003796(InterPro) |G
oy lysozyme R QZI180907.1 ) 164 Pfam PFO0959 Phage lysozyme 11 141 £.4E-10 IPRO02196 hydrolase, 0:0009253(InterPro) | GO:
MZ234030 157588 {
family 24 0016998(InterPro)
vB EcoM-CHD16UKE1 157094 - Phage T4 lysozyme T4-type G0.0003796(InterPro} | G
| R T PRI 4 . TE- IPR
MZ234030 L GAB0R07:L.  1gyseg 26 RINIS FREDGSY signature 9 g DALLEY soivme 0:0016998{InterPro)
vB EcoM-CHD16UKEL 157094 - Phage T4 lysozyme Td-type GO:0003796(InterPro} |G
MZ234030 lysozyme R QZ180907.1 157588 164 PRINTS PROOGE4S sipnature 72 92 2.7E-91 IPRO0O1185 hysaswng 0:0016998{InterPro)
vB EcoM-CHD16UKEL 157094 - Phage T4 lysozyme T4-type G0:0003796({InterPro} | G
I 1 ¢ 4 PRINT 4 JE-! 1P|
MZ234030 ERYme R QebneEpid 157588 1 4 ERfngs signature ~ Sk L Iysozyme 0:0016998(InterPro)
vB EcoM-CHD16UKEL 157094 - Phage T4 lysozyme T4-type GO:0003796(InterPro) |G
MZ234030 hysozyme R QZ180907.1 157588 164 PRINTS PROOBE4 signature 24 42 2.7E-91 IPROD1165 lysozyme 0:0016998(InterPro)




vB EcoM-CHD16UKE1 157094 - Phage T4 lysozyme T4-type GO:0003796(InterPro} | G
I R 80907.1 164 PRINTS PROOGE4 118 137 2.7E-91 IPROO1165
MZ234030 YAV a8 157588 signature lysozyme  0:0016998(InterPro)
vB EcoM-CHD168UKEL 157094 - Phage T4 lysozyme T4-type G0:0003796(InterPro} |G
I R 180907.1 164 PRINTS PROOGE4A 51 70 2.7E-91 IPROD1165
MZ234030 YARRYIE e 157588 signature lysozyme ~ ©:0016998(InterPro)
vB EcoM-CHD16UKEL i R Qz180907.1 157094 - 164 PRINTS PROOGSA Phage T4 lysozyme 138 159 2.76-91 (PROOL1ES Té-type GO:0003796(InterPro) | G
MZ234030 VAN : 157588 signature : lysozyme 0:0016998(InterPra)
vB EcoM-CHD16UKE] 157094 - 6.07455E-
I R T4-like | - -
MZ234030 ysozyme QZ180907.1 157588 164 cop cd00735 4-like lys 2 160 78
vB EcoM-CHD16UKE1 157094 - T4-TYPE LYSOZYME 1- Bacteriophage
A lysozyme R QZ180907.1 S 164 PANTHER PTHR37406 i 4 161  1.5€-27 IPRO52619 Iysozyme-like
B EcoM-CHD94UKE2 154846 Lysonyme
ye el lysozyme R Qz181192.1 : 162 GenelD G3DSA:1.10.530.40 - 2 162 8.2E-104  IPRO23347 domain GO:0003796(InterPro}
MZ234031 155334 F
superfamily
vB EcoM-CHDI4UKE2 154846 - : Endolysin T4  GO:0003796({InterPro) |G
I ’ . 2 PRO34
MZ234031 ysozyme R QZ181192.1 155324 162 Hamap MF 04110 Endolysin 1 159  16.158941 IPR0O34630 hpe 0:0008253(InterPro)
vB EcoM-CHD34UKE2 154845 Lysazpvicsig
MZ234031 lysozyme R 07Z181192.1 155334 162 SUPERFAMILY SSF53955 Lysozyme-like 1 161 2.86E-53 IPRO23346 domain . -
suparfamily
Glycoside G0:0003796(InterPro} |G
ﬁzi;r:;mngaunu lysozyme R Q7I181192.1 125': 3i ) 162 Pfam PF00959 Phage lysozyme 11 140 6.4E-10 IPRO02196  hydrolase, 0:0009253(InterPra) | GO:
famnily 24 0016998&(InterPro)
vB EcoM-CHD94UKEZ 154846 - Phage T4 lysozyme Ta-type GO:0003796(InterPro) |G
MZ234031 lysozyme R Q7181192.1 155334 162 PRINTS PROOGE4 signature 24 42 1.9E-38 IFRODO1165 Iysozyme 0:0016998InterPra)
vB EcolM-CHD34UKE2 H—- QzI81192.1 154846 - 162 PRINTS PROOGSA F‘Ihage T4 lysozyme o5 114  1.5E-88 {PRODL16ES T4-type GO:0003796(InterPro) | G
MZ2340321 155334 signature lysozyme 0:001e598(InterPro)
vB EcoM-CHDO4AUKE2 154846 - Phage T4 lysozyme T4-type G0:0003796(InterPro) |G
e— lysozyme R Qz181192.1 — 162 PRINTS PRO0O634 signature 72 g2 1.9€-38 IPROD1165 Iysaying 0:0016998(InterPro)
vB EcoM-CHDI4UKEZ 154846 - Phage T4 lysozyme Ta4-type G0:0003796({InterPro} | G
I R 181192.1 162 PRINTS PROOBE4 118 137 1.9E-38 IPRODO1165
MZ234031 i e w 155334 signature lysozyme  ©:0016998(InterPro)
vB EcoM-CHD94UKEZ lysozyme R Qz181192.1 154846 - 162 PRINTS PROOGRA P_hage T4 lysozyme 138 159 19628 |PROD11ES Ta-type GO:0003796(InterPro) | G
MZ234031 155334 signature lysozyme 0:0016998(InterPra)
vB EcoM-CHDY4UKE2 154846 - Phage T4 lysozyme T4-type GO:0003796(InterPro) | G
I R 181192.1 162 PRINTS PROOGE4 51 70 1.9E-38 IPROD1165
MZ234031 AR o 155334 signature lysozyme  ©:0016998{InterPra)




vB EcoM-CHD4UKE2 154846 - Phage T4 lysozyme T4-type GO:0003796(InterPro} | G
I R 81192.1 162 PRINTS PROOGE4 4 23 1.9E-88 IPROO1165
MZ234031 YAV a8 155334 signature lysozyme  0:0016998(InterPro)
vB EcoM-CHD34UKE2 154846 -
: i 4. 77 - - -
MZ234031 lysozyme R Q7181192.1 155234 162 cDD cd00735 T4-like lys 2 160 ASS7E-77
YRECOMEHPAWLER R qzsligz1  aBde- 162 PANTHER  PTHR37406 T TUE LORIETME 3 4 160 18E27  IPROs2gle  acteriophage
MZ234031 VAN : 155334 RELATED : lysozyme-like
Lysozyme
B EcoM-G3G7 157200 -
s lysozyme R Q7183386.1 164 Gene3D G3DS5A:1.10.530.40 - 1 164  6.6E-75 IPRO23347 domain GO:0003796(InterPro}
MZ234040 157694 i
superfamily
vB EcoM-G3G7 157200 - G3D5A:1.10.530.40:FF: .
MZ234 lysozyme R 0Z183386.1 157694 164 FunFam N Endolysin 1 164  1.1E-114 - -
vB EcoM-G3GT7 157200 - ) Endolysin T4  GO:0003796(InterPro) |G
e lysozyme R Q7183386.1 15560 164 Hamap MF 04110 Endolysin. 1 159  16.677807 IPRO34690 type 0:0008253(InterPra)
Lysozyme-like
vB EcoM-G3G7 157200 - . -
MZ23 lysozyme R Q2183386.1 157694 164 SUPERFAMILY S5F53955 Lysozyme-like 1 161  4.81E-54  IPRD23346 domain _ -
superfamily
Glycoside GO:0003796(InterPro) |G
B EcoM-G3G7 157200 -
= lysozyme R Q2183386.1 164 Pfam PFO0959 Phage lysozyme 11 141  4.4E-10 IPROD2196 hydrolase, 0:0009253(InterPro) | GO:
MZ234040 157694 _
family 24 0016998(InterPro)
vB EcoM-G3G7 157200 - Phage T4 lysozyme T4-type G0:0003796({InterPro} |G
I R 183386.1 164 PRINTS PRODGE4A as 114 2.7E-91 IPROOL16S
MZ234040 Lo ol Qe 157694 signature lysozyme 0:0016998(InterPro)
vB EcoM-G3G7 157200 - Phage T4 lysozyme T4-type G0:0003796(InterPro} |G
MZ234040 lysozyme R QZI183386.1 157694 164 PRINTS PROOGE4 signatire 72 82 2.7E-91 IPROD11E65 ——. 0:001698{InterPro)
vB EcoM-G3G7 157200 - Phage T4 lysozyme T4-type GO:0003796(InterPro) | G
I R X PRI R TE- IPR
MZ234040 TROLINE Gasdaied 157694 L RS ERIRNE signature % = SRR Lt lysozyme 0:0016998(InterPra)
vB EcoM-G3G7 157200 - Phage T4 lysozyme T4-type GO:0003796(InterPro) | G
| R 83 164 PRINTS PR 4 4 2.7E-91 IPROOL16
MZ234040 b bl dasaned 157694 bl 0064 signature . 2 B S lysozyme 0:0016998(InterPra)
vB EcoM-G3G7 157200 - Phage T4 lysozyme Td-type GO:0003796(InterPro) |G
g lysozyme R Q7Z183386.1 S 164 PRINTS PROOG34 signature 118 137 2.7E-91 IPRO01165 ysazyme 0:0016998(InterPra)
vB EcoM-G3G7 157200 - Phage T4 lysozyme T4-type G0:0003796(InterPro) |G
I R PRINT 7 JE- IPR
MZ234040 ERay e ke 157694 s a i signature i 9 St RIIES lysozyme 0:0016998(InterPro)
vB EcoM-G3G7 157200 - Phage T4 lysozyme T4-type GO0:0003796{InterPro) | G
I R 183386.1 164 PRINTS PROOGB4 138 159 2.7E-91 IPROD1165
MZ234040 VAR = 157694 signature lysozyme  ©:0016898(InterPra)
vB EcoM-G3G7 157200 - 6.07455E-
. 4 -like | - o
KaEaa lysozyme R Q7183386.1 e 16 cbD cd00735 T4-like lys # 160 xn
vB EcoM-G3G7 157200 - T4-TYPE LYSOZYME 1- Bacteriophage
T lysozyme R Q7183386.1 P 164 PANTHER FTHR37406 B ATED 4 161  1.5€-27 IPRO52619 P




vB EcoP-UTIB9UKEZ
MZ234049

hypothetical protein

07I184581.1

36944 - 37288

114

Gene3D G3DSA:3.30.1380.10

114

1.1E-25

IPRO0OS04S

Hedgehog
signalling/DD-
peptidase zine-
binding
domain
superfamily

vB EcoP-UTIBIUKE2
MZ234045

hypothetical protein

QZ184581.1

36944 - 37288

114

SUPERFAMILY 55F55166

Hedgehog/DD-
peptidase

107

1.29e-24

IPRO09045

Hedgehog
signalling/DD-
peptidase zinc-
binding
domain
superfamily

vB EcoP-UTIS9UKE2
MZ234043

hypothetical protein

QZ7184581.1

36944 - 37288

114

Pfam PFO8291

Peptidase M15

106

2.9E-29

IPRO13230

Peptidase
MI15A, C-
terminal

vB EcoP-UTIS9UKE3
MZ234050

hypothetical protein

QZ184648.1

36945 - 37289

114

Gene3D G3D5A:3.30.1380.10

114

1.1E-25

IPRO0OS045

Hedgehog
signalling/DD-

peptidase zinc- .

binding
domain
superfamily

vB EcoP-UTIBIUKE3
MZ234050

hypothetical protein

QZ184648.1

36945 - 37289

114

SUPERFAMILY 55F55166

Hedgehog/DD-
peptidase

107

1.29E-24

IPRO0S045

Hedgehog
signalling/DD-
peptidase zinc-
binding
domain
superfamily

vB EcoP-UTIS9UKE3
MZ234050

hypothetical pretein

QZI184648.1

36945 - 37289

114

Pfam PFOBZ291

Peptidase M15

100

2.9E-29

IPRO13230

Peptidase
MI15A, C-
terminal

vB EcolM SHAK7854
OR594182

amidase

self DNYN29

13662 - 14120

152

Gene3D G3D5A:3.40.80.10

152

7.6E-49

IPRO36505

M-
acetylmuramo
yl-L-alanine
amidase/PGRP
domain
superfamily

G0:0008745(InterPro) | G

0:0009253(InterPra)

vB EcoM SHAK7854
OR594182

amidase

self DNYN29

13662 - 14120

152

SMART SMO0644

ami 2

134

1.8E-18

IPROD2502

M-
acetylmuramo
yl-L-alanine
amidase
domain

G0:0008745({InterPro} | G

0:0009253(InterPro)

vB EcoM 5HAK7854
OR594182

amidase

self DNYN29

13662 - 14120

152

Coils Coil

Coil

102

122




vB EcoM SHAK7854
OR594182

amidase

self DNYN29

13662 - 14120

152

Hamap

MF 04111

Endolysin.

150

47.195431

IPRO34689

GO:0008745(InterPro) | G
Endolysin T?  0:0009253(InterPro) | GO:
type 0032897 (InterPra) | GO:00

44659(InterPro)

vB EcoM SHAK7854
OR594182

amidase

self DNYN29

13662 - 14120

152

Pfam

PFO1510

N-acetylmuramoyl-L-
alanine amidase

11

134

7.2E-13

IPROD2502

M-
acetylmuramo
yl-L-alanine
amidase
domain

GO:0008745(InterPro) | G
Q:0009253(InterPro)

vB Ecol SHAK7854
OR594182

amidase

self DNYN29

13662 - 14120

152

SUPERFAMILY SSF55846

N-acetylmuramoyl-L-
alanine amidase-like

11

147

1.18E-41

IPRO36505

M-

acetylmuramo

yl-L-alanine GO:0008745(InterPro) |G
amidase/PGRP 0Q:0009253(InterPro)
domain

superfamily

vB EcoM SHAK7854
OR594182

amidase

self DNYN29

13662 - 14120

152

PANTHER

PTHR11022

PEPTIDOGLYCAN
RECOGNITION
PROTEIN

16

138

1.7E-17

IPRO15510

Peptidoglycan
recognition -
protein

vB EcoM SHAK7854
QORG594182

amidase

self DNYN29

13662 - 14120

152

<oD

cd06583

PGRP

14

133

2.01169E-
26

IPRO02502

M-
acetylmuramao
yl-L-alanine
amidase
domain

GO:0008745(InterPro) | G
0:0009253(InterPro)

vB EcolM SHAK7854
OR594182

amidase

self DNYN29

13662 - 14120

152

SMART

SM00701

perp

128

1.3E-17

IPRO0OGG1S

Peptidoglycan
recognition
protein family
domain,
metazoa/bact
eria

GO:0008270(InterPro) | G
Q:0008745(InterPra) | GO:
0009253(InterPrao)

vB EcoP LNA3
MZ311862

amidase

self GX1I34

26726 - 27184

152

GeneiD

G3DS5A:3.40.80.10

152

4.2E-49

IPRO36505

M-

acetylmuramo

yl-L-alanine GO:0008745{InterPro} |G
amidase/PGRP Q:0009253(InterPra)
domain

superfamily

vB EcoP LNA3
MZ311862

amidase

self GX1134

26726 - 27184

152

SMART

SM00644

ami2

134

2.0E-19

IPR0OD2502

M-
acetylmuramao
yl-L-alanine
amidase
domain

GO:0008745(InterPro) | G
0:0009253(InterPra)

vB EcoP LNA3
MZ311862

amidase

self GX134

26726 - 27184

152

Coils

Coil

Coil

102




GO:0008745(InterPro} | G

vB EcoP LNA3 ’ Endolysin T7  0:0009253(InterPro) [GO:
I 1134 - 4 £ 47, IPRO34
M2311862 amidase self GX1I3 26726 - 27184 152 Hamap MF 04111 Endolysin 2 150 110817 034689 S 0032897 (InterPro) | GO:00
44659(InterPro)
M-
acetylmuramo
vB EcoP LNA3 ) N-acetylmuramoyl-L- . GO:0008745(InterPro) | G
d If GX1134 26726-27184 152 Pf: PFO1510 11 134 2 0E-13 IPRDOD2502 |-L-al
MZ311862 nIRERY * =R alanine amidase YreaBNRE  5.0009253(InterPro)
amidase
domain
M-
acetylmuramo
ki id If GX1I34 26726 - 27184 152 SUPERFAMILY SSF55846 Homcuts eyt L= 11 147 7.2E-82 noaesns T oommne  GOAMEISSImeroliy
MZ311862 GULL 2 % - alanine amidase-like s amidase/PGRP 0:0009253(InterPra)
domain
superfamily
8 EcoP LNA3 PEPTIDOGLYCAN Peptidoglycan
VMZ;I(?LSGE amidase self GX1134 26726- 27184 152 PANTHER PTHR11022 RECOGNITION 16 138 1.0E-17 IPRO15510 recognition -
PROTEIN protein
M-
acetylmuramao
vB EcoP LNA3 i 1.00503E- : GO:0008745(InterPro) |G
If GXI - 4 P -L-al
s amidase self GXI34 26726- 27184 152 cbD cd06583 PGRP 1 133 ig ROD2502 yl L. alanine 0:0008253(InterPro)
amidase
domain
Peptidoglycan
vB EcoP LNA3 rif;:;:t;ao:m GO:0008270(InterPro) | G
MZ311862 amidase self GXII34 26726- 27184 152 SMART SMO0T701 perp Z 128 2.7E-16 IPROOGG19 zomain ¥ Q:0008745(InterPro) | GO:
: 0009253(InterPra)
metazoa/bact
eria
vB EcoM LNA2 Lysozyme
kiz3iiaes hypothetical protein self NLWW35 12924 -13412 162 Gene3D G3D5A:1.10.530.40 B 2 162 2.7E-88 IPRO23347 domain GO:0003796{InterPro)
superfamily
Lysozyme-like
vB EcoM LNAZ : F ;
MZ311865 hypothetical protein  self NLWW35 12924 - 13412 162 SUPERFAMILY S5F53955 Lysozyme-like 1 161 2.66E-53  IPRD23346 domain -
superfamily
VB EcoMl LNAG Glycoside GO:0003796(InterPro) | G
MZ311865 hypothetical protein self NLWW35 12924 - 13412 162 Pfam PFOD959 Phage lysozyme 10 140  1.1E-10 IPROO2196 hydrolase, :0009253(InterPro) | GO:
family 24 0016998(InterPro)
vB EcoM LNA2 = . Phage T4 lysozyme T4-type G0:0003796(InterPro) |G
MZ311865 hypothetical protein self NLWW35 12924 - 13412 162 PRINTS PROOGE4 signature 4 23 4. 1E-75 IPROO11ES Iymzyme O:GDIEQQSUr‘!tErPfD}
vB EcoM LNAZ ) ) Phage T4 lysozyme Td-type GO:0003796(InterPro} |G
h hetical If NLWW35 12924 -13412 162 PRINT PROOG! 138 15 4 1E-75 IPRO0O1165
MZ311865 Tpathencal protein = ? = ; 06e4 signature a lysozyme 0:0016998(InterPro)




vB EcoM LNA2 ) . Phage T4 lysozyme T4-type G0:0003796(InterPro) | G
h het If MLWW 12 -13412 162 PRINTS Pl 624 4 42 4.1E-75 IPROO1165
MZ311865 Npothetical proteln i g Hi4=18 3 heo signature . . M Iysozyme 0:0016998(InterPra)
vB EcoM LNAZ ; 4 Phage T4 lysozyme T4-type GO:0003796(InterPro) |G
h thetical T If MLWW35 12924 -13412 162 PRINTS PROOBEA 72 92 4. 1E-75 IPROD1165
MZ311865 JROERSNRSER: 5 signature lysozyme  ©:0016998{InterPro)
vB EcoM LNA2 : ’ Phage T4 lysozyme Ta-type G0:0003796({InterPro} |G
S hypothetical protein ~ self NLWW35 12924 - 13412 162 PRINTS PROOBS4 signature 118 137 4.1E-75 IPRO01165 lysozyme 0:0016998{InterPro)
VB oo Ll hypothetical protein  self NLWW35 12924 - 13412 162 PRINTS PRO0684 Fhage T4 lysaryme 95 114 41E75  IPROD11GS | OYPe so00m7IlinerPro) [
MZ311865 signature lysozyme 0:0016998(InterPro)
vB EcoM LNAZ . P Phage T4 lysozyme Td-type G0:0003796(InterPro} |G
by thetical t If NLWW35 12924 - 13412 162 PRINTS PROOGEE4 51 70 4. 1E-75 IPROD1165
MZ311865 asisanl e signature lysozyme 0:0016998(InterPra)
vB EcolM LNA2 : . ; 4.11032E-
MZ311865 hypothetical protein self NLWW35 12924 - 13412 162 CcDD cd00735 T4-like lys 2 160 74 - -
vB EcoM LNA2 . " T4-TYPE LYSOZYME 1- Bacteriophage
MO TG hypothetical protein  self NLWW35 12924 - 13412 162 PANTHER PTHR37406 i 4 160  2.4E-26 IPRO52619 Iysozyme-like
M-
acetylmuramo
vB EcoP LNAS ) yl-L-alanine G0:0008745(InterPro) |G
d If -707 D :3.40.80. - 2E-4 IPR
MZ311881 amidase self TCEH12 6617-7075 152 Gene3 G3DS5A:3.40.80.10 8 152 2.2E-49 036505 amidase/PGRP 0:0008253(InterPro)
domain
superfamily
M-
vB EcoP LNAS acetylmurama GO:0008745(InterPro) |G
id If TCEH12 6617 - 7075 152 SMART SMO0B44 i2 2 134 3.4E-19 IPROD2502 |-L-alani 2
MZ311861 Al 2 a YPLAENINg 5 0009253(InterPro)
amidase
domain
vB EcoP LNAS . . 4 "
MZ211861 amidase self TCEH12 6617 - 7075 152 Cails Coil Coil 102 122 - - -

GO:0008745({InterPro) |G
vB EcoP LNAS , . Endolysin T7  0:0009253(InterPro) | GO:
| - 8 47, 4
MZ311861 amidase self TCEH12 6617 - 7075 152 Hamap MF 04111 Endolysin. 2 150 7.084782 IPRO34689 bipa 0032897(InterPro) | GO:00

44659(InterPro)
M-
acetylmuramo
vB EcoP LNAS ) N-acetylmuramoyl-L- . GO:0008745(InterPro} |G
| -707 4 3E- IP |-L-al
MZ3 11861 amidase self TCEH12 6617 -7075 152 Pfam PFO1510 PR C— 11 13 2.3E-13 RDD2502 y L. alanine 0:0009253(InterPro)
amidase
domain
MN-
acetylmuramo
vB EcoP LNAS id If TCEH12 6617-7075 152 SUPERFAMILY S5F55846 G 11 147 1.01E-41  IPRO36505 yl-L-alanine  GO:0008745(InterPro}|G
MZ311861 speee i ) alanine amidase-like o amidase/PGRP ©:0009253(InterPra)
domain

superfamily




" PEPTIDOGLYCAN Peptidoglycan
MZ311861 amidase self TCEH12 6617 - 7075 152 PANTHER PTHR11022 RECOGNITION 16 138 5.2E-18 IPRO15510 recognition -
PROTEIN protein
M-
acetylmuramo
vB EcoP LNAS ) . GO:0008745(InterPro) | G
d If TCEH12 6617 - 7075 152 DD d065483 PGRP 14 133 6.1692E-27 IPRO02502 |-L-al
MZ311861 il * 4 Yralaning - 5.0008253(InterPro)
amidase
domain
Peptidoglycan
recognition
wB EcoP LNAS rotein famil GO:0008270(InterPro) |G
amidase self TCEH12 6617 - 7075 152 SMART SMO0T01 pPEFP 2 128 6.8E-18 IPRODGE1D P : ¥ Q:0008745(InterPra) | GO:
MZ311861 domain,
0009253(InterPra)
metazoa/bact
eria
M-
acetylmuramo
vB EcoM SHAKS454 3 yl-L-alanine GO0:0008745({InterPro) |G
d If ZENB29 13615 - 14073 152 G D 3DSA:3.40.80.10 152 .7E-49 IPRO Qa5
OR594184 ameeE = Epes E 4 g DE 48 L amidase/PGRP 0:0009253(InterPra)
domain
superfamily
M-
acetylmuramo
vB EcoM SHAK9454 ; : " GO:0008745{InterPro) |G
d If ZENB29 13615 - 14073 152 SMART SMO0644 2 2 134 1.2E-19 IPRDD2502 I-L-al
OR594184 SIEEE = ami yr-alaning o o.0009253(InterPro)
amidase
domain
vB EcoM 5HAKS454 ) . . .
OR594184 amidase self ZENB29 13615- 14073 152 Coils Coil Coil 102 122 - - -
GO:0008745(InterPro) |G
vB EcoM SHAK9454 , . Endolysin T7  ©:0009253(InterPro) |GO:
" i 47, 4
ORS94184 amidase self ZENB29 13615 - 14073 152 Hamap MF 04111 Endelysin, 2 150 7.260513 IPRO3468B9 type 0032897 InterPro) | GO-00
44659(InterPro)
-
vB EcoM SHAK9454 N-acetylmuramoyl-L ACEIMUrAMO. 1y 6008 745{InterPro) |6
i | - 1407 Fi 4 3E- IPR |-L-alani :
ORSa4184 amidase self ZENB29 13615 - 14073 152 Pfam PFO1510 sheniniilate 1 13 8.3E-13 002502 y I..a anine 0:0009253(InterPro)
amidase
domain
M-
acetylmuramo
YREROMONARY rikiase self ZENB29  13615-14073 152 SUPERFAMILY SSF55846 NRayImEam oYL 11 147 196E-41 IPRo3esps  'hi-dlamine  GO:0008745(InterPro)|G

DOR594184

alanine amidase-like

amidase/PGRP 0:0009253(InterPra)
domain
superfamily




PEPTIDOGLYCAN Peptidoglycan
B EcoM SHAK9454
;RSSZ‘IB-& amidase self ZENB29 13615 - 14073 152 PANTHER PTHR11022 RECOGNITION 16 138 2.3E-17 IPRO15510 recognition -
PROTEIN protein
Peptidoglycan
recognition
£ .. G0:0008270(InterPro) |G
Voi:;z:;:Haxgqud amidase self ZENB29  13615-14073 152 SMART SM00701 pETp 2 128 3.86-17  IPRO0G61S g;?;:'; family  .0008745(1nterpro) |GO:
: 0009253(InterPra)
metazoa/bact
eria
M-
acetylmuramao
vB EcoM 5HAKS454 : 2.36694E- B GO:0008745(InterPro) | G
| - 1407 4 -L-
—— amidase self ZENB29 13615 - 14073 152 DD cd0e583 PGRP 1 133 36 IPRO0D2502 vl Llalanlne 0:0009253(InterPro)
amidase
domain
. Lysozyme
MLP2 OK148441 basepistehub +tall  (ngavesy 18422 164 Gene3D G3DSA:1.10.530.40 - 2 162 2.2E-106 IPRO23347  domain GO:0003796{InterPro}
lysozyme 156916 §
superfamily
baseplate hub + tail 156422 - G3D5A:1.10.530.40:FF: :
MLP2 OK148441 UEMNG8BT65.1 164 FunF Endol I 164 6.0E-114 - -
lysozyme 156916 S 000002 RSPV
baseplate hub + tail 156422 - . Endolysin T4 GO:0003796{InterPro) |G
MLPZ OK148441 lysozyme UENG8TE5.1 156916 164 Hamap MF 04110 Endolysin. 1 139 16.677807 IPRO34650 type 0:0009253(InterPro)
< Lysozyme-like
I hub + tail 156422 -
MLP2 OK148441 baseplatehub +3all  \engar65.1 164 SUPERFAMILY SSF53955 Lysozyme-like 1 161 512654  IPRO23346  domain «
lysozyme 156916 .
superfamily
P Glycoside G0:0003796(InterPro) |G
MLP2 OK148441 :’z?zp:t: hub + tail UENG8765.1 Eggié ) 164 Pfam PFO0959 Phage lysozyme 11 141  4.9E-10 IPRO02196 hydrolase, 0:0009253(InterPro) |GO:
RRRY family 24 0016998(InterPro)
MLP2 OK148441 baseplate hub + tail UENGSTES 1 156422 - 164 PRINTS PRODGEA P-hage T4 lysozyme g5 114 27691 {PRODI1ES Ta-type G0:0003796(InterPro) | G
lysozyme 156916 signature lysozyme 0:0016998(InterPra)
i - d : 7
MLP2 OK148441 MESPRCIERI e, 164 PRINTS PRO0GB4 Phioe Tahmmne 72 92 27691  IPROOLIES |1 1YPe S TEIETIoNG
lysozyme 156916 signature lysozyme 0:0016998(InterPro)
MLP2 OK148441 baseplate hub + tail UENG8765.1 156422 - 164 PRINTS PROOGS4 P_hage T4 lysozyme " 23 2.76.91 IPRODLLES Ta-type GO:0003796(InterPro) | G
lysozyme 156916 signature lysozyme 0:0016598(InterPra)
baseplate hub + tail 156422 - Phage T4 lysozyme T4-type G0:0003796(InterPro) | G
MLP2 OK148441 UEMNGBT65.1 164 PRINTS PROOGEA 24 42 2.7E-91 IPRODL1E5
lysozyme 156916 signature lysozyme 0:0016998(InterPro)
baseplate hub + tail 156422 - Phage T4 lysozyme T4-type G0:0003796(InterPro) |G
i | 7E-
MLP2 OK148441 lysozyme UENB8TE5.1 156916 164 PRINTS PROOBB4 signature 118 137 2.7E91 IPRO0O11E5 Iysozyme 0:0016998{InterPro)
MLP2 OK148441 baseplate hub + tail UENGETESL 156422 - 164 PRINTS PROOGES P_hage T4 lysozyme 51 0 27601 [PROOLLES T4-type GO:0003796(InterPro) | G
lysozyme 156916 signature lysozyme Q:0016998(InterPra)
baseplate hub + tail 156422 - Phage T4 lysozyme Td-type GO:0003796{InterPro} |G
MLP2 OK148441 UENGST65.1 164 PRINTS PROOGE4 138 159 2.7E-91 IPROO1165
lysozyme 156916 signature Iysozyme 0:0016998(InterPra)
late hub + tail 156422 - .15369E-
MLP2 OK148441 baseplatehub 1ol psiiarena 164 oD cd00735 T4-like lys 2 i s .
lysozyme 156816 78




| hub il - T4- YSOZYME 1- ioph
MLP2 OK148441 il T O I 164 PANTHER  PTHR37406 S TITE LESRYWEL 4 161 26627  IPROS2619  oacteriophage
lysozyme 156916 RELATED lysozyme-like
VB EcoS-CHD2B1 ) Backorioptiags
MZ234026 lysin USL86318.1 42121 -42612 163 PANTHER PTHR38107 - 2 147  3.6E-18 IPR051018 Glycosyl GO:0003796(PANTHER)
Hydrolase 24
vB EcoS-CHD2B1 , Lysonine
MZ234026 lysin UsSL86318.1 42121-42612 163 Gene3D G3DSA:1.10.530.40 - 2 154 9.0E-31 IPR023347 domain GO:0003796(InterPro)
superfamily
-1i
VB EcoS-CHD281 ) bysosime: W
MZ234026 lysin USL86318.1 42121-42612 163 SUPERFAMILY SSF53955 Lysozyme-like 1 153  3.79E-32 IPR023346 domain -
superfamily
‘ﬁ;zcﬁgzc:mm lysin USL86318.1  42121-42612 163 coD ¢d00737 lyz endolysin autolysin 7 148 ;: 29388 pRo33907 E:;‘:‘i’r:ys'"/ AU £0:0003796(InterPro)
VB EcoS-CHD281 Glycoside GO:0003796(InterPro) |G
lysin USL86318.1 42121 -42612 163 Pfam PFO0959 Phage lysozyme 14 139 4.6E-18 IPR0OD2196 hydrolase, 0:0009253(InterPro) |GO:
MZ234026 :
family 24 0016998(InterPro)
Lysozyme
B EcoS-CHD5UKE2
\P:/IZZC;l;)ZQ lysin USL86352.1 14512 - 15003 163 Gene3D G3DSA:1.10.530.40 - 2 153  2.0E-30 IPR023347 domain G0:0003796(InterPro)
superfamily
Bacteriophage
;:ZEZ(:;SOZC:DSUKEZ lysin UsL86352.1 14512 - 15003 163 PANTHER PTHR38107 - 2 147 1.7E-17 IPR0O51018 Glycosyl GO:0003796{PANTHER)
Hydrolase 24
Lysozyme-like
B EcoS-CHDSUKE2
;\'A2234029 lysin USL86352.1 14512 - 15003 163 SUPERFAMILY SSF53955 Lysozyme-like 1 153  5.12E-32 IPR023346 domain -
superfamily
YBECOTCHDBURED e USL86352.1  14512-15003 163 coD ¢d00737 lyz endolysin autolysin 7 148 1.17156-34 1PRO33607  CMOWSIAUt 003796 InterPro)
MZ234029 olysin
VB EcoS-CHDSUKE2 ' Glycoside GO:0003796(InterPro) |G
lysin USL86352.1 14512 - 15003 163 Pfam PFO0959 Phage lysozyme 14 139 1.1E-17 IPR002196 hydrolase, 0:0009253(InterPro) |GO:
MZ234029 ’
family 24 0016998(InterPro)
vB EcoS-UTIBSUKEL Lysoryig
lysin USM81274.1 361 - 849 162 Gene3D G3DSA:1.10.530.40 - 2 147  3.3E-32 IPR023347 domain G0:0003796(InterPro)
MZ234048 .
superfamily
Bacteriophage
B EcoS-UTIBSUKE1L
sy lysin UsSmM81274.1 361- 849 162 PANTHER PTHR38107 - 3 144 1.4E-22 IPR051018 Glycosyl GO:0003796{PANTHER)
MZ234048
Hydrolase 24
Lysozyme-like
B -UTI K
:Azi(;os UTIRoLmEL lysin Usma1274.1 361- 849 162 SUPERFAMILY SSF53955 Lysozyme-like 3 149  5.12E-32 IPR023346 domain -
superfamily
vB EcoS-UTI8SUKE1 ) ) N 6.59567E- Endolysin/aut
: -84 :
MZ234048 lysin USM81274.1  361-849 162 CDD cd00737 lyz endolysin autolysin 9 146 31 IPRO33907 olysin GO:0003796(InterPro)
VB EcoS-UTIBOUKEL . Glycoside GO:0003796(InterPro) |G
lysin USM81274.1  361- 849 162 Pfam PFO0959 Phage lysozyme 15 138 1.7e-23 IPR0O02196 hydrolase, 0:0009253(InterPro) | GO:

MZ234048

family 24

0016998(InterPro)




Lysozyme

ZCEC14 OP168598 hypothetical protein UvD33441.1 96330 - 96818 162 Gene3D G3D54:1.10.530.40 - 2 162  1.3E-106 IPRO23347 domain G0:0003796(InterPro)
superfamily
) . . Endolysin T4  GO:0003796({InterPro)| G
ZCEC14 OP168898  hypothetical protein  UVD33441.1 96330 - 96818 162 Hamap MF 04110 Endolysin. 1 159 16495243 IPRO346SO ARt
Lysozyme-like
ZCEC14 OP168898  hypothetical protein  UVD33441.1 95330 -96818 162 SUPERFAMILY SSF53955 Lysozyme-like 1 161 1.18E-53 IPRO23346  domain <
superfamily
Glycoside G0:0003796(InterPro} |G
ZCEC14 OP168898  hypothetical protein  UVD33441.1  96330-96818 162 Pfam PFO0959 Phage lysozyme 11 141 3.8E-10  IPRO02196  hydrolase,  0:0009253(InterPro)|GO:
family 24 0016998(InterPro)
Phage T4 | T4 GO.0003796(InterPro) | G
ZCEC14 OP168898  hypothetical protein  UVD33441.1  96330- 96818 162 PRINTS PRO0684 b i o a5 114 6.6E91  IPRODL1ES type {InterPro)|
signature lysozyme Q:0016998(InterPra)
ZCEC14 OP168898  hypothetical protein  UVD33441.1  96330- 96818 162 PRINTS PRO0G84 Fhaga T4 bysozyme 24 42 66691  IPRODLLES | UYPe GEHBIElintarkro) |G
signature lysozyme 0:0016998(InterPro)
) ) Phage T4 lysozyme T4-type GO:0003796(InterPro) |G
ZCEC14 OP168898  hypothetical protein  UVD33441.1 95330 - 96818 162 PRINTS PRO0GB4 , 72 92 6.6E-91  IPRODLLES
signature Iysozyme 0:0016998(InterPro)
Ph T41 T4t G0:0003796({InterP G
ZCEC14 OP168898  hypothetical protein  UVD33441.1  96330- 96818 162 PRINTS PRO0GB4 i Sl 51 70 6.6E-91  IPROOL1ES e firtes Prel
signature lysozyme 0:00165998(InterPra)
T4 T4- ?
ZCEC14 OP168898  hypothetical protein  UVD33441.1 96330 -96818 162 PRINTS PRO0GB4 CTRgRI ac e 4 23 6.6E-91  IPROD11GS PR SRR Inaroor
signature Iysozyme 0:0016998(InterPrao)
Phage T4 | Ta-1 GO.0003796(InterPro) | G
ZCEC14 OP168898  hypothetical protein ~ UVD33441.1  96330- 96818 162 PRINTS PRO0684 e it 118 137 66691  IPROOL1ES YRR g
signature lysozyme 0:0016998(InterPra)
ZCEC140P168898  hypothetical protein ~ UVD33441,1  96330- 96818 162 PRINTS PRO0G84 PREETY e 133 159 66691  IPROOLIES | e s ol
signature lysozyme Q:0016998(InterPra)
115612E-
ZCEC14 OP168898 hypothetical protein UvD33441.1 96330 - 96818 162 CDD cd00735 T4-like lys 2 160 76 5 - -
T4- 2 -
ZCEC14 OP168898  hypothetical protein  UVD33441.1  96330-96818 162 PANTHER  PTHR37406 ab iy 4 160 18£27  IPROS2619  Docieriophage
RELATED Iysozyme-like
vB-Eco-KMB22 tysoiyme
ORea0217 lysozyme R WPI70775.1  64127-64621 164 GenelD G2DSA:1.10.530.40 - 2 162 2.1E-106 IPR023347  domain G0:0003796{InterPro)
superfamily
vB-Eco-KMB22 G3DS5A:1.10.530.40:FF: :
OR539217 lysozyme R WPJI70775.1 64127 - 64621 164 FunFam 2 Endolysin 1 164  5.BE-114 - -
vB-Eco-KMB22 . Endolysin T4 GO:0003796(InterPro) |G
I R WPJ70775.1  64127-64621 164 H 0411 Endolysin. 1 159  16.600937 IPRO34630
OR539217 PRI i WiEmA oRaS type 0:0009253(InterPra)
vB-Eco-KMB22 bpsanyme Nl
U lysozyme R WPI70775.1  64127-64621 164 SUPERFAMILY SSF53955 Lysozyme-like 1 161 1.18E-53  IPRO23346  domain )
superfamily
VB-Eco-KMB22 Glycoside G0:0003796{InterPro} |G
SReaILe lysozyme R WPI70775.1 64127 - 64621 164 Pfam PFOO959 Phage lysozyme 11 141 6.8E-10 IPRO02196 hydrolase, Q:0009253(InterPra) | GO:
family 24 0016998(InterPra)
vB-Eco-KMB22 Phage T4 lysozyme T4-type G0:0003796(InterPro) |G
I 775, : I 4 3.8E- 1P
OR539217 ysozyme R WPIT0775.1 64127 - 64621 164 PRINTS PROOGB4 signatie a5 11 3.8E-91 ROO1165 heasyine 0:0016998{InterPro)




vB-Eco-KMB22 Phage T4 lysozyme T4-type G0:0003796(InterPro) | G
I R WPIF0775. 127 - 6462 4 PRIMNTS Pl 624 51 J0 .BE- IPROO1165
QOR539217 raomme B i k1% heo signature i M Iysozyme 0:0016998(InterPra)
vB-Eco-KMB22 Phage T4 lysozyme T4-type GO:0003796(InterPro) |G
I R WPJT0775.1 64127 - 64621 164 PRINTS PROOBEA 72 92 3.8E-91 IPROD1165
OR539217 i i signature lysozyme  ©:0016998{InterPro)
vB-Eco-KIMB22 Phage T4 lysozyme Ta-type G0:0003796({InterPro} |G
OReAa s lysozyme R WPI70775.1 64127 - 64621 164 PRINTS PROOGE4 signature é 23 3.8E-91 IPROD1165 ysozyme 0:0016998(InterPra)
VEEensvmae lysozyme R WPI70775.1  64127-64621 164 PRINTS PROOG24 Fhane T4 ysoryme 24 42 38E91  IPRODIIES | T YPe so00m7IlinerPro) [
OR539217 signature lysozyme 0:0016998(InterPro)
vB-Eco-KMB22 Phage T4 lysozyme Td-type G0:0003796(InterPro} |G
| R WPRJ70775.1 64127 - 64621 164 PRINTS PROOEE4 118 137 3.8E-91 IPROD1165
COR539217 il signature lysozyme 0:0016998(InterPra)
vB-Eco-KMB22 Phage T4 lysozyme Td-type GO:0003796(InterPro} | G
I 70775, - I .8E- PRI
OR539217 ysozyme R WPI70775.1 64127 - 64621 164 PRINTS PROOGES wliealine 138 159  3.8E-91 IPRO0O1165 — 0-0016998{InterPro)
vB-Eco-KME22 e 1.21164E-
OR539217 lysozyme R WPRJT0775.1 64127 - 64621 164 CDD cd00735 T4-like lys 2 160 77 - -
-Eco- = - ioph
VeI lysozyme R WPJ70775.1  64127-64621 164 PANTHER  PTHR37406 THETVRE LISOTINE L a 161 17627  IPROS2619  Loceriopnage
QR539217 RELATED lysozyme-like
B-Eco-KMB26 Lysozyme
;R539213 lysozyme R WPI71039.1 64196 - 64690 164 GenedD G2DS5A:1.10.530.40 - 1 164  B.6BE-75 IPRO23347 domain G0:0003796({InterPro)
superfamily
vB-Eco-KMB26 G3DS5A:1.10.530.40:FF:
; : 4 i J1E- - !
OR539218 lysozyme R WPI71039.1 64196 - 64690 16 FunFam 2 Endalysin 1 164  1.1E-114
vB-Eco-KMB26 Endolysin T4  GO:0003796(InterPro) |G
I R WPI71039.1 64196 - 64690 164 H MF 04110 Endolysin. I 159 16.677807 IPRO346590
OR539218 ysolyme i g bl type 0:0009253(interPro)
vB-Eco-KMB26 Lysoryme-ike
OR539218 lysozyme R WPI71039.1 64196 - 64690 164 SUPERFAMILY SSF53955 Lysozyme-like p 161 4 B1E-54 IPRD23346 domain -
superfamily
. Glycoside G0:0003796(InterPro} |G
vB-Eco-KMB26
OR539218 lysozyme R WPJ71039.1 64196 - 64690 164 Pfam PF0O0959 Phage lysozyme i 141 4.4E-10 IPROD2196 hydrolase, 0:0009253(InterPro) | GO:
family 24 0016998({InterPro)
vB-Eco-KMEB26 Phage T4 lysozyme Td-type GO:0003796(InterPro) |G
AR lysozyme R WP171039.1 64196 - 64690 164 PRINTS PROOGBS4 sigatire 95 114 2.7e-91 IPROD1165 sy 0:0016998(InterPra)
vB-Eco-KMB26 Phage T4 lysozyme T4-type G0:0003796(InterPro) |G
I R PI7 , - PRINT R 7 JE- IPR
Grsaais ysozyme WPI71039.1 64196 - 64690 164 5 PROOGE4 Higatos 2 92 2.7E-91 0011865 hsesyme 0:0016998(InterPro)
vB-Eco-KMB26 Phage T4 lysozyme T4-type GO0:0003796{InterPro) | G
I R WPJ71039.1 64196 - 64690 164 PRINTS PROOGB4 4 23 2.7E-91 IPROD1165
OR539218 VAR signature lysozyme  0:0016998(InterPra)
vB-Eco-KMB26 Phage T4 lysozyme T4-type GO:0003796(InterPro) |G
; - 4 I FE- R
OR526218 lysozyme R WPI71039.1 64196 - 64690 16 PRINTS PROOGB4 slgnature 24 42 2.7E-91 IPROD1165 saryme 0:0016998(InterPro)
vB-Eco-KMB26 Phage T4 lysozyme T4-type GO:0003796(InterPro) | G
I R WPJ71039.1 64196 - 64690 164 PRINTS PROOBE4A 118 137 2.7E91 IPROD1165
OR539218 ysozyme signature lysozyme  ©0:0016998(InterPra)
YEECTMETe lysozyme R WPI71039.1  64196- 64690 164 PRINTS PRO0GB4 naRe T8 e 51 70 27691 IpRoollEs | YPe aXEIIMEITioNS
OR539218 i : signature : lysozyme  0:0016998{InterPro)
vB-Eco-KMB26 Phage T4 lysozyme Ta-type GO0:0003796(InterPro) | G
| ; - 4 JE-
ORSI9ZLS ysozyme R WPI71039.1 64196 - 64690 16 PRINTS PRO0GE4 sighitise 138 159  2.7E-91 IPRO0O1165 Wiz 0:0016998{InterPro)
vB-Eco-KME26 6.07455E-
I R WPJ71039.1 196 - 64690 164 D 7 Ta-like | 2 160 - -
OR539218 ysozyme 64 D ¢d00735 ike lys 7




vB-Eco-KMB26 T4-TYPE LYSOZYME 1- Bacteriophage
I R WPJ71039.1 64196 - 64690 164 PANTHER PTHR37406 4 161 1.5E-27 IPRO52619 -
OR539218 YAV RELATED lysozyme-like
vB-Eco-KIMEB39 Lysoz'..rrne
OR539219 lysozyme R WPJ71303.1 61730-62224 164 Gene3D G3D5A:1.10.530.40 - 1 164 6.6E-75 IPRD23347 dormain G0:0003796(InterPro)
superfamily
vB-Eco-KMB39 G3DSA:1.10.530.40:FF: y
OR529219 lysozyme R WPJ71303.1 61730 - 62224 164 FunFam 2 Endolysin 1 164 1.1E-114 - -
vB-Eco-KMB39 % Endolysin T4  G0O:0003796({InterPro) |G
| R WPRJ71303.1 61730- 62224 164 Ham MF 04110 End - 1 159 16.677807 IPRO34650
OR539219 il i otk type 0:0009253(InterPro)
vB-Eco-KMB39 . Lysarymie-like
OR539219 lysozyme R WPJ71303.1 61730-62224 164 SUPERFAMILY SSF53955 Lysozyme-like 1 161 4.81E-54 IPRD23346 domain -
superfamily
B Eoa-E i Glycoside GO:0003796{InterPro) | G
ORS39219 lysozyme R WPIY1303.1 61730-62224 164 Pfam PFO0959 Phage lysozyme 11 141  4.4E-10 IPRO0DZ2196 hydrolase, 0:0009253(InterPre) | GO:
family 24 001699&(InterPro)
vB-Eco-KMB39 Phage T4 lysozyme Ta-type G0:0003796(InterPro} |G
I R WPRIT1303.1 61730- 62224 164 PRINTS PROOGEA g 114 2.7E-91 IPRD0O1165
OR539219 pranyme 0o signature > b lysozyme 0:0016998(InterPrao)
vB-Eco-KMB39 Phage T4 lysozyme T4-type G0:0003796({InterPro} | G
| R WPJ71303.1 61730-62224 164 PRINTS PROOGE4 72 92 2.7E-91 IPROOL1ES
OR539219 yeoIyme signature lysozyme  0:0016998{InterPro)
vB-Eco-KMB39 Phage T4 lysozyme ) ) T4-type GO:0003796(InterPro) | G
. - 4 I AE-
GREA9910 lysozyme R WPJ71303.1 61730- 62224 16 PRINTS PROOGES slgriatiune 4 23 2.7E-91 IPRO01165 Hsciegrna 0:0016998(InterPro)
vB-Eco-KMB39 lysozyme R WPI71303.1  61730-62224 164 PRINTS PRO0GS4 Phage T4 lysozyme 24 42 27691  IPRODLIGS | TIYPe &bt Fas{InterProf |G
OR539219 signature lysozyme 0:0016998(InterPro)
vB-Eco-KMB39 Phage T4 lysozyme T4-type G0:0003796(InterPro} |G
OR539219 lysozyme R WPJ71303.1 61730- 62224 164 PRINTS PROOGE4 signatire 118 137 2.7E-91 IPROD1165 ——. 0:001698{InterPro)
vB-Eco-KMB39 Phage T4 lysozyme T4-type GO:0003796(InterPro) | G
I R P. 3 - PRI R 7 TE- IPR
OR539219 ysozyme WPJ71303.1 61730-62224 164 NTS PROOGE4 Signative 51 0 2.7E-91 001185 Idgae 0:001698(InterPro)
vB-Eco-KMB39 Phage T4 lysozyme T4-type GO:0003796(InterPro) | G
I R PJ71303. 1730-622 164 PRINTS PR 13 159 2.7E-91 IPROD1165
0OR539219 b bl gl e bls 8 it 0064 signature 5 lysozyme 0:0016998(InterPra)
vB-Eco-KME39 ' 6.07455E-
G545 lysozyme R WPJ71303.1 61730-62224 164 cbD cd00735 T4-like lys 2 160 & - -
vB-Eco-KMB39 T4-TYPE LYSOZYME 1- Bacteriophage
OR539219 lysozyme R WPJ71303.1 61730- 62224 164 PANTHER PTHR37406 RELATED d 161 1.5E-27 IPRO52619 Iysazyme-like -
vB-Eco-KMB4OD Lyspayme
OR539220 lysozyme R WPJ71570.1 62190 - 62684 164 Gene3D G3DSA:1.10.530.40 1 164  6.6E-75 IPRO23347 domain G0O:0003796(InterPro)
superfamily
;i:;g;§§340 lysozyme R WPJ71570.1 62190 - 62684 164 FunFam Gans.lgl,msan,m-.rf:: Endolysin 1 164 11E-114 - .
VB TMEN lysozyme R WPI71570.1  62190- 62684 164 Hama MF 04110 Endolysin 1 159 16677807 IPRO34Es0  oowsinT4  GO:0003796(interPro) |G
OR539220 i : ? sk ‘ type 0:0009253(InterPro)
vB-Eco-KMB40 ) Lvsnz\.rme like
lysozyme R WPJ71570.1 62190 - 62684 164 SUPERFAMILY SS5F53955 Lysozyme-like 1 161 4. 81E-54 IPRD23346 domain -

OR539220

superfamily




vB-Ece-KMBA0

Glycoside

GO:0003796(InterPro} |G

OR539220 lysozyme R WPI71570.1 62190 - 62684 164 Pfam PFO0959 Phage lysozyme 11 141  4.4E-10 IPRO02196 hydrolase, 0:0009253(InterPro) | GO:
farily 24 0016998(InterPra)
vB-Eco-KMB40 Phage T4 lysozyme T4-type GO:0003796(InterPro) | G
OR539220 lysozyme R WPRJ71570.1 62190 - 62684 164 PRINTS PROOGEA signatuc 95 114 2.7E-91 IPROD1165 yseiipné 0:0016998{InterPra)
vB-Eco-KMB4D Phage T4 lysozyme T4-type GO:0003796(InterPro) | G
I R 70, - 4 | 7 JE- |
OR539230 ysozyme WPJ71570.1 62190 - 62684 16 PRINTS PROOGS4 . 2 92 2.7E-91 PRDO1165 B 0:0016898{InterPro)
vB-Eco-KMB40 Phage T4 lysozyme Td-type G0:0003796(InterPro} |G
I R WPJ71570.1 62190 - 62684 164 PRINTS PROOBGEA 4 23 2.7E-91 IPROD1185
OR539220 rdyme signature lysozyme  0:0016898(InterPro)
vB-Ece-KMB40 Phage T4 lysozyme T4-type GO:0003796(InterPro} | G
I R WPI71570.1 62190 - 62684 164 PRINTS PROOGE4 24 42 2.7E-91 IPROD11ES
OR539220 NERAITI signature lysozyme _ 0:0016998{InterPro)
vB-Eco-KMB40 Phage T4 lysozyme Td-type G0:0003796(InterProa) |G
7 3 - I E- 1P|
OREI9230 lysozyme R WPJ71570.1 62190 - 62684 164 PRINTS PROOGES . 118 137 2791 ROD1165 . 0:0016998(InterPro)
vB-Eco-KMEAD lysozyme R WPI71570.1  62190-62684 164 PRINTS PRO0G84 Fhaga T4 bysozyme 51 70 276891  IPRoDLlEs | UrPe GEHBIElintarkro) |G
QR539220 signature lysozyme 0:0016998(InterPro)
vE-Eco-EMEA0 | R WPJ71570.1 62190 - 62684 164 PRINTS PROOBB4 Phage T4 ysozvrae 138 159 2.7E-91 IFROD1165 Td-type &G 3796linterPro] |G
QR539220 yRRLE ' ) signature ’ lysozyme Q:0016098(InterPro)
vB-Eco-KMB40 6.07455E-
I R PI71570.1 -6 4 7 T4-like | - -
OR539220 ysozyme WPI71570 62190- 62684 16 [as]5} cd00735 4-like lys 2 160 78
vB-Eco-KMB40 T4-TYPE LYSOZYME 1- Bacteriophage
OR539220 lysozyme R WPJ71570.1 62190 - 62684 164 PANTHER PTHR37406 RELATED & 161 1.5E-27 IPRO52619 P
vB-Eco-KMB42 Lysozyme
OR539221 lysozyme R WPJ71835.1 62848 - 63342 164 Gene3D G3DSA:1.10.530.40 - 1 164  B.BE-75 IPROZ23347 domain GO:0003796({InterPro)
superfamily
B-Eco-KMEA2 A:1.10. . 40:FF:
Von_a;;z o lysozyme R WPJ71835.1  62848-63342 164 FunFam 63D 21 10:5300:FF o aoyain 1 164  11E-114 : :
vB-Eco-KIMB42 ’ Endolysin T4  GO:0003796(InterPro} |G
I : - 6334 4 ; 3 7 IPRO34
ORS39221 ysozyme R WPJ71835.1 62848 - 63342 16 Hamap MF 04110 Endolysin 1 159  16.677807 IPRO34630 vse 0:0009253(InterPro)
vB-Eco-KMB42 ) Lysuz',lrrne -like
OR539221 lysozyme R WPJ71835.1 62848 - 63342 164 SUPERFAMILY SSF53955 Lysozyme-like 1 161  4.81E-54  IPRO23346 domain -
superfamily
vB-Eco-KMB42 Glycoside G0:0003796(InterPro) |G
ORS39221 lysozyme R WPJ71835.1 62848 - 63342 164 Pfam PFO0959 Phage lysozyme 11 141  4.4E-10 IPRO02196 hydrolase, 0:0009253(InterPro) | GO:
family 24 0016598(InterPro)
vB-Eco-KMB42 Phage T4 lysozyme T4-type G0:0003796(InterPro) |G
I R WPJT71835.1 62848 - 63342 1le4 PRIN PROOBE4A a5 114 2.7E-91 IPRODL165
OR539221 ysozyme B =105 H signature lysozyme  0:0016998(InterPra)
vB-Eco-KMB42 Phage T4 lysozyme T4-type GO:0003796{InterPro) | G
P lysozyme R WPJ71835.1 62848 - 63342 164 PRINTS PROOGEA gt 72 92 2.7E-91 IPRO01165 Kokt 0:0016998(InterPra)
vB-Eco-KMB42 Phage T4 lysozyme Td-type G0:0003796(InterPro) |G
OR539221 lysozyme R WPIT71835.1 62848 - 63342 164 PRINTS PROOGEA sipnature 4 23 2.7E-91 IPROD11865 lysazyime 0:0016998(InterPro)
vB-Eco-KMB42 Phage T4 lysozyme T4-type GO:0003796(InterPro) | G
I R WPJ71835.1 62848 - 63342 164 PRINTS PROOBB4 24 42 2.7E-91 IFROO1165
OR539221 PO signature lysozyme  0:0016998(InterPro)
vB-Eco-KMB42 Phage T4 lysozyme T4-type G0:0003796(InterPro) |G
I . - 4 I TE- =
ORS39231 ysozyme R WPJ71835.1 62848 - 63342 16 PRINTS PROOGE4 signatiir 118 137 2.7E-91 RDO11E5 Weaayine 0:0016898{InterPro)




vB-Eco-KMEB42 Phage T4 lysozyme T4-type G0:0003796(InterPro) | G
I R WPJ71835.1 - 63342 4 PRIMNTS Pl 624 51 J0 2.7E- IPROO1165
0OR539221 raomme 2 i ? 18 heo signature s M Iysozyme 0:0016998(InterPra)
vB-Eco-KMB42 Phage T4 lysozyme T4-type GO:0003796(InterPro) |G
I R WPJ71835.1 62848 - 63342 164 PRINTS PROOBEA 138 158 2.7E-91 IPROD1165
OR539221 i i signature lysozyme  ©:0016998{InterPro)
vB-Eco-KMEA2 6.07455E-
: - -like | - -
oReAa 154 lysozyme R WP171835.1 62848 - 63342 164 oD cd00735 T4-like lys 2 160 =5
VB-Een ENIPA2 I R WPJ71835.1 62848 - 63342 164 PANTHER PTHR37406 VATYPE LISORYME 1 4 161 1.5E-27 IPRO52619 Ratteriophsge
OR539221 VAN : RELATED : lysozyme-like
Hedgehog
signalling/DD-
vB-Eco-KMB47 ) ) peptidase zine-
h 7. - 4 :3.30. . .5E- -
ORAZA3EE hypothetical protein ~ WPK27967.1  38771-39115 11 Gene3D G3D5A:3.30.1380.10 5 113  3.5E-26 IPRO0D9045 Binding
domain
superfamily
Hedgehog
signalling/DD-
vB-Eco-KMBE47 . X Hedgehog/DD- peptidase zinc-
OR424385 hypothetical protein WPK27367.1 38771-39115 114 SUPERFAMILY 55F55166 paptidase 5 110 6.28E-25 IPRODS045 Hirding
domain
superfamily
vB-Eco-KMB47 , ) , RepHiiase
OR424385 hypothetical protein ~ WPK27967.1  38771-39115 114 Pfam PFOB291 Peptidase M15 d 106 1.4E-29 IPR0O13230 M15A, C- -
terminal
Lysozyme
B-Eco-KMB25 I
ey yrodymear WPK28014.1  33375-33869 164 Gene3D G3DSA:1.10.530.40 - 1 161 42645  IPRO23347  domain G0:0003796{InterPro)
OR424386 muramidase "
superfamily
vB-Eco-KMB25 lysozyme or i
Yoy WPK28014.1  33375-33869 164 PANTHER PTHR38107 . 18 162  5.1E-37 IPRO51018  Glycosyl GO:0003796{PANTHER)
OR424386 muramidase
Hydrolase 24
vB-Eco-KMB25 Iysozv@e or WPK28014.1 33375-33869 164 Phobius SIGMAL PEPTIDE C C_—termmal _reglcm ofa 17 7 i ) )
OR424386 muramidase REGION signal peptide.
vB-Eco-KMB25 lysozyme or 2 . 2.12923E-
OR424386 Hiaridess WPK28014.1  33375-33869 164 CDD cd16900 endolysin R21-like 13 158 65 - -
vB-Eco-KMB25 lysozyme or . Endolysin T4  GO:0003796({InterPro) |G
P ; = 4 ; 814 IPRO34
OR424386 LR WPK28014.1  33375- 33869 16 Hamap MF 04110 Endolysin, 5 161  26.81488 RO34690 tbe 0:0008253{InterPro)
vB-Eco-KMB25 lysozyme or . SIGNAL PEPTIDE H Hydrophobic region of
WPK28014.1 33375-33869 164 Phob 6 16 - - -
OR424386 muramidase onRIus REGION a signal peptide.
Lysozyme-like
-Eco- I
¥BrEen-tliRas ERRYITRGT WPK28014.1  33375-33869 164 SUPERFAMILY SSF53955 Lysozyme-like 12 162 133646 IPRO23346  domain ’
OR424386 muramidase :
superfamily
vB-Eco-KMB25 lysozyme or ; SIGNAL PEPTIDE N N-terminal region of a
WPK28014. 75 - Phobius . - -
OR424386 muramidase i ARRIa- AR 1 ouiliS REGION signal peptide. : 2
VBECa kMBS Wi Glycoside G0:0003796(InterPro} |G
OR424386 il WPK28014.1 33375- 33869 164 Pfam PFOD959 Phage lysozyme 25 154 6.2E-32 IPRO0O2196 hydrolase, Q:0009253(InterPro) | GO:

family 24 0016998(InterPro)




Region of a membrane-
bound protein

vB-Eco-KMB25 lysozyme ar ; NOMN CYTOPLASMIC i 3
OR424386 . WPK28014.1 33375- 33869 164 Phobius DOMAIN predicted to be 1_3ulsrde 22 164 - - -
the membrane, in the
extracellular region.
vB-Eco-KMB25 lysozyme or " SAR-endolysin- GO:0003796({InterPro) |G
OR474386 o irirnidaas WPK28014.1 33375- 33869 164 Hamap MF 04136 SAR-endolysin. 4 161 30.038778 IPRD436BE like 0:0016998{InterPro)
vB-Eco-KMB25 lysozyme or ; . x .
; - | ; - -
OR424386 riliraritdsse WPK28014.1 33375- 33869 164 Phobius SIGNAL PEPTIDE Signal peptide region 1 21
B-Eco-KMBA6 Bacteriophage
;RS;:SQQ lysozyme R WQANO0E679.1 44328 - 44819 163 PANTHER PTHR38107 - 19 160 1.2E-35 IPRO51018 Glycosyl GO:0003796(PANTHER)
Hydrolase 24
vB-Eco-KMB46 L}'soz'frme
ORE35695 lysozyme R WQND6679.1 44328 - 44819 163 Gene3D G3DSA:1.10.530.40 - 1 160  2.1E-47 IPRO23347 domain GO0:0003796(InterPro)
superfamily
vB-Eco-KMB46 , SIGNAL PEPTIDE C C-terminal region of a
I R 79, 44 -448 Ph - - -
OR5I5699 ysozyme WQaNDG6T79.1 328 19 163 obius REGION signl paptide, 19 23
vB-Eco-KMEB46 . i 1.14887E-
OR525699 lysozyme R WQaNDOG679.1 44328 - 44819 163 CcDD cd16900 endolysin R21-like 19 158 70 - -
vB-Eco-KMB46 . Endolysin T4  GO:0003796({InterPro) |G
I R 79, . ; ; IPRO34
OR525639 ysozyme WOND6679.1 44328 - 44819 163 Hamap MF 04110 Endolysin, 5 161  28.505993 034630 type 0:0009253(InterPro)
vB-Eco-KMB46 ; SIGMAL PEPTIDE H Hydrophobic region of
I R N 791 44328-44819 1 Ph 1 - - -
OR5256399 Rt YHUGHE 4 Hiz TR obius REGION a signal peptide. Z 2
vB-Eco-KMB46 Lyporyme: ik
ORE25699 lysozyme R WOQONDB6TS.1 44328 - 44819 163 SUPERFAMILY S5F53955 Lysozyme-like 15 161  7.16E-48 IPRO23346 domain -
superfamily
vB-Eco-KMB46 : SIGMAL PEPTIDE N N-terminal region of a
A — lysozyme R WQNDOB679.1 44328 - 44819 163 Phobius — s gl e 1 6 . - -
VB-Eco-KMBA6 Glycoside GO:0003796(InterPro) |G
ORS25639 lysozyme R WQONDG6TS.1 44328 - 44819 163 Pfam PFO0959 Phage lysozyme 25 154  1.1E-35 IPRO02196 hydrolase, 0:0009253(InterPra) | GO:
family 24 001699&(InterPra)
Region of a membrane-
bound protein
vB-Eco-KMBA4G : NON CYTOPLASMIC 3 y
OR525699 lysozyme R WQaNDe679.1 44328 - 44819 163 Phobius DOMAIN predicted to be F:utsu:le 24 163 - - -
the membrane, in the
extracellular region.
vB-Eco-KMB46 R SAR-endolysin- GO:0003796({InterPro) |G
OR525699 lysozyme R WQN0E679.1 44328 - 44819 163 Hamap MF 04136 SAR-endolysin. 4 161 30.766636 IPRO436BE like 0:0016998(InterPro)
vB-Eco-KMB46 Iysozyme R WQNDOB679.1 44328 - 44819 163 Phobius SIGNAL PEPTIDE Signal peptide region 1 23 - - -

OR525699




vB-Ece-KMB37

lysozyme murein

Lysozyme

WQN06754.1  22896- 23396 166 Gene3D G3DSA:1.10.530.40 . 5 166  1.5E-57 IPRO23347 domain GO:0003796(InterPro)
OR525700 hydrolase i
superfamily
. Lysozyme-like
VEEEO-RhESY hsaayme marelo WQNO6754.1 22896 - 23396 166 SUPERFAMILY SSF53955 Lysozyme-like 7 166 2.81E-47 IPRO23346  domain -
OR525700 hydrolase ;
superfamily
VB-Eco-KMB37 KD e Glycoside G0:0003796(InterPro) |G
WQOND6754.1 22896 - 23396 166 Pfam PFO0959 Phage lysozyme 15 142  1.9E-8 IPRODZ2196 hydrolase, Q:0009253(InterPro) | GO:
OR525700 hydrolase :
family 24 0016998(InterPro)
vB-Eco-KMB37 lysozyme murein Phage T4 lysozyme T4-type GO:0003796(InterPro} | G
WOQND6754.1  22896-23396 166 PRINTS PROO6G24 122 141  1.5E-45 IPROO1165
OR525700 hydrolase 5 signature lysozyme 0:0016998(InterPro)
vB-Eco-KMB37 lysozyme murein Phage T4 lysozyme Td-type G0:0003796(InterProa) |G
. - | .5E-
P — Biyitiakii WQND6754.1 22896 - 23396 166 PRINTS PROOGES . 76 9  1.5F-45 IPRO01165 . 0:0016998(InterPro)
vB-Eco-KMB37 lysozyme murein WQNO6754.1 22896 - 23395 166 PRINTS PROOBEA F‘Ihage T4 lysozyme 55 7 1.5E-45 {PRODI1ES Ta-type GO:0003796{InterPro) | G
QR525700 hydrolase signature lysozyme 0:0016998(InterPro)
vB-Eco-KMB37 lysozyme murein Phage T4 lysozyme T4-type GO:0003796(InterPro) | G
OR525700 hydrolase WQMNO6754.1  22BS6- 23396 166 PRINTS PROOBB4 signature B 27 1.5E-45 IFROD1165 Isiiyme 0:0016998{InterPra)
vB-Eco-KMB37 lysozyme murein Phage T4 lysozyme T4-type G0:0003796(InterPro) | G
; - PRINT R .5E-4 IPR 1
OR525700 hydrolase WORORTIAL RERG-13%96 190 W PRIaaES signature 2 o 1N Raties lysozyme 0:00165998(InterPra)
vB-Eco-KMB37 lysozyme murein Phage T4 lysozyme Ta-type GO:0003796(InterPro) |G
WQN06754.1 22896 - 23396 166 PRINTS PROOBE4 28 46 1.5E-45 IPROO1165
QR525700 hydrolase by signature Iysozyme 0:0016998(InterPrao)
vB-Eco-KMB37 lysozyme murein Phage T4 lysozyme T4-type GO:0003796(InterPro) | G
754, - PRI 4 .5E-4 IPR
R hydrolase WQND6754,1 22896 - 23396 166 RINTS PROOBE4 signatire 142 163 1.5E-45 001165 Iysozyme 0:0016998(InterPro)
vB-Eco-KMB37 lysozyme murein . 8.82227E-
NO6754.1 22896-2 il 7 T: | 1 - -
ORSIET0 hydrolase WQNO675 896 - 23396 166 cob cd00735 4-like lys 7 64 P
vB-Eco-KMB37 lysozyme murein T4-TYPE LYSOZYME 1- Bacteriophage
; - P R HR37 4 3E- IPR -
OR525700 hydrolase WQND6754.1 22896 - 23396 166 ANTHE PTHR37406 RELATED 165  2.3E-28 052619 Iyl
vB-Eca-KMB38 yarpme
ORS25701 lysozyme R WOaNOT107.1 66043 - 6B531 162 Gene3D G3D54:1.10.530.40 - 2 162  2.4E-89 IPRD23347 domain G0:0003796(InterPro)
superfamily
Lysozyme-like
vB-Eco-KME3E ;
OR525701 lysozyme R WQaNO7107.1 66043 - 66531 162 SUPERFAMILY SSF53955 Lysozyme-like 5 161 1.28E-52 IPR023346 domain -
superfamily
VB-Eco-KMB3s Glycoside G0:0003796(InterPro) |G
ORS25701 lysozyme R WQND7107.1 66043 - 66531 162 Pfam PF0O0959 Phage lysozyme 10 140 3.6E-10 IPRO021%6 hydrolase, Q:0009253(InterPro) | GO:
family 24 0016998(InterPra)
vB-Eco-KMB38 Phage T4 lysozyme T4-type GO0:0003796{InterPro) | G
; - 4E-
SRS lysozyme R WQND7107.1 66043 - 66531 162 PRINTS PROOGEA gt 4 23 6.4E-76 IPRO01165 Kokt 0:0016998(InterPra)
vB-Eco-KMB38 Phage T4 lysozyme Td-type G0:0003796(InterPro) |G
ORS25701 lysozyme R WQNO7107.1 66043 - 66531 162 PRINTS PROOGE4 sipnature 118 137 6.4E-76 IPROO116S lysazyime 0:0016998(InterPro)
vB-Eco-KMB38 Phage T4 lysozyme T4-type GO:0003796(InterPro) | G
I R WQNO7107.1 66043 - 66531 162 PRINTS PROOBB4 138 159 b.4E-76 IFROO1165
OR525701 PO a signature lysozyme  0:0016898(InterPro)
vB-Eco-KMEBE38 Phage T4 lysozyme T4-type G0:0003796(InterPro) |G
I ; - | 4 4 AE- IP
OR5IS701 ysozyme R WQND7107.1 66043 - 66531 162 PRINTS PROOGE4 signatiir 2 2 6.4E-76 RDO11E5 Weaayine 0:0016898{InterPro)




vB-Eco-KMB38 Phage T4 lysozyme T4-type G0:0003796(InterPro) | G
I R WQND7107.1 043 - 6653 62 PRINTS Pl 624 72 2 AE-TF IPROO1165
QOR525701 raomme il e ik heo signature ¢ GAET0 M Iysozyme 0:0016998(InterPra)
vB-Eco-KMB38 Phage T4 lysozyme T4-type GO:0003796(InterPro) |G
I R WQONO07107.1 66043 - 66531 162 PRINTS PROOBEA a5 114 6.4E-76 IPROD1165
OR525701 i i b signature lysozyme  ©:0016998{InterPro)
vB-Eco-KIMB38 Phage T4 lysozyme Ta-type G0:0003796({InterPro} |G
oREISIol lysozyme R WQND7107.1 66043 - 66531 162 PRINTS PROOBS4 signature 51 70  B.4E-76 IPRO01165 lysozyme 0:0016998{InterPra)
vB-Eco-KMEB38 ’ 1. 18768E-
OR525701 lysozyme R WQONO7107.1 66043 - 66531 162 CDD cd00735 T4-like lys 2 160 72 - -
vB-Eco-KME38 T4-TYPE LYSOZYME 1- Bacteriophage
I R 107.1 - PANTHER HR37406 4 3E- IPROS26 -
OR525701 ysozyme WQNO710 66043 - 66531 162 A E PTHR3740 RELATED 160 3.3E-26 052619 Iysazyriadis
B-Eco-KMB23 Lysozyme
;RS;Z?DZ lysozyme R WQNO7383.1 63387 -63881 164 Gene3dD G3D5A:1.10.530.40 - 1 164 6.6E-75 IPRO23347 domain GO:0003796(InterPro)
superfamily
vB-Eco-KMB23 G3DSA:1.10.530.40:FF: )
OR525702 lysozyme R WOQOND7383.1  63387-53881 184 FunFam " Endolysin 1 164  1.1E-114 - -
vB-Eco-KMB23 Endolysin T4  GO:0003796({InterPro} |G
I R WONO7383.1 63387 - 63881 164 H MF 0411 in. 1 159 16.677807 IPRD34690
OR525702 pranyme i A = Endolysin type 0:0009253(InterPro)
vB-Eco-KMB23 Lysozyme-like
OREIEIOR lysozyme R WQNO7383.1 63387 -63881 164 SUPERFAMILY S5F53955 Lysozyme-like 1 161  4.81E-54  IPRO23346 domain -
superfamily
B-Eco-KMB23 Glycoside GO:0003796(InterPro) | G
;ngzmz lysozyme R WQOND7383.1 63387 -63881 164 Pfam PFO0959 Phage lysozyme 11 141 £.4E-10 IPRO0D2196 hydrolase, 0:0009253(InterPro) | GO:
family 24 0016998(InterPra)
vB-Eco-KMEB23 Phage T4 lysozyme T4-type G0:0003796(InterPro} |G
OREIET0I lysozyme R WQONO7383.1 63387 - 63881 164 PRINTS PROOGE4 signatire a5 114 2.7E-91 IPROD1165 ——. 0:001698{InterPro)
vB-Eco-KMB23 Phage T4 lysozyme T4-type GO:0003796(InterPro) | G
I R N : - PRI R s TE- IPR
OR525702 ysozyme WQND7383.1 63387 -63881 164 NTS PROOGE4 Signative 2 92 2.7E-91 001185 Idgae 0:001698(InterPro)
vB-Eco-KMB23 Phage T4 lysozyme T4-type GO:0003796(InterPro) | G
I R WQNO07383.1 3387 - 638 164 PRINTS PR 3 2.7E-91 IPROD1165
OR525702 b bl d 3 e st it 0064 signature # g lysozyme 0:0016998(InterPra)
vB-Eco-KMEB23 Phage T4 lysozyme Td-type GO:0003796(InterPro) |G
Gneeng lysozyme R WQOND7383.1 63387 -63881 164 PRINTS PROOG34 signature 24 42 2.7E-91 IPRO01165 ysazyme 0:0016998(InterPra)
vB-Eco-KMB23 Phage T4 lysozyme T4-type G0:0003796(InterPro) |G
I R N A - PRINT R 1 JE- IPR
s ysozyme WQND7383 63387 - 63881 164 S PROOGE4 Sinigtiie 18 137 2.7E-91 001185 hSezme 0:0016998{InterPro)
vB-Eco-KMB23 Phage T4 lysozyme T4-type GO0:0003796{InterPro) | G
I R WQONO7383.1 63387 - 63881 164 PRINTS PROOGB4 51 70 2.7E-91 IPROD1165
OR525702 VAR 2 signature lysozyme  0:0016998(InterPra)
vB-Eco-KMB23 Phage T4 lysozyme T4-type GO:0003796(InterPro) |G
; - 4 | 7E- R
OREISION lysozyme R WQND07383.1 63387 -63881 16 PRINTS PROOGE4 signature 138 159 2.7E-91 IPRO01165 lysazyme 0:0016898{InterPro)
vB-Eco-KMB23 6.07455E-
I R WQONO07383.1 63387 -63881 164 CDD d00735 T4-like | 2 160 - -
OR525702 ysozyme o £ s 78
vB-Eco-KMB23 T4-TYPE LYSOZYME 1- Bacteriophage
I N ; - 3 PA R 4 .SE-27 1P| -
PRSI, ysozyme R WQND7383.1 63387 -63881 16 NTHE PTHR37406 SELATER 161 1.5E-2 RD52619 hacpmadics
vB-Eco-KMB36 , b
hysin WQND7602.1 41598 - 42101 167 Gene3D G3D5A:1.10.530.40 - 4 152 1.2E-30 IPRD23347 domain G0:0003796(InterPro)

OR525703

superfamily




vB-Ece-KMB36

Bacteriophage

ORS25703 lysin WQND7602.1 41598 - 42101 167 PANTHER PTHR38107 . 7 145  1.9E-20 IPRO51018 Glycosyl -
Hydrolase 24
vB-Eco-KMB36 ) EysoRyme ke
OR525703 lysin WQaNO7e02.1 41598 - 42101 167 SUPERFAMILY SSF53955 Lysozyme-like 7 154 1.64E-30 IPRD23346 dormain -
superfamily
VEEensKIaRan lysin WQNO76021 41598 - 42101 167 DD cd00737 lyz endolysin autolysin 14 151 14534629 1PRO33007  CndOMsI/ALL o 003796 InterPro)
OR525703 olysin
VB-Eco-KMB36 Glycoside G0:0003796(InterPro} |G
OR525703 lysin WQNO7e02.1 41598 -42101 167 Pfam PFO0959 Phage lysozyme 20 143 1.0E-22 IPRO02196 hydrolase, Q:0009253(InterPra) | GO:
family 24 0016998(InterPra)
vB-Eco-KMB35 _ Lysozyme
OR5I5704 lysin WQANOT684.1 40675 - 41163 162 Geneldl G3D5A:1.10.530.40 - 2 147 9.0E-32 IPRO23347 domain GO:0003796(InterPro)
superfamily
vB-Eco-KMB35 Bacteriophage
GRS25704 lysin WQONOT684.1  40675- 41163 162 PANTHER PTHR3&107 - 3 144 3.7E-22 IPRO51018 Glycosyl GO:0003796(PANTHER)
Hydrolase 24
VB-Eco-KMB3S _ ‘ Lysozv,.rme—th
OR525704 lysin WONDT684.1 40675 - 41163 162 SUPERFAMILY SSF53955 Lysozyme-like 3 149  3.22E-31 IPRO23346 domain -
superfamily
VD-Eco-kMBa5 lysin WONO7684.1 40675 - 41163 162 oD cd00737 lyz endolysin autolysin 9 145 5906E  opo3zepy;  Endohvsinfaut o 003796(Interpro)
OR525704 31 olysin
VB-Eco-KMB35 Glycoside G0:0003796(InterPro) |G
OR525704 lysin WONDTeB4.1  40675-41163 162 Pfam PFO0959 Phage lysozyme 15 138  4,1E-23 IPROD2196 hydrolase, 0:0009253(InterPro) | GO:
family 24 0016998(InterPro)
F Lysozyme
B EcoM ACG-C40 NC gl de hydrol
e glycoside ydrolase  vp 00s986678.1 63339 - 63833 164 Gene3D G3DSA:1.10.530.40 - 1 164 6675  IPRO23347  domain GO:0003796(InterPro)
019399 family protein ’
superfamily
vB EcoM ACG-C40 NC  glycoside hydrolase G3DSA:1.10.530.40:FF: *
YP 006986678, 339- 63833 164 FunF; | 164 1.1E-114 - -
015389 . 86678.1 63 3 unFam 100002 Endolysin 1 E
vB EcoM ACG-CA0 NC  glycoside hydrolase F Endolysin T4 G0:0003796(InterPro) |G
S family proteln YP 006986678.1 63339 - 63833 164 Hamap MF 04110 Endolysin. 1 159  16.677807 IPRD34630 _— 0:0009253(InterPra)
. Lysozyme-like
B Ll I h |
VEECOMALSLAONE § vc_nsrde yrf:lro = YP 006986678.1 63339 - 63833 164 SUPERFAMILY 55F53955 Lysozyme-like 1 161 4.81E-54 IFRO23346 domain -
019399 family protein .
superfamily
3 Glycoside G0:0003796(InterPro) |G
B EcolM ACG-C40 NC gl de hydrol
i glycosice VATOIase  vb 006986678.1 63339 - 63833 164 Pfam PFO0959 Phage lysozyme 11 141 4.4E-10  IPROD2196  hydrolase,  0:0009253(InterPra}|GO:
019399 family protein i
family 24 0016998(InterPra)
vB Ecol ACG-C40 NC glyc.osrde hyr.clrolase VP OOEOREETS 1 63330 - 63833 164 PRINTS PROOESA Plhage T4 lysozyme o5 114 27691 (PROOI1ES T4-type GO:0003796(InterPro) | G
019359 family protein signature lysozyme 0:0016598(InterPra)
vB EcoM ACG-C40 NC glycoside hydrolase Phage T4 lysozyme T4-type GO:0003796(InterPro) | G
- > ¥P 006986678.1 63339 - 63833 164 PRINTS PROOGEA 2 72 92 2.7E-91 IPROD11ES
019359 family protein signature lysozyme 0:0016998(InterPra)
vB Ecol ACG-C40 NC giyci_:nsrde h»,rf;lrolase YP 006986678.1 63339 - 63833 164 PRINTS PRO0GSA P_hage T4 lysozyme 4 23 2 7691 \PROOL165 T4-type GO:0003796(InterPro) | G
019359 family protein signature lysozyme 0:0016598(InterPra)
vB EcoM ACG-C40 NC glycoside hydrolase Phage T4 lysozyme T4-type G0:0003796({InterPro} | G
¥P 006986678.1 63339 - 638 164 PRINT. PROOGE4A 24 12 2.7E-91 IPRODL1ES
019399 family protein PRGNEGTAL S 43 a - signature » - lysozyme 0:0016998(InterPra)




vB EcoM ACG-C40 NC  glycoside hydrolase Phage T4 lysozyme T4-type G0:0003796(InterPro) | G
¥YP 926678, 39 .- 63833 4 PRIMNTS Pl 624 11 1 2.7E- IPROO1165

019399 family protein JRenseTad wadie 43 16 heo signature B & s M Iysozyme 0:0016998(InterPra)

vB EcoM ACG-C40 NC giyc?side h\;_drolase YP 006936678.1 63339 - 63833 164 PRINTS PROOGSA P_hage T4 lysozyme 51 70 2.76.01 |PROD11ES T4-type GO:0003796(InterPro) |G

019399 family protein signature lysozyme 0:0016998(InterPro)

B EcoM ACG-C40 NC gl ide hydrol Ph T4l T4-t G0O:0003796(InterP G
Seoe glycosice NVArolase  vp 006986678.1 63339 - 63833 164 PRINTS PRO0684 o Sl 138 159 27691  IPROOL1ES YRR fincetfra]
019399 family protein signature lysozyme 0:0016998(InterPra)

VB ECOM ACG-CAONC  glycoside hydrolase o co0ee78 1 63339 63833 164 DD cd00735 Ta-like lys 2 ygy  FOAEE 5 £
0193599 family protein 78
vB EcolM ACG-C40 NC gly’Cf)SldE h!,rf:lmlase YP 006986678.1 63330 - 63833 164 PANTHER PTHR37406 T4-TYPE LYSOZYME 1- " 161 15627 |PRO52619 Bactenoph‘age )
019399 family protein RELATED Iysozyme-like
M-
acetylmuramo
EG1 NC 047895 amidase YP 009795817.1 11177 - 11632 151 GenelD G3DSA:3.40.80.10 - 6 151 12652  PRodssps  'hicalamine  G0:0008745(InterPro)|G
amidase/PGRP 0:0009253(InterPro)
domain
superfamily
M-
acetyimuramo. o 600874s(interPro) |G
EG1 NC 047895 amidase YP009795817.1 11177 - 11632 151 SMART SMO0644 ami 2 I 151 2.9E-27 IPROD2502 yl-L-alanine : TRe
: 0:0009253(InterPra)
amidase
domain
EG1 NC 047895 amidase YPO0D9795817.1 11177 - 11632 131 FunFam ARSI A0 A R0 Endolysin 5] 151 5.0E-99 - -
GO:0008745(InterPro) | G
. y Endolysin T?7  0:0009253({InterPro) | GO:
N 7 YP ¥ 7- 8 4 p 1P|
EG1 NC 047895 amidase 009795817.1 11177 - 11632 151 Hamap MF 04111 Endolysin, 1 145  50.983433 RO34689 — 0032897 (InterPro) |GO:00
44659(InterPro)
M-
acetylmuramo
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Supplementary Table 55. The list of AMP peptides found within sequences of the proteins identified by phylogenetic analysis as closely related to the tested

endolysins.
Protein
. : " AMP
Phage name Protein name accession Position Sequence Class
Probability
number

VB-ECOM-KMB26-0W536688 r:s'z::::age'basep'ate'h”b'+'ta'l' CAH2619090.1 41-60  VAKSELDKAIGRNCNGVITK AMP 0.858
VB-ECOS-22664R1-MZ234008 lysin Q7178369.1 90-109  INAGQGPIVPDNIAMDFDDA AMP 0.978
VB-ECOS-22664B52-MZ234010 lysin Qz2178493.1 118-137 AKLALFINONGKPILGLRRR AMP 0.983
VB-ECOP-101101UKE1-MZ234012  hypothetical-protein QZ178680.1 50-69  AKHNANVGGAKNSMHLTGKA  AMP 0.892
VB-ECOM-101112UKE3-1-M2234013  lysozyme-r Q71789581 41-60  VAKSELDKAIGRNCNGVITK AMP 0.858
VB-ECOS-101114B2-MZ234014 lysin QZz179000.1 88-107 LVINAGQGPIVPDNIANDFD AMP 0.978
VB-ECOS-101114B54-M2234016 lysin Q71790651 90-109  INAGQGPIVPDNIANDFDDA AMP 0.978
VB-ECOM-101117B51-MZ234018 lysozyme-r Qz179532.1 41-60  VAKSELDKAIGRNCNGVITK AMP 0.858
VB-ECOP-101117UKE2-MZ234019  hypothetical-protein QZ179610.1 59.78  AKHNANVGGAKNSMHLTGKA  AMP 0.892
VB-ECOP-101118B1-MZ234020 hypothetical-protein QZ179670.1 59-78  AKHNANVGGAKNSMHLTGKA  AMP 0.892
VB-ECOM-172850UKE1-MZ234025  lysozyme.-r Q7180176.1 2544  WTIGIGHLVTKNPSLAVAKA AMP 0.942
VB-ECOM-CHD2BS1-MZ234027 lysozyme-r Qz180464.1 4160  VAKSELDKAIGRNCNGVITK AMP 0.858
VB-ECOM-CHD16UKE1-MZ234030  lysozyme-r QZ120907.1 4160  VAKSELDKAIGRNCNGWITK AMP 0.858
VB-ECOM-CHD94UKE2-MZ234031  lysozyme-r Q7181192.1 41-60  VAKSELDKAIGRNCNGVITK AMP 0.858
VB-ECOM-G3G7-MZ234040 lysozyme-r Q7183386.1 41-60  VAKSELDKAIGRNCNGVITK AMP 0.858
VB-ECOP-UTISSUKE2-MZ234049 hypothetical-protein QZ184581.1 50-69  AKHNANVGGAKNSMHLTGKA ~ AMP 0.892
VB-ECOP-UTISOUKE3-MZ234050 hypothetical-protein Q7I24648.1 50-69  AKHNANVGGAKNSMHLTGKA  AMP 0.892
VB-ECOM-SHAK7854-0R594182 amidase SELF-DNYN29  68-87  GSHVKDWNSRSVGVCLVGGI AMP 0.840
VB-ECOP-LNA3-MZ311862 amidase SELF-GX1134 68-87  GSHVKDWNSRSVGVCLVGGY  AMP 0.805
VB-ECOM-LNAZ-MZ311865 hypothetical-protein SELF-NLWW35  25-44  WTIGIGHLVTKNPSLAVAKA AMP 0.942
VB-ECOP-LNAS-MZ311851 amidase SELF-TCEH12  68-87  GSHVKDWNSRSVGVCLVGGI AMP 0.840
VB-ECOM-SHAK9454-OR594184 amidase SELF-ZENB29  68-87  GSHVKDWNSRSVGVCLVGGI AMP 0.840
MLP2-OK148441 baseplate-hub-+tail-lysozyme UENG8765.1 66-85  LFNQDVDAAVRGILRNAKLK AMP 0.843
VB-ECOS-CHD2B1-MZ234026 Iysin UsSL86318.1 90-109  INAGQGPIVPDNIANDFDDA AMP 0.978
VB-ECOS-CHDSUKE2-MZ234029 lysin USLB6352.1 85-104  LVDLVINAGQGPIVPDHIAN AMP 0.871
VB-ECOS-UTIB9UKEL-MZ234048 lysin USM81274.1 118137 AKLALFINONGKPLLGLRRR AMP 0.980
ZCEC14-OP168898 hypothetical-protein UVD33441.1 39-58  LNVAKSELDKAIGRNCNGVI AMP 0.903
VB-ECO-KMB22-0R539217 lysozyme-r WPI70775.1 4160  VAKSELDKAIGRNCNGIITK AMP 0.892
VB-ECO-KMB26-OR539218 lysozyme-r WPJ71039.1 4160  VAKSELDKAIGRNCNGVITK AMP 0.858
VB-ECO-KMB39-0R539219 lysozyme-r WPI71303.1 4160  VAKSELDKAIGRNCNGVITK AMP 0.858
VB-ECO-KMB40-OR539220 lysozyme-r WPI71570.1 4160  VAKSELDKAIGRNCNGVITK AMP 0.858
VB-ECO-KMB42-0R539221 lysozyme-r WPI71835.1 4160  VAKSELDKAIGRNCNGVITK AMP 0.858
VB-ECO-KMBA47-OR424385 hypothetical-protein WPK27967.1 50-69  AKHNANVGGAKNSMHLTGKA  AMP 0.892
VB-ECO-KMB25-OR424386 lysozyme-or-muramidase WPK28014.1 134-153 RNPKTGKKEKSRGLKNRRAV AMP 0.946
VB-ECO-KMB46-OR525699 lysozyme-r WQONDS679.1  135-154 NPKTGKREKSKGLLNRRKVE AMP 0.970
VB-ECO-KMB37-0R525700 lysozyme-murein-hydrolase WQONDS754.1  31-50  VGIGHLLTKLKDKAEAIRIL AMP 0.934
VB-ECO-KMB38-OR525701 lysozyme-r WQNO7107.1  25-44  WTIGIGHLVTKNPSLAVAKA AMP 0.942
VB-ECO-KMB23-0OR525702 lysozyme-r WQN07383.1 41-60 VAKSELDKAIGRNCNGVITK AMP 0.858
VB-ECO-KMB36-0R525703 lysin WQNO7602.1  128-147 FINONGKPLLGLRRRTAGRL ANMP 0.947
VB-ECO-KMB35-0OR525704 lysin WQONO7684.1  118-137 AKLALFINONGKPLLGLRRR AMP 0.980
VB-ECOM-ACG-CA0-NC-019399 glycoside-hydrolase-family-protein YP-00F986678.1 41-60  VAKSELDKAIGRNCNGVITK AMP 0.858
EG1-NC-047855 amidase YP-009795817.1 67-86  GSHVKGHNHNSIGVCLVGGI AMP 0.961



Supplementary Table S6. Data giving an overview of the size, genome position, stability, and domains identified within the endolysins derived from model phages A, T4, T5, T7, and 5P6.

Phage Position of the Gene Protein Protein Moaolecular o : . . Melting Position of the
Phage i 7 N R 5 Instability Isoelectric Aliphatic - i 2 S
s accession Protein name gene in virus length  accession length weight indes —— Gravy - point Name of the predicted domain domain in protein
number genome (nt) number (aa) (kDa) (Tm) sequence
lambda_lys-like
(cdD0736)
Lysozyme-like 7-151
Lambda NC_001416.1 endolysin 45493 - 45969 477  NP_040645.1 158 17,82 22,188 9,21 0,631 77,848  43.0°C GAFREES) 215
- - Lysozyme 1-158
(G3DSA:1.10.530.10:FF:000009) 1-154
Endolysin.
(MF_04109)
Ta-like_lys
{cd00735)
Phage lysozyme
(PFO0959) 121'_115;
Ta  NC_ooogssa BVeosdetvdrolase ooy geog7 495 NP0497361 164 1863 32488 959 0385 89268 520°C ty e b 1161
_family_protein {S5F53955) 1-159
Endolysin. 1164
(MF_D4110)
Endolysin
(G3DSA:1.10.530.40:FF:000002)
Peptidase M15
. : (PFO8291) 6-108
SP6 NC_004831.2 endolysin 38976-39332 357 NP_853606.1 118 13,13 34,402 9,42 0,424 €9407 52.0°C Hedgshog/DD-puptiiass 7115
(SSF55166)
PGRP
(cdDB583)
M-acetylmuramoyl-L-alanine amidase-like 13-132
(SSF55846) 10-146
7 NC_001604.1 amidase 10706-11161 456 NP_0419731 151 1698 40307 881 0482 74901 50.0°C N'a‘:e“"m”ra{”;;’;'l";'f{']‘;‘"'"e amidase 11132
Endolysin. ;:::?
(MF_D4111)
Endolysin
(G3D5A:3.40.80.10:FF.000009)
L-Ala-D-Glu_peptidase_like
cd14845
. Hedgeh[og,’[)[)-p:ptidase 9-236
T5 NC_005855.1 endolysin 19931 - 20344 414 YP_0O0BB68.1 137 15,26 35,778 791 -0495 76,277 46.0°C (SSF55166) 3-120
Endolysin i

(G3DS5SA:3.30.1380.10:FF:000004)



Supplementary Table 57. Results of the comparative analysis of all, tested in this work, endolysin sequences and those derived
from model phages A, T4, T5, T7, and SP6. Sequence comparison was performed by using BLAST. The % of similarity was calculated
by dividing the number of similar amino acids (selected as positives by BLAST) by the length of the tested protein and multiplying
by 100%.

Phage name_acc. Protein accession Protein Reference Percentage s P~
I Score E-value Identities Positives Gaps
number number length phage of similarity

590B MW722821 QVR48622.1 163 T4 33.13 273 2e04 33/133 54/133 25/133
EG1_NC_047895 YP_009795842.1 1325 T7 0.98 18.1 2.2 9/22 13/22 0/22
EG1_NC_047895 YP_009795817.1 152 T7 96.71 301 2e-111 142/151 147/151 0/151
Killian_0Q446694 WEUG7851.1 606 T7 2.97 185 0.79 12/47 18/47 0/47
Killian_0Q446694 WEU67899.1 165 T4 96.97 328 1e-121 158/164 160/164 0/164
MLP1_NC_079176 YP_010844467.1 132 T5 59.09 89.0 7e-28 50/137 78/137  9/137
MLP2_0K148441 UEN68765.1 165 T4 96.97 327 3e-121 158/164 160/164 0/164
NTEC3_NC_073318 ¥YP_010749155.1 163 T4 34.97 239 0.003 36/152 57/152 23/152
vB_EcoM_ACG- YP_006986678.1 165 T4 96.97 329 7e-122 159/164 160/164 0/164

C40_NC_019399

vB_EcoM KMB26 OWS5

s CAH2619090.1 165 T4 96.97 329 7e-122 159/164 160/164 0/164
B EcoM LNAL MZ311

;65 coM_INAL_MZ311 it 2kRH133 155 T4 29.03 30.4 1e-05 25/108  45/108  18/108
B _EcoM LNA2 MZ311

;55 G self NLWW35 163 T4 88.34 277 2e-101 131/161 144/161 0/161
;EEECOM—LNM-MB?‘I self _PFXJ59 185 75 432 158 1.9 5/12 8/12 0/12
B_EcoM_LNA4_MZ311

;55. LN self PFXJ204 191 T4 9.95 23.9 0004 7/28 19/28  0/28
B_EcoM_SHAK7163_0

MRS - WVW77660.1 1107 TS 1.17 208 026  12/20 13/20  2/20
R594179

B_EcoM_SHAK7163_O

VEECONL -~ WVW77668.1 115  SP6 82.61 185 1le-66 88/114  95/114 0/114
R594179

VB_EcoM_SHAK7693_0

ooV -~ WVW77753.1 80 Ta 20.0 185 0.055 13/36 16/36  5/36
R594180

vB_EcoM_SHAK7693_0

—=COVL - WVW77754.1 101 717 6.93 135 5.2 5/12 7/12 0/12
R594180 / / /
B_EcoM SHAK7704 O

VB_EcoVL ~~ self RMKPS5 115  SP6 83.48 184 3e-66 88/114  96/114 0/114
R594181 -

B_EcoM_SHAK7704 0

Ve_seall —~ self RMKP62 1103 75 1.18 208 024  12/20 13/20  2/20
R594181

VB _EcoM SHAK7854 O

RO, -9 self DNYN 2 P ; 8 0. 7 7 7
s self DNYN53 1296  SP6 0.85 208 032 9/ 11/1 0/1
vB_EcoM_SHAK7854_0 _ it bnyN29 153 17 77.78 225 3e-81 105/151 119/151 0/151
R594182 -

B_EcoM_SHAK7858 O

VB_ECoVL. -2 Wvw77834.1 162 T4 34.57 216 0020 36/152  56/152  23/152
R594183

vB_EcoM_SHAK9454 0

—ECOML -9 el p . 8 0.

o self ZENBS3 1296  SP6 1.08 208 031  11/23 14/23  1/23
B_EcoM_SHAK9454 0

VB_ECOVL -7 self ZENB29 153 17 77.78 226 2e-81 105/151 119/151 0/151
R594184

B_EcoM-101112UKE3-

VE_ECo Qz178958.1 165 T4 96.97 329 7e-122 159/164 160/164 0/164

1 _MZ234013




vB_EcoM-

7179532.1 165 T4 96.97 329 7e-122 159/164 160/164 0/164
101117851_MZz234018 € / / /
vB_EcoM-
172859UKE1_MZ23402 QZI80176.1 163 T4 88.96 280 1e-102 133/161 145/161 0/161
5
VE_Ewohe Q7180907.1 165 T4 96.97 329  7e-122 159/164 160/164 0/164
CHD16UKE1 MZ234030 ? .
h_tcon QzI80464.1 165 T4 96.97 329 7e-122 159/164 160/164 0/164
CHD2BS1 MZ7234027 : :
vB_EcoM-

- 181192.1 163 T4 95.71 317 2e117 152/161 156/161 0/161
CHDSAUKE2_M7234031 % = / / /
vB_EcoM-

AN Qz183386.1 165 T4 96.97 329  7e-122 159/164 160/164 0/164
vB EcoP ACG-

_ECOr_ YP 0069878111 115  SP6 85.22 185 2e-66 86/114  98/114 0/114
C91 NC 019403 - = / / /

B_EcoP LNA3_MZ311
; i e self GXIJ6 1296  SP6 1.08 208 030  11/23 14/23  1/23
B_EcoP LNA3 MZ311
;65 LB E b self GX1J34 153 717 77.78 223  3e-80 103/151 119/151 0/151
B_EcoP_LNA5_MZ311
; i s S self TCEH45 1296  SP6 1.08 208 032  11/23 1423 1/23
;EIECOPJNAS*MZ?’H self TCEH12 153 717 77.78 224 6e-81 105/151 119/151 0/151
vB_EcoP-
101101UKE1_MZ23401 QZI78680.1 115  SP6 83.48 184 6e-66 89/114  96/114  0/114
2
vB_EcoP-
101117UKE2_MZ23401 QZI79610.1 124 SP6 78.23 186 1e-66 89/115  97/115  0/115
g
- ool Qz179670.1 124 sP6 78.23 186 1e-66 89/115  97/115  0/115
101118B1_MZ234020 : :
vB_EcoP-
101118UKE1_MZ23402 QZI79721.1 153 17 77.12 221 9e-80 103/151 118/151 0/151
1
VvB_EcoP-101120B1-

- 179784.1 1 17 77.7 224 6e-81 105/151 119/151 0/151
2 MZ234022 e 33 8 8 / 9/ /
vB_EcoP- QzI79844.1 153 17 77.78 224 6e-81 105/151 119/151 0/151
101120B2_MZ234023 : :
ue_so Qz179903.1 153 17 77.78 225 3e-81 105/151 119/151 0/151
101136851 _MZ234024 ' ' ©
vB_EcoP- Qz178465.1 118 17 78.81 177 4e-63 84/116  93/116  0/116
22664BS1 MZ234009 ’ ’

VB_EcoP-22664UKE3- ) 006111 153 17 77.78 224 9e-81 104/151 119/151 0/151
2 MZ234011
vEB_EcoP-

Qz7184581.1 115 SP6 83.48 185 le-66 89/114 96/114  0/114

UTIB9UKE2_MZ234049




vB_EcoP-

7184648.1 115  SP6 83.48 185 1e-66 89/114  96/114 0/114
UTISOUKE3_MZ234050 / / /
vB_EcoS_ACG- YP 0069878851 162  lambda  4.32 142 54 4/12 7/12 0/12
M12_NC_019404 -
B_EcoS UTEC10 PP29
:552“’ = - WWY66481.1 162 T4 33.95 30.0 3e-05 34/133  55/133  25/133
VB _Ecos- Qz179000.1 164 T4 21.34 254 0001 23/83  35/89  23/89
10111482 MZ234014 : ' S
vB_Ecos- Qz179065.1 164 T4 2134 254 0001 23/89  35/89  23/89
101114B54_MZ234016 ' ' o
vB_EcoS-
Q7178369.1 164 T4 21.34 254 0001 23/89 35/80  23/89
22664B1_MZ234008
vB_Ecos: QzI78493.1 163 T4 34.36 273 2e-04 37/152  56/152  23/152
22664852 _MZ234010 ! : '
= USL86318.1 164 T4 2134 25.4 0001 23/89  35/89  23/89
CHD2B1 MZ234026 ‘ ‘ A
vB_Ecos: USL86352.1 164 T4 21.34 239 0.003 22/86 35/86  23/86
CHDSUKE2_MZ234029 ' ' ' '
VB, Eeos- YP 0096201481 153 T4 37.25 281 1e-04 38/151  57/151  23/151
Golestan_NC_042084 = ’ ) )
ve Etos YP 0107495681 163 T4 34.36 27.7 2004 38/152  56/152  23/152
phiEc3_NC_073323 - : : :
VA_Ecos QYU43915.1 162 T4 35.19 239 0003 36/152  57/152  23/152
phiEcd_MZ576218 ' : S
vh_Beas USM81274.1 163 T4 34.36 277 1e-04 38/152  56/152  23/152
UTIBOUKE1 MZ234048 ‘ ‘ '
vB-Eco-
WPK27911.1 115  SP6 83.48 183 8e-66 88/114  96/114  0/114
KMB14_OR424384
vB-Eco-
WPI70775.1 1 T4 97 28 2e-121 157/164 160/164 0/164
KME30 GHsEsT 170775 65 96.9 3 e 57/164 160/164 0/16
B-Eco-
e WQN07383.1 165 T4 96.97 329  7e-122 159/164 160/164 0/164
KMB23_OR525702
NG b WPK28014.1 165  lambda  4.24 135 9.6 4/8 7/8 0/8
KMB25 OR424386 ) ' ' )
vB-Eco-
P i T4 : : 4 4
KMp2e DRSagaig  WRILOBSL 165 96.97 329 7e-122 159/164 160/164 0/16
i WQN07684.1 163 T4 34.36 273 2e-04 38/152  56/152  23/152
KMB35_ OR525704 ' ) '
vB-Eco-
WQN07602.1 168 T4 2.4 235 0004 26/103  41/103  5/103
KMB36_OR525703 & / / /
“Ezhen- WQNO06754.1 167 T4 64.67 171 1e-59 81/161  108/161 0/161
KMB37 OR525700 ) )
vB-Eco-
KMpss DREzsyor  WANOZIET.A 163 T4 88.96 280 2e-102 133/161 145/161 0/161
Su-EhE- WPJ71303.1 165 T4 96.97 329  7e-122 159/164 160/164 0/164
KMB39 OR539219 ) )
vB-Eco-
WPI71570.1 165 T4 96.97 329 7e-122 159/164 160/164 0/164

KMB40_0OR539220




vB-Eco-

(MB4s ORS39221 WPJ71835.1 165 T4 96.97 329 7e-122 159/164 160/164 0/164
o WQN06429.1 130 TS 55.38 87.8 2e-27 48/128  72/128 5/128
KMB43_OR525698

vB-Eco- WQN06679.1 164  SPG 4.27 154 2.1 5/9 7/9 0/9
KMBA46_OR525699

vB-Eco-

Kb BRTSE WPK27967.1 115  SP6 83.48 184 6e-66 89/114  96/114 0/114
ZCEC14 OP168898  UVD33441.1 163 T4 96.32 322 20119 155/161 157/161 0/161
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E, Wegrzyn G, Nejman-Faleniczyk B. Phage Endolysins as Promising and Effective Candidates
for Use Against Uropathogenic Escherichia coli. Viruses. 2025 Apr 13;17(4):560. doi:
10.3390/v17040560,

polegal na wspoétudziale w:

(1) nadzorowaniu prac polegajacych na zbieraniu danych do przygotowania rozdziatu
numer 1 oraz 2;
(i)  nadzorowaniu prac zwigzanych z powstawaniem rozdziatu nr 4;

(iii)  przygotowaniu pierwotnej i ostatecznej wersji manuskryptu.

PODPIS



Kaja Stromska (Kuligowska) . —_— -
IMIE | NAZWISKO DATA

Ro
=3

...........................................................

Katedra Biologii Molekulamnej,
Wydzial Biologii,
Uniwersytet Gdanski

.............................................................

AFILIACIA

OSWIADCZENIE

Niniejszym o$wiadczam, iz moj wklad w publikacje:
Wesolowski W, Lukasiak A, Bloch S, Kuligowska K, Neumann J, Lewandowska N,
Weglinska E, Wegrzyn G, Nejman-Falenczyk B. Phage Endolysins as Promising and
Effective Candidates for Use Against Uropathogenic Escherichia coli. Viruses. 2025 Apr
13;17(4):560. doi: 10.3390/v17040560,

polegal na zbieraniu danych literaturowych na temat endolizyn fagowych.
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Pracownia Chemoinformatyki Srodowiska,
Wydzial Chemii,
Uniwersytet Gdanski
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AFILIACIA

OSWIADCZENIE

Niniejszym o$wiadczam, iz méj wklad w publikacje:
Wesotowski W, Lukasiak A, Bloch S, Kuligowska K, Neumann J, Lewandowska N, Weglinska
E, Wegrzyn G, Nejman-Falenczyk B. Phage Endolysins as Promising and Effective Candidates
for Use Against Uropathogenic Escherichia coli. Viruses. 2025 Apr 13:17(4):560. doi:
10.3390/v17040560,

polegal na wspéludziale w zbieraniu i walidacji danych do analiz filogenetycznych.
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AFILIACIA
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Niniejszym oswiadczam, iz méj wkiad w publikacje:
Wesotowski W, Lukasiak A, Bloch S, Kuligowska K, Neumann J, Lewandowska N, Weglifiska
E, Wegrzyn G, Nejman-Falenczyk B. Phage Endolysins as Promising and Effective Candidates
for Use Against Uropathogenic Escherichia coli. Viruses. 2025 Apr 13;17(4):560. doi:
10.3390/v17040560.

polegal na wspéludziale w przygotowaniu oraz edycji pierwotnej i ostatecznej wersji manuskryptu.
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Katedra Biologii Molekularnej,
Wydzial Biologii,
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AFILIACIA

OSWIADCZENIE

Niniejszym o$wiadczam, iz méj wklad w publikacje:
Wesolowski W, Lukasiak A, Bloch S, Kuligowska K, Neumann J, Lewandowska N, Weglinska
E, Wegrzyn G, Nejman-Falenczyk B. Phage Endolysins as Promising and Effective Candidates
for Use Against Uropathogenic Escherichia coli. Viruses. 2025 Apr 13;17(4):560. doi:
10.3390/v17040560,

polegal na wspétudziale w przygotowaniu oraz edycji pierwotnej i ostatecznej wersji manuskryptu.
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Katedra Biologii Molekularnej,
Wydziat Biologii.
Uniwersytet Gdanski

AFILIACJA
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Niniejszym o$wiadczam, iz mdj wkiad w publikacje:
Wesotowski W, Lukasiak A. Bloch S. Kuligowska K, Neumann J. Lewandowska N, Wegliniska
E, Wegrzyn G, Nejman-Falenczyk B. Phage Endolysins as Promising and Effective Candidates
for Use Against Uropathogenic Escherichia coli. Viruses. 2025 Apr 13:17(4):560. doi:
10.3390/v17040560.

polegat na dyskusjach merytorycznych dotyczacych analiz weze$niej opublikowanych artykutéow w celu

opracowanie spojnej koncepeji i wnioskow. a takze pomocy w redagowaniu tekstu manuskryptu.
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KATEDRY BIOLOGI| MOLEKULARNE.
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IMIE I NAZWISKO DATA

Katedra Biologii Molekularne;j,
Wydzial Biologii,
Uniwersytet Gdanski

AFILIACJA

OSWIADCZENIE

Niniejszym o$wiadczam, iz méj wkiad w publikacje:
Wesotowski W, Lukasiak A, Bloch S, Kuligowska K, Neumann J, Lewandowska N, Weglinska
E, Wegrzyn G, Nejman-Falenczyk B. Phage Endolysins as Promising and Effective Candidates
for Use Against Uropathogenic Escherichia coli. Viruses. 2025 Apr 13;17(4):560. doi:
10.3390/v17040560,

polegat na:

e opracowaniu i konsultowaniu koncepcji badan oraz zalozen naukowych niniejszej
publikacji,
wspétudziale w sprawowaniu merytorycznego nadzoru nad realizacjg prac,
interpretacji uzyskanych wynikéw oraz formutowaniu wnioskéw,
koordynowaniu prac zwiagzanych z przygotowaniem manuskryptu i dbaniu o jego
spojnos¢ merytoryczng i redakcyjna,
koordynowaniu wspotpracy pomigedzy wspétautorami i okresleniu zakresu ich pracy,
przygotowaniu oraz edycji pierwotnej i ostatecznej wersji manuskryptu,
komunikacji z redakcjg czasopisma, w tym prowadzeniu korespondencji na etapie
zgloszenia, recenzowania i publikacji manuskryptu,

e koordynowaniu prac zwigzanych z przygotowaniem odpowiedzi na uwagi recenzentow
oraz wprowadzeniem wymaganych zmian do manuskryptu.
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Publikacje naukowe

(pogrubione pozycje wchodza w sklad rozprawy)

1.

Wesolowski W, Czerwonka G, Zegadlo K, Jagiela E, Lukasiak A, GrabowskKi &,
Mantej ], Dziuba A, Bloch S, Topka-Bielecka G, Necel A, Kostovski D, Weglinska
E, Narajczyk M, Wegrzyn G, Nejman-Falenczyk B, Adamus-Bialek W.
Significant variability in virulence factors and antibiotic resistance of
uropathogenic Escherichia coli strains may be counteracted by their
susceptibility to lytic bacteriophages. Sci Rep. 2026 Jul 21;16(1):26677. doi:
10.1038/s41598-026-62793-9.

Necel A, Stasitoj¢ M, Wesotowski W, Narajczyk M, Kosznik-Kwasnicka K,
Kazmierczak N, Naumiuk t, Loika H, Piechowicz L, Zywicka A. Newly isolated
Pakpunavirus: efficacy and safety assessment in light of alternative therapies
against P. aeruginosa skin infections. Front Microbiol. 2026 Apr;17. doi:

10.3389/fmicb.2026.1807725.

Bloch S, Lewandowska N, Zwolenkiewicz-Nowak ], Mazur M, Chylewska A,
Dabrowska AM, Musiat N, Czaplewska P, Wesotowski W, L.ukasiak A, Ferenc M,
Pietrzycki M, Weglinska E, Mach P, Wegrzyn G, Olejniczak M, Nejman-Falenczyk B.
UpRoil - the phage-derived microRNA-size non-coding RNA molecule regulating
both phage and its bacterial host development. Biochim Biophys Acta Gene Regul
Mech. 2026 Mar;1869(1):195135. doi: 10.1016/j.bbagrm.2026.195135.

Lukasiak A, Wesolowski W, Neumann ], Lewandowska N, Weglinska E, Bloch
S, Wegrzyn G, Nejman-Falenczyk B. Groundwork for phage therapy: multi-
faceted comparative analysis of lytic bacteriophages infecting uropathogenic
Escherichia coli. Virology. 2026 Feb;615:110738. doi:
10.1016/j.virol.2025.110738.

Lewandowska N, Bloch S, Chylewska A, Dgbrowska AM, Mazur M, Zwolenkiewicz ],
Wesotowski W, Lukasiak A, Weglinska E, Olejniczak M, Wegrzyn G, Nejman-
Falenczyk B. Application of Ultraviolet (UV) and Circular Dichroism (CD)
Spectroscopies to Study RNA-RNA Interactions of Regulatory RNAs of
Bacteriophage Origin. In: RNA Spectroscopy. Springer US; 2026. p. 123-136. doi:
10.1007/978-1-0716-5084-4_8.
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10.

11.

Knefel M, Zielenkiewicz M, Jeleniewska W, Rabalski t, Kapusta M, Goérniak M,
Wesolowski W, Malinowska K, Szota M, Lepionka T, Wegrzyn G, Wegrzyn A,
Grabowski L. Evaluation of the effectiveness and safety of bacteriophage vB_Sen-

Miriam1 against Salmonella enterica in in vitro and in vivo models. Virology. 2025

Oct;611:110660. doi: 10.1016/j.virol.2025.110660.

Lewandowska N, Bloch S, tukasiak A, Wesolowski W, Wegrzyn G, Nejman-
Falenczyk B. The Role of Bacteriophage-Derived Small RNA Molecules in Bacterial
and Phage Interactions. Viruses. 2025 Jun;17(6):834. doi: 10.3390/v17060834.

Wesolowski W, Lukasiak A, Bloch S, Kuligowska K, Neumann J, Lewandowska
N, Weglinska E, Wegrzyn G, Nejman-Falenczyk B. Phage Endolysins as
Promising and Effective Candidates for Use Against Uropathogenic

Escherichia coli. Viruses. 2025 Apr 13;17(4):560. doi: 10.3390/v17040560.

Necel A, Dydecka A, Topka-Bielecka G, Wesotowski W, Lewandowska N, Bloch S,
Nejman-Falenczyk B. What, how, and why? - anti-EHEC phages and their
application potential in medicine and food industry. | Appl Genet. 2024
Nov;66(1):219-240. doi: 10.1007/s13353-024-00918-4.

Bloch S, Lewandowska N, Wesotowski W, Lukasiak A, Mach P, Nejman-Falenczyk
B, Wegrzyn G. Analysis of Phage Regulatory RNAs: Sequencing Library
Construction from the Fraction of Small Prokaryotic RNAs Less Than 50
Nucleotides in Length. In: Bacterial Regulatory RNA. Springer US; 2024. p. 25-34.
doi: 10.1007/978-1-0716-3565-0_3.

Witkowska M, Wesotowski W, Markiewicz M, Pakizer ], Neumann ], Ozarowska A,
Meissner W. The intensity of supplementary feeding in an urban environment
impacts overwintering Mallards (Anas platyrhynchos) as wintering conditions get

harsher. Avian Res. 2024;15:100205. doi: 10.1016/j.avrs.2024.100205.
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Wystgpienia na konferencjach naukowych

Wystagpienia ustne

1.

2.

3.

The role of SRNAs molecules in an antirepressor-mediated initiation of the phage lytic

cycle.V International Sopot Youth Conference 2021 11 czerwca 2021, Sopot, Polska

Influence of the newly discovered sRNA molecules on the development of phage
carrying toxins dangerous to humans. 8th Central European Congress of Life

Sciences EUROBIOTECH 21 czerwca 2022, Krakéw, Polska

Potencjat nowo odkrytych bakteriofagow w zwalczaniu zakazen spowodowanych
lekoopornymi uropatogenami. 11l Sympozjum Bakteriofagowe 5-7 wrze$nia 2024,

Gdansk, Polska

Wystapienia posterowe

1.

The role of sSRNAs molecules in an antirepressor-mediated initiation of the phage lytic
cycle. IXth Intercollegiate Biotechnology Symposium “Symbioza” 23 maja 2021,

Poznan, Polska

Herpeswirusy i bakteriofagi, co majqg wspdlnego?. XXIX Zjazd Polskiego

Towarzystwa Mikrobiologéw 15-17 wrzes$nia 2022, Warszawa, Polska

Porownanie nowo wyizolowanych bakteriofagébw  majqgcych  potencjalne
zastosowanie w terapii fagowej skierowanej przeciwko uropatogennym bakteriom

Escherichia coli. 11 Sympozjum Bakteriofagowe 7-9 czerwca 2023, Gdansk, Polska

Bacteriophages — a new biological force in the fight against uropathogenic bacteria
resistant to antibiotics. 9th Central European Congress of Life Sciences

EUROBIOTECH 27-28 czerwca 2024, Krakow, Polska

Wieloaspektowa charakterystyka bakteriofaga vB-EcoS_57-3 infekujqgcego
uropatogenne bakterie Escherichia coli. IV Sympozjum Bakteriofagowe 4-6

wrzes$nia 2025, Gdansk, Polska
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Kursy, staze i szkolenia

1. Uniwersytet Gdanski, Wydziat Matematyki, Fizyki i Informatyki, studia licencjackie
z bioinformatyki w latach 2020 - 2025. Praca dyplomowa wykonana pod
kierunkiem dr. hab. Stanistawa Otdzieja pt. Identyfikacja wariantéw w sekwencjach
aminokwasowych biatek w obrebie centréw aktywnych i fragmentéw

konserwowanych.

2. Uniwersytet Jana Kochanowskiego, Collegium Medicum, Kielce, Polska, 17-22
wrze$nia 2023 roku, opiekunowie; Wioletta Adamus-Biatek i Grzegorz Czerwonka.
Staz naukowy majacy na celu wykonanie analiz bioinformatycznych szczepow
UPEC i uzyskanych z nich bakteriofagbw w celu opracowania wynikow

potrzebnych do publikacji w czasopiSmie naukowym.

3. Polska Akademia Nauk, Instytut Immunologii i Terapii Do$wiadczalnej im.
Ludwika Hirszfelda, Wroctaw, 8-9 kwietnia 2024, opiekun Ryan Cook. Szkolenie z

zakresu analizy bioinformatycznej danych metagenomowych.
Projekty naukowe

Tytut: Assembly and annotation of phage genomes capable of combating uropathogenic
Escherichia coli. Grant na badania otrzymany w ramach IV edycji programu matych
grantow - UGrants, realizowanego w ramach Inicjatywy Doskonatos$ci Uczelnia Badawcza

(IDUB) w Uniwersytecie Gdanskim.
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