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0157:H7 90 kb pO157. 1.1.2 I Agarose Gel DNA
4 Purification Kit TaKaRa ; Tag DNA
hlyA hlyB hlyC  hlyD. HUS Polymerase . T4 Fermentas ;
EHEC ( Zeocin ) « ( Kanamycin ) +
9 . .
o (Chloramphenicol) Invitrogen ;
0157 STEC 0157 STEC (nalidixic acid Nal)
> o PCR clean up kit
10
° AXYGEN ; IPTG. X-gal.
STEC XZ113 (Ampicillin) Roche ;
(018:HH eaeA stx2 ehxA - 60 pg/mL. 50 pg/mL.
XZ113 AeaeAX7Z113 25 pg/mL. 30 pg/mL.
stx2  XZ113 AehxA
A A 50 mg/L. Eppendoff
eaeA six2 ehxA STEC XZ113
(CHB400 )
° ; PCR 2400 Applied biosystem ;
1 BIO-RAD3000XI BIO-RAD ;
UV-2000 «C ) :
1 Eppendoff ; Spectrophotometer
. NanoDropR ND-000) o
111 : o ¢ P )
1
Table 1 Bacterial strains and plasmids used in this study
Strains and plasmids Description Source
bacteria
XZ113 cattle-origin STEC serotype O18:H - this study
DH5« endAl hsdR17(r, m," ) supE44 thid recAl gyrA Invitrogen
(Nal") RelAl A (lacIZYA-argF) U169deoR (p80d
lac A (lacZ) M15) Stable
XZ113 A eaeA eaeA mutant of XZ113  Zeo" this study
XZ113 Asix2 stx2 mutant of XZ113 Kan" this study
XZ113 A ehxA ehxA mutant of XZ113  Cam" this study
plasmids
pGEM-T" EasyVector TA cloning Vector Ap" Promega
pT-eaeA eaeA cloned into pGEM-T" Easy Vector this study
pT-six2 stx2 cloned into pGEM—TREasy Vector this study
pT—ehxA ehxA cloned into pGEM-T" Easy Vector this study
pBluescript I SK( -) cloning vector Fermentas
pS—eaeA EcoR I-EcoR V eaeA fragment cloned into SK( =) this study
pS—stx2 EcoR 1 stx2 fragment cloned into SK( =) this study
pS—ehxA Pst 1 ehxA fragment cloned into SK( -) this study
pEM7 /Zeo Zeocin—esistant cassette Invitrogen
pUC4K Kanamycin-resistant cassette Invitrogen
pKD3 Chloramphenicolvesistant cassette Invitrogen

pS—eaeA-Zeo
pS-stx2-Kana
pS—ehxA-Cam
pGEX-6p-d
pGEX-6p- -eaed
pGEX-6p- —six2
pGEX-6p- <hxA

Zeocin—resistant gene inserted into pS—eaed
Kanamycin-resistant gene inserted into pS—six2
Chloramphenicolwesistant gene inserted into pS-ehxA
expressing vector for use with E. coli

BamH 1-Sal 1 eaeA fragment cloned into pGEX-6p-
BamH 1-Sal I six2 fragment cloned into pGEX-6p-
BamH 1-Sal 1 ehxA fragment cloned into pGEX-6p-

this study
this study
this study
Pharmacia
this study
this study
this study
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1.1.3 BALB/c 3 1.5 XZ7113 NeaeA . XZ113 Astx2  XZ113
10g-12 ¢ o AehxA
1.2 1.5.1 :LB
Primer Premier 5. 0 ; Lasergene XZ113 XZ113 AeaeA- XZ113
;SPSS 13.0 o Astx2  XZ113 A ehxA 10 mL LB (
1.3 pS-eaeA-Zeo pS-stx2-Kana  pS-ehxA- 0Dy, =0.05) . 37°C 220 r/min
Cam ; 0.5.1.1.5.2.2.5.3.3.5 4
OcaeAF¥ /R Ostx2F /R~ OechxA¥ /R ( h 0Dy,
2) eaeA - stx2 ~ ehxA 1.5.2
pBSK 37°C 18 h 10
Zeo~Kan~Cam LB 37°C 4 h; 1 mL
15% PBS LB
pS-eaeAZeopS-stx2Kan  pS-ehxA-Cam ' 10" CFU/mL.
2 XZ113
Table 2 Nucleotide sequences of synthetic XZ113 A eaeAXZ113 Astx2 XZ113 AehxA
oligonucleotide primers 1:1 LB 37°C 4 ho
Primer code  Primer sequence(5°—3") j:::s‘ifég Zeocin.Kanamycin ~ Chloramphenicol
OcaeA¥ GCAGTCGACTTGGTAGCCAGCTCCAGT 55 LB 18 h
Sal 1 °
OeaeAR TCA(;ii’II:IC;]TTTCGGTCATAGGCGCGA 55 X7Z113
0st2F  CGCGTCGACAAATGGGTACTGTGCCTG 55 XZ113 AeaeA XZ113 Astx2  XZ113 A chxd
Sal T e 10 3
Osi2R TCAGGATCCGAAACGCTGCAGCTGTAT 55 BALB /¢ 3 . X7113
BamH 1
OchxdF  TCAGTCGACATCAGGCATGGCTCTTGA 55 XZ113 Deaed X213 Aste2 - XZ113 A ehad
Sal 1 I:1 0.2 mL
OehxAR CGCGGATCCGATGCTCCTGTTGCATCA 55 ( N
BamH 1
caeAReF  TCAGGATCCATGATTACTCATGGTTTT 52 5 x10°CFU) - 24h 48k 4
BamH 1 N N N
eaeARe-R GCAGTCGACTTATTTTACACAAACAGA 52 N N
stx2 Re¥ TCA(;SZIAITCCATCAACTCTATATTATTT 55 Zeocin KanamYCin Chlorampheni(:()l Nal
BamH 1 LB 18 h
stx2 ReR GCAGTCGACTTATTTACCCGTTGTATA 55 °
Sal 1 (CI)
ehxA-Re¥ TCAGGATCCATGACAGTAAATAAAATA 50
BamH 1 ( / ) ( /
ehxA-ReR  GCAGTCGACTCAGACAGTTGTCGTTAA S0 )o CI 0.1-1
Sl ! ; Cl 0.01-0.1
1.4 Red- ;  CI 0-0.01
XZ113 AeaeA .XZ113 Astx2  XZ113 AehxA 2
PCR eaeA-Zeo~stx2-Kan  ehxA- 1.6
Cam pKD46 1.6.1 pGEX-6p- -eaeA. pGEX-6p- —stx2
XZ113 A Red eaeA . stx2 . pGEX-6p- —<hxA eaeA-Re I /R,
ehxA e, stx2 Re-F /R ehxA-ReF /R ( 2)
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eaeA \stx2 « ehxA pGEX-6p-d XZ113. XZ113 AehxA. Re-
pGEX-6p- -—<aed. pGEX-6p- —stx2 XZ113 AehxA  E. coli K12 5%
pGEX-6p- —<hxA 37°C 16 h
1.6.2 : "
pGEX-6p- -eaed .pGEX-6p- —six2 pGEX-6p- —<ehxA
XZ113 AeaeA. XZ113 3
Astx2 X7Z113 AehxA
Ampicillin LB 37°C 24 h 3.1 pS- eaeA —Zeo pS-stx2-Kana pS-
PCR Re- ehxA-Cam
XZ113 AeaeA ReXZ113 Asix2 ReXZ113 AehxA, OeaeA¥ /R
1.6.3 pS-eaeA-Zeo 1350 bp. Ostx2F/R
1.5. 1, pS-stx2 Kan 1900
1.7 bp. OehxA-¥/R
1.7.1 XZ113.XZ113 AeaeA ReXZ113 A eaeA pS-ehxA-Cam 2100 bp. 3
HEp=2 XZ113 pS-eaeA-Leo~ pS-stx2 Kan pS-ehxA-Cam
XZ113 AeaeA ReXZ113 AeaeA 2 x 3 o
10’ ( ) HEp-2 3.2 XZ113 AeaeA . XZ113 Astx2 . XZ113
37°C 3 ho N N A ehxA
P 3 XZ113 AeaeAXZ113 Astx2X7Z113
1.7.2 XZ113.XZ113 Asix2 ReXZ113 Asix2 AehxA  PCR 1350.1900
Vero 10%  DMEM Vero 2100 bp o
24 h 30 s -1 min 3.3 XZ7113 NeaeA.XZ113 Astx2.XZ113
XZ113.XZ113 Astx2  Re- AehxA
XZ113 A stx2 3.3.1
Vero " XZ113 ( Do

1.7.3 XZ113.XZ113 AehxAReXZ113 A ehxA

30

—— XZI113
25 L —B— X7113 AeacA
—h— XZ113 Astx2
2.0

—>X— XZI113 AehxA

1 XZ113.XZ113 A eaeA . XZ113 A stx2 . XZ113 A ehxA

Fig. 1

optical density was checked at different times.

Growth curves of STEC wild-type strain XZ113 (4) XZI113 AeaeA (M)
XZ113 Astx2 (A)or XZ113 AehxA (%) in LB broth at 37°C

respectively and their
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3.3.2 o 1.5.2 o
CI XZ113 XZ113 A eaeA CI 0. 85 24
XZ113 XZ113 Astx2 CI 0.42 XZ7Z113 CI 3 24 h
XZ113 AehxA  CI 0.65, XZ113 AeaeA
XZ113 AeaeAXZ113 Astx2XZ113 A ehxA XZ113 Astx2 XZ113 A ehxA o
3 X7113 24 h
Table 3  Competition assay between the wild-type strain XZ113 and its mutants 24h in vivo
Tested organs
Strains
Heart Liver Lung Spleen Kidney Small intestine Cecocolon
XZ113 and XZ113 A eaeA 0.028 0. 047 0. 021 *k 0. 05 0.028 0.033
XZ113 and XZ113 A six2 0. 0094 0. 0025 0. 0029 *k Kk 0. 0024 0. 0053
XZ113 and XZ113 A ehxA 0.0193 0. 0079 0. 0055 *k *k 0. 0034 0. 0081
*% no wild and mutant strains were isolated.
48 XZ113 AeaeA
CI 4, 48 h XZ113 Asix2 XZ113 A ehxA o
4 X7113 48h
Table 4  Competition assay between the wild-type strain XZ113 and its mutants 48h in vivo
Tested organs
Strains
Heart Liver Lung Spleen Kidney Small intestine Cecocolon
XZ113 and XZ113 A eaeA 0.073 0.039 0.017 o 0.031 0. 047 0.016
XZ113 and XZ113 A six2 0 0 0 *k *ok 0. 000154 0.0013
XZ113 and XZ113 A ehxA 0 0.0014 0 *ok Kk 0. 0029 0. 001
*% mno wild and mutant strains were isolated.
3.4
ReXZ113 AeaeA ReXZ113 Astx2 Re- XZ113 « 2).
XZ113 A ehxA PCR o
0 —e— xz113
25 - —B— X7113 AcacA
—h— XZ113 Astx2
2.0
_ —X— XZ113 AehxA
Qg 1.5
S
1.0
0.5
O 1 ]
0.5 1.0 1.5 2.0 25 3.0 35 4.0 4.5 5.0
t/h
2 XZ113.ReXZ113 A eaeA .ReXZ113 A stx2 .ReXZ113 A ehxA
Fig. 2 Growth curves of STEC wildype strain XZ113 () ReXZI113 AeaeA () ReXZ113 Asix2 ( A)or Re-
XZ113 AehxA (%) in LB broth at 37°C  respectively and their optical density was checked at different times.
3.5 XZ113 AeaeA HEp=2
3.5.1 HEp=2 1 X7Z113 (

ReXZ113 A eaeA HEp=2 3).
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3 HEp-=2 (400 x)
Fig. 3 HEp-2 cells adherence test (400 x ). A: HEp-=2 cells B: HEp=2 cells inoculated with STEC XZ113 C: HEp-2 cells inoculated with XZ113
AeaeA D: HEp=2 cells inoculated with Re-XZ113 A eaeA(The arrows pointed to the bacteria attached to HEp2 cells).

3.5.2 Vero 110 wL XZ113 200 uL XZ113 Astx2
Re—XZ113 Asta2 Vero Vero ( 4.
4 Vero (200 x)

Fig. 4 Vero cytopathic assay (200 x ). A: Vero cells inoculated with the culture supernatant of STEC XZ113 B: Vero cells inoculated with the

culture supernatant of XZ113 Astx2  C: Vero cells inoculated with the culture supernatant of ReXZ113 Astx2 D: Vero cells.

3.5.3 : XZ113 AehxA A/E
XZ113  Re-XZ113 eae b XZ113 eae
A ehxA o XZ113 AeaeA
HEp=2
4 o
XZ113 AeaeA
0157 STEC ( 026 O111 ) o 24 h 48 h XZ113 A eaeA
EHEC o Tatsuno 0 0157
A/E
(HUS) ° . 0157 STEC (08 .
018 0127) EHEC
- Gioffre 8
018 STEC XZ113 EHEC
o stx ehx
STEC 0157, 018 STEC 018 STEC XZ113
STEC XZ113 Asix2 XZ113 AehxA. Vero

(Attaching and effacing A/E) v, 20 ulL STEC XZ113
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Construction of the XZ113 AeaeA XZ113 Astx2 and
X7113 A ehxA mutants of STEC 018 XZ113 and their
pathogenicity in mice

Tao Xue Xianliang Chen Song Gao Xiufan Liu

Key Laboratory of Animal Infectious Diseases of Agriculture Ministry College of Veterinary Medicine Yangzhou

University Yangzhou 225009 China

Abstract: Objective To study the contribution of virulence genes of STEC 018 XZ113 isolate to the pathogenicity in
mice. Methods The eaeAd stx2 and ehxA knock-out mutants of STEC strain XZ113 were generated using A-Red
recombination system. Results Bacterial adherence test showed that the eaeA mutant adhered to HEp2 cells in a diffuse
manner with no microcolony formation. Vero cells assay showed that the stx mutant had no cytotoxicity to Vero cells.
Enterohemolytic activity test showed that the ehxA mutant lost the ability to express the enterohemolytic activity.
Competition assay between the wild-type strain XZ113 and its mutants in vivo and in vitro showed that all mutants were
mildly attenuated in vitro but in vivo XZ113 A eaeA was moderate attenuated XZ113 Asix2 and XZ113 A ehxA were all
highly attenuated. Conclusions These results indicate that the virulence factors encoded by the stx2 and ehxA genes
were important for the pathogenesis of STEC 018 in mice.

Keywords: Shiga toxin-producing Escherichia coli 018 eaeA six2 ehxA virulence genes pathogenicity
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