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B E: (0] AZREINHEZE K ia#ﬁi PRRSV/GSWW/2015 &9 & e M 1% b, B
T 3F 45 #)%& @ (non-structural protein 2, NSP2)% 519-565 154w 5 628747 4% B ILBR Ak K 69 TA2 5%
F(rGS15-A2). AAFR EELERE R R B LM LK L, MEREGRIF NSP2 = /Mo 4K 49
T A2y [ 7 ik Ve AT 20 0B & 5 a0 B 4o M L I 0 A sk b, A1) B 8k & PCR 7 % 4 5 My 2 42 %k NSP2
% 323-364 15 An 5 372-433 LR IR RAL A~ 3 AMa B R 6 E 4T A ‘Ha}ﬁﬁ%\%ﬁ E2
# Marc-145 xR, Bidd FEMENK., LRERAER. NI RFAEL. 6L KB L
F kA B K R e A RAF AT AT, (4R ] R FRIFHEB A F rGS15-A3-1 F= rGS15-A3-2.

BFEMETTUNRE AAZKR DA 50-80 nm 4R F4F; LAEZATHAMNEE, RERHE
5 F Kma GSI15 —%, #R4640M 2| PRRSV N & & KA #% X3 RT-PCR ¥ 38 458, &R

VEITE . B KA AR 05 SR H (NCTIP-XD/C03); Hili 4 74 H F £ 4:(21JR7TRA026)

This work was supported by the National Pig Technology Innovation Center Pilot Science and Technology Project
(NCTIP-XD/C03) and the Distinguished Young Scholars Fund of Gansu Province (21JR7RA026).

*Corresponding authors. E-mail: ZENG Qiaoying, zengqy@gsau.edu.cn; LU Zengjun, luzengjun@caas.cn

Received: 2023-11-27; Accepted: 2024-02-27; Published online: 2024-02-29



2308 ZHANG Xingmin et al. | Acta Microbiologica Snica, 2024, 64(7)

tF 40 REEEATICAEZ A, rGS15-A3-1 5 rGS15-A3-2 & E % 4 2.00x10%° TCIDso/mL
F2 2.25%10°® TCIDso/mL, 5 3 K FA0 5w A E £ 75 2 % (P<0.05); & Kt 54 R AR A
FEAHAKTFIKT EFRAREFLI R ZFEOIZARN R L FERFmELR 24 h, [448]) KR E T
PRRSV A 2 A AE 45 4% & NSP2 Z 4% B4k Km0k A KAF M A7, A AFHF7 A PRRSV 47
R G ETT A, ARG R 4 A AR T AR R A HT 6 Rk

KRR : WEALFRESMERE, REULE;, FLEMEG 2 (NSP2); #AIFT;, EKRMFH
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Abstract: [Objective] A genetically engineered virus strain rGS15-A2 with deletion of the
residues at the positions 519-565 and 628—747 of the non-structural protein 2 (NSP2) had been
rescued based on the PRRSV/GSWW/2015 infectious clone. This study aims to construct and
rescue an engineered virus strain with the deletion of three sites in NSP2 based on rGS15-A2.
[Methods] Based on the infectious clones of rGS15-A2, two recombinant plasmids with the
deletion of three sites were constructed by fusion PCR. Specifically, the dominant epitope at
the amino acid site 323-364 or 372—433 of NSP2 was further deleted on the basis of rGS15-A2.
The recombinant plasmids were linearized and mixed with liposome, which were transfected
into Marc-145 cells for virus rescue. The growth characteristics of the engineered virus strains
were analyzed by electron microscopy, immunofluorescence assay (IFA), virus titer
determination, and growth curve establishment. [Results] The engineered virus strains
rGS15-A3-1 and rGS15-A3-2 were rescued successfully. Virions with the diameter from 50 nm
to 80 nm can be observed under an electron microscope. The results of IFA confirmed the
expression of PRRSV N protein by the rescued virus strains and the parent strain GS15.
Furthermore, the rescued viruses were cultured with Marc-145 cells for 40 passages, and the
deletion regions were confirmed to be stable by RT-PCR and sequencing. The titers of
rGS15-A3-1 and rGS15-A3-2 were 2.00x10°° TCIDsy/mL and 2.25x10>* TCIDsy/mL,
respectively, which had differences from that of the parent strain (P<0.05). The growth curves
showed that the rescued viruses had lower replication levels than the parent strain, and they
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reached the peak titers 24 h later than the parent strain. [Conclusion] We characterized the
growth of the viruses with the deletion of multiple sites in NSP2 of PRRSV. The findings laid a
foundation for the development of novel PRRSV-labeled vaccines and provided a new strategy
for the prevention and control of porcine reproductive and respiratory syndrome.

Keywords: porcine reproductive and respiratory syndrome virus; infectious clone; non-structural
protein 2 (NSP2); deletion marker; growth characteristics

¥ EHE 5 I 25 5 1iE (porcine  reproductive
and respiratory syndrome, PRRS) /2 H & 25 55 I
W 2-E R B (porcine reproductive and respiratory
syndrome virus, PRRSV)5 | i —Fi L85 255
I A T 5 A 0 B A W W TR R Oy SRR AR A
el , FERlaE T B oR& TR, PRRSV
J& T Jé £ %% % H (Nidovirales) . 3 ik ¥ 5 F}
(Arteriviridae) . 3 ik & Ji5 7% J& (Arteriviridae) i
B, FBOERE RNA JREE. JEN412Y 15.4 kb, 5
KL 2H 4ifih 22/ 16 D HES5 I Nspla—Nspl2b,
8 M4ty M GP2. E. GP3, GP4., GP5a., GP5,
M FIN EAPL R 2021 427 A, EFRRGESE
7 b1 2 (International Committee on Taxonomy of
Viruses, ICTV)C T PRRSV WA/, K HE X
A PO FR AN [A] 1 95 i [porcine  reproductive and
respiratory syndrome virus-1 (PRRSV-1, KM 7))
#1 porcine reproductive and respiratory syndrome
virus-2 (PRRSV-2, P,

FI AR EROR S A B T 1 % PRRSV
ST R, g S ) s R EROR BB X
H BRI T s, AT A st L g iy 28
ARRE, PIHE— B S A X e AL PR
AR, A B TR T RERR A SRR IE S
B — i, wiE, RETE N &
Fg T R BUE AR S B bR, (AR RE AL
YRR RES S BRI, S48 1 A R A
AEGVE AR IC BERR AT HAR IS, AE45
}4)#E 1 (non-structural protein 2, NSP2)/& PRRSV Jt
PRI2H i RIWARZE IR 1, NSP2 SR L 5 244

Fapal, f0FE N A8 X (hyper variable region 1,
HV1)FIH[a] 548 X (hyper variable region 2, HV2),
2 > HVs Z B A TR B IS R, DA C i
Bk SR LEFIR . NSP2 (A8 X (HV2)FEAE H
SRERISFIE A, 530 PRRSV FR[A] LK H K/ NMFAE
22520, NSP2 |- A Fh B il A B A ol
FARCRERE AR IR® . o ikiE, 78 VR2332
HEPR NSP2 F A6 E R 26 323726 i1 3k 403 M2
FERR A B ik, oA R A T S04 I A2 1 R
FIIMETFRAFGKRD, b HER7E NSP2 AR
DX 3 g 2 4 R B ) S SR R B B R AR R
Hl KRR, NSP2 i & Z A gE X, Hipgh
A0 45— 15 B O [t X Jaf 21-840 aa, 1% X,
WA ZA4 B ikt i, KR AIAT L
PR PRRSV JE BTSN IR . A5 4HGH
TENSP2 | Y — 26 B 41 2k M R A e 1 4 1l
Jrifs M5 X3, 7E PRRSV K8 M vl
HP 3 B G 3 A0 A AN LA % e 2 1 X el g S
AR e A AR E R

TR F GV PG U JUAF N A TR AR 4
FEXTEER, WEoE m EotE PRRSV GS15 NSP2
AN ik 2 A7 X6 9 2 A2 T BE g RS2l AR T —
F41) NSP2 AN[AIA7 B (e s ik, DRk
13T ERES 519-565 11 rGS15-A1 BEAI[F] s} i3
R 519-565 (IS 628—747 (i 44 HEMR A Rk
KT FERGHE rGS15-A2, JFHLEBIHN 8 5 R A
W BE S IRE T | R BE . XM A S0 A
BB JFEME . rGS15-A1 A K ERMESR T oR AR F bk
GS15, 1 rGS15-A2 & il & J1 AR T B A Bk ;
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FEARZERR GS15. rGS15-A1 1 rGS15-A2 R EETH
BE43 512 1077, 1077 F1 1072 TCIDso/mL , 5 551
TG 25 25 5 s AT A I o vk S 58 b 3R
AGEE GS15 Ml rGS15-A1 #p B THEA
HERFET, T rGS15-A2 5 EATHE H BL™ H I AAE
AR, (HIETEALTF GS15 F1 rGS15-A1; (i
PESLEH rGS15-A1 A1 rGS15-A2 X [R5 # ik
GS15 KF TRy, (FEX FIRFRAED A
SO DL ST A E0R TE PRRSV ARicm 2 i
il LA K NSP2 N[ D38 6k 75 42 il i) 22 22
FEHRAL T4 £5 MR . A5 A A IEDB FEZk 4K
43 #8F PRRSV NSP2 H B i & B
E275-A610 fiije—MERMPRERA, Hs
P323—-E364 i FI%5 L372—-P433 i NALH 5%
Br, i LATE A BURR BERR A LA -, 4304 2
T B NSP2 2 323-364 if 55 372433 (il $#
PURROLAY 2 4> 3 BRI vo ke, e
Marc-145 HIPRRORTT T 2 BRERRARICER E A
TER BRI TR rGS15-A3-1 Al rGS15-A3-2, NHF
il HP-PRRSV NSP2 fil 2R AR 5 f 25 T At

1 S

1.1 ##
1.1.1 FEHK. RS540
PRRSV =80 E#EHE GS15 (GenBank £ 5%

5o KX767091.1), &tk 8 #k rGS15-A1 Al
rGS15-A2 A SEIR 28 7B . PRK . B8 E FIERAT
2~ PRRSV GS15 3 F 41K Tk 556 7 774 bp
5 3% 7 774 bp (FRisralan4 ok pGS-A
pGS-B); g NSP2 45 519565 {ii fl%f 628-747
DR FEFR IR IX () 5" 7 135 bp KK kL (fiv 44
1 pGS-A-A2), MARSZE IR 2 A
12K oy 3 3 TP A9 Sph IFT Nhe TG0 5,

AT DA 37 A 5 o i 1 R DR 2 1Y) E 2 Bk
Marc-145 2t Jifd f1 A< 52560 % PR AF
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.12 EERFA

BRI UIREGE Soh 1. Nhe I, Spel. Sac 1.
Acl 11 T4 DNA %EH:H§l B NEB A Fl; KIGHFF
i (Escherichia coli) IM109 &2 254000 . S 5%
it PrimeScript ™ II 1st Strand cDNA Synthesis Kit ,
ToNEER KIR R AR &0 A =AY TRCKE)
BHIRAF; E-E DNA %4 2xPhanta Max
Master Mix W4 [ g 5 i MEBE A= PR HB B A BR 2
Fl; RNA #5057 £ RNeasy Plus Mini Kit Il H
QIAGEN /A7; DMEM #5555 M4y .
Lip3000 AgiA . 0.25%/#E 4 H Gibco A w5
PRiE DNA glifbidGRl & /) MR AE Y RHA
P23+ ; SR30 #k N 45 1 FL e ST H RTILLC
23 w] s FITC-IL 4t/ L 1gG W H BOSTER 24+ .
1.2 Nsp2 $RK X & 38911t

FIH IEDB 7E4k #1153 #f PRRSV NSP2 ' B
LR KL, E275-A610 22— PHi)E
F=r, HPEE P323-E364 i FI%E L372-P433 i
HEHBURRALE 1), HiL, fEEAMEER
PREYIERE b A3 %X 2 ARG SR A A Tk
Jergadt, BRE A E R 2 fis, SHRSEMA
PRRSV/GS15 #8535 [ 41751 )2 NSP2 fiit 2k [X.
B, B HA3-1 R By B RS 1Y% A3-1F il
A3-1R; BEITH HEA3-2 H B B RS %
A3-2F #1A3-2R; D-F. D-R Hfii& PCR 514,
O Spe I Sac IHANEFYIN, i iX 2 D)
A7 5K NSP2 R P41 e i B A 31 pGS-A it
A RN I T2 7 o el P TN TS R R 7
1648F 1 3720R; il GS15 & FELHFLHE 7 Xf4r
ST 1), A3-1 R B By 1G5 [ Hrxf
4 D-F FIA3-1R, KR 1 870 bp, Tl B
BB %t HA3-1F #1 D-R, KR 1709 bp; A3-2
BRAE B B S 1%l D-F FIA3-2R, KN
2014 bp, B B 5 W% A3-2F #1 DR, £
J¥4 1523 bp,,
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HEZ /N B 4 RAL: P323-E364; WEOHER R B A1IRAL: L372-P433

Figure 1 B-cell linear epitope analysis of NSP2 genome. A: IEDB online software analysis of NSP2 genome

B cell linear epitopes. B: IEDB online software analysis of NSP2 amino acid positions 275—610 B cell linear
epitopes. Red box represent B cell epitopes: E275—-A610; Green box represent B cell epitopes: P323—E364;

Blue box represent B cell epitopes: L372—P433.

1.3 NSP2 SR XI5 F R RIHaiE

DL pGS-A-A2 Jiiki DNA REAR, 4354 3
A3-1 BRFA BRI B, B B S
%t A D-F (5'-CTTTCCGATTGCACGAATGACTA
GTGGAAACCTGAA-3")F1A3-1R (5-GTGGGCA

TGAGTCCGTATTCTTCCAGCAAAGGCTCTTG
AGTCACGGGAGGGAC-3"), PCR Wik %

(25 pL): 2xPhanta Max Mix (p515) 12.5 uL, |\

TS I#(10 pmol/L)4% 1 uL, cDNA (20 ng/uL)
2.5 uL,ddH,0 8 uL,PCR #1475 : 95 °C 5 min;
95°C30s, 58°C 155, 72°C 1kb/30s, #3514
¥R ; 72 °C 5 min, §HGERIFA3-1 SR 75 Lt
FBEKE 1870 bp, A3-1 F i A By 15144
A3-1F (5'-GTCCCTCCCGTGACTCAAGCCTTT
GCTGGAAGAATACGGACTCATGCCCAC-3")#il

D-R (5'-TTCACACCGACGGGAAAGAAAGGAG
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S'cap 2 4 6 8 10 12 14 kb
I I l l | l l l
2a 4 Sa 6
le 1B 2 3 4 567 8 9 0 11 12 == =" =TR
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- S | |
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o T e |1 RV

372 433519565 628 747
=L EEI T ] ORSAR

2 NSP2BRKfIETRER
Figure 2 Schematic diagram of NSP2 missing location.

Fz1 AHRFAASIMFS

Table 1 Primers sequence uesd in this study

Primer name  Primer sequence (5'—3")

D-F CTTTCCGATTGCACGAATGACTAGTGGAAACCTGAA

D-R TTCACACCGACGGGAAAGAAAGGAGCTCGAAATG

A3-1F GTCCCTCCCGTGACTCAAGCCTTTGCTGGAAGAATACGGACTCATGCCCAC
A3-1R GTGGGCATGAGTCCGTATTCTTCCAGCAAAGGCTCTTGAGTCACGGGAGGGAC
A3-2F CTCTCTAAGTTGGAAGAGGTTGTCCCGAGAGTTCAACCCCGCAGAACAAG
A3-2R CTTGTTCTGCGGGGTTGAACTCTCGGGACAACCTCTTCCAACTTAGAGAGTAC
1648F TTGGACAGGAACGGCGCTTG

3720R GAATAAGCCAACACCACCTG

Fl112-F CGGCAAATGATAACCACGC

Fl12-R TTCTGCCACCCAACACGAG

F1-F ATGACGTATAGGTGTTGGCTC

F1-R CAATGATGGCTTGAGCTGAG

F2-F CTGAGTGAAATCTCGGACGTAC

F2-R CAATAGCGCGACCAGTCCAC

F3-F GGACTTCGCCATAGCYGATTGCC

F3-R ATCCCAAAGCGTGCCATCAATCCC

F4-F GGCGGCTTRGTTGTTACTGAGAC

F4-R GGACAATGCTGGTGRAAGTG

F5-F CCATGTGGGAAAAACTCAGGTC

F5-R AGTCCAACACADTTTCCAGCAC

F6-F CTTCCGCGCTTCCTTCCCAAG

F6-R CGCGGTCAAGCAYTTCCCCAACATA

F7-F GTGTCAGGCATTGTGGCTGTGTG

F7-R TTTTTTTTTTTTTTTTTTTTTAATTDCGGCCGCATGGTTCTCG

P4 actamicro@im.ac.cn, & 010-64807516
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CTCGAAATG-3"), PCR W iKR[ |, ¥ 153k
1RA3-1 SR P9 Tt BEK N 1709 bp, R
Ui Bl e tifl . DIl atifb = ) s, et
A& PCR ot B R v Baf ARl G438, ml
E519%} ) D-F (5'-CTTTCCGATTGCACGAAT
GACTAGTGGAAACCTGAA-3")#l D-R (5'-TTC

ACACCGACGGGAAAGAAAGGAGCTCGAAA
TG-3"). PCR WK Z (25 pL): 2xPhanta Max

Mix (p515) 12.5 uL, . Fi#5147(10 pmol/L)
£ 1uL, cDNA (50 ng/pL) 1 uL, ddH,0 9.5 pL.
PCR 42 : 95 °C 5 min; 95°C30s, 63 °C
15, 72 °C 1 kb/30 s, 3t 35 MEFF ; 72 °C 5 min.,
AR R BEA3-1 K 3 579 bpoe LAAHIH] )
JEY W AR5 A3-2 S A B K R 3537 bp.
Wit NPT Spe 1A Sac IXf pGS-A JFk: 5
A3-1/A3-2 LR B Betb A U], 7=y Il i
alifk, Halifb)s i BeA3-1/A3-2 % A pGS-A
A% pGS-A-A3-1/A3-2 A Ok ; P-4 2 N Vi
Sph I#1 Nhe IX} fiki pGS-B 5 pGS-A-A3-1/A3-2
PEATOLEGY), WY e alifh o K alifb ) i
GS-A-A3-1/A3-2 J Bri% 43| pGS-B Hr, 1554
KTk pGS-AB-A3-1/A3-2, %4k IM109 J&32 75
YiffL, PRBHMETERE, 37 cCHEFRid, RIETRL
ARG T 20 CCIRAE4 T
1.4 pGS-AB-A3-1/A3-2 &K RAEEYI L E

pGS-AB-A3-1 Fll pGS-AB-A3-2 4K Jfoki K
2918 kb, FIFRRSIEANYIEE Sac 1 F47 )%
E, W% ERZR ., Sacl2 ul, 10xbuffer 2 pL,
pGS-AB-A3-1/A3-2 5 uL, ddH,O 11 pL,
1.5 KRN ELRiER

ik B N YD Acl TR 4 K TR
pGS-AB-A3-1/A3-2 AL AL B, F) WG 2k 2+
DNA #lifbifil &, Raifb il ik aifb 4tk
1L DNA, 4iAbr=#5in 10 uL JoA% B B /K % f#
FERE T 20 °CLRATA M . B Marc-145 4y

SRR 6 fLMh, HEFREE 70%-90% i #7 ’
Lip3000 57156 B 45K 4l b J5 o2k P fk DNA #%
YLF Marc-145 4l K400 & F 37 °CREFRFE
BiFR T2 h e, O VRER 3 USRI
1.6 mEEMSHEK

B QY5 A AL T 4 °C. 3 500 r/min
B0 10 min, FFREUEEICEE FIGW . ¥ EI5 R
HRARFUA B0 1% 50T Marc-145 4l iE £e4% 4K,
fmA 5% FBS DMEM }53ikk, BT 37 °C 5%
CO, Ki oA h 5 7%, AR LI AR 1 1L
1.7 HEME

B 5 AR EEMEEFI T Marc-145 4,
BiR 72 h RN EEIG SR, BT SR I
SRR 3 Y%, 4°C. 8000 r/min 2.0> 60 min, HX
H F¥E, 4 °C. 38 000 r/min (Thermo Scientific
ZSEDHE 120 min, LUE & PBS HEVIE, 5
S 10 5 R B PRRSV FHYE LG T 37 °CIF
1h, 4°Ci#i, ZJ5 4 °C., 12 000 r/min .
60 min, MliGHE PBS AV, /5, KILE
W AE 0.5% Formvar 18 149 200 H 4K I 58k
TR, R 101 0 B 0 Qi (pH 7.2 1Y)
1% 3R PTA /K HOFIH M |, 51%% 1 min,
FHIEARH Z R A R %, Fr AT,
FI 2 S A AR LR
1.8 R fHE PCR I EMFLEE

A BERROR RS 5. 10, 20, 30 A1 40 1t
SRR, AR REL 3 R IRBUREE RNA, Jf;
SEJE LA cDNA it , A 1648F (5-TTGGACAG
GAACGGCGCTTG-3')55 3720R (5'-GAATAAGC
CAACACCACCTG-3") N E5 ¥, #id PCR 43
FYHE S ASAER K EER NSP2 ik Xk, A
D e 2 X S R ARUE A7 AR s Ml 7 X514
(F DAHIPHEEE 5. 100 20, 30, 40 FRIRFERL
S B FI R AR B 19 4 K74, Rl R Ko 2 4% 1T
i A SR P 5 i R ik o

http://journals.im.ac.cn/actamicrocn
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1.9 [8)3F % 9% % ik I6 (immunofluorescence
assay, IFA)

HUE 5 AU b S R R4 1% 3520 T
K5 2 Marc-145 4y 6 fLikh, [RIAFE
FIMEXT IR, $e5g 48 h JE Ml 4% i = a1 e
30 min, 0.1% Triton X-100 % %1% 15 min,
fdi FHPT PRRSV-SR30 R yrREHTIA(1:200) 37 °CHiF
A 1h, PBSUES K, fENMA FITC Aric =4t
fil 1gG (1:500) 37 °C/Z )i 30 min, PBS ¥k 5 ¥, il
A 300 pL 9 PBS THEI'EDOE R BT WAL IR,
1.10 MESM TCIDso

% 5. 10, 20, 30, 40 f{ rGS15-A3-1 F
rGS15-A3-2 FU4NMLIR 5 OB g . 10 f565 Efs
Fe, B 107107 BB A 85 00 A FP T R
JZ Marc-145 Affif4) 96 FLAH, AL 100 pL.
AR 3 EKL, B WM 8 ML,
[Fi] EF 35 BN s 5 1 18 A AR S X RE, 37 °C
BEFE . SR 5-7 d, BERICSRAS R R B4 i
RAZ B FLEL, #% Reed-Muench 18504
2R YL & (50% tissue culture infective dose,
TCIDso)o
1.11 rGS15-A3-1 #0 rGS15-A3-2 £KFH
i 2% i

39K GS15. rGS15-Al., rGS15-A2 D%
55 20 PR ROE B rGS15-A3-1 1 rGS15-A3-2 L)
@%Eﬁ((multiplicity of infection, MOI)ﬂEI 0.1
PR B B8 Marc-145 4R 6 LA, ZEFE R
J& 6-96 h AN [ A B[] 43 Sl U IO SR T T
100 L, HEFTIRSE TCIDso MSE , AR} E] SR
a3 REE AL, KBS A IR S
DMEM #1710 5 ERERRE, #% 107'-107°
M BB BEHE A T B2 Marce-145 ZHAERY 96
fLARRESE SRR, B RS BE A 8 AL, AL
100 pL. 37 °CHEFRAELLRG SR 5-7 d, BRI
AEBLHA T WSS Frdi s S 5 5, it
& TCIDsy, 1T 7K Reed-Muench . fix

<l actamicro@im.ac.cn, & 010-64807516

IEE AR s WAl e
1.12 BUES R

YRR HE A0 BT B B A it Ze o dr, fif
t RIS OOUREASSE Ty 22 (BB s ik AT Ge 1740
MrCBdE R 3 Yoy 31, 25 5 W T
H P F/R8(P<0.05),

2 EREM

2.1 NSP2 #R5KFAE PCR # 18R 3K RAL
Ry

PLTRL pGS-A-A2 A, 43l H A3-1
MIA3-2 BRI BRI B, FREA S5
Y1 D-F 1 D-R §" 8§ 4R15 5 R BeA3-1 F1A3-2,
FlE B BRIV 51 2h 3 579 bp 13 537 bp (81 3),
PCR W28 1% EHEEERE UK WS, 45 3R IR
S KNS — 3 L FREIE AN YIEE Spe TR
Sac D¥f pGS-A ok 5A3-1 FIA3-2 K4 A Be kAT
WEEY), BEY= Py mfaifh, Kalifess i B
A3-1 FIA3-2 ##:5] pGS-A Hakis Kk
pGS-A-A3-1/A3-2,

bp MN 1 2

5 000 3579 bp

3000

2 000
1500

1 000
750

500

3537 bp

250

3 A3-17#0A3-2 & PCR ¥  M: DL5000
DNA 4 TFF5ric; Lane 1: A3-1 Gi-E3 457 ; Lane
2: A3-2 AP N: BATEXS IR

Figure 3 Fusion PCR amplification of A3-1 and
A3-2. M: DL5000 DNA Marker; Lane 1: Fusion

fragment of A3-1; Lane 2: Fusion fragment of A3-2;
N: Negative control.
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22 2KEHRNUERETE BOJE, F PRRSV HLILTE PR T 4558 B B 67 et
it BRAPEUIEE Sph T, Nhe IXUEEDIER 22, $RMOGERRL T4 PRRSV AU AARE, B

ki pGS-B 5 pGS-A-A3-1/A3-2, ¥UINH  HRENEIERER T, EAEKNR 50-80 nm,

GS-A-A3-1/A3-2 Bt A pGS-B 1, RS2 K DL E45RULI R $3) 2 kR7E NSP2 ik sk

JERL pGS-AB-A3-1/A3-2, &K FURIKZ 18 kb 3 MALE B EERRA B 4% F tGS15-A3-1 Fil

(& 4A). pGS-AB-A3-1, pGS-AB-A3-2 =K ik rGS15-A3-2,

T 5 BRI N VTG Sac T D)% E 25 (18] 4B), 24 BEFEHETE

Sac I BYI T4 13 000, 4 768, 1300 bp —55%%  2.4.1 PCR Y TEREAFSHHREXESE

o SRFURLMEYI S SHH R N—3, #8 KRIREM

pGS-AB-A3-1 55 pGS-AB-A3-2 4K ¢ DNA Jfik: S RIBPERROR RS 5. 10, 20, 30, 40 fU%
PR BERFISEASIG B , $2 UM EE RNA, )5 LL cDNA
2.3 RERRBHVERK SR, FI Y E S 19 1648F Hl 3720R, i#i) PCR

B oAb )5 LR PEL DNA #54% Marc-145 40 9745 NSP2 SR XIS, RIS A 401, PR
L, BT 37°C. 5% CO, B M PR FEMEL . 78 IR B/ INTS5AO 7, [RAARBR G RERY
Marc-145 A SR 45 5 UG53 84 hily IS AV/IMENRL, 4351124 1445 bp Al 1385 bp,
PSRN ARG AR (] 5): AMMOIT AR AE . AR, TSR —BU(E 6) Y 1 i BOA TN P A E
SE . RRRR . RIS . UKEE Marc-145  45REM, BUJOKEH rGS15-A3-1, rGS15-A3-2
A S e L 25 15 UM IR, Bk AR I RRUE AT . A AR YR B 2R 0 B

A B

bp bp
18 kb < 13 000 bp
15000 10 000
10 000 7000
7 500
< 4768 bp
4 000
5000
2000
2500 <« 1300 bp
1 000

4 ZKFEH pGS-AB-A3-1 1 pGS-AB-A3-2 1%EFEHEIKEE  A: pGS-AB-A3-1 1 pGS-AB-A3-2
R4 K Bk M: DL15000 DNA 4> F#Ric; Lane 1: pGS-AB-A3-1 K Jfiki; Lane 2: pGS-AB-A3-2 &K
Jiki. B: pGS-AB-A3-1 Fl pGS-AB-A3-2 BE2K BRI 4. M: DL10000 DNA 43 F45ric; Lane 1:
pGS-AB-A3-1 Sac I 4174 ; Lane 2: pGS-AB-A3-2 Sac I B4

Figure 4 Identification of full-length plasms pGS-AB-A3-1 and pGS-AB-A3-2 by 1% gel electrophoresis. A:
Full-length plasmid pGS-AB-A3-1 and pGS-AB-A3-2. M: DL15000 DNA Marker; Lane 1: Full-length plasmid
pGS-AB-A3-1; Lane 2: Full-length plasmid pGS-AB-A3-2. B: Identification of full-length plasmid
pGS-AB-A3-1 and pGS-AB-A3-2 by enzyme digestion. M: DL10000 DNA Marker; 1: pGS-AB-A3-1 digested
with Sac I; 2: pGS-AB-A3-2 digested with Sac 1.

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



2316 ZHANG Xingmin et al. | Acta Microbiologica Snica, 2024, 64(7)

GSI5 rGS15-A3-1 rGS15-A3-2

200mm 200 mm
Untransfected cells rGS15-A3-1 rGS15-A3-2

5 FEAMKH GSIS FEHIFE S rGS15-A3-1. rGS15-A3-2 #£ Marc-145 4 A A48 A5 25 302 &% & 34
55 rGS15-A3-1. rGS15-A3-2 BIEEE

Figure 5 Cytopathic effect of the parent virus GS15 and rescued viruses rGS15-A3-1, rGS15-A3-2 on
Marc-145, and electron micrographs of the rescued viruses rGS15-A3-1 and rGS15-A3-2.

B
bp M N 1 5 10 20 30 40 bp MN 1 5 10 20 30 40
5000 5000
3000 3000
2072b 2072b
2000 P 2000 =
1 500 1445bp 1500 1385 bp
1 000 1000
750 750
500 500
250 250
150 150

E6 AEMIEREFHE rGS15-A3-1 (A)F1 rGS15-A3-2 (B) NSP2 fR5k X158 PCR #1284 FE  M:DL5000
DNA 7> Fhric; N: BAMEXTA#, A, Lane 1: GS15; Lane 5-40: rGS15-A3-1 B¢#k5S 5 #5640 /8 RT-PCR
PRI B, Lane 1: GS15; Lane 5-40: rGS15-A3-2 ##k55 5 #5540 {C RT-PCR § 14 5717

Figure 6 The deletion region of NSP2 was identified by PCR amplification of different passages of deletion
virus rGS15-A3-1 (A) and rGS15-A3-2 (B). M: DL10000 DNA Marker; N: Negative control. A, Lane 1:
RT-PCR product of GS15; Lane 5—40: F5—F40 RT-PCR products of rGS15-A3-1. B, Lane 1: RT-PCR product
of GS15; Lane 5—40: F5—F40 RT-PCR products of rGS15-A3-2.

rGS15-A3-1, rGS15-A3-2 W2 KFH GHEAN  AERKERD; rGS15-A3-2 15 255 40 fLIH
B GSI15 KPS 45 RV (F 2), SRR KA RAS, FEAMEPTES 5 RES
rGS15-A3-1 {5 %55 40 AT 8 MM A ER 10 U 4 NS A AR, T 20 FL 25
Ay, Hp FEAERES SMAEFE 10R3E 74 400U | AEIERR L A 1R L PREOR R R
IR KSR, TMH 20 AZS 40 UCE 14> BEER F 2504 T NSP1B. NSP2. GP5 1 N,

P4 actamicro@im.ac.cn, & 010-64807516
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&2 rGS15-A3-1 #1 rGS15-A3-2 REIR R mBHEBRMEERRTMMERAERTHEIT
Table 2 Nucleotide and amino acid mutations of rGS15-A3-1 and rGS15-A3-2 viruses at different passages
and amino acid change statistics

Protein  Nucleotide Nucleotide Amino acid Parent virus Amino acid change in ~ Amino acid change in
position change position GS15 rGS15-A3-1 rGS15-A3-2
F5 F20 F5 F20
NSP1p 821 G—-T 201 w N Silent Silent N
NSP2 3799 C—A/T 1194 L I Silent F Silent
3821 A—G/C 1201 Q R Silent P Silent
3946 A>T 1243 S C Silent Silent Silent
3970 C—G 1251 P Silent A A Silent
GP4 13 431 A—C 84 N T Silent Silent Silent
GP5 13414 G—A 13 R K Silent Silent Silent
N 14 904 C—-T 26 L Silent Silent P Silent
14 946 G—-C 40 G A Silent Silent Silent
2.4.2 [8)#E % 7% K 44 N (immunofluorescence Untransfected cells GS15

assay, IFA)

P EAR R GS15 FIER B rGS15-A3-1,
rGS15-A3-2 FHERRFEIARFRSEL 1%45%3 Marc-145
YiiffL, 72 h AT IFA Kl 255 IR, HERhoE
AN EE GS15 FIHRKCHEE rGS15-A3-1.rGS15-A3-2
2 LA E 2 e B e T T AR 3 R S (6 1
(E 7), T RN TCDOE
2.5 FREKREBZHT TCIDso

X rGS15-A3-1 Fll rGS15-A3-2 %5 5. 10, 20,
30, 40 fREEFRYIIEAT T TCIDs M E o 25 F
(% 3), PREOWBE SR AA BEAH LG BRI B 25 57 4
BEP<0.05). FAIRBRE AR U [ 7 %;Eiﬁal‘;j}ésm 5%&#&%%8 lrsés?’-lzs-m-l\
Ji G W 35 2 5 (P>0.05) . & W] rGS15-A3-1 Fl  GS15-A3-2 IFA £ 5(72 h, 200%)
rGS15-A3-2 7E Marc-145 401 | 3& 424548 20 14 Figure 7 Identification of the parental virus GS15

. \ . and rescued viruses rGS15-A3-1, rGS15-A3-2 using
Je 1 FE P AR E o IFA (72 h, 200%).

R3 EREBEAENRREESHENE

Table 3 Detection of virus titers of different generations of rescue viruses

Deletion virus F5 F10 F20 F30 F40
rGS15-A3-1 5.35(0.20) 5.31(0.22) 5.80 (0.21) 6.01 (0.20) 5.98 (0.30)
rGS15-A3-2 4.90 (0.30) 5.15(0.22) 5.70 (0.30) 5.90 (0.24) 5.85(0.40)

Standard error of mean titers shown in parenthesis.

http://journals.im.ac.cn/actamicrocn
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2.6 REEBHEKHL

Xf AR B MR GSI5 . B Bk E
rGS15-Al, MUK EEAK rGS15-A2 A5 20 A1)
Pk # 0K B rGS15-A3-1 F1 rGS15-A3-2 fE
Marc-145 40 FifFfrpsE Atz , &4
SRR R] R E AT 3 YK, AN TR] A A os 7 B A
Bl 8 B, SRR, PREOW BE M EE A
iF (] sER AR TR A Bk GS15. rGS15-Al .
rGS15-A2 , H th 7E 48 h rGS15-A3-1 #i
rGS15-A3-2 % % ik T % A& # tk GSI5 .
rGS15-Al, rGS15-A2. $RKOH A9 A K HEME R
AR T R4 T GS15. rGS15-Al., rGS15-A2,
MM rGS15-A3-1 Fl rGS15-A3-2 (4 KA IERA
{8 1Y) 22 57 (P>0.05) . ¥R B rGS15-A3-1 Al
rGS15-A3-2 7£ Marc-145 4Hfif |- 23 W B4,
72 h BEIR BV S IR, I8 B g T B B RS SR
A 8] L 2R AR 52 28R 24 he

10 - @Gsis

= rGS15-Al
| A rGSI5-A2
¥ rGS15-A3-1
# rGS15-A3-2

Virus titer log,,TCID,, (mL)

6 12 24 36 48 72 84 96
Postinfection time (h)

8 FEAFE GS15. rGS15-Al. rGS15-A2
R E rGS15-A3-1. rGS15-A3-2 B4
k5

Figure 8 The growth curves of the parental viruses
GS15, rGS15-A1, rGS15-A2 and the rescued viruses
rGS15-A3-1, rGS15-A3-2.

<l actamicro@im.ac.cn, & 010-64807516

3 WwE5&E#

H M PRRS 7E4BRAE K LK, SR HF R T
I 042 1 2 e T A T R R it = — 1T
KIGRER A RIS O M AT IRIR. &
M7, 32 B A 08 55 b A 98 1 70 &8 A PE AN A
PEARAP S FARAE— 25 RN van Oirschot T
1999 4EHE H T ARic s i A& (marker vaccine),
tom X o & Y H R R % N & B
(differentiating infected from vaccinated
individuals, DIVA), H 3= BRE s AR A N (1955 5
REH PR — sk 2 A UR N, IF B0
S A T B DI S AR I, A 43928 v
PeRhsh Py A Ak s 0 BT, X e
1B PRRSV P2 | L [ R s 2 Bk = DIVA, X
ARG X L AR A S 0k X 4y, T ek
AR BR BRI, B & —Fh DIVA 55850
B X PRRS A4 il Fl R ZAR B HA S 2N

I FH 2 ) gt A% 27 e AR AR 2 RNA S5 1 il e 1k
vekE, ©H) B TR R AL S S . BUR
B A BT —ARAR IR ¥ I R S 4P, ARG
5 R W] NSP2 HA B itk , fEiZ&E
YE PR, AR E B Al
—SePIER T AR, SRREEPE
otk XH-GD #RAGIER Gk so e B 28, W T
5 3 AbPUERAIBR 105 aa HYRYEE AR
RIFPRBCBNTE G/, NSP2 | —Sedp R A7 A
SR 7 2 1 A 06T X IR, B I AT R 7 A
Hl . ABFFEF A IEDB TEL I ME/ T PRRSV
NSP2 1 B 4fiffudk i3, s 323-364 i Al
55 372-433 (i WAL PR R AL, 75 NSP2 Bk
%5 323-364 iHl 372433 P& KRR IT TR
FITERG R, R ITIX 2 PR RN AL B 5
B DX 3 Aok B 9 Bk 2R O BT i RS X o B
AERKFHERSE M, LB PRRSV DIVA %
B B8 —E FE AL
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NSP2 Hr sk DX 4K o B A7 X6 83 42 1l
B —E W50 o WSRO e R B i) 2 2
MR, ARG EELE Marc-145 40 F 52 H],
T i 2 4 R B 1) S 1R T R 2 AT 2 1 &2 16l
REFIPO AR Fia R SRR RS T
TE NSP2 itk 47 aa (19 rGS15-A1, {HHAZ il GE
R TR R, MIKKIRBER 167 aa 1Y
rGS15-A2, HIHIRE IR TR A BE . B9
{RIETE VR2332 [ NSP2 | ¥KHUHAS T ks
323-433 {3 (110 aa) R o AWFFEAEBLK 167 aa
1) 2 o ) Ay B i R 5 323433 i
(110 aa)(HARBEIRKENE R EE, X 0T RESE 1 Tk
R Bod KEURAETE AR Rk, B Dy v B v
¥k GS15 5 VR2332 JEHH—HEN 93.5%,
NSP2 ZER —BHECN 73.0%, Kb, ABF5
Z R R X SR R LR AL 2 AN 53, 78
XUk 2 B FE rGS15-A2 1 LRl F 4 51 Bl 2% 48
323364 fvi(1k 208 aa) 1% 372-433 fii (1 228 aa),
PRBORAT 2 ¥k 3 ALK BEbR rGS15-A3-1 FlI
rGS15-A3-2. 35 ARBERE GS15 7= A= S 241 Jifa J5 A2
IR — EL7ERRYL S 48 h 2245, T rGS15-A3-1 Al
rGS15-A3-2 77 A= MUY 240 B g A5 A B (R B e J
72 hi/EAy, HEAEEME 24 ho XRUIIh PR
R ER R B B SRR BE L B B AR A
B #EK: . rGS15-A3-1, rGS15-A3-2 TEAKANESE
LR, 5 20 B S AR RRUE 3 Boh 10%° TCIDso/mL,
10°® TCIDso/mL, 5 %A # 4k GS15.rGS15-A3-1,
rGS15-A3-2 FH HL7E Marc-145 4 fitS - i 48 7 o gF
A RTINS, BRI R 25 5 0 3 (P<0.05). J34b,
rGS15-A3-1, rGS15-A3-2 A K HIZR KM, X 2 £k
3 AL R FE R 0 52 T RE O I AR TR A
PR, DL B SRR K i B R i R AN )
s 25 BN I AR B RE T, T HLXNHR B TEAR S &
Tl A PARAG — 2 I FE

Pk % B R rGS15-A3-1 . rGS15-A3-2 1E
Marc-145 4l F ol DifaE i ee X, S 25 518
LR AR MRS AE . F A 20 ARLUE &Kk E]
PR R B 2E 5. Ao, EEURE
rGS15-A3-1., rGS15-A3-2 BB ARICEAFLE
W RaEAEAE . PRRSV A4S B e £
RIUTENTEE RNA S5 B AE 32X 5 25 (1) S i
SN PR L TR 5 T 2546 2 1 A J B A
BT , PR B RIS 32 Ao SO o F v R 45
FAERRT S AT K RO B A0 42 2 N A A R Y
RASEMN, K rGS15-A3-1 1£ 2455 40 [0AA
8 MRS KR, Hoh FEAEPIES 5 4UH
51018, G 7 ANEEREARA, M 20 £
FEE 40 A 1 A2 R & A2 2878 s rGS15-A3-2
25 40 UILEA 5 MNERR AR, FEWN
ETESE 5 RFEE 1040, I 4 NIk A
AR M 20 FAFIER 40 AU 1| DNEIER K
ARAS . PREOR R R A DR LM T
NSP1B. NSP2. GP5 HI N, Hifth X 258 1
LR B 1 AR R IR AR A 1T R A JE TR - £
TA5FEE R BE R F SRR F A RAT, BT A2 2
W2 (1 9878 F2 B % A AR S5 H 3 1128 . rGS 15-A3-1
M rGS15-A3-2 TEAEZ5H 8 1 NSP1 RS AR
H W20 1IN 3257 22 R 1 58 A8 5% 1 > b 22 i il
B S P IT S0 T PRRSV F L R 41 42 il Fnfes
53 rGS15-A3-1 1 rGS15-A3-2 7£ NSP2 75 1)
GETR 4y WA L11941. QI1201R . S1243C .
P1251A, L1194F, QI1201P fl P1251A, F %4y
A5 T A R AR X R, DL 22 3R Y 2848 FT e Xt
i L 2K 11 A 1 e 2R 2 1l 10 D) R R i

R, DT S R B 0 3 A s8R i s GP4 iR
VIR, BRI S GP2 A1 GP3 JE AL
SR RIK, GP4 BRI, A 4 DAL
BLE AR ES 37 0. 5% 84 i, 5% 120 S FIE
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130 1%, rGS15-A3-1 7¢ GP4 55 84 (&L %
AR, N SRR T, %A S R IR ) 248
s PRRSV B 7, [AIRH0 52 M 1 9 5 9 &2 1l .
GP5., N #H[1/& PRRSV W EE LM E T, 16K
B X 20 ) W A e e R A L
GP5 ZBILFE N, ZREEK, rGS15-A3-1
16 GP5 %5 13 (M A ERA, Bi R 5748
K, W5 GPs SIS 13 i FIE 152
RIER 5T e S 6P, R13 FIl R152 ik
PRAGERAE, {H PRRSV HIEE J1J2 i £ 3 Rtk g
), AR 2 FE R 1 98 78 0 AT B 5% T K SR B
MIEOR 1. N B FAXRSE, eS8 E b
P, et g, EMBEEER NEAE
DA SABURRNL, 4 DRLMERAL(30-52 aa,
37-52 aa, 69-112 aa fil 112—-123 aa), H—"J&
DL 52-69 aa Fll 112—123 aa i .0 B 52 0 E 5K
Horp 4 AR A SE P EERR AL SR T 2
rGS15-A3-2 76 N & [ 26 [ A IR & HERAE,
M L RASN P, AR SR AN LMk R AL
PG PERE b, %A B FE R 1 2 A8 AN 52 9
FERIHIEIENE . rGS15-A3-1 £ N &[4 40 fif
R LR, G RN A, X5 40 fi
AL R LR TLRPE R AT B A1 5 0L
B X3, % & AL R 5 R AT ORE Y M
rGS15-A3-1 Py RE st . DL b AR5 4 8 1
a3 11 2 BE R 1) 8 AR s ) T B AE A B i &2
Tl FNECR 77, BEAR 10 8 1 52 8 FEum
[Fi) Bt 5 ) 5 1) B 98 Dk

AR PRRSV 211 N2 HA DIVA HIRERY
S BRI T , AN 9T 25 L B i Bk 2 AP R
B TF &5 —1% PRRSV DIVA % 1 (195 12 ]
A3 0 o TR) At 25 T At 3 2 2 W) 6,
TP T G S W RN R S R S 2 I, DA
A EE AR BR 3  PRRS.
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