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Development of monoclonal antibodies against viral hemorrhagic
septicemia virus (VHSV, genotype IVa), the causative agent of VHS
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We developed and subsequently characterized mouse antibodies (MAbs) against viral hemorrhagic
septicemia virus (VHSV, genotype IVa), the causative agent of VHS. Five hybridoma clones secreting
MAbs against VHSV were established. The MAbs recognized the glycoprotein (MAbs 2C10, 18H4,
23H6, and 30B7) and nucleocapsid protein (15E10) of VHSV by western blot analysis. All five MAbs
reacted with VHSV-infected cells and tissue homogenates of VHSV-infected olive flounder (Paralich-
thys olivaceus) by western blot analysis. Whereas, no reactivity was observed in normal cells and
tissue homogenates of normal olive flounder. Moreover, these MAbs reacted with VHSV, but did
not react with other fish viruses (infectious hematopoietic necrosis virus, hirame rhabdovirus, spring
viraemia of carp virus, infectious pancreatic necrosis virus, marine birnavirus, and nervous necrosis
virus) by enzyme linked immunosorbent assay (ELISA). These results indicate that the MAbs are
specific to VHSV and can be of value in VHSV detection.

Key words: Olive flounder, viral hemorrhagic septicemia virus, genotype [Va, VHSV, monoclonal
antibody

N B2 ichthys olivaceus)o| A YA3l= AW o= A A
A THWolf, 1988; Isshiki et at., 2001; Skall et al.,
2005; Kim et al., 2009; OIE, 2019). ¥<! HA A2l
dlo| 2] 2~/ 238 d 9 & F o] 2] 2~(VHS virus, VHSV)
= 5, e 2 Fe Aol A o 8049
G 2 g ol FolA AEHAvKSkall er al.,
2005; Egusa et al., 2006; OIE, 2019). oA =
2001 FA4E QA4 VHSVIE Ago2 HE

vlo] 2] 224 &8 A 3l & F(viral hemorrhagic sep-
ticemia, VHS)2 oA 2= = Ao
o] 72 FotAlotell Al A HI A= PA(Paral-
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5 I(Kim er al., 2003), L % ThFE =] ol A
AREFQl AL AR ob et AFAAE o F(12
)¢t oM A F2F) N = VHSVZE HEH A
(Kim et al., 2009; Kim et al., 2012; Jang et al., 2018).
GA7A] Aol o Foll A= VHSVE o] B
29 8k gtk (Jang et al., 2018).

VHSV+= Rhabdoviridae 3+ Novirhabdovirus 459
&ots ©8y o] nlolg =24 6712 gene (3°-N-
P-M-G-NV-L-5)2.2 F4% <F 11.1 kbp2| neg-
ative-sense RNAE 7}*] 1 A TH(Tordo et al., 2005;
Egusa et al., 2006). VHSV+ glycoprotein (G) =+
nucleocapsid (N) geneS AH&-3F Al Ay sHa 24
< &3l 4719 AR (genotype V)22 TFEH
TH(Stone et al., 1997; Snow et al., 1999; Nishizawa
et al., 2002; Skall et al., 2005; Kim ef al., 2011; Jang
et al., 2018; OIE, 2019). =Wl A € {2 2
A4k VHSV 28 FELS BF 8 BYFEH
2ol genotype Ivaol &38tm, vl= 9 f§ &2+
e FAHSE Aol B, quUolA AE
+ VHSVEL H7 2 FHOZRE FY=A
& Aoz FH3 UYtHKim et al., 2011; Jang
al., 2018).

VHSVE HAlstE o2& ol /RFsAZE
ol gt WY, FAAE ol 47 BANEE
Z " (reverse transcriptase polymerase chain re-
action (RT-PCR), real time PCR %), & & o] &3t
™ & 51A Q1 W (enzyme-linked immunosorbent as-
say (ELISA), fluorescent antibody test (FAT)) 5]
285 31 JTHOIE, 2019). =Ujoll A= VHSVel 7
dd A E HAasE WHOZ RT-PCRY o FF
St ZE AHEE Beuifol 2 AR
. olE S 1R} Sol=Tt st A
Aol o, AEAR 7€ S5 ZHE e

q

2 Su Aol A gl @At ek @

N

&Sﬂ

t

Q

iy

/blﬁ A7 E

o ME}(Wong and Tse, 2008; Baron et al., 2014;
Song et al., 2015; Huang et al., 2016; Banerjee and
Jaiswal, 2018). A& JAH7E= tdaiA 745
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o] JlaL =717} Aot gA FAE =+ doH, =A
A7 = A a ARAA Ty HA e
AlZE el (102 o) A S I & 5 A= &
A& 7HAA o & AFollAd= A ARE VHS
A& JAFNE RS A% 7|2AT2A4 VHSV
o gk &= & A (monoclonal antibody, MAb)E
kst g

£

Hio|2A HiQY, 55 2 HH|

VHSVE= YA ZHE E&3 FYeosuds =&
(genotype IVa)E AHE-3F A THKim et al., 2009). B}
ol 29| Wi, FF L AA = Jeong et al. (2017)
of Wel whe} AASHTH VHSVE thef o2 bl
oFsl7] 93t 75 cm? tissue culture flask (Nunc,
Denmark)®l] fathead minnow cell line (FHM)S ©%
© Z v & nlo]g A28 HESt] 15CoA 10Y
2+ A3t A cytopathic effectS 23T Al
ZO] 90% o]do] EalEW AEZ wjgd S FH 3
4°Coll A 12,000 rpmgi 3023 —L*u‘ 23t Al
I ZAAES AAT F FFqe st &
H outolH 2 A3 oﬂ polyethylene glycol (PEG)-
6000 (Sigma, USA)Z} NaCl& Z+2F 7.5% (wiv), 2.3%
(WW)E Z71sE & 4Coll A overnight 31T} PEG
7} A E vlol g2 m FH S 4Col A 12,000 rpm
5.2 3087 94 28§ F, pellet phosphate buf-
fer saline (PBS: 0.13 M NaCl, 2.7 mM KCl, 4.3 mM
Na,HPO,, 1.4 mM KH,PO,) &F&Ho =2 HE3}

b= zﬂ_ -2 30,000 rpmol| A} 2AI7J T4 =94
EE AAS 3 pelletS PBSE A F-FA7A ulo]
H2E FFA vlolgl~E AAs] fal, &

=3 vlo] H & step sucrose gradient (20%, 35%,
50% sucrose &M (w/w)) ol 22 & 21,000 ppmS
2N FF 2dAS AABEAT 20%2F 35%
A Aol B violH 22 FH H = bandS
FAZIE o]83to] F3 ¥, PBSE HEFSF 30,000
pm & 2417 Tk 2944 et 94 &

< PBS ¢F &Y o= APE
stod Aol AHgs7] A7A] 80T oll BESHAT
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Hybridoma H|Z}

Hybridomat= Jeong et al. (2017)2] W ol uwjz}
A sttt AAE VHSV (2F 100 pg)$} incom-
plete freund’s adjuvants & F 22 4 o] BALB/c 1}
220 gl 12 AYE & 2F Fof FL3
VHSV (¢} 100 pg)= 23+ AY3tAt) 23 1Y &

15 $oll VHSVZ 32 9383t 39 & whe2
9] Fxd-& E23 F PEG-1500 (Roche, Germany)
Z A28t myeloma cell (SP2/OAgl4)T &34
Edl 714 hypoxanthine
—aminopterin-thymidine (HAT) ¥l 2](0.1 mM hypo-
xanthine, 4x10* mM aminopterin, 1.6x10? mM thy-

S fetal bovine serum®] 10%

midine in Dulbecco’s modified eagle medium)= &
EA1Z] & 96 well plateol] HF3le] 37CE AAH
CO, HiF7|olA njFslHATh(Liddell and Cryer,
1991). ¥4 hybridomat= A€ VHSVE &d o
2 AH83l ELISAY o2 sty 33] o4
At Mo F2Y 3HH(Liddell and Cryer,
1991). A¥d @&
rapid ELISA mouse mAb isotyping kit (Thermo,
USA)E AM83te] ZA3S T

2 A9 isotypingS Pierce

Western blotting2 AFE28H &Hx|2| HES XA}t

A ZHE A ¢ VHSV 125915 &<lshr] 9
3l sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE)$} western blot& A A 3}t
(Laemmli, 1970; Towbin et al., 1979; Jeong et al.,
2017). BAE VHSVE 12% polyacrylamide gel, 4%
acrylamide stacking gel®ll loadingdF % 30 mA ol 4]
719 53A . 7198 &, gel2 0.2% coomas-
sie brilliant blue R-250 (Wako, Japan) 2.2 A&}
ANE gRlstnt =3 H7195 3 gelol A=
A S transblot X (ATTO, Japan)E ©] &3}
144 mA°l A4 1A1ZF 52t nitrocellulose membrane
(Bio-Rad, USA)°l blottinga}$] T} 2% skim milk &
1AIZE 52k blockingdhe] WHSAIZI & 13} A2
€ B dAFlA A& hybridoma i %F A5dS
2% skim milkZ 28] 3 43}e] 1A7F wS-A AT
22} @A 2+ alkaline phosphatase (AP)7} 01+
goat anti-mouse IgG serum (novus, USA)< 2% skim
milk 2 1,0008] 348t 147 "EgA Z T T

YAl VHSV (genotype IVa)ol tjst @22 A /i 61

A(100 mM Tris-HCI, 100 mM NaCl, 50 mM MgCl,
(pH 9.5) 20 ml, NBT (75 mg/ml 4-nitrotetrazolium
blue chloride) 90 ul, BCIP (50 mg/ml 5-Bromo-4-
chloro-3-indolyl phosphate p-toluidine salt/dimethyl-
formamide) 70 W)= At SQtoZ FRlgk &
hAl A 29 (1 mM EDTA, 10 mM Tris-HCl)S dﬂ
sttt 4 dE2TEE 2 A7ddA E7ER
B}l A&k VHSVOl ™t polyclonal antibodyE Al
&3ttt

VHSVel ZEd Maxe s A9 bk-g-& &
e13}7] 98l 3709 VHSV &8 F(FYeosu05, FW
ando05, Jejul4: genotype [Vaoll 43} (Kim et al.,
2009; Jang, 2019)°ll Z+A¥ FHM A 3Z ¢} A4 FHM
M EE AH83Y western blotS A A3 TE VHSV
o 29 ¥ AEZE VHSVE FHM24 wellell &3
5 3UA vjFH-S A A3l Hank's balanced salt
solution (HBSS)Z A EZE 33] A ¢ &, SDS-sam-
ple buffer 1 mlZ F7}ste] AEZ lysis A2 &
100C ol A 3&37F 23t western blots A Al
At AGAEE flok FL R o= Aztst
Atk

VHSVel a9 22 A g0l gk &4 9 vt
< F2lstr] Ysll, VHSVel o8] HALE ¥
AA dx|o] At v)A 22 npae
western blot= A AISFATH VHSV ZHEAE L 2
o] 220 0ol FA A AF: 35 9& &
Z¥ 20mke} ] 83 F, 170e] 29 107 TCIDsy/
ml2] VHSV (FYeosu05)Z 1417t 5+ A A7 o
tﬂ A3F ), thzxTol= HBSSE A A A ZHth. VHS
o] YES/dES Kol FHALE dx ¢} F4 dA 9
A173t B 2-S HBSSE 1:10 (0.1 g/ml)o] = A £
3} Mi s‘z 6000 pmol A 3083 LA 5t
S 2831 western blot2 A A|

L

Sk 570 o vlol# 250 g B
EOlEE zAFeE7] 18 75| Blo]l# 2 [VHSV
(10° tissue culture infective dose (TCID)s¢/ml), 2 2
Az 7)1 I ALSHFo] ] 2~ (infectious hematopoietic
necrosis virus, IHNV: 10" TCIDsy/ml), 3 ] 9 =n}
o] 2 (hirame rhabdovirus, HIRRV: 10%* TCIDsy/
ml), & o]E81}o] 22 (spring viraemia of carp virus,
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ol

lot

SVCV: 107> TCIDsy/ml), %43 | 3 AL5-n}o] &
2~ (infectious pancreatic necrosis virus, IPNV: 10°°
TCIDsy/ml), 3l FH Ur}o] 2] 2 (marine birnavirus,
MABV: 10> TCIDsy/ml), 4173 AtZuko]e] 2
(nervous necrosis virus, NNV: 103%% TCIDsy/ml)]l
" MxEet FAAME (epithelioma papulosum
cyprini (EPC), chinook salmon embryo (CHSE-214),
striped snakehead (SSN-1))= A8} western blot
< AN vtelg 2o A E AlZE 759
Hlo] 2] 2~ 58 FHM (VHSV), EPC (SVCV, HIRRV),
CHSE-214 (IHNV, IPNV, MABV), SSN-1 (NNV) Al
3E/24 wellol HE F 3LA viFdS A AL
HBSSZ AH3EE 33] A3 & SDS-sample buffer
1 mlE H7Fste] A ZE lysis AlZL = 100C o) A
3EZE A 8]3le] western blotS A AISA T F
Axe 99k 59 WHe = Azt

ELISAZS Al2& gtxl|e] E0|HI2 =A}

ELISAE 7%9] Hlo] 2] 2~(VHSV, THNV, HIRRYV,
SVCV, IPNV, MABV, NNV) 45d4& SHFZ
3200 A3}l 96 well ELISA plats (Greiner bio-
one, Germany)®ll Z+ZF 50 pl? 73 & 37Cof A
overnightd}e] &8 F® S Th T-PBS (0.05%
Tween-20/PBS (v/v))Z 33] MAT F 5% skim
milkE 380 wl¥ EF38kd 25CoA 143F &<t
blocking 3t{Th. 12+ A 2 £ Aol A A&
MAbLE 50 w# EF3t] 25CaAA 1A &<
blocking 3} 2™, 22} &A= horseradish perox-
idase (HRP)7} 45 ©] 1+ goat anti-mouse IgG
serum (Youngin, Korea)E 5% skim milkZ 1,0004]
345t 50 pliwell EF3FA T ELISA whay ol
(100 mM Na,HPO4, 50 mM citric acid, 1 mg/ml
o-phenylen diamine, 0.1% H,0,)& 50 uliwell 53}
o 30E37F FAS T IN HySO4E 50 pliwell o]
WAS FA A7), 492 nmoll A {33 E(opical
density, OD)E& ZA3IHAth

a1 — =
Znr A aF

2 ATelA = FFHARE VHS A& D7 E
Mk g 71 Z=ATEA VHSV (genotype [Va)E

As - e AUy - A - 7194

Q1451 MAbE A AH5kA Bhch. A F VHSY
£ AH8-3te] SDS-PAGEE A A% A#, oF 192
kDa, 60-64 kDa, 42 kDa, 29 kDa, 25 kDa2] A}
o] Fl= ATh(Fig. 1). IHANA 2] genotype
IVao] &3h= VHSVE 72 @A 2 °F 62 kDa
(G), 42 kDa (N), 29 kDa (phosphoprotein, P), 25 kDa
(matrix protein, M)>. 2 R 31 %o} It} (Jeong ef al.,
2017). & Aol Al HA g VHSVE] SDS-PAGE
H2 7]&ed Rud Axet A FAFSEATH

AAE VHSVE vpg-2o] AN & vpg
o] ¥ =43 SP2/0Agl4 myeloma cell S §&AIA
hybridomag A&+t HybridomaZ 5B A3

+ IAE ELISAH O Z AES & Al 3149
o7 33 FRYstY HEHoZ 5719 MAbE A
H3lA T (2C10, 15E10, 18H4, 23H6, 30B7). A&
5712l MAb<] isotypingS A3+ A3}, 2C1034
30B79] H chain2 1gG2a, 15E10] H chain< IgGl,
18H42} 23H62] H chaine IgG2bE YENSH, L
chain& EF kappas 125t A0 2 FAHJTh
(data not shown).

AAE VHSVE AZE MAbE AHE-3F west-
emn blot< AAIGH A3 &4 tizF (3 VHSV E

kDa M VHSV
200 — — 192
116 —
97.4 —
66.2 — — e
— 60
45 —
-
31 —
— 29
- 05
215 —

Fig. 1. SDS-PAGE analysis of purified VHSV. M: mo-
lecular marker.
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71 )l A <F 61-66 kDa, 429} 44 kDa, 25 kDa
9 21 kDaoll Al =7} ## = A THFig. 2a). A&+
471 €] MAb (2C10, 18H4, 23H6, 30B7)= 59-66 kDa
(GE F4)& Z3tA A23HA 3, MAb 15E102
°F 42 kDa (N2 F74)& ZstAl A4t
VHSV (FYeosu05)°l Z¥ FHM AZe} A4
FHM A EZE Al-&3}] western blotS A A A 3}
VHSV| ZHEE A Zo|AE 4719 MAb (2C10,
18H4, 23H6, 30B7)7} <F 62 kDag <1283 31, 171
2] MAb (15E10)E 42 kDa2 <12]3}%1 th(Fig. 2b).
HgAZAN = 5719 MAb B5 WHE3HA] ¢kt
T}(data not shown). VHSV FWando05%} Jejul4 &2]
ol Z+9 ¥ FHM Al Eo| A= Fig. 2b2} 5Y3 4
5 XH % th(data not shown). VHSVO A E HA|
oF A |Ao =2 npa S AME-3F western

blotS AAIZH A3}, VHSVel ¥ 22 whaf <Y
o] &= Fig. 2bB Th okt ¥H3-S B o) 2143}

E 2Ye YA HFig. 2¢). B4

27 vha oy

(a) MAb (b)
kDa MP 12345
200 —
150 —
100 —
75 —

50 —
m -2

37 —
25 — . — 25
- —a

kd _‘...— 62

e — 42

YAl VHSV (genotype IVa)ol tist @22 A /i 63

A= Hhgo] TEE A L&UTh(data not shown).
2 OJ?LOM AZE &A= VHSV e A=
o} |x 2 AT oF 62 kDa¥} 42 kDaoﬂ/H ne
7} #EAEEZ oF 62 kDa2 125 A= GE,
42 kDas 1243t Al NS U28te o=
AR ETH

gt T/7Y ol F vholf=Eol the MAbO]
Eol=E5 ZAsH7] fl8l 759 nbolz 2~(VHSV,
IHNV, HIRRV, SVCV, IPNV, MABV, NNV)ol| 7+
AE MEe} 359 A A ZEEPC, CHSE-214, SSN-
DE AF8-3F4] western blots A A3} A ThH(Fig. 3).
;q]z]—ﬁ 31—;1] 25 VHSVoﬂ 7L0:IQ }\ﬂﬁoﬂk] =1 =1
S3HAIL, 652 o] Fulole| 2ol ZHdE AES} 3
Zo] M EE WEEkA gUTt 7EF] ol F
Hlo] ) A5 Ao g AlRE}a] ELISAS A A
A3}, 5719 MAbs &5 VHSVel 731A ¥E-&(0D,
0.38-1.31)3FR 1, 652 HE o] Frlo] 2] ~(IHNV,
HIRRV, SVCV, IPNV, MABV, NNV)ol| = #+-3-3}

MAb (c) MAb

12 345 1 2 3 45

o 62

— 42

Fig. 2. Western blot analysis using purified VHSV (a), VHSV-infected FHM cells (b), and tissue homogenates of

VHSV-infected olive flounder (c).
15E10, 18H4, 23H6, 30B7).

M: molecular marker, P: Anti-VHSV polyclonal antibody, 1-5: MAbs (2C10,
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kDa M 12345678910 kKA M 123456738910 kDa 3 5 345678 9 10
250 — igg — 250 —
150 — _] 150
W= = 0 —
73 = 62 kpa ™62 0a
50 — s0 —1 50 —
37 — 37 —
Wewmm 42kDa

37 —
25 — 25 —
20 — 25 —1| 20 —
15 — MADb 2C10 20 — MADb 15E10 15 — MAb 18H4
kba v 1 2 3 456 78 9 10 kDa M1 2 3 456 7 8 9 10
250 — 250 —
o — 5=
100 — 100 —
& W62 kDa '62 kDa
50 — s —
37 —

37 —
5 —
20 —

5 —
15— MAb 23H6 20 — MAb 3087

Fig. 3. Western blot analysis using infected cells with 7 fish viruses and normal cells. M, molecular marker; 1,
VHSV; 2, IHNV; 3, HIRRV; 4, SVCV; 5, IPNV; 6, MABV; 7, NNV; 8, CHSE-214; 9, EPC; 10, SSN-1.

15

m2C10 ®|15E10 B18H4 B23H6 O30B7

10

0.5

ELISA absorbance (OD 492 nm)

0.0

MABV NNV

IHNV HIRRV svev IPNV
Antigen

Fig. 4. ELISA using seven fish viruses (VHSV, IHNV,
HIRRYV, SVCYV, IPNV, MABY, and NNV) and five mon-
oclonal antibodies (2C10, 15E10, 18H4, 23H6, 30B7).

2] THOD: 0.13 ©]3h)(Fig. 4).

B AFd A= FAE VHSV (genotype IVa)=
Abg3te] VHSVOl| Hold o2 wh3ale 5719
MAbLE A4S T Western blot Aol Al 471 9
MAbs (2C10, 18H4, 23H6, 30B7)= GZ <U2I3FA

, MAb 15E102 N& <1243} 9t}. Jeong et al.
(2017)2 287440 kHzE 1AZHE A& ¥ VHSV
=4 AP%OW MAbE A2 A3, GE A8
3 I FROY N, P, M2 Q145= A

g ds F 9}\‘3} 13] a]é‘n?‘} AIE Ggs| vl
& A(VHSV)9] A

g 12 58)7} g2}
4 4 de Aoz Az,

A2 5719] MAbE in vitro A F(vFo] & 2ol
ZdE Az} violg 2~ vk AT HE AHES
western blot¥} ELISA°| 4] VHSVOl W83} 1
Z9] ofFule]# 2(IHNV, HIRRV, SVCV, IPNV,
MABV, NNV)&} 39| o] 753} & (EPC, CHSE-
214, SSN-1)oll= HF-8-3}A] &ttt 3 in vivo Al
S(VHSVel 79 dA9k B8 G4 AlR) A=
VHSVARE ¥--3-3F AT o] A=, Azt 571
o] MAbsE VHSVOl| Eo]# o2 d-gal= o] g
ol =] ¢t}

VHSVE <143 MAbE o8] Ao <
S|4 AJ4+E Bl 9l TH(Lorenzen et al., 1988; Ito et
al., 2010; 2012). Genotype 191 438}= VHSV (23]
F: F1)E AH&3t MAbE A& & thegt
VHSV #&|5 (genotype I-IV)E TS 2 Eol%
£ 3713 A3 MADb IP5SB112 genotype [-IVel 4
3= VHSV 85 (507 &85) 259 5olg
S 2 k33l thH(Lorenzen et al., 1988; Ito et al.,
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2010; 2012). Genotype IVadll &3}= VHSV (JFOO
Ehi)E AHE3le] MALE A& & Eol=g 3
715 Ao A= MAb VHS-10-2 genotype TVaol
T W33 th(Ito et al., 2010). Tto et al. (2012)&
genotype I-IVel] &3l= VHSV #8FE< AHES)
o MAbE AT T Eol=F H7ieAth
Genotype IVa©ll &3l VHSVE AF-&-3hod A =gk
MAb VHS-1.24} VHS-9.232 Z+Z} genotype e}t
genotype 112 A| 2] &+ genotypeoll <3l= VHSVel
HE-3-31 9 T MAb VHS-3.80 (&€ genotype Ib &
2] 5)2 genotype Ib (I &5 A 9)), Ic, 1d (4
% T"i‘a]“l" A 2]) 2 genotype 1o <3= VHSVO
33+ TH MAb VHS-7.57 (genotype I 2] F)2
genotype 119} IVaollRF ¥H-3-31 1 Th MAb VHS-5.18
(genotype Ib 2] )2 genotype Ibol| Tk HE-§-31
T}, MAb VHS-3.75 (genotype III £&]F)E geno-
type Il (FF Z2lF A2 Ivb (FF el
ol ¥F-8-3} 3t MAb VHS-1.88 (genotype IVb -2
)2 genotype IVb (Y5 &5 A &])ollwt vk-&-st
At #o ATFAHAE TH3 B, 57 genotype
o] £&3}l+= VHSVE Hg 7é—or, E%l genotypeoﬂ

[-'E

EE genotype?ll 43k VHSVOI #E-g-5l= A7}
A = o] FRJAFHAT 7 AFellA A=A
MAb‘E‘ genotype 1Vaoll &3F= 3712 VHSV &g

Soll el At Sol=E =AY Wil %
E}% genotype®] VHSV #8509 tid o2&
ZAE " art Qo AT A2 MAb= 3719
=u] VHSV &£&|F9 733tA HH-&3F 22 genotype
IVaoll £3t= VHSVE AEZ e a8/
VHS 21& IS EE /st AHE 4 As
Zog ARH

2 o

B AFoN A= A X|(Paralichthys olivaceus) =5
E2 3 vlo|H A4S A3 E Sulo] 2] 2x(viral
hemorrhagic septicemia virus, VHSV, genotype [Va)
of tigk @& & A (monoclonal antibody, MAb)E
ALttt VHSVel tid S Yidst= F 5

B

YAl VHSV (genotype 1Va)ol st @22 A 7/H 65

71 2] hybridoma cloneS Ay 4+ . 471 2] MAbs
(2C10, 18H4, 23H6, 30B7):= glycoproteins 4] 3}
%3, MAb 15E10-2 nucleocapsid proteinS 123}
At} 5702] MAbsE western blot 2ol 4 VHSV |
ZAE Azt GAA 5o w3t o, A Al
2o} YA A 5ol &= vh3-3FA] §43kth g ELISA
el Al VHSVOl T §ES-3F 11 6F2] of {Fufol 2]
Z(IHNV, HIRRV, SVCV, IPNV, MABV, NNV)°]|
= WSSk Gtk o] A, B AT Al
Z+El MAbst= VHSVORE Eold o g W33l A
o] gRl=lo] VHSVE AAtetet AHEE &+ A
Ao AsdTh

ZAtel =

2 AFE 201695 AR ALOE AT
Ate] A Pg wrol £ H 7| 2ATAY (NRF-
2016R1DI1A1B03936186)3} 20173 3 04*&‘:‘ A
do g x| r|Ez15de] AYES jro}
FYHAJFUTH(FAHsE vhol2l 31?333 ek
& A ALh.
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