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RAe SR, AHETF MTT 35, CCK-8 i & L
TSR AR R AN Ry 4

PR K A SR v 2 T B VR B o )2 AR AE
R . WEFE W, STEC Bk BE A% 16 A 7] 2R 55
NI P B R, LS ) T LR A
T 0T B I oK AR RO B R B A
FRAW A ERE S . RRIBEFREE S,
BN 37 AR SRR I 2% 8 , 2 5% i 49 B 1Y)
TR % Stx By A Y A BRSEES ) STEC A4
PRI R AE 1 SO Z RIA B R Wik, A
SCHRSE T STEC (W BRTE BLBE 7, 510 52 o7
BRSSP R I AE 1, B 765 R A OO # Bk
A1 STEC WAEfEFH T,

1 Me575k

1.1 EERFIRNE
L1 EHRIRAAN AR

3BTRS HFR R E (¥ 50 1.2 13)
A =ik A T E B4 N, KL E#I)
B EACRAE LA R o 1A o M, A AR
PRI it R R i o 2 4 RS A S 9 % (
W) P, ARG EN Y K1,

Vero 4iig (A PH x5k 4 ) W T o [ R 22
Be A

®1 FERBRABHEEKRER
Tab.1 Properties of 3 Shiga toxin-

producing Escherichia coli strains

WERT S sic BRI LT 2 R R Al
Strain stx gene Serotype Phylogenetic group
1 stxl + sta2 045: H2 Bl
2 stxl + sta2 0128: HNT D
3 sta2 077: H30 A

L1200 iR R

LB [#E A& 55 77 3 ( Luria agar, LA) LB J& A 55
774k (Lysogeny broth, LB) | i 45 F R R 2 A ¥ 1%
Fr4E (Tryptase soya agar, TSA) I Tt Gt RL AT HO A
TTA PR A 40 5 B 20 DNA 2 Bl ) & W
TRRA AR (Jb50) A R 7] ; PCR Master
Mix 752 H BEA 1 HOR (AL at) A IR 75 Bl
B 50 x TAE G2 vl A= TAEY) TR (1) ik
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AR 5% LM T 5 24 46 A A 2 a0 A
B 5 BEIR A5 22 vh il . DMEM (1 x ) #5535 5L iR
A1 75 B R -HE R R (10 000 U/mL) (0. 25%
JEHGEN T 36 [E Thermo Fisher 23 F 5 1% 45 ffy 2815
W AR 0. 1% & by i G i 8 T35 [ Sigma
23w CCK-8 ) @ W T g s = KAV A
FRAT] 0.22 pm i JE& I T 3¢ [ PALL 23]
24 £LA 96 fLAR A F 3 [E Thermo Fisher /3 F]

5331 PCR X, 3 A 8 b H A R 2 #
( Eppendorf) ; Power HC H1 3k {¥ .ChemiDoc XRS +
BEIE NG FR GEFNBE IS AR I3 BT A A AR AR A A B
m (R ) A PR v (Bio-Rad ) 5 BioTek Jifihr
A, 36 [ 1 {8 A BR 2 1) ( BioTek ) ; CKX41SF
{8 OB, AR (b s0) S E MRS A IRA
Ao
1.2 A&
L2017 BRI RS TR

-80 CVRAF I MR IEFD T LB [ R K 77
F,37 CHiFR 16 ~20 h, PRIBCH&F R P& 40 T
LB &35 55369 ,37 °C 200 v/min, i3 K557

FHA B Ak PR 21 4 B0 5] 6 4 4 TR AR S
DNA R L 58 PCR AR, X TR IEAT sixl | sia2
SRR Y4 PCR 438 7= 4 3 2ok 350 A5 W 5
JB LDk B A LR PR R /N S B BE L 51 9 I
I AR T AR 2, JE K R A B
1.2.3 207550 B (MLST) 234

FHA T Ak PR 20 4 B0 5] 6 4 4 TR AR R
DNA, #245 Warwick 73875 58, Pe 5 7 ME 5L A
adk . fumC | gyrB . icd . mdh . purA 1 recA (http://
mlst. warwick. ac. uk/mlst/dbs/Ecoli) #:47 PCR 4~
38, PCR 4" 3 7 0y 308 o S W O M v ik 8 DA [
KNS 2 i, Tl KA s ook B

PCR [AME™ ¥ 3% 2= b2k A R w) #E4T
MR, J# 3k DNAMAN B P 5 48 58 5 R OE 1]
H R A AT e BE R, AR R R
MLST R %% ( http://mlst. warwick. ac. uk/mlst/
dbs/Ecoli) , 5 ¥4 5 v 1% 55 031 B Iy 91 5 )
FIRI(ST) Hext. 5lH HFFIE 3™,



2 4

i, A3 MRS

TR R R SR R AL 70T 397

T2 six TRERFES

PCR FTR 5| #3515

Tab.2 Oligo nucleotides for screening the stx variant genes used in this study

H 5L 545 (5'3") PR BGREE
Target gene Sequence (5'-3") Fragment size/bp Annealing temperature/C
. ATGAAAAAAACATTATTAATAG 7 .
sata AGCTATTCTGAGTCAACG
e GAACGAAATAATTTATATGT sss 48
swie CTCATTAGGTACAATTCT
ld CTTTTCAGTTAATGCGATTGCT 192 .
S AACCCCATGATATCGACTGC
AGATATCGACCCCTCTTGAA
sta2a GTCAACCTTCACTGTAAATG 969 60
TATACGATGACACCGGAAGAAG
$ta2b CCTGCGATTCAGAAAAGCAGC 300 63
e TTTTATATACAACGGGTA 163 51
stwee GGCCACTTTTACTGTGAATGTA
CTTTATATACAACGGGTG
sta2d CTGAATTGTGACACAGATTAC 359 o
o CAGGAAGTTATATTTCCGTAGG o1l ss
stxae GTATTCTCTTCCTGACACCTTC
. TTTACTGTGGATTTCTCTTCGC
s12f TCAGTAAGATCCTGAGGCTTG 875 61
GTTATATTTCTGTGGATATC
sta2g GAATAACCGCTACAGTA 373 33
#3 MLST 487 MEHREESIPMTI%
Tab.3 Oligo nucleotides for 7 housekeeping genes for MLST used in this study
ER:NE T sl (5'3") TR 1B KR
Target gene Sequence (5'-3") Fragment size/bp Annealing temperature/C
ATTCTGCTTGGCGCTCCGGG
adk CCGTCAACTTTCGCGTATTT o83 o
. TCACAGGTCGCCAGCGCTTC
JumC GTACGCAGCGAAAAAGATTC 806 4
- TCGGCGACACGGATGACGGC o1l o
& ATCAGGCCTTCACGCGCATC
d ATGGAAAGTAAAGTAGTTGTTCCGGCACA $78 s
e GGACGCAGCAGGATCTGTT
" ATGAAAGTCGCAGTCCTCGGCGCTGCTGGCGG 03 6
man TTAACGAACTCCTGCCCCAGAGCGATATCTTTCTT
| CGCGCTGATGAAAGAGATGA 816 s
pur CATACGGTAAGCCACGCAGA
" CGCATTCGCTTTACCCTGACC 280 s
ree TCGTCGAAATCTACGGACCGGA
1.2.4 A8 REAIE BURE 1 B9 REFR I A2 NI

JoT LB R B 57 2k 6 B i 3 4 SR 19 STEC
WA E 0.5 Z [T (29 1.5 x 10° CFU/
mL) VRN o

AR O LB R B IR B (AR 1
100 {57, M 1 mL 2 24 fLARH . 20 50HE 4,10
25 M137 ClERIE IR AR 7R 0.5.1.2.3 4.5,
6.7.8 19 d J5, FHILE SR e 35 05 I
BRI i, R 3 ASFAT, JCH LB A

FEFRAE ARG, B 24 fLAR, kSR e B, /b
KRBT, JOTA 1 x PBS B R gl 3 1K, %
BRARFER AR M o 50 CHEAEHET 1S min, A3 4L
JAT mL 0. 1% 45 5 G490, e €8 30 min, e
LERR , RERAS UG, O 1 x PBS BTk
3o =il T4 15 min, LA 1 mL 95% £
I, VS WIS  IZE R SR TR % 15 min
Ja BB 200 L 2 96 fLAR A, BEbRACI E i K
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398 (S R Ty N S S 1 325

600 nm Zb A% S AH

BOE A A + 3 A5 bR 22 4 # s (0D,
NI BERE ) 4T R 73 ol 4 5550 T ise
JLRE 77 (OD < OD, ) ; 55 # I JE i #E 71 (0D, <
0D<20D,) ; H 48 9 IRIE i g 71 (20D, < 0D <
40D, ) ;s PEIE iAE S (OD >40D,)
1.2.5 WA AN B =Y E 3mSR

PEIRERE FR o ol i, B AR, SR SR Bl Al
JLEITEN T B, AT S 57, WAk BB LA L4
°C,4 000 xg, 030 min, FiEWAO0.22 um jE
JEE T B R A, IR VR £ T TSA P-4l b, B ik b
THIEW P A TCANR . BEETEEIE, - 20 CORAT
.
1.2.6  Vero il d 156

Vero 4 il 1) 55 3% : BUH WA R A7 1Y Vero 4
M AL AR, il 45 1 % 107 cells/mLL [ . 41 il
W, BB, 37 °CL,5% CO, ZAFrssFRfh i 3% 24
ho JBCHE LR, 100 L 1 x PBS Pk 3 ¥, BLA 100
pL 4058 28550, A 10 wL EIEWRFEM . 37
C,5% CO, ZRAMFMEFRFE P IEE 24 ho BUdifL
B, 200 0 56 4 B SR MR i FLAR 3 Ik, AL 1210 4K
FRUEC T TR 194 4 56 42 15 77 W ( CCK8 ik ) , 37
°C,5%CO, 5532583 2 h, 78 450 ~ 630

nm A0 5 OB TT I 5. To Al i, A0A 4 i
SEARIEFRMA N 23 R IR A + 20 58 2 35 57
WA B R R

MM (O H R A

C(%)=100x(T-Ty)/ (T, -T,) (1)

AT Ry &AL OD fi, T, %5 F4 OD fi;
T XS BEEH OD {H ; LA OD {2k 6 AT
fL ODgyy — ODysy, 2 BR IR AR, BOHE M, 25 H 4
R 4 e 4 55 SR + CCK-8, Jo Al ; X FRALE
h EAL B + CCK-8,
1.3 HiEAE

R MS Excel 2019 X %54 #f 174 8, SPSS
25. 0 BfExr S g Bs dE AT W P 25 e A, P <
0.05 R E#, @id Origin 2021 ( Learning
edition ) /1117347 .

2 4k

2.1 ERSHERTEENER

Rk 1 FIEARR 2 577 stal + stx2 FE[R, sl B
FV A B W7, AR 1 R stxle ERY, B RE 2 R
REAT Y, st BEPRE T 53 Rl J2 sta2d I sta2f, BB
3 AT sta2 JEP, WAL T R R sta2e ST HY
(%4).

®4 STEC HBEHRERFRERTEKMER
Tab.4 The stx variant genotype of STEC isolates in this study

kIS stoe 3[R IR EHRHN Allele ST 7
Strain slx gene variant adk SfumC gyrB icd mdh purd recA ST
1 stxle + stx2d 6 29 5 26 24 8 6 937
2 stxl * + sta2f 6 31 5 28 1 129 2 4441
3 stx2e 6 7 57 1 8 8 2 540

W FR (T A PCR 23515 | Wy e 25 g BAE

Notes: #* above means the PCR result of six gene variant was negative.

2.2 MLST 5%

MLST 5 3 £k STEC 73 B #R5> N 3 Bl A A
ST #1.ST 937 ST 4441 F11 ST 540( F& 4) , ST #Y[A]
FAAE 3 DU E AR R 22 57, SRR R B
2.3 WRRFEEN SR

T 4G b A e IR I STEC A= W) i A
ANTRIIRLBE T Bl A i 18] A2 Ak 1) 3 25 T8 e A (]
1) 4 CA10 CLE 1 (a) AL A 1(b) i, Ttk
3 WA R i 2, 1 E S ~8 d F12 ~8 d ik
PRI JRBE 7,6 d Fi 5 d Bl A A B Bk
(B R 220800 . bR 1 AR AR 2 BR T 805 AR Al
RIE(E (S5 d) , 393K B 55 8 & T RIE s AE
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4 CIf, wkk 1 AR 2 BEIRAE R 0.5 ~8 d G
BFEZESF(P>0.05), 10 CH, Fk 1 R 2
ORI AE i 7E 2.3.5.6.7 M1 8 d JC W35 25 5+
(P>0.05), FEARIIEIRAANE T, BIbR 3 BB
TEICHE ST foeit, TR R 1 MVERTAR 2 Bl Ao 18] 39 1< 4%
JRIE FLRE T AHIE HAGAE

1525 CHI 37 C (K 1c 1 1d) 5,3 BRE#R
PRI R PUIE IRBE T o 25 “CI, PR AR i
e FEL A o BMIRAK U BRI PR 1(7 d) (RTBR 3(5 d) A1l
PR 2(4 d) o WER L AEO0.5 ~2 d N BRIE
AE ) HABIR AR i o 2 3% 22 5+ (P >0.05) ,4 ~ 8
d Rk BT BURE J) .4 ~ 7 d Bl AR B B 4
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PR R KR SRR R BT A 399

(P <0.05) . Wkk2 M PIRIE AL 0.5 ~2 d
SRR 1 LREES,3 ~5 d Oy g Ie i aE
71,6 ~8 d AR AR IE JRE ) H AR AR i G
WEREF(P>0.05), HHKR3FE0.5~8 d ik
BRI BBE Ty, R AE B AE 0.5 ~5 d g T
bk ,6 ~8 d IR Ttk 1.

37 CH, WA A LM i BURAR U T

—— W #k1 Strain 1
—e—E#k2 Strain 2
——H#k3 Strain 3

=

EYPEA R E
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BR2(1 d) BkR3(3 d) MIEEbk 1(3 d),1~7 d(4
d BRAM) Tk 18] 0l A il A S E R 22 5 (P <
0.05) . Wikk 1 FEHR3 7 1 ~8 d ZSRBARTE W
REST,3 ~8 d WA M e o MR 2 7E0.5 ~6
d SR RIE W AE ) HAR IR A A e K &5
SR [R]— L BE , AN [ T A 1) 0 I A s A ¢
HRIE BCBE AT A T 5+ o
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]
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Fig.1 Biofilm forming ability of Shiga toxin-producing Escherichia coli at different temperature

&1 2 AT LA Y B e 08 52 M TR ok 11 0 e
A AR BROE L BE T o TRIRR 1 FNTRERE 2 7E 37
C 5k 25 CHMPE MBI BHE 1358 T 4 CHI10 °C,
BREA e 2 ~8 d F R EFIEZER (P <0.05),
R 3 MBI AR iR AE 1 ~3 d B, A AR IR
937 C 25 °C .10 CHI4 C . 7837 CHf, Higl
HENERTESS 4 KT ,5 ~8 d k254 C
TR EZEF(P >0.05)  (HARR 2 5 9 Y 1 fig
J1o WM L FITEAR 2, Wbk 3 FE4 MRET =
DREEIELE 4 KRB SR e 1. 3 BRTA
PRTE 37 C YR AE i A 5IFE S d.7 d Fi 4 d B
FEE/INT 25 °C AR RR 17 25 °C Bk A=
RIEME (7 d) /T 37 C,

2.4 WESTFERBRENDN

K 3 FoR RIS STEC 53Ry Lig At
B Vero 21 i) ) 20 A7 35 %, 240 L7737 B,
F W] L3 WORE ORI PR A B R R RE )
58k 5 L Z B

SRR TR IR N, Bl KRB0, 40
FEG AR BEAR, AR B 7= ST R AE T 45k . M 4
ANREFRILE SR 9 NI [A] Y AR I A T R AR A
FARHRTE , WEAE 0.5 ~ 8 d BT M Fe v, 3 4k
STEC BRI ™ S RERREIA BENEZ 7 (P <
0.05) , H.F#FR 2 A 40 AT 15 5 3 25 A% T i Ak 1
HRR 3, R 2 I SRR B e o 4
CLIE3(a) I, bk 1 7E0.5 d b= &35 R fE
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32 %

SRR T AR 3(P <0.05),1 ~8 d J5 H A
AR E THEE3 BT 1 d A7 d, 24 R AT
BB (P>0.05), 10 C[E3(b)],BT0.5
d, MR 1 RIS 3 M-S SR T xR
(P>0.05), 25 C[3(c)],B:T5d, Mtk 1
MRS M- ERFRBILBEEES (P>
0.05) .37 C[ & 3(b) ] mf, Wk 1 R KR 3 76
0.5~8d ™ ENEFERAEI LR EZET (P>

LA ERERE ST 0.5 d, Wkl M
IH€3 FEERRRRE AT, EAR2 PERER

ARG IX AT PR 1 R B 3 K. 4 CH, T
PR 2 4B AE G M 94. 7T1% (0.5 d) AR 2
66.98% (8 d),754k T 27.73% . Witk | 40} rF
TERM 66.45% (0.5 d) FEAEF]51.21% (8 d) , 4%
LT 15.24% . Kk 3 M 73.60% (0.5 d) [R5
50.75% (8 d) , 54k T 22.85%
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Fig.2 Biofilm forming ability of Shiga toxin-producing Escherichia coli at different temperature
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Fig.3 Comparison of cytotoxicity of Vero cells treated with Stx collected from Shiga

toxin-producing Escherichia coli in biofilm condition at different temperature
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Analysis of Shiga toxin-producing ability of 3 biofilm strains of Shiga Toxin-
producing Escherichia coli
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Abstract: Shiga toxin-producing Escherichia coli (STEC) is a zoonosis and food-borne pathogenic bacterium.
It is necessary to understand its characteristics and potential pathogenicity and analyze the production ability of
Shiga toxin (Stx) in the biofilm state. The traditional PCR was performed to amplify the six variant gene
subtype. The results showed that strain 1 carried stx1c + stx2d subtype, strain 2 carried six1 + stx2f subtype,
and strain 3 carried stx2e subtype. The results of multilocus sequence typing ( MLST) showed that the three
strains were relatively distantly related and possessed genetic diversity. The crystal violet staining test and the
cytotoxicity test of Vero cell were used to explore the biofilm-forming ability and Stx-producing ability at 4 °C ,
10 °C, 25 C, and 37 C. It showed that temperature significantly affected the biofilm-forming ability and Stx-
producing ability. All STEC strains had the strong ability of biofilm formation and Stx production at 37 C.
The results of the cytotoxicity test of Vero cell showed that strain 2 had the weakest Stx-producing ability under
the four different temperature conditions and strain 3 showed strong biofilm-forming ability and Stx-producing
ability. Especially at 4 Cand 10 °C, strain 3 had the strongest biofilm-forming ability compared to strain 1
and stain 2. Retail meat in China is contaminated with STEC which could be potentially pathogenic.
Especially with the discovery of strains with strong biofilm-forming ability and Stx-producing ability, we should
strengthen the monitoring of STEC during food processing.

Key words: Shiga toxin-producing Escherichia coli (STEC) ; biofilm; Stx-producing ability; six gene
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