[CGRYEZ

Acta Microbiologica Sinica

2020, 60(6): 1-13
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20190473

Review 2BV,

&l 5 ML E R 5= 4 2 B REFER 5 AL
waE, HEa

WM SR = e, Wi Bt 311300
FEEE . WV N 22 (RS Eh Al T, i HESh Y AT EMESh W b 80w, s iR AR
SN B AR L WOIRE RIS FE I A B 58 S 1 B e A . AR 2, fR RIS ISR 5 | ) B0 I gL FE
S0 B A R IBTEE In A A B A i Eom e 5 A B A 2R EE A G, KRR
i KiBHET . B2, WMRE ., AW ARS . VIR ARS . SRR AS . EA. /MEEAS.
SR, X LT ) K A B #0322 - DL s BRGS0 U84 o RIS I oI 3 Ao Jek e A AL A
FERE IS FIE 5 B, INIMBOE R NS R A5 S 2%, #EME SR R 8 ) R . AL FEX)
RIS M TR 1 7 PR SRR PR 00 73 AL A T 200, Sy S0 3R 18 355 DA A A B X 10725 1 oIk

PR O ML B2, LA R4 i BT MG Fh 38 LI P 5 [ R o S (LB 2%

KGR RV IINER, BT, PRSI,

R LIRS 2 — o s 2= [ B P g SR A, )
AR T RN R, g 25
7K UR BB e A AT S EOKFEEE S
ALIE R O G, SURMUILAE, 7E SRR
A RIS 1) 3 h 2 e S
B X NZEAE RS LSRR I R I R
PTCHHES Y, W FE s SR Ak
e, URAEANSH MY, i, g
0PI AR R A A A DG BO T B Y A 1Y
FELA, P8 A SICBRT T S Sy S50 28 B AR B0 1

ERcpili

BRI AR SO R i I B A T 7 A A
[l % (the thermostable direct hemolysin, TDH)z¥,ifif
P L% I E (the Tdh-related hemolysin, TRH)
s AT . HATATTE A B, ik 90%HY I R 7>
BRI A tdh F/BE trh FE TR AP IR
TEIR S 4y B Bk P A AR A AEN Y pl A SR T 5
YRGS H 5 2R IS AAEE, B 1996 AL
ok, 03: K6, O4: K68, Ol: K25, Ol: 26 #
Ol: KUT i i B o Pk 2 5 | B i 1 A 0 32 2 A
R

EEWA: FEEARPEEE(31470244, 31770151); #TLARMI AR A LS (2013FRO12)
“BIEIEE . Tel: +86-571-63754650; E-mail: yangmh@zafu.edu.cn
Ugfs HER: 2019-10-15; 1€EIHER: 2020-01-01; MLZHARHHEI: 2000-00-00



Ting Zhang et al. | Acta Microbiologica Sinica, 2020, 60(6)

L 1 TDH PE: (14 1 75 it 51 BT o He i 8 HLA
18 N7 AT | 232 o 1 U Ok N
XEEBREPEAE AT Z R0 o R, AR
MR . EOIM. BRIViMG . BREiAk . Mot hE
TN 6 (145, e F AN 1 A5
Z % (Type III secretion systems, T3SS)A1 VI Y4y
W 2 45 (Type VI secretion systems, T6SS), ##ii%k
e EANE, ERSEWE F AR AT EN

T3SS J& @l MR E R A HF, BI%E
MR A 2 4~ T3SS R4, 433l T 3.3 Mb K
IR e e fARN 1.9 Mb BY/NRITE et td b, 235l i
Z 5 BIFR A T3SST A1 T3SS20%, T3SS1 78 fll ¥ Ifi.
SITA TR R P i A, R ST RR R T R A M
M, 2 X A Mg B (biofilm) RO TE BT | 328 sh &5
AT RIS, A B R ISR R PR e
(A AF 202 T3S S2 SE A R A F Rl 1 B 80 kb
O BN, AU AE T DAL i R LAt B 3 e
3 A O T R A B A A Rk, S
2B TR Y T3SS AARARLEE AR, T Rl 25 I oI 7 1Y)
otk HA HEE A9 TDH A TRH R 5207
F T3SS2 (L FE AP, T3SS2 AT d Al
XA R B AT A EEE . 5 T3SS #fl, 2
o P A I TR ) KN LR A o Bl i 2 A
T6SS, fii T RILHIL |AYJE T6SS1 (vp1386-vp1420),
T T/ N4 F 1) T6SS2 (vpal030-vpal 043)4,
T6SS2 7 il 75 1L 5/ b 2% B e 3 4 1) ok A v 2 1
A, T T6SST (R F v A A B2,

A SO PR RN R B 2R B,
SR, TEMRANKAEREEH, xeesg )i+ JLT 2
AP, RA YR IR A TE £, s
FiE I IRBE h AR, X EE T AR R
SR E EEORPY . Ik, w3

actamicro@im.ac.cn

PR ) 3T 27 BB A5 5 7 A R, BRBE A
SR S A A S G S A A S
LR 5 EORAH R R D BRI Ry Rk . HETHY
SRR, BV YR ) T3SST B8 1 B R 1y 3%
ik 3852 %| ExsA/C/D/E R4 A H-NS A9 4=
¥, 145 T3SS1 AHCEE I3 I FHEA 6] 1 PR 45 45 1
T ERIE M VirA/B/C TEA IBEAFAE R S5 08T AT LA
WG T3SS2 BRI R RIE . 75 4h, FER F ToxR
SRR RGEE N 2 5 2 FhEE ) R
{45 T3SS, T6SS, tdh %5, SR, XFF Bl Mk
P25 R ) SE R B PR L, R AF e £ )
R, R DG T WA A BRI L] XoF I L 5/ 7 5
FEH Ry FRKEFNIE SV, B ATE A R
3o XX IR AE S T B T E s K B
FRAT T Gy Y HR i R v i o B A B0 AL

AR 3 2 0 I 4 I i R 32 2 I
RIKW o FOLR AT L8R, A I i — 2B 05T R
Vs M0 SR B R SRk R i 4 AL, DA R
b 3 A 1 550 DA A A B X R ol oK P
A0 LI A4 52 e £ (e 275

1 ExsACDE % Bt # & % xt
T3SS1 X H % vy &k A

RIS MNP RS T3SST M 42 NIEKE (vp1656-
vpl697)H 1, Hd 30 A3 K 5 HE /R £ R
(Yersinia)Wy F K 5 A 40 [R] 640, w4y 12 4]
SN P, AE T3SS1 RN A S, A
w1699, vpl698. vpl701 Fl vp1702, B4 515
B A B (Pseudomonas) Y exsA . exsD, exsC,
exsE A A RN BRI, K iV IS vp 1699
w1698, vpl701 Flvpl702, WHHAFZ N exsA,



TRIESE | fEIEA, 2020, 60(6)

3

exsD ., exsC, exsE,

ExsA fii 7 T3SS1 JE A By A v Xl , J2 3%
15 T3SS1 KK e ok F R P 1. ExsA J& T
AraC/XyIR % 5% 3006 I F R A Y, B4
ExsA HU{AHE 1o 28 3 A s 45 #4) SR AH AR DA A%
UIREME ExsA [A 7 2R {Ak, il ExsA [AA %
A PN 7 A BT A 1 EHE (HTH) DNA 38 51 435 4 35
55 T3SS1 AHC L 5% st fn v s B8 2Y 50 bp
AIOR ST P 9 (TNAAANA)ES &, DA 0TS A8 T
ExsA ) T3SS1 #1233 K {55 5 P2, T3SS1 K
R L SRR T ExsA LR A vpl667 .vp1688.,
vpl1662 . vpl668. vpl670. vpl695. vpl696 .
vpl1686 . vpl687 . vpl656. vpl659 . vpl698 .,
vpl1699, XYL ALFE T3SS1 L5 HSEH | T
i 56 DRI R 3 T 2 R ol K
ExsA KL INRERT, T3SS1 MIhREH JLFik2k.
Nt , 815 ExsA R IIRE 2 4% T3SS1 2]
RE R OCBEE . AT AR IRAE 2 30 3 1) RS F 2R T
(%7 3% NaCl A LB 5535 3% , i # 4 MLB K 55 3%,
RIS MR B T3SS1 JEHE B ILFAgRE, &
T4 95 19N 3 5 78 =40 9 (4n HeLa % Caco-2
240 M) 4 fik B B7E Al iKY 5% 3 DMEM
(Dulbecco's modified Eagle's medium, DMEM)H
FEFREE, T3SS1 KR K Hh 1y 33k f Al K i3 m .
4 IE/E DMEM Fl MLB 55 37 45 1443 B AR
T3SS1 3 #5105 5 A PR AR 3 2147 o1
A WFSE 2 B, 4638 38 1) LB 35 323 R i Mg™
M EGTA, H7E 30 °C #F47Hq#%, T3SS1 &E M4
/RIS Dl I

WA R AE AR R AT AR
IR AN B ExsA MEAIREL I, 7EEA
FAMET, ExsA 5401 ExsD BUARZS &TE I

1:1546Y. ExsD Z2HuiGEHl, 5 ExsA 4555
AfLLBH IR ExsA 5 DNA 254, dEimifiifil ExsA 1K
HPE I R (3 s PT BRIIE, ExsD 2 Vs I 9N
Hr T3SS1 BRI A sy a0 K. 3 4h, HEli
MR AEE S 2 1F F AR KB, ExsC &£,
ExsC Y ExsD Z5& EM 1 E L ExsD 45 ExsA
gE AR, Bk, Wi ExsC 5 ExsD B E &
Yy, M ExsA M\ ExsA/ExsD & & ¥+ B
K, DTG ExsA fRMESEH 1o kP, fedk
PR AR, A R I8 2R3k 5 b — 4
HHEAEEEN ExsE, ExsE A LI5S ExsC B
2 1 WE AW ExsC/ExsEP? ), X fli1% ExsC A
A& ExsD M3 454, Wi ExsD #E— 2040
il ExsA WIThRE. WH, FEIRBSLET, BT
ExsC Fll ExsE R HAK, 1M ExsD HRiEH
Bowm ., B 5 M Hl  ExsA/ExsD  F
ExsC/ExsE Z &4, MM ExsA M M2 5 i
REGRRHEY, H, EAEHS &0 A KW RNE
MSRE , H T3SS1 KPR 1 Rk 2R o 2
RV MR AR5 5 45 R R AR K, B T3SS1 1)
REMUIESR , ExsE @it T3SS1 #4rm#Iisk,
LB N ExsE WK EE B REAL, XA AT
ExsC/ExsD & & ¥ W IE B, M — 2 N
ExsA/ExsD &2 &R ExsA LUBE T3SS1
H ik, AR, Bk exsE FEH A
MR S8 AR MR AR 2 45 R, T3SS1 1
S RER Rk, X UL ExsE X T3SS1 k[ %
(9 FE IR HIVE T . ExsE B T HA W ExsA i
PERIIRELIAN , B B TR MR X HeLa
21 60 0 286 R TS ExsACDE 8438 i % o Al %
MPESRE T3SS1 PR A% Rk a4 A 4 H/R K
wmE 1R,

http://journals.im.ac.cn/actamicrocn



Ting Zhang et al. | Acta Microbiologica Sinica, 2020, 60(6)

i £

ExsE BxsE
ExsC ExsC ExsC
EXSC. ..
BrsA
/

ExsA ExsD.
) | | |-ee-EEs)

Non-inducible conditions Inducible conditions

E 1. ExsACDE 2&Efi® % T3SS1 B0iRis == E Y

ExsACDE regulatory pathway controls
33]

Figure 1.

genes expression of T3SS1!

IR IR exsA HEHA B YRk 0572 5] VP0529
il H-NS SFEZ iR 2 HEE . VP0529 J&
—/> DNA 256861, AJE Uk 19 HAA B0IR -
i 11 -IBE (WHTH)ZS AR5 — 2R 44, SR iy
HlyU 25 (- HA P8I RIEEERS, HiyU 22+
UL SRR, RIS RS B AL (Vibrio
cholerae) i 1% Il 3 F& hivA . 8115 5K (Vibrio
vulnificus) B rixAl 29\ F L f 68 5 & (Vibrio
anguillarum)¥J plp-vahl 1 rixACHBDE F:[R % 1Y
FHPTP H-NS J&—F% BRI SEH DNA 454
(1, T AT R b, o S5
e & A+T 19 DNA JPAI G 3 FIX 455, M
TSR A R T S0 RO e B I I IR R
VP0529 JEF5E AT LU#BR H-NS TUBRIVEA, il
14361552 H-NS ] 1 3L B s . vP0529 1]
DI exsd JA8hFH & H-NS, MR H-NS
Xt exsd FEPFAMTTBRIE M, #ERFKE HNS
BN T, RAEEA VP0529, exsd Ji s TRCEM
2R, X FBALE R M VP0529 AN 2™
MR exsA JE BT B IRES R, T 3 R ) i
TR R 2),

actamicro@im.ac.cn

@ .
N b
exs 4,_—1-’
- =

A

E 2. ToxR 5 H-NS/HIlyU ¥} exs4 £ F B8 1E B
Figure 2. ToxR, HlyU and H-NS regulate the

expression of exsA

g bprik, fERIE MK o ExsACDE {55
i 5 T A SR IR MR R, SR AN
AR FREE (5 5% T3SS1 KL FE A M ik EfT
P o SRR T3X — 15 5 38 B PR 42 19 23 1 Bl e
AV Z A Ff i — 20 BT o Ll A > R il 5K
W5 HeLa A fof&fil it , exsd FERIFRARIEN, M
1Mii75 3 T3SS1 FePH Fk ™, IR ATE T AT A FEM
3T ML 5 A5 R ot S PR R R I 5 S A i Y
Bl MG ExsACDE &417 84, 4% I
IETE S A Mg fl EGTA RYAETE S SR 30k
HI(LB)JIAE 30 °C WS T A, exsd BEPR R
WAA B Rk YR FR I ImA R Ca®’
i, exsd LU AFECT, A4 Mg*' 5 Ca™*
23 A AR B A3 FHLE R exsd FEDR i
SR BRT XA G R B LA, A R IR
SRR T3SS1 B PR #Y 2R ke I 45 T 7
‘©A15 ExsACDE {553 i 1) 36 & X2 anfi? H
i, X R] A A R R ARG, T X X 2
(1) el P e 257 0 BE S T B el 95 M 98 T3SS1 kA
SR A A A =R



TRIESE | fEIEA, 2020, 60(6)

5

2 ToxR xt &V m il v & % B F #
kR EAE A

ToxR 2 I FA Hh 38 4778 Y — > 5 IR 5 2
F1, SRR TEAN RIS T ARG T F5 1, 7
T 2 TR R PRI 3B R i 52 RN RE ) R0k T TR A
AR, EEALINE P, ToxR 28 1 HE 4
SRR B YRR, M RRAAAE R,
ToxR 7J B FEALEE R oo YT Britt
Z4h, ToxR M55 W4 4 & [ (Omps), 40
ompU Hl ompT, LA K A= ¥ BRI RGO Bl i ok
ToxR SZEFLINEE ToxR &AM, Hixt
F ToxR Z 517 I M 5K i TDH A1 T3SS1 AH5¢
BE R ek MRS He AT 0,

TERA MR E H ToxR F15 57—~ 5 22 A 3
T CalR BplE 4 T3SS1 #aSEH Rk .
CalR J&H VP0350 4w LysR &4 [N F 5 i %
ST, REMIKET LeuO RIIEHEM, 1E
Al v i SR Hoks Hedfr 44 CalRPY, ToxR 5 calR
MR B FIXISES G5, 2300 calR SEHHE %, CalR
A5 T3SS1 FEEFBEH =AY F(vpl667-vpl1655,
vp1687-1686 Fl exsBAD-vscBCD)HY & 8T X 454
DABRA e AT 2 55, AT 400 ot ) 3 i, 51 g A4k
T3SS1 4 g2

738k, ToxR % 577 TDH fy3kik. TDH
JE RIS NP 0 28 N, HA W s
o0 R N DY, RIS R TDH
tdh1(vpal378)F tdh2(vpal314)PiANFE R 4ifidh, T
HENTYR 2 FBURS Vp-PAL B, BT
tdh2 WG KV & T tdh ] BFE SRR (>25 %),
K tdh2 & TDH 15 ) 2P 3R Y ) BiFot
RIL, ToxR REEIZLE G wdh2 WGEh+ I, X
tdh?2 [ S HAT IEJRPEAE Y, tdh2 0% sk 52

#| CalR AU, 1 tdh2 R 3 T X &4 CalR #Y
ZEONI, 2 CalR 5 tdh2 WIS 3 T X AY-178 bp
E-318 bp L5 G5, tdh2 WIFE K- B ERRL, +
B CalR Xt tdh2 sk iR, i+ ToxR
Z5G N RALT CalR 25500 570, R HED
CalR XJ tdh2 ¥ RAAEAEN, —Jrinl fg
K2 CalR Xt tdh2 st BAEADHIVER, 55—
CalR JEFHWT T ToxR 5 tdh2 JRsh FHIZE S, AT
il tdh2 PGS, SR A REINAG Rtk — 2 50ER
WF5E K& BN, ToxR i Af DL AR 1) 985 A
¥ AphA Fl OpaR WREIVEFT, 0l il v i o i 0
T6SS1 YA, ToxR ALAE Y T6SS1 FEH %
tHvp1400-1406 T vp1409-1407 5 81 T X 454,
BRI AL RO, [FEE, ToxR [A]E i f i 3y
T6SS1 KL vp1388-1390 Fl vp1393-1406 1)
B SEPT AR BRI 43 HLHIAP SR A S AR 45
IEAh, AT HRAE TR ToxR 2 Fll ¥ I 9 i
T3SS2 AH &I H ik fr 75 A9°Y . #EM ToxR R
A REIE SR T3SS2 AR CHE AT N F VirA
(TP, DT S L i o 7 A S SR R i 2k
SR FHLHIEA R PRI . ToxR 25 R
MG R SR b IR i BRI 3 B

N

Bile sal
i P

3. ToxRMEIAMMEINEF N EFRRIZFZIER

Figure 3. Regulation of virulence factors expression

by ToxR in V. parahaemolyticus.
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Figure 4.

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

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

[68]

dotted arrow represents indirect positive regulation. The blue dotted line represents indirect negative regulation'” .
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Molecular mechanisms of virulence genes expression in Vibrio
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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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