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Isolation and characterization of bacteriophages for
the control of Shiga Toxin-producing E. coli
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Abstract Shiga toxin-producing Escherichia coli (STEC) is an important pathogenic bacterium. To control STEC, the
characteristics of the ECP33 and NOECP91 coliphages, which belong to the Myoviridae family, were analyzed. The host
inhibition range for a total of 44 STEC strains was 45.5% for ECP33 and 65.9% for NOECP91. ECP33 and NOECP91
were relatively stable at 65°C, 50 ppm of sodium hyperchlorite, and a pH value of 4-10. However, the two phages were
susceptible to a temperature of 70°C. NOECP91 was killed within 1 h after exposure to 30% ethanol, but ECP33 showed
high tolerance even after exposure to 70% ethanol for 1 h. Interestingly, the inhibition of STEC growth according to the
multiplicity of infection of 0.1 was confirmed until no growth was observed after 10 hours of culture with the phages.
Therefore, the ECP33 and NOECP91 phages may be applied as a biological control agent for Shiga toxin-producing E.

coli.
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Al7F H4 A4 ulH(Shiga toxin-producing Escherichia coli,
STEC)S W4 tg+o] F83 & 2502 AV} 545 &
H|sh= tig<tolth. STECH] o3 AR MEHie 217 W
2A|E A4S Uehfo] HlE 4 (Vero toxin)2} F2M, Shi-
gella dysenteriae®] 23l A2 Al7F SS9t 4 F ch
A FFAA T3] Al7F FAF 54 (Shiga-like toxin)Etal =
EdtH(Nataro?} Kaper, 1998; Nakao 5, 2002). TIE 255
I g 100-200709] A2 #rRe Aol ks, A4EA &
A EEE 4o7a Agk A% &84 &5 FF(hemolytic-
uremic syndrome, HUS)Y 417+¢ i Fo] YEPdThKim &,
2009). Majowicz 52014y STECZ <ls] A AAHo=Z wjd
2,801,00071¢] 574 Agko] frkeo] HUSZF 389071, AHd 23071
o2 FAH3ka o) STECE FHA& 1009F oo v+ 8%
I ke o] F 7P Bol dEdl A O157T:HT 4o= 1982
ol ml=elli @ 9 dAWAR Qdsle] Jaoz FHAE B
ol FAEANAA o2 FeEUoH, STEC FFF ¥
ol 7t AEe Aer dEA SIthBrooks &, 2005; Law,
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2000; Majowicz 5, 2014; Smith 5, 2014). 2 ol= 015745
B} HaAe IsiRNH non-0157 STECY] 2]3F W] o}
A3 JtHBrooks, 2005; Gould, 2013). £3] non-0157 STEC %
serotype 026, 045, 0103, O111, 0121, 0145 A AAZoZ
ud 36,0004, 1,000 HYE, 308 AFES doJ= “Big six”
non-0157 STECY]| %ale, 2011 Edor] ZA wHste] o]
78t HAE 0104:H4 STECS] 7% F¥ S7FecM= A o
oz WAt oF 4,000 W] FAprb WAsie] o] F 900
o] HUSS.Z Zld=|o] 5499 Abgabrh 2hA 3 th(Flank
%, 2011; Kaper &, 2004; Karch 5, 2012; Mathusa &, 2010).
o|x¥ STECE #d™o] & Jo AEFFTE5S doZ 99e]
710 2F AEAZIAGNA 2He] FHA| Aed
840] 9t
P LB Mdg SFE she Al vloleid o
o2 19159 Twort?t 19174 d’Herelle’} 242t S@ Ao g v
2 QIR S A3} THSulakvelidze 5, 2001). BHE2] Q31 = A
< SFE A7) il Aol Bl EAlske ol o] oF,
EY, B¥ 5 Uheke A wddn), Bel, B4 ARt
Aoz sty 4 F 84S oY= sF50148 2
=t} ozt wElg oA Y] o7 §AS 8t thge A+
o] A8-o] 753tk (Marks2t Sharp, 2000). Phage therapy=
429 &F5014S o]g3t EAT BE XEdhe EokE,
1940t ol AR o] TR AAETF BRI FAA W
o] 9o A A EF2A o] s A3t R
%3 2ATHBrssow, 2005; Oliveira 5, 2009). ©] 2ol %= ultel]z]
LA FAAES 083 &7 FL T F8 ThY AL HY

4 Aol AE 2 Ao, 54 @ e JAE weode
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A FZ(phage display), BYd FIABES] ER(typing), WA
AT, FAF AdoAX Mol BA] A 735 A, S
Ao AX, A A4l dol, e 4FEol4sh WHH

£ Zt= FEAQT T wl FHSEH At Ha o
(Guglielmotti 5, 2011; Khakhria &, 1990; Lienemann &, 2015;
Tzipilevich &, 2017).

H2o| AFAFE AHAES A g #A Fdeh 19
7 F7F To& Qe A wAE ARE HAVEAE E
7] FAE AR AR souar 213} olgt AlM FAHES]
Ae T2 AEFT] vlE] Hed vAEe Y HoRgk o,
ool A EAIZF T8 1A= it 1311/} 2 FHE
o] A% 714 5o EEA gzl o8] 2Fe EHo] A3t
=7] 194, si8HA AR Ee] 739 AAl d oAl A
SO 7 AH|RIEC] 35hy AgAlE AREske Aol tis] AR
< e ZFe] Atk ok&E AF S¥=HY U= Aol vt
o] 2= F(biofilm)S F4skA =™ AER $EZ (extracellular
polymeric substances, EPS)S #-H]3le] 9§30 thall HE7} 5
7] wjel|, dukEel Axjeut EeHel Wby 9 51ekE Agas
AE M} stle 2 537t =24 ¥t ol TS o M/
A gAY 9| 2] Q314 84849 endolysin 5] A|SHE T
= d8ro|tk(Sassy} Bierbaum, 2007). 2 FollA % v 2] 2 314]
o] FEo|4E o8t WG Altg Alojsk= A AHEA
N Eofs thE Z““ﬂi"iolur AlelAls 93 vAA &

3, A7 AR @1E T 7)) AF Repeldel g wsivt
B3 Sz ek, thik, AAARAZAS) S st A
o Qo) HFEolo] Aete] LAY FAY ASH 0w

Ael A gUy Aol Befol 4A thl S-S s B 7t
ek olelst BANS As] 918l B4l the wrHel e
S E£F A, T AYAYAES BPAE NEshR

A W & ATAE 3 HArere sTEcs
A0 She v onE Felsel SFANEIS ol B
e N A LR
H7)e) STEC ASAHES SeIgozn e e 4%
34 SAYA A8 e BAsuA s

ME %
HiE2|uiX| 221§ 28t =25 uiY
STEC ti/de] dHg| uxE E&37] 8l E coli O157:H7
F5ol &3HE E coli NCCP 13930, E. coli NCTC 12079, E.
coli O157:H7 505B 359} non-0157 STEC o9 &3le E
coli NCCP 13979 (0104), E. coli NCCP 13934 (0179), E. coli
NCCP 13937 (0103) 355 &FdFE ARgsldnt. o] #FE52
EMB agar (Becton, Dickinson and Company, Franklin Lakes,
NJ, USA)Pl &4 m=dste] 37°Col|lA 24A17F vl eFatdict. o]
o9d HES FHsl 10 mMe] d3kdgo]l H7ME Luria Bertani
broth (LBC, Difco Laboratory, Detroit, MI, USA) 5 mLel H%
sted 37°CollA] 24117 vl st & Aol AMg-stATh

gief|2| 2Okx| 22

A 74X 9 s ANEE AFsl i wEHE e uXE
Bjsled ARgslsith A1 894 LBC broth (10mM CaCl, 37H
= 19 HE= 4401 &X‘i‘r%}fﬂ LBC brothol|x] A wjokg oF 8_
9 log CFUML 39| &Fa45F2 27 100y Z=3 &
37°C, 150 rpm&=2 2447 Eo} wjFatach. wiFed-S 8000 rpm

27l (syringe filter, Millipore, MA, USA)S 3 Al sFATh
Al A2e gde 103 A3 7+ & W2 LBC agar
ol plaque assays Fe3taL 37°CelA 24’\]7 FujeFsie] plaque &
Ae Felsiint. AAE plaques FEfEHZl B0 Wt single
plaqueZ 5= #-2|313, 77} 10% glycerol stockdle] —70°Col| A
HAs5

oM 1027 dAEelsty A dTAE 022 um AJ-A] A
°ol-&
T

SFEMHE

#2]E o=t 3R (coliphageyS tHEO= el 18F] E. coli
0157 59} 265¢] non-0157 STEC w50l sl <A<
£ spot assayS 33 5} ;?l’é}m‘:]- LBC brothol A At} HH‘>k
H 4459] E coli STEC ¥FE LBC soft agar (0.15% agar
$holl 538132 LBC agarll ﬂif& &, wolE WA &
S 10 uLy BF31a 37°ClA 24217F vl dste] plaque B4
gelsksd

O

rulo _I% 51

SEfaty =AM

Pty 545 EAs] flste] ohEe] 3] 895 2 M
NaCle] H7H 20% Z2]ol¥ A =2 Z(polyethylene glycol, PEG)
8000 (Sigma)2 °]&3l °F 9-10 log PFUmL o2 =3}
AtHLeest Park, 2014). 3% FALANS 25000 g 4°C, 147+
x710=2 PRl ATAE AAT T 0.1 M o EARIRE
F(ammonium acetate) &g o]&3l] FAlEE FHFS 23] Wb
Haly HEZHOE 1xSM buffer (10 mM MgSO,, 100 mM NaCl,
001% gelatin, 50mM Tris-HCl, pH 7.5)l] @esle] x4 A 2}

S AR GAlE SR8AS 2% oM EAR-E (uranyl acetate)
0]4901-04 negative staing 3y}, 80 kV 3lollA F3} A}
74 (Transmission electron microscope, TEM)= 53l e sH]

il
4L sl

Jlm rﬂt rulo

Cleset SZ0IMS| OFEA £

#23} coliphageE 32, pH, 7|8 H(°ﬂ 5hE) B Xfold s
(NaClO)e] thefst 27l =2A1A S8 S ik A& <t
e —‘?'—@,o]— ok 32 B3 isie 65, 70°C, pHE d4ka
A EES AMESl] pH 4, pH 7, pH 10, F71871 2= 99.9%
Oﬂ‘%—%(EtOH)—"— Al~9~o}°4 30, 50, 70%2] ool w=EAF),
Aol ko] 734 FF 50, 100 ppm =] XpolH A 37
wEAZIL ote) EAmE Aele AAGAS vz 514 sfo]
LBC agaroll spot assayS T390, & A &2 U=
23 3 37°COlA 244 7F HHO]:E}— %, AAE plaques AlS3)
o] B9 AaFS ARIFOEA 4 ol gk wx]9] by

~

o

e BRS04 4ge 3:@1 HEsle] B eI

OkX| X{2|2of| 2 Shiga toxin-producing E. coli Al7t54
MM AT M|

A oiFdFakA]el] 9]gk STECS] ASAAIE dolrr] 23|
96-well count plate] 200 pL2] LBC brothE -2 5, 217} 4=
ZA7A w3 E coli O157:H7 NCCP 13930 45 E. coli
0103 NCCP 13937 #F& /NEE HF3IAT). o37]e ECP33 I}
Z]e} NOECP91 A& 742 0.13F 0.0001 ?%0 Edpch= s
(Multiplicity of infection, MOI)7} = =5 H3E3k & 37°C2] wl|<F
710 150 rpme2 Wik viFSIHA, w AlZtelch 2pe]Xd Hgsd
EAE &3t 620 nmollM FEEE A3t FH #50 of
B AS A AEE BT
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Zo oy na
uiE2|uiX|e] 22let SFEXHEM

S ABERE E coli STEC 455 SF0FE ARR-3lo]
Z 5259 E coli FAE FEEAT. EEE FA = E coli
OI57TH7 &5 #2=27H &89 749 ECP (E coli phage),
non-0157 STEC & #2=2HE E2¥ 4% NOECP (non-
0157 E. coli phage)et "8 835t 4452 STEC #+7& 4
2 SFANEARS B3l nFe] TR 5 SFAENY
$7F WS ECP33 3X$} NOECP91 A2 AWHslith(Table 1).

ECP33 3}x]9} NOECP9I TA|&= 262] E. coli O157:HT 45
o tiEliA 50% o)de] SFAEALS 7 oH, =8 W non-
0157 STEC serotype (026, 045, 0103, O111, 0121, 0145 %
0104)9l aZste= 1150 thaiA % ECP33 IA = 81.8%,
NOECP91 A= 90.9%°] WS FANEES /e AR
et =3 F 9xE E8 49, F2 ¥ non-0157
STEC serotype 115575 EF Hd Al F g A= 7dlg
Atk ole #HSA Kim 520168y E coli 0157:H7 E°|F
R 25 o2 AP Yl g3 wele A3 Z9EA
92 A gxHoz P9 Solde FAXaFLE Ag- 055,
091, 0103, 0111, 0117 2 0179 A< 105l thall 50%°)
A ZEES HolHA 0157:H7lE 25-95%2] 2913 7+
E2 Holvky R uEeitl wHd, Raya 52006y CEVIC] 17 &
9] E. coli O157:H7 ¥5t ofu2} 043 ¥ 01268 2F3t the
Y= ZHEh= FARE 2945 BT

ez B Ao E2lE ECP33 ]9} NOECPI1 X
£ B2F 01578 E3 STEC @50l thdh FAsEA 0] |
7] W&ol STEC w2 AETH AR ZA 2 Hgo] 7/IsT
RO Z Al FHTh

el E4
ECP33 ZX|9} NOECP91 x|¢] &3} x|} Hu|ZA(TEM)yS &
3 Aty EAS g3 A3 BT Myoviridae familyol] <3}

AThFig. 1).

ECP332 me|e] 7}, A& Zol= ¢F 77.5 nm, 28] Ael7t
oF 115 nmo|1 21, NOECPII-& H2]e| k2, A2 Zole oF
77 nm, 2] Zol7k oF 955 nmQl 2 o2 Yepth Al &
At Je GHZLHAE T F 95% ol AF olF A
DNA®} Z2]E 71X Caudovirales®=oll 431, Siphoviridae >
Mpyoviridae > Podoviridae =22 o] EA|3tt Sth(Hendrix,
2003). 531, Myoviridae family®ll &3l= vHH2]| QA= $F4
W e zte Zlo] EAo|thAckermann, 2003). AP ATLES B
W, W 3X= 739l Wl Siphoviridae, Myoviridae, Podovir-
idae family’} 2% Yelhde 2S¢ 4 UthDini¢t Urraz,
2010; Kim %5, 2016b; Lee®} Park, 2015). Kim 5(2016b)2] A+
oM = 0157:H79 o)X HRA1HF-S Siphoviridae, <383
EolAe] SAIFL Moviridae familydl <3t} Briissow
(2005)°] w2 AldF YoM 0157 4FE Myoviridae.TF
Siphoviridae® T3] 1008] ¥ 2] WAL 7HAta RALskS]
t}l. Dini® Urraza2010)7} &gt w32 = PodoviridaeSt
Myoviridae familyZ W1 H, 3] non-0157:H7S SFdT2
ARgsle] BEejE g dRl= B Myoviridae family= LFEFSE
ot BAEtT) ol et AFAAES HokS wf, kA 3¢
e O157:H7S 3= sk W) 23R= Siphoviridae family
ol A$-7F o ol 0157 dF7} Siphoviridaed) W3k <] WA
o] gt o= A€}, 2% F5 uHg o oA E &8st
o] STEC #& Alojstazt & o, th& 50| v|szsithd FE)
SO F SiphoviridaeX Th= Myoviridae family®l 3= IA &
Adsls Aol ¥ 284Y Fo= B

CleFst grdoiMel mix| oy &Y

ECP33 3}x]2} NOECP91 3}A]of thal]l 65°Ce} 70°Co A< &
gAS RIS Ay, 65°ColX= ECP33 kA|9] 739 308 Wt
ST 271%=7F AEglel §A893, NOECPI1 A% =
7] ¢k 9 log PFU/MLAIA ¢F 3 log A% 723k 6 log PFU/ML7E
AE31 thFig. 2A). W 70°ColM = Fig. 2B9} 7] NOECP91

I

Table 1. Host spectrum of ECP33 and NOECPY1 isolated for shiga-toxin producing E .coli

Non-O157 STEC

Bacteriophage O157:H7 Total
026 045 0103 o111 0121 0145 0104 Others

ECP33 10"/18% 1/1 0/1 2/2 2/2 1/1 0/1 3/3 1/15 20/44

NOECP91 10/18 11 171 2/2 1/2 1/1 1/1 3/3 9/15 29/44

UNumber of infected strains, ?Number of tested strains

Fig. 1. Transmission Electron Microscopy micrographs of (A) ECP33 and (B) NOECP91. These phages have similar morphology and are

classified at the Myoviridae family (scale bar: 100 nm).
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Fig. 2. Stability of ECP33 and NOECPY1 at (A) 65 and (B)70°C. The values are means + standard deviation of the three replicates. Symbols:

O, ECP33; x, NOECP91
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Fig. 3. Stability of ECP33 and NOECP91 under various pH (A) and ethanol (B) conditions for 30 min and 1 h. The values are

means + standard deviation of the three replicates.

IA = 158 bl B Apdeiglon, ECP33 9A]9] - =F
102 Yol 23] 4 log PFUMLE 7438kl o] F 53] 7+
axste] 30l divte] J7F AFdTh Lee 5(2013)°] &

TFAME o]t FASHAl E coli phage?l ECP47} 65°ColAE A
FAE HAFAO, 70°ColA = 208 whof| ¢ s] APE sl
3 B W, Zikt 91219 79 Buziul 5(2007)9]
TollA 72°CelA 15%7F BB E St S| APEEA] &
T ASS AFIIL, Guglielmotti 5(2011)01 W= U+ vh)|
ZOAAE 90°C o] =M E AFAE 7 A7t A
ol Bty gl S8 A E(extremophile)S SE A=
wegl oA o] g, 37 Ale 3l whEt e JEdS
Adrks A+A3E At Minakhin 5, 2008).

Clekst pHeE F71204(EtOH) X2[ofl CHEt oMM

A¥E 3539 E coli phageZ pH 4, pH 7, pH 1022 2
IxSM bufferell ZFz} 3043 1A7F &< =&A171 A3}, ECP33
X9} NOECP91 ¥[A] B5F tz3} vBlwste] 127 2] A
7% expE9] WelA 05 log PFU/ML P2ke] 788 Ho
Abgel pH 404 737191 pH 109]] o)2& thaksk $holA] H
w7 eHgAYS & < AATHFIg. 3A). pH Tl o] 7k
27 e dEElewxe] gude] M2 = A
o] Fo] UZe] RARUE A AN o BT Re=
ez o, pH 204 = tiFE E843 = Ao
2 YdthJoczyk 5, 2011). EtOH A gle] 7% A4
phageE 30, 50, 70% ollekgol 242} 30, A7 &<t =&A1%1
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Fig. 4. Stability of ECP33 and NOECP91 at (A) 50 ppm of NaClO and (B) 100 ppm of NaClO. The values are means + standard deviation

of the three replicates.
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Fig. 5. Growth inhibition using bacteriophage for E. coli NCCP 13930 (0157:H7) and E. coli NCCP 13937 (0103). (A) E. coli NCCP
13930/ECP33, (B) E. coli NCCP 13930/NOECP91, (C) E. coli NCCP 13937/ECP33, (D) E. coli NCCP 13937/NOECP91, Symbols: 0.1, MOI
0.1; 0.0001, MOI 0.0001. The values are means =+ standard deviation of the three replicates.

A, F gtelglesA| 7t tha tE S EAdkFig 3B).
ECP339] 749 Asxe] dekE Hglddle 280]3 2EEe] 70%
ofghZoll A IAZE XE] Al oF 1.5 loge] ZAE X oeke
30 tisl SHAS & & ULk )9 tiFF o2 NOECPII
o] A% 30%2] ofergol 308 A= 27] oF 87 log
PFU/MLY] s%Eol4 ¢k 3 log PFUMLZEA] 7Hstar 1A7F Ag)
A} olHt} £ T ofghdoA BT APHEle] oeke 3
Aol g FHe & & AUk Kim 520162y E coli
0157014 E2]E 73471 host spectrum®] 5 Th 44|
of Hla] et Tl g Xzl ¥wa PdHolgia B
TEFE, ol B AFoA E coli 0157:H7 #5253 g
® ECP333% non-0157 @F25E =] $FH7F viwy

7 B NOECP91 Afoldl] SEre ePAdo] x}ol7}t 9l Ax}
AR AFA o))

xfolgdALHNaCIO) X2[of| cHst oF:M

2 FoA HEHR] AFALFAR o] & Aoldike dn
2o ulolg|zol] thall 200 ppme] FEE AP} E AR
3 9tk Sanekata 5(2010)> FCV (a surrogate for norovirus)2}
IFV (human influenzavirus)®] 73-$- 100 ppme] Xfo}FAA 8-S
1527 At e oF 90%ell 7h7te] gt Barsigit. of
of ¥ E coli A2 50 ppm} 100 ppm®] NaClO £l =F
AlZL A3}, 50 ppm 3FolA = 307K WISl E 35| T
E5 0.5 log PFUML 1] ZHAE8-S Kol v|wE A ol]

-

¢
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t}. WA 100 ppm FENME Z7] 7.0-8.0 log PFU/MLS] 3
A&ME 308 Az Al ECP33 X9} NOECP91 Ipx]7} zhzh
3.9-42 logB% 7HAasle] 99.99% 7i7ko] AldEE AL Fels)
Ath(Fig. 4).

Coliphage/lHEZIIX| X{2[oll }E Shiga toxin-producing E.
coli M7F54 MY iEE MsdH|

96-well count plate “JollA] ECP33 3129} NOECP91 3}x]oj|
9)3k STEC @59 ASAAZ 1047} 59 Lol A= Fig,
59} 2t} 253+9] STEC #FE tde= MOl 0.13F 0.00019] F
7FA MOl 27902 Ads o, MOI 0.0001¢ 7%+
ECP33 3Fx]9} NOECP91 A B E. coli thZT thH] Ak}
A 20% Blre] W ZHAES Ho] ASA|o7) =R et
MOI 0.1 304 ECP33S O157:H7 #5¢ E coli NCCP
13930 th3iA] 10712+ wiF AZERA] 00l 717k & Hold,
ojujo] ZHAgo] oF 94.9%%1 AR UEiHTh ol tjRHo=
non-0157 @3¢ E. coli NCCP 13937¢] 7A$-olle &5 & v
A7 =71 s, Z71ol HES 35 R A EAY
oFslA AJS3ted, 10A17F Bl Al ZHzhe] ol il oF 75.2%2
AgS EATE NOECPI1C] 739, MOI 0.1 =X E. coli
NCCP 139303} E. coli NCCP 13937 &30l thallAl= 104]7F 1Y
& AT FBE Frol 09l 7k FRE B ojue] ThAg
o] Z}zt oF 958%%} 98.4%% ECP33 dA|dl] vls] © &FA o
2 AZA7}F He AS RIS o9} AN Ay AdE,
Kim(2013)2] 7-ZA3olA E2g hgaa=ES MOl 0.1 5
o2 A Al wlE A7 7HA] SAER 70-97.6%2] HAES
Hjow, vHZ| QRS 50 ppme] XfolAiAt B 30% o gk,
0.1% 34+ gdo] QXA ER B3] A, x| 48 A
Qg o2 YAXARC R B S Aol Hlsl] 30% o
9] Z+A&S RYYAL I} Santos 5(2010)8] AFIME £
3l v 2] Q ux]Eo] MOIS] ol vt E colie] FAE
o] ZolRlE Zog Hol MOl g&HYS & F Ut} ok
? B2 AFAdelA v eHAE N HEshs AR
EAHEE T A o AAHES A AlojEta BiET
JTHDini¢} Urraza, 2010; Kim, 2013; OFlynn &, 2004). 182
2 B AFea EZl¥E ECP33 Ix]9} NOECP91 I}A]&= STEC
o] AgANE g AESH JAAAZA L & U A
oln, 3o thgk QPP EAdo] tha thE7]o)| phage cocktail
A E AU, thE AJAAIAES I 48T A o ek
3 2E Ao ZAIZE B9 STECE Alojd 4= IS A=
Al H T}

o OF
el =

B A7 A7RER A4 diRHSTEOE Alojslr] flsle] st
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NOECP91 FA|& #&], Atk F 4459 STECHFl o
3] ECP33 TA|&= oF 45.5%2} NOECP91 FA|= oF 65.9%= <
FANEARE 7= FoE Yeidth FEE EAE €91
A3} BF Myoviridae familyell &3ttt el tigh A
A& e A F 3] BF 50 ppm =] zpol At
pH 4-109] pHol thaie HAi 3087H4] Blws kg3
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L= RSN e
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