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Production and characterization of monoclonal antibodies
against white spot syndrome virus (WSSV)
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White spot syndrome virus (WSSV) is a prevalent and virulent pathogen affecting cultured whiteleg
shrimp (Litopenaeus vannamei) in Korea. In this study, seven monoclonal antibodies (mAbs) (10A12,
16C3, 17G4, 21GS5, 22C4, 23B6 and 24G6) were produced by using purified WSSV. The reactivity
of these mAbs was analysed by Western blot (WB), indirect immunofluorescence (IIF), and lateral
flow immunochromatographic assay (LFIA). WB analysis demonstrated that three mAbs (17G4, 22C4,
and 23B6) reacted specifically to VP28 with an approximate molecular weight of 24 kDa, mAb 16C3
reacted with approximately 17 kDa. IIF analysis demonstrated specific fluorescence signals on gill
tissues of WSSV-infected shrimp, with five mAbs (10A12, 16C3, 22C4, 23B6, and 24G6), pleopods
from WSSV-infected shrimp were used for LFIA, where, two mAbs (21G5 and 22C4) exhibited pos-
itive reaction. In conclusion, it can be inferred that the mAbs usage and specificity depends on the
nature of assay used for diagnosis.

Key words: white spot syndrom virus (WSSV), monoclonal antibody, Western blot (WB), indirect
immunofluorescence (IIF), lateral flow immunochromatographic assay (LFIA)
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rus 0l &3h= ubS 7R gl ko] utoly
224, 6709 Fa Tt Tl vp2s,
VP19, w8 LAl =: VP664, VP26, VP24, VP15)
7} ©F 300 kbp (dsDNA)S] a4k = FHAd w0 Utk
(Lo et al, 2011). WSSVE HALSI= WHo 2= F
2 EAAYESH W<l polymerase chain reaction
(PCR) T+ real-time PCRS AR8-3}a Q) THNIFS,
2021; WOAH, 2021). 9]2] HHEL 7=} 5o
=7F itk Aol dod, AEAR] 71sH
5% AU E QR ERE F @A ALE
st7]ol= FAI7E ok A E TRt ®
eral flow immunochromatographic assay (LFIA)= &
ol HAAE A& AAE o e HHew
A AAHSZ A, 7H SellA EA sk AR o
GJAAE AAeks 48] AHEE3 T (Ngom
et al., 2010; Huang et al., 2016; 2020; Kong et al.,
2021; Shyam et al., 2022). ¥ AT A= AA AL
& WSSV LFIA 7|38 913 7| Z2AF 24 WSSV
of thgk &&E & (monoclonal antibody, mAb)S
Ay skst At gkl
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o} AN Al$-2] o}7}r]E phosphate buffer saline
(PBS: 0.13 M NaCl, 2.7 mM KCI, 43 mM Na,HPO,,
1.4 mM KH,PO,) €584 0= 1:20 (0.05 g/ml)°]
HA st vk g &, 4°Coll A 2,000 rpm o=
1583 YAl st S &2l &, 045 um
syringe filter= o 373} WSSV HFE(3
WSSV-GoC18)& FH| 3 Th WSSV

S 53 ko2 AL, sucrose F
B3l AU ZFE AP oAl 9
FogHE UL °
AN HFH T A 1621 g) 1,000 vF ol 2
copies/100 pl2] WSSVE Z+zF &8 Ulo] #
T 108 FZRAAM(F2: 24-26°C) 78 AH-23HA
ot WSSV HFE &, BIAF e o] A7 HEEE
A 3ked &F-8-31 4450 mM NaCl, 10 mM KCI, 10
mM HEPES, 10 mM EDTA.Na,, pH 7.3) (Vargas-
Albores et al., 1998)7} & FAVIE B3l €9
ZE FH3) -80°Col| HAEATE niolHAE AHA
3171 98 @YZE 13,000 ipm O 2 20E-7H4°C)
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dAAEgste FE5dS E283 F, 15,500 rppm S
2 2AZH4°C) e 22U S AAIRE F pellets
PBSE Hf % 1,000 kDa dialysis membrane
(Spectra/Por, USA)S AH&3}o] PBSE £33t}
FA8 dlo]H~E step sucrose gradient [20%,
35%, 50%, 60% sucrose 2H(w/w)] ¢l €& &
30,000 rpm O 2 241 7H4°C) T 2 LAS A A
-, 35%%}F 50% A Ao HielH=E A
PBSE #ES}A] 30,000 rpm O & 24 7H4°C) <k
ZAAEHsAT dAdEE T dojF pellet>
PBSE A dE3te] -go°Cell B3 TH

WSSVell g mAbe Kim et al. (2018)2] ol
whe} A2t G AS WSSV(CF 100 pg)et com-
plete freund’s adjuvant (Sigma-Aldrich, USA)E &
FOE 49] BALB/c Ph¢-2=0] EA ol 13k HE3
Z 2F Zo] 5U3F WSSV(SF 100 pug)S A&+
22k AF3 A 22 HE 15 Foll TLI WSSV
(°F 100 pg)E AHE3t 33 Attt HF A
3Y & uhe-2o] v 248 £83 F PEG-1,500
(Roche, Germany)& AF&3+4] myeloma cell (SP2/
0Ag14)3} §FAIZ] T fetal bovine serum (FBS)
(Gibco, USA)©] 10% #7}F¥ hypoxanthine-amino-
pterin-thymidine (HAT) #lA] (Gibco, USA)E HE
A2 % 96 well platedll &F3t 37°CE 2A =
CO, Hj¥7loll A ueFst At (Liddell and Cryer,
1991). ¥4 hybridomas A+ WSSVE e o
2 X831 enzyme-linked immunosorbent assay
(ELISA) . 2 A3t 33] o] gk 34|
o2 2249 33tk AEHE mAbY] isotyping2 Pierce
rapid ELISA mouse mAb isotyping kit (Thermo,
USA)E AH&ste] Z2Asn & A7+ ddthst
A FELFEYUN LB 52U No. CNU JIACUC-
YS-2017-2)& wro} zla)st ot

A& mAbS] EAS &1str] Y8l Western
blot (WB), indirect immunofluocence (IIF)2} LFIAE
A XA T WBE Jeong et al., (2017) HH ol F3
A g WSSVE AF8-31] sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE)E
AN F, 2 Aol A A= 72 mAb (10A12,
16C3, 17G4, 21G5, 22C4, 23B6, 24G6)S A}-&-3}o]
HSAHT IFE 49 2438 &8 €2 wssvel
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o}, Aj$-2] o}7}wu]E 4% paraformaldehyde®ll 1A
%, frozen section compound (FSC22, Leica, Ger-
many) 2 Zwj|ste] 20°Col A FZASATH T2
E52 4 umZ 91-3H 3, cold aceton (-20°C)S
AREake] 2083 1187 § PBSE 33] AA 3
o123 FAlzs & AFelA AR 752 mAb
(10A12, 16C3, 17G4, 21G5, 22C4, 23B6, 24G6)E
50 Wl ko] 37°Col| A 1413 &9F WH-EAI R
a1, 22} A= fluorescein (FITC)7} E4 5 o] Q&=
goat anti-mouse IgG serum (novus, USA)S. 2 HH-&-
A7l & ¥3d v (Olympus, Japan) .2 23}
T} LFIAE Shyam et al., (2020) W el whet =)
2Lt 452 mAb (16C3, 17G4, 21G5, 22C4)
(I mgmhE 242 5 Uz 4R SFJAA ==
HPEE A ZSER O™, T3 test lineol| 22 T3}
o] LFIA stripe A Z3tAth A4 A2 249
/é%—]g‘ Egﬁ Ao WSSVO]] 7Loﬂg ,\H_?_g,]_ u]7l
M52 #92E sample buffer (EnBioGene, Korea)
=2 1'100 (50 mg/5 ml)°] HA E33te mha sk &
S99 100 plE LFIA FYTE o=y 108 &
AT 5191 3] AR BT
+, 9F3F XSS + 2XHE 2 FEA
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omag A|Z3FA T A2 hybridoma= F-8 A 43
H= 342 ELISAY &2 Al 3 A3 349
© 7 33 FE2Y3 HFZHOE 7709 mAbE Al
B3 tH(10A12, 16C3, 17G4, 21GS5, 22C4, 23B6,
24G6). 8= 7712 mAb2] isotypingS 413 A
#, 17G49] heavy (H) chaine IgGl, 2712 mAb
(21G5, 23B6)2] H chaine 1gG2a, 47] mAb (10A12,
16C3, 22C4, 24G6)2] H chain IgG2bE LHEFSHO.
™, light chain® =5 kappaE ¢28l= 2oz &
21 % A tH(Table 1).

A WSSVE AH8-3l4] SDS-PAGEES A A%t
A3} 17, 22, 24, 48, 68, 82 L 98 kDaoll A W=7}
2 =] A th(Fig. la). 53], 17, 229} 24 kDaollA 7
3t Wi =71 B ZE ST} Rajendran el al. (2004)2
WSSV(@EH= &8F)E AH&-3t] AAS A3, 18,
23.5, 27 kDaol A ZFgt =7} #FE T B st
Atk ol B AT At fAEEATH

A2 7702 mAbe] 548 E1lslr] 93 WB
£ A% 23 37019 mAb (17G4, 22C4, 23B6)=
ok 24 kDaS 7Z33HAl A4)3FA T, 1712] mAb (16C3)
= % 17 kDas 733HA 123+ eH, 3719 mAb
(10A12, 21GS, 24G6)= oW g W= HZH X
22 THTable 1, Fig. 1b). WSSV E] VP28l t3h )
23 oA (rVP28: 23 kDa)S FU O E AHREH]
ELISAS AAIE Aol A= 3709 mAb (17G4,
22C4, 23B6)= rVP28S Z3HAl wEg-3 AL, v

Table 1. Characterization of 7 monoclonal antibodies (mAbs) to WSSV with Western blot (WB), indirect immuno-
fluocence (IIF) and lateral flow immunochromatographic assay (LFIA)

WSSV detection methods

Monoclonal

antibody Isotype WB IIF LFIA
(kDa) PS* NS® PS* Ns¢
10A12 IgG2b, « ‘. + - NT NT
16C3 IgG2b, « ++ (17) + - - -
17G4 IgGl, « ++ (24) - - - -
21G5 1gG2a, « - - - ++ -
22C4 I1gG2b, « ++ (24) ++ - + -
23B6 IgG2a, « ++ (24) + - NT NT
24G6 IgG2b, « - + - NT NT

*“PS, positive sample (gills* or pleopods® of WSSV-infected whiteleg shrimp)
>IN, negative sample (gills® or pleopods® of WSSV-non infected whiteleg shrimp)
°++, strong immunoreactivity; +, weak immunoreactivity; -, negative; NT, not tested
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Fig. 1. SDS-PAGE and Western blot
analysis. (a) SDS-PAGE analysis of puri-
25 —‘-_ 24 25 — N - - 24 fied WSSV. M: molecular marker. (b)
Ry is usi i
20 20 — Western blot analysis usmg‘punﬁed WSSV
and seven monoclonal antibodies (mAbs,
1: 10A12, 2: 16C3, 3: 17G4, 4: 21GS5,
s “"‘ o 15— - - 17 5. 22C4, 6: 23B6, 7: 24G6).
© e

2] 470 ¢] mAb (10A12, 16C3, 21GS5, 24G6)= HH3-
3FA] 29k Th(data not shown). ©]°d<2] AZ=Z mAb
17G4, 22C4 2 23B6S VP28< 214]&t= 7o
AL E T WSSV VP19+& SDS-PAGE Aol 4 ¢F
18 kDaoll §1A3ta 73 M=E Ho|r] wjiol
(Tsai et al., 2000), mAb 16C3S VP19Z ¢12]3}
o2 FAHAY.

A2 7719 mAbot WSSVell T ® A
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(a) (b)

n 2t A9 ol7brlE AbEste] IFE AR A
3}, 5709] mAb (10A12, 16C3, 22C4, 23B6, 24G6)=
WSSvell 2 & oprir] 22 9] g A o ¥k
3} A(Table 1, Fig. 2a), 27H2] mAb (17G4, 21G5)
© oug s HREHA AYTh. 53], mAb
22C4= T2 47019 mAb (10A12, 16C3, 23B6, 24G6)
2o} 75k S-S BHTE WSSV HI S Al
o] of7br] A4 A= 7719 mAb EF HEE-3HA|

O
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Gold
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Fig. 2. Indirect immunofluorescence (IIF) and lateral flow

immunochromatographic assay (LFIA) analysis. (a) IIF

analysis with gill tissue of WSSV-infected whiteleg shrimp (arrow: intranuclear inclusion body). bar=50 um. (b)
LFIA with pleopods of WSSV-infected whiteleg shrimp. ++: strong immunoreactivity, +: weak immunoreactivity,

-1 negative.
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2 WSSvol e A 9-<f
) Ao fF9s AHgEte LFIA~ AAgE
A3} mAb 21G5= 73+ °o FAR-g-& BRI, mAb
[om™, 2702 mAb
(16C3, 17GH= =4 <& E%E}(Table 1, Fig. 2b).
WSSV "2 A9 FiZolAe =5 w-gat
A ekt

B Ao = WSSVl EolF oz w33l
771e] mAbE A4FEATE. WBOl A 4712 mAb
(16C3, 17G4, 22C4, 23B6)= WSSV VP28 =+
VP19 (FH)E Z3tA A2I3HATHTable 1, Fig.
1b). IIFol A mAb 22C4+= F4 A=l 23 785
By, 47H9] mAb (10A12, 16C3, 23B6, 24G6)=
kgl HH-g-S H AT} ©]F mAb 10A129} 24G6L
WBOH/H S-S RP oY [IFel A= A
22 HAY LFIA% A= WBS} TIFol A %‘é% B
2l mAb 21G5°A FA3 Alse g 8-S B
3, WBZ TFAl A 733k REg-& Bl 22C4= o4&
HH-g-S HYTh B %] WB T NFAA S-S
BIE mAb (16C33} 17G4)= LFIAoﬂ A SANES
< Bt o] AT Ay, AZE mAbe HA

Hol| whet gh-goll FAgk zto] & Ko, AA B
HZ 717] T2 mAb7} f85H AHEE 5 S
Sl= At AAbsks WiHol wet o] e
Zd 4 Atk WBE S AR o 2o
o] AL A(SDS)2F YA 2-mercaptoetha-
nol 5= 7F3te] ZolAl 7] wjio] @lzo] W
AEh @A &, 2008). WA &A= non-line-
arized T Ao A= FE olv] =2+ linear seg-
mentS 2] 3}HA| %E}(Kurlen et al., 2011). IIF=
39S paraformaldehyde 2 1.7 3} 9T}, Aldehydes
+ O E 7taA A 1 sH] wZel A7 <l
28k Aol AHETE TR H A, 2008).
ol2] gt o] F =2 Q3] YK HFAA FHES B &
A7F WBOlA 5402 Uehues 202 AlRH
. WBe} IIFoll A &3} Ao vk-g Ak oF
1A1ZFQ] ¥HH | LFIAE 108 oo $xHT}, o9
w2} LFIAC] AHE-5 = s o tig 135
o] v 43t ofF A2 AITF Wl g A
Hh-g-o] kg E oo} F}. o] 3 o] FZ s YK

fo rr 2 oE o
i o

d

[e:

4

mAbE WBS} IIFe)l FAS HP o LFIAA &
A4S UeldlE Ao Z AS5EHY gE9 LFIAC
74 vh-gS Bel A 2 AAYA 8L
2 UENGTE o]& LFIA 7] a3 A& A

Y o, 54 AApgel 2@ wheg 1l A 9
o] whgo] ofetAY gle A% desks A
°ol ¥ F& Wkl B F Ao
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