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B E. [F%) 85 0iKiE (Vibrio parahaemolyticus)E-H ¥ £ 111 & 5k & % (type 111 secretion
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verV gene affects translocation of T3SS1 effector protein and
biological characteristics of Vibrio parahaemolyticus

LI Wanjun', XUE Tingyue', LIAN Lele', REN Jianluan', TANG Fang',

XUE Feng'', DAI Jianjun'?

1 Joint International Research Laboratory of Animal Health and Food Safety, Ministry of Education, Nanjing
Agricultural University, Nanjing 210095, Jiangsu, China

2 China Pharmaceutical University, Nanjing 211199, Jiangsu, China

Abstract: [Background] verV is an important gene located in the T3SS1 gene cluster, which is one of

the two sets of type III secretion systems of Vibrio parahaemolyticus and plays a pathogenic role by

secreting effector proteins to host cells. [Objective] In this study, the effect of verV was explored on the

[Methods] The

verV-deleted strain AverV and the complemented strain CAvcrV were constructed by homologous

T3SS1 pathogenesis and the biological characteristics of V. parahaemolyticus.

recombination technology, using V. parahaemolyticus POR-1 as the reference strain. The growth
performance, biofilm formation ability, cell adhesion, and cytotoxicity were compared among different
strains. Western Blot was employed to detect the effector proteins secreted by POR-1, AverV, and
CAvcrV under T3SS1 induction. The translocation of the effector protein VopR (Vp1683) was detected
by Western Blot after each strain with the pMMB207-vp1683-CyaA overexpression vector was used to
infect HeLa cells. [Results] The deletion of verV did not affect the growth performance, biofilm
formation ability, or cell adhesion while significantly reduced the strain toxicity to HeLa cells. The
effector protein VopR secretion had no significant difference among POR-1, AvcrV, and CAverV with
the overexpression vector. The translocation of VopR decreased significantly when AvcrV infected
HeLa cells. [Conclusion] The T3SS1-mediated cytotoxicity involving with verV is critical for the
translocation of T3SS1 effector protein in V. parahaemolyticus, while the effector protein VopR could
still be secreted by AverV with overexpression vector.

Keywords: Vibrio parahaemolyticus; type 111 secretion system 1; verV gene; biological characteristics

& % LK 8 (Vibrio parahaemolyticus) & —
T £h o 22 PR TR, )32 23 A1 T Tk e B VR A
T T PR R R T D o R M B
B#i. 1950 4F, Fujino f-1-7E H A B R A MIZE
S AZEY, FHTF 1960 4 1 XA 44 4wl i
SPTSNSR8 it T B i
B, BUOKRERETE | RS L At S5 H R S
RAER, TEEHE SRR BEERMWAES, WF
FERW, AT pVA ORI RIS m R r] 5]
S X 0T 2 M JH JR JUE PR B9 (acute  hepatopancreatic
AHPND), ™ &% 2PkK™

necrosis disease,

FREE,

I 1 S P B0 ok B SE P 91 SRR |, A7 7
ﬁiﬂﬁ?ﬁ?ﬁlﬂl?(thermosmble direct hemolysin,
TDH)FIWE 11 A5 ih R Gt (type 111 secretion
system, T3SS)% % # ST, LIER/R ARG
P (Yersinia) F AR FRBH M B E L 1T %Y 4y
WA ZR BN RN B IR AT A, 52 P0k bk LA
T B RO H A, FE s, T3SS1 M
S H W 2R IE A R A AR S 2 TS 5 A
M, T T3SS2 7EZRK A A AL vh 2 g
B, T3SS REE-MEERTHEEAR

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1610 (YIS Gk

Microbiol. China

AR, FEHIEE FOREGRERE SR,
SHEE A Z R AR A AUED " A5 B
T B, RIS IR verV 3 g bd 1 &
VerV 5 HER B IR LerV . 4 2% {5 i 7
(Pseudomonas aeruginosa) PcrV IS, B
(Aeromonas) AcrV 25 HAF [RJEPEN, wFsE R
B, HEZRARIRIE LerV 5EEJAHOE, Al kT
U AR PR Mueller 25U B 1435 5
HL AT IE ] LerV TEEHIR I A AR 2R TE 1L
TLRIRBIIEF454 . LerV HAT 1E () 815 B /R £
[CHE T3SS %0 & [ (Yersinia outer proteins , Yops)
SRR, AR S LorG 2 B m) 35 5 7,
R E 2R B FEBH T Yops 430, —FH A AR
L [E I Yops 43I0, #4325 11 YopB 5 YopD
TEfE MR FIE AL, 5 LerV fa] 58 Ui
BAMSANT . BHT VerV ZERIE N 111 %
I3 FR G RE D T AR A Rt — 2B 05
AMFFAERL verV BRI TIRARZ, Dk
Pk POR-1 VENFERITARR, A [R5 S 2H B
verV BRI HRAT R, PRI A R 5N
HERKVERE . AW EIE GRE T . ARG RN RN 20 M B
PESEA 2ROV E PR, (RIS B T 2400 28 1 53
W5 Z iRz, DAY ¢S RIS AR T3SS1
HIAMIR A BRI B B R X

1 #H57%

1.1 E#k. HBRPRFN AL

Rl M IR 2 7% B Ak RIMD2210633 .tdhA/S
SRR POR-1, Escherichia coli SM10Apir
JEkL pMMB207 . pYAK1 & HeLa 4 it i A 5256
R
1.2 EZRAFIFLR

PrimeSTAR HS (Premix).TB Green® Premix
Ex Tagq . BRI A V)8, TaKaRa 24 A ;
ClonExpress® II One Step Cloning Kit, HiScript®

II Q RT SuperMix for qPCR, g 5UiMEREEYR)
B A FRAA W] 5 20T Bk B B0 6 L 40 TR R
RNA $2 B G A PIGR7 6, Omega Al
DMEM 8532 FL AR A 17, FEER KRB (o
ENDAT PR LDH LR M3 0 2 6 25 1 A 3
MG, BRREVFARGIRA A A2 E 4R
B &, TR EA YR ARAIRAF; CyaA
ik, G EYEARARAE]; AR
Fried iR 6 I8 25 e Bl 55 SR 5L (TCBS),, i fHi4:
WHARARAF; ECL b2 &0, KEBA A,
PEIEE H PCR {URIANAE RS 740, FRBR /R
H(hENARAR; 2Bk EE BRI R
8t, KRE ] s ZINRERE bR AN SN ORI,
i (R A A RA T,
1.3 verV B FE H L HKFN E 4 KB

Z:H8 Park SFP T, ARG E A ARTE
tdhA/S BFA R Kk POR-1 JL4E A EEB bk AverV .
e very FER S HRRFRRE lerV [FTR I RESL
(1 174-1 818 bp), AZH Pk RIMD2210633 KA
NI, FH verV-1/verV-2 Fl verV-3/verV-4 Wit
S9N G very b NUERIERE, R
verV-1verV-4 514911 1 ElE PCR . 4 BamH 1),
[i) Y 2H it 22, 3RS pYAK L -AverV A 231 Tk
AL BERIHFT I SMI10 225410, VARG I
SM10 AHHMAR . LI POR-1 N2 AR T A 54
. FIHSEEZEHM TCBS AR vars,
20%J5E0E LB 418, 3@1d verV-1/verv-4, verV-NF/
verV-NR 1 sacB-F/sacB-R 5|4 % & 5 a2 19 =
PR, B ERAG 24 R AverV,

oy g [ET MR 1 B A Dy v B k2 R [) o [l
FIXILN Y ATT [F] L5748 h ATA, RAIX 53 [E]#b
BRSEFAE MR, PIE S 4ats e R, [BIAMA AT £
i CAverV, iR AN IR Y 5 19 B
WAE R 1,
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Table 1 The primers of verV-deleted strain and the complemented strain

5|4 Primer J¥%1 Sequence (5'—3")

verV-1 CAGGTCGACTCTAGAGGATCCCGTTTTTAAACAAATTGGTA
verV-2 TTAGTCATGGCCTAAGTTCTTGCGTAATGT

verV-3 AGAACTTAGGCCATGACTAAAACAAACGCG

verV-4 CGAGCTCGGTACCCGGGGATCCTCCTTTTGTTTCTCACCGCT
C-verV-1 CAGGTCGACTCTAGAGGATCCCGTTTTTAAACAAATTGGTA
C-verV-2 CATTGTCGGTGAGGTATTTATACTCAGGCGAG

C-verV-3 TAAATACCTCACCGACAATGGCATAACTACAC

C-verV-4 CGAGCTCGGTACCCGGGGATCCTCCTTTTGTTTCTCACCGCT
verV-NF TCAACATCACCGAGCAAGAG

verV-NR GGCTCGTAGGATTTCTTGTA

14 KHESE PCR (RT-qPCR)EE

PEHL POR-1, AverV Fl CAverV HEIET
LB g5, 37 °C. 180 r/min $5355id %%, WU
1:100 (IRFREL)FERD T AR LB WARRE IR,
37 °C. 180 r/min F& KRG H5 95 2 ODgoo H 0.6,
it FHZH TR S RNA U G- U RNA,
SN ¢cDNA. L) DnaK-RT HNZ51#91, FH
verV-RT 5|¥)#% 8 TB Green® Premix Ex Taq i\
7 & 1L B 45 7£  StepOnePlus Real-Time PCR
System i#47 PCR i, FMROWMEE 3K, K
FH 27T S very BRI AR R
I EARAE B 2,
1.5 HACHZRNE

PEHL POR-1. AverV il CAverV HEEET
LB ¥ 5k, 37 °C. 180 r/min #5351k, LU
1:100 (IRFLEL)EEFIT 50 mL LB AR I35,
37 °C. 180 r/min &R HEFE 13 h, M 1 h
M TR—HETEIRE 3 KR, W BRI 1Y ODgoo-
1.6 HHHEIERZ B BE 71RO ZE

¥ POR-1. AverV il CAverV #:80F LB 1537

*2 WHEE PCRI3IYFT
Table 2 Sequence of the primers used for RT-qPCR

5|#J Primer J¥%1] Sequence (5'—3")
DnaK-RT-F ACTGCTTCGTCAGGGTTC
DnaK-RT-R GTCAGACTCGTA TGCCAATG
verV-RT-F TTAGTGCGAGCGACTTCAAC
verV-RT-R GTCAGCTACCGTTACACCCT

Tel: 010-64807511;

e, 37°C, 180 r/min ¥53£ & ODgoo N 0.6, Fi&
HEC1:100 (PR EL)EERD T4 6% 2 mL LB & A B:
FRHE B 200 pL 5 B4 1 RV T JC I 96 FLAR
DL LB MARKE FRIEAE Ry 25 (O IR, B pi 6 A
A, T 37°CIRAHH SRR 48 h, R HE
BrEfLN TR, FIJCH 1xPBS HPEAL 3 ¥k, #@ X
fisf T4 . LT 200 pL JOKFHEEESE 15 min,
T AL AEYIIR T 1% SR L (2 5 min,
Fr2=giii, 200 pL ddH,O HPEFL 3 ¥k, KT
T 95% & BEV R AL N A= e e, PR
30 min, BRI E T K 595 nm AbAIW G .
1.7 st

R A5 5 25 R L Mot 6 4 2 A 0 35
GUL, EE RS XTI, FRAL X REAL
e RSP R AT s 2, 37 °C. 180 r/min
ZMF, ¥ POR-1. AverV Ml CAverV ¥i3: &
ODgoo M 0.6, TGP 1xPBS ¥ 2 R, BUAEMR
YL 96 FLARKGFRAV AN, JERYL S $ (multiplicity
of infection, MOI)/ 10:1, FHRFEELE 6 L.
37°CHE 1 h )5, ¥i& & LDH Bt S5k
Pt 195 T R 2 A R TR ST, E 2R s SR A Uk 2
JNE 1 he FHESFLAT A 60 uL LDH A5 T
VEWE , 28 TR EIE & 30 min, FHEEFR U E ODa4o0
B, AR A M BPE T R =R A WO FE
st R HEFLI ' B )/ (200 e A IR e P W ' 3 — A
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fi X} BRFLIR G ) x100% 23 31158 LDH i 1
1.8 ZHRaFLMHiX IS

HeLa 413535 T 10%J64: % DMEM
37 °C. 5% CO, %M T, REHT— K HeLa 41
ML 2x10% % BE Rl T 24 FLA. FIHT6E LB £
FeILFEE POR-1., AverV f1 CAverV, 37 °C.
180 r/min FERIEFRE ODgoo N 0.6, i JCH
1xPBS 43 BIVE AN A4 2 vk, BRI
R HeLa 40, MOI H 10:1, bk EE
2L TEA MR FRAEEE 2 h )5, G 1<PBS
PR 1K, LA 1 mL $¥ Y 0.1% TritonX-
100, 37 °C ##%F 10 min, HEFLEL 100 pL A5
JCIE 1xPBS #1710 £ 5 LU RS, F4 - 8 i B
FE 3 KA T LB BR AR, 37 °C ¥R s
CSRA T, 13 2 X Fh B 38 =(RH B 40 T 50 240
R0 % 100% 33445 BRI AH G 26 B3
1.9 5ibikie

M AN ITL, i POR-1. AverV #
CAverV 3k 1 K 1 SM10 H 1
pMMB207-vp1683-CyaA #f&, VopR (Vpl1683)
JERIAE MR T3SS1 EAEE MR E M. #HE
A w1683 L FiKF MK POR-1. AverV Fil
CAverV $#£FF 5 mL 7% 3% NaCl iy LB 15355,
37 °C. 180 r/min #5571 %, #4:% 10 mL LB
Big3t, i ODeoo M 0.3, HKLEHEIRKTH 3 he
5 000 r/min #.0> 10 min 2> HUSCEE F & FE AT
W, LIS 0.22 um JEERBRET, A 30 kDa #
ARG, K5 200 uL TR 1xPBS J & vhik:
R IR ARAR EVE RS . WA 2 mL BR Y
1xPBS ¥k 3 ¥k, B 200 pL B )5 A9 B IR
MRS B BIERESY . RAME AL S 5%SDS
Loading Buffer R4, Zi# 10 min, #175EH%
3£ B[ S5 (Western Blot), —#H1H CyaA HiiAkb
A, RH ECL fh2z it o, 43kt
HE 3K,

1.10 Sk

¥ HeLa LA 2x10° RN T 6 FLAR,
1E 10%f5 4 L7 DMEM, 37 °C. 5% CO, %44
THFRZE 80%90%. 115 vpl683 1t ik HiAk
) POR-1.AvcrV il CAverV F 37 °C. 180 1/ min
PEIRBEFRE ODgoo M 0.6, B2 20 TR 4 i 1) 15
Fedk, HJCH 1xPBS 215l PEds 2 Ik, HURER
J&YL HeLa Zfifitd 2 h, MOI &y 10:1, & & A
YHRIZH o JERYLEE S, SR A M4 2 1 PR UG
& PEHL HeLa #EAHE A, WiNi&&E 5%SDS
Loading Buffer £#£5, & 10 min, #H17HEH
B 5 B[V 305 52 56 (Western Blot), — 30 A1 414351 H
CyaA PiIAF HRP #ric il 2EHi/N 1gG H ik
A, M ECL k2= kotimgtinie, SandmE
23K
1.1 HiESHh

iR B PEAT T 3 ¥k, N GraphPad
Prism 8.0 AT ], Bt V- S5 (EbR it 2=
(mean+SD)FE/R, FIFA ¢ KK L4 T POR-1 5
AverV TEAPIREIE . A ZRIT . AR EETE . DO
JEE PCR % S Bds 1 25 5% . SIS el
WE S B 2% Fi 1 Image J BAFBEA T IR E A3 T .

2 X504

2.1 verV BEEBRAHKEEFEBEESE R

mE 1A Fras, F verV-1/verV-4 5| %)%t
AverV #E17 PCR %58, DL RIMD2210633 F K41
DNA MBHERTIR, AverV #7481 945 bp K/
A BL(UKIE 1), RIMD2210633 J:[H4H DNA 9714
1 604 bp K/ F B (TKIE 2). NS 1 H%f
verV-NF/verV-NR  Fll 1 #%& #5 id 51 ¥ XF
sacB-F/sacB-R #1755, AverV Jo 18 457 (UK
B 4 FIYKGE 7), PHPEXT RS 1S E R KN A
Br (UK 5 FIYKIE 8), WFHI AverV fEHE I,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2R S verV TN B IS AP0 SR K T R O30 AR 4 1 2808 8 1 5 (2 R 5 1613

Wk 1B iR, JASNBEIY) verv-1/verv-4 Ml 2.2 RT-qPCR #& verV B E 5 RKFH
N5 9 verV-NF/verV-NR %} CAverV #7 PCR 45 R
K, 23519 5 H 1 604 bp 1 659 bp K/NAY A KM verV-RT 51¥%} POR-1, AverV #l
Br(Jkif 1 AWK 4), 5 RIMD2210633 Fifiikk  CAverV #E4r9¢5te it PCR i, 455 5K
M (kE 2 FykiE 5), FAMEEics Y POR-1, CAverV HEFEENFERIEH, AverV K
sacB-F/sacB-R %} CAverV #Ef7%sE, JoPig  verV B SH(E 2), R verv BEPIE AR K (0]
MW (KB 7), IEW CAverV MR HMRFA HE R
A bp

2000
1 500

1 000
750

500
250

100

B
bp
2 000
1500

1 000
750

500

250
100

1 verV B EGREM R EIFMART PCR E£ERIKE  M: DL2000 DNA Marker, A: verV FER AR
) PCR %7 5 1-3: 514 verV-1/verV-4 4 AverV . RIMD2210633 FFH: X} B ; 4—6: 5149 verV-NF/verV-NR
P49 AverV, RIMD2210633 FIBHHEXTRE; 7-9: 514 sacB-F/sacB-R § 1% AverV, pYAK1 FIBHHEXTRE . B
verV SEH BIAMAR) PCR %585 1-3: 519 verV-1/verV-4 4% CAverV., RIMD2210633 FFHEXT IR 4-6:
5| ¥ verV-NF/verV-NR §" 14 CAverV . RIMD2210633 FIFHHEXTIE ; 7-9: 5|4 sacB-F/sacB-R #'##% CAverV.
pYAK1 FlRHE XY

Figure 1 Electrophoretic map of verV gene deletion and complement strains identified by PCR. M: DL2000
DNA Marker. A: PCR identification of the verV gene deletion strain; 1-3: Primer pair verV-1/verV-4 was used
to amplify AverV, RIMD2210633 and negative control; 4—6: Primers verV-NF/ verV-NR were used to amplify
AvcerV, RIMD2210633 and negative control; 7-9: Primers sacB-F/sacB-R were used to amplify AvcerV, pYAK1
and negative control. B: PCR identification of the vcrV gene complement strain; 1-3: Primer pair
verV-1/verV-4 was used to amplify CAverV, RIMD2210633 and negative control; 4—6: Primers vcrV-NF/

verV-NR were used to amplify CAverV, RIMD2210633 and negative control; 7—9: Primers sacB-F/sacB-R were
used to amplify CAverV, pYAK1 and negative control.
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0.8 —
Hokkk

& 1.0k 0.6 -

=

3 1

= Q0.4+

£ 05k Q
02+

POR-1 AverV CAverV 0.0

2 FZBEK verV EREFERAKEN
Figure 2 Detection of verV gene transcription level
in each strain. ****: P<(0.000 1.

23 EKHMENESR

POR-1. AvcerV Fil CAverV 45 F AR A0 K i
RAE R B R 3), verV LR A BIS A
IV TR A A K R BE
2.4 verV BEEERK T E VIR B RE ST HY
AR

KAl YL 4k /LA POR-1. AverV
il CAverV SFR PRI AW e 1, 45
e 4 Fi, AverV BAYIWEIRIE W AE 71
JERHTR PR POR-1 AH LG B 25 25 55+(P>0.05),
W] very JE A2 5 BINES IR A= Y04 BROY 1
— -o- POR-1

-& AverV
—&— CAverV

OD()(IU

t(h)

3 POR-1. AverV #0 CAverV BERRBIE K %
=5

Figure 3 The difference of growth curves of POR-1,
AvcerV and CAvcrV strains.

POR-1 AverV CAverV

4 POR-1. AverV B CAverV Bk B & P45 BE
EBENES

Figure 4 The difference of biofilm formation
ability between POR-1, AverV and CAvcerV strains. *:
P<0.05.

verV EE KM MBS RN NS
POR-1. AvcrV Fll CAverV 5 #EX) HeLa
YR A REESS AN 5 R, AverV S2ERHTE
Pk POR-1 #HEL, AHMEEEYEN B & F#K(P<0.000 1),
(BRI A 20 B B A LU S, 3R verV BRI
W 1) A T3SS1 A A A0 M 2k
2.6 verV EETRE M FLHT B R LE R
POR-1. AverV il CAverV ZE5E %] Hela
YRR ZE R RE T AR 6 iR, verV FEDRIER BR
ALk POR-1 AH EL, % HeLa 4H A i) 2B
FZE SRR, R very JE AN 2200 B35 15K
PAXT HeLa 2 i 1Y %6 FH fig
100

2.5

P (=) co
(=] (= =}

Cytotoxicity (%)

[yl
(=]

POR-1

AverV CAverV

5 POR-1. AverV X CAverV E#5x} HeLa £f
R B 25 14 52 M

Figure 5  Cytotoxicity of POR-1, AvcrV and
CAvecrV strains on HeLa cells. ****: P<(.000 1.
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50 ~

Adhesion (%)

1
AverV CAverV

6 POR-1. AverV #1 CAverV E#k%T HeLa 4
ol kT
Figure 6 Adhesion ability of POR-1, AvcrV and
CAvecrV strains to HeLa cells.
2.7 verV EEREITHA TR 78I
HZR

POR-1-vp1683-CyaA . AvcrV-vpl683-CyaA
Ml CAverV-vp1683-CyaA bk b i FI R A TTE
fiF % Vp1683-CyaA WL AN 7A FizR, 3 BRI

POR-1

A Supernatant Pellet
Vp1683- POR-1 AverV CAverV POR-1 AverV CAverV
Cyah | = == e | — -
Loading

control | D D D [ S S S |

B
o W
g
=
a
=
=]
2 L0-
wi
=]
2
R=|
2
= 0.5+
o
L
<
©
-
Q
0.0
POR-1 AverV CAverV POR-1 AverV CAverV
Supernatant Pellet
Vp1683-CyaA

7 POR-1. AverV #1 CAverV = #k 4 i
Vp1683-CyaA HIE  A: Western Blot il 4% &
¥k Vp1683-CyaA Zrilhie; B: JKEEHra R

Figure 7 The amount of Vp1683-CyaA secreted by
POR-1, AvcerV and CAverV strains. A: Western Blot

was used to detect the secretion of Vp1683-CyaA of
each strain. B: Gray analysis results.

W Vpl683-CyaA MIAHUT, KB4 3 IR
ERARRE, T verV R BRRAE S B 13
KRR B SF T AT L4 T3SS1 20 25 4 VopR
(Vp1683),
2.8 verV BEERKI YN ER SIS
5

POR-1-vp1683-CyaA. AvcrV-vpl683-CyaA
F1 CAverV-vpl683-CyaA %5 B MR 1Z 4 HeLa 41l fifd,
KRR Vpl683-CyaA SN wUNK 8A FiF
N, SIAE R POR-1 ML, verV ZER B AARIZ
Yt HeLa 0S40 Vpl683-CyaA 51 &

A POR-1 AverV CAverV NC

Vpl1683-Cyad| WD ‘

GAPDH

2.0

n

CyaA/GAPDH
intensity band ratio
‘O —_—

L (=]

<
o

POR-1

AverV
Vpl683-CyaA

CAverV  Not infected

8 POR-1. AverV 1 CAverV E#kE# HeLa
“HAEfE Vp1683-CyaA HAIERILLE  A: Western
Blot ] HeLa 4/l Vpl1683-CyaA ()5,
NCAENARIEGLANMIL ; B: JRIEIMTEER . .
P<0.001

Figure 8 Comparison of Vpl683-CyaA
translocations of POR-1, AvcrV and CAverV strains
infected HeLa cells. A: Western Blot was used to
detect the translocation of Vpl683-CyaA in Hela

cells, and NC was used as the uninfected cell group.
B: Gray analysis results. ***: P<0.001.
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TR, BIAMEZ MRS IR, K 8T
5 R BN AFTER R 2 25 57(P<0.001), R verV
DAL Ay it 2 I8 25 /D RIS I TR T3SST &4 &
1 VopR (Vpl1683)) S it .

3 L& #

RV MIREA T3SS1 MMM dIE S5 E
18 2L FIAAON AR 11 23 (A G, T3SST % B A4 2%
Je— BRI A = PR R A, T B — RS
S EAEN, TR T AR FHIRE5
FIEFIRAE A ARAE N I 2L, FRAT T3 2L B 332
SCHRRIL, verV ZER GRS EE T VerV (420AA-
607AA) 5L FA A PerV (95AA—294AA) T
HUFIPE Ry 55%, B VerV 25 17T RS2 ml
MR T3SS1 #HRE M . AL verV JE R
WFFEXS A T AR BR 5 LR, TR R HAE R
Vs S ER AR )24 D RE A T3SST %50 2 (143 Wb vh
AIFE T

RV ISR R0 TR T B | A SRR L B
SN T2 M oAt AR AR P 2R 100 T T A R,
AV —Fh it 20 A AR IR RSN
ANEE W (extracellular polymeric substances, EPS)
TE LR S 2R W) SRR, FT LA T A 4 0
HIEE PUER | TE F R E, OpaR
2 I MR I B %% 8 JE N 2R Bt (quorum sensing,
QS F, HAWFRIE OpaR 1ERFEINLZE
B (capsular polysaccharide , CPS) A il Al 4= W) i T
B, SRR T3SS1 BN MR EZG), £
B T3SS1 JL[A Y2k 5 A W IRIE Y 45 2 AH
J 320 A g R B 45 R SR, verV 3R
R AR I AR R TBOE L RE )oKk B T R, $OR
verV PR R & 35N 5 el R I 5T A 0k ST
TG A o 2R A A R X 1 A A R Y 2
—5, 2 5 AN MRG0 B g R A T R AU

Ifi. # Z (mannose-sensitive hemagglutinin ,

MSHA). ZM %/l 7 (multivalent adhesion
molecule 7, MAM7) . VIHI 3k 2 % (type VI
secretion system, T6SS) , I Al AL A"
o A SCHRIRGE RIA AR E T3SS1 Uy R+
ExsE Z 5A T AN HTY, SR T3SS1 R 52
SRR ARG ST R — 2P A SR R 40
FhMHREGZE R, verV BERNAZ 5 R 15N
BRI X HeLa 20 () 286 B 7t
RV I SN A 32225 ) PR T R BB I R

T3SS1 1 T3SS2 ¥ = 54fijifisgth:, T3SS2 HXf
Caco-2 S 44t & r= AR B AR AP, T3SS1
AL [ 1 A SR B A AR, B
CRPLAA VopS. VopR. VPA0450 FI VopQt+?”
4 PRIGEBR R BRI lerV BRI Bk MRA e
YopE. YopH. YopM Fl YopN 5w £ FHH: A
5 AP, SIEB] T3SS1 45 M 1) S B v A%
B 14 A0 5 7 10 1 5 o A i e
E R OR, verV BRI B AR XT HeLa 40 0 2 PEAF
FE AL, RIAREIEH £IBEREN VerV
R RIS MRS T3SS1 %8 p4%, M
M T3SS1 A A #EtEVEH . Zhou S5 HiE
THE vpl1659 (verV)FEER BRI TER T T3SS1 5%
V2K 1 VopS 1t 2 (i 8018 40l X FHER
S 3500, 26 1 18 43 06 R0 52 57 6 FER AR R o AN Tt
SR CyaA 45 RS OGMAUY & 11 VopR
(Vpl1683)2& & 435 5 7 , ¥ pMMB207-vp1683-
CyaA 1 £ KIS 4 i POR-1. AverV Al
CAverV 25 bk, 55 T3SS1 /M MSUN T, 52
B2 LR B AR . R AR R R RMR 22 1]
VopR 7Mbb EFARE, FORFREN VerV 7]
REANJE RN 25 DN BT PN 43 W B A 45 R 2 1,
FHEA w1683 i FRBFMM S FEHRIZ Y HeLa
A, g RN verV JER BB B E 5
M) Y BRI LI BT 42 e A 40 ik A H VopR 1 5

(VA=
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KRR . AW Y iaE )y . B A0 gE )
A YEE R TC R R, BURXT T3SST &8k
1 VopR M ilbsZ i A 2%, (H2 5 T3SS1 A7
A A, R IR T3SS1 7] HeLa Zii e
SN B T VopR [ ZEA5 M o AN
7 T3SS1 MUAMEtRESH 8 11 40 Wb -5 IR #L ] 4
HETES SR, Rl AR EHIREE T VerV A
RER PRI
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