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W E. H T L1240 KHAF i (enteroinvasive Escherichia coli, EIEC)#) TR 5 5 74 7 3248 F R A= A
%, f EIEC X AR AT AN FH M A RESH. AL T A A6 EIEC A5 @, AAr#mE
Fo X 3 Y IRIE 75 KA de F 4 BATE| — AR R, 84 OEPL, RJAREIRNG-FARENEEEH K4
HMARFAERRE IS, —FAKBA. BE. pHIA. R EHBARE AW FHE, HEFHK
ATES CEAAEUINER LA, WKL E TR R S IR 69 £ W B 6 R VAR Caco-2 40 R 69 7R
PAER., %R E, OEPI 9RMAERELHA 0.1, M A 1.3x10"° PFU/mL., £EARRE. pH. &
VA B e ey w4 5%, BT e R, 3 RRR AR 6 % E a2 R KIAT R A&
WEREHERI D EEM., EBRGBRIA 10 min, B LA 80 min, B L 24 48 PFU/cell. &
HOSIR L FUEB R OEPL BT ARKFEE, B Caco-2 @i RATFAIRIAER . A1k OEP1 )
A BB KA 87 182 bp, GC A& A 39.80%, 4 128 M A 49 FF 38 i 1 4E (open reading frame, ORF),
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Biological and genome characteristics of a novel broad
host-range phage ®EP1 infecting enteroinvasive
Escherichia coli

HE Jiwei', LI Yuxing', ZONG Shuaizhou', QIAN Min', ZHANG Yaru',
ZHANG Zhangshengl, YU Haijiez*, QU Daofengl*

1 Food Safety Key Laboratory of Zhejiang Province, School of Food Science and Biotechnology, Zhejiang
Gongshang University, Hangzhou 310018, Zhejiang, China
2 Jiaxing Vocational & Technical College, Jiaxing 314036, Zhejiang, China

Abstract: We analyzed the biological and genome characteristics of a phage infecting
enteroinvasive Escherichia coli (EIEC), aiming to provide resources and a reference for the
prevention and treatment of EIEC. With the EIEC preserved in our laboratory as the host
bacterium, one strain of phage was isolated from the effluent sample from a chicken farm in
Huzhou, Zhejiang and named ®EP1. The titer, optimal multiplicity of infection, one-step growth
curve, temperature, pH value, chloroform and bile salt sensitivity of ®EP1 were determined by
the double-layer agar plate method. The morphology of the phage was observed by transmission
electron microscopy. The biocontrol effects of ®EPI in different food matrixes and the
protective effect of this phage on Caco-2 cells were tested. The phage ®EP1 showed the optimal
multiplicity of infection of 0.1, the titer of 1.3x10'° PFU/mL, strong tolerance to temperature,
pH, chloroform, and bile salt, and a broad host spectrum. Furthermore, it expressed lysis activity
against multiple strains of multiple antibiotic-resistant pathogenic E. coli and Shigella with
different serotypes. Phage ®EP1 had an incubation period of 10 min, an outbreak period of 80 min,
and an outbreak volume of 48 PFU/cell. According to the morphology observed by transmission
electron microscopy, phage ®EP1 belonged to the order of Caudovirales, and it had a good
protective effect on Caco-2 cells. Phage ®EP1 had a genome of 87 182 bp with the GC content
of 39.80%, 128 putative open reading frames, and no antibiotic resistance genes or virulence
genes. ®EP1 inhibited the growth of EIEC in artificially contaminated milk and beef and
eliminated EIEC in cell protection experiments. It significantly increased the survival rate of
Caco-2 cells and down-regulated the expression of interleukin (IL)-6 and IL-1PB to reduce
inflammation. We obtained an EIEC-targeting phage ®EP1 with a high titer and strong tolerance
to the environment, which provided a basis for the application of phages in food preservation
and other fields.

Keywords: Escherichia coli; phage; biological characteristics; genome analysis; Caco-2 cells;
cytokines

K % ¥F 1 (Escherichia coli)ff iy — Ffi 4 2% WA M. W= 28 PE K 1 #F 7 (enteroinvasive
MR, |26 T AMEmiE+S, # Escherichia coli, EIEC)&—FfEfS (2 78Ry 44
P FLEO 0T 434 B N 3800 B A0 i 0 250 15k W b 52 AR A B N B0 1, HEOR AL 5 B
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FCREMRL, & ERes R anmtkmE, nitk
£ i B BOR P R AT TS Y 5 0T RE 2 B B A e
SO T, TR N R 2 A v
KAYA R,

Ik A R LA A s i T R SRR TR I L =
H BRI RROE M et DL R b AR R it
2y AR A A RPE L TR R AR I R IR 2R
RO TE, WER AR A TR A a s

ARG LA SE B0 = U A7 1 I 1R 28 M K AT TR
e B, DT VLI 5 X 3 1 PR 5 5 K R
it TR 43 B AR B — AR KA R TR W R A OEPT, X I
B A 4 A )2 3R RURI 5 DR AL R R A5 T R Gk
WHoE, Kol 7 HXEARR S EIEC 1t
BRCR, I ] ®EP1 %} Caco-2 4 HEF T {447
PRSI, Ay S 5 P AR 70 B4 T & R S B g
TR SR —E SR

1A

1.1 ##

TS S a AR DI B S U R R e
K 18 WAL = A W A2 2 M KA T
Pk . DMEM S B FR . Anti-Anti 100x ., fify
A I B A Y B R BR A e
M 5 VR AL PO e ) #R e Sigma Aldrich 552
H; BREEFEENS B HyClone 2] ; Tris 9 H I
WEBTRL T AR R A BR A Fl . BT
85 JEM-1230, g [ Gatan /A #); AR50
FORMA . FEtri%, 14 A ZEBR KRB ()
A IRAHE],
1.2 EEAMEEMIEAEL

Bk A W5 M 5 55 38 37 1 3R 85 35 7K
FEdh, A I8 5 434 T 50 mL #.08 H,
8 000 r/min #.[> 5 min, B 50 mL & T 0K
HETEIAN, A 1 mL X504 K168 £ R 2R
(ODy00=0.4-0.5)F1 50 mL LB ¥ &85 3555, A
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37 °CHEIR, 160 v/min k3% 16 h, FEA7WE R A1)
WIS

BB 3R 8 000 r/min B.0> 10 min, B E i
W 0.22 pm 2 PERFISUE . 76 5 mL IR P ANA
5mL LB ARG5S 200 pL 16 &, TR HE
Fr, ZWEE, HRIMERE AR BB
WG, I AUZ AR LS B B AR . LR
AN BIE 375 B LI W A 05 R B 22 0.5 mL SM
GEh B EPE R, 4 oCAERIGE R 5 8 1 0.22 pm
TRUEARLIUE, VAR R R A RS, Al
Tl B 3-5 kM, HEVAR BN,
B — SR, 5 245 21— E R AR
1.3 EEEAHEKMERNE
1.3.1 IERE AN E

Wk BRSO 248 4 mL FE 5 A s A
SR FH UL S 32 00 6 3 % i ) I T R
W, SEREEM 3 AT, BETWEREEITEL, it
Bk, AW BEECH 30-300 22 8] i B
W WEBRARSN TR A ()R

W B K S (PFU/mL)="F- 2 0 B B 850 < H
B <10 (1
1.3.2 EEARERESEHNE

SR 1E RGP B TR A 1 3 R A AL
18 R ORI &2 K (multiplicity of infection, MOI).
¥ ODg00=0.4 175 AL EERFE, B 100 pL ¥k
AT LB AR [, 37 °cCHEIREE IR 12 h J5 AT
T4 B MOTH 45124 100, 10, 1. 0.1,
0.01. 0.001, 0.000 1 W AMER &, F 37 °CHE
RH 160 r/min #£3% 3555 4 h J5HUE , 8 000 r/min
B0 10 min, HCEVEW 100 L, H LB Wiz
SLiEAT 10 A R RE, A 100 pL 51 E
W 100 pL IS E 10 min Ji I 52 W5 RS
133 BEA—TERHBEINE

B ODgoo=0.4 PRI 4% e A Y 52 500 LL 61
MAREGEA, T 37 CREFHM NI E 10 min, i
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W B AR AW B, BE S 12 000 r/min 5.0 1 min,
BrZs BIEW BUTIE ] LB vk 2 K, fnA
LB PATRS) K TRCE T 37 CCREIRh R G 45 5%
AERR 10 min BURE, IF7E 4 °CZ&F T 8 000 t/min
B0 2 min, U8 B IE RO R, DU I A R
M W R AR — 25 A R 2, A A Ay Ik
YUpsha], AR A W T AR X B
1.3.4 IEEAREILENE

B S 06 5 URAT 1O) DA R RH ZE h E KH
SR P B AT 0 R W TR 1 S A L
1.3.5 KEERRIEE RN E

AW 500 pL WERR AW 704 T 1 mL #5078
Wi, 7£ 30, 40, 50, 60, 70, 80 °CIfHIE KIS
By 15 min B 1 RFE  BFERA A 2 =S,
ofs £ A R 2 A
1.3.6 EEE{F pH 2 E RN E

B 900 pL AS[H] pH {E(1.0-14.0)f) LB & A
BT IR T, L E T 37 cCREIR i
IS, A 100 pL WA ER , IR 5T 37 °C
PEIK, 160 r/min J3% 8595 2 h, Pk b6 BEH RE
I 25 S ALY o
1.3.7 BRI S A ST

B 950 pL W TR A, A 50 uL 4405,
LR A ANT R N 5% 5 B AT IS 1)
Xif B, Xof B 2 1 ] 45 i PBS 22 o AR R Al
RAET 4 cCib, W H X LA R R
7 5 S ALY o
1.3.8 MG R % BE 2L B Rk M K18

HU 900 pL WEEAZW, A 100 pL 1Y
50 mmol/L JHERVE W . X BE 41 ffi FH 45 i PBS 2%
R AR IR ER A . TR AT )5 T 37 °CoRIB B ok
W 2h, BREMRBG, S AU
1.4 BEEARHE ST BRENER

SR TV 5 1 B0 e T X s TR AR R T e e
s Sk W B/ VA 1 W AT A VR A D) L,
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B 2-3 min J FIRARR 2000 2 AR,
TN 2% 10 55 IR /K I W T Y1, e Lo 4
Je, WA Z R e, TELLAMET TR BT 4
P J FH 325 S R B L

1.5 EEKREEREANFE S

| A Tllumina NovaSeq 6000 | J¥ - 5 X 1
AR AT 4 B LA e (7 AR S s SR RH A
PR FE]). DNA FE RTINS A& G ESCRE, R
FHEA: Soapnuke X Ry 1 %54 2647 o1 & PEAG LA
R BRI 5 o i Megahit #4%T clean
data #F17 de novo ZH % .

T NCBI £E48 T H. BLASTn #E17IWE B 14
AT T, SR Prokka TN 7 &
HEERSEERES, it mom ok g B2 E |
K FIFH BLASTD (e<107 )45 7 190 5 [H &
%415 UniProtKB/Swiss-Prot/NR £ 22 10 i
BT AT, RBUREMIIREE R . FIHSGE
P A= ZEWF9E 804 7 (the comprehensive antibiotic
research database, CARD)#EA 1434, Tl J& 75 145
W 2 B 8EE ) I B0 JE (virulence
factors database, VFDB)I¥J set A &0 E0HE 2 , 18
b BLAST B F9 0 e o7 44 J2 75 #5257 15+«
XTWRE AR LA . NI R P A FE AR TR
FIUF ST X, FIH MEGA 11.0 251l R4tk
L
1.6 MEEAXAERAERP EIEC BITE
ES

#4100 uL 1.0x10° CFU/mL FE R 2 800 uL
TCWR R, IR HJCH TR R A
VIR 1 emx1 em W58, SAMNKE 1 b, 4%
il 200 uL 1.0x10° CFU/mL T2 7§ o 53 51 B B 1A
®EP1 X MOI 27 1 000 F1 10 000 Jill 2 £ i L it
Hr, BESR AR BIF 4 °CHI 25 °CRE3R 12 h, XFHE4
A SEFE Y PBS 2. £ 3 h U1 IRFE,
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PIRE S A S mL AR BRER KB TR, B0 R
BEHATR TS T
1.7 MEE{RXF Caco-2 ZAAEAYIRIF E RIS
1.7.1 MTT ;%42 Caco-2 HiETFER R

W5 15 3% 2= AT AR AR Caco-2 240 it T e 1t i 1k
JE 8, IAGE B DMEM 55 32 W T TR &) b
F 96 FLAH ALASHN 100 uL A& 4L i) DMEM
BE SRR 25 I IR AL

A 37°C.5% CO, B 546 h 9% 24 h )i,
F BB FUE L Caco-2 40 LI BE I TE A%,
— JZBUE MRS IS, BERD ] B-P (R
ST B A (BG4 A A 10 pL WA
4 10° CFU/mL 9 EIEC B, 3555 — Bt el s,
] E-P 415 P 2 (W B4 ) 3 Sl o A s T
W, [AIRS ] C 4lo BRAl)Hom A %8 5 1) PBS 2%
b

YkSEREFE 4 hJE, W E-P 45 E HAMAGE
WhAEE, KR —-BAERFLTIRAH,
FH PBS 2% MR VeI A %5 5 DMEM #5579 o
SRIGHEEFLIMA 20 uL DY FF A 20 i (methyl
thiazolyl tetrazolium, MTT)¥% ¥ (Smg/mL), # A
BEFAR SR 4 he WAL MTT 5355509
IREW, PBS ZohiE s, BALANA 100 pL
— B 3L A (dimethy] sulfoxide, DMSO), ¥
96 fLHR E T TR IRZ AL E 10 min, H2KH
ke A L PO P AR Uk % 4 490 nm 4k
FALROLE, BAHSEES 3 K, DX
BBAHFEE, 118 Caco-2 HMIAFIER, Jr M
AR IR A AT 1 2R e ] B 2 75 RE X Caco-2 4
MLFEA T R AP S
1.7.2 Caco-2 A AT /EH B E RN

Hoechst 33342/4k, N IE (propidium iodide,
PR AER Caco-2 A BLFE T 15 5 « A [R]ik 71 b
FRAE SR 4 h (R 1.7.1), BFLIA 50 pL
JiE B Y, BRIS SR A 37 CCHERMIEE
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30 min, % EAKiFRW, A 10 pL Hoechst il
Pl IRA W, 37 °CHF & 15 min J5 FIZE0 B
BEWER .
1.7.3  qPCR 75348 Caco-2 20 A 4A AR E F#Y
xix

RNA $#RECZ St BOd 8 K0
Caco-2 44l = LR SR, RNV
10°4~/mL, 43 %5 FIXHIRZ . a4 (B 4)FiAY7
ZH(E-P #41), {#i45 EIEC B M A 10° CFU/mL,
W BRI B Wk o 108 PRU/mL | B AR TR
A 5mL, FET 37°C. 5% CO, R 46
Bigt)n, WRSEL EIEC A AR AL BRSO 40 i,
FHl PBS Ui 3 I, M8 Trizol RNA $& Uy 74
PLHL Caco-2 ZHffl 5 RNA, 7E NCBI 2 ifI{#
BIEAR LA G| e 8 74, s s S LR 1.
T ER 3 o ARPEFFI G H I SE A 1Y)
CfH, LLAJE GAPDH LR kg 2, Fil ] 2724
ot A AIRE S AR SCIE ] mRNA A9 AH XS 3k
B S HERH SPSS 18.0 BAFUEATS T
T 22500 . PR A LB DL X +s SRFIR,
P<0.05, FREFBH.

qPCR S 544 . Xt Fr#2 U Caco-2 4 iEg
B RNA 5553815 cDNA, W 4540 :37 °C,
15 min; 85°C, 5s. $RJFi#4T qPCR b, =
N Z&AF R s 95 °CHUAEYE 30 s; 95 °CAEME: S s,
60 °CiE & 34's, 40 PMEH.

1 KRE=E PCRHSIMFET

Table 1 Primer sequences for gPCR

Primer name  Sequence of primer (5'—3")

IL-6-F AGACAGCCACTCACCTCTTCAG
IL-6-R TTCTGCCAGTGCCTCTTTGCTG
IL-1B-F GCTTGGTGATGTCTGGTCCA
IL-1B-R AACACGCAGGACAGGTACAG
GAPDH-F CATCACTGCCACCCAGAAGACTG
GAPDH-R ATGCCAGTGAGCTTCCCGTTCAG
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2 EREGHN

21 EEAMRERRESEHEHE—
k53

NS5 X 3 1) PR 5 7K A o v B A 31—k
W iR 28 E KB FF R W A, w45 ©EP1. 7EM
AR R 1-2 mm BB, PRECRA
W A B2 35 wRalifb U™, W T B I LY i
A —, SM4ETHE 10°-10"° PFU ¥ 4%,
wE 1A, 1B i,

Fie BEOAS [R] 79 LA s D AR 55 18 TR G
Ik AT A e 1 S e 5 800N 45 SR L3R 2.0 ©EP1 1Y
R G B 0.1, 2 R 1.3%10"° PFU/mL.

C S

N

Phage titer (log,, PFU/mL)

Y an

0 20 40 60 80 100 120 140
Time (min)

El1 ®EP1ALHEIA)RGB)RIEEHUR—FE
K i £ (C)

Figure 1 The plaque of ®EP1 before (A) and after
(B) purification. C: One-step growth curve of
phage.
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x2 BEARERREEHNE
Table 2 Determination of optimal multiplicity of
infection (MOI) for phage

Number of phages Number of bacteria MOI ®EPI
(PFU/mL) (CFU/mL) (PFU/mL)
1x10° 1x107 10> 1.5x10°
1x108 1x107 10" 2.6x10°
1x10’ 1x107 10°  9.2x10°
1x10° 1x107 107" 1.3x10"
1x10° 1x107 102 1.0x10"
1x10* 1x107 107 7.0x10°
1x10° 1x107 10*  8.4x10°

40 0% A R R i T TR 4 e A S e 52 B L1
RAERIE . 2l — K ihgk, A br ke
BFI], GhAR AR A W TRAAR RN X BB . N — 25
Az K 2 R R A 2 I TR AR AR Gt i T E 2
fife . BRI B AR AN R A S, A 4E
PRO RG] . M . R TR ARV R
Wb, R T DL R R . AR
MR R, DRI R Ak, WICER
T T AR ) SRR DB AT LU 4T b N T
25 1 4 TR Y 1S 5

A& 1C AT %1 OEP1 AT IR 298 10 min,
R WIZ)R 80 min, HE K TN 48 PFU/cell, %

NXQIT R LR
$8 I Bt = e AR S T A S8 IR e T
FR ()

2.2 EEERRYREL

ML BB E R OEPL AT LIAT 3 24
81.25% (26/32)) KIm T, Horb 4 5 A W] Y i
WS 2R ZEMAEORE, I A SOE R
21 #% EIEC Hi9 18 ¥k [RIAf EP1 XJ 343 B
FCTR 238 T 2R M, BRI T8 MM m
FikEk 3).
23 EEARBRIZE R pH REM

W A AR FL R A R A, A AT 3l e TR I
T2 AN AL PR R B 358 Ko T =0, REN
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F3 BEEMAEEIE

Table 3 Host range of the bacteriophage

Number Bacterial strain Source Drug resistance’ Plaque

formation’

1 Enteroinvasive Escherichia coli HZZ5 ZISU* v! (AM, AMX, CL, FOS, GM, K, NA, S, ++
Si1Z, TE, TMP)

2 Enteroinvasive Escherichia coli HZZ8 ZJSU Y (AM, AMX, CL, FOS, GM, K, S, SIZ, TE, —
TMP)

Enteroinvasive Escherichia coli HZZ10 ZJSU Y (AMX, CL, FOS, K, SIZ, TE) ++

4 Enteroinvasive Escherichia coli LAZ1 ZJSU Y (AM, FOS, GM, K, S, SIZ, TE) +

5 Enteroinvasive Escherichia coli LAZ2 ZJSU Y (AM, AMX, CT, ENR, FOS, S, SIZ, TE, -
TMP)

6 Enteroinvasive Escherichia coli LAZ5 ZJSU Y (AM, AMX, GM, K, S, SIZ, TE, TMP) ++

7 Enteroinvasive Escherichia coli LAZ6 ZJSU Y (AMX, CL, K, SIZ, TE, TMP)

8 Enteroinvasive Escherichia coli LAZ7 ZJSU Y (GM, K, S, SIZ, TE)

9 Enteroinvasive Escherichia coli LAZ13 ZJSU Y (AM, AMX, GM, K, TE) ++

10 Enteroinvasive Escherichia coli LAZ16 ZJSU Y (AMX, CL, FOS, K, OFX, S, SIZ, TE, +
TMP)

11 Enteroinvasive Escherichia coli JDJ1 ZJSU Y (AM, AMX, CIP, K, S, TE, TMP) ++

12 Enteroinvasive Escherichia coli JDJ2 ZJSU Y (AM, AMX, ENR, FOS, S, SI1Z, TMP) ++

13 Enteroinvasive Escherichia coli JDJ8 ZJSU Y (AMX, FOS, K, S, SIZ, TE) +

14 Enteroinvasive Escherichia coli JDJ9 ZJSU Y (CIP, FOS, GM, K, S, S1Z, TE, TMP) ++

15 Enteroinvasive Escherichia coli JDJ11 ZJSU Y (AM, AMX, FOS, OFX) ++

16 Enteroinvasive Escherichia coli JDJ12 ZJSU Y (AMX, CL, K, S, TE)

17 Enteroinvasive Escherichia coli JZ8 ZJSU Y (AM, FOS, GM, K, S, SIZ, TE, TMP)

18 Enteroinvasive Escherichia coli JZ10 ZJSU Y (AM, AMX, K, S, SIZ, TE, TMP) ++

19 Enteroinvasive Escherichia coli JZ11 ZJSU Y (FOS, GM, S, TE, TMP) -

20 Enteroinvasive Escherichia coli JZ16 ZJSU Y (AM, OFX, TE, TMP)

21 Enteroinvasive Escherichia coli JZ19 ZISU Y (AM, AMX, FOS, GM, K, S, SIZ, TE,
TMP)

22 Enterohemorrhagic Escherichia coli NBZ2 ZJSU Y (AM, AMX, GM, K, S, S1Z) -

23 Enterohemorrhagic Escherichia coli NBZ3 ZJSU Y (AM, AMX, S1Z, TE, TMP) ++

24 Enterohemorrhagic Escherichia coli NHZ1 ZJSU Y (CT,MD, S, TE) +

25 Enterohemorrhagic Escherichia coli NHZ2 ZJSU Y (AMX, FOS, S, TE, TMP) +

26 Enterohemorrhagic Escherichia coli NHZ6 ZJSU Y (AMX, FOS, OFX) +

27 Enterohemorrhagic Escherichia coli JW ZIJSU Y (AMX, AT, CL, FOS, GM, K, MEM, S, -
SIZ, TE, TMP)

28 Enterohemorrhagic Escherichia coli NW ZJSU Y (AM, CL, GM, K, S, SIZ, TE) ++

29 Enterotoxigenic Escherichia coli ZSZ3 ZJSU Y (AM, AMX, CT, ENR, S, S1Z, TE, TMP) —

30 Enterotoxigenic Escherichia coli ZSZ5 ZISU Y (AM, AMX, CIP, GM, K, OFX, S, SIZ,  +
TE, TMP)

31 Enterotoxigenic Escherichia coli ZSZ7 ZJSU Y (AMX, CIP, K, S, TE, TMP)

32 Escherichia coli ATCC 8739 ATCC® N°

33 Shigella flexneri ATCC 12022 ATCC N -

(F5 %)
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(B3R 3)
Number Bacterial strain Source Drug resistance® Plaque
formation
34 Shigella flexneri NBDJ10 ZJSU Y (AM, CIP, CL, GM, K, OFX, S, SIZ, TE, -
TMP)
35 Shigella flexneri QZDJ5 ZJSU Y (AM, AMX, CIP, CL, FOS, GM, S, SIZ, —
TE)
36 Shigella sonnei NBDJ20 ZISU Y (AM, AMX, CIP, CL, FOS, GM, K, NA,  —
S, SI1Z, TE, TMP)
37 Shigella sonnei HZDJ6 ZJSU Y (AM, AMX, S, TE) +
38 Shigella sonnei HZDJ9 ZJSU Y (AMX, CL, FOS, K, OFX, S, SIZ, TE) +
39 Shigella sonnei QZDJ2 ZJSU Y (AM, AMX, FOS, GM, K, S, SIZ, TE, -
TMP)
40 Shigella sonnei QZDJ3 7ZJSU Y (AMX, CIP, K, OFX, SIZ, TE, TMP) +
41 Shigalla Dysenteria NBDJ24 ZISU Y (AM, OFX, TE, TMP) -
42 Salmonella Typhimurium LT2 ATCC 700720 ATCC N -
43 Salmonella Typhimurium NBDJ 1 ZJSU Y (AM, AT, NA, TE, TMP) -
44 Salmonella Typhimurium ZSDJ9 ZISU Y (AT, CIP, GM, K, NA, OFX, S, SIZ, TE) -
45 Salmonella Enteritidis ATCC 13076 ATCC N -
46 Salmonella EnteritidisHZZ1 ZJSU Y (AM, AZM, FOS, OFX) -
47 Saphylococcus aureus ATCC 6538 ATCC N -

b ATCC: American Type Culture Collection. ©: AM, ampicillin; AMX, amoxicillin; AT,

aztreonam; AZM, azithromycin; CIP, ciprofloxacin; CL, chloramphenicol; CT, colistin; ENR, enrofloxacin; FOS, fosfomycin;

% ZJSU: Zhejiang Gongshang University.

GM, gentamicin; K, kanamycin; MD, mequindox; MEM, meropenem; NA, nalidixic acid; OFX, ofloxacin; S, streptomycin; SIZ,
sulfaisoxazole; TE, tetracycline; TMP, trimethoprim. % Y: Yes. © N: No. ' ++: Clear plaque; +: Opaque plaque; —: No plaque.

30-50 °CHf, ¥ ®EP1 fiG MM A K, M 7 EHEEME OEP1 MIELS . OEP1 N KR

k3 60 °C K LA FIF, R HAER 15 min, ®EPI
PSP 2 R IR B R 2 50 2 R (K] 2A),
W ARTE pH 4.0—-12.0 Z A REMSFA E (745
HEYE, 7E pH<3.0 Fll pH>13.0 FUFREE 1, MR
%%ﬁ@ﬁ@ﬁ%ﬁ FL2 ARG (K 2B),
24 WEREARX S REE A UK
W A 2 A e IR ER AL B, Hk i S
C AR FHMZEFP>0.05), C 4 8F PBS
AEFREY XS IR, PEH] OEP1 XS K HER IE A
Uk, AT R BERLSARS (A 3),
2.5 BEAHESUE
KB R VEXT OEPL BEfTfYe, &S

&: 010-64807509

H, k#KZ 60 nm, HEAH 60 nm, £/l
B, ALY IE ARG, 2950 80 nm
(El 4).
26 MEASEFEANFRERSHT
SFWEE AR OEP1 PEAT R4l , 4%
K], OEP1 AR 42— 4R DNA 7
-, K/NJy 87 182 bp, G+C &K 39.80%.
ik BLAST 47845501, ®EP1 &4 128 4
HE 52 B TT % 5] 324 (open reading frame, ORF),
Hrp 42 4~ ORF MINEEC IR, HERRAN
32.81% (42/128), 4 86 4~ ORF Wy fE#E 1 Ff
FR € H (hypothetical protein).,
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2 BEAMRREER pHIREM A WEARHERENE. B: pH X W ARRL M 157 00
Figure 2 Thermal and pH stability of phage. A: Thermostability of phage. B: Effect of pH on bacteriophage
viability.

3 BEAMSHRERABRNE A WEEAOT DAL, B W A0 IHER Y R
Figure 3  Sensitivity of phage to chloroform and bile salt. A: Chloroform sensitivity of phage. B: Bile salt
sensitivity of phage.

OEP1 B4 HE N AL F IR 5, e A 2 e
TR FE DI R/INAIBR IR s A T I Y SR L
G+C & i, IEHI NN FRR XX G+C &
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[ B %678 G+C-skew [G+C W#%, G+C skew=
(G-C)/(G+0)], ZRE(EM)RE GC-skew KT
4 WEBitk DEPI BB B CUINTF) 0, ATHTHIBERIR DNA #4525
Figure 4 Transmission electron microscopy of B EPEER OEPL EMALFS; i 5 A~F
phage ®EP1. FELA R 5 ARH AR TR 4 L A1 2H e 7] (3 €0 TR 3
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Figure 5 Whole genome analysis of phage ®EP1.
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Figure 6 Phylogenetic relationships of phage ®EP1. A: Phylogenetic tree based on whole genome sequence. B:
Phylogenetic tree based on endolysin sequence. C: Phylogenetic tree based on major capsid protein sequence.
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Figure 7 Phage against enteroinvasive Escherichia coli in milk (A, B) and beef (C, D) at different

temperatures. *: P<0.05; **: P<0.01.
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Figure 8 Effects of phage on EIEC induced apoptosis of Caco-2 cells. A: Cell viability after treatment of
phage and EIEC. B: Staining diagram of cells after treatment with phage and EIEC. C: Control group; P:
Phage group; E: Challenge group; E-P: Treatment group. There is no significant difference in the same letter,
but there is a significant difference in different letters.
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Figure 9 Expression of inflammatory cytokines IL-6 (A) and IL-1f (B). There is no significant difference in
the same letter, but there is a significant difference in different letters.
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