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1. Title

Rapid diagnosis of iridovirus in cultured marine fish

I1. Objective and Significance

Since 1980, the aquaculture of marine fish has rapidly expanded on the
southern coast of Korea. The Korean fish farmer has imported seedstock of marine
fish from Japan, where fish viruses, especially iridoviruses have been
problematic to cultured marine fishes. Therefore, it is possible that the fish
farms in Korea are contaminated by fish viruses, especially iridoviruses.
Recently, iridoviral disease has occurred frequently among cultured marine fish
and caused significant economic loss among highly valued fish species.

Until now, there is no commercially available vaccines and therapeutic agents
to contro]l the viral diseases in fishes and the only way of the control may be an
early detection of the virus-infected fish and removal of them from farms.
However, currently-used diagnostic procedure is time-consuming and may require
more than one week to give an answer. One week is long enough for the virus to
infect almost fish of a fish farm. Therefore the establishment of the rapid
virus-detection technique 1s necessary to prevent expansion of viral diseases.
The aim of this research project is to characterize the iridovirus isolated from
cultured marine fish in Korea and to develope a rapid diagnosis technique for the

iridovirus, which will prevent the iridoviral disease and minimize the loss of



the cultured marine fish from viral disease.

[II. Content and scope of the study

Recently, iridoviral disease has occurred among cultured marine fishes and
caused heavy loss of cultured fishes in Korea and Japan. This research project
focuses on (1) the isolation and characterization of iridovirus from cultured
marine fish in Korea and (2) the development of rapid diagnosis technique for the
iridovirus to prevent the viral diseases and minimize the loss of the cultured

fishes

1. Characterization of iridovirus

A. Isolation and characterization of iridovirus

o Iridoviruses were 1isolated and characterized:. one, causative agent of
papilloma-ilike lesion and the other, causative agent of gross motality to
cul tured marine fish.

o The i1mmunogenic proteins of the iridoviruses were identified by Western
blotting wusing monoclonal antibodies and antisera obtained from

virus-infected marine fish

B. Survey of the distribution of iridoviruses

o0 The regional distribution of the iridoviruses among cultured marine fish was

investigated: the causative agent of papilloma-like lesion and the causative



2. Development of rapid diagnosis technique by using ELISA and PCR

A. Preparation of monoclonal antibody

o Monoclonal antibodies against iridoviruses were prepared by fusion between
sp-2/0 meyloma cells and spleen cells of mouse immunized with iridovirus
isolated from cultured marine fish in Korea.,

o Among the monoclones, the iridovirus-specific one was selected and used {for

other experiments including Western blotting and ELISA,

B. Genomic DNA cloning of iridovirus

o Genomic DNA of iridovirus was extracted, cleaved with restriction enzymes,
ligated into plasmid vector and transfected into E, coli.

o The nucleotide sequences of the positive clones were identified.

o Based on the nucleotide sequences, the PCR primers were prepared and used

for PCR.

C. Development of rapid diagnosis technique by using ELISA

o Iridoviral antigen was rapidly detected within 6 h by ELISA using monoclonal

antibody.

D. Development of rapid diagnosis technique by using PCR
o DNA fragment of iridoviral genome was amplified and identified within 4 h by

PCR using PCR primer prepared from the nucleotide sequence of genomic DNA

_10_



clone.

E. Field application of the rapid diagnosis technique

o ELISA and PCR were tested for their abilities of rapid-detection of

iridoviruses in cultured marine fish.

[V. Results and suggestions for application

1.

Results

4 Characterization of iridovirus

(1) Isolation and characterization of iridovirus

o Two kinds of iridoviruses, the tumor-inducing and mortality-associated

iridoviruses, were isolated and characterized. Electron microscopy of the
two iridoviruses showed that they had the same morphology. However, the
electrophoretical patterns of the structural proteins were different from
each other. Moreover, there were more than two types in tumor-inducing
iridovirus based on the protein patterns in SDS-PAGE.

The immunogenic proteins of iridovirus were identified by Western blotting
using monoclonal antibody and fish immune sera and were compared between the
tumor-inducing and mortality-associated iridoviruses. The results suggest
that a 150 kDa structural protein of tumor-inducing iridovirus is i1mmunogen
and that the antigenicity of the structural proteins of the tumor-inducing

iridovirus is different from that of mortality-associated iridovirus,.

_llm



(2) Survey of the distribution of iridoviruses

o The regional distribution of the iridoviruses was investigated among the
cul tured marine fish. The results suggest that the tumor-inducing iridovirus
has been spread wide over almost aquaculture in Korea and caused economic
loss in cultured marine fish.

o In 1994, the mortality-associated iridovirus has been isolated from moribund
fish cultured at southern coat of Korea. However, thereafter, there was no
report on the iridoviral disease in cultured fish in Korea and we could not

isolate any iridovirus from randomly-collected fish samples.

B. Development of rapid diagnosis technique by using ELISA and PCR

(1) Preparation of monoclonal antibody
o A balb/c mouse was immunized with iridovirus isolated from cultured marine
fish in Korea, The spleen cells from the immunized animal were fused with

sp~-2/0 meyloma cells and the resultant hybridomas were screened by ELISA to
select hybridomas that produced iridovirus-specific monoclonal antibodies.

The monoclonal antibodies were used for Western blotting and ELISA.

(2) Genomic DNA cloning of iridovirus

o Genomic DNA was extracted from purified iridovirus, digested with BamHI,
FcoRI and Pstl, ligated into pUC19 plasmid vector and transfected into E.
coli. Six clones with large insert DNA were selected and their nucleotide

sequences were analyzed. The nucleotide sequences were compared with
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sequences of other genes from the EMBL/GenBank databank. Based on the
nucleotide sequences, PCR primers were prepared and used for PCR as a rapid

iridovirus-detection technique.

(3) Development of rapid diagnosis technique by using ELISA

o Direct ELISA was conducted to detect tumor-inducing iridovirus from fish
tissues by using monoclonal antibody with high affinity against iridovirus.
Among the normal, the early tumor and the late tumor tissues, only the tumor
tissues showed positive result within 6 h. This result suggests that

tumor-inducing iridovirus can be detected by ELISA within 6 h.

(4) Development of rapid diagnosis technique by using PCR

o PCR was conducted to detect mortality-associated iridovirus from fish cells
by using PCR primer prepared from nucleotide sequences of genomic DNA clones
of mortality-associated iridovirus. While DNA was not amplified from the
normal GF cells, DNA amplification was occurred from the iridovirus-infected
GF cells and purified iridovirus within 4 h. This result suggests that

mortality-associated iridovirus can be detected from virus-infected cells by

PCR within 4 h.

(5) Field application of the rapid diagnosis technique

o The rapid detection of tumor-inducing iridovirus from early tumor of
cultured marine fish was possible by using ELISA.

o The rapid detection of mortality-associated iridovirus from virus infected

cells and fish was possible by using PCR.
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2. Suggestions for application

The results of our research project suggest that tumor-inducing iridovirus has
been spread wide all over the fish farms in Korea. Therefore, it is necessary to
select iridovirus-free fish and this fish can be used as broodstock for
aquacul ture, The ELISA technique which is developed in our research project can
be used to screen the iridovirus-free fish.

Even though the mortality-associated iridovirus has once emerged at the
southern coast in 1994, there is no indication of the presence of this virus now
in Korea. In order to prevent the recontamination of this virus in Korea, it is
necessary to survey regularly the aquaculture which had experienced the
iridoviral diseases before. In addition, the iridovirus should not be imported

from foreign countries, especially Japan. The PCR technique which 1s developed in

our research project an be used to screen the cultured fish for iridovirus,

_14_
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oded, M F2% A FY VR ulolgiArt Utk AAE YAFTA 7IX|i0]
(Bloch et al., 1991), ®o]| (Inouye et al., 1992: Nakajima & Sorimachi, 1994),

2] (Kimura et al., 1986: lida et al., 1989), &<o] (Inoue et al., 1986), &=zei7]
(Yoshikoshi et al., 1990), 28]3 Ao (Sohn, 1992) &l 3ll4tojofjA| Hlo]2{ AT}
wolE s Ravt glon dE, eAEHHYE ol ElolE] Elil RE9o] T4 4
gloll A sjato] o] cfFmAte] 23t YA AL Tt A7 ez HiuEa glch
Hlolg A e ohE AEze el A wsE X230t oot whetA
slolgl A4 AHe WS 7Y 2L WPOBHE WA 5 AL ulo]@ Lo
olgt A WA o] oyst= Zlojrt. e|il ghef dlo|ejAdd ZFo| ST
& z7lo] Uolo] TS A4FQ ANEN HelAPosA Batsls Zo} ¥
& X AZA|FI= Aol Y whdoelrt. ey}, @), ofF vjolg{Lof thyt Wilo]
AYE Ho] A Qi Aelol7] WBof uvlolaia AEe] oite I TH =X
£ 317] ofjygcrl. == IPNV (Nagy & Dobos, 1987: Lawrence et al., 1989)2} IHNV
T

3 AHd

(Gilmore et al., 1989: Xu et al., 1991)8] 7Z-$ WAl 7t 2]3F AF7F A3 =
A Abelolxlrt ofx AEHEAL drh w okl a4t offFol Aol WASIAL

o 2 FHAE Al st WEel AAdEol AR Wt uietM A Eade] <4l

_19_



A4S A Br)h webd Boh 38ein A4 ulo|dAE A ¢ 4 gl ubye]

i eto] B Q3] A|Z27px] ZRutH ¥ = FAT (Fluorescent antibody technique),

U

ELISA(Enzyme-1linked immunosorbent assay)$®} PCR (Polymerase chain reaction) %©
24012} Qho HlolAE S AT Y 4 & WHEE A Urt
2] yelollA ] sliite) Al 1980dt] o| F 2 FRAH LT FII5HI] A 3FSle A

Hiol {44 ZrHo| WSt s Ao &%t ojRlE2] &Aool AR ulel solrlEo]
W= FAAR EFRol AXIA EHch o]} Zo] syt WSt o|R+= F2| el
of2] 3dfjiitolFoll WAS= HWEe FHIY FA ARV o EFJ o]F R ik
D 4 e TS JIESER] ISt | digel BHA] 7 A UABA] o|F XA}
2| £3517] ufFoltt. ol TE tiFE|Al= F2 X|o]7|o wulo] WAl FHe BF
o] of7]¥lil F &I FRHE= U T &FollA sl 2= Bt FF UABSHA H
T} 3 A3 &f=ol v|sto] gAoje] ©II7} v|AA o] &= oAl gxtete] 7 AFof uf
T =2 YFo A dBelth wetM o] JEelE s4idE AR ol AWER e Y
2fe] YAYES tiFo] BRYE VA% & I3l&E dS& A= ZzHrl,

2] uelollMe E517] vlolg Ao ¥t A= 1982 FE AzE| Y=y, e
Lzt A A E= oA FFY S37]dA oA Holl A IPNVE F2|3lq TR 7%
o] thztmiAle] UM Z A FHSE u} ot} (Hah et al., 1984: Hedrick et al., 1985:
Park et al.,1989). =3l 1991 d Rojl= tisrw| A7} whAB3E BExj)4o] xJojoflA] IHNV
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7} 225 o] IHNVE Fx|7i4o] ciefuale] WA d& e g e (Park et al.,
1993). el I EEIAFE A Fold sirteldd 781 (Sohn, 1992), A
(Sohn et al., 1995) F2] sfitojoflA] B3t chFwrlol| A wvlo]glAE T e|dtu} al
Tl

Iridoviruse= A 20 2] B2 X DNA virus22A| A=<l Wo] (Inouye et
al.. 1992: Nakajima & Sorimachi, 1994), o] (Langdon et al., 1986), AZIAto]
(LaPatra et al., 1994) Fol ZEste WS I&E FiL U= Hiolg£AE EIFHI
oltt. 53| d&olA JAFA Wole] B iridovirus ZHEol 23 APLeT Ut

1992). 2l Uete] F-§ iridovirus7t G4 sjjitojof ch®f mALE FE3taL Gl
2ollA] PG|, wo], Hol, 4o &Y 3MitoE TYte] B4to]l A
E3 AR dECERE fjitolY Xo|E YTt &ith o|E u|F
ol iridovirus7l ZAgE] AUE HE| ¢ wr}l. AA=E
RAA™, g Fold HFE U o] 54 3dl4itojo vlo|g Al AFo] WSt thaiy

| >
A7} s, WEAE sl e of iridovirusel 9% o2 Az gl

A
1
—r-d'
2,
x
0%
>
rO'
ok
e o
9,

(Sohn & Park personal communication)., E}2}A] & HFojja= F] vliele] oAl Ak
olo] ZF¥sl= iridovirus® 548& XASEAL ELISA W PCRE AR’ AlsZgby & 7
isto] o] ulolgjAe] FALE RIlo] vtZ o2 X JAloRlEe IIME FAZAF[ AL
gtch, gl A7]|olA BojRl= ZAELS ol Fol iridovirus® WAl 7ol wWQ¥h

N

|2 Atz Eol € 4 alrh
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A1E A=

Iridovirus= % 20 A2] BUE X4 DNA virus2A A E-oA FAldl= EHE
At} o] diol2{A2] familyoll= 47§¢] generaZt ol=dl, Lol Z¢

2 (Iridovirus £} Chloriridovirus), %A{&HFo] ¢ 3t= type 3 (Ranavirus), 2|3l
olfo ZESt= type 4 (Lymphocystisvirus) Fo|l ZEoltl. offFfel ZEste=
iridovirus?] tiFEAQl nvlo|g AEH lymphocystisvirusZ} Qit}. o] vlolglAL ofF
of ZFdlo] ofA|e] I FAMREL B|tfF& {Udly ZAUNAHOZF papilloma-like tumor
& +HAUCE (Lopez et al., 1969). Lymphocystisvirus= A AAlo] A cley F7
ol oFo ZHE3l tumorES U= RLT HIAFEID Q= EF] dxe}t sixbn] &
of Aol W vErt v} welA lymphocystisvirusel] T3l (3= F2 Jdx]g}
Ztxolol] 3= dielglAE F o= Ao} S, olE nvlo]3 A2l genomic
DNAS &3t AZRAZ ZelE A3 dX|o] 713t lymphocystisvirus@} 71z}n]

o] €3t lymphocystisvirus= A|E C}E digestion patterng H o] &Eelx g}

o] £ H-¥ lymphocystisvirusE 2£H{2] strain®E® FESI3 Qg dxo] =78 7}
Bdte 2 strain 1, 2|3 ZiRlolo] 2 ZE3l= A& strain 28 FHEse}
(Schnitzler & Darai, 1989).

2L &9, olFo| L3l iridovirusE4 lymphocystisels= TIE = 2|3zl &
S Mol wloldAs} wAS ALl of ulolHAL oMol THo] Ee st
UL RiHo v, A%, 7, A% S v|tjAREE FUsiH SHALE S UA = e
Al B4 E& AU Qtt (Inouye et al., 1992). o] vlo]a]A2] genomic DNAoj cj3}
T 7}

A2l ¢lol lymphocystisvirusete] ARAAE FHSIA o 4 ¢t g
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L} o] ulo]ld] A2l genomic DNA fragmento] th3t clonel] HI7|MEZ (Miyata et al.,
1997) lymphocystisvirus@}s= SGAIE 7} u]-$& W2 Ao 2 LIElYITE o]et Ho] ¥He|d
2 543} genomic DNAS] E/do] t}E ZLoEHE ofFo] A MAE wUsh=
iridovirus tumorS {W3dl:= iridovirusQl lymphocystisvirus®ls= the= F4e] A
AlE]aL Qlch ool HANE f U3t iridovirusys o2 FR/E FA ofFoll LS
= Ao oty oy, ¥l vro] (lnouye et al., 1992: Nakajima & Sorimachi,
1994), »o] (Langdon et al., 1986), dZ}Ato] (LaPatra et al., 1994) =of Zr& s}
of we WE T Atk B8 URolx FAEI Wolo AS iridovirus ol
13t A o2 QIste xjo] W o] 60%7t WAL H= ¥3ME U= AR HuXD 9

C} (Inouye et al., 1992).

| =
< WSt Q&+ iridovirus7t ZA¢ X of

< 37t HAAUTHE TAEARES BAvE Jgdth O2|a g4 Fold =
ql vlo] F2] 3fito]of nlolg| A Argo] WSt tiFHA7l WA G =], B FA
T Bichsled & ull iridoviruse] &3t Ao AzZlxladc}t (Sohn & Park personal

communication). weld & dFojdE Sz uelel oAl sjatole] ZAsHs

iridovirus®] B4 ZA}SIT o] B¢ BE AS zA}slaal gt
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ZNoz2 203 ml vl
g Eea=! "‘l}-ﬁ- = O Hd

1. M xEufer o vlojgjx

[ridovirus®] <=FAMXEXEA CHSE-214 (Chinook Salmon Embryos), FHM (Fathead
minnow) GF (Grunt fin)S A}&3}lact M| 2= fetal bovine serumo] 10% &E71H
minimum essential medium (MEM)2- A}&3}o{ CHSE-214%} FHME 20°CollA|, 8|3 GF=
25°C oA ®je¥slaitt. Iridovirus Alx+ Foll Ae GXx &} wHAIZE dojt I,
Hro] T2 XZAoA] # kTt

FU R3] FE Fo] Ji= djatoly A, T XEAHE INE E58€Y (0.01 M
Tris, pH 8.0, 0.1 M NaCl, 0.001 M EDTA)ojA] homogenization?t5 3000 rpmoi] A
2087 ARz dtadct AlS S 23d}lod 30 % sucrose (w/w) cushionAtolA] 25000
rpm oA 120 & B¢ LAEE St HAES NE BFLYLE AP A7
C}S sucrose gradient (25 - 60 % continuous)AtoljA]l 25000 rpm x 20 A}ZF, CsCl
gradient (10 - 35 %)AtollA] 30000rpm x 24 A|71e] HA&F el HARZE 1o

iridovirusE &2 stgct.

FURE F2 Fol 7= sidoly AF, W T RAE 10 X=Ul I
DAYt mpelzl EofjHouel alcohol (70-100%)%E ®©44-3A-E& AX -2 toluene
o] ARE 1A]1ZHY 3¥] @2 F mElRle® HF AZch wmlepy] HHE 4 m
E=AE AR T hematoxylin-eosin@A 2} pyronin methyl green QM- o] U&

do|F oz Hastacl.




Forxzl ZTO Zo| Jh= ditoje AA, A Fe RAE 2.5% glutaraldehyde

(pH 7.2, 4°C)oll 4A|z7t A A3}3 1% osmium tetroxide (pH 7.2)% Ad-ZojA
oAl Z¥E o Z= A 3leitl. Alcohol® ¥©43le| propyleneoxide® X]¥g+ F EPON
T3t e o 23t A E slact d £33 Ae]lH AR E ultramicrotome (LKB, Nova,
Sweden) 2.2 60-90 nn®! A}E 31 grido]] ¥-2rdtod uranyl acetate® AT F FI
Az}3n] A (JOEL 1200 EX-2) 2.8 virusUA}S Tsedcy.

g2 Ha|®l dlojg]AE Balb/c moused] E7Jo| 5 ug? FAIE TOEH T

=.

=
At R Hz)| HE-2 ¢hilA S Freund complete adjuvantf} emulsification A]Z F
2

L
A3 = Hy] o]FEEX Freund incomplete adjuvant£t
enusi fication Al71FE ZAISIGT). oo} ZE WALE 4N AT AT FAbA)
chal 21 S gdjuvantS AFRSER] ¢l AWMFAIE Sl WY AlFr). Balb/c moused
n}z]at A =AE 3 F 4UR)o] spleens 33}t Spleen cellz}t SP-2/0 myeloma
cell & 10:1 v]E&E A2 F PEG £A (45% PEG-1500, 5% DMSO, 50% serum-free
DMEM) 2 A}23}o] fusion A]FT}. Fusion® AM|XE fetal bovine serumo] 15% F7}H
HAT media (0.1 mM hypoxanthine, 4 x 107" mM aminopterin, 1.6 x 10°° mM thymidine
in DMEM)o]| suspension A|Z1¥ 96 microwell plateo] 0.2 ml2 Yot < 35%¢h
s5alult} A HAT media® Zo}l53l trlA] 15U E¢E aminopterine] ¢+ HT media®
ZolFaltrt. o]F uvfyFlS 3 3ley ELISAR iridoviruso] Uit FFAHEFE U=

hybridoma& Z &l j it}

6. ELISA

[ridovirusol ThEt THASEAE U hybridma® MEst7] $istel ELISAS
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rhonate nH Q R\r}!] 22 Hol%x]
WLV ) i Yo B VL il [ BV O I L LT LI I

P
Py
(D

1
o~

(>
(N
=
O
(1

P
o
C)
m
IJ"

Hlol|HAE 1 ug/ml S E7} Y= F FH|3E F ELISAR 96 well plateol @o] 4°CollA
16A] 7t =¢t coatingd}git}. PlateS PBSE washingdl ¥ 1% BSA-PBS (1% BSA in PBS)

FdS H7Psl  Ad20A  1AZEG REZAIZHLZEA blockingdldth.  PlateE

—

PBS-Tween 20 (0.05% Tween 20 in PBS)©S. % washing¥t F ZI welloll ZAHASIA
hybridoma®| ujefdE Y3 AF2oA 24| 7Hs¢t ¥EEAIZiTE  PBS-Tweene AFR3}o
plateE 3% washing¥t F alkaline phosphatase?} ¢ 2!+ second antibody&
Z 78ttt AA2o A 2A] 7HE ¢ HE-Z-A|Z1F PBS-Tween® & 3™ washingd}il substrate

(1 mg of p-nitrophenyl phosphate/ml of 9.7% diethylamine, pH 9.8)&% Yt}

‘a4 30&ZE BRES-AIZI-F 3 M NaOHE 9 50 ulXE& dof W& FA| A7l t}2 405
nno| A ODZ}E <73t}

7. Electrophoresis
e AI|EES Laemmli (1970)2] whHel whet 3sidlch. &« Z¥
Hlo| 2] A& 10% polyacryamide slab geloll loadingdt = 150VollA A7) %L stodch

GelE Z1ZZ F coomassie blueE ARdto] whilzlg < AstadTt. uvlolg]A izl g

8. Western blots
&4 28 ulo]gAE SDS-PAGE gel Aod AJ|dE

gt F T}A| transfer

O
=
buffer (25 mM Tris, pH 8.3, 192 mM glycine, 20% methanol)S A}LR3}ld 40 mAollA] 16

72Tt NC paper& PBSE washing¥l¥ 1% PBS-BSA £o] 1 A|ZEol wry}l Fof
blocking A}ZiT}. NC paper& PBS-Tween 20 (0.05%)C % A w3] 3 AA|7] vl T 231y
(F2 olFZ X )l Yo FEollA 2475

e

b8 AlZit}l., PBS-Tween®.Z NC paper&
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washing¥tF alkaline phosphataseZ} B¢ 9+ second antibody®£} AF20jA] 2
A ZHEQF whg A ZT}. PBS-Tween® & washing®t T} BCIP/NBT phosphatase substrate
(5-bromo-4-chloro-3-indolyl phosphate sodium salt 0.15 mg/ml, p-nitro blue
tetrazolium chloride 0.3 mg/ml in carbonate buffer (0.1 M NaHCO3;, 1 mM MgCl,, pH
9.8))& HuIstgch A2elA 157 5 UM AUF FFRTE washingdt| WHgE

F2] AlZTh

9. Viral genomic nucleic acids®] <H]

&4 He|¥" virusE STE (0.1M NaCl, 20mM Tris-HCl, 1mM EDTA)ol] @E}IS A|Z¥
proteinase K&} SDSE A7}std (lmg/ml, 1% respectively) 60°CoilA 6027t
HE2-A) 71 0 2 2] dlo]H AE Zr}. Wizard genomic DNA purification kit (Promega)E&
AFR-Etd viral genomic DNAE 23149t ol o] 3t &FY|3%F viral genomel]
8 E ¥olslr] 2|3l DNase I, RNase H, Sl nucleaseEZ A g]d} ]S xie]
AR = YAAE BESIGTE EZ gene cloningdlr| 3 SH|THAIEN  viral

genomes EcoR I, Sma I, Pst 12} BanH I 28 A} patterng ¥<el s}

A3 23 " 2F

1. Iridovirus®] we] & EdAF

Iridovirus.== DNA virusE®4 2j&to] 97 SFHEL MERNA HFA1E =
Hio|B{AE FTASto] wWIitt, Iridoviruse= W&, Zixio], ®elnjo} F&] 3l4to]d]
2+ddled FokE FUdtE= Ao ddA 9laor} (Lopez et al., 1969: Schnitzler &

Darai, 1989). &Y &HZL So] Iridoviruss= b, UE Sofi] oFaAlZol vlo]
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ZAZA7E BT #Ae £ dI7We NE e

iridovirus B25& weldl B4 ¥ 3t3x} 3hginy.

A 2] dgbllA FAEE gxlo WY FY (Fig. 1) AEE 39
Hioll£&E w2ste] 54 B|dE st guldez FS oAy wpgFEo
2t ded, FE ALujREd HSEHo gden FHfo metde AE

221 E2 EE st = FFE WSt nF5 ol A& [AF}
3ty HEE AFsl Ho|Fese FESte] Rkt I Az} iridoviruso] 7
Aol HFRPAAd SHJA AthMEE(lymphocystis)o] HAE et (Fig. 2). ths
Fool EAste AdiMxe UFE AHS AXEHuo|F o8 JHF Az M ERolA
2% 200 nm FEe 2ol ¢l HlolglA YxRFEe] THEEACE (Fig. 3). 9}
Hio| 2 £2] HHE BHIIA FHAUSHI ¢sted ulojglA UXES sucrose AoA]
ZPHTEE B0 o] T F AIFEFLE vlojg AL #Al o X izl o]
S8 HUst] Hedrh ®A o] dlojg Ao ¥ilo] oW FRUXAE ¥l 3}z
F23 dlo]a]A ¥ ALE DNasel, Sl nuclease 18|31 RNasedE A 2|s}gdtut. I A2} o
Hio] #A2] AL DNaseloll= 2z 91} SI nuclease®} RNaseoll= A3 za|z] ¢tgtr}
(Fig. 4). o] ZAI}ZEF¥ o] vio]gjAe A2 dsDNAY S ¢l & 4= gladr}. 2|1
SDS-PACEE &3t o] nlojgjie] FReMAGE FA3 AL o 30 749

N
-~



2zeAES AU glgo] BTt (Fig. 5). o|4e AxEL £z el
bl Yxlo] EE Sushs WUAZ iridovirus@dE Wite] Zch ™Yl o
g AZERE 27 Ul

BEX3l3 e £ U iridovirusolle AME TiE FRMYAE patternE U= F

Jd4, 0

poleje] FzEhMAE patterng SDS-PAGEE &+

groupo] Zx%¥to] FQl =gt} (Fig. 5). o|d¢ B (Schnitzler & Darai,
1989)ol M & FUL Ut iridovirusol] 2F5-/F2 straine] Qo] B3 HArt F,
dxlo ZHE3he= strain 13} 71xojo] ZR3t= strain 28 =g HEIvh v &
A3 Ao =2 fe] vty YAo] ZEsh= iridovirusoll ©HE patterno] TS
FER7F EAe] FHl =

CI2 o8 oA wole] Xojof HAE /Wl iridovirusE F2|3tadt}. 19949 =
2] et el drfolla] oA Fold ol & HEe] ool iridovirus HESS
Bolm cigdH|Alrl WAB3tsT) o]l A|oje] dF& YoM FUY Rojn U]
Uy 23z LzlolA B3AZ RAEoldrt A oA AR, ZF 5o XAE T
T olg 29 FHES GF, FHM, CHSE-214 528 AMXEo] HEFE sidch L HY
M Eo] iridovirusoll &%t CPEZ} #EE| gt} (Fig. 6). o]F o] nvlo|g|A&E IA Woi
d FHEd ATE A A} 7 &5 HA AET FHoAA|H S FAlVL
#ZaEiddet £2 Al A, B Fo] 2 HAH i HnjFoer FHI Az
Fig. 7olA2} ol u|F Z2Zo] iridovirusZrEH AXe] AFFHA HFHA
A EZEC] #HQ HAcrh AcjMxe] WFE FxF@u|Foes T A} Fie
1o M2t 22 FeERY iridovirusZt AN EHoA IEE Tt (Fig. 8). o] AZX=EFH
19943 aliot doiol WA Wol W HEL HAl= iridoviruso] 23t Zlgoj

= Hadr
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Fig. 1. A photograph of diseased flounder. Arrows indicate the benign
papilloma-like lesions developed on the body surface of the flounder.



Fig. 2. Lymphocystis cells in the benign papilloma-like lesions as shown in Fig.
1. H-E stain.
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Fig. 3. Electron microscopy of iridoviruses in the lymphocystis cells of the

papilloma-like lesions of a flounder. Bar, 250 nm,
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Fig. 4. Nuclease digestion of genomic DNA of iridovirus. The genomic DNA was
digested with (lane 3) RNaseH, (lane 4) DNasel and (lane 5) Sl nuclease and then

analyzed by electriphoresis on 1 % agarose gel. Lane 1, DNA ladder marker: lane

2, intact genomic DNA,
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Fig. 5. Comparisons of the structural polypeptides of iridoviruses. Iridoviruses
were isolated from the papilloma-like lesion of flounders collected from
aquacultures located at Southern (lane 2) and Southeastern (lane 3) parts of
Korean peninsular. Polypeptides of purified iridoviruses were analyzed on 10 %
SDS-PAGE. The polypeptides on the gel were visualized by coomasie blue staining.

Lane 1, molecular weight size marker.



Fig. 6. Light microscophs of GF cells.

r

1

dovirus-infected cells.

(a)

Mock-infected cells



Fig. 7. Photograph of virus-infected cells in the spleen. Arrows indicate
heteromorphic balloon cells. A, 10X: B, 40X.



Fig. 8. Electron microscopy of red sea bream iridovirus in the kidney of the

virus-infected red sea bream., Bar, 250 nm.



<zl Ualellad Halsl Targ fubdll- iridoviruset dMalE JuUslE iridovirus7)
pe Bxe AUD Qe o Bashy] st} MaAEe 4Rstgrt WA 2
HiolH A E5S 4 #8|¥ vl SDS-PAGEE B3t R F2] patterng H]| i3}
geoict 1 Az olE F nwlolgiArs ME TE FRTYAE A|dHo] <l ot
(Fig. 9). Iridovirus:s oA dwgt ule}l o] ¢F 30 F/E 2 oA EE
AU gt olEF ok o] WY fx BAo] AU AE FHUSH| 215t ©dIE=

SME (A 38N AW) iridovirusol ZUH WA HHEL ALY Western
plotting AV +AstATh WA TAZE A 79 Eaat 150 kbao) whlY

= o
ol & 4 olart (Fig. 10). g8y o] A+ moused] WY HiEE

oladt}t. ulela]| iridovirus off ZYEH x| AL AIL3
of &l 3t A2} iridovirus®] FRgh#Z

kDa, 66 kDa, 45 kDa ¢ HMFF 2ol YxloAd BYE /= 5ol Ul

e AE B & Havl
b

lottingS 4383}

ﬁ
55,
rIJII‘l
N
2l
N
b aond
fu
.ﬂnl'
N
-

Western

golxjod =t o]F 150 kDa ©hido] 713 73t wb3-& H T} (Fig. 10).
o] Fof iridoviruso] CHZ} vaccined JWUstiA} & uf chyy ehAAS AFY + QU=

2% BERE AHF3t STl

L2028 £ FUStE iridovirusol] tigt Tl EFEUA|7E HANE FWsts
iridovirus}® ¥h28 ¥ 4 Q=x]E5 Western blottingE E3d}o BRIsIHEC) 2
A2} o] TtAEFEZA 7} HAE 8= iridovirus®b= WRE3EX| ¢bgo] el H T}

(Fig. 11). ol ZAAEZHE 3liteld FYE FUSteE iridovirus$t SALE

FH8le iridoviruse A E T S44& A dol &<l HArt
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Fig. 9. Comparison of the structural polypeptides of tumor-inducing iridovirus
and mortality-associated iridovirus. Polypeptides of purified iridovirus were
analyzed on 10 % SDS-PAGE. The polypeptides on the gel were visualized by
coomasie blue staining. Lane 1, protein size marker: lane 2, mortality-associated
iridovirus: lane 3, tumor-inducing iridovirus collected at Southeastern coast of

Korea: lane 4, tumor-inducing iridovirus collected at Southern coast of Korea.
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Fig. 10. Reactivities of antibodies against viral polypeptides. Purified virions
were analyzed on 10 % SDS-PAGE and polypeptides on the gels were transferred onto
NC papers. The NC papers were incubated with (lane 1) monoclonal antibody IR-AA3,

(lane 2) monoclonal antibody IR-BE4, and (lane 3 and 4)e 3) antisera obtained
from diseased flounder with the papilloma-like lesions,.
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Fig. 11. Cross-reactivities of monoclonal antibody. Purified virions were
analyzed on 10 % SDS-PAGE and polypeptides on the gels were transferred on to NC
papers. The NC papers were incubated with monoclonal antibody AA3. Lane 1,
mortality-associated iridovirus: lane 2, tumor-inducing iridovirus collected at
Southeaste;'n coast; lane 3, tumor-inducing iridovirus collected at Southern

coast.
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Bl REBZIA] iridovirus Ztgo] &3t Fof2]

24,

U= ‘o%geltt.

F

oral

b

24y

3

O
—

ojet

ZneT EIHT]

J|)

42831

- d
h

th% Sl AL

o]t

Al
=

087 oA AFH AEI} glof o] FEe A77} WY
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(Inouye et al.,
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iridovirusoll &t &) AtdlE B gA oG =Y o wol AA zAb 3
ridovirus® Z&3t2l Rt i 19949 deiete] Aol M s oA
Hlo] 5o z2S A Fof] AE3t A} iridovirusoel]l &3t CPEZI B3 o]lE x|
WEHALS ool= HZ2 CPEVE ddstoich o] A2 RE 19949 daiet L

-

A7 FAFo] iridovirus7t ZEHAZEZ H # 4 AULC} (Table 1). uwlelr ofmj

e

2 ™
o] F2] Foo] TUSIA o]FofAL UZFES Tt © w LEAMY BT ol
£ Tl gty mHALE FUSt= iridoviruse] AE]
ZAL A &=, 53] dEL2HEHY iridoviruswd S HESF ZNEY =¥ & 7[&oo}
g Zloex Az HChH

iridovirusZ} HZ 7Zlsido] uif-
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A

M3AF ELISA 3! PCRES AI2St iridovirus AlSRICHH

pli= l—

a4 sjitojo] diolal4L ZFofl ¥t HFo] St FA Y FA
. Iridovirus= &2to] 9l =
Gl ME HitlFS FHste] H¥E Ut o Fol
ZEst= iridovirusoll= I|FFGE FUsSteE A3 3FFY glo] HALE aUdts
Rel F £F/7F Q. mFESE U iridoviruse= FA| A HAAF X3 T}
L oAFol HESh=Y, YA JiRE Fol FE ZEShE ALE BEIHT
(Roberts, 1976: Schnitzler & Darai, 1989). o] vjo|gjAof ZHx]= ZF$ ol gk A}
= dojutx] x|t frlojFe] iyt E7Hedt A WS BAFHL &AAE F
gl
SAbE %t iridovirus®] -7, 1990 ©o|A7IR|= MA 2R Gl =&
B3 Earct (Laird & Bullock, 1969; Walker & Sherburne, 1977. Evelyn & Traxler,

2
R
AR
L
ofN
2
ok
A
al
Ei
Q.
s
S
~
-
)
N
~

2
AL

1978. Reno et al., 1978: Langdon et al., 1986). u}lzglA] o] vlolglAE= A FEE
ax] Bsjodch, TaU 19909MEE QReld AR ofd EFe sjarole] of u}
ol A7} g3l tiFH|ALE U] Al&StE oy B, AVIEE gt FoAx

iridovirus®] Zrdofl 2]t s|Al7} st Tt (lnouye et al., 1992: Chua et al.,
1994: Nakajima et al., 1995).
el vetoll 2] sjite] A2 1980l ol FE FXH LR FIISII] A sl &

Aoll= gt A sidH St AR A Holl A sfite] Aol AL gict. O™
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olth. 92| Uelolae] B3] ulolajao] tiyt AFE 1982 RE Ay, £
2l UglolAl RAHE o £80 2arlold olal Wl A IPNE Helstel B3]
o] cliEfsjate] I Z A I 8} Qlt}l (Hah et al., 1984: Hedrick et al.,

1985: Park et al.,1989). EIF 1991d Zoll= thzdwAlrp B3 FRjI7jFo] x|ofof

Al IHNVZY Fel5 o] TINWE FX| 7o) oiEfsi e fdA 4 HE uidlen (Park

et al., 1993). Og|i

W2 (Sohn et al., 1995) & 3sliitojola AT il Aol A vlol8jAE F2|gn}

oltt. olglol® WX|of iridovirusZ7} ZE3t FPES THS= Ao E HIEFEIT Qe
od

H E3F 2| 2o dEoA deg| WS QU= A3} JFASHA iridovirus Z4

g¥
o)
s
L
I
A
o
ax
ol\
o
s,
o
L,
9,
o,
ol
ox,
2
w0
O

-
-

O
O
>

Hlo|2] A7 AW S ZXHIIe 7 £2 WH2LEA= WA 2 AHESIo vlojgi4d

ol3t Ay U EZ o] ogst= Zeoltt. il A, iridovirusE B|ESto] of F H}
SEfCl 7] wiwol BlolE LA A oY

C TR FARAM HY 5 Us 2L WHS

UESF Stz Zolth. z2|il ghef diold

[o] dohulol TthE B4HY HAE=2t AR

He Rol mElE aHAlF= Aol Y ¥Holth L} oA 7EA] of Fulolg A

ki l

Sol usiel oA ek webd W Lae) dalo

11l
>
o
2,
AR
g
|
Red
1,
filo
IN
N
Pm
x
Jd
g

et mEtd Bop HHSIA 4SS vlojgjAE et & 4 ol whye] Aol He

gtd], =|Z71x] ZigH ¥ & FAT (Fluorescent antibody technique),
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ELISA(Enzyme-1inked immunosorbent assay)2} PCR (Polymerase chain reaction) %-°]
24X 7t Qto]l violHAE FHHIA et ¥ 4 U= WHEE €A Qrh uiepd £
A7l ELISASH PCR & AMgolo] @A sjatolo] Z@SHS iridovirusE Z7of

tto] 71&3F A&t & 7k 3z} gt}

1. AlZufj U "lo]gl&

Iridovirus®] =FMEZA| CHSE-214 (Chinook Salmon Embryos), FHM (Fathead
minnow), GF (Grunt fin)& A}&3}Ett. AMXEE fetal bovine serumo| 10% J7(H
minimum essential medium (MEM)-2 A}-23}tod CHSE-2142} FHME 20°CofjA|, 18]35 GF=
25°C oflA BTt Iridovirus A&e F¥oll AR WXt dHAP dojd HE,
stol So| ZHMolA 3stalc)

Y X3 FZ So] Jie st A%, v 22 E INE €58 (0.01 M
Tris, pH 8.0, 0.1 M NaCl, 0.001 M EDTA)olA4] homogenization¥r5F 3000 rpmol] A
2027t A Ee] st ASAE 33l 30 % sucrose (w/w) cushionAtoflA] 25000

SRNR-Y

sttt BAEES INE AFEAo= AHE A

rpm Of|A 120 &+ ¢ LM E
Cl< sucrose gradient (25 - 60 % continuous)’tollA] 25000 rpm x 20 A]ZF, CsCl

gradient (10 - 35 %)2tollA 30000rpm x 24 AJZte] A3l HdAEeR]E 31

iridovirusS w8 sttt
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T weld Hlo]3AE Balb/c moused] HZol § ug? FAE ULBH HAE

Alzich A Hz] HdL2 iz S Freund complete adjuvant®} emulsification A|Z1-F
H oo FAIZFo A el T Hr] o|FHE = Freund incomplete adjuvantt

emusification A]Z1F FA}Slgch ol wtalo T 4HE FARREE noix|u} FApA|

o

WA S adjuvantE& ARESIR] 3 AWFALE sty WY AJFTh Balb/c mouseo]
nlx|at Aw =02 §F F 4AUxfofl spleend 2|5} Ct. Spleen cellZ} SP-2/0 myeloma
cell2 10:]1 v|SE A& F PEG £ (45% PEG-1500, 5% DMSO, 50% serum-free
DMEM) & A}R3}od fusion AlZC}. Fusion® AM|EXE fetal bovine serumo] 15% F7}H
HAT media (0.1 mM hypoxanthine, 4 x 10" mM aminopterin, 1.6 x 10° mM thymidine
in DMEM)o]| suspension A]|Z1¥F 96 microwell plated]] 0.2 ml® Yol < 3F&¢b
5 ojc} Al HAT media®™ Zols+3 TR 15£UZEQt aminopterino] ¢li= HT media®
ZtolFolrt, ol F & #|3le] ELISAR iridovirsd] th¥t A E U= hybridomaE

Z et AT

4. ELISA

sfitol 22U 8] iridovirus ZEE ¢t ELISAYHE AHE3SIAITE  Coating buffer
(0.5 M carbonate-bicarbonate , pH 9.6)0] &+ =2|H Hlojgls FH& R3] FEAE
1 ug/ml FEIt HEE FH|3 T ELISAR 96 well plateo] @o] 4°CollA] 164 ZHs<t
coatingd}it}, PlateE PBSE washing¥t ¥ 1% BSA-PBS (1% BSA in PBS) &AaE
A 78] AP0 A 1A|ZFEQF BEEA|ZI O 4] blockingd}eit}. PlateE PBS-Tween 20
(0.05% Tween 20 in PBS)©. 2 washing®t ¥ 2z} wello] FHAs}IA MY A I EYNE

P oA 2A| S ] M-S A ST PBS-Tweens ARE-3to{ plated 3% washing®t F

alkaline phosphataseZ} €¢] Qli+= second antibodyE & 7}5}at}. ArLofA] 24| 7Hxol

B2 A 71 PBS-Tween® 2 3  washingdl3: substrate (1 mg of p-nitrophenyl



phosphate/ml of 9.7% diethylamine, pH 9.8)& Y<%tl AF2olA 302 ¥HEA|ZIF 3

o
B}
ox,
ok
bar
a

M NaOH-E&} 50 ulA & ¥ol g& 2412 Tl 405 nmoijA{ 0D}

5. Viral genomic nucleic acids®| &£Hj

a4 2-2lH" virusE STE (0.1M NaCl, 20mM Tris-HC1, 1mM EDTA)ol ¥ EFES A|F]
proteinase K2} SDSE A 7}5} (Img/ml, 1% respectively) 60°CollA] 60
Hl-E-A|Z1 O T A dio]g|ALE At} Wizard genomic DNA purification kit (Promega)E&
Al&-3lo] viral genomic DNAE &3}t ole} o] 3dted £H|FE viral genome?]
ZHE =EQISIZ] $I5ted DNase I, RNase H, S1 nucleaseE A 2|3t T} dALe]
Helxl= SAS TSl E3 gene cloningdlz] #I¥F FHIYAEH  viral

genomes FcoR I, Sma I, Pst I3} BanH I 522 A2} patterng & <Ql135}9itl.

6. Viral genomic DNA cloning “12|3 nucleotide sequencing

QoA et L& WIHE AME3lo £HIZ viral DNA fragmentES& pUCI9 plasmid

vector¢]] insertionA]ZiC}. ©] plasmid DNAE E. coli DHI0Bo]] electrophoration
A ZIF IPTGe} x-galo] XEZE|o|Q):= uiX|of|A vletdlod white colonydE sttt}
Random labeling ®'¥] © % 32P-label ¥} viral DNA fragmentES DNA probeE A}-8-35}od

colony blotting®™y¥H © & viral geneg AU += AEE selectiond}hr}, o]} o]
A H & cloneo]] & 9l= insert DNAS] G7|AMEE 7| R X|HUAE 2] Automatic
sequencer (ABI, USA)E A}&3}od Sanger S (1977)¢8] ©vhHog EFAd3ladct
Cloning®™ DNAS] 7] A& GenBank *fol] Ex3l= TIE geneg?] E7IMEEZ Bl

= 5T

7. PCR

Z2o E2Y8H= iridovirus®] FAHAE ZAE317] 215 PCR 4385}2it}. PCRo



gt stodch B Ao A1_3}7] 918} A Z3Z} primeri= Table 22} Zit}

Table 2. PCR primer used in this research project

_ Oligonucleotide sequence Size (bp) of
Primer , o ‘
(6" to 3’ direction) expected DNA

sense 1 GGTGTAATTTCAATATTTAAACTCT

[R-R17 280
antisense CATTTAATTTATCTAATATAGTACT
sense TGGAAGTATGCTAACTTTTTCTCCA

[R-RZ ' * 265
antisense AATCCGTGAATATTACGGTGCGAGA
sense TTCACATGTGCTTCAGTAGCTATGA

IR-R38 | 330
antisense TCTGGTATATTCAATATGTAACGTT
sSense CTGGAAGTATCCTAACTTTTTCTCC

IR-R4 | 280
antisense GCAAGATTTTTATTAATCCGTGAAT
sense GAAGTGTACCTTCTTGGCCTAAATT

IR-R6 “ 300
antisense TCCCAGGAATCTATGCTTCTGGTAT :

PCRoJ| A}-2-3%} templater= 3Jiloje] RA, wfokAE T8l3 &4 EaSl iridovirus
o] ] F=2%t genomic DNAE A}R3}ic). o]e} o] FH]¥E DNAo] PCR primer set.
reaction buffer (20 oM Tris pH 8.3, 10 mM KC1, 2 mM MgCl,, 0.1 % Triton X-100. 10
mg/ml BSA), AmpliTaq DNA polymerase (Perkin-Elmer Cetus) 1 unit 53} &3} 3} r}
& PCRE =383}git}t. PCR amplification 2 predenaturation (94 C. 20 sec) 1
cycle, anealing (48 C, 5 sec), elongation (72 C, 10 sec), 2]3 denaturation
(94 C, 5 sec) 52 35 cycles, 18|31 pro-elongation (72 C, 30 sec) 1 cycleS 7]

©% st PR primere] EFo| wel ZAS Z2A ulTgc). ofg} o] ZEH
PCR 4t=< 1.2 % agarose geld|A] A7|E 5L Aol st}
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IridovirusE 414 Wt T wdel ELIsAel AMSY DUSE S
| Z8tE ). Sucrose gradientAtoljA] RYPAER|E St iridovirusE &4+ F|gl
ClS o|& WO =T 3Jlo| balb/c mouseo] WY A|FIFE o] H-E2] B AMXEE SP-2/0
myeloma A2} fusiond 3} hybridomaE THEUTH o] MEEL] vjoFdo] Ex|st=
iridovirusoll T3l 3¥A|L] &S ELISAHEE &3l HQZF ZA2} Table 3oflA]2}
zZokct, o]E < ELISA titerZ} 0.8 o]Ate & 1}2 13748l clones2 A1¥H$lo
subcloning¥r 2. 24 iridovirusd] ti3 ©rUdEE StAE ulsodc.

o] BA|EX FUS TSI iridovirusE PO djo] wEolR AEo|t}

L)

utetr o] & AMESt ¥F FoF {Y iridovirus®] AGHHTHE 9|¥F ELISAo] A}& &

T Atk 3y o] FAEo] FHAE #ESl= iridovirusol= FHE THedt 29
A= & 471 gt uetA olE WLdEE AlSo] AL ¥ iridovirus@}®
S g =AE ELISAH RS S8t J|ste] Bodrt, I Az xZ71] A2

13718 L EE8A B+ A Y iridovirusebs= HE2E 31| ¢bolti.
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0. 000

0. 032
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0.005 |0.
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0.005
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0. 206

0. 598

10.091
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0.088

0. 081

0.073

0. 052

[0.078

. 090

0.094
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0.080 [0.164 |0.083

0. 091

L

0.120

0.312

0.010

0. 081

. 086

0.084

0.337
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0.144 |0.092

0.093
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0. 042
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0. 060

. 072

0.028

0.034 |
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—

0.066 0. 268

0.128

0.166

0.215
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0.126

0.056

0. 006

0.110 10.095
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0.017

0.063

0.194

0.189
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0.000

0.129

0.055 |0.196 0. 059

0.130
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0.046 |

0.114

a—p

0.089 N

l0.167

0. 095

0. 206

0.175

111

l-
e

0.179

0.104

0.163 {0. 205

0.159

[0.117

0.173

0.093

. 318

0. 249

0.146 |

0.097 ]0.182 [0.136

0. 160

0.177

10. 145

0. 162

171

10.073

0.153

0.196

0.372 |0. 221

il

0. 270

0.502 |

JijommoiOjoo| e

‘-
| S

0,173

172

0.472

0.060

0.148 0.201 J0.210

0.011

11
0.131
0. 004
0.142
0.188
0.151
0.191
0.089

0.204

l0.174

1

| 2

2 1

4

O

| 7

8 9

10

12

0.111

0.334

.110 [0.

0.162

0.092 |0.288

0.300 0. 622

0.103

0. 101

0.165

0.124

0.000 [0. 258 [0.267 [0.052

'|

0.154

. 204

l0.276

0.172

0.206 [0.098 [0.076 |0.094 [0.126

.110

0.412 [0.236

0.113
0. 075
s
I

0.103 [0. 047

0.109

0.332 |0.206

0.133

. 170

0.163

l0.215

0. 059

0.077 10.101

‘1

0.330 0.128

0. 064

.116

0. 321

0.269 |

0.237

0.013

0.09%4

0.267 [0.107

0.182

014 |

QOIMmMmo|C (o]

0.433

0.197

0.171 0. 076

0.093 [0.118

'*

0.164 [0.033

0.038

0. 059

0. 066

H

lo. 372

0.333

0. 090

10.105

0.155

0.050 [0.216

0,191 10,294

I

0.165

0.116

0.118

The numbers represent tﬁe ELISA titers.
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2 Iridovirus®] gene cloning

IridovirusS 2Al< Xcksl: §F v el polymerase chain reaction (PCR)oj A}&-&
DNA primerS £H)3}7] £]3le iridovirus®] gened cloning 3} TL

Sucrose gradient AtolA RdAIEBgldlod S ALS FUStE= iridovirusE &5 o
¥l C}2 iridovirus®] genomic DNAE &3}t C}. Iridovirus®] genomic DNAE g %
Fo] A AT AHctste] Belth 3 Az} Fig., 12042} o] EcoRIZ} BamHICZ H

tisld L ol 71A £ A Uit wiEta] iridovirus®} genomic DNAE EcoRIZ}

BamHI 28 ATkl r}2 S A] EcoRIZ} BamHICZE AHvuwlgt pUCI9 plasmid vectoro
ligation A]#A cloningd}gait}. Cloning® insert DNA2] sizeE ¥QISH7] £Istd Z4
cloneE& Pwull AZtEALAE A3t €} o] & agarose gelof] #7| B 5¥ A3 Fig. 13
2} Zto] ct}okst = 7)2] insert DNASo] el It}l. o]5% insert DNAS] sizeZ7} &
2 508 A¥sto] Z+zZ} IR-R6, IR-R4, IR-R17, IR-R2, IR-R38 23l HWHZl r}lZ o|l&
2] nucleotide sequenceS #<els}ait}. Nucleotide sequence ZA S GenBank/toll &2
3l 7]1& 2] gene sequenceE?} homologyE uv]3 ¥t A} Table 49} 2 AZ}r} Ut
C}. Table 404 & 4 9l&%o] IR-R6 M capricolum®] CONTIG MC362 DNA, IR-R4:=
Staphylococcus aureus type 8 capsule?] gene, IR-R17<& S.pombe chromosome 1 cosmid
DNA. IR-R2-= E.caballus mRNA for Ilymphocyte, 12|3 IR-R382 Caenorhabditis
elegans cosmid F09C12 53} 7} && homologyES H LT} o|E Ajes ole]e] A
A2 A cloning® FAAREC| MALE 88l iridovirus®] FRR}7F ohd tfE &3
2152} homology7t &2 Z o2 Lieludtt ol X|ZF71A] MAE #FWdl= iridovirus
A=} 307) o]lAl =o]] major capsid protein, RNA polymerase II, ribonucleotide
reductase 2] 23| AL 42| genesHl nucleotide sequece?} EIE P L x| T
P geneS 2] sequences= R.IH HPZ} ¢l7] wiEeolzta BZHch AA & 4%l

cloning3} geneS2] homology searching Z2Z}S AIAISIAl =43ty X Fig. 14-18 9
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S 2} nucleotide sequence?] Ux] AE7} uf-$ woict & 5788 clone ZtZ} ¢F 500 bp
Aol H7IAd9E BRIt GenBankd] homology B|XwMdE 3Jlod Xt} 1 A
[R-R6= 500 bpF =8| H7IMEF 7t A=l A L2 geneX} 249 bpi-EollAl 60
%2 UX|= (identity)E ol BE AR ZAe® AZE gt T8 LU ZR] clones
<= 500 bp2] HIZIMEE 7P FAIEZE wUIAL £ F genes 70-90 bp F = F-E1t
o 60 ¥ A=l FAIEVF gt E dAZoJA cloningdt H{ALS Su3l= iridovirus
©] genomic DNA cloneso| oW FRAXA} UR|&] UL t}E A8 AlgtEe] AFA27
Zobal thgolst 7Hs Y AoE Az



Table 4. Results of searching nucleotide sequence databases.

Clrnes Databases sequences producing high similarity Gensénk
accession No
1. M. capricolum DNA for CONTIG MC362 733268
2. A. synechocyst sp. PCC6803 complete D64006
[R-R6 3. Mycoplasma genitalium rRNA 16S rRNA U39693
4. Plasmodium falciparum DNA AL.O08976
1. Staphylococcus aureus type 8 capsule 73374
[R_Rd 2. Drosophila melanogater G protein M80494
3. Plasmodium falciparum DNA ALO08974
4. Exoneura bicolor mitochondrial ribosome 1.22906
1. S.pombe chromosome 1 cosmid 298601
[R_R17 2. Simian immunodeficiency virus protein UB6638
3. Fission yeast ndkl gene for nucleosome D63678
4. Buchnera aphidicola genomic fragment AF008210
1. E.caballus mRNA for 1ymphocyte X66862
[RR 2. P.falciparum (FAF-2) mRNA X75787
3. Drosophila melanogaster G protein M80494
4. Staphylococcus aureus type 8 capsule U73374
1. Caenorhabditis elegans cosmid F09C12 U28929
(R-R38 2. Arabidopsis thaliana genomic DNA ABO06696
3. orf {clone FB7-4} [Nicotiana tabacum. .. S44872
4. Human BAC clone GSQ39E22 AC002428




1 2 3 4 5

Fig. 12. Restriction endonuclease digestion of tumor-inducing iridovirus genomic
DNA. Viral DNA was digested with (lane 3) EcoRI, (lane 2) Pstl, and (lane 3)
BamHI and then analyzed by electrophoresis on 1 % agarose gel. Lane 1, DNA ladder

marker: lane 2, intact genomic DNA,



le2 - 3 a0 2, 8:9.1011121314151617

Fig. 13. Agarose gel electrophoresis of cloned DNA after digestion with
restriction enzyme, Pvull. Genomic DNA of iridovirus was digested with EcoRl and
BamHI and was cloned into pUC19 plasmid vector. The clones were digested with
Pvull and analyzed by agarose gel electrophoresis. Lane 1 and 18, DNA ladder

marker: lane 2-17 and 19-34, iridovirus genomic DNA clones.



(A)

AAAGGTTAGATGCGAAGGTTGCGATAATAATTCTACCAGGGATTCTAGTAAAGAGTTCATTAATAGAACGTCCTA 75
CTTTAGATTCAGATTGAATTAAACCGTCTTGTTCAGCATTTGTAGAGTCTGATACTAAAAGAAGTGTACCTTCTT 150
GGCCTAAATTTGCTAATTTTTCATATTCCGCATGTGGTCCTACTGGTGTGTAGTCGATTTTAAAATCACCTGTAT 225
GGAATAATGGTCCCTCAGGCGTTCTAAATACAATACCAAACATATCTGGAATAGAGTGGTTTAATCTAATAAAGG 300
ATACAACCACATCTTTAAAGTTATAGGTATAGTATGATTTATATTCTTCAATTTTAGGTGCACGTAAATCTTTAT 375
GTTCACCTAATTTATATTCAATTAAATCAACAGCAATACCAGAAGCATAGATCCTTGGGAATCTTTACTTGACGT 450
AATAAATAAGGTATACCACCAATATGATCCTCATGACCATGCTTATGAATAAACCTACATACGGCCCCATTTCCT 525
TTNAATAANTNTAATCTGGAANCCNTATCATACTAATNAATCTCCNCGGAAAAGATCCCNTAAATCACCGCGGNN 600
TCAACTGGGTAACNNGGCAANCGTCCCGGTTGAATTGTNNCCCCAACCCC 650

(B)

IR-R6: 411 TTGCTGTTGATTTAATTGAATATAAATTAGGTGAACATAAAGATTTACGTGCACCTAAAA 392

{111 t1rvr1H Illllill (I I D N IO B
1111 I I I I L5 11101 ryr!r 11t

M. cap: 8 TAGCTGCTATGTTAATTAGAGATAGATTAAAAGAATATAAAATTGAAGACAAAACCATTG 67
[R-R6: 351 TTGAAGAATATAAATCATACTATACCTATAACTTTAAAGATGTGGTTGTATCCTTTATTA 292

I D BN B B O B B R I tre 51 0
11 IS BN I I B A i I I 2 B |

M. cap: 68 TTAAAGAATATGATGCTGATGATGTGTGAAAAACTAAAAACPlIAAAGTTAGTTATGCTG 127
IR-R6: 291 GATTAAACCACTCTATTCCAGATATGTTTGGTATTGTATTTAGAACGCCTGAGGGACCAT 232

S N N T N R D N N N DO D DN IR BN N £ 1| I I I S I I W | I | II!I
S N D N DO O N NN D S N R B BN R B it 1 F1 111 S I R B I 14 i v

M.cap: 128 CATTAAACCACTCTATTCCTGATGCATTTGGAATTTTAGTTCAAACTCCTAATGGTAATA 187
IR-R6: 231 TATTCCATACAGGTGATTTTAAAATCGACTACACACCAGTAGGACCACATGCGGAATATG 172

t1 1t 111 t 11 8 I I I it i Pt I & 111
fi1 v+ 1101 N I I R B B 11§40 1L veni I | I I

M. cap: 183 TTTTTTCAACAGGAGATTATAAATTTGACTGATCACCACTAGGACATTTTGCTGAACTTA 247
IR-R6: 171 AAAAATTAG 163

LI S I I I
tL 1111

M.cap: 248 CTAAATTAG 256

Fig. 14. (A) The nucleotide sequences of the clone IR-R6 and (B) comparison of
the nucleotide sequences of IR-R6 with those of M. capricolum DNA for CONTIG
MC362.
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(A)

CAATCATACTAAAAGGGGGAAAAGGATTTGGTAACAACCGCCGTTTGTTGCAATAATGCTTTTTTCACCTATTIC 75
TACTCCTGGAAGTATGCTAACTTTTTCTCCAATCCAACAACCATTTCTAATTATAATTGATTITTGCAGTTAGGGG 150
CTGTTTATTATATGAATCATAGTTTACAGGATCAATCCCATGTGACTCAGTAGTGAATAAAACATCTGATGCTAT 225
TAAGCAATCTTCTTCTATAATCAAATCTGTAGCCACCAAGAATGTACACCTATTACCAATAACAACATTTTCICC 300
AATGAATAAATTTGGATTATATCTCGCACCGTAATATTCACGGATTAATAAAAATCTTGCATCAGTTCCTATTTIG 375
AATATTACTTTTTAATGTGATGTTTTTAGTGTATTAAATTTTTGCTCTTTTACCAATTACAATTTTTCTACTTCC 450
TTTTAAAATAAAATNATAAAGATATATNGGATGATAGATAAATGTONTANAAATTTAATTATCCTTTCCNNTTTIG 525

GCCNAATTNTNGTC 539

(B)

IR-R4: 131 TTATAATTAGAAATGGTTGTTGGATTGGAGAAAAAGTTAGCATACTTCCAGGAGTAGAAA 72

| ! It ¢ 111 f 160 0800 11 t 11 T 1180000 PV L
| | 111 { 110 I trvd4 08011t I i1 I 1t 1 e 1 201

S.aur: 10551 TCAAAATAGGGAATTATAGTTGGATTGGAATGAACTCAGTTATATTACCAGGAGTAGAAT 10610

IR-R4: 71 TAGGTGAAAAAAGCATTATIG ol

| 11 I I DR B I I N
l i 200 I D B S I I | '

S.aur: 10611 TGGGGGAACATACAATTGTAG 10631

Fig. 15. (A) The nucleotide sequences of the clone IR-R4 and (B) comparison of

the nucleotide sequences of IR-R4 with those of S, aureus type 8 capsule gene.
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(A)

AGTATTTTCACCTACAACTAAACTGATATTATTTAATTTATTIGGTGTCACTTGTGCCTTATTATGTIGTTGGTGT 75
AATTTAATATTTAAACTCTTTTGACTATAAGGTAAATTAAGCACAACTGAGTTATTAGCAAGTAGTTCATCAAAT 150
GGGAATGTCACTACTTGGTTATCTTGATTTTTAATAGATACATTACTTAATGAATTATCACTGCTTAGTACAATA 225
TTTTTAACAAAACGTATTTGATAGGTCTTAGTACTATTATCTTCAGCACTTACCTTGAATGTGATGGTTGGGTCT 300
AAGCCACCTTCACCATTGTAAGTAAGTACTATATTAGATAAATTAAATGTANATTCTAGTACTTGTTTATCCCGT 375
GTTTNTAAAGTTCAATGTCGACTTAACATTTGAAATGGACTTGTACTGTNATTCTACTAAATAATCCGTACCATC 450
TCCTTTATANACATATTTNGACATNAAAATNTTGTGATGGAAAGAATAAANTCCTNTNCTTAAAAGGNCATCNTA 525

AANTTTT 532

(B)

IR-R17: 29 TTATTTAATTTATTTGGTGTCACTTGTGCCTTATTATGTGTTGGTGTAATTTCAATATTT 88

S I I | {11111 I S I ti 11 1 1 i Pt N I I I B N
P L td 1 (1114101 I I I 11 I | I | i 1 t e it

S.pomb: 27864 TTAATTGAAAAATTTGGTAGTTCTTGAGCTTTAGTATTAATTATCGTTTGTTTAATATTT 27923

IR-R17: 89 AAACTCTTTTGACTATAAGGTAAATTAAGCACAACTGA 126

11 % | { } 111 t 11 I I I B I I
E v 1 { 111 1 11 I T T O f t 1 11

S. pomb: 27924 AAACATTCGATAGTATGAGGCCAATTAAAAAAAGCAGA 27961

Fig. 16. (A) The nucleotide sequences of the clone IR-R17 and (B) comparison of

the nucleotide sequences of IR-R17 with those of S, pombe chromosome 1 cosmid.
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(A)

CAATCATACTAAAAGGGGGAAAGGATTTGGTAACAACCGCCGTTTGTTGCAATAATGCTTTTTTCACCTATTICT 75
ACTCCTGGAAGTATGCTAACTTTTTCTCCAATCCAACAACCATTTCTAATTATAATTGATTTTGCAGTTAGGGGC 150
TGTTTATTATATGAATCATAGTTTACAGGATCAATCCCATGTGACTCAGTAGTGAATAAAACATCTGATGCTATT 225
AAGCAATCTTCTTCTATAATCAAATCTGTAGCCACCAAGAATGTACACCTATTACCAATAACAACATTTTCTICCA 300
ATGAATAAATTTGGATTATATCTCGCACCGTAATATTCACGGATTAATAAAAATCTCGCATCAGTTCCTATTTGA 375
ATATTACTTTTNAATGTGATGTTTTINAGTGTATTAAATINTGCTCTNTINACCAATTACAATTTTCTACTCCTT 450
TAAAATANAATATAAAGATTTANTGGNTGANNCATAATNTACCCNAANCNCACNNCCTCTCACNTTNGGNCONNT 925

TCNNGTCTAT 035

(B)

[R-RZ2: 389 ATGTGATGTTTTTNAGTGTATTAAATTINTGCTCTNTTNACCAATTACAATTTTCTACTCC 448

tts 1 81010011 ] ( i ¢ it A e 1 t | i1 11111 v 101
N U I I D I BN I 1 { | { it 1 4t 11t ! i S D I I D D I IR B BN B

E.cab: 1207 ATGTGATGTGCTACTGACTGCTTCATTCGGGTCTTTTTTTAACATAAAATTITCTACTCC 1266

IR-R2: 449 TTTAAAATANAATATAAAGA 468

I [ S I RO S D I 2 R D A B
I R IS I B D D IO D D DR B B

E.cab: 1267 TTAAAAAAAAAAAAAAAAAA 1286

Fig. 17. (A) The nucleotide sequences of the clone IR-R2 and (B) comparison of
the nucleotide sequences of IR-R2 with those of E. caballus mRNA.
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(A)

CTCGGTACCCGGGGATCCCCTAATGATTGAAGTGAATCAAGTAGTTCATTAAAACCTGATGCGTTATTGTAAAGA 70
TGAATTATTTGACCTTCACATGTGCTTCAGTAGCTATGAAGCAGTTGTGTTTGAAATTAGAGATGTCAATGCCAA 150
TATGGTACATAATCTCTACCTCCTGAAAAATGTTTTTAAGTACTGGTGGTAAGTCACATGTTTCCTGTCTCTATA 225
TACTTGTGATAAAGCGTCAAGCGCTAATAAACTTATTGATAGATAAAAACAGGAACTGTGGTAGGAATCTCCTAA 300
TGCGTCCAAGCGCTAATTCAATGAAACAAATTCACAGTACCTACTAAGTTATAACAAATGAAAGAAAGGAAAGTT 375
ATATCCCGTATCAATCCAAACGTTACATATTGAATATACCAGAATTTATGAAAATACTAGTGACAGGGGCAATNG 450
GTACTTAGTCCAGGAATATTNAACAATTGCTGATTAGTTTGGAAATTANTGCTACGGATTTTAACCTATACTTAA 525
TTINAGGGCAAATTINTTGTTINNG 043

IR-R38: 500 TAATTTCCAAACTAATCAGCAATTGITNAATATT 467

| Y I I SN T A D DN DN AN BN B BN B B [ I N I | I I I
! ti{r1rr e 1t 114801 I I I I

C.eleg: 8831 TTATTTCCAAACTAATCAAATATTGITCTATATT 8864

IR-R38: 389 GATACGGGATATAACTTTCCTTTCTTTCATTTGTTAT 353

I IO I B | I 1 { N I I D D DN D D N NN D DY N D D N D N B
L I I i I | l 11411t ¢! 110000301 0

C.eleg: 10222 GATACAGTCTAGTAATTTCCTTTATTTCATTTGTTCT 10258

Fig. 18. (A) The nucleotide sequences of the clone IR-R38 and (B) comparison of
the nucleotide sequences of IR-R38 with those of C. elegans cosmid FQ9C12.
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Table 5 Iridovirus detection from cultured flounder by ELISA
Number Fish Body weight External symptom ELISA test
| Flounder 550 g Normal Negative
2 500 g ¥ Negative
; 3 600 g ’ Positive
Ir
4 ” 700 g " Positive
5 ! 670 g ! Negative
6 " 650 g ” Negative
T ! Farly phase of
7 | 550 g Positive
tumor
8 ! 600 g " Positive
9 ” 680 g 7 Positive
| 10 ! 650 g ! Positive
i Late phase of
11 550 g Positive
tumor
12 "’ 650 g ¥ Positive
13 "’ 580 g "’ Positive
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Fig. 19. Reactivities of monoclonal antibodies with tissue extracts of fish.
Normal tissues and tumor tissues were collected from cultured normal flounder,
The tissue extrects were tested for the reactivities with three monoclonal
antibodies by ELISA.



QolA] A&t iridovirus®] cloneE2] nucleotide sequenceE2-FE| PCR primerE A
23t thE o] & AE-{ PCRE 433ttt o] primerE AFE-3tod §/d ¥ = PCR product
o] o|lA} sizers= TR U wPHL] H 204 &l o] ¢f 300 bp FEeo|tt. PCRY template
Z2H FAAHQ of FA oA =3 DNA, FY2 TSt iridovirus®] DNA 2|31 o
AbS U= iridovirus®] DNA, 12|31 HALS FUdt= iridovirus7} Z2E X A X
DNA 52] 42/E xI&3lgct. 2 A3} Fig. 20-243F ekt ©x IR-R48] AL
iridoviruse} Blolal A ZFEIE M) DNAGIA PCR A7} LIkAwh RAbaQl A EojA
% PCR A7} Ustt} (Fig. 20). ©]2+FE IR-R42] PCR primert iridovirus®] ZItto]
HYUSIR] WS T gtHAT] o] AXJ U2 oli= ol FHIIA o 4 ¢l
Cl. THRF IR-R47} M{EL] R RPoA wefE ZAo|AL ofu|H A Ee} vjo|gjA EF7}
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£, g3 EJF 2 AFoA cloning¥t iridovirus®] genomic DNA cloneE$]
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Fig. 20. Agarose gel electrophoresis of the PCR products, Genomic DNAs were
extracted from (lane 1) mortality-associated iridovirus, (lane 2) tumor-inducing
iridovirus, (lane 3) normal GF cells, and (lane 4) mortality-associated
iridovirus-infected GF cells, Specific gene fragments of these DNAs were
amplified by PCR with primer derived from the clone IR-R4. The PCR products were

analyzed by agarose gel electrophoresis., Lane 5, DNA ladder marker.



Fig. 21. Agarose gel electrophoresis of the PCR products, Genomic DNAs were
extracted from (lane 2) mortality-associated iridovirus, (lane 3) tumor-inducing
iridovirus, (lane 4) normal GF cells, and (lane 5) mortality-associated
iridovirus-infected GF cells. Specific gene fragments of these DNAs were
amplified by PCR with primer derived from the clone IR-R2. The PCR products were

analyzed by agarose gel electrophoresis. Lane 1, DNA ladder marker.
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Fig. 22. Agarose gel electrophoresis of the PCR products. Genomic DNAs were
extracted from (lane 1) mortality-associated iridovirus, (lane 2) tumor-inducing
iridovirus, (lane 3) normal GF cells, and (lane 4) mortality-associated
iridovirus-infected GF cells. Specific gene fragments of these DNAs were
amplified by PCR with primer derived from the clone IR-R17. The PCR products were
analyzed by agarose gel electrophoresis, Lane 5, DNA ladder marker.



Fig. 23. Agarose gel electrophoresis of the PCR products. Genomic DNAs were
extracted from (lane 1) mortality-associated iridovirus, (lane 2) tumor-inducing
iridovirus, (lane 3) normal GF cells, and (lane 4) mortality-associated
iridovirus-infected GF cells. Specific gene fragments of these DNAs were
amplified by PCR with primer derived from the clone IR-R38. The PCR products were

analyzed by agarose gel electrophoresis. DNA size markers are indicated on the

left.



Fig. 24. Agarose gel electrophoresis of the PCR products. Genomic DNAs were
extracted from (lane 1) mortality-associated iridovirus, (lane 2) tumor-inducing
iridovirus, (lane 3) normal GF cells, and (lane 4) mortality-associated

iridovirus-infected GF cells. Specific gene f{ragments of these DNAs were

amplified by PCR with primer derived from the clcne IR-R6. The PCR products were

analyzed by agarose gel electrophoresis. DNA size markers are indicated on the

left.
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