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Optimized in vitro culture system

for high yield of iridovirus
Iseul Kim

Department of Aquatic life medicine, Graduate School,

Pukyoung National University

Abstract

Red sea bream iridovirus(RSIV) is a typical species of the genus Megalocytivirus in the family
Iridoviridae. The genus Megalocytivirus, represented by red sea bream iridovirus (RSIV), the first
identified and one of the best characterized megalocytiviruses, Infectious 'spleen and kidney
necrosis virus (ISKNV), the type species of the genus, and numerous other isolates, is the newest
genus within the family Iridoviridae. Megalocytiviruses are important emerging pathogens in both
freshwater and marine finfish-aquaculture. However, a limited number of piscine cell lines are
persistently susceptible to these viruses, which greatly limits the study of megalocytiviruses.

Cell lines are ideal tools for in vitro studies of cell-virus interactions, virus propagation, isolation
and vaccine development. However, because of the issues related the sudden refraction of
established cell lines against infection of iridovirus, we decided to start our experiments for
culturing of iridovirus with primary culture from various organ(fry, fin, brain.) and fish species
(rock bream, red sea bream, spotted parrot fish, black sea bream, olive flounder, Small yellow
croaker fin, israel carp.). No morphological differences in progressing of subculture were detected

depend upon the fish species. Following inoculation with IVS-1, Cytopathic effects (CPE) with
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round, enlarged, shiny cells and aggregated cells were observed in various primary cells within 3
days. And CPE was observed daily after virus inoculation and viral replication efficiency was
determined for six viruses. In vitro challenge experiments in cell lines with megalocytivirus
sachun-1(IVS-1) showed lower replication compared with primary cultured cells. Primary
cultured cells displayed a cytopathic effect and increased virus copy number inoculation with
three Megalocytivirus, namely IVS-1, FLIV-1, PGIV-K1. And the rock bream embryonic cell has
especially good potential for the replication of various fish viruses such as Ranavirus,
Betanodavirus, Novirhabdovirus, Vesiculovirus. Thus primary cultured cells may be useful for
studying a wide range of fish viruses. But their susceptibility to Megalocytivirus cultured in vitro
condition was progressively declined and reached almost similar level to that found in fish cell
lines (PMF, GF, BF-2). The IRBF cells derived from the fin tissue of rock bream that infected
IVS-1 is persistently infected with IVS-1 and continually reached high viral titre

To improve quantification of very low levels of iridovirus in cell lines, we tested the ability of
tissue homogenate and serum to enhance the sensitivity and replication of IVS-1. The virus titer of
IVS-1 also enhanced by exposure of PMF, GF, BF-2 cells to 20ul/ml of tissue homogenate or
serum from rock bream. But to added more than 20pl/ml of tissue homogenated was bad for cell
condition as it decreases the virus propagation of IVS-1 in PMF, GF cells. The enhancing activity
of tissue homogenate appeared to increase over time, indicating changes in viral copy population.
It is suggested that the primary cultured fish cells could be used as a valuable tool for isolation
and propagation of different “iridoviruses. And these results suggest that addition tissue

homogenate contribute to the replication and pathogenesis of IVS-1 to cell lines in vitvo.
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I. }\1§

Megalocytivirus= oFrloke] TRkt sfito] B gepofo] 2 HALE 4o
(Jung and Oh, 2000; He et al., 2001; Sudthongkong et al., 2002)
G2Ad o AAH o 2 &£AS do7ltd (Kurita and Nakajima, 2012;
Subramaniam et al., 2012). Megalocytivirusi= Iridoviridea®l] <:3}H,
Family Iridoviridae2] 5709 genus$l Iridovirus, Chloriridovirus, Ranavirus,
Lymphocystivirus - 28] 21 Megalocytivirus® #F ¥t (Chinchar et al.,
2005). Megalocytivirus® 74-$- subgroupO] [-IVE Y59 FHor dxle=
subgroup 13} 1= genogroup [ & 3}o] & 3groupl @ YU 74dko] gl
Megalocytivirus®] subgroup II°] £3}+= Red sea bream iridovirus disease
(RSIVD)= 1990 dx] Hx= dWgh o]% (Inouye et al., 1992) wjd
x| Hgo]  gitH u o] Fo] tiksiAl L Utk 53] RSIVEE #2
nlolgl 24 AWl Af vt =vtlA AAE #HAE doe AoR
K 31501t} (Anderson et al.,; 1993; Chua'et al., 1994; Chou et al., 1998;
Marcos-Lo pez et al., 2011).

niolgf =9 A5 A= @& Aol A &AL ulojy a9 wjgko]
A2 olth, vpol e 2= 0] HjGkE: wpolg o) Aol Sl FEol Hiolgl s

A ATs #Y 2HORFE wpolgAE ARd o= WHY Ho
4% (embryonated eggs)= ©l&3st= WX 18]l flaskolA &=9
25 Wit in vitrool A wheld 2 Fste ol AUnt (Katz and

Webster, 1989). #polgix =7 H= S=o woldas A5

mim
=
O

(¢}
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et Aol SFER) Welwgel oF lelexe] FAA 1en

nlolgj o] ZEI e FAZF w4 9Jom (Huang, 1973; Holland,

1964) A2 AAA wlole] A (re-assortment virus)Z7F ABAE 7HsA
ek A 4= Ith(Webster et al., 1992). ¥ A o] &3}

9oeEwe Aol 9] wWEe] ofsh g WMeFBH W

dlolgjzel Fgol AHgel 44 @tk WA ofF welgxE b

e Wty AL woldad gegol e BERY £4%
ol gatel in viro MFS AN loleh B ek BE 249 W]

xS0 8 ¢kd  o]F (Harrison, 1907) Al&AHozE EE AXE
A7t A} ko, AMEIF In vitro HollA FHA gkm x&F
g7l HgE Zlse dHew <lste] dd deHA B2 FHOENH
AL AdE ZAA Al el 7hs i Atk (Chang et al.,, 1982; Freshney,
1994; Klein et al., 1990; Steele et al., 1992; Wyllie et al., 1992). o] & A
ALEH AW w%Fe]l Zhed AEE AEF(Cell line)gfal k=t ol &
o] &3te] W2 upolegl&e thato] in vitrodelAl «ATE Sk Aol 7hsE)
At (Enders et al., 1949).

a3y Megalocytivirus®] 49, 22 Iridoviridae®] <43}+= Ranaviruso}
gl o3 o FAESA  FASHA XEtar A2 o Al EFoARE
S Jepdtka 4 x vl (Pham et al,, 2012; Zhang et al., 1999,
Dong et al., 2008). T3 &dHZ AEFEE hF-E2 Megalocytivirusd
yl wfokel] A dltslA] Fow | virus passage’} Aol wel 7l A=)

3] 7Z+AHETY (Chou et al. 1998; Imajoh et al., 2007; Nakajima and

ol oY

I e

-2 -
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Sorimachi, 1994). wWalx 2 &G&2] Megalocytivirus Bl Ao A3t
AL SR 3 22 in vitro Wi%ke] FHAs7E D asit). = oA
FAsEY] "oy w5 ®fe w5 ofFd Wig LA HAYF
gk A7 F53817] wiol (Jancovich et al,. 2010; Bandin and D
2011) 8] 71=7F 2 5 de= el =g m&4 w2 W Tasita
=

% % glor], ol o vebh WAl 5 g ol wgol

[aN

old A7A¥E F3t (%], 2014) Megalocytivirus © Aol & o F 9]
zZpole] 2 AL E o]g3le] RSIVY algk Hi%ko] 7ledtd wel 2
ATollM = Ao] Boolldt ke oFomRE d2 Aol F A =gn| g
W 2AY zOEjFMELE o838kl Megalocytivirusel ™ AAAFS
A e E Eo|Ao] U= oy nulolg 29

HALAS AAskiv ERE A A 2] in vitro passageso| Tkl whet
= 4 o

TANRE Fojo] T2 xHomyEH

=2
Megalocytivirusol] st ZFFAS velditta 2484 d= FIAEE
date] B4 o mgdez dolgad wFd &l PEe wokens

sheie.
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=

1.1 AojM 2o el

=& (rock bream, Oplegnathus fasciatus), 3+ (red sea bream, Pagrus
major), 79 (spotted parrot fish, Oplegnathus punctatus),, 3%
(black sea bream, Acanthopagrus schlegelii), d*|(olive flounder,
Paralichthys olivaceus)®] ‘t= &334 oA TH wiFFelA kit
HaE SE ARESte] ofFe @& TS| washing ¢ FH 22T
Hafol A F3A) A Y. HE3Fsk xloji=  antibiotics and antimycotics
(Gibco)7} 33 L-15(Sigma-Aldrich)© 2 38 3] washing &t 1 &
ZtolE  mesh - o | FHAA @ BUMEE REEQY. TEA REEoX
GAAEAE NS 4T 500 g oA 10 23 94 22 F AXE pellet & A
BEHole WHO R 3 3] washing st o™, HFHO® 20% FBS (Gibco)%t
A A (penicillin, 200 [U/ml; streptomycin, 200 pg/ml)7}F H7F= L-15
iAo ettt 1 3 AEZE 25cm? tissue culture flask (Corning)ell
HEstomn, 25ToA wgetditt. Mg 3 o 5 AoHEes do5s
K AT 2l J AAAEE ==
ZFoA M 3E (RBE cell), & AoAAE (RSBE cell), dHs A A E(SPE),
AAE AOIAE BSBE cell) Z8]al g@x AoAME (OFE celDEhal

d

2
ol
ol
32
o
2
)
o
N
N
2
>,
ftlo
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1.2 A=gu] NEo Zdufk

it
i
)
i
-

1%, Z%7](Small yellow croaker fin, Larimichthys polyactis),

~ L

israel carp, Cyprinus carpio nudus)s E933 o9
FA oA EEEskH. oJAE ded R AlH 5 70% deeE=

EHS A%d FJ A=guE AEsiith A=dre dHad s
o] &3t 1 mm2 °ol3te] A7|= A A& F &AA| (penicillin, 200 1U/ml;
streptomycin, 200 pg /ml)7} A 7}% Hank's balanced salt solution (HBSS,
Sigma-Aldrich)2 3 ¥ washing 3t th AlAw A=gn]+= 0.25% trysin-
EDTA solution (Gibco)® 4Tl 60 7+ AEZE wo]WAtt. Trypsin-
EDTA & A A=gn] 22 2 HEE 20% FBS ¢ &4 (penicillin,
200 IU/ml; streptomycin, 200 ug/mD7} #7Fel L-15 ®®] 10 ml &
H7bskar 4T 500 g oA 10 23+ AAEZE 3 W WH5sto] trypsin &
AAdAT. AMEE Al 20% FBS ¢ &FAA (penicilling, 200 1U/ml;
streptomycin, 200 pg /mD)7FH7Fe L-15 ¥l# 5 ml o] @& 3 5 25cm?
tissue culture flask o FE3tA ). | ZF oA Aeju] H¥EE= 25T A
Hl] 5 ATt
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1.3 HAIZ Zdiuj

wwd, Fx7)e oAE HEud dE AFsdd o FH 70% Jdge=
FHE AEstal Hedk NS ol & HE A=A
mesh o SHAIA GLMERZ TEJTE 28 A HEAH
4C 500 g °lA 10 &3t
3 3] washing 3t oem, HE=AHo=Z 20% FBS ¢ 344 (penicillin, 200
[U/ml; streptomycin, 200ug/mD7} H7Fd L-15 #jA]d] dESHSIT
Z18]al 25cm? tissue culture flask ol A5 F gt zZhzhe] Zdjuj ek

H ¥ AEE 25T wjg=E A

(o
>,
Mo
)
of
>
Hel
o
R
@
fllo
2
z
do
ol
o
rir
o
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2. Hlol2| 29t FIAE
2000 %= 94, = Hallghe] Aol A megalocytivirus #HS7d= LHE
= 559 v FoA F28 3 megalocytivirus sachun-1 (IVS-1) strain <
w Alojoll B FAtete] 1 S # 5 e ERAS Ees
(Jeong et al., 2003). o]#1¢] IVS-1 7+3¢] <18 major capsid protein
(MCP) gene ©l conserved 3+ H-9]E target &% A|ZHE M2F (5'- GGC
GGC GAC AAT GCC GTG -3)¢} M2R (5'- ATA ACG ACC AGT TCA AAC
-3) primer set & ©]-&3Fe] PCRE 2 A|5te] 73S 3213t} (Oshima et
al. 1996). wiolgi = MigS 93] =% WFe=RH 283 IVS-1 & L-15
(Sigma-Aldrich)®} 10% (w/v) Bl &=& wvl3} & PMF oA wjFdte] it
3 o Hlelg2EkR WS-1 3 uld7AE Bol=5E wholHx
ez el

o 5 FIHEE T HelgEE SHFAA LAY (Table 1). oA d2
Ea

npolH A~ 7S s -80TCoA B stdFSic).
B AFo AL&E A EF2l PMF, GF, HINAE, E-11 cell® 10% FBS 7}

H7be L-15 wiA A, BF-2, CHSE-214, EPCiz 10% FBS7} %7€
Eagle's Minimum Essential Medium (MEM, Sigma-Aldrich) 8% (Sigma-
Aldrich)ell A Ztzh wjFskolct. CHSE-2149F HINAES] ¢ 20T, YH A
FIAEELE 25T oA wfFetdt.
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Table 1. Sources of fish viruses used to test the virus susceptibility

s/
N Virus genus Growth cell lines Viruses used in this study
0
1 IVS-1 (subgroup 1) Megalocutivirus  PMF Isolated from rock bream (2000)
_ Isolated from olive
2 FLIV-1 (subgroup IV) Megalocutivirus GF
flounder(2006)
Isolated ' from pearl gurami
3 PGIV K-1 (subgroup III) Megalocutivirus PMFE
(2004)
4 FV3 (amphibian subgroup) Ranavirus CHSE-214 Isolated from frog,(2012)
Isolated from spotted sea bass
5 RGNNYV (group VD) Betanodavirus [D=1L1l
(2010)
6 VHSV Novirhabdovirus HINAE Isolated from olive flounder
7 SVCV (subgroup Ia) Vesiculovirus EPC Isolated from koi (2014)
No. 1,2,3,4,5 viruses cultured at 25C
No. 6,7 viruses cultured at 20C
8
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3. Viral DNA 9] A%
IVS-1 9] viral DNA * GeneAll® ExgeneTM Tissue SB mini Kkit

(GeneAl)S o]&3lo] A& protocol H=E FZsttt. 7 & FEg% viral
DNA + absolute quantitative PCR (qPCR)H o= A3, olE 3]
LightCycler 480 II (Roche)& ©]&3}3it}t. Absolute qPCR 2 TOPreal™
qPCR 2X PreMIX (SYBR Green with low ROX)(Enzynomics) 10 ul, Z}7}<]
primer(Table 2.) 0.5 pM 1&] 3L 1 ul ¢ template DNA & #H7}3t & H=
volume ©] 20 upl 7} HEZ 8o 2Alst%H T gPCR ¢ A& 95TAA
15 &3+ vk&-3k = 95T 10 %, 60T 15 %, 72T 20 %9 HF&& 1 cycle &
gte] 40 cycles & BbaAlZl oM, whA g cycle $ol& EE W&o tisto]
72CHE 95T7FAe] g YoA]  melting  curve A4S AAEAT
Standard 2] AZ2 IVS viral DNA £ template = 3¢ MCP gene &
target &2 3 primer set 1 qM1F(5'-GGC GAC TAC CTC ATT AAT GT-
3¢ gMIR (5'-CCA CCA GGT CGT TAA ATG A-3)= AME3lo] 92 141
bp ¢ product & TOPO-TA vector (Invitirogen)ol A4stel Escherichia
coli DH5aoll |A-S A7 S iz sl e Al =849 plasmid & A
Hgate] Abgatqitt. A 238 plasmid = 10-fold dilution & A3}
standard curve & ZAst=d AFREA T (1.0X107~1.0X10" copies/ul).
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4. ZujEAl 2o} FIAZ ] HlolH & A W

4,1 ZHu A E e} FIAEY IVS-1 A v

=

IVS-1 o thste] ZohujFAlxet F3hAxe]l s vlustr] 93
AFS AAstdth =iz A5 s 7

Aol A S} Fw, B4, |WA, A=gn] AE, 559 .
F3tAE= PMF, GF, BF-2 & AR&esivh. ZdiuldAlxelr Z4zte]
F3ME7F 25cm®  tissue culture  flask oA AlEZFo]  80-90%]
confluence & YWetE wj7bA] vk gk 5 Zof wiGAlZE} F3pAIZ7F v
¥ 25cm® tissue culture flask & HBSS & o]&3a 2-3 3] washing 3l
FA. 1 5 =) wjSAE D FIAES] A E V] Sel vigstd viA|
(L-15, MEM)Z A% F, #jx] | FBS(Gibco)dl FEE 5% =

o 1-=

sto] F9lvh 28 A IVS 0.1 ml (5%X107copies/ml) & HEsto] HF 7 o

=
T wfFal ol yiral DNA ¢ £8 & absolute qPCR & A A|3}e] v $E viral
DNA 9] && ettt

10
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4.2 g3 vtol g 25 digk e &2

Zoju A ES} FEAEA [VS-1 8 ofg} vk npolgl s HEF A
et SAES ERlsr] flete] WEds dovl= target ©] thE 7 7HA
vpol g zof thate] AgS AAIEA T (Table 1). ¥ 28S 98 FE, &5,
Ao zelet HE, E5, 94, Fol, Fx79 A=gv], S5 Fx7)
W] i FAEE ARRESIT A4 Z2dpulMAEES BT 2 ¥
passage. & #X[7] o]d9] MEE AlE s}9lon, F3M L= PMF, GF, BF-
2, E-11, EPC, CHSE-214, HINAE & A}&3kadt). Ztzhe] AEE 25cm’
tissue culture flask (Corning)ollAl AlEZF0] 80-90%2] confluence =
vebd wj7kx] g e = F 2o wiAE 2 PME, GF, HIINAE, E-11 =
5% FBS(Gibco) 7} #H71#l 1L-15 wjA (Sigma-Aldrich)®, BF-2, EPC,
CHSE-214 = 5% FBS (Gibco)7} 238 MEM 5ml ©. = aAste] F3t}.
agl vigE AlE7)F 9l 25em? tissue culture flask o] 2F2+e] & 7 7} ¢
vlolg 2~ 0.1ml = HF sl Atk Megalocytivirus, Ranavirus, VNNV +
25C, VHSV ¢h.SVCV. = 20TolA ®ifs & FAon, 7 459 wjgd=
ol-gsto] Wgs AT vpoll o B Felol AR primer =
oo #ol YeERAT. (Table 2. VHSV.-9] A5 0 dAet 7 IA <
violej 2 Wi AF s
o] &gk WMr=o] AolE Tl widES gl on ywA| wolejxo] Ag- g-

RTPCRE 5% 434 252 Arstol ulolel 29 F718 H159rh

4»
rf
=)
£
=
.%
g}
(@]
=
[o
1>,
>,
r
o
vje}
@
2,
N
o2
offl
filo
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Table 2. Oligonucleotide primers used in this study

Genomic Oligonucleotide sequence
Virus Primers Object Size
region (5' to 3' direction)
gM1F GGCGACTACCTCATTAATGT
Megalocytivirus MCP gene gPCR 141bp
gM1R CCACCAGGTCGTTAAATGA
F CAT CCG GAT CCA CCAATT
Ranavirus MCP gene gPCR 139bp
R ACG ATG AGG GCG TAC TTT
capsid F TGC CAA ATG GTG GGA AAG
VNNV gPCR 126bp
protein R TTG TTG CCG ACA CAC AGG
dF CAC AGA TCA CYC AAM GAC C
VHSV G gene 1-step PCR 638bp
dR RTG ATC ATG DGT YCT GGT G
GCTGTGTTGCTTGCACTTATYT
SVCV G gene gPCR 80bp

TCAAACKAARGACCGCATTTCG
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5. M FAHEZY passage o WE ZFA WS

5.1 RBE ¢ RBF 9] At & 7}l we& IVs-1 44 ¥st

Zo WSSt RBE 9] passage 7F S71E45 OYddd cell o FEj7t GLsA
Wstelal gl ol FojeEte Ad 23X 2014)E HFE S = Embryo cell
gk A doFor ZulAlE A7l FEEH MEe tfdol A
A= u] M EZre] MES] passage Foll WE A Apolrt A=A LopR AL}
atdtt. AlEe passage ol IVS-1 ¢ 7oA W3S Felalr] st
ZHHSFAE RBE ¢ RBF o] At v AA] spalvh. Al v Alx7 dd <=
(monolayer)S A3t (¢F v 5-7 & F) 0.5% trypsin-EDTA & A &3}
Hojdl & 10ml ¢ HBSS o] A FFAF T 25 4T 500 g °14 10 &3t A4
2 %te] washing & 33 omH, 1:4 H|EZ 10% FBS 7} 23HE L-15 HjA|ol A
wjFaliet. olel gt Woz 0,1,3,6, 1gar 12¥ A w3 RBE cell # RBF
cell o TVS 0.1 ml (5X10"copies/ml) & #&s}3Ir}

vlolgl~ HE: 7 4 3 ASY 100ul & sampling st¢] viral DNA ¢ &3 %

absolute qPCR & ©]-&3}9 viral copy number = 2743} t}..

13

Collection @ pknu



5.2. X LA X2 passage o WE Megalocytivirus & ZH-A W3}

thFet  olFe]  Edl WY AE7F passage & AEFHezR AAH7H
Megalocytivirus ol gt Aol ofw A Watst=x &<lsl7] flsto] X A=
Zl &5kt

¥ AAL Megalocytivirus ol wiste] Aol Z47] e oFQl &% HA
Zz27] olzgkdl oJojo tial] z+7+e] passage & 3 W o]stE AR Apo], A =],
Aol o vl Althel 23] passage & X AEE WuSIAT Ao AEE
25cm? tissue culture flask (Corning)olA A EZ0o] 80-90%¢] confluence =
veRd wizbA] e s & F 5% FBS(Gibco) 7F H7bE L-15 ¥iA] (Sigma-
Aldrich)E 217} 5ml Yol 2831 4242 Megalocytivirus, & 1VS-1, FLIV-
1, PGIV-K1 (6x107copies/mD) & 0.1 ml J&3te] FoAch nlelgl~ HE 7 A &
A5l 100ul & sampling 3F9] viral DNA ¢ #2] % absolute gPCR < ©]-&3}4]

viral copy number & 2 A 3} %t}

14
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6. IVS o 79" =59 A="r] AE zdujYg 2 dlojgdx
7t =7

IVS-1 & E%4 a9 A717] 9ste], 5x10° copies/ml ¢ IVS-1 0.1ml &
juvenile 719 &% H7 o] FAISY 11 & ASHoR A F AASTAE Hole
2

o gew Auen Mz zoEgs dATTh 2

o

SRS Al 2.

=21 2

1Y

25cm? tissue culture flask (Corning) 80-90%¢] confluence & YEFA AE

il

RBF (IVS-Rock bream fin) & WHaldth . AL trail 1, trail 2 & Y59
R e
ZkZrol Al [-RBF & 4:1 9] ¥ &2 Ald] 8l $ 80-90%2]  confluence &
[e)

UEH HBSS 2 1 3] washing = 5% FBS 7} #7bg 1L-15 5ml & 29 F9th.

74 Hg 3 AE9 100ul S sampling 3t viral DNA o] A8 2 A8t
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A4 H3)

o] 83 IVS-1 ¢ 7+

=45
2838 v A,
47T

7. AF
7.1 Tissue homogenate ¢} serum ¢ 4]
A 55 (BW. 20+5cm) 9o &3 gAs
AdAk. 1A, 7t
up skl 1 %

%3
o
=
0.45 pm syringe
o

AL Ao FATE BolA &g+
0] 8-3}4] tissue homogenate 9} serum
AAAZAS pestle S HBSS o 1:10 (w/v) H]E&=
3,500rpm ©lA 10 &3+ €A &2 itk 1 & RS
filter & &3A|#A tissue homogenate & W= FAY. oF9 serum =
njFEguwo A AfHe NS 4C 3,500rpm oA 10 #3F LA B i 1 F
A = serum FES 0.45 pum syringe filter & E3AIZ] & 79 A
AHg-3t 3l
16
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7.2 Tissue homogenate ¢ serum ¢ FH7IE o] &3 FIAE U [VS-1
AEg WHsl

2 AAE 98t PMF, GF, BF-2 cell & 10% FBS 7} #7Fe wjdui=] vjelA]
727y 80-90% confluence & YeERd w7+ wjkstdich. 5% FBS 7} H7k#H
Wi = wA|e) FaL IVS-1 0.1ml (5X107copies/ml) & HZ3dto] FA). olw 7.1
|/ FH|8]EE tissue homogenate ¥ serum O.1ml (10mg/flask of tissue,
100pl/flask of serum)< virus ¢F 7 AEstd o] HFHo=2 =] U H7HE9]
F&7F 2%7F HA & F=Anh 7 4 vl $ 100ul & sampling 3¢ viral DNA

e AAs

17
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8. IVS-1 o] di3t ZA Z71E 9% tissue homogenate 9}

serum 9 AA wx9o AA

8.1. IVS-1 7% Al tissue homogenate ¢ serum & A F= AA

T3} ME Yo IVS-1 # Al tissue homogenate &F serum < A7} 3o = uj,
IVS-1 o ZAS Fole FHH9 v=5 37 98 s&= 3 g4 l
FA. PMF, GF cell & 10% FBS 7} 7bg widuiAl el Z+2F 80-90%
confluence & 4YErd uwj7p#x] wjd3g ot Tissue homogenate(10mg/ml) 3
serum & 7tz 10, 100, 250, 500 pl & IVS-1 0.1ml (5x107 copies/ml) ¥} €7
HE o FUL AFHo R flask W H7HEe] Hx27F 0, 2, 20, 50, 100ul/ml ©]
Huch 7 A vk F 100 ul & sampling 8ko] viral DNA A& 2 A)8te] [VS-1

v ko] A 9] tissue homogenate ¥ serum == &213}3 T}

jaiil
2
ol

= A4

18
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8.2. IVS-1 799 A] tissue homogenate & HZA %2z 9] &9l

o5 F3HAES PMF ¢ GF & Abgste] of7e 54 ol M4 g2 7
A sk k2 v, Al 2A]& o] 831 tissue homogenate 7} FF ol H A
ogeke Hlul FEASEY. ZHzte] A7]E o] 83k tissue homogenate 2 A|Z

Atk 2 A3S 918kl PMF, GF cell & 10% FBS 7}
A7h kA ol A Z42E 80-90% confluence & WERE wi7hA] wiFetivh. 21
H 5% FBS 7} A7k wixZ A& a1 IVS-1 0.1ml (5x10"copies/ml) &
AEete] FAT 2gar wpelefzel A kB, A1l A9 tissue
homogenate = 0.1 ml (F% flask W &% 20u/mD)EEsA . 7 4 v =

100nl & sampling 3t viral DNA A &S 2 A3t}

Hm
rUO

N

sl

19

Collection @ pknu



. 23

U g Azt FIAE VS 7HEA vl
1.1 Ao M| X9} A =FHu|AXE, YAE FEd EA

AvdE Fotd 2o Wl AoAlxe] FEE A Hks W epithelial-like,
fibroblast-like, “12]3l neuron-like cell?} 2 theFst BF9] A7t @2l
(Fig.1-1) =W widd X=grAxet HAM>¥2 745 epithelial-like cell¥}
fibroblast-like cello] SEFE ZA|star QlojA] R AlaLd H]|sle] oy o=
FEH R A2 o AE7E AT Aol #RHA. (Fig.1-2, 1-3).

Z7te] AZE AR BE £ FORVE BAT HAZ Ageel xRS

= -
Arste] Qe A% Fuae Aelt el ¢ §igly] Wil uluMAE Fe

Adl WS HAAstE 45 o JEje] AEZrE 32y e daze g
A vl 571 S71SS Al . dd M Eo] FJEHE Heoles AS ##e 4 Adfdo
(Fig.2)
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Fig. 1-1. Monolayer of the primary embryo cells cultured for 7days. (A) Rock bream (O.
fasciatus), (B) Red sea bream (P. major), (C) Black sea bream (4. schlegelii), (D) Spotted parrot
fish (O. punctatus), (E) Olive flounder (P. olivaceus).

21
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Fig. 1-2. Monolayer of the primary fin cells cultured for 7days. (A) Rock bream (O. fasciatus),

(B) Red sea bream(P. major), (C) Olive flounder (P. olivaceus), (D) Israel carp (C. carpio
nudus), (E) Small yellow croaker (L. polyactis)

22
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Fig. 1-3. Monolayer of the primary brain cells cultured for 7days. (A) Rock bream (O. fasciatus),

(B) Small yellow croaker (L. polyactis) R

- s
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-~

&> 2\
fllllllr | xlll"-ll
| ( ’ J
\3am%@/
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Fig2. Monolayer of the primary rock bream (O. fasciatus) cell. (A) Embryo cells formed at 0
passage; (B) after 9th passage. (C) Fin cells formed at 0 passage; (D) after 9th passage, (E)brain
cells at 0 passage, (F) after 9th passage.
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2. ZHEFAH X9} F3A TN VS v|FEA vz

Megalocytivirus o] ™t o] HiusE w7l e TS ol &dte] ZuujYd=
AR om Zbzbo] s IVS-1 o] =S vlustglith. AFoj Al (RBE, RSBE,
SPFE, BSBE, OFE cel)¢} #A|=gn A X (RBF, RSBF, OFF), =M Z(RBB) <] 1IVS-
1o i@ 2ae sks] 984 PMF oA e 1VS-1(5x10 copies/ml) <
0.1 ml FFal & F 7 4 $9 virus copy #S vlasglry. fl=+2 = PMF, GF
cell  BF-2 cell & A}-&3}3t}.

zkzre] oAz A= AES ol 7ol Addgle]l wiolels HE
3 d o]% Megalocytivirus o] 53<1 oAV WA E(CPE)7} #ZEAY. HAE 7 A
o+ W2 49 CPE 7F #&H = As &2 & o+ UK Fig. 3-1). F3AEQ]

PMF ¢} GF cell 9% CPE 7} ##E o) ol A2 Hsto] w9 A

7 #FEHE AS FIlek itk (Fig. 3-2.).
HE F 7 A A5 Q1= viral DNA = real-time PCR & o] &3}o] A%
A4S A &AM EZ] o= Hydgo= [VS-1 o] ¢F 14,100 Hj

Algh A3, Zoj
5

Fbstie, Aol xe

10

HAEY A 1.13%10 copies/ml ¢ viral copy %S HQth dwnF #E A
Ao Ao} A =eju] AlE, HAEAM Hol= FH A Alolot FwstA|, wIF 7}
o] Fol A Megalocytivirus o ek ZhAd-Afol e} Aatglo] B Zuju] At
Ao A B #ke] viral copy #el F7FE Eom ole FIA|EA Q] viral
copy #°l 7kt A3 AfolE B AT (Fig. 4)

A HAEHog A 1.69x10° Copies/ml, A =2 m] &}
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Fig. 3-1. Cytopathic effects of IVS-1.in various fish primary cells at passage 0. (A) Rock bream
embryo (O. fasciatus), (B) Red sea bream embryo(P. major), (C) Black sea bream embryo(4.
schlegelii), (D) Spotted parrot fish embryo (O. punctatus), (E)Olive flounder embryo (P
olivaceus), (F) Rock bream fin (O. fasciatus), (G) Red sea bream fin(P major), (H) Olive
flounder fin(P. olivaceus), (I) Rock bream brain( O. fasciatus). Primary cultured cells with a

large vacuole are observed.
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Fig. 3-2. Cytopathic effects of IVS-1 in various fish cell lines. (A)PMF, (B)GF, (C) BF-2

28
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1.E+06
LE+05 -
? 1.E+04 -
g
% L1E+03 -
QL
&
S 1E+02 -
g
§ 1E+01 - ? %
1E+00 - é /// % _
49
1E-01 - é // é ,

RBE RSBE SPFE BSBE OFE RBF RSBF OFF RBB PMF GF BF-2 EPC

Fig. 4. Differential susceptibility of primary and established fish cells to IVS-1 infection. Virus
titer in supernatant of primary embryo cell (H), fin cell(l), brain cell (M) infected with IVS-1

were increased about 1x104 copies/ml compare with Oday. IVS-1 replication titer of cell lines(£4)

were lower than primary, cells.
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3. zv) ¢ ALY} FHATNN wlolP 2 744 v

"o

AN

tHul Al 2o A TVS-19 thet /d ol 2 Aol Megalocytivirusite] 57 A+
Pl glelel wholeael 3 2 ozsEyE Qe oY
|LE5(Ew, v, 49X AAJAE 2 AHuHEel Fx7|e} o9
| =2 A E)3} 34 Z(PMF, GF, BF-2, E-11, EPC, HINAE) o tj&}e] t}ekgt
Fol 2] 2~ & (Megalocytivirus, VNNV, VHSV, SVCV, Ranavirus) °| th3gt #+A4S
ekl & Bk

dou P
o,
ol
N

o
o
kv

jus)
O

I3

>~1
R

jud

AT ol Aol tiF-Fo YA T E HHE AQsta [VS-1 ¥ ol v
Megalocytivirus®l FLIV-13 PGIV-K1 o ti3dted 1,0008] o]Ate] =& 7H4AS
etk FLIVE] A% Ht 5.77x10 copies/ml, PGIV-K12] 7% 3.18%10
copies/ml®] =& wjFH] wel ZEGAEE ol &g Eke] HolH X
A2Ee IVS-1 ¥ olyel tE subgroupdll s FLIV-13 PGIV-K1 oA =
7bseks geldtith 3 Megalocytivirus ¥ o}yl Ranavirus, VNNV, VHSV,
SVCVES ZdmFAEL el ojFo] s@utelezo] Aol A7, itk

st 2t 2l Al ZolM = Hhel#&o] BiSko] o] FolFe el & 4 AT
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Table 3. Susceptibility of various cells to the infection of fish virus.

Megalocytivirus Ranavirus VNNV VHSV*
group species SVCV
IVS-1  FLIVm PGIV FV3 RGNNV GIva
Red sea bream  +++ +++ +++ ++ ++ + +
primary embryo
1 Rock bream - - - - +H+ + +
ce
Olive flounder — +++ NT NT NT NT NT NT
Red sea bream ~ +++ -+ ++ NT NT NT NT
Rock bream +++ +H+ - NT NT NT NT
) ) Olive flounder — +++ -+ ++ ++ NT NT NT
primary Fin cell
Israel carp ++ ++ + ++ + + NT
Small yellow
% =t =+ it + ++ NT
croaker
Rock bream ++ -+ st ++ NT NT NT
Primary brain cell Small yellow
A i L NT NT NT
croaker
PMF H 3 4 L 4 - -
GF i + - ol oL + _
BE-2 + 3 - NT + + NT
cell line E-11 - NT NT NT -+ NT NT
EPC NT NT NT + NT +++ +
CHSE-214 - - - ++ + NT NT
HINAE NT + + ++ NT NT +

; NT, not tested

A dash indicates that virus was not increased.

Increased folds of viral copies (log) ; () <1 ; 1<(+)<2; 2<(++)<3; 3<(+++)

*RT-PCR analysis of virus in various cells at the indicated times after VHSV inoculation. The transcription of G

gene were detected (+), non-detected (-)
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4. e SN X9 passage T Z7t W2 Hlolg A A Wt
4.1 RBE ¢} RBF 42| At VS g4 W3

Z el SFA 2} FIAEANA Y Megalocytivirus o gk A H
T3A X7 passages Eol AFR7] wWiEAA RIS st Zohu) A ES]

passage Sl W& IVS-19 4 Aol & &<l sl

RBES} RBF9] Athdsle] wE zAo] AolE Hlwsty] 9la|A4 passages
AXA e = wiE AE, 18]3 passageE 1, 3, 6, 12HS AA wjdw

7t7}e] RBESF RBF cellll IVS-1& & 3ke] FAth,

O passage & Ax ZoujdAtie] Ao A += RBE, RBF cell &5 wvlo]#| 2 vj%
5 744 "ol CPEE ## & & AR oY, passage 7k ALA 0w F7HE
wte} A Eel| JElts CPES] 4 %e Za%s &<l & F AUt (Fig. 4) =3
CPE9] 7749} vlEo] HE 74 39 viral copy number A A&A oz 7FAiste
245S ®BAvh 0 passage® RBE, RBE cello|A] 1VSe HE A HyFHo=z
28,3008 7} Z7}8le] HAExHow 2.83x1010 copies/mle] TE=E eI oY 3-6
3] 9] passageE AXHA FAS] virus PI% HE7F 7HA3e] 12 passage ©]F
HjFsl s o= HEAHo=E s HLEo %‘7]'(5X106 copies/mDYF 13t 4
Itk RBESF RBF 12¥9] passageS AXHA o] widF Ao Alxet &
vlole 2~ FhpAo] Yol #HF viral copy numbers XUl A EZ e} wjws] Hot

5,6608] o] A A #AsEA T (Fig. 5).

Ac)
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1.E+11

1.E+10 -
=
€
o L1LE+09 -
R
n
(]
Kol
S  1E+08 -
©
s>
1E+07 -
1.E+06 T T T T T T T T T T T T

No. of in vitro cell passage

Fig. 5. Replication of IVS-1 on primary rock bream (O. fasciatus) embryo cell

and fin cell passaged serially.
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4.2 2 FAEZE At 5 Tk mE Hlo]F X A WA

) &AM E 2] passage 7} S7FeE [VS-1 o tighk 74l o] Yolx]=(Fig 3.1)
HA o] [VS-1 # oyl t}E subgroup o 43+ Megalocytivirus ° YEY+=X
gels  Bokt ofe] ofFe] ©E passage o A=W AEE AESHS
Megalocytivirus ©ll €38 FLIV ¢ PGIV o tis] 773 adS 2Astdtt VS ¢
7d-9- 2 H9] passage & A Ew A =dn| MM HtHo=z oF 2,800 w 7+
S7FekRq ot 10 3¢ passage $oli= 10 Hi o]tz A AHA] e EES
Btk ©@olQl ojagtdojo M= 3 MOl passage & 1% A= H] AEA
°F 180 Hiel F7HE Hele AL FAd £ 9ddovt 10 3¢ passage § 9
30 We TS yEdles g<legin. FLIV. 9o A% =353 9A9
ZHH FMZAAE Hat 1040 v o] S7F & & ofe} 3 19 passage & 71X
27 A=du] AFEAAE 370 1] ol F7kste AS & &k & AAT 2B
10 W9 passage & A% & FLIV ozl EE Megalocytivirus © th3dh
Aaidel o 70 v olstm detAl= AIE B PGIV o A5 |@Xo A =zin|
M E A oF 2200 vl F7FE B QO passage & 3 AR T oF 30 ©j9
S7He Bt 4E SARREH LS A=guAEME H 3 FNE HYES

g1k 4= A3l (Table 4.)

ul

i

ZZ 0] Ao L} A=eu|XES] jn vitro passage 7} 7} wEl [VS-1 ¢
HAgo]l Golxl= Ade IVS-1 o s Aol =4 R TohE o] FollA
st MxoAx: yvelds glsiglomn o]k cell passage <7t WE

o
A el W3li= Megalocytivirus 2] B2 subgroup © &3 Hpo]] R0 A E
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Table 4. Susceptibility of different generation fish fin cells to the infection of

Megalocytivirus.
Megalocytivirus
group species passage
IVS-1 FLIV-1 PGIV-K1

2 +++ +++ +++
Rock bream

10 + - -

Embryo
2 +++ +++ +++
black sea bream

10 - - -

) +++ +++ +++
Rock bream

10 + - -

2 +++ +++ +++

Olive flounder
4 + + +
Fin

3 == = + +
Israel carp

10 3 + +

3 + +++ ++

Small yellow croaker

10 7 - -

2 ++ =+ +++ ++
Rock bream

" + + -

Brain
3 + + +
Small yellow croaker
7 — — —

A dash indicates that virus was not increased.

Increased folds of viral copies (log) ; () <1 ; 1<(+)<2; 2<(++)<3; 3<(+++)
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5. RBF ¢ IVS o] ZHd =54 €< I-RBF cell 91414 1VS-
1 i< vl
5.1 I-RBF cell ¢ vl

Eo IVS-1 & A9 Al 5, HolZE x| &ar A Ao] E3txEm ok F3o]

=
M 5o 4949 GPFAT melt oAe] AxeuE Abgstel Zugg

s

>
>
ol
38
(o
£
5
o
=
o
=
1o,
&)
s
o
=)
N
)
off
fllo
do
ro,
ol
38
ul

VS o A" Ewold fd2 A=uAHE (-RBF) o= Hime] nloj#ix
HFol sleodl: =8tal, ZhAlthF-8 CPE 7 #&=dv (Fig. 6C.).

IVS-1 o 79 A Z2 A3 AAE ALt AEaFS 49, A
AR S AA 39S W passage F7F S7F8= viral copy number 9 749}
g7 CPE 7} A3 #A #&EH= E5ol gR1%E A &g [-RBF & A& o=E

=

passage 7} $7}stol% CPE 7} A8 o2 #&= Q). (Fig. 6D) H3+ 7H7 o &
trail oA 2] viral copy number @A 7HASHA| Pl Ht 4.28X10 copies/ml <]
TR AHEHoR WYdHE EHEs 9 2 4 AdY. (Fig. 7)) SHAIR UE
ZU I EEY w7 AR, A4 A 93 IRBF-Trail 1 ¢ 2% 16 A,

IRBF-Trail 2 9] 4% 7Ath7k SA< w O o AMlar AJ7go] o] Fofx#] &3ktt.
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Fig. 6. Cytopathology of RBF and I-RBF cells infected with IVS-1. RBF at 0 passage (A) and 12
passage (B), [-RBF at 0 passage(C) and 12 passage (D),
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1.00E+11

—o—RBF IRBF-Trail 1 —#&—IRBF-Trail 2
1.00E+10 -
S
P | 1
9 1.00E+09 - L
o
S
& 100E+08 -
S
o}
C
2 1.00E+07 - T T
S I ) —
-E 1.00E+06 T T T T T T T T T T T T

o 1 2 .3 4 5 6.7 8 9 10 11 12

No. of cell generation

Fig. 7 . Comparison of the viral supernatant between RBF and [-RBEF.
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6. FIAEY IVS-1 #He] 284 TUE A% W

X

A

6. 1. Bl BiA] W tissue homogenate ¢} serum FH7}o] W& [VS-1 A4
3l 24

2
O:

tissue homogenate ¢} serum & F7lsle] T3S uf F3PAxE] [VS-1 o ot
AaAAde] Fks F=A el 7] Yool IVS-1 FEA] 0.1 ml 9 tissue

homogenate ¢ serum < H7}ste] Fth 7 A 3o ASdS BA3 Ay

Al 7]

il

7
PMF o] 7% IVS-1 #d Al3 d H4+ 15 8 (1.5x10 copies/mD)7}

n
I

8
Z7}8FA W tissue homogenate = A 7Fste] = A3 2F 290 vj(2.9x10 copies/ml),
serum 9 4% <9 360 Hj(2. 9X10 copies/ml)7} Z7}8FS #21& 9ttt GF cell 9
A9 7 (7X10 copies/ml)e} 57F&0¢] tissue homogenate ¢+ serum &

8 8
HA7pstow Z+zk 213 ¥i(2.13x10 copies/mD)t 254 w(2.54x10 copies/ml)<]
S7HE Rl HelEEe] SFol A ljuA]  @=  BF-2 cell =

7
24 W(2.4x10 copies/ml) °|’¢ =7F3HS @183l Tt (Fig. 8.).
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B non treat
1.00E+09 - DOtissue homogenate
? i Bserum
. 1
&
" 1.00E+08 -
9}
a
o]
|9
IS
§ 1.00E+07 -
el *NT
1.00E+06 - — . ﬁ
PMF GF BF-2

Fig. 8. Enhanced virus propagation of [VS-1 using addition tissue homogenate and serum in three

fish cell lines

*NT; Not tested
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6. 2. Tissue homogenate ¢ serum 7} W& 739A =}o] v

Tissue homogenate ¢} serum FA7FEFd} [VS-1 wjFe] AraabAleo] tfal] &2ldl=
A8 S ATt 2421 9] flask W tissue homogenate ¢F serum < 212} 10, 100,
250, 500ul Z2(HFH o2 flask U tissue ¢ &2 1, 10, 25, 50mg 7} =4]) IVS-1
0.1ml ¥ A H7beh 5 7 4 $9 AeqY vpolyx G it 1
A3 20ul/ml ¢ tissue homogenate T+ serum < FH7sle] FUE w 7
nlole| 271 @Wol Frkete] HA HIMESNS etk Ly 20ul/ml ©]%e]
SEE F7EstelF = A% 2389 vl 2d S AsES etk (Fig. 9.).
Auld #F Al o AR A etAl k= Wl Kt homogenate ¥+ serum =

gol AFHAT. 2t H7b=e el 20ul/ml
o]l AS ME ¥HAS YEHS glgion (Fig. 100 ol Hpolg s F%

Asjel Aol = 5 S Aol
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A 1E+09
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E 1.E+08 -
[}
[
e
2
Q.
o
O 1E+07
s
S
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1.E+09
B N PMF
h— OGF
S
5 1LE+08
o
e
2
o
S
— 1E+07 -
o
S
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0 2 20 50 100

serum concentration (pl/ml)

Fig. 9. Comparison of IVS-1 production for different tissue homogenate and serum

concentrations in PMF & GF cell. (A) tissue homogenate (10mg/ml), (B) serum
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Fig. 10. Cytopathic effects of IVS-1 on PMF cell cultures in L-15 media supplemented with
different concentration of tissue homogenate. . (A) Normal inoculation, virus only, (B) 20ul/ml of

tissue homogenate, (C) 100ul/ml of tissue homogenate.
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e
M
4

6.3 tissue homogenate 3 &7 W& 7+

olgjgk A7}t Hrkels 24, = spleen o HolAeo] gl=A 1ty fste] 1+

R8s

E
—
S FrHHer Ade AAedd. 2 A3 HAo]l obd 3 AlAe] tissue

= =
ol 7€ FIAE A A 4L AdEy =2

A

homogenate & #7}3lol+

8
s dE T AT A=A A Ad HAHo= 200 Hl o](2.16x10
copies/mDe] mlolH = F7b gh& HYS Flshlth. (Fig. 11.). wekA Tissue

homogenate 7} IVS-1 o] S EofFol M A4, 7, vl =243t 2

Zlol= flE Aoz FlH At
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1.E+09

B PMF
OGF
E 1E+08 -
(]
&
3
[oR
o
|9
© 1.E+07 -~
>
1.E+06 - T T NT
Control Serum kidney

origine of tissue homogenate

Fig. 11. Comparison of IVS-1 production for different organ tissue homogenate

PMF & GF cell.

*NT; Not tested
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nlolg] 9] HEuy F&%, agla ' EE S50 Foged g ATGE
st7] flie AEe FshAlxe et wlole &
wo Ao A HE= Megalocytivirus @ v kol A 3gtst T3 A x+= Ao =&}
RSIVel] sty A4S AW AFT3AEE BF-2 (bluegill fry-2) (Wolf and
Quimby,1966), CRF-1 (clonal red sea bream fin—-1) (Imajoh et al., 2007), GF
(grunt fin) (Clem et al.,, 1961), KRE (grouper) (Chou et al.,, 1998), and SK
(seabass kidney) (Khongpradit et al.; 2003), MFF-1 (mandarin fish fry) (Dong et
al. 2008)%°] ®Bawo] glvd. i} Hlolg] A wjk Al BF-2 and KRES 7%
viral passage’} S7}&45 dlo]8] 29| replication®] #HASE FHow UHA
1o ™ (Chou et al. 1998; Imajoh et al. 2007; Nakajima and Sorimachi, 1994),
KCF-1(koi fimellA %= Hl=g 4SS Bdtk= A5 237 itk (Dong et al.
2011). ol=lgk dA+4=s S AFES o= wHioly 2 AAE $1% in vitro
Hj kel HA b A getrtar Aztste]l 2 AE ekl
RSIV7} ZEodd A Hz2 @4 E o5 (Nakajima et al.,, 1994), 553 JE&E0] X9
% genus Oplegnathus + 7F& RSIV] tslo] 7FpAdo] =& ofFoletal RilE S
t}. (Kurita and Nakajima, 2012) #Ad®el 4% #A=E A9 dojyx] o}
nested PCRE EdldE AEYAv= Bk vk Jeong et al., 2003). ¥ 7
T Byl A+ turbot reddish body iridovirus (TRBIV) type® megalocytivirus
7t AEH o =2 #HAE F18%la o] % flounder iridovirus (FLIV)E}F w83}l th
(Do et al., 2005). 3FAIRF o} RSIV typeol 23k #|Al= o}z ®Ware nprp gl
PGIVe 7% ISKNV typed} +ARSE who]e] =2 A wahiloll pearl gourami =
FEH ZYEon, sl d¥Aor w2 dAAES UEdE sl (£,
2008) 1831 o]t Megalocytivirus® el tiste] sfiitold Hzx=7]9F @
Q1 o]kl Jojell A= ok el Bt # wprb fivk wEbA 2 Aol =
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Megalocytivirusell thall Aol ZH2f & ofFQl &Sl =+, F+
A, BAek e Wiz Bart gl ofTd FET]e ofxgtdl dolE AREEh]
2o mGS AAstdon, 2o vk Al &Aool A =ejn], ¥ E o] &sfo] 242t ALG
st ZofuigAlze] 7l xZo] vEA 3 FA i wigE AAE=
epithelial-like, fibroblast-like 18] 3l neuron-like cell®] &7 vjU¢E S Ho} m$-
UhEE FEle] AlE7F AEs FEd o, 2o wiYkE A=duAlEe HAEE
epithelial-like, fibroblast-like cello] &7 wiFgS 23 = U= AojAE
of Hla] wedt AEY FHE B 1eal A7) Al FeAn] 84
= frdlolFel el E7be ek th(Fig. 1), Aojel A =gn], ¥ o uj ol
A ApolMlEe] AF thE 7 AlE BlE Flask AlE£&] =7} vij¢- whE S22 5
7vsh= Aol AFEM, HAEY B9 FLT confluence 744 EE3et7] 744 o &
Wl AJTto] Ag AT 2elal 7H7e] MEELS F23]9 passages AAHA F
HAow ddst He A dF & A (Fig. 2. .
Megalocytivirus 7F A3 #Fo] HWH AEZF AXHEA F1YA+= FEQ
CPE 7} #<lx=d(Dong et al. 2008; Imajoh et al. 2007; Nakajima and
Sorimachi 1994), A3 A3} zZAAE (RSBE, SPFE, BSBE 1#]il OFE celD),
A =2 A Z(RSBF; RBF, OFF) % ¥A% (RBB) 9 1VS-1 ¢ 74 A3 Al 7o
Aot A=Yu AR HAE BFoA AE 8- A FTEH THFol=
Megalocytivirus 914 S22 ¢l CPE 7} # &A= o 7 dxjd= th4=2] CPE 7}
HZE AT (Fig. 3.). =3 B4 A4S o] npolg = HE 7 d F

IVS-1 o] %7] sxo ®lg) JFHoR 14100 w7k F7hgel wel HFHoR

rl
il

4t 1.41XIO1 copies/ml & YEIHAY. ZHufUSMEE 53 15 L9 wvlojy X~
Aake IVS-1 ¥ ol 22 megalocytivirus ol 3= FLIV-1, PGIV-K1 ¢l
st L FFS Helom T2 Iridoviridae ol 43} Ranavirus E3F %2
T mpole wjFo] o] FolE el & 4 UUrh. Megalocytivirus ¢ &
Ranavirus(FV-3)9 4-¢ H< WY a7, $AF, oAF AEFolA CPE 7}
FAHEY 7 4 A 20+=d (Chinchar., 2002; Chinchar and Mao, 2000; Willis et al.,
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1985) i dAlEo e wige] E&HoR dojkom T thgdd Hgolot
s Aro]o o] 7+elo] B E ulolg] Al VNNV & 22 Ajzlow )

=
Z Qb H= vpolgl Ak Uiy AEE o] 8ot A4S wide] & HE Fld -
UAT. 53] rock bream ¢ Z7PMIYAEE FE wpolg o tig FHAdel
Fae I8 o Hpoj# X9t Non-host species ¢ e F3AEE
o] &3k AN L Wol o]Fo] Aal ¢ oH iridovirus o 43F= GIV 7} non-host
species oA AguAY . UE Hie|yaEo] ugdt FEA Fo| Felo]l
H3u% 9oy} (Chang et -al., 2001; Kang et al., 2003; Pham et al.,
2012) el FAl Lol tHeliA= ob# B AG7F F53 Aot fFHiolFe] in
vivo 9} in vitro We| wlolel A Apol7 EAlsiH, =4
gjrtol o] wiolej~e] i glo]l wrFe Hpolel o] g IS THAAl He
Ao g HAAT HE3 o] Megalocytivirus BHe] E#o]7] HT= Z el okA| 7}
M= Sl A7zt "k
ALgEe] o]y s g5o] Fhedt UM el AE= passage & 71AIWHA
Hhol 2] 2 Zhar/d o] oA IVS-1 o] 4% 12 M9 passage $oli= 10 #f ©]&}¢]
Hpolg] s FEube] ojs EQIstgith. (Fig. 5) %3 CPE o + %= 4TS
g9l & 4= AT (Fig. 6A, 6B.). o]t A2 2 Megalocytivirus ° &3+
t}E subgroup 9 wlojg| oA HHPH o w yElWtH(Table 4.) . 5 subgroup
e Ul GAEIS] uiFel o AoJAME, AuAE, HAEL BF Z
glol miFe] & Hlevt F3pA M= virus replication ©thek A o] 2
At Azl wpolels Wof Z]Zte] lo] homeostasis 7F M- T8

Z}7k o] defence mechanism 2| cooperation action ©] T Q3fth 1L}

Aol
ol

O

)

t
rob
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ZHlSFAEE AEZF in vivo 9 3HFOlA in vitro 2 HEEo| ulg} o]zfdh
o725 g & FHoew A7 =y a2 Qs thgk ulojelzd djgh
Aol Eolx] A 11 89 Megalocytivirus A4to] 715 & Aoz AztE T}

wa zOplopAEe] wlolels Aol Ee olfmi zuMabarlel tierd

\'1

stage o AEZFO 2A4Y AoAE Aw WA @ 5 o olgd ot
AESel Aol AvwWA ER7F AW FolSel wUsEm, AT T
dlolel 2o ghdo] # o]RolAx @i MESe] WAl @ oz F3gn

AEgy AFol o] chromosome wAR2] WS &9l 3l 9 WHE F31d9
A Wsh Ao kst ddskE vEF Wk, A passage & 1A thgRE
AETFY 2Ol EE F4 Gds A5 o 5 U
FdH ddolE ol &t ZUulYS AT By 53] 9 passage & 1AL virus
DNA & d4AFA a5 Es FX 39 +=d (Fig. 7.)°]+= AlX2) passage <Fol] W&
viol | &~ FhpA] Aol ohe] @Al R T 4w oAlE o] &ste] d Wi AME
Y+ intracellular virus 7} T2 passage 9 virus %o 4¢SS F+=
Zhew, IVS-1 o ZHE ofAlE AREste] M AFow il
AA g A= ES vlolgA titer E & F UAAAT 3 AT o] A
%3F¢lth(data not shown.).
2 ATdA FrHH o R Yol v FIAES e =9F7] flsto o R/
T H7MEEA 559 spleen tissue homogenate 9 serum < AH7}ste] FAt}.
a1 A3 o]F FEAIEQ PMF ¢ RSIV 7} A&dtha Bae so]glon uho]e]xd]
T7P7F 92 GF, BF-2 ESoA 7]Ee] Hpolela S7H By ¥ @2 4
vlol e 27F SEE S &l & 5 AT V=Y AHAA Al ol FF3HAE(PME,
GF, BF-2) o4 2] vlolef 7} et 8l (7.89 x10° copies/ml) Z7}3F Aol 1]k
tissue homogenate ¢ serum & 7}l F& 4% zZ+zF oF 180 ® (1.76 x10°
copies/ml), 310 ¥§(3.1 x10° copies/ml, BF-2 #A|¢]) A%E Z717F & AL g
T AT ®EIE o8] FE9 tissue homogenate 9 serum = ©|83] FH7}EF

ofgt mpoly 2~ FFHo AFPAHES HHEHI Flem, AF 20u/ml 9] tissue

¢

AN
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homogenate T+ serum ¢ FLE=Z H7Ms|FE A o] HAY F7olgr. T3
An|ds F3 FshAES IVs-1 #HaddES
serum & H7}gH A5 Az CPE o 771 7]&9] el vls] o ®o] S71E&
gl & g Ay sHARE FIFEY R SUFstel wEl AlEwAgo] dojuss
AL Qe = e, (Fig. 10.), o]& 9 tissue homogenate B+ serum

H7h A vlelels FE Adel Qo] @ & U2 Aoy AzHET. =3

-

rL

#2519 S W homogenate &

¥0,

2] = sk
ANSE Z7PFAES AFEStes 5ol Hle @2 vloly A JUHE YERAA T
AAso] Fe FEAMEY AIAHE s =2 e HHoE AFPAHA
834 AFEE Ao=m AZtEth dAA tissue homogenate 9F serum ©] in

vitro ol A F3pAEe) whol YA~ wjdEs EeohgE 7[R A S| WE Azl kot
olglgt H7FE AU Fy F7ld wWE Aol7t A FE RS BHUYS ),
olZlgk wjAl W H7b=Eol IVS-1 o &24 F&dl 23k penetration & {7 3l
F= 9gs Fo= PEG & ol&ste] HEolHE #Es F7HA7I% (Batts and
Winton 1989) ojWgt MEEo] wloldx Al A-gste] Ao viral
replication & Z¢kFthal AZbE oAy Itgks H7ME A4 AL P W=
A, g3 A voldi AN RS Frha &E A Qi GF cell oA
RSIV wids #laf AbgHe] serum ©] 85-¥t= Hi(Wen, 2008) &= U= ¥
biological factor =X 28% 4 Avke= A= FAE = 7] wie == ¢
A7k dasit

dedeor & AFE T 2l GAIES in vitro WellA wlge] A&t

rr

1ol
=

0

o
)
™,

Megalocytivirus += &, o8] dlo|gAEd o3t wlolz] Ao 1a&&F o]
7hedhe WAt gk o) wSAE7F in vitro WollA passage 7V S7FSHel
wet Megalocytivirus A= HA HoldS &<1d = Add. shAT o=
olgste] ZuugS st A AFHOR sk noldisE ¥& F Ues
gt wgk Al or Aol @ FIAEE ol&siEs H
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serum

T
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o] FH &2l tissue homogenate
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V. Q¢F

Megalocytivirus = -¢elvel 2 AAA S sjito] HapoldlA WAsl= TR
ooty 28U in vitro WollA wlo]le] A2 wjkd 4 Q= FINE Hon,
in vitro WellAx Al&A S =2 viral passage & HZ 4%

EAZE Aok 2 Aol M e o/ 2t GMEE o] &3t Megalocytivrus 9

TFE  subgroup © £33k wlo]z| <9l IVS-1, FLIV-1, PGIV K-1 & o|&

)

o

iz
AAAEE Ao o Ad vl arsEl] vold2E IS ¢ AT 2
ofUel &7t AdAo=m oeke wlol#~=¢Ql VNNV ¢ Ranavirus, L83l
chokalA] ek sfiko] uholeisdl VHSV $F whgre] mpolz{sel SVCV o thdh

bz AN W Hhele el e aAel T olFel Eiug

Megalocytivirus o Big Frp/dol A wrobrl s geld < Sioivh. =9 34

ol &ate] S AAsk= A9 Al passage 9 FHgle]l A&KHo=

a5 59 u"io]l# 2 replication ©f YojHS SRISEA ). 7Aool W F3A 9
A

IVS-1 /] 7Loﬂ)\40 Q] <‘|: 01‘4 H}

35 = = HHO R ofFH/#&E 22l tissue homogenate £+

serum & ARESFRAow o= <Qle| o FFSHAE(PMF, GF, BF-2) °l4 IVS-1 ©]
Hat 8 wj vl (8 x10° copies/ml) Z7}3+ Aol H]3dle] tissue homogenate £}
serum < F7Fsl 5 A9 747 2180 8 (1.76 x10° copies/ml), 310 ¥l(3.1 x10°
copies/ml, BF-2 Al¢].) A% F7FE At o]ed AFFaiede s dd4
Wl A o FF3kAl £2] Megalocytivirus o tdh Zede =49 5 s Wyoldd

A7
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