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T3SS1 #0 T3SS2 &2 MW &l) A N & 4 4 5514 M 2l B EUm [ 89 kAR
BEH 2 IR, B TR BAE', F4%S, RERZ EE"

D E RO RRERE EEE ENISET, B 200241
E Rt R E Y E AR, TLOR BE R 210095
WL R SR 2%, Wi I2e 311300

BE: [ B 1R ENRI I R S8 T3SS1 AT T3SS2 540 &l v M 5 e A 24 e K 40 i Eome 1 1Y 22 57
AR [ J5k ] DL T3SS1 A1 T3SS2 EEELEIERH verD1 Fil verD2 W5 X4, I [R5 B 41 47 AR
e B R A AL RN B SRR AverD1 . AverD2 . AverDI1-verD2, VL) HAME CAverD1 Fl CAverD2; 4y
Br$ TR I A R . ZE TR BBE ) . B3P 22 55 ERERAS DRTRR T 200 B B LA Bk 24 i 4% 42 PR 1
FeSEAOE s m, [ 255 ] SEPARA LD, S BRI AE KU T2 5 SRR dverDI A Bk
TEREE T . iz s PR FE I 2 TR B AverD2 FEELRI AN R PR T IL-1B #1 IL-6 §%
SRR B BV TR A0 B s e B B O RO BRI KAk AverD1-verD2 FEERK AR AverD1 13RI
AR I BLRE T 38 Bk | A OB i — 20 2 R R (AR A R R M R SR K B LS AverD
—E, SEAERMIL TR EZES . [ 458 ] T3SST M T3SS2 Xif il v L 3N 08 A= ) 45 A4 i B0k 1Y
SUMAEAE2E 5. T3SS1 L2 M AN B (1) A PR R 1% . 18 3tk S A s MV s T3SS2 N i A W A
TR B PR SELERe e, S 5 A BN AR A PR SO TR i SRR L Rl A — 2 A 2R M s A
T3SS1 A B TRl IR B AE R rR A AR A7, 1 T3SS2 A4 F T 40 7678 TAR P S el ke 1 % . T3SS1
F1 T3SS2 Xef il ¥ I I P A= e 0 200 0 38500 1 1) 5 Wi v B A7 AE — 8 WOAH CVE R, BB A Fs iff—
T .

KERIA: RIVAMONGE, I0ABMRSE 1 F1 2, FERBCPE, AEY2erert, d0Ms0RT:

R 1ML 9K 18 (Vibrio parahaemolyticus)VE R HE WA {a AL R™ B gk 2. B i o g 3= 221
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TDH #H5%%5 Ifil # % (TDH-related hemolysin, TRH),
I AU &2 45 (The type III secretion systems,
T3SSs) & VI #I43 b Z 5:(The type VI secretion
systems, T6SS)%) TDH J&— Mg Mkt EAH R,
Py/NINHIEER ey s AR o S B U127 AR 1] /0457
i RN AR B, B A M A, T
RAEVS MG MM AR, TRH $ES 2T
TDH, eI H0E S8 T iE , R 813 &
SR M

T3SSs 1F N S5BURMER DI KR H 1,
FERNEAESWIE RS ETE, PEHIRES
Fy, RIAGE A, RSO0 E AR TE A
J T, DT R A0 B R A Y R O P
T3SSs fEM AR A L&A —&, alarh
T3SS1 Fl T3SS2. T3SS1 Z 4t 4544 & 11 (W
VscAl-VscY1, VerD1, VerGl, VerR1 #1 VerVl)
RN E 1 (VopQ. VopR. VopS Fll VPA0450 5F)
MG, FERENE A AT, A TE
AN A W T AR S T3SS2 L T Yk
AT 5 b, 2L T3SS1 MILEHE R 7 3L
M. & H (VopA/P, VopL. VopC. VopT. VopV,
VopZ Fl VPA1380)a K, F-E55 | k40 i i e Pk Fn—
SE AR VE RN, @ Sh AR
UESE T3SST X /NRUEAT—RE IEULLE, 1M T3SS2 fig
B REABERSE, 51 RHEE .,

VerDI Fl verD2 FERJE& T3SS1 HI T3SS2 A A
ARG M EED, SRTT, 5 7R I R 70 2 Ak
FIFRGL I BSAR B AT AR o VerD1 FEDIAEAET f
AR, verD2 BERTE I PR 73 8 kb B BRI
FEREE /R, I T3SST 76 &Il M 51K P Y 45
A AP BUR AR YRR R E A, T AR Y
WHFERY, verDI SRR SFEHIBE R RIAE T
R T A AT A R T A ds s T, iE
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T3SS1 fEAEY =R IER], {H T3SS2 B EHA
FENE T v TCI R RGE . R, T R0 R 58
T3SS1 il T3SS2 7 fill ¥ i 3 b A Py et v 2 75 47
FE—E Rk, W5

ARTEEA MO IEa -, E— RGP
F5E T3SS1 M T3SS2 78 4H B A5 4 P Fn 2 i
TP 22 S RIAH DG OC R, A RIS I I AT Y B0 AL
il A I 5 28 1 R S SR EE WOk

1 AR i

L1 BERh, B

RIS M I ERT I PR 43 Sk SH112 (edh™, I35 7Y
03 : K6), [AUEEH A pYAK1 S H &b 5T kL
pMMB207 . K I #F B HB101 (pRK2013) Fl
CC118Apir, PJHHASLI 2 RAF . A G R ZH $R
R & TR S BT & BB R R AR AR A
Al PRI YIES . DNA Taq RETW . T4 L6,
P ] PrimeScript” i % st & il SYBR® Premix
Ex Taq™ 11 g [ K 3% TaKaRa 2 il . Trizol™i® ]y
H Invitrogen 23], CytoTox 96™JF s 41 i 75
PRI 2GR &% B Promega 23 w], DMEM 4l g5
FRIMR A MIE W H Gibeo A W], HACHTERE:
FrB IR R IR R Il 5 57 2L (TCBS) W H T 7R B
LAY w], A AR AR X Sy itk 1 sl 4y
Mrafi, A8 B Bio-Rad A H], 248k
JGEETHIW A Thermo 23 w], i@ PCR AN A
IR B0 B H Eppendorf 23 7], Biosystems® 7500
POLE R PCR U A ABI A Fl .
12 3Bt

MAE GenBank FRIFIMINE RIMD2210633
FRIERRRY verDI Fl verD2 JEHF51, F Primer 5
ARG 1, AR 1.
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R1. KARFAASY

Table 1. Primers used in this study
Primer Nucleotide sequence (5'—3") * Restriction site
verDI-A CAGGGATCCTTTTCAGTGGGCGATAGT BamH 1
verD1-B TGAACGCAGCACTTGTACAATCGTTTGAAC
verDI-C CAAGTGCTGCGTTCATATGTAAAGATTGCAGATAG
verD1-D ACAGCATGCGCGAAGCCAAAACTGAACCA Sph 1
verDI-E TTTCTTTCATCCGCATTTC
verDI-F GTGACGCTTCCGACACTC
verD1-pMMB-F AAAGGATCCATTACATCCCTACCCGTCCAAG BamH 1
verD1-pMMB-R CCAGAGCTCGTGAATCTCATGAATAAGTTGA Sac 1
verD2-A TTAGCATGCCTGACTAACTTTAAGAGTG Sph 1
verD2-B ATGACTTTTAGGAGGATATGATGGCAGAAGAAT
verD2-C CCTCCTAAAAGTCATATCGAGTCTAATCCTCTTTT
verD2-D TTTGGATCCTGAGGAACAAGTGCTC BamH 1
verD2-E ACTGACTACCCAATACATCC
verD2-F ATCAACCAGACTAAACGAAA
verD2-pMMB-F TCTGAATTCATGATGGCGAAGTTACGT EcoR 1
verD2-pMMB-R GGGGGATCCTTAAATATGAATTGTATCTGT BamH 1

sacB-F ACGGCACTGTCGCAAACTAT
sacB-R TTCCGTCACCGTCAAAGAT

?Restriction enzyme sites are underlined.

1.3 BURR R EAMREIME

1.3.1 dverD1 ¥EEUK AverD1 HAMEHIFE .

AverD1 SRR EE . LIRS MR SH112 A HEf
H#R(Wide type strain, WT), 4 K 24 KX 5L
TR, I 2 TR R DR B BN B U DNA,
PIXT 514 verD1-A/B . verDI-C/D 5351938 verDI
FENW BT FE IR v Be AB Fl CD, U
verDI-A/D 5%y, FIMIREE PCR 9715 B AB
Ml CD, 313 verDI-AD F Bt ¥ verDI-AD F Bt
5 pYAK-CC118 JFki[a]if dh4 7 WY, 48 T4 %
PB4 25 7 A CCL18Mpir B2 54, 78
10 pg/mL SR MY LB “FAl B3ige, PRIBCGERIH
PERY AT E1 T PCR S508 , U377 Wik 2 g
BB AW F, i 44 B B 2H Bk
pYAKI1-verD1 o VA4 [Rl IR E 4 Bk Y CC118Apir

SALRH, RIS MLINE SH112 ¥R Z B UE T
G5, it 10 pg/mL HEHZEA TCBS FAHAM
20%FEHE LB ARG T A %, PRIIER B Rt
PRV AR h IC A KRR A TR e, A
verDI-E/F 5IPEA TR, HARAR SR Fr B, [WIRS
519 sacB-FIR 4, TCHMZN, WIERTSHEK
Bk AverD1

AverDI HAMERIFE: DIEFA R DNA Rk
W, F51%9 verDI-pMMB-F/R 3183515 verDI1 4%
/> ORF H B, If5 pMMB207 Ji s [a] i k4 1 X3 il
Yl, @%EEF%EA CClLI8\pir BZE4MMp,
[FAFET 10 pg/mL &R 1Y LB A B3igR, Pkt
PATEREERESE, 2 PCR FIN %5 I A0 BEPE B AR
JERL, FRA pMMB-verDI o 43 5 DA & H b 51 ki
pMMB-verDI 1) CC118\pir FHUAE, AverDI Bt
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RMR N ZIRE, pRK2013-HB101 N4 INEE vE 745
GRS, FIASIY verDI-pMMB-F/R #E47
PCR %5€ , H kA4 4 BAME CAverDI
1.3.2  AverD2 SRRERIIMIEES AverD2 HAMERA
FEE: AverD2 BUKEFT CAverD2 HAMERIFIE
BT 131 PRk
1.3.3  AverD1-verD2 NEREBRBIFIEE . L) AverD2
B vk M B AT, K 130 PRERIIN S A
pYAK 1-verDI () CC118\pir MHHAR, MEiTHA
¥, MR EAS, RENEKKE dverD1-verD?2.,
1.4 BERPRAE K 2 AT

PRI A= bk . A BREE AverDI . AverD2 |
AverDI-verD2 J HAME CAverDI . CAverD2 HJH
V%53 BIHERP 2 3% NaCl-LB (pH 7.2)& A1 57 3%
i, 37 °C 5535 & ODgo=0.20 (£0.02), H#45% H K 1)
100 pL #2250 T35 5 mL 3% NaCl-LB JiARs 37 3k
HikE, B 100 uL T 96 fLEYEEbRtR L, H
52 3L, 28 ELA 3% NaCl-LB AR 7R3, #
Mg bRk s 37 °C IRAR TR A, FEF% 1 h M ODggo,
BELEI 12 h, FFll S B AR . 5
HE 3R,
1.5 AP EmmE

[ 1.4 FEd, & HRHELkER
ODgy=0.20 (+0.02), Ff-#i BT 3% NaCl-LB ¥ 1A%
FrEE TEREPRAR D, & SR AL N 200 pL AR
25 FILINEE SR 5L ARG TR 37 °C IRAE N #R B 3G A7
48 h. Ffif5, FFEEW I, F 1x PBS (pH 7.4)
BE 3K, 200 pwL 4 FFEELE E 10 min, £ 200 pL
[ 1%25 T4 Y (4 15 min, 752545 i 285 1< PBS
PEW 3, AT, &JF, A 200 pL 95%Z
AEVER] 10 min, JHEEFRCINEE 595 nm 2 AWOGIE
(ODsos). TEMRAME L 10 L, THE 3 KLk,

actamicro@im.ac.cn

WO 218
1.6 BBHENE

JERE I 0.3%B G ) LB ARG S22 sh b5
Febh), FRCE, IR F 14 i, K
BRI GRS BAR G IR BN ODg00=0.20
(£0.02), Ht 1.5 pL MR R TEH A TEE s SR
FERFRIT, HCE 37 °C AN SR 5 he AR/ NREIL
1 W, MR RIS 8h HAR I K/ NIl sk .
¥ 4.5 h iR B E S g LT TR . SR R
3, WA,
1.7 AR

FH 10%62F L35 5 DMEM 15 3508 RAW264.7
B R0 M35 5% T 96 FLANAEAR b, 75 5023 200 A it
W 8RB, I PBS Uk 1A . KRB ARk
B bR B R RR B R B BCE K, e H
ODgy=0.20 (£0.02), HIJCEZL DMEM % 1 1K,
Fi )L ¥ (Multiplicity of infection, MOI)=10 : 1 (4fi
BR B RAW264.7 40, AEFLXTRE
JIA 100 pL BRI L g fL, H=E 4 AL
BIA 100 uL JCEAZT DMEM 1E 4 40 i A % % B8
fL; A 90 uL i DMEM M KBAL s /il 90 pL
) DMEM F1 10 uL Zfif i (JC 20 i L) A AR BHO%
HEFL, 2398 T 37 °C. 5% CO, W40 i 15 346 v
JEE 1. 2. 3 ho A CytoTox96 izt 7] & 4 i 241
it b 375 r LR B B (LD H) A4 B i, 7 AL 42 40 it
FVETT 45 min, ERKBRALHMA 10 pL 2
W BNUAE BiERT, MRFLEUCH 50 pL #%#%
| 96 FLEGHR AR H , EESE M A 50 uL FL4F B,
MBI AR, ERIFE 30 min, REHR
LA 50 pL & kW, S B
A A T R RAW264.7 40 i )5 LDH B i &
oyt
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[FAE T, F 20%06 45 175 1) DMEM 15 5%
WK Caco-2 MBI IR 2 90% A A7, K45 AN T 4 2%
YR MOI=1 : 1 J&Y¥ Caco-2 4L, [FIREMIZA1E
1,203 h, K2 0 R Caco-2 4iififl/5 LDH
R E 43 L
1.8 RNA /KA 48 ffd BF %% s K7

¥ RAW264.7 E g 24 Hil (10% it 4 1 %5 1Y)
DMEM K F%R)7E 24 fLARMIAR b 3E5% 2 90%HT,

HFREIREL, A 200 pL SE R AL, 1R
hiﬁ%’%ﬁ%ﬁ@%%ﬂ% A BSAR I ODgoo 1% 5 — L
(ODgy=0.20+0.02), FE & RiF e 2 #, #%
MOI=10 : 1 53 7F & & %) RAW264.7 4 i FLF1
Caco-2 4iiffl L, HESEHfLAN 500 pL, HFE 34
FIAL, R BAMEXTRALCONmgn ), &
37 °C. 5% CO, WA MIE A E . /3 TEVEM
1 h A2 h B, R AL I R0 I B4 40 DT A
FLIEAI A A 1 mL /% Trizol 56 4 24 2HMIIR 5 -
M Trizol W2 HUHEFLAH MY mRNA, #[H
PrimeScript” RT 1877 & 5 % 5% % cDNA. it AR
X7 £ SYBR" Premix Ex Taqg™ I, FIfHZE &=
PCR 2 K6 40 i 6 M [H 7~ TL-6 Al IL-1B %% 5% /K

T RGO . e R TSIk 2
FIroR o
%2 WHEEZPCRHFASY
Table 2.  Primers used for qRT-PCR
Primer  Sequence (5'—3’) Function
IL-1B-F  TCCAGGATGAGGACATGAGCAC  Fragment
for mouse
IL-1B-R  GAACGTCACACACCAGCAGGTTA
IL-1pB gene
IL-6-F  CCACTTCACAAGTCGGAGGCTTA Fragment
for mouse
IL-6-R  GCAAGTGCATCATCGTTGTTCATAC IL-6
-6 gene
B-actin-F  TGACAGGATGCAGAAGGAGA Fragment
for mouse
B-actin-R GCTGGAAGGTGGACAGTGAG .
B-actin gene

2 ERFAH

2.1 FEFEBREMR AverDI. AverD2. AverD1-verD2
B HAME CAverD1. CAverD2 WXE

DAGE RL PH BRI 7% 1 S R 20 DNA S EH, 43
WHSIY verDI-E/F (3447-1320 bp). verD2-E/F
(3252-1365 bp) X il 2 P H AH 0 ) a2k 3 R AR A 7
Y€, HEIY sacB-F/R %€ B4R R bk A E 4 Bk
HIEFRAG DL AverDI SRRAREI S EL RUNE 1-A,
519 verDI1-E/F 935 , 7€ 1320 bp 447 BH 6 5%
i (F 1-A VK& 1), 519 verD2-E/F §71415 3252 bp
) 5E % B (1 1-A Pk 2), FH verDI1-pMMB-F/R
(2146 bp)y AHEHB BB 1-A JKiE 3), FH
verD2-pMMB-F/R(1902 bp)fES 14 verD2 (1%
ORF FEt(® 1-A VKiE 4), HHSY sacB-F/IR &
B HAET A (B 1-A VKGE 5), WEBIE ik
verDI JEH, Bt FoRic 85 [W3E, F verD2-E/F
Y193 AverD2 SRIKEI) verD2 FER REFS 2B A
Bt 1365 bp, 54 verD2-pMMB-F/R A HEY 14 H
FEB, HASIY sacB-F/IR WA, IFH
AverD2 SR E RNk verD2 35 R s AverD1-verD2
WERR A verD1 FERFT verD2 FERI 418 Bt
/N B, HARY 1S B AN pMMB-FR Bt Fll sacB
R B, WEBH verD1-verD2 SUEER BRI AL o

FH51% verD1-pMMB-F/R | verD2-pMMB-F/R
Xt CAverDI. CdAverD2 HAMEFATYRE, 4550
Kl 1B, CdverD] HAMEREY H4HH verDI-EF 6k
2 Fr B 1320 bp (1 1-B ki 1)%[1 verDI1-pMMB-FR
AN B (B 1-B UK IE 3), [FIEFL AR R
verD2-EF (4 1-B kil 2)Fi vch2-pMMB-FR (&
1-B JKIE 4)RY 588 B, ULBHAE AverDI SRR
verD1 FER JFRL E BAME S o [RBE, CAverD2 H b
PRAG S E LS TR verD2 JER H NS

http://journals.im.ac.cn/actamicrocn
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(A) bp 3 4 5 M 1

3252 bp

2000 1902 bp

1000 1320 bp
750
500
200
100

Al

M 1 2

(B) bp

M 1 2 3 4

<3252 bp

2000 <2146 bp

<1902 bp

1000 <1320 bp
750
500
200

Bl

100

3447 bp
2146 bp
1365 bp

<3447 bp

<2146 bp
<1902 bp

<1365 bp

B 1. EBIAmMINE dverD1. AverD2. AverD1-verD2 EEFRERE CAverD1. CAverD2 B#MABIEE

Figure 1.
A3: AverDI-verD2. M: DL2000; lane 1-5:

Primers

PCR identification of mutant and complement strains of V. parahaemolyticus. Al: AverD1, A2: AverD2,

of wverDI-E/F, verD2-E/F, verDI-pMMB-F/R,

verD2-pMMB-F/R, sacB-F/R. B1: CAverD1, B2: CAverD2. M: DL2000; lane 1-4: Primers of verDI-E/F, verD2-E/F,

verD1-pMMB-F/R, verD2-pMMB-F/R.

RN B AR I SR SR 20 U5, @
DL F PCR ik [RIAE T 38 AR B, Tk DAL
JICE 4 fife 2 e R AR AT B B st G AR e
2.2 AKHELNE

SHR IR AverDI . AverD2 . AverDI-verD2 F
PFA Rk WT LR HAME CAverDI . CAverD2 W4
K& MR (K 2), BB IR AR KRR A
—&, T 2Z5P>0.05).

2.3 Bl

I W I % TR R AR G Bl B SR AR B s B 1
B, EREIR, AR 2 h FF IR R ) JE L
JEizgh, 78 4-5 h B BRE A (E 3-A). 7E
45 hif, BAERE. AverD2 BRI K 2 S H A

actamicro@im.ac.cn

- WT
= AverD]

« AverD2
1.0 r+ verDi-AverD2 y v
~CdverD] y

= CAverD2 /

1 23 4567 8 9101112
t/h

B 2. EAMINEIFENK. SREKREIMEIEK
2% [E
Figure 2. The growth curve of the wild-type (WT)

mutant strains (AdverD1, AverD2, AverDI-verD2) and
complement strains (CAverDI, CAverD2). The graph
shows means standard errors of values originated from
three independent assays.
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(A 40 o wr

3.5} = dverDI

= AverD?2

3.0t~ AverDI-AverD2

251 < CAverD1
| = CdverD2
2.0t

1.5}
1.0}

0.5}
0

Motility zone diameter/cm

©

Motility zone diameter/cm

Strains

3. BHERLE 0.3%IR0E LB FRAE IR
Figure 3.
0.3%
quantification of the motorial ability from 1 to 5 hours

The results of motilities of the strains in

agar-LB plates. A: Dynamic monitoring
by measuring motility zone diameter (cm) made by the
strains; B: The swimming patterns of various strains
was exhibited in 0.3% agar-LB plates for 4.5 h; C:
Motility zone diameter (cm) was used to compare the

differences in the movement of the strains for 4.5 h.

WRIRI L W] B iz ghtk, pEa@EUEIE iz s
(& 3-B); [FIEF, TEEEEDEZ 3R m g4
H(E 3-OFR, Btk AverDI Wi ShEE ST W
FEARC*, P<<0.01), WEFAPRIY 0.75 £, BRHE
AverD2 TG B 3 P 22 5 (P>0.05) , T ALk 2R bR
AverD1-verD2 Wiz shiVER I B E ], O 8
AERRIG 0.21 f5(***, P<<0.001)., H.AMk CAverDI
M CAverD2 PIWRIE BB A MRINIZ SIBE T) . S5 REK
B, verD1 SEPRUG RIS 15K B4 132 2l 1 e o 224
5 verD2 BEPR BMAE RIS IR IE 10 iz shid # b
BEMEH, BY verDl FF—gn] X Hiz shik &
FEPREH]
2.4 AN E

WA HRE 48 h IRAAREE . F4S SA I A4
YR IE i RE )1, R BN (R 4), SEAERAH L,
IR AverD 1 FER KA AverD1-verD2 H: W)k 5
TERCRE J134 i 2 R+, P<<0.01; ***, P<<0.001),
MR dverD2 WA Y9 RIE 18 RE 01 ) G 1 2%
#Z5(P>0.05), HAME CAverDI . CAverD2 ¥R
T A AE Y RIY BURE 1 (P>0.05) ILAR, Ht
kR AverD1 FAEL, SBRIRKR AverD1-verD?2 B4
PR ETE B fe ) i — A0 W 35 T RE(*, P<<0.05). %%
RFW, verD1 FEPILERI 7 M I 10 AR Yo O
RESRF AR, T verD2 DR BT 40 16 A 4
P TC IR, (HATPMRIE SR verD] BEPRIXT
Vs IS T A 0 1 R 1y T ) P T
2.5 HEEEVENE

AN TESS R B (E 5-A), L MOI=10 : 1
J&YL Caco-2 4L 1-3 h, HIAR AverD1 FIRUHRI:
% AverDI-verD?2 ﬁﬁ?ﬁz*ﬂiﬂﬁﬁ%ﬁ%fﬁﬁ(***,
P<0.001), 7E 2 hif, {CONEPA PR A0 EEPERY
0.27 f5H01 0.17 £i5, Wi AverD2 ZEFHRE) 0.91 5

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

4. ZEKREVEDIIER K

Figure 4. Biofilm formation of the strains grown in 3%
NaCl-LB at 48 hours by crystal violet staining. Data are
analysed using two-way ANOVA and showed as the
meanststandard  deviation from three independent
experiments, meanwhile, differences in values between the
wild-type and mutant strains, single gene deletion strains
and double gene deletion strain were indicated with
asterisks (*, P<:0.05; **, P<:0.01; *** P<<0.001).

(A 120 @m Wt
== AverD]
90 t == AverD2

60 L =& CAverD1
CAverD?2

30| &

Cytoxicity/%

0

B) 120 jmm WT

e= AverD1
90 t= AverD2
om AverDI1-AverD2
60 tezm CAverD1
CdverD?2

Cytoxicity/%

30+

wm AverD1-AverD2

(*, P<0.05), FEJ&YL 3 h B}, AverDI Fll AverD2
Bk 2z ), LK AverD1 AR FN AverDI-verD2
XU R Z [ 35 B J 35 22 5 (4%, P<<0.01; *,
P<0.05), HAMk CAverDI . CAverD2 HiJI#EYENE
FH ¥R 52 30 BT A= bk 19 7K OF- (P>0.05) o 45 T Bk T
RAW264.7 .54 Ji (1) 240 i 23 1R () 25 R LI 5-B,
5% Caco-2 4 Mg 4t i 55 1 1 45 SRAR L 98 B
verDI F verD2 FEDRUGT RIS i3 G 7 20 M 25 14 7
A BERmW, BEADEER, Hh verDI
S = FHEA
2.6 ZMET mRNA KFRERIENR

B R RAW264.7 E W0 iR M1 1L-1p
F1 IL-6 () mRNA 5 3K -0 s (E 6), 5%
HERRA L, BBk AverD2 B TL-1B il TL-6 481 A
T IHE SRR TBIK- B PR 9R (%, P<<0.001);

I

ok

5. BHERAESEAILLER
Comparison of cytotoxic effects of the strains. With Caco-2 cells (A) and RAW264.7 macrophages (B)
attacked by the strains at an MOI (1:10) for 1-3 h, the cytoplasmic LDH release were collected and measured with
the CytoTox 96 Non-Radioactive Cytotoxicity Assay. Statistically significant differences were indicated with
asterisks (*, P<<0.05; **, P<<0.01; *** P<c0.001).

Figure 5.
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Figure 6. Differences of V. parahaemolyticus- induced
cytokine expressions in RAW264.7 macrophages.
Infected with the strains at an MOI of 10:1, RAW264.7
macrophages were harvested at 1 h and 2 h, and the
cytokine expression of IL-1B (A) and IL-6 (B) were
measured by Real-time PCR. Data analyses were
performed using two-way ANOVA to evaluate the
statistical significance of the results (***, P<<0.001).
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Abstract: [Objective] To elucidate differences of biological characteristics and cytopathogenicities between T3SS1
and T3SS2 in Vibrio parahaemolyticus. [Methods] With the main structural protein genes verDI and verD2 as the
research object, we used the homologous recombination technique to construct a series of deletion mutants AverD1,
AverD2, AverD1-verD2, and complementary strains CAverD 1, CAverD2 of V. parahaemolyticus SH112 strain, then
analyzed the differences of growth, biofilm, motility, cytotoxicity to RAW264.7 macrophages and Caco-2 cells, and
transcriptional regulation of pro-inflammatory cytokine IL-1B, IL-6 in RAW264.7 macrophages between mutant
strain and wild strain. [Results] Compared to the wild strain, the mutant strains had no difference on growth rate,
however, the verDI mutant obviously weakened biofilm formation, motility, cytotoxicity of V. parahaemolyticus;
the verD2 mutant positively upregulated the transcriptional levels of pro-inflammatory cytokines, and significantly
attenuated cytotoxicity to cells. The AverD1-verD2 double deletion mutant showed weaker biofilm, motility, cell
toxicity than verDI mutant strain, and as similar to the verD/ mutant, in the mRNA levels of inflammatory
cytokines when compared with the wild strain. [Conclusion] Contributions of two T3SSs to biological
characteristics and cytopathogenicities of V. parahaemolyticus are different. The T3SS1 was mainly involved in
biofilm formation and motility of V. parahaemolyticus, but also has a significant cytotoxic effect; T3SS2 did not
affect bacterial biofilm formation and motility, but played a negative regulation on cell inflammatory reaction,
potentially contributing to bacterial immune evasion in host. T3SS1 contributed to bacterial survival in the
environment; T3SS2 may help V. parahaemolyticus to evade the host immune response. Moreover, T3SS1 and
T3SS2 may play related functions on biological characteristics and cytopathogenicities of V. parahaemolyticus, but

the specific mechanism still needs further study.

Keywords: Vibrio parahaemolyticus, T3SS1 and T3SS2, gene mutants, biological characteristics, cytopathogenicities
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