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Characterization of enterohaemorrhagic Escherichia coli
0157:H7 phages FEC14 and FEC19 and their potential use in
contaminated beef

LI Zhaoxue', LAN Guanda', FAN Congcong', XU Cuiting', GONG Yunwei’, CUI Wei’,
ZHAO Chunyan*1
1 Department of Pathogenobiology, College of Basic Medical Sciences, Jilin University, Changchun 130021, Jilin,
China
2 Department of Microbiology, Changchun Center for Disease Control and Prevention, Changchun 130033, Jilin,
China
Abstract: [Background] Escherichia coli O157:H7 is one of the most important foodborne pathogens.
The accelerated drug resistance of £. coli O157:H7 invokes the selection of phages with strong lytic
properties to achieve the purpose of disease prevention and treatment with broad application prospects.
[Objective] To isolate and identify lytic phages against E. coli O157:H7 and analyze their biological
characteristics and bacteria-killing efficiency, which may provide insights into the research and
application of phages. [Methods] Phages were isolated and purified using double-layer plate method,
and their morphology was observed by transmission electron microscope (TEM). The optimal
multiplicity of infection (MOI), one-step growth curve, pH and temperature stability were determined,
and the whole genome of phages was sequenced. Lysis efficiency was determined by a single phage or
cocktail method in contaminated beef. [Results] Two strains of lytic E. coli O157:H7 phages FEC14 and
FEC19 were isolated and purified. According to TEM results, the heads of the two phages were both
icosahedral, and FEC14 presented a head diameter of about 80 nm and star-shaped tail filaments, while
FEC19 had a head diameter of about 58 nm and needle-shaped tail filaments. Moreover, FEC14 showed
an optimal MOI of 0.001, the latent period of 15 min and the lysis period of 65 min with an average
burst size of 156 PFU/cell, and FEC19 displayed an optimal MOI of 0.1, the latent period of 10 min and
the lysis period of 80 min with an average burst size of 800 PFU/cell. FEC14 stabilized at 60 °C and pH
4.0-11.0, while FEC19 survived at 70 °C and pH 5.0-9.0. FEC14 belongs to the genus Kuttervirus,
family Ackermannviridae, order Caudovirales, and FEC19 falls into the genus Wifcevirus, family
Myoviridae, and order Caudovirales. The single phage or phage cocktail effectively inhibited the growth
of host bacteria in the contaminated beef, and the two phages had no known virulence genes and drug
resistance genes, showing great potential efficacy in the control of E. coli O157:H7 contamination.
[Conclusion] Two strains of lytic E. coli O157:H7 phages FEC14 and FEC19 with high specificity,
stability and lysis efficiency reveal their potential to be an alternative antimicrobial agent for food safety

in the future.

Keywords: Escherichia coli O157; bacteriophage; biological control; cocktail method
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W 1t P K W 3% Ay B (enterohemorrhagic
Escherichia coli) O157:H7 &5 &Y HfE &
WM Z —, dABREEERE . 1, &
O ER S W P DR RE A A P I
ANBRU D 2R, e AT KGR
W O157:H7 FE 5 YL AR B Y DL Kgisek R .
M 1982 4B BRI A T O157T:HT Z 5,
HEFE2Bke R IR MG 2 & P, 1996 41,
£ HA ML 9 000 NG K% A @ 0157:H7,
11 AFET-P, 2006 4, EEKE T Zleis Yk
KB KRIGBRAE 0157 B/, K&K
200 Ay, 3 A BT, A, EEAEKR
WA i O157:H7 J& YLkl 2 73 000 ], 24
250 AFET:, S5 4.05 12ET0HM =41k 0,
1999 4F, F [ 7T 958 & Fl 2 Bk 4 Kk A
O157:H7 5 EMEWEE, 2 TZ N AW, 177 A
FETIO A 2N R AR AT LAAT R R AT A
AW, BRFES . BRI TR RS
B A A, W RO AN B 1 KRR R T, K
A 1032 Fh, ZANERY 10 £517, 7590 B R
e e 22 B 24 B R A A T R T S e
J5 A — 2 . /2 (I B Al mT LA S A
W, BIFEFN, $SrEm, o] R R
KEEE BT, Wb 25 A, SRR
i, RS A IR, DL ahb ol PRI e P A o v A
9o Jir DR 11 SR WS 6 AR ELA ) Il %) 1o PRI 5% o

1 #H57%

1.1 HHRFIS KM

S I R R X P 7 RO 2 At P A e D R
Y R ARAES,

T KA SR IR T M NRBE B . Rk
2R — R BE 5 KA B
1.2 EFE. TERFIFAE

LB WizkiF3k . LB HUER 3L, JLathiitr

ARG HBRAH) . PEG8000, T W4
L T AR/ ; DNase I fiff . RNase A iff. + k¢
FERRBR Bl (sodium dodecyl sulfate, SDS), i &gt
R TR W] s &AM K, Biosharp 23] 5
FALRAAR(SM ), JE REFRHA R
HREERRE DL, RETHESEEMET ; 40
HIEIRIEAE, IRPHEATBRA ] B3
BE, HTFAR]; pH X, FIEHRREAUE A
FRED % TAES, BRI ARRAE
1.3 HEMEE AR iFE

PSSR 022 pm JERSLIE, B4 mL
UEWR 45 10 mL AT XA K (ODgoo 2174
0.2)1 14 PR RKMIRATE O157:H7 WRIES,
37 °C #rEREFRIA, KH 10 000 r/min B>
10 min, FRKF IS8 R BRI AR ME 06,
B 100 pL F3 35 300 pL (975 F B IRIES
37 °C i%% 5 min, ZRJGIMAZE 50 °C A4 12k
[R5 R 3 v AR AE SR Sl 45 1 LB BilE 3G 3%
TR RAUZ B AR, 37 °C Bigid i K
H W5 2 75 A W5 TR BT ok
14 BEEAMSSEERNEHEE

W B — W B AP S E R, 37 °C.
180 r/min #R%H 3% 4 h, 10 000 r/min &0
5 min, M 0.45 um JEANLE BiEW, 153
F14) U8 Y RD Ay W TR AR 8 VAR 5 e Ik T A ) 4 T A
10 £ LAl R, W SBORR B U5 %60 I 1 TR 1:1
RAES5RHE 50 °C LREAKE R ILIRE, FifE
[ R 3 i 2% 1T 1T o) BOSUZ BB P-4, 37 °C H5 5%
12 h; FRHRPKIUA—BERBEREL 3-5 K5, RIorE
H A PR — WA THECT AR RS A A5 T
DAHES. HE TR A B2, ] PFU/ML £ .
1.5 MEMEKE ECH

W 15 75 ZEXTECE K BI(ODgoo 2120 0.2)H) 15
FWE, B KRARE . WGERE . D
TR M & B M A BRI 5 50 °C My A S
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FEHIR A, BHAE LB [IARE 37 3 3 18 i i X2
iRV, R Bt b ) s TR AV T AN R i
TR L, 37 °C B3t i 3 Ik H WS [
5 WA IR R R
1.6 3 7E M R 4K B 1 R 2 B # (multiplicity
of infection, MOI)

¥ 100 pL 78 5 O157:H7 5 MOI 4351 K
0.000 1, 0.001., 0.01, 0.1, 1. 10 WA
100 uL &4, 37 °C. 160 r/min JR %555 4 h,
10 000 r/min B.0> 5 min, B3 0E, WE
W PR AT . SEBR AL 3 WK, RIS AN
PR 75 5 BRI W B0 T e v P %
Y5 %5 B A W T AR 19 B £ MO,
17 NEEREEKR—TSERKMERRASE

¥ 500 uL fefE MOT [ K 5 26 R FlL g
FH(3x10° CFU/mL)R A, 37 °C £3% 10 min,
10 000 r/min 0> 30 s, PESTTIE 2 K, A 1 mL
WA LB Wk EEREDE, HE05R L
H, P 1 mL LB Rz sk E e, mMAZR
19 mL RzEEFRFEH, 37 °C., 160 r/min fHIE R
Fi5%s £ 30 min N, BEMIFE 5 min BURFE 1 mL,
FEREFE 30-100 min PN, FEEIFE 10 min HURR
1 mL, F0.45 um JEAS2L U8, Prisms iR g
i 10 A% LU RS RO W G AR S, P AT S AL
3 WK WP AR — 2 AR K il 4 UYL e (] 5
T AT JEE 1) X S{EL [Log o (PFU/mL)JAH G 1 ik
Pl s — 2 A K 4T LA sz i 7R 4 1 s AR
W, BEMS R KR, &K PFU/cel)=2k
U e TR AT /2 I A0 B 4 R R R
1.8 IR E R R FRFR E AN pH F2 2 1%

(1) W B A PR

P A (1x10° PEU/mL)43 SIAE 50,
60. 70 #1180 °C ¥¥F , F4rwilfE 10, 20, 30,
40, 50 F1 60 min B HORE, 7 45 BURE B[R] 25 7
Wik AR B 5 SRR E AL 3 IR

(2) WEEEIA pH o Pk

P W T AR B (1x10° PFU/mL) 43 1) 42 Fr
pH 1.0-14.0 FYPRTRLFI N Y LB Wz IR,
FHCE 1 h 5, MEREE AR . SCRER 3 K.
1.9 FESTHEFERENEEEAES

2% (STl iiimg ) DT A g
B ARRL Y PEG/NaCl JTTE $ BUy B 01 70 7
PRAiAR ORI 2%, BRI IARBURE T SM 22 mii
Hr, 4 °C PRAFE N, SR 7 g vk b BRI R {4
SORE, B 20 L W B AR SR 7R 4 ) A =
MU 15 min, P 2%BEEBR YL (4 2 min, 5
T 5 7 S L 80 KV HL WSS HIE A .

1.10 WEEAEFANERINEE

I B A3 M 21 DNA $2 U 742 BESCRik[ 1]
D7k, WeA Bt o 4l Ak g B PR 0k 75 56 ] DNase
I (0.1 U/mL)#1 RNase A (3 mg/mL)4Zb#, 37 °C
KB 1 h LIRS AAZIR, FEIMA 1 mg/mL &
i K, 50 pg/mL EDTA (pH 8.0)F1 0.05% SDS,
56 °C 7K 1 hy A SERF Tris-1 IR I
PRI S AR B 0 5 B (25:24: D3RI i
JE A SERFLGA D HR I, e A 1/10 /KA
3 mol/L NaAc (pH 7.2) % 2 AR Tk L%,
—20 °C vk ; ¥k H 4 °C. 12 000 r/min Z.0>
20 min, 3F F3#§, A1 mL 4 °C HA R 70%I05k
VRSBSOS RITTEE, A TE 28 hicvassie, BIAT3i
FRWETR A DNA,

1.11 HESEFRERH &

LA N YR TR 9 7 T S ROk 11-12], K
FRYIE R EZ 2 cmx2 cm, B 2 g BIFE
i, PBS ZZ sk, SEAMKTAE 60 min,
b7 5 min BZIAES,, MHESR K. HL 50 pL
H15 F W (2x10° CFU/mL)G 4 N ERH, 1
AWy AR T 15 min, 8 B R FE 50 I,
FH 5 mL PBS &M vhit, #hpEK 8 000 r/min
B0 1 min, JUHEMA 1 mL PBS 25 i A,
B AR YR 110" CFU/mL.,
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1.12 B—IEE{RE 4 °«C M BEETH
EEFRAREIRIFM

B 50 pL W BRI SIUR K T 15 Y4 A
AR, TC SRR A I TR R iR VR, X B
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TSR, PATERREL 3K,

TP 1 h BURE, BURE TR B B AR I
FERILA 5 mL PBS Z bl H, 160 r/min 4%
10 min, FERAWAEA, 8000 r/min Z.0> 1 min,
PLREIMA 1 mL PBS 2 i E A, EH 3-5 1K,
FPRMEPRR . PRI A BRI TR T8, 3
BA Hh AW B AR B YL T 2R RIS 2R TR O -
1.13 BEEEEAE 4 °C AEEEHT
R EF RAREIRIFM

W K FEC14 # FEC19 1915 F IR A 55
I, TR A A DTS Qe 25 RRE b i il 2 ik R) ko
TEYL TR AL L R 5] UR4K 25 uL ) FEC14,
FEC19 9 RWMERE A, RIFELSEREN SM
Ge PR R, AR RITE 4 °C FIE IR PGSR,
P bR B BT BURE IR X 8 E TR, PR
IR AR R E L, FATERRER 3 IR,

2 BERXR504

21 BWEEASSBREEENE

Sy el T B 2 MR NE S IR, 4 A
44 FEC14 F1 FEC19,FEC14 £ i 542 1-2 mm
FIE . &8, CEAWERE, WE 1A iR 1
I B K FEC19 JE B B4R 3—5 mm 5K Ay Rl I
BE, W 1B, BRI E 0 10" PFU/mML
110" PFU/mL,
22 WEEAREESEERNE

Wi AR FEC14 24 T FTA /Y 14 SRR
i O157:H7, ZH#EFEN 100% (14/14); ikE
A FEC19 25 78.5% (11/14), iX 2 FRW:
AR O157T:HT KIgRAmH . &8 E
HIAGERE . FEWD T TR RIS (GR 1),
23 BEEAREREELZRMODIINE

WA FEC14 76 MOI 4 0.001 B, i
A, PHENFRIERKRZ; 1 FEC19 7E
MOI Jy 0.1 BHEEE R, WK 2 fros, HIi,
W 7& FEC14 BY5cAE MOI 4 0.001, 17 I 4 14
FEC19 4 MOI 2/ 0.1,

1 FEC14 (A)F1 FEC19 (B)EE B R4 1k FF B B2 75

Figure 1

Morphology of plaques after purification of plaques formed by FEC14 (A) and FEC19 phages (B).
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# 1 EHE{K FEC14 1 FEC19 &6 £ HEE
Table 1 Lysis range analysis of phage FEC14 and FEC19

R A B R PR K WP (& FEC 14 240 BIRR B/ 20 R (%) WA FEC19 24 R B 240 R (%)
Strain name Strain number Phages FEC14 lysis strain number Phages FEC19 lysis strain number
/lysis rate (%) /lysis rate (%)
E. coli ATCC 23716 1 0(0) 0(0)
E. coli O157T:H7 14 14(100) 11(78.5)
E. coli O22:H8 1 0(0) 0(0)
E. coli 026:H11 2 0(0) 0(0)
E. coli O46:H38 1 0(0) 0(0)
E. coli O111:NM 1 0(0) 0(0)
E. coli O5:NM 1 0(0) 0(0)
E.coli O113:K75:H21 1 0(0) 0(0)
E. coli * 4 0(0) 0(0)
ESUANINE:| 1 0(0) 0(0)
Salmonella typhi
TIPS B 1 0(0) 0(0)
Shigella dysenteriae
BT A BRI 1 0(0) 0(0)
Staphylococcus aureus
TE: %o ORI A
Note: *: Unknown serotype.
A B
12 12 -
=11t ~ 11}
:]E_ 10 :]% lg -
> . i
< 7 < 7}
g ¢ 24
g 4 g 4t
2 3 s 3t
g7 =]
0 0
SES TS

MOI

2 IEHE{K FEC14 (A)1 FEC19 By B SN E
Figure 2 The multiplicity of infection of phage FEC14 (A) and FEC19 (B).

24 EEA—TEKMERBLAENNE A FEFEFE 90 min, WIKHIR 10 min, 27

W R AR — 2 AE K& B (B 3A), Wi 80 min, ZEAKEFH N 800 PFU/cell (&
& FEC14 B F2 R 2900 80 min, HrpWiK  3B), HMWREIA FEC19 JEIL 15 ¥ @ £ 2ot
105 15 min, ZLEWIN 65 min, BAMEFE AL ORI L e R AN R K AR T N B A
SRR R KY) 156 PFU WETE 1A ; FEC19 &Yt FECI14.
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Figure 3  One-step growth curve of phage FEC14 (A) and FEC19 (B).

2.5 BREAREEEMEENE
(1) WEERTE 50-80 °C &1 FRaE 1
2 BRIGE AR LE 50—-80 °C 2514 24 ik R 3
B B B AR Ak, WETE R FEC14 % 5L B B8 hin i
&, T FEC19 AHX A2 o 7E 50 °C B} 2 MW
P R CR AR AR AR | 60 °C WY FRE, 70 °C
IF I 44 FEC 14 7 40 min PN 2% 28 200 T B
Z 3%, i FEC19 7E 60 min 2R FIE T
40%ZE 47, TTE 80 °C Ff 20 min 5842k IE,
ARG ILE 4,

(2) WERIAFEATE pH T A E

76 pH 1.0-14.0 WAAEE T, 1 h Z N 2 PR
PRI 247545 A ARl . W & /& FEC14 7€ pH 3.0
B 12.0 B W5 A AR 5 BH S8 R, 7E pH 4.0-11.0
TR E ARG %, T AE pH<3.0
o>12.0 AW AR TG . W E1A FEC19 X R
PREE AU, 7E pH 5.0-9.0 &0 AR R
MG J1, 76 pH 4.0, 10.0 F1 11.0 B MR AR TS /1
TR, 78 pH<4.0 Bi>11.0 B9 54 F JLFAIA
FIAEIE W AR (B 5).

ik Bl AR 2 7S SE T 2R

E 6 7] UL, WEE K FEC14 B33k —+
ARSTARSTRR, BEAAKZH 80 nm, HEZN
BEIEWCR, %R ICTV #4323, FEC14 2%
T EWEF A& H (Caudovirales) Ackermannviridae
Bl Kuttervirus J& ; & 7 B/RWEEA FEC19 338
[FAE S ARSI AR R, EARZN 58 nm,
MmMHER2Z 258, HaKHE TARMEK
Caudovirales HLEFH Myoviridae) Wifcevirus J& .
2.7 EEAEEASH

WP 25 R oK WER AR FEC14 JEH 4K
& 158 639 bp X EE DNA, GC & 70 44.6%.
A 209 A FFHL R EEHESE (open reading frame,
ORF), # 4 ' tRNAs (tRNAS" tRNA*" tRNA'"
HI tRNA™) I 1A FEC14 AL R 415 B F 1%
% GenBank, &35 4 MG383452,

W E A& FEC19 L4 K 68 472 bp,
GC &N 46.1%, L0 Hromth A & e 1
RN 14 4>, A% tRNA., WEEIA FEC19 1Y
HEHAEHE FfE E GenBank, B F 5 H
MHS816966.

2.6
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ve]

Log,, (PFU/mL)
S RWAEULO OO

Log,, (PFU/mL)
O INWELLAANOOD
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t (min) t (min)

4 [EHE{K FEC14 (A)#1 FEC19 (B)7E 50-80 °C &4 T HIfa &M
Figure 4 Stability of FEC14 (A) and FEC19 (B) at temperatures ranging from 50—80 °C.

A B
10 101
9r 97
~ 8 ~ 8t
—l -
E 77 E 77
E 6r E 6
& 5r & 5
54 54
& 3t 5 3}
| |
2t 2
It 1}
0 0
O %.Q n;.b " 59 RPN q,.%,.“ o \\.Q @9\59 B %.Q 5.5 N ;39 Wa® %‘PQF‘\QQ\\.QQ?)@.Q
pH pH

5 MEE{K FEC14 (A)F1 FEC19 (B)RIERTHF2 E 1%
Figure 5 Stability of phage FEC14 (A) and FEC19 (B) under different pH conditions.

Bl 6 ZEHRTFEMETEER FECI4 BRI E7 EHBETEMETEEE FECI RIS
Figure 6 Transmission electron microscopy of Figure 7  Transmission electron microscopy of
phage FEC14. phage FEC19.
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TE 2 /NI T PRI D A R A R 3 2L Y 2
73 PR A 25 5L
2.8 HE—MEE{KX FEC14 8 FEC19 7£ 4 °C
MEREZG T EES ARESIRITEN

S HTRE R R FEC14 F1 FEC19 7EZ R A1 4 °C
FUHTHRMAPEEFRN D RBIRAE
O157:H7 WA, B5REW]: 154 °C &M T,
WK FEC14 A PR MR BEAE 5 h N T
£ 1.1 Log,o (CFU/mL), WEH 1A FEC19 fAbBR
ZH A0 R e BE VD T 29 1.9 Logo (CFU/mL), ifij %}
HECZH R o &b BLZH A 240 T vk i A AN (8 8)

TEE WA, WERK FEC14 fE/%) 1 h
A A R 8D T 24 1.1 Logo (CFU/mL),
Bl S AW BB WS, 5 h B BT
0.8 Logio (CFU/mL), i % B8 £H v At 2011 1 e A
ShNAKIF &, EF T2 1.4 Logo (CFU/mL);
Wi A& FEC19 7E 3 h W4 P 1E F R A>T
K% 1.8 Logo (CFU/mL), P& 4l Szt
%, ShEAHE 1T h BT 1.3 Loge (CFU/mL),

A
—_ 6 4°C
e
o3
o 2t - Control
5 1 = FEC14
0 L L ' L ' .
0o 1 2 3 4 5 6
t(h)
C
6 -
—_ 4°C
= I
= 5
= 4
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52|
3 | -+ Control
0 -u‘-FE(.:lg ‘

1 2 3 4 5 6
t(h)

<

mxF AT EEESE 5 h WA&ET
1.6 Logjo (CFU/mL), JGit 4 °C i 2 =AM T,
W B 1A FEC19 B R ERCR L FEC14 47, 1fif H.
K8 AIEN, 2 BRWETAIALE 4 °C 4514 R R
FIF T RIS T RREICR
29 BREEMEIKE 4°CHEBEHETH
IEH WHREIRIEN

X VB I B /K FEC 14 M FEC19 FH T A48 4
PIARE A IS YL E. coli O157:HT BYZCR ILIE 9,
4 °C W}, ARG REAE 1 h Z 54 R
BB T 1.7 Log (CFU/mL), ZJ54EH7E
— B EE , WTRRZH AR R BEAE 5 h NIEACDRIFRRE -
BRI, AR AT 1 h 5 40 R
/T 2.0 Logyo (CFU/mML), ZJ5H) 4 h 4Rk E S8
b, #EShAEFEE 1 h B EFFT 0.7 Logye (CFU/mL),
AT AR AR W EEAE 5 h Z NS F T
o Gib, ERERFMT . E—E R NG
7 W55 AT A 2 T 7 TR FE AR VR B, U2 T 2
R B

B
6 Room temperature
E 4
<3
s 2 - Control
2 = FEC14
0 . . . . ‘ ‘
o 1 2 3 4 5 6
t(h)
D
6
—_ Room temperature
E 5
5 4
53
%ﬁ 2 -»- Control
al = FEC19
0 n L i i " i
0o 1 2 3 4 5 6

t(h)

El 8 EHE—IEHE{K FEC14 (A 1 B)z{ FEC19 (C #1 D)ZE 4 °C fEBE U THLAEFAFREHR
Figure 8 Efficiency of single phage FEC14 (A and B) or FEC19 (C and D) on killing E. coli O157:H7
artificially contaminated beef at 4 °C and room temperature.
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Figure 9 Efficiency of phage cocktail against E. coli O157:H7 artificially contaminated beef at 4 °C (A)

and room temperature (B).
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