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Abstract: Six recombinant plasmids co-expressing the wild-type GP5 gene or the codon-optimized GP5 gene (containing pan-DR
epitope) of porcine reproductive and respiratory syndrome virus (PRRSV) and the E2 gene of classical swine fever virus (CSFV) or
the E2 fused with the UL49 of pseudorabies virus (PrV) were constructed based on the suicidal DNA vaccine pSFV1CS-E2 described
previously. Expression of GP5 and E2 was confirmed by indirect immunofluorescence assay. The immunogenicity of six plasmids
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was evaluated in BALB/c mouse model. For the six plasmids, low-level of E2 and GP5 protein specific antibodies could be detected
in the sera of the immunized mice. Specific lymphoproliferative responses to the PRRSV or CSFV stimulation were induced in the

splenocytes of the immunized mice as demonstrated by CFSE staining assay and WST-8 assay. Antigen specific IFN-y and IL-4
secretion was detected in the splenocytes of some immunized mice by cytokine ELSIA. Fusion with the PrVV UL49 in the suicidal
vaccines induced significantly higher lymphoproliferative responses and cytokine secretion. Taken together, the suicidal DNA
vaccines co-expressing GP5 and E2 could induce PRRSV and CSFV specific humoral and cell-mediated immune responses.

Keywords: suicidal DNA vaccine, porcine reproductive and respiratory syndrome virus (PRRSV), classical swine fever virus

(CSFV), pan-DR epitope, VP22 transduction protein, co-expression

BB 5 R 25 IE S B R B S IR ZR S AR
%22 (Porcine reproductive and respiratory syndrome
virus, PRRSV)5 |z i) FE EAL YL, TR E 2L
ZOH BRI ITA B % S IR E B . PRRSV
AR AR ESE RNA 58, HEHNHASKY
15 kb, f45 9 NI AE(ORF), R ORF1(fI4%
ORF1a 1 ORF1b)w i 5 1) & il i, ORF2a ,ORF2b
1 ORF3~7 43l it 85 19 7 Fh 45 ¥4 26 11, B GP2a.,
GP2b, GP3, GP4, GP5. ALt [ (M)FIZASEHE
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E2-UL49,

FH514) PWtGP5S(5'-GGA TCC AGA TCT ATG
TTG GGG AAA TGC TTG AC-3')5 PWTGP5R (5'-
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g s K 1R .
1.3 BREEEE

JH 4l 46 3% 77 €& Wizard® Purefection Plasmid
DNA Purification System(Promega 2\ ], 3£[E )%
FULH 5 4lifh 6 FhEE Aok, FRS A e Gu i) £
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Fig. 1 Schematic diagram of mGP5-PA and recombinant plasmid constructs
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TR CSFV E2 2R 1 fAve b LA, BT
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RS, B TEIE SO B N SR,
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B FUNEUA S 100 pl, B3 JE] (w) T B I3 G028 2 UK o
1.6  FAIE3% ELISA JEH&M /NG ML ik

Yo fo B E TR R ML, 43 B I3, A% ELISA
D5 BE SRS . BARERAEQTT . AR B2l
iy GP5 E M E2 M, 4541 200 ng(100 uL)
fI8% 96 FLIMRREMR, 4°C Bt i, &4 0.5%olH: I
20 [ PBS(PBST) 14 31K, HALAIA 200 pL 5%JBEAEFL,
37°C &[4 2 h; PBST ¥k 31k, FLINA 40 5B
RN 100 uL, 37°C VEFH 2 h; JH PBST % 3 7%, i
A 1:5000 FifAGEEFR i, 37°CHER 1 h; FH PBST %t
U3, BHLMA 100 pL ISP B 3R, 2 10 min; il
A 50 L 2 mol/L H,SO, Z¢ 11 i £51, SR J5 I3 ODaso fEL
1.7 NRIBMEEIRE &
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TR EUMLE, KRR & T4 RPMI-1640 SLili b5
FRUGFILN, R 2800k LI E 200 H YA
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A, HF 2 RPMI 1640 584255 35 VR 5 41 it vie
2 2x10° 4N /mL.
1.8 A WST-8 iRk F#& /) R B2 itk 5 40 B 1 58

W A A 0 A B A2 R AT AL 96 FL 4 il
R FRAR, BRFLMA NG AN B 100 pl. A /N
JEL A o3 B 4 40, 4390k CSFV il 41 . PRRSV H#il
WAL . ConA Sl A A S X R, Ak 3
AR, PAE T 37°C, 5%I1 CO, 343+ 48 h

5, BALAINA 10 pL WST-8 i (H A< Gl fb 2= k5
YY), IRAIG4REERESE 4 h, IE ODyso fH, T M3
F5 5 (SI1)=OD (X 5 £L)/OD(%= X} FRAL)
1.9 F CFSE Ze&EHM /) 5R A2 itk B 20 pa 1L 78

10 mmol/L 74 FE 1) CFSE B RPMI 1640
AR R 6 pumol/L T, AR5 SRR N
A LR 20 R, (2B 3 pmol/L, F 37°C
e, 10 min, HaRG RS B0K R E VK FBS
VK 24519 CFSE. % 10% FBS /) RPMI 1640 %%
FEM VR AN 3 ¥k, T RPMI 1640 524> 1% 37 Wk i #%
N B 3 10° 4~ /mL. #% CFSE He (o A bk © 41 g
I 96 fLANALRE Fe bR, AL 200 pL.ifEe i CSFV
Hlie] . PRRSV Hl34l . ConA L4l . JEHI# A
PEXT AL . PK-15 4l g Fil Marc-145 41 g 4 fi 49 Xt B
H, BB 3ANELE KA 5% CO, iy i
FEFRAR R FRBOR WAL, ] PE FRic ¥t B CD8
gL fay, I A A S BT AS [) 24 Y 34 B
1.10 A ELISAE N S 9% /)s 5 PR 20 i 43 3b B9 1FN-y
FIL-4 K

O W R R N e 1 0SS s o A
(CSFV il 4l . PRRSV Hil# 4l . ConA #illi# 4l Fidl
X B, RRA 4 ANEE, A 96 FLIRIIE 4N
MOk FEM, BEFL 200 ul. AN AAREBLER G BT
7 5% CO, 1Y 37°C fHiRIEFA PSR 72 h 5, B0
W F3E, FH/NEL IFN-yF1 IL-4 ELISA X7 &
(Biosource 2 w])#EA § IFN-y Al 1L-4 75 5 BRI, HLAK

BVES BR Sl B 45 (e ELISA 35,
2 H#X

2.1 SNEEREEBRAELAMETHRE

IFA 552 W, X 6 FlvdE 41 ki 72 5% 44 293T 4
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1M PSFVLCS %% Yk 240 it Xef B I A DAy S 2 6 (B 2)
22 REBEDMREUKFERER

ELISA kil 45 KW, V15 3w, 4 Bk
5k B AH WA B B AR Ak, SRz s, L
PRRSV GP5 Fll CSFV E2 fHTIA K ¥ Bl o 52 v B
BN, 7 " 0E 3 wil s 6 w), H4l ik
JIE 7 H I U K V- 5 48 R Gy 2 AH e LA B B T
W, FE=E 2 wiI s 8 w) AR AR B3
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Anti-GP3 Anti-E2

3
DS-T'I'[GP;!-L;;’ . pS-mGPS-PA-E2 S mGP5-E2 | PS-mGP5-PA-E2

pS-mGP5-E2-UL9 ] . UL49

pS-wtGP5-E2

pSFVICS pSFVICS-E2 pSFVICS

2 MEERREI RN E2 0 GPS 72 E 4H FAiRE AT 42 80 293T WA BI3RIE
Fig. 2 Detection of the expression of GP5 and E2 in 293T cells transiently transfected with the different
recombinant plasmids 48 h post-transfection by indirect immunofluorescence assay
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0.50 - —— pSFVlCS
w— pS-mGP5-PA-E2
0.40 1 —i— pS-mGP5-E2
2 030}F A pS-mGP5-PA-E2-UL49
g —x— pS-mGP5-E2-UL49
020F —o— pS-wtGP5-E2
0.10 —B— pS-wiGP5-E2-UL49
000 1 1 1 ] ] ]
0 3 6 8 9 10
Weeks post-priming
—— pSFVICS
Anti-GP5 #— pS-mGP5-PA-E2
0.35 —&— pS-mGP5-E2
g;g —a— pS-mGP5-PA-E2-UL49
sz 020 —x— pS-mGP35-E2-UL49
2
S g:; —8— pS-wiGP5-E2
0.05 —o— pS-wiGP5-E2-UL49
0

Weeks post-priming

3 ®RE/MRIE E2 #1 GPS HURE AT
Fig. 3 Dynamic changes of serum anti-E2/GP5 antibody levels of the immunized mice (n = 10; mean * SD)
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WST-8 assay
Stimulated with CSFV
[ Stimulated with PRRSV
20
Ea
S 15
g
E
2
pSFVICS  pS-mGP5-  pS-mGPS-E2  pS-mGPS-  pS-mGPS-  pS-wiGPS-  pS-wiGPS5-
PA-E2 PA-E2-UL49 E2-UL49 E2 E2-UL49
Vacceine groups
CSFE-based assay
S 25 Stimulate with CSFV
i: 20 L [E] Stimulate with PRRSV #E
8
=
L
£ 15 F
2
2 10}
k=
5
E HEE Tete
E U . 1 s 1 1 R ]
R pSFVICS pS-mGP35- pS-mGP35- pS-mGP3- pS-mGP5- pS-witGP5-  pS-wtGP5-
PA-E2 E2 PA-E2-UL49  E2-UL49 E2 E2-UL49
Vaccine groups
4 Geg% )N GRBR ik B 4 B AT 4 S 14 R R I Y 1 TR S R
Fig. 4 Splenocytes proliferation to virus stimulation in the immunized mice
The data represent the means + SD of 3 replicates for each stimulation condition for each suicidal DNA vaccine
2.3 Hu&/RAVEE SN B4 AtEsE K T i JE PRRSV Hil ¥, 5 X REALAH b 22 4k 3

WST-8 ik B 4t 3 7R a3 45 2R s, 55 0 B4
A, & H A B R /N UL 24 PRRSV Fi
CSFV il 3 J= ¥ 3¢ 30 & 25 /K - 19 bk £ 400 i 3% B
(P<0.05), H:H pS-wtGP5-E2-UL49 s 41 5 %} R4
A 22 S0 B 3% (P<0.01) . MBI EF, Ltk
CSFV if & PRRSV |3, pS-WtGP5-E2-UL49 #t i 21
BB K-, HkOM pS-wtGP5-E2 fuiis 4 (K 4).

LT CFSE Y o i) Ik E4 200 At 338 g 1o 6 25 SR 46 A
2 A OB S D BB A i 22 PRRSV I
CSFV il 38 J IR FF 2 B0 AS [) B 32 1) 9k EXL 408 34 7,
H:rh pS-mGP5-PA-E2-UL49 Fil pS-mGP5-E2-UL49 %4
PELH 55 %F FEALAE H 25 57 2.2 (P<0.05), fij pS-wtGP5-E2
By 24 CSFV I G 5 X BRATAH T 22 5 %
(P<0.05), £ PRRSV R 5%} MEALAH b 22 0 .
3 (P<0.01), pS-WtGP5-E2-UL49 %1 % 2H J5 18 J& CSFV

(P<0.01)(/# 4).

24 TR NERBRH BLBa S WL RY IFN-yFA IL-4 7K
YR F ELISA K Z5 53R, X5 F IFN-yIfi 7, FR
pS-mGP5-PA-E2-UL49 #1414 CSFV IR A I
F IFN-yZh, HAE R 4 J0iE & CSFV if & PRRSV
), BTG I F] IFN-y 2 i, HHp pS-mGP5-E2-
UL49., pS-wtGP5-E2 Fil pS-wtGP5-E2-UL49 %41
/0N BRPGIRR L A B ) IEN-y %35 540591k 81.94 pg/mL
132.39 pg/mL #1110.56 pg/mL(CSFV #ifi); 125.83 pg/mL .
137.22 pg/mL F1 110.46 pg/mL(PRRSV #ll¥#%), 5%}
HE A1 AH oA A 2 2% 25 5 (P<0.01), Mgy
X RELAH o 3 25 5% o X IL-4 2Rk, pS-mGP5-
PA-E2 Fil pS-mGP5-PA-E2-UL49 %% 41 TG 18 & CSFV
2 PRRSV Hl AR AA I R 1L-4, T HAx &0 1 4l
AT £ 1L-4, Hid pS-wtGP5-E2 , pS-wtGP5-E2-
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37.55 pg/mL(CSFV #ii#); 37.15 pg/mL ., 15.21 pg/mL
1 30.65 pg/mL(PRRSV H#ill#); %4 CSFV Ml )5
pS-wtGP5-E2-UL49, pS-wtGP5-E2 Fl pS-mGP5-E2-
UL49 Hyie2H 5T HRZHAR L 22 S B 26 (P<0.01), He
JEFZ X M L % 25 57 48 PRRSV HIli5
pS-mGP5-E2-UL49 Fll pS-wtGP5-E2- UL49 e 20 5%}
HRZHAH b 22 5700 i 35 (P<0.01), pS-WtGP5-E2 frir 4 5
X HEZH M FE 22 5 B 2 (P<0.05), 111 4% 044 28 o B 2
7N BRUIBL bR U2 4 B RS ARGt IFN-y AT IL-4(I 5)

3 Wi

Hai il PRRS 1 CSF A7 b Ak i 3
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FETE—SLa] B0, 50 CSF 59 B9 Wi A Fa 2,
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FER., K Z ., FELERESE. T Xt
B, ENINEE BB TFIFRRBK . %
AVEGT | BB R iR G R N A IR T A
“HAPE” DNA B 275 % # DNA 2 il B
FA IR RNA T Hehly I Je R of (1) — Fofo gy R
B R RS A B FKERIRES
HIPHT, KRR T DNA 1 B s s fie 4
PEo ARSI E AU RE A pSFVL IS Ry g T 3R
ik CSFV E2 [ “H AME” DNA W, il shigiir
52, RPEE I SRR SRR, S i AR
FEFI RS R R A A S 0, AR IR B, FRATE—2
P T 3SR GP5 fil E2 XA Y “H A" DNA %%
Hio ATARIMBE LYY, IESE B AAME” DNA T E
2H TR L YR RS GP5 Fl E2 25 11 7] LA [R5 31 25k

pSFVICS  pS-mGPS5-

PA-E2

pS-mGP5-E2 pS-mGP5-
PA-E2-UL49 E2-UL49

pS-mGP5- pS-wtGP5-E2 pS-wtGP5-
E2-UL49

Vaccine groups

60 *3k
50k Stimulated with CSFV
Stimulated with PRRSV
o 40F
£
2 30t
bt
= 20
10
0 1 1 1 1
pSFVICS  pS-mGP5- pS-mGP5- pS-mGP5-  pS-mGP5-  pS-wtGP5-  pS-wtGP5-
PA-E2 E2 PA-E2-UL49 E2-UL49 E2 E2-UL49

Vaccine groups

5 GE/RIBMAEAY IFN-yF1 1L-4 5 5dh 7k F

Fig. 5

IFN-y and IL-4 secreted by the splenocytes of the mice immunized with the different plasmids

The data represent the means + SD of 4 replicates for each stimulation condition for each suicidal DNA vaccine
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