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Construction and Immune Responses of the Suicidal DNA Vaccine
Co-Expressing GP5 and M of Porcine Reproductive and Respiratory
Syndrome Virus

JIANG Yun-bo, FANG Liu-rong, XIAO Shao-bo, ZHNAG Hui, CHEN Huan-chun

(Laboratory of Animal Medicine, Huazhong Agricultural University, Wuhan 430070)

Abstract: [Objective] To investigate the immune efficiency of the suicidal DNA vaccines of porcine reproductive and
respiratory syndrome virus (PRRSV). [Method] The ORF5 and ORF6 genes were subcloned into the downstream of two
independent subgenomic promoter 26S of a suicidal DNA vaccine expression vector pCSA2 resulting in the plasmid pSFV-56
co-expressing GP5 and M proteins. [Result] The result of Western blot showed that the GP5 and M proteins were expressed and
formed disulfided-linked heterodimer. The suicidal DNA vaccine pSFV-56 was injected Balb/c mice and piglets to evaluate the
induced immunological responses in vivo. The specific detectable anti-PRRSV neutralizing antibodies were produced in the
vaccinated mice at 4 weeks post primary vaccination (PPV) and reached a peak 1:32 at 8 weeks PPV. The specific stronger
cell-immunity responses were also observed. In addition, it was observed that the 1:8-1:16 neutralizing antibodies of the vaccinated
piglets and the specific cell-immunity responses were produced. [ Conclusion] The results of the present study indicated that the
suicidal DNA vaccine pSFV-56 has well immunity and the capability inducing higher immune responses in the animals.
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PR P BORAN B RS B, 38 D) 7 T
A AR R . LR AU e 1 B R 7% DNA
JETH (suicidal DNA vaccine) f&5E T % 0 DNA ¥ i Al
H S HIA RNA B A R R 1) — P i 5 1 1
PP, [AH L DNA BEHAE, ARME DNA Zi
DL 3 52 )7 A s, ARSI IR R 93 2 1Y) 45
M AR, R E ARG R B A R R i N 5 e B
T AN BN R EE (CMV) 5015 31/
T, BN SIS KIERA S, — H i
) IR AN 1) O 1 AR 45 1 B A s I ST R ST S
o ARSI A EA RNA R SEH], i
SEAMNEFER A mRNA 5 K0, MR IR 58
() NP, IR, R R T AT A ER
HIThEe, i HIRA L 508 O 34 [H) (0 75 318 32 40
PR IR, AR e A0 M e A BT i) R AR R T (—
e 2~5d) 1, Kk, HATE DNA R RS
e TR DNA P RS B0 G AR I R R
RSO AL, BRI R SE F AR DNA ST fig
50 R 5 3217 . Hariharan 2508089 DL 248 B2 (Sindbis)
o BE R T oAk, DL RAiEZ e eE T (HSV-1)
gB JEFh H bR, TR T A A DNA # 1 I,
BN 25 AR M BIA, R pSIN2.5-gB 1) i il
AU I DNA 116 %% 71 1K 100~1 000 £, J&
A~ T AAME DNA i EORITT & 15 RN
AT 5% o

PRRSV A FEMIF 5% IE 5 RNA Jigag, LD
HAKL 15kb, B 9 ANIFIBEEAE, B ORF1 (£
i ORFla f1 ORF1b) Zwhtis a3 1 Z i, ORF2-6 77
AT GP2a. GP2b. GP3. GP4. GP5 ZE[5k
REAEAERLAL A 1 M, ORF7 T4 5 s A 53 (1)
A 75 & 11 NP, Tt ORFS 4w GP5 & 114 3
A EPUR, GPS 8 LA S [ R e U
i ORF6 4ifff) M 25 (1 th H AT 75 3 40 40 0% 1) g
JM, AT LAY GPS AR 1 LA BT 4 1) S
RARAFAET PRRSV Wi Bk 73R 1H, & PRRSV R Ei2
NI [ 4L R AT i ) 06 B2 4 fE U,

CARBFRDIN Y AT T T B A% R 92 1 1 K
JEREHME PR I PRRSV 2 FAME. 731 it
FURIHTREIE, DL H AT E A PE DNA B H AL R
M JE, ¥ T PRRSV ORF5 #1 ORF6 MU K JL ik
(19 B A1 DNA BT CHU#E D G ) ] 76550 8)
Y/ ORI B AR 88 T A PR A AR B R DNA
e W % N, R 5 T A RE AT T AN 4 o

PRRSV [ 7492 1 B4 i Fehiti
1 #RIERZE

1.1 f&E. MAaFIRk

PRRSV YAl #RRMEHRIKF BN Bt 5P
P4 B S0 B AT T 4 B 1) i B0 PR, i
S AR AE . pMT-ORF5 (GenBank DQ120518) .
pPMT-ORF6 (GenBank DQ120519) 177 /N % i -+ Hy 7t
FRERAE . FE TP TR S AR TR (SFVD &I 1
R 26s WA JE 31 H A TE DNA 2 P Rk Hofk
pSCA2 Hyfit 5t [FIA A @ IR, pMD 18-T itk
It [ Takara 23 7] . MARC-145 4 ifg b 42 [ B2 AR A9V 1
A& R0 Chezey 18- 43%, BHK-21 41l [
A =2 0 . KIAT B DHSo fAE AR K5
B e B 15 2 AR AT
1.2 51¥i&i+%A PCR ¥ 1&

514 P5stvl 5 P5stv2 n] 44 ORFS KL 1) 56 4 9w
WX, LRSI sl N BamHL BEUIA 05, 514
P6sfvl Fll Posfv2 m[ 4 1 ORF6 JEA [ 5e #4midIx, |
UGG EcoRV BEVIAL & RS A
TA Y THEARAREGE, 519750

P5sfvl: 5-TTTGGATCCGCAATGTTGGGGAAA
TGCTTGAC-3';

P5sfv2: 5-TTTGATATCCTAGAGAGACCCCATT
GTTGTTC-3';

P6sfvl: 5-TTTGATATCGCCATGGGGTCGTCTC
TAG-3';

P6sfv2 :

5-TTTGATATCTTATTTGGCATATTTG-
3,

ORF5. ORF6 KM 1 43420 95°C 4 min
AR JERENGR, PEMZECh 95°C 1 min, 57°C 1
min, 72°C 1min, 35 MGG 72°CLEH 10 min.
1.3 BRM DNA EERIEFRAIEE

Ll pMT-ORF5 M54, pORF5Bs. pORF5Br 47|
W), ¥ 4G ORFS 2K, ¥i% 4 B A BamHI 3471
PRI S B R DNA 1 W& TA # 44 pSCA2 (1)
BamHI fi7 /4, ¥4 pSCA-ORF5. L. pMT-ORF6 Atk
#%, pORF6Es. pORF6Er Jj5l4¥), ¥ ORF6 4Kk
D, K% A Boml Smar #E 47 B A1 0 JE 4N
pSCA-ORFS5 () Smal {755, {f ORF5 Fl ORF6 JE[K {7
TRABAT I SFV LN B 87 265 Filf, HALR
Fifiy 44 N pSFV-56.
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1.4 Western blot 9%

K Hl 2% pSFV-56 M= H#E MK pSCA2 H4&
PEG8000 4lifk. % 1.2x10* N4 fiu/4L#ERh BHK-21 41
0T 24 FLAR, FREiiK 2 50%~80%mh 45 I, 15 )i
45 F * Lipofect AMINE™2000, GIBCO) ¥j4lifh
MRIE TR (1~2 pg/fL) ¥ 4% BHK-21 40, HAAd:
VEFARFIE I P EAT o e ST 36~48 h LA 441
s, PBS (pH 7.4) YE& 11K, A 100 pl SR
W, UK EAEF 30 min, 5% (1) 2xSDS-PAGE ¥
ZPRIRIRAT, 2 5 min, 23 BT 50 mmol-L! DTT

(DTT+) AEPEMIAE DTT (DTT-) EA8TER 12%
SDS-PAGE HiJk7r &8 1, KA T (Bio-Rad)
EIEIRA4EN, TBST B0 1 h, LA ikl g
MARE A 4 CAHETIIE R PRRSV PR 1M i o —3t,
BIAR S ARG ) E UK 1gG o — 5t (SBA), 1
RIS R GIRY (Pierce Co.) YEMGH#EEN X 6.
1.5 NERINEREZIERF

6~8 Ji i i Balb/c /I U B IA6 A Be 2 R Bt
S EYIH L. B pSFV-56. 75 FA#iAK pSCA2 PIA
B /N, B4l 6 H, 100 pg/H, TR BRILIAE
S, bz 2 Wk, REKIERG 2 .

Kyl PRRSV BIPER 4~5 JREMEREWT 03475 (3]
Jeth oy o RIS E R S A% . X pSFV-56. 4F
P& pSCA2 BNz dl, &4 5 3k, 100 pg/sk, T
HURILATES, ek 2 Kk, BRXIEEG 4 .

1.6 HAAFIREE

R MG 56°CK3E 30 min, fEEHFR)E (12~
1:256) JAN 96 LA a7, &E4L 50 pl. AR5 H:
FLINAH] DMEM (GIBCO) Bk 100 TCIDs, i
PRRSV 50 pul, 37°C 5% CO, ¥ =M 1M 1h, HT
BEFLH N 2x10°~5x10° 4N 40 ffl/ml () MARC-145 4
MR 100 pl, BHERSG, R 4~5d, BH
MG PR ARG DL, DA L7 H Pt PRRSV R4
SRR RGN, RIS 0375 1 5 B 88 58 4 R 4
PRUAS R A3 A 1) e v AR R 5
1.7 T ¢RPEIETE /2 R Aa )

TCRR BT S5 28 8 JE i /N BRIV 23 720 L 4 i,
2T 40 it S4B R 2 40 40 e, 25 5% FBS AT 50 pmol-L!
2-ME [{] RPMI-1640 554> 5532 52 4 41 vk 5k 5% 10°
AN /mle 54, IR E 40 2 2 GRS 1.077)
TR B R E E R 6. 8 SN A Z AN

(PBMC), #4002 5x10° AN /ml. 4325 H
F67 B IR £ 40 L B8 PBMIC 4229 22 96 LM 5 974,

[T IR 1 1640 B3 IR 22 57 5 (2 50 AMN R IR
FRIER PRRSV) % 4 4L, & 37C. 5% CO, H53%
FrPEEFE. 72 h ), TREALINA MTS (Promega) 20 ul,
FOMIRE), MREERTIE 4 h JFLALRTE, T 1 h Wl
OD fH (490 nm), T HIFIEE (SD, SI=A/B (A:
FIPAE; B: JERIAED
2 HERESR
2.1 FHFRMEIEE

PCR #1411 ORF5 4 KL KK /N ol 620 bp Fr Bt
F BamHI HEAT B DI RIS 4N B 1 DNA $2% B8R
ISF AR pSCA2 1) BamHI 477 5, %5 J7 [ #6) 8 21 i
¥ pSCA-ORF5 (ElHS) . 53K PCR ¥ 14 1) ORF6 4K
FEDR /N2 2R 530 bp Fr B Smal dE AT g ) [ 4
A pSCA-ORFS5 (] Smal 77 55, %5271, 1 ORFS Al
ORF6 SN TP SFV K4 JH 3+ 265
R, HJE ORF5 Al ORF6 XWHENILHIE AL ks
pSFV-56. £ PCR FIEFYI %2 IEAf (K 1),

bp
15 000 —|

7 500 —|
5000—

2 500 —

1000 —

M. DNA #x#E 4 F & (DL15000); 1. pSFV-56/Bglll; 2. pSFV-
56/Bglll+Smal; 3. pSFV-56 Jitki - ORF6 [ PCR §#474); 4. pSFV-56
JFORLH ORFS ) PCR 43474

M. DNA marker (DL 15000); 1. pSFV-56/BglII; 2. pSFV-56/BgllI+Smal; 3.
PCR product of ORF6 from the plasmid pSFV-56; 4. PCR product of ORF5
from the plasmid pSFV-56

1 SFV-56 RN HIEE
Fig.1 Identification of the recombinant plasmid pSFV-56

2.2 Western blot 91f

h T REFCHTA R A R DNA i B T R Ik 1)
GP5 il M 1AW= iE e, #4 pSFV-56 F175 4k
pSCA2 43l 4 BHK-21 41 1fd, %54 24 h 5 B4R 40 i
WATRYRALEE, 1Ey Western blotting $Jitle RFAbFE 4T
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A0 LR 23 S E4 T4 50 mmol- L™ DTT (DTT+) A%
PERMIAE DTT (DTT-) JE4E 1) 12% SDS-PAGE, #
[ 5 EAT Western blot 7381, —Hik 52 AR YL
AMARE T 4 CHETIE R PRRSV PHE S I i - 45 5k
W, FEARPEIEH pSFV-56 1 YL 1) 41 M e % [ i 1A 2y
25 kD [¥) GP5 BFEEIMIZ) N 18 kD I M & H. 1MifE
AR PEIE H pSFV-56 S 4L 4l e A 7R T K/ANATA
18 kD #1135 kD Pi4cRE 40, 2100 35 kD #
42 kD IR SPEACH (B2). A AR e fe At
I S AEARAE R ¥ o B . SRR, B
DNA JZ 1 pSFV-56 figWs [A] I} #¢14 GP5 B (A M 1,
ARG R FE T RARE IR 0T, REBETEBCK
/N0 42 KD K GP5-M Sl SRARRNIR /N A 35 kD
1) M-M [R5 2R 1A

1 ) 1 2
kD
750 —
500 — <— GP5-M (42 kD)
370 — <— M-M (35 kD)
250 — <— GP5 (25 kD)
20.0 — <— M (18 kD)
15.0 —
50 mmol-L' DTT  + + - -
A B

A. &7 50 mmol L DTT fAEPE; B. A% 50 mmol-L! DTT fy-fl4%
PERZ: 1. pSFV-56 Fe QLAUMLI SR ™ H): 2. pSCA2 Fe R ATHLHIZ R )
A. Reducing condition with 50 mmol-L™" DTT; B. Nonreducing condition
without 50 mmol-L™" DTT. 1. Cell lysates of pSFV-56. 2. Cell lysates of
pSCA2

[ 2 pSFV-56 E4HFRIAES BHK-21 HAAEHT Western blot
S
Fig. 2 Western blot analysis of the cell lysates transfected with
DNA constructs pSFV-56

2.3 RE/NREFFIEN PRRSV B R IE N &

K F s A ARSI 7 v, R S S AR 2 44
6 Fl 8 Jafuse N BURE AT 6T PRRSV [FH RIHiAAK
-, g RIE B AR DNA 11 pSFV-56 T 15 S )55 4
JARA 1 /NP AR AT R I g TR (1:8), BifE
Pk ETHTER 8 Bk B m, A2 Rk T 1:32 (R
Do 25 F1EAR pSCA2 B HE 2 1 M o R v 4
RAGI RS VA6 PRRSV [ AFiik. i) A5
Pk DNA %7 pSFV-56 REMEAR I 1 i A g /N A

F 1 pSFV-56 Gef& /MR AE TR 3T PRRSV B R AR

owl|
Table | The PRRSV-specific neutralizing antibodies of mice
vaccinated with pSFV-56
YIS A D
Time after primary <1:8 1:8 1:16 1:32
vaccination (W)
PSFV-56 4 5D 1 0 0
6 0 3 3 0
8 0 2 2 2
pSCA2 4 6 0 0 0
6 6 0 0 0
8 6 0 0 0
D/ B, I

The numbers of the vaccinated mice. The same as below

B AR

N T RO E R E DNA R 7 i /N Bl
Wi RS PEERXS PRRSV ISk, 2EH K
T G N BUE a8 SRRk IR L2 s B o
M3 Rl LU, R 4850 48 IR K5 ¥ PRRSV
PEJ RIS, pSFV-56 e /N SARAT 1 [k S ik
CLAn G5, LT AR KA S 2.89+0.12. WE7RFE H oA
P DNA 1 pSFV-56 %/ B BES 175 A B ik Y 24
P e B N

sr

30 T

25 F

20+

HlAR
Stimulation index (SI)

pSCA2 pSFV-56

3 pSFV-56 i/ NRIFEAFF S IE S XS PRRSV Ryt E4RAE
Y858 I L

Fig. 3 The PRRSV-specific lymphocyte proliferative responses

of mice vaccinated with the suicidal DNA vaccines

pSFV-56

2.4 GRIEFFF I PRRSV B SR L &

T RIRIEE ) E AT DNA $7 pSFV-56 fEA
W DA RN S B BOR % H R PE DNA i
pSFV-56 %15 PRRSV B PEATHE , 43 Sl il 15 %0 i 26 4+
6. 8 Fl 10 A Gz h A HUARZK R )5 5 6 A1 8
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JE oS R S 1 PBMC Wbk B 40 Bt . IR 2 HmT LA
F il FRIA A AN DNA 1 pSFV-56 i T8
JE 5 6 FITFAG = A v R R BT (1:8), TEB 10
JAk B, A 2 SKIABT 116, AFHA#EME pSCA2
ISF 2 of 2 AN R I o e 3589 AAS ) S S e e )
PRRSV [FH R, BEHTXFPILRIE GPS FIM A
Ak DNA %17 pSFV-56 B AT K Sl r= A 1)
TR AT e

32 pSFV-56 Tef& &/ =4 45 R 1E 5t 3S PRRSV Ry sh N4 ikie

i

Table 2 The PRRSV-specific neutralizing antibodies of
piglets vaccinated with pSFV-56
YIS A (D
<1:8 18 1:16

Time after primary vaccination (W)
pSFV-56 6 3 2 0

8 0 4 1

10 0 3 2
pSCA2 6 6 0 0

8 6 0 0

10 6 0 0

R T GBS E 5 6 AN 8 JHE Iy P PBMC
WA e . B 4 Hha] LR H, pSFV-56 i
THEARSGE 6 JHRIERAT T Rk R S v Uk 40 i 1
B, Bl EETEE 8 FIAE] 2.7840.07. Whom H AT
DNA P11 pSFV-56 REM 175 A 500 1 41 i S g8 W 25

O %56/ 6 weeks after primary vaccination

W 5 %J58)8 8 weeks after primary vaccination

3.0
@ 25 |
E ;‘2 20 |+
§ g L5 |
;;,E 10
ol
0
pSCA2 pSFV-56
4 pSFV-56 R/ NERIFERFFS IS XT PRRSV Yk B4 AR

Y5
Fig4 The PRRSV-specific lymphocyte proliferative responses
of piglets vaccinated with the suicidal DNA vaccines

pSFV-56

3 itie

PRRSV & 4L ) Jl k> 1 748 b 1 1 1 5 T 11
) 7, AN BRI RO IS BT BRI L 5k,
T 3E 5 R A4k A B VR ARG G BEFIIIA%: )
FEE N SN % S e LAl [, PRRSV &
G A ST 1) S 8 SRS I8 P AT AT B 1 T 70 1)
el . HRTHIT BT PRRS (95 Fh i i fb 2 1 32 e
55 RE ARG o A 59 1 1 A PR LR L I S R
P, ARAEAERE IR BRI FE R, I FLR SR A LEAE 2
X — fUCTE LA AT 22 55 B D532 A 59 2 1 1 530
ZIR KRR AR AR, K AT 2 I E B
Bl T HACRARGE, BLH PERIERN . TR
JETE A R, 2 E R T L
PRRSV iy 3 ZE W R4 1 Bt JR——GP5 A & Al 1)
DNA B W A7 R s iz iU o), g
JIT AR S5 = AR R T BL O AR RO 7 O B Rk
PRRSV GP5 41 11,

[ LT MU ik PRRSV H— {547 P S5 (0% 1
Wi A[E, &%) PRRSV ORF5 1 ORF6 4ifid(#) GP5
M B LR 2 PR Y YR SR AR R, A
W7 R T ORFSORF6 XUk KL IA () [ 447 DNA
5 T pSFV-56 . i 1 2R 4 Mg i) 4 YL F1 Western blot #5711 ,
UESKE H A PE DNA % i EAUTURL pSFV-56 % 4L 41 il )5
GP5 Al M 2 ] DA A] i Sk, iy HLak i ax
IR DOE e BB A T O R A I T TR
T B E IR DNA & W 804 R G KIS PRRSV (1)
GP5 Al M 8 A BAE FH R B8 — 2R Ak, RITERA
WEEMIE e EAMS 5 T, GPS MM EH LR
W RIFEREME ST I8 SRR . X — T 7 S SE B IE e A
WAL pSFV-56 2 it LAEAT RIS R PR 43 1
Hefiio @F5C I, Balasuriya S5 7EFST S PRRSV [
BRI S E KA (EAV) (% # RNA &)1
W R R BN, 24 GPS I M R A ILRIAR, i
5B L GPS-M Rl — SR A4, T A e Y R AR A7 AT
WAL HIE T T GPS 5 A 20 P T ] g JR B4
g, RAFIEMIBIEE G, i K Sl S
SR SEE R RIBUAR =, RIS GPS i
RNA S92 10 AN BB 155 K o 58 S 560 s W e o o
MK F=42. PRRSV GP5 F1 M & 1535 - RAEMK)
JERUEA R GPS IS « 8 A7 LA S Bl I 1) G ) =

S, JEAEAFRANE T ) . ARAR XX — ) )
] K5 2 A J5 PRRSV B 4 1 1) e 7= A ik de



1016 H &l B 39 %
F[’:] ?jﬂ@o [1]  Wensvoort G, Terpstra C, Pol ] M. Mystery swine disease in the

FEUFSE pSFV-56 Rk GPS F1 M £ 1 1] LA
SR RS, AW — A SR B ) LA & PRRSV
(19 B ARTE FE——A PN T SRR B i 1 AR g
I FIVAH D G S N, L g AR A N BRI
PSFV-56 fuj5 /N B B 25 il 75 3 i 7P TR R L AA 1
Ao H R BEST COUF S i A e R SO A KT
PRRSV & HL I Bl F2 v B 8 2 O 2 IEAH G
PEDO2L, [, pSFV-56 s/ Rl e il i 5 sk
PG M G W . RV H ED 4 S fE P PRRSV
G VE I AN 2, BE R ISR AR 28 R A e iz
L, £ pSFV-56 & —FR A% PRRSV
BT R 1

53T pSFV-56 fE a5 3 5 A1 IR A4 o2 55 4
Ji G2 SN, HEII AT RS BA R LS T R 3 6: (D
GP5-M Hli ZRAKMIEBUERE GP5 ARSI
B #:328, ATl GPS & 4 I L R AL e
T IARIAEAE . (2) AWFFURAK LT SFV &
7 A, AR RE S R I AL N, i L
eI RE TR R 0 RNA Fh a4 HAT R (1 4
REEHHE . kA, A DNA e HA 7% 340
JRLR T IRTRE T T 1 4 i B 225 5 A SR 40 i £
PP RIS 1 B A, (3) GPS B AA
5 AR PRI MY, M & At B E R
SEPEAN A i g MY, GPS R M R AL R IA 4
A EAE

Y2 —FP3Fr ) PRRSV % 1 i 2 7 F GPS/M 3
FILFNE, HATE DNA S 117 pSFV-56 A7 20ME: %)%
PP IE T KRR AT . T ARSI
IR AR IS IEAT I, IR TT R BRI
R HAT, EHOH TR BRI R, I
L5 RS TR 1 A SRS W AT LA, AT RSk
P I — 7 AL 1 1) S R

4 ZEig

AWM EE T L33k PRRSV GP5 F1 M & 111 E
ATk DNA $E1H pSFV-56, ES:3RIEMH GPS F1 M & A
LA GPS/M 5 SR AA, REfE BRI I /N LRI
W7 VR SRR R PRRSV R o RO A4 0 41
FIENE, AIRAFRES AT ] PRRSV [ 7 52
R TR I S B AR AR
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