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= MR IR SRR R T VuB (V. parahaemolyticus T3SS2 regulator B) i 5 T I 1 171 b B 4%
PRI VuB 7E RS IR AR Ve T o MR GenBank $CHE 4 BV MM NS orB B P41
51, A PCR K vorB BE1H] 1 il R J5URF i 0 se B A B R BORL pDS132 w4 i 4 3 A8 BOkL e AR
JaFF B S17-1 Apir W, FRHEES FE B RV AL N AT [ IR A, 3@ 10% REFE I L AT vrB B K 5878 1k
AvirB , ¥4 pBAD33-vrrB H2H FTRLHLEE A AverB GEAEBR POARAGH AN AR C-AverB . WFF RIS AR DI B AR %
SRR AR TE 2% [ EIHRRER (DOC) bS5 1 A7 % %, 56 TR U E 20 J5L 3, 28 worB L[ (1) PCR 434 Fi e
SRIKCT R S5 R R, AR BV M IR TS vorB PR B 2R ZE 78 1k AverB FIBIAME C-AverB, 5 B LR BUAN A1 #b
FERE C-AvtrB FH 1, AvirB 875 RRAE 2% DOC 43 20 40 F1 60 min Ji5 ITETE R0 8 17% 4% Fi1 1% ,virB %
R R el A R A DI O RV H T RE I 35 IR (P < 0. 001 ) RBLIAFIT BE ) A B o el U,

ST VB A7 B T @9 i IR T AT

KEER: BRI ; vrB JEPR ; SRR s [FUREEAL; HITHGT

PEZES: S933 XEkFRERG: A
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e DR RIS SV e DR T i s S A (] U 4
FEbi B DAK 240 A — F G 2 DR B ) — o
BTV ROR . 24K, B R BRI AR T
BRI WIFFE IR A 1 v e R i D D BE e T 2 T B
Z— AW AR T SR P AR B A R R
MBS JET A AR B A [ 5 A 3 R
FRLBRPEA P A — ol LA OB M A 5 A
DA R RVEE B B2 A% ki, M A 2 B B i EE 4
RGP AL 5] 524, i T 3 AR PR TE
P 2 i A R R] 2 kAR TR T S8

20 H AR FURipDS132-AverB
Recombinant suicide vector pDS132-AvtrB
Sac 1

5% A 45t
5' crossever,

B I A K B 3 PR 4

mob RP4

virBIE A Lz [
71B gene upstream flanking region

M, B H 3 R . %07 B AR
B E AR, T2 T TR N D RE AT AT
T DR, S T VB AR R I S R
JE A A T, SR T pDS132 [ A% M [7] I i 4
(730 R LR SR BT werB BE DR EAT BB , SR
ULE L, B S R 2R 5 8K pBAD33 Xt virB [
PEAT [N, FROFTE R AL BRAE AT ER 038 T A9 A2
Rtk IR T i vrB BRI T RE BT @1 i
SIVTR A AR R BT ML B B8 Bt , oAy ey 1 7 ot A 5K
PR 5 | 4 1 T )7 A ol 4 BRI a

pDS132
5286 bps

Xbal
virBHE K] i [ 5
virB gene downstream flanking region

3% 3 4t
3' crossever

V. parahaemolyticus genome

—I 377 41| Upstream sequen>‘vn~3 J,!;% R F¥* #Downstream sequex%—

|

virBAER iR
virB gene knockout

—l 357 %1/ Upstream sequen> I % 1> 41| Downstream seq\le%

1 REREHKREADSENE verB EEFEEE

Fig.1 Diagram showing homologous knockout of vtrB gene in V. parahaemolyticus

U RPRS ik

11 #
L1 BBk BOkE

Bl 1 9K B Vp6 T Ak (Wild Type Strain,
WT) (03;K6 Ifi {EH, KP* ,tdh*,Sm") i 7R 32 56
ZURAF; pDS132 A FORL( Cm'") H 5 [ 4 1 v A1
JR K 2% Dominique Schneider Z{ #% 2  pBAD33
JiRE( Cm'" ) A 28 BT R~ SR M SR 38, B2
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SN E. coli DHSo W B 1 7 e 3b A W) BOR A
BRYH] L E. coli SIT-1 Apir B4k M1 VL5 Ko 7k X
YA
1.1.2 F2A50

LB 3577671 TCBS B F 5L [ Bfi F A A
FR 54T/ ] ; Premix Taq ( Ex Taq Version 2.0 plus
dye) , PR E DNA A0, BREITEN VI Xba 1 |
Sac 1 F1 Hind M } H 2% ppi W) B TaKaRa 23 A
T4 DNA Z420 S H 52 i . DNA- marker | JFORL 2
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B & ALE RNA $2 U0 & 0 B R AR ZE AR
P (AEa0) A BR2S 7] 5 NaCl BERE | L-Faf 337 {1 bl | i
R (Sm) MEE R (Cm) WAL TAY TRE(E
) ey A7 BR 23 w1 5 PCR ™ LB Il i ik ) &
TS S G & ) 1 v A AR R AT IR W5
[ E LM B Sigma 23 7] o
1.2 7%
1201 oerB FEDN L e [RIVE SRl A B4
M GenBank |- 23 A (4 BV 1L LSBT Y vtrB
H: [ (BA000032. 2) Je e b R Y51, A
AWy 85 Primer Premier 5.0 Bit51#(F 1),

A TAE A R 7 A R DAR S I I
Vp6 T AR L K2 DNA AR, A vtrB-up-F vtrB-
up-R Fl vtrB-down-F | vtrB-down-R W %t 5| 4 43 5l
P48 orB JE A bR WA B, PCR RV 4%
.94 C 5 min;94 °C 40 s.56 C 40 5,72 C 1
min, 30 MG ;72 C 5 min, JH 2% B I8 BEEE RS
FL UK AN PCR 74y, 3 [l e alifl o R Bl 3k A5 1
TR IR A BOSE LR A, DAR A R DNA
FBCRARAR, 514 vtrB-up-F F1 virB-down-R #f 17
file PCR 9 5 Rl Ve fl & b B, 1. 5% Bl w
RIS VKA

x1 vwrB BEERTHRGEREERSIY

Tab.1 Primers used in this study

CIEEA S JFE1(5'-3") (IR
Sequence (5'-3") Restriction enzyme cutting site

vtrB-up-F GCTCTAGA GTTTCATACACCGATTTG Xba [
vtrB-up-R AAAATCATCGAGTAAGTAGTTTCTTAACAT -
virB-down-F ACTACTTACTCGATGATTTTGTTGCTTAAA -
strB-down-R CGAGCTC TTCCAGCTATCTACCAAG Sac
virB-HB-F GCTCTAGA ATGTTAAGAAACTACTTACTAGGAA Yba |
rBHB-R CC AAGCTT TTATTTAAGCAACAAAATCATCG Hind 10
pDS132-F GTTTCTGTTGCATGGGCATAAAG -
pDS132-R AACAAGCCAGGGATGTAACG -
pBAD33-F ATGCCATAGCATTTTTATCC -
pBAD33-R GATTTAATCTGTATCAGG -
vtrB-RT-F TTATTTAAGCAACAAAATCATCGCCG -
vtrB-RT-F ATGTTAAGAAACTACTTACTAGGAAACC -

TE LR 23 A PR B , N RIZARIC A BT

Notes: Bold letters represent protective base, underline marked letters represent restriction enzyme cutting sites.

1.2.2  #4H HARFORL pDS132-AvirB {4 33

SRR BR s P VTG Xba T F1 Sac T %S H
B AT LY, 22U 7y RS 55 A [R) P9 O il
XD I MY pDS132 [ A% R #E . 14
PG E. coli S1T7-1 \pir 852 S 40, 7E
A 30 pg/mL S E K1 LB [E AR 573 1k
FHYE S Bl )G 43 0 LA 51 9 X% vrtB-up-F | vreB-
down-R F1 pDS132-F ,pDS132-R i#4T PCR £ l F1
TP 265
1.2.3  EIF M PEINE virB 288 R (1) Fe) 2

WA R R B R BURL pDS132-AvirB )\
HURT E. coli S17-1 Apir S A BN AN Vp6
Wi, 7675 5 pg/mL Cm ) TCBS P-4 - $k ik BH 4
T v, B AE 2 10% TERE Y LB B4R I 4T
AR 2 . PRIV 2 4 TR Cm Hik
A Cm itk (5 wg/mL) /) LB [E kB 55 | ,37

CHFR, PhkmefEmiE AR BEAREEHFEK
R FERE , FHAMU 514 vrtB-up-F (ortB-down-R Fl
INFRG ) vrtB-F ortB-R X} LS B #AT PCR %58 .
1.2.4  vtrB JE A [ALR Mg (AL

PARIA MRS Vpo HER 41 DNA Ry #EA ik
7 vrB S %) PCR #73%, PCR J i 45 4:98 C
10 5;55 C 15 .72 C 10 5,30 MEHF;72 C 5
min, X4 S I 5 BE R Xba T F1 Hind 10
HEATAEGY), 5 pBAD33 FKikH k&L, EHE
YA E. coli DH5a JRZ 4L, 765 F 30
pe/mL S8 R M LB K 5 Al b oF 47 0 &, JF
vrtB-HB-F 1 vrtB-HB-R 3| ¥3t47 PCR 3 8 5 5¢
TER R PH P B 22 0 ) 3 I TG IR IS L LA
AvirB FRAFRIEAZ A A, I F 514 pBAD33-F
1 pBAD33-R Xif FHAE ks 547 PCR A
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1.2.5  AvtrB 275 RRF C-AvtrB Bl 4MEH virB 3
LY S Rl

Fi Trizol 42 WT ., AvirB 1 C-AvtrB T ¥k
[R5 RNA A S s astm) 2 25 B 6 RNA A%
P ) DNA J5 fe % 508 ¢DNA, DL ¢DNA SR,
F51 4% virB-RT-F 1 vtrB-RT-R # 47 PCR "3,
i I PR AR B ot B G AR BRI [F] A ) RT-PCR
Pt gk Bl ) 2 AvtrB 1 C-AvtrB 78 Bk virB 3t
PRI R SR L o
1.2.6  WT. AvtrB 1 C-AvtrB T £ 76 i 58 JH IR £5
JH3E T A R0

K WT A AverB EAREEFN T 5 mL (955 Sm (1)
LB W A5 TRk oh, [a] I C-AverB TR $EFD T S
mL (N FEA 0. 2% BTRLAFAE Y & Sm Al Cm 1)
LB AR TR KR 2o h i . B0 A
5 B T b 78 BOR Ab 58 2% B4R TR £
(DOC) "™ g LB WA SE F2 36,37 C o e &
20,40 F160 min J5 17 EE T4

2 4k

2.1 vrB EEWMETHEEFEST ERHE PCR
PARI PSR G WT T8 B P 2H DNA Sy
A, RS 5|9 virB-up-F | virB-up-R Fil vtrB-
down-F wtrB-down-R 43 5|} verB £ R | . F iR
JVEPEAT PCR P74, 45 2R WIA] 2a, I 115 31
virB BB 30 [R) P 7 B (/N Ry 542 bp) FIR
i [R) USRS P B ( R/ 497 bp) o Bl LLSE LE 1]
RA I E TR IS R BetE i, 514 virB-
up-F il virB-down-R #£ 174 PCR, ¥ #4153 K
JE2 1000 bp ZeA7 LG R B, LK 45 R -5 U
K/MEFF (B 2b) .
2.2 EHBRFH pDSIR-AverB HIHESERE
FHFRIHE N VG Xba 1 1 Sac 1 4351 %) vtrB
SRR BRI Rl A R BOFIBORL pDS132 i 4T
XY, RGN E. coli S1T-1 Apir JEEZ 40
Jfo, FHAS Cm 8 LB P-4 0 i BH P v B, R 5
¥ vrtB-up-F 1 vrtB-down-R %f H AU E2H B % kL
HATHE BRI 3, Dh2s ikr pDS132 St
ARA IG5, A4 B AR BURL pDS132-AverB
B 14 B 1000 bp 1 J B, 5 5R 5 Hili
FHAF o P e e 2 EE o &5 SRl 5 10 7 910 £ 8,
SERAALRT , R vrB IR ER R RV C
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A pDS132 ) Xba T F1 Sac 1 FYI07 5 2 18], 345

T A Ak pDS132-AvirB
M 1 2 3

bp bp
2 000
2 000
1 000
1 000 750
750
500 500
250 250
100 100
(a) (b)

(a) wrB I F i 5] 5L PCR ¥ B4 45 5. M. D2 000 DNA
marker; 1. B35 I8 (DL ddH, 0 M AEAR ) 5 2. b3 R UR 5
3T WV 5 (b) Rl Ao Bt PCR 97384528 . M. D2 000 DNA
marker; 1. BHEXTRR( LA ddH, O fEAR) 5 2. flG BB

(a) Amplification flanking regions of wrB. M. D2 000 DNA
marker; 1. ddH,0; 2. Upstream flanking region; 3. Downstream
flanking region; (b) Fusion of flanking regions. M. D2 000 DNA
marker; 1. ddH,0; 2. Fusion fragment.

2 wB ER L THEREERBSRRTEER
Fig.2 Amplification and fusion of

flanking regions of virB gene

bp

2000

1 000
750

500

250

100

M. D2 000 DNA marker; 1. 25 Jfi g ( pDSI32) ;2. i I Ji kL
pDS132-AverB 1 BE I vERE
M. D2 000 DNA marker; 1. pDS132 plasmid; 2. Positive clones
carrying knockout vector pDS132-AwvirB.
B3 FEHBRERMA PCREE
Fig.3 PCR identification of

the recombinant suicide vectors
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2.3 BEIiRmEINE virB REKRBIFIESEE
B pDS132-AvirB 1 E. coli S17-1 Apir 5
R MM Vpo TRk AT B 788  7E & 10%
RERERY LB P b 7[R . BES TEAS & A
% Cm [y LB VM b e 5 pe e, 25 SR ILIA] 4, 78
% Cm Pl EAREAE K AEA S Cm (-4 E AR
KAV B vrB S 7E AR BERL IR v o 8 IURE
IBHRR T vrB HE P AN 5 | 1) F0 3 5 W) 4T
PCR %5, 45 R a8 5 s, 451908 vrB J ]

(a) ACmfYILBFAR
LB plates supplemented with Cm

SMU S 9 vreB-up-F F1 vrtB-down-R B}, LI WT B
PRIGIERIZH DNA g 35 i1 Fr BER/ 1550
bp, LNEZH A Aokl pDS132-AverB FI58 78k DNA
ARG R BER/N R 1000 bp, 5 T 45 5R
—E (Kl 5a) o Y5190 vrB LA NG H) oreB-
F FI ortB-R Bf, WT ¥ 38 F Bt K/ 500 bp,
pDS132-AverB 558 B AN REY 1S i 4571, 5 UM
SER—H(& 5b) o 3k 7 WY R i e K i 2
KT wrB BN GRAT virB JE P RARR AverB

(b) A& CmfILB AR
LB plates without Cm

El4 Vp6-AvirB EHRHIFHIER (L BRTEOIE)

Fig.4 Screen of Vp6-AvirB strains(red circles indicate suspected colonies)

M 1 2 3

bp bp

2 000 2000
1 000 1 000
750 750
500 500
250 250
100 100

(a) (b)

(a) Ll vrtB-up-F/vrtB-down-R MU 5914 (1 PCR #4528 5
(b) Lk ortB-F/R Jy 5 P %t i) PCR 4714 45 2L, M. D 2000
DNA marker; 1. WT #; 2. pDS132-AuvtrB; 3. RA KK,

(a) The flanking primers of virB were used for PCR amplification ;
(b) The internal primers of vtrB were used for PCR amplification.
M. D 2000 DNA marker; 1. WT strain; 2. pDS132-AuirB;
3. AvtrB mutant.

5 vtrB RETHRK PCR £
Fig.5 PCR identification of the v&rB mutant

2.4 vrB EFEEMEREIITE

DL WT B bk 5 R 2 DNA S BEAk, R H1 519
vrtB-HB-F FI vrtB-HB-R 3 3% virB F: K £ K, ¥
PCR =Wy 2ifbf5 533K 24K pBAD33 7EARSM AT
TR SRE N E. coli DHS o JEAZ 25 2 i 1, 3%
F51 %) vrtB-HB-F #11 vrtB-HB-R #47 PCR %X 5%,
PAZS JTTORL A S AR R 4 3 R A A, D 4 IR
pBAD33-ortB AR HE 1) 7 BERK /Ay 500 bp A2
A RS UM, WP 45 R urB SEH TP
2, Uk SE H 2 Bk pBAD33-vrB FHE ), 7]
FA T B MR orB BIAMR IR EE, IR 6.,

B 21 FOk pBAD33-0trB Hi Bk AR 1L K
AvirB 2= 2% Kk F, R 51 %) pBAD33-F
pBAD33-R #17 PCR 4" 15, 45 W1l 7, L) 5 20 i
% pBAD33-vtrB F1 virB F£ [ [0l #h#k DNA h A5 Az
PG i BER/NZY D 750 bp, T EL pBAD33 %3 Jit
ki \WT/pBAD33 Fl AvtrB/pBAD33 B # DNA &
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B3 19 J1 BER/INZ D 200 bp , 2B A4
R MRS vrB ZE N B C-AvirB
M 1 2

bp

2000

1 000
750

500

250

100

M. D2 000 DNA marker; 1. pBAD33 =5 Jfi ki; 2. = 4H Jii Hi
pBAD33-utrB.,
M. D2 000 DNA marker; 1. pBAD33 plasmids; 2. pBAD33-
virB.
6 EAFHK PCR EEHKE
Fig.6 Agarose gel electrophoresis of the

PCR products of recombinant plasmid

bp

2000

1 000
750
500
250

100

M. D2 000 DNA marker; 1. pBAD33 %5 Jii $ii; 2. pBAD33-urB;
3. [l %Mk (C-AvirB) 5 4. WT/pBAD33; 5. AvirB/pBAD33

M. D2 000 DNA marker; 1. pBAD33 plasmid; 2. pBAD33-
wrB; 3. C-AvirB; 4. WT/pBAD33; 5. AwirB/pBAD33

B 7 vorB EEFEE4MREIEE
Fig.7 PCR identification of the C-AvtrB strain

2.5 ZRITHRANE AR verB B FH R K FIEIE
3 BIREL WT AvirB 1 C-AvirB kK 5 RNA

KB4 virB-RT-F Fl virB-RT-R 347 RT-PCR §~

HALABGUE AverB F1 C-AvirB TR R H virB 3 [H 1 4%
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SEWEME . LA AvirB 875 Kk ¢DNA SRR A 4 14
5, DL WT Hil C-AvirB BBk cDNA AR 14 14
R BRK/INR 500 bp 247, 5 orB BE R /N—3
XKW AverB 5878kt I vorB 3 mRNA, T
C-AvtrB v oirB Be P BA e s 16 M, it — 20
RIS EE R 75 1P verB 356 [ 28 48 Ak 5 [E] b
Mo DLIE 8,

cDNA

bp

2 000

1 000
750
500

250

100

M. D2 000 DNA marker; 1-3. WT, AverB F1 C-AwirB 5 £k #
cDNA
M. D2 000 DNA marker; 1-3. ¢cDNA ( WT, AvtrB and C-AwvtrB
strains) .
B8 RITHRFNE*MR A virB B R K FEN
Fig.8 Detection of vi&rB transcription levels

in mutant and complement strains

2.6 AvtrB 0 C-AvtrB T8 ¥k 72 Bt & BB B8 £ BhiB
THEEENELER

H T HfE VaB LE & A IR A E T
MIFER , F WT AverB 11 C-AvtrB B RRTE &4 2%
JBESANERR £5 (DOC) Y K% 37 ik v 73 5] 55 5% 20,40
160 min, SR 5 E WT AverB Fl C-AvirB (T 7%
B 4RAE 9 s, WT W R TE 2% DOC 4b 2R
20,40 #0160 min J& A% 3503 84% 33% Al
9% ,AvtrB 5 7S BRI AF G T FE R 17% (4% F
1% , 58 HE RUB R A LG, AvirB 2828 BRI 473 7K
PR FFEAR (P <0.001) , R B A7 15 BE J7 #9 Bk
Bio C-AuvrB THHRTE 2% DOC b B S (4716 3 H
1% 26% M1 9% , 5 WT R EIA7IG R J0 5 22
5, R W ERME) vorB B PR R AR 52 @I 1 PR 9
AvtrB TERTENBER (9 773 RE
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—— WT

—— AvtrB

—a C-AvtrB

FIEZE Survival/%
=N
o

0 20 40 60
BfE] Time/min

“oxow TRREFMLBE (P <0.001),
“ s 7 shows very significant difference( P <0.001).
B9 RBiEfEEEEX WT . AverB 0
C-AvtrB B KT iE IR0
Fig.9 Effects of DOC on survival of
WT, AvtrB and C-AvirB strains

3 9he

[ 05 2 3 T A S B PR (1) TR 2848, R ok
KB T B ) St , S W 5 1 A 0 vh ik TR g
BE G W T B AR BR ST B H B A ROk
pDS132 {E R 5 A8 # AR B vrB B, H 5 A )
] i 356 3 R sacB , W3 PR AT LA 25 B 4 i A ) 7
Wy, R P A RE S R AL A T R, R,
HA R ARG B A TORL pDS132 (1) H 1 3%
PRI RV Y DNA R B 4 1) R 9 i oIl v e €2
TG 9 G HR A BR A A  A1 REME 0 7Bl A=
AT B2, sacB IR45 5 KA R8It A
TR 2 RE AL HEA TR IR, A
TORIESS 2 WA AR, R 55 1
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Construction of virB gene knockout strain of Vibrio parahaemolyticus and its
role in bile resistance

GAO Rong', HOU Laiwang', ZHAO Yong'*®, PAN Yingjie'*, SUN Xiaohong'*"

(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Laboratory of Quality
& Safety Risk Assessment for Aquatic Products on Storage and Preservation, Minisiry of Agriculture and Rural Affairs, Shanghai
201306, China; 3. Shanghai Engineering Research Center of Aquatic-Product Processing & Preservation, Shanghat 201306,
China)

Abstract; Vibrio parahaemolyticus transcriptional regulator vtrB gene knockout and complementary strains
were constructed, and the role for VirB in bile resistance was also explored. Two pairs’ primers were designed
according to the virB gene in GenBank. The upstream and downstream flanking DNA fragments of virB gene
were fused by PCR, and then cloned into the suicide plasmid pDS132. The recombinant suicide vector was
transferred from E. coli S17-1 Apir to V. parahaemolyticus for homologous recombination. The virB gene
mutants were screened by 10% sucrose. Complement strain C-AvirB was constructed by transferring pPBAD33-
virB into AvirB mutant strain. The survival rates of wild type, AvirB mutant and C-AwvirB strains cultured in
media containing 2% deoxycholate ( DOC) were determined. Based on the principle of homologous
recombination, the PCR amplification and transcription level detection results of the virB gene showed that
V. parahaemolyticus virB gene mutant AwvirB and its complementary strain C-AvirB were successfully
constructed. The survival rates of the AwvirB strain was 17% , 4% and 1% in the presence of 2% DOC for
20 min, 40 min and 60 min, respectively. This was a significantly lower level of survival than that of the wild
type and C-AwirB strains (P <0.001). The results indicated that the VirB is helpful to the bile resistance of
V. parahaemolyticus.
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