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Table 1. Changes in annual production of cultured marine in Korea

Common Scientific Production*

name name 1990 1994 1995 1996

Flounder Paralichthys olivaceus 1,037 16,339 17,016 28,203

Yellow tail Seriola quinqueradiata 462 963 272 1,395

Sea breams Pagrus major 229 316 131 693

Rock fish Sebastes schlegeli 386 4,406 10,410 22,569

Sea bass Lateolabrax japonicus 391 830 432 1,402

Mullet Mugil cephalus - - - 1,011

Grouper Epinephelus septemfasciatus - - - 74

Others 152 283 472 1,446

Total 2,656 22,499 28,733 56,789

* Metric

Data from National Fisheries Research and Development institute in 1997,
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Table 2. Loss of marine fishes and shrimp due to diseases in Korea

Fish species Production* Loss™ Loss (%)

Flounder 109,713 11,720 10.7

Rock fish 103,180 4,365 4.2

Sea breams 8,228 896 10.9

Sea bass 9,990 479 4.8

Tiger puffer 70 0.5 0.7

Penaeid Shrimp 346,000 70,000 20.2

Others 4,534 125 3.1
Total 581,715 87,58S5.5 15.1

* Numer of individuals > 1,000
Dats from National Fisheries Research and Development Institute in 1997,

Table 3. DNA virus diseases of cultured marine fish in Korea

Virus name Abbreviation Affected fish Reference
Herpesviridae
flounder herpesvirus FHV Japanese flounder Oh (1991)
Iridoviridae
lymphocystis disease LCDV Rock fish Chun et al. (1988)
virus Flounder, Sea bass Oh ez al. (1999d)
red sea bream RSIV Striped beakperch Jung & Oh (1999)
iridovirus Sea breams Oh et al. (1999¢)
Rock fish
Baculoviridae
white spot syndrom WSBV Penaeus chinensis Kim et al. (1999)

Hlolgjxeo] g Whyogs WAL ol &3t W, AW AAL W %A
T HEo 93 by Fo| o] &= $orn ELISA, Western blot, immunoblot,
fluorescent antibody$} Z& EAAESZ WY ET o] &HAUY. HIde FHE
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Table 4. RNA virus diseases of cultured marine fish in korea

Virus name Abbreviation Affected fish Reference

Birnaviridae

infectious pancreatic IPNV Japanese flounder Sohn et al.(1995)

necrosis virus Oh et al.(1997)
Rock fish Seo er al.(1998)

marine binavirus MABYV Japanese flounder Oh er al.(1999a,b)
Rock fish, Sea bass

Rhabdoviridae

hirame rhabdovirus HIRRV Japanese flounder Oh et al.(1997)

nubchi rhabdovirus NRV Japanese flounder Oh & Choi (1998)

Nodaviridae

striped jack nervous SINNV Sevenband Sohn er al.(1998)

necrosis virus grouper
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MOI=0.01-0.0012 u}o]d 2 & HFS AL 15THAM F454c}t 79 & & AX
9] lysis7t B F, wigFdE 4000xgolA 1087 GAEH® - FFYel
7%(w/v) polyethylene glycol (PEG-6000) 37}t EFHS 4ToA] A3
EEo FUH 6000x gl A 3083t dHEs IHAEL TNE buffer (0.01M
Tris.Cl, pH 8.0, 0.IM NaCl, 0.00IM EDTA)d] =R{t}t Al8E 20%, 30%, 50%
sucrose discontinuos grdient® 80,000 gdlA 9087+ AR st ulolg A
bandE #3239t} ¥ viral particless 115,000 X goll A 6087+ QA& 3o
FAEE TNE bufferel] olx -80Cel AME-317] A7t n@AstHet. FAE uvt
o]g]2& SDS-PAGE 4% 3lth

229 9 947148 &4

Cloning of 3’ region by ply(A) tailing

Genomic RNAY 3'¢e-& S243}7] Y3} poly(A) taile poly (A) polymerase
g AHgste] FAE AT Tailinge 24409 5X reaction buffer (100mM Tris.Cl,
pH7.0, 250mM KCI, 3.5mM MnCl, ImM EDTA, 50ug/ml acetylated BSA, 50%
glycerol), 100mM¢e] ATP 0.5x¢, RNase (40u/u8) 0548, poly (A) polymerase 1448
(Amersham, yeast) Z28]3 10nge] A A¥ HIRRV genomic RNAZ E3H 100
9] poly (A) tailing mixture®*] ¥H&-33th. Reaction mixturew 5%3F 37T A
%] 2] 8} 31 phenol:ichloroformiisoamyl alcohol(25:24:1)2 F&33th. ¢¥ RNAS
2040 reverse transcription reaction mixture®l] =% t}.

RT-PCR

RT-PCRY| A}2E primers ¥ ¥ HIRRVY X straind 43 97 A49S
3t A Zstdch A E RNAS 44409 5X reaction buffer (250mM Tris.Cl,
pH8.3, 250mM KCl, 50mM MgCl;, 25mM spermidine, 50mM DTT) 0.54£2]
RNasin (40u/1) 1mM dNTP, 05x49] AMV RTase (10u/gf) 28] antisense
primer 05x& E%3 20ul reverse transcription mixture®] =% T Reaction
mixture= 25ToA 1083 ¥EEAI71Z 42TAdA 6022 ¥Hg3tdd. 4=
cDNA template= 502 10X buffer (100mM Tris.Cl, pH 8.3, 500mM KCl, 15mM
MgCly), 0.2mM dNTP, 0549 Tag DNA polymerase (5u/xl) 12]3 50pmole
sense primers £33 3010 PCR mixtureE H7}dle FZE3H ). PCR wHg-Z4A
£ 95C oA 5%-7F pre-denaturationdtal 94 C oA 1&7F denaturation, 50C oA 1
-7t annealing, 72CoA] 1583t extensiong 40cycles 33 72Co|A 7EZH
post-extensionS A Th PCR producte= 1% agarose gel A7]1%9-53}e] &1 H )

Cloning of 5' trailer region
Genomic RNAY 5'2¢S &24d7] Y3l poly(c) tail® TdT(Terminal
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Deoxynuclotidyl Transferase)E AF&-3ta] 4319t RT-PCRY 22 Wo=
cDNAE #A3Ytr. Tailinge 2149 5X reaction buffer (50mM Cacodylate
buffer(pH6.8), 5mM CoClz, 0.5mM DTT), 20mM<e] CTP 1x, TdT(20u/pl) 248,
(Promaga) 223 ¢DNA templateZ E&¥ 104£9] poly (C) tailing mixtureol] A]
B85} Tk Reaction mixture= 1A)1ZF 37°Coll A 2]2)3}3L phenol:chloroform:isoamyl
alcohol(25:24:1)2 FZ3¥dth. Zd W3EL 50109 second synesis reaction
mixturee] %9 ©& PCR ¥H$-& 4334t

A Z% Glycoprotein®] 23

HIRRV G protein®] C-terminal ¥ Glutathione-S-transferase (GST)2}+<9]
fusion @A Z Y FLH3}7] $3}e expression vector pGEX4T-19] HIRRB g
protein & 2}2] C-terminus ¥ subcloning3te BL21 (DE3) E.coli strains©ll
HAAZA). o]F A w50]W pGEXHRG' clone& HIRRV G proteing &
e sl7] e o] 83T pGEXHRG' 82202 ¥AAZ H E.coli€ ampicillin
(50ug/me)o] g2 LBul Ao}l HF3d ODeo=057F 8 wi7ztA] v]gste] 1mM
IPTGZE inductionAlZ] th& ¥ttt 2 AEES ATt 2o pellet
€ sample loading buffero] =o]il 100TCoA 5&83F £ T8 304 YAAA
th 213l sampleS 12.5% SDS-PAGE gel ¥ 2.5% acrylamide stacking gel2 ©]
83l SDS-PAGE #4& 334t #A7|9% 3, gelS coomassie brilliant
blueZ XA iAol 282 broad range size marker (Bio-Rad)$} vl

st Ao

Ay g Ao A

pGEXHRG'&&¢& 7IA+ E.colig ampicillin(100gzg/me)o] /2 LBulA| 20mé
of Wkl AZ- iAo HFstH ODew=0.57F & wj71A] wjestdch ImM
IPTGZ inductions 83 6A17F <t Al st vlgd AZE 3500rpmoll
A 2083 QAEFES pellete lysis buffer I [10mM Tirs-HCI(pHS.0), 200mM
NaCl, ImM EDTA, 10% glycerol, ImM DTT, 1mM PMSF] 15méel] 5o EE&
& Vibra Cell®2Z 257} 50% output®. & sonication3t9th. ETEE 4Co)A 5%
ZF 8000rpmez YA 3  pelletE lysis bufferH [lysis buffer I,
lysozyme(200ug/mé), 0.196 Trition X-100, deoxycholic acid(Img/m¢)] 20meel] o]
Ao 3083 incubationAl3FH T 28]z 8000rpmellA 5E7 YA E A
pellet& lysis bufferll [lysis buffer I, 0.1% Trition X-100, deoxycholic acid
(Img/md)] 20meel =oli kAl 8000rpmol A 5%-2F A2 s pelletd lysis
buffere2 o] W AQPAED3S lysis buffer 5mle] pelletS Z Ut o]
sample< sample loading buffer [ImM EDTA, 250mM Tris-Cl(pH 6.8), 4%
SDS, 2% B Mercaptoethanol, 0.2% bromophenyl blue, 50% GlycerollE 4391 10%
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#Zolx o YAAMAY. 23 sampleE 12,000 Xg& QAR 4F5H
3t 10% SDS-PAGE geldl 719 F3tAth A719F F, 0.3M CuCLZE ¢
5te] WEH bandES AFE23L electro-separation system (S&S Elutrap, Schleicher
& Schuell) 2.2 Glycoproteing ¥ &3} 1 Braford assay® A @39t

2 ot AN

vaccine # &

o 3007t o] YA AlE E2TH ML oE AMESATH AHEE WX X
T 3T ATl 179 g(A854£03m)) G X E 5L FF A RN 1
RHodBs e A5 WA 9 Beshe 0309 Aol GST-G fusion
proteing HZF %7} 50ug/ml(low dose), 300ug/ml(high dose)7} =& FHA)Z]
F B718lHA 4z 7R AA3IL, dF2Te el 10830 IAASFAG
A7 %, 3090] A Fo] He)F 20FH NEF 12§ 42 30FoE U
Aok ol 32§% & 2FolE HIRRVE B73FAH10**TCID50/1nt/fish) 8}
QI, e ZE9E HIRRVE A (10°°TCID50/mg, lhr immersion)dt 1, v
A 18§ HBSSE E74FAL stk

#4998 Ex7|9 A HIRRVE RT-PCRE &<l

Challenge#}A oA && Ei17|7} HIRRVY ZEEH FA=AE dotrr] 93|
A FL Exvle ulE -80Td BBt A5 FEE Hole AR Y ofrir g
4, B3 gt 28 Y&EY 59 S48 wvoE T & Aok F E317] Fol
A olgd F g FAE UEhlle 21718 AYstn Y} WAl EEEE B
17)9] AL 333} Trizol (Gibco BRL)A ¢}sf £2]3 total RNAE ]34
RT-PCRE $83t9t}t RT-PCRE forward primer$) EXPG (5’ - gagctcatatgattaccttc
- 3")%} reverse primer¢l HRG-C (5' - tatctaggatcctagaggtaag - 3" )& o] &3}
Gl X Hgg o gE FP3ct

[tk

23 % 1

ulolg) 29 54

RTG-2 M %o 7+9%F HIRRV S nlolal & A= bullet-shaped YA+ &ejo]ch.
HIRRVE 150-200nm Zo]$+ &7 o] 80nmeolt}. Electron dense coreZ &%
bullet shaped virust #HZEH Q2 E3F fuzzy fringes FAH A} vlolgl A Y=
22 MIYFRA #HAEYor AToZHE buddingdl AE HlolHAE
HAHAJT (Fig. 1). ©181¢ FHE rhabdoviridaed] utelels 53& vehdtt
H1E samplee Y¥FE < WY 0 2 fixation?} embedding 3HA eFtA| 9, Hpojz{ &

o Yre e 47 B3 Lo BRY & AT
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Figure 1. Electron micrograph of an ultrathin section showing large numbers of
bullet-shaped virus particles in rainbow trout gonad (RTG-2) cells
infected with the isolated virus.

HIRRVS] Fx @@ e] SDS-PAGE A3 119 2¢] Holes upel o] oF
160kDa L protein, 55kDa G protein, 45kDa N protein, 26kDa M1 protein 183
22kDa M2 protein®] 5709 @¥l@o] HIRRV viriono] &5l <th HIRRV
CA-9703 strain 7% @& 9] 498 37| - rhabdoviruses (Schutze, et al,
1995)¢} W8y,

kDa
200 >
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Figure 2. Structural Proteins of HIRRV
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Genome %

3 39 A] 3'9 A4 5 orientation® 2 HIRRV negative strand genome& e
2t HIRRVY genomed E5F 11034702 9712 FAEHe] Aot Genomed 3’
Yo ZXE 3 leader, nucleocapsid protein gene, 271 2] matrix protein genes, G
protein gene, polymerase protein gene®] W€ o] glon o]5& 19 39 |, N,
M1, M2, G, NV z28l2 L 2 EA1Ho] dch

52 1409 2186 2882 4494 4872 10966 11034

32 N v m2 G NV L Lz 5-

Figure 3. Structure of HIRRV genome

3’ leader © genome 3’ & Ydo ZXE 6lbp7tAle]® HIRRVS THNVE 3
leader sequence homology+ 53% A th HIRRV 3’ leader®] polyadenylation signal
S [HNVY A -9+ ©Z2A o gene junctiond} M]3t

Nucleocapsid (N) gene< genome®] 3' T o 2 BE 167 - 1408 ¢33 62
-13457+A] 1209bpE A o] A= 319 open reading frame (ORF)E ¥ 331
At} o] ORFEHH 392 o}r|Aito 2 FHo] & 45kDa 3.7] N protein®| coding
glo] do}d. HIRRVSF t& rhabdovirus obu]x=4t G71A 98 vindt A3} ojnx
At identities= 2F 20-30% % A9, HIRRV S} THNV ] ofni=t 7] d Bl mLol A
E 67%9 =& identityE JehiATH

M1 gene& genome?] 3’ Teto 2 HE 1409 - 21800 Y x|3}w 1445 - 21287
A 772bpE FAH S U= dlvte] ORFE X3t 3l of ORFEY-E] 227 o}y
Ao 2 Ho) 9lE 26kDa Z7] MI protein®] coding® o] 31t} HIRRVS} VHSV
9] olut UM EE vluek AF o)} similarity= 45% S A7k, HIRRV £}
[HNVY ojnx=at 471449 vl e 81.5%2 && isimilarityES VERA AT

M2 gened genomed] 3’ WO ZHE 2181 - 28319 X3 2234 - 28157}
2 701bpE TFAH] = dh}te] ORFE X &sta 2t o] ORFEF-E 193 ©}v
=Ake 2 Fo] glE 22kDa 27] M2 protein®] coding® ©} 1t} HIRRVS} VHSV
o] opv)idt EYIMEE ving A ofv]4t similarity® 57% A%, HIRRV ¢}
IHNVE] olpj2t 714 vao e 86%9] ¥-2 similarityE YeE At

G gened genome?d] 3’ WO ZHE 2882 - 44939 9 X slv 2924 - 44507}X]
701bpE TAEH] d& e ORFE Eg3dtx gtk o] ORFEHR-H 508 o}v]ic
oz so] gle 55kDa 7] G protein®] coding® e} Slvh. HIRRVSE VHSV Y
opl At FUIMEE vHmE FAF oln:=4l identitys 39%H AT HIRRV S}
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IHNV S o}u)x=4t @7144E vno|lE 74%9 =< identityS YERAUTH

NV gened genome® 3' 4o 2 XE 4494 - 48719 9 A58 4528 - 47637
] 112bpE TAH o] U+ dlvte] ORFE E¢3lx gtk o] ORFZH-H 111 o}v]
Ao 2 5o} ¥ 12kDa =7] NV protein®] coding® ©] 21t} HIRRVS} VHSV
9] olmxAl IS ¥ AT} o}u| At identitys 38% AT, HIRRV S+
IHNV S ofn=at A7|A Qg vl AE 54%9] identityE VEMN AT

L gene2 genomed 3" Yeko ZRE 4872 - 1096601 9 X]3}m 4947 - 109077}k
A 5961bpE TFAH A= el ORFE @3t 3tk o] ORFEHE olvx
Ao 2 Fo] glE 2245kDa =7) L protein®] coding® el 2lth. HIRRVS}F VHSV
9] oju=t FrIM DS wug A ofvi4t identity® 59% A A%k, HIRRV S}
[HNV ] olulxxAt g7 g vlmol e 84%9] =L identityE YeEr ATh

Gene junctions

HIRRV®] genome®] codings]e] A& 6709 &AL+ gene junctiono]gts
sequence® ¥ o] Ut} (Fig. 4). Gene junction® 5'Zd&
polyadenlation signal®Z 2Z}&3l= AT AR = transcription termination
sequence (AGATAGAAAAAAA T GGACAGAAAAAAA; region A in Fig.
4), transcriptdl] E3=0o] YA F& T = C (region B)Y 1719 9712 =Ho] o

conserved

+ gene spacer, 18] 1L

& FR29) transcription initiation H91& £ 835t Aot

3'leadexr GGACAGAAAAAAA T GGCAC N
N AGATAGAADAAAA T GGCAC M1
M1 AGATAGARAADAA T GGCAC M2
M2 AGATAGAAAAAAA T GGCAC G
G AGATAGAAARARAR C GGCAC NV
NV AGATAGAAAARADA T GGCAC L
L AGATACAAAAARAA C GACAC 5’ tailer
A B c

* A : the putative polyadenylation sequence
B : the gene spacer,

C : the putative transcription initiation sequence

Figure 4. Structure of HIRRV gene junction

EREEEE!

E. colidlA w+& ¥ HIRRV G fusion protein® A A3t 5Smg/mle] stockS 2
o} ETEQ WAl g dolH ] YA Engelking(1989)50] A3 X9 =
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ZF k) 50ug/miS Low doseEZ 183l Gilmore(1988)%5¢] AM&3 v % R 2
300xg/me-& High doseZ AME-3Fth @43 FHAAE S B o 29is 3
Aol AWAE Mg ARG 20HE & EFE YU HAS AR
%o Afole BAFAS AAAFAAN T2 47%9F 20%9] HAMES BRYoy
AEE WA TN HARE ] 7%, 0%°]U1 AFE WAAHZFTANA= 20%
9} 0%2 YElgt & 317171 vholg s g 93t 2 AJAAE &3}
71 98t =& E17) ZFA total RNAS 353 G geneol specificdH
primer EXPG$} HRG-CE 7}A 32 RT-PCRE Atk 2 Ax 39 A AT
A F& EaridA] upolg e} oJg Zo] FAHU3AT AWML XA F&
E3719 A 6ulg]l F 2viE|st vpolg Lo o F3low, 4utelrl & U
& 4= g} ol9t e A:=z E o) HIRRV G fusion proteing Aol tjgt
Aoz AT W 50uy/m FEEE FE3] W3 Al F USE & F UMk
B AYo) M= o]zl A challenges B74FEANQ A% 10°°TCID/Ims) =2 3
A2l 734 10°°TCID/mME 52 ZG9AA 2 AFHE ZASAT ol g vloje) =9
FEE AAAHAAY vlojgixe] FERG A Fe Aoly] Wi, AA
Z BAANNE Ask WA Aoz ATEAV} S FOE JAAY ol
gAE A WA AS vlolgia FEE B3ty HEFIUW HilozM A

£ ol % g Rolvh
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