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Production of monoclonal antibodies against viral hemorrhagic
septicemia virus (VHSV, genotype IVa) from olive flounder

Ha-Na Jeong, Min-Seok Jang, Myung-Joo Oh and Wi-Sik Kim'

Department of Aqualife Medicine, College of Fisheries and Ocean Science,
Chonnam National University, Yeosu 59626, Korea

Mouse monoclonal antibodies (MAbs) were produced by using viral hemorrhagic septicemia virus
(VHSV, genotype IVa) as an immunogen, isolated from diseased olive flounder (Paralichthys oliva-
ceus). Four hybridoma clones secreting MAbs against VHSV were established. The MAbs were recog-
nized the nucleoprotein (MAb 4), phosphoprotein (MAb 1) and matrix protein (MAbs 2 and 3) of
VHSV by western blot analysis. Among them, the MAbs 1 and 4 strongly reacted with the VHSV-in-
fected FHM cells, but not normal FHM cells. In enzyme linked immunosorbent assay, the four MAbs
reacted with the VHSV, but not different six fish viruses (infectious hematopoietic necrosis virus,
hirame rhabdovirus, spring viraemia of carp virus, infectious pancreatic necrosis virus, marine birnavi-
rus and nervous necrosis virus). These results indicate that the MAbs are useful for diagnosis of

VHSYV infection.
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dlo] 2 24 &8 A 9] @ F(viral hemorrhagic sep-
ticemia, VHS) oA F25 1 gl FAMNE
o1(Oncorhynchus mykiss)oﬂ A= Aoz &
A4 ATHWolf, 1988; Skall ef al., 2005; Egusa et
al., 2006). B AW 2 1950\ F-HRE] glnf o] A
FAHL e FAME A LA H F(Jensen,
1965), €49 HYAIQN VHS virus (VHSV)7F 3,
v, Q8 5 ke ko] Adskat Ak
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ol B afato] of g0 FOoEREH HEHIUH
(Isshiki et al., 2001, Meyers and Winton, 1995;
Mortensen et al., 1999; OIE, 2017). %-&lyelel A=
2001 24 d X (Paralichthys  olivaceus)©ll A
VHSV7} A0 2 HEHAIL(Kim et al., 2003),
T 5 O Al AT JA F2el A VHS
7} WA S THKim et al., 2009; Kim et al., 2012).
VHS®| AP A AT do2zes AMNSSE, 55
2 g BT 3 £, A vade] vigivt
et 2H5 259 HdEd o] AZE th(Isshiki
et al., 2001).

VHSVE @ S ulo] 2] 23 (Rhabdoviridae) =¥ %
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SHFo] 8 2~ E(Novirhabdovirus)o 431, 671 2]
gene (3’-N-P-M-G-NV-L-5)2.2 FA" °F 11.1
kbp2] negative-sense RNAE 7}A| 3L I tH(Tordo et
al., 2005; Egusa et al., 2006). VHSVE G =& N
genes AMES AT LA BEAS Tl 479
A2 (genotype 1-IV) .2 FEF Th(Stone et al.,
1997; Snow et al., 1999; Nishizawa et al., 2002; Skall
et al., 2005; Kim et al., 2011) ;HLLHOHH 24
VHSV 2552 & EeFE0] 43 genotype
IVaol &8, vl 9 7 T'_TE]TE"’]"E‘ 2]
o2 zolE HATKKim et al., 2011).

VHSVE AAete R o2E o FFeAEE
o] &3 FE Y, FAAE ol &3 EARAAES
2 W (reverse transcriptase polymerase chain re-
action (RT-PCR), real time PCR), &A| & ©]&3F H
o814 Q1 HH(enzyme-linked immunosorbent assay
(ELISA), fluorescent antibody test (FAT)) 5°] AF-&
=3 JUTHOIE, 2017). F-2 U2t A= VHSVZ}E 7
¥ 9AE HAee WH o2 RT-PCRI 22fH)
O]:l:ﬂo] F2 A]’%HJ_ }J\O]J. U:]O:‘Q‘!—X‘] 74/\].1:” ]
VHSVOl W3l 5o] A7} BgEo] QLA %ot A
|H A e At B Aol = HGEHE AL
AHE7bs @ VHSVel digk dEE A
(monoclonal antibody, MAb)E AJ4+s} =2} Sho,

VR

VHSVE 2005 A of =A]oll 213 F2%
NA ARGFR] HAZ5E Z23 25 FYeosu
055 AHE-3FETHKim ef al., 2009). IO 2 Hlj %k
3}7] sled 75 cm? tissue culture flask (Nunc
Denmark)®l] fathead minnow cell line (FHM)S &%
o2 wj%f & VHSVE AHFste] 15CollA 1043t
vl F3HH A cytopathic effectE HZ3FH T Al Z 9
90% ©o]do] &a=H Al ujgA S H| 4To|
A1 12,000 pm o2 30E3F YA et Ax Z
AES AAT * S 3t vlo] g
g F=317] 8l vlol g 2 5ol polyethylene
glycol (PEG)-6000 (Sigma, USA)3} NaClS Z+7t
7.5% (WIV), 2.3% (Wiv)Z2 2718 Z 4Tl A over-
night 3} % Th(Nishizawa et al., 1991). PEG7} # 2] ¥

O of

nlo] 2 2 wj Y8 4TollA 12,000 ppm 2 304
7t 44 BE%E 3 pellet2 phosphate buffer saline
(PBS: 0.13 M NaCl, 2.7 mM KCl, 4.3 mM Na,HPO,,
1.4 mM KH,PO,) &+FgHo 2 dAestqnt. @&
A2 30,000 rpmol A 2417 FoF 2PUA LS AA]
% pellet= PBSE A F-FAIA Hlo|H 25 FF
ATt vlelH 25 AAstr] fl8l, w59 vloly 2~
£ step sucrose gradlent (20%, 35%, 50% sucrose &
A(ww)) Aol B F 21,000 pmOE 2417+ F2F
294 & AAIBHATE 20%9} 35% A Aol 3
45 vlol 22 FAE= bandE TA|E o] &
st FH 3 §, PBSE dAEst 243 5 2UA
ekt 94 22 F dojxl =S PBSE
oA AldEs & 253 7]7](Branson, USA)S
ARE8Fe] 40 kHz= 1413 A2 dk & ARg-3tr] A

744 80Coll BESITE VHSVO tiek 28 &
A5 Aiketr] 918, A & 233 A 2]g VHSV
(¢F 100 ug)<} incomplete freund’s adjuvantE &
© 2 4]o] BALB/c vh-¢-2=9] Eulol 13} HF35t
G, 25 o FY3 VHSVE 23t HEF3H T
22+ HE 15 Fol Y3 VHSVE 33 WS 3}
AT 3Y & mp2o] HEZHS £33 F PEG
(Roche, Germany)% A-8-3Fe] SP2/0 myeloma cell
M}t §7AIZI & fetal bovine serum®] 10% 7}

# hypoxanthine-aminopterin- thymidine (HAT) 8] %]

mlo
FEE

ol
-

(0.1 mM hypoxanthine, 4x10* mM aminopterin, 1.6x
107 mM thymidine in Dulbecco’s modified eagle me-
dium)2 & A7l & 96 well plateo]] B3} 3
7CE HAAE CO, vl 7)ol A vl F3F S th(Liddell
and Cryer, 1991). %4 hybridomat A A ¥ VHSV
g FYo 2 AHE3t ELISAY o2 A3ty a
33] o] & A7 MM or ZEY A THLiddell
and Cryer, 1991). 488 922 A9 isotyping
Pierce rapid ELISA mouse mAb isotyping kit
(Thermo, USA)E AF-&3te ZAA 3T VHSVA
3k A ] AAF-9 & &ASE7] Al sodium do-
decyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE)$} western blot= 4 A] 3} Th(Laemmli, 1970;
Towbin et al., 1979). A ¥ VHSVE 12% poly-
acrylamide gel®l| loading$+ ¥ 30 mAoA H71F &
shith A719E 5, gelol = DS transblot
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ZA|(ATTO, Japan)E ©]-8-3t 144 mAA] 14Xk
&<t nitrocellulose membrane (Bio-Rad, USA)°ll
blotting3t I tF. 2% skim milkZ 1417 5-2F block-
ingd &, & A4 A2 MAb(1xF 3HA))2} al-
kaline phosphatase (AP)7} E©] 9l goat anti-
mouse IgG serum (novus, USA, 22} A, 1,0004)
3| ARG 2 REZAIZ T LA A (100 mM Tris-
HCI, 100 mM NacCl, 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 phos-
phate p-toluidine salt/dimethyl-formamide) 70 ul)=
Al Ste] ko 2 SRlgh & A H A (1 mM
EDTA, 10 mM Tris-HC)S H7letdth &4 iz
TEE B A7 E7Z5E A2 VHSV
ol o3t polyclonal antibodyS AF-&3F%9Th VHSV
2 Ao gk vhES F1str] 98, VHSVel
724 FHM A Z e} A2 FHM A& AF-8-31<
western blotS A AR T VHSVe| 7 d Al

= VHSVE FHMe| ‘355} 3°WH SDS-sample
bufferE 718t} M EE lysis A2 F 100C ol A
3E3E A st FHlsk AT Xﬂ’—‘]’% MAbe| &
o|=F H7tst7] fAsl 7E 9 violg 2~E ARt
ELISAE A3l th VHSV (10° tissue culture in-
fective dose (TCID)so/ml), A EAZE 7] A=}
©] 2 Z(infectious hematopoietic necrosis virus, IHNV:
10"* TCIDsy/ml), g X] 3 =1}o] 2] 2~(hirame rhabdo-
virus, HIRRV: 10*° TCIDsy/ml), ¥ o]&-u}o]e] 2
(spring viraemia of carp virus, SVCV: 10" TCIDsy/
ml), A2 #7¢3) AZ ko] & 2 (infectious pancre-
atic necrosis virus, IPNV: 10°% TCIDsy/ml), 3l %1
eko] 2] 2~ (marine birnavirus, MABV: 102 TCIDsy/
ml) ¥ A7 3 A}5Hlo] 2] 2x(nervous necrosis virus,
NNV: 10" TCIDsyml) &S EHFE 3208
8] A43}e] 96 well ELISA microplates (Greiner bio-
one, Germany)©ll Z+7} 50 pl® BF3 3 37Coll A
overnightdo] Y-S F AT T-PBS (0.05%
Tween-20/PBS (v/v))Z 33] AA3 & 5% skim
milkE 380 ul & EF3te] 25TCoA 1A <
blocking3tAth. 12} A 2= B Aol A A2+
MAbE 50 ul ¥ 53t 2, 22+ A= horse-
radish peroxidase (HRP)7} 32 o] 9= goat anti-

mouse IgG serum (Youngin, Korea)E 5% skim milk
2 1,0008) 343t well B 50 pl2 EFH
ELISA &A1 (100 mM Na,HPO,, 50 mM citric acid,
1 mg/ml o-phenylen diamine, 0.1% H,0,)< well &
50 WA ko] ST 2 wellol IN HaSOq
E 50 Wl Yol WAS FAAZ F, 492 nmell A
&34 (opical density, OD)E =43}t

Za U o
2 AFodAE= VHSVE
MAbS A AFstazl stk G A VHSVE AHE
sl SDS-PAGEE AAIsH A3, °F 62 kDa, 42
kDa, 29 kDa, 25 kDa®] &#}#o] &-<¢1% 3l th(Fig.
la). §A & VHSVY| vlo]lg 2 F+2 @z
>140 kDa (polymerase, L), 61.6 kDa (glycoprotein,
G), 43.1 kDa (nucleocapsid protein, N), 28.4 kDa
(phosphoprotein, P), 24 kDa (matrix protein, M)2. =
B Eo] 9th(Takano et al., 2000). £ - A
A% VHSVE] SDS-PAGE #|®H2 7|&o] Ry
A7} A9 FrAtskA
259 Xg¥ VHSVE vhg-20] HeAzl &
u}-9-2~9] Y- 3} SP2/0 myeloma Al ZE §3HAl
7] hybridomaE A 23} th. Hybridoma®EFE A
A %= &AS ELISAY O Z A¥E3 & A3 34
Mog FRY3te] HE2 07 479 MALS A
B3k T 471 9] MAbeF A VHSVE AR-&3he
western blot= A A g A3} A thZF(& VHSV
L= f‘éfﬁ)ﬂwi oF 61-66 kDa, 442} 46 kDa, 25
kDa @ 21 kDaollAl ¥l=7} &2 5 th(Fig. 1b).
2 ZA3= HAE VHSVE SDS-PAGE Z e}
AR RS B 9]o] w2 247 G, N, P, M
proteing Q14 eh= A 02 AR HE T 25 kDad} 21
kDa9] 7§, SDS-PAGE A9} ¢F7te] zlol & B
A ol EAE &4 A HAEhe o/FE A7
o} MAb 1S 9F 26 kDaS 734 <
MAD 2+ 9F 21 kDas 733hA Q1418 it ofy e}
oF 469} 44 kDaZ <FstAl QU238 ThH MAb 32
°F 21 kDag °Fa}A| 14383, MAb 4= °F 41
kDa} 36 kDag Z3tAl 1213t T VHSV 24
¥ FHM A E2} B4 FHM Al Zo) thdl MAb2

Eolhog Qlaahs
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Fig. 1. SDS-PAGE and western blot analysis. (a) SDS-PAGE analysis of the structural protein of VHSV. M: molecular
marker (Bio-rad, USA), VHSV: purified VHSV particles. (b) Western blot analysis using purified VHSV and four
monoclonal antibodies (MAbs). M: molecular marker (Bio-rad, USA), P.C: Anti-VHSV polyclonal antibody, 1-4:
MADs. (c) Western blot analysis using VHSV-infected FHM cells and normal FHM cells. M: molecular marker,

1SS £ALSE A3 MAb 13} 49L& VHSVel 7+
FHM A Z | Al Z}7} oF 26 kDa¥} 43 kDa®]
2 75HA 214893, MAb 291 = ¢F 21
kDa< ¢FstAl 1213t MAb 32 VHSVel 7+
| WH-8-3HA] ek o, MAb 1~4+ 73HA]
5 w334 2 th(Fig. 1c). A1ZHE MAb
S5 FAs7] A3 759 volH 2E o]
83t ELISAE AAIgE A3, 4719 MAb B+
VHSVel 2k 8F-8-(0D: 0.23-1.6)3F 1L, 65 2] ol F
Hlo] 2 2~(THNV, HIRRV, SVCV, IPNV, MABV,
NNV)oll A &= §h&35HA] 2F 3k Th(Fig. 2). MAb 1, 2,
4= 247} 1.6, 1.1, 0.79] ODZE H 4L, MAb 3&
0.23°] OD#tS H Gt o9 A, A &E MAb
1, 29} 4= ELISA “Foll A VHSVO Z3}A] Hk-&-3}
= Aol E1HAT. 471 A EHH MAbY isotyp-
ing 23}, H chain IgGl, L chain> B kappas
AAst= Aoz 8<2lE % th(data not shown).
B AT A= VHSVY Uik ol o2 w3

3k 4719 MAbE A4 T 47 MAbE west-
ern blotoll 4 MAb 12 P, MAb 29} 32 M, MAb
4= NS A9t =3 MAb 13} 4= VHSVel
4= FHM A E A 7}shA] W33t T} ELISA
ol A= MAD 1, 2 @ 4= VHSVOl ¥-$-319 IL(MAb
17 27} A 933 652 o Fulolgl 2ol RF
2512 2kt o] e A3 MAb 13 4= western
blotoll A, MAb 13} 2= ELISA°IA] VHSVE HZ
st 83t AHEE 7 s ZoE AlndETh
2 AFAdAE 7S B AT Y e
Z VHSVE AAS F(Z=23 1A g VHSV AE)
MAbE A2 A3, 5719 MAbE A4k <=
= °]& MAbE G @He N (17D E U8k th
(data not shown). & AFolAl+= =53 Hgd
VHSVE A&3ld MAbE A2+ A3, GE <14
st Al d8 F gl oy N ofye} p,
ME A8 FAE IS F AT B e

13] 2943 A3tz A nlustr]ds A7 Ao
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Fig. 2. ELISA analysis using seven fish viruses
(infectious hematopoietic necrosis virus, hirame rhabdo-
virus, spring viraemia of carp virus, infectious pancre-
atic necrosis virus, marine birnavirus and nervous ne-
crosis virus) and four monoclonal antibodies.
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