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Abstract: A mutant strain AVerV was constructed by using homologous recombination method for
investigating the function of the VerV gene in Vibrio alginolyticus type Il secretion system. The genetic
stability of AVcrV was detected by PCR, and the biological characteristics between the mutant and the wild
type strains were compared. AVcrl muntat had no significant changes in growth rate and autoagglutination
compared with the wild type strain, but the ability to form biofilms was reduced, and the LDs, was increased
by 16.5 times. The swimming and swarming motility of the mutant strain AVcrV were significantly
enhanced, while cell adhesion was significantly reduced than the wild strain (P<0.01). The tolerance of
AVerV mutant to H,O, and NaCl was decreased. Compared with that of the wild type strain, the sensitivity of
AVerV mutant to cefuroxime, medimycin and clindamycin was increased, but to amikacin and polymxin B
was decreased. The reactive oxygen species (ROS) content of AVcerV mutant was significantly decreased
(P<0.01), and the indexes of proline, peptidoglycan, B-lactamase, catalase, superoxide dismutase and
glutathione peroxidase of AVcrlV mutant were significantly increased than that of the wild type strain
(P<0.01). The biological characteristics of AVcr) mutant indicated that VerV gene was involved in

pathogenicity and various biological functions of V. alginolyticus type IlI secretion system.

Keywords: Vibrio alginolyticus; type III secretion system; VerV gene;, mutant strain; biological
characteristics
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x1 AMRFAARSIY

Table 1 Primers used in this study

Primers  Primer sequences (5'—3") Usages

VerV-UF  GGAATCTAGACCTTGAGTCGACATGAGCAGCCAGCGATTG Amplify the upstream homology arm
of VerV

VerV-UR TTCATCGCTTCAACGGTCGATCCTGTCGTAGAGCCAGTCGTTT  Amplify the upstream homology arm
of VerV

VerV-DF - AAACGACTGGCTCTACGACAGGATCGACCGTTGAAGCGATGAA Amplify the down stream homology
arm of VerV

VerV-DR ACAGCTAGCGACGATATGTCGCTTCTAACATGATGCCTGCAC Amplify the down stream homology
arm of VerV

VerV-AF - CCGGAATTCATGACGAATATGAAAACGACTGGC Detect the wild type strain

VerV-AR  CCGCTCGAGAATGGCTCGTAGGATTTCTTGT Detect the wild type strain

VerV-TF  ATGCCATTCAACTTTATCCCTCC Detect the mutant strain

VerV-TR - ATAAACCTGTGTCTGGATGCGG Detect the mutant strain

pLP-UF  GACACAGTTGTAACTGGTCCA Detect the recombinant vector

pLP-UR CAGGAACACTTAACGGCTGAC Detect the recombinant vector

pLP-UF/pLP-UR 2k 5| ¥ i ¥ #% A B A& 4K
pLP12 [WFHMEsaRERE, BHPE seRE2lifb e R8s
FEHIRBUTRL pLP12-VerV, ¥ pLP12-VerV ¥
ARGFTE B2163 JRZ ML, Feib - PrisAi
TEHAEEM 0.3% DAP-LB VA (& KB
R, DAP), BREUPHYEFEREIFAifbEE TR, 4
4 pLP12-VerV-p2163. % pLP12-VerV-p2163 5
HP APk HY 9901 43l id i 45 5% , 45 HL 200 pL V&
&, BOF EW, LB 1 IRIGMA 10 uL
LB E4, %4 T DAP-LB ¥4z, /il 1 mL LB
Ve, BRI A T E R LB P, PRI
S BRI, BS54 VerV-UF/VerV-DR it
TP PCR A, BHM: PR B R A 2848 bk . B
LA R, RIZT LB Al (0.4% 1-Ff
PIATHE), 28 CRl kiR, BRHCEAR Bk,
LLSI¥) VerV-TF/VerV-TR JEAFASIN, B 4= %k Ny
X vEREAfL)E . FRRYHSEE, K PCR
FEIN R IR AIE VerV $Je 2828 MRS 5 M R 2D o
AIRUE 1 FrR
1.2.3 BEREMKRR

WK PR AVerV 70T TSB 3Rk, %
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SRR SR 30 A8, F VerV-AF/VerV-AR Fi
VerV-UF/VerV-DR 5| 1)5%5 W A AR Rk 26 bk i 4T
PCR %58, HiE AVerV Wit E k.
1.24 HKHhzNE

Iy I PRBUEF A bk HY 9901, BRERE AVerV
FATHVR RN T TSB #5585, 28 CREIREE R 2
SRR, Fi 10 100 (1 B )4 b 2 5
TSB i Fe S rp 4k 23557 24 h, 5 1 h BUFE—IK,
WI7EH ODgoo (8, BAFEMEE 3 YOF4Hl A
Kz,
1.2.5 SR

3 M BUE SRR A BT AE R HY 9901 Flk 2k
B AVerv, Wikt 50 f5Ja R 96 LAk,
FLAN 200 pL, TSB 55373 Ky BAPERT RE, 35 01
HEIET 28 CHAMEERF 2. 4. 6. 12,
24, 36 h, FEFRGEARTHEERNST, TICHPER
ZZ L (phosphate-buffered saline, PBS) 250 uL
VRV 3 Wk, BB, 200 pLo HEEREE
20 min, WFHEE, FE=EET . 0200 ul
o B IR IR YL 6 15 min, WL FR4E YL
W, I A SRK R R g S E T, AL
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Figure 1

AN NANATU

VerV.  \ANNANI

Second recombination

VerVo.  feaoac~o~

Schematic diagram for construction of the AVcrV mutant. (A) Fragments missing VerlV were

obtained by overlap PCR. (B) A two-step method was used to screen AVcrV mutant by pLP12-mediated

suicide plasmid and homologous recombination

A 220 pL 95%AE i, Z i 30 min, i
PO E ODs7o WG RE, SEERH A 3 K.

1.2.6 ZHEMHFNM (swimming) F178 3h M4
(swarming)

W BF AR HY 9901 FBRI KR AVerV 43 545
Fh#) TSB Ki b iGifk , 28 CHEPRE: 37 E X 4L
A K IR E TSA KiFR3k B RIZH % 12-18 h,
A3 PR ECBA TR 75 ] PBS 5 we I iR B R 4%
1.5x10° CFU/mL, ODg,s} 0.08.

WEsh PRI . B R A0 I 4 s 22 1 B 2R
Ui , BELLIN # , HE R EORIA (29 0.5 mm)
B TSA KiF2 3k (0.3%3f8) H, RIEHK-FH
IEE CEMGREAL, ABEEIE) M 28 CHEA
BRI R SR 12 h I, AR SR 45 W IR 50
BN, SCEmE s 3 K,

TSRS« RS WA 43 31) WA BB TR B R
FI A TSA H537 3 (0.6%Bi08) 1, KFl
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IEE CPAREREL, AREFIE) BfE 28 CAAL
BE R RE R 10 h, WERIFI0 45 B A 3l e
Ko EEER 3K,
1.2.7 ZHPERGHIXLE

Kui N TR (endothelial precursor
cell, EPC) ZMMIFEFT 24 L4155 4 0 e
AR IR TE R, R ERE A Rk IO 1 W AR b
HY9901 B kK AVerV 7 000 r/min B> 5 min,
PBS YEi%k 3 IR, LA N 1x10° CFU/mL.
BEAS 20 B % YL 9 & (multiplicity of infection)
MOI & 100, AT 3 P17, gl A
5% CO, REFRA T, 28 CHFH 2 h, WEHiFF
W, FH0.22 um JEREE IR R TR Y PBS I 4 A
3 RBR ARG A0 o L A 200 pL 1%
# Triton X-100 ZfEAME 10 min, 3 B R
fF U5 B S0 uL AT TSA FHie |, 28 CHHE
B R AT A B
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1.2.8 it MHENE

KM BRI kR AVerV Xt H,0, (ISR , 18
TSB ¥R rh o s R B Ak HY 9901, Bk
¥k AVerV, TEAH K 3] ODgoo fHR 0.2 B, 43
FIA H,0,, ff H,O, ¥ B 435135 %) 0.4 mmol/ L
F11 mmol/ L, SRJG4kEETE 28 CHEHF 24 h,
1 h ll%E ODgoo FIH, SEERHE 3 K,

W BF AR HY 9901 FBRIC KR AVerV 43 542
FhE| TSB i ge 3t b, 28 CHEKE: IR E X5k K
W1, A% ODgoo M 0.1, B2 pL B 5 ST
A 40,60 g/L NaCl #1100, 300 umol/L CuSO,
) TSA “FHie |, 28 CH ALK FRAHE I, iC %W
ARG, W BN, LR E R 3 K.
1.2.9 ZHEBERERE RN

BB A=k HY9901 FIBI AR AVerV 435l %
FiF TSB i5 57 2 B KM, BG4 TR
4 000 r/min Z5.0> 10 min, FfE FWER, WOEH
B, JH PBS BEETFIFE, 4 000 r/min 5.0 10 min,
- BiEW, CBCEE R4 TE ] PBS B R,
ODgoo A 1.0, LA PBS 25 FIXF R, MRHX 2 mL
HR T KEMELESY, SRTE, 257EH
B2.4,6, 8,10, 12, 14, 16, 18, 24h )5
W H FVEVEW 0.5 mL, JRZIETE ODegoo I K
JCEEAE, BRSBTS 3 AT
1.2.10 ZAfAIE

K H K-B 40 ¥ Wk AT 2 i s . o By
A kR HY 9901 FIS KR AVerV TR E 4 51
#ZE 1.5x10° CFU/mL, B 100 pL %4+ MH
BARE R AL b, RRssFREE FoKor T 5 MO B
T B2, BRI SIM 3 k2t
A, 28 CHEIEREFE 24 h J5 I 5E I Bl A%
1.2.11 FHIEFNE LDs) MNE

TE TSB #5555 rh 4 il 55 5 Y AE Bk HY 9901
FIGIAR AVery,28 CHEIRER IR X 8K,
ODgoo M 0.4-0.6, 2 500xg B.0> 15 min 77 FiF,
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PBS {HEIF B AR, FHICIE PBS %% ODgoo M 1
P EF AR Bk HY 9901 FERISHR AVerV i He B 6
FEAR 10 10*, 10°, 10°, 107 A1 10° CFU/mL.
SR MR 5 1 MBSt (Barchydanio
rerio var) AT ERLIA T, B3 FEBE D A R 0 TR
W10 pL, RSB S 20 B, XL G
10 uL PBS. B4 3 MNER . EHEMHE S ATE
25 C/KIL T FRAE 14 d, EFME | ok TS,
FpRICFICT R, HET R, MG HRE
FH R[OS R R BBERE (LDso)o
1.2.12 A4 REEFRR N

W BF A= Bk HY 9901 FHER K BR AVery 4354
FiF TSB RF 35 2 B KM, BG4 T iR
4 000 r/min B.0> 10 min, FI5, PBS ML
T3k, IREEANTE o T4 (ROS) #6044 BEAG
MR & (HR9066) 136l 547 .

W5 W B 1 T A 500 JT AN N A 1 mL 7845
KB F R R, R R A A (VK ThER
200 W, #7453 s,[E8]f% 10 s, 5 307K),8 000xg .,
25 CE.L 10 min, B RIS & A o Hod il
SATRASIN T, 8 P T AR T VL 0 W /K Vs o A
10 min (a5, Biilk/KAra), WG HEO
Wil B W . AR (Pro). BKEFE (PG).
B- PN Bk fic i (B-lactamase) . A 4 Ak ¥ I Ak il
(SOD). # Bt Akt ALY (GPX). ik
S (CAT) I 43 ) e BE A I 38 7] 46 156 B
BT
1.2.13 BT\HIUTSE S

BHi R SPSS 18.0 Bk PR £y 22
M, BRI (X +s) Fom, **
P<0.01 25T E.

2 X504

2.1 SREBRAVerV HIEE
LA VerV-TF/VerV-TR N514%1, VIEFAkR N
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XTRE, XA MR TR, HTIE AR AnE] 2
FIi7R, BRARRASKRARAT 1204 bp F B, BFAERRY™
1R B 2 917 bp, pLPI12-VerV-p2163 ¥RA
PuE R B, WK Bk e R AiAL S R YRS, OF
Xf PCR =Wy aEA iy, W) 25 S UE S il 26 bk
AVerV fEER3 .
22 IREEREM

H VerV-AF/VerV-AR #1 VerV-UF/VerV-DR
5195 B LB AR 30 REF A AR AN B2 R ik
17 PCR %5E , BP A= BRw] G 3] 1 824 bp 1Y J B,
B bk AVerv 1535) 1 204 bp A B (K 3), 1
BB bR AVerV BERS RS B A% .
2.3 HKehzk

B KR AVerV 5EFERE HY9901 A= K
RN 4 Fros, B8 2 h 5 9 B AR 2 E AR
AKE, 1L h JEHEACES B, AR A K
WG OS T B A bk, 12 h 5 A K A
B —2, UL Very 3k PR S S AN 52 i B Bk
2ER I
2.4 SRR R EE

t & 5 AT, 7E 4-12 h Y, BFAE Rk HY9901

bp M1

2345678 bp

2917
1204

2 HREREE AVerV WA

Figure 2 Construction of AVcrV mutant. Band 1 to
6 were PCR products of AVcrV mutant, and M
stands for DNA marker. Band 7 to 8 were PCR
products of pLP12-VerV-p2163 and HY9901,
respectively.
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bp

1 824
1204

B3 EREKHR AVerV HIRIETRE T
Figure 3  Genetic stability analysis of AVerV
mutant. Band 1 to 3 were PCR products of HY9901,
and M stands for DNA marker. Band 4 to 6 were
PCR products of the mutant strain AVcerV.
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El 4 EFEPE HY9901 SEREHKR AVerV B KRIZ
Figure 4 Growth curves of wild type strain HY9901
and mutant strain AVerV.
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0.14r ——AVerV
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2 (h)

B 5 FFHEHE HY9901 SEREHK AVerV BYE IR
Figure 5 Biofilm of wild type strain HY9901 and
mutant strain AVerV.
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FE IR AVerV WA Y ETY BLRE 1342 e T =
JEREAK, 7E 6 h BFERIR B KAE, (HB ik
YIRS )Y i BE 7 B AR TP ARk s 7€ 12-36 h
W, ZHEAYIIE L RE 13T R A — oK
-0 B Very B DR 0 X0 s S IR 1 AE
FE R TR I T K
2.5 mshEFEEM

FE A B A= R HY 9901 FIEA R AVerV i
ShYERTR S LB, VerV BRI R IG, BRISR
(A3 SN B8 1 R ShRE 1 Y30, 5 B A HRAH L,
AW EEEES (P<0.01) (K 6).
2.6 “HAERLRTRE

X K HE £ EPC 4H (ARG BRFES S 3R B, Bk
Verv JEPR i 2 BEAIR T 7 B9 4 K8 (i EPC
AR RE T, SEPAMRAHLL, BEARIE S
FIN R EEZSR (P<0.01) (Kl 7).

A

[
W
1

sk

—_
S
T

2.7 M

I AR R HY 9901 FlER Ik AVery Xt
AR EE Y Ho0,. NaCl 1 CuSO, it 321 & FH,
1E4 0.4 mmol/L H,0, i) TSB Hi3idkr, BfA:fk
BRI A KR E AR 22 % (K 8A),
H,O, 3 /i %] 1 mmol/L B, 76 48 5 Ak K 1 Bl 2 bk
PR R BERAL, #EACE-SBIEST S (& 8B);
TE 40 g/L NaCl ) TSA |, BFARRFIBR S ARG
ARKBEERA VIR 25, 4 NaCl 3n3] 60 g/L
BF, BRRPR AVerV AR B REAL, H¥FA- PR
HEE, AW B EMZSR (P<0.01) (K1 8C.8D);
TE® 100 umol/L F1 300 umol/L CuSO,4 %) TSA
AR, BRARRFNER R AVery i A K Y
WA E 225, 124 CuSO, %] 400 umol/L
W, PIERABEA K (K 8E). BRI
VerV 3NS5 T i P eER, IFRE

HY9901 AVerV

Diameter (mm)
o w
i

Strains

C
50 -
* X
~ 40|
£
E 3|
3
520t
ks
810}
0

HY9901

AVerV

HY9901
Strains

Bl 6 EFHEK HY9901 FNERENK AVerV BBz S FIE RN E
Figure 6 Swimming and swarming motility of wild type strain HY9901 and mutant strain AVerV. (A/B)
Swimming motility. (C/D) Swarming motility. **: P<0.01.
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*%

Adherence rate (%)
T

HY9901 AVerV

Strains

&7 FFEM HY9901 FIERKHR AVerV 5 4HRa%E
MI{E R

Figure 7 Adhesion to cells of wild type strain
HY9901 and mutant strain AVerV. **: P<0.01.

A 250
20F
S 15F
g o —@— HY9901
’ —A— AVerV
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Diameter (mm)

40 60
NaCl concentration (g/L)

E

) P
(e (=]
T 1

Diameter (mm)
-
o S
T T

(e}

i 75+ NaCl Ayt sz 4k, {HXF CuSO, Wit 32 1
REZH
2.8 HEEERE

Bk bk AVery S84 Bk HY9901 [ BEAERE
S 9 Fias, “AEWAWHE2ZER], KW very
FEPR B FEAAS B i B R 1) B HEE R
2.9 ARSI

2 2 A%, BPAERE HY9901 Ak fk
AVerV Xt 15 8 2 I8 Z 17 AR B n it 25
Mo R BRI R KA R L ME T Sk
TR | Sk 6 Ik S Sk 6 A 1 R 39

B 25~

20}

S 15
S o — @ HY9901
—&— AVerV

HY9901

—

B HY9901
| AVerV

100
CuSO, concentration (umol/L)

8 EFA#K HY9901 FIERSK ¥k AVerV BOMT =%

300 400

Figure 8 Tolerance of wild type strain HY9901 and mutant strain AVcrV. (A/B) Tolerances to 0.4 mmol/L
and 1 mmol/L H,0,. (C/D) Tolerances to NaCl. (E) Tolerances to CuSQOy. **: P<0.01.
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—e— HY9901
—A— AVerV

1.0
0.8
0.6 —
0.4

0D600

T

0.0 1 1 1 1 1 1 J

t (h)
&9 EFF4#k HY9901 FERSKEK AVerV B EERE

Figure 9 The autoagglutination of wild type strain

HY9901 and mutant strain AVerV.

*®2 AHYSIWE

XTETE IR PTA: R B . AR BRI
VR BSRBUREE (S) AR, HHNE R A ] B
S/ XS0 T e R AR 2 IR Y
ZHRIRA R B HiAd RBURES RS, ORI AR
KA R R TR R e MR R P AE R
ENERG S 5 XTI 28 25 ) 52 07 B A W A SRR B
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Table 2 Drug sensitivity test results of wild type strain HY9901 and mutant strain AVerV

Drugs Dose Standard diameters of inhibited zone (mm) Diameters of inhibited zone (mm)
R I S HY9901 AVerV
Penicillin G 10U <28 - =29 0 (R) 0 (R)
Oxacillin 1 pg <10 11-12 =13 0 (R) 0 (R)
Ampicillin 10 pg =11 12-14 =15 0 (R) 0 (R)
Carbenicillin 100 png =19 2022 =23 0 (R) 11 (R)
Piperacillin 100 ug <17 18-20 =21 12 (R) 15 (R)
Cephradine 30 ug <14 15-17 =18 16 (D 16 (I)
Cefazolin 30 pug <14 15-17 =18 20 (S) 18 (S)
Cefoperazone 75 ng <15 1620 =21 21 (S) 21 (S)
Cephalexin 30 ug <14 15-17 =18 12 (R) 18 (S)*
Ceftazidime 30 pg <14 15-17 =18 21 (S) 26 (S)*
Cefuroxime 30 pug <14 15-17 =18 15 (1) 24 (S)*
Ceftriaxone 30 ug <13 14-20 =21 30 (S) 37 (S)*
Norfloxacin 10 pg <12 13—-16 =17 33(S) 25 (S)A
Ofloxacin 5ug <12 13-15 =16 35(S) 27 (S)A
Ciprofloxacin Sug <15 1620 =21 33(S) 28 (S)A
Tetracycline 30 ug <14 15-18 =19 23 (S) 22 (S)
Doxycycline 30 pug <12 13-15 =16 21 (S) 22 (S)
Minocyline 30 ug <14 15-18 =19 25 (S) 25 (S)
Gentamicin 10 pg =12 13-14 =15 21 (S) 22 (S)
Kanamycin 30 pug <13 14-17 =18 21 (S) 23 (S)
Neomycin 30 pg =12 13-16 =17 23 (S) 21 (S)
Amikacin 30 pug <14 15-16 =17 22 (S) 16 (DA
Erythromycin 15 pg <13 14-22 =23 20 (I) 22 (1)
Medimycin 30 ug <13 14-17 =18 11 (R) 15 (I)*
Vancomycin 30 ug <14 15-16 =17 11 (R) 12 (R)
PolymxinB 300 IU <8 9-11 =12 15 (S) 11 (DA
Furazolidone 300 ug <14 15-16 =17 15 (D 16 (I)
Chloramphenicol 30 pg <12 13-17 =18 31 (S) 28 (S)
Clindamycin 2ug <14 15-20 =21 10 (R) 15 (D)*
SMZ/TMP 23.75 ng/1.25 pg <10 11-15 =16 24 (S) 17 (S)A

S: susceptible; I: intermediate; R: resistant. *: the sensitivity of the mutant strain to antibiotics increased; A: the sensitivity of

the mutant strain to antibiotics decreased.
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Table 3 LDs, of wild type strain HY9901 and mutant strain AVcerV for zebrafish

Strains  Microbial concentration (CFU/mL)

Experiment number Mortality number Mortality rate (%) LDsy (CFU/mL)

HY9901 1.0x10® 20
1.0x107 20
1.0x10° 20
1.0x10° 20
1.0x10* 20

AVerV  1.0x108 20
1.0x107 20
1.0x10° 20
1.0x10° 20
1.0x10* 20

20 100 3.49x10°
12 60
8 40
6 30
3 15
12 60 5.75x107
5 25
4 20
4 20
2 10
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Table 4 Biochemical and enzyme activity indexes of
wild type strain HY9901 and mutant strain AVerV
Detection indexes HY9901 AVerV

ROS (pg/mL) 1797.26£9.13  1609.96+17.26"

Pro (umol/L) 250.73£1.99 312.97+4.15"
PG (ng/mL) 5.27+0.06 6.01+0.07""
B-lactamase (U/L) 32.86+0.51 37.21£0.38"
CAT (U/L) 14.17+0.32 16.68+0.28™"
SOD (U/L) 12.81+0.11 13.61+0.03™"
GPX (U/L) 80.89+1.53 107.55+1.74™"
*%: P<0.01.
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