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Isolation of an E. coli flagellotrophic Jumbophage SHEFM2K that replicates in
cytoplasmic putative assembly areas

Ghadah Alsharif®, Trong Khoa Pham*, Alexandra N. Connolly’, Karolina |
Pyrszanowska', Elspeth M Smith', Alhassan Alrafaie®, Carl Smythe* and Graham P.
Stafford'?
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Abstract

1&/'G-%0/2" @&-A/'$?V<EQH!W-111"(-0/712" D!>, @-10/>21/7'7-:231)-2D'D+(U!> 1+, Al-1, /W(3!
t1%(-0/7'E. coli VXOV*>!1102-, ' VHEIH!YZOCR? [4#1$ - KK\]S!$?V<EQH!+1!(-2A71%" , 02-%0(/#0—~+(/ 7"
I>DG"@&-A/'WH&!-!A/, "D/ *)ICK[UG!1&-2,Al&" D" (" A3'WH&!I>DG " @&-A/")2"D!E. colil*)!&/!
Asteriusvirus'A/ ,>11$?V<#E9IH!& " 1012 , A/10/10+, Al+, 7#%-0/710&-0101 , (3'D-U/11%(/ -21@(-">/1!
WHEIVIHEQH! -, 7!-11/@1+11102—+, 12" D! ™ >21%" (/%0+* ,1Y__CKMP8]S!!'? " 1042, A+, Al-11-31!, 7+%-0/7!
0&-01401+11 -G(/10" 1 1>@@2/1110&/1 A2"WO&! ") =12- ,A/1 )L E. colit102-+, 11+, 1(#>+71%>(0>2/1-11-31R!
H,U(>7H, AIV2V>IZUMTR? A HA"OIYE*""8884 E__""\MM]! -, 7! E.coli' L!YLF9"s!! : VE!ItD-A/1!*)!
£, )% VI VIREQH!+, 749%-0/71 =11 " %07 , WH&! )(-A/((-#(U/1 102>%0>2/15! 1! 5 1 E. colil E*"'888!
D>0-,01(-%Ut, A&/ ) (-A/((+, YHICI'A/ , /\W-11(/11117 , 1:0:6 /10" I$S?V<EQH!, ) /%0t " , 41-10&/ , 03@/!
2/1072/7'G3!@276+7+,AlfliClin transS! - &/1/'7-0-14((>102-0/1EQH!+1! -1)(-A/((" 02" @&%! @&-A/'0&-0!
=00-%&/ 110" N)(-A/((-"-211@-201" )01k, ) /%0t ™ , 1%3%(/SNas/1-(1 " 1@2/ 1/ ,00%2" 1141 /%0 " , (' - VERD-A/1!
)&/ SPV<EQH!, ) /%0, 1%3%(/! 18" W+, Al0&=0140!) *2D 1! @>0-0+6/1b-11/DG(3! -2/ - 1c!+, 10&/! & " 10!
%30"@(-1D%(/-2/7!")uG 1" D/1!-, 7' 0&/2'D -0/ 2t-(\WH&!&/ - 711-@@/ -2+ , AIW1&+ , 10&/ 1@/ 21@&/ 23!
G/)"2/10-+(1!-@@/-2! -, 7! (311! "w%>21Sl a/! -(171 @2/1/ ,010&/! @270/ " D/! *)! D-0>2/1 $?V<E9H!
0&-A/H&A&(HA&N , Al@270/+, L1/X@2/11/7!-, 7!, *0-G(/0&" 1/, =17 /0/%0/ 7'W&%&!DA&N&-6/!-12 (/!
t, 1/@(%-0" , 1A/, 0&/21@2/ 70/ 7Y)> , %0 ™ , SNZ6/2-((4IW/1@2/17 ,01-1@2/ (+D+, -231%&-2-%0/2+ 10" , !
=L /WEHLT(-0/7N>DG " @&-A/10&-01+,0/2-%01! WH&! 0&/! E. coli!)(-A/((>D!-,7!>,%"6/2! ,"6/(!
-1@/%01! ")0&/+2!G+" (" A3IG317/ , 13+, Al-, 1+,0/2, -(1-11/DG(3!-2/-5!



Introduction

|

Bacteriophages are arguably the most numerous biological entities on our planet and
their diversity and variety are even broader than their bacterial hosts (Clokie et al.,
2011; Chanishvili, 2012). While phages were discovered over 100 years ago in the
famous work of Twort, Hankin and d’Herelle (Chanishvili, 2012), it was not until 1978
that ‘jumbo’ or ‘giant’ phages were first identified(Krylov and Zhazykov, 1978)3!! : &:1!
0/2D12/)/211071@&-A/1IWH&!A/ , " D/ 11(-2A/210&~ ,198849M8UGI 7/@/ , 7+, Al ™ )1 =@+, ,1-,717)0/, ]
WHE! %-@1+7! 7+-D/0/21! *)! *6/2!"'88! ,D!Yd>-,!-,7! -"4198" ¢! E!=3/2! et al.41989"]s!! = &/12!
A/, D/1'-2/1G70&! (-2A/2' -, 7' D2/ %" D@(/X! 0&-,! "0&/2! @&-A/ 14 WH&! 1/6/2-(1 (FB ;1! -, 7!
6-2">11 D/0-G*(®%! /7, 13D/#/ , %" 7+, AV A/, /14 /SASL 4G ™ ,SU(/ = 0:7 /1 2/ 7>%0-1/810&/42! "W, ! B ;!
@*(3D/2-1/!-,7',>D/2">1! _B;D/0&3(02-,1)/2-1/1Yd>- -, 7! -=4198" " ]s!!

&/ VA=, NI>DG T @&-AL-2/12/(-0:6/(31 @ "2(3! >, 7/210% = 7! G+ ™ (" Asth—((341 G>0! *6/2!1988!+1 " (-0/1!
/%200 0&=01 +,)/%00 =1 2- ,A/1 ") D-2,/! G-%0/2-! -1! W/((! -1! &>D-,! @-0&" A/, 14! +,%(>7+,A!
Synechococcus!Y?>-let al.#198" " iPseudomonas YB-U, -/ ,'et al.}1989K]4! Salmonella'Yhi/!et
al.£1989""4!Klebsiella Y?>\et al.#1989Ce! F- , (-4I$U>2, +U!-, 7IHH>, / ,41989K]4 Bacillus (Yuan and
Gao, 2016)4 Erwinia 1@0@5!'YO2%&-27'et al.4!'989C]! -, 7! *0&/2!/ ,0/ 2% 1@@S! 1>%&! - 1! Escherichial
coliYd>-,1-,7! -=4198""elJ"let al.4!989C]!! ; 1A/, /2-(12>(/1")10&>DG!110&-010&/1/!-2/1612>1/1!
W&=1/'A/ , " D/W11"6/219884#OM8BUGH , 111 /!-, 71%" ,0-+,10&/12!'"W,! . B ;10" (3D/2-1/!-1IW/((!-1!-!
2- , AV ") 0&=2-%072:10:%! 2/@(+%-0+" 1 -, 7! B ;1 2/@(%-07,!1 /,13D/1 1>%&! -1 FB ;! -, 7! B!
@"(3D/2-1/1d>-,!-,7!__-"4198" "el02:%&-27"et al.41989C]s!

I

!

&1 10>73! ) 1TD/N>DGT0&-A/ &-112/67-(/7! -1, "6/(! D/%&-,+1D! *)! &" 10#0-U/"6/2! -, 7!
D/%&- ,+1D!")2/ @0+ , %, 1:7/11/ (}#-11/DG(+ , Ak, 072, (', >%(/#!1Y*&-U/ /2-0+1-Ulet al.4198" 4!
98" "elH"))!et al.4198"Pe! _ >-,1-,7IL",73#_/,"D3419898¢e! L12U&" (I'et al.4!9899¢! O2:%&-27!-,7!
O"A(t-, "#1989K]s!! - &/1G/10110>7+/ 71/ X-D@(/!1-2/1-1A2" >@! " \>DG " @&-A/41G/ 101/ X/ D@(+):/ 7!G3!
Goslar-2/(-0/7" @&-A/! Y-@@2"XS! 9MBUG]! W&%&! @2°7>%/! -! @270/+,-%/">1! b, >%(/>1H#U/c!
%*D@-20D/,010&-01411)"2D/ 7' >1t , Al -1 @&-A/1/ , %" 7/7' @270/, U, "W, 1 =11 *&D—((t,! ; 1Y*&D; ]!
YF->A&(+, let al.419899]!"2!Phage Nuclear enclosure protein (PhuN)(Nieweglowska et al., 2023)s!!
&L= %% " D@- ,+/7'G310&/1@2/1/ , %/ ") -10&-AL1/ %" 7/ 70>G>(+, 103@/1@270/+,1YO&>1RIO&-A/!
2>G>(H, <010 ]N0&=01@2° 7>%/ 11 -, 1+, 02-#, >SU(/-2102/-7TD+(1+,6 (6/7'+,10&/1 @27 7>%0+" ,1 ) @&-A/!
@-2010(/ 1! 0&~0! =01 0&+1! @+, 01411, *6/(10% 1 G+™ ("A3XYH2-/D/2' et al.4! 98" ! *&-1U//2-0:1-Ul et al.i!
98"P]S!?*W/6/241:01+11> ,%(/-21&"W!D-, 3! *0&/2'A/ , /2-' " )1 At=, (gI>DG "1 @&-A/1! /D@(" 3! 1+D+(-2!
D/%&- ,+1D141@-203!'7>/10" 1 -1(-%U! *)110>7+/1S1NO&3(" A/ , /0%—((310&/" " 1(-24(U/'6+2>1/1")"2D!-!
>DG"! @&-A/!%(-7/'U, "W, ! -1! Goslarvirus, -(0&">A&!0-X", "D3!+1! /6% (6, Al W+&! 0&/! ,-D/!
Chimallivirus! ,*W! @2"@"1/7!)"2! @&-A/! %" ,0-+,+,Al =1 &*D*(*A>/! )1 0&/! *&D-((+,! @2°0/+,!
YO2:%&-27'et al.41989C]s!!

I

$/6/2-(1"0&/2'E. colilt,)/%), All>DG" 0&-A/1411>%&!-1!1@7? ; OV*\lYa-A/D-, 1let al.419898]!-2/!
t,1-1A2">@!IU, "W, !-110&/Asteriusvirus!YH"2)!et al.{198"'P]S!' - &/1/'&-6/'A/ , "D/ 11+, W&/ 12/ A" !
")ICM8BUGH!(-2A/1&/-711Y"6/2!"'98 , D]!-, 710&/1%&-2-%0/2:10+%! _ B ; 12/@(%-0" ,'A/ ,/1'D/ ,(+* , /7!
-G 6/1Yd>-,1-,7! _-"4198" IS ?"W/6/2416/23! ({00(/!+1!U, "W, ! -G " >0! Asteriusvirus!G+* (" A3!+,!
0/2D1!")0&/+21+, ) /%067 1%3%(/! = 21& ™ 101%/((12/%/@0"2! " , ' E, colil 102-+ , 110&—-010&/ 3!+, ) /%0S!

I

2/2/IW/12/@ 00871417 (<", 1™)1=1, /WID/DG/2! ")10&/ Asteriusvirus!i>DG * @&-A/11W&! G2" - 7!
£,)/H6:0317)1=12— | A/1")IE. colit102—+, LIS PV<EHNCK UGS as/102/1/ ,017-0-1> %" 6/2+ , AL, /W!
—1@/%01! ")! LY G™ (A3 4, %(>T+, AL T/, 03¢, AL )21 0871 )220 1D/4) -1 %/ (>(-2! 2/%/ @072 )" 2! -, !
AsteriusvirusitA-t, 1+, TIAGILY: , 0" W112/@(%6—0:" , 1%3%(/1 -, 7V1/0108/1) ">, 7-0+" 1) " 21)>28/2110>7+/1!
)&/, A+, All>DG " 08-A/18

Methods



!
Plasmids, bacterial strains, and growth

O(-1D+#711>1/7%,108+1110>73!-2/1(+10/7'+, (Table S1)SIL-%0/2:-(1102-+,11-2/(:10/7':, I Table 15! ; ((!
102-+, 1W/2/1A2" W, 1+ IFS2—4L /20— WFL] " 21L2-+,1&/-201 , )> 14" YL 2=]1G2"0&! -, 7!D~+,0-+, /71" !
FL! -A-2! =0! CTj*s! | <®21 @&-A/! +,)/%0:" , 14! FL! 17)! -A-2! Y8CMK]! W-1! /D@("3/75!
I

Phage isolation protocol

I

L-%0/2" @&-A/!$?V<EQHIW-1141"(-0/7!G3!/ , 2%&D/ , 0! *)IM88(! *)!-12-W!D+U!1-D@(/")2" D!

> /1?2 >1/1<-2D4 - >, AW " 208!, IKD(IL 2=IYOK&HIC™ I*JAIWEN&IW-110&7 , 1%/ , (20 >A/ 7! -, 7!
3H0/2/7Y8SKMID]S! - &111-D@(/!1Y* 88! 1 (J'W-110&/ , 1-77/7107 K88 (! ) IVHEIH!YZ _\88m"]!-, 7!
KID(18SCMKIFL!-A-2!G/)"2/'"6/2(-3t,Al" , IFLI-A-21YH2" @+, 1U+let al.41988P]S!!*(/-2!1@(-">/1!
W72/'@%U/ 7,07 IOLS! -, 7!@-11-A/7!CIX1)2" DI@(-0/#31-0/1!" , 18SCMK!FL!-A-210"1@>2+) 35! - &/!
%" ((/%0/7"(31-0/'W-110&7 , 110" 2/ 7' -0IKI*SI< =2 (A>+71(31-0/1!-, 7127 >0+, /1@2% @-A-0" , 41, !

/7X@, 7/ ,04-(10&-A/1%>(0>2/1")1&" LIVHEIHIW-1IA2* W, IG/) " 2/ 1, ) /%" , IWH&!IS?V<E9H!+, IFL!

=, 117(>0/710"1;\88m"1G/) " 2/1G/+, Al-(("W/ 710" 1A2=WI) " 2I""#91& " >211W&/2/1(31+1IW-11"G1/26/ 7!
G/)"2/'&-26/10: ,ASNO(-0/1(31-0/1IW/2/'@2/@-2/7!-1!-G"6/!>1+, A" 88 (I$?V<E9H!

Y-@@2" @2-0/'0:02/7!- , 7'K88u('VUEH!, 17" >G(/!(-3/2!-A-2!-11-318!

I

Transmission electron microscopy of phage particles

B/A-06/! 10-+,+,Al 22—, 1D+11+" 1 /(/%027 , ! D#¥2" 1% " @3! Yz VE]! *)! -1 OV_#%" ,%/ ,02-0/7' @&-A/"
1-D@(/! *)!$?V<E9H!W-1!0/2)"2D/7!-1!@2/6+">1(3!'Yd-D-D"0"'et al.4!"'P~8¢! ; (#i>G+7:! et al.4!
98"P]S!=,11>DD-2341 @>2):/ 7 @&-A/' @-201%(/ 1!+, | BEIG>)/2W/2/ 1 @(-%/7! = , 0% 1%-2G" , #% " -0/ 7!
% @@/2'A271 -, 7!, /A-0:6/(3!10-+, /7'WH&! 9 IYWOG6 ™ (]! >2- , 3(!-%/0-0/"1) " 2!"'D+, S'O-20:%(/ 1'W/2/!
6t1>-(+1/7!>1t , Al-I<V=l 2 /%, -t 91B@12:0102- , 1D11+" , 1/ (/%02 , ' D%2" 1% " @/ -0! - , 1 -%%/(/2-0+, Al
6" (0-A/! ") [8Uo! -010&/ V/(/%02" ,! Ex%2" 1% " @3! 5,40+, $&/))t/(7S' V(/%02" ,! D2" A2-@&1! W/2/!
UN"27/7! ST A -1 (-1 Z2>11'888! THAH-(! %-D/2-1 -, 7! _+AH-(! E1%27 A2-@&! 17)0W-2/5! - *!
"G1/26/'0&-A/1!-(" ,AL+7/'G-%0/2-4"D(1" )/ X@ " , / , 0t—((3'0&-1/1%/ (AN Z - s00'm!""|'W/2/ %, )/ %0/ 7!
WHE!@&-A/!-01- , IEZ=1")1""81) "21""81D+, 41G/) " 2/ 1%/ , 024)>A-(+" , 1-0!~48881pig!) " 2!"* 81D+, St - &/1@/ (/0!
W-112/1>10/,7/7%,"1D(1")ICKIA(>0-2-(7/&37/") " 21" 1&2" * D/ D@/2-0>2/1'G/) " 2/ / X-D+ , -0+ " , |
G3!:VE!-117/1%2G/7'-G"6/S1!1OV_1%" ,%/ ,02-0+" , IW-1!-%&/6/7!G3!-77+,Al""MK!OV__!YWy6]4!
KI*"&AG/) "2/ 1%/ ,025)>A-0:" , 1YKI*ICBI D+, ""\4888!X!A]! -, 712/1>10/ , 1+ ,!+,1OLS$! -, 7'0V__!
2/ D" 6-("WH&!%&("2%) " 2DIY*2*(3]!-, 71%" (/%" ,1™)10&/! - B ; %" ,0-+,+, Al>@@/2!(-3/2S!

I

Host range!testing

2100 2- ,A/IW=-117/0/2D+, /7' >1+ , Al -1 D" 7t/ 7' @(-0/! -11-341 G3! 7+(>0 , Al - @&-A/! 10" %U! y"* 88!
0O<5(¢D(]!-, 7'1@" 00+, AICIR(12@" 01! ™ , N7 " >C(/1-A-21%" , 0-+,+, Al-1& " 101102+, 1(-W, ! -, 71+, %>G-0+", !
)" 219K&!-0IC™ I*IYH>00/2!- , 71$>(-U6/(+7 1 /11988M]SI$Bt , %/1$?V<EQH!7 " /1!, *(1) "2D%(/ -2'@(-"~>/1!
", D" 101102-+, 1410&/1@(-0/!'W-116+1>((3!1/X-D+, /7") "2\(31t1!-, 71@(-~>/1) " 2D -0t " , -, 71-11+A, /7!
-11%"2/Yqq!%" D@(/0/!(31:241q!+, 71%-0/110>2G+7! (31424114, 7#-0/11 , " [(3L+1]SH< " 2 ("> 71 D2 " (10/2!
W/((!-11-3141102-+, 1IW/2/'1A2" W, 10" IZ _ soo!m!™*10&/ , I7+(>0/ 710" 1Z _ s00 = 858M!+, IP\IW/((!@(-0/!W/((1!!
$?V<EOH!@&-A/IW-1!1-77/7'W&!6-23t , AIEZ=1Y"" 888418841 -, 71" 841%—(%>(-0/7!>1+ , AIVHEIH]!
-, 7VA2"WO&! D® ,H0%2/7! "6/2,+A&0 +,1 =1 2/%-,1 $>,21/1 @(-0/! 2/-7/2! YC™ 1741 WH&! 1&-Ut, Adl
D/-1>2/D/ ,011/6/23!"MIDt, IS!1=, 1-(("%-1/11/X@/2:D/ ,01IW/2/'@/2) " 2D/ 7'+ , 10/ %& , %%~ (102:@(+%—0/"
)T /-%&! %7, THT L, =, 7 G (T AR—(! 02:@(+%-0/1 071 %" ,)12DS! | ¥/@2/1/ ,0-0t6/! A2-@&1! )2 D! *,/!
Gt™ (" At-(12/@(%-0/1-2/11&" W 1=, 71, 1-((%-1/1I$SVE!1& "W, S!!

I

Bacterial and phage genome sequencing and bioinformatics !

L-%0/2:-(! B! /X02-%0",' W-1! @/2)"2D/7! >1+,A! -1 &a:1-27" _/, D! B ;! @>2)%-0:",! U!
YO2" D/A-4SH]SN$?V<EOH!IG-%0/2" @&-A/! - B ;1 /X02-%0t" ,!W-1!@/2)"2D/7!>1t ,Al -1 @&/ , " (#
%&"("2%)"2D!'D/0&" 7Y ; #i>Gt7+et al.4198"'PIS!_/, "D/1W/2/11/N>/ W/ T /K821 487 >1/1>1+, Al
=1E+,=ZBI1/™>/ %26 8<(™ , A(Z4_>@@3IMS™ 'S 4N —+(/ 712/ -T1LIW/2/")H0/2/ 7! " >01->0" D-0:%—((3]!



"2>1t, Al0&/1=(>D+, -1 B " 6-$/"1\888!@(-0)"2D! -, 71OM8IG@! @—2/7#/ , T 0/%&, " ("A3!Y" , (312/-71!
@-11¢,Al F*1W/2/1>1/714+,1-11/DG(:/1]5! <*2! rK 9K _KCMP84! 5" 9MMKK! -, 7! 59\MKCA! * , (3!
{(>D+, -W-110/2)" 2D/ 7408/ 1/\W/2/1-11/DG(/ 71>1 , AIS0 3 77116721+ ,1CS™ 1=, 71—, , "0-0/71>1+, Al
02" UU-1"S"CIYE®2"G/1B_ IYL#2D+, A&-DISH]JS!I< " A$2V<EIH! - , 7IVHEIHH2/-T1IW/2/1&3GH7!
~11/DG(/7!>1+,Al5, %3%(/2YamUl et al198" 1™, ~(-X31V>2"@/1Y6/2L+" , 18Ms"1 -, 717/)->(1!
@-2-D/0/211511 5, , "0-0:" , IW-116+-108&-2" UU-IYL " >2-1let al.41989C]! " 21027 UU-1Y$//D-, ,4198"K]!
" 0871 —(-X3IV>2"@/11/26/510&-A/F/-T1INA>UA/& , ~+1&1et al. 419899]IW-11>1/710% 1%&./%U1) 2!
(31"A/,3! /(/D/ 015! O>GEF$:! 6:=1 _~(-X3! V>2"@/! W-11 >1/71 )20 $:#30+,A! —(",AL7/!
O(-1D+7)t, 7/2/9MJA O(-1<("WIYH2-Wi 13U Fs@+, 1Ust -, 7! _ 1t/DG*W1U41 98" []! -, 7! F /1), 7/21)"2!
TEFIL/7 4, AWHS, 1$0-2; EFIYL&-2-0let al.419899]s1 (" 1/1012/(-16/1- , ~(31+1IW-11@/2) " 2D/ 7!
>1t, AlO&-A/*(">71VF- , A/(§O+, /2" 1let al.41989"]s!

|

;11/DGEH/11-2/17/@° 11077,/ , G-, UIWH0&!0&/1) " (" W+, Al-%%/11+" ,1,>DG/21RI$?V<E9H!
0&-A/RIOrCP8™ ""Me! VHEOHRIIL ?-F1888888888¢e! r K~ KOKRIJL-VH ; 8888888884!__KCMPSH!
JL-VH ; 8888888884!5" 9MMKKRIJL-VJ 1888888888!-, 7!5"9M\KCR!JL-VH ; 888888888S!! ; ((!
"0&/21102-1, 1A/, " D/1L/7>/ % 11 -2/1@>G(4(3!-6-+(-G(/TWH&! -%%/11+" , 1, >DG/211, 7+%-0/7', !
<tA>2/!""l

Proteomic analysis

Sample Preparation: L-%/2"08&-A/\W/2/12/1>10/ ,7/7!+,1 F-/DD(# G>))/2 Y98 k! A(3%/2" (!
"Sk! O#D/2h-@0" /0&-, (i 8SOM! E! :21#2*( 02! \S[4 Kk! $_$]! G/)"2/1 77,1 )
= %4/083(-DD",>D! GH%-26",-0/! Y=V L! "E! @?! [$84 $AD-#;(72%8]! 071 G0+, -1 ), (!
0%/ ,00-0" ,1*)IMSI DES!H 5 )0/2 A>— , ()0, 1YL> ;1 ~11-3]1 98! 1Al *)1 @2"0/+, 1L1W-11>1/71)"2!
0270/ " D%I- , ~(314151<210(3411- DO/ L\W/2/ 12/ 7>%/ TVOSIDE! _ 108+ 0820 (Y - = 2l E/2%U]]!-01P8j *!
Y:&/2D " D#X/2! -0 [88!20D4! '8! D+, 1]8! : &/! 1-D@(/1W-110&7 , 1% " (/7! -012" * D! 0/ D@/2-0>2/1 !M!
Dt,1]1G/)"2/1-(U3(~0:" , MBIDE! *)1=* 7" = /0-D+7/1¥=; 5 A1 SAD 4 5 (72%8&J41 OMO*4IMI D, 141+, 108/
7-20J8! : &/11-DO/ LIW/2/ 108/ - T4/ 71> 1+, Al OKI@& ™ 108" 29! %71V "R 81636]1) " (" W/ 7! G3I B
02-@!G+, 7+, AlG>))/2P8KI-">/ " >1ID /&~ , " (185" E! -V ; LA@?! §"]1-01-1"R""16 " (>D /5!

$-DO/1W/2/1 08/ ,102-, 1)/2/ 710" =, 1 $#22-@1 %" (>D, 1YO2 Wl 5311 =, 71 %/, 02)>A/71) " 21 \8!
1/%" , 711-01K888IXIAS! - &/1%# 2 2-@'W-1108/ , IW-18&/7!CI0:D/11WH0&! " M8 IF! *)IG+ , 7+, AIG>)) /21 G3!
W/ ,02)>A-0", I\8IL/%" , 711-0IK8BBIXIAJI-, 7IW-1108/ , 02— , 1)/22/ 710" 1-Wh(/ - , 0>G/ !~ , 71@2"0/+, 1!
TAZ20/7! >14,ALOM IF! *) ES! A2-7/1 -2301+,1 Y:&/2D"! <:18/7]! +,! M8! DE! :V;L! G>))/2!
Yo" L0/ ,02-0e , 17185 LAY BFI-012—0:" 1 7)1 R 81023@1¢ , R@2" 07+, Tl - , 71, U>G-0/ 71 =01K ™ j*1) " 2191 &S]
O/@U7/1IW/2/ &7 1/ (S0/T1G31%/ , 129 >A-0" , 1IYKBBBIXIAINSIL]1>1t, Al-11/21/11")11"(6/ ,013\8 I F!
*)IM8IDE! 1V ; LUNS! IF! ") 859k! ~A>/ " >11) " 2Dl 71 V< ; 4l 1&/2D "1 <118/2J41\8! IF! *)IMSKK!
—/0" H4(/1 Y ;*B]'+,1 859K! <51 -, 7IKSIF! ")l [BK! ;*B!+,! 859k< ;5! V(>0/7! @/@17/11 W/2/!
W (/UL TV~ , TITE/ T, 1-16-%>>DI%" %/, 02-0"2YV@@/ , 7" QN SH]IG/) " 2/1G/+, Al2/%" , 100/ 71+, !
\8!IF!")I8MK!<; -, 7}("=7/7H,0"1-1D-11110/%!6~(1Y : &/2D " 1<+1&/28!

MS AnalysistK!IIF!")I1-D@(/!W-11, I/%0/ 71", 1- , | Z2G2-@IVX@(" 211 VK [ 8! D-1111@/%02" D/0/2!
Y:8/2D "ISH]/A>100/ 7TWHEI-1, -, " 1@2-311 " >2%/4% " >@(/ 710" 1-10- , A>11&IF*1$310/DV : &/2D " 4!
SH]SI0/@07/1IW/2/17/1-(0/T7!" , (+, /1514, Al-1, -, "102-@!%" (>D, Y MISD!s _5h!98! DD!Y: &/2D " 4!
SH]J!-, 7108/, 11/@-2-0/71>1+, Al-, 1V ; $d#$@2-31%" (>D , M8!%D! p!M8!SD!= . #10/@E-@!*"" [4!9!
SDI@-20%(/141""81 €1 @"2/1 1+1/1Y 2 &/2D " BH]]!>1¢, Al -1 A2-74/ , 01 -11) " (("W1R Cke#! 98 k! G>))/2! L!
Y8MI!< ; 1, I[8K! ; *B]N) "2\ [!D+, 12- D@+, Al>@10" ICMIK!G>))/2IL1) * 219CID+ , elPPKIG>)) /21" 81D+ , §!

- 8/! Z2GH2-@! VX@(" 211 W-1! "@/2-0/71+,1 @" 1:46/1 D" 7/1WA&! ! %3%(/1 *)! **1 ES! ~5~>2/71 01 -1
2/17 (>0, 17)1"'984888! 0! Dyl K884 WH&! 08/10" @1 98! D" 10! -G>, 7~ , 0! D>(4@(3! %&-2A/7!Y9q! - , 7!
&A&/1+" , 114, 1 -I A/, 182" D=0" A2- @& Wt , 7" W! 1>GI/%0/ 710" ESYES! )2-AD/ 0= , 1+, 108!
(+, /=247, 02-@WH&I1%- , 12— , A/IYDg1]IC  MIu!™"4988e!, "2D—(+1/7!; _*1-2A/0IC88ke! D" 1%- , 1"'S!
2 1< ESN-2A/06-(>/17)1" /4= 712/1" (>0, 1")I"MI88S8s!



Data Analysis: F-WID-11110/%02" D/02317-0-W-11- , ~(31/7WHEIE -X1>-, 016/21:" , I"S\§"" 83K CA!
=, T/ -2/ T1-A-+, L00&/1)>((182/ 7960/ 7102”0/ " D/ 11" ) IS 2V<E9H!- , 7IVHEIHIS)-10-1)+(/1) " 2D (]!
>1t, ALO&/Y )™ ("W, Al 1/-2%8) @-2-D/0/211 )" 2! 10—, 7-271 @270+, 1 +7/ ,09)-0" R /, 13D/ 1/01 0*
-23@1+ 00! YO! D118/ -6-A/ 1] D/0&" ,+, /! "X7-4" |1 = 7V B#/2D+, ~(1 @2°0/+, 1 ~%/03(~0" 1 -1
6-2-G(/1D " 740" , 141%310/+, /1%-2G-D¢7 " D/I&3(~ 0" , 1= 11-1)X/ 71D " 74)h-0¢™ , 51 3102707+, 1< _ F!
")IBS8 -, 71-10/@V7 /1< _ F17)I8S8 " IW/2/1>1/ 71 " 27/ 0)h=0 ", \(/6/ (>04)) L1G-1/71" ,1-17/%" 3!
7-0-G-1/117/-24& , ALL02-0/A35! : &/1%" 6/2-A/\(/6/(11")IMIK! *)10&/100- (192" 0/+, |(/ , Al&IW/2/1>1/ 7!
~11%50"))16-(>/1IW&/ , 47/ , 093, AIA/ , /182" 7>W0L1-11%"D@" , 7, 011 *)10&/16:2- (1@ - 20%h(/ V> -1/ 3et
al,! 98"K]s! :&/! D-11! 1@/%02"D/123! @270/"D%1! 7-0-! &-6/! G//,! 7/@"10/7! 1”1 1&/!
020/ " D/h%&- , A/I*" , 1" >D16:-10&/10F= - VIYO/2/ 14F:6/2" (et al.#19899]! @-20, /212/@" 140" 23!
WH0&108/17-0-1/017/ ,1:):/210h - BMAMKSS!

Cross Sectional TEM

- &/ IVBEOHI& " 101102—+, W-11 , )/%0/ 7IWHEI S PV<EOH!I@&-A/11) "219MI&211 -, 711-D@(/110-U7/ , 1-0!
0871+, 7%-0/710:D/1@"+, 011 -, 71 @/((/0/7! -0 KM8SI X! ASl - VE! /DG/ 77+, Al -, 71 @2/@-2-0" , 1 W-1!
@/2)" 2D/ 71-0108/1/(/ 02" ,1D%2" 1% @/~ (0315 ,46./21403! " )IB&S)):/ (THSU&" ™ (1 ™) 1L+ 106/ , %/ 181!
L2t/)(34 @/((/01) W/2/1 087 , 1 X/ 71+, 1 Cl! A(X0-2-(7/8&37/1Y ", A1 Kj*]! G/)"2/1 W-1&¢ , Al C! X! OL$S!!
O/((/011W/2/11" U/ 71,1 " 1D>DI/Q" X7/ Z1ZKA "1 82141 F ]! -, 7IW-1&/71Y98! D, 1]H0W6/1+, !
72,Z16/)"2/1-1\W-18&4 , 1" MK!/0&- , "(IPMIK1/0&~, (-, 71" 88KI/0&~ , " (087 , 172/ T/ ~%&IW-18!
981 D+, >0/1]5! ! $-D@(/11W/2/10&7 ,1 17 U/ 714,102 @3(/ , /! " X¢7/1) " 21981 D+, >0/ 11 Wih/! ~01 2" * D!
0/D@/2-0>2/51=&/18/((/0LW/2/ 108/ , 11" U/ 7}, 1-19ID(IM8MB12/ A/ , (IDX0>2/1")192" @3(/ , /1" X:7/y!
2/1+, MMID(1139""90/ 1+, AMID(! . $ 5 12/1+, 41" 8ID(182" @3(/ , /1" X7 /14 1L/ ~(/ 71" ,0~+, /2117 6/2,, +AGLS!
B/XUQ/((/0LIW/2/172/71) " 2IMID+, >0/11G/)"2/1- 77+, Al"88 K12/ 1+, IY"8ID(1139"'9q!"'8!D(! - $ 5 Iq!
81727 @LHF'8\9]!) " 2KI&21S! - &/ , 10/ (/01/2/ &/ , 1/ DG/ TT/ 7Y, 1" 88K/ 1+, 14" 0+, +, Al9I72" @1!
)FNOI0T 1@ (3D/21 /14,1 -1)(=01 / DG/ 77+ AL L% , 1D >(71Y\8j*!) 21 OK¢K [ 82115 VDG/77/7!
@/ (/011 W/2/1 1/%0: , /7! " ME[8! , D! =, 71 @(-%/7! ™ ,071)"2D6-24%" -0/ 71 AXT1S! 2 &/1/1%>011 W/2/!
/X-D¢,/71G3! - VES!
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Results and Discussion

Phage SHEFM2K isolation, basic characteristics and genome sequence

I

1 &/1102-4,E. coliVXOV*IVHEIHIW-1k1"(-0/7!1)2" D12-W!G " 6¢, /!D+(UlY - —231)-2D4I> , @-10/>2:1/7!
1-D@(/]'-,70&/'A/ , " D/11/N>/ %/ W-1183G2471-11/DG(/ 7!-)0/211& " 2082/ - 7N=((>D+, - ]1-, 7(" , A#

U-T"Y, -, Q211> %, Al >1 AL 03%(/725! ! - &1 @27 7>%/ 71 CO!-11/DG(/7!%" , rALI WH&! -!
0°0-(1")IMSBMIEG@! 1/7>/ ,%/! -, 7'&=11G// ,\ 7/@"10/7'>, 7/21 -%%/11+" , IYIL?-F1888888888]s!!
E>0#("%>111/7~>/ ,%/! - 3@+, AlYEFS$ -] -, 7! -, -(31+1! >1+ Al V%2 3@/2!YL/11" , 6! et al.,! 989"]!
7/0/2D+, /710&-0!(:U/1D-,3!G"6+, /111" (-0/14 E. coli' EQH!+1!-,1$ - KK\!102-+, 'WH&! - ,1 Z9CR?[!
-,0A/,1@2%)((/YTable 1]S!=:01+1!1 @2/ 7:%0/ 71071 %" ,0-+,1 =1 =012/ 1:20- ,%/ AL , /Y -, 71 %" ,0-+, L1 0W ™!
%®,0tALI0&=01%" ,0-+,11/7>/ , %/ 11 %" 22/1@" , 7+, Al0" L (1U/(3!+, %<!03@/' @(-1D+7!12/@(%-0" , ! " 2+A+, 1!
Y%= , ALl \YT [S"UGTR=, %<==! -, 7! ""8YOKS"UG]R! =, %<=LY@L"™""]]' W&(/! '8! "0&/2! %" ,AL!l W/2/!
7/ ,0/71-110(-1D+7! _ B ; Y1/ /N)(/1S1]5! 2 &/ 1/1 7014, 7%-0/10&-0'KSPCEG!+1! *)!1%&2" D" 1" D—(!
"2AL -, T0&/2/1-2/107 0/, 0t—((30W T 1@(-1D+7 1k, 10&+11102-+, 107 0—((t, Al-2">, 71"CCUGS! - &/1@(-1D+71!
77, T0% ", 0-4,1@70/ ,00=(1; EFIAL, /LIGS0T7 " %" ,0—+,1-12— ,AZ1™)16:2>(/ , %/ A/ , 71V %" 7+, A% (+%+, !
1310/D141 -, 71 50427 ,0' %" @@/2! 2/1+10- ,%/S! ' a& " (/1 A/, "D/ @&3(" A/, 3!+, 71%-0/11 0&—-0! 102-+, !
VHEIH%(>10/21WH&! " 0&/2IVXOV*>!1102-+, 1103@%—(1")!$ - KK\IYFig. 15151+, AWVHEIHIW/ 11" (-0/7!
-1@&-A/17+1@(- 3¢, Al%(/ -21@(-">/ 114,17 " >G(/#(-3/21-A-21)2" D!-12-W!D+UIL?=1/ , 2%&D/ , MIWE%&!
W-110&/,1@>2):/7IYFig. 2A]S! - &1'@&-A/'W-1D-A/7'G3! - VEWFig. 2B]'2/6/-(+, Al-(-2A/10&-A/"
WH&!I-1&/-717+-D/0/2!")1""C"'1, DYD/-1>2/71)2" DIVO8ED-A/1I")!, = L #% ™ ,02-%0/7'-, 7%" , 02-%0/ 7!
tD-A/1]51-D-A/!-, -(31+112/6/-(/70&/1@2/1/ , %/ ™)W1) " 2D 1! *)10&/@&-A/4- I/ X0/ , 7/7!)"2D!
HIr9rsClwlS[!, DY, ImIKK]!YFig. 2C]!-, 7!-1%" ,02-%0/7!)"2D! *)! " CSMIw!MSM! , DY, Im!**\]J41WH0&! -!
KM!, D!@2702>7+, ALL/%0: " , 10&—-01+11 *)0/ , 1 =00-%&/ 7107 1 -1 @:/%/ ! =) 1%/ ((>(-2! D-0/2t-('W&%&! +, ! *0&/2!
>DG"@&-A/11D-A/11&-11G// ' 1>AA/10/7'0%1G/1 &7 10! D/DG2- , /Ya-A/D-, 1l et al.419898]s!!
:&/1/' :VE!ID-A/11-(1712/6/-(/7'0&/1@2/1/ , %/ *)10&+,1G-1/@(-0/! -, 7!, /%U!):G2/ 1! (&-0! &-6/"
G//,1)">,74,1"0&/2'E. colil>DG" @&-A/Ya-A/D-, 1let al.419898]s!!

I

_/,"D/V /N7 %, Al -11/DG(3! Y&3G27! ((>Dt, —g! B, @ 2/8 5,53%(/2]! -, 7! 1561/7°>/ 0!
@&3("A/, /0! -, 71 G+™+,) " 2D -0 —, —(31+11 2/6/-(/ 7! $2V<EOQH! 071 G/! -1 , /W! D/DG/2! *)! 18!
Asteriusvirus A/ ,>11WH&! -1A/ , *D/!1:1/1*)ICK[1UGS! ! $2V<EOH!&-1IP[$" 17/ , 31 WHEI 08/ E.
coli @&-A/! $09™1 -, 7! 1 —(1"! %("1/(3! 2/(-0/7! 0"! OLV*Z#KYH:D! et aldl 98"CJ!
0&;0V*\Ya-A/D-,1let al.419898]411(>208"Y$-1+,-1let al4#98"\]! -, 7! "0&/21! (Fig. 3B, S1)3!!
&/IA/, "D/, 0-+, LIN\CI @2/ 70/ 71 ZF<1l -, 710%™, 0—+, L%(/ -2 &/~ 74041 -, 71@"0/ , br—(1 (31+1!
D" 7>(/1!(Fig. 3A)IN\I0FB ; 11—, 711/6/2-(102/ 7400/ 7\D/0-G" (-, 7! . B3 ID " 7)%-0" , 1-, 71FB ; |
@7(3D/2-1/11, "0/ 71,1 "0&/ 212/ (~0/ TV @&-AL LIY-1)>((1(-101 N ZF<LILls , (>T/ 714, 1 - ~G(/1 SIS B ™!
£ 0/A2-171"20"08/ (317 AL L 3IAL L J1IW/ 2/ T/ W1/ T

|

=, 10/2D11 ") I>DG g Ai- , (0&-A/108/1 18/ 1A/ , >110&-01+ ) /%1 Enterobacterial«1! /X/D@():/ 71G3!
@8&-A/!_"1(-21-, 70/(-0/71*&D~((:, 6:47-/108~A/ 1YO2%8&~27'et al. 1989C]4I-I>DG * @&—-A/ WEHE!
&-6/1G// 1 1& W, 107 1G>H(7! =, 14,072, —(1@27 07+, =%/ " >11h, >U(/-21%" D@-20D/ ,01>1+, Al0&/! , *6/(!
*&D ;¢10&>B1@2"0/¢, 1+, 1% , /DIWH0&! -1, Z0W™ 201 *)! -0/ 11"23102" 0/+, 11Y*&~1U/ /2-0:1-Ul et al.4!
98" el V,>10>, 1 et aldl 989Ce! <"11- et al.4l 989Ce! B+/W/A(*W1U-! et al.4l 989C]s! ! 2" W/6/24!
-, -(31111")N&/I$PV<EQH!-, 7108/ AAsteriusvirusiL/~>/ /117" /11, "012/6/-(1-1&" D" (" A>/1")!
*&D—((, ! "210&/108> FHU/1>G>(t, 1, 71, 08/ 2411087271 - , 31U, "W(/TA/! *)1&" W&/ 1/! @&-A/1!
2%/ /710827 SA&I&/ Y, ) /o™ 163%(/1 " 21108/ 31182/ 1%&~2-%0/ 2+10%1 IWHE! Goslarvirusess!!

|

!
!
Phage SHEFM2K host range and infection

U G/A Y 07 /X-Dt, /1 7/0/72D4, -, 000 )+ ) /%07, -, 7 G2 -7/, TS UL, TW(/TA/! T &)
Asteriusvirusesi!W/ /X-Dt, /710&/1& 1012- , A/ "1 $?V<E9QH!IG3!+, ) /%" , ! *)I-12- , A/ ") E. coli
%(t, %-(1-, 71(-G"2-0"231102-+, 1!G3!1@"(!-11-3!YTable 1]5!! - &/1/17-0-12/6/-(/7'0&-01 , ! -77+}" ,!



0" 10&/11 " (=0, 17)108/1& " LWARIWE IS PV <EQHID-U/ 111D~ ((%h(/ -21@(-">/ LS PV<EOH! " , (3!
@27 7%/ LI/ -2 "> , 0-G(/] @(=">/ 1IWHE! ~1%(+ , %—(11/ @111 102+ , 1)2" D= >210" (/%0 , 1Y KCMP8H!
Z MRPKOYS  999C]]5! I =, 10871 %-1/ 11 W&/ 2/ 1 (/-2 @(-">+, ALW-11 , 01 *GL1/26/74 1/6/2-(1 102+, 1!
7H10(-3/ 714/ -2+, Al+, 1-110 " 01-11-3IWH&I&A&I2/1@2/@-2-0 , 1IN\SKh*"8B10<5yD(J¢!+, %(>7+, AIE.
colil HE#" 91 102—+, | E*""888UI E. colil LFO"1YL#102-+, 1=, 7!E. coli V2V*IYZ "M k2 1=, 1%" 02— 104
$PV<EQH!I 747!, 01+, )/ VOV*IVOCK [Q\P! " 21082/ /1%(: , %~(11/@1+11 102+, 1141 " (~0/71)2" DIG(* " 7!
U>(0>2/1, 198/ (TN IrK ™ OKIYS$ - "9~ A5 OMMKK!Y50V*41$ : ~CJdI-, 715 " OM\KCIYS5OV*41$ - MM8]!
YTable 1]51110/2%, /7 ,017/0-+(11")1$ - #03@/!- , 71 Z#1 241 , A/, 103@+, Al-2/1: ,W(>T/ 71 1= =G(/1""1 -, 7!
“Uh/11: 1, >DG/21l 108/ 1D/0&" TLIL/H0 ™SI 5 77408, —((340, "1+, ) /%0, IW=11"G1/26/ 7IWH&!H""!
%-@1>(/1102—¢, IVOC\IEX((/2#Z(1/ , let al.#19898]5!!

|

6/ 10871/ LS/ U W/ ST/TY (AT A2 WIS! +, ) /%0 1 -11-311 YFig. 4]1071/X-D+, /1+,)/%:" !
73,-Di1l 4,1 D2/ 7/0-48! 1&/1/1 T-0-1%" ,)2D/ 7 +,) /%" ,1 ") 087! V2V 102-+,1 Z"M R?" !
YB*:*"9P88] -11W/((! -1! _KCMP8! Y<tAS! $C]4! W&(/! 5" OM\KC! Y5OV*4! $ - MM8]! 7+10(-3/7! , *!

I
VX=D+, =0+" , 1 *)10&/1 A2" WO&! %&-2-%0/2+10%1! *)IVREQH! +, 1 ((A>+71UH((+, Al -11-31! WH&! $?V<E9H!
—-(1"12/6/-(/7'1>002/11+" ! ") A2"WO&! (! - , T EZ=! *)1 81—, 71881 (I K! &218! ! ;1 1+DH(-21 Z _1("!
>, 02/-0/T'VHEQH!+112/-%&/ 7! -)0/2! "' C! &214WH&! 1>10~+, /71 A2"WO&! 1>@@2/11+" , 1 ™, (3! " %%>22+, Al
WH&! -, EZ=!7)!I"'888!YFig. 4A]S!! ; 1 1tD+(-21140>-0t" , 1 *%%>211W+0&!0&/ ! B> - *"*9P88!I\V 2V *]!-, 7!
LF9"1102-+, YFig. 4B and D]S!!?"W/6/27/1@:0/" , 01 @(-">+, Adl0&/1H™ 9! 102-+, | E*""888! W-1!
1>0@2/11/770)"2'-1(" ,A/210/2:" 710&~- , 'VHEOQH!-(IEZ=m"'8! -, 71%" D@(/0/(3!-0!EZ-m""88!YFig. 4]!
BSLSIW/!"G0-+, /711:D+(=217-0-1)"2IH"" 91102+, 'E__""\MMIY7-0-!, *011&" W, ]s!!!

I

Z6/2-((41 0&/1/1 A2*W0&! %>26/1! D-3!+, 7:%-0/! 0&/! @ 11+G+(+03! *)! /-2(3! =, 1/0! *)1 2/1+10- ,%/! = 2!
£, 7007 1 ) @&-AL 7/)/ ,%/) 1310/D14! -(0&">A&! L, " @&-A/! 7/)/ %/ 1310/D1! )"2! E. coli!
I>DG"@&-A/1&-6/'3/01G// %7/ ,0):/TNa/ -2/ "W>22/ , (3%, 6/ 10:A-0t , A&/ 1/ 11N/ , -2+ " 181Z)!, =0/ 4!
$?V<EQH! 7"/1118&-2/11"D/' & 101 2- , A/ LiD+(= 240t/ 11 W& 011 (" 1/12/(-06/11 @ ; OV*\! -, 7!
"M r#HWEMIW/2/1117 (-0/ 7127 DI -, 1 ; OV*IY/XOV*]!1102-+, IYL>:D/2' et al.4198" “ela-A/D-, 1!
et al.419898]!-, 71$(>2@8" IW-11+1" (-0/7!>1+ ,AIE__""\MMIY$- I+, -1let al.#198" \J{IW&(/1OLV*>Z#K!
YH:Dlet al.4198"'C]YH:D!et al.,!98" C]WH&IV2V*NZ"M R? " |41-(0& " >A&!-1G2" -7 /21& " 10— , A/'W-1!
, 00720771 +,10&" 1/ 10>7+/ 18! <t, —((34 W/ %, , "01 )+, 7! =, 31 "G6:+">11 %" DD*" , -(:0+/1! G/IW// , !
0&3(" A/, 3B - #0307/ " 21 Zg?!- 1A/ , 117 /26/ 712" DW&/A/ , " D/11/N>/ %/ 11 7)0&/1/1102-+4, 11-, 7!
t,)/%061031GIEQHA L), *0/10&-01 , 1A/, /2-(\E. coliN>DG" @&-A/117"!, =0, )/%0!-(( E. coli -, 7!
0&-010&/1212/%" A, +0+* ,17/0/2D+, - ,012/D-+,11>,U, "W, 5!

I

Is Phage SHEFM2K flagellotrophic?

L0 AL TS UE-2-H0/HL-" |1 ") @S2/ T SPV<EQH! @&-A/N W/1 )2/7>/ 03! *G1/26/7! G&-A/!
~11" =0/ 71 WH&! G2/ 110801 W/ 1>2DH1/ 71% " >(71G/1)(-A/((-1YFig. 2B, Fig. 5AJS!! = *102"G/10&1!
)>N8/21 -, 71 /X=D+, 710871 2/%/@0" 21) " 2 $2V<EHIW/1 6:1>-(:1/ 71011+, 0/2-%0" , 11 WA&! VHEOH!
W/((11-, 7THD-A/TI&/DIT2/M(3!" , 1 - VEIANTLIWAE! , /A-06/110—+,+, AI7>2 , AlI&/1/-2(3110-A/11")!
£ )T IY8E MDD+, 115! 2 &/1/1+D-AZ11-2/1 1040+, AL+ 10&—0108/1 @&~A/1 1//D1N"1G/1(+, /71 >@!+, !
%", 0-%01WH0&!)(~A/((~ 1 {(~D/ , 0110801 -2/1 00-%8/ 710" 10&/1 G-%0/2-(1%/((! YFig. 5A, Fig. S2]s!111=,!
17D/ %=1/ 14401~ @@/ ~2110&~010&/ 1 , 0/2-%+ = , 1= %p>2116+=1(* = 1/1-11"Upr—04™ , IWHEN&/1&/ - T~ | T}, !
"08/2141 0! -@@/-211 08-0! 1D—((! ((/ALcl ~11" %0/ 7! WH&! 08/ G-1/@(~0/1 =2/ +,0/2-%40¢ , Al W& 08./!
)(-AZ((~1)1G2/ 11 " 2108/ 1&-)01 1G2/ 11 YFig. SAISIZ)!, "0/8W/1 ~(1" 1 1-WI 0811+, 0/2-%0" 1+, 1%2" 114
1/%0:" , -(1: VEI/X@/2D/ ,011fFig. 7]5

= 1)>208/20/101& " WIE/1@ "0/ , B—(%, 072-%0 " | IWHEI)(=AL((t, 1, )(>7 , %/ T ) /0™, 1)1 SPV<EQH
WZI0/20/70 ) /%0 17)1=  NE>""888IYH"9]1102—+, (=%l , AICI)(-A/((+, ]NY_2/7 , et al 198" P!

5, (1U/10&/\WH{7#30/! E*""88841A2" WI&! " )0&/1AliCI102—+ , IW-11, "011>@@2/11/7!G3ISPV<E9H!-!
EZ:1")1"81"21"'88!(Fig. 5B)S!I<>20&/2D " 2/N7/(/k" ,1")10&/1)(-A/((-1&" "UNACKLDE]W-1!-(1"1
1,17, 106/10" 1, )/ 1-008/11-D/VEZ=\(Fig. S3)S1i: " 1)>28/2@2" G/10&/17/0/2D¢, - ,011")!



t,072-%0t" , \WHE!)(=AZ (='W =(1 1072077 ) /%0 1™ )1=1102—+, 1/X@2/ 11+ , A&/ Y/ , 02/ \<(+*1@27 0/, !
=, 71=16721+" 1)<t (=%Ut , Al0&/ 1%/ , 02— (1, 0+A/ , ¥ 7 " D+, 1Y _ 9% _ CHA9QC ™ #CC""]IY@2/6+" >1(3!
%&-2-%0/2:1/71-11G/+, AN>((3ID "®(/]'>, 7/20&/1%" , 02 (1" )=, =0k, 7>WG(/1@2"D"0/2Y_2/7 ,'et
al.f198"P]s!=D@" 20—, 0(3411/, 110+6:0310% I+, ) /%0 " , 'W-112/10"2/7!G3!% " D@(/ D/ ,0-0+" ,1*)10&/!fliC!
A/ ,/'in trans!(Fig. 5B, S3)S!1$>2@2:1+, A(341+, )/%0+™ , 1" )%/ (1! /X@2/ 11+, A&/ A" C#CC I<(+*]
W/2/1/6/,'D"2/'1/ , 1:0:6/10% 1+, ) /%0t ™, 10&= , 1%/ (11 /X@2/ 11+, AWH(7#03@/'<(+*!(Fig. 5B, Fig. S3)4!
t, 71-0t, Al0&=0!Gt, 7t ,AID-3!, 6% (6/10&/1%"2/! . 84 . "1 7" D-+, LIWH&!0&/ 1%/ ,02—(1Y - 9#C]!7 " D-+,!

, "0G/+, AR NSRITS 2 &L LT -0-1%" ((/%0t6/ (31 1>AA/ 101080108/ 1) (-A/ (-Gt , 7+, Al ™) IS 2V<E9QH!+1!
+,6% (677, 1B2V<EQH!-717200:" ,!1-, 7%, ) /%01 ,1G>0H1!, "010&/1" , (3!7/0/72D¢, -, 01 *)IGt, 7+, Al) " 2!
@2° 7>%0:6/1+,) /%" , Sta &t/ 10&LIW-11>, /X@/%0/ 74401110, "W, 10&-01"0&/2")(-A/((" 02" @&%!@&-A/ 1!
>1/")1G2/ 11 -00-%&/ 710" 10&/1&/ - 710" 1-%%/1110&/1)(-A/ (> D4 /SASI@&~A/1*GH!)2" D! Caulobacter
crescentus Y_>/22/2"#</22/2-'et al.4198"""]. =,10/2D1!")W>DG"@&-A/11-12/%/ ,0110>73!
&tA&(FA&N/ 7108012/ 1410~ , 01102-+, 11 *)IKlebsiella aerogenes!(™10&/\>DG " @0&-A/!)VBU"#H-/8""!
YCT8UG!AZ, "D/TW/2/\/11ID /1=, 71%" ,0-+,/7'D>0-0:" , 11+, 1)(-A/((-!13,0&/1:1!A/ , /1!

Y-, 0-41$U>2, U=, 7IH(I>, /7, 41989K]SH 2 "W/6/241 , 1-(('U, "W, 1%-1/ 141401+ 110& " >A&010&~(!
)=A/(("02° 0&%!@&-AL1&-6/1-11/%" ,7-23'12/%/@0"2! " , 10&/1& " 101%/(('1>2)-%/4) " 21/ X-D@(/!
$-(D",/(-1@&-A/'y!Gt, 71N (-A/((-'G/) "2/ " >0/2'D/DG2-, /1@2"0/+,! - *(*!YV10/6/1'et al.4!
989"elV10/6/1!-, 71$%&-2)419899]1 Z>217-0-1W " >(711>AA/1010&/ ' $?V<EIH!- (1" 1&-1!-!

/%" ,7-2312/%/@0" 21A6/ , 11" D/ 1+, ) /%0t , VL0((! " %%>211 , =1 AflICID>0- , 091 Z)!, *0/4IW/1 ")/ !
"G1/26/7!>,%" ,02-%0/7!@&-A/'G-1/111// D+, A(3%,0/2-%0 , AIWH&!)(-AZ((-1):G2/ 1! " 20— , A(/ 7!>@!
t,0(-A/((-1G>,7(/1Y1//'Fig. S2]4IW&(/1%" ,02-%0/7'@-20%(/ LIW/2/1 " )0/ , 1 -00-%&/ 7'6+-10&/1&/ - 751!
S((1)0&/1/1,072-%0" , D/ %&~ ,+1D1!1-2/17+1@(-3/7'G3!7))/2/ ,01@&-A/141G>01-01@2/1/ , (W /!
&=-6/", "17-0-1%" , 12D+, Al0&+1IWH&!S?V<EQHS!

I

Examination of the life-cycle of SHEF2K jumbophage

T11TS0E, /71-GT 641", /1) 08/ 1)/ ~0>2/ 11" )08/ () /%3%(/1 " )I>DG " @&~A/1 " )&/ Goslarvirus!A2" >@!
{110871) 2D =0, 1™ )I=17800+, 001+, 02-%/((>(~21% " D@-20D/ ,01G ">, 7/71G31-192"0/+, 11&/((1%" D@" 1/7!
")10&/1@270/¢, 48D~ ((, 51 = &+11) " 2D 110108/ 1%/ , 02/ " )08/ 1G -S40/ 2~ (1%/((1- , 7TH11-%%" D@- , +/7!G3!-!
0>G>(t, #(U/1 02/ -7DH(! 2025%0>2/1 08-0! +11 0&/1 (*%-0+" , ! *)! @&-A/! ~11/DG(3!Y_>-,1 - 7IL", 734
_/, " D3!19898¢102%&-27!- , 710" Alt- , "1989K]s!!

|

2 "1+, 6/10A=0/1 08/ ()/1 %3%(/! *)! 08/1 $?V<E9H! Asteriusvirus! 1>DG " @&-A/4l W/! @/2)"2D/7!
)0 117)0&/VHEOHI& " 10—, 71107 @B/ 7108/ %, )/H0 , 1G31)iXe, Al IA(0-2-(7/&37/1G/ON// 1™ M!
—, 71"M8ID+, >0/11G/) " 2/\ / DG/ 77+ Al 12/ 14 M08  1/%4" 4, Al=, 7110—+,+, Al=, 716:1>—(:1-0:" , 1G3!
SVES! ; 11-(2/-731, D -0/ 74 $2V<EHHLI -1)(-A/((* 12" @& @&-A/N - , 1 "G1/26-0:" ,12/+,)" 24/ 7
G3!*>217+1%" 6/23! *)11/6/2-(1@&—AS1 ~00-%h&/ 7IWHIE!)(-A/((=1):G2/ 1107 10&/1 = >01:7 /1 * ) VHEOH! {Fig
5A, Fig. S2]5!! ;)0/2+,0t-(1-0-%&D/ , 00W/1 *G1/26/711/6/2-(10&-A/1 D "2/ ,:D -0/ (31 00-%&/ 74!
WEM&IW/! ~11>D/IW/2/1+, 108/1 @2 %/ 111 *)1+, 1/%0 , Al0&/+2! - B 5 !YFig. 6-2]5!1<2" DIC8! D+, >0/1!
" W=271IW/11//10&-A/1&/-T11)" 2Dt , Als, 1h(/ -2/ 71-2/ 11" )08/ 130" @(~ LDIWEH%&IW/! 1>2Dt1 /10"
G/1-10>0-0:6/1@8-A/!-11/DG(3!-2/-1YFig. 6-34l,7// 7108/ HD-A/LI1>AA/ 1018/ -711-0174)/2/ 0!
(/6/(11 ") D=0>2031Y7-20/21 " 21 (A& 2]\ =&/ 1/1 -2/ -11-2/1 T/@(/0/ 7! )1 4G" 1" D/1! -, 711//D10"!
&6/ 14/ ~21-2/-11-2"> , TN&/1@&~AS1&/ - TLHGSU-0108/12/ 1" (>0 , 1)1 * S24D-A/1IW/ W%, , =010/
1=, 30)DIG">, 7-231411@2/1/ , 051 28/2/1 ~2/V ~(1"108&,1 7-2UL1):G2/ 1e! * ) W/ GH(EU/T D=0/2(1+, 1 -]
,>DG/2")4D-A/1%,108/1/1-2/-1YFig. 6-4, Fig. SA4]5!, IFig. 6-4\W/!-(1"11//1%(/-21&/ - T4~ , T4
0—4(12025%0>2/ 110&~01(" *ULU/1 D052+ , AlY>((16+2: , 1811<+, —((341)2" DIC8#\S! Dt , >0/ 1IW/1 " G1/26/ 108!
-@0/-2- ,%/1")\(31/7'%/((11YFig. 6-5]5!

|

= &/17-0-1A—+, /T1&/ 2/ H(/ -2(311& "WI&—0ISPV<EOH!) " ((“W1I-113@%—(10-00/2, 1" )&, )/%0:* , 082" >A&!
(314141 -U%" D@, +/71G31)"2D 0" , 1 ")l ~1%(/~2/ 7! @>0-1+6/10-11/DG(3! -2/ ~t!+, 108/1%30* @(~1D3! ! =, !
% ,02-1010"1__"1(-2803@/11>DG " @&-A/IW/1&=6/1, "1/6:7/ ,%/11"1)=21 " )1%/((1G>(A¢, Al D 74%/((1 2!
) D=0 1N =L T/, S TI@&-ALE, SU(/>1eel &7W/6/2 0871 2717 (S0 1 ") "> 1/, /78218
/DG/T7/7 :=VEED-A/11-2/1, "0I-11&:A&!, "212/1>(0 , W&/ 11-D/102/1/26-+" , (/6/(11-110&/ 23" #

VE!/D@("3/7!+,110>7+/11 *)I A" 1(-2403@/16:2>1/11YL2U&" (11 et al.49899e! O2%&-27! et al.41989C]s!!



ag&/, %" DE-2,Al&/1$?V<EIHED-A/110"10&" 1/ ") 0&/2'@&-AL12/ @27 7>%: , Al: , 17/ 1%/ ((11Y/SAS!
&AL (-1 #0&-A/! D)UIB YE- (UM E™ , 7-(1 -, 7! - >00-41 989" 4! - CYS/2W/ 24! 2> ,0/2! -, 7! ax2:A&M!
98984!@&H1YH23("6let al.41989" 4IL@ "Y1 &-,Alet al.4198"C]]'11/6/2-(")/-0>2/11-2/", " 0-G(/R!-]10&/!
,>DG/21 ") @&-A/1&/-711-11/DG(: ,Al1//D1I0"IG/1("W/241 -01\#""8! 61! 98#M8!) "2 1D -((/2! @&-A/"
Y-(0&" >A&IW/!-%U, "W(/7A/TW/!1&-6/! , =01 /10-G(:1&/ 7! G>2101 1:1 /]! -, 71 G]! $?V<E9H! %->1/1!
LA, 1)1%—, 01%30" 17 (+%!%(/ -2+, Al-2" >, TN&/10&-AL'&/ - TNZ)!, *0/8-12/%/ ,02/ 1+ ,#/DGC/ 77/ 74D-A/!
)N0&/T , >N(/>11) 72D+, Al@&H Y - -, (" 6-let al.419898e!B-U, -/, !et al.41989K]!+1!12/D+,+1%/ ,0! *)!
$?V<EOH!D-A/111&"W,!1&/2/511 ?2*W/6/241 4012/ D+, 11071 G/11// . W&/0&/2! *23 " #VE!I W™ >(7!
2/6/-('D"2/1 -G">010&/14,0/2, —(! -2%&:0/%0>2/" " )1 0&+ 1! 2/ @(t%—0+" , 1 -2/ -S1 1 <>20&/2D "2/41 401 411, "0
U, "W, IW&%&IS?V<EIH!@270/+, 11-2/1/XQ2/11/717>2 , Al , ) /%0 ™ , 1= 210%(/ -2+, Al *)10&/1%30" @(-1D!
0" 17:2/%010&+112/ " 2A— ,+1-0t" , §!

The proteome of SHEFM2K phage particle

2 "14,6/10A-0/! $PV<EOH! G+*("A3! )>08/2! -, 7! /10-G(:1&! 0&/! %" D@" 1:+",! *)! 1&/! D—-0>2/!
$PV<EQH! @&-A/! @-24%(/1W/1@/2) " 2D/ 7! - 1+, )/%k" ,1YO&]! *)1 08/ VHEOH! &" 101 100+, 1G/) " 2/!
2/D"6t, Al W& (/! G-%0/2-1 G3! %/ ,02)>A-0:",1 YK888! X! AJdl )H02-%",! Y8SKMID! }0/2]! -, 7!
0%/, 02-00 17 W& (/10&—A/10-20%(/ 11G3I>(02-%/ , 029)>A-0" , 1-01YOMIS88120D] V" &]5!1102" 0/ ™ D!
=, =317/ )/ 7 =1070=( ") "4 O[1 @270+, 11 1YZ1 91 @/@0:7/ 1] WH&!1 9™ ™1 =G(/10"1 G/ D-@@/ 70"
0&-A/1@2"0/+, LIKOK! *)1@>0-1:6/1@2" 0/ " D/A1>@@()H(/19]! - , 71" IKM IVKHEOH!& " 10102 0/+ , 1IWH&!
08/:21-G>, 7-,%/17/0/2D+, /TIG3EL ; r16-(>/1V 23—, "6-412 /D>I- , 71* " X4198"\]YFig. 7A]5!!Z)0&/!
08&-A/1020/+, LIW/IW/2/1-G(/10" 1/ 16D -0/10&-0IM" k! " )10&/1@270/+ , \W-11D-7/1")1@2/ 740/ 7\&/ - 7!
@270/+, 1TWHI! -1)>208/2! 98! ~01G>0-G(/1 0! = —4{1 *2! = ~y(31+,1)>, %" , 11 YFig. 7B]S!! =&/ D" 10!
-G>,7-,010270/+, 11W/2/V EQH{BKPI! "\ KK]4! EQH{8M8 Y- Ki%-@1:7! ({U/4"8K]! -, 7! EQH{8KPC!
Y[KJAWEH&! (U/(3ID-U/1>0108/ 1%-@1: 791@ " N- (11 Z)!, "0/ N EQHSKKMA-1@2/ 7940/ 710-+((31+, ID-7/!
SQI[K! )% >, 0141 1>AA/ L0, AHLI-1&A&I-G> , 7— , %/18270/+ , 410 ™ 11+G(3!) " 2D+, Al@-201 *)10&./1G-1/!
0-4(1102>%0>2/1Fig. TCIS! 5 (1™17)!, "0/41-19>0-0:6/12:G " 1" D-(ID/0&3(- 1/ YEF {188 Ki!"'SMK]'W-1!
08717, (31, ", #L02>U0>2- (102" 07+, 17/0/%0/ 71-G " 671" KI-1IW/((1-108/1@>0- 046/ 0-H{g1 @/ %" (- , +7-1/!
@207+, IYEQH{BMKC]!7/ , 01/ 7!+,10&-A/1OLV*ZKIYH:D! et al.4198"C]1Y8SKI]4 1>AA/L0:, Al 1!
@-201")0&/ 1), —(16+2: 1=, 7ID=31G/ 1, 6 (671, %, 0/2-%40%" , LIWH&%" (~ , !~ 71%-@1>(/ 141%* DD " ,!
t, E. colis 1Z>07-0-1-7710"10&"1/1)2" D!0&/12/(~0/ 7! @& ; OV*\! @&-A/1+, I WEH&! -1 %&("2")"2D!
/X02-%0/ 710&~A/102" 0/ * DL/ X@/2D/ ,07/0/ %0/ TINOI@2"0/¢ , LIGSIWA&. " S02/(~046 /1>~ , ) -0+ , |
Ya-A/D-,1let al.419898]s!

S 1=TTH, 107108-A/1@270/4, LW/ -(L" 1 7/0/%0/ 71 KM IVHEOH! & " 101027 0/+, 141 W& 08/ 4L 1!
7-0-4, 79%-0/11-2/182/7" Dt - 031" >0/2\D/DG2- , /182"0/¢, 111>%&1-11ZD@ ; 41 ZD@*!- , 7!ZD@<!
YSupplementary file 2A-E[S!! =&/1/!@270/+,11-2/1~(1*1@2/1/ ,01+,1 Z>0/2! D/DG2- , /1 7/26/ 7!
6/1%(/1YL/2(~, 7~ $%"21-1 et aldl 988[e! HiD! et al.4! 98" []! W&&! W/ W™>(7! ~(1! /X@/%0! 0"
@2/%@0-0/1- , 71%" #0>2)3IWH0&108/10&-A/1> 14, A&/ 1/ , 120 >A-0" ,1G-1/71@270"%" (1-11/D@("3/7!
&/2/S11 2 W/B/2U 081 2/%/ ,01):, 7+, AN&~0! = 1(~24(U/1I>DG " @&-A/11 7 , h-@1>(~0/ 108/ 42!+ N/ %0/ 7!
AZ,"D/1! +,1 G=%/%-(! D/DG2-,/V T/26/7" (@7! 6/1(/1! %*>(7! D/-,1 (&1 ), 7+ Al 41!
LA, )%=, 0V; ,0%, "6-let al.i1989Ke! E" 1>D7-2let al.f1989K]SI 2/, %/IW/1 7", "1 1>AA/ 10108/ 1/!
~2/12/%/ @07 211) " S PV<EHI-08/21-2/1%"# W7/ ,0~((31/ , 2%8/ TIWHEIS PV <EIHI@-20%(/ 13!

|

=8/10270/ " DL 7-0-1-(1712/6/-(1 "6/21 C[8! @2"0/¢, 110&~01-2/1 , "0 7/0/%0/ 7! = , 71 =1)>28/2 "' [M!
7/0/%0-G(/1 =01 (711108~ , 185" k! )10"0-(1 @&~A/1@2"0/+, 1 7/0/%0/ 71Y1/ /! Supplementary file 2E]S!!
a/)0" 10>(-0/108-010&/1/!D-31G/!, 6" (6/7! -0 "08/21 10-A/ 11 *)108/1 @&~ A/ (})/#43%(/ 41 ~(0&" >A&! 0!
0&+1120-AZIW/1771, "01U, "WIW&/, ! "2!) "2 W&=01@>20 " 1/5!1 Z)! , *0/4IMK! *)108&/1/1@2"0/+, 11861 -1
QU TH/TY> U0, 1,1, SU(/ "0 7/1D/0-G " ((1D! " 22/@h-0" , 1=, 712/A>(-4" , YSupplementary!){/!
OV]I-, 71-, “0&/2"PIQ2/ T/ 710" 1G/ %, 6% (6/ 7", 1@&~A/1-11/DG(3N1>AA/ 10, Al-1@ " LLiG(/12% (/14!
$PV<EHIZ@(%-0" ,1-, 714,072, ~(1-11/DG(3S!! 5 , *0&/2KPM! *)10&/1>, 7/0/%0/71@2"1/+, 11&-6/!
LU0, WL ) 00T HGAG(AGD: , ALI&/1@™0/ , Bi—(1) " 2108/1 7+1%"6/231 ™)1, /WIGH™ (" A3+, 67 (6/ 71+, 108!
Q-0 ,1")0&/1/1> 18> /1A27>@! ") I>DG " @&-A/151 Z)! , "0/008/1% 2/ 1A/, "D/! ") A" 1(-2430/!
Yh&sD-((16:2>1]1&-11 102" @ 1/71%" 2/1 1/AD/ ,011YO2%&~27 et al.41 989CIHIWH&! 08/ , >%(/ 2! 1&/((!
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@270/+,11%" ,0-+, /714 1A/, /Y ("% WH&E!I FB ; #0 " (3D/2-1/!-, 7170&/2'12/@(1%-0t6/1A/ , /15112 "W/ 6/ 24!
/X=Dt, =" ,1 ) 0&/1 A/, "D/! ") $2V<E9H! 2/6/-(1! , "1 @>0-0:6/! %&D-((,! @270/+,14 -, 7!
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102+, 21-0%2% 121 =12- , A/ ) (-A/((+, V2] =, 7IFOSBIYZ]1 1/2703@/ 141+, %(>7+ , AIV 2V > VXOV*>! -, 7]
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Figure legends:
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A/, "D/ %10 -,TIT72-W, 151 Al<tAZ2/ /9 2 &71G2- , &N/, AV& LY -2/11%-(/ 71+, 10/2D 11 ")
_ L_O7:10-,%/1)"2D>(-1ds8! - &/102/ /141127 =0/ 7!-00&/1D+7@ "+, 05!

Figure 28 ;510(=">/147/ 0t/ 71, 1(-W, 11*)IVS1%* (1$02—+ , IEQH! 17 * >G(/1(-3/21-A-BILS! - VE!*)!
0&-A/I $PV<EOH! ,/A-0:6/(3! 10—+, /7! 1 >1+, Al 9! >2-, 3(1 ~%/0-0/1 -, 7THD-A/T! >1+ Al -, 1 <V-!
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,M"\]!)"2D1!")I0&-A/IEOQH! -, 717+1@(-3/7!-11-1G " XI@( " 01W:0&.040/ 1012/ 1>(01!
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Figure 3:1 ;]! *2%>(=212/@2/1/ ,0-4" ,! ")l $PV<EOQH! @&-A/! A/, "D/s1 **(*>21U/3!+, 70/ 751!
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R/ TI5 18, AR/ THL0— /1) " 2D>(~1 7KS!
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04@(%-0/11111& W, S!
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MBI, 710 1-11+, 7¥h-0/ TSNSVEHLIL& "W, !
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Figure 7:!;]!1$%&/D-0%!1>DD-23!")I08&-A/102" 1/ " D/!7-0-1G3! , >DG/2!*)I0&-A/1- , TIL-%0/2—(!
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Klebsiella pneumoniae:(GCA_902754115.1)

Klebsiella michiganensis: (GCA_902754085.1)

E.coli EcM2K: (this study)| ST446 | 023:H8
E. coli MG1655: (GCA_000005845.2) | K12:H48:0-

E. coli EV36 K-1/K-12 hybrid (CPO79993.1)

E. coli G43590: (this study)| 075:H42

E. coli NCTC12900: (GCA900448275.1:EHEC)| O157:H7

E. coli E2348/69: (GCA_000026545.1)| O127:H6

E. coli U125544: (this study)| O6:H11

E. coli U125643: (this study)| O6:H1

E. coli Q47424: (this study)| O6: H21

Salmonella enterica Typhimurium LT2: (GCA_000006945.2)

0.02

Figure 1. Phylogenetic tree of E.coli ECM2K with indicated related strains, including clinical
sequenced as part of this study. Tree was generated using TYGS (https://tygs.dsmz.de/) and
was inferred with FastME 2.1.6.1 [7] from GBDP distances calculated from whole genome
sequences. The branch lengths are scaled in terms of GBDP distance formula ds. The tree is
rooted at the midpoint.
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Figure 2: A. Plaques identified in lawns of E. coli Strain M2K in double layer agar. B. TEM of
Phage SHEFM2K negatively stained using 2% uranyl acetate and imaged using an FEI
Tecnai G2 Spirit transmission electron microscope, revealing a contractile tail morphology.
C. Measurement and distribution of native (121.3+1.8nm, n=44) and contracted (73.5 + 5.5
nm, n=16) forms of Phage M2K and displayed as a box plot with t-test results.
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B. Escherichia phage vB EcoM G17 (MK327531)
Lschondu phage vB Eco slurpd1 (LT603033)
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Escherichia phage SP27 (LC404302)
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Figure 3: A) Circular representation of SHEFM2K phage genome. Colour
key indicated. Genbank accession: PQ390715

B) Proteome-based VICTOR tree of SHEFM2K compared with 8 related
E.colijumbophage from Asteriusvirus/ Goslarvirus viral groups. Scale bar
indicates interproteomic distance inferred using the distance formula d4.
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Figure 4. Infection curves for indicated E.coli strains with SHEFM2K phage at an MOI as
indicated in brackets. All assays used cultures at A600 of 0.05, grown in LB with SHEFM2K
added at t=0. SEM is shown.
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Figure 5 A) (Top lef panel) Images of Phage SHEFM2K with co-purified flagella filaments after PEG
precipitation of liquid lysates and (lower) Phage SHEFM2K incubated for 30 minutes with E.coli
EcM2K showing association of PhageM2K with flagella fibres, highlighted with yellow arrowheads.
B) Infection curves for indicated E.coli strains with SHEFM2K phage at an MOI as indicated in
brackets. All assays used cultures at A600 of 0.05, grown in LB with SHEFM2K added at t=0, and
IPTG as indicated. SEM is shown.



1. Attach 2. Inject

3. Assemble
5.Lyse heads

4.Assemble tail

Figure 6. Ultra-thin section TEM (80nm) capturing SHEFM2K lifecycle of infection of ECM2K.
Samples were taken over 2.5 hours and fixed in glutaraldehyde before staining (see methods).
Images 1-7 illustrate the stages from Attachment (1., 15mins) and Infection (2. 15 mins) of DNA

through to Assembly (3-4, 30 mins) and lysis (5, 60 mins).



.|ID Predicted function IBAQ % [Phannotate Mw
No. detected Phage |prediction: location |[kDa]
proteins peptides

1728 (>2 pep) M2K_0492 |Virion structural protein 15.98 |Structure:Head 20.9
|M2K_0507 Major head protein, T4 capsid homology [10.48  |Structure:Head 422

1451 |M2K_0493 Virion structural protein 8.20 Structure:Head 243

bacterial |M2K_0445 Putative amidase 7.06 Structure:Tail lysin [20.6

|M2K_0656 Virion structural protein 5.73 Structure:Head 141

|M2K_0510 Virion structural protein 3.83 Structure:Head 31.2
|M2K_0545 Tail fiber protein 3.75 Structure:Tall 180.4

Relative abundance |M2K_0298 Virion structural protein 3.36 Structure:Head 14.8
IBAQ intensity (%) |M2K_0565 Tail tube protein 3.02 Structure:Tail 25.1
|M2K_0567 Tail sheath 2.29 Structure:Tail 97.1

|M2K_0559 Hsp70 heat shock protein 1.83 Assembly 20.0

B. |M2K_0544 Virion structural protein 1.59 Structure:Tail 31.4
IBAQ counts (% phage |M2K_OO14 prmA, 508 ribosomal methyltransferase |1.45 Replication 22.6
peptides) by Phannotate |M2K_0560 Virion structural protein 1.44 Structure:Head 20.6
prediction/ location |M2K_0542 Tail protein 1.10 Structure:Tail 41.0

|M2K_0322 Putative DNA-binding 1.01 Unknown 8.8

|M2K_0296 Virion structural protein 0.94 Structure:Head 56.6

|M2K_0428 Virion structural protein 0.92 Structure:Head 21.4

Head: 57% |M2K_0346 Virion structural protein 0.87 Structure:Head 42.9
|M2K_0529 Baseplate hub subunit and tail lysozyme [0.86 Structure:Tail lysin [18.7

|M2K_0460 Virion structural protein 0.83 Structure:Head 21.5

|M2K_0464 Virion structural protein 0.80 Structure:Head 23.4

|M2K_0420 Virion structural protein 0.80 Structure:Head 21.0

|M2K_0646 PhoH-like phosphate starvation-inducible {0.78 Metabolic 53.2

|M2K_0539 Hypothetical protein- (head module) 0.76 Unknown:(head?) [22.0

|M2K_0538 Virion structural protein 0.74 Structure:Head 40.3

|M2K_0627 Anaerobic ribonucleoside reductase 0.68 Metabolic 67.8

|M2K_0547 Hypothetical protein 0.68 Unknown 70.2

o |M2K_0509 Head maturation T4 protease 0.60 Structure:Head 23.0
Replication: 1.45% |M2K_0512 Portal protein 057  |[Structure:Head 64.6
Assembly: 1.83% |M2K_0557 Virion structural protein 0.56 Structure:Head 35.8
Metabolic: 1.45% |M2K_0543 Colanic acid degradation spike lysin 0.42 Structure:Tail /spike|77.7
Unknown: 2.50% |M2K_0503 Tail fiber protein 0.42 Structure:Tail 56.7
|M2K_0558 Virion structural protein 0.40 Structure:Head 56.8

Figure 7 A) Schematic summary of Phage proteome data by number of Phage and Bacterial host
proteins to which >2 peptides were mapped, and Isometric Absolute Quantification counts (IBAQ)
%. B) Mapping of IBAQ counts for phage proteins according to prediction outlined in C) Table
summarizing all phage proteins detected at >0.4% of total IBAQ for Phage proteins.
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Figure S1: histogram showing distribut'ion of tail length measured from TEM
images (upper). Genome of SHEFM2K in aIi_Ignment with it's closest relative,
SP27, generated using Proksee using BLAST function.
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Figure S2. TEM ima%es of negatively stained SHEF-M2K and host strain M2K.
Phage SHEFM2K (MOI10) added to host strain M2K for ten minutes at room
temperature TEM images show negatively stained using 2% uranyl acetate and
imaged usm% an FEI Tecnai G2 Spirit transmission electron microscope. A. showing
is an embedded phaﬁe head in the host membrane and another approaching phage
attached to the flagella. B. Shown is a phage attachm% to the membrane closer
image in C. in D. shown is the another closer look of the phage attaching to the

flagella.
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Figure 6. Ultra-thin
i\é*’-ﬁ)s;,-,‘*;ﬂ section TEM (80nm)
TR0 )R capturing SHEFM2K
- ‘?'42+2'*_ i 0 lifecycle of infection of
ROLED A & EcM2K. Samples were
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+41:04:1)+ ; taken over 2.5 hours
: ’ and fixed in
glutaraldehyde before
staining (see methods).
Images illustrate the
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