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T, IR, BiEMamwmAEL". T6SS 2
VTR R IR 5 A 1 AR A AEE ) B DA G B
Gy RS, HE A WA R RN B 1S 5 AN R R I
S5 b R A AE AN E BRI AR, TeSS 25
ARG S BEPE L BRI . PR SR R S R
G R, FEANE S0 R R P E R,
T6SS fuf% T6SS-1 Fll T6SS-2, HH T6SS-2 f71E
TR A ARG Ak U AR B R SE TR
VS MR T6SS-2 PN REMT ST IA LD, (HZAF5Y
TR T6SS-2 255 Rl I oI GRT 240 71 5 4+ . 4t 8t
BRI v g ok R A ST B T 0 Ao A
A T6SS-2 (9 F L5 DotU2 f5E R SR AN
HAME, ZIBKT dotU2 FEDR A RIS ST 20w
PR R HATET T6SS-2 20 2 [ T8
8L, FATRTIAE 1 22 5 2 1 B2 2 BOR HU RS
HPHERR SHI12 Fl AdotU2 F43i 22 5 8 1 B i &
), UL T6SS-2 WAL AT, AWFFEM P
VPP VP2918 FHATIR ANFSL

ABIEFE el A vp291 8 BEIR B bR N B
AR, BB A R I R ) I I 2
PE. Bt AEYOY BLRE T . /N EE T M
NP R G YRR . SR A R O S
RS ot I TR S0 P A DG B BE 7 IR DL R T %

BN HLTT T IR SRR, i 5 R A5
SEPETRT AG T B

1 AR

1.1 kR, BoR 5

RV M MBI R A2 SH112 (tdh+, I35
03 1 K6) . [A] Ji F 41 Bkl pYAKID JZ H #b ik
pMMB207 . K 5 #F '/ HBI101 (pRK2013) /I
CC118pir, HJHHALEG % RAF. Prime STAR DNA
REHE . FRETENYIEE . DNA Fragment Purification
Kit ¥ [ TaKaRa 2\ )5 AP BRI BG40
RNA $2HUAG &6 B KA F] 5 DNA Marker, DNA
Gel Purification Kit .2xPCR Pre Mix 4 H 7 &t 4 MERE
IR PR F) 3 Trizol™iXFI4 [ Invitrogen 2%
H], CytoTox 96 |E U AN AR B AT £ H
Promega /A H], DMEM 2035 AN iR 2R i3 Y1
H Gibco 23+, BRACHERER . AriiREh IHER REA B
NEEFRH(TCBS) W A ) AR A T, AR
(Cm). FABEEE (Kan)¥J & Invitrogen 23 )= i o
1.2 5l¥irit

BRICHE . BAMES it E R4S GenBank |-
RIS MR RIMD2210633 FRifERk ) vp2918 Jit
KP4, A Primer 5 BAFRIFEIMIGER 1), X

*1. KABAASY

Table 1. The primers used for gene mutant strain and complement strain in this study
Primers Sequences (5'—3") PCR product/bp
vp2918-A CGCGGATCCCTCCCACTTGTTTCATTG 666
vp2918-B ACCAAGCTAGTCTAGCAACAGTGATGT
vp2918C CTAGACTAGCTTGGTCACGATGAAGAAAACG 547
vp2918-D TCCCCCGGGTTCATCCGCACAGTAG
vp2918-E TGTTGTTGCAGGAAGTGA Wide type: 1959
vp2918-F GTGTAGCAACCTCTTTCG Mutant: 1422
sacB-F ACGGCACTGTCGCAAACTATA 600
sacB-R TTCCGTCACCGTCAAAGAT
vp2918-PMMB-F CGCGGATCCATGACGTTCTGTATTGATGG 537

vp2918- PMMB-R

AAAACTGCAGTTAGTTCCATGCCTGCTTAAG

The underline indicates the enzyme digestion site.
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by FUERRE . FRRL R UG Y PCR 7
VIR, FH vp2918-Alvp2918-D 5 ¥ kAR 4
PCR, &Y) . #4205 , Fl G BoE 5] pYAK]
WARF TR pYAK 1-vp2918, % A\ 75 1 CC118
Apir FRIGE L pYAKI-vp2918-CC118Apir, LA
pYAKI1-VP2918-CC118pir HHHATE . SH112 tk Ky
ZAKW  pRK2013-HB101 MBI I T A5 S
FAB1Y) vp2918-E/F ik . %A A s Rkt
R RO B Ik, B i Bk vp2918 F4: sacB-F/R 4~
HATG H A5 IR AT 24 0 Avp2918.

DL SH112 FEH 4 R At , L VP2918-pMMB-F/R
9514, PCR P45 vp2918 KPR ()T TCvE ) e
(open reading frame, ORF)F B, [ PCR 7=,
X H AR BeA pMMB207 Jikr EAT W) . 144
AR A S 4L CCL18Apir Y, T4 Cm 19 LB
PR ESE 8-12 he PRHURFERELL VP2918-pMMB-
F/R N514), #E47 PCR %5, # s m 5 4k
OB Ay 44 N pMMB-vp2918 . & H. Ab 5 kL
pMMB207-vp2918 fj CC118\pir B A kA ,
PRK2013-HBI101 T NHHBITR, Avp2918 BeRtkH
ZARE, [/ 1.3 ik, T EAEG AR . EEE
MY TCBS “FARIEFR, PREURE LI PHPE Y 50 5 B 1
¥k, DL VP2918-pMMB-F/R J5|¥I1E PCR X 7E,
PR B Mk A 44 S CAVP291S.

14 ARREIZR ., 1230 KA YIBETE BUBE 1 B E

KB AR . R HRR BAMETE & 3% NaCl
) LB ¥ fR i (pH 7.2) 3558, TR I 2 XK
AR 5% 100 mL 54 3% NaCl ) LB H1,
BERR 1 h BUS TR 200 pl A1 4366 R A0 2 4%
HEWOCEE, & WRTES 3% NaCl /9 LB
e SUER IS

B 1 pL BRI T2 sh B 355 (0.3%35 05
3% NaCl-LB £ [E (kB2 55) |, 37 °C 1H ik E &b
Fi 4-5h, WLEHNTA M b e i L Ok Sh I L, 9F
HEFTIN R . FARE

RV FIRAMRA: Y BETE BUG OL, F 200 pL
(ODsoo=1.0) FH A B E 96 FLAH, A 3%
NaCl-LB WA R; 77 5L 200 pL/ALAE A BAPEXS IRSL,
BT 37 °C HIRAH F B G SR 48 h J5 3725 96 fLk |
MM B3R 3 - FIJCT 1xPBS (pH 7.2)i% vk
2 KRBT, F 200 pL 100% H B E E 15 min,
SRAKRKT . HJE, A 200 pL B 1%456H4E
et 15 min, FFEZREME, FIXEZEK(AH,0)
Yk 3, R TS, BLLIA 200 pL 95%
RS RARSE B 2E, 10 min J5 H ZIhRERFHRMY
M3t ODsoso FEFNARR TR Z HFh 8 L, % ABCEYY
B, 5 A 0 B A T8 155 200
15 ZHIRERHAR

FHE 10% i 4 1 9% ) DMEM 8% 97 S 8 5%
HeLa 40T 24 FLARN, R )2 40 LA i F LIS AT
90%H, I DMEM BEi%k 2 W, R o KA pk |
B MR R B AN BRI SR R BCE R, R
DMEM KR BE3t 2 kOFE &, B LU R
(multiplicity of infection, MOI)} 10:1 (F%L: 4 A
$0) YL HeLa 1, &L 200 uL, EX 3 4L,
BT 37 °C. 5% CO, #Msss4a+HE 1 ho H
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PBS ¥t 1 ¥k, 4FLAN 100 pL Fid 8 0.5% (AFH43
#0)TritonX-100 A4, EAH 10 min. /5 HTG
W PBS f5 bR BRI, IR TOA 3%
NaCl i LB Bifig-Fl, 37 °C HiFRad 7%, i sk
VREL, THERAS A DA R AR X R 5
1.6 ZHfEEHENE

¥ HeLa ZiEfE 96 FLANMIRG MR 153%, H
PBS Pk 3 3, LA 50 uL A EEYLLE) DMEM,,
W HFAERE . SR MR AN RS X RE K,
FH PBS VRIATEEST, MIA 50 uL MR (MOI 435
11, 1:10 A1 1:100) 2 iRl 7E RS fL,
H2 6 L. A7 100 pl () DMEM 1 A 41
[ & %THEFL, B 90 L DMEM fill 10 L 2@ 1EN
BRBEIFL, T 37°C. 5% CO, AR A4y
B 1.5 h, FIFH CytoTox96 iR EAG LR |-
TR AR (LDH) R, S AU A5 4
B HeLa 4105 LDH BERLAI E 4T EE
17 /NRAAE LR MY EHARERNE

KTV vp2918 FEDRE I X/ B 1 5%
M, ZHE Hiyoshi i 7k e 4 JRIER M ICR /)
BOE ¥ 4 4 (CBFAE#R SHI12, Awp2918,
CAwp2918, z54), 4 6 K. ¥R FE
K YE 3 S E R, 100 pL i aemh 3/ BUA N
(5%107 CFU/ R e 4736 #h R 5 25 L 4L 53 AH F]
AT A TR K . IERN S R, &2
WMEL 48 h, MK R EAIELITE SHI12,
Avp2918. CAvp2918 ¥f/INERHAETE T2k

W 4 JEI ICR /N AR 4 2H (P A= Pk SH112,
Avp2918, CAvp2918, ZSF4l), B4l 5 H, &£
PRIE I FESS 13107 CFU/H, 53 P2 T 569 A0 [R50 o
BT AEFER K . 15 h B, /N BRUIR BRI R i
I, FHEIET 75%RE T, JCR R UL 2
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SCES YRR GraphPad Prism8 41148
T o B 2 243 HT (one-way ANOVA)F T43
Mric stk A IR i . AR R . A2 30E &=
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3 M 20 R E B L P X R bR v 2
(X £SD)FER, P<0.05 ANABLEFE, HHES
8 Mann-Whitney U K36 3 B /N BRAE 16 2565

2 ERFAHN

2.1 VP2918 BR BRI EAMELE E

STEF ARk SH112. Avp2918. CAvp2918 AT
PCR %2, S5 IIE 1. LIMFA: Pk DNA AR,
519 vp2918-E/F W] LIy SR K/INASR 1959 bp 1
ZAF(TKE 1), PABIKR Avp2918 () DNA MBS
B HBEARAT 1422 bp K/NR T GKIE 2); i —
XS vp2918 BRSS9 VP2918-pMMB-F/R
T PCR K, S5 SRR W EFAE MRABIS 1 453 H 4%
HKIE 4), BRI VK IECKIE S)A WAHN 4
i, R Avp2918 BRRARANE NS, LA SH112 1Y
DNA N#HT , 5149 vp2918-E/F REY 1451 1422 bp
fJ 455 (UGB 3), JH VP2918-pMMB-F/R 5| #IfiE
PIE3 vp2918 HIWEHEKIE 6), RKUIH MK
CAvp2918 FIEE I .
22 AR, B3R AEYBUEIE BLRE T R E

PP kR SH112, SRRER Avp2918 S B AME
CAvp2918 WA KM (K 2). iz 8 (F 3-A, 3-B)
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Figure 1. Identification of vp2918 gene mutant strain
and complement strain of V. parahaemolyticus by PCR.
M: DL2000; 1-3: SH112 DNA, vp2918 mutant DNA
and the DNA of positive complement strain were
amplified with primer vp2918-E/F; 4—-6: SH112 DNA,
vp2918 mutant DNA and the DNA of positive complement

strain were amplified with primer vp2918-pMMB-F/R.
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Figure 2. Growth curve detection of SH112, Avp2918

and CAvp2918 strains.

(A)

CAvp2918

Avp2918

Growth zone diameter/cm

SH112 Avp2918  CAvp2918

B3 Eaitaih

Motility analysis of SH112, Avp2918 and
CAvp2918 strains. A: The swimming patterns of three
strains were exhibited in 0.3% agar-3% NaCl-LB
plates for 4 h; B: Motility zone diameter (cm) was used

Figure 3.

to compare the differences in the movement of the
strains. ns: P>0.05.

2.3 X} HeLa ZHEHIZGFEE S

Xf HeLa ZHMIAOFEMIES RN, SEF APk L
B BIAR Avp2918 BIRTHTRE T BCA W B 2257181 5),
TG vp2918 e [K I A5 i @) 75 1 5K &7 X
HeLa 2 g 1 %6 B B8 71 (P>0.05)
2.4 SR E

WE 6 B, BRIHRSBFAE Bl 4 it i 2
25 BE (P <0.05), HEM VP2918 7E &I MK b
X i T 20 M e g R v R R A I
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Figure 4. Biofilm formation ability of SH112,
Avp2918 and CAvp2918 strains. A: The strains were
grown in LBN at room temperature, and crystal violet
staining was performed at 48 hours; B: Data and error
bars were showed to assess biofilm biomass on glass
from three independent experiments, each with three
replications. ns: P>0.05.
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5. &E¥Ext HeLa AR FIFHI1ER
Figure 5. Adhesion to HeLa cell monolayers of the
strains. ns: P>0.05.
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Figure 6. Cytotoxic effects of the SH112, Awp2918
and CAvp2918 strains on HeLa cells. *: P<0.05.
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Figure 7.
the SH112, Avp2918 and CAvp2918 strains.

The survival rate of ICR mice infected with
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CAvp2918 PRI T IR HF A ERITE ST, /NREA
B I RAEIR . A 25 SRR vp2918 FEH
IR RE R AR M NG/ B s R
2.6 MHHALARFEELE

DA% 1x107 CFU [y L&Y% ICR /ML 15 h A

A A o, 25 R ER(& 8), B 15h f5
BRI RTE O . MG B2 358 23 FH 2H 21 1) 40 T B
T AR T E AR BR(*P<0.05, **P<0.005). T Mk
SE T BE 1 B AR 5L 3 B A R OK P, R k2R
vp2918 FEAIL VP £E/NR AL 2L 1 22 F g

(A) (B) ©)
310 1 = (U 310 **
E E : E
6 106 %% % 106 | é 106 © 0*7 A?.
E 3 3 -
FRUN ey A g Y6 A ERT A O
g . £ =
% 104 B ~§ ]04 [ g ]04 —
210 : : 2 10° ' ' ' g 100 : | '
SH112 Avp2918 CAvp2918 SH112 Avp2918 CAvp2918 /@ SH112 Avp2918 CAvp2918
E 8. FBEHENELCHA), FFBFBAROC)THAETE
Figure 8. Bacterial loads in heart (A), liver (B) and spleen (C) of infected mice.
3 B KRB Y AR M BOR TR 22 5. R IZ3)
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R A SR AN 5™ B 5 1 7K S o Y £
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BUT PRI FE AR B2 . RIS I TR RE 8 AE 2 BRVE
BN #AT, S EFEREAHE, 8
A A F W B 19N T6SS-2 215 4 i 26 F A0 4
At A A AR SN A G

AR S 55 I 5 25 S A A T2 F HOR R
A3 AT EF AR RR SH112 Fil T6SS-2 3= B 4% 4y 3 [R] Bl 4k
AdotU2 (25553 W, E#F T Hh— gt AR
FIEE FTEIIEIN vp2918 TR ARG, AR Lk
TMHMM Server v. 2.0 i, iZ3EEE— 56 B
PP IRE . B AL T AR R, 5
HMREAG T2 R AL Sy E A M 2 O A
e e R R EEEAE AR AR T
vp2918 FERIBR ISR T AN, IF LA AR Bk Fn

P R0 A W e B R 39 iR TR A T AN A TR R ) HIR B RE
T, A 3Rk A Y, s
R BB vp2918 FEDRIAS 52 1 B 75 i PR I 0 14 26
KR, TR AN 52 0 @ 1l P 5K i s P Fn A=
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NIy N R e s i DD e Y e
WS, 505 M ER LS P2,
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HeLa 40085 VR P2 VIR G o A B0 20 i A=
BEMEAE R A T s BRI e i AR 2%, Em
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JEY vp2918 DR i R /N BRI A AE AR LU BT A= Ak

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



3712

Haiyang Zhang et al. | Acta Microbiologica Sinica, 2021, 61(11)
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FEtE B0 E T, R vp2918 FEPR BT R
MR A AR 2 R T i R, (A S 5 20
LB RN 2 A A SO i AR L DTG S e 24 TR
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Gene deletion and functional analysis of vp2918 gene in Vibrio
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Abstract: [Objective] By using comparative proteomics, we identified several potential T6SS-2 effectors,
including VP2918. The aim of this study is to elucidate the role of VP2918 in biological characteristics and
pathogenicity of Vibrio parahaemolyticus. [Methods] The vp2918 gene deletion mutant strain (Avp2918) and
complementary strain (CAvp2918) were constructed via homologous recombination technology. Subsequently, the
growth characteristics, biofilm formation ability, motility, adhesion and cytotoxicity to HeLa cells, and mice
lethality rate, bacterial colonization were analyzed in the wild-type strain (WT), Avp2918 and CAvp2918. [Results]
The biological characteristics analysis in vitro showed that there was no significant difference in growth curve,
motility, biofilm formation ability and adhesion ability to HeLa cells among WT, Avp2918 and CAvwp2918.
However, compared with WT, the toxicity of Avp2918 to HeLa cells was significantly weakened. Animal
experimental results showed that compared with the mice infected with WT, the mice infected with Avp2918
showed slighter symptoms and higher survival rate. The bacterial loads of Avp2918 were significantly lower than
that of WT in spleen and liver of infected mice, whereas the complementation strain restored the virulence to
resemble that of WT. [Conclusion] The VP2918 was not associated with the motility and biofilm formation ability,
but it was a potential virulence factor and associated with the pathogenic of V. parahaemolyticus.
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