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F Wi B A LUK B T 45 . Baffone 25
XF 52 R B 8K IR B (RLFE 20 BRI B KD
FR) 5 o I V% A I V% M DA R Al B 7 P R AT T E . R
L 20 Hk ¥ oI b R D R B RS I ) B R R
100% > 7 K 1 1 B 2804 5% 5 7 9 I 3% PR 1) bE 2 04
0, 4 H 5 1% SE 30 B ME 2 4 50% o H Hif» © A1 0T &l
Ve A TR S0 R AR TR 5 0 TR 9 A
H % % M % % (thermostable direct hemolysin,
TDH) « A i} #  ¥ Ifil. # 2% (thermolabile hemolysin,
TLH) AU #4295 1 5 25 AH OC %5 il 25 (thermostable
related hemolysin, TRH) , 73 5 th 7 J) Z£ A tdh~tlh F
trh % 1. 1973 4F, Sakurai™ $§ M M 42 )1 Bl %
(Kanagawa phenomenon, KP) J& i} #\ B 2 % Il 7%
% (TDH) /™ /E o BURHUEE ™ 38 M i 93 o
o B v L 9 B A R I 3 TDH, Jf A I A
86. 0% 1) b Ak A #ft 2 NN 56 BH P ik 71 9 38 91 110
HOw P L ) a9 B A AL

B T AN BE g B 45 5t AT 9 KRR 11 S0 P A
) )Y A ATE 5 0 D I B N S 1 B0 AL B TR o
R B AR T o T ERIE 2 I R
B PR R T A A A s K AR (] 4 LAY R/ B B
PR Y SR G S ) A I R U 2 A 4 L Ak T
J R (R B H B N R % S AR AL 0 i R R S R
PAREAT 93 B 22 00T 50 HLh f T 2 ER A 0L
FESRE ), Al & KA. HE S /D BB
S8 ) L T BRT R s Vs D B 2 DR g i 4 A I 9
SRR 1 P 1990 4, Hoashi 45 ™" il i fi7 Jfs
TE N ARE S W3 RR J7 ST T R A IR ) B 2
WPk, K I LD, (median lethal dose) 43 %) & 107«
10 cfu /g, 1l g Y J7 sCBE T/ B/ 1 e 35 P 380 1
TRLAT I < R R I EORY L 22 20 23 &5 g v 38 g
AR e AL KM R A IS . H AT T E e
ST BE 1 /N IR T S A7 Kt ZE A A
2RI ZE (R RO T (TP e e WAL
B PIRE R  R A BOR N ARG

VAr B IV B0 DR 1 i B2 R e R R M TR
) 24 7 K6 AL T A8 4 e s i T o IR B 2 L)
A 5 2% 5 AN IR 1R SRR 18] A7 6 AH [R) 1) 2 g 55 B8 T
AR I P9 L7 7S I 0 3 S 08T L L
IR O1 A1 0139 1 E0 HLHI B 7875 LL BLE A, TR
K % BB B0 BL B G R B0 2 H AT X
Ve R I T A R B ) R DR R B0 AL BE R BT 5 A

FEXS I VE A s T R IR R T B A AE R 2
NSO A7 BT ST AN AL o 7 i v i 3 T
SNy b R 1 50 8 S0 1 L 3L 0 FE R
VAN AR H TR R WA o BRI T i 35 9K B 0 B
Joi P (R RIE SO T I P AT £ i 22 4 XU VP A0k #8 A2 75T

A SCAVL LA M 51 T A 2 T 3 O R i 5
B 7 DR AR AL I AR A/ il O ST 9 I M S
/N BB W D S B FEREAT 3 0 VR Al AT IR
BT 1) 55 77 DA 50 e L 3 4 I LR N SR K 0 B

1 MR Ik

1.1 ##
1.1.1 EHRFOEFRME B IE VAOOL. VA002.

VA003.VA004.VA006.VAOO8.VAO10 it H
NG B R 5 43 R oy AT TR ) VAOOS
VA007.VA009 i B K “% i 7l B4z 15108 73 1 F
U 7K 0k 2 A A8 AT 5 B0 P 0 BB R R v i o B
VP128 (O1: K25, toxR " /ilh* /tdh* [erh*) " fly I
AT K 2 AN 5 AR W) 2 Bt e A e I R B O3
B T RN 55 3R A & 2% NaCl |
TCBS V-4 » 28 °C fr iff 46 15 77 o

1.1.2 FERXFF{YE: TCBS (Thiosulfate citrate
bile salts sucrose agar) ¥ FFFEBE A K W%
(Trypticase Soy Broth, TSB) . JiE & A ik K & B g
(Tryptone Soya Agar, TSA) W B T At it Ei R A
BROTHE AW, LB IR B T 7 B 1 )
ARA W2 A 41 M DNA 42 50 771 £ (TIANamp
Bacteria DNA kit, TIANGEN) iy [ /£ T. /4 T %
(L) HMR AR, £ E PCR Jx Wk 7 & dNTPs.
Taq 5 #1 DNA Marker 1§ [ - TaKaRa, 3 4238 %1 3
JE oo Mol Wl A PCROEE I P Mg OAX
(Mastercycler) , Eppendorf 23 & ; fif 8 4% B2 55 (1 70 b
{% (Nanodrop, ND-000) , 3£ [ Thermo 2 ] ; Hi ¥k
ASC BB 1 A8 73 B R G2 95 [ BioRad 4 7] .

L13 SREREh: bk B E N Bk B
P o B sE B sh ) b o, i RE S AR 18 - 22 g

1.2 FEilE&MEEEREMNFEMSERNE

12,1 REINE & MEEE YN E R M BUIR T
FLig s 43 5ol FH 28 088 7K TG 1) G oA 1) R R (2..0% ) v
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B (0.2%) T (2.5%) ki —80 (1.0% ) « W Jik
(1.0% ) %0 55 i 85 7% & (pHT. 5) I 5 ¥ 5 9K 4
£ R T 0 A ~ 0 O O I e 0 el T .
10 Ak %% 39K LL )2 VP128 7F 2% NaCl ¥ TCBS %
IRk WGSBS VK $E R T 2% NaCl ) TSB
R FR L, F 28°C, 150 r/min f5 35 3% % 45 ok &
Bt ¥ &M MRE A 0Dyl 1.0, 43 I 20 plL
i RE S 1) BRI N FT e 1) L P B Sk A 4
0.85% Wy AEHE 257K, 35°CIRLE 2 do 1) B ISP AROIN AN
0. 1 mol /L TP S Ak R B » 1) G M 1 BRI N B4 [
TS, WL %% 7 B, DA HE B3 W T O 1 AR S 3 T
B BTG W B (R 3 35 I 1 AR ik il - 80 Bt T
B BlAR R T s CBR 25 I Bl 06 P B0 S BH P » ok U s
o SV B 7 A IR A B S o 0 BRI R AR K
N B

1.2.2 REINE A MR E « % 32 G P iR
VR IR T RRAT FL I T 4 AT AL
VRN A VP128 [ B BE 4 OD gy A 1.0, 53 Jl
HU 10 L A7 B 5 100 B9800 N 4T 4 1 L v s 2% F 4

S5 HE 0. 85% 1R B ER K AE BT X IR, 35CHL E 2 d,
WL I 25 5 A7 87 AR 0D W v LA, B4 KP
B 25 AN BE A KP B 44

1.3 RENEFFSHERGEN
L3.15|¥Migit 5 & B h A LI =R A Sl
(1) %85 BT 1 ¥ . 26 A7 G S TR Ceds e el) 77
oA 55 S F R (toxR  Collagenase UreR < FlaA~ompW «
AspA~fur) 0 LUK ) o 9 2 S
(erhtdhidh) B9 ¥ 5 1N (toxR . toxS) + # J7 T ik
LK (Collagenase UreR « FlaA~ompW < AspA- fur) S'S
Yomg LG S A S K A, A A Primer Premier V5.0 Al
Oligo V6. 22 BATHEAT 51 M BETh o 514 ¥ 78 % 8 9K
T R I TR X A8 g g A O DR ) R ST DX sk AT
Wil Wil B T34 K A Primer premier V5.0
) Multiplex/Nested Primers I g 3K 8 17 1T i Al i
6 EFE AR B4 A T RAR I BN I A
JEHEATIE 8 i e (1) 5 Uil AL £ T PCR 514
WA B R S mAE T Ay TR (R FRA
w5

*1. BHEESSIMFT

Table 1. Target genes and primer sequences

pool target genes GenBank 1D primer sequences (5°—3") products size/bp concentration/ (mol /L)
Pool 1 toxR AY527397. 1 GGATTCAACCAAATCTCCAGAGT 434 0.4
GGTCAGAATCAAACGCCG ’
Collagenase'®  AF326572. 1 GAAAGTTGAACATCATCAGCACGA 271 0.2
GGTCAGAATCAAACGCCG ’
toxS AB0O63111.1 GCCGTATCTATCCTTTTCAGTGG 953 0.2
GCCTTGTGCGAACAGTTTG ’
irh DQ359749. 1 GCCTTTCAACGGTCTTCACAA 179 0.2
TAACAAACATATGCCCATTTCCG ’
tdh JQ074092. 1 ATAAAGACTATACAATGGCAGCGG 138 0.2
GAATAGAACCTTCATCTTCACCAAC ’
ilh GU971655. 1 CGAACGAGAACGCAGACATT 108 0.2
CTTTGTTGATTTGATCTGGCTG ’
Pool 2 Collagenase" DQO97161. 1 GTACTACGACATTGGCGAAGG 591 0.4
CCCGACCATACATTTCATACTG ’
UreR AB112354.1 AATGAGTCTGGAGTGGATGTGC 320 0.2
TTGCGTTTGAAAGCGTCG ) ’
FlaA GQ433373. 1 AATCAATGGAGCGTTTGTCTTC 253 0.2
GCTACACGTTCTGCTTTTGAGTTAG ’
ompW DQ425109. 1 TCGTGTCACCAAGTGTTTTCG 213 0.2
CGTGGCTGAATGGTGTTGC )
AspA DQ185575. 1 GCATGGTACTCACGTAGCGG 146 0.2
CTTTCACAAGACCAGAAGAGTAACC ’
Sfur AB003752. 1 ATTAACCCTTTGAAGTTCGTGG 11 0.2

TGACATATACTTTCCCGTTGGATC

Note: The primers marked with VA and VP (superscript) are specific to Vibrio alginolyticus and Vibrio parahaemolyticus respectively.
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1.3.2  #BE DNA BY4R BRRF ¥ B9 S @ ok R B0y S min, [} 0. 85% I 7L B4 K Yk 2 )5 &

W TE 2% NaCl [¥] TCBS ¥5 7% 2 g4 J5 » ¥k i 1R v
FEFh T 2% NaCl ¥y TSB A& K5 7% 5 vp s T 28°C,
150 r/minfi 3 #= 3% 46 0 L A KE 7%, B 1 mL R
10000 x g &5 /Lo W B A4, >R HT b R & vk 32 I 4n i
DNA, Jf ] 74 & #% % % (1 4> #7 {¢ (Nanodrop, ND-
1000) Jlj 52 DNA (1) & FH 4l i .
1.3.3 ZEPCRIKAMIENL LML & PCR XV
k5 A& (Multiplex PCR Assay Kit, TaKaRa) i 8
HEAT, RN AK R A 50 WL, 445 Multiplex PCR Mix2
W 25 wLMultiplex PCR Mix1 % 0. 25 wL. % 5|
YIRS (R BE WL 1) Fl DNA Bk . & 4%
94°C 1 min; 94°C 30 s, 59°C 90 s, 72°C 90 s,
35 cycles;72°C 10 min #p & GE{H o
1.4 MENRIYEE

A S I AT B R O R A B S IR B ) L AT
BN R AR E, 7w ER (18.0-18.9 g) A
— NN bR /N B TR ST 4 )2 BE AL A
AN [ A 1) /) B BE 2 50 4 T 3 - A, AR AL 10 1L,
55 H IR SCWHAEE 12 h, B HRK; 25
J01E) I H TR
1.4.1 MEEBREZESIWEE K IUE 5 )
FEFl T TSB Wi 445 77 55, T 28°C, 150 r/min fH i 4
R EEIEO h iy . FEFRURAE 4°C 8000 xg T
A5 min, ] 0. 85% [ 4 B Eh /K e ik 2 IR 5 B
L AFBIREZ1 R 1.0 x 107 cfu/mL [ 28 ¥
W W BEAT OB L OB, RO AN 1.0 x
10* cfu/mL, £ FH o ¥ s 1.0 x 10° cfu/mL FIE
WPE 1.0 x 10" cfu/mL T & W 40 B0 HE S 1 411k
FL RFAL 10 B0, BT B2 HE S e AR R K HE
FEEH 0.2 mL/10 g, R 1K, ELLHEE 5 d (4
TCHIBRAN) JEIEHE2 Ko MHERE 28 2 Rild, 5 K % i
WO/ BR OB i JE . ARIIE A 0.1 g 48 ¢, H
900 wL 2.5% NaCl %5 ¥R =) BEAT Bh B 6, L5
TE PR M R BB L Uk AT T TCBS P A b, T 37°C B 5%
10 — 12 h, M8 R ¥ KA DL B S FAE, &5 2 K
P BERT SR S S U B R A 3 N R AT

G SLIE
1.4.2 SE & SRS IR BT 5 s 4 508 o IR

Gy R T TSB WAk K 77 4, T 28°C, 150 r/min {8
ERG R TEFEO h Fidi . IR WAE 4°C 8000 x g

B AR GBI N 1.0 x 107 cfu/mL {1115 B %
F o 25 B IR TRT BR1 Sk 8 23 ) 62 s e B 1 4 P S B
TR 10 S, B 0 2 6 s e G v 2B B 2R K
SRES N 0.2 mL/10 g, B R 1 IR IESE3 R (BT
R4 o
1.4.3 JE LBREGCEBMERIHIYIR:
F OB 23 ) B BT TSB O A4 BE 97 Bk b, T 28°C,
150 r/minfH i 4% % 46 o i &85 97 )5 % 10100 4% Fif
) 50 mL OB £ 2% NaCl [f) TSB #5373,
FAHIFE 4 F PR 9% 18 h, s fee WG . 15 R WA
4°C 8000 x g F &L 5 min, FIEWEZ 0.22 pum # 4L
8L I B I 4°C UKAR % T o SN B oy ) EE TS A
JIT R i G % 1 2P N B, L 10 B B R AL
1S IO I TSB 85 F5 ik, B PR xF IR 41 2 19 s v 5
LTI TSB B 2% e MEH ORI s i A N
0.2 mL/10 go HER 1 K, 53 K BET-HRRSM) -
DA B3 ZHSeie i e Ifid s 7 d 9/ BRI IR
AT BN R A DL B8 T A A B0 8 T /N BLUE
AT Mg /N B T8 9 BB i P9 o 5 A H B2 i
BB ENS .

2 Hif

2.1 GREINESMESE KR E M E

VR R TR 2 R A s R 2 R R
I M TV IR 2 S — B RS P, L E
bl T L2 4 A 1 ORI o 7
IR, FCTE VR R BLAE B Bk BR R R, e T LU R
T Ak B T LI 2R P VAR 0 40 SR T 1 3R R
BT W B RS LR ) O ) IR I VR B
9 IS 0 P LA R I A 52 56 45 R A
F2 Fiorke 10 By oK ™ G b A 0 B TG
{19 LL 481 Sk 100% 5 i 10 6~ W RS 6 v 2 (Ol 70% ) IR
I 50 A Rt 3 KPR 56 BE A 10 TR LE 490 609 5 7E
E1 NI o T SR Sl NN N (O 1 v R R 1
Pl , v i PB) AN K 1 /I HE R K Y VAO09 L VA002
VA003.VA004.VA001.VAO005. By Iyl E VP128
7 R W 0 i LA % R T I IS T B S T AR
S B KPR A B 78 3 2 I P AR b
e P, G 97 1 P K /I A 55 v 0 I 0 o
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2. 10 #RiAFRINEF 1tk A0S MoK & B E A MIFE RN ES R
Table 2. The result of enzymatic and hemolytic activity of 10 V. alginolyticus strains and a V. parahaemolyticus strain
. enzymatic and hemolytic activity (mm) /Percent distribution in V. alginolyticus

strains urease/0  amylase/100% lecithinase /100 % lipase/70% gelatinase /70% haemolysin /60 %
VAO001 - 11. 00 10. 30 + 10. 20 9.13

VA002 - 13.75 19. 30 - 11.30 12.37

VA003 - 12. 50 11. 00 + 10. 80 12.17

VA004 - 12. 00 15. 00 - 11.25 10. 00

VAO005 - 16. 00 25.50 + - 8.25

VA006 - 11. 00 18.90 + 11. 50 -

VA007 - 14. 00 11.30 + 11.25 -

VA008 - 10.75 12.20 + - -

VAO009 - 12. 00 19. 50 + 10.75 12. 63

VAO010 - 9.75 13.70 - - -

VP128 + 12.25 13.50 - - 9.33
+, positive; —, negative.

2.2 ZEPCRAERENEDSHEENSH
FIH] @57 ()% B PCR 1A R4 10 Fk w5 90
DA 1 Ak R . 5I B 1) B ) 5 DR 3 i I 0 E AT RS
SR 1 . 10 BR8N b A 5w
AL 35 FAH G elhy B R A Y edhorh s 5 IR B AT 5C 1)
UreR JE R A A0 W0 1) BH 2 B bk 5 8 AL g % %
FVEE 2P U YR B A ORI T B DR toxR 75V R

bp M - + 1 2 3 4 5

1000 —
700 —

500—
400—
300—

200—

100—

bpp M -+ 1 2 3 4 5

1000—
700—

500—
400—

300—

200—

100—

SICEE R B RS HE R 80% ;oA 7 ) pa ik I K
FlaAompW . AspA fur %576 %5 3 90 B Y9 45 A R 72 BF
()53 A1, Ferh FlaAs ompW . fur 1 B PE Y H R34 0
100% , AspA (R FHAEAS: Y% % 80% o 10 B ¥ 5 9N iR
T AT VA003.VA007 5 1 FR 5 At 14 75 75 ) 3 A
I P 22 5o o3 A i R R R I 9 A
toxR+ Collagenase toxS- trh tdh+ tlh. UreR. FlaA.

7 8 9 10 11 12 (A)

«— toxR

<— Collagenase
«— toxS
«—trh
<«— tdh
«—tlh

7 8 9 1w 112 (B)

«— Collagenase

«— UreR

«— FlaA
<«— ompW

«— AspA
«— fur

E1. £—F514 (Pooll) (A) ME=F5 (Pool2) (B) L E PCRIEAZFHNEEMNNH
Figure 1. The distribution of virulence genes detection by multiplex PCR of using primer-Pool 1 (A) and primer-Pool 2 (B). M:
DL1000 DNA marker; lane 1: VAOOI ; lane 2: VA002; lane 3: VAO0O3; lane 4: VA004; lane 5: VAOO5; lane 6: VAOO6; lane
7: VAOO7; lane 8: VAOO8; lane 9: VA009; lane 10: VAO1O; lane 11: VPI28; lane 12: VP128; +, positive control; -,

negative control.
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ompW-AspA- fur 3L 11 Fh 85 1 HE A o
2.3 MEFNPIRER

R 4k R TR 3 S B A S B, T BL A B R
Wr 10 Bk 3 9N R 5 PR B 3 K O VAOOL .
VA006.VA009, & P 55 It 2 Bk A VA002. VAOO4 ;
IFLAEIHS Mg VP128 fil 2 .
2.3.1 NEERRESES  PREHE3 h GHIU
BRFERS AT BB 25 Ik Bh S 3B Bl A AN 4R 45 R
RSN 5 A HH B S IR o 3R 6 I PRRE IR 5 457 1
B JE /NI AT S B . BEE VA00L ik
FE TR AL /N BLUSE 4 RAE 1 HL T VA009 59 FE B
BALNRE S RAE T K, HARAE T d W TR T 1%
Blo fARFIZE TN L R I8 Il 9 AT 8 68 R VR 1
T8 N ) 5 CORTRR AR FEA 2 T R R B

FFST 2 it AL IR AR T 2 4l B A AR
IR 7 AR TR B O 7 B A B gL e
71> T BE S PR R B B /I BV 8 P G A Bl A= )
AN TR AL A 1 e A R A . 1T 9T BE A AE /D
BV T PN R AT A AN K B 0, T I e R R L A
PEAE R CEEIMEN - B LLIRATR 4184 5 19 /) B
FME PN AT 7ok . S5 R WoR, IWHES s ke
1.0 x 107 cfu/mL B 830010 /N B 2% 08 v B fik 0 8 3190
B ME R 1.0 x 10 cfu/mL T 8 98 10 /N L 3%
i AR 23 25 B IR , BT B2 (Control) /)N B S
R BINE . B2 BoR T 6 Ry G SE 56 21 /)
B S5 v 23 2 B0 1) BV A UL ] DU HE 3 b 4y
125 P TR v S A R TS ORI K T 3 R sz o
A 107 cfu/mL, 5 11 3E 7 5 0 o SRk b, 45 3k 2
KRG C TG A A 43 85 H B .
2.3.2 MEEBREEEEES DLW EHI
IR RN 2.3.1 sz g6 25 B AL, {H I i i 4
HARMARKNEEFSAE™E. MRP]EWE
10 h /N ELUIF 4 S BLZE T2, Forh VA009 (1) 35 i M 5
58,7 d BT & ik 80% ; VAOOL. VA0O6 k2,7 d
WHET: K 60% ; VP128. VA002. VAOO4 F i ¥ i
59,7 d WEAET- GO0 (WK 3) o i 5 A I I 95 v
SNEE ZE TR /N BUBE I At B2 i, B3 A7 b BN R
B RS L S ) i B VIPT28 (1 /) BRI s 9 ¢
A ILLL PRI ROR HAl G R R WIS T
/I Bl DA EC I i P BRI % i T P ) T o S B R R IR
10° cfu/mL ¥ 5K
2.3.3 MELEFERESESMERETS DRLRH

8 1 ——VAN0]
L —8—VA002
——VA004
6 - —m—VA006
——VA009

\ ——VPI28
Ny —¥—Control

Lg (cfu/mL)
.

t/d

2. SREESEREBTANDREFEPHINEITH

Figure 2. The fecal colony-counting of oral-fed mice.

BN S iR R A R R v 5 2.3, 1
S50 2 SR IABL, L v S A B AN R
HASH. EAREE I L 3 d, hRAET d
ZWAET NGB . B WS 8 h /N BT 46
HBELAE TS, J b VP128 BUi 1 fe o, 7 d WAE T A
80% ; VAOO1VA009.VA006 X 2,7 d WAET-E N
40% 40% 30% ; VA002.VA004 HUi 59,7 d
FETHRAL N 10% (N3 3) o filt ) % 0 IE A 3
LZE Bh A0 AN [A) R BE I AR, JE P v S VP128,
VA009.VA006. VAOOT %k T= 11 /) B i B 0 B R ¢
%, VA002. VA0O4 H1xt 820« MR/ Bl Bh 45 1 52
B g B, T LU 10 A ¥ 5 5B b 075 32 Hh — MR o 20
WK VA0O9 , PA b — FE 55 U 14 Bk VA0O4 .
3. NMELFRMERREEERTIHN DRABRNE
Table 3. The mice mortality through continuous

intraperitoneal injection using culture

supernate / bacterial suspension of Vibrios.

NO. (test cumulative
samples strains mortality
animals) mortalities (7d)
culture VAO0O1 10 4 40%
VA002 10 1 10%
supernate
VA004 10 1 10%
VA006 10 3 30%
VA009 10 4 40%
VP128 10 8 80%
bacterial VAO001 10 6 60%
suspension VA002 10 0 0
VA004 10 0 0
VA006 10 6 60%
VA009 10 8 80%
VP128 10 0 0
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3 HieMitie

KP S50 52 VP A @] 9 10 9 B0 11— A & 245
b Ll T I BRT (1) AR A0 S 56 5 4 g S 58 T DR B
VA009 1) %5 1 P 45 O, B0 Pk 1 5 5 VA002.
VAOO4 )35 1fi 8] b VAOOT [y ¥ ifn P& Ak, {H G 350
ST b VAOOT /), i3 B 35 35 K 17 % 1f i 11 55 15
BURYE RN AE R IE O R o bU A i 1 9 5 %
IR 1095 100 BB K /N A R B [ B ) &5 48 5 )t
FAT ) 5003 P 2 e, A GV 00 9% PR O N R AR . 10 Bk
W IE AT 6 Mk 2 KP PHPE, 219F R & 1
tdh, W JEAS 2 BT AT 87 A 9 1 B0 %2 11 3% E 9IC T AR
D rdhe TR B SR IR B S ok A — 5 1) 8
Z o JUR T B0k TR AR B AT ok, RIS LA e TR T B
WA MR R 0 BT o A I I A R e S
UreR , 71 T 175 52 56 7 4 K o JOR 1 B Pk Bk o 100 Bk
A T DR G 5 DR R e At T IR T S 56 Al R
AT DR T8 2 A

Z @ PCR X 5 9B v) fe 45 15 (19 3 ) & 8 1
HS I 45 SR 7% 5 10 A 58 I BT 38 R A Hh 9 AL 3% R TR
tdh R trh, 32 WY ILAE R85 5 SR TP o0 A R B
M 430 125 W PR 1 10 5/ B ) B At & A7 edh
trho AU BT I PR 23 55 1 I i 5K R K 2 45 A
tdh FE DKL, T 45 43 B AR LT AN G A edh, 1T trh TG
T A2 AE W RO 2 PR B3 3K H R AR, 5 AW 70 45 1
—E. KREFFFERW, T8 2 I AR I & R8T 23 25 0k
B4y h, 5 AW B B0 H b E B ik
T B SICE T (¥ T A A0 0T 2 0 16 DTk A AE .
X LG BATT 9 3 HH 1 A 500 B AR VA009 5 55 300 B
Pk VAOO4 , L4515 1) 7 g 55 IR JF B A7 22 0] 3 1 I %
FENR O] B A7 AR — £ L B 9B AN [ 1R ST 1 B
TR R G Xie %5 % GF i opy [7 ) 4R 95 g b X B 355
IF RS0 T2 BRI AT 7 Bl K IR 1 A LA
Sk A0 PR R ) SEEG, AR T AL S iR .

A0 3o F /N B 6 A v s s SIC TR ) T oeT LA B,
T v B RN ) S B AR /D R N 3 —
ANFUE (R B (R IR R AT K B 4 R S /D
BR A P 1187 S T B0 I 2 38 A )l S T o R e X
B 7 3 I R ) I ST P AN BB T R R /N B
TN HEAT K T . DA JIE i YA S S I A R R VR B
BE 11 /I8 BT I s oA RO % T T N ) v e] A 2 )

WPEIE 107 ofu/mL {1 9B, I U 1 1 32 S5 110 925 9
SIVERT AT LAAE /N B A P OK B0 7 2 4 1 B, A
1732 S LEVE B (0 B B B W S0 45 R AN

IS M 3 S 0 P AL S B 4 R A s R IR ) B
T VBORI G 6 OGS /s B AR AT — R 1 SR E S (H 11 s
0 SOBEAE R s AR BT s R I SRR P 3 06/
B AT AR i R B T R R AR S BUE . XU
T 35 I TRT F) T S VBT L35 WBORT I R O A A Tk
{ETR A B ox L35 00 o RO 5 T s I B 1 R
PE 32 SR P AE iR Wb, T A o e Mkt 2L
A o BRI T A e SRR TS ) B R i A
W X 5 N RGO IR AR A AL, (H L R e i 12
5N B ARG B R 1 g 4 A — R AN B
AN LA RS MK TR (4 W R AE AR BT AT 5T
B IR B0 PE BT I Sh B A R IR R

AW E U I &5 15 1A A A S X i e
XF /N BB AT T ECRECR A3 4T Sk v R KRR 0
M L 20 40 1) 09 P 3L T KR O H 9 B 9 S
VI SICERT PR P A0 20 WA 5 TR AR AR B () R R AT TR

b R DR T ¥ S 1 9 LR B B
ET
225 3Lk

[1] Chen Q, Yan Q, Ma S. Progress on pathogenicity
research of Vibrio alginolyticus. Marine Sciences, 2006,
30(8) : 83-89. (in Chinese)

Wham, BEPCHE, hAd. ¥ B ok o BUR MWL .
FERF2, 2006, 30(8) : 83-89.

[2] Daniels NA, Shafaie A. A review of pathogenic Vibrio
infections for clinicians. Infections in Medicine, 2000, 17
(10) : 665-685.

[3] Feng H, You J, Liu Y, Li S. Research of a food
poisoning outbreak caused by Vibrio alginolyticus. Chinese
Journal of Food Hygiene, 2003, 15 (4) : 331-334. (in
Chinese)

BFoxali, WERA, X R, AW W E IR 5K AR
T ey vh 35 1 L2 AT . P B AR 2% AR, 2003,
15(4) : 331-334.

[4] Zhang L, Yan B, Qu G. Investigation of an accident
involving food poisoning caused by Vibrio alginolyticus.
Chinese Journal of Pest Control, 2005, 21 (4) : 312-313.
(in Chinese)

KARZ, FUK, M. EBERINELIEEY R
T AR B E S B, 2005, 21 (4) ¢ 312-



RE IR 25 -y SR IV 1 B ) AR DGR TR B LS /N BRI BOoms g . /AR A i (2014) 54 (1) 87
313. 2001, 196: 37-46.
[5] Schmidt U, Chmel H, Cobbs C. Vibrio alginolyticus [16] Wagatsuma S. On a medium to test the hemolytic reaction

6]

(7]

8]

9]

[10]

(1]

(2]

[13]

[14]

[15]

infections in humans. Journal of Clinical Microbiology,
1979, 10(5) : 666-668.

Thompson FL, lida T, Swings J. Biodiversity of Vibrios.
Microbiology and Molecular Biology Reviews, 2004, 68:
403431.

Baffone W, Citterio B, Vittoria E, Casaroli A, Pianetti
A, Campana R, Bruscolini F. Determination of several
potential virulence factors in Vibrio spp. isolated from sea
water. Food Microbiology, 2001, 18 (5) : 479-488.
Sakurai J, Matsuzaki A, Miwatani T. Purification and
characterization of thermostable direct hemolysin of Vibrio
parahaemolyticus. Infection and Immunity, 1973, 8 (5) :
775-780.

Quan T, Li W, Yang X. Investigation of the pathogenicity
of Vibrio alginolyticus isolated from patients with diarrhea.
Chinese Journal of Public Health, 1985, 4 (5) : 1548.
(in Chinese)

B 00 e ¥, B RS B P2 B sl
R R R R P E AT, 1985, 4 (5) @ 15-
18.

PSS, AN B A, B e 9 R K BOR HL LT 5L
IR B TR A T 2 08 30, 2010.

Hoashi K, Ogata K, Taniguchi H, Tsuji K, Mizuguchi
Y, Ohtomo N. Pathogenesis of Vibrio parahaemolyticus:
intraperitoneal and orogastric challenge experiments in
mice. Microbiology and Immunology, 1990, 34 (4) : 355-
366.

Xie Z, Hu C. The horizontal gene transfer and evolution
in Vibrios. Journal of Tropical Oceanography, 2005, 24
(3) : 8695. (in Chinese)

W2 E, WHBRE. 90 R ) 5 KT 8 % 5 8t 40 1 B
SUHERE. BRI, 2005, 24 (3) : 8695,

Sechi LA, Dupre I, Deriu A, Fadda G, Zanetti S.
Distribution of Vibrio cholerae virulence genes among
different Vibrio species isolated in Sardinia, ltaly. Journal
of Applied Microbiology, 2000, 88: 475-481.

Chen WY, Xie YP, Xu JY, Wang QZ, Gu M, Yang JL,
Zhou M, Wang DP, Shi CL, Shi XM. Molecular typing of
from the middle-east

of Food

Vibrio parahaemolyticus isolates
of China.
Microbiology, 2012, 153 (3) : 402-412.

Sudheesh PS, Xu HS.

coastline International Journal

Pathogenicity of  Vibrio
parahaemolyticus in tiger prawn Penaeus monodon Fabrici—

us: possible role of extracellular proteases. Aquaculture,

[17]

(18]

[19]

[20]

1]

22]

23]

4]

[25]

[26]

of Vibrio parahaemolyticus. Media Circle, 1968, 13: 159—
162 (in Japanese) .

Zhang XH, Austin B. Haemolysins in Vibrio species.
Journal of Applied Microbiology, 2005, 98 (1) :1011-
1019.

Wong SK, Zhang XH, Woo NYS. Vibrio alginolyticus
( TLH ) induces apoptosis,

thermolabile hemolysin

membrane vesiculation and necrosis in bream

erythrocytes. Aquaculture, 2012, 330-333: 29-36.
GM,

sea

Gonzélez—+scalona N, Blackstone Depaola A.
Characterization of a Vibrio alginolyticus strain, isolated
from Alaskan oysters, carrying a hemolysin gene similar to
the thermostable direct hemolysin—related hemolysin gene
(trh ) of Vibrio parahaemolyticus.  Applied

2006, 72 (12):

and
Environmental Microbiology, 7925-
7929.

Hare P, Long S, Robb FT, Woods DR. Regulation of
exoprotease production by temperature and oxygen in
Vibrio alginolyticus. Archives of Microbiology, 1981, 130:
276-280.

Takeuchi H, Shibano Y, Morihara K. Structural gene and
complete amino acid sequence of Vibrio alginolyticus
collagenase. Biochemical Journal, 1992, 281 (3) : 703-
708.
Dubrae S,

Touati D. Fur positive regulation of iron

superoxide dismutase in Escherichia coli: functional
analysis of the sodB promoter. Journal of Bacteriology,
2000, 182: 3802-3808.

Pinto AD, Ciccarese G, Tantillo G, Catalano D, Forte
VT. A collagenase-targeted multiplex PCR assay for
identification of Vibrio alginolyticus, Vibrio cholerae, and
Vibrio parahaemolyticus.  Journal of Food Protection,
2005, 68 (1) : 150-153.

Bej AK, Patterson DP, Brasher CW, Vickery MCL,
Jones DD, Kaysner CA. Detection of total and hemolysin—
producing Vibrio parahaemolyticus in shellfish using
multiplex PCR amplification of tlh, tdh and trh. Journal
of Microbiology Methods, 1999, 36 (3) : 215225.

Lee JY, Bang YB, Rhee JH, Choi SH. Two-stage nested
PCR effectiveness for direct detection of Vibrio vulnificus
in natural samples. Journal of Food Science, 1999, 64
(1) : 158-162.

Ritehie JM, Waldor MK. Vibrio cholera interactions with

the gastrointestinal tract: Lessons from animal studies.



88 Pan Xiong et al. /Acta Microbiologica Sinica (2014) 54 (1)

Current Topics in Microbiology and Immunology, 2009, Microbiology, 1997, 35(8) : 1965-4971.

337: 37-59. [28] Xie ZY, Hu CQ, Chen C, Zhang LP, Ren CH.
[27] Okuda J, Ishibashi M, Abbott SL, Janda JM, Nishibuchi Investigation of seven Vibrio virulence genes among Vibrio

M. Analysis of the thermostable direct hemolysin (tdh) alginolyticus and Vibrio parahaemolyticus strains from the

gene and the tdh—related hemolysin (trh) genes in urease— coastal mariculture systems in Guangdong, China. Leiters

positive strains of Vibrio parahaemolyticus isolated on the in Applied Microbiology, 2005, 41(2) : 202207.

West Coast of the United States. Journal of Clinical

Virulencerelated genes of Vibrio alginolyticus and its
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Abstract: [Objective] We determinated the virulence factors of Vibrio alginolyticus strains isolated from the environment
by multiplex PCRs and animal experiments, in order to compare the differences between the highly virulent strain and
attenuated virulent strain, and to explore the virulent mechanism of V. alginolyticus in mammals. [Methods] The
virulence—related genes of V. alginolyticus were investigated by multiplex PCRs. Hemolysin and pathogenic proteins were
detected using Kanagawa phenomenon tests and enzyme activity tests. In vivo pathogenetic tests of V. alginolyticus were
done through orogastric and intraperitoneal Kunming mouse. [Results] Amylase and lecithinase activities were observed
in 100% of the strains, whereas lipase and gelatinase activities were found in only 70% and urease activity was not
detected. In Kanagawa phenomenon tests 60% of the strains gave positive results. The related virulence genes such as
toxR, Collagenase, tlh, FlaA, ompW, AspA and fur were distributed among 10 strains of V. alginolyticus collected, with
the exception of toxS, trh, tdh and UreR. Among those 10 strains, VAOO9 has shown a strong pathogenesis to the mouse,
which caused fluid accumulation and led the mortality rate as high as 80% within 7 days by intraperitoneal infection.
[Conclusion] This study indicates that there is a great difference in pathogenicity among V. alginolyticus strains to
mouse. The cell toxicity of V. alginolyticus made more contribution than extracellular secretion, while the extracellular
secretion of V. parahaemolyticus played a major role in its toxicity. The virulence gene profiles were consistent between the
highly virulent and attenuated virulent strains, indicating that V. alginolyticus might have a different virulence system and
different pathogenic mechanism compared with V. parahaemolyticus.

Keywords: Vibrio alginolyticus, virulence-related gene, pathogenesis, mice
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