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THE: [HWITE R R RA s RN 2 B (PCV2) K5EHE 1 (Cap), FFXE K IE 1) E 41 8 (1 *Cap HHAT S R 7
Mro 7 V84 PCYV2-ORF2 2K B 4LFFIRR R Bacmid-ORF2 4% B b 4N k47 8% A K& R 56, 1/ 4l
L 1% Cap FFLHL pcDNA3.1-ORF2 435l G /N iR, Phs = # e s . (45 3 1 PCV2-ORF2 2R 4wt 1)
Cap 45148 (1 /F B U0 i IE R R IE, AT 40 TR B 4058 32 000, *Cap AEH5 4 PCV2 PHIE MIFRTR A, BB R4
MIBTE M *Cap G 2178 40 M G2 /K SF B MR 9% K P (1 S e U R T peDNA3L1-ORF2 s, (4510 1H 4
HE*Cap I EREWITE, BA PCV2 E IR R ANE . WAL R NEEN PCV2 Ji# /T2 Wi, WAL
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Expression and immunogenicity of recombinant capsid protein of
porcine circovirus type 2 in insect cells

XU Zheng', MA Xiaoli’, LIN Yanxing’, DONG Jianguo', WANG Lei', LIU Yanling', LIU Qingshen', SONG Changxu'
(1 National Engineering Research Center for Breeding Swine Industry/College of Animal Science, South China
Agricultural University, Guangzhou 510642, China; 2 Laboratory Animal Center, South China Agricultural
University, Guangzhou 510642, China; 3 Inspection and Quarantine Center for Animals and Plants,

Shenzhen Entry-exit Inspection and Quarantine Bureau, Shenzhen 518045, China)

Abstract: [Objective] To express the capsid protein (Cap) of porcine circovirus type 2 (PCV2) in insect cells
and analyze the immunogenicity of recombinant protein. [Method] The established recombinant bacmid
containing fused ORF2 gene (Bacmid-ORF2) was transfected into insect cells for protein expression test, and
then the purified *Cap and pcDNA3.1-ORF2 plasmid were immunized mice respectively to compare their
immunological effects. [Result] The Cap structural protein encoded by PCV2-ORF?2 gene was correctly
expressed in insect cells, and the relative molecular mass was about 32 000. *Cap could be recognized by PCV2
positive serum and had good antigenicity. The immue effect of *Cap group was better than that of pcDNA3.1-
ORF?2 group in both cellular immunity and humoral immunity levels. [ Conclusion] The recombinant protein

*Cap can replace the whole virus and may have potential application values of PCV2 vaccinum. These results
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lay the foundation for the study of molecular diagnosis, subunit vaccine development and molecular biology

research of PCV2.

Key words: porcine circovirus type 2; capsid protein; recombinant bacmid; expression; immune

H BA Q2001 40 18 20 E A7 78 B R 2R
#F 2 M (Porcine circovirus type 2, PCV2) &4 S5
1) Wr W0 A7 5 2 2 40 3% v 2% & (Post-weaning
multisystemic wasting syndrome, PMWS) LK, H
PCV2 &% 5] S I AH IS0 ££ 4 [E Vi 2 48 T (1K) 4%
VIR, HEAN & @b, gl w8l m)
ZEM. PCV2 FEFIE R REZHMHS, 5
% o T TR VR R G ] A ™ R RE S, T HL M I IR
SRR A HETRIZ T . 52 PCV2 BRI 4H A 2
LR AR, FRAF I B 55 TR TR BLAIC, o] 4
K. REFRFERERIE RS R AINEE R 54l
o 7= B e I 98 SR M L SRR R, FE BT R2
EEAS TR, 152 AN T E AR

PCV2 75 5 2 R 4H F EEALHE 2 AN TF T80 Bl S AE
28 (ORF1 F1 ORF2), HH ORF1 gwtithis 8 &5 H & il
I (Replicin protein, Rep)”, ORF2 %t £ A< 72 55
1 (Capsid protein, Cap)"'”. Cap & PCV2 ) B4k
HEE, Al SO PCV2 K5 e b
B EARprE" Y KBRS PCYV2-ORF2 J
DAL 1) 2 2 AF R B P T B A R AT B R IK,
T I B A AL = Py kAT S /N BROGT E A ge, DABE
JLEHE A *Cap B R R, ik — B H 5t PC-
V2 G SR PR Y B 928 P AT ) B A

1 RS

1.1 ##

HH PCV2-ORF2 H A I FHIR % # Bacmid-
ORF2 M5 ki pcDNA3.1-ORF2(f1 & ORF2 4 %)L
HE) B B S AR JE Aol TRER AR B o DM i e
FHARAFE"Y; High five B A 40 th oL KA PG
] 5% L 5 S 0G == W05 SO R AT IR H Invitrogen
AF

DMEM 40l £ fili 55 77 5 (b)) i 5 GIBCO
/N F) s Express Five® B HU 40 i TG i 7 1% 77 % .
Grace’s ¥ 773 A1 L- B & Wi H Invitrogen A

B4 I3 A [ R 2R e AR ) AR 9 =

BALB/c /MR, SPF 24, 1, 6 &S, W E il
KLY

Cellfectin“41 g 4% 44 57). ProBond™ 4 i 2 1% #4:
ST H Invitrogen A F] s TYLHE I Marker.
HRP—FE$1 IgG & fn E A ARA R A 7 7= i K

My Sigma 23 \] 77 s BRI B A6 505 B AR
HIRAA; ZHERIR K EME A E )M
EIAEMREAH R AT PCV2 JUikHEN ELISA ik
BN e = A F =

1.2 EHRFRFESHRE

1.2.1 SO R R@miatyst bk £ 35 mm
(6 FLAR) MIFLH I 9x10° 4> ST9 4 . & WAL K
Grace’s 35575 2 mL, 27 C WG4 KZE /D 1~2h, H
TP AE R ARG FRAE B4 M 2 IR 7E 100 uL 1) T6Pt
AR FREET I 5 uL Bacmid-ORF2 1 5 uL 4
ey, IR CE 30 min, SO 0.8 mL 15773, 82
BIRZ), K g AR -DNA IR A 900 2 240 g % 1,
27 C ¥59% 5 hs FEEFHJEREWY, TN 2 mL & HiE
I Grace’s #5773%, 28 C #5978 72 h JF IR
14X (P1AR) Fi .

122 FTHAFKRBENT R DL PLACELF &
Tl BE i R0 IA 1Y High five 4 M LA % i 1 1) 58
2 AR (P2 AR) Flieg . Phidk i F X £ K I HAEK
R IF ) High five 4010 (£ 10° mL™"), W77 55 75 4,
N P1ARE A7 20 pL 5 900 puL Express
Five" 55 77 3& (& w N 10% I L-B &%) iR &
T, B4, 27 °C §# & 1~2 h, B[HEFE 20 min
BRI 7 2EW, M 2 mL &
5% (p) 4 I35 ) Express Five" B 983 (Fw N
10% f - R BEHR), 28 C 1555 48 h 2 )5, WdER:
It EIEWL 5 BUNE T 4 °C ARAT, N P2 AR E R
1.3  FRKIE~4) SDS-PAGE 1 Western-Blot 534

FSCHER[ 1S 7 46 0 R, F 4 iz Bk,
3000 r-min ' &0 10 min, B E3EW IO 200 pL
2xSDS-PAGE Loading Buffer, & # 5 min, 32 EJ 4
s 40 ITTE I TRA ) PBS 22 PP 2 %, I
200 pL 2xSDS-PAGE Loading Buffer, ¥4 /(i€ T #Us
Z b 5 min, SLRIA ], 3 000 r-min' &0 10 min
Ja B0 15 uL T SDS-PAGE.

FRAE SCHR[ 1511 T ik 23 78 3 E , 1% SDS-
PAGE MUK H 2k e % R A 4L, H &
5% (w) i HE W# 1) TBS(20 mmol-L ' Tris-HCI,
150 mmol-L™' NaCl) &Pt i, L% PCV2 FHE
IM3E N—Pt. HRP—E$H18 1gG SN T, DAB 4.
14 EEEBR*Cap WAERIE

B 4 1% 5% . 24 High five 4 B & 5 41 i
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TR SRR 2 B E AR ST A R U (R K e e SR 2 3

TSI, 31 25 W, MBI Express Five" 5 77
B (5 o M 10% FIGA-IIE, w 9 10% (1) LA 2 B,
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SRR 1A KA A A N 100 mL 7 (1)
Express Five ™35 77 W, i F K 48 Jif i 2 74 #4 EG
1:3 0 ffeAR.

HARNE A *Cap KRR BRASHE
24 h, ¥ ¢ N 0.5% I P2 ACFP B W% F T High
five FRHANM E, JHON 28 C B ##1E3E 7% 96 h,
WA A B B R o 3 e IR WO P A 4 i e
B
1.5 EHEZEAMAWL

Z: 8 ProBond™ 171! & Ut B T TR . KFUR
LA E o T gz phl o, d i 18 T4k,
3000 r-min' B0 15 min, WCEE MR LG, o4,
W B B v N B 44k f5 1 B 20 B 1 R e b, AEZR
W 4 °C IR BTG, 4R
1.6 FTIEERALLBREN

SDS-PAGE H A Il Fl & 23 £ 1 A0 R8UR
5 B B I - SR A a0 S0 B I
KAE 260 A1 280 nm HIWOGEE (D), 1% F it FH 4tk
T it e 0 2 TR R P [p(BE ) ]

pCE A )=1.45D550 1n—0.74D560 ym >
1.7 pcDNA3.1-ORF2 (UK EHI%&

T B8 TR R & A #2577 & (HiPure Plasmid EF
Maxi Kit) 68 BT EAE . AW KB R G, &1
. 2 A S W, B HiPure EF Maxi Column
BALE SO mL TWEE T, BLHBIREG R
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¥, {EBURLRAE T-20 C.

1.8 IR &G

30 X SPF il RRBENLF3 00 3 4, ik Gs%
EHRBIEIE 10 d 3H47, =R BIEE ZIRBI%E )G
14 d #£47. a 41 (pcDNA3.1-ORF2) 7 % /i 3 d 2
AITE/N R AT 5 R VU S LA S 0.5 mg-mL " (19 3 R
e RE 50 pL FEAT AL EE, 14 R B4 2R 1 )5
Az, DABR Ry AN R R R IA, I A i T/ B
5] 3A7 E S BB pcDNA3.1-ORF2, &% S s & R/
BUE ST 100 pgo b 4T K S H 95 IR 58 4 4 7N
*Cap il S 7L B3 AT I g%, — IR Sy fl =
TR AR 9% A FH 3 QAN 5 4 7 7510 ) S P v 7L 751 92 7y 3k
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AT MR e e, Bk S B R /N BRI 100 pgo ¢ 4
4 PBS R, T/ BRI A S B R DY Sk UL G
PBS ZEM i, Bk Fe g% B R /NS 100 pgo Wi
RIMAE R %) 10 d F =R % G 7 d #H1T.
1.9 &R T i#E4HpeiEsEit e

SIRRIEE R T R, FHARHLE 5 KN, G
W EUI, 76 DMEM & 32 5Y 6, SRS 200 H b
T8, K 20 M A D T S5 R R R A A A B b
/2,2 500 r-min”' B0 15 min, WA @ E 40 E
EH LW ELE, H DMEM & FF ik 2 1%,
20, Fl DMEM(% ¢ A 10% [/ 4= 13 WPt
100 TU-mL ") # 4 fa 2 ) 1x10" mL ™' £ 96 fL
R AR FLIIN 100 pL JE40 B, A i 0 ) & &k
££FK ConA BJREWRE N 20 pg'mL ', 7£ 37 C 1Y
CO, ¥ 7 M & 36 h; BFLMA 10 pL MTT
(5mg'mL"), & 37 C [ CO, 774 EH & 3~4 h;
FLANA 100 uL 10% (w) SDS—0.01 mol-L™' HCI %
T, J821, 37 °C 1) CO, £5F-MERE 2 hs fERFAR X L
B9 570 nmbIROGEE (D)o % %20 T 4t
TEEHE (D570 am) AT G2 A0 EE, ¢ 4656 L
o 2H 2 ) 2 S )
1.10 NRILER AR

¥ ELISA Ml 77 & vh i — 5 H HRP-41
B 1gG B dft, FR4E BLISA 37 & 0 FH Ui B 15 T3

2 BREDH

2.1 ELAESEH K Bacmid-ORF2 3534 B 1 4HAE

L PR AR e B AR RS, R A E
RACAR, AR KAR B, AR R, JLT 7e i
Ji, 77 AR B R A 4R R AR, 96 h J5 AT SR R I A B
2, wmoh g A (8 1),

e
¥ ,“ 40 um

A: SO i B: High five 47
1 ERIEZE N Bacmid-ORF2 3532 B 1 4A At fm RO 4R A
mET

Fig.1 The cytopathic effect of insect cells transfected by
recombinant transfection vector Bacmid-ORF2

2.2 FRIEFIEY SDS-PAGE F1 Western-Blot 4347

ORF2 [ 524 2 b5 1) 2 AN 4 Tl & 240N
28 000, [7] B 45 44 19 v 1 471 G B ) IR (R AR ER A
) C'A S A 1 V5 HUE e AN R A IR bRl
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FE 1) M2 TR 4 000, T3S FRIAH) H HIE
AN 4> T R RN 32 000 245 . B 490 15 B e
B4 bLjE, H SDS-PAGE ik Rik &
H, LEEPARROIRA 2 | SRR, o TESE
EAREA—Z (E 2A). HIKYHEERE 2R
YL, 34T Western-blot 04T, 45 R BIR: ISR 4T 4
B EA 1 %8 B AR BN B, TE AR R 1 2
I, S A TR AT LR 08 1 e % 1Y) L RO i Sk = 4 )
TB e N & (K 2B), Wi B RIE =BT R M R 47

M 1 2 3 M1 2 3
120 000

97 400

66200 86000 &5

43 000 47000 &

31 000 B 34000
26 000 4

20 100 e

14400 = 20 000

A: SDS-PAGE B: Western-blot

M,: Bt F &8 A Marker; 1. 2: BLZLAFIRE 855 4% High five 401K
SRIVEE A 3: B A BURFIR B #5454 Y& High five AIUIGRIIE A

2 EHFEHAR SDS-PAGE F1 Western-blot 431

Fig.2 SDS-PAGE and Western-blot analyses of
recombinant protein

2.3 EEMAEH*Cap SRS
B B I 2k 5 1) R 4 il B 1R kAT
SDS-PAGE 731, 7% 5 B i e r, 25 R B, 4lifh
J& A R LE AR 4> 7 32 000 &b 1 AR
IR A E A% (K 3), i EAE A A1k,
M, 1 2

97 400
66200 «

43000

31000

20 100

——

Mi: ¥4 T-H: 8 11 Marker; 1. 2: 40405 10 F 48 1
3 EEMAEBRDLER SDS-PAGE 734

Fig. 3 SDS-PAGE analysis of purified recombinant fusion
protein

24 “AHUEBREKRERNE

FH 584143 Y606 FE TH I AF 1% 44K B 1 7E 280 X
260 nm ALMROGEE I3 AN A =, 45 218 F 55U E
WA 0301 87 mg-mL s

25 /AR T HEAMmAEEEIRIEE R

FE =R fa 1T J0 o B0 BB T 40 2
WRESZH, DL MTT 500 5E H 40 i S 22 K F, 5 45
FMWFE 1. ConA BERIBORLE4H % B A T W48
i 36 B B A, X 2 ARG HELZE N 4 R 2 e
(P<0.01), R A MG 5E, H 5808767 25 140 i
G KA —EEAL b ARIBCR B ER T a 4l
(P<0.01).

F1 RE/NREE T HEDMAHEE RS
Tab.1 The spleen T lymphocyte proliferation test results
of immunized mice

Rl Ds70
afl (pcDNA3.1-ORF2) 0.017+0.003B
b (*Cap) 0.056+0.006A
c4l (PBS) 0.004+0.001C

1) R #¥EE AR —AHEKRE FH4, L FE 0.01
KFEZFREEQE KR

2.6 ELISA #&M/NRILEPIALER
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Tab.2 The serum antibody test results of immunized mice

2H 5 ZRRIEDs70 . —IKIIEDs70 m
afl (pcDNA3.1-ORF2)  0.061£0.002B  0.091::0.002B
b4 (*Cap) 0.636+0.010A 0.652+0.012A
c4. (PBS) 0.054+0.003B 0.058+0.002C

1) B3 # 3 LAR —AME KB F454, LF4E 001 &
FERREF( )

3 Wig5%EiR

AT TR 2 B BT IRR R RIS RS, (R
REAZE AN, 7T & B R B, R
) S R R AR R, FLAC B G i 4 T AR
AR R R R G AT B A RA %, 400
R FAR R . Sk H SO A TRy

http://xuebao.scau.edu.cn



3 ]

TR B S RPN 2 BB T ER A E R ORI P AR E e S B SRk M 5

B, § 4 AR IAE ] High five 4. [FJyAH ELH:
fih ¥ LA 2R, ST 4B BT 1 1 8 0 L,
BES %Y, 5 T2 KREHMAW T T . High five
I 2 B AR T I R I 3R IK 2 A v IR 4
R, LRI EEL S 40l 5 5~10 £5, 1 H High
five ML R AT LA JC MLiE 85 7R B K5 7%, 7Rk =
Y 2ift. 2000 4F, 55 1 ANFIH B ROFRIRIG R E
RGEFA T, &RIEHIERNT E2 AW
HYAW, b5 2006 F—3K AN “CircoFLEX” &
15 PCV2-ORF2 Hx [ 1 i b Ak E2 2 AR IR 0 25 3 57
RET A, =4O MY, 2009 4, 51 ANF]
F B AT R B 08 R g8 A 77 1 N % i e 55
T, 1% e DA 2N FL SRR R B (Human papi-
llomavirus, HPV)16. 18 I L1 FH AN F EHH. R
FiZRIERGAE MBS, HHRAFE— AR
JB, WE A E 5 MRS S, BAEFPREERIE
REGARGH e — NN RS, EEA AR
FEABY BUER G B LRI 20, FER 6 55 1 4 R Hu Al
LS, 4 AR B 1R B8R S AR = A B e, S e 20
i SRR FBCH R, X R B S I R E R A IR
fife o TR ENF SR P 11 TG L 375 45 77 S i /> 1L 3 R 1 o P AR
0, AT 5 KRR 11 10 R 7 E Y, X B R AR
RIEEHEARBSEASHIER .

AW FAE CHIE T IhRIE PCV2 SRR AT
2 B AR B 2R L, s PCV2 E4H Cap &
H AR B 7E High five B2 HRAM Rk . & SDS-
PAGE HLk ] W %2 3I)Rs 7 M 363k %7, FH PCV2 FH
PERE I35 X ORF2 3 K] 25 41 AR5 B ik B (1 ik
1T Western-blot G Kl 73 #7, 45 R mon HHRIE
T ALEPEZAE AT PCV2 2 o B BH 1 135 Fr
WU, BN 2R b 2 0 B A X 2 R AL 2 IR
1 60 5 (0 i B 2%, 1T B AR AT IR B R IA R
To Lk S B 2%, 3 W TR0 1) L 40 2R (1 *Cap J2 4757
1, 7+ B BA RIFmpuEt . #—5 A aitbfi*Cap
FUBRL pcDNA3.1-ORF2 43 il % 5 /N B, & B *Cap
ANV 2 TE 4 M G 88 7K P 3 2 AR VR 928 7K1 I
BRI T pcDNA3.1-ORF2, £ H H B PCV2 &
T TE R A E

SE MK :

(11 BRAEa, 0, R, &8 R BIFR R B 00 B8 4858 B I
Ui% RG GG IERIZ I, T E B ERHL, 2001,
31(3): 3-4.

[2] RAEMR, TRAL, XU, & JEFE 3 B m AL R I
AT 2 55 43 M Tz ) FEmS AR 1 [J]. [ 3h
2017, 34(8): 14-16.

3] WA, K%, 227, 2. 2013—2014 ] P64 3 EH4
B AR R IR AT R AT I]. R E B RS, 2016,
http://xuebao.scau.edu.cn

43(6): 1618-1623.

[4] EARFH, £/ BRER, & TLI5E KR I [RFR
W L8 (PCV2) 73 T AT W 22 I B 1], VIR AL 2
&, 2016, 32(2): 390-398.

[51 ELLIS J. Porcine circovirus: A historical perspective[J].
Vet Pathol, 2014, 51(2): 315-327.

[6] GUJ, XING G, LEI J, et al. Porcine circovirus type 2 and
PCV2-systemic disease: A review[J]. Chin J Biotechnol,
2015, 31(6): 880-891.

[71 TISCHER I, RASCH R, TOCHTERMANN G. Charac-
terization of papovavirus and picornavirus-like particles
in permanent pig kidney cell lines[J]. Zentralbl Bakteriol
Orig A, 1974, 226(2): 153-167.

[8] CHEN H, SHAFFER P L, HUANG X, et al. Rapid
screening of membrane protein expression in transiently
transfected insect cells[J]. Protein Expr Purif, 2013,
88(1): 134-142.

[9] SEGALES J, KEKARAINEN T, CORTEY M. The nat-
ural history of porcine circovirus type 2: From an inof-
fensive virus to a devastating swine disease?[J]. Vet Mi-
crobiol, 2013, 165(1/2): 13-20.

[10] BwAl, WA, B IERm, 5. SRR 2 B Cap 2B
Tl 5 R IR )], TLPE AL 4], 2017, 29(1): 96-101.

[11] NAWAGITGUL P, MOROZOV I, BOLIN S R, et al.
Open reading frame 2 of porcine circovirus type 2 en-
codes a major capsid protein[J]. J] Gen Virol, 2000, 81(9):
2281-2287.

[12] NAWAGITGUL P, HARMS P A, MOROZOV 1, et al.
Modified indirect pornine circovirus (PCV) type 2-based
and recombinant capsid protein (ORF2)-based enzyme-
linked immunosorbent assays for detection of antibodies
to PCV[J]. Clin Diagn Lab Immunol, 2002, 9(1): 33-40.

[13] ARH, Z4a, B, & PR EE 2 B Cap HETEAT
R R RARIE KL E I RAbfol K#E44R, 2012,
43(3): 36-41.

[14] 48, ShEAR, X, 55 4% B PR 55 115 ORF2 JE[A
f10 58 2 S FOAF IR 3 22 1 AR PR A A2 0], PRV & 4
HAPE, 2007(4): 67-69.

[15] BEMAT 6 50 J, Fi2E/K D W. /0 T3 BE iR IR FE rE [M]. 3%
Heat, &, B3 W JbEG BR ARG, 2002.

[16] GEISLER C, JARVIS D L. Innovative use of a bacterial
enzyme involved in sialic acid degradation to initiate sial-
ic acid biosynthesis in glycoengineered insect cells[J].
Metab Eng, 2012, 14(6): 642-652.

[17] SOKOLENKO S, GEORGE S, WAGNER A, et al. Co-
expression vs. co-infection using baculovirus expression
vectors in insect cell culture: Benefits and drawbacks[J].
Biotechnol Adv, 2012, 30(3): 766-781.

[18] DA SILVA JUNIOR H C, DA SILVA E MOUTA JUNI-
OR S, DE MENDONCA M C L, et al. Comparison of
two eukaryotic system for the expression of VP6 protein
of rotavirus specie A: Transient gene expression in
HEK293-T cells and insect cell-baculovirus system[J].
Biotechnol Lett, 2012, 34(9): 1623-1627.

[(REHE FRA]



