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WE . SEWEERINE 2 W (PCV2) BREMETIRE, FEH AT ELISA MPRFOR S IATEE . #id PCR ABHERGR 3 i PCV2 9
FhILHR 2h 5 2d B4 DNA, FEBIFEREA pMD-19T 2k, 345 2 AMEA kL, 4% 0 pl9T-PCV2b 5 p19T-PCV2d, FIFH Sac Il figHIFk
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(TFA) YRR TFATY AR, 455K PCV2b 5 PCV2d JERYeE ro e nT 4R B 6 3 . LA PCV2 Bsi bl (2adt) fEAFTPUAR, MBI A
ALl (HRP) FRICHY PCV2 ZHUVERKIMPTA, HS7 A PCV2 R BRI FRINPUIAIE O ELISA 73, HT PCV2 FRROR AV SEE , Kz 7 i
5 IFA FREECH AU AR (TCIDgy) &5 BRI, 4558 5K, ELISA K4 5 Image-J Fr 589 IFA 38008 13 K TCID., BYAH X B %k 43
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Construction of porcine circovirus type 2 infectious clones and identification
of rescued viruses using double—antibody sandwich ELISA

HE Zigin', NING-LI Na', FAN Jie', LING Tong”, LIU Tiantian', LI Xin',
CHEN Zhixiong', LI Manxiang', GE Meng'"
(1. College of Veterinary Medicine, Hunan Agricultural University, Changsha 410128, China;
2. Engineering Technology Center, Hunan Sinoland Biological Pharmaceutical Co., Ltd., Changsha 410300, China)

Abstract : The whole genome DNA of two genotypes, 2b and 2d, of porcine circovirus type 2 (PCV2) was amplified from the positive sam-
ples by PCR, and cloned into the pMD—19T vector, respectively. Then, the resulting recombinant plasmids were named p19T-PCV2b and
pl9T-PCV2d, respectively, and the 1 767 bp whole genome of PCV2 was cut out by Sac Il , and was cyclized by T4 ligase in vitro. The cir-
cular genome was transfected into PK-15 cells and passaged to the P6, and the rescued virus was identified by indirect immunofluorescence
assay (IFA). The results showed that PCV2b and PCV2d infectious clones were rescued to generate the viruses. A double—antibody sandwich
ELISA method for the detection of PCV2 virions was established by using PCV2 monoclonal antibody as the capture antibody and horseradish
peroxidase (HRP) -labeled PCV2 polyclonal antibody as the detection antibody for the identification of PCV2 rescued virus. The above re-
sults indicated that the correlation coefficients between the ELISA detection value and the IFA fluorescence intensity and TCIDy, value calcu-
lated by Image—] were above 0.7 and 0. 8, respectively, suggesting that the ELISA method was in strong consistency with the IFA and

TCIDs, results, and could be used for the rapid identification of PCV2 rescued virus.
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RPN EE 2 A (PCV2) 2 [ R0 22 R R 3%
BB ALY, R HETRE LS B MR, 7R
TS, R RERIE, O, K/ 15~20 nm,
1 60 4~ Cap £ [ % BT #4 55 1) — A~ 20 144 % Rk 25
gt PCV2 BE R 4] BB 3R OIR DNA, K/ 4
1.7 kb, A5 2 A~ FEZRIFECE R EHE (ORF), H
H ORF1 %if% Rep FH, 414 945 bp, N PCV2 fik
() ORF, #wtt e 314 AL T4l sl i) 59 28 2 il A
Kf) Rep 1, S FHZH 36 kDa, ORF2 45 i)
5 Rep M, HHN4K 702 bp, i 234 &
SERRAL R Cap T, 4 F AN 27.8 kDa'? | Cap
M PCV2 ME— 25 1 AR APPSR, o LAY
SHUAR = R R e D PCV2 FE TR i
i F 2000 4EY ) EHTHFIE R, PCV2 T[43H 8
AFE AL B PCV2a~PCV2h, HH PCV2a, PCV2b
1 PCV2d IR H AL, 2010 4FE & B PCV2Db HY
SRR PCV2d, I FOZEEARE 2 1 5 [E i A7 %
B TS BRI PCV2d B T PCV2 %
A R A 10T

PCV2 BB/ E 4Nl (PK1S) /0 b B4
e (TPEC-J2) #9758, PHubHE M LR 2 Fhaiie Rk
R SRR H R R P 43 B G 7 ] BB R
ZF PCV2 TEARINIR G, AR THESEARIRE PCV2 &
PRAR AN . I L KCRE 0 56 5 T 25 5 . 2000 4,
Fenaux 25" 5 A L 1 78 B 4R 15 19 PCV2 KR
TR, B (I A IR A B AR L, 2
S WA A aE A ARG e B R SRS R R PCV2
TR, JFUE R 22 R AT g

XFF PCV2 JBRYPE s VR ROW T 0 %5, nl DLl
i R BSR40 vk R W Ak
AN, BORMEARRZREER T, HAERE T, %
TIREEZIRA N PCR 5 qPCR 45 )7 75 IF3E B 424
XTRREERL TR, FL AT B8 32 21 & il i A Hp 9 B A TR
DL R o R DNA 5% B B T3 A8 S8 b s
TR ORI (TFA), IR ER, FENTE
K, IFHEH—E R F WL, B 5% W Bl 5%
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IPMTITEE, Hodh XA et ELISA J5 k)32 v
B AR R A A R A FREAS Cap 2K
FORULARJE Ly ELISA FHF PCV2 BYu i S PR $5
TR, BEHERRAZ R TR RIS, B HAA BRAE
A NRPLR, B RIE R TS E IROR

AHFSE B LEF #E PCV2b Ml PCV2d B Yt v,
FEIE 2L P TIARIE 0 ELISA J7 35 X PR Ko 2 04T % 5
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RS E AN PCV2 RERR AR B 1k 25 5
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1.1 EE#HMP
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AIME AR (BSA) YRt B s AR A B
ou] el Sac UBREIE N VIEE . T4 4R % H BB
ﬁz%&ﬂ?ﬁﬁﬁ/ﬁﬁlfnﬂ:, 2xPhamta Max Master Mix &
EMERE A IR BRA /7 oty BRSO &L TS
R & 5 /N TR GRS [ Bio - Tek A
Fugene HD % Y4 X 5| & Promega 2~ & 7= fifr; JHE 1§
DMEM #l Opti - MEM 2} Gibco 72 7] 72 fii; Alexa
Fluor 488 #ric L £ 4T B2 —Hi A TE B R /R B4
OS] AAMUSE SR A0 SR ARCRT R e R A
PR B AR & 1 A AT H BB A BR A |l 5 96
FLEEHR AR N Costar 23 W) 7 i s PCV2 1Y B A UKL
(VLPs) . Bpg ST (Bpr) FBUR i A 1k i
(HRP) #FRic iy PCV2 ZHL A A LI =4 AF; 3,
3", 5, 5'-DUH BB i (TMB) i3 [E KPL 23 A
7P 2 mol/L BRFRZ 1L . PBS B H A LI & AL
1.2 PCV2 &KERFARTE

£ M8 GenBank U & A PCV2 KK F 45— *t
PCV2 ¥ 34 K51%, PF: 5 -CCGCGGGCTGGCT-
GAACTTTTGAAAG-3', PR: 5'-CCGCGGGAAATTT-
CTGACAAACGTTAC-3", M PCV2b fil PCV2d FHMERR
R RBOR B RVE AR, & LiRE ISR E
B S B SREAT PCR B4 K H A BEYI I 1O
5 pMD- 19T #i47 % 4%, B &4 W L & DH5a,
i A REPR PR T, T M3 5 AT TR 7
FE o R BHPERA YR R 2 LB MUASE SR, 555712 h,
PEBUTCRLS AT, F Sac 1T BR &I BEVI 354G PCV2
SRILHFAFH], XERUER) PCV2 Lk 5L 24 Rk
FEMIIEAT L, 16 Ci%EHE 12 h,
1.3 PCV2b 5 PCV2d IR EE AR PK-15 41

2 PCV BAPER PK-15 4A A 2 75% i 40 i3
BEERE, FIH Fugene HD % G iR MR I PR 21 4% Y
2 PK-15 4189, 6 h K38, BfLmAT S
REFRILIGTE 37 °C . 5% CO,IRA T AkLLEs 3% 72 h, bl
JEmEe 6 fLAR s — R A =Y, K E T
-80 C kAl 3 X,
1.4 HEMRFH IFA &l

RS RS o X, Wi 15
AR R AIIC & 75% 11 PK-15 41
M, TR B X A, MwmEEiRAafE 1 h, &
20 min HEATREWHIRAI, 1 h i, #FEE®R, H
500 pL PBS #1796, &M 2 mL & 2% FBS #Y4H
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MIAERFR AR SRR SR, T2 h J5, FRPEREIRI, PBS Bk
3, A 4%H L E W 37 C[E5E 20 ming FrdsifH]
JEVR, PBSVEWR3 IR, BT, FEGMHE 10%M L
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1 h; FFE—95, PBSYEMK 4 K, HIK 5 min; PEK
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PBS YE¥k 3 K, TEIE 2O W MEE T Eg,
1.5 PCV2b 5 PCV2d &SRB F

¥ PCV2b 5 PCV2d $R KU 8 1% = P6 {5 B
BRI 200 L, SRAMEIRIESEEUN 8 DNA, 1F40 20 5%
DUBCIH T H G BRI R A R B G & e . DAR
By PCV2b, PCV2d DNA M#AHR, FIF PCV2 &K
ST PCR ¥ 3, BEJS B = kAl e, 40 #Hr
PCV2b 5 PCV2d Byt rof B B fae Rk,
1.6 PCV2b 5 PCV2d EMHIAE

B E N 90% 1) PK - 15 40 i 35 17 5 i 1 1k
PAEEAL 100 L #8196 FLAR TG 10 HE, H DMEM 1%
Fofi B 1 P6 18 PCV2b Al PCV2d K fow o, X H
107" ~ 1073k 10 MR, BMRRERE 8 MER
fL, 2511 HERRAL N 2% A0 e BE SR Ve R B X IR, 7
37 C. 5% CO,IRHREF, 72 h ZJ5, FHEEFRMR,
FH LR d e B Tk, # B Reed—Muench
THE P6 A PCV2 4K KO 5 1Y > B0 20 2L 40 M Js e 1
(TCIDsy) o
1.7 PCV2 Wik ELISA #7535/ 51

FIHARSL B A7 B BRPT PCV2 BB IE Rl sk i
&, HRP fRiC iRt PCV2 ZHi/E N EFAR PR, %)
ST R PCV2 [ AU AR I 0> ELISA 7,
PCV2 BfiLL 0.5 pg/mL 4 CAL# 24 h, 37 CE A
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(1) VLPs 1 A bR e & AT — R OVH B, Am EAE 5 7E
37 CHEF 30 min, fH] HRP #ric B PT PCV2 £
1: 1000 FfiFt, 37 CHEE 30 min; M AR E 5 A [H)
T BESE PS4 B Y OD 5 ,,, 165 B E i 2 JBE 2 S A
ek
1.8 FIAXFM L ELISA £7F PCV2 xS

PR PCV2b 5 PCV2d i #EFE & P2 ~ P6 AR
JRERGEAT 1 10 M RE, SR LA ELISA JrikibfT4e
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B3 bk 43 #7

FEPRRH PCV2 AN [FARIREE 4 3R 5 1 43 il i
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AT A OCHPE S by 53 Ak, B Pe ARAE ML, 4% iR
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TCID, R FEFE AL, PEAT ELISA K20, 24T 0D,y ..,
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2 #R
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FIA PCR M5 Bk e 43 5 4 38 3 7 00 K/
1.8 kbZE4i 19 DNA B, ¥ B 19 R Br it 47 U] g 1T i
J55 pMD - 19T Ak 4%, b % DHSa BEZ S 40
i, PREEBHPETE T, 80 LB WIS R A R 1,
SR R B O TR S AR O M ok, R E A TR T
FEABRA AT PCV2 SR IR, K0 155 Y
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1 pl9T-PCV2b 5 p19T-PCV2d E 4 FfiEat)]
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FE P 240 AL P ] R 81 40 ) B A s 3 S
R RE RS AR AT, T I X R 20 L P G
SRt (K 2), i PCV2b 5 PCvad
PRRORT) .
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PCV2b

PCV2d

B2 PCV2IEPHFER IFA L£E (100x)

2.3 PCV2b 5 PCV2d #E#mSHINF

PCV2b 5 PCV2d JK#E PCR 7= 9 i Fp 45 S 2%
By, PCV2b 5 PCV2d ) P6 R0 357 51 5 oIk 5L
HZH 91—, ik PCV2b 5 PCV2d PRBUK T RETE
PK-15 Zifufa e B 18,
2.4 PCV2FEEMHNE

45 Reed—Muench %, FEE = (& T 50% M
HE-50%) / (T 50% M E 5% T 50% /&
IYEL) , 1gTCID., = I Lb 51 x s 6 B ot 450 =2 ) f 22 +
i T 509K 728 3 B A RS BE A T8, 1T AT S PCV2b
) P6 fX TCID, 298 107>%/0. 1 mL (£ 1),

£1 PCV2 &K E TCID,,UE (Reed—Muench %)

Tewé Hifwe  Bibuwe  2Obfl
L E‘ # N/A L"
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2.5 PCV2 X¥ifk3zis ELISA #&i/ ik B i1

XF PCV2 XUPLAR e 0 ELISA J7 2% 9047 & R
Ja, AW E MR RN R AR WERN 0.5
pwe/mL, ARG 4 Cak 24 h, Sl
4 37 CEHAI 2 h, HRP fRicB%Rdt PCV2 ZhifctE
FRREE N 121000, SKH Cap 43R VLPs #4218
AN OIS TRR RS, HESL 0D, . [H5 58 5 B 1)
P g (K3) .

2.5 -
r=0.996 2
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2.0 -
1.5
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0.0 1 1 1 I 1 1
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WeBE/(ng - mL™)

3 PCV2 Wk ELISA ¥R f 2%

2.6 FAMFLMAEED ELISA £ PCV2 EB#FE

# PCV2b 5 PCV2d P2~P6 fUREER 1 1 10 Fi ke
JE 4T ELISA ) , AR & AR 2 Y 0D, . TH
TR PCV2 MR R ORLEL (R 2) . iRk R
P OD o (A EIFE S Cap EHEBIWRE, FEMF Cap
BT o = TR B R SRR, W i = FE AL D Cap 1Y
it/ AX oy B, R ORI (A/mL) = Y
FA) e BT AR I 25 H 4
2.7 Xk F ELISA 5 IFA 3 TCID,,fll € £ R
RIXF EE 3 47

# PCV2 ARMRIKAEFEAT ELISA K2l 5 TFA %5
E, ER 0D, . 5 Image—] B i35 ) 29¢ 608 B A 5
SRIACH:, FHERE 55 0.7 (K 4A); KA
TCID R FE R HE 1T ELISA ¥, H 0D, ... 5 TCID,,
IR r thEik 0.8 LI E (K 4B),
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&2 PCV2b 5PCV2d HEREPMEER ELISA RNESERNRERE

) Rk
WiH
P2 P4 P5 P6
PCV2b A 0D, . 1H 2.888 2.962 2. 647 2.111 1. 165
PCV2b JREEPREL (4 - mL™") 2. 1x10" 2.2x10" 1.9x10" 1.5%x10" 7.6x10"
PCV2d 4 0D, . 1H 0.738 0. 647 0.492 0.932 0.217
PCV2d R #BORE (A4 - mL7!) 4.3x10'° 3.6x10" 2.4x10' 5.6x10' 2.2x10°
B 2509 —0.8366
P=0.0013 °
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< 100 e®
= N ®e
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3 itig

PCV2 & —FP A8 55 U EE AR P DNA S5 8, AT LA
IRF] 1. 2x 107 B /07 /4R R IR B R,
FHfuE RNA S5 8 M ALl S JLHJEAE 2007 4F
PCV2 B 2 Z )5, A 098 3 I AR S5 i %tk
—E ke, H PCV2d W 3AT LB, X AT RE
S g vk R A 5N it 4 B PCV2a,
PCV2b Fl PCV2d & &R 75, KT PCV2d Cap
T FE L2 AR IEBRAL S AHXT T PCV2a fil PCV2b & 4=
TRAR, XGRS R A 5 TiRe &k
—EMAAL . RIS [R5 AR A7 s X B 45 44 A D) g
fsgma, AR E SR AR R, XF PCV2d Cap 1
IR 2E AL TS, AR PCV2 Bt
iR, DRIAS SCRTHE G POV2 SRR 1 T S 48
PCV2 2N HE R 7 5 45 5 A5 (AR Jk e 1 o g 174 440 2 B o
il

TR v (R D) RO R E PR R RO S 2R A
RA K, MRS Y 20 M (1435 45 DL KOs 35 70 1 R 4 i
H R KSR R A G, PK-15 4HiEJE PCV2 15
TRANE OB AN, Z A0 PCV2 205 K
TEEH A = AR IR, SR PCV2 ZE ARSI 1) 35
BELT AR X AR AT B POV2 43k R4 1)
JkrfE Y PK—15 4R, I Ae) i) Jak e 1 o e S LR
RORFER RS 6 U5, W AFAENS B3I B2 AR n]
B, TR PCV2 78 PK-15 400 934, Fenaux
VRS R, PCV2 I B R A B 1 £

T, S 1R 1007 TCID,,/mL, FJFFEI5 35 48
{9 10> TCIDy,/mL; Zhu 12V BF 5% & 8, 3 i A R
Fi ek N PK-15 TR A 4H 3k 45 1 #k X PCv2 & il
i FEBUR B A, IR IR PCV2, S5 o 251 B2 7).
DS E] 10™° TCIDs/mL, B I, A #F 58 B 48 £ 1)
PCV2 JEYe M v o S PR RO 25 1 1% B AR, 7T g2
BRI ARUEE D, A AT BB PCV2 XAIAE: PK-
15 0 40 R Sy e 25 4 5

BN, AUFFRFEWE T PCV2 78 PK-15 T Y&
il LB I TR 3K 36 h, ik 35 09 52 i R AR LA S 1
FARMERIRHSCER A, SRS [F) A 40 At i Ak i) 43 24 )
WA, PRk 2 40 i ) oo 4y, S EUREEN
SRR R AR D-E AR (D-
G) — A LI PK-15 400 S AFE (0 %3k,
55 —J7 A LIS HERS EE 9 DNA #E A OA% DA 1T 44
59 B A9 Z i, Tischer 457 e D-G KR 5
PCV2 345, 2 J5 Gilpin 252 & B 300 mmol/L
D-G JIFAEFE PK—15 400 20 min REAL I 2558 hindms
FIXGEERE ST, A5 530K F 300 mmol/L D-G Ab#
20 min 1 3 mmol/L D-G AP 72 h, X}t & B
3 mmol/L D-G AbHE 72 h, REGEfH PCV2 Y& Hil%R
BE S, 1M 300 mmol/L D—G AbFH AR M 3 Bl 472
MFET, WA BT PCV2 (A HI, J5 S8 xR
SRTEARLEAE AN 3 mmoL/L D-G 1Y PK—-15 40l 4%
FIMEAR, 24— D3t m e I

PCV2 JE Y v [ S i PR RO 75 76 i AL AR
Hh, FEREAETERS SR AR . AR Y Atk
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FRvfE i A5 B0 B R B, TR X O Bk R T 25 2R 5
PCV2 Wik TR Z M AR LR, FIH
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HA i B A S, A TR S 0 ELISA 75 7
ATLAA T PCV2 SR YL 7 3 S PR 7 19 %
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BERERE, JEEEST THI PCV2 RS0 ELISA J5
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