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Production of monoclonal antibodies against VP28
of white spot syndrome virus (WSSV)
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We developed and subsequently characterized mouse monoclonal antibodies (MAbs) against
recombinant VP28 structural protein (rVP28) of white spot syndrome virus (WSSV). We established
six hybridoma clones secreting MAbs against rVP28: 15A11, 20G6, 31H2, 34H6, 38D1 and 43Al.
All six MAbs recognized the 25 kDa of protein in gill homogenates of WSSV-infected shrimp by
western blot analysis, while no reactivity was observed in gill homogenates of normal shrimp.
Moreover, high enzyme-linked immunosorbent assay (ELISA) optical density (OD) values (0.8-2.68)
were observed in the hemolymphs from WSSV-infected shrimp, while low OD values (less than 0.24)
were recorded in the hemolymphs from normal shrimp, by using these six MAbs produced in this

study. These results suggest that these six MAbs are useful for the detection of WSSV.
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N ™ (white spot disease, WSD)-2 =< H]
Fot] T, &, THOMA o}, Bl TAAA ¢
A= A= AFollA EAstE Ao R delA
ot (Egusa et al., 2006; OIE, 2017). WSDell 23
A= dRbA o2 FF3o] SNk o] FA L,
Bzt o= ouidd Tl 71de =
Zlol| A Az o] 3 withel A EAA7E BEET
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(Egusa et al., 2006; OIE, 2017).

wSDe| ¥l HAA] AN FF o2~
(white spot syndrome virus, WSSV)< Nimaviridae
I Whispovirus <0l 438h= =7] 400x150 nm]
ek 717l g gk uioly 2= A 57He] F
& aad (2ut: VP28, VP19, FEH A E:
VP26, VP24, VP15)3} <F 300 kbp (dsDNA)2] 34+
© 2 FAH Yt} (Egusa ef al., 2006; Vlak et al.,
2005).

WSSVE ZAF == WSDE Adsies Wye=s
= FAAE o] &3 EAAESHH W (polymer-

ase chain reaction (PCR), real time PCR &), &3 &
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o] &g HHEAHQ HWH(enzyme-linked immun-
osorbent assay (ELISA), indirect fluorescent anti-
body test, immunohistochemistry &), ¥ 2] &2 &4
UH 5ol AFEE A T} (OIE, 2017). ©1& ZA}
W S, PCRY W e 228ha AA e =y
A WSSVE #HZ3stAH WSDE Httat=t] A
|53 Aok ey A EhA el R Wssvell

i3k So] FATVF BgEo]l UAA ol AHEHA
R Yot B AFolA = 2 dRANA Al&S
ko] golatA 282 + v WITH HAPH
ol M Hags 9T HHo= wssvel thgh
&= E &A(monoclonal antibody, MAb)E A%}
& Ao 5E4E HIFskAT. WSsve| vp2g
ohFet A AAbgol 8 AHEE
+0°] Rarxo] ¢lo] (Sithigorngul et al, 2006;

Makesh et al., 2006), ¥ 7o A= MAb A2t
g Bl g Az A vP2sS A AT

VERETET
oh

WSSVe] vP2gel td A xE wulA (vP2g)
2 ARY F vhese) WY FUOT ALgI]
MAbE A4tekit.

2015 1ol AF A-FA Gl A WSSV
of ¥ AT A (Litopenaeus vannamei)=
EE] DNA extraction kit (Bioneer, Korea)S ©] &3}
o genomic DNAE 3t &, Ndel3} Xhol2| A
FELXDES F7Est] A2 WSSV VP28 SF
& Zglo]™ (Forward: 5-AAACATATGGATCTTT
CTTTCACTCTTTC-3', reverse: 5'-GCTCTCGAGTT
CCTCGGTCTCAGTGCC-3)E °]-&3le VP28 4
A5 ZZ 319t (denaturation 95°C 1%, annealing
58°C 14, extension 72C 1+, 35 cycle). PCR 4H&=
€ Qiaquick gel extraction kit (Qiagen, USA)E ©|
4-3te] FAg & T-blunt PCR cloning kit (Solgent,
Korea)& AM&3te] S 23T A$E A Ndel
7} Xhol& o]-&3te] VP28 H-9 &5 Zehd ¥, pET-
23a(+) Td #E (Novagen, Germany)ol| A/ B 2
J3tATh A= vP28 @22 ExiProgen T
A A A 2% (Bioneer, Korea)S ©]-83l A=
Abe] miFd S wet A ETE By o g

A

4-U%e- 297

Aaratgoh, wdE vpes @S Ni-affinity
column chromatography (GE healthcare, USA)S A}
23l A g & storage buffer (50 mM Tris-Cl
(pH 7.6), 100 mM NaCl, 1 mM)°l] go] A& AL&
&1717kA] -80°Coll B sttt

VP28l tgk MAb:= Jeong et al. (2017)2] W'
of uwhz} A ZsF T} rVP28 (100 ug) incomplete
freund’s adjuvantE 5 F O 2 4o BALB/c U}
of dutero] 13 HFsHAaL, 25 Foll VP8R
22 A Fsk ek 22k HF 15 Foll rvP28E 3%k
AHS AT 39 § w2 fHEdS £
% polyethylene glycol (Roche, Germany)E Ak-&-3}
o] myeloma A3 (SP2/0-Ag 14)9} §FAIZ] & fe-
tal bovine serum®| 10% %7} hypoxanthine-ami-
nopterin-thymidine (HAT) "] #] (Gibco, USA)E &
A7l £ 96 well plated]] #7353t 37CE HAH
CO, " ¥7lelA BjYstATh. ¥4 hybridomas
rVP28E FYoZ ALg3lo] ELISAE AW3H%
3, A FAHez 33 F2Y YTt (Liddell
and Cryer, 1991). A8 ¥ MAb9] isotyping= Pierce
rapid ELISA mouse mAb isotyping kit (Thermo,
USA)E AH&3sto] 2433t

A ZLE MAbS] EolAd S ZASH] $3l, west-
ern blot¥} ELISAE AASFHATH (Laemmli, 1970;
Towbin et al., 1979; Kim et al., 2018). Western blot
+ rvP283 WSSvVell ZHd & Aj-e-oF A9
of7bu] =2 vl A& A8t 12% polyacryla-
mide gel®ll loadingd+ < 30 mASIA A71YF 3R
o A719E F, geloll = DA S transblot &
A (ATTO, Japan)E ©]&3t 144 mA°l A 1A1ZE
&<k nitrocellulose membrane (Bio-Rad, USA)°l
blottingd} A TF. 2% skim milk 2 1A]ZF &<t block-
ingdt &, ¥ AFA AZE MAb (12F &)<}
alkaline phosphatase (AP)7} &1+ goat anti-
mouse IgG (Sigma, USA, 22} &4, 1,0008] 3]4] Y
AHg) 2 BFS-AlZ) 2 AP7F B0 9lE substrate kit
(Bio-Rad, USA)E At&3ste] EAsITE A o
ZTE2+E= WSSV VP8-S Q148H= MAb (Aquatic
diagnostics Ltd, Scotland)E& AH8-3A .

ELISAE= WSSVell Zhdd A9} 8849
dHIZE AHRSte] AAEH. S/FFE 508 3
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A%t Y- ZE 96 well ELISA microplates (Greiner
bioone, Germany)®ll Z+Z} 50 pl/well 53 & 37
TolA ovemightdte] dHS FH 3T T-PBS
(0.05% Tween-20/PBS (vv))E 33 A3 5%
skim milkE 380 nl/well& 53t 25Coll A 14]
7t 5<F blockingd I Th. T-PBSZE 33] 4|43kl 1
2k FAZE B ATolA AL MADE AR T
270 8] welloll 50 nl#} ZEF3ked 25Col 4 1A1ZE 7t
&3t T-PBSE 33] A3 § HRP7} %4 =]
©] Sl goat anti-mouse IgG (Youngin, Korea)E
5% skim milk= 1,0009 2]43}o] well & 50 nl
st e, 25CollA 1A W58kt T-PBS
2 53] A& T tetramethylbenzidine base (TMBC,
Surmodics, USA)E 50 nl/well ¥-F3ke] 583+ 2
AR T ZF welloll 2N H S0, 5 50 nl 2 o i
Al Hk-8-8 FA]A1Z] & microplate photometer (Mul-
tiskan, USA)Z 450 nmol 4] &3 = (opical density,
OD)E =434t ¥4 YRTEE VP28S Q12
3} MADb (Aquatic diagnostics Ltd, Scotland)S A}
43ttt OD#L2 ELISAE 23] nHE3te] B3k
o= Yt

Zo ¥ o

B AFME WSSVE ol oz Ql2s}
MAbE A4tetaat stk A @i A
Al o2 A Ze WSSVl VP28 Al &g vl
< Ni-affinity column chromatography® “g A 5}
SDS-PAGEE A& 23}, oF 27 kDaoll A & Wl
=71 & AT (data not shown).

rVP28E WA & nh-9-29] - mye-
loma MZE §FAIA hybridomas A &}stH T}
HybridomaZ 5B A== A E rvP2s (349)
S A3 ELISAY o2 AW 3 A3 34
o8 FEYs] HFHOZ 6719 MALS AW
3 (15A11, 20G6, 31H2, 34H6, 38D1, 43A1).
6712 MAbS} rVP28E AF83}] western blot2 2
A7E A3, 67 A 5 oF 27 kDad] @ E &
Z5HAl A2)3FA T (data not shown). WSSVl 7+
AE Ao} ARG o7t 22 mRf S A
&3t western blots AAIS Aol A= 67 &

A BF WSSVel| R A< ofrbr] =2 w}
Aol qrt oF 25 kDaollA W=7} #HEH AT
(Fig. 1). 34H63} 43A1 Ao A= 15A11, 20G6,
31H2, 38D1 Bt} 7 ¥-3-S Bt &4 o=
TAAE WSSVell | A9-<f oyt =2 v}
Ao At eF 25 kDaoll A WRE7F BZE ST} o]
Aol A3k A ZHE 6712] MAbE western blotol] A]
WSSVel Eojd o2 wkg3l= Ao| FAFHUT

wssvoll | Ao M-S dd=ZE
AL&-3te] ELISAE AAIS 27, 6719 MAb &5
wssvell 2 A9 "z & OD#e
(0.8-2.68) a1, A Aj-5-o] E@zoll= 0.24 ]
3lo] ODS B AT (Fig. 2). 531, 15A11, 20G6,
34H6 2 43A1 A= 31H23 38D1 Bt} %8 OD
e Bt ¥ dEzFANME wWssvell 4=
g2l P ZA MR =2 ODFS AT o]
o] A3 AZE 6 /NS MAbE ELISAC A WSSV
of Eolx o g wkgale Ao ElE ATt AztE
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Fig. 1. Western blot analysis using gill homogenates of
WSSV-infected shrimp (a) and normal shrimp (b). M:
molecular marker, 1: MAb 15A11, 2: MAb 20G6, 3:

MAb 31H2, 4: MAb 34H6, 5: MAb 38DI1, 6: MADb
43A1, 7: anti-WSSV VP28 MAD (positive control).
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Fig. 2. ELISA analysis using hemolymphs from WSSV-
infected shrimp and normal shrimp and seven MAbs
(15A11, 20G6, 31H2, 34H6, 38D1, 43A1, PC (positive
control): anti-WSSV VP28 MAD).

MAbY] isotypes 4% A¥, H chaine IgGl
(15A11, 34H6, 38D1, 43A1)%} IgG2a (20G67} 31H2)
Z YEPZ o™, L chain® EF kappaZ A H S
t} (data not shown).

B AFoMe FAX gild gy dpiow
AZHE WSSV rVP28-S A&t F 6712 MAD
£ A2ketAth 6712] MAbE western blot?} ELISA
ol Al WSSvell Zad A2k A5 F
of FEZ F o B AFA AR A
WSSVE H=3dt=d #F83HA AHeE =+
o2 AsdEY.

A2 Tl A Al
SAE wiAlstEA 1
WA il HAEE e
(Gregorio et al., 2019). & AT
WA g Al 2~El o ® WSSV
g Az S-S AL g

Ea
al
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