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Analysis of antigenicity of viral hemorthagic septicemia virus (VHSV) glycoprotein

from cultured olive flounder Paralichthys oliwaceus
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The amino acid sequence of glycoprotein of Korean VHSV isolate (KR’01-1) was analyzed using the DNAStar
Protean system. Based on the flexibility, hydrophilicity, antigenic index and surface probability, three regions (Gpl,

Gp2 and Gp3) were selected as potential antigenic determinants. Three oligopeptides containing the amino acid

sequences of the three regions were synthesized and polyclonal antibodies were raised against them. The activities
of the antibodies were analyzed by Western blotting and virus neutralization test. The results showed that antibodies
raised against oligopeptides Gpl and Gp2 neutralized the infectivity of VHSV, suggesting that they can be possible
candidates for subunit vaccines against VHS diseases in olive flounder.
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Viral hemorrhagic septicemia virus (VHSV)&= %]
ho1S HISR BT oAofat ololA Azkat vl
ofei WS oblahs AR B Ued grort
22o] 94 T 2 e of ol WS kst
= HeAEtE 2ol H3AILL ek (Mortensen et al,,
1999; Smail, 1999; Kim et al., 2003). 3fi5= ool A <]
VHSVE 19793 Atlantic cod Gadus morhuaolAl A
R T1% o5 (Jensen ef al., 1979), TeA0] sl oFA]
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E2) 7019} turbot ollA] A& oF7] (Dale et dl,
2009; Schlotfeldt et al., 1991)3}5HS #at ofuz},
whiting Merlangius merlangus, Atlantic herring Clupea
harengus 5 ThERE opY S of FollA E2 o]
sk 3 Fol Hiolg|2rt EARITE 2ol S
21t} (Altuntas and Ogut, 2010; Mortensen ef al., 1999).
VHSVE §3 X985t oz} 19809) Sbiel
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Suteloh 2t qiRloAE BelEls o] 1 A
A E271 93 A 22 SRIET 9t (Brunson
et al., 1989; Kim et al., 2011; Takano et al., 2000;
Nishizawa et al, 2006). 220} -2, 19994 ob7IAR}
of olgHlolals MEEA 5, oPY Aol HEo
Z A% 3 (Takano ef al., 2000), AZT7]2] oFA]
WA A VHSVO &j3t w87} B =] Qict (Isshiki
et al., 2001). ©-2|Ug} E3} Kim ef al. (2003)0] 2FA]
BRI 208 Bargh o], Ryt alit ofFofl
A ZelEen], FAdR|oNA dutct 2429 w)
AR Yo7 WYAR =T 9t} (Kim ef dl,
2004; Kim et al., 2009).

oj2} Zo] MFA SHtE|AL gl= VHSV] 1M
u3}7] 918 FRAAE EAONA BlolF A free stock
& Adehs dl =2 71golaL QAT vl AE
48] Ashs Ao] FARA I Brks3t Aoz
A7) ik whEbA| VHS vaccineo] thgh o)
=0XH A killed vaccine, live vaccine, subunit vaccine
9! DNA vaccine (de Kinkelin, 1988; Lorezen and Olesen,
1997)0f) B2t A7} o] R AT Yok T &
Z2oA= de Kinkelin (1998)0] A3t VHSV
vaccine O ZA| Z5rojof 3 871x] 27dof B Haly]
= A2 oF71] §itt ©l8o] VHSVE glycoprotein
gene®|  H7|A B 7]Z5}  American
(Genogroup [), British isolates (Genogroup II), European
isolates (Genogroup 1I1)2] 37} genogroup 0.2 1}3=0]
A|+=t| (Benmansour ef al., 1997; Stone et al., 1997),
2 Uk 4 dx oA EejE VHSVE giRs
American isolates (Genogroup [)of] &38h= Ho= ¢F
A 0] (Kim ef al., 2003), ool that 3l F-4{o]
Y Ao AtaErt
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Table 137} Zth AMH 7 75 ABAKim et
al,, 2004)¢] A7} 2001 1295 E] 2004d 3U7H]
A5 ol A9 9 A Haieh Gl A &
3} 52 gk 9 By 5o EAAA AW S
[e)

soln] ISR oA Helstel of
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1g2]of o
3+ 1994 U genotype (American isolates, genotype I )
o] FH FFE ARSI, Hiol2| 20 ke
wojo] 2] uly] ofu}olg Epithelial papilloma of carp
(EPC) cellof] 453t 5 15Cof|a] 37k wljesto] Al
HA G} (cytopathic effect, CPE)E ERISIHITE A
ujjoFole. 10 % Fetal Bovine Serum (FBS), 1 %
antibiotic-antimycotic (Gibco BRL)S 37|83} Eagle’s
minimum essential medium (EMEM)E- A}8-519ick vt
o] A 2] A= low multiplicity of infection (MOI,
<001)e2 FPsigia BE Aoz 33] ofstz
Akt vlolalaole Agsigic B4 Mg 9ig
Qzu}o]2 22 Hong (2004)9] A7) A
Infectious haematopoietic necrosis virus (IHNV)Q}

Hirame rthabdovirus (HIRRV)S A}2-3}1%ct

_l



QAL HX|, Paralichthys olivaceusl| A 2|5t viral hemorhagic septicemia virus (VHSV) 2| 2f3ld 24 77

Table 1. Viral hemorrhagic septicemia virus (VHSV) isolates
used in this study

Virus  Date of Geographic Fish body ~ Water
isolate isolation  origin  weight (g) Temp. (C)

KR’01-1 Dec. 2001  Pohang 12 13
KR’02-1 Mar. 2002 Pohang 28 10
KR’02-2 Jun. 2002  Ulsan 4 17
KR’02-3 Jun. 2002  Busan 55 17
KR’03-1 Mar. 2003  Uljin 300 10
KR’03-2 Mar. 2003 Namhae 100 10
KR’04-1 Mar. 2004  Jeju 12 15

vho| 2| 20 &2 A

Hlo|HA 0] AA = Nishizawa et al(1991)2] =0
8130tk % TNV, HRRY ) 7719] VESV isotes
150 cm? T/C flaskol] H3ko] oek wioFshar MZ7}
9 % o ysisEIQS o 75 T 2208 NEE
FASIT: 015 Q1 tha 4000 xg, 302 59T AA
Tefslo] At ZhES AR 3 APINRRS: Fslar
o]719)| 7 % polyethylene glycol (PEG-6,000), 2.3 %
NaCl-& A7}5}0] 4 Col| A w8ksFHA] ovemight3}HS
k. o]E 20,000xg, 40+ F<t ¥ Elst] P
pellet-& A-2] TNE buffer (0.01 M Tris HCL, 0.1 M
NaCl, 0.001 M EDTA)o]| AfEHESE ThE- 15 % sucrose
cushion 9lel FZ5taL 4 C, 115000xgelA] 1ARE FE
2314 4] Fefsto] Hiol#2 pellets FIT B
AAto]| A28 VHSV isolate (KR’01-1)= Hpo|g A
pellet-2- ThA] TNE buffero]] 2f&Ers}o 20, 35, 50 %
sucrose discontinuous gradient}of|A] 4 C, 80,000xg =
IARE 302 53F < Eefstod 202 35 % Z4A] A1l
F/d% Hiol2 A bandE EI3IGITE o] TNE buffer
of] AEtsto] 115,000xgoll A TAIZE 52t 9 =efst
o} Hjol2AF AP 2F Holgls e &
k= 280 nmojjA SA3HAT

Peptide A4 9 34

A8 AFHKim et al., 2003)0f4 ¥R EA]
VHSV (KR01-1)9] glycoprotein gene (GenBank
Accession number, AY167587)2 7|22 4 ofuie
Ab M1 EA15}T, DNASTAR (DNASTAR Inc.,
Madison, W1, USA) Z2 1L o]&aho] 2124
(hydrophilicity) X &4} (antigenic index)©] =17,
el 3 324 EEO] ol 9% 7HeH
(surface probability)©] =Tl HEA4 == 3702] peptide
£ Table 29} Zro] AAsGir. Aet peptide
sequence= Fmoct]-& o|&sto] IA o2 £5 -
34 (Peptron, Korea)d}3itt. Peptide S 33t &, 3¢
A AR 913) BAF carrier DHUARA keyhole
limpet hemocyanin (KLH)& ZFHAIA A A2to)

Atk

Table 2. Synthetic peptides corresponding to amino acid
sequence of viral hemorrhagic septicemia virus (VHSV)
glycoprotein (G-protein)

Position on

Peptide Peptide sequence the VHSV G

name (KR'01-1)
VHSV Gpl CPHEFEDTNKGLVS-NH, 66-77
VHSV Gp2 CTHYYKTPKTVSIDL-NH,  164-177
VHSV Gp3  CGIPMQQFSRSQMV 495-507

A9 A2

42 Bajgl VHSV (KR'01-1) 2 M4 peptide
(Gpl, Gp2, Gp3)©ll &t polyclonal A= oF 15 kg™
= New Zealand white rabbitS AR&-5}o] AJAF51ick
wlefol] ANpat 3} Ehlle] R e Bt v
2| A0} A peptide S 212 200 g ARG5S 0T
2 WA WL Freund’s complete adjuvant (FCA)2}

SEPAIZ) F Bk FABIRT F WA ol RElE
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Freund’s incomplete adjuvant (FIA)2} §-3}A]7] Ao
2 Wolslolt): olo} 2L e ANslo) 2 71
©% 33| 245 HABSI] BAS Belshi 8

Cofl 231HA Aol A3}

(=)

884 A¥ (Neutralization test)

o)A FBIA| -2 Okamoto et al. (1983)] BPH
of w3hch. ok, AR 4711 anti-VESY rabbit
Ab (KR'01-1, Gpl, Gp2, Gp3)Z FBS7} H7h]#] gke-
MEM S 2uf| T4 343t the- 96 well plateo]) 50
% 931, 102 TCIDsy 50 plo] Ewa 3)41A)7]
VHSV isolates, IHNV, HIRRVE & Fo] H7}E
plateo] 50 114 H7k510] AL 147 ot BE
A HESAIZATE 96 well plateo) T3 v EPC
cell lineo]) well T 100 11 AE5}31 18 CoflA] 142
ZhefjeyslA CPEE Haetsict Ao 53l
7} (ND)+= 10? TCIDs) well' 9] Hio|HAE Z:3}A]7)
= FEHY T 34 vligro] AR BE 18k

SDS-PAGE Electrophoresis

T2l e] 7] G- Laemmli (1970)] o)
itk 5= AASH VHSV isolates % IHNVS}
HIRRV-Z 5xSDS sample buffer (SDS, Tris, glycerol,
2-mercaptoethanol) 2} £33t 3 5E ot boilings} 1
10,000 xgoflA] 10z FF AA 2gh ohg 12 %
polyacrylamide gelo]] loading3}o] 60 mA o) A] 1417+
3 A7) FE et

Western blotting
&= B3l ujo|2| A SDS-PAGE AbollA] %7

%35} B transfer buffer (25mM Tris, pH 8.3, 20 mM
Glycine, 20 % Methanol) S ARE31< 60 mAoJ|A| 2417
S HESAIA geloll = T bandE: nitrocellulose
(NC) paper©] transferd}ic}. NC paperE: Tris-buffered
saline and tween 20 (TTBS; 2.423 g Tris, 8.006 g NaCl,
0.1 % Tween 20 to 1 L, pH 7.6)2 A|&3t oL 3
% BSA-TTBS 8102 1AJ7} &<t blocking3}1L A|
A5 13} FAIS TIBSZ 15004 344310 4f-&oflA]
2417k Z<t HESAJH T NC paperS TTBSE washing
3 oh2- 1,0008] 3443k 22} A1 goat anti-rabbit
imunoglobulin (IG) conjugated with alkaline phosphatase
(Sigma)oll 3L A-LolA 1417 302 F% HESAIZ
t}.  5-bromo-4-chloro-3-indolyl phosphate/nitroblue
tetazolium (BCIP/NBT) phosphatase substrate (Sigma)
S Wistel AR WA 3 FEaE

washingdto] Rh-5-& FX|A|FH T

2 1

solgag 72 B 74

Hlolalie] 7 WL BAsh] Slste] 55
RS vlo|HAS B4 12 % SDS-PAGEZ A7)
953l UERS bandE standard marker protein
(Fementas)} |25 2 Z7h= Fig 13} 2k 22je
oF 70, 41, 28, 24 kDa H-2ol| major band”} THEE| S
#, ok 217t G, N, M, M2 protein®)] 22} ot
3FT (lane 1~7). GR|o| A E-2]3t virus isolates+=
BL =3l protein patternS X O}, reference
virusQ1 HIRRV £} THNV= protein pattern©] AHo|3151
t} (lane, IHNV and HIRRV).
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Fig. 1. SDS-polyacrylamide gel (12 %) electrophoresis pattern
of the structural protein of viral hemorrhagic septicemia virus
(VHSV) isolates. The proteins were stained with coomassie
brilliant blue R-250. G, glycoprotein (70kDa); N, nucleocapsid
protein (41kDa); M1, polymerase-associated protein (28kDa);
M2, matrix protein (24kDa). Lane M, size marker, [HNV;
purified [HNV, HIRR; purified HIRRV, | ~7; purified VHSV
isolates respectively KR'01-1, KR’02-1, KR’02-2, KR(2-3,
KR’03-1, KR’03-2, KR’04-1.
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Western blotting

A&kt polyclonal rabbit antibody2] VHSV A3 &
o414 2RI517] $18}e] western blottingS AAIFH 2
= Fig. 29} 2t} Anti-whole VHSV (KR'01-1) Ab+=
Al8 thA} VHSY isolates 2= E0]2 0 2 H1-2-5]0]
55t patern®] G, N 2! M1o]| 3jtg5]= protein profile
2 HP oL} (A, lane 1~7), IHINVY} HIRRVS] A%
RHIES Q1alal) Bl RO LERTHA, lane |
and H). Gpl, Gp2, Gp32] 34 peptideo]] Tt AbJA]
A& i VHSV isolates k= So0]2 0= H-3-51o
G procine] 2214} QB 2ol So] band HA
stgich (B, C and D, lane 1~7) o] s} o[ @4
pepide 7} NV} HIRRVS} So] 2ghelis vh

o ol 4 QIolt (Fig. 2- B, C, D),

- =

Fig. 2. Western blot pattern of the structural protein of viral hemorrhagic septicemia virus (VHSV) isolated
from olive flounder, Paralichthys olivaceus. A, Western blotting with anti-VHSV (KR’01-1) sera; B,
anti-sera with synthetic oligopeptide Gpl; C, anti-sera with synthetic oligopeptide Gp2; D, anti-sera with
synthetic oligopeptide Gp3. Lane M, molecular weight marker; 1~7, VHSV isolates; I, [HNV; H, HIRRV.
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A2}5t 4712] polyclonal rabbit antibody7} %3} 3
AZA AL = 9=R)9] oJE-2 peytralization titer
2 31013t A= Table 30 VFERJSITE Anti-whole
VHSV (KR’01-1) Ab= AJE thAF VHSV isolateso]]
st} S35} Hkgo] dofiton ojnf 3 YA/ i=
1:160~1:3200.2 yreptcl T2 [HNVS} HIRRV
e WA} HR-E Ve gtk Anti-VHSV Gpl,
Gp2 1:309] 53t FA7HE UERAAAITE Gp3of] of
T e T8 FARAY kg FRIgh 4 9igick

Table 3. Neutralization tests of viral hemorrhagic septicemia
virus (VHSV) isolated from olive flounder, Paralichthys
olvaceus with anti-VHSV (KR’01-1) sera and anti-three
synthetic peptide (Gpl, Gp2, Gp3) sera

Neutralization titer of antiserum®

Virus  Virus VHSV
isolate  titer® )
KR01-1 Gpl  Gp2 Gp3
VHSV
KR01-1 2.55 320 80 80 <40

KR’02-1 2.80 320 80 80 <40
KR02-2 330 160 80 80 <40
KR’02-3 2.55 320 80 80 <40
KR’03-1 2.55 320 80 80 <40
KR’03-2  2.05 320 80 80 <40
KR’04-1 2.05 160 80 80 <40

IHNV 280 <80 <40 <40 <40
HIRRV  3.05 <40 <40 <40 <40

2 Logip TCIDsp well .
b Reciprocal of maximum dilution of antiserum to neutralize
2.0 logio TCIDs; of virus.

ni ¢

Ml

A AR 2 VHSV] o3t Tjaf7} Shikgo] o}
2, VHSVS] 7192 71517] $18) SRAAE ThAlolA

o] free stock-5 AAFSh= H e 710l
ARG Hpo|2|AE 8] Ajksh= Alo] A=A
L 75 202 ARAT ek Tepd, VHSVE)
B4 2ok wlolel 24l oI TlohE A
254517] Sk 1ol Al 2o Bilo] FHT
Qlck VHSE 1~3x10° uW st em?9] UV radiation
2ol &= B3] chlorine, hypochlorite, iodophore
o 22 aEAo= vlwA] anEgl Zos g
A Q)Th (Yoshimizu ef al., 1986). 94 &% a7
of o Q4] ARlel S| A 3t} ey
k= B4 % 9ot (Smail, 1999). ESH Poly(:.C)E
WSt Japanese flounder Paralichthys olivadeus©]
VHSVE AHHAI] £ 100 % BEHThe Hale
QIt} (Takami ef al., 2010). @A VHS®| 3} vaccine
AL killed vaccine, live vaccine, subunit vaccine 2
DNA vaccine (de Kinkelin, 1988; Lorezen and Olesen,
1997) & ThFBHA| ol FofAIAL Jlom, of2] B4}
E9| B} 2839l vaccine 72 sk VHSVY
Tz v o] ek Bag sk
VHSVE 5749] 2 el o] 5ol glr]
RNA dependent RNA polymerase (L), transmembrane
envelope glycoprotein (G), nucleocapsid protein (N),
matrix proteins M13- M20] o]Qjof|&= ZH A 3zoj
AHt ¥ =)= non-virion protein (NV)o| Q=4 71
7% oFR] YRR kAt Ut (Schuetze ef al.,
1996; Kurath et al., 1997). VHSVo| tfigt -2 thaal
o BAE AR 22 o} upe} HAggol
OF7H Zo)7t QIA|NE (Wagner, 1988; Coll, 1995),
Zzke) & gl o BATL 38~41 kDa
(N), 21.5~25 kDa (M1), 19 kDa (M2), 72~80 kDa
(G) 282 157~190 kDa (L) 7|5kl Z o2 oA
Qlt} (Lenoir and de Kinkelin, 1975; McAllister and
Wangpner, 1975). & A-tol|lA= EAlol|A Eg=)=
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VHSV isolates @] JL% ©hilo] & 7] =ARS R A}
Z1} L protein©f] thaljA+= 12 % SDSA}ol| A -3kt
AAE 2] o2l G, N, M1 ¥ M2= 7}7} oF
70, 41, 28 9 24 kDa A=l A0 2 Sholxjolon
AJolA] H-2l3t VHSV isolates 7Holl= 2}o]7} ¢lo]
HE Y3t profiles & 2RI = QT
VHSV ] G protein- rabies virus (Gaudin et al.,
1992)0f A2} o7 2 3702l monomerZ} B3L&
Ao} Gl timer £ 0|23 9low] 24 v}
ozl ko) 10 % ofste: sl Ho]als
WA} oz Bl Q= HU P Tl
ol YomA i QS P
(Bernard et al, 1985). VHSV Z+Hol thot tr
4 etap ol ditol Ak 44 W2t )
Ao} SHeol BTeli o B 28] o
9] Ao 2 Folltt (Lorenzen ef al., 1999; Perez
et al., 1998). o5 5ol Are] Wolo] AHo=
Hofshe A AAele Holelag] 2} G
protein epitope®]| T A= o] HEEHA| ko in
viooj|A] VHSVE E313F = Q= FH4|7} in vivo/dol]
419} protection ¥t FHEA] AAJ8H= 212 oft]olA]
2= v}53} monoclonal antibody (MAb)7} VHSV o]
gt 5] 2344 0 Thofdh %9 (Lorenzen
et al., 1999 Q1L troutof| A =2 =3} IS Kol
Z10] linear epitope@= A BF2-3HAL} HES-5}A]
%= 7S (Ferndez-Alonso et al., 1999)%= JQich 2
Aol S35} IS AL 91810 whole virus
WRE oRe} G protein®] THA 321 24 peptide S
A Aol AM8SILE 2 Atolla] AR polyclonal
VHSV whole antisera®%t o2} A peptide o4 =
F3h GRS BRI 4 o ojlo] A2
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Aol A A&kgE VHSV peptide Gpl it Gp2o]
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Zxlo] 918 754 (surface probability)o] #thil H-
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polyclonal A2 AReko] LY FAL AN gl
23}, A peptide = A S L= A2 Western
blotting A3} VHSV O] Fxrhifzli} Eojdoz
ke eten), of 71es) Gpl U Gp2 T4
peptidec] oigh FEHL FA WXl Fet
VHSVE Z£3AX]7|= Ao & YERY, peptide-based
ol M AS AN

-

ruﬁ

antigen |
AR =2

2 Qi S (AR Wl

A

jm

o} A| A 72, RP-2011-AQ-055)2] x] ol oJf
FEAFU

Mo &

s

il

Altuntas, C. and Ogut, H.: Monthly occurrence and prevalence

of viral haemorrhagic septicacmia virus (VHSV)



82 240] - XY - F0|% - YH0| - TS - U

in whiting Merlangius merlangus. Dis. Aquat.
Org., 88: 107-113, 2010.

Brunson, R., True, K. and Yancy, J.: VHS virus isolated
at Makah national fish hatchery. Am, Fish. Soc.
Fish Health Sec. Newsl., 17: 34, 1989.

Benmansour, A., Basurco, B., Monnier, A.F., Vende, P.,
Winton, JR. and Kinkelin, P.: Sequence variation
of the glycoprotein gene identifies three distinct
lineages within field isolates of viral haemorrhagic
septicaemia virus, a fish thabdovirus. J. Gen. Virol,,
78: 2837-2846, 1997.

Bemard, J., Le Berre, MB. and de Kinkelin, P.: Viral
haemorrhagic septicaemia in rainbow trout: attempt
to relate interferon production, antibody synthesis
and structure of the virus with mechanism of
virulence. Ann. Inst. Pasteur. Virol., 136: 13-26,
1985.

Coll, J. M.: The glycoprotein G of rhabdoviruses. Arch.
Virol. 140: 827-851, 1995.

Dale, O.B., Grpetveit, [, Lyngstad, T.M., Kahns, S., Skall,
HF., Olesen, N.J. and Dannevig, B.H.: Outbreak
of viral haemorrhagic septicaemia (VHS) in
seawater-farmed rainbow trout in Norway caused
by VHS virus Genotypelll Dis. Aquat. Org,, 85:
93-103, 2009.

de Kinkelin, P.: Vaccination against viral haemorrhagic
septicaemia. In: Ellis, A.E. (ed) Fish vaccination.
Academic Press, London, pp. 172-192, 1988.

Dorson, M. and Chevassus, B.: Etude de la receptivite
d’hybrides triploides truite arc-en-ciel*saumon
coho a la necrose pancreatique infectieus et a la
septicemie hemorragique virale. Bulltin Francais

de Pisciculture, 296: 29-34, 1985.

Fernandez-Alonso, M., Lorenzo, G., Perez, L., Bullido, R.,
Estepa, A., Lorenzen, N. and Coll, JM.: Mapping
of linear antibody epitopes of the glycoprotein
of VHSV a salmonid rhabdovirus. Dis. Aquat.
Org., 34: 167-176, 1999.

Gaudin, Y., Ruigrok, RW.H., Tuffereau, C., Knossow, M.
and Flamand, A.: Rabies virus glycoprotein is a
trimer. Virology, 187: 627-632, 1992.

Horlyck, V. Mellergard, S., Dalsgaarrd, [ and
Vetergard-Jorgensen, P.E.: Occurrence of VHS in
Danish maricultured rainbow trout. Bull. Eur.
Assoc. Fish Pathol,, 4: 11-13, 1984,

Hong, M.S.: Rhabdovirus isolated from the fry of snakehead
fish, Ophicephalus argus. Master thesis, Pukyong
National University, Korea. 2004.

Jensen, N.J., Bloch, B. and Laesen, J.L.: The ulcus-syndrom
in cod (Gadus morhua) I A preliminary
virological report. Nord. Vet. Med., 31: 436-442,
1979.

Kim, S.M. and Park, S.L: Detection of viral hemorrhagic
septicemia virus (VHSV) in wild marine fishes
in the coastal region of Korea. J. Fish Pathol.,
17: 1-10, 2004.

Kim, S.M,, Lee, J.I, Hong, M.J., Park, H.S and Park, S.L:
Genetic relationship of the VHSV (viral
hemorrhagic septicemia virus) isolated from
cultured olive flounder, Paralichthys olivaceus
in Korea. J. Fish Pathol., 16: 1-12, 2003.

Kim, W.S., Kim, SR, Kim, D.W., Kim, J.O., Park, MA,,
Kitamura, S.I, Kim, HY., Kim, D.H., Han, HJ.,
Jung, S.J. and Oh, M.J.: An outbreak of VHSV
(viral haemorrhagic septicaemia virus) infection

in farmed olive flounder Paralichthys olivaceus



QA EX|, Paralichthys olivaceusOfl A S-2|SF viral hemorrhagic septicemia virus (VHSV) 2| &f

in Korea. Aquaculture, 296: 165-168, 2009.

Kim, W.S., Jung, S.J., Kim J.O., Kim, D.W., Kim, J.H.
and Oh, M.J.: Genetic positioning of Korean viral
hemorrhagic septicemia virus (VHS) from cultured
and wild marine fishes. J. Fish Pathol., 24: 1-9,
2011.

Kurath, G., Higman, K.H. and Bjorklund, H.V.: Distribution
and variation of NV genes in fish rthabdoviruses.
J. Gen. Virol,, 78: 113-117, 1997.

Lorenzen, N., Olsesen, N.J. and Koch, C.; Immunity to
VHS virus in rainbow trout. Aquaculture, 172:
41-61, 1999.

Laemmli, UK.: Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature,
227: 680-685, 1970.

Lorenzen, N. and Olsesen, N.J.: Immunization with viral
antigen: Viral haemorrhagic septicemia. In: Fish
Vaccinology. Gudding R.A., Lillehaung, P.J.,
Midtlyng, F. Brown (ed.), Dev. Biol. Stand. Basel,
Karger, 9: 201-209, 1997.

Mortensen, HF., Heuer, O.E., Lorenzen, N., Otte, L. and
Olesen, NJ.: Isolation of viral haemorrhagic
septicaemia virus (VHSV) from wild marine fish
species in the Baltic Sea, Kattegat, Skagerrak and
the North Sea. Virus Res., 63: 95-106, 1999.

Nishizawa, T., Yoshimizu, M., Winton, J.R. and Kimura,
T.: Comparison of genome size and synthesis of
structural proteins of hirame rhabdovirus, infectious
hematopoietic necrosis virus, and viral hemorrhagic
septicemia virus, Fish Pathol., 26: 77-81, 1991.

Nishizawa, T., Save, H., Isidan, H., Ustunag, C., Iwamoto,
H. and Yoshimizu, M.: Genotyping and pathogenicity

of viral hemorthagic septicemia virus from

i
0x
M
1z

83

freeliving turbot (Psefta maxima) in a Turkish
coastal area of the Black Sea. Appl. Environ.
Microbiol., 72: 2373-2378, 2006.

Okamoto, N., Sano, T., Hedrick, R.P. and Fryer, J.L.
Antigenic relationship of selected strains of
infectious pancreatic necrosis virus and European
eel virus. J. Fish Dis., 6: 19-25, 1983.

Ord, WM, Be Berre, M. and de Kinkelin, P.: Viral hemomhagic
septicemia: comparative susceptibility of rainbow
trout (Salmo gairdneri) and hybrids (S.

kisutch) 1o
experimental infection. J. Fish Res. Board Can., 33:
1205-1208, 1976.

Perez, L., Estepa, A. and Coll, J.M.: Purification of the
glycoprotein G from viral haemorrhagic septicemia
virus, a fish rhabdovirus, by lectine affinity
chromatography. J. Virol. Meth., 76: 1-8, 1998.

Smail, D.A.; Viral haemorrhagic septicaemia. In: Fish disease
and disorders, vol. 3, Viral, bacterial and fungal
infections. P. T. K. Wood, D. W. Bruno(ed), CABI
Publishing, New York, pp. 123-147, 1999.

Schiotfeldt, H.J., Ahne, W., Vestergard-Jorgensen, P.E. and

gairdnerixOnchorhynchus

Glende, W.: Occurrence of viral haemorrhagic
septicaemia in turbot (Scophthalmus maximus)
a natural outbreak. Bull. Eur. Assoc. Fish Pathol,,
11: 105-107, 1991.

Schuetze, H., Enzmann, P.J., Mundt, E. and Mettenleiter,
T.C.: Identification of the non-virion (NV) protein
of fish rhabdoviruses viral haemorrhagic
septicaemia virus and infectious hematopoietic
necrosis virus. J. Gen. Virol,, 77: 1259-1263, 1996.

Stone, D.M., Way, K. and Dixon, P.F.: Nucleotide sequence

of the glycoprotein gene of viral haemorrhagic



84 #¢0| - XS - 20|

02
10
o
=
N
pal

septicaemia (VHS) viruses from different Isolation of viral haemorragic septicernia (VHSV)

geographical areas: a link between VHS in farmed from wild Japanese flounder, Paralichthys

fish species and viruses isolated from North Sea olivaceus. Bull. Eur. Assoc. Fish Pathol,, 20: 186-193,

cod (Gadus morhua L.). J. Gen. Virol., 78: 2000.

1319-1326, 1997. Yoshimizu, M., Takizawa, H. and Kimura, T.. UV
Takami, I, Kwon, SR., nishizawa, T. and Yoshimizu, M.: susceptibility of some fish pathogenic viruses. Fish

Protection of Japanese flounder Paralichthys Pathol., 21: 47-52, 1986.

olivaceus from viral hemorrhagic septicemia

(VHS) by Poly(I:C) immunization. Dis. Aquat. Manuscript Received : July 21, 2011

Org., 89: 109-115, 2010. Revised : August 12, 2011

Takano, R., Nishizawa, T., Arimoto, M. and Muroga, K. Accepted : August 16, 2011



