REBBEEI0003) 434 15
Korean | Vet Res(2008) 43(1): 129137

A WA EF7EEF vl A9
Nucleocapsid %44 W& 9 2ghd -8

A, e, AR, AR, o)A, B’
FHANI polshoheh ol 7o, FANGS $o)3kak e o) sjeat,
FUFAHAAAY, FHARAYAG2
A5 200311 349 63)

Expression and diagnostic application of nucleocapsid protein of
porcine reproductive and respiratory syndrome virus

Hyo-Sun Park, Tae-Uook Hahn', Hyun-Soo Kim’, Kang-Seuk Choi’, Eun-Jeong Lee’, Shien-Young Kang'
Research Institute of Veterinary Medicine/College of Veterinary Medicine, Chungbuk National University
' Department of Veterinary Medicine, Kangwon National University
ZCollege of Veterinary Medicine, Chungnam National University
*National Veterinary Research and Quarantine Service
4Chungbuk Veterinary Service Laboratory
(Accepted: March 6, 2003)

Abstract: Porcine reproductive and respiratory syndrome (PRRS) is characterized by reproductive failures
in sows and respiratory problems in piglets. The nucleocapsid(N) protein, encoded by the open reading
frame 7 (ORF7) gene, is known to be the most abundant and antigenic protein in PRRS virus. Therefore,
it was suggested that the N protein could be a suitable candidate for the detection of PRRS virus-specific
antibodies and diagnosis of PRRS.

In the present study, the ORF7 gene encoding the N protein was cloned and expressed as a fusion
protein with the glutathione S-transferase (GST) in Escherichia coli. The resulting GST-N recombinant
protein was used as an antigen for an indirect sandwich enzyme-linked immumnosorbent assay (i-ELISA).
Expressed GST-N recombinant protein was migrated at 41 kDa and reacted with ORF7-specific monoclonal
antibody by Western blotting. In order to increase the specificity of the ELISA for the detection of PRRS
virus-specific antibodes, an i-ELISA was developed using an anti-GST antibody as a capture antibody. The
sensitivity and specificity of developed i-ELISA were 92% and 96%, respectively. Based on these results,
it was suggested that the i-ELISA is a simple and rapid test for screening a large number of swine sera
for the anti-PRRS virus antibodies.

Key words: PRRS, nucleocapsid protein, E coli expression, indirect sandwich enzyme-linked immunocsorbent
assay
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&3t HlelgAE HHg T glen fAAE
positive sense, single-stranded RNAE 5o} glth'? ulo)
H29 FAAE o 15 kbe] F7)E subgenomic mRNA
7} M & overlapping= o] 1+ 87 9] open reading frames
(ORR) 2.2 FA5]e] e}’ F0 72 nucleocapsid
22 (N: 14-15 kDa), nonglycosylated membrane ¢34 3
(M: 18-19 kDa), envelope Fehii 3 (E: 25-26 kDa)o} ¢l
om* o] & N hze] PRRS HlolziAst Zd® Al
oA 7t @ol ¥ Bl R geiio] 43
o] PRRS uje|3| A EolgA & HEd A dAHS Ad
sz Age gdoz gz Uk’

PRRS & ¥<l&l7] g Adoeg A%l v
oleiA £ 54 9ol A FAHA XA
FAFHNS- (Reverse transcriptase-polymerase chain reaction;
RT-PCR)Ho] lony’ &k Aaubgoz 832844
(Serum nevtralization assay: SNA), HYEATEH (Immmo-
peraxidase monolayer assay: IPMA), 7133338133 (Indirect
fluorescense assay: IFA), &4 H &3 (Enzyme-linked
immunosorbent assay: ELISA) S0} 9ick® ol=ist &8}
A Ay F 7 dubF o g ALE-ElE A o] [FAoH
ol IPMAS tjEo] uf-$- wzsk Aehgon ¢eA
itk Zeu} o)E Avy BE zAw ke ) 39
< FYlEtdol T o] MEYE FR AT U=
FriolMe okuelgi vt H)2] WX GAME AT
ZA et ZAZAE 7ET 7] W) dutEce]
ARHO R ARl FAlde] vk EF ulol
2 AAE AU E o83 7HH ELISAE IFAY] v]3)
9gE e Bolxrt £ vhge] AES HIAE 4 e
FH o]l AT HAR violH g YO E A} E-5lojo}
s EE Al vio|g AR 5E F2H ulo]ds
o] <o} A1, 7+ genotypes] vl= EEFE Alejox
FAH o R vg k27| ol false-negative Tt #)
Hol slo] YukEel ATy o 7 AL 7|ol: 3 §HalR]
ok ol2lgk EAI WS FEE Y5t Ao T
Z AEv oA SHAAE o) &8 AN AZE
Tl g o2 AlS-sle] PRRS wio|ejs Bolga)
£ H2Y 4 Jde 3 F& A3 ELISAY AldE
STt o] AThEE nlolgl A AAME Yo o) L3ln
A 8 Wl Blate vl AAl Ao vigES B
o 7HhstE oML AT ok

B AR e Fllo A 2] PRRS vlo]3 A N
el FANESY BEAHE e ddd oAw
LEAAE o] &3] ORFT F-4AE HdAZ o, ¢
HE N @3 g dYoF o83 ELISAE 7wsiaich

UL

1. Ho|HA U ME

£ d¥olA AHE-E PRRS vlolBl A FEUistE 4
g B W2 ONV 22 f50) AZNE &
#2 MAIMd M ERHE] 223§ MARC-145 Al 2o
Bl k5t ith MARC-145 M ¥3= 10% & Blo}@H (Fetal
bovine serum: FBS, GIBCO Invitrogen, USA)°] 8
alpha minimum essential medium (0-MEM, GIBCO Invi-
trogen) 0. & wj 3Tk

2. vloja|x MM F&

NV Z3ugel o 2R Hlolg]2 RNAE Chomezynski
st Sacchi”®] WHE 83 2o, DEPC
(Diethyl pyrocarbonate, Sigma, USA) H2l9l FH+2 &
S|AA 20T B@sch

3. Reverse transcriptase—polymerase chain reaction
(RT-PCR)

ORF7 ##== ORF7 Eo| primerg Al8-3le] RT-
PCRY L2 ZZA1F ). ORF7 &©| primery= GenBank o}
ARE 71RE Table 1914{¢} 7ol ORF7 #Az} AA
GR2pE FFY ¢ ARE Aoy 224L 4
ato] 50 whalel 270 AFES: AR Bam HI
(Sense primer)3} Eco R (Antisense primer)S 37}3}o
g etdch F&% RNA AE 10 w0l 1 409) reverse
primerE 1L 95°Cel A 5E7 WAAAZ F S0 &4
58-7) 9ka1ska ek 10,000 rpmoll A 5~10%7F 948 ¥
DEPC A el¥ 54 20 wl, 5x first strand buffer 10 g,
0.IMDTT 5 44, 10 mM dNTP 2 »¢, RNase inhibitor 1 40,
reverse transcriptase (200 Ufgd, GIBCO Invitrogen) 1 48
THMUE ol ¥H&&%F 50 w8 37CoA 60F7} vk
A|# cDNAZ gAlstach 498 cDNA template 10 40
o] DEPC A#l¥ SF 63 ul, 10x PCR buffer 10 z,
25 mM MgCl; 12 gf, 10 mM dNTP 2 g0, foward primer
1 p8, reverse primer 1 10, Taq DNA polymerase (5 Ufyud,
Takara, Japan) I & ol HA W3-8 100 WE
pre-PCR (95°C/5 min), PCR (denaturation 94°C/10 sec,
annealing 50°C/30 sec, extention 72°C/30 sec, 25 cycles)
J28]3 post-PCR (72°C/7 min)& {4EZ7] (GeneAmp
PCR system 2400, Perkin-Elmer, USA)E A}&-3}a] A
ST WHEAHER 1% agarose gel AollA H71FFT
% ethidium bromide® <3413} bandE EHFon
ZEZ% ORF7 §#42 A7]%= 1 kb DNA ladder (GIBCO
Invitrogen) & 7ro] A71FFTEHA 3k
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Table 1. Oligonucleotide primers used for RT-PCR

Genes Sequences (5'—3") Pasitions
ORF7 +sense | TTGGATCCATGCCAAATAACAACGGC 1-17
~sense : TIGAATTCTCATGCTGAGGGTGATGC 372-355

(Underline : Restriction endonuclease site)

4. ORF7 #HE X W

ORF7 72 L& 3 SEMAE o83 ot
£33 7ol s F, A GH e Q] pGEX4T-1
® (Amersham Pharmacia Biotech, USA) vectorol Bam H I
I} Eco R1 #$lell 2% ORFT FAAE 44 5hed
recombinant& 244 8tk o) A& ) A competent cell
BL2DE Fd HPE F ampicillin (50 ug/mé, Amresco,
UsSA)e] A7 2x YT brothellA] vioFall ). Glutathione
S-transferase (GST) ©¥i A3} §FH GST-N 223 ol
ol g a7l 95t 37TAA 18A17F w3}
ol 82 AP E coliS 2x YT brothol] 1:100] HEE
A s F ujeo] FREI) Agei A 0.6~1.00] A
£ o 0.1 mM IPTGE H7Istgnh d&olA 4A17E 59
) k3 £ cell & 3,000 pmoil A 308 59 A4 P ElE
4ZAg AAT F protease inhibitor cocktail® (Roche
Diagnostics GmbH, Germany)o] ¥ e 001 M
ice-cold PBS (Phosphate buffered saline)2 # & k<] 1:25
7} HES REAAL FRAN 4EAE 2e0E
7] (Branson, USA)E o] &3] cellE &314121 ¥ A3
RS FE3A

5 €32 MM

PRRS ule]g 2 Ho] GAE8A = PRRS Hlol2{ 28
W A7) BALB/c v}$-29] 8)24 £9) SP/O myeloma
M EZE Kang" S Kohlers} Milstein* e} #hgell wha}
A EE3FS AAske] sk

6. Westem blotting

o) Aol A ORFT il d e} W8 f-5-= Western blotting
HOZ anti-GST 349} ORF7 Eo] JaEAE ol&
& FolErt &, el A LdE GST davhy
A7}t GSTN g ge] 59 2 cell pellet-& sample
buffer (60 mM Tris-HCl, pH6.8, 2% SDS, 25% glycerol,
1.44 mM 2-mercaptoethanol, 0.1% bromophenol blue) %}
1:52) Bl&E 410) 100THA 587 o] HAANFCE
o]l2 125% SDS-polyacrylamide gelo]A] 2A17HE<F 80
volt® 27195 & 3 ohe gelS 7AWo] transfer buffer

(15.6 mM Tris base, 120 mM glycine, pH 8.1~8.4)9] 30
F7F &) Fouck v transfer bufferoll ®@r) &2
filter paper$} nitrocellulose membrane (NEN™, Life Science
Products, USBA)ALe]o]| gel-&- o] somil trans-hlot (Biorad, USA)
& ol#3ted 13 voltel] 4 2087+ A o] A1 Z ) Nitrocellulose
membraneS 5% non-fat dry milk/tris buffered saline (10
mM Tris-HCl, 150 mM NaCl, pH 7.5 : TBS)o| A} 3152
&<F blocking A1) F TBSE 7ZsA] EE™ 38 A& 3
Ak 12+ A2 anti-GST 8] €} ORF7¢] Heol#ql &
A2AE AMS-Ete 1ATF B9t A4 EET 9
Al TBSE 3% AAg & 23 A Z alkaline
phosphatase-conjugated rabbit anti-goat IgG (Kirkegaard
Perry Laboratory, USA)2} alkaline phosphatase-conjugated
goat ant-mouse IgG (Kirkegaard Perry Laboratory)&
1200002 8|4 ste] 1A]ZF §E-EAIZ] 5 o] & TBSE 3
3] AA3}51ck 242 NBT/BCIP stock solution (Promega,
USA)E alkaline phosphatase buffer (0.1 M Tris-HC], pH
9.5, 0.1 M NaCl, 5 mM MgCh) 10 meol| 4o} A3k Tt

7. E2UHAEXY (ELISA)

PRRS upoli o] Hol&el A E 7487 A3
indirect sandwich ELISA (i-ELISA)& th&st 722 Wi
o2 stk

(1) ELISA w3231 44

D ogEgwd 5 3434

Anti-GST 34 (5 ug/nf)E pH 742 AW 001 M
PRSo) 3]4)5}ed ELISA plate (Nunc, Denmark)oll well%
50 WA Frbsle 37TAA 1A B9 wekg 28 §
A7) & AHE 939 (0.01 M PBS, 0.05% tween 20)
o2 33 AUk o] & blocking buffer (5% skim
milk in 001 M PBS)ol| 1:1005-8] Aj3}sle] 22 o2
Al 3143 GST-N g d s 2702 GST &
Hehe)A-S 7} welld 50 ¥ H7)bsted 37ColA] 1A]7H
ot wh-EA Ak &S Ede 2 33 AHT F 1
&3 2 ORF7 §o] W &84 E 1:1,0003 1:10,0002.2
Zvzh 5% F wellFd 50 w4 A7hslRchk 37CAAM 1
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A7 EQF ¥R T AEE g2doz 33 N
%tk 33 Al3 & horseradish peroxidase-conjugated goat
anti-mouse IgG (Kirkegaard Perry Laboratory)& 1:2,0002.
2 F4ste] 1A1ZH BHEAIZ T NEE 3oz 33
A3e F 7188 (artho-phenylenediamine dihydrochloride
in citrate phosphate buffer, pHS5.2)ol| #Hkshe=47} 0.015%
HEE 7hete ZA] 7} wellF S0 w4 H7hET ALl
A 108 E9 WS AR o] ¥ 1.0 M HS0, §4g
wellF 50 64 A7hshed ¥e-g AAAZ) ¥ 492 nmo)
A EREE =259,

2) 84 4EE AA

Anti-GST 8§ ol AHe Wda FYs) §
AN F AHLE oz 38 AU o F
blocking buffero] £U% 52 4% WHGNAL
7} welld 50 08 A7Fste] 37CHA 1AZF E) whe
NA A2E 340z 33 AN T 1% bacterial
cell Iysates 30% E<F F3A)7) PRRS who]2j2 A
A YR &4 AR WYL 742} blocking buffers) 1:10
RE AlFste] 9 AR welld 50 w08 At
St 37CAA 1417 B9 whe A7) & AR L 92
o 33 MAFYE o] Fo HHE Aoy Hgw
W s EAEA s

3) HZ YA panel A

4 AMEE 2RA) FYS P2 ANeE 1
2 A L7k Y AAYAL &4 FAEHe
2 12%8 N33 22802 wA 348 3 blocking
bufferz. S5 84 she} 4-8) 3ok

4) ELISA 24713 474

PRRS o2z So|aha] FMgoz Agste Ay
Z1EQl HerdCheck PRRS Virus Antibody Test Kit
(DEXX®)ol ]3] PRRS 33 402 HA¥ ¥4 14
AE ST 99 Wiz $YsHA ELISAE AA8
o 95%9] BolA e B & & wEEAL HPsiy
on thgw 7 Ho Ausigh

95% specificity (cut off) = s/p ratio” mean + 2 SD°
50D (sample) - 50D (negative control)

: sfp ratio (sample) =
2iel S 80D (positive control) - 50D (negative control)

b : standard deviation

(2) ELISA evaluation

Fela ARSEHT dE six 8F 315708 feiM
st FELISAE ZHAVE S on AAEAAA dojn
2 slp mtio® VRN ATt

d #

1. RT-PCR

PRRS ujo]g Ao A &3 RNAE ORF7 £-9) primer
£ o)#3lo] RT-PCRE AN Z3} 372 bp 2719 &
A2 ARl SEHASE BAE F AT Fig 1.

M ORF7

S00bp —p

ima— a )
—— < 372bp

Fig. 1. RT-PCR prodicts of porcine reproductive and res-
piratory sydrome virus ORF7 gene

2. ORF7 &AL da

PRRS ulojgjio] o)zl A& HAY 4+ U=
ELISAE 7}d3l7] #18te] ORF? f-AAE A7 28
HAAE ol&ste FHaULH LHE ORF7Y] EA &
SDS-PAGE (Fig. 2A, 2C)¢} Western blotting (Fig. 2B, 2D)
Wog ¥AM3 A7} SDS-PAGES| A 41 kDa®] ORF7
bandE & 4 ATr EF anti-GST A (Fig 2B)
¢} PRRS ulo]2{L: ORF7] E-olFe] @aE84 (Fig.
2D)E AlE3}o] Western blottingS AA & A3} Fa1e
ORF7& #1%  9llem 41 kDa9] F7)0A EolF
2l band7} FAEE FlsA

3. PRRS Hjo|MA Kolgkx JoE FAHYE

g (ELISA) 7Hwt

() ELISA ¥H-g-27A 434

D v ¥4 dyx 23

PRRS wpojgl Bo|aty H&E )3 ELISAE anti-
GST 34l E o} 8§ 7-4 sandwich ELISA (-ELISA) ®r
HE =5tk ¢4 anti-GST A8 5 pymiE xR
ELISA plateo] #-3Az o ddthya 39 #4%
Y& 247 918t 12} A2 ORFTo| S0 @3
288 AME R 13 g st dEdy g v
& AN A, o9l GST wawhy Astes whaA
o] A¢] glE W] GST-N 28T AsE o ve
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oo pre—
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- (GST)
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g
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Fig. 2. Expressed PRRSYV ORF7 protein (41 kDa) with GST protein in E coli confirmed by SDS-PAGE (A, C) and
Western blotting (B, D) using anti-GST (B) and PRRS virus N-specific monoclonal antibody (D),

M: molecular weight marker; lane 1, supernatant of sonicated bacterial cells containing GST protein; lane 2, supernatant of
sonicated bacterial cells containing GST-N recombinant fusion protein; lane 3, cell pellet of sonicated bacterial cells

containing GST-N recombinant fusion protein.
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Fig, 3. Determination of optimal concentration of recombinant
GST-N protein used for indirect sandwich ELISA.

A€ Edon dddYde AYFEE 2AG H
1:3200 o]3}te] A FxfA FREsT Asse] gdT
W SAELE 13,2008 AA3YT (Fg 3). £
A% WY o -ELISAC] 348 HAIE A HA 34
TEE AR A3, 84 HAFE L1009A A48y
T SAEAHS oD 2bel7t R e HAIEA 9
HA FMEEE 110002 FBASIYT) (Fig. 4).

2) N2EA panel 23

hZzEAe] Mare $3le] ELISA titrationg A} %
A7}, Fig 594 E& uheh Zol 8 FHEA 34y
4= upper limit$} central point®] 7} OD & Hol:=
L4E SMuiE, % FH4EH HYWSE central
poini2} lower limit®] F7F OD & Hol:= 11328 3|4

]

e ,.] +— pasH)

250 — pos. (1)
£200 —4— ps.(4)
S s (4)

¥ | o pm(wh

S 1.00 & pas(wh)
50 —reg()
- ()

Fig. 4. Determination of optimal dilution of test serum used
for indirect sandwich ELISA.
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“enfral polnt

Lower Hmit
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1 3 4 6 7 g8 9 1 1" 12

Serum dilutipn(in negative serum, log 2)

Strong positive serum Weak positive serum
dilution dilution

Fig, 5. Establishment of confrol serum panel used for
indirect sandwich ELISA.
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a2 AAsHh A9 AAEE FH3H PRRS ujo]
#2o] FojHel FAE IAPE & e HELISAE
Table 23} 7Zre] ®F8alc)

3) ELISA &4715%x] A4

PRRS uloj2ise] Bolgha] Aagon A8y A
@7l ECl HerdCheck PRRS Virus Antibody Test Kit
(DEXX®)s] M PRRS 33 SA1C 8 BAHE A 14470
& WA E -ELISAE HAISEE olF "Ad u§
RS B A3, WA 144709 HF slp ratior
0.1, EFHAE 01601928 95% AZAX 71F [cwe off
= B3 gp ratio (0.1) + 2xFFHA} 0.16)]& Hol7] ¢
A0 E oMY BAA §p matio (HAMEH FHE/
ZYANEA EFE)T 04201300k

(2) ELISA evaluation

B AgolA e i-BLISASY] AGEEALE FASE
71 $18te] 315719) ofe] WHE Y OR AHE A
E9} i-ELISAE ¥ 24§ ZAs}, A48 AGHECA
FEAEHE HAY 178719 A A8 F i-ELISAE
14718 FHoE, WAE S4L= dddlc =%

Table 2. Standardization of indirect sandwich ELISA

A8 ADAEANN FHEAHCT BAHY 137709 ¥H
A F i-ELISAE BUIE 422, 678 PHes
HEEHYCE (Table 3), 9o AHE B A7olM Aag
i-ELISA®] RIZI% o} Bold & 2Ag A, 44 HEe
UHEE R%OIVLH T4 FE] FoldL 9%6%2 1}
Ebydt} (Table 4).

U

MAIM Al E2XE] F2¥ permissive cell (MARC 145)
o} ] PRRS ulo]# 27t JFH 22 F45HA PRRSY)
dHoH Ao 2 2P %A (Indirect fluorescense
assay: IFA)3 HHEATSH (Immunoperoxidase mono-
layer assay: IPMA)o] B2 4N o] &5 glom
%% o}E WPY R PRRS ulolz2e| AT gk
¢ 9 A0 g 4= vk 28 A HE g
AHEE o] &3ledof 3l IPMAS 74 EaH 29 B
T batch?} PRRS wlole} 2 7ol dsA uzs A
of ofvwy, UK A He) FHHA P R
B E whgahE vEelnkdo] Uepdths @Fol

Dilution factor Diluted concentration Dilution buffer Incubation period
Capture antibody 5 pg/mt 001 M PBS 37C, 1hr
Antigen 1:3,200 Blocking buffer’ 37C, 1hr
Serum 1:100 Blocking buffer 37°C, lhr
— mju;‘:’;“i‘:s_sm €6 12,000 Blocking buffer 37, 1hr
Color developement (OPD) Citrate-phosphate buffer 25T, 10min
Stop solution (1 M H;80,)
Reading 492 nm

*Blocking buffer: 5% skim milk in PBS

Table 3. Efficacy of i-ELISA for the detection of PRRSV- specific antibodies compared with commercial kit

i-ELISA
Positive Negative Total
Positive 164 14 168
IDEXX* Negative 131 137
Total 160 145 315

(95% confidence level, cut-off: 0.42, mean+2xSD"
*HerdCheck PRRS virus antibody test kit (IDEXX®)
®SD : Standard deviation
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Table 4. Sersitivity and specificity of i-ELISA for the detection of PRRSV-specific antibodies compared with commercial kit

Reference test
Test X IDEXX* i-ELISA
Sensitivity” Specificity® Sensitivity Specificity
IDEXX - - 96% N%
i-ELISA 2% 96% - -

*HerdCheck PRRS virus antibody test kit (IDEXX®)

Number of positive in both X and reference test

PSensitivity (test X) = 100 x

Total number of positive in the reference test

Number of negative in both X and reference test

“Specificty (test X) = 100 x

Ak IFA €] 799 ME FEYo2RE 8)5EE
vlolz) 2ol 7+ rhvh B! nF BEFs Y B
F71 Ao thEy] Wi falsenegative®] 913 0]
AMETHE ©hdo] vk v)E ELISA7) TFA) ] vl
HEs Bojide] X5k o] HARY oA Ao g u}
olEiA AME AHEET $lo)”® o] ZRE Aol ol
2 el oko] Home theke] WHYARE 2uhs)
T WHOE AR Ytk HIolE old FANE
FE57) Y8 od SRAANAE o st AaE A
I AL PYo g o] &% ELISAZF AWE 7 ¢
E FA o)tk

PRRS ulolz]Xo] i3t &3] Ay wodo) g
AF7 FHEI Qe 7HEE HA 014 PRRS vlo]# A~
ZHEL AAEE REe 37 N gl de) Eo)y
olgte A3 A9 MEoM ez wHATiE A
o] B3 HUrk P N g .2 22 genotypes] ThE
FE|FEd 2o ¥ ZA conserved regiono] 8k YA
QP n Bare) 48 Be)F Alo|e) N v
£ olni A QY Qo] 59%9] W AEAS HolT
At TP E BT N g So)3el ga g
A E o] 83 HFPNA F EelF Aol FE2) epitope
7b EA5H N @ia Yol E8k 5702) antigenic
domain Fofl 4] w92 9] central region (Amino acid 50~
66)o F HE|F7} FEHORZ ¢lR|8l= conformational
epitope7} 21-2-©] Meulenberg 570 2)3) w8 R}, ol
3 A7E ZAZ N oo vlo]Hx SoldANE 2
EstAY AW s o s geEA ok w
2 B AFoA= N g E 8 FLISAY] 3o g of
238132 g LHAAE o148l ORF7 FAAE
AEAN 7T BARESE EAE stk gl
A 28 E ORF7 #3324 SDS-PAGES} ORF7 Eo] ©

Total mmmber of negative in the reference test

AEAE AT Western blotting©. 2 918 4 2
ok B ddolA daE A2 AL inclusion body
Aol dolue B84 HuE /AT Ut oY
inclusion bodyt= A8 884 #4jo] §lo)x aggregate 3 el
E FHHEEZ o) ZAE g S8 £5F Az
A 2] B Z21& FHAH 3 A XA inclusion bodye] A
€ AAEAY oln] inclusion body HEJE AIATE ey
ZH& in vitroo) A refoldingAl A 842 2t gz v
Eolop #rh* T2jut F249] % guanidine hydrochloride
o} urea & ]85t ¢hA3| unfolding A7 F thA
481 717) 9% refolding B o) Ao g S8
oo &t o] Aol LE G A o] aggregation®) 7|
2ol Hego] Wolrks 473 refolding 273 ol A
Hdele] native fomQ B B EEX ¥e AL 3P
EA7F 2l& & Avke o) ok vieka B Ao
X inclusion body A A& 918 Ao FHL A
gatgich o] A= AME 2T DA wEA
promoterE- induction A]7]7] #3le] A}2-5+= chemical
inducer (IPTG) AH8-%& HAXH} 1 & Fxel 01
mME AMR-EEoH ERE ALAHE f-X5H A
Hel MEAZL ASHEEN NEZY e wE g
of o]A AN O inclusion body AL &Y 2 ¢
the QEl*E ol gate] vz L 37T} opd Moo
2 ZAAeArh o] Yok growth media®] A& H3}
AF1 AL serationg 27, pH HE % A &Z89 host 3
& desle Py Bol denw® B Ao wge
L8 IPTG 5%, aerationg A8l dhatiuigo] xg
Hof Qe AdEE st I A3 el A 26
kDaol| A #hahsl= GST Lagwd s ga) GST-N o4&
Tl 41 kDag] A7)0AM #BE £ A=Y ol
15 kDa2) N ©h§al 3} 26 kDa2) GST wje) 2y
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AN M FEo} AZF dujFe] FHE v 41 kDa
9} BAg skAl7] wiEojrk 22y cell pelletoll
Triton X-100& *2]sle] 82171 Ao THG
e Hago] ulf woton o d¥EGF o]
inclusion body] HEj2 &3 slo] WY& L343 B g
£ 77 g Eolgin &€k

7H4 ELISAS U0 A= N X ey de
E coli BT} baculovius WHAAE o] &3l Wol wt
HElo] g+ 1 o|-f+ baculovirusol]A] WHE N @&
W F o) native virusol| 2} A9 FALG FZE KAE7)
W&ol E coli oA 2EE N ol g} ELISAS) Tz}
T} Bo]4 e ZAX)7)7] &)k 12)u} baculovirus
expression system-2 918 AJAksl7] Y ZE A EE
vieksol Bl ARG AMEE WYsied & Y
o} A& lel@H o] AL H 7] i) XA €A g
e glo] BlEo] WHge] Yehd 4= glvke o)
Aok’ wetd B A7 ddg TEAAE 28
N A28 gwiads 3 A7 ELISAY| o2 o838}
Ak

B A A Awd i-FLISAS H7H= PRRS Hle]d]
2 Bolgha) HAL 07 483515 HerdChek PRRS virus
antibody test kit (DEXX®)Z stom AdagAe 3
7¥8l7] S18) 315709) ok ¥AE o) &3t nlwEHTh
A8 AGAEE A AHEEHAT e Agy F 9
2 e} Hojgo] gof A gol o]&53 Ue Wy
9] ﬁMOIE}.”n B A9 AGEEALL 31570 ok
AL A3 Bt A5, -ELISAS] 97t 2%,
Eol4gd & 96%=2 et o) -ELISA7 83 140
false-negative 2, 67) & false-positive® Berst AL ujgt
o2 dojx Aol I} o] AL A4 AVIE o
EQALN T oF8le] w017 AFe|RE 71E9] 7
Tl [FA E& IPMASH Waiso] Zalgnhy B a7
oA Ad i-ELISAS] s} Bo]Ao] Ko} £71E
Aoz HyzreEch

PRRS Hlo|3j Ay #a FEAYe] Adsls BE U
gl oju] A Ee] 9o o)A E PRRSS wijo]
HIH ol¥ &3 08 AT 97 AFE Ad 2
AEY e AAoelch wElA PRRS T4 o] wE §3
Aol Mool HWasditty A=y B dApan g
d -ELISAZ} =] PRRS wlolgjie] ¥AEgH AdS
st AFAHCE ALRE AoE AlEHTH

d £

ol A Ee® PRRS nlolai A9 nucleocapsid (N)

AL AN (ELISA)Y dgoeE o)83dlr] 9
& ORF7 ##xE RT-PCRE ZEdgon A7
WHAAE o]&ate DA N g B4 71
Bth EF HHE N gas gYos o83ty
i-ELISAZ 7)) urabsd o,

gt FEA A o8 W@HE N gL SDS-
PAGE$} Western blotting© 2 3¢1%+ A3l U¥® GST-N
AZEY DAL 41 kDaolA B9F F AUk 31570
o] ol HAE Ude R B dddA A i-ELISA9)
Y H84E HerdChek PRRS virus antibody test kit
(DEXX®)$} wg $A% 23, dz7eE: 0% 183
Bold& 96% 2 #<l=le] /e i-ELISA7} <)) PRRS
Holgj el MAEA HAle) ExFoE AMLE How
At ¥ T

= ol

l. Dea 8, Gagnon CA, Mardassi H, er al Current
kmowledge on the structural proteins of porcine
reproductive and respiratory syndrome (PRRS) virus:
comparison of the North American and European
isolates. Arch Virol, 145659 ~688, 2000,

2. Gall AL, Legeay O, Bowrhy H, e al Molecular
variation in the nucleoprotein gene (ORF7) of the
porcine reproductive and respiratory syndrome virus
(PRRSYV). Virus Res, 54:9~21, 1998,

3. Conzelmann KK, Visser N, Woensel PV, e al.
Molecular characterization of porcine reproductive and
respiratory syndrome virus, a member of the arterivirus
group. Virology, 193:329~339, 1993.

4. Dea §, Pirzadeh B. Tmmme response in pigs vaccinated
with plasmid DNA encoding ORFS of porcine reproductive
and respiratory syndrome virus. J Gen Virol, 79:989 ~
999, 1998.

5. Snijder El, Meulenberg JIM. The molecular biology of
arteriviruses. J Gen Virol, 79: 961 ~979, 1998.

6. Meulenberg JIM, Bende RJ, Pol JMA, e al. Nu-
cleocapsid protein N of Lelystad virus: expression by
recombinant baculovirus, immunological properties, and
suitability for detection of serum antibodies. Clin Diag
Lab Immunol, 2:652~656, 1995.

7. Weaver MS, Walker IW, McNeilly F, et al The
reverse franscription polymerase chain reaction for
diagnosis of porcine reproductive and respiratory syndrome:
comparison with virus isolation and serology. Ver



10.

11

12.

13.

14.

15.

16.

17.

18.

A A7 5E71FFE vholg20] Nucleocapsid @ d 28 % A9 &4

Microbiol, 62:207~215, 1998,

. Rossow KD. Review article: porcine reproductive and

respiratory syndrome. Vet Parhol, 35:1~20, 1998.

. Yoon 1IJ, Joo HS, Christianson WT, et al. An indirect

fluorescent antibody test for the detection of antibody
to swine infertility and respiratory syndrome virus in
swine sera. J Vet Diagn Invest, 4:144~147, 1992,
Dea 8, Wilson L, Therrien D, et al Competitive
ELISA for detection of antibodies to poreine reproductive
and respiratory syndrome virus using recombinant E
coli-expressed nucleocapsicl protein as antigen. J Virol
Methods, 87:109~122, 2000.

Denac H, Moser C, Tratschin JD, et al. An indirect
ELISA for the detection of antibodies against porcine
reproductive and respiratory syndrome virus using
recombinant nucleocapsid protein as antigen. J Virol
Methods, 65:169~181, 1997.

Wootton 8, Koljesar G, Yang L, et al Antigenic
importance of the carboxy-terminal beta-strand of the
porcine reproductive and respiratory syndrome virus
nucleocapsid protein. Clin Diag Lab Immunol, 8:598~
603, 2001.

Chomezynski P, Sacchi N. Single-step method of RNA
isolation by acid guanidium thiocyanate phenol-chloroform
extraction. Anal Biochem, 162:156~159, 1987.

Kang SY, Saif LJ, Miller KL, et al Reactivity of
VP4-specific monoclonal antibodies to a serotype 4
porcine rotavirus with distinct serotypes of human
(symptomatic and asymptornatic) and animal rotaviruses.
J Clin Microbiol, 27:2744 ~2750, 1989,

Kohler G, Milstein C. Continuous cultures of fused
cells secreting antibody of predefined specificity.
Nature, 256:495~497, 1975.

Loemba HD, Mounir S, Mardassi H, er al. Kinetics of
humoral immune response to the major structural
proteins of the porcine reproductive and respiratory
syndrome virus. Arch Virol, 141:751~761, 1996,
Houben S, Callebaut P, Pensaert MB. Comparative
study of blocking enzyme-linked immunosorbent assay
and the immunoperoxidase monolayer assay for the
detection of antibodies to the porcine reproductive and
respiratory syndrome virus in pigs. J Virol Methods,
51:125~128, 1995.

Cho HJ, Deregt D, Joo HS. An ELISA for porcine

19.

21

23.

25.

27.

28.

137

reproductive . and respiratory syndrome: production of
antigen of high quality. Can J Vet Res, 60:89~93,
1996.

Nelson EA, Christopher-Hennings JT, Benfield DA.
Serum immmune responses to the proteins of porcine
reproductive and respiratory syndrome (PRRS) virus. J
Ver Diagn Invest, 6:410~415, 1994,

. Yoon KJ, Zimmerman JJ, Swenson SL, et al

Characterization of the humoral immune response to
porcine reproductive and respiratory syndrome (PRRS)
virus infection. J Vet Diagn Invest, 7:305~312, 1995.
Meng XJ, Panl PS, Halbur PG, ef al. Phylogenetic
analyses of the putative M (ORF6) and N (ORF7)
genes of, porcine reproductive and respiratory syndrome
virus (PRRSV):  implication for the existence of two
genotypes of PRRSV in the USA and Furope. Arch
Virol, 140:745~755, 1995.

. Suarez P, Zardoya R, Martin MJ, er al. Phylogenetic

relationships of Buropean strains of porcine reproductive
and respiratory syndrome virus (PRRSV) inferred from
DNA sequences of putative ORF-5 and ORF-7 genes.
Virus Res, 42:159~165, 1996.

Meulenberg JIM, Nieuwstadt AP, Essen-Zandbergen A,
et al. Localization and fine mapping of antigenic sites
on the nucleocapsid protein N of porcine reproductive
and respiratory syndrome vims with monoclonal
antibodies. Virology, 252:106~114, 1998.

. Jaenicke R. Folding and association of proteins. Prog

Biophys Mol Biol, 49:116~237, 1987.
Dyr JE, Surtnar J. Separation used for purification of
recombinant proteins. .J Chromar, 699:383~401, 1997,

. Lile H, Schwarz E, Rudolph R. Advanced in refolding

of proteins produced in E. coli. Curr Opin Biotechnol,
9:497~501, 1998.

Kreutz LC, Mengeling WL. Baculovirus expression and
immumological detection of the major structural proteins
of porcine reproductive and respiratory syndrome virus.
Vet Microbiol, 59:1~13, 1997.

Drew TW. Comparative serology of porcine reproductive
and respiratory syndrome in eight European laboratories,
using immumoperoxidase monolayer assay and enzyme-
linked immunosorbent assay. Rev Sci Tech, 14:761~
775, 1995,



