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Production of monoclonal antibodies against infectious
hematopoietic necrosis virus (IHNV)
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Chonnam National University, Yeosu 59626, Korea
“Enbiogene, Yeosu 59771, Korea

Infectious hematopoietic necrosis virus (IHNV) is s significant viral pathogen affecting cultured
rainbow trout (Oncorhynchus mykiss) in Korea. In this study, five monoclonal antibodies (mAbs)
(IHNV-1, 2, 3, 4, and 5) were produced using purified [HNV. Reactivities of these mAbs were analyzed
by western blot (WB), enzyme-linked immunosorbent assay (ELISA), and indirect fluorescent antibody
test (IFAT). These mAbs recognized glycoprotein (69 kDa, IHNV-1), nucleocapsid protein (39 kDa,
ITHNV-3, 4, and 5), or phosphoprotein (27 kDa, IHNV-2) of IHNV by WB analysis. ELISA results
indicated that these five mAbs were specific to IHNV without showing any cross-reactivity against
other fish viruses (hirame rhabdovirus, infectious pancreatic necrosis virus, and viral hemorrhagic
septicemia virus). IFAT demonstrated specific fluorescence signals of IHNV-infected epithelioma pap-
ulosum cyprini (EPC) cells, whereas no reactivity of normal EPC cells was observed. These mAbs

can be very useful for immuno-diagnosis of IHNV infection.
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943 28 7] 7] A (infectious hematopoietic ne-
crosis, IHN)2 & A|A A 0. & Ao} of {Fof Azt
g & do7|= niolel A AW oR dEA
A THWolf, 1988; WOAH, 2021). IHN2] d<lg
ARl AFAE 287 Ao 2] 2~(IHN virus, IHNV)
= frH, obAlot H <, ofZ g7} % v =ellA B
1% 0] ATHWOAH, 2021). IHNVE Rhabdoviridae
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3} Novirhabdovirus <9l 431, 6712] gene (3'-N-
P-M-G-NV-L-5) 2.2 /4% °F 11.1 kbp®] negative-
sense RNAE 7}A 3L 9 oh(Kurath er al, 1985;
Dietzgen et al., 2011). IHNV< glycoprotein (G) gene
S A ATEATH BAE T s #A
A& (genogroup U, M, L, E ¥ Ne=z FEHTH
(WOAH, 2021). s ollA &2]¥d IHNVE &3
T welF7F L] A= genogroup Joll <53
S TH(Nishizawa et al., 2006; Kim et al., 2007; Kim
et al., 2016; Xu et al., 2019; Namba et al., 2021).
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Genogroup Ji= Shizuoka (JS), Nagano (JN) 2 North
Kanto (JnK) lineage 7+ =tl(Namba et al., 2021),
U BYFEL Jse) INel €8] A TtHKim e al.,
2016).

IHNVE HAsHE HHo2E ofF FIAEE
o] &3 TElMl YN, FAAE o] &3 A=
2] QI reverse transcription polymerase chain re-
action (RT-PCR)3# real-time PCR, & & o] &3t
W8t ®H<l indirect fluorescent antibody test
(IFAT)$} enzyme-linked immunosorbent assay (ELISA)
5ol AFEE I JATHWOAH, 2021). =ZUlolAHE
IHNVE AAFst7] 9138 RT-PCRY} o] 7 F3HA| 2

£ AT RORPES F2 A Ak o)F
PYES WRES Solwsh $osie Aol
Slov), AAE 18 A% Qe B4 gzt 2
82 SuE @A Agslle A7 Ao

f
RN

L

>~

]—(pomt-of-care testing, POCT)& &34
of Bat 7w} 4R J)eA B
WHo s @RNA Fu &4 A
A8 4 glth(Jani and Peter, 2013;
Banerjee and Jaiswal, 2018; Andryukov, 2020). =%
5 ©Y I =20ulE 783 Y (lateral flow immuno-
chromatographic assay, LFIA)> &¢l-&a] wk-8-&
ZIHFS 2 g POCT WH O 24, @Al COVID-199]
HJAAE HIZT dS T 79 o7 HAdAES
Ak d AF8E3 A tHDaoud et al., 2020;
Shyam et al., 2020; 2022; 2023a; Kong et al., 2021;
Mahmoudinobar et al., 2021). LFIA 714t A& 2tk
71ES M) feix = @A7F . astt oo
£ ATl A= LFIA 718 IHNV 88734 71E
M-S A% 7| 2ATEA HNVE Uik G432
A (monoclonal antibody, mAb)E A 4+3}aL#} S
et

-2 7\ & (Oncorhynchus mykiss) 25 2] gk
IHNV(E 2] RtUi02, genogroup: JN, GenBank No.
AB288207) (Kim et al., 2007)5 YO 2 A}-&-3}o]
mAbE  AZStH Y. IHNVE  epithelioma pap-
ulosum cyprini (EPC) A|3E)] HF3ste] thgF o 2 uf
&3 3 4°Col A 12,000 ipm 2 3027 YA EE]
sto] A &S AAT T FFAS EH5HA
t}. IHNV A= Jeong et al. (2017)2] W we}
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Anstgeh BelR welgs AEd poly-
ethylene glycol (PEG)-6000 (Sigma-Aldrich, USA)3}
NaCl& 27t 7.5% (wiv), 2.3% (wiv)E A713 &
4°Co| Al overnight 3} Th. PEG7} 2] ¥ nlo]& 2
Hj 9k 8 S 4°Col A 12,000 rpm O 2 308-7F AR
2]t &, pelletS phosphate buffer saline (PBS: 0.13
M NaCl, 2.7 mM KCl, 4.3 mM Na,HPO,, 1.4 mM
KH,PO,) &g o 2 eyt dekd-e 30,000
pmoll A 2413 Fet =LA S A F pellets
PBSEZ A F-FAA HpolH2=E AAsHAH.
TNVl t3 mAbE Kim et al. (2018)2] ol
wret A ZFe A TE A Ag IHNV (100 pug)$t com-
plete freund’s adjuvant (Sigma-Aldrich, USA)E &
FOR 40| BALBle W29 E4of 13k A3
F, 27 Fol SL HNV (100 pg) AHE5he] 23
Attt 22k HF 15 Foll L3 HNV (100
kB AHgete] 33 MsisiT A% WS 3Y ¥
upg-20] v 23S 288 T PEG-1500 (Roche,
Gemlany)—o‘ A3+ myeloma cell (SP2/0Agl4)3}
| & A1Z1 & fetal bovine serum (FBS) (Gibco, USA)
©] 10% A 7}¥ hypoxanthine-aminopterin-thymidine
(HAT) HlA|(Gibco, USA)Z HEAIZ] & 96 well
plateo] £F3+] 37°CE AAH CO, vl 7] A
Bl &3} A th(Liddell and Cryer, 1991). %43 hybrid-
omat &% IHNVE U2 =Z AH83te] ELISA
Ho = AL 33] o] AT sMPo R &
d 3A T AEE mAbY isotype2 Pierce rapid
ELISA mouse mAb isotyping kit (Thermo, USA)&
Agete] AAsTE B AT dddista &
A& 91939 5ANo. CNU JIACUC-YS-2023-
3)2_ dol 78 513 T
A2 Al o] IHNV I 595 &elstr] ¢
3, &= IHNVE AH831Y sodium dodecyl sul-
fate polyacrylamide gel electrophoresis (SDS-PAGE)
2} western blot (WB)2 & A8} Th(Laemmli, 1970;
1979). lﬂ%?‘& IHNVE 12% poly-
acrylamide gel®ll loading ¥ ¥ 30 mA°lA 7]
539t A9 F FE 3, gelS 0.2% coomassie
brilliant blue R-250 (Wako, Japan)2>. 2 3443}t
WBE 3719 % & gel(dY: 53 IHNV)S ni-
trocellulose membrane (Bio-Rad, USA)®]l blotting $F

Towbin et al.,
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%, B A4 AlZgE mAb (12F &A)<} alkaline
phosphatase (AP)7} £©] %+ goat anti-mouse IgG
serum (novus, USA, 22} &) 2 Hk-3-A| 7] 31wt
A A [100 mM Tris-HCL, 100 mM NaCl, 50 mM
MgCl, (pH 9.5) 20 ml, NBT (75 mg/ml 4-nitro-
tetrazolium blue chloride) 90 nl, BCIP (50 mg/ml
5-Bromo-4-chloro-3-indolyl phosphate p-toluidine
salt/dimethyl-formamide) 70 pl]2 A5t §to
Z Zelgk & A HA N (1 mM EDTA, 10 mM
Tris-HCl)= A7}t o

A& mAbS] Bol=5 E4817] $13l 452 of
7 vbolE 2= A4S H S AHE-31] Kong er al. (2019)
W ol £3) ELISAE AAetATh 452 o F nt
o] 2] 2~[IHNV (RtUi02) (107® tissue culture infective
dose (TCID)s¢/ml), ‘g %] 3 = H}o] 2] 2~(hirame rhab-
dovirus, HIRRV: 10*® TCIDsyml) (CA-9703, GenBank
No. AF104985) (Kim et al., 2005), 2 443 4= A
Z-H}o] 2] Z~(infectious pancreatic necrosis  virus,
IPNV: 10%* TCIDsy/ml) (VR-299, GenBank No.
AF343572) (Blake et al., 2001), vlo] 2l 24 & A
¥ & Zn}o] 2] 2(viral hemorrhagic septicemia virus,
VHSV: 1078 TCIDs¢/ml) (FYeosu05, GenBank No.
KF477302) (Kim et al., 2009)]& ELISA coating buf-
fer (0.05 M sodium carbonate/bicarbonate) = 3201]
3] 43le] 96 well ELISA plate (Greiner bioone,
Germany)®ll Z+2F 50 pl# B3 & 4°Co Al over-
night 3t 3& AT 14 A 2E & A
Tl Al AZEE mAbE 50 nl A 538t 25°Col Al
IANZE B¢ HH-gAF 3, 231 &A= horseradish
peroxidase (HRP)7} 325 0] 1= goat anti-mouse
IgG serum (Youngin, Korea)S 5% skim milkZ
1,0008] 3]43}ed 50 pl/well &F3F$ATE ELISA
WF2A) 9l [tetramethylbenzidine (TMB) substrate sol-
ution] (Surmodics, USA)S 50 ul/well 53+ 30
B2 2 S IN HS0.E 50 nl/well Ho] 24
< AN, 450 nmoN A FREE SH A

A2 mAbe] EA-& 4317 IFATE A A8t
St} EPColl THNV (10°? TCIDsy/100 nh)E H =3}
o cytopathic effect (CPE)7} 2= 10% formalin
£ F7tste] 1417 ?F 3183k vhol & 27t
Zdd Aot 44 AEE PBSE 33 AAT $,

5% skim milk® 380 pl# &3} 25°Co| Al 1A13E
&<t blocking 3FATE 12k FA 2= B AT A
A A mAbE 50 nl ¥ &F8ke] 25°Co A 1AI3E
U WSAIA AL, 22 A E fluorescein isothio-
cyanate (FITC)7} 4% o] Q1= goat anti-mouse
IgG (Novus, USA)Z 5% skim milkZ 508 3]4] &}
o] 50 ul/well EF3ke] 25°C Al 1AIZE E3F Bk
3tk AlZE PBSE 53] AAT & JFFAvA
(Olympus, 1X73, Japan)o. 2 #3231 T},

&3 IHNVE AH8-3te] SDS-PAGEE A A%
A}, & 5709 W=(eF 200 kDa, 69 kDa, 40 kDa,
28 kDa ¥ 21 kDa)7} &&= th(Fig. 1a). IHNVE]
TZ @9 A2 150-205 kDa (polymerase, L), 67-72
kDa (G), 40-43 kDa (nucleocapsid, N), 22-27 kDa
(phosphoprotein, P) 2! 20-22 kDa (matrix protein, M)
o2 FAF dtta Hiso] ¢ th(Mcallister
and Wagner, 1975; Hsu et al., 1985; Alonso et al.,
1999). E A 3-2] SDS-PAGE HH-& 7]&o|] B 1
H At FAsEA T

EES IHNVE vp9-2oof] AAZ] & vpg-9]
H7d 22 3 myeloma MZE FIAA F 5719
mAbE AY4FSFATHIANV-1, 2, 3, 4 L 5). 571<]
mAb2| isotypeS 413 A3} 2702 mAb (IHNV-3
3} 5)9} 3709] mAb (IHNV-1, 2 & 4)2] heavy chain
2 7y 1gG134 1gG2bE YES 2™, 5712 mAb
S light chain kappa® WE}5tTHdata not shown).

(@) (b)
kDa M IHNV kDa M 12345
250 — | 250 —
150 — 200 (L) 180 —
100 — 100 —
75 —
75— — 69 (G) — 69(G)
50 — 50 —
37 — W — 40 (N) 37 — *_ 39 (N)
=
— 28 (P)
25 — 25 — — — 27(P)
20 — =21 (M)

20 —

Fig. 1. SDS-PAGE analysis of purified IHNV (a), and
ITHNV recognition sites for five monoclonal antibodies
(mAbs, IHNV-1, 2, 3, 4, and 5) in western blot (b). M:
molecular marker.
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Fig. 2. Specificity analysis of five monoclonal antibodies
(mAbs THNV-1, 2, 3, 4, and 5) using ELISA against
four fish viruses (IHNV, HIRRV, IPNV, and VHSV).

AZE mAbE AHE3t WBE AAIRH A3, THNV-
12 9F 69 kDa (GE FA)& ZstA AstA L,
oF 27 kDa& °FatA 124383 th(Fig. 1b). IHNV-2
= 9F 27 kDa (P2 F3)S #A3HA d4 At
[HNV-3-2 ¢F 39 kDa (NO. & F3)Z 7131A <14
A TH IHNV-4E 9F 39 kDa N2 F3)E 73}
Al AA3FF a1, oF 36 kDa} 28 kDaS <143+ th.
[HNV-5= ¢F 39 kDa (NO.& F3)Z 7131A <14
AL, °F 36 kDa¥} 32 kDag 143t} o] 42
AZ mAb IHNV-1S [HNVE] -2 d@ilEel G,
[HNV-2+= P, THNV-3, 4 2 5= N 7J3H] Q14)sh=
Ao 2 AmdEt sHARF 3718 mAb (IHNV-1, 4
g 5= 5 & 2719 @ tisiA = oFst
Al §k-g-3H7] wZell, A3 A1S 3] S
A FF g dTFE0] FPE ook & Aot

% 9] o]F ulo]# (&Y [HNV, HIRRV, IPNV

N

o
e
X
oy
Ho
1>

VHSV)Z AM&3}e] ELISAES A A3 A3}l A
5702l mAb E5 IHNVOlA =& ODZ(0.6-
149y B3, 352 o F Hlo|2] 2~(HIRRY, IPNV,
VHSV)oll Al w2 OD#k(0.04-0.1)S YERA ST
(Fig. 2). IHINV<l| 2+ EPC A4 EPCE A&
3to] TFATE AAIS Ao A= 5719 mAb EF
[HNV 3 Ao A gt 733k 33088 B,
A Az = §HE-aA R U ThFig. 3). ol A
I, B AFoN A AZg 552 mAbe IHNVo T

e yd

EolA o2 W3t Zlo] glE o, A E 7%k
o7 3 AHstAl AAPEH(ELISASH IFAT)Cl
o]
o

Abololl k2= 7] W&ol LFIA®] A&% &=
FA = Fdol g x1s}Ho] w9 53k o}
-2 AIZE ol l-gkA wkg-o] g ojof gt}
A3=S HA WB,

LFIA 7]EoA &4 ¥H&& Hole 7971 ©ol
1 S H(Kim et al., 2018; Kong et al., 2019; 2021;
2022; Shyam et al., 2020; 2023a; 2023b), ©]3l ®kaj
WB indirect immunofluorescence (IIF)oll 4 =73
WS HYA g E LFIA 7| EddA= 23 44
& Hole H$7F AthKong et al., 2022). £
Al A ZE mAb WB, ELISA 2 IFATOl| %
B O LFIAY AHE 7Hs AR &
el e ojoF gt Bl Eo] =Wl IHNV
E-& genogroup JSSF INO| &3 gloem=w
(Kim et al., 2016), &3 LFIA 71E 73 9lo], 1S}
INell &3) e theFs IINV 28T A3

dob o 2 T o

e %
o 1o 2

AN o

Fig. 3. Reactivity of anti-THNV mAb
(IHNV-3) to IHNV-infected cells as
assessed using indirect fluorescent
antibody test (IFAT). (a, b) IHNV-in-
fected EPC cells, where (b) indicates
the positive green fluorescence upon
reacted with anti-THNV mAb suggest
the existence of IHNV.
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