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Development of an indirect ELISA for detecting antibodies to
porcine parvovirus using recombinant truncated NS1
protein expressed in E . coli

TTAN Li-li, LT Li

(College of Animal Husbandry and Veterinary Medicne , Liaoning Medical University s Jinzhou,Liaoning 121000, China)

Abstract: [Objective) The study developed a method for quick detection of porcine parvovirus antibod-
y. [Method] NS1 gene major antigen region was amplified by RT-PCR technique with specific primers
based on published PPV genome sequence(AY502114. 1). Then the target fragment was directly cloned in-
to pET30a(+) vector. The recombinant plasmid was transformed into E. coli BL.21(DE3). The recombi-
nant proteins were expressed after induced by IPTG. Using the purified recombinant NS1 protein as coating
antigen,an indirect NSI-ELISA was developed to detect antibody to PPV, and to test the specificity,sensi-
tivity and repeatability of the method. With the established PPV antibody NSI1-ELISA diagnosis method

and hemagglutination inhibition test (HI),306 serum samples were detected, and its coincidence rate was

* [k EH] 2011-12-14
&N HFH1982—) L, AL TR PRI A5 4=, 32 52 =R Ty 345 X 2 5



573 P 55 8 Al /N B NST 8 1 R USR5 5 10 #2 ELISA 2 W7 i /Y o7 33

compared. [Result] 870 bp NS1 gene fragments were successfully amplified, prokaryotic expression vector
pET30a-NS1 was constructed,and a recombinant protein in inclusion body forms was obtained. After dena-
turation, purification and renaturation, the purified recombinant protein retained better antigenicity and
specificity. An indirect ELISA was successfully developed using the purified recombinant NSI protein as
coating antigen. The method showed no cross-reaction with the positive sera of other seven swine diseases
(PCV-2,PRV,PRRSV,JEV.PEDV,TGEV,CSFV). The sensitivity of the method was 1 : 12 800. Coeffi-
cient of variability percent (C.V %) of intro-batch and inter-batch duplicative tests was less than 5% and
10% , respectively. Compared with the HI, the concordance was 96. 2%. [ Conclusion] Recombinant NSI
protein was prepared. This recombinant protein has a good immunogenicity. The NSI-ELISA has good re-

peatability, sensitivity and specificity, which could be used as a simple and rapid serology detection method

to monitor anti-PPV antibody and epidemiologic survey of PPV,
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PPD & i %% 41 /N 3 (Porcine parvovirus, PPV) 5]
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i PPV 7E 525 W 34 A 43 A 5 55 H A 5t
W B 3 (PCV) |8 B8 5 0 I 25 & 1 i 75
(PRRSV) & D AT R o fi 5 (PRV) A5 TR A3 I e 1T 2K
RS F & SN o 17 & N v P 1
PPV 2 Wi H AR /Y BIF 58 X5 17 F04 h) PPT H A7 i %2
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PPV J& F4il /N 3 B} (Parvoviridae) 4fl /N i 35
J& (Parvovirus) , N BB Lk DNA %3, KN4 4
KA 5.0 kb, @ HF 2 A I 20 FF kB HE 4R
(ORF), 3" 4 i) ORF %if4 3 4~ &5 ¥y % [ (VPI1,
VP2,VP3), 5" i i) ORF %% 3 Ak 454 & 1
(NSI.NS2 NS | NS1 f& PPV i = % #y 4 45
A A S 5 FE JE 05 3 DNA S Ko 3 4K
762 Y & 38 BAT ) 2 s 05U 31 PR
JEAE NS2 1 W 8] VE F T X8 % Ak 4n i A7 i 4 2 M A
M, AE PPV B R O I 3R 1 5 ff PPV
DT I RN IR Rk i - S K K N ]
A7 AR S B LU (H A R R B B R AT
SHUARRII 7= A Br s 1 8 AL BUIA S HTAE S5 1 & A 4t
A PR AT R T T NST 28 1§14 7K F 5 ok X 51
RIGPET e 5 A SRR YL By 450, g

SEHTR A% R A # ik pET32a i) #35 T PPV-
N #k NS1 2FEH (2.2 kb) fH F A BCREAL, fHH
He S0 gt PPV NS 36 P 32 B0 J5 36 037 IX 76 K
FREE R AT T s ik R M RA =Y HA R
TP 0 BN JEAE o S5 T e ARBIF ST NST 36 32 241
JE X B (KBSl 870 bp, Ry 1 ALK 7 8L J5 S LA
NS JE AR E) #4777 #k R ik, JF g or 7 4
ELISA Wi Jy ik, LA PPV I 8 8k e Bt 44 46 Ul
TR 5 B % 50012 W 3 7R G 0 O 4 A R R SR

L MRSk

L1 #&# #

L1 B#k.mF. @il hF  5BEREK DHSa,
FIAW tk BL21 (DE3) | 33k 84K pET30a (+) &
PPV # Mk, ¥ iy 10 77 B2 2% B & 05 B2 50 1 = IR AT
R EE 2 B (PCV-2) \PRV . PRRSV % Z K fi5
8 JEV) JE AT YIS W 8 (PEDV) g A& Qe k H
W % 9% % (TGEV)  $8 9 s 8 (CSEV) A 1fiL v Al
PPV 225 [J1  BH P il i K 00 A It 3 45 b 359 1R 1
1.1.2 £Z&XA Ex Taq [i§.pMDI18-T 77 & {4
S R 9 VT, A0 B = AR (R TR
FRA T bt s 1eG BUR i %0 4k ¥ i (HRP) #7 ic Bt
& AR T i & & 1 Marker, TEMED, # g 3 b &0
SEAYEARA R A E AR KL BUR DNA 4
TR A AR Il R &, B B AR T A TR (L
1) A R F]

1.1.3 3l#hpikit 54 m MRIE GenBank 241 A9
PPV R4 (AYS502114. 1) JE 3], FH oligo 6. 2 #&
PRI AT 1 X R RS Y. P1 5-ATAG-
GATCCCACTGCCATGTACTACTAGG-3',P2 5'-
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ATTCAAGCTTTCACATTGGCTGCATTGTA-
3", P1.P2 F R4 9 £ R BIAK BamH T |
Hind W EGEI0 8. TSI TAEY TRECEE A
(R /NS g
1.2 fREEEH DNA HRE

BURAE ) PPV 535 uL, il 60 uL 100 g/L SDS
F1 5 pL 2 P K (R R & W R 200 pg/ml), 56
TR 1 hy 430 F - S0 - 5 G e 07 - OB L S
D5 & Fh 4 1 Uk, 1) b3 W A SR T EE T TE DNA,
FHRFR 4380 75 Y0 LBV 2 W TSR i 60 L 2K
A B TR, AN o6 B il DNA 4l B K
WRE G T —20 CLRAF# I,
1.3 NSIEREAK PCR Y BETE

DI PPV L 4] DNA g 54, [ i+ 1% 57
XFHECLA ddH. O A #E4) , # 47 PCR J2 Jif . PCR %
Rifk & H: Ex Tag fif (5 U/pl) 0.5 pl, 10 X
Ex Tag Buffer 5 uL,dNTP(2. 5 mmol/L)4 nL, I
FUFG19 P1.P2 (20 pmol/ul) 4% 0.5 pL.DNA 6
pLo i ddH, O % 50 pL. JW 448k 95 C HiAs o
5 min;95 C 1 min,50°C 1 min,72°C 1 min, 47
35 MG ;72 CHEAH 10 min, 4 C& kSN . B
WY 5 w78 10 g/ L (35 B o e e b ik, F ]
EEE AR R G AR AT R P 42 . B DNA BE i 1]
WA & Wl B 0 R B, gk 5 5 pMDI8-T 3 [
BT 4 C b i%E e WU 2 7 W1 % Ak DHSa K
FF A% 32 25 4 . Bk R T VR S R BT R
DNA 2 Bl 1) & 42 BUBURL, 8 BamH 1 /Hind Il
XUt 1) %5 5 A5 3] BH M 5 40 ok pMID18-T-NS1, ik 2E
TAEY TR CR) A BRA /04T 7 50 5E
1.4 NSIERREBENMEELTE

M BamH 1 /Hind I A B ¥ pMDI18-T-
NSI. |l e NS1 F N Fr B Jf o H e 1) 5 B 3] £
BamH T /Hind I 3 EE VI K # ik 24K pET30a(+)
o BGE B PR W Ak DHG o K AT 1 T2 75 40 i 3k
BB V5 3 7 15 9% SR DNA 2 B0 5 & 48 B
ki, 4 BamH 1 /Hind [l XUE V) % € J5 45 4
FR AR pET30a-NS1, B % 5 hy BH 1 (4 o e 26 4=
T A TR Cg) A7 BRI T o LA 58 GiE 5 1) 52 At
1.5 NSIEHEANRESH&WL

¥ pET30a-NS1 % 1k 3 35 B BL21(DE3) &7
BRI EE0.2,0.4,0.6,0.8,1.0,1.2,1. 4
mmol/L)FSH] IPTG . ANJFHBFE (1,2,3,4,5,6,7,
8 h) N [Al i BE (27,29,31,33,35,37,39,41 C) i

T pET30a-NS1 41 & [ 1 Rk, X £k =Y H
120 g/L 43 &5 I # 47 SDS-PAGE HL K 437 » i 1
YES 7 S 7 v - N 7 Ol 1 [T N7 - - A L2
pET30a-NS1 ) BL21 (DE3) & 52 % DL 5 4 4 11 i
FRBIE B GEAJAER 10 s, [AIf% 10 s, 3
YEH 30 O 4 M, #AJ5 T 12 000 r/min £ .0 15
min, 73 FICHE B IE W L UUUE , 4T SDS-PAGE HL ik
SrHT. A B E AR UTE L FEET LR
td S DA AR A T e b . X DL iR e
RFIRBELE A 8 mol/L JR R JEAT A Pk AL B,
A 1o A T35 118 I SR FHBR 2 R AZE Ak sl Ak o 2l Ak
Jo W 38 1R 3 B 4% 52 1k X &R 1 R 1 i AT SDS-
PAGE W7k 73 #7. & H] Bradford ¥ I % 2t 1k 2 1
14 JoT £ VK B
1.6 NSI1 EHEBHB Western blot #:il]

alifb i) NS1 H 41 5 H £ SDS-PAGE HL 3k 7 #r
& SN EAERR A EFE ME L 50 g/L AR WK 4
CHMA LR, M PPV BHM M E (1 2 100 #6B) T =
M TAEN 1 h, TBST 22 vhifi ik 3 K. im A HRP #ric
ok (1 + 4 000 B 37 CHEH 50 min, TBST 2 i
WUk 3 UK FE B B IR i (DAB) 22 s Wi vh b (5
10 min, [A]AF3% pET30a(+)iF5 25 W X HE .
1.7 PPV [@# ELISA 2 7 % (NSI-ELISA) iy

= gava

L7.1 REFHagmki  TEMIE MR &, 5
SR A B I AN TR R BE (100 4%, 200 £, 400
5,800 %) 5 ¢ K A & B9 A [ B FE B2 (50 4%, 100
f5.200 £%.400 £5) AN [ E M i (10 g/L BSA.,50
g/ LIRS W5 By R B340 10 26/ 4 1l 3 . PBST) 5K
[i) & B B 1] (30,60, 90, 120 min) . —4i (HRP #5ic
oA A [6) # B (3000 %, 4 000 4%.5 000 £,
6 0004%) 5 A [RIHE FH I A] (30,60, 90,120 min) ZH i,
J7 Wi 2 i 5. LA R IV ODyso & 1. 0 B34 1M v
OD,5,<<0. 2 BAPE ML OD,so /B 1 1L 75 OD.s, (P/N
D 5 KM e bR ofE L 1 8 T A bR S gk i 5
TF AR i B A B B o B P W 5 e 3 AT e ]
U A R T B A s R) . A A TR SR SR A
T —dr (R Kz 5D 23 54 H 30,60, 90,120 min,
PLBH M i 3% ODyso &= 1. 0, B PE L7 OD,5 << 0. 2,
P/N fH 5 KA BEFEARUE 8 2 — P (FR AR ) 1 B
P P fR) . 8 AR TR B R 4 0F L JEE W 3,37,5,5'-
Pu H R 2 e (TMB) 43 51 e £2 5,10,15,20 min, LA
FHPE LS ODyso ~1. 0 1M 1L E ODys, <<0. 2. P/N
B e KR BEFEFRE 0 8 TMB e A 4E B[R]
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1.7.2 ZRIirpes sz 1EmAER N &M,
FIH NSI-ELISA 32 3 B PPV [HE 1L i #¢
AL IRE S5 A BE AR BR L BL ODyo {8 9 A8 Bk - 22 3
FIAERE i OD .o 508 4341 B, JF 315301 32 453 B Pk il
T OD.so V- () A bR i 22 (SD) , AR 56 #L 5E
FEA ODyso = (2 +3SD) i} B B A% BEA ODys <
(x+2SD)BF R I, 24 (x+2SD) <K& OD,5 <<
(x+3SD) g vJ B¢ , i 5B K 00 AE A, 0530 A6 00 B A
A OD,5o = (2 + 2SD) B 4] 8 FHE, BEA OD,;, <
(x+2SD) At ) Ry {34

1.7.3 #praX3  Hf PPV bR FHPEXT B i i 2
B#1:50,1: 100,1 : 200,1 ¢ 400,1 = 800,1 ¢
1600,1 3 200,1:6400,1: 12 800,1 ¢ 25 600,
1+ 51 200 b M6 RS, BT B B AT M 4 A
FH#ES7 ) PPV NSI-ELISA #: . # i& OD,s, 1 . #1
TE LR IR H 2L

1.7.4 #FHX%E  HE4% PPV NSI-ELISA £
I PCV-2,PRV,PRRSV.JEV,.PEDV,TGEV,CS-
FV B I3 - 5 B 3% PPV A o B R B P o 37 o
R B 2 5 20 e e 5 At R DL B 1l 3 R A R
A SRR

1.7.5 FEAMWXE (OitWEEMHEIKK., s
0y PPV ST BRI 7 (4550900 1,2, 3) 1 3 1
PPV B4 BV L (G543 990 24 4.5, 6) 76 AH ] ak
B 2 0F R 4T PPV NSI-ELISA Kl . % £ 1l % £

M 1 2 M

2000 bp

1000 bp
750 bp

500 bp

870 bp 2000 bp

1 000 bp
750 bp
500 bp
250 bp
100 bp

250 bp
100 bp

K1 PPV NS1FE: K& B

K2 =45 kipMDIS-T-NS1K]

AFATM 6 AT A AR I 25 SR AT G A A
(Ot EE VR . BEH 3 4y PPV Hi4 BH 2k i 7
55310 1.2,3)F0 3y PPV HLAR B ¥ 1 7% (g
SR 4,5,6)  FE ARG 5 F . TR R A 1]
(1,2,3,4 O F k47 PPV NSI-ELISA gl , XF £ il
SR PTG T .
1.8 PPV NSI-ELISA ByZBRE A

N A5 57 (1) PPV NSI-ELISA K 1fin 5 1)
Hil 56 (CHD X2k A 1L 77 IR ST 6 55 H ) 306 4y
IS REA BEAT A0 L He 8¢ PPV NS1-ELISA M xf T
HI A4, T f# LR X PPV B 3 B L 1M 75 $1
[ENEBTLER oz

2 AR5

2.1 PPV NS1 #EM PCR y &R HEEEHE. X
RHENEE

PCR §" 84 7= ¥y 28 10 g/ L Byt JI B 66 e ri ik » 16
24 870 bp 4bAI WL M DNA P38 477 (K D, 4
Y E 40 R pMD18-T-NS1 2% BamH 1 /Hind Il
XUV 45 58 4R 15 T 870 bp NS1 FE[H 5 B 2 200
bp () pMDI18-T s g ik i Be ( 2) . iy 4l
FEik#F K pET30a-NS1 2 BamH [ /Hind [II X i
Y1 3158 T 870 bp NS1 JH K B fil 5 000 bp
1) pET30a(+) # 4k i Bt (B 3); 7 45 R R W,
pET30a-NS1 [ 32 HE 42 1E 7 .

2

L 870 bp

K3 FE4RIAFMApET30a-NS1/

PCRY" 4 fig 1) % %€ fig 1) % %€
M.DL2000 Marker;1.NS135 43 % Bl M.DL2000 Marker;1,2. 5 41 5 FipMD18-T-NS1 M.DL15000 Marker;1.2.pET30a-NS1
PCRY™ 44 7 49,23 it BamH 1 /Hind T X & 1) 7= ) BamH 1 /Hind TL X V) 7= )
Fig.1 Resultof PCR amplificationof Fig.2 Identification ofrecombinant cloning Fig.3 Identification of recombinant
PPV NS1 vector of pMD18-T-NS1 expression vector of pET30a-NS1

M.DL2000 Marker; 1.Product of
PCR of PPV NS1;2.Control

M.DL2000 Marker;1,2.pMD18-T-NS1
digested by BamH I /Hind 1II

M.DL15000 Marker;1.2.pET30a-NS1
digested by BamH I /Hind 111
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2.2 NSl EHAEAMRERAWL

RSN GRS 37 CIPTG ik i
4 1.0 mmol/L i8] Ky 5 b XF pET30a-NS1 7
FERIKJE S R A A o3 i WO B R B D TE
11 SDS-PAGE WLk 73 87, v] WL H (1% 28 1 K 4341 72
DL AIE AR AR 1Y B IR AR 22 RS T VR 8 o
FZE BT Ak Jaf i &2 Ve IS 17 SDS-PAGE H ik
SRR R, AR T 4 F B A 42 ku 1 NS1

1 2 3 4 M 5
- 97.2ku
- 66.4 ku
- 44 3 ku
, . W 42 ku

- 29.0ku
— 20.1ku
- 14.3ku

4 NSI EAHAK SDS-PAGE H ik 43
M. b5 i 2 4 Marker; 1. pET30a ik #) ;2. pET30a-NS1 % ik
PR 3. R R IS BT s 4. B S R S DUUE 5 5. alifbiE A
Fig. 4 SDS-PAGE analysis of recombination protein NSI
M. Protein Marker; 1. Expression product of pET30a;2. Expression
product of pET30a-NS1 ;3. Supernatant after ultrasonic

disruption; 4. Pellets after ultrasonic disruption;5. Purified protein

2.4 PPV NSI-ELISA # il &40 E

2.4.1 R EE4 KREE DR, EAY R
PEAL Bl T vk B 4. 78 pg/mL; s AR B W &
10 g/L BSA 1) PBST, Sz fE £ B E] Ky 37 CF 1
b I REAS S AR A BB Ry 1+ 100, Je A4 FH B I oy
37 °CF 1 hs ZHifHETAEWRE J 1+ 5 000, B fE1E
FEFE R 37 CF 1 hs R fefE S st [ 2 37 CF
10 min,

2.4.2 ZERFEAFE 32 GyBAMEIME AL PPV
NSI-ELISA Kl J5 » AAE f 5 8 8§ 48 F5 . LA OD.s, {H.
FNAR AR 45 B B PR KE B OD,so B8 23 A I (& 6)
HH I 6 T4, 32 Y REAS 1 OD,s0 i 3 %243 4 460, 10~
0. 30, (5 MLiEFEA Y 84. 4%, T H K4 o0 i A HL. w]
DAV Sy il 5 0 5 b v AR B o 1T A4 32 1 [T 1%
MIEREA OD,s, M8 (o) FAR E 22 (SD) 43 31 Ky
0.210H10. 061, HL4E G 2% F 3, OD,; (B A=

HLAHE M (E 4); Bradford 2 & 464k 8 11 19 T &=
e & 0. 956 mg/ml,
2.3 NSl EHEAMEHEETE

Baifbjs NS1 HE41%E 1.4 SDS-PAGE J5 ., %
NSRRI .5 PPV B M i 16 H . 45
T ZFEAEMRES PPV FHVE MG & 4 Bk
RS2 AR E A S5 PPV FHME L35 % A ) R (&
5.

42 ku

5 NS1HAHKN Western blot # il
Lo alifk NS1 EHE A5 PPV Bk % 15 H 5
2. AR KA W 5 PPV A 1M v 7
Fig.5 Western blot of expressed products NSI
1. Purified protein reacttion to positive serum;

2. Control of pET30a bacteria lysate

(x+3SD) I, AT LATE 99. 9% By 7K - b1 5 Sy B
R 15 3] () PPV NSI-ELISA A6 I B B 4 F0 B 1
W AR A 24 AEA OD o =0, 393 B 3] Ay B s 24 b
A ODyso << 0. 332 B3 S B3 ME; 24 0. 332 < RE AR
OD 5,<20. 393 B} ) JJy A] BE . XJ 0] BE A A % 200 5B
0, B A I B, BE AR OD s =0. 332 A B .
2.5 PPV NSI-ELISA B R E . EEHN
ol
2.5.1 # M H#E-7 1 PPV NSI-ELISA 4
PPV 5 e FH 4 % B8 I 38 224 138 A B 2= 12 800 £
I o 4G 235 SR AT5 M B (OD s = 0. 412) (& 7) L 3IE WA
S 3 ST ) 5 v B BT A U
2.5.2 #HFn WL RER NS HEAHIE S
W7 R B I3 R 1 OD s B ¥ I8 T 0. 332,
SERHPER N . FRB NST EAEASH W 7 FEm e
BRI 1098 A A2 28 SURE » s 1 ARG B0 e = 1k
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2.5.3 TAMH REGLEE TR, M ELE KR
AR B B BUNT 5% (8 D sHtbial & 2 P I AL

0.40;
* *
S
0.30}
_’ ” * > *
< 020} * ¢ ”,’ of e
3 . R IR
* o
.
0.10 &
.
% 5 10 15 20 25 30 35
FES a5

Sample number
Kl 6 PPV NSI-ELISA #:i 32 {7 B ¥ RE dh
OD 50 {HL 19 43 413 15 3L

Fig. 6 Distribution of OD,;, of negative samples

MASRBH/NT 10% (£ 2), 8] PPV NSI-

ELISA HA RiFmE &,

1.6}
2 1.27
Q L
© o8

0.4f

01750 1:200 1:800 1:3200 1:12800 1:51200

R

Multipe dilution
Kl 7 PPV NSI-ELISA # 1 fr BUEE M 4 36 45 S
Fig. 7 Sensitivity of PPV NSI-ELISA

% 1 PPV NSI-ELISA il #t N ESEH XKW ER
Table 1 Intro-batch repetition test of PPV NSI-ELISA
FE it ODs0 T iz ERRE/ %
%' 1 2 3 4 5 6 x SD CV
1 0.913 0. 894 0.982 0.941 0. 965 0.913 0.938 0.032 4 3.45
2 0.521 0.498 0.556 0.538 0.570 0.534 0.536 0.025 4 4. 74
3 0.437 0.411 0.456 0.471 0.434 0.448 0.443 0.020 6 4.65
4 0. 315 0.323 0.298 0.301 0.291 0. 315 0. 307 0.012 3 4.01
5 0.203 0.195 0.198 0.193 0.178 0. 186 0.192 0.008 9 4. 64
6 0.112 0.106 0.098 0. 106 0.108 0.110 0. 107 0.004 8 4. 49
& 2 PPV NSI-ELISA MM #Ht B ELS i 4R
Table 2 Inter-batch repetition test of PPV NSI-ELISA
R 25 ODuso R bt 22 LS 0
1d 2d 3d 4 d x SD cC.V
1 0.912 0. 881 0.982 0.956 0.933 0.045 0 4. 82
2 0. 584 0.512 0.507 0.541 0.536 0.035 3 6.59
3 0. 481 0.402 0.452 0.421 0.439 0.034 8 7.93
4 0.286 0. 331 0.312 0.294 0. 306 0.020 0 6.54
5 0.174 0.192 0.181 0.201 0. 187 0.0119 6. 36
6 0.096 0.112 0.105 0.094 0.102 0.008 3 8. 14

2.6 PPV NSI-ELISA IG5 M H %R

I F AR50 £ 37 19 PPV NS1-ELISA A 7% H
AT I 2R T b 45 i i 306 D4 LG REAS, 45 A 26
Gy B E, BHPE SRR 8. 50% ., %} T PPV NSI-ELISA
K 26 43 FEPERE S, HI A Sk FH M 25 6y, H
A 1R, ERFG N 96.220(25/26)

3 W ie

Hi, PPV 2 Wy vk R 2R 50 5 5 %
FE T M 2E TR B A IR . Heh s
07K PPV Pk EEF B 2 — HAE
PPV g BRI | 3247 95 2 V8 A A0 00 45 7 1H AT
FEMIEM . EAER.PPV &L 2 K, FA 0
PO RO A R T B R Z 3k . I8 E PPV

) B 95 T BF 2 LA FH T 8 L M B0 Y HILL i v
FHRLS (SN JHMA 55 G 38 30 55 5 B 0LV 27 5 i 2 DA
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