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Isolation and Identification of Escherichia coli O157:H7 from Cattle and Comparison of Their Acid Tolerance

FU Wenjing, JI Saisai, YU Jinlong, ZHANG Su, XU Yuanyuan, JIANG Yun™
(School of Food Science and Pharmaceutical Engineering, Nanjing Normal University, Nanjing 210023, China)

Abstract: To investigate the variability of the tolerance of Shiga toxin-producing Escherichia coli O157:H7 to hydrochloric
acid and lactic acid, suspected colonies were isolated from 309 fecal and beef samples and identified in this study. The
isolates and another 14 strains collected for this study were detected for 4 major virulence genes (eae, hly, stx1, stx2) by
multiplex polymerase chain reaction, and each of the Shiga toxin-producing strains with virulence genes was separately
exposed to hydrochloric acid and lactic acid stress. The results showed that 8 isolates of E. coli O157 were identified and the
prevalence of positive samples was 2.59%. The results of virulence genes showed that the stx/ and stx2 genes were detected
in none of the 8 strains and the eae and hly genes were detected in 6 of them. The results of acid tolerance showed that
the survival rates of 20 Shiga toxin-producing strains including the 6 strains and the other 14 above were all significantly
decreased (P < 0.05) after treatment with hydrochloric acid or lactic acid for 2 h. However, this effect varied between strains,
and the tolerance of the same strain to different acid treatments was different.
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J i 1% K% AT (enterohermorrhangic Escherichia
coli, EHEC) & —FhE B N & IR IR, 2 am
T WL B IR TESOR I —, O157:H7/& Mo 3= 210 i
TN K IBFFEO1ST-HTIEGL R AR H AR, 2 W P 7E A
Tl L AR i B # FR (shiga toxin, Stx)
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112 113 11450115 iRl RS afl S TR
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o7 0y L

M EECH® (mEC+n) (modified E. coli broth) .
R AR K E W (tryptic soy broth, TSB) . FEEHA
MRKEEE (tryptic soy agar, TSA) . BERHRH) (yeast
extract, YE) MKW #EO157:H7/NMT-i £ 1k % & ik

AlE AL EARARA R KB REO157RIHTE
Wri i KM EOLSTR A udtil -~ RigEs
VIR AT, B FECHROMagar™ 0157 & (i1 77 3
R Y TG AT BLE. coli O157 RPEMLER
b AR TT #H A BREEEEEUR R (polymerase chain
reaction, PCR) #AHZik5) HATaRaKanml; K7FE
BWO157T:H7WrfbO157. fliCH7. eae- hly. stxIFlstx25]
P by R SR TR, g1 A T A TR
(ki) B AR A G .
12 {XFHEHRE

IS128C pHil B QCHEASE R AR A A
LDZX-30FBS .k I 28V Kk dm LIl B 2R yT 4%
W) ": SG403A Sterile GDRDA¥) %24k = [HBaker
; DHP-9052Hi#AEHIREFR4H Rl —ERHEA R
; ZQTY-706 XRG4 R EAEAR
; Mastercycler personal PCR{X & [EEppendorf
; Gel Doc 2000 systemi#E/i %1 FEEBio Rad
; TCL-16GREEE LN Lilg 2 AT
2-16KLmIEAHEE DL FEESigman#l.
1.3 Jiik
1.3.1  FRACRE

REZWB NFREN L2250 1, FRERTTY
SO RFESY 1, 3309 1. B FE S 3 RN — IR
PEA SN, B TRIRUKE N T24 hpyik 25250 =800,
132 KB EOISTHTH . %5E

PAJC B VR BURF R AR 25 @I N 314545225 mL mEC+n
Wiz i) ¥ b, 8 U3 i A b S
1~2 min, T (36+1) C%MFHFHE24h, %
GB 4789.36—2016 (& it 224 [H F bt & M EY 5
I K IREO157T:HT/NME IR Y ", 8 F 428 1 Bk
REEREE, TRILZEOISTRATIRIIT o ERTE, ol
BERMRIEAT N — P %E .
1.3.2.1  FESFEEPH PCRAL

O1574H R HrfbOIS7TR Btk ZR (25 pL) -
10 X Buffer 2.5 pL. 2.5 mmol/L dNTP 2 pL. Mg2+
1.5 uL. 7fbO157 EFUE5I##0.5 pL. Tag DNAK S
f$0.15 pL, ddH,O%M 2. rfbO157F K ) [ B FE 7 -
94 ‘C A3 min, 94 ‘CAEYE1 min, 59 CiB/K1 min,
72 ‘CHEA 1 min, 30 NMEH; 72 CLEM 10 min. H7
KRS AR fliICHT [ MR 2225 pl: 10 X Buffer 2.5 pL.
25 mmol/L dNTP 0.5 uL. Mg*"1.5 uL. fliCH7 I 5]
¥#-0.25 uL. Tag DNAE & §0.125 pL, ddH,0%M & .
SiCH7IER ) S BFEFF: 94 CTRAEYET min, 94 CAR
1 min, 56 ‘CiE/K1 min, 72 ‘C%E{#1 min, 30 MEH;
72 CHEAHS5 min. SIW0F 5 KA 38 BOR /N IR 1R .
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Table1 Primers sequences and corresponding amplified fragment size
EIREA 4 (5'=3") Jr B/ Mbp
rfbO157 F CGGACATCCATGTGATATGG 259
rfbO157 R TTGCCTATGTACAGCTAATCC
fliCH7F GCGCTGTCGAGTTCTATCGAGC 625
fliCH7R CAACGGTGACTTTATCGCCATTCC
eae F AAGCGACTGAGGTCACT 450
eae R ACGCTGCTCACTAGATGT
hly F CACACGGAGCTTATAATATTCTGTCA 340
hly R AATGTTATCCCATTGACATCATTTGACT
stx] F ACACTGGATGATCTCAGTGG 614
stxl R CTGAATCCCCCTCCATTATG
stx2 F CCATGACAACGGACAGCAGTT 719
stx2 R CCTGTCAACTGAGCACTTTG
1322  AEte%E

T O15745 3L K rfbO15 7PCR S 52 A4 B 14 ) ] 5 TR
¥k, SEHAE R EER A 5] DBI-06 A 7154 IR O157:H7/NM
T AR A2 s A S AT AR E
1323  IMifs%se

BTO15745 S 2 K rfbO157 PCR B N BH P 1) 7] 58 4
Pk, FHOLSTHIHTIZ W M5 1E 3% Fr B A 5258 . A TH7H
MG AR, FRlEMLEAEE, &3, &&
B3 IR, BRI, B N TEEh Ttk
1324 kPl

BO1574; FHEF rfbO157 PCR S N BH P () 7T 5E 1
PR, KA b EFE A 7 K Prajina K A 5 O 157 B A8 )
RHATSE.

1.3.3 &R

XA ISR (9 14 R B B3R 7 25 % 5 R AR R AT 4
IR Cstxl stx2. eae. hly) ZBEPCRY 1, LLK
JFFHE CICC21530 A BHME XTI, LK i #F s DHS oM [
PEXFHE, PCRIMNAAZR (50 uL) : 10X Buffer 5 pL.
10 mmol/L dNTP 1 uL. 25 mmol/L Mg”>"5 uL. eae | F
Wal 1.5 uly hly ERESI%0.2 uL. stxl E RS
Y#50.8 uL stx2 LR IEEIP%52.2 uL. Tug DNAR &
0.25 puL, ddH,0%h & . VUEPCRMNFEF: 94 CiAs ik
7 min, 94 CA8PE40s, 56 ‘CiEk40s, 72 CHEM40 s,
25 MEF; 72 °C ZE#5 mins
1.3.4 PRI BRI LA S 5

PR 25 ) BE DR R I &5 2R, 3 B ) 56 R BH A A vk
BT LR . FLERIN 521 LA

PRV ) A e R A S0 B ) A E I BT AR B D SE R
WEMEHKRETSARIZ R 7%, 37 CHiFF24 h, PRELH
Wik M T3 mL TSBH, 37 CHi7%18 h, HHEER
100 mL TSBH, 37 ‘CH#53£18~20 h.

SRR RN FLIR S B AL B . TRSEEG R L, K SRR R
LHITSB (pH 3.5) AbERTE AT, 45 4715 R I8 s,

ek — b R EL IR BR AL I TSB (pH 2.0, HiLl B ER) .
AFRRALITSB (pH 3.5, R —LLf k& 5D TR
JSE S

Wt WEMBEMWEBIO mL (4
9 (g (CFUML) ) ), T4 °C. 9000Xg& T E.(»5 min,
IR 22 22 pp . (phosphate buffered saline, PBS)
(pH 7.2) P2 W, BARDUGE S A E A TSR 3R
FEALHITSB (pH 2.00 MIFLERERILIITSB (pH 3.5) 1,
37 CRIR B2 hy, SERIF BIRZ&AF T &L, JUiEHPBS
TR ER (ZIERMNED ", FATSA-YE#HT 557115
LR E 3 K, BCPME, IR S AR

. NS A G R £ (CFU/mL)

R = e Bty (CFUmL) < '
1.4 Hdsabsg

F AT SOH1g (CFU/mML) %R, RHISPSS V17.0
B AT IR KT 20T, 45 B 2 M H Duncan’s £
HEERLE, P<O.0SERAIEREEER. BRNEUGEH
FRAFIE % % H GraphPad Prism 754 3H T 1R 1A

2 ZR5s

2.1 WHRWISEE

KA #EO1ST-HT{ERIY 2 B Ak st L Rkaas
WM, FLKEE. KRGEEEE%REG, TR SE
RNIEEIK ., GERFY, 309 4FE S P AEE LRI
A8 My, HAT IR, 1 N RRE. AT
B EEA R ARFAT T — P 5.
22 HEHPOISTHIAICHTFIPCRY 1

K PCRIT 0 S bR #EATO R FIH AL %5 58, DA
KA BECICC21530 A BH M R AR, 45 Ranfd1~2f7
N, 8 BRI MrfbOIS 7R R I N FH M, FoHre Hk/IiCH7 %
RIBHME, 2 BRAICH7EERBAYE (ERI2OF B #£2G) « &
B8 MR % & N KA 0157, Hrhe ¥RE AN KImHF
O157:H7.

34567 891011

#Ki&1. 100 bp Ladder Marker; 2. BHMEX IR (KT
CICC21530) ; 3. FAPEXS IR 4~11. WREE M (i 5Kk
231, 232, 236, 237. 241, J29. J42}22G) . K2[H.
1 8 HRuI SR PhrfO1575: R PCR AL 3k
Fig.1  Electrophoresis profile of PCR amplified /60157 genes of 8

suspicious isolates
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3456 7 891011

2 8BV BEEBRAICH7H B PCRA K
Fig.2  Electrophoresis profile of PCR amplified fliCH?7 genes of 8

suspicious isolates

23 Atk R

IR 8 HR B MR HE— 0 K B O157:H7/NMF-Hil
e A G T A e, SRR 8 MR RERS
REEF RN FURE. FIEREAH R, OREERERE, PURR
AP M-RSESG . WIWESEIGPHME ;. VPSEG . Frig ik
FIFH SRR AR A . PSR S K
HOLSTIERFEFRTT & o
24 IMiEFEEER

XFPCRYE E 3218 BRI HEAT MG %02, DL MR
CICC21530 /4 FHPEXT R, S5 3KH, 8 bR 50157
WL R AR REE, HoP a6 Ak T 5HTE G kA
EEEE, 2 MRS HTIZW S AN KA B (R PRI29F0 1A 1k
2G) , IMiFH LS R 5 PCRY B 45 R — 5.
2.5 SRR U R 45

KRG FF O 157 Bk & PR AT W = % Bk 8 #k
PR — D AT R, DABPRCICC21530 9 BV XT HE
PHMESE R : CLRE M, TLRWIRM I, 4R CLRE
o, TERARMG. EREY, S HREWEMNM, 510157
FERPCREEL R (K1) —5. &6 BRI 45 4
EI3FR .

4 ——n
T —4 o
|
' L ‘ ! J '
i :
CICC21530 231 232 236 237
TR 5

B3 ER55 Bk Bk S PR WA R

Fig. 3  Results of detection of selected isolates by rapid immune

colloidal gold assay

AU BRI R, AW KT O157 /1
PERIRESLIE8 By, BHVERS HI 2 82.59% (8/309) , Hr
A ZEPAPERS % 082.80% (7/250) , EAFAPER R
1.69% (1/59) , FEPHMEME RS T4 K. RS
WIE, ISR B AR 2 N0.67%, T 2 LA P A R
PERE HF N0% . Uhitil 2B 4R0E, 7828 R R4 A il
AR K AT #0157, 4R, A Lewf R ikiE,

E R AEFI S Sk P L (1 2R AR, K AT IR O 157 BH A Y
o HINT4.5%F36.0%" 7", 2 T A T T AR RE
I PEPEAS R . W — B MBARE, 117 B a s
55 43 NrfpOIS7HER BAYE, B KIGAT I O157BHPEAS HE 2
£47.01%. FRBFFHOE I 2 R S AR IR B
JB eI N B T2 AT . AW A- A G KT AT
WO157, FLs NLAEIN5E B2 K AT #0157 263535 e [
B, B i B A A R B D £ it P 007 B ) 2 A
2.6 ERJJEEFAING R

779 bp
614 bp
450 bp
340 bp

¥Ki&1. 26. 100 bp Ladder Marker; ¥ki&i2. 27. FHIEXT I CRGH 5
CICC21530) ; ¥Kki&3. 28. FITHEXIHE CKJBFFRDHSe) 5 ¥kiE4~25. fF
TE R (9 5 HKICN95. DI 241, 241, NCTCI12900. 110, 231, 114,
111, JS2. 232, 232. 115, 89. 237. 237. 236. 113. 112. 109. JS3
FI2G) 5 $KIB29. WikkI29; FKIE30. ARl ERI42; FKIB31. 2 AN,
E4 20 R KBHIFEOLST 4 #iE B2 EPCRAE K E
Fig. 4  Electrophoresis profiles of multiplex PCR amplification

products of four virulence genes of 20 E. coli 0157 strains

F£2 SHIEERKHPCRRNLE R
Table2 PCR results of 8 isolates

Wtkgms  1fbO157 fliCH7 stxl stx2 eae
231
232
236
237
241
J42
129
2G

e TS, — R . R IR

ERyERBME RN EOLST, LLE
CICC21530 4 BH TR, DA PRDHS oy B PEXT R, R A
Z EPCRY 14 Pz JJFE M. B4R 5, 8 PRIE PR
) Rsocl Mlsox 25 R M, 6 PR1IE PR R eaeflhly 2 K BH M,
BEFRI29F12GIX 2 FRHT7BHTE OS5 T B k4 Fleg )1 2R F 3 2
FATE. SallamZE40E, fEARMBILF, KE2HKH
M O157T:HT¥) s T eae b [H, H A —LLif 5 R A
ISR eae MRl FER P2, R TR, KEZH
oy Bk eae Mhly B8, HIAHE s iR, R
ES B E R B R AT E . Lorenz5 W5t KW, hly
FRX R B OL15T-HTAFAE B # 3 £ — MR iR
TR ARG . Bk, ASRe 25 T eaeflhly 3 R K S FF
O157:HTIi5 44,
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Table3 PCR results of virulence genes of 14 collected strains 10! - ’f‘mi‘& o
—o— FLIR R
Witk stx] stx2 eae hly g 10
CICC21530 + + + + t«é 10!
DI + + + + g 107
—3
95 + - + — o
NCTC12900 - - + + 10
10*5 ) NS IS I S S N I I I A A A |
152 - A P
JS3 - — + + I~ <
% _ _ n n § £ i
109 - + + + © <
1o - n n + E7 . FMBIRUS AW HEOLST:HIMER
111 — + + + Fig.7  Survival rate of E. coli 0157:H7 under hydrochloric acid or
112 — + + + lactic acid stress
113 - + + +
114 — + + + HEIS T A, BRRR AL FE2 hJ5 20 Hk B Mk 1) 7 3% B 4L
1 _ s L + BEZE TR (P<0.05) , TNREEEZENHEEKESR

SPAS SIS BT S 1 14 BRR AT O157 kT 1
4 FhEg S 2 HPCRY 1Y, HE4FIRIT AL, Bk
CICC21530HID1{14 Fhag JJE PR3 R FHYE, AR5 Hsnx]
FleaedE R AL, HHENCTC12900. JS2. JS3. 89f
eae L hlyFER A, HAhT BREREIst2. eae M hlyFE[H
EFHME.
2.7 N[EIFEEE PRI R 1 LG S 6 4 TR

X IR 43 B %8 (6 MR EE R AT I O157:HT Rl i
WCEE 14 BRPZ AR, 3520 MRIFEFREATERM (pH 2.0)
FIFLER (pH 3.5) Tl 325286 .

12r O R

aRE

TEEHH (g (CFUML) )

ES5 KpFEO01ST-HTE IR Z LR &R
Fig.5 Tolerance of E. coli 0157:H7 to hydrochloric acid

—_
[}
1

O REBRT apE

Ju—
o

TEEHH (g (CFUMmL) )
S N B O

H6 KHFFEOIST:-HTHHRILIRM 32 LR 4R
Fig. 6  Tolerance of E. coli O157:H7 to lactic acid

P, fEIEE B %1.52~4.62 (Ig (CFU/mL) ) , M
B ARCICC21530 % 1 #kJ42 F PR FEFE B #il Ko idk—25
THEAAEZ, HET7ATA, WHRCICC21530/F 1% 2 &
(3.0%) , BRI R EAK.

HEl6~7rT 41, FLERALEE2 h/520 MR BRI TE S B 504
BE TR (P<0.05) , H5HERNEEEEZ SR, MEF
PRCICC21530 2 B bRIA2 17 15 B A T PR FE RS I 30214k,
HhERbR231 FREFEE i/ (044 (1g (CFU/MmML) ) )
TR Ewm (36.2%) , WS N BEMEE &K
(6.02 (Ig (CFU/mML) ) ) , fEAiEEHK.

ZREEIS~TRI AL, KIGAT R O157:H7 % 518 B 3R 7,
BRI T SZAE VS T DL R R, B, Ek241 B
e [ 5 8 AN FLIR LI 52 e /7, B PRCICC21530. 95,
D11 52 £h R M ANAN 52 FLER,  BRR231. 2320 52 FLER M A
it ERHR, 1T B PRI SIREAN T 52 £h R tH AN 52 FLIR . SEI0 4
BRW, KA EO157:HTXT 5 A FL IR (1 B 3 2 I 5
MR ZE S, 1A — R Eh R . FLRR 5 B B i 32
R, RRAZS TR (R AR (AR 5
AR 2E R R L ) AN ) A o

3 5 ®

309 4y 25 3% e A PORE b AR 43 15 58 5 K AT 1R
O157:H7, i PEEE R B APA > 3 PCRAS I
ARG RE LY 2 T IR G B AR e DU R, RS
H8 R KT H 0157, FHMER HHR2.59% . K £ &
PCRAGINEE I B K L, 8 MR BRI RIS A4 iy st I Fllstx 23
K, 6 HREVE Reae KhlyIENBHIYE, 20 #7758 B RS LR
BUFLIR AL P 5 PO B R I, R R BR AR FE R LA B B
PRSP, TR B AR R R . FLER BB i 52 2%
FPE. ARSEIGAE RN, RN SRR 5 K AT
O157:H7 i W I A4z i), B 7 8 40 7 B B Ak B ST 52 22
FEIAETE,  DAORTIE L JRUSS Vil A4 il B IR 2 R0
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