commons

O N § D E E D

@creatlve

ASZAEMN-HS3-MIASA 2.0 Mz
O 2A= OHNHS] =4S M2= ASMH 50 ARSA

o 0 HE=SS SH, HE, 32, 84, &3 5 28T 2 2UsLCH

— f=Rr—T0—

Ch5d 2= 245 Mdor gLk

HEZAEA. Flot= EHSME £ AIGHHDE 2HLICH

H2d. #5l= 0| == 2cl 5

14
o
ot
2
o
m
I
£
I3
Irey
r

o Fgts, 0 HEEY HOIS0ILEHH=ES 22, 01 AEEH HEE
ZTEH LHEHH MOE 2HLICH

o REATZSE U2 5718 wom Ol2E 2SS MSEA Falil

HESAEH OIE 0IEAS Ad= A2 HWEN Sotl IS BA BSLLL

0lZ1Z DIEHE A= Legal CodeyE Ol 2H 2 SIRLIC

Disclairmer B

Collection



http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/disclaimer-popup?lang=kr

Fid

of 8 A A B 9 =

A FAo]FoAA EHH
Vibrio harveyid 21& FA 3

FAg e A7

2008 24
LI IR R

SRR RO



o 8 A AL B 9 = E
A FAo]FoAA EHH
Vibrio harveyid 21& FA 3

FAg e A7

o] EEE AN HAxRoE AFT

2008 2€
LI IR R

AW Y



28739 oA} =S ATH
20083 2€ 26¥

A 4 RN A I F Q@

L < o] & H} A} A dqd =5 ©



I

L. Al B o s 1
I, AR D HFH 4
1B Badae B4 2 AFFEFE AJAFH] DL e, 4
2. B o] HlZ A WFE HFG AL E 6
3. V. harveyi® FEIEFE THEE oo 6
4. E0] primer A|Z H PCR e s 6
4.1, AT genomic DNA FEE] wereermerimriiis i, 6
4.2, primer A F; seeeeeeh it et b s T e st e s 6
4.3. PCR amplifiCation - s ster.  oopcoumsior. S iiugins . ooniioosstonss B vsassininsipunsonnns 6
44. 5ol primerg |8 ABAT T V. harveyi®] H| & ZAf e 7
5. RAPD analysis - s-teeesvscbounssee ke isieiins. . SO . .........oooth o vimasnnnsionnnnes 7
6.V. harveyi®] heamolysin gene ClOMINgG - eemnse st s s ]
7.V, harveyi®] WA ZZ -nsmivniinnese doeitee s L Bslosn S, ]
7.1. V. harveyi FKC (Formalin Killed Cell) A 2} woeeeeererssosianemssemsnseisssinssinens ]
7.2. V. harveyi HKC (Heat Killed Cell) B} wwerereemsmrmmmsrmemsnisinsiisissesisssisisinns ]
8.V. harveyidl ™3+ polyclonal antibody ]2}« 9
9. Slide AGEIILNATION ++rvsseersssresssesssssssssmsimsnsimisims s 9
10. SDS-polyacrylamide gel electrophoresis s wessssessessssmssmssissisississisinsinsissnnes 12



11. TMMUNODIOHHNG ANALYSIS -wrrvrverreessssrermssevemssmesesssssamisssenssesss s 12
12, VACCINALON LESE wrrererresrrseeressrsesnsinssnsssiessssssesessssssessssssses s s s snsssssssa s sessans 13

12,1, FKC FECLION «orvvvsessssessssssnssssrssssnssssrsssssssssssssssnsssssssnsssssssssssssssesssssnsssssssssissssss 13

12.2. Challenge test - esssmssssssssnssssssssssssssssnsssssssressssissssisssssssssssssssissssssenssssssssssssons 13
TI. Z Th ceoeeeeeeseemsoere e 14
1. B3] T3] AIBFBEA A AF e 14
2. B T#Fo] vz A WE HFS AT 16
3. V. harveyi® FE A THZE e 18
4, 0] primer AZF B PCR weeereserermsmeeesssssessssessmmisss s sss s 19

41. 0] primer A& oozt LRI W T 19

42. PCR A3} cveeveeregligmme R LN A o Sl B 29

43. 5ol primerg ©|&3 A AT T V. harveyi®] H| & A} e 24
5. RAPD analysifs s -t 000 S SO WA ... 0% L et 25
6. V. harveyi® heamolysin gene SEqUENCe - rsssmsmmmmscimssrrsreresiiisitinsesineieenins 2%
7. Slide agglutination®] & V. Agroeyi®] TEm e riitiiesiensineesssissees 29
8. SDS-polyacrylamide gel electrophOresis sttt 30
9. TMMUNODIOLLEING ANALYSIS w-rs++reresseveessssressssosessscesiisscebemms s esissstonsss s ess 31
10, VACCINALON LESE wwrerrrrsresreressesesinsinssmsesiessssssesissssses st s ssss s sssssssss s sssssssssss s sessans 33
IV, TL EF coeeeeeesresimssoeies ettt 34
V. & 9_}: ......................................................................................................................... 40
VI, ZEAFQ] T ooveereeesseemsssens st 49
VI SEETLEEG] oeveereemsree st 44



Rapid identification and antigenicity analysis of Vibrio harveyi isolated
from marinculture fishes in Korea

Yun-Kyeong Oh

Department of Fish Pathology, Graduate School,

Pukyong National University

Abstract

Vibrio harveyi, has been found in a diverse range of marine vertebrates and
invertebrates and distributed to wide geographical area. This species are significant
pathogenic agents and a cause of high mortality in marincultured fish and shrimp
important in the aquaculture industry. For the rapid and specific detection of V.
harveyi, a pair of specific primer VH-KI1, VH-K2 was designed from nucleotide
sequence of the RNA polymerase subunit B(rpoB) gene. V. harveyi isolates were
appeared to be calssified into sevral serogroup tested by slide agglutination with
antisera. Selected thues isolates of V. harveyi should different patterns in SDS-PAGE
and western blot form that of luminosense V. harveyi kccm40866. One isolate C05011

induced antiserum in flounder, showing V. harveyi cross-reaction the other V.

harveyi 1solates.



G Aol QoA ool AR QA 5 uholex, Al 2 7]

e

(Karunasagar et al., 1994)3} 374 <4 (Kerry et al.,;-1995) 5 234
A7 AT A7) Wi ARG E ool FastH HWEAW o
< fiAE A E dode ASQIRtel tiek =g olsjet AT E
L3k

T FAEE X F2 AFAl Aol Edwardsiella tarda
of 93 Jd=Y=H [Lactococcus garviae, Streptococcus iniae, S.
parauberis 5 o 9% AT, B Listonella anguillarum, Vibrio
harveyi, V. ichthyoenteri, V. ordalii, V. parahaemolyticus, V. vulnificus
SOl 9% mEg o] thE Aol (3 &, 2006). HIE 2 2] Al
=9 3stUel Vibrio harveyiv F¥HF T=9 AF #AIAHE
luminescence vibrio® 2 &# A oM, larval stage %+ post larval
staged] ZFdEo] 100% HALES do7|= Azbsk AW sz <A

243l (Sunaryanto and Malium, 1986; Lavilla-Pitogo et al., 1990), %5



=2 FHEAE FdEo AXAE dEhdva 48 A v (Alvarze
et al, 1998; ¥ &, 2006).
V. harveyigs 78l oM & o w=i JF3 $A4Y o] 2

kAR, HE
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AN A= dlgol FEsh= 9 A=
oxidase test ¥AWF-S- catalase test FA WS, glucoseE ©] &8} 712

oAAEA gtor] Twgy Hrew $EAS Urhe Ae - Aske
A 542 e oldd SHES MpYey Baw e wn

A1t e] RNA polymerase subunit B (rpoB)= itE7+e] zpol7 HE138}
of dF HEYHLLE Mo sA o]&¥i oy (Tarr et al, 2007),
H B Q<o EEe Udd dFoAe drites F53 AAot) A

oo A Ewe #AZd 0F), FHF KIS, 22

R

i\t

ol
o
i

H&E) = 715 o e F=25HaL, o= < = J ALY Fo

5 L%t} (Park et al, 1983; Obata-Yasuoka et
al.,, 2002). V. parahaemolyticus®] B3 A A= O Az Kdde x3o
2 BEFE7IE 3 (Gil et al, 2007), V. harveyix= A= ol A wj <k
st u] swimming +%° ¥WoIsk= polar flagella®} LA 8l =] of A
swarming<-% ol #¢o]3sl= larteral flagella®] F+ 7}A] t}E flagellad] &
Aol eete] dHPo] FEHVE st & FdAdAEdd o3 o
3 3ol ¢ =4 Aoz AZET (Kirov et al, 2004; McCarter,

2004; Shinoda et al., 1992).



V. harveyi®] W #s|A = F=2 extracellular products (ECP)<]
=g #3k A7} (Zhang and Austin, 2000; Zorrilla et al., 2003) <
Al o] Q

% 7|gow Aast= Aow odeld At (Liu et al, 1996b).

21:=dl, protease, phospholipase % haemolysin 5°] H 94

o
=

=

53] haemolysine ol 79 284 HIdTS ol T3 Az A
Z+Et} (Zhang et al., 2001). Haemolysin 59 54 Z £33t ECP, A
e, @, AR B UE A To SRS e 4
T A4 NAAEE fste] W T3, MR dH3de] =3
= WAl ofgh &l AWAlE oAl stz 9tk (Santos et al,
1995; Balebone et al., 2005).

B Aol BAAQ V. harveyi MAle] A 9)5te] ARG, &

Ay 2 dAY Fo /129 ARE QA sGh ol st =4l
FAARERE 2D #F F V. harveyi= {tol AHH #FE U
oz Aosta 53 FHS fleke] HEGgL S e #F T Aelvt

NE AeZ BRI rmpoB FYGH| a9t RAPD-PCRel <3t £ /31
t}. V. harveyi Asl A =4S zAES V.
harveyi®] ®Al U435 AR T H YolrtA wlAle goE &
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o. A= % B4

1. HBgle a5 4 2 Ased 4 v
WA S =l Y ofFelA Zeld wHEelest (Table D& BHIA

(Brain Heart Infusion Agar, Difco) B *]ollA] 25T, 24A]7F v <gsk &

API 20E kit (bioMerieux, France)E A}-&3lo] FA A Ay

5 WFE colonyE A XA AW wle} ~Edo| HEslal, v

_
O
e

eRE 25 TN AN MY ¥ A0S Bk

7, 92 A Z$t BHIB (Brain Heart Infusion Broth, with 1.5 % NaCl)l
LT F(Table DE &3t 25 TollA] (24412 v st & d&st AT
Aleel el m A= NaClel Fas dotr 7] 9lste] 1.5 2.5, 35, 4.5,
55, 65, 75, 85, 95, 105 % NaClE 3 7ts BHIA wjAle & d+&
Lsto] 24417 vkt & wEedvh 2= IS st sk
15 % NaCle #7+s BHIA #j#o] Ze]d 55 =wsto] 10, 25, 35, 45

Coll A 24413 i F §- B2t



Table 1. Isolates of Vibrio spp. used in this study

Strain  Year Origin Location * TCBS
color
E05002 2002 red seabream(Pagrus major) Tongyeong Y
E05003 2002 red seabream(Pagrus major) Tongyeong
E05005 2002 red seabream(Pagrus major) Tongyeong G
E05006 2002 red seabream(Pagrus major) Tongyeong G
E05007 2002 red seabream(Pagrus major) Tongyeong G
E05008 2002 black rock fish(Sebastes inermis) Tongyeong Y
E05009 2002 rock fish(Sebastes schlegeli) Tongyeong Y
C05011 2002 flathead mullet(Mugil cephalus) Tongyeong Y
A05021 2003  olive flounder(Paralichthys olivaceus) Gangleung G
A05022 2003  olive flounder(Paralichthys olivaceus) Wando Y
FP4051 2004  olive flounder(Paralichthys olivaceus) Uljin Y
FP4104 2004 olive flounder(Paralichthys olivaceus) Jeju G
FP4110 2004  olive flounder(Paralichthys olivaceus) Jeju G
FP4126 2004  olive flounder(Paralichthys olivaceus) Jeju G
FP4138 2004  olive flounder(Paralichthys olivaceus) Ulsan Y
FP5201 2005 rock fish(Sebastes schlegeli) Tongyeong Y
FP5088 2005 rock fish(Sebastes schlegeli) Tongyeong Y
FP5094 2005 rock fish(Sebastes schlegeli) Tongyeong Y
FP5097 2005 rock fish(Sebastes schlegeli) Tongyeong Y
FP5100 2005 rock fish(Sebastes schlegeli) Tongyeong Y
FP5158 2005 rock fish(Sebastes schlegeli) Tongyeong Y
FP5104 2005 flathead mullet(Mugil cephalus) Tongyeong Y
* TCBS (Thiosulfate Citrate Bile Salt Sucrose, Difco), Y (Yellow); G
(Green).



3. V. harveyi® dejstz @z
35 % NaCle] # 715l BHIA ®jA| ol V. harveyiS =23}

C
18417 Fot nikst & A2 g o dEstar 10 % o4 T=2ddow

£
Do
a1

aAsE & EHol= Fgkre] Edela AAd AXRAIZI * Leifson
(1960) Moz GAsle] s dugdor #2339t (Piccolomini et al.,
1999).

4. £0] primer A% 2 PCR
4.1. AT 9 genomic DNA &g

V. harveyi KCCM40866< >33k 18712 % ++F (Table 2)9 ¥
F(Table )& 15 % NaCle] 7€ BHIB A& AF&3to 25 T
A 18417 &< w3t ¥ High Pure PCR Template Preparation Kit
(Roche, Germany)E Al-&3to] DNAS Holstd o -20 Col|l ® 3ty
AF-&-3F3A T

4.2. primer A%t

V. harveyi®] rpoB +73dAF (Accession No. EF 064408)¢} GenBankel
SEE PBRYLE At rpoB FAAE Hlalste]l BB Q& At
sequence?} =Fo]7F HFElgk B9 oA forward primer VH-K1¥} reverse

primer VH-K2E& A #s} ¢ o).

4.3. PCR amplification

PCR amplification Z+7+2] 10pmol primerE 1 %, &2]¥ DNA



templet 1 w0, DEPC water 17 xS PCR premix (Bioneer, Korea)oll #
7Fate] =38kt PCR cycled 94 C 5%t predenaturation A7l 3,
94 T 30% denaturation, 60 C 30% annealing, 72 C 30 =zt
extention W% 1 cycleZ 3] 30 cyclesS WHSA AT 18, 30
cycleo] A Hollx= 72 T 7E7F final extention times F%th. PCR
A ES 1 % agarose (with 0.5 pg/mé EtBr)ol Yo #7]&u] 1xTAE
bufferoll A 100VZ 207t A7) 5t A5 #zsialt

B

4.4. 59| primerg o|&3% AYAT F V. harveyid H&
A}

20061 72 ~8Y B AFXGY WoE TS FAFAY FHS
AAE A3 2 50709 Aol B EY A, 29 AdS API 20E kit
2 ARE3te] BAsAT 50709 A& TCBS #j# ¢k SS (Salmonella
Shigella, Difco) iAo =wéfo]l AzZg gQletglal, TCBS HjA A
vellow 3 green Mo 2 2= colony= 2 A oA A 73 Eol

primerg A}-83to] PCR 3d}%)

5. RAPD analysis

RAPD analysisi= (Alavani et al., 2006) WH-S HP Aol ALE35F T
10bp random primer 207} % V. harveyi®t TS H]| B &0 43}
TTE T8 & AEF profile 43S Hol= primerdl P3 (5'-AGG

GGT CTT G-3)& AAse PCRE AAtt. PCR WSS 17 w

1y
1y
flr

DEPC water, 2 w0 P3 primer, 1 0 DNA templetE PCR premixe} &



M

g+slal, PCR cycle2 94 C 5%7%F predenaturation A%l % 94 C 1
denaturation, 37 C 1+ annealing, 72 C 1%7%F extention WF-&S lcycle
2 3ol 45cyclesS WHEA| AT 18] 3L, cycleo] A FHolE 72 T 10
#-7F final extention timeS FATh PCR A ELS 1 % agarose (with
05 pg/mé EtBr)ol Yol A7]&uf 1xTAE buffero] Al 100VZ 20%7+ A

N9 Eatel Ane wESAT

6. V. harveyi® hemolysin gene Cloning

V. harveyi®l DNAZE V. harveyi hemolysin gene target primer
(Tabled)E Ab&3te] PCR3 % (Zhang et al, 2001) 1lkb =7]¢]
productZ Z#HA gel illution kit (Gene All, Korea)= A}-&3Fo] A A3}
At AAE PCR AHE<S Topo TA Cloning kitZ AM8-3to] cloningst
3L plasmid #32] kit (Gene All, Korea)E AF&35}¢] plasmidS #3235
1 SOLGENT (Korea)oll ¢ 3te] sequencing= 2 Attt 2zt o
714 EL MACAW program ( version 2.05., National Center for
Biotechnology Information, National Institutes of Health, Bethesda,
MD, USA)¢} BioEdit program (version 7.0.5.3)% AF&38fo] ZF #3719

dEde vl

7. V. harveyi ¥4 A=

7.1. V. harveyi FKC (Formalin Killed Cell) A2}
w23 FP4138, E05003, C05011¢} reference strain®! KCCM40866



& 35 % NaCle] 7be BHIAM Ao 3 F3ko], 25 CTellA 24417 wj &
5 AgAdaed ddgsta @YY FEFe 03 %7 HA 37 %
formaldehydes #H7Fstdth olAS 4 ToAA 2423k A A]7]3
7.000rpmell A 1527 94 #2839 0.02 % sodium azaide’} 3 7Fe A3
gl el dEeto]l =5 100 mg/mE St F 4 TollA] Bashaivh

7.2. V. harveyi HKC (Heat Killed Cell) #| 3}

35 % NaCle] F7be BHIAW Ao Z=wshe] 25 TCollA] 24413t wlj %
3 V. harveyi 2 A2 Aol dErsle] 100 TolA 15% =<t 7F
dsto] AA R aL(Abbott et al.,1980), pellets 0.02 % sodium
azaideZ7} H7H€ A2 Ao dEgste] =5 100 mg/ml=E BtF 5 A}

& & w7tA] 4 TellA B33

8. V. harveyiol W73t polyclonal antibody A 2}

A2E 4579 FKCE= FCA (Freund's Adjuvan Complete, Sigma)$}t
I'1Z2 %3ty 358 50 mg/m= 9+ F A% 2719 93l 2meH
FAEAY. 2 & FHe FIA  (Freund’'s Adjuvant Incomplete,
Sigma) €% FKCE w43 WHoR FAG tg, A 25%F 539
FKCE " Agadae 1112 EFste] FAsEA T 33 FAE 2
5 25§ E79 AAelM Ad 22

5} NA 1AIZE HEEA] 7)1 4 Coll
A overnight A7l % 6,000rpmoll Al 1087F 94 Hegste] A4S 24

& v AFEE W 74A] -80 TollA H ek itt



9. Slide agglutination

sefols Sk V. harveyi 7] FEHES 25 b HojmPa V.
harveyi HKCE 25 pl "Bojmdd & Z 4lof 30x% ould o] A7

A= sttt FKColl Wi 22 wHos dA sl

_10_



Table 2. Bacterial reference strains used in this study

Bacterial Species

Strain Number

Vibrio harveyi

. parahaemolyticus
. alginolyticus

. proteolyticus
mimicus
fluvialis
penaecida
cholera
ordalii

fisheri

. salmonella

. diazotrophicus

. aestuarianus

N 8 S 8 8 8 ¥ ¥ 8 8 =2 = =

. furnissi

V. campbelli

V. carcariae
Escherichia coil

Staphylococcus aureus

*KCCM40866

KCCM41664
KCCM40513
KCCM11992
KCCM40826
KCCM40827
KCCM40869
KCCM41626
KCCM41669
KCCM41685
KCCM41663
KCCM41666
KCCM40863
KCCM41679
KCCM41986
KCCM40865
KCCM11234
KCCM12214

ATCC14126
ATCC27969
ATCC17749
ATCC15338
ATCC33653
ATCC33809
ATCCH1841
ATCC14035
ATCC33509
ATCCT744

ATCC43839
ATCC33466
ATCC35048
ATCC35016
ATCC25920
ATCC35084
ATCC25922
ATCC25923

*KCCM,; Korean Culture Center of Microorganism.

-11 -



Table 3. Primer of sequences and expected size of amplicon in PCR

. . . Target Expected
Primer Direction Sequence(5’ — 3') .
gene size (bp)

VHI1 forward AAC GAG TTA TCT GAA CCT TC
165 rRNA 413
VHZ reverce GCA GCT ATT AAC TAC ACT ACC

VH-K1 forward CAA GGC ACA CTT GAC GAG CT
rpoB 638
VH-K2 reverce AAA CCG CCT TCT TCA GTT AA

VHIF  forward TCA TGA ATA AAA CTA TTA CG
hemolysin 1250
VHIR reverce GAA AGG ATG GTT TGA CAA T

-12 -



10. SDS-polyacrylamide gel electrophoresis

35 % NaCleo] #7F¥ BHIA #]x]2} BHIB #j#|o] Z=slo] 25T A

24X Bl eFst V. harveyi wTE A A Aol dEgste SFHEAZR
Ago=2.00.2 -3l H5E ASA 243 30 FAS=Z 10+

7F sonicatedr THg 2xsample buffer (0.12 M Tris-HCI, 4 % SDS, 20
% glycerol, 5 mM 2-mercaptoethanol)¢} 1:112 &% % 100 CelA 10
B7F #oA #nvskgdth 12 % SDS-polyacrylamide geloll &8 E A&
2 15 A loadingdtil 100Vell A 2413 F<F #7953ttt M71ds
| Eyv gel2 Coomassie brilliant blue R-2500.% @Astal A 5o

#23ec

o

11. Immunoblotting analysis

SDS-PAGE?3%F  gelo]  Nitricellulose membrane (NC)  paper
(Amersham Biosciences, Germany)S &o]A 100VelA 1A F<t
transformation (BIO-RAD)3}31al, -7 & NC paper= Tween 20°] ¥3t
# PBSZ 53 AlF3 5 1 % BSA (Bovine Serum Albumin, Sigma)®
1A1ZF &9t blocking 3t th T-PBSZ 53] AlZ 38k & Al A|2Hs E7
g3 Q1 rabbit anti-V. harveyi FP41387, E05003, C05011, KCCM40866
7Zt7be 10°02 34 8ke] 4 TolA overnight A%l ¥ T-PBSZ 53] A
#Hakglk 274} FAZE anti-rabbit IgG (Sigma)E 5x10 °0.2 348}
IAE B WAl F T-PBS® 53] AlFHskel BCIP
(5-Bromo-4-Chloro-3-Indolyl Phosphate, Sigma)®} NBT (Nitro Blue

Tetrazolium, Sigma)E F7}sto] LA A #Ze}A T

_13_



12. Vaccination test

12.1. FKC injection

V. harveyi C05011 FKCE FCA¢} I'1= &3ste] 15 g9 dAlel 10
mg/kg body weight®Z 100 wl® 57 FASIGTH 257 & 22 WHow
FKCe} FIAE 112 E%3sto] FAsk e MA FAF & 22 25 T2

FASL Al E 1Y 13 Folskith

12.2. Challenge test

WAS FAT GAE 23 WAFA F 27UA 4 4

>

[
= A

]

gt &4 A3de 2 gE type w7 Wl cross protection®] U&=

ol
-

A ool 4% | 5 FPAI38, E05003, CO5011, KCCM40866E A
43ke] A8tk 35 % NaClol @7bEl BHIA Bl #lo] =28te] 25 C
oA 24A1ZF W FE V. harveyi #F = AEAFE T dAgd d+-E

10° CFU/me2 zAdsgom, AZ3 YRS MS-22= ut33 5 A

NaCle] %7b¢ BHIA ®j=A]¢} TCBS iAo Z=wato] AldS &e13)
At

- 14 -



m. 23

L 275 A53E 44

API 20E kitE Ah&-ste] Astets 43S AR Ao 22709 t57)
skt Aol EF FAMSHA dEstey 2 & FP4110, E05003,
E05005, E05006, E05007, E05008, EO05009, C05011, A05022 =+
arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase,
citrate utilization, acetoin production®t-g-ollA] —/+/+/+/- o & &} }e] =1
FAdste], e #FEH AolE HIJoH, o Adles FxdF

KCCM40866¢t & A&ttt (Table 4).

o
ftlo
ol

Table 4. ONPG, beta-galactosidase; ADH, arginine dihydrolase; LDC, lysine
decarboxylase; ODC, ornithine decarboxylase; CIT, citrate utilization, H:S,
H>S production; URE, urease; TDA, tryptophane desaminase; IND, indole
production; VP, acetoin production; GEL, gelatinase; GLU, glucose
fermentation;, MAN, mannitol fermentation, INO, inositol fermentation; SOR,
sorbitol  fermentation; RHA, rhamnose fermentation; SAC, sucrose
fermentation; MEL, melibiose fermentation, AMY, amygdalin fermentation;
ARA, arabinose fermentation; OX, cytochrome-oxidase. 1, FP4138; 2, FP4104;
3,FP4110; 4, FP4126; 5, FP4138; 6, FP5201; 7, FP5088; 8, FP5094; 9, FP5097;
10, FP5100; 11, FP5158; 12, FP5104; 13, E05002; 14, E05005; 15, E05005; 16,
E05007;, 17, E05007; 18, E05008; 19, E05009; 20, C05011; 21, A05021; 22,
A05022; 23, KCCM40866.

_15_



Table 4. Biochemical characteristics of isolates and reference strain

Test Strain
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
ONPG -+ - - - +
ADH - - - - - - - - - - - - - - - - - - - - - -
LDC + + + + + + + + + + + + - + + + + + + + + +
ODC + + + + - + + + + + - + + + + + + + + + + +
cItT - - + - + - - - - — — — — 4+ 4+ + + + + + -+
H2S - - - - - - - - - -—-——=\[}
URE - - - - - - - - S AR L A= - - - - -
TDA + - - - - - - /2 ~mNNVQAQNA NN - - - -
IND + + + + + + + + + + + + nr + + + o + + + + +
VP - + + + + - + + - - -
GEL - + - - - - 4+ 4+ + - o+ = = 4 = - - - -4 =+
GLU + + + + + + + + + + = 4 + + + + + + +
MAN - + + + + + + + + m o & I + + + + - +
mo - - - - - - -\ - L2 Wi s - - - - - -
SOR - - + - + - - = — = & = . - + + — + + + - +
RHA - - - - - - - 5\ &N PPFr o S/ - - -
SAC + - - - - + + + + + + 3 + = - - + + + + - +
MEL - - - - - - - - = = A —= - - = N = - - - - -
AMY + + + + + + - - - + + + + + + + + + + + + +
ARA + - - - - - - - - - e ™= - - - - - - -
OX + + + + + + + + + + + + + + + + + + + + + +
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2. B 77 W% 2ho] BE TKAY
oo Ao oS nx= 2% pH, NaCl 5% #3slo] ZA}
st Ay giREe] HFUF o] 25~35 CT7HA= & Aoy 10 C,

45 ColM = AekA E3tden, BE 7571 pH 9ol = T4 3o
pH 4ol A= 52 3t st dEsrdd e ASAFqAE i
5

2o @F7} 65~75 %74 B Aor], 1 ol

ARk 229FF % FP5088, FP5094, FP5097, FP5158 = 45 CTolA A
o, dEsE 10 %olMe 2 At v& dFsds Fds 72
= At} (Table 5).

ﬂ

Table 5. 1, FP4138; 2, FP4104; 3, FP4110; 4, FP4126; 5, FP4138; 6, FP5201;
7, FP5088; 8, FP5094; 9, FP3097; 10, FP5100; 11, FP5158; 12, FP5104; 13,
E05002; 14, E05005; 15, E05005; 16, E05007; 17, E05007; 18, E05008; 19,
E05009; 20, C05011; 21, A05021; 22, A05022; 23, KCCM40866.
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Table 5. Physiological characteristics of the isolates and reference

Strain

10

11

12

13

16

17

18

22

strain
14 15
+ +
+ +
+ +
+ +
+ +
P W

19 20 21
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +

Test
10
Temp. 29
(T) 35
45
4
pH 7
9
157
6.5
75

NaCl
(%) 85
95
105

W, weak.
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3. V. harveyi®] FH 83 #AZF

ol
ax
o

o) Wl mE o o] Feigon, Aw

S #Ed 5 daL, FadAdol AskAl vEbstth FP4138, E05003,
6

i

KCCM40866 ol Hlaf C05011 w#F7F Sol4og ZAo|7} @o] ZHoj
A Ae A 5 AT (Fig. 1)

Fig. 1. Morphology of Vibrio harveyi isolates and reference strain. (a),
FP4138; (b), FP4110; (c), C05011; (d), KCCM40866.
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4. £90] primer A% 2 PCR
4.1.5 9] primer A%

HH g 2% #3529 RNA polymerase subunit B (rpoB) FH& H]

w3k AR V. harveyi®l frAAF o2 wlEele & Aitel fzke 3}

o7} ot (Fig. 2). LA vlaLA o]z} 518k 103~122 bp F9 =
¥ forward primer VH-K1<& A #slglom 721~741 bp H9 = FH

reverse primer VH-K2Z A z3}dt} (Fig. 3).
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10

11

12

13

14

15

16

17

99.8

99.7

99.6

85.4

85.3

86.1

82.7

82.8

82.5

80.5

88

87.9

87.8

86.2

82.7

91.1

91

90.9

86.3

83.3

88

85.3

85.1

85

98.9

80.2

85.9

86.2

88

87.9

87.8

85.1

82.5

85.6

88.7

34.6

90.1

1
N 903
3

4

5

6

7

8

9

10

90

89.8

86.3

81.9

87.8

82.4

85.9

38.8

11 |87.3

87.4

87.1

84.6

80.4

36.5

85.1

34.3

86.2

85.7

12 |82.5

82.6

82.3

82.6

814

33.3

83.4

82.7

82.7

83.3

31.6

13 |87.2

87.1

87

86.9

81.5

87.1

86.3

86.3

86.7

36.2

90.3

83.1

14 |874

87.3

87.2

94.8

81.4

87.8

88.7

95.1

85.7

87.4

84.4

83.8

86.6

15 |86.1

86.2

85.8

83.8

80.8

85.9

34.9

83.4

35.4

85.1

95.8

31.8

89.7

83.9

16 |94.9

94.8

94.7

84.7

83

90.7

91:2

34.8

87.9

89.8

87.1

82.8

87.3

87.1

86.5

17 1959

95.8

95.7

86.4

83.3

90.9

91.6

86.3

38.6

90.9

87

33.2

87.7

38.6

86.2

96.9

Fig . 2. Percentage of nucleotide sequence identity of RNA polymerase
subunit B gene of Vibrio spp.
EF064408; 3, V. harveyi EF064407; 4, V. alginolyticus EF064442; 5, V.

parahaemolyticus EF064440; 6, V. cholerae EF064385; 7, V. aestuarianus
EF064424; 8, V. fluvialis EF064372; 9, V. hulioticoli EF064427; 10, V. mimicus
EF064439; 11, V. nereis EF064416; 12, V. nigripulchri EF064418; 13, V.
ordalii EF064423; 14, V. orientalis EF064417; 15, V. vulnificus EF064441; 16,
Photobacterium damsela EF064429; 17, Listonella anguil- larum EF064422.
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1, Vibrio harveyi EF064443; 2, V. harveyi




VH-K]

1io 1z0 130 140 150 1s0 170

|
CTRAGATATCG

V- WNE

[
[
.
[
B
.

paoanaannanan

Fig. 3. Genomic region of Vibrio strains used for design of primers. 1,
Vibrio harveyi; 2, V. harveyi; 3, V. harveyi; 4, V. alginolyticus, 5, V.
parahaemolyticus;, 6, V. cholerae; 7, V. aestuarianus; 8, V. fluvialis, 9, V.
hulioticoli; 10, V. mumicus, 11, V. nereis; 12, V. nigripulchri; 13, V. ordalii;
14, V. orientalis; 15, V. vulnificus; 16, Photobacterium damsela; 17, Listonella
anguillarum.
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4.2. PCR 2%

18709 vB o & FEFHF9 EEAT3F, Escherichia coli E%iF
E W o®E AAE primerd SolAd& 2AMSE A3 VH-KIZ VH-K2
primeri= V. harveyi KCCM40866 55HS ol oz FTEA7 638 bp
o AES gAY oH, g8 EFdTols PCR AHES IAeA &k

t} (Fig. 4).

2 3 45 6 78 91011121314 15 16 17 18 19 M

638bp

Fig. 4. PCR amplification from nucleic acid |of reference strains with Vibrio
harveyi specific primer VH-K1 and VH-K2./ M, 100 bp DNA ladder; lane 1,
V. harveyi KCCM40866; lane 2, V. parahaemolyticus KCCM41664; lane 3, V.
alginolyticus KCCM40513; lane 4, V. proteolyticus KCCM11992; lane 5, V.
mimicus KCCM42257; lane 6, V. fluvialis KCCM40827;, lane 7, V. penaecida
KCCM40869; lane 8, V. cholerae KCCM41626; lane 9, V. ordalii KCCM41669;
lane 10, V. fisheri KCCM41685; lane 11, V. salmonella KCCM41663; lane 12,
V. diazotrophicus KCCM41666; lane 13, V. aestuarianus KCCM40863; lane
14, V. furnissi KCCM41679; lane 15, V. campbelii KCCM41986; lane 16,V.
carchariae  KCCM40865; lane 17, Escherichia coli KCCMI11234; lane 18,
Staphylococcus aureus KCCM12214; lane 19, negative control.
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M12345678910111213141516171819202122M

—
—
-

Fig. 5. PCR amplification from nucleic acid| of isolates with Vibrio harveyi
specific primer VH-K1 and VH-K2. M, 100 'bp DNA ladder; lane 1, FP4051;
lane 2, FP4104; lane 3, FP4110; lane 4, FP4126; lane 5, FP4138; lane 6,
FP5201; lane 7, FP5100; lane 8, FP5158; lane-9, FP5104; lane 10, E05002;
lane 11, E05003; lane 12, E05005; lane 13, E05006; lane 14, E05007; lane 15,
E05008; lane 16, E05009; lane 17, C05011; lane 18, A05021; lane 19, A05022.
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4.3. E°] primerE ©o|&% AJYHANT FT V. harveyid H&
A
5072 At T TCBS viA| oA yellow &2 greeno @ Abgk Al
197 #F9o, Afa-1to] 169, Edwardsiella tarda’} 9=, "]
8 wF7F 9Tk 1970 H|E
primerE ©|&3te] PCR3F A3} 19719 w5 <+ 127019 57} 638 bp
°] PCR At=S @A itk "B & w5 19719 #5 & PCR 4t
T APL 20E 23 A &eA sA4o] HA

ko B2 Vibrio sp.2 EH39HFig. 6).

B

e #FE VH-KI, VH-K2

35% 32%

30% l

25% | 24%

20%
15% r 12%
10% |
5% I

12%

0%
Vibrio spp V. harveyi Strepto spp Edwardsiella Others
tarda

Fig. 6. Vibrio harveyi rate (%) of isolated bacterias from cultured

olive flounder, paralichthys olivaceus in 2006, in Jeju.
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5. RAPD analysis

Random primer?] P3 primerE A}8&3to] RAPD-PCRS A A|dte] 2

O

Aol Eel| V. harveyi o] ztolE Hlue] Wik skgivh. A
270 Eel+F F 1109 #57F RAPD-PCR profileo] fAH 4 &<
el AL 1170e] 5 25+ 1 kb size®} 250 bp sizeol main band
5 YA e FP4138, FP5201, E05003, E05005, E05006, E05007,
E05008, E05009, C05011, A05022¢] 7-%- ¢F 500 bp size®] band”} 3}t

g s Aet (Fig. 7).

M123 4567 8 91011121314151617181920 2122-

Fig. 7. RAPD-PCR profiles obtained from the nucleic acid of isolates. Lane
M, 100bp DNA ladder; lane 1, FP4051; lane 2, FP4104; lane 3, FP4110; lane
4, FP4126; lane 5, FP4138; lane 6, FP5201; lane 7, FP5088; lane 8, FP5094;
lane 9, FP5097; lane 10, FP5100; lane 11, FP5158; lane 12, FP5104; lane 13,
E05002; lane 14, E05003; lane 15, E05005; lane 16, E05006; lane 17, E05007;
lane 18, E05008; lane 19, E05009; lane 20, C05011; lane 21, A05021; lane 22,
A05022.
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6. V. harveyi® hemolysin gene sequence

VH-K1, VH-K2 primerg A8¢ PCR A3 2271 ZEdF 5 11
7 V. harveyi® FA4EHJIL, o] TFFE°S hemolysin gened
sequencing A3} 1178 w5 o] dF Zol7t YA A= FHe] A
o] 98~100 %= "% fFAFskAl WEtwt L (Fig. 8), @A A4 w3
9 % ol s UEtlolA dFIte] AolE g 4 A
I8y GenBankell 5% o] ¢+ ©E HHEYLLE T2 hemolysin

gene¥} BlugE Az} o] AFo|A AL F|HFTEI reference

<=

strain®l KCCM40866 i+ 728 1Fd 431, V. harveyist A&
V.

deol Mg w2 Aoewm  dHEA Ue

[
AC)
to
~
dB
1o
B
N
il
i)
rr
.
rlo
LI
o
ftlo
ot

parahaemolyticus 52 thE H

Aot €3 5" 25e A8 (Fig. 9).
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kem | FP | PP | B | B | B | | 0| | © | A
4086 | 4110 | 4138 | 5008 | 505 | 5006 | 5007 | 5008 | 5000 | S0l | 5022
kocm
oy 97 | 97 | 97 | 97 | 97 | ®5| % | 97 | %5 | 95
4?1’0 9.7 00| 100 | 100 | 10 | 97 | %2 | 100 | 97 | %7
| @7 | o8 100 | 100 | 100 | w7 | w2 | 100 | 97 | %7
\/ ;gs 93 | 94 | %4 100 | 10 | ®7 | 92 | 100 | 97 | %7
20
2| am | B3| W @ 0 0 %97 | B2 10 | ®7| %97
g ®
S g W3 | W4 W 10 10 07 | w2 | 10 | %7 | %7
S
2 B0 o0 | 093 %3 | 99 | %9 | %99 ® | %7 | 95 | %5
(¢
a%s W8 | B9 | %8 | W2 | B2 | 92 | %91 %2 | 95 | 95
3%9 97 | 98 | 100 | 94 |94 | 94 | %93 | =8 07 | 97
3?1)1 W89 | 90 | W8 | W2 ®2 | %2 | 91 | %96 | %88 100
3‘;92 W7 | B8 | W6 | B8 | WS | WS | W8 | WS | BE | BI

Fig. 8. Percentage of nucleotide and amino acid seguence indentity of
haemolysin gene of Vibrio harveyi isolates and reference strain.
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AY289609 V. parahaemolyticus
|j DQ356918 V. campbelli
1 V. campbelli

A05022
V. harveyi KCCM 40866
E05009
FP4138
FP4110

C05011

E05008
E05007
E05003
E05006
E05005
DQ839417 V. aestuarianus

DQ66348S L. anguillarum

DQ839419 V. fluvialis

DQ839418 V. fisheri
AB112355 V. parahaemolyticus

AY742213 V. parahaemolyticus

Fig. 9. Phylogenetic tree showing the relationships between the identified
hemolysin gene sequences of isolates and reference strain. Name and
accession numbers are given as cited in the GenBank database.
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7. Slide agglutination®] &3 V. harveyiel +%

FP4138, E05003, C05011, KCCM40866 ol gt E7] FdHH o=

Eepolm SAWMES AT A% FUOE FKCE 435S 4%

g g SolHd dFoARt SZ¥o] dojykrt. e

HKCE Abgste] Surge ANg A3 459 38%

o]
A 3ol dojwttt (Table 6).

Table 6. Slide agglutination test of Vibrio harveyi

reference strain

%

vhom 3] C05011 a8l 9

el

3 =

off
O~

T
2

SI)
>

—

7_]

o}
h

M
Lo

1solates and

FKC HKC
Antisera . Antisera

FP4138 E05003 Co5011 ‘SECM AntiEgen 138 E0S003  COS011 NS
- Tt ., o FP4110 i (A gt ) +
Tt - . al FP4138 T . ey .
- - ] ¥ FP520] el T . Tt
- Tt £ £ E05003  ++ . =~ .
- N - g E05005 ++ ot S .
- N - o E05006 + et A ++
- - b = B05007 = +++ + Tt .
- - - - E05008  ++ e Tt .
- - - - E05009  ++ Tt Tt Tt
- - Tt - C05011  +++ Tt Tt Tt
- - - - A0S022 4+ + Tt Tt
~ _ - it %188%%/[ - - . .

(-) no agglutination; (+) weakly agglutination; (++) middly agglutination;

(+++) strong agglutination.
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8. SDS-polyacrylamide gel electrophoresis
3% RaiF FP4138, E05003, C050117 KCCM40866°1 u3}he]

SDS PAGEZ w4 A patterne w43 23} luminosense V. harveyi?l
KCCM40866 74-%- 47~34 kDa Afole] w=ol A yw x| 3¢F9= =5

£ patterne U EFI A TF FP4138, E05003, C05011 ¥ Alolel = F3
& zkol7F yEbukA] skvt (Fig. 10).

120kD

86kDa_>
47kDa—»

34kDa——>

24kDa—»

Fig. 10. Electrophoretic protein patterns of Vibrio harveyi whole cell. Lane
M, prestain marker; lane 1, FP4138 plate culture; lane 2, E05003 plate
culture; lane 3, C05011 plate culture; lane 4, KCCM40866 plate culture; lane
5, FP4138 broth culture; lane 6, E05003 broth culture; lane 7, C05011 broth
culture; lane 8, KCCMA40866 broth culture.
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9. Immunoblotting analysis

3% gl FP4138, E05003, C05011¢2F KCCM40866°1 thste] zt
GAHZ western blotg AAISH A= (Fig. 113 #oh. SDS-PAGE
ZAv e} w7 2 luminosense V. harveyi€l KCCM40866-S 34 kDa<]
W= 9} 34~26 kDa Alo]¢] Wh=o A FP4138, E05003, C05011%} H]xl3}

fisd

of te A%e nad deEu BAFFE AldAe Fed Aoln

e el
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(a) (b)
MI123456 78

M123456 7 8

(c)
M12 3456 78

M12 345678

Fig. 11. Immunoblotting analysis. (a), antiserum FP4138; (b), antiserum
E05003; (c), antiserum C05011; (d), antiserum KCCM40866. lane M, prestain
marker; lane 1, FP4138 plate culture; lane 2, E05003 plate culture; lane 3,
CO05011 plate culture; lane 4, KCCM40866 plate culture; lane 5, FP4138 broth
culture; lane 6, E05003 broth culture; lane 7, C05011 broth culture; lane 8,
KCCM40866 broth culture.
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10. Vaccination test

WA FAL F FAAI S AAE] A7kA Ag el A g whEe] o
AP UERA] Fgtom, FAAE FolE Aol 2F FeF o why
o) Abm uhebA ekgtth ey dETE WS FAskA e of
¥ FP4138, E05003, C05011 3o thal 70~100 %HALE e o
™, KCCM40866 5ol tialxE HAE 28 vepd=] eFdrh HAAE
2UANE A stol 4AAAA A&Eor] 1 o FRE A} thent
Al sk (Fig. 12).

120 -
100 - —o—0-9-0-—9-9o o 009 oo
< T op=tin £ 08 oo o=l Wea i Clfohg & ™ o 4
= /
£ 80 1 .y
©
‘g // /- ...... oo e ecaced m EEEERE - - . - e . -, u
S
5 601 !
o | gy [ — —@®— — CON, FP4138injection
= Tl S § - CON, E05003 injection
S 40 e« — - —A —.  CON, C05011 injection
= [ / ——&—— CON,KCCM40866 injection
8 | PN — —G— — VAC, FP4138 injection
D et i S i L2R OF = VAC, E05003 injection
20 - E —-—A— - VAC, C05011 injection
/;f I ————  VAC, kcem40866 injection
L
0 -—(#9—6—6—6—6—6—6—6—6—6—6—9—9—9—

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Day after post-injection (days)
Fig. 12. Effect of formalin killed vaccines administered by intraperitoneal

injection on the mortality (%) of olive flounder, Paralichthys olivaceus. CON,
control;, VAC, vaccination.

_34_



ofueh of Foll A

2k

O = HH
A7 2

-
1

3)

V. harveyi

Jo Zdsol A}

2] uf2fel M

Wi gloew, ¢

=
=

A=Al

73

to

—

B

’

=9y

o] WHZEAS yeERWt (Soffientino et al., 1999). ©l

to

in
oF

)

—_
file)

o

oA Mzrel Aol Hol aA gopr FAe] of

|

&
G+
B

o

el

3 %8

e i3l )

63:

o

st

AT E V. harveyi o] Ak

=

2

=
=

}12}, API 20E kit

S

s

Tor

wK

A7 FP4110, E05003, E05005, E05006, E05007, E05008, E05009,

49

lysine

arginine dihydrolase,

KCCM40866 5+

A05022,

C05011,

acetoin

citrate utilization,

ornithine decarboxylase,

production WFg-ol A —/+/+/+/- o2 YEI}

decarboxylase,

Fibel

S
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A V. harveyi fAVEF 1152 Adstgon b wnge F3e 3
A% Aol UEbA vt LEAF AWl V. harveyi FAET
1% 238 g3Ee] #3570 10 T 9 45 ColAE A =

AEEE 15~75 %ollAe EE=

FEE A ARA FF 7 Aot FsA wonz A - Y3eA

&t A

4

2

&
AAREO 2=V hgrveyid AEEta AE3 2AHL ol Aow 3
A w3 AFAI At T F= ARSS= APL 20E kitE A
| A5, V. alginolyticus= 23 FRH= 497 Bkon, AE5 A<
AsletA ate] A$E API 20E kit HuiE AWV
alginolyticus= SR+ A7 i, AAMAE S F#H]o| = A|7to] Hol
Zodth aveg AsstA Aol API kit%hs AR&3tel V. harveyi
< AR R AT AAHEY,

HT ATFNAME vRELE AfdS BhAIEstA 543517 ¢35k
16S rRNAF¢Y 23S rRNAF$, 16S-23S intergenic spacer, %+
gyrB 9o digk vlud+E 3 (Chun et al, 1999; Dorsch et al,
1992) B2AAETAQ] WHE o8tV |ET X Ft V. harveyi= V.
alginolyticus, V. campbelli, V. natrigene, V. parahaemolyticus. V.
rotifer®t 16s rRNA F-91¢] sdol w9 =7] wo A3 o]
o Aoz 4 A drt (Nagpal et al, 1998). L322 H I J-of A
= WA ko] Apolvh Fslstrhal A 9= RNA polymerase
subunit B (rpoB) H%& #%3slo], NCBIA A|&3stes Bl H 59
A= polymerase H91E Hluwstal  (Tarr et al, 2007),

RAPD-PCR= &3tol #57ke] frHshael Aol dopr uxtslgi.
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al, 2003), =83 ¥ 75 st7] "o F@wF2 haemolysin
gene® 5/dE& Hlaste] PO RA 9 AolE dolH 1} 3 TH
H B 2] 4 Alir 59 polymerasef-91E Yl g A3 V. harveyitt +5
T4 9 %oldelRem™, V. harveyi®t dEAol = V.
alginolyticus, V. parahaemolyticus 53+ 85 % 2 82 % FsA4S Y
Efujo] vl A zpol7p FEletqlth. oleldt AHE 72 ES] rpoB
9ol Eolddo] 3t primer (VH-K13¥ VH-K2)Z A&t o, A%
® primere] Seold& AFS7l flste]l 18719 ZEHEFE WA=
PCRE 2Algt A3 VH-K1¥ VH-K2 primers AFE3t3 S 745 1871
o] ¥FTF 7F2dl V. harveyi Whol EBolxow HE HAY ¥y
VH-K2 primer Al 735~756 bp #9115 WA o=Z A2E primers
VH-K13% &4 Al83t9 PCRE AAgE 4ol V. harveyi
KCCM40866 %5t o}t V. campbelii KCCM41986% PCR A& <
Aol BAsejr] VH-K12 VH-K29] Al&e] H|slo] So]Ado] HojH
ot AAE primerE o] &ato] 2/1¢ BHFE i eZ PCR 3 2
I 11709 ko]l FAdHESS YESY, o]E 11719 w5+ rpoB
BB S sequencingdt 2y BaE V. harveyvid rpoB A A9 A=) &}
Gtk 28} 16S rRNA B 9= targete® 3+ ZFZE primer (Oakey et
al., 2003)& A+&3st PCR A3, 22709 5 + 19709 #F7F FAuks
S e, o] F VH-K1¥ VH-K2 primerol Al =g AT 1
Mol FFE AYs YA /M #FELS rpoB F 73 AE sequenceing

A3}, V. harveyi’t ol Aoz FAFAL. 1HBE rpoBR-go] o

—
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m‘i‘

VH-K13} VH-K2 primerE A8 745 Hojo|A Ea &= V. harveyi

NEatn AseA £4T 5 e Ao Az,

il

Random primer?! P3 primer & A}g3lo] RAPD-PCRE 2 A3k A}

T

o 22797 & VH-K1¥ VH-K2 primerel]l ¢l3te] V. harveyi=
gl 11709 oA RAPD-PCR profileo] fAFeH AadS el
V. harveyi7} obd 11789 i+ RAPD-PCR profileo] tt2 A ek
W, 2822 RAPD-PCRS S35t V. harveyi 9 #Fd&3 zfol=
o JJAT & BB Y& A I R0l JHe et

V. harveyi®] haemolysin gene®| &4l Hluste] gPo g 2
ol dolmxat AFAAI 1109V, harveyi TFe FFRIF<

KCCM40866< 5= ZF haemolysin nucleotide sequence= 98~100 %

o R

Rl

LR8Il protein HA] 99~100 % LA sk T Fhe] Aol= & F
A TE  GenBankol| TEHOJE ThE HEEE F59 V. harveyi
E Hn3 Ay, AFAel EoodFE e V. campbelli, V.
parahaemolyticus S+ Y A9 53Ut (Gomez-Gil et al,
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