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Serological characteristics and antigenicities of Vibrio harveyi
isolated from marine cultured fish
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Vibrio harveyi was a significant pathogenic agent and cause a high mortality of cultured fish and shrimp
in the aquaculture industry. In this study, we have investigated biochemical, physiological, serological and
immunological characteristics of V. harveyi isolated from marine cultured fish. The phenotypes of V. har-
veyi were differentiated with their own biochemical characteristics and colors of colony on the TCBS
agar. V. harveyi were classified into more than four serogroups by agglutination test. Most isolates were
classified into a group A which is categorized with the same band pattern generated by western blotting.
Group A was characterized by a major protein, which is ranged from 26 and 34 kDa in size, and has a vir-
ulence to oliver flounder more than reference strain KCCM40866. Oliver flounders vaccined with FKC of
V. harveyi C05011 were highly resistant to infection by other strains of group A.

Key words: Vibrio harveyi, Classification, Antigenic protein, Agglutination, Western blotting
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oenteri, V. ordalii, Listonella anguillarum, V. para-
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Table 1. Isolates of Vibrio harveyi used in this study

ol #o]3t= larteral flagelladi]
o] 7=
/K—"-'H—/ﬂ X]tﬂﬁ. cq] H]—gp]

SECR-EL
St} (Shinoda et al., 1992).
95l WA YA F

FE AAE] sle] Aol gYsty HEg)
A F Hel 53 F7E Slde Aol

dostu=E Asishs, dHhx whHI Ao
Al o] &%= SDS-PAGE (Pizzutto and Hirst,
1995)¢} western blotting© 2 1= &= AAAS
Zhe= Tl By R ofRJoA FEEe V

harveyig B7534 e,

Vibrio harveyi2| M3|St& MALH|W

HA & S A olFelA F2E V harveyi
(Table 1)9} EF KCCM40866 (=ATCC1412
6)E 1% NaCle] #7}¥ BHIA (Brain Heart Infu-
sion Agar, Difco) B} X|ol| 4] 25 C, 24 A| 7} vj St
3 API 20E kit (bioMerieux, France)E A3}
WA e vaaid, AP w5

wjoke Reke AzAle] wage) meh ~Ego

Isolated color of colony
Strains Year Source Geographical location on TCBS*
E05003 2002 red seabream(Pagrus major) Tongyeong green
E05005 2002 red seabream(Pagrus major) Tongyeong green
E05006 2002 red seabream(Pagrus major) Tongyeong green
E05007 2002 red seabream(Pagrus major) Tongyeong green
E05008 2002 black rock fish(Sebastes inermis) Tongyeong yellow
E05009 2002 rock fish(Sebastes schlegeli) Tongyeong yellow
C05011 2002 flathead mullet(Mugil cephalus) Tongyeong yellow
A05022 2003 olive flounder(Paralichthys olivaceus) Wando yellow
FP4110 2004 olive flounder(Paralichthys olivaceus) Jeju green
FP4138 2004 olive flounder(Paralichthys olivaceus) Ulsan yellow
FP5201 2005 rock fish(Sebastes schlegeli) Tongyeong yellow

* : Thiosulfate Citrate Bile Salt Sucrose agar



s ato]Foll A B2 F Vibrio harveyi®) 38t EA3} 94 25
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Lo JES AT pHE| S ZAKSH]
£&le] IN NaOH<¢} IN HCIS #7}ske] pHA4, 7,
9= A|Zrsl BHIB (Brain Heart Infusion Broth,
with 1 % NaCl)ol| &2l it5& FF3sto] 25 Ce
A 24A17F gt wiFs & kT Al
/37l MIX]&= NaCle] @32 gotrr] flste]
BHIA®) NaCle A7}3led NaCl %7} 1.5,2.5,
35,45,55,65,7.5,85,95,105 %7} H =& %=
At & FEdTFE TEste] 2447 v kst &
HEEATE 2520 FFE Rl 918t 1%
NaCl& #7138k BHIAY V. harveyiS =

10, 15, 25, 35,45 ‘C ol A 244 7F vk & H&He-
AzhseiT

FKC (Formalin Killed Cell)2} HKC (Heat Killed
Cell) M|&t

FKC+ a4 FP4138, E05003, C05011 <}
ZZ4F KCCM40866S 3 % NaClo] H7lH
BHIBol| FE3ted, 25 CollA] 24x]7F &t vl
g 3 Al dgsta HEHOE 03 %
7} EE== 37 % formaldehydeS- 3715133 t) oA
S 4°ColN 24417F F<k §41417]3 7,000 pm
ol A 1587+ &5k 0.02 % sodium azaide
7F Z7b Aeladape] dAEEL 100 mg/ml 2]
T ElE SE § 4°Coll Kt

HKC+ 3 % NaCle] 7}% BHIA| T @5}
25 CollA 24A17F FoF wiSH V. harveyis A}
g2 ol deste] 100 TollA 153 &<+ 7F
3l AAEE 3T (Abbott et al., 1980). 3]
= 75 0.02 % sodium azaide7} F7FE A

Aol dgste] T2 E 100 me/ml 2 B 5
AR W7EA] 4 C oM Hastglom 15 qF
of ARg-sk3iT

[ex]
=
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V. harveyi®f| CHEF E71|12] polyclonal antibodyX| &}

A ZE 4 £572] FKCE FCA (Freund ‘s Adju-
vant Complete, Sigma) ¢} 1:12 E3513te] L&
50 mg/m¢ 2 S F A7 B7]9] Fste] 2m
A FAFSFATE 25 5 52| FIA (Freund's Ad-
juvant Incomplete, Sigma)2} £33 FKCE Y
@ wyon FA o, o 2% F B
FKCE v A2 dret L1Z Egate] F
AbeEAT). mRA Ry AL 5 25 A o] B A
o Bl ALAM 1A A5 4Co
] overnight A]71 & 6,000 rpmoi|A] 10E7+ ¥

A Zelste] @3S Eesl ARE w7k
-80 Coll A B3}

Slide agglutination

sofol= STkl Vo harveyiol tiek E7] 3
AL 25 W Yol T V. harveyi HKC =
FKCE 25 w0 olzel F 2 4o] 30% o]
$3 YA F-E s,

SDS-PAGE

3% NaClo] 7} BHIBS} BHIAG| HZ5}]
25 CollA 247 vkt V. harveyis AJ2] X9
ol detsle] F4& 600 nmoj A 2002 2H
sod g AP A 02 Ao
2 1087} sonicatedt T} 2X sample buffer
(0.12 M Tris-HCI, 4 % SDS, 20 % glycerol, 5 mM
2-mercaptoethanol) ¢} 1:12 &3 5 100 C oA
1027F 2Zo4A 18T 12 % SDS-polyacry-
lamide gelol] =H]H A|FE 15 {4 loading3s}aL
100 VoA 2417+ g2t A719-53tlch 1719
Fo] £yt gel2 Coomassie brilliant blue R-250 0.

= sk g stel waste

Immunoblotting analysis
SDS-PAGE?3} gelol Nitricellulose membrane

(NC) paper (Amersham Biosciences, Germany)&
olojx] 100 VoAl 1A]7F %<t transformation
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(BIO-RAD)3}12, 1 & NC paperE Tween 20
o] %3¢ PBS (T-PBS)E 53] Al¥d 5 1%
BSA (Bovine Serum Albumin, Sigma)Z 1A]7} &
ot blocking 3}$3th T-PBSZ 53] M8t & Sk
A2 4 F79] 27 FEE 247 V10 314
3lod 4 “C o)A overnight A|7] & T-PBSE 53] Al
251t} 23} kA E+ anti-rabbit IgG (Sigma)E-
1/5,0002 34 3te] 1AI7F F<F W27 5 T-PBS
2 53] A&k BCIP (5-Bromo-4-Chloro-3-In-
dolyl Phosphate, Sigma)2} NBT (Nitro Blue Tetra-
zolium, Sigma)E 7 }ste] LAAIA AT

HHAZ 15g9] dx|o] FCA9} 1112 &3t
V. harveyi C05011 FKCE- 10 mg/ke body weight =
0.1 mly E7} FARSIGITE 25 § 22 Wgo
2 FKC¢ FIAZ 1112 &3t FAbsigth
F2L 25 CE FAL 199 134 AlFRE
FACE FAS FAR GA & 23k FAF F 2F
dA ANAA AHS HAAEIATE 34 AT
470¢] #3 FP4138, E05003, C05011, KC-
CMA40866S Al-2-3to] 2|31t 3.5 % NaClo]
Z7Fe BHIAO| @3fe] 25 CollA] 244171 u)
&St Voharveyi = Al Al AEsto
FFE 1X10°CFUMC.E ZHe90m, JdX
S MS-2222 wpH s & Ml HEAS 0.1 mliy
1omelel] 57 FAFEIAL, 2> 25 CE
Atk Aol s & AT vjge Ry
B 7S ®g st 1 % NaCle] H71¥ BHIA9:
TCBS agare]] =g@ale] LS 18I

2 1

S21Re] YEIE HA
APL20E kitg AHg-3te] A8HeHe A44e 24}
3 A3} 117)e] RelF-eh KCOMA08669] )

st Aol BE Al Uedh BE 12

P2 2AY - ARE

7= ONPG, ADH, H:S, URE, TDA, VP, INO,
RHA, MEL, ARA®] 107] &=Zo|a] SAJ0|9T
ADH, IND, GLU, MAN, AMY, OX2] 67] 3}
A %FAJo)%lth ODC, CIT, GEL, SOR, SACS] 5
7N e FFEE 2ol 7F AT (Table 2).

22|35 HiY ZH| ME LA

el Aol 9¢S HlAl=
NaCl F&kof #ste] ZAKSE A3
7} 25~35 ColA & =5k} 10 C,
= AR ko n 15 CollaE
st o 25~35°C ol Hls) Here] 2717
t} RE 757} pH9dAE 2813104
NrMe S8 ettt sk wE
SAFANNE W] #5771 7.5 D7 & 2
gtom 8.5 %ol A= E05007 2+ E05008¢] 2 #3F
7F Aoy gE #FES AR Zskdt
(Table 3),
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Slide agglutination®l 2|5t V. harveyi2| 7=
FP4138, E05003, C05011, KCCM40866 -9l
ek 7] Ao w 2ls 2}
Algt A3} U= live cell AME-sHS 735
FP4138, C05011, KCCM408669) st 81332
7}7} FP4138, C05011, KCCM40866 3} <
o] Yoty ThE HFEX a5
exokth. E05003¢ tigh Fd A&
E05003, E05005, E05006% S-3WkSo] o]
T} o2 HKCE AREste] Suks< 4
A= Wl 4579 FEY BEF AR

=
V. harveyi 5ol A g5 0] Loj%kth (Table 4),

SDS-PAGE profile

3Z9] B3 FP4138, E05003, C05011 3}
KCCM40866¢] thslel SDS-PAGEZ Tz
patternS FA15199S W] 34~48kDa Alo]oll A
luminosense V. harveyi®l KCCM40866°1 =

AA
A3 bandE WE|HFT= 23l A Lot
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#3 Alolo] = FP41382] Al band= TS F7)
o] FEeElFelA] HolA ¢kow ti4l E05003 3}
CO501191&= ZF 22 =A7]9] A2band7} A
t} (Fig. 1). SDS-PAGE®| A ZAu x|l A vl <k
3+ A3 A u)R|ol| A vkl Z2] band pattern
& Zo|7} UYL Al A2, A3 YA A = 2}
18 #HE 5 AU (Fig. 1.

o

Immunoblotting analysis

3%9] B3 FP4138, E05003, C050119}
KCCM40866¢9] thsle] 7zt 3k 2 western blot
S s A= 26~34 kDa AlololA] KC-
CM408667 -2t Atelol] FElgk xfo]7} 3l
Tt FP4138, E05003, C05011-& 34 kDa Hrth

Table 2. Biochemical characteristics of Vibrio harvayi isolates and reference strain by API 20E system

Strains
Test KCCM
FP4110 FP4138 FP5201 E05003 E05005 E05006 E05007 E05008 E05009 C05011 A05022  4ecc
ONPG - - - - - - - - - - - -
LDC + + + + + + + + + + + +
oDC + - + + + + + + + + + +
CIT + + - + + + + + + + + +
H:S - - - - - - - - - - - -
TDA - - - - - - - - - - - -
IND + + + + + + + + + + + +
VP - - - - - - - - - - - -
GEL - - - + - - - - - + + -
GLU + + + + + + + + + + + +
MAN + + + + + + + + + + + +
INO - - - - - - - - - - - -
SOR + + - + + + - + + + + -
RHA - - - - - - - - - - - -
SAC - - + - - - + + + + + +
AMY + + + + + + + + + + + +
0X + + + + + + + + + + + +

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.
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Table 3. Physiological characteristics of the Vibrio harvayi isolates and reference strain

Strains

Test KCCM
FP4110 FP4138 FP5201 E05003 E05005 E05006 E05007 E05008 E05009 C05011 A05022 4866

10 - - - - - - - - - - - -

15 + + + + + + + + + + + +

T(iglf' 25 + + + + + + + + + + + +

35 + + + + + + + + + + + +

45 - - - - - - - - - - - -

pH 7 + + + + + + + + + + + +

9 + + + + + + + + + + + +

1.5~

65 + + + + + + + + + + + +

NaCl 7.5 + + + + w* + + + + + + +

(%) 85 - - - - - - w + - - - -

105 - - - - - - - - - - - i

*: weak

Table 4. Slide agglutination of Vibrio harveyi isolates and reference strain

Live cell HKC
Antisera against Antisera against
Antigen
FP4138  E05003 C05011 Keem FP4138 E05003 C05011 Keem
40866 40866
- +++ - - FP4110 + +++ +++ +
+++ - - - FP4138 +++ ++ +++ ++
- - - - FP5201 ++ ++ +++ +H+
- +++ - - E05003 ++ +++ +++ ++
- +++ - - E05005 ++ +++ +++ ++
- +++ - - E05006 + +++ +++ ++
- - - - E05007 +++ + +++ ++
- - - - E05008 ++ +++ +++ ++
- - - - E05009 ++ +H+ +H+ +++
- - +++ - C05011 +++ +++ +++ +++
- - - - A05022 +++ + +++ +++
- - - +++ Ijgggg +++ +++ +++ +++

-, no agglutination ; +, weakly agglutination ; ++, middly agglutination ; +++, strong agglutination
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Z+-2 B2 band”} major protein®]13 KC-
CM40866 °F 34 kDa =.7]2] Bl band”} major
t} (Fig. 2).

protein©] %}

u}

ol % Wofes
e 5 oA AYTelA 2%
& mhele) HANE U Sigkont HiRTE
FP4138, E05003, C05011 ++==¢i] ths] 70~ 100
% FAARES UERY S, KCCM40866 5=l
Hel A HA AE e ghekh Ak
1ARE Adstel AR AHY o
ol FRE WAL LA ettt (Fig 3).
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V. harveyiol] ZF9 4
v ge 59 .
- AEY WANE Sel MRS Jepd
o} 3191 ©. ™ (Soffientino et al., 1999) 5
AN A HHE HAE doTV=
ot (5 5, 2006) Eel@Tel 54 Qv
u) &3k AR Jo)t}h

V. harveyi #-2]it5+ H|H2] Qo] Adeul ek
o @o] ARE-E&= TCBS agaroll A A=+
2o) A7to] FAGA) S URE %4 M2
st e RS v Pee Pl
(Table 1) TCBS agaroll A o] Heke] MZAZ V. har-
veyis FAT 4 oiM—J:q API2EkitE ©]-8-3t
Wsketd Aol FEEE Qi =N 2

o]7} 9o} (Table 2) Vharveyz EHdFE =Y
@ gl ohig

V. harveyi= 9 =% 0.5~8 %, v = 40 C

wqkel| A A Aek —/F AT =T (Ortigosa
etal.,1994) o] AFNME 27 dFE 85 %
A= Agetd o i NaCl 5% 7.5 %
AR BRARD TR 29%7HR A+ )
+= V. alginolyticus (Ortigosa et al., 1994) 2} TFZA|
9.5% ol’dellAe ApetA] Fakqith o] dFES

W2 15~35 ‘CARelol A 44731913 pH 99
M e #5771 A5k e pH4oAM BEE 5
7F AR Zetl o i E xpol7t glo] Al
221 EAdol o8l V. harveyi E-eldTE Al
o] zlolE Y & UUTh
TCBS agarol| A 9] A4}, Be=|e, BEglojZ
v wale] 3709 ¥a]#3, FP4138, E05003,
C05011 2 FZ75 KCCM40866E X174 31

ReHe APS Ak weETrel @
HYS Gohus] Slstel ALE 4EF B
FPYOoB Slol= SANSS ANslE

3 % NaCle] 7}% BHIAGA v %= V. harveyi
o} B7] A e] FEtolE FHWHSS FP4138,
C05011, KCCM408669 tg a4 747}
FP4138, C05011, KCCM408663} 2-3]uk2o] <
oWty e #FEZ ﬂ_i}%@ﬂ LAk

E050039]] tﬂf‘& ?‘f}%ﬂ ‘é—"—

[e}

a+7+E 27t 9)\{— g Al B A
slo] olF HAl® FFsoldy AztET:
Aeromonas= NAAfA] A vloFSt o] swim-
ming 5ol FI3}= polar flagella (M-flagella)
9} A x| A swarming =) o] sl= lat-
eral flagella (L-flagella)®] & Fefe] HE7} A
stk skd=d (Kirov et al., 2004) Vibriox. Y
A iR o) A= M-flagellaz} A= 3 TA) =]o]
A& M-flagella®} L-flagellaZ} 25 & AJo] =}
37 319t} (Shinoda ef al., 1985). o|*H A+Ax}
= QAR A A 22 Vharveyig ©]-8-5}<] EW]
FAHS TEW] Wil E7 gEHN=

flagellaol] T3l dAll= glom &gfol= Wt
22 V harveyi®] M-lagella®} E7] 339
M-flagellaol] th&t 3}A] Atole] S-gwk-3-olth wh
2 Vo harveyi= L-flagellao] 2]3te] 3714]9]
Yo FEHET 44 Jou (Shinoda



30 CEv R

Fig. 1. Comparison by SDS-PAGE of the protein profiles
of Vibrio harveyi whole cell. Lane M, prestain marker; lane
1, FP4138 cultured on agar media; lane 2, E05003 cultured
on agar media; lane 3, C05011 cultured on agar media; lane
4, KCCM40866 cultured on agar media; lane 5, FP4138
cultured in liquid media; lane 6, E05003 cultured in liquid
media; lane 7, C05011 cultured in liquid media; lane 8,
KCCM40866 cultured in liquid media. Al, A2 and A3
indicate distinguished bands of bacterial protein between
34kDa and 48kDa.

(a) M 12 345678

(©) M12 345

117EDs —
H5k0a —

4AkDa —=

34kDn —=

ZfikDa —*

g

& 8 B

Cumulative mortality (%)
8

(=]

Fig. 3. Cumulative mortality of olive flounder immunized
with a formalin killed Vibrio harveyi C05011 and non-
immunized control challenged with V. harveyi FP4138,
E05003, C05011 and KCCM40866.

M 12 3 4356 7 8

LITkDa ——
A5KDa — =

48kDa
ZHkDa

2D —*

@

117TkDa—»
85kDa —*

M 12 34 506 78

48kDa —>

34kDa—

26kDa —»

B1
B2

Fig. 2. Western blot analysis of antigenic protein from Vibrio harveyi. (a), antiserum against FP4138; (b), antiserum against
EO05003; (c), antiserum against C05011; (d), antiserum against KCCM40866. Lane M, prestain marker; lane 1, FP4138 cul-
tured on agar media; lane 2, E05003 cultured on agar media; lane 3, CO5011 cultured on agar media; lane 4, KCCM40866
cultured on agar media; lane 5, FP4138 cultured in liquid media; lane 6, EO5003 cultured in liquid media; lane 7, C05011
cultured in liquid media; lane 8, KCCM40866 cultured in liquid media. B1 indicates the 34 kDa major protein band of
KCCM40866 and B2 indicates the 34 kDa major protein band of C05011.
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et al., 1992) M-flagellaol| QJSiME ojz] A
o= %Prﬂ 2 ds Aoz AT Al
o &< 7tste] HKCE WHEA =9 ol ofFeh
flagellai= §IARSL Feoll A #ATAS P
Al =)=t (Abbott et al., 1980) 117] H-a)FF<}
KCCM408662] HKCE= 471¢] E7] 83837} vt
ot BT RNkl oy wEel V.
harveyi®] ANl #F5 Akele] ¥F 3

o] At As & o AUk
Al €] %ﬁéﬁé% e FH7F BIET 9o
thutoll A H2]H 3,743712] V. parahaemolyticus
 4071¢] 2% é’aé o7 FEEEH (Chiou e
al.,2000) ©]H Aol A /\}&al 47)2] sFg&x o
2 V. harveyi®] @3S a3 1EE Z,:—‘:
Aot HEZ ] 2a) V 4702 dH3
IR HKC«] A3 P?Joﬂ °‘ow£
)=

A Rkg-o]
Ue 7FsAdel vk *87‘51\:}
T7ke] whlE AJAfe] ztolg dotr iz}
A patterns S A
34~48kDa A}o|9] bando|q FFE Alolo] =
= ThE patterns UERATE Al-9-ollA] #E]E V.
harveyi== 42 kDa®] Thil &S Zk= group T, 40
kDa®] €l &S Zh= group 11 12]3 F7H¢]
i AS 5 ZEA] % 7)E groupl® T
9=t (Pizzutto and Hirst, 1995) KCCM40866
o] 3= A3bandE HEHTE 2L A &%k
ow EFF Alolo|= FP41382] Al band+=
2 Fhe EElFTolA Holx ko il
E050033 CO050110lE= 25 2R 27]9] A2
band7} ¢lo] PizzuttoQ‘r Hirst (1995)2] ZA=}9}
AVSHST) 4572 SEH S 2 AHE-3F western blot-
tingoll Al #55 Ateld] 3 A profile
ztolg W 8T F AAUTE V. harveyi
39 whHe SDS-PAGES] A#st th27)
34~48 kDa AloldlA #FE Alele] Aolg &
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