D

E
LICH.

L

=

S

ive

5
MZEXE HEAIGHA OF

O N

o
(e

2|

M

creat
commons

s

=

t

[¢]

LICt:

O M
st

)

C
MNERLEAlL A

ZHE Metor

() -
R0 =) il
- ol 4 i©
g % o3 o0
) E[o} o
4D e @
<+ o R
ol 0 % %
00 |
) Bz KT
Rr S =
%_ e s
I o m..__ -
o o O
r R RO
) - | e
30 <o S
o o L
o ~ il i
R 1S ol =
b L w
o pf = >
] o 0 =
¢ T @
+ ]
P, U
80 ol JIJ b
o W = IS)
@

X ESLICH

I 2t

tOd

ot |

[¢]

i

=

[¢

o]
lection

=

=

Disclaimer
O

5

N=AYH OE ol AHele /2 WEo 2
0l N2 0| =3 & 172 (Legal Code)



http://creativecommons.org/licenses/by-nc-sa/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-sa/2.0/kr/

o]

Jo] o] Ao

T 3}A

st A AL 9]

SVCV #H= H M=%

FolH o] W B4

2015 24

Collection @ pknu



o]

dotoll A <]

T 3}A

=y
L

SRS

SVCV A& H MEF

Fol o] vl 54

B4 W s g
%A e s

Collection @ pknu



SREBEEEAREES R

Z. =
1T = LR 6131—

20159 24¢ 27¢

°] & & o] s v A} 4 71 &
9 9 o o=
o 9 o] & u A} 48 =

Collection @ pknu



Abstract
T . Al B e 1
I, AIE E HFE] o 5
1 HFOl B A S T B A e 5
L1, ZFA0] ZZ] BLE] et 5
1.2, HFO] 2] 2 RINA BT crovrereemssesemsnsssnessiisis st 5
1.3, PCR -oerererrerprian B L BRI PN AL F o 6
1.4, Cloning - g reremeeesdberercnnecns TN e 8
15 A7) das A7 2 0 T M e N 9
1.6. Realdtime PCR - £y N ... 2T 10
2. vho] # A ] ... N FRNEN . N ... M 1
2.1, vlo] B2l = 3} A Ng .. B L 11
3. ZAAY L EF FAFE TQL it 12
31. A3 0]9} v} ST T T BE TIE - Poenninenniienssisnessesens 12
39, 0J0y O] TAFG BFOL e 13
4. SVCV-K19] ¥ EA = ZFFA SO oo, 14
A1, HFOLB] 22 9F FEBPA| L weereererrerssesseessessemeisi st 14
4.2, AAMES} At ] A FE O] ] HJOF e 15
A3, A ES 2o vl AL O] ZFESEA] H] I e 16
44, A ES 2] HICE ALY ZHEEA] Z s 17
2% A=uls Fol Ao fe] FHME FY 18

51. & ol A=Al ofagtdfo] ApojA|xLe] Zof wf<k--18

Collection @ pknu



5.9. GTFQ‘ ICE Celliq HH oolz ..................................................................... 20

5.3. GTFS} ICE cello] W8 SVCV Y] ZFAA] v 21
5.3.1. HEO] B] 22 wevvremerssssrrsssrrsssessssis s 21
5.32. GTF9} ICE celle] that SVCV-KI ZA BHQ] v 22
5.3.3. GTES ICE cello] th8k SEM H @] wreerrereseresssmsssssesssssnsinens 23
5.34. GTES} ICE cell®] HFo]e] 2 AAFEE H] AL wwereeermeesmessnemsnnsneens 24
T, T} coorreeeoemmesssssssssss s sss s o5
1. Spring viremia of carp virus®] identification - e 25
1.1, PCR amplifiCation s rrreeeessssressssessssssssssssssssssssssssssssssssssss e o5
1.2, SVCVE] AIZBFAIE A ELAD oot s ssssssessssssssssssenns o7
2. SVCVEY BA e d il Srresesssseosessssensanen 39
3. Bl ole] SVCV-KI16] a8 HAFS FFQ] ot 34
4. SVCV-K12] 81 EA = ZF5A S oo, 38
41, =N ES} ZUNICE MEQ] ZEGA] H]TL coovrereersreseeiennsensseienineens 38
492, AL O u|Ok ML ZFRA] ZT) oot 40
5. GTFS ICE celle] 8 2 SVCV-KI1 Bl EA] wmrrrrernenn 49
5.1. GTFS ICE celld] 350 el TI% - 2, 49
5.2. GTFS} ICE cell®] SVCV-KIel that ZradA Bl o 47
5.3, SFIVL F] ] wreesrersseessssesssssssssssssssssisssss s sssssss s 48
5.4. GTFSF ICE cell®] HFO] @] 2 AAFEE B] T werseresemssenseessssssessnenns 52
IV, 3L b oo 54
V. 8 OF i 63
VI, ZFAFO] Db cooemoommeemsssmsesssssesesssssss sttt 64
VI ZFTL L] cooeveeemsseeeesissssss e 66
— i -

Collection @ pknu



Detected SVCV in carp and its culturing characteristics

in new cell lines
Ji hee Byun

Department of Aquatic Life Medicine
Pukyong National University

Abstract

After mass mortality of domestic SVCV.  was detected from the
surviving wild common carp, we analyzed molecular-biologically through
the detection of SVCV-K1 similar SVCV. isolates from wild
carp(Cyprinus carpio) of Cheongdo dam reservoir, North Gyeongsang
Province. And we checked the this virus belongs to the subgroup I a and
confirmed the pathogenecity by observed the CPE in vitro culture and
cumulative mortality rate in vivo challenged with koi carp. Domestic
detection of “wild .carp will SVCV in the first report, which is
considered as a important virus in study-of SVCV . -in domestic cyprinid
fish.

In addition, in order to higher concentration of SVCV than EPC cell
line, israel carp embryo cell and goldfish tail fin cell are established and
compared with host cell lines. When inoculated with MEM used for
SVCV-K1 on GTF and ICE cell developed in this study, we showed a
similar maximum viral copy numbers of SVCV-K1 in the EPC. MEM
medium in cell line was changed to serum free medium (SFM).
Following inoculation with SVCV-K1 in SFM, CPE was observed in cell

lines within 3 days. Certainly, utilization of SFM allowed us to increase
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susceptibility of GTF, ICE and EPC cell lines to the inoculation of
SVCV-K1 in SFM. The susceptibility of the SVCV-KI1 in GTF, ICE
cells was higher than EPC cell. Although known as the goldfish
susceptible to the disease is caused by the SVCV since the disease was
recorded in goldfish in a lake in Brazil in 1998, goldfish is lower
susceptible to SVCV than carp. This results in higher sensitivity to
SVCV-K1 in GTF cell derived from a goldfish than in EPC cell
derived from carp is considered a very interesting point. Therefore,
inuculation of SVCV-K1 in GTF, ICE cell and using SFM is thought to

be higher applied to a variety -of research-and utilization of SVCV-KI.

_iv_
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Spring viremia of carp (SVC)+= YojF/<l 7Hg A 7zksh vio]lg~ AYY
% Sfutoltt. SVCO S A& AAH EAWENE ofy g}t 2o
90% A=EE #HA o]2A 3stH (OIE, 2009), 53]
Tl A AT 9sE ok7|AI 7] A o] A
nol#l 2~ (SVCV)+:= Vesiculovirus 47, Rhabdoviridaeo| <4:3}™ (Ahne
et al.,, 2002), #JAlo} (Oreshkova et al., 1999), ©]=r (Miller et al., 2007
; Warg et al., 2007) 123l 5= (Teng et-al, 2007 ; Zhang et al.,
2009) e A EAEAX L At A SVCE= FAAQ) = FaFa &
B3k A wmel FAF ATl ¢ AW EEe sAEH vt
(Office International des Epizooties, OIE, 2009). =Fujeoll A & A 7FA ¢
SVCe FAts=dg gyl 93 Fds 4 15 JAdAH o=
FE oF= AR stk gt

OIE Hiro] 9ogt¥ SVCVE %+ 11717TCeolH 10T o] stell A
SVCVE ==A @A 22C o] d®e] =& oF/idA =&
A HAAFE YERATE (Fijan, 1988). SVCVol XA & o2 7FHo] &= of
& FL common carp (Cyprinus carpio carpio), koi carp
(Cyprinus carpio koi), crucian carp (Carassius carassius), silver carp
(Hypophthalmichthys molitrix), bighead carp (Aristichthys nobilis),
grass carp (white amur) (Ctenopharyngodon idella), goldfish
(Carassius auratus), orfe (Leuciscus idus), and tench (Tinca tinca),
bream (Abramis brama) (Basic et al., 2009; Dixon, 2008)3} ¢1%=2] <

o] £l merigal (Cirrhinus merigala [= C.cirrhosus]), rohu (Labeo
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rohita) and catla (Catla catla [= Gebelion catla]l) (Haghighi

Khiabanian asl et al, 2008) &< Yol oF7F 91o™, Nile tilapia

(Sarotherodon niloticus) (Soliman et al., 2008) and rainbow trout

(Oncorhynchus mykiss) (Jeremic et al., 2006, Haghighi Khiabanian Asl

et al, 2008)%= Hig n} v} SVCe #AdE oFfe s O+
&

% olrbv R, AE, Aneln A%, BE FHe GEuAT, o e @

Ao} gAgtolyo ME BIuHQ 1998 0l Bepd el F&5odlA,
2002 wm=ro] o F Z) A A, 200610 Aol A SVCV A o]
BaEdu. Zga ofrop AHE TS 20049 FT=e doolA
SVCV7F AZHor} ofr A& 2 Zyoi: we nmy Dol gl
=

SVCVE grouping SVCV7F #A=9 o5 wat genogroup I, I,
O, V& yojxt}h genogroup [ o], genogroup [N+ 9],
genogroup I+ northern pike, genogroup V= Hiole EZ9-E9} H&
He o} ofFollA EElE isolates’t FaIATE I FOAE
ool A FElH SVCV isolate= A 2]4 3o w} subgroup Ia,
Ib, Tc, Id2 YFoAX=d Tats ool =AW=, w=, 1be
E5v, fAgtoly, ITcee $Agolu, HAlol, Ide 9= SVCV
isolate”} % <3t} (Stone et al. 2003).

SVCVE in vitro M &2 o7 el Aol 4 7 31T He oA
Hjeko] 7}53ktl (Ahne. 1973, Clark & Soriano. 1974). & 3219 W
Asb dojy AEZE SlHAY FHtHom sEA He A 2
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< AEAAE R (CPE)= 259 Ab&she AlEF welh tfFsiA o
Bt in vitro ellA SVCVE HAl A== 20 T 25TeH,
epithelioma papillosum cyprini (EPC) cell line (Fijan et al., 1983), the
fathead minnow (FHM) cell line (ATCC CCL-42, Gravell &
Malsberger. 1965) L#]3l carp leukocyte cultures (CLC, European
collection of Cell Cultures 95070628, Faisal & Ahne. 1990)3} #2 4o
I oolF FUle el AEet SyE AEZE SVCVE Sl #2et
o AZFE olgatde W, #dEEE oF 10° TCIDsml & 72 4 o
2 e

SVCVe de A ol ol AlsE =S ZAaAIAA Hio]H 29

Azt A k=3t SVCVE B4 T{4F == A58 93
vaccination ¥ dol&= AgAel AggAde] A7ITh 270e] SVCV strains
=23t AAA oil-adjuvanted 57 W HF2 1982d A &
StEAA T, e 2Eg ol Jo] FA Aol SVCVE TS 1% Rt

| 2as wae dgolA 28 o

1 e =

o

2 AAANAGE RuE AYslas
Ab gt Bavb §ltk (E. Gomez—Casadoa et al., 2011). 1978~ 1984y
oA SVCV E&st walo] AFHAXRE vlolgf 9] activationdl]
dEE EAek A EA e a Ao Akl ofaf 483t HA X
k. wpepA] wale] digk o] WA AFrF sk AA ol

o
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ATl Tl dFEA § dobd 2 ol dolZHFEH SVCV
= A& e, Fg¥ SVCV strain® genotypes &213lal, in vivo
2 A s B FAAAER in vitro A el CPE && €35
o HYAAFS FAstArt Ed SVCVE oS 93t Wil A188 1
29 SVCVE FHetr] f8te] 5%°] mgx=gn 3 ojxetd <
of zpol o] AMEEFEH MEL FIAEES 7Rt SVCV Hj ol
| F3 A E21 EPC cell line¥} SVCV vl S vl sk o)

>
ofo
[
Ir
N
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20090l 5=

o

e S AFA A dAude] gl ZFH A7 9l
Fow oS 201008 69 g AR FAHVE HolX @i, HALE
UElUA] %= 2dAr BEFJ o (Cyprinus carpio, BW. t1kg)E | 3 &}

of, EFJole] wg 242 welstgich

1.2. Blo]8 2~ RNA &3

Viral RNA Z# &= EFAdojoA Est v 2o =HE RNeasy
Plus Mini Kit. (Qiagen Hiden, Germany)E AF-&3Fe] A ZAF2] protocol
of wzlA RNAES H&3te] HF 50ule] RNase free waterS AM-g3}o]
AgstdaL, F2 RNAE AR A7 -20C ol B #sk3iv
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1.3. PCR

cDNA A4S 913l M-MLV reverse transcriptase 0.5ul (Promega),
5x buffer 2ul, dNTP 0.5ul, SVCV R2 primer 1ul, extracted total RNA
3ulE Y31, total volumee] 10ul”} ¥ Al Nuclease-free waterES % 7}3h
S, 45TColA 60, 99TelA 10ExF HHSAZHT oA7|A e
cDNA+ PCR ¥WH$-9] template® AM&3FS3t.

l1-step PCR< 150mM Tris-HCl (pH8.75), 500mM KCI, 20mM
MgCl,, 1.0% Triton X-100, 10mM<e] Z+Zz+e] dNTP, 1uM$¢] primer set,
5U0/ul Tag DNA polymerase (RBC, Korea) % template 1ul(cDNA)ZE
271 & DEPC water2 HF N volumeo] 20ul7l === st
PCR amplification<  Applied Biosystems 2720 Thermal cyclerE A&
stk PCR €8+ 95TCoA 1+  denaturation, 5H55CelA 1%
annealing, 72ColA 1% extension® WSS 35cycle 83 & 72T
A1 10 post-extension s} 3 t}.

2-step PCRe % Wk 20ulell 1-step PCR product 1ulE template
& 3to] 1-step PCR ¥ 3% sAdtA Al Atk

PCR & % =2 1X TAE buffer (40mM Tris—acetate, 1mM

o|N
™

EDTA)E #A795& g Fdo=z 3lof, 05ug/ul EtBr(Ethinium
Bromide)©] H7}® 1% agarose gel (SeaKem® LE Agarose,
CAMBREX Bio Science Rockland, Inc, USA) AelA A7|Fd%3 T,

UV #H=7] (Seoulin Scientific Co., Ltd., Korea)& ©]&3}lo, A7]9%
Aol ] AZEE= bande] Zo]l= #AEtS] nlolydl A= #olskgd ),
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Table 1. PCR primers used in this study

. ) ) Expected
Genomic ) Oligonucleotide sequence .
i Steps Primers ] ] size of  Reference
region (5" to 3’ direction) .
amplicons
SYY TCTTGGAGCCAAATAGCTCARRTC
1st 714 bp
>%5" AGATGGTATGGACCCCAATACATHACNCAY
Stone et al.
G gene
SVCV (2003)
Fl TCTTGGAGCCAAATAGCTCARRTC
2nd 606 bp
SVCV

CTGGGGTTTCCNCCTCAAAGYTGY
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1.4. Cloning

PCR AAEL GeneAll® Gel SV (GeneAll Biotechnology, Korea)Z
o] 83ty AAFY. HAEL pGEM®-T Easy Vector System I
(Promega, USA)E A}&£3lo] plasmid vectord] ligations A]l7]3L,

competent cell (E. coli DH5a-T1) 100ulE& #7}ste] Aol A 2087F

-

HES- Al 7] a1, 42°Col A 40%7F heat-shock A Zth ®HIZ Lo 273871
HES-A1 71 & SOC (Tryptone 20g/1, Yeast extract 24g/1, NaCl 0.5g/],
250mM KCl 10mg/l, 10ml of a sterile solution of 1M MgCl2, 20ml
filter sterile 1M glucose/l) Wl A& 250ul #7}slar, 37Coll Al 903+
FAIF

v 9k olS- Ampicillin 50ug/ml¥} X-gal (5-Bromo—4-chloro—-3-indolyl-
B-D-galactopyranoside, Sigma, e A) 40ug/mlo] 714
LB(Luria-Bertani, Difco, USA) 3l x| Zwste], 37Tl Al 2443
St WA Z T g g Ae] HEo] St = As FQlsta I
o2 Yeivs s AEslod Ampicillin 50ug/mle] A7} LB broth
of HEF F, 37CNA 2442 vl HAIZ F GeneAll” Plasmid SV mini
kit (GeneAll Biotechnology, Korea)& ©]&3%}¢] plasmidE 2|3}t
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1.5. 9714 <E E4F AFT AF

99 plasmidZFE Big Dye Terminator Cycle DNA Sequencing
Kit (ABI PRISM PE Applied Biosystems, Foster City, CA, USA)&
AE3te] A E A7 <ES 9t Glycoprotein gene F-¢o gk
SVCVe d719<Ee MACAW program (Version 2.0.5., National
Center for Biotechnology Information, National Institutes of Health,
Bethesda, MD, USA)S AF-&3to] vlustTh gk 2 Aol A &g
SVCV strain®] Glycoprotein gene¥} 337}A] 9] reference SVCV strains
9] Glycoprotein gene= Mega4 program (Version 4.0 R2., Based on
CHAPM, USA)& Abgste] AleFE AZste] AledAstdor Bl

2 B
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1.6. Real-time PCR

SVCV9] real-time PCR standardE A|%3}7] 134 SVCVl =
o2 RE Hg®© SVCV isolate®] c¢cDNAZE template® 3} Zhigin
Yue et al., 20081 A By
SVCV-F(TGCTGTGTTGCTTGCACTTATYT)¥ SVCV-R
(TCAAACKAARGACCGCATTTCG)= AF&3te] 1-step PCR(30cycle)
S AXNEYT, AAPE PCR product (81bp)E GeneAll® Gel SV
(GeneAll Biotechnology, Korea)E ©|-&3}¢] agarose gel2FH +#+& 2
AA AT AAl" DNAE pGEM-T Easy vector (Promega, USA)9l
ligationdt & E. coli DHbai F°l| transformation 2] Zt}. Plasmin DNA
= GeneAll® Plasmid SV Mini kit (GeneAll Biotechnology, Korea)&
o] &3}l plasmidES #2331, gPCRS $] 3 standard& 4] AF-8-3} o}

Zn]®  standard DNAZ Quant-iTIM PicoGreen® dsDNA Reagent
and Kits (Invitrogen Co., Carlsbad, CA, USA)E Al&3sle] FAS =H
3}al, o] 25-H plasmid copy #& AAF F 1x10" T 1x10" (copies/ml)
2 Z+7F 10-fold & @A 3A st R ZF4dS AAst=dH AHEs
=3

SVCVY A=A 4S5 938 Rotor-GeneTM 6000 (Corbett Research,
AUS)S AFE-3}9] real-time PCRE 2 A3t th. TOPreallM qPCR 2X
PreMIX (SYBR Green with low ROX, Enzynomics) 10ul, 0.5pM of Z}
Z+e] primer 133 1nl9] template DNAE 713 & £ volume?©]
20u7F ¥ =% ¥tk Real-time PCRe] =72 95TeolA  10&3F
pre-denaturation A%l &, 95Ce°|A 10% denaturation, 60Ceol|A 15%
annealing, 72 Col 4 20% extention®] Y55 1 cycle® 3}¢] 40 cycles
T3k AT

_‘|O_
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o] &3}lo] cloningdlil sequencing?d ¥, reference SVCV sequences2}
Hlagk viruse #AEAS eyl fs #HE olF 8l 2A4S
Minimum Essential Medium (MEM, Sigma-Aldrich)ell 1:10 (w/v) H]&
=2 pestle® wpa3t & 4T 500 goll Al 581 44 &g A 12 5 A
S olS (045 pm syringe filter® B3 A17]3, 25 em’ tissue culture

flaskoll A vl &F¥ epithelioma papulosum cyprini (EPC) celle] 0.1 ml&

HZE Z 20Tl A wkste] cytophatic effect (CPE) o -2 #z-31¢c}.

_‘|‘|_
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3.1. &0t HiolH X

&

Al

Hl &+ o] (Cyprinus carpio, BL. 374 cmE& 34 E%

-
-

Aol

, SVCV F1/R2
PCR WH o= SVCVe

HAxew7l 14T}

i

primer®} SVCV F1/R4 primer sets

Ho

o
o
o
el
op

oR
s
o

BR
Nl

—_
file)

o

o

Ho

o]

<

Mo

ad B

ARomE SVCVe
EPC cell line®l =

Ao

)

Lo SVCV

S

lo

&

Al A}

]
=

_‘|2_
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3.2. 9919 HAE &<
AT Lmrt 14T7 H=

2100 W¥ BPFA 5

257l AAAM A E HEdold SVCV
ouw (50x10" viral copies/fish) &=
sEHEE 15n Y HEFSFow, gz
= 107 & HEsHAT HES oF+ 14ToAA Y Skesto] AFS3t
+= primer set SVCV F1/R2E o]&3le] PCRZ 7+ o]

MEME 5% FAstdd. 2

_‘|3_
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4. SVCV-K19 w g 54 R &4 9

4.1. vlo]H =9} FIAX

Hhol 2]z wfS flsf SVCVel #Add EF ol nds 4=3 H
MEM (Sigma-Aldrich) % 10% (w/v) H| &2 w38t leh. 12jar v o

2 47T 1,000geN A 1023F dAFEE s § Aeds Featd
oS EPC celldl HEst S2AZ 0.2um syringe
filter& FHAA 53R o™, ALE A7bA] -80TCollA Bystsit
EPC, BF-2, CHSE-214 cell> 25TC4A 10% FBS (Gibco)7} 7€
MEMH}A]  (Sigma-Aldrich)ell 4] #j = e, PMF cell 25Tl A
10% FBS (Gibco)7F H7Fe L-1581 4] (Sigma-Aldrich)oll A vl & 5] Sl T},

_‘|4_
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42. AA XS A=HuAE o) W&
=% (Oplegnathus fasciatus), ©l2=gtAYd o]l (Israel carp, Cyprinus
carpio nudus) ¢ & TG Lo G Aol BERgoH EFY
T ohrbe] FA A EFTUT Ewe e HidE g
oA F-SAI T F-3kek Ao =
antibiotics and antimycotics (Gibco)7} X&¥ MEMOS.=Z 33] washing
Sttt olxgtd oo W HyH H4=E T3] washingdt F 22T
o] At FoA FsA T F3d Aol= 10mg/ml 5 %2] penicillin

o] ¥3®l W WE  washing st F%om™ antibiotics and

2
rr

3] washingdt H 22TCe Hir3|

antimycotics (Gibco)7} ¥23%t¥l MEMO % 53] washing 3t 1 %
ZtolE= meshE SHAA G ER HEJT. EFEYo] Bcme 9@
T 952 F#9 washingd 5 28 A =gn & A&ttt A =7
= Imm2°]3te] Z7]& ZA A2 F antibiotics and antimycotics
(Gibco)7} *x3® MEMS=Z 33] washing 3stth AlzdE A=gr]=
0.25% trysin—-EDTA solution (Gibco)® 4TolA 60%E3F AIXES woju
o] ddAER =0 trysin-EDTA solution *] 2}k x| =2jn] %#
9 A3 = antibiotics and antimycotics (Gibeco)7F X3t¥ MEMCO 2 53]
washing 3} %3t}

GAME= 4T 500gN A 553 94 sl WH o2 53 washing
stdom, HFA o 20% FBS7F X MEMo] detabgl om, 25cm’
tissue culture flask (Corning)ell F&3ste] 25T Al vl st wjeF 3

A F Aoz BES FYRPOM, ol F 49 2P AA s

Hm

_‘|5_
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43. FIHA X} = WF AXY T4 H L

EPC cell, BF-2 celll, CHSE-214 cell 7183 PMF cell& 5x10° cell&
10% Fetal Bovine Serum (FBS, Gibco)¢] #7Fd MEMol| &E3 5 25
cm’ tissue culture flask (Corning)ell HZ38ke] 25Tl A wikatgict. vy
d 39 F [0%9 confluencyE YERYE uw] MEM<S o] &3te] 33

jus)

washingste] ®] F-2A|EE A AL 5% FBS7F F7HE MEM= %o
LR s

% 5 SVCV 459e AFsach 4% 1,3, 5 1@ 79 F

&< sampling 831, -80CelA Hytsiglow, npojefs Aol A}

==

=5 Ao, olagtdgol Ao, EF Y X ] Fele] Zrhuit A
Xe Mg 39 ¥ E5S F4sE 10% FBS7E A7bd MEMO 2 A

_‘|6_
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44. FHAXS 29 WF AXY T T

EPC cell, BF-2 celll, CHSE-214 cell 28] 32 PMF cell¥} o]2gtd
o] Zpo], EF Yol Ax=en] frefe] Zoiui Alxe] gk SVCVe] 7t
AA Z71E Yo E Ao A E serum free medium (SFM)S AF-83f
St EPC cell, BF-2 celll, CHSE-214 cell 18|31 PMF cell¥} o] X2}
Aol Aol EFYol Ax=gn Fde ZdiuY AxE AdE F
25 cm” tissue culture flaskoll 4 80% confluencyS e wj7b<] wj %k

& T A4 A E SFMoz wAlsdtt. SVCV (1x10" copies/flask) S

dFaadnk vtelgl2 S7F gls 98 ¥ 0, 1, 3, 5 2l 7Y &
npth v o] A5 A S sampling 3FY) 01, Ao 4 PCRS A A] &}

_‘|7_
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5. %9 mIAL=HA Y ol2FdY] Hof FHY
FAE &9

5.1. %0 B AEG ojxzddo] Foj AL 1)

17438 359 (goldfish, Carassius auratus) #o] (Iem)E %9 ©F4t
o gk FAHA FAsIAT. THE ol | 2
washing 3+ $ 70% &2 AEWUS A5 FH A=yu & HE3A
o} A =guE Imm2elste] A2 ZFA AE-F A (penicillin,
200 IU/ml; streptomycin, 200 ug/mD7} 7F¥ Minimum Essential
Medium (MEM, Sigma-Aldrich)® 3% washing sttt AHE %=
= 0.25% trypsin-EDTA solution (Gibco)® 4TeolA 60&3F A XEE
oAt Trypsin-EDTAES A g8k A= n =2z 9 AE= AA
(penicillin, 200 IU/ml; streptomycin, 200 ug/ml)7} H7}d MEM A
10mlE # 718k 4T 500gol Al 583 P94 82 53] A A8} trypsin
S AAAT. MES AL 20% FBS (Gibeco) 2k &34 (penicillin, 200
IU/ml; streptomycin, 200 ug/ml)7}F A7t MEM  ®| %] 5mlel| & Erst
% Trypan blue QS Ea] Aol AEE AFste] AE 5x10° cell
S 925cm” tissue culture flask (Corning)oll AE3Fe] 25°Co| A vl s
o w59 mElA=gu AlEE 25CAA agEdon, wjx= 39
st A Wt eh 2 Aol A 404t o] Wit F5
#u] M 3= Goldfish Tail Fin (GTF) celle] 2l v 3} T,
ol~gtdl o] (Israel carp, Cyprinus carpio nudus) ¢ W& 2ok

PN ERpeTh olsstAgols] e WiEE PRE FEI
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EX
t
Bl
-9,
R
-z
o
>
o)
)
-z
i)
o
D)
2
rr

washingdt % 22TC<¢ =
10mg/ml %9 penicillin®] 2g¥ Wi 92 washing o] A S
™ antibiotics and antimycotics (Gibco)7} *23¥ MEMOo=Z 53]
washing 3ttt 1 & Zo]E meshE EHA A GAAEZ 9=
GAMEZE 4T 500g0A 53F 94 #Eetes WHo=Z 53] washing
shom, HFH oz 20% FBS7F £3¥ MEMel| detslglow, 25cm’
tissue culture flask (Corning)oll FE3sto] 25Tl A vl &3}
AdJo] zFoJ A E (ICE cel)ehal 8 3F3 )

_‘|9_
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5.2. GTF% ICE cell9 ® %

Zo vt GTFSF ICE cell] @5 (monolayer)S s, Al¥X &
0.5% trypsin-EDTA solutioin® 2 A EZZ wo]uigdct wojdl ANEE=
MEM® A 10mlS #7}sFal 4C 500gol Al 53 ¥4 #2]3}o] trypsin
= AAZ 5 AFA Al gstAt 1040 Al kstds =W FBSY
T 16%E2 AR A v gt

GTF¢ ICE cell& HAA LA 7|3F Bastr] $18] 75ecm? tissue
culture flask (Corning)dll ©5& 3IAHSES wdstAy. Axe
trypsin-EDTAE o] &3] WA o™ trypsing A AT F storage
medium (CELLBANKERIMI, NIPPON ZENYAKU KOGYO CO., LTD.)
o7 deedry. AEE cryvials (Nalgen)oll #5332 - 20T ol A

120 A s o

overnight 3+ % -70TCe°|A overnightst & i 2
HF Al A A Aol HASA

ICE cell#} GTF cell wj¥l 1041t] Ald)s
=

GTF¢} ICE cell¥] revivale <lstz] fal, AA Aol RAEAGTFS
ICE cell& 30CeAM . Aue] =l F 20% FBS<t IA4A7F 7€
MEM©| Ao dEstHe. AlEE 4T 500go A 523 ¥4 #2& 23]
2 A &ke] storage mediume A AT GTF9 ICE cell A 28 5ml
o] MEM#jA] o] dAE3ste] 25cm?2 tissue culture flaskoll A1 A vl &3 o}

ﬂll

-
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5.3. GTF¢}t ICE celld] H3 SVCVY ZEA

5.3.1. vlo] Yy &

Hhol 2|~ wi kS fe] SVCVel e BEF dojo vjAds A&7 F
< 4T 1,000g°14 1023F A2 3 5 deds 53

HEAS EPC celldl AFdhe] FAM0 F gEAL

0
filterE EAA 53k, AHE Hd7HA] -80TlA Hasi.

_2‘|_
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5.3.2. GTF$} ICE cellel i3 SVCV-K1 #4dA <

GTF, ICE 183 EPC cell& 5x10° cell& 10% Fetal Bovine Serum
(FBS, Gibco)o] #7t¥ MEMe| #Es % 25 cm® tissue culture flask
(Corning)ell H=F3ste]l 25ColA wigstde. wigF 39 & 80%<
confluencyE YEIH W] MEM= ©]&3}o] 33 washingsle] v F-2HA
X5 A7 5% FBS7F H7Fd MEMS Yo+ ¥ SVCV 45L&

N

AL
dFetdth AE 1, 3, 5 28l 74 % A TS sampling 3FS

i1, -80Cel A mskglon, uholel 2 gyl A8

_22_
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5.3.3. GTF$} ICE cello] W3 SFM A &

GTF¢ ICE cell®] AltiujeF F 25 cm” tissue culture flaskell A 80%
confluency S YeERE wi7bA] wjeksl & A4 wjxE SFMO 2 WA 5+
ok SVCV (110" copies/flask)& &3tk wleldix= F7F 808 9]
sl H<E 0,1, 3,5 22aL 74 5 vtk wix] ] 45 & sampling 83

oM, FERel A qPCRS AA kel Hhole~ g 4 Fatert

AR

_23_
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5.3.4. GTF$} ICE cell®] Hlo]l3] & A% nu

GTF, ICE z18]a EPC cell®] cell syt 3 nloleix Aabaks
Hlwsl7] $8l GTF, ICE, EPC cellS 5x10° cells/flask® HE3
547 wj¥stil, SVCV-K1S  1x10°  copies/flasks %= q &3k
9tk vlolg 2o 93 CPEE A= cell lysisE o}y

HE & 29 A cell counting® qPCRE %3 AHz HEAS 54

2
o

intracellular viral particles®} released viral particles (total viral

paricles/total cell number)E =74 s} %t}

_24_
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m. 2 3

1. spring viremia of carp virus® identification

1.1. PCR amplification

A o ATAY EFYoY SVCVel digh Id xas 98
ETdoe njgoziy E#eh viral RNA 8 2 ¢cDNA A&
st o™, cDNAZE template® 1-step PCR¥I} 2-step PCR<
A Al 8t} Glycoprotein gene ¢ 1-step PCR ZA3¥, 19

laneo| AWt 714 bpe] band”’} YWEWSH, 2-step PCR Z3¥, 1W¥H, 29
a8 3 39 lanedl A 25 606bpe] &5 A<l band’} FEleHAl e
&

(Fig. 1). Glycoprotein gene®] PCR <% &S  cloning %

sequencing 3t} vl s Ay SVCVe < xa}4 )

_25_
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(A) (B)

Fig. 1. Detection of the SVCV in three different individual common
carp (C. capio) by PCR with SVCVF1/R2, SVCVF1/SVCVR4 primer
sets.. 1-step PCR amplification (A); 2-step PCR amplification (B).
Lane 1, individual carp 1; lane 2,individual carp 2; lane 3,individual
carp 3; PC, positive control; NC, negative control;, M, 100bp DNA
ladder.

_26_

Collection @ pknu



1.2. SVCVY AFTEAeA £4

oA A AFE3F SVCVel subgroupdl 43k 926, 2/90, P4,
8800625 AFE3te]  glycoprotein  gene® subgroupit G714 EE
H 3kl (Fig.  2) homologyE  HA13  Z3  homology:
88.54%6797.27% 2] *}ol& H A ow, 1 F subgroupla’l 97.27%= 714
=L, subgroup I c7F 90.36% = F WAE  F=ol, figure. 2°lA]
subgroup I aZ &7/ Z¥e} FAFSE AdE wBYTh (Fig. 3). &
ATol A B3k SVCVE glycoprotein gene sequence®t GenBankoll
SAE S A= 33F 2] reference SVCV sequenceE D.M. Stone et al.
(2003)8] A7 AAE Fxste ATt Hown EF A3, £
Aol A AL
(Fig. 4).

5t SVCV-KI1+% genogroupl 9 subgroup I aol Z3}%th

_27_
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SVCV-K1  ATC TGT CAC AAC AGT GTC AAA TAC TAA TTA CAA GGT AGT ACC CCA TTC TGT TCA TTT GGA
926

2/90 e C N O I

P4 [ Y W
880062 L C 1 C 1\

SVCV-K1  GCC GTA CGG AGG ACA CTG GAT CGA TCA TGA ATT CAA TGG GGG CGA ATG CAG AGA AAA AGT
926 R € A

2/90 e € H

P4 T e € A

880062 B [ O [

SVCV-K1  GTG TGA AAT GAA AGG-GAA CCA CTC TAT TTG GAT CAC AGA TGA GAC CGT GCA ACA TGA ATG
926 e T i O T N ¢ A

2/90 A VR . 0 T U S S Y Y. T ¢ R ¢ A
P4 RN . AT CRE 4 OB W ..o MG AL ... ... G
880062 o Cf & L L. B TERREREEREEE LB B . G EETRLIA. G L. G

SVCV-K1  TGA AAA GCA CAT AGA GGA AGT TGA AGG AAT TAT GTA CGG GAA TGC TCC GAG AGG GGA TGC
926 LA

2/90 SO KT CmtAL L s s e T e AGRL L e LT
P4 C.CC.. A, Ton, a8, s . Tl Ty

880062 SO AL T N T e, B B e e A Tl A T

SVCV-K1  ACT ATA TGT TAA CAA CTT TAT TAT AGA TAA ACA TCA TAG AGT ATA CAG ATT CGG AGG GTC
926 T € 0 D W C A

2/90 T C N C N € T L O ¢ T T
P4 € C A € M W
880062 A G L. C e e e e s s G e e s s e e e G AL

SVCV-K1  TTG TCG AAT GAA ATT CTG TGA TAA AGA TGG TAT AAA ATT CAC AAG AGG AGA CTG GGT AGA
926 R ¢ N

2/90 S €
P4 N C T [ €
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880062 oo W AG L e WAL Ll s B C T R I

SVCV-K1  AAA AAC AGC TGA AAC ATT GAC GAA GAT TTA TGA AAA TAT ACC TGA ATG TGC CGA TGG AAC

926 e e e e e e e Ao oo oo e e e e T.. ..o ...
2/90 G.G. ... ..G... ... A, AC... ... .ALC.. .G. ... .AG... ... To. ... ...
P4 G. ... ... ..G... ... ... ..CT.. ... .ALC.. ... ... .AG... .. TT.. ... ...

880062 G. ... ... CG... ... A.. AC... .C. ... C.. .G. G.. .A. ... ..TT..

SVCV-K1  GTT GGT ATC TGG TCA CC- --

926 T
2/90 P O LT
P4 T.. ... C.. C.. ... LT

880062 T (N e i

Fig. 2. Comparisons of sequences of the glycoprotein gene of

SVCV-K1 with four different subgroupI s.
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SVCV-K1 926 2/90 P4 880062
(this study) (AY842487.1) (A]J538060.1) (AJ538074.1) (AJ538079.1)

SVCV-K1
100 97.27 90.18 90.36 88.54
926
100 89.27 89.47 88.20
2/90
100 92.91 92.20
P4
100 91.64
880062
100

Fig. 3. Nucleotide suquence homology (%) of the glycoprotein gene of

SVCV-K1 compared with four different subgroup I s.
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M 2-78 (Moldavia, Repudiic of)
g3 | N3-14 (Unraing)
850062 (Unied Kingam)
5 | BE011E Unked Kingoom)
840124 (United Kingdom)
48| | 530 (Yugoslavia)
Dﬂgll.l'ﬂ {Eilgﬂ.m:l

770345 (United Kingcom)
3805 (Austna) Subgroup
5 o |v-837 (Czecn Republic) Id

§70395 (United Kingdom)
V-840 (Czech Repubilc)
o4 |E2
2 92-84 [Austna)
| SVEV1 (Uned States of Amenca)
V435 (Czech Republc)
e SVCV4 (United States orAmenica)
SWCVS (United States of Amirica) _
= —— 250 (M oloaua, Regubit o) ] Subgroup
% L—— RHV (Ukraine) . Ib
P4 (Russian Federation) | Subgroup
—hl: N1-5 (Ukraing) ] e
— HHOC 06 (Canada)
4 91107 (Austra)

=T}
|| E208 (North amenica/UK)
- SV CVAKT (Karea, Repubic of) Subgroup
g!_m{mmap Ia

«&| —926 [ching)

& (G1443.1 (Notn amenca/uK)
g '}m (cnina)

.|, 880828 (UK)

| 980451 (UK)

970459 (UK) _
V16 (Gemany) ]

0.08

Fig. 4. Phylogenetic analysis of SVCV-KI1 nucleotide sequence of

glycoprotein genes.
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2. SVCVe £4

EZdoe v o2 HE FElsto] PCR amplifications 3§ 3¢
=& AES A% viruse] FEAE Flsk] fE AE ofF v =

1:10 (w/v) Hl& 2 vldste] 4 45 0.1 mlS EPC celld] H
F3t A3 EPC celle SVCV HF 8Y FHEH SVCVHEYE Al "d Ao

2 YeE cytophatic effect (CPE)7F H.ol7] Al#stgtt (Fig. b5).

CPEZ} #t2% Alxe} 5oL 4T 500gel4 583 44 2ajd 3 4
Sog H5oke] vlolel ~E Ralstsie
- 32 -
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Fig. 5. Cytopathic effects (CPE) of SVCV-KI1 in EPC cell. Control
cells (A); infected EPC with SVCV-K1 (B).
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3. Hl@YolY SVCV-K1d g HAE &<l

£ 2389 22 SVCV #d Al vErd
(Fig. 6), »kAl= #HAZE Ueld HE 5 20
vUetor  (Fig. 7). Hl©dolo #HALEL SVCVE HFE s=7F
Hdaazhel wel HAE =A dojue AERE olyEt A HALE o]
AR #Hadte A¥FS UERAY (Data not  shown).  #HARS
H kol oj o] 213 zho A Glycoprotein genes targetl & 3+ 1-step
PCRolA B Fdeol A3E RoFIAT. a8 dx79 35 HAANE
HolA ko 1-step PCRoIA 249 23= wnoFdt (Fig. 8).

rlr
2
o
a2
[JO

=2
=2
[©))
w2
X
i)
>~
=
ol
rir
iy,
H
i

Hu:
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Fig. 6. External signs of dead fish showing hemorrhages on

abdominal region.
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70

—8—5SVCV-K1

B0 1 |—a—MEM

50

30

20

Curnulative mortality (%)

10 -

TLaT Lo TaT aT QT LT o T o T oT Sl o oTal ol o7 4

0 1 £%+4-5 6 7 8.9 10 11 12 13.14 15 416 17 18 19 20
Day post challenge

Fig. 7. Cumulative mortality of koi carp challenged with SVCV (5x10’

copies/fish).
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PSSO SIS T I 116

Fig. 8. Detection of SVCV in 8 koi carp (C. carpio) by PCR. Lane 1,
3,5, 7,9 11, 13, 15, kidney; lane 2, 4, 6, 8, 10, 12, 14, 16, liver; M,
100bp DNA ladder.
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4. SVCV-K19 Hl ¢ 54 % &4 T

41. FHA XY =dulF AXY A B

FaA el 2ok AlEe] SVCV-KId i3k #54< Hlushy)
98l 719 SVCV |k F3F AlxQl EPCe 71EF 53} Alxel BF-2,
PMF, CHSE-214 cell?} &% Afo], o]xugtade]o] o], EFo
Argn S Zumlet AlEe] SVCV-KI1 (1.0x10" copies/flask)<
HEstgtt. 4% 39 & EPC, BF-29 5% Ao, oj~Agtd o] Ao,
ETYo Az=gn FHY Ul MAEES cytophatic effect (CPE)E

HAom, Viral copy number:s HE  AHHOo=Z Frlste] Aa
53 mlolgl 2 (1.0x10" copies/flask)ol Bl &l EPC: 38609 <5 7}38lo]
A wolg 2~ FE7F 386x10° copies/mlE UEFEO B BF-2% 250000
Z7ksbe]  250x107 copies/ml, =% zZFo] Zoimid AEE 26204
Z7kske]l  262x10° copies/ml, ©o]ztdelo] o] UMY AEE
2,9008] Z7kakel  2.90%10" copies/ml, EFYol Am  Zoiujok
A ZEE 126080 F7Fete]l 126x10° copies/ml=  UEFsEoY PMES}
CHSE-214¢] 7% CPEER ##HA| ggton Fi3g violzjx 9
Jd 4 AT (Fig. 9).

ol\

7tE 2

gk
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1.00E+04 4.50E+07
5 ] - 4.00E+07
5 A M
=
3] - 3.50E+07
2 1.00E+03 =
S 5
]
g - 3.00E+07 2
=
7 o
= \\ - 250E+07 o
S 1.00B+02 | 2’“
# © 2.00E+07 5
g {=
& e
w ol
& - 150E+07 &
9]
8 . g
1.00E+01 ]
o - 1.00E+07
[
L
(o]
£ - 5.00E+06
T
s \
1.00E+00 : . : : LD O 0.00E+00
Comrmon Rock Israel EPC BF-£ CHEE=£14 FMF

carp F. bream E, carp E.

Fig. 9. Culturing of SVCV-K1 in MEM in primary cultured cells and
established cell lines. Bar graph indicates fold increase compared with
0 day post inoculation, line graph indicates max numbers of viral

particles.
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4.2. FEA X} 2l F AlXY A FTH

= ArlAHE FIAES Edielg AlEe] SVCV-KIel tig
A4S F7HA7I2A SEME ARESESitE. EPC, BF-2, PMF,
CHSE-214 cell¥ &% Ao, o|xgtdo] o], EFYo] A=gv|
T ZHwlY AEES 10% FBS7F H7Fe MEMu#iAZ 347F wj<k
¥, SFMez  wAHF F e FEe  SVCV-KL  (1.0x10'
copies/flask) & H=E3t9ct. 1 A3 MEM ®x A& Al¢} FAFS
CPE7} #ha=glom, Z7lo g vtelj2 X Hl& EPCE H+t
53,7008] Z 7}kl 5.37x10° copies/mlZ 7} E& wiolgl~ FRE 2
F7bskden,  BF-2& 73508} F7kste]l 7.35x10"  copies/ml,
olzgtd el Aol Zdiwid  AMEE 67808 F7kstel  6.78x10°
copies/ml, EFYel A= ZdEld AEE 34208 F7HsEk
3.42x10" copies/ml= Ewkom CHSE-214¢] 75 139u) Z7}ato]
1.39x10° copies/ml® MEM<S Ab&3te] HESIGS w B F7tstarch
st %t PMF+=, CPER #H2E A gskom 33 nlole|x 59 F7i%
gl = ATk (Fig. 10).
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1.00E+05 B.00E+03

f\ - 5.00E+03
1.O0E+04 -

iy
2
k-
3
g W 5
gz o
g - 4.00E+08 5
% LO0E+03 - =
gl ()
© o
5 I 2.00E+08 ;h
= - =N
T 1.00E+02 - &
oo e
o P
E - 200E+08 &
O O»—-
o 3
iy
W 1.00E+01 -
o - 1.00E+03
(o
R=]
]
= \ ND
1.00E+00 - T T T T Lo, T 0] T 0.00E+00
Common lerael EFC BF-2 CHRE-214 FRE Raock
carp F. carp E. bream E.

Fig. 10. Culturing of SVCV-K1 in SEM in primary cultured cells and
established cell lines. Bar graph indicates fold increase compared with
0 day post inoculation, line graph indicates max numbers of viral

particles.
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5. GTF ICE cell®] 8¢ 9 SVCV-K1 #ig &4

5.1. GTF¢} ICE cell®] &3

GTF cell> 2013\ 6€el Zdl wjds Alztste] dA7-A 4041
old& AWl stATh 64t TeolagA=gn AEQl GTF=
epithelial-like cell¥} fibroblast-like celle] &7 Agh= Ao Z HP oL
(Fig. 11b), 1441t o]$-9] wEojmegA=er Axes F=5 29
t=AdelH, 7k 1 d4s 7HAa, 71Eed FEEsle] AdAete
fibroblast-like cell®] & Ejvtol Y EFSETH (Fig. 11c). ICE& 20121 6¢ o
2 S A Fstd AR S0AH - ol S AdulE St
4Ade]  olxgtdYdol Ao AEE © ERA] HAS THAE
o), SAtE AESo] 7]He F2pstol A A= epithelial-like
celle] FEHE EAT Fig. 12¢). A ALl HAsIAT 107304 th <
weo] mEg A =en] AEet 1050408 o] ~etd Y] Aol MEE
354 wdF T 100%9 confluencyS HI oW, oF= HI

A<
TAEEE HAth

>
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Fig. 11. Continued.
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Fig. 12. Continued.
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Fig. 12. Mor_ﬁhology of confluent ver of Israell"._ carp embryo

cell at generllation 0 (A
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5.2. GTF% ICE cell9) SVCV-K1°| tis ZaAZ &<

GTF¢ ICE cell®] SVCV-Klol tigt #HAAdS dotrr] s, &
Aol A Bgd GTF, ICE, z18]a 7]£9] SVCV #Yg 31 Axd
EPC celle]l SVCV-K1 (1.0x10" copies/flask)S AEath HF 39 &
GTF, ICE, EPC cell2 cytophatic effect (CPE)E Ht+ (Fig. 13).
Viral copy numberts HE $ X HHo=z Frlste] A5 HEsH
Hlol# 2~ (1.0x10" copies/flask)dll H]3] GTFE i 2,0208] Z7}3}]
it Ao wlelelx £ 202x10° copies/ml, ICEE 56300 5 7}&}o]
5.63x10" copies/ml, EPC: 38608} 57}sle] 3.86x10° copies/ml<
Uebdlon  zhzt A wloly A £ 232x107, 6.43x107, 7.18x10
copies/ml YERYA T (Table 2, Fig. 14a).
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5.3. SFM A &

GTF¢} ICE cell®] SVCV-Klel ta #d4dE& F7HA71 32k SFM&
Abg&9ek. GTF, ICE =gl EPC cell® 10% FBS7F #71#
MEMuA 2 347k 6] ¥ SFMo=z A} F e Fro
SVCV-K1 (1.0x10* copies/flask)S HFstgith. 7 A3 MEM X
AbE A9l fALSE CPEZF ##E e, 27]0] &3 vlolg 2~ F ko
Hls) et 4380008 F7heked Wit Ao whelds S=rb 4.38x10°
copies/ml® WEFEI, ICEE 2240008 Z7Fsle] 2.24x107 copies/ml,
EPC 53,7008] Z7bsle] 5.37x10° copies/mls UEbHon 7tz H o)
npolg] & 2 655x10°, 3.78x107, 8.00x10° copies/mlS WEFWTE (Table
2, Fig. 14a). ©l& EPC cellolA9 SVCV-K1 S7Hits 7Ivo=
GTFe} ICE cellel A9l SVCV-K1 S7Fg< vlas] & Ay, GTFS
ICE cell& EPC cell Bt} ztzt 3 8168, 4179 © =4 Z7latglth
(Fig. 14b).
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[ S >

M

Fig. 13. Cytopathic effects of the various cells infected with
SVCV-K1 using MEM. Normal GTF cell (A), infected GTF cell (B),
normal ICE cell (C), infected ICE cell (D), normal EPC cell (E),
infected EPC cell (F).

_49_

€)Collection @ pknu



Table 2. Comparison of viral copy numbers of GTF, ICE and EPC

cells

inoculated by SVCV-K1 (1.00E+04 copies/ml).

Average of

Increased folds

Average of

Media Cell (Max/Initial max viral _ Maxim.um
numbers of copies/ml viral. copies/ml
viral particles)
MEM GTF 2.02E+03 2.02E+07 2.32E+07
ICE 5.63E+03 9.63E+07 6.43E+07
EPC 3.86E+03 3.86E+(Q7 1.18E+07
SFM GTF 4.38E+05 4.38. E+09 6.50E+09
1 2.24E+05 2.24. E+09 3. 78E+09
EPC 5.37E+04 5.37.E+08 3.00E+08
- 50 -
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(A) 1.00E+06

BMEM
BSFM

—1—

1.00E+05

1.00E+04

1.00E+03

1.00E+02

1.00E+01

Fold increase compared with 0 day post inoculation

1.00E+00 p— ‘ T
GTF ICE EFC

(B) :

&M 8.16

17

TLAY

Eelative increased folds of viral particles

GTF ICE EFC

Fig. 14. Culturing of SVCV-K1 in GTF, ICE and EPC cells.
Increased folds of viral particles (Max/Initial numbers of viral

particles) (A), Relative increased folds of maximum viral particles in

GTF, ICE and EPC cell challenged with SVCV K-1 in SFM (B).
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5.4. GTF¢ ICE cell®] wHlol2jx XAH#F Hlu

GTF, ICE z1&]a EPC cell®] wlol#{x AakES H
SVCV-K1& 1x10° copies/flasks =2 HZFste] F1, A
%3 intracellular viral particles®} released viral particlesE =73}
7 Az GTFE & 749 cell Well 1.79x10° copies/cell, ICES 1.02x10°
copies/cell, EPC¥ 4.10x10° copies/cells 7FA3 9lo] GTF9 ICEE
EPC Xt} Z+7} 4374, 2.49¥) =& intracelluar viral particlesE 7}A] <
A& Fad £ Atk aga GTFE 3 719 celle] 1.35x10'
copies/cell, ICE¥ 167x10" copies/cell, EPC¥ 289 copies/cell
WEstol GTFeF ICEL EPC Htuh Zbzh 4678, 5.78¥] =& released

viral particlesE 714 & A& &3t (Table 3).
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Table 3. Comparison of intracellular viral particles and released viral
particles of GTF, ICE and EPC cells

inoculated by SVCV-K1
(1.00E+02 copies/ml).

Total Total cell . Intracellular
Released viral
Cell  viral particles number ‘ viral
(copies/flask)  (cells/flask) particles/cell )
particles/cell
GTF 3.23E+04 1.20E+04 1.35E+01 1.79E+06
ICE 3.67E+06 1.10+06 1.67E+01 1.02E+06
EPC 1.48E+06 2.56E+06 2.89E+00 4 10E+05
- 53 -
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2 AT E AAEE AR 2R AFAY A[dA EF Y
(Cyprinus carpio)Z5F-€ HEAAEsIAQ BAS £ ofrjole] SVCV
isolates®} f+AFgH SVCV-KI1& w83ttt o] A4k EF ool A
SVCVel &ele A5 Bad AolH, ol =ul Jojit o F¢ SVCV
ATl AdoAA Fask vpoly 22 AR H T

AA 20099 HE SEW g %

—|~
re

A mEolol oA
Ao 1 gl gel A Jofthea el 20109 69
of olwha Awel FAZ molx %, AAE UER}A Bk A E
Qo2 0y ALAA 2 FA Bl ARS TR e

SVCVel tig 7+ ke AAdgth 2 2% A e AR FolA

d

d

x

i
o
ol
i
e »
»d
ol
=t}
8

om, B3k 2-step PCRAIM = A A& | A1 606bp®] band’} 7=
ATt o= EF FAAR A g E dAdor Y s ooz Al

. olef HS=% WA= 2002 W =el A SVCVE 15000

7b A retelar, o] wiel Aldel Sl thE ok A
2 QkEAL HAT sk R 1d & EUHE A3 dAd o Foll A
SVCV7F A&% v vk 283 20114, 201230 A= &l A 30
nte] 7bES sampling a3t AAMSES Wl 1-step PCRol A negativeZ}t
vskt}h o] AL wlole] A7} carrier AE]ol A expression T A Ekow,

A% clearance’} doiuta AUt FF& E 5 Ak 20029 5FH
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20037k 270del AA HAH WRE of®E W o= RT-PCR&
A AsEe] SVCVe o5 ZAMSE A3 negatives X o 2-step
PCRo A= 20023 5€ A% Al5= 100%=, 2003 29 = 33%,
49)= 43% 2 SVCVS 593 band7F #HEHAceE Bark Ao (2
Hl g et al, 2004). SVCVE o] oo FFAO 2 persistent 4 El
2 79" 4 9o (Békési & Csontos. 1985), Hi 5= SVCVY
carrier FEHIE &= FAAtolvp AL of FiERE of g} FholA o}
G o7l doj= £33t} (Pfeil-Putzien 1977, Ahne. 1985a, Peters
& Neukirch. 1986). SVCV= dRbA o ® SVC oA dopd Ay
o] 20To]dd A5l HAAME ofFelAe E8E + ok &9
carrier e} offFolA SVCV7E #8ld Hie Fo AZEdE o9
A dS ZHAk SRS W SVEVZE AEFAGUE, 2l Y
(Bekesi and Csontos, 1985). 3FA| %tk carrier e 2] o] 7oA PCRo| <
ste] SVCV7E HEHE Ao #3 A+ gle A4t (Goodwin,
A.E. 2009).

AsEgsts &A% &3 SVCV-Klo]l obrlete] isolates”t &3h=

rr

I

-
o]N

|
P

subgroup I adl F3stvk= RS 1 SFA3EA AL, subgroup I adl &3sh&
P9 isolate®] AF+  FTHAAMFTH  FdE ofFelAd H=E
isolatec]th. ©ol& T =Tl obF FH ZUlEol HFsie OE
subgroup?] isolatex HFYHA FE& Aoz Fuxlo] k. ulEhA
subgroup Ia ©]99 =29 tE subgroup®
subgroupell ™ig Wil A e S|y wWAle o
SVCVete] wxnkg-of &<l 5o A7l 488 Zo= AbmHTh
By

zu g et al, 20042 HAEH WHFE o]FY Ao
=

Lo
Jo
o
Lo
2
ol

o
Ho
o)
Au)
i
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lineoll HE3sle] 20Tl A v
] w/\}r/}ﬁ EJ—?S]' H} o]r/}
nl sl EPC cell lineo] %

bt

F% APAZANE

0]
=

8Ll CPE7} #z5]of

63%2]
] gk
o]
2002).
2 Q3 20%9] HAFE

o

SVCV AW <&

ol 13}y of

Ty B

bz
4 olofe Al T0% o] 4]

S
=

PN
T

SVCV e =l
o] A= qPCR<
& At

o]

AT YR

=@l

(TCIDsp)E AF&3te] SVCVY titers

SVCV titer®} qPCR<&
TCIDsy°l

o143

< 3a1s
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o}X]
sto] 20Tl Al vl
CPE7} #zr= A A gk

AALE R

IAbe 2 Aol A%oi2A Apgd 14

A PR HE 1740%2] #HALES &
UEl YL B aLE
2J¢] polymerase chain reaction (PCR) W

. IR EER F

Hl & qPCRel A9l SVCV titer7} ¢F 1008 7}
At (Nian Zhi Z hang., 2009).

A ol A 1
Aol BEYol AR
Fah g2
, SVCVE&
DS EEREERE

Helxdo

S
Y=t ¢

u
Ry

i,
o &
W, MEM< 3

=
=

WEF AT

'I?_lé AR

A 3

TR, SVCVel
o5ke] kool sl 7
t}a 3kt} (Ahne et al,
W 3o A9 SVC WA
w 9]

HALE e}
o7H,

We svevel 1% 4
&3 w2 PCR %49l PCR 1

H}

gHo

t} (Zhigin Yeu et al, 2008). uje}A EH A

§3tol SVCVE A= Ao A4 &

S|
ax

S}

A

A

X1 50% tissue culture infective dose

9ol TCIDs=

=]

45}3 ol & &

Hlagh S

SVCV titer=

=7
2L

Aol AlE
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25 HFYE W] vleolgls w=eke] HluE #3] dA SVCVE #i
371 9%k b A9kt AlXE= epithelioma papillosum cyprini (EPC)
cell line (Fijan et al. 1983), the fathead minnow (FHM) cell line
(ATCC CCL-42, Gravell & Malsberger 1965) 52 ol&F <o +F3}
AEE ARt vt olg g FHMEES AHE A SVCVE 7
titer: 10° TCIDsyml '2 vEbdths &z e o] & PCRS o] &
#Ae Al 10° copies/mlZ R Aoleta dgd £ Yk AN 2
Aol A EPC celll MEM #ix& AR&38lel SVCV-KI1&  1x10°
copies/flask® HZ39S wl Hi 4.78x10" copies/mloZ =7} o).
o2 ol SVCV titer7} 10°TCIDsml '2 veldtis miug 73
59 A% SVCV-K1¥# & subgroupd <3t= +3¢ SVCV isoates
= AFE3F9 ot Nian Zhi Z hang., 200914 A}83F SVCV isolates+
SVCV-K1¥ & subgroup® <sl= 59 isolates® EPC cell¥}
grass carp ovary (CO) celldl HFstE o™, o wl CO celld A9
SVCV #4942 EPC cellddeEg ®H =& #Fdes vl
10*TCIDsoml 9] ‘virus titerE YEFWATE  oF 10° copies/mle] 21 o A&
T Y o]y & HYPYA S SVCV FEgk Hl =% A3 ST F UM
th A4 o= SVCV titeri= cell lined} 23t¥ % 183 Labell whebA
Zpol7k vbi 1 W9l WhEF 10710" copies/mlZ2A A7 S 9
SVCVE a2 A ol& Joll AMSEEES TAA|AA vho] 229
FrbE Folal, F2F 19204 oo ® Z#Fo SVC TS W

A stAY E = JA et ERE ol kst

—t
o)
g
0]

¢
—
O
o0
>~
v

Jo
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=
X
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X
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wAlsl WA BAl 2 Age] Adel od 483 €4 A &
A9l WAl A GaA s o7t AL A ehn
slojof aul, @ele] vEE FA9 titerS 2AE F2F 2

B

t} (Yamashita et el., 2009). 53] o7 22 sledF5E59 45
_%

S

(@)
o,
>,
>,
lo,
w
<
@
<
i
rle
(A
e
m.ci
=
£
o,
off
ki
P g 1!
>,
=
El
)
p\v
v
K
o)
r
i,

of ZUMYMEE AR A IVS-19 <
Woong Jin, 2014)E a3ke] Aol HE ofFd &5 Aof, o]~

ddo] Ao, EFYe A& Atgste] =i wids AAlstd e,
host cell line?l EPC¢ BF-2, CHSE-214, PMF cell¥} 37 SVCV-K1
of tg #edS vl Bt 1 3¢ F EPC, BF-29 &% Ao,
ojzgtd o] Ao, [EF Yol Ax"H FHE Euuld AlEE
cytophatic effect (CPE)& B Hom, @ %71 #Ed = (1.0x10"
copies/flask)el A1 EPCE Hu] vlo]e] 2~ E %7} 3.86x10° copies/mlZ U}
Ebkon], BF-2%& 250x10° copies/ml, % Aol Zould AZe
2.62x10" copies/ml, o]2gtddo] o] ZuHlE AEE 290x10
copies/ml, EZFYo] Argjn] il AEE 1.26x107 copies/ml=E U}
Btk o PMF9} CHSE-214¢] 74§ CPE:= ##H %] ¢fsten, Sl
Hholg] 2= 9o FUtw &d o glAH (Fig. 9). o5 &3 =i Wit
Al Lo A SVCV-Kl1e| thgh 752 o mE SVCVeE A de

daglol e ofFe 2l Wi AEAM EF 27 HF Hbol#H &
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vl 31,0008 o]/e] F7HE RoF 2 host cell line?l EPC cell®}
H 23k vhol 2] 2 =5 UEAT vlolgl s HF A SFMS AH&3
VERO cellell rabies virusg HEstde W niold 29 EAE F7HA]7]
™ (Frazzati-Gallina et al., 2001), C8H®} GR tumor celle] SFMS A&
3}o] mouse mammary tumor virusE HE 8 serume] FH7FH v A9}
Hlugds o o =2 titere] vlold =5 5 4 o™ (Richard et
al., 1976) 712]31 PMF cellel SFM A& Al IVS-19] 7 Ho] F7hghtt
= 27t 9t (Ji Woong Jin, 2014). o] & #Ha1dle] E Afoa= F
stz el Zdialg AlEZe] SVCV-KI1d tgt #dAdS S7HA 713t
SFM$& AR&3tith. EPC, BF-2, PMF, CHSE-214 cell®} &% #of, &
of 7o), EFY] Ax=dH FHY Zdivid AEE SFMO = wA g
T e FE9 SVCV-KIL (1.0x10" copies/flask)s H¥3 A3 MEM
WA ARE Al9F frARSE CPEZF #H2E 9l em], EPCE 5.37x10° copies/ml,
BF-2&  7.35x107 copies/ml, ©°]zgtdlddo] Aol Zujuld AT
6.78x10" copies/ml, EFYol Agu Zowik AEE 342x107
copies/mlZ Z7}8t3 ¥ (Fig. 10). EPC cell® 4% MEM<S A}-& 3}
HEstRs WET SVCV-K18 H viold] =~ =7} 108 ol % S7
atol o BF-2¢9F the Zdiuld AMEZES MEMS AHE3ElS e A

T AFNME w80l Ay A=gug ojxTtd Jo] Apo] Aol A
el e GTF$ ICE cells €H3stith. GTF cell> 2o WL =59 1
dool A YAl 403 ol Al S AAsRoew, FEAH o=
fibroblast-like cell®] 21t} (Fig. 11c¢). ICE cell2 Z=of wjdd=2HE 24d
o4 glar 503 o]l AW HEs AAsRew, FHAHS
epithelial-like cell®] FEE E AT+ (Fig. 12¢). GTF cell®] -5 F3HA

Hﬂ
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Az =3t (Wang et al, 1995,
Akimoto et al., 2000, Li & Fukuda. 2003, Kondo & Watabe. 2004). —1
g AA A&l de FIAEE T80l A=gu AE 9
CAR cell line (ATCC No. CCL-71)7} it} m3t g50o] <53 F&
M FEZE A3 goldfish muscle (GFM) cell¥®} goldfish swim bladder
(GFSB) cell (Luc Rougee et al., 2007). ¥ A3 &H3 GTF cell#
2] 4 S K= mA =Hn]  A¥EE A8 goldfish tail fin
(GFTF) cell (W Yan et al, 2011)o] itt. o] GFTF celldl 2.67 log
TCIDs ml'SVCVE HEFAE w 85 log TCIDs) ml'® F7Hatl o
U GFTF cell®] 49 SVCV$e Channel catfish virus (CCV)& # &3}
Ae W 27 HE = host cell lineoll A9 A% GFTFE cellell
Aol el Aolzk SVCVeE CCV7ZE Hlzstdl= 53] CCVell 3t

PN =]
Aol FEata gl

N

i

o

GTF$ ICE cellel MEM A& AF§ Al SVCV-K1& HE< 3
W HEF F 39 Fol CPEZF #&EHAI (Fig. 13), vholg2 (1.0x10"
copies/flask)oll W&l GTF= Hr 20208 F7Fste] it Hof wpolel~
G 2.02x10° copies/ml, ICEE 56308 Z7}éte] 5.63x107 copies/ml,
EPC:= 386081 Z7}3to] 3.86x10" copies/mlS WEFWon zhz ZHo w}
ol#l A g 2.32x107, 6.43x107, 7.18x10" copies/mlS WEFU O] (Table
2, Fig. 14a) GTF cell, ICE cell, EPC cellolA =5 SVCV-Klo] tf3h
v =23k 4 JeEl AT GTESE ICE cellel A SFMell 4 SVCV-K1
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= MY Al mboldl 2 S EPCoF Hlasfr v, 7] HEE
(1.0x10" copies/flask)oll w8l z+z} 533+ 4380000, 224,0008) = 7}a}o]
3 i maximum viral copy number< Z}7}F 4.38x10°, 2.24x10° copies/ml
copies/ml® WElRton EPC celll A& 53,7008 F7bated 5.37x10°
copies/ml& WEFTH  ztZE Ao wloldla £ 655x10°, 3.78x107,
8.00x10° copies/ml& YEFWTH Table 2, Fig. 14a). SVCV-K19] =7}k

= EPC cellol Ao S7kgtat mluel Hbs wf 8164, 4174 © =4
< 7Fst Ak (Fig. 14b). @WebA SFMS AFE Al GTF9 ICE celle] M2
gk SVCV-Kl1el tigh st =& Holw, o= 7[E& 3 AlES EPC cell
of Bl&l =t

GTF, ICE9} EPC celldl 5x10° cells/flask HE2. cell& F943
H sk 3 80% confluencys AA T w] SVCV-KIS HEsFR o)
ol cell el Apol7} (& Zlolg} #A™sle] GTF, ICE 12l EPC
celle]  stutel celle] - kst | HROlE A~ S HEy] 93]
SVCV-K1& lysisHlE celle] & Fol7] $18] 1x10°  copies/flask

Oll

T2 HEsto] Fa, A4 245 F3l intracellular viral particles<}
released viral particlesES =3}tk 1 A3 GTF= 3 719 cell Yol
1.79x10° copies/cell, ICES 1.02x10° copies/cell, EPCE  4.10x10°
copies/cellS 7FA a1 9o} GTF$t ICE+= EPC Bt} zFz} 4378, 2.494)
%L intracelluar viral particlesE 7MHAl= AL AT 4 AU
agal GTFE 3 709 celle] 1.35x10' copies/cell, ICEE 1.67x10'
copies/cell, EPC+ 2.89 copies/cellS W=3slo] GTF¢ ICE= EPC Htt
Z+7y 46749, 5789 =2 released viral particles® 7HAE A=
gl tt (Table 3). 53] GTFe 4% S o= v =& v &9

confluencyE Ho|X| W cell F+= ¢ F2 oz Hol  FZdHY
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A s T3l AS5HAS 7Fsdol & EPCel Hls] celld] =77}
A BoAH, celle] cytoplasm Woll ¢ B wlojy A5 =4T 4
Attar Azt o]l F3] MEMS Ab&3te] SVCV-K1S HESA =

W SVCV-K1¢] GTF, ICE, EPC7} H]5z3F wlolgx F==Z F7h8lal,
SFMS AH8391S W= GTFe ICE7F EPCE U A4 veus 23}
cell +2 ZHA HEFIYW EPCHT GTFS ICEAA o &

SVCV-K19] ujgFe] 7t5d ez Az F85ov HEdoA
SVCVel ofgh Aol A3k o= SVCVel Aol e of

dedx o ozt SVCVE Fast A ojFoln, Jo] MXE
f#le EPC celldlA ®Bu F% A FEde GTF  cellol A
SVCV-K19 #FAel o Ede He dW$% Frzd Hogx
AZtH | o]Z T8 GTE celldt SEMe] A-&<& SVCV-KI1¢ thoksh

A7E v =g 3 B8Es} 23 AoR ATk
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