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H OE: R EIA LR 4485 & (Porcine reproductive and respiratory syndrome virus, PRRSV) {44 49 ORF5(MORF5)
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FFA MVA 2h #) BHK-21 20t &, ) 244k B M3 S L (MXHAT) & 24 JUb B #4735 4 i sk b4k, 133 A 75 k47
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Construction and Biological Characteristic for the Recombinant
Modified Vaccinia Virus Ankara Co-expressing Modified GP5
and M Protein of Porcine Reproductive and Respiratory
Syndrome Virus
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Abstract: Modified ORF5 (MORF5) and ORF6 gene of PRRSV were cloned into two multiple cloning sites of MVA transfer vector
pLR-gpt to construct the recombinant plasmid pLR-MORF5/ORF6. Homologous recombination between pLR-MORF5/ORF6 and
the wtMVA on BHK-21 cell line was mediated with liposome by infecting the cell with 0.01 MOI wtMVA two hours before
transfecting the recombinant plasmid into the cell. When the cytopathic effect (CPE) was obvious, virus was collected from the cell
plate and the recombinant virus was selected with drug selecting medium (2% MXHAT). After 12 cycles of selection, rMVA with a
selection marker Eco gpt was obtained and named as rMVAgpt-MGP5/M. By infecting BHK-Cre expressing Cre recombinant
enzyme, the Eco gpt marker in rMVAgpt-MGP5/M was deleted and this rMVA was named as rMVA-MGP5/M. The insertion of
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MORF5 and ORF6 into the MVVA genome was confirmed with PCR analysis and the expression of MGP5 and M protein was identified with
Western blot and IFA. Through biological study on the recombinant MVA, no obvious difference was observed between
rMVA-MGP5/M and the wtMVA regarding to the CPE and growth curve. The recombinant MVA constructed in this study could
coexpress the modified GP5 and M protein and the expressed product had good immunocompetence. Furthermore, the insertion of
the MORF5 and ORF6 into MVA genome had no obvious effect on the replication and biological characteristics of this virus.
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B R ARGE o BRI ST 1996 4E7E [E PN 1 vy B #
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GP5/M R4 YT BT 3% Gs 40 i i 9 J5 X . GP5/M R
B A 6 T I I A A R S R (R Y e
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FEH L MVA SH AR, BF5% T PRRSV GP5 5 M &1
DA [] 1y 7 23Rk 0 H A g 3% T s i, 45 SRR W]
HEIE GP5 5 M E T E A MVA g 58 Hf
JEME; A DNA ERHFSE T PRRSV GP5 Jifl #1 ek b
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pcDNA-M5A-6A 12 # HATHE (7 XK K); MVA
RS AR pLR-gpt FHEH A1 M.
1.1.2 2R

R V)G Sac [ \Apa I 5 ExTaq DNA &4
fiti . TADNA &£ 55 T HE H TaKaRa A +l; FR
HPEPI VI Pme T . Asc T S FEH 2 F P4 e B
A& B LgAESEAEY) R, DMEM K5 3: 5
GIBCO A/l iy M4 ML AT pu 2 A 4 48w
7= i, F R (Mycophenolic Acid, MPA)IJ B Sigma
V]ORN | SRS . MITII H Promega 2
w]; Lipofectamin™ 2000 %% 47| & H Invitrogen
\H); BRI E Difico A w]; bt PRRSV NJ-a bk
o L35 AR ZE fil 4, ZR 4 bR PRSSV NJ-atk £k
REFR il %, bt PRRSV NJ-a tk GP5. M &HH
MR Z PR AR =65, R ARy 5k
IKE A GP5 5 M 11 2 IR e Rl 4 HRP 5
MBI 196G, FITC FRid =5t 19G A A
B Sacty/ /NG
12 A&
1.2.1  FHY G i e F e B # K1

(1) 51¥i%it: #¥E PRRSV NJ-a tk ORF5 5
ORF6 MK IR 7 4 e wi st e St v 51 9, 40 1 FH T
P SEH ) ORFS 5 ORF6. 5l¥1oh HiTixit, M b
T BEIR A W) H AR BR 2 |l A

ORF5-1: 5’ -CACGTTTAAACATGTTGGAGAA
ATGCTT-3' Pme I

ORF5-2: 5' -TATGGCGCGCCCTAAGGACGA
CCCCATT-3' Asc 1

ORF6-1: 5' -TATACGCGTATGGGGTCGTCCT
TA-3' Mlu I

ORF6-2: 5' -CCGGGCCCATTTTTATAAAAAT]
TTATTTGGCATATTT-3" Apal i # L1016k 0L 4 1 5 5

(2) EAFLBRMAEMIE: RS9 ORF5-1,
ORF5-2, DIH 4 ffiki pcDNA-M5A-6A Nfsiti, 4 i
PRRSV NJ-a #k MORF5 K, F Pme I 5 Asc I X

>
& Eo

L\\

U1 )5 52 A MVA 585 8 1A pLR-gpt AR I (903 25 o,

$A5 5 4 JFki pLRgpt-MORF5; F| 514 ORF6-1.
ORF6-2, L 4H 5k pcDNA-M5A-6A Jytitl, 3 i
PRRSV NJ-afk ORF6, FiMlu I 5 Apa I X5 e
B A pLRgpt-MORF5 AN (47 s, v, #RA5 IL 3R 58
PRRSV NJ-a # MORF5 5 ORF6 [f) MVA T4
4K pLRgpt-MORF5/ORF6.,
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1.2.2 #4337/ # pLRgpt-MORFS5/ORF6 /97 7

Z: WSCHR[BI 48 I 1 A T
1.2.3  MPA K /EfIF AR 709 & i

(1) SEAREMIE: BUHS 10%05 4 L7 1)
DMEM 5 3% i A2 1) BHK-21 4iifif, PBS ¥k 3 1K,
HIA 5 mL JCIf 7% i DMEM 2 35 H 61, #:5h MVA,
37°C WL Iff 2 h; FFEFEM, PBS I 3k, filA 10 mL
2% DMEM 45, # 37°C, 5% CO, B #4655 3%,
ZHWEE, EHI 80%Af AR R, YRl 3 WIkE:,
—20°C 1174

(2) EEENEEFRHE 2%MXHAT: ##% Marshall®Fi
David®WiF 5T /BT I MPA W 25 pg/mL i JEAH,
FEHC MPA 435114 10 pg/mL. 15 pg/mL. 20 pg/mL .
25 ug/mL .30 ug/mL 140 pg/mL; #& MM 250 ug/mL;
YIRS 14 pg/ml; 20004 2 ng/mL; BT 8 pg/mL
1 2%H5 4 L7 Y DMEM 55 3% 35 (2% MXHAT)1E 24
FLtk EiEAT BHK-21 2 it x4 1 5% ik iy i 2
B

(3) BHK-21 2 ity X e 5 15 77 ok () i =2 30 56 -
DL 2x10° A4~/FL 0 20 B 42 Fl BHK-21 41 T 24 FL40
s, THERNG 12 h, 24 h 136 h 3 2%
MXHAT R 5k, LUG U5 4 M i) A A 0 DA
B PR 5 IR B Th 2 W R

(4) WYL Bf R AR M E A BRK R )Z W
BHK-21 4tiffd, F 0.5%]5 A 1k 1% 1 21 96 L4t Az,
iRl 8x10° M/AL, E 37°C, 5%CO, B 54
PREFE 24 h & 80%~90% K i #)Z; B MVAL00 pL,
SRS 2%)R 28 L3 ) DMEM Fl MXHAT $E#51:
BEFRIELL 10 £5 35 2L Bk F B 2 107°~107°, A4
PR RE 43 1 41(8 L), 100 pL/fL, [AIItiseas (%t e
4; 37°C, 5% CO, HEFRAH T IEFE, & H UWE AL
PGB IE %, HEZ; 1153 MVA G5I7EE 2%
524 L7 ) DMEM 1 MXHAT H i TCIDs, BULHE
PERE IR ILREID I FLA W . R S BN L5 A8 10 B 1%
Fofr it A hy A Yl B S AR 2 1) R
1.2.4  ZpangF 4

2 WA SCHR 1019 44 7 i 04T
1.25 Y WEENIE T2

FH 2% MXHAT 10 7% i% SL B 25 Jo e b 31
K B2 BHK-21 40 L 4 24 FLAR(2x10° AN /HL), 4575
500 uL/AL, 37°C Wzl 1 h, I PBS Ve 2 Ik, M
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2% R4 LG Y MXHAT % 0k 5 52 S 2 b5, 45
48 h #—YOK, & HMWEE, BORMBAEEOR H 3
AR LIRS BE VR, W R AR, L EE R AR A PR b
FIHNE H B2 3P B TCIDs B2 —B Ik, #
BA T 2 4 L Al AR Ry 1 AN IR T, AR R
2 h PR SR A
1.2.6  FHHWGEHENTEE

(1) FEADW# PCR % W rEde Btk &L
HHEE 902 s A% B A L PR PBS TREBE 1k, H
JC AR Rz ZEF) R 4112, 4000 r/min £5.0 10 min, Y8
M, FERRARAEIN 1 mL PBS, HEBURTE LR 41E N
it FIH PL. P RB1WIEETT B B EER 0993, LA
Y% H L AE MVA SERZ i dd A, [RIES DLSEA
MVA J:[H 2 DNA 15 R %) 18

(2) FELHHiF Western blotting Z3H7: ¥4lifb i
rMVAgpt-MGP5/M #% 2.0 MOI #:Fh 842 ) BHK-21
YR, 48 h JSUEEITALE A, #E1T SDS-PAGE 43
B LIRS LU bt PRRSVINJ-a bk 22 va i i —it,

DA HRP ARIC A 49 19G Uiy —HiktT B (S,

A E AR B AR S BUNE A RN E A

(3) EAWEE IFA % Halifk iy rMVAgpt-
MGP5/M #% 2.0 MOI #ZF L2 BHK-21 4iififd, 7¢
LSS 48 h, FEE IR, HALH PBS (pH 7.4) B3
W, N-20°C A 1 [ 5 W (N 2 FE=6:4), [&%E
5 min, H PBSEVE 3 a2 T, 45 A 1:100
i B APt PRRSV GP5 5 M 25 19 5 % ML, 37°C
1 A1 30 min; PBS %%k 3 IKJE, A FITC bRicd iy =F
Bk, 37°C Y 45 min; PBS iyt 3 %k, W TG
IS, [FINLL MVA SRR 20 4 % B
1.2.7  FI/H BHK-Cre S L F ] J 7 Eco gpt ZiA 2

1 0.1 MOI #Fp4lifk i rMVAgpt-MGP5/M T
iifi BHK-Cre 4fi a1 6 FLA4H LA, 37°C. 5% CO, H5 5%
2 200 M s 78 B IS WSOIR o B o WSO B 4 T A
— {3y EH R BHK-Cre 40, %5 —1#3:F BHK-21
YHE, FH 2% MXHAT BE£EVERE FRILEE 55, ELE T
AR L, HB IR AR BHK-21 400 L
2% MXHAT 15 3% A8 ps A8, 159 2 8 241 9% 8
rMVA-MGP5/M.,
1.2.8 rMVA-MGP5/M PCR X &

H 4 Ecogpt 2 A ¢ 415 i+ — X Fe S [ F

rMVA-MGP5/M ] PCR %5, SIWanF:
P1: 5 -AGCGAAAAATACATCGTCACCTGG-3’
P2: 5’ -ACACCATTTGTGTTCATCATCAGAC-3'
FLE rMVAgpt-MGP5/M 5 rMVA-MGP5/M 5
¥k, F PL. P2 ¥4, [HIRHEEAR R MVA R
PR 5ot B
1.2.9  FYWGEHENIE KN E
B4k iy rMVA-MGP5/M ., rMVAgpt-MGP5/M
FIZEA MVA, 435114 2.0 MOI J8&Z% 24 Ll BHK-21
Y2, 37°C K 1 h, FI DMEM bk 3k, A
% 2% FCS i) DMEM 5 2% MXHAT, F 37°C 5%
CO, B A R 5 . M WAEHE )T 12, 24, 48 1 72
h B, Wk ss, MEREER TCIDs, Z:iilA K ih
2.

2 %

21 EPEERBIHAHEE

HHER A Pme I +Asc I 5 Mlu T +Apa [
Y], FEYI = PrHivk, B 4000 bp ik AA R B K
603 bp i ORF5 5 525 bp ) ORF6 JE [, FKHIE 4]
AR A (A 1)

bp
15000
bp 5000
2000 2500
1000 1000
750
500
250 250

100

1 ELHRHL pLRgpt-MORF5/ORF6 X E 1] % &
Fig. 1 Identification for the recombinant plasmid
pLRgpt-MORF5/ORF6
1: pLRgpt-MORF5/ORF6 treated with Pme I and Asc I ; 2: DNA
molecular marker (DL2000); 3: pLRgpt-MORF5/ORF6 treated with
Mlu I and Apa I ; 4: DNA molecular marker (DL15000)

22 BMERREMFASHES

F MPA 24 10 pg/mL. 15 pg/mL. 20 pg/mL.
25 ug/mL., 30 pg/mL F1 40 pg/mL ) 2% MXHAT 43
BFBE AT BHK-21 X3 £ 3 57 5L 19 Tiid 52 P U5
ZERELH] MPA N 10 pg/mL 1 15 pg/mL B9 2%
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MXHAT X} BHK-21 4ii g i 44535 A3 52 ;17 MPA
7 20 pg/mL. 25 pg/mL. 30 pug/mL A1 40 pg/mL ()
2% MXHAT TEA [F] 9 s (a1 /10 A HR 5 | 362 248 F 1) 5t 7
BET .

23 HEMARASHES

SEARFELE MPA 7 15 ug/mL (19 2% MXHAT Fl
2% DMEM Hif#j TCIDs, 4351k 10%'9/0.1 mL #i
107%/0.1 mL, EP4351% 3.98x10° 4~ TCIDso/mL Al
1.55x10° 4> TCIDso/mL. BEHL 107 f5 7 B¢ 100 uL fY
s BE VR VR Ol e L i EE g H2 Ab L, BP 2510 A
TClIDsg
2.4 F5 RN DNA B §l&

KERBMAifE MVA T4 5B pLRgpt-
MORF5/ORF6, HU/NEHFES ] DNA/RNA f il
{07 I DNA & 5, 4550 1436 ng/uL.

25 EHFESHFIESELER

FH 2%MXHAT 35601 12 /U5, rMVAgpt-
MGP5/M 7£ 2% DMEM H1 2% MXHAT 853531y
KR, HS53EA MVA B2 04 i) A —
. rMVAQpt-MGP5/M 75 i 5 5% 57 3 F% 30 4% 77
FE P B O AR IR B — B, R ELUR RO
24595 T 4lifk; rMVAgpt-MGP5/M (35 J3 1 35 A 25
MVA (13 FE A — S, U B AMIE LR 1Y 5 | ABEA
M MVA 15 o
26 EHFBSLETEHER
2.6.1 FHY Wy PCR LiEZ5 R

DL ZH 55 2R UL Y BHK-21 41 45 B0 L (X
ZH DNATEHEAR, LLPLYS PV I##EST PCR 41,

HL UK 43 BT AT W, 1500 bp (4 H AL (& 2), 1R AH
MVA X R AR ] 454, UET T H % 5 I 7E
MVA JEF 41 i 46 A
2.6.2 YW B SE RN TSR

4k i rMVAgpt-MGP5/M F13E 4 MVA 4
B BHK-21 4, 155678 B 8 J5 JE 47 IA) 2 4
JER YD, 45 rMVAgpt-MGP5/M J&& e 41 il 22
5440 GP5. M 1R S 2P0 R ) 2 AR
SR SRS (E 3), TEA MVA YL A i WA
Yo, HE B E B E AL # AR W B R 35 MGP5 I
M &1,

bp
2000

1000
750

500
250

100

2 E{HFHE rMVAgpt-MGP5/M PCR ¥ 7E
Fig. 2 PCR identification for the recombinant virus
rMVAgpt-MGP5/M
1: rIMVAgpt-MGP5/M amplified with primer P_ and Pg; 2: wtMVA
amplified with primer P_and Pg; 3: DNA molecular marker
(DL2000)

3 IFAMMNETHFBFS L BHK-21 A+ PRRSV EHMIF X

Fig. 3
A: rMVAgpt-MGP5/M infected BHK-21 cells reacted with GP5-specific antiserum; B: rMVAgpt-MGP5/M infected BHK-21 cells reacted
with M-specific antiserum; C: negative control
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2.6.3 # Y pi#E Western blot 7+ #rZ4 42

B4l ik 1 rMVAgpt-MGP5/M 5 35 A MVA
Sy Y BHK-21 4, £59% 48 B 2 J5 Ui 4R 4 i
AT R AL FRAE LR, 4T Western blot 5317 .
i 1& 4 7] UL, rMVAgpt-MGP5/M % Yk () 4 Jifd i %
HEL 25 kD Ml 19 kD B I ERGE &, I REAS
FEXTHRFLI AR S50 . SRR, MENEH
B RE B [ I ik MGPS il M B, JEH Rk
P EA 5% PRRSV NJ-a Bk BH 1 I 75 45 & 1Y
HE

kD | 2
“*_1
43.0—
31.0 —
«— mGP5
20.1 — &
~~— M

4 rMVAgpt-MGP5/M BJ Western blot ¥

Fig. 4 Western blot analysis for rMVAgpt-MGP5/M
1: rIMVAgpt-MGP5/M reacts with PRRSV positive serum; 2: MVA
reacts with PRRSV positive serum

2.7 rMVA-MGP5/M B4 E

LI rMVAgQpt-MGP5/M A AN #;, 7 BHK-Cre
i M I 0 2k 46 AL 5 5 3 rMVA-MGP5/M . rMVA-
MGP5/M 7E 2%MXHAT MR 5 5L h o2 e A R
FEA R AS, UL AE Cre B MEH R, rMVAgpt-
MGP5/M i) Eco gpt Zik & C 8k IEARMNER . LLEA
# MVA. rMVAgpt-MGP5/M 5 rMVA-MGP5/M ¥
K41 DNA ShEh, FIA5IY PL. P2, 4359 1
Eco gpt & k&, 45H LK 5; rIMVAgpt-MGP5/M 7
PANE] 1] LoxP i &Y Eco gpt Fik£ -l 890bp,
rMVA-MGP5/M i T Eco gpt ik & s %, Fr L%
HY Wy, 55K, 1E Cre B /E T, Eco gpt
e A1

2.8 ERFEHE BHK-21 A Ao K45
rMVA-MGP5/M 5 rMVAgpt-MGP5/M 7 BHK-

21 4 F A5 DL 2%DMEM 5 2%MXHAT 35319

AR LK 6 5 7. HE 6 AT 0L, 4/ 5 4
BETE 2%DMEM Hd5 320, i 25 R A RE MVA St
A, 150 BH A L R 04 A AN S ) 5 104 3 5
M B 7 AT 0L, YA E 2 FETE 2% MXHAT 3t
PERE IR e h 1 3R I, rMVAQpt-MGPS/M % B R &
AW A7k, T rMVA-MGPS/M 5 35 A # MVA
MR KB SE il tRBIZE Cre BEMIIERT,
rMVAgpt- MGP5/M H1(#) Eco gpt 3&ik & C 8 1E i
B o

bp
2000

1000
750

500
250

100

5 ZHAf%E rMVA-MGP5/M 9 PCR £ %
Fig.5 PCR identification for the recombinant virus rMVA-
MGP5/M
1: rIMVAgpt-MGP5/M amplified with primer P1 and P2; 2: DNA
molecular marker (DL2000); 3: rMVA-MGP5/M amplified with
primer P1 and P2

F =AMV Agpt-MGP35/M
[ rMVA-MGP5/M

i ild type MVA_—=2
| —B—wild type r..--""/

TCIDso

[ L B TE I S = R - ]
— T T T T T

24 48 72 96
Post—infection/h

6 ELHFEF rMVAgpt-MGP5/M. rMVA-MGP5/M
5%KSE MVA £ 2%DMEM EFEFHRHIE KL
Fig. 6 One-step growth cruve for rMVAgpt-MGP5/M,
rMVA-MGP5/M and wtMVA in DMEM
containing 2% FCS
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11
10 —&—rMVAgpt-MGp5/M
9+ —=rMVA-MGP5/M
L —8—wild type MVA

TCIDso
R N
: ————r

[
T

£4 B4 B4 B—
24 48 72 96

Post—infection/h

7 EYHFEF rMVAgpt-MGP5/M. rMVA-MGP5/M 5
FEAH MVA 7E 200MXHAT 57 2 b g9 4 K i 2
Fig. 7 One-step growth cruve for rMVAgpt-MGP5/M,

rMVA-MGP5/M and wtMVA in DMEM containing MXHAT
and 2% FCS

3 it

LR BB A2 CrelloxP RSt 12 i 5
K. Cre FAMEAT LIFESHEREN loxP £ 545, VIBR
PSR ] Y loxP o7 5 2Z ] ) 438 17 41, AR BR — 4
LoxP i 5, AT g B, 36 5> A A7 05
Z A1 E 2 AN ] 3 80 BT AR A AN [7] 114 72 a5 06 Mf E
DR Y, e g o 2 G R IF 5 Hp 8 ol P A 4R
3TN GFP. lacZ. Eco gpt ZE 174 T H 4 A A
P, FRAT Y AL A L DR 2 v A T e A S [
FEADEPUAE RN S 25 Y ik SN, A EADRER
N A R — E R OME . AR BIF 5E M Y 4L B
rMVAgpt-MGP5/M 4 Jit fa i, A i 5k R R A0 4 A
LoxP i i, Mitk— I Cre/LoxP R4 HEAT FiiFRY
FER TR BT T RAF AT .

ABEFEFR AT Eco gpt E A 35 45 75 i i bn i LA
RURIFFE R WY, AXALAE B 37 W V8 0 25 5 R (MPA) A
RBTE MW EAT WA, AERMEAILBES, &

SEARFEI A . 25 B X R 4 O I e A R
BRI R sE 25 R, RATE S 15 pg/mL
MPA 250 pg/mL #IE 14 pug/mL YEIERS 2 ng/mL
GAHEIENS N 8 pg/mL ik i E B AR H Y 2% 164 1l
% DMEM #5538 . Hrp i 25k BE A5 i BHK-21
YR 7% FNBET S, (HAEID ] MVA 78 BHK-21 4l
A AP, KIS Eco gpt BY rMVAgpt-
MGP5/M HIa] LIE# K . [RI AR IS A Yo e B
PR % R % Xt 4 oo Ol AR Al A A
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PRRS J& —Fl LA BEAE B 5 [ i FHAT 5 07 W
AR B R PR T A T AR AR AL e, JLFa Bt A
Frf FEE E R, e E R AT R Al H £5)z,
fi 5 H ™ A AL R AN L2 2 BRI b 2 A
ERMEEEEHE, maS SRHERRENY% L
TS | TR A G AN G I, X BRAT Y g R A
93 1 AIF ] HE P 0B (A Pk 5% - GP5 & PRRSV 11 R 24
JERPEPUR, ZEASH 6 MURICER, 6815
IR NEE S L o R SIE RN IR oRr R e o d
LLHTHIRFSE i %F PRRSV GP5 HEA T, 425 T Hitk
REJE DT 181 M B i ORF6 4ifil, 245 e
S I AT 1 2 B 3 3 50 T BH LA AR B8R 1 £ 02 i
P, YIS 10 d SRl ARSI RE PR, RANRIE
M 2 11 AT A S R s e A T, FE AN, M 2R
FiAESR T g A s e H e 25k B ism s, &
B M 85 LR AN S8 S HP mT RS 32 2 p R 1,

ERET U EWFEEE IR, Abtsefy g 7Rk
PRRSV f&4fift) GP5(MGP5) 5 M & [ 1) 5 4H ikt B 7!
I TR B R PIRE, JEAIF Cre/lLoxP &40 6%
e bRic SL K (Eco gpt), $2m 7 EAUREE R E YL
Ve, EHRETE 2%MXHAT &% DMEM K5 3% 5 rh
B BE S W 2E R R T, P A A A
2%DMEM R EESRI, 5B 5 SR ARTE MVA SRR — 2,
L I N S I N NS il S - A <
2%MXHAT 1533, rMVAgpt-MGP5/M i B R &
A AR AR, T rMVA-MGP5/M 5 35 AR 3 MVA |9 4=
Ko emibl, wilrE Cre BEEA T, rMVAgpt-
MGP5/M ) gpt ik & g E M B, X 4%
BRI PCR A ikl T AT TS5 16 . X E A 8 iF
LR R S RN T S B W S A dE S
S, X IR B A B ek a0, RIRE, X s
S5 B FE IR Y Western blot #1245 5368, H A
BIAEFR AL TR 1 BHK-21 40 b i hig 8] 17 3%
ik, T H R EA S SN ML X E 4 MVA [
ST, At I & B T AP PRRSV LA T 8%
P25 ¥ AT B4 A
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