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Identification and virulence genes detection of pathogenic Vibrio harveyi
isolated from mysis of Fenneropenaeus chinensis L.
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ABSTRACT Vibrio harveyt is widely distributed in the marine estuarine environments and has
been widely recognized as a primary pathogen of many commercially cultured invertebrate species over
the world. Breeding season of spring, 2011, the outbreak of mass mortality of mysis of Fenneropenaeus
chinensis L. occurred in a hatchery in Lianyungang, Jiangsu Province. In this study, we isolated and
identified the pathogenic bacteria, analyzed the pathogenicity of isolated strains, and detected the
presence of virulence genes of isolated strains. Dominant bacteria isolated from the diseased mysis
were identified based on morphological characteristics, physiological and biochemical characteristics,
sequences similarity and phylogenicity analysis of the 16S rRNA and gyrB genes. The phylogenetic
trees were constructed using the neighbor-joining method, and pathogenicity of the tested strain was

analyzed by bath challenge experiment on postlarvae F. chinensis and P. japonicus, and virulence
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genes of isolated strains were detected by a specific PCR assay. The characteristics of identified strains
(kx1-kx4) consist with V. harveyi, and the 16S rRNA and gyrB genes of the tested strains exhibited
high similarity with V. harveyi. Two strains (kx1 and kx2) were clustered with V. harveyi, which was
supported by a high bootstrap value. The tested strain (kx1) was lethal to the healthy postlarvae F.
chinensis and P. japonicus with the LDy, of 2.0 x 10° CFU/ml and 7.0 x 10° CFU/ml, respectively.
The genes (luxR, toxR, vhhA, vhhB and pap6) existed in these four strains with gene fragments were
679 bp, 390 bp, 1324 bp, 216 bp and 355 bp, respectively. These results suggested that the diseased
mysis of F. chinensis were infected by V. harveyi, and the isolated four strains have the same virulence
genes, which can be used as the biomarkers to detect pathogenic V. harveyi.
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W IR Vibrio harveyi |2 43 AR AEHFFE RS, BEAS 5 B 22 Rh oK AE Bl W S g s , Xof 7K 7 R B I 1 3 7™
B, ZESEFEGR XY Penaeus monodon AR K EFET , N AR GAR BT IR B BEAET- R AT 15 100%
(Karunasagar et al. 1994 ; Lavilla-Pitogo et al.  1990; Liu et al. 1996 Pizzutto et al. 1995 ;Song et al.
1993 ; Vandenberghe et al.  1998) ;iZ B %f A7 [E X R Fenneropenaeus chinensis [G)Ff G % 2, L HE T S8 F R
WRFIET- R Ik 80% LA T (R4 1998) 5 LAk, i A 1 e XU5E 2 (Pass er al.  1987) 3k /£ 5 (Ramesh et
al.  1989) f#ta2(Tendencia 2002) JH (IS 2009; Grimes et al.  1985), 2012 4E#Z X} IR
B, VLR = us i B R 8 F 0 E XS AR A A (mysis ) IR BT, B R 4l AR B )
S I 2 B BARTR I e I AG: , FREH  E R X BT A R A T B D A e TR

BB 7K™ IR B Y %, BICERI 1Y) 5% AR SO B, A7 4 o AR AP, 2 4 T SRR ™ SR BRI AR O 1T EUR
MR o IV Ao P 5 AR 1) 2 R0 EE ) R - EUEAHOC, B 0 Ak 2 7 AR & R ) IR B W BT R A
PRI , A58 A 20 B ARG 6y P A B0 1 e B S o0 AR B BE Al b, BP9 1 0 B A 0 1) 4 fodig sty QI A
BESJEEPRI GO0, IR AEIERG TG 9 53 A0 18 3230 ) BOs 7K A s £ 35 S5 AH DRI ST R A
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1.1 WY EEFRELRREES S

2012 4F 4 H VUHRIE = W E i 7P B X SRR A R A S8 T, BUR SR 4l i, I JC B AR B ER K PR R 21K
TCH BRI , ] 38 U R VR W . UMA L SUR TR, RIZHEFH T Zobell 2216E g /K8 IR BilR-F-H 1 77
5E,28°C 5% 24 h g UL AR KRR E— DRI R Ak 5, e 2216 /s SR e A , fRAr#8 1 , [R5
HH M T - 40C AT . TRATHEMRG 5N kxl - kxd o BUMAZURIF MR ) 5 22 RO O R A 7R

1.2 BUm{ERRLE

PR FR 3 d J5 BO{a R b R R AN H A IR, SR AR 008 7 2o R R (kD ) 4567 T3 10
FeW i, 28°C 1 B HE 37 J5 AE S R R W, VRO Rl 2.8 x 107,2.8 x 107,2.8 x 10°,2.8 x 10° Al
2.8 x 10" CFU/ml, 3t 5 AV, LIJCH 35 R VEX IR, B A 40 43 A 3% 7 B AR — SR AP AR TS 30 )
2 h MEIFCFRAFAFIETAG DL , LDso TS5 5K PSR (2000 ) 977352647 o
1.3 HBEEERE

OYESEALHY 4 PRAGES SR o0 AT 8 22 TR (0 AL H il B (I B ) AR A R ER 8 )L OF 3
%0 3071 X 07129 fUERPEAF BRI E (Brenner et al. 2008) o 3 B§LAEALHY 4 BRATETIRER 19 16S rRNA Al
gyrB WIF LN FPSI ) PCR ¥4 J2 R GUR T 24 0 M S ISR I 45 (2009) 15 A #EAT
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1.4 SEBEESHEEMNKN

AR GenBank CU8 A GR35 7 JE A, SEFEIE ACIORI I 19 25 TN (xR ) (35 J7 AL I (1oxR) (HF IfIL
AL (vhhA F1 vhhB) |42 J& 3 FBE N (ohpA F1 ohpB ) \#5JTHICIE I (10xS) MEBEHEEN (flad) FF & )8
FIEEE N (pap6) 3L 9 Fhg S LN ¥ 51, R H] Primer Premier 5. 0 #{F it k519, th LAY TREBEAR 2
AR 1), RIS 73 2 T LR 5 7 HE D B #5115 0

®1 FENEEPCRIY

Table 1 PCR primers used in search of virulence genes
FUEEA a7 PN PCR 59551 2%
Target gene Product size (bp) PCR primers sequence (5'-3") Reference

luxR-F; ATCTTGCGGCGTGTAGTG
luxR 679 GenBank M55260
luxR-R ; AGTTGGTTAGTGCGGTTTGT

toxR-F: TTCTGAAGCAGCACTCAC
toxR 390 Conejero et al (2003)
toxR-R: TCGACTGGTGAAGACTCA

vhhA-F: ATCATGAATAAAACTATTACGTTACT
vhhA 1300 Conejero et al (2004 )
vhhA-R : GAAAGGATGGTTTGACAAT

vhhB-F; TCAGTGCCTCTCAAGTAAGA
vhhB 216 Conejero et al (2004 )
vhhB-R: GCTTGATAACACTTTGCGGT

vhpA-F: TGAACGACGCCCATTATT
vhpA 1324 GenBank AY630354
vhpA-R: CCATTCGGGAACTTGTTACC

vhpB-F: GCGATGCCGACGACAAT
vhpB 1005 GenBank AY630354
vhpB-R : CTGCCCTGCTTCCTGTGT

toxS-F;: TCCGTTCTTTTCAGCAGTTG
toxS 355 GenBank EU240944
toxS-R: GCTGTGCTTCGGAAAAGTCT

flaA-F; GCACCAACTCAGCGTCAG
flaA 576 GenBank AY956422
flaA-R: CGACCGCATTTTGTGAAC

pap6-F: ACTGTGAAAGCGGTCAAC
papb 355 GenBank AF508306
pap6-R: GCAAGGTAGGCGTCAGAG

2 #R

2.1 #XEEHFER LD;,

PR (kx]) B S (B v 11X SR A X R AR 0, e BN s R v SR B AT 3R 2 IRk
b IR SR D, O RS2 BE T, SET AR L L 25 kol X o XS R LDy 2.0 x 10°CFU/ml, kxl X H A< % #F )
LD, Ky 7.0 x 10° CFU/ml ; JERYFE T HF 1 HEA 7240 B 27K 000 , 235 SR 43 B R 000 38 A Sk e o, R W 40 B TR Ry 5 [k o
] X A A 4y A KR A T R D

2.2 MOl EREHHE

R kxl = kxd BRARSFPE— S0, AR JC2E 53, 00 4 22 FRBAME BICTE | P i (B el 25 i AN A0l
FFA . 7 Zobell 2216E /KB SR BUIR - R b S5 3 I B e & W R B kS T (8 T G B S5 I TR vk, 1
TCBS $i77% L RvE e (. E B ARy 400 (0 3 A AL 2 Mol g 1 2 P % R S R I P 1, R L
KBS S SRS R AR, PIrI HA FRALRR LS R L3R 30 278 kxd - lod FRARAFIE , 43 23 1 5 I 8 1 s FR
PR GR R IR
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Table 2 Pathogenicity of kxI isolate
- e BREEC AimkE T@%’%ﬁ‘i?”ﬂmf%t?ﬁf FETo%
émup Post larvae Infected Density ime and amount of mortality Mortality
amount (CFU/ml) o rate (% )
2 h 4 h 6 h 12 h 18 h 24 h 48 h E K Total
WAL [ RUF F. chinensis 30 2.8 x10° 8 7 15 0 0 0 0 30 100
Experimental 30 2.8 x107 3 s 12 7 0 0 0 30 100
group
30 2.8 x10° 0 0 1 2 4 3 2 12 40.0
30 2.8 x10° 0 0 0 1 1 3 2 23.3
30 2.8 x10* 0 0 0 0 0 0 0 0
HZRXFHR P. japonicus 30 2.8 x108 11 19 0 0 0 0 30 100
30 2.8 x107 8 10 12 0 0 0 0 30 100
30 2.8 x10° 0 0 1 2 3 2 12 20 66.7
30 2.8 x10° 0 0 1 2 3 6 11 36.7
30 2.8 x10* 0 0 0 0 0 2 2 6.7
Xf IR ZH
Control "HEIXTER F. chinensis 30 Seawater 0 0 0 0 0 0 0 0 0
HAXTER P. japonicus 30 Seawater 0 0 0 0 0 0 0 0 0
®3 HEENEEENHY
Table 3 Physiological and biochemical characteristics of isolates
¥tk Characteristics kx1 — kx4 V”éhierz}eniltil* 5 Characteristics kx1 — kx4 V.”éhE(?rgLJEy?*
A Cell form FFAR FFAR PA=HF  Melezitose - NA
W GYLm Gram - - 2B Rhamnose - -
L4kl Oxidase + + W H Amygdatin - NA
PEfihfF  Catalase + + TZEE  Dulcitol - -
0-F % O-F test F F Hi-F#%  Raffinose + -
) Motility - v M Melibiose - 40
RN REF  Lysine decarboxylase + 83 FZERE Maltose +
HHEBRXUKSAESF  Arginine dihydrolase - - REBE  Sucrose 83
5 RMEREE  Ornithine decarboxylase + 83 a-H E-D-BELF  a-Methyl-D-glucoside + _
HE R 2 D-glucose, acid + 83 VEMMF  Diastase - NA
WEMETES D-glucose, gas - - DNA fiff  DNase - +
H#EBE  Mannose + + A JKETifF  Gelatinase - -
B Galactose + 67 ONPG + -
H#&EE  Mannitol + + MpREL  Citrate - -
JLEE  Inositol - - W _figth  Malonate - -
11744 Sorbose - NA WA EREL  Tartrate - 50
K#mZE  Salicin + - WAL LY Gluconate - NA
At Esculin - - AR ER A JF Nitrate reduction + +
M4 AEEE  Adonitol - - ffbd  H,S - -
24— B Cellobiose + + 0/129; 10 pg S S
KEWR  Mucate + NA 150 pg S S
B Hi{fiE  Arabinose - - NaCl . 0 g/L - -
11%4fEE  Sorbitol - - 10 ¢/L + +
ABE Xylose - - 30 g¢/L
WiKS  Oextrin + NA 60 g/L + +
FL¥E  Lactose - -
+ PR PR, - TR, T R R R, ST ORI, v AR AT R NAT R TE RO IR IR 8 BT R R E AR . AR = SRR T BRI A

2008,
-, negative; F, fermentative; S, sensitivity; v, varing; NA, not described in the original article; each number is the % positive; =

2008,

Bergey’ s Manual of Systematic Bacteriology ( Brenner et al. second edition)

+ , positive; ,

the data from Bergey’ s Manual of Systematic Bacteriology ( Brenner et al. second edition )
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2.3 16S rRNA 7 gyrB E &
FIIMRE L EMIIE

kxl A1 kx2 PR AR AL BT
PHEHY 168 rRNA K& 7 471
FE43 528 1408 bp( GenBank 17
B 5. KC935858 ) #M1 1410 bp
(GenBank 77 B 5 ; KC935859 ) ;
FTY B gyrB LR P A 4
24 1192 bp ( GenBank 77E:
K(C935860) #1193 bp ( GenBank
TEHLS: KC935861 ) , 16S rRNA
il gyrB H: R 7 51 7€ NCBI i 1o
Blast #E47 [R] VR 144 2, PR b 2
PRIy 91) 350 55 I TR i 240 T AR L
Bm. WIFEERFIRGERE
FO TR Y R G R
K 1K 2 Fros, 78 16S TRNA
BN P9 2R G0 B, B BR
kxl Fll kx2 B Ry — A9 3, IF
L G fe V. azureus B K

96 |V.parahaemolyticus(EU660364)
V.parahaemolyticus(EU660312)
V.alginolyticus(JN979984)
V.alginolyticus(HQ111484)
— ——V.communis(JF836185)
V.owensii(HQ908694)

98

67

91| Vjasicida(AB562592)
Vjasicida(AB562589)

54 [ V.harveyi(HQ439528)
V.harveyi(JF412246)

= 97 kx1 (KC935858)
kx2 (KC935860)

56 V.azureus(HM032017)
47 r V.azureus(JF412237)
58 V.harveyi(JF412245)

0.001

I 1T kxl Fil kx2 16S rRNA JEP TS N) R R AR
Fig. 1 NJ phylogenetic tree based on kx1 and kx2 16S rRNA gene sequences

1001 kx1(KC935860)
kx2(KC935861)
V.harveyi(DQ345719)
100 ol V. harveyi(DQ499009)
100 V.rotiferianus(FM202611)
54 V.harveyi(EU130503)

1001y rotiferianus FM202608
100 [~ V-parahaemolyticus(GU372792)

L V.parahaemolyticus(GU372754)
100] Valginolyticus(EF579674)

L Valginolyticus(EF542802)

— V.ovulnificus(EU118199)

1001~ pyulnificus(BU118204)

— RIS TE gyrB FEN P
FIR G T M, BRR kxl Al
kx2 B — A0 30, SR K
RN — DRI G55
Bk kxl I kx2 FEPH 3 ] 96 0.02
YRR G T W4k, o)
7 T 5 I i e R B 5 5

2.4 SBEESHERKRNER

PTG 9 R J7 LN A9 FR AR 5 | W%t 70 B T (k] — kxd) ZEIAI 2 DNA 4T PCR 3§17, 2 BRI BE I
Uk AER 4 BT B R AR DN BRI 1 BN (luaR) T3 T3 PR EIN (t0aR) (5 ML 38 5 9 (ohhA T vhhB) Al
PG F BN (pap6 ) , 9738 7 Be R/ 3] 0 679,390 1324 216 I 355 bp 34 A0 8 T 1 AR AGH I 1) 63 s 2K
FIBERE N (vhpA T vhpB) (B JIAHSCHEN (toxS ) MIHEBEEAGFEIN (flad) KGN ZE R ILE 3

3 it

XRS5 B 2R VR U el 28 5% A SR Pl 78 T AR A A 7= b AR PR A R e SRR, —
JB AR BN AR BE T H T LA/ B RTE 1 -2 d N R4 iA REBET- 335 90% L) I, 4l Ak = 3
i 7R B KON TR IR BRSBTS R AR K TR ATE AR R R A HUR R R 2N R
PR TR o AR YRS 5 | X M MR ) (AR R e A T R R B, 28 X AR A K TR (AR TR kx] — kd ) TE S
fIE AR B o FRAE A 45 , FR TG QO B2 AR YRR IR G R KA SR T 1 B e BRI R IR k1 TR
FOP RIS 40 T Ve 2. 8 x 10°CFU/mlf12. 8 x 107 CFU/mlit , H [ Xt R AT 4R A1 H A X IR AT IR 7ZE12 h

B2 kxl Flkx2 gyrB JE[HF 51 NI Z50% B R
Fig.2 NJ phylogenetic tree based on kx1 and kx2 gyrB gene sequences
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Fig.3 Agarose gel electrophoresis of virulence genes of V. harveyi
M, DL 2000 bp marker; lane 14, toxR; lane 5-8, toxS; lane 9-12, vhhA; lane 13-16, vhhB; lane 1720, vhpA; lane 21-24, vhpB;
lane 25-28 , [uxR ;lane 29-32, flaA; lane 33-36, pap6 (strains: kx1, kx2, kx3 and kx4)

P 52 1009 HYFET 5 AEHHE Hg 2. 8 x 10° CFU/ml i, 5 v [ 6 85 1 A5 65 A7 M i P2 3
1, 45 B8 T BRI B TR R A PR

ORI A A K AR ERBE , F ok T o, 85 BB T A S S A A T P 15 S
PR T, DT 2 5 BRSO b . L IE 5, S o 47 T 24 17 36D AT I 6 o 4 Al 74 R R 1 2
LR 247 DR s R 6 LR T 2 R T 4 b 20 4y T2 07 2B B /K P98 o R T e B 537 5 5
ROEERD IR 2005) . FIASHIG 48 %0 4 BRSNS ST T 464028 11 3 IR (R, )
- AE 5B B R O BORTHE O 4 2 5 7 KL PR R M 574 7 bR 1 5 AR YRk , LR B AT R
IS B LR %

O EC L 9 25 7 1R T K 25 9 01435 52 4 980 /% , 0 4R 9 1] 060 78 17 9 1K) /COF £ i ( Waldor
et al. 1996) . W ICHRPA) fuxR HIR RREGRAONNG 1 EIFEI (Henke e al.  2004) ;t0xR JE[H 5 54N
BTG 2L B0 SN FISNILAR (119 35, I 470 04 FCU B (Franco et al.  2006) 3 % I % %475 £ 414URL
3 A B ML T, 772 2 SOOI B %45 23 BB 451 ( Chattopadhyay er al.  2003) ; 4% 28 1l
RN LB SR AN S T % 2 1 9 F-(Won et al. 20085 Zhang et al.  2008) ;toxS 3[4 2 5 1
ctx JA BT 435 P SINIEHER (Miller er al.  1989) s HiE % —SLAN 7 1 R A B A1), 45— L fir
T M T A A B (McCarter  1995) PRI, AR 43 8 S 52 40 4 B FCHIK AT 7 PR
PR (luxR) 5 3 VEEIEIA (toxR) J5 112 31 (ohhA il ohhB) 4 28 IR (ohpA il vhpB) 251 M1 3
[ (10xS) HETL5 HI IR (flad) B4 T 26 FUMEREIA] (pap6 )9 i J A1 6 HE R KGN, 25 5 00, 4 BRI G
4 P M A VA SR 2 7 VA B PR L 22 LR ok 1 kB VR 4 T B 1 ML, )
flo 4 Rl TSI 02 T 4 B SR G OB B ) 02510 DA, 508y A T A o R SO P 91
L T, FR 4 T IRAT e B 5 2 S

Z £ x W
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