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T6SS, i FRFEEHLH & T6SS1 (vpl386-vp1420),
TS T/ INEERI A 2 T6SS2 (vpal 030-vpal043)P4,
T6SS2 Tl 75 1L 5/ b 2% B e 3 4 1) ok A v 2 1
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5o XX BIRBEAE S T 1 T F s K B
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vpl1662 . vpl668. vpl670. vpl695. vpl696 .
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Figure 1.
genes expression of T3SS1!
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Figure 2. ToxR, HlyU and H-NS regulate the

expression of exsA.
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Figure 3. Regulation of virulence factors expression

by ToxR in V. parahaemolyticus.
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VirA (VPA1332)0; T T3SS2 KK % v fa) i ir &,
JE 253 ANEIERRALE S N, N U
1-133 AR AL AL, HA OmpR AKX
W B 3 -2 -5 £y - 125 (winged-helix-turn-helix ,
wHTH) DNA 454G 455, LMk 134-156
T — S IRRE, C AR(157-253 aa)fir T8 Jias
[8] B virC (vpal 333)0E T vird FER R, 5 vird
SERALF R — I TT, XA DR T e A
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virC JE 161 NMEILRAUSMI MR, VeA il
vuC WM SR 101 B Rk
VirA/VirCl, YIS R UE A S EgiE s,
IR 4> T 2 4 B4 A B VieA F VieC
[l s [R5 R B-A 45 HA i K N8, 454 TR
TR VirA 2 D BERHOE , N5 R Ul virB
B R S5 RIR, 2 VA T RN VuB
W — AN E T, HMNK DNA 454
ZiHIES VirA BIESHAILL, W28 T OmpR &
IR, &4 wHTH ) DNA 454 251857, 4
WG R VB JETE S T3SS2 FE K R AH LA (1)
Fik,

W98 & BRI AN 1 VA 52 FLINE
TepP FEFHTIRE T4 AHRL, QNSRBI RIE VirA 1)
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PAEE T AT R ZE, VoA EAE
43 i 2 b E R FR HE X VirA JE pl [R5 — B A K H:
WOE Tl IR R IIRE E G H . T
VirA (%55 43 (B AR AR Ry 22 R, VirA {8
AL R, SRR T e Sy 5L i =
ik, I, T3SS2 AT VuB MFL 5t
Z R Z AR SRS H A E AR,
X L HAA ) 437 LA 0 58 0 A B R AT
B Wb 7 g 80 I v It I B B0 L

4 B % o 0 AR B R 1 9
A HEFWRLHEBEA

BEAR BN (quorum  sensing) & 20 B i o ;7 A4
A5 T R 7 J25 2401 44 i % 5 1% 722 Ak DA T 3 55 A
KBBR8 N A [] A A 7 PR 5 1Y) —
ol 35 DR 2 TR ML 04 IS ot I PR 17 A e
N RGES S EEZ AR, AR E TR
FEA L R TE B L TR 2 NE B Y
H i & BRI KB ™ A =2 Ad S, 430
AR HESY) 1 (Harveyi autoinducer, HAI-1),
2 BMABSYAL)METLAERY 1 (Cholera
autoinducer, CAI-1), HAZIKHE 43 55& LuxN,
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1T

N4
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- “\“ss o=~ - -—
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P13 LuxN 1 LuxU 2GR IR 1 38 5% s 1 il
15 LuxO & [ EwR b, MmfEfS Qrrl-5 By~
A= g/, T OpaR AYIE P48 OpaR J& LuxR
EASP RN eI RN R ) (K ) S O
Vs I TR 1) 22 20 R o fig EL A S A R A
OpaR W FEVER Y AphA FIVERIAH ), OpaR —
J7 A DL qrel-5 B9EE SR, 55—t nl LA
BE 7 FE DR DA A 0 A DG 35 [ g 3 ST 0
VA MR R 3, AN A T R, %
TEUAON R 0I5 (1 OpaR # ki F ik, OpaR A]
HI%Y5 exsBAD-vscBCD Jii s FIX 454, T i i
T3SS1 AHRIEA A 55 55—, OpaR Hon]
LI 5 T3SS2 KEHFE vpal332-1333 (virdC)HEA
(RS FIXE5 A, BTG T3SS2 FHSKLH s,
BESRIE IAR  BA BE 5 R R I TR P I AR
AR, X5 OpaR 454 HJash FIr 814 Hr kKB,
T6SS1 Hl T6SS2 AR Z A IH 8 7 XA & A
OpaR BY454 741, RN OpaR i) GEXT T6SS1
1 T6SS2 AL ik HAT TEFAE FTO(E 4),

At HCD

LuxO-P

!

Qrr sRNAs

-
— 7

e S T~ ~ % v
[T3SS1] [ TDH | [T3SS2] [ T6SS |[ T3SST] [ TDH | [T3SS2 ][ T6SS )

B 4. BIA SN E RHA R IR I8 I 3T & B F ey Rk EE e A

Figure 4.

Quorum sensing system regulates the expression of the major virulence loci in V. parahaemolyticus

[68]

The red arrow line represents positive regulation. The green vertical lines represents negative regulation. The blue

dotted arrow represents indirect positive regulation. The blue dotted line represents indirect negative regulation.
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JXE AphA 5 OpaR 435178 Gl ¥ 15K g A [7]
FR 200 H 2 B R R EREAE R, SR e =2 e AR
SESERMAT RS R, M, AphA 5 OpaR
IR A B2 B A B AR B UECR .
L, 4wf% AphA 5 OpaR J:[H %% SR 372 31 sSRNA
Qrrl-5 BYIE#:; 2 AphA J#5 iR it 35k DR ] s,
2% OpaR MIAEIER . Hit, S5EALIEAHL,
R 10 I TR P A SR A5 5 8 42 I8 AN [ 1
2 Jf 285 B SR AE T R T AR, ORI 24
HE 2%,

5 MNEMRZ

R I SRR 2 N B T T e A R A8 AL
A T T 5 LR i AR E LR R, A
JIH 1R GK 32 B Z R 5 5 P 7 5 18 45 08 1Y
ILEIEEE . A IMNE Y ExsACDE {5538 #% Xt
T3SS1 LD e st A EEAEM . 1 CalR
YE R T3SS1 Wy E LM 7, 7] Hi%E4 4 5
T3SS1 LR VP1656-1667 (T3SS1 4514 %&
). ExsBAD-VscBCD (T3SS1 ¥ # 11) L M
VP1686-1687 (T3SS1 RN & MNAE3IFIX, M
ARGl T3SST AIEPE. HATHESE 32 2d 2 X
ExsACDE {555 4538 [ X T3SS1 i [F % sg i i
seEi %, X FARKET ExsA A1 53 5 1
5T H AL /D - ToxR Ay B V8 1 9 i A B 0 98119
K7, A DAE a5 T3SS1 JEA A I 6E
gRiM, JLEAR R IR fr i — 224K 5. ToxR
Wl LU 5 T3SS2 BLPA# iy VPA1332-1333 )
3¥ X DL K TDH2 WY 8+ H 4R 456 0E e A1
L2 S 0 N 1+ 2N/ A s v el o3 11 8
(14 B 7 DR 3% 38 OIS o) 2 v L R 44 B AR
P R IR A A N, R GE Y 2 A A 45
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[K-F AphA Fll OpaR X| it 2 M5 538 # H AT I
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Molecular mechanisms of virulence genes expression in Vibrio
parahaemolyticus
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Abstract: Vibrio parahaemolyticus, a Gram-negative halophilic bacterium, is the main pathogen in marine
vertebrates and invertebrates, and can cause acute gastroenteritis, sepsis and necrotizing fasciitis via consumption
of raw or poorly cooked, contaminated seafood by human beings. As a globally transmitted pathogen, the
pathogenicity of V. parahaemolyticus is closely related to a variety of virulence factors, including the adhesion
factors, lipopolysaccharide, hemolysin, type III secretion system (T3SS), type VI secretion system (T6SS), iron
uptake system, protease and some other virulence factors. All these virulence factors are only expressed under
specific circumstance, indicating that the expression of these virulence factors is tightly regulated by the
environmental factors as well as those signals from the host. In this review, we discuss the regulatory mechanisms
used by V. parahaemolyticus to control its virulence gene expression, summarize the regulatory pathways that play
important roles in V. parahaemolyticus pathogenesis, and highlight key regulatory factors in these regulatory
networks. To better understand the pathogenic mechanism of V. parahaemolyticus will definitely help us to develop
new strategies to treat and prevent diseases caused by V. parahaemolyticus infections.
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