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VI 43 2 5t (type VI secretion system,
T6SS) 2 41 T f — FlBr U8R (140 I R GE, 1 IKTE
2 L 9T I e M P BT P 2 5 1 SR T2,
KILKL) 25% 1 5 2% [CBAYE R AEAE— P 24>
T6SSPl, T6SS E—Fh4i kL aR, 5 e BE
FR AR A A 1 E R BORPEARDE . T6SS 2l 1ot
S3 UMY R R EVE R, RERE A% 35 300 I+ 5
VER TS A Y Mg A a2 mrss
UESE, T6SS mILAHRHLfE ERFHpLEI, 5 Bhan s
TE4E P E il K A A7 P Pukatzki 2 OHiF S 7 B2
BLIRTE AP VorG-1 XF T6SS 1 fit 4 i #5422
KEE,

iV i3I (Vibrio parahaemolyticus)) 12 43
M FHg R, oLV BOKAE S AR, ik
AERFIRARIRAERR . 2R K 7= FR A o ™ B Y 285
B, SO P R ISR 75 G2 B 7K 7=
AR SBUREE RSO . /TS . WKk %%, P&
FRHE MR BFETE, BT AHE T RIE
MG B 2 R0 3 I ARSE N 7, F g e %
% 1l % (the rmostable direct hemolysin, TDH). fif
PE % M AH 5% 7 & (TDH-related hemolysin,
TRH) . III % 43 W % 45 (the type III secretion
systems, T3SSs)FI VI 7 22 48 429 gy if 9K
T i A R D REPE T6SS (T6SS1 Fl T6SS2)M1,
T6SS1 fvi F 1 54t {k(VP1386-VP1414), T6SS2
T 2 S YR (VPAL025-VPAL046)™ | fi1E T
FIEAT R8s I T 43 B ok P o LA T S 2 I
HICE 19 T6SSL Al T6SS2 5Kk b 1 3= 4 g AR 52,
T6SS1 S 4 sa AR 1%, Salomon 21 o
ZESFE AT 2AHR BT 6 15 T6SSL AH KA 53
EA, KB VP1391 Fl VP1407 5 Hepl =ik |
PaluS B AN VT i i B SO = 1Sl 23 11
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T6SS Rz A+ 1B 58 i b T 01 IR Bt

T6SS # & iy 13 Fhiz .0 & 41K,
— R R ARG, R — R s
M, BB RN K DA T PN A% 3% 3] 18 32 4 it
4N 8. VipA J&—FP EE A5 EE T, Hep
JEREOIE A, VipA a5 1E A HERS Hep #5k
O 2K A % B A0 B b et R T, AR
AR T T6SS1 ARLZH 43 VipAL il Hepl Y3k
RG L kR AvipAl-hepl, JFfilad 25 58 4l
F AR (lab-free quantitation) kb % 23 #1874 £k SH112
Ml AvipAl-hcpl B4y 2= S EARY, WP R T
B AERON R, AR R EUL Y VPAL500
VERWFFEXTGE, LRI KPS SH112 SR Ak,
) D i) 05 2 B AR 9 7 VPAL500 6 R e 2k 1
HBR, TEAIRST VPAL500 78 fll %5 I 5% 3 A 2 4
e K B v TR A E

Hcp /&

L AORAn T %

11 AR

RV O 9K S SH112 #k, [ U5 A SR
PYAKL. pRK2013-HB101. pMMB-207, Hela 4
ML, BRARSIR ERAE; KIBAFE DH5a (&
pBAD33-Gm)l H Attt i & R AE MR A R
] ; ICR (Institute of Cancer Research)/N il [ I
AN ESE LR S A R A A IR A4 DNA
PR 4 BRCRN BT R 4 O B I B OR AR AR AR R 4
(B ABRAF; R4 . PCR =4tk
R & B P B K R B 4% (Thermo  Fisher
Scientific) A PR Al BRI P UIRE . 2000 DNA
Marker } T, #E# 0 H Ki%E TaKaRa A #l;
CytoTox 96 I it 5k 21 i 2 P A% i 3k 75 65 0 B
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Promega 2~ i ; DMEM 4 fifg 3% 77 38 0 i 2F 1ML 15
W H Gibco 2] RS IR AHCHEM W [ 5
Corning 72~ wl s BRACHE B £ A7 45 R £ H £R 1B 30
JEHE R IL(TCBS)W AT AR I P YA W 5 45 5
LY A FIRE S KAEYHARERAHE; 4
MU A Bio-Rad /A v ; i PCR 43 Al i
IR .MU H Eppendorf 23 A .

1.2 VPAL1500 [l i 5% ik FI B %Pk i) 44 22

MY 4 B I R RIMD2210633 4 [K ¥ 41|
VPA1500 (GenBank: BA000032.2), A Primer
Premier 5.0 #4115 |9 FH F#44: VPA1500 2 [
(AR R R BRI (3 1) o

DL Myl SH112 Bk B A= BR(WT), PRI
WT %53 M T 3% NaCl-LB ik b3 2k
RXTHO , I 2 R AR U7 G 4R HUL DNAS L
BFERR DNA MAH, %Lk VPA1500-A/B Fi
VPA1500-C/D 45 |¥ 479 1455] VPA1500 HY
b, FiFREIVEE AB, CD F B, LU EiREL. 4
L1 PCR Py it , FIHIRLEG PCR ¥ AB. CD
F BLih & . VPAL500-AD HB. fifi il BamH I/Pst |
Xt pYAKL JFki Al VPA1500-AD H B R4 7 XL ],
2 T, DNA & #: % # J5 i i 0% fk 2 CC118

apir EZAEMMh, WA R AERIME
(10 pg/mL) [ AR BRECH B Y5 61T PCR B IF,
fiir 44 BHE T4 FORE g VPA1500-pYAK D, 2 BE SCHik
[BIW Iy kit i 554 . iz 15149 VPA1500-E/F
B S N R 2 SO 7 S LI
Ihikde VPAL500 F£4¢ sacB-F/R ¥ 3G H Y 4%
[ TR B i 44 S AVPA1500,

DIEF A Bk DNA AR , 242 VPA1500-pMMB-F/R
PIGHRIFHEEA ORF B, X pMMB-207 J5i i il
VPA1500-pMMB - Britb A1 XU, % H# 5 7 A
CC118 Apir JEZ A4, % 10 pg/mL SE R W
LB “Fil F35F%, PRECRIETE#1T PCR %7E 2
JE ), A4 B PR E AN SR VPA1500-pMMB.
[FFE S 28 SCHR B 7 ik A T e & e o i, R
514 VPA1500-E/F F1 VPA1500-pMMB-F/R #:47
PCR %7, HFAMEREHkM 4 A CAVPA1500,

1.3 AK&NE

PEHL WT . AVPA1500, CAVPA1500 HL T V& 4%
T 3% NaCl-LB i i b s 2 4R KX U, D
1:100 (VIV)#EFM T80 3% NaCl-LB A,
37 °CHRGHESE 12 h, &R 1 h ZH 100 pL &4
M %E ODeoo fH, ZEIEL 3K,

x1 KARBEAASY

Tablel. Primers used in this study
Primers Primer pairs sequence (5'—3')? Restriction enzyme
VPA1500-A/B AAAGGATCCGCCAACACCAAATGAG/ATCTGCCTCCGATAATTCAAG BamH |
TGCCAA
VPA1500-C/D TTATCGGAGGCAGATCTTGCTCGTCAAATTA/ Pst |
GCTGCAGTACATCGGCTGGCTGGGTGC
VPA1500-E/F AAACACGGAGTTAGGC/GCAGGCGTTACTACATTA
VPA1500-pMMB-F/R  AAAGGATCCATGGAATTTACAGAGCTGGA/ BamH I/Pst |

AAGCTGCAGCTAGCTAACTTGGTGAACGT

sacB-F/R

ACGGCACTGTCGCAAACTAT /ITTCCGTCACCGTCAAAGAT

% restriction enzyme sites are underlined.

http://journals.im.ac.cn/actamicrocn
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1.4 ZHTEFESRE A

2 A 5 A 1 S 6 2 25 SOk [14,18] 9 4858 &
e K WT, AVPA1500, CAVPA1500 #FF 3%
NaCl-LB W {& 35 Fe kb, KIH#F# DH5a (&
pBAD33-Gm Jit #i ) ¥ Fl F & K K & &R It
(50 ng/mL) LB @ f&H, ¥ykss S But K, it
FRANTETHEL, A3 iHE IR 4:1 (B I ST - K b
BRI (4 EL 91 78 5318 57, W 100 pb A BRI 1 3%
NaCl-LB [ {&35 53tk |, FEOh #1 37 °CHFFH 4 h
J5 ., K ARTE MR BB IR R R, e niliR T
TCBS 5% KR E ZPuik LB (50 ug/mL) A6 &
PIRAEIE AL R LI E L 2R, 45 1AL
IR — AR SRR
1.5 BEMIPRIKZEH)

TR SO T TUCRC E 1.5%3U5 . 3% NaCl-LB
B BHI [ 35 2E 19 % WT. AVPA1500,
CAVPA1500 1537 % ODg=0.20£0.02 I, 45 Ht
2 uL o HIH AR L, IEET 30 °C AR E
Bi3% 24 h, HARIFIC R tRiz oh HAR

TF UK S 00 i E WU AL E 0.3% B g . 3%
NaCl-LB f [l {&si 57 5600, B 4Esc—FF, &
B2 pb FEEH TR b, IEE T 37 °C IRAR %
4 h, FAMIHICREMIZE R,
1.6 HENEHEE

¥ WT . AVPA1500, CAVPA1500 £k 43 Fh T
3% NaCl-LB [E{&REF: M bt %, vk H BkH
RN R TEHF T 3% NaCl-LB A& K
FrRARKXE . HRERRIR 2 pl % T 0.3%
BrfiE-3% NaCl-LB *f[E AR5 3 |, 37 °C K%
3.5 N J&, % F ARSI )y g AT L B S
B, LR AN T BN M R 25 OB AR

actamicro@im.ac.cn

1.7 SERF5EOLER PCR (QRT-PCR)A I HEEAH
REEH K FRL

gRT-PCR ¥l VPA1500 i [A] {5k 2% Xof il 35 it 31
TR AR P 0 R A O I R S K g, 5 [ i it
ZBESCHR[20], VA gap SMINSFEIA, 141751 0L
% 2.0 3 FhEMRRE R 2= AR K XTEON, 4 AIE 1 mL
R AR mRNA J5 [ 588 cDNA, MR 45 SYBRP
remix Ex Taq ("FEKi%E, TaKaRa)PBR 5 Hri s
7K, 7£ Applied Biosystems 7500 i 52 B PCR
Y FisdT o BE RV SEL: 95 °C WEE 2 ming
PCR JZ Wi BBt : 95°C 15s; 60°C 30s, 40 /M
W WL HIB B : 95°C 1s; 60 °C 1 min;
95 °C 15 s, fii Fj 274Uk 1345 B PR3 R s Sk
1.8 BRI IRIY BB 71 i 2

¥ WT. AVPA1500, CAVPA1500 %=
OD40o=0.20£0.02 i, 2 MZH 200 pl TV 21 1
b, REFEMRES 8 ML, DA FEESREN
XTHREH , 37 °C IAfFHEE SR 48 ho B2 UG ,
FEWW LT, ALK PBS ¥Eik 3 KR E£24

R2 FEHRAEEMNEEERESY

Table 2. Real time quantitative PCR detection primers
Primers Primer pairs sequence (5'—3’)
fIgE-RT-F TGGGGTGAATCAAACAAAGGC
fIgE-RT-R TTATCTAATCTGCAGGATATT
fliF-RT-F GAAACCAGCCTAATTGGTAGC
fliF-RT-R TTAGCCATTTTCGTTCATCCA
fliD-RT-F ATTCGTACGCGAGAGAAAAGT
fliD-RT-R TTAACCTAACGCACTCATAAG
flaA-RT-F ATCAGCAACCTAGACAACATA
flaA-RT-R TTAGCCCAACAAGCTTAGCGC
flgM-RT-F AGCCAACAAAGTAAAGCCGTC
flgM-RT-R ~ TTAGCTTTTGCCTTGCAATTC
gap-RT-F TTTGAAGAGCGTCCGTTGGTG
gap-RT-R TTAAGCCAACACAACGTTACG




VSR | UZE#I, 2021, 61(12)

3941

W%, 60 °C HET[E5E 30 min, AEFLIIA 0.1%%%
Al YR YL 5 15 min J5, PBS PR 3 M. I
JE A 200 pL Jo/K SFEAERT 10 min, HIEEFR Y
W& 595 nm &b W St {E (O Dsgs)
1.9 ZMFEERE

ARG B (U B OS5 5k, K Hela 41
I 96 FLANMIA H, AR FR K A 80%-90%
i, M PBS WML 2 W5, BAREALINA
50 uL JCE4l DMEM fEH . # WT. AVPA1500,
CAVPA1500 3437 % OD4ge=0.20+0.02 I}, FICH
£1. DMEM 5t 3 i J-A% LU # B¢, 4% IR MO1=100:1
J&YL Hela 41, B4~ 4l HIAL N 50 pL B AE R
e fl, HE 6 ML KanMiti E T 37 °C.
5% CO, ¥4I H 1.5 ho ARS8 % FH CytoTox 96
T ) GG U 240 L 355 v 2L R S SR (LD H) Y
W, 2RI AR TR A TR IR A LSS 1 LDH
A 53 L
110 xP/NRE S EE

T I5E WT . AVPA1500, CAVPA1500 = Fh
FRARXT 4 J5 IS ICR S250 /NI #E JI1E, AL
¥ 3 ARG R B A K EAN, EOEETAR
KR vE 3, PR ¥ = 5x10° CFU/mML.,
TPORG AfR Bk 75/ BRUE BB, ME s 0 A S 3 2/ B
(100 pL) 525 X REZH /B (100 pL AR FEERK),
6 H/NEL, BB 1 h WEHHE S/ N RAE IS K,
HEEMEE 48 h, AL ICR /INRAETE R A
111 AP SERE

HRARAR TR 4 I EY ICR /N4 40 4 40
(WT. AVPA1500. CAVPA1500. 2594 1H4H),
FigH 6 H, LI 1x10" CFU/H 41 B 771 B i s 3
W E AR RN RGBT IR BB

FERE ST . W 15 h JEAbSE/N RT3 T JC AR
BN U EE , ITCE PBS i LLfs B 41415
¥, AT TCBS BiflR-FH¥sst 12h J, “PARit
B, RSN TE ICR /N 4 FhES B 43 v i
. BN ER 3R,
112 HEREEEY) IR

WT . AVPA1500 . CAVPA1500 4 %I L)
1x10" CFU/ FUAH B 1] 12k i V258 5 R ICR /N,
2 X R RS AEREER K, 16 h FIEE/NRUT
JIE . TBUNE DR SE R EEORL, FEANE 4% Z R
P [ A A, HE Jefa, FFaad Sass B
BE AT 2H 25 B A L (R DL ZE 4 IR A IR
BT
113 HdEHT

iR ERE 3 K. Bl R A Graph Pad
Prism 8 {4 #k17 # [ & J7 22 43 #7 (one-way
ANOVA), FI -3 847 1 2% (X +SD)F 7% . P<0.05
S AT E

2 HRAPAT

2.1 FEFEHERE AVPAL500 K B # Mk CAVPAL500
M5 E

WiE 1 R, F VPAL500-E/F 5144 14 85 4
WRIELRAIRT, H Bk 2119 bp (UKGE 1), §73
Bl Wk I R 4 3545 B 1771 bp (WG 2), A5
VPA1500-pMMB-F/R 4" 3t il 2k ok L L 4l sk, T H
(3L R R B (VK 5), W] AVPAL500 Sl il i
L

1519 VPA1500-E/F #1 VPA1500-pMMB-F/R
X H AR LR 61T PCR %, iR ER
VPA1500-E/F 34 B MR IER 20 Bl 1771 bp

http://journals.im.ac.cn/actamicrocn
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bp M 1

2 3 4 5 6

<2119 bp
<1771 bp

<348 bp

1. BI& M3l & &R K #k AVPALS00 XK B #p #k
CAVPA1500 B9 %

Figure 1. PCR identification of AVPA1500 and
CAVPA1500 of V. parahaemolyticus. M: DL2000;
lane 1-3: primers of VPA1500-E/F; lane 4-6: primers
of VPA1500-pMMB-F/R.

(JkiE 3).AVPA1500 ¥ A\ H 45tk pMMB-VPA1500
JE RERE 43 1 348 bp [ VPAL500 H Bt (TKiE 6),
5 A4 bk ] VPA1500-pMMB-F/R 5114 14 5
B R/NHEN (VKA 4), #78 CAVPA1500 4 ##
B

Wil vk 5 BAMERE SR SR 20 AR, @t
3R PCR Jy iR IRAE, AT 434 AN A B, GERA
AVPA1500, CAVPA1500 ELA5 5547 (3 4 A i 1k
((IETE TR
2.2 AKfLmE

%f WT . AVPA1500, CAVPA1500 A= K i 2643
Mrd BB (E 2), B VPALS00 J A 52 Wi 41 1A
1 A K EEME (P>0.05)
2.3 H@EF

WT . AVPA1500, CAVPA1500 435 LLAH A b
B 4:1 4y 5 BCE KGFFE DHSa, 3 1 0 W 45wl
Vs I TR R AR X K AT B DHS o R VE T . 45
RUE 3 Pz : Oh i), SEREH—2G 4h )5,
5 WT #t, AVPA1500 4 X} K MHr & A58
L EREAK (P <0.0001), CAVPA1500 [a] & 51|87 1F £k

actamicro@im.ac.cn

0.6r
- WT

- AVPAI500
& CAVPA1500

0.4

CH)MU

02F

2. WT. AVPA1500 % CAVPA1500 =fhE#RHI4E
K2 E

Figure 2. The growth curve of WT, AVPA1500, and
CAVPA1500. P>0.05.

Prey: E. coli
Aok sk sk ok

IOHJ-

Log,, (CFU/mL)
5 3 3

|

E=

=3
T

—
(=]
Th

3. JBEHM KA E DH5e HIIMEERA

Figure 3. Anti-bacterial activity of V. parahaemolyticus
strains when co-cultured with E. coli DH5q. ****:
P<0.0001.

K, 45 LI VPAL500 25 Bl v 1f 9 B 1 40
TEAHE T
2.4 FIKBIMBFEIESKZ

TEUKSII SRR, 4h 9 WT, AVPA1500.,
CAVPA1500 3 H B i iz s it , i shial
BHIREAR (B 4-A), W7 KRGS 3hE R 25 A A
K 4-B fir/s . MIECT WT, AVPA1500 ()35 s BE
B TR (P<0.01), HAMETRIKIZ 3EE WK 3]



PR | IR, 2021, 61(12)

3943

SR BRAKF- . BEAR SRR A5 LRI (] 4-C. 4-D),
24 h J§ WT. AVPA1500, CAVPA1500 iz gfiGE /1 Tt
% % 5 (P>0.05). LA E&5 R EM, e VPAL500
JEARS R RIZ B RE ), B SRR B 1Y i UK
BEIRET]
5 BEHTEAEWEREEE

75 ST LB LB 25 R RR AR M B () 25 R il 5
JE7R s 24 WT BHE S S b, R IRDG I (An i =k i
7); T AVPAL500 F 4 # B 2 BRAS ] A 32 1) 45
i, A3 R 2 g e & (N sk Fr 7R ), CAVPAL500

2

4,
Figure 4.

(R B RS 5 B A R AR L (A 77 3K 7R ) o A
45 R B Bk g VPALS00 £ 5 Wi I I I 9 i A 7
3 %) 235 4 e P
2.6 QRT-PCR Rl =Fp B A% ¥ B 2 R 7% 5% K F
i £f qRT-PCR 4 il WT . AVPA1500 .
CAVPAL500 — 701 &1 ke 1o A% 14 8 =6 179 358 IR A Stk
- 25 L i N VPALS00 HE PR R S5 4 i 3 AR
PEHE B AL fliF, flaA | fIgE A9 55 %K F
(& 6), IRIRZE R FH, VPAL500 52 1 Fl 1 1L 9K B
V1A R P 0 i PRI 7 SR K-

B) 4
g
= 3F
5]
2] *kk
8 =
2 21
]
k=)
G
0 1
WT  AVPAI500 CAVPAIS00
D
(D) i

il 1

Growth zone diameter/cm
[\
T

WT  AVPAI500 CAVPAI300

FEHEHKTE 0.3%3705-3% NaCl-LB ¥ Bk F 4R Fn 1.5%IzA5-3% NaCl & BHI Bk F4R LiE3115R
The results of swimming ability and swarming ability of three strains in 0.3% agar-3% NaClI-LB

plates and 1.5% agar-3% NaCl-BHI plates. A: the swimming patterns of three strains were exhibited in 0.3%
agar-3% NaCl-LB plates for 4 h; B: motility zone diameter (mm) was used to compare the differences in the
movement of the strains for 4 h; **: P<0.01; C: the swarming patterns of three strains were exhibited in 1.5%

agar-3% NaClI-BHI plates for 24 h; D: motility zone diameter (mm) was used to compare the differences in the

movement of the strains for 24 h.

http://journals.im.ac.cn/actamicrocn
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AVPAI500

600 nm

CAVPAI500

B 5 EHREENEREEE

Figure 5.

o
W
1

- WT
mm CAVPALIS00

ok

= n

o
n

Fold change of mRNA expression
polar flagella-related genes

@
o

JliD JliF flaA flgM  fIgE

E 6. HEKRMEHEEERERKENE

Figure 6. Determination of the transcription levels
of polar flagella-related genes in WT, AVPA1500, and
CAVPA1500. *: P<0.05; **: P<0.01; ***: P<0.001.

2.7 VPA1500 Z: R Ak Xt A= Y8 BRIE B BB 7 1
A0

A S0 SR 45 il 58 % €8 10 A6 I A kP
RRETT, a5 & 7, WT  AVPA1500 , CAVPA1500
Z A1 AE W0k BT 1 R ) JE B B 2% 5 (P>0.05),, 3%
HJT VPAL1500 5k K] ik 2K I 2R 52 i ) v 1t 9 BT 1 26 )
P ETE FCRE T

actamicro@im.ac.cn

Transmission electron micrographs of polar flagellum.

0.5

0.0

WT AVPAII.SO() CAVPAI500

B 7. BEKREMWRTHEE NI LR
Figure 7. Biofilm formation ability of WT,
AVPA1500, and CAVPA1500. P>0.05.

2.8 VPA1500 2[R Bkt Hela 40 M55 1 A 520

WT . AVPA1500 .CAVPA1500 L MOI Jy 100:1
&L Hela 4118 1.5 h J5, 253 4n1E 8, AVPA1500
X240 B B FE P K OF 1B 35 R B (P < 0.05), (U B4
PRI 0.36 %, B AMAR A0S/ E AR E 2
BF A BRAKF . 26W VPAL500 KL R Bl 45 5 RE A8 %
AeARK B 775 1ML 9 7 X Hella 48 i F PV P
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80

60

40

Cytotoxicity/%

*

Il

WT AVPAI500 CAVPAI500

8. HBEMX Hela HAE8IFHNELE R

Figure 8. Comparison of cytotoxic effects of WT,
AVPA1500, and CAVPA1500. With Hela cells attacked
by the strains at an MOI (1:100) for 1.5 h, the LDH
release were collected and measured with the
CytoTox 96 Non-Radioactive Cytotoxicity Assay.
Statistically significant differences were indicated
with asterisks. *: P<0.05.

2.9 VPA1500 2%t/ B 1 520

SCEGZH R WT. AVPA1500, CAVPA1500 L
5x10" CFU/H It #: ICR /MRS, /NRAET- S 1E
24 h APy, Hd WT., CAVPA1500 /NUBE 3 h
AT LR A | S BRI IL, RS EEEE,
10 h JEHREG HIn, Z#ETHFIRIET: . AVPA1500 /&%
Gy /R E R AEIR R IR, 5 h JE AL
G, BRFET-HFRIESS . 24 hJ5, RIET/NE
TR E ZIEHARE, BEREUOKSE, T
UL FFAAS . ICR /N I SL e g SR 9
FiR, &Y WT. AVPA1500 Fll CAVPA1500 ¥
/INERFETS R 53 5 100% . 50%F1 66.7%. 45 H
FE B VPAL1500 il 2k J5 BE % B (2. 5 IR il ¥ o 9 1
POAN - WEOES €75

100 v
- WT

= 80 = AVPAIS00

B 1l -+ CAVPAIS00

3 6 -+ Control

g 40¢

g

£ 20t ._l A

0 4 8 1216202428 32 36 40 44 48
t/h
B9 RJERBEIRMGFEERLER
Figure 9. Survival curve of ICR mice infected with

WT, AVPA1500, and CAVPA1500 with an intermediate
dose.

2.10 AWM ICR /MR T HHEEE
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Figure 10. Viable bacterial distribution in heart (A), liver (B), spleen (C), and kidney (D). **
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Study on biological characteristics and pathogenicity of
VPA1500 gene knock-out mutant of Vibrio parahaemolyticus
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Abstract: The type VI secretion system (T6SS) is widespread in bacterial pathogens and used to deliver virulence
effector proteins into target cells. Vibrio parahaemolyticus also harbours T6SS gene clusters and possesses two T6SSs,
T6SS1 and T6SS2. [Objective] In previous work, we identified several potential T6SS effectors by using comparative
proteomics. In this study, VPA1500 was chosen to explore the roles on biological characteristics and pathogenicity of
Vibrio parahaemolyticus. [Methods] The deletion mutant AVPA1500 and complementary strain CAVPA1500 were
constructed by using homologous recombination technology. Growth characteristics, anti-bacterial activity in vivo,
motility, the transcription level of flagella-related genes, and biofilm formation ability were analyzed in the wild-type
strain (WT), AVPA1500 and CAVPA1500. Furthermore, cytotoxicity to host cell, lethality rate in mice, bacterial
colonization, and histopathological changes were also analyzed between WT and AVPA1500. [Results] Compared
with WT, there were no significant changes in growth characteristics, swarming ability, and biofilm formation of
AVPA1500 (P>0.05), while swimming ability was significantly decreased (P<0.05). Transmission electron
micrographs showed that VPA1500 deletion affected the formation of bacterial flagella in V. parahaemolyticus. gPCR
results also showed that the VPA1500 gene significantly inhibited the transcription level of some flagella-related genes
in WT. Bacterial competition experiments showed that the deletion of VPA1500 reduced the anti-bacterial activity of
Vibrio parahaemolyticus against E. coli in vitro. However, AVPA1500 showed significantly weaker cytotoxicity to
Hela cells than WT. In addition, AVPA1500 exhibited attenuated virulence in mice that showed lower a lethality rate
than that of the wild-type strain. Moreover, VPA1500 deletion affected the colonization in heart, liver, spleen, and
kidney of mice, whereas the complementation strain restored the virulence to resemble that of WT. Histopathological
analyses further demonstrated that detection of VPA1500 could reduce the damage of Vibrio parahaemolyticus to
tissues in mice. [Conclusion] The VPA1500 plays an important role in swimming motility, pathogenicity, and
anti-bacterial activity in V. parahaemolyticus.

Keywords: Vibrio parahaemolyticus, VPA1500, motility, flagella, pathogenicity
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