Y TR ¥ Chin J Biotech 2008, September 25; 24(9): 1573-1581
journals.im.ac.cn Chinese Journal of Biotechnology ISSN 1000-3061
cjpb@im.ac.cn © 2008 Institute of Microbiology, CAS & CSM, All rights reserved

W ETE 5 MR 45 SRR B iR A B v FE B9 A 2 R0 .
A kAR B 244 KA mHL]

1 R ER R E B B R ENITCRT S QOmBaiis s R aRsh oy E HUm i S s, B 200241
2 F RO RS IR 2 e AR S YR 2 W S B EE U SRS, B AT 210095

i OE SRAMBEFRLFRERE S ZAT, BHAHZEEGEN TEARNGH ., KA PRRSV 3 42 F 1
FIE-pAPRRS 54 £ &8 4, ¥ 5 R % m AT ®o Bh0X143)8) 224 M & G 2L B (ORF4-7)2A & 3'UTR R
AN pAPPRS A8 5 4% A R 3%, M T pSXI12(ORF4-7-3'UTR). pSNXI12(ORF5-7-3'UTR)¥A & p56N12(ORF5-6) = A~
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Abstract: In recent years, mass outbreaks of highly pathogenic (HP) porcine reproductive and respiratory syndrome virus (PRRSV)
have spread all over the Chinese swine industry. Based on the first infectious cDNA clone of HP PRRSV strain pJX143 and that of an
attenuated PRRSV, pAPRRS, constructed in our group, we constructed several chimeric clones with various substitutions of
structural protein genes (ORF4-7) and 3’ UTR between attenuated pAPRRS and virulent pJX143.Upon transfection of MA-104
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cultured cells, all chimeric constructs pSX12, pSNX12, and pS6N12 were rescued. The rescued viruses maintained the similar

virological properties, based on the results of the growth curve of the rescued viruses. To test if the chimeric viruses can be used as a
vaccine candidate, vSX12 and v56N12 vaccinated pigs were challenged with the HP PRRSV JX143 strain. As a result, the vSX12
vaccinated pigs were all seroconverted by 14-day-post vaccination, while v56N12 vaccinated pigs showed poor antibody response.

Upon challenge, the vSX12-vaccinated group showed no signs of clinical PRRS syndrome, and virema period was shorten to 6 days

post-challenge. Our results demonstrated that 1) vSX12 chimeric virus is a good vaccine candidate; 2) the virulence determinants of

HP PRRSV probably located in coding regions other than ORF3-7 and 3’ UTR, as our chimeric viruses were proved to be attenuated.

Keywords: PRRSYV, high pathogenecity, infectious cDNA clone, chimeric viruses, vaccine candidates
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STRATAGENE 2\ # . pBS-T #44& . TOP10 J&3Z 2514
I TIANGEN A+, AMV Fl rTaq J T TAKARA
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DL pIX143 JE& YL M se N ik, @1t PCR &3 |
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B A PRRSV 5553 1) 4K e 14 7a f& pAPRRS H7,

33— £ %] PRRSV Z5# 8 I EE R ik 5 ve e, A 1
FiR
1.4.1 57 pSX12, p5NX12 #9#4 & A4 &

DL pIX143 K#ikk, SPEF. Qst h5|4¥y, ¥ i
pIX143 598 11 GP4-GP5-M-N LA & 3'UTR 2.4 kb
B H B H BE, 4 Spel . Xho I XUV, k)5 5
. pAPRRS %t Spe I . Xho I UG [m] i i) A B,
M, TRvE M I RE, 448 pSX12; LA NdeSF.Qst
JEIY, Vi pIX143 Z5HIE 1 GPS-M-N DL K&
3'UTR 1.6 kb I H M B, 45 Nde I . Xho T XU
Y15, S5k pSNDE 2 Nde [ Xho I XU 5 A9 K
B T AR SO, A4 pSNX12, ik i
YEUR A IR R w) R A I S
1.4.2  #H5 7/% pS6N12 /91 1w

DL pSNX12 AEEAf, il f & MM PCR(Gene
splicing overlap extension PCR, SOE PCR)Jj k!,
B pSNX12 f N ZE 11 2L S 3"UTR FE K B e A 5557

x1 mEURNFERRAEEIY

Table 1 Primers used for the cloning and sequencing
Name Sequence (5'-3") Use
SPEF GCCACTTGACTAGTGTTTACGH# PCR to construct pSX12, pS6N12
NDESF CTGTTGGCAGTTTGACATATGTTTAAGTATG# PCR to construct pSNX12
Qst GAGTGACGAGGACTCGAGCGCATGCTTTTTTTTTTTTT#  Reverse transcript primer; PCR to construct pSX12, pSNX12, pS6N12
SRSOE6  TGTTATTTGGCATATTTAACAAGGTTTACCACTCCCTGCT  SOE PCR primer, PCR to construct pS6N12
SFSOE7  TTGTTAAATATGCCAAATAACAACGGCAAACAGCAG SOE PCR primer, PCR to construct pS6N12
SF12670  CTCTCGGCTACCCATGCTACAC Analytical RT-PCR for vSX12, v5NX12, v56N12
SR14365 ACCGCCAACGATAGAGTCTGCCCTTAGTGTCC Analytical RT-PCR for vSX12, vSNX12, v5S6N12
SF14413  CTGATCGACCTCAAAAGAGTTGTGCTTG Analytical RT-PCR for v56N12
SR15497 CAATTAAATCTTACCCCCACACGGTCG Analytical RT-PCR for v56N12

# Restriction sites introduced by PCR are underlined

50
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Fig. 1 Parent and chimeric PRRSV infectious cDNA clone constructs created in this study
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SFSOE7, i#f17 PCR #:4F, HAAPIRINT:

LI pSNX12 N#i#, SPEF #l SRSOE6 4 | F
e, #ATH 5 PCRY I, HER B A 1.9 kb;
[A i L pAPRRS M #, DA SFSOE7 #il Qst iy | F
ol r PCRY 4, HMR BN 0.5 kb, &5,
DL P~ PCR 724 A B4R, SPEF il Qst 24 I
TUESI Y, EATES % PCR, HIA BX A 2.5 kb,
KAFH PCR 7245 pAPRRS 4 Spel . Xho I XX
fitg U & 10 Wi i oK v B b A7, O 3k FH M e B,
A4 pS6N12, 3% b gE 98 A= Wy H R 28 /) A7
7Y o
1.4.3 iGN TR 9 B TP 9 5B

pSX12. p5NX12. p56N12 L) Sma I ] % & 2
AFTERR R S 5878 FF I ik & A% AT IR )7 91, 15
& DNAstar F 0453 A8 2 BORLIE A 5 75 o
1.5 #RE B TE P A IR ROAN IR KO F R 1
R
151  #HTEF

# Marc-145 AiEfE = /NFLA b, 5L 20 2%
BE 2x10° A A, A K BEE 60%~80%HH
IPiE Yy, Ok pSX12, pSNX12, p56N12 $% Roche 2>
r] FuGENE HD %% 44305 (9% 4L )y 1: 5% % Marc-145
ML, B 37°C. 5% CO, HifRAfith 4k L3578, R
SEANMLR S, TR AN MO A2 A 5 80 % Hif AU A 4t it 35
TR EE I .

1.5.2  #3paE Lignifet-5 £

IS i A A L 3 PR 4E A (5 2% FBS 1Y
MEM)fi 1:10 7 % J5 B 200 pL 4 FP4tiffl, & 37°C 4k
SEREFR, TRANMI AR AR 80%HT A48 20 i 1% 77 5
VR RS AR R SRR 5 UG, R AE 80%
CPE WYk 8 I3, $H8 QIAgen Viral RNA mini Kit
VLB AT LR BUREE RNA, RPN EE RNA IF
T IR KT, FIFH AMV S BRI 1Taq iF
17 RT-PCR #:4F, PCR Y3 Jv Bt K/ IE# 5 #6477 51
W
1.5.3 R IZE 940

FAARFIE (0.1 MOI)J 778 Y4 Marc-145 4, 43
e S AR BB El(8 h, 16 h, 24 h, 32h, 40 h,
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48h. 56h, 64h. 72h. 84h. 96h. 104 h)rgE 200
uL 20 B 3 A T T B N, A Y AR
BFRLS RT3 REE M E, MR 25 R il 2
ARk

1.5.4  Jar /g FEm 2R fr il

1E 96 FLEEFRMR bR T PR KO B L M B 1Y
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B R A A Mg AR 0, B 30455 1k H B AN AR Ky
1k, Jesk H BRA R AR B FLER . PSS A% Spearman/
Kaber 289K #0975 19 TCIDso.

1.6 WMERBREERERERRZRPHESIE
1.6.1 ERELEFN G 7

VEE 29 H i PRRSV LA K A5 BH M ) fi R AT
W15k, PREJG RN L 3 41, 5 k/4H, bR i)
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R a0 R I L R B R AR T ORIR A, A3
MIEH . R EEASET 4 NG, A Bheh 1.
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S

TEHAIR BRI S5 0d, 3d. 5d. 7d. 10d.
14d., 21d. 28 d R4, HFIH IDEXX PRRSV
PO AAAG 3 700 B HEA T BRI, [ R X R fo i
SR A 04 IR AT B AAAS I A A o) B

[, 4% BB (S 2577 ) (B RO ik,
S vSX12 PGS 0. 28 d BRI 3E HEA T+
PRI AE, FEAEEE 8RBT T 2 LWL 4 i
A5 (CPE), # KWL —IK, LWL 5 d, 451 4%
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RT-PCR 5 146 00 1 355 v 7499 5 1 A 100
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2 &R

21 SEURIEPRRSV FSHERRIBXA ISR EE

FIFH SPEF/Qst. NDES5F/Qst 43544 pIx143
i) ORF4-7-3'UTR il ORF5-7-3'UTR, H Bt K /N34
3 2.4 kb 1 1.6 kb, i SOE PCR ¥ 1 iy H Bt 43
3 1.9 kb A1 0.5 kb Z5RANE 2 s, G 1 A
B2 QIAgen Gel-purification kit #i{k )5 HEAT 41l
E, P2 AR B B H SR
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- (. rt
15000 o1 bp .
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Fig. 2 Amplification of pJX143 structure protein coding
regions
A: PCR amplification of JX143 ORF4-7-3'UTR; B: PCR amplification
of JX143 ORF5-7-3'UTR; C, D: S.O.E PCR amplification
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W 5 U /I TE ) PCR 9734 74 5 pBS-T 24 i%
e, Uik M E A T R R A R TIE, R
JH DNAstar 3 55 2% 4% J&& 4 1% 50 & pAPRRS
(GenBank Accession No. AF184212)L) }2 PRRSV
pIX143 F%1)(GenBank Accession No. EF488048)if1 T
Foxt, g5 RRWT: Frf 6w i A 2L BT 51134
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T I I vSON12 2 5 3k o JC W Sk Il PR AE IR
1M 5 kX R AE I 5 56 2 d TP I M = b, BAK
R L 2 A, WE L iSRRI E AR, R
HAE K THEEG 14d 50T, HAy 4 kIR g%
WEEJE 20 d BREDZAN, HABRERI G . WPk EA T
TR KA 2=/04h 10 d UL EE B #7E
6 7rLA b, T vSX12 Fil v56N12 s TR 41 JLF- A& Y
U™ I ARREAR, IR ERAE 6 LATF .

FR A R I e 25 5, I A 7E 2 Fh vSX12 AT
YR vSON12 B 5 oA H B AT W8S 31 ) (A I s 1
PRRSV JX143 ¥R EE G vSX12 58 Fll vS6N12
o BE AR 2L 0 B — 2 M AR T v, G R D)
WY A AR T, O L PR TR K O 4 25 B Y B[]
K 4 Fros .

252 HikFH

XA S N TR SR AE () vSX12 2H . v56N12 4 FIXf

WRZEMERY s, A IDEXX i & 64T PRRSV Hilk

-+ vSX12
¥ - vSNXI12
- V56N12

—vJX143
-a- VAPRRS

logTCIDso
O N W AR NN

0 8 16 24 32 40 48 56 64 72 80 88 96 104
Hours postinfection (h.p.i)
3 FEARBURRERSLEKREMEILR
Fig. 3 Comparison of the chimeric and parents PRRSV

Growth kinetics in Marc-145 cells of viruses were harvested at the

indicated hours postinfection (h.p.i), and their titers were

determined by TCIDs,

——vSX12
——Vv56N12

—=— control

Temperature (°C)

| | | |
0 10 20 30 40 50 60
Days postinfection

B4 BREFRSEMURKSEHKEEN
Fig. 4 Temperatures were recorded daily
Average temperatures from five different animals in each group are
shown. Challenge virus inoculation on day 28 (SX12 group and
control) and day 43 (56N12 group) are indicated by the arrow

Journals.im.ac.cn

R, 5 [ — it 1) 5 4 0 0 P M S 2 1, &5
AN 5 s, Hod vSX12 H7ERERNE 5 10 d Filk
FiR™™ 4, 14 d KB FHMEE(ELISA S/P=0.4), )5
ok — B AL F BT I vSON12 7615 I e 5 Fh
JE BURACEEAR, SO IR e e 5 5 14 d H
VS6N12 HEATHS kg, AR R 2 mL 1077
TCIDsy/mL, 25 “IRHRE I vS6N12 Lt /KF4 fr
ETE, AHE AR vSX12 4. (R LA
B R B oR)

FI 2 T R X vSX12 AR5 0 d Fl
5528 d SRAEM MG AT R AT R I, TR E
i 1) SR 4 1 37 1) v AT AR A, TR B S SRS [ e ]
I3 BRI -, Z5RWE 6 Fis. 45
TR vSX12 dH 5 28 d TR RIHUARRL M A S g2 B
B 1:5 LUR EFHE) 1:15 DL E, 36BH, vSX12 feE f5 nT
A ROREAILAR 7 A s RIS

2.5+
—a— vSX12
2.0+ —a— V56N12
—y— control
=}
= 1.5
&~
9
& 104
(SR RS A, N 74 D 2
0.0 ]

L T
0 10 20 30 40 50
Days postvaccination

5 BEmEEMERATL
Fig. 5 Serum antibody titers were determined with the
IDEXX ELISA kit
Dashed line at 0.4 S/P ratio designates threshold value above which
titers are considered positive for anti-PRRSV antibodies

1725
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/15

Serun dilution

1/10

1/5 4

0=

0 28
Days postvaccination

B 6 vSXI12HREHEFMHuIAETNL
Fig. 6 Serum neutralization antibody titers of vSX12
group at points 0 day and 28 day postvaccination are shown



RS 0 B WP L I 5 4 R P e A g A A A 1579
®2 REURMESREMERFESMERER
Table 2 Virus viremia at all time points
Viremia positive percentage (%)

Group

Day0  Day3  Day5 Day7  Dayl4 Day21 Day28 Day30 Day32 Day34 Day36 Day38 Day41
vSX12 0 60 80 80 60 40 0 0 20 80 100 40 0
Control 0 0 0 0 0 0 0 20 40 60 100 80 80

2.5.3 R MAFIGH

PLEFXT M FI N B AR SF X T 51
(SF14413 ., SR15497), F|H RT-PCR X - i [A] 55 R 4
f9 vSX12 5 B 1 21 AN A B 92 O 230 44 1) i 37
4T PRRSV ARG . Geit BHPEZS R IF 3 B R,
RN 2 R, 16 vSX12 %), 45 3 d IRk
SRTEIMAE, JFH8E% 21d, 255 28 d 522k . Wi
J&, vSX12 PR B B 4 R BE IMLAERFSE 6 d 5 TR,
M B2 2 /044 13 d, HARSRE i PR
2.5.4  JEESR AT

WL Y vSX 12 G fge 2 J oA i xof B2 T4 5
JEACT ICEE IR 21 d AFTEHE R I A T O, AR
AH G SCHR 330 DRIt 4 5 | A2 o 72 PACRR BT o 4 A i Uk
B E 43 b, SR G THEA R R 2 G 00 0 i S A
o3 L H P B BOMpR 22 (L3R 3). PR &5 R R
vSX12 BRA A Mi R AE A 3 ol 12.00+8.37, 1K
AR 92 XoF BEZL 174 i 3505 5 28 T 43 HE (55.00£12.91),
VLR vSX12 X o i A BT ORI VR, il A 2
i, BB EE RO SR B 1 A R IR E R .

®3 FAEMREFITEN

Table 3 Lung pathological evaluation

Days post challenge

Group
14 21
vSX12 ND 12.00+8.37
control 80.00 55.00+£12.91
3 ik

2006 4ELICK, RELMANGRL T I ALE
HAE”, IR VAR KRR S AR RO R, R I
IR BRI RIS  RERDURR . SRR UL
Y, WP PRIXE | Wi, W53 M P A R R R 2178 55 S
R, DB LA B LS . — BB R REE 50%
PILE, MAET-REiE 50%~70%, N HIFEREAET- 0]
KF] 80%~100%, DA A YRR (1 i A 7 % 3. [ 37 4

A3 BUE KRBk, JF B T B R R
M B R WAL RS R WY, R B A EE HR
FEREE Z U1, S —Fl RNA 5 8, PRRSV
Ty R AR S, K BE S AL 5000 AT,
HoPE PRRSV X143 #4524 Mgk PRRSV [A] ) ORFS
B RR IR R 89%M), 33 45 4% Wk Hs B 7 1A
Gie W ON)

Bl AP RNA 5 85 S ] 35 G 5 E R G 0 i
N, V52 RNA 5> TR W) W e U 1
KiERE, Borisevich Z5P7E 2006 4 % % H A 75
Je B EE(West Nile virus)iR Rk NY99 AYZEH) &
DI B AR T FE W956 BRI K, IS ma
W, SIS R, XA e R A R S
J P AR A . R X — R, R UAT LR R
PRRSV K& K41 I3 AL A0 25 B L], 1 HLidk )
DAL B I PR R 5 e 1 2 AR B T EE B R ]
L S AR R Gk BT R AL Y, R 55 5
P25 VPR 114 52 11 i 2R 90 0 1 1 0 AR Y 45 4 2 1 DX
Z [A] % SR ARk 5 B 8 1 A — S T A T Y SRS
WA EE T S5 1] 5t AR B AR 2R G0 Ak 928 1 0 AT D pR
A B VT 45l PRRSV R Sk

ARG L S 0] A EAER Y PRRSV &
RV e, RN m BOR RS R TX143 BRI E
B 1B A 2 0L PRRSV 2 Ak, iR IIE I A
WAL B (R i A5 s 85 vSX 12 FERE IR N HAT AT e
PR, TR R I 45 SR R, vSX12 REfE A Rl
PR ML ™ A m i R A B R MBIk, RIS R R
HE BB I A I DRCRE IR, XoF v SO PR A B Ho LA R
WA 1, R R L BB R B S R B T ™
FERIRAAER, HA 1 SKREET . 7635 BRIN B MUAE
e, GRURE 2 SIS AT AR IR IS R T PN R R A
W EREE, DA vSX12 B—HREAT BRI Rk
ORI, 2 B i i B0 1R 4 18 H- 0 1Y 2 B A ik
P o [RIHF A 1Y) vSON12 fix 739 B FL AR TE S I B
ML = A G S, i LT AR 2 5 7R A AR 7K
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-, PR INGE SR I LR AKCEA SRR T vSX12 4,
fH v56N12 ZHAESS 2 I )m 28 d Weg, W#EfE T
WERE . fER EECH BARE . B S S Bk
KOV B R AR AN S8 T S 8 IS 1 45 DA % B 2 Al
FIEEFE AR, vS6N12 5 vSX12 M, D EH T H
Ja M W EERS X143 R 1% ORF7 Fi 3'UTR, Ay
JEMEE BB TR K2, AN EE I ()
PRRSV 1] ORF7 4 )2 is BEAZ A FC 8 1, AR
() 22 545 1T R 5 | A 9 743 7 XoF 5 200 0 7 2 A Je g
U Al AR K VA A R B DAY e oK | R )
PRRSV [ 3'UTR 7 # & il F1% 5t i % o i B4R
VER ESRARSN, (FOZFRATHEM % 8 11 25 54 T BE
197 75 2 T B R 2 S EOR TR e R 3 112, AT
SHEEMEARBBNBCRNES,; 3) Kk
N—AEER, NEMA, M EAR GPS H 12 [ #fH
HHEMRENER, paifusZLh—4NEA, A
A RE S5 R HALE AU R RN AR, L HEER
S I E O

KT PRRSV JUHJE R 80U PE PRRSV 5 J1 K+
I FLE ALY 25, A LT 5 vl o X 7 4 2R
YL 4] ) HE AT 508 1 1 RN e X a2 22, (R
— SO EE AR S A A AT IR 28 AR R X BE W B ) A
U IR AR A FRATTAT LA BY F 5 gt 4 S 1
&, LISk . 598 A A e M e B s, B
PRRSV JE KA B[R I3, PRFX Le4i 5 2 AT
S, M AT 4 /N EE AL R Xk, A
T I UE PRRSV M5 2 156K, JUHE ORFS X3,
ST REXT B A Y e M RS, AR 5 i R
= BOR P PRRSV Z5# 2 (1 IR AR i ik A5 28, 18
it B PRI R, R A A B X A T
LG R 7 35 7 1 T A & vSX12 e
Ja, FEEMRIR . SEIR SRR AUA A B B Y 22
i, XU EECR T PRRSV 1Y ORF4-7-3'UTR [X i
ARE S R EURME PRRS BB 1 Z [ K R DN,
T/ XIS R BRI 5 | RS T R 0 I R R B R T
[vi) B AT 738 2 77 810 B A B R B, SXUR R TR 2 &
M BURYE PRRSV 55 DART AT AR 1] fe K ) 22 5 5k
JEAE ORF la fIT 4 % () 45 Rl A1 4544 2 11 (Nsp) X 38R, 3
Hrp LA Nsp2 (9728 55 W i, @ 20wt PRRSV
Nsp2 XIS AEFEAEZESLE G 30 DR . WFFTERM,
Nsp2 %A B 4R B AP s e 7212, i B ik
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B UESE Nsp2 8 1 HA A 80 HT R dee 7%, i Bk n]
DA 32 B0 92 22 e X Bt SR U S A RB0R . A2
HEM Nsp2 X[ 2848 AT G J& 51 2 PRRSV = B 1
(25 T T A TR U2, A S B = 4 1 7 R AR [RD A
SEME SIS = O PRRSV Nsp2 (99E i 4Lk 5
BE ) 2Z 0] P VR AEAH DG

TEABF I Zh W S g b, YRR HE T IX143
PRUCEE J5 B SR AR T R 9 FLH B0 T 7™ A £ AROBGR
CLEEA . WK W EREICEAR, BR—3kFETAR,
HAMKERH)G 20 d AAKREIER . KEHK
IX143 FEAREOH J1 A X RAL, X T RE 5 AT A
Ko (1) HATHE W@ s H b, F ik
A EBRLAE ) 3/5 FET-H 0 = BURMARIES) T4 4t
TheE 2R R E A YRR () A 06 X i A 0 H i
(62)Fi A, H ALk & BN PRRSV Fe AU )
W R (H AR, NN, T b, BATHTY
PEAT I R R 8 B0 g0 25 R B UX143 How
BFFEEIE 67%METH(12/18, KA RKFH); K
Je BEAT 14 28 B 54 YR RO e B B vIX143 K
IX 143 ¥RXFIE] H R B0% 118518 100%(%% 3/3)1%; 5
AN, IETESEATH I s iR B0 25 R % B IX143 B4 62
B FEBOR 25 100%, LS 10 dFET- 4034 3/5(Im
IRWEE R B 55 Ak AREFETS), AR A AR & T &
e W B AP BR o 4 T ARG SR G TX(143
PR B ik PR 40 AZ HF R IR R 1k 5 225 Rk (OX AT [R)
ik 99.8%, SRAEAR YR TG B R X B2 7 )5 FE T
R, XTUGIR . FEHI2E | 6 8 2% S A AR AR
PILEA TR, vSX12 BRI IZSEPT i Bom v ik
L 14 AR A 0 1B 52 T AR

AWF5E AN B PRRSV G FEIA R, A B T1E
FEWIARYE PRRS JE 15 A8 AL R MG A £ 6 1 240
FE AR, RE Sk — 220t PRRSV-PCV 4§
Z U HE I TR P B R R S R A . IR, i
B LA PR AN W B S, AR A A
I PR 322 55 M 0 3 v R AR R B DX 9 T e
PERRAF ARG () BT BERE,  [R] B3 AT DA Ry KA
T FH 0R 8 VA R
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