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Construction of ELISA System for the Detection of Indian citrus ringspot virus
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Indian citrus ring spot virus (ICRSV) is known to cause a serious disease to citrus, especially to Kinnow
mandarin, the popular cultivated citrus species in India. In this study, we developed diagnostic systems based
on enzyme-linked immunosorbent assay (ELISA). In order to generate antibodies against ICRSV coat
protein, we overexpressed the coat protein in Escherichia coli using the pET15b expression vector containing
an optimized ICRSV coat protein gene. The recombinant ICRSV coat protein was overexpressed as soluble
form at 37°C upon IPTG induction. The protein was purified to 95% in purity by Ni-NTA column
chromatography. The purified protein was immunized to rabbit for the generation of polyclonal antibody
(PAb). The PAb showed a specific immunoreaction to recombinant ICRSV coat protein in western blot
analysis and ELISA. Diluted rabbit antisera (10,000 fold) could detect less than 10 ng and 5 ng of the target
protein in western blot and ELISA analysis, respectively.
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(Citrus nobilis Lour x C. deliciosa Tenora) 57314 o]=
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5, 1993). %= 7 U3 WY vlo]#] X (Indian citrus ring
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22 JAE 7HAH FAAE 7.5 Kbel d}e] ssRNAR
T4 5ol tH(Adams 5, 2004; Rustici 5, 2000a; 2000b;
Sharma %, 2007). & 6719] ORF7} EA)5tH °]&2 7t
Z} 1873, 25, 12, 6.4, 34, 23 kDa®] whja-g A3},
ORF 1 replicaseE Z3H3}= polypeptideE &5 3}51H,
ORF 2-4+= ftriple-gene blockE 1733}, ORF5+ 34 kDa
o] ojyjeAS A, ORFo= oF2 L o] 7f
HE 2] U THRustici 5, 2002).

HE- A (graft transmission)ol] 2]3Fe] A ETH
71 ICRSVE T2 HEAZ F 249 § 11 S-S UE
HrhByadgi &, 1993). 7142 &, EY, Ao, A% S
oJgt 73S o7 HALER] eQYTtH(Pant 5 1998; Thind
5, 1999). o]E9] Ad=EH o AP HF 4 ut
F (chlorotic ring), ¥Hd (spot), Y& Wk (ringspot) 5°] B
d=]ar 9lo] HA gepbe 44 YERdTh o] & AIZE
o] A& Aol F, FA, A7 F ¥ ok F
Wl acid, Vitamin C, sugar 5°| Zr4&ste] 444 2 A4t
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Btk 5, ICRSVZ} =™ 57l =gt 44
& &4 ¥ ghRustici 5, 2000b; Singh 5, 2008;
Thind 5, 2005).
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ICRSV #jo|child {27 A€ 2] Optimization¥} =)
Z3 Zg&v=E AR, ICRSV &ydmd f4x1e] o
71 ME = Indian citrus ringspot virus] °F 23 kDa nucleic
acid binding protein gene(GenBank ID : AAO72988.1)&
EHE E coli®] codon usageo] A §HAE TAI5IA
TH(Gene script, USA). ©]% N-terminaloll Histidine®] tagging
o] dHEHEE ICRSV F31AHs L3 WEIQ]l pET15b0]
FzYsla o5 2d F59 E. coli BL21(DE3)] 32
ZAZA AT

A ZF ICRSV ok wkd 2 AA. pETISH/
ICRSV A=} Zefr=r} 23k E. coli BL21(DE3)
5 LB/ampicillin Smlol| F3ke] 37°Col|A] 8l %3}
Atk ©]E LB/amp 119 H7Fste] ODgy7t 0.60] 2 o
7HA] e ¥, HE F57F 1 mMeo| HEE IPTGE #
7YSIAL 37°ColA 4N 7 Bt mi ekt FA1E 5000 rpm
o2 107 ¢4 st FHES A buffer A(S0 mM
Tris-HCI pH 8.0/100 mM NaC)Z &E H 7312 w2
3] 35,000 rppm o2 1A17F 293 st st A
AES ztzt B8tk IPTG A2 A3 A%, A%
| & ezt JAES SDS-PAGESIY] =3 ICRSV
S|k d o] WA gdS Rl AE o & 42
A5 NS Ni-NTA columnel] S H W buffer AZ A&
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ST o] % 40, 80, 160, 320, 500 mM imidazole®] 3
fs]-ﬂ buffer AS A;z].;e o= iaﬂibl-] D]—H“ zlg _9_%—(:5_}
< 30,000 MW centrifugal filter2 TA] FA| - 5531
SDS-PAGEZ <1514t
EZE A A A AZF ICRSV Lojwz
200 pgt 52| Freund's complete adjuvant2} &33}oq
E700 HF3taL 35 7HAo2 s3] A% ICRSV ¢
vkl A3 F 2] Freund's incomplete adjuvantE &3
sto] 23] BAHEFS AASHATE 32 FF 49 F A9
Ao gy Aol FA7E YEAEA] ELISAR 9
3l 5] 35 FHol| AAS A=z ICRSV 9T a 50 ug
HF HFA 4Y F E719] sl st €
< sk
Indirect ELISA 73, 96 well plate welloll “gA1€ =)
Z3}F ICRSV 2]F| Tl A8 Coating buffer(0.2 M NaHCO,,
0.2 M Na,CO3)2t 410] 20 pg/ml EE2 100 pl¥ 4°Co A
kAl F219Th PBS-T(PBS, 0.1% Tween 20, pH7.4)2
S MAE ) 3% bovine serum albumin(BSA)E 37°C
o4 3A]7}F blockingstith. PBS-TZ 33] A& slx, &%
= 1093 SAH o2 3|4 ate] 37°CollA A7 Rk
S-S WYsA T PBS-TE 33] A& 3}, 1:5,00002 3
21 ¥ HRP conjugated Goat anti-Rabbit IgGE ] 7}3}]
37°ColA 1A17F REg-A1Z T} PBS-TZ 53] A% 513, PCB
(0.05M C¢HgO,, 0.1 M Na,HPO,) 3 ml, o-phenylenediamine
dihydrochloride(OPD) 2 mg, 30% H,0, 8 ul& 3 7}3}¢]
wellol] EFsATh A-2oA 2027 E4aW-ES Al7]AL
4N H,SO &5 H71ste] E4aRkg-S A Z T SARES
9] X+ Microplate ReaderE ©]-8314] 490 nmollAl =
sk ‘:} TS AJZ£F ICRSV 9]34‘%““ 1o] T w

o o F_O,
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Western blotting. At 223 ICRSV <] he)
< 12% polyacrylamide gelol| A 719 &3 & Tz

)
PVDF membranel = M‘:]- 1% BSA”7} ¥3t¥ TBS-T
(TBS, 0.1% Tween 20)°] ¥ 3L 37°CellA] 30% ®H&AIZ
t}. TBS-TE 33] A& &}, TBS-Tol &S 10,0008 3]
A% AL 13 FAZ AFESl] 37°CollA] 455 HESAIA
t}. TBS-TZ 33] M4 3}aL, alkaline phosphatase(AP)7} Z
¥l Goat anti-Rabbit IgGZ 5,0008] 3|23 3}ed 37°Col|A]
308 wkg A Zth TBS-TE 33 Al &3}, AP buffer
(100 mM Tris-HCI(pH9.5), 100 mM NaCl, 5 mM MgCl,)
o] NBT/BCIPE 1:75002.2 #H7}3le] WA Zl & A

ZH5E olgdtel WAL YA AL
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ICRSV &bl A =3 Fef=v|= A= ICRSV
o] ZIghH kS 98 ICRSV7ZE 298 A|E2 gr st
& o}, = by F5 2ol BHyH A8V}
slom, ) AeAE oA o] vl Eof 7
HAEE AYERH FYshe A= dA8e
sttt olof] olm w7 A A7IME
o gt ollA] HAA|A ICRSVE] <7ty
o g HEE FAE A stz shck WA Az
ICRSV ojutd-g- gigd<tol|A L7171 $18l, ICRSV
Q]I F-d2HE] codon T HAFTFAA & AFEEA] 2=
codons 7+t codon usageol A #3153t} oo
w2} Gly, Ile, Leu, Pro, Arg 52| codong Table 13} 7+
o] A 3slalgith. ¢l & ICRSV & 3]-f2 2o A Glycined]
4% GGA, GGG codon®] 43] AME-E3L oL}, i+
oA & rare codon®| 22 7oA 3 anti-codonS-
7 tRNA X271 & GGCE HAEA Az H 2 3te
ICRSV 9|35 21978 bp)y= 5- & 3-Hetol] 2+ Nde |
3 BamH Isiteg F7Fete] F44F P2 A8
otk FAE FAAE T AgELE HEs F, gt
AW E Q] pETISb WE ol 4Fdstin). wjze] G415
fl8ted AZ=FF ICRSV 2|3 A o] N-terminalol] His-tag
o] AgtEo] THEEZE 59 THFig. 1A).

A Z$ ICRSV S chaide] vty 2 Az, AxH
ICRSV gtz o] W S E13817] 913 pET15b/
ICRSV Z&t2n =7t g4 A E coli BL21(DE3) Al

i o
)

Table 1. Optimization of the ICRSV coat gene sequence for
Escherichia coli expression

. . - Optimized
Amino acid Original codon  Frequency codon
GGA 3
Gly GGC
GGG 1
Tle ATA 2 ATC
CTA 3
Leu CTT 2 SUS
CTC 8
CCA 13
Pro CCT 9 CCG
CccC 11
AGA 1

CGT
CGA 5
Arg
AGG 1
CGC
CGG 1

Zo] wjgAe SDS-PAGEZ 2lIst A3}, IPTGE A2
a1 2 AEAA = LwF TAEE oF 42 kDa] A=
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1S 2l al %l th(Fig. 1B, lane 2). ©] % inductiondt Al
NS HA BElet] AAES FTHE dol &
A2 ICRSV & huldo] =84 thulz
£ AL gl thFig. 1B). %3 ICRSV 9
TS FAIE] f18te] 4SS Ni-NTA column
71 &, imidazole®] FE5 HA} Eo7iy &5
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Fig. 1. Cloning and expression of ICRSV coat gene in
Escherichia coli. (A) Constructuon of the expression vector
pET15b/ICRSV coat protein. (B) Expression of expression of
ICRSV coat gene. The overexpression was induced by 1 mM
IPTG. Lane 1: uninduced cell lysate, lane 2: induced cell lysate,
lane 3: pellet after sonication, lane 4: supernatant after sonication.
Arrow indicates the ICRSV coat protein.
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Fig. 2. Purification of the ICRSV coat protein. (A) Purification of
the ICRSV coat protein by Ni-NTA column chromatography.
Lane 1: flow-through, lane 2: eluate by buffer A, Lane 3, 4, 5, 6,
and 7: eluates by 40, 80, 160, 320 and 500 mM imidazole,
respectively. (B) Removal of small contaminating proteins by
ultrafiltration. The eluate solutions from 160-500 mM imidazole
were combined and further purified by ultrafiltration with a
centrifugal filter membrane (cutoff size 30 kDa).
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Fig. 3. Generation of polyclonal antibody against ICRSV coat
protein. (A) Western blot analysis of anti-ICRSV coat protein
serum on ICRSV coat protein. Lane 1: control E. coli cell lysate,
lane 2: induced E. coli BL21/pET15b-ICRSV cell lysate, lane 3:
purified ICRSV coat protein. (B) Titration of rabbit anti-ICRSV
coat protein serum against purified ICRSV coat protein by
ELISA. Absorbance at 490 nm was measured after ELISA
reaction.

¥ duld o= o}z Aol Aiar gl BEEol
< MWCO 30,0002] centritugal

filter® oJ3}3le] A AR 2 A3} 95% o] =&
g =5 ICRSV &yjehiiadS HA|g 4= AT (Fig. 2B).
& ICRSV 93]kl 3] A2 & ELISA system
T3, AAE AxS ICRSV 2wl dS g7]o FA}

O

ste WARESS F=38HA L, 2 A3 FICRSV &I w
N BEFE GAE ALein. AzE EEFE 3A 9
Aeg A S8t E71 €3S A3 ske] ICRSV
Qo ek Aol gk A 2] So]4d-S Western blot analysis
< B3l e BEE dAe o9 tiE7 pET15Hb
WElv YA A8 © E coli BL21(DE3) Al Zuj o] tf
A= Folgh vhg-S HolA| Zti, ICRSV &Iy
Aol A RE o]l WSS R, BEZFE A7}
E. coli &) ©r¥do] opbd )=} ICRSV <7l o)
EoldQl FAZ AAEUTS FASHATHFig. 3A). ©]

T ELISAZ A9 97t5 et 43, E7]9 A
< 10,00081747] 8] At A2 ICRSV & jeha =
o Zgk vHgA3S YERATh(Fig. 3B).
sted 10,0008] 3143 HEE 3471 ICRSV
Uit E S & AET - JJerz, o] A HE
£ A7) flste] st 529 ICRSV & Fjehd
2 ZA &}l A Western blotZ} ELISAS 2 A3t 2
A3} Western blot #4122+ F4 10ng, ELISAZE 5ng
o] A =3 ICRSV Lot de] HEo] 7He3l th(Fig.
4). Rustici 5(2000)¢] B o] =W [CRSV7/F 9=
citrus WF2] leaf tissues 100 gollA] <F 1.75 mge] w}o]
2 QA HEHEE ALE 528 JAE ol 8F A
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Fig. 4. Sensitivity of rabbit polyclonal antibody to detect ICRSV
coat protein. 10,000-fold diluted anti-ICRSV coat protein serum
was applied to various amounts of ICRSV coat protein. (A)
ELISA analysis. (B) Western blot analysis.
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