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Construction of a replicative expression vector based on the
porcine circovirus 2 replicon

CAI Xiaoxue, LI Jun, LI Zhangxun, DU Hongxu, CAO Liting, MA Yue

College of Veterinary Medicine, Southwest University, Chongqing 402460, China

Abstract: The antigen gene expression level of a DNA vaccine is the key factor influencing the
efficacy of the DNA vaccine. Accordingly, one of the ways to improve the antigen gene
expression level of a DNA vaccine is to utilize a plasmid vector that is replicable in eukaryotic
cells. A replicative DNA vaccine vector pCMVori was constructed based on the non-replicative
pcDNA3.1 and the replicon of porcine circovirus 2 (PCV2) in this study. An EGFP gene was
cloned into pCMVori and the control plasmid pcDNA3.1. The two recombinant vectors were
transfected into PK-15 cell, and the plasmid DNA and RNA were extracted from the transfected
cells. Real-time PCR was used to determine the plasmid replication efficiency of the two
plasmids using plasmid before and after Bc/ I digestion as templates, and the transcription level
of the Rep gene in PCV2 replicon was detected by RT-PCR. The average fluorescence intensity
of cells transfected with the two plasmids was analyzed with software Image J, and the
transcription level of EGFP was determined by means of real-time RT-PCR. The results showed
that the replication efficiency of pCMVori in PK-15 cells incubated for 48 h was 136%, and the
transcriptions of Rep and Rep’ were verified by RT-PCR. The average fluorescence intensity of
the cells transfected with pCMVori-EGFP was 39.14% higher than that of pcDNA3.1-EGFP,
and the transcription level of EGFP in the former was also 40% higher than that in the latter. In
conclusion, the DNA vaccine vector pCMVori constructed in this study can independently
replicate in eukaryotic cells. As a result, the expression level of cloned target gene was elevated,
providing a basis for developing the pCMVori-based DNA vaccine.

Keywords: DNA replicon; expression vector; porcine circovirus 2; DNA vaccine
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Je 15 B9 2 B B PR 2 S 0 R 51 1, R
% DNA JEPH R/ 1 766-1 768 bp, 72 H
AT E Ay B B R H 1 shY) DNA 2 —.
PCV2 AT HIR N | A5 45y, HTF
IR 3 NI SEITRRAE TP H, K
A2 SN Ry 2 S FE B 2 HE (open reading frame,
ORF) ORF1 #il ORF2P!, ORF1 Bl Rep JL[A, {if
FIEHE b, gts g HlE A% A Rep A1 Rep” L
A~/INEE 1 ORF2 G i 41 v T 5 il o 72 P 1
HWEE PCV2 JERH sk b, gwfh PCV2 1Y
KFEFE I Cap, PCV2 LI IR il Jr U A 41 i
PEAT A, SR AR T A A L

PCV2 /NI &2 i 5 A T 4 4 52 il 7
DNA P 2R i FRAR R $F o AR50 i Fp Ik
B RAFBEIR Cap FEN ) ORF, SR H5 278 /Y
PCV2 I K 41 A 3| B % 38 2 /K pcDNA3.1
HE 0 H f1 ori-SV40 polyA ¥4, HET 14
FT PCV2 S5 1 7 DNA 215 204 . il
£ 0] 2 i DNA 22 ¥ 841 545 PCV2 1 52 1l

%=1 DNA =ZfE5|49%5)%

AR S BT Rep JEI, (LA TUR:
AL S S, LA R AR SR 1)
Bk

1A

1.1 #H

FBoRiFRBGAF & . Be GG E . TNER
Bk HGAG & . EE DNA $2PGE5H] & 58508
H Omega Bio-Tek ZvH]. # 44| LipoFiter3.0
W B DUTE AR YRR A RS Fl o 2% Tag Master Mix
W R 2 A YR PR\ o In-Fusion JC
gevi N G R sk iR & . 2 it PCR R
& TR E Tag BEFANRGIVEN DI Bel T 3400 A K
G AEY)(TaKaRa) A Hl o 513 A TAEY) TR
(HHERIARA GG, &5 5IE 1.
PCV2RC-01 #k(GenBank Ws%%5 0Q168431).
PK-15 408 2 . KW#AT i (Escherichia coli) DH5a.,
pIRES2-EGFP #{A . pcDNA3.1 #Hi&Km PRI A
2B R A e b R S R AT

Table 1 Primer sequences for DNA cloning

Primer name  Primer sequence (5'—3') Product size (bp)
P-cDNA-f AGGCGGTTTGCGTATTGG 3256

P-cDNA-r CGTGGGGATACCCCCTAGA

P-Ori-f GGGGGTATCCCCACGCTAGAATAACAGCACTGGAGCC 1795

P-Ori-r ATACGCAAACCGCCTTGATAACTTTGTAACAAAGGCCA

P-Bcll786-f CGTGTACGGTGGGAGGTCT 281
P-Bcll1066-r  AGGGGCAAACAACAGATGG

P-EGFP-f AGCTTGGTACCGAGCATAATATGGCCACAACCATGG 766

P-EGFP-r GCTGGATATCTGCAGTTACTTGTACAGCTCGTCCATG

P-pcDNA-f  CTGCAGATATCCAGCACAGTG 5000 (pCMVori)/5 400 (pcDNA3.1)
P-pcDNA-r GCTCGGTACCAAGCTTAAGTT

P-EGFP277-f GCGAGGAGCTGTTCACCG 277
P-EGFP277-r CGCTCCTGGACGTAGCCTT

S-B-actin-f GCTGTCCCTGTACGCCTCTG 281

S-B-actin-r TGTCCCGCACGATCTCCC

PC-Rep-f ATGCCCAGCAAGAATG 945

PC-Rep-r GACTCAGTAATTTATTTCATATGGAAA
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1.2 EHI2 DNA G E S AT R E
1.2.1  #HRigit

Wt 5% PCV2 AR BN TE Cap
FEI PSR 1 356 bp AbWrIF, FRERKAE 1 357 L
ML, 153 BA SR A I SR Rep JEHY
PCV2 & iil-F PCV2 Rep-ori. Cap F&[HHK
1 AN B L A sk G FLAE 20 i N 7 A SE 441 PCV2
FENHIFFF KSR Cap I, LU IHAEN
DNA £ i # AR FE A1 77 A PCV2 ] RETE .
¥ PCV2 Rep-ori i A AL K IEZAA pcDNA3.1
1Y 22 5 B 5 (multiple cloning site, MCS)J¥ 5|
JE A, IS B9 f1 ori-SV40 polyA ¥4I
13| F PCV2 & il T (1 & il 2 & pCM Vori,
F s 1 LA 1,
1.2.2 #FHikliE

% 1 In-Fusion Jo4% e f A & i B %11
2 X519, UL pcDNA3.1 24K WA, P-cDNA-f
il P-cDNA-r 45|%), PCR 9" £k T fl
ori-SV40 pA J¥5HY pcDNA J¥51 . LI PCV2 %k
K40 DNA “W#5#y , P-Ori-f I P-Ori-r 454, PCR
PR 1 ANBREER) PCV2 R4 F 51 PCV2
ori-rep. PCR #3145 & B 15 5] pcDNA3.1 #k
& Bt PCV2 ori-rep Bt #i%#f In-Fusion Jo4%
eRER A UL i T EA R, RERIEA

pCM Vori —PCV2 replicon

5022 bp

pUC ori
1 E#IB K pCMVori 438 &1L
Figure 1 Physical map of the replicative vector

pCM Vori.
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E. coli DH5a, 15 3|5 il A7k /& pCM Vori . | P-Ori-f
F1 P-Ori-r 24 5| Y% 8 41 4K pCM Vori i#£47 PCR
BGE, SR 6 A T AR M) TR (TR By A BR 2 ]
X AR PCV2 Bl 77 513541 00 7 3
1.3 3RI& EGFP EREMEHIE DNA F ik
iz

Pl pIRES2-EGFP M Al , P-EGFP-f I
P-EGFP-r H5|¥ ¥ % EGFP 3 R B, L
pCMVori H#%HR, P-pcDNA-f il P-pcDNA-r &
141515 3] pCM Vori Hilk i Beo W4 15 K
[ B 2844 Fr BE 1 EGFP 1 B4 B8 In-Fusion JG
B e AUl B T E A e, R R
ik EGFP SR B2 44& pCM Vori-EGFP,,
K MR 875 28 EGFP KR v [ AR 2 il 5
pcDNA3.1 A& 15 24E & i % pcDNA3.1-EGFP
TR, VR HIBEAR pCM Vori-EGFP 7E
A% 200 B R 118 B 355 R A A I 3R TR R AR A
DR e, SO R A FE A A EGFP 3
Ry 551 P T PCR BiE .
1.4 pCMVori FEEZH BRI E HlIZ 24
1.4.1 {RpRIER 5SS

¥ PK-15 BT 5% CO, 553846 37 °CHi 5%,
FFREN DMEM (% 10%4- 17 . 10 U/mL
HEEM 10 mg/mL #EEHER)., YR 1 d ik
TR KBRS PK-15 404 mh 25 FLb
MLy 4x10° 4>/l 24 h J5FLAN 4055 i
IKBNZ) TOY%T Gy, 55 LRk 7S FLAR B AL P 4
RGBT 6 A0 S R 2 mL, % IR AL YR
LipoFiter3.0 UiHH-HH 4 pg MIICN T &R kL
pCMVori-EGFP il pcDNA3.1-EGFP 43 |/
PK-15 410, 4 6 h J&, HHSA 10%6 4 1
T ) DMEM $5 FR 5Lk 8215 5957
1.4.2 pCMVori EFHIEAEE PCR &7

FHl JFi ki pCM Vori-EGFP Fl pcDNA3.1-EGFP
Iy EEYe PK-15 40, 48 h g s ~fLiebmy
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FR IR W, W R 2% vh R 7 W (phosphate  buffered
saline, PBS)¥t 2 K, MBI AL 2 min J5 3525k
ity FHB BB SRR AT R ok, e 2 i
W R 1.5 mL 804, SR )5 4 i a2
VLI AR HUTTR. DNA

FH1 6 U By Bel 11E 10 pL F2 W A4 2 fh43 il 5t
Y] 0.1 ng MR HHE U pCM Vori-EGFP Fl
pcDNA3.1-EGFP ki, #RJ5 80 °CK{f 15 min.
FH51%) P-Bell786-f I P-Bell1066-r X iU Fif J&
{4 S 264 A B PCR R, VI J 1 R A
Me¥ise 3 AL AL, AR I TS PR AR )
CofH 25 ST iR S il 350%

SR Bel TYTEHER 5446 DNA B9350%,
Ll pCMVori Jfsi#, P-Bell786-f Fl P-Bell1066-r
J51Y, 1S3 277 bp BYAEH FEALIE R BB
B 0.1 ng U347 6 U 8 Bel 175 10 L A4k
FZ ), SRJE 80 °CKif% 15 min, 54
P-BclI786-f FI P-Bcll1066-r X IR )5 ) DNA
HEFTE it PCR A, BEFDIHG S BRI 3 4
AL, RIEEEVIREEAR A C 2T R ERIIReE
1.4.3 pCMVori & Rep #1 Rep’ B FR AL IE

I 4 pg ) pCMVori-EGFP I %} I8 Jii i
pcDNA3.1-EGFP 43-5il5% 4% PK-15 4iififl, 36 h J5 5+
EREFEIE, R TRIzol PedH% 4t pCM Vori-EGFP
1 pcDNA3.1-EGFP iX 2 PRiB AR I RNA,
R 5 e 53 i) 6 U BH A4 L S e Sl cDNA
PA cDNA J#it, PC-rep-f #l PC-rep-r N 5|47,
P18 Rep Fll Rep’ Ke[A Bk .
1.5 pCMVori By7MNIEE E FRIA &8 S1580E

i 1.4.1 )78 A 4 pg 19 pCM Vori-EGFP
FIXF PR FRL pcDNA3.1-EGFP 43544 PK-15
Y, Y )E 48 hidat vt MR WA EGFP
ARG O, F K Image T 3004 X 19 40 41 il 2¢
Fe AT 2 AT . SR Trizol 34437 $LHU
¢ pCM Vori-EGFP il pcDNA3.1-EGFP iX 2 M3
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RER 20 RNA, H4E B i 5650 S isa BH 45
B H Sk cDNA 5 47 % & PCR Al
EGFP SR By IRIKF-, Kt A& 8 B-actin
YERNZHEN, G REAR 3 AN EE AL,

2 BRS04

2.1 EF|BE KX pCM Vori BIHE

¥ 88 1.2 H 72K ] In-Fusion Jo4% w4
AR TEA ke, ¥4k E. coli DHS0 J5 BEALEK
e 7 ANV T TS PCR IIE, 976 1 800 bp
KA PCV2 R SPEY 1 4 (K 2), 5T
KN—2 F R pCMVori 224 T A9 TR
TR A B AN, Herh i) PCV2 J K 20 7471
B TG 1 357 {3 MBS S U 51 58 4 —
HER PITAL ) B A LA SE R 1Y) PCV2 &+
2.2 pCMVori £ PK-15 4 AY & I35 %
)
2.2.1 pCMVori B8 I 4N

AT 5T AL 1) 52 TR 8 SR i e e —
SE ][] P 52 a7 A B P4 SR o B e 0 200 i DY 1)
SRR E 4 . B N YD Bel T X DNA
SAb R, EAZ AN MR RE B 10 A2 BT A i )
JERE, FiE LATE AN P BT A B ok RE R Bel 1

bp 1 2 3 4 5 6 7 8 9

2 pCMVori FHRIAIE % PCR &7

Figure 2 Colony PCR detection of pCMVori. 1:
DNA marker DL250; 2: Positive control PCR; 3-9:
PCR of colonies.
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YIWE, T e A A1 P 04 JB0RE R oy 2 Sk
JERLANBERE Bel T VIWT . FTLL, Bel 1 EEVIRT . J&
) RS FH 438 7 Be & Bel TR 514
PEAT it PCR P3G R, &2l 208 = (1l D) i A
M i VI J5 A5 Al )/l U0 S AR . R YD
IR BIAR o 1, BRUIEAEA Cy 082 i D) T
FEAR Co AAC, MRHEHTIAA X ATHES R
iR =122

Jo R A2 A0 AG I ) 5 it PCR 25 3 R
& PCV2 & T pCM Vori-EGFP £ 4t A PK-15
HMifE 48 h WRYE HIZE R 136.2%, AP
pCMVori-EGFP 7 48 h W& il /A= T 1.36 {51
BTURL, FARE kR AN PCV2 i1
%o} HE R pcDNA3.1-EGFP 4 & 3505 22.3%
(K 3), ZHERWMEE, BWIAR B E
(1) 42 il B 2 A pCM Vori RELE ELAZ A1 N LLE &
BORPEAT 52 ), X B FORL pcDNA3.1-EGFP ik %]
22. 3% SRR, 43 B L L AT B i A
TEM ARG R ZETE B, AR AR IR 2 A
i PCR Ui 15 25

200 -
P=0.024
s
F 150 b —|_
)
Z 100 -
o
Z
5
g 50 |
[sa]
0 B
. %ng? %QQ?
o &)
Q(j\\[\ QGO\A

3 pCMVori-EGFP £ PK-15 R Fh B9 S HI35R
Figure 3 Replication efficiency of pCMVori-EGFP
in PK-15 cells.
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FH 22 & PCR K& Bel 1% E F 34k DNA il
VISR R B oR, Bel 1XHEH 54k DNA il
P iE 5] 99.26%, Ul AW K Bel 1
Y5 #5477 5t PCRAG I BTRL A2 2803 1 45 32
HER AT HEY .

2.2.2 pCMVori #J Rep 1 Rep’FiX L iiE

Fie I 1.4.3 7 H pCM Vori-EGFP F1
pcDNA3.1-EGFP ) ¢cDNA 347 Rep F1 Rep’f¥)
RT-PCR FiEHGE, FHLAFUR/E N PCR ¥ 44 FH
PEXTRE . 3G 7= W2 1% Bh I A58 e Hh Dk
m, ZERAE 4 Br7R, pcDNA3.1-EGFP 4% 4L 4
Hif) cDNA JoAEfad 3 454, pCMVori-EGFP
YL cDNA WA 4 NP4y, Hhyy
1 000 bp 1K Rep MY5EZ 41, 29 600 bp HHN
Rep’ W54 557281, 2 4> 500 bp LA T A JE Rep
B A 2 AN Y . A5 R
pCMVori ZAKTE PK-15 4HjENHE 5T Rep #il
Rep’, Rep FEHHYIX 2 RIB Y2 PCV2 &l
T AT E I TG

bp

4 pCMVori # Rep 1 Rep’HIFRIZLGIE

Figure 4 Expression verification of Rep and Rep’
in pCMVori. 1: DNA marker DL250; 2: Positive
control; 3: Products of c¢cDNA of the
pCMVori-EGFP-transfected cells; 4: PCR products
of cDNA of the pcDNA3.1-EGFP-transfected cells.
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2.3 pCMVori HIBMEFEFRIERE

A pCMVori-EGFP Fll pcDNA3.1-EGFP 437
EEYL PK-1S 2, 48 h 5 id 2t i i M g%
EGFP FRikfEM, 5L WE 5 iR, pCM Vori-
EGFP % UL it 5 KB E /M T pcDNA3.1-
EGFP % YL 4ii i, 1 I 43 e Y 240 B 7 & Hh sk 2
M2, VAT I X4 i M A% AN 4 i 5z, i
J5 B R 22 B Y ANl 55 o e A i, RETE A X
T I da G A A0 A XA 9 ' B A ) A0 A TR
X o FHEMG 53 B a4 Tmage T X 790 2H 400 it f) ~F- 4
PR E T AR B/, pCMVori-EGFP % 4y
Y HE A 29 58 B b pcDNA3.1-EGFP #%4%
A 39.14% (K 6).

50 um

E 5 pCMVori-EGFP 1 pcDNA3.1-EGFP ;3%
40 B Y 52 e K

Figure 5 Fluorescence levels of pCMVori-EGFP-
and pcDNA3.1-EGFP-transfected cells. A: pCM Vori-
EGFP-transfected PK-15 cells. B: pcDNA3.1-
EGFP-transfected PK-15 cells.
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Figure 6 Mean fluorescence intensities of
pcDNA3.1-EGFP- and pCMVori-EGFP-transfected
cells.

AW 58 I HE— A5 K I T 2 L A i 1
EGFP [ HFE 5K € i RT-PCR 455 oK,
& PCV2 1l F#) pCMVori-EGFP %4t PK-15 41
Ml 48 h J5 EGFP B:H%E /KK LA PCV2 &
il 7~ By X5 BE B RE pcDNA3.1-EGFP & 40%, 2% 5
W P=0.011) (7). WA YA EGFP %
DRI s SR KO- 114 22 575 s D A M- 38 e 6 B Y
R, AR S A 5T A Y
Al DNA & 1 B0 S5 RE B & H 0 56 D5 78 44 g
N B 2R IKF- o

3 WwE5E&#

DNA i T S 4 40 JEL P il 45 1) 928 v (5 —
AR B A AL B (R A D Z R TR T
W AR S o r 5 =T, DNA
BEHAMRZE, WHA RIFMfEt:, L
KO g, 4t , BeAS R BT i75 3 4 i e
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Figure 7 Expression level of the heterologous
gene in pCM Vori.

FERIOAR D, FEGE Ay DNA J% 1 1Y S B e 5
RORIBAR MR 5 — A S AR . X
LR RN, (HEEREA 2 4 —02
VER BRI BRL DNA JESF A SIIA NG A
A RCRAR, PRI S )5 Sh IR R AR R BT
JRFR IR ACPAR s 2% 18 OB A BETE ELAZ 20 i
PSR, T ELE s A P DL R
FirLL DNA 9% i ik A0 5 B9t s 5L R 1R 8%
AW, WS W, it WE e Y i
N i ) DNA P2 B 28400 2 — 12 " DNA &
B AR N BT DR SRR R L DT B8 e 22 1 i
FEROR A RUE AR

HT T RNA K1) DNA S # 34
JEIC AW 2 0 S i B DNA J% v 204, s
BRSO BRI BB SE Y RNA a8, (45
{5 56 W 7% (Sindbis virus, SIN), ZE U F) FE %
MR BE (Semliki forest virus, SFV) & Z5 N FiHi7 5
Jibi %% J% B (Venezuelan equine encephalitis, EEV)
U0 WU EE S DNA S A H
FEM RNA & 258 F1 RNA S RIEEEE , 46 A

&: 010-64807509

R L 45 4 28 1 3 R A AR E A 3 DR P
RNA & HI#LH & 6 A R it mRNA 4801, R34
KBl 2 A5 AR U ST B #E RNA &7
) DNA % [ % VR8T, IR B A S sh ik
PN 2 IR MG R 5 RE 5 40 AR U T T R IR B
AT 0 A T R DNA K BAELE T 41 i 79 By
KB, HIL AN A AT DNA &,
R SLIAFFRIESE, JF B 2§l 71 DNA
PE T RE 25 /K P28 I8 SIS L IR 3175 3 G g% /N B
A 558 70 A VA YRR G 28 R4 B S8 g 2 )

AR TF R M 71 DNA S ik
PRRAR K, #ad T 10 000 bp, HCBFSE RN FH %
Z 1) DNA JEH#4K pcDNA3.1 KT 115£ . #
i Ko2s i R DNA 2 B R A S 4n it ik
RN 2 DNA BE e sk . Ao
P A 52 7 DNA P i 8RR/ MR 5022 bp,
b pcDNA3.1 3£/ 406 bp, PHIAEIX 7 THIASH L
H R 85 &2 il T DNA S B R B BRI 3,
EL B DNA 251 200K peDNA3.1T A #.

I 9 5 56 D) 20 485 ol bt Jt B IR O 7 S %2 3
YR P HEAT 3K 0 S TR TR 98 1 1 AT O i A
PEVE , W B A N RE . RN .
ka0 B R BRI, BENS
fit 2 A 1 A YRR S 98 R 40 D S 88 SN T LR
BRI BEHEAT SR AN RE R, PR B B 3 1A
FEVAREN T T2 MIFE I 2k AU PRI 722,
I B A T o S R R AR S R R B R, 2
Tl 754 P 9 B AR S8 ¥ KL A 5 B W R 1K P e
PEATE AR R AN, LS DNA & A A7
FERR I 2 e Re R o T Al A 3 20 100 B 3k A
PE T FIAE S8 B0k DNA B2 1 —FE , 54 i b J5
SEURRESEAT M, B T R Sk R R ik KT %2
B WE b, o B A 2 i A ) 5 i e A
g, PR 77 A B 2 5 T DNA JE T,
TRAF RIS iy S5 1225k o % T DNA 2 .
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H AT A PCV A2 il 7 & i) A
DNA P& #8228 2 Faurez 25— T
5%, AMATH PCV2 JE 4L &2 il 5 A Rep 3
K7 546 A pcDNA3.1 HFRET 1 A5 il &
DNA S g . (HUB 2R g R,
BRI RENL R, LRI 1 RSB
Rep FEDR A B BOR. 2L Qe AR i, Rtix
WA A AT 1E DNA S i 3 Y 52
BRI AN E

£ PCV2 & it B rf, ORF1 g hth i1 &2 1l
1 Rep F Rep’ it EXRBTEMMEM, 1A
ORF1 it 4ih% 6 1~/ 1 Rep3a.Rep3b.Rep3c.
NS515. NS672 F1 NSO, T ORF1 (i shT
TEAE T4l Cap FEH Y ORF2 341 624230
I, AR3CHHr Faurez #4 2 1A 2544 2 Fir LAAS BE
S A AR AT R KU B AT T BT AR BT B T
L2 Cap FERFH, W T Rep FEPH )G 3+
PR . A A AR SCik e , B3RS | Cap
FEH A A AT BEAL Y Rep FEH A 5% 55 B9 )
FEITH, I EBRE 20 Cap FER )54 7]
RESZIA Rep SR MHE G 8Y Y], ik 2 Al fE
PEER S REU AT BN RE IE #3235 Rep
i Rep” 2 1111 2k 25 &2 il (1) g

BT B, AR R T B DNA %2
AR PCV2 23k 43 A 2 B0 £k
A& pcDNA3.1 1, IR Cap LRy 41
1ANGRSE , DAA PR RE IE i 235 Rep 1 Rep 2511,
[Fi] BN 345 B 3 f AN 2% AR 4 B P 23K S8 24 1 Cap
FEAMI A PCV2 BIATRENE . 25 JIE S AL
PR BT I, ) EE A 2K pCM Vori 7E
PK-15 A N BEWE5E e sr &2 i, A% Faurez
S ) Y A T A B BRI A T AR b oA R
S, I HEA T SRR 1. & PCR K
M 25K, pCM Vori ¥ YL 4l f5 48 h 15 i
HORIRFB T 136.2%, . Faurez #4) 2 18 28441 Bh

http://journals.im.ac.cn/cjben

i B JSOREARAT B A2 TR R

AWFFEL LN EGFP FEI 378 B3 Uk 1 i)
A S 1l R B AR R IR SNIR B I I RE T, A5 2RE
B, SRR B34 pcDNA3.1 ML,
AE 25 12 R AN IR L I Y R IB K F o

Li bRTIR, AU TR PCV2 &l
T 7Y DNA S 284K X B RE B e HA%
AR NS S, O DA v SR TR B 3R
IR A 1B BAKE A IS S 98 i ok 3 e g S
Kot — L IIEZE MY DNA B2 E #R5e TH
B PERCR IV ST

REFERENCES

[1] ULMER JB, DONNELLY JJ, PARKER SE, RHODES
GH, FELGNER PL, DWARKI VJ, GROMKOWSKI
SH, DECK RR, DeWITT CM, FRIEDMAN A, HAWE
LA, LEANDER KR, MARTINEZ D, PERRY HC,
SHIVER JW, MONTGOMERY DL, LIU MA.
Heterologous protection against influenza by injection
of DNA encoding a viral protein[J]. Science, 1993,
259(5102): 1745-1749.

[2] HOBERNIK D, BROS M. DNA vaccines—how far
from clinical use?[J]. International
Molecular Sciences, 2018, 19(11): 3605.

[3] LT L, PETROVSKY N. Molecular mechanisms for
enhanced DNA vaccine immunogenicity[J].
Review of Vaccines, 2016, 15(3): 313-329.

[4] ALLAN GM, ELLIS JA. Porcine circoviruses: a
review[J]. Journal of Veterinary
Investigation, 2000, 12(1): 3-14.

[5] MAHE D, BLANCHARD P, TRUONG C, ARNAULD
C, LE CANN P, CARIOLET R, MADEC F, ALBINA
E, JESTIN A. Differential recognition of ORF2 protein
from type 1 and type 2 porcine circoviruses and

epitopes[J].

Journal of

Expert

Diagnostic

identification = of  immunorelevant
Microbiology, 2000, 81(7): 1815-1824.

[6] FAUREZ F, DORY D, GRASLAND B, JESTIN A.
Replication of porcine
Journal, 2009, 6: 60-60.

[7] FRANCIS MJ.
technologies[J]. Veterinary Clinics of North America:
Small Animal Practice, 2018, 48(2): 231-241.

[8] LU S, WANG SX, GRIMES-SERRANO JM. Current

circoviruses[J]. Virology

Recent advances in vaccine



ZIRE FETHENES 2 REHTFHERRRAHKNEE 2643

[13]

[14]

[16]

[17]

progress of DNA vaccine studies in humans[J]. Expert
Review of Vaccines, 2008, 7(2): 175-191.
TIPTIRI-KOURPETI A, SPYRIDOPOULOU K,
PAPPA A, CHLICHLIA K. DNA vaccines to attack
cancer: strategies for improving immunogenicity and
efficacy[J]. Pharmacology & Therapeutics, 2016, 165:
32-49.

LUNDSTROM K. Alphavirus-based
Viruses, 2014, 6(6): 2392-2415.
LUNDSTROM K. Plasmid DNA-based alphavirus
vaccines[J]. Vaccines, 2019, 7(1): 29.

KIM TW, HUNG CF, JUANG J, HE L, HARDWICK
JM, WU TC. Enhancement of suicidal DNA vaccine
potency by delaying suicidal DNA-induced cell
death[J]. Gene Therapy, 2004, 11(3): 336-342.

ZHOU X, BERGLUND P, RHODES G, PARKER SE,
JONDAL M, LILJESTROM P.
Semliki Forest virus RNA as recombinant vaccine[J].
Vaccine, 1994, 12(16): 1510-1514.

JOHANNING FW, CONRY RM, LoBUGLIO AF,
WRIGHT M, SUMEREL LA, PIKE MJ, CURIEL DT.
A sindbis virus mRNA polynucleotide vector achieves

vaccines[J].

Self-replicating

prolonged and high level heterologous gene expression
in vivo[J]. Nucleic Acids Research, 1995, 23(9): 1495-1501.
PUSHKO P, PARKER M, LUDWIG GV, DAVIS NL,
JOHNSTON RE, SMITH JF. Replicon-helper systems
from attenuated venezuelan equine encephalitis virus:
expression of  heterologous genesin  vitroand
immunization against heterologous pathogens in
vivo[J]. Virology, 1997, 239(2): 389-401.

KALLEL H, KAMEN AA. Large-scale adenovirus and
poxvirus-vectored vaccine manufacturing to enable
clinical trials[J]. Biotechnology Journal, 2015, 10(5):
741-747.

WATANABE M, NISHIKAWAIJT Y, KAWAKAMI H,
KOSAI KI recombinant

Adenovirus  biology,

&: 010-64807509

(20]

[21]

[22]

[24]

adenovirus, and adenovirus usage in gene therapy[J].
Viruses, 2021, 13(12): 2502.

WOLD W, TOTH K. Adenovirus vectors for gene
therapy, vaccination and cancer gene therapy[J].
Current Gene Therapy, 2014, 13(6): 421-433.

LIU XS, ZHAO DH, ZHOU P, ZHANG YG, WANG
YL. Evaluation of the efficacy of a recombinant
adenovirus expressing the spike protein of porcine
epidemic diarrhea virus in pigs[J]. BioMed Research
International, 2019, 2019: 1-8.

SAHA B, PARKS RJ. Human adenovirus type 5
vectors deleted of early region 1 (E1) undergo limited
expression of early replicative E2 proteins and DNA
replication in non-permissive cells[J]. PLoS One, 2017,
12(7): e0181012.

ROJAS JM, MORENO H, GARCIA A, RAMIREZ JC,
SEVILLA N, MARTIN V. Two replication-defective
adenoviral vaccine vectors for the induction of immune
responses to PPRV[J]. Vaccine, 2014, 32(3): 393-400.

ZHOU XY, XIANG ZQ, ERTL HCIJ. Vaccine design:
replication-defective  adenovirus  vectors|M]//Vaccine
Design. New York, NY: Springer New York, 2016:
329-349.

FAUREZ F, DORY D, HENRY A, BOUGEARD S,
JESTIN A. Replication efficiency of rolling-circle
replicon-based plasmids derived from porcine
circovirus 2 in eukaryotic cells[J].

Virological Methods, 2010, 165(1): 27-35.
MANKERTZ A, MUELLER B, STEINFELDT T,
SCHMITT C, FINSTERBUSCH T. New reporter
gene-based replication assay reveals exchangeability of

Journal of

replication factors of porcine circovirus types 1 and
2[J]. Journal of Virology, 2003, 77(18): 9885-9893.
MANKERTZ A, HILLENBRAND B. Analysis of
transcription of porcine circovirus type 1[J]. Journal of
General Virology, 2002, 83(11): 2743-2751.

(RXoT9 BT

: cjb@im.ac.cn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


