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DIREAREN, AH 7 AR OK (R e PR 2 3% 1, m) DAEAT 5%
A ARARER, i 2 0] DLt Nsp2 SEEA & H Y
400 A28 FE R B S 3 2T, 0 ] LR S 4 N R EE
IBANESE N EGFPY . 9T R W EAV Nsp2 45 (111
C-3if 1] LA Nsp3 AHEAE H B O B3, AT 4
o4 Nspd 2 (AT A5 8 11 I35 Pk 110 4 DR L7180, qH g
PRRSV ¥] Nsp2 & 7500 25 A= iy J 3 v i D g H A
W REARKN .

07BJ ¥k PRRSV & 2007 “F-7E 3 3T H L) 75 &
P, AHIE S8R H % 608 R 8 40 il 23k 07B) #K
PRRSV Nsp2 &[] N-¥iif 323 aa F C-¥iii 188 aa 77
53 5l 44 R Nsp2-N Fil Nsp2-C, J ) I 57 2 b7 Rt
JR I I T ion) B 1 T AT 4lidl . R — AN ERGY)
A7 pst R TR AR A5 P R 2 02 5 RUAR 288 1) il
HHE, AR R PUA I Nsp2-N & 11 CP2 45
R S5l FH P T 3 2 5 9 N 5 J Tl £ g 1) 7
SRR, FHAEAG TR Nep2-N 8 AT PR MK
YIRGU) P25, A cp2 XA H IR v 1

1 MR %

1.1 ##
1.1.1 BEER R S HE R 2 KW A 86 C Escherichia coli)

DHSa BFE, BI21(DE3) B Bk, o 23 fil 4 J5t A% 41k 4
& pET21a + ), 07B] #& PRRSV cDNA J& K|35 4 A 55
5= RAT

1.1.2  FZIXFIAAL A : Tag DNA 2K 5, Pfu DNA
FEG W, T4 DNA TEHREA Nde 1 ~ Xho 1 FRIITE 1)
Pt , 240 VRT BB W IR 9 A1 T4 22 SR A% T RRVMUN , DNA )
T EARAE DI2000 3404 H TaKaRa A H; Rabbit-anti-
His antibody, mouse-anti-Myc antibody, goat-anti-mouse
IgG-HRP ! goat-anti-rabbit IgG-HRP ¥ H SANTA
CRUZ 2 ) s I L8 22 48 4 Bio Rad 7 it Nit NTA
Agarose~ HiLoad 16/60 Superdex 75 43 i )25 T ¥ J¢
AKTA & A2tk 2 4. 4 GE Healthcare 7= s ¥ AH
tAECA Agilent Technologies /™ it o

1.2 52f% nsp2 &

1.2.1 51%: {24l GenBank = PRRSV 2 Kl 41 )3 ¥
(Accession No. NC-001961)F1 Nsp2 & 112 FE 1R 771
(Accession No. NP-740596) & K g AT 7 25 15 T {4
PR TE 514, BL 07BJ #& PRRSV ¢DNA A HLAR, 437l
PCR 9" 14 nsp2 ] 1-969 £ F1 2089-3498 o7 ik 5k , B[l
Nsp2-N F Nsp2-C 19w i 55 X . IR A8 BT H 514
FIZAN R

®1 AKXFAHISIHFT

Table 1~ Primers used in this study

Primer Sequence (5'—3") Restriction Site
nsp2N-F GGAATTCCATATGGGTGCCGGTAAGAGAGCA Nde 1
nsp2N-R CCGCTCGAGCAAAGGCTCTTGAGTCAC Xho 1
nsp2C-F GGAATTCCATATGCAGGGTCGTTGTAAAAAG Nde |
nsp2C-R CCGCTCGAGCCCTGAAGGCTTGGA AAT Xho 1
Nsp2n-Myc-F TCGAGGAACAAAAACTCATCTCAGAAGAGGATCTGAGGCAAATTTCCAAGCCTTCAG Xho |
GGGGAGGCCCACACCTCATTGCTGCCC
Nsp2n-Myc-R TCGAGGGCAGCAATGAGGTGTGGGCCTCCCCCTGAAGGCTTGGAAATTTGCCTCAGAT Xho 1

CCTCTTCTGAGATGAG IGTTCC

Forward primers are indicated with F in the designator, and reverse primers are indicated with R. Inserted restriction sites are shown in boldface. The primer pair
Nsp2n-Myc-F/ Nsp2n-Myc-R will be described in materials and methods 1.4.1 in detail .

1.2.2 HEEER S5 JH 5124 nsp2N-F/nsp2N-R+
nsp2C-F/nsp2C-R 73 7 ™ 84 Nsp2-N Al Nsp2-C 5k [,
$ICHRL 10 A9 77VE R 50 pL 3 648 R 2EAT PCR Jx
IS, 22 W) TR AN AL TORL IR 57 i, J 20 BORE
28 PCR % EM Nde 1 ~ Xho T BURGD) %532 % DNA I
e, BT 3R AT 1 Jy 21 0E W 1 4L T0ORE 23 9l iy 44
pET21a-nsp2N 1 pET21a-nsp2Co
1.3 Nsp2-N # Nsp2-C EHMFRIX 544

FSCHRL 10 104 772 3847 IORL pET21a-nsp2N F
pET21a-nsp2C 73 Al ¥ A4 K W #F % BL21(DE3). 15 3
Ak SRR A2 . LA 20 mmol/1, (1 WK P VR R VR

e AR T, LA 200 mmol/L (14 WK WA 8 it v W 1t H 11
WM. HA T 10 kDa 18 38 55 U8 B
W45 A 4 mL, L 50 mmol/L. NaCl, 20 mmol/L Tris-Cl
(pHS.0) 1 % it ¥ I HiLoad Superdex 75 16/60 #l
Superdex200 10/300 43~ 97 )25 B AT 2l 4k, , Wi B v Mot 0e
WA . £ 12% SDS-PAGE FiLUK % 5 5 W 46, M
BCA T G000 i £ 11 JTURE it A 88 9 43 3¢, 28 v 0
G RAET - 80C -

1.4 Nsp2-N EREGFHES

1.4.1  FEPEEOURR 25 JIOR ARG W T 1 D70 4% < % Ji
FA TR pET21a-nsp2N BEAT X0, 75 Nsp2-N JEK



1504

Hongren Qu et al. /Acta Microbiologica Sinica(2009)49(11)

TN Mye B8 25 11 2 15 )7 510 A0 0T 62 1) 1 D7) J 90 9
P 51)(Nsp2-C R 8 A7 24 5E 18 (1 9 A4 7 51 FT Nsp3 Hif
8 L SR 1) 9 A5 )7 41, F F SR IORL | 1) CLA bR 25
P27 Mye A1 His XUbR 25 14 55 41 50K, XUbR 25 43
AT BV AU B R iR R

TR RT AN ), oW a3 Xho T UK 1
K, 5 5 3KIKA Mye 52 140157751, Nsp2-C K
8 1 LR (1) 9 5 )3 51, Nsp3 BT 8 A 52 3 1% 1) 4 4
Feal, AR 1. S6H T4 2 JER% 1 IR TG H P9 5|
Yy 5 IR AL, SONAR FR: 519 1100 pmol/1D2 pl,
5149 2100 pmol/1)2 L, T4 2 FEA% T IR U ( PNKD
10 U, 10 x T4 ZEEMGSZ 1 Spl, 28 1 /K 2 Ak
FU50 pll, SO 544 65°C 530 mine FFAE 51 40IR K,
TIER RS 5 E T 95°C/KHE 10 min, 2X
JE R R =R (L1 W),

FFE A TR pET21a-nsp2N F Xho T HL1D) Ak 22
i 2 G MEAL, IF HIBVE B R Il 22 B R AL, TR FORaR
KPP B R A T ALTOR, #46 KA B DHSa
B, BEEURTE % H nsp2N-F/ nsp2C-R 514 % PCR
S5 5E , B v B 42 UKL iy 44 4 pET21a-nsp2n-Myc, 1%
FEN 75 C 751 X

DUy TERA R FORE A A RS O7V5 1.3 ik ¥4 JF
Vo 0k, a0 2 W TG Marker #EAT SDS-
PAGE HLIK, ¥ JBL, S5 P 35 BT, 923 i L BT Mye A0
Pt His PRSI PRI HTARIF H 1 h, TBST ¥E 3 X5 5 3K
H AL P CHRPO b id AH Y. BT & 1 h, BRAR
A AL 27 K6 2 B TER I Western-blot %2 1
I 43 BT (R 5 2L
1.4.2  PROMIKRBERED) 23 Hr ke i B X s - AL
B PSR CE A RO TR) P2 P9 A8 18 1) i ) A7
&0 B nsp2 HEE C-3ii R 5 A7 240 HE PR AN nsp3 T N-
T I VA < W S-S A1/ A G 7| I i [ B I U B
GRLLGGARYI, P2: SKPSGGGPHL), H] 1009% DMSO %
fift 22 W R 50 mmol/L, 43 1 Ui 24k 43 il Wiz 4
Nsp2-N H SR ARG R AR, IR 4 2 10 mg/mL.
VIR N AR 2R W R IR W) 29K BE 2 250 pmol/L
(0.5 pl)» Nsp2-N S EHZWEYI R 5 pmol/L, N g V)
2% P (20 mmol/L Tris» pH7.4, 150 mmol/L NaCl,
1 mmol/L EDTA, 1 mmol/L DTT, 10% H i) 4 S AR FA
100 pL, FFBE— AN I H A i 10 25 O . 37°C 7%
H12-16 h, R AT 29 = LR A E RV,
FF 112000 r/min5Cr 10min J5 H Coq W B AT 2 17) 14K
WAHE S Mo AT AE KA R 0.19% 1 =5 &
1%, A WA A 25 20 min 20% — 509% IF 26 PEHE 1,

DL 215 rum A PRI SN I 4347 A BB P 75 )
2 R

2.1 Nsp2-N #A Nsp2-C B9 [£

PRRSV Nsp2 #1142 MK/ 1196aa 115 15
I, TR R G T I R R R HMERROR, DR FRAT]
SRR T AT RE R P2 WE MR N i A AE 2
YERI C %t LA 07BJ #k PRRSV cDNA i [K O 455 A
HEAT PCR 438, 9 14 7 W0 15 19 S5 0l Dok JIe kAT
UK, 85 R IR A W kAl a2 1 kb F
550 bp, 5 H MK/ Ao PAS 4150k 59 0 48
Nde 1 < Xho | XU V) %€, 28 R¥IGe VI T 5 PCR ™~
WK/ — B 4547 DNA T 45 FAIE 5 3 N (1) 2
IAL 7 471 56 4 TE A
2.2 Nsp2-N A Nsp2-C BRI FTIEFALE L

H0 P 1E A 149 BHE 25 21 50RE pET21a-nsp2N AT
pET21a-nsp2C A KL 57715 1.3 ik IFi5 3 &
I, A B R 75 AR S 4 ) B B R 3R AT 129
SDS-PAGE HLiK, 25 R Wl 1 7R, Nsp2-N Al N sp2-C
FEIR A% 4 0 o ¥ O w1 1 Kk, 4y 1 gk il
35 kDa#122 kDa, 5 UK/ AH A o
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Fig. 1 Expression of Nsp2-N and Nsp2-C in BI21 strains. A:
Expression of Nsp2-N in BL21 strains. B: Expression of Nsp2-C in BI21
strains. Lane 1 in A and B: the whole lysate of non-induced pET21a-
nsp2N/ BL-21 and pET21a-nsp2C / BL-21. Lane 2: the supernatant of
induced pET21a-nsp2N / BL-21 and pET21a-nsp2C / BL-21. Lane 3: the
precipitation of induced pET21a-nsp2N / BL-21 and pET21a-nsp2C / BL-

21. M: protein marker.
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fif s KB4 5, K& Rk 44 Nsp2-N Al
Nsp2-C 85 H. Ni-NTA A7)0 B 446 i His 5 25 1
Nsp2-N 1 Nsp2-C 5 [, 4371 HiLoad Superdex75
16/60 73 ¥ i J= A A1 2l 4k H 1) & 3, 085 FE .
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U o XA PR B TR T (2-13 5 )48 SDS-PAGE HL
VKI5 2R A U WA (R B B (2-6 5D B8 T 1 35 kDa
(1457 4h, A 70 kDa 14541, SR B ICER FF i (7-
13 5) 2 AT 35 kDa M54, H IS A4 E 3] 95%
(Kl 2-A Do Nsp2-C S HEAEDEBARIA 77.1 mL B
X FRUEE, o W ISCEE IR B I RE i (5-14 522 SDS-PAGE
HLUK 20 AT 3L Mr 2924 22 kDa, H 19 8 11 4l 5k 3
98% (& 2-B).
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Fig.2  Superdex75 gel filtration purification and SDS-PAGE analysis of
Nsp2-N (A and Nsp2-C (B).

2.3 Nsp2-N EREEHMAR
PR A A 22 TR0 RN 8 B o BT R R
Nsp2-N & A ¥ it 2018 & (1 I 45 3 (P, BRI 3k

ATTH Western-blot %95 B[V 328 73 B F1 44 41 JTk B 1 17 7>
A1 23 SRS 0 s A FH R B A R LR AR e 45 4R
I A 9 12
2.3.1 western blot £ I =C U7 %1 fy T+ 54 5k
pET21a-nsp2n-Mye b ) 9 9 15 7 41 &5 5 514
nsp2C-R I H AN F 51, PR IE $E nsp2N-F/nsp2C-R 51
WIXF PCR 4 4 AT %5 5 5 1% Bt N W V58 Jg Wt Dk 45 21
BORBEY I 5 H 0 BOAMEV) A I 4T

PCR % 5 A9 FHE (1) v B3 AR DU 7, 45 R 5 250
RYWVMRF. Fat el 5515 1.3 Fridiefh, i F3R1%,
12% 1) SD-PAGE 8 & 8 [1 4215 45 R ¥ 3-A i,
IZRlG 44O Nsp2-N-Mye, 275 2 B W& 3-B
Fi7R o

1AY 1 2 3 4 5 M kDa
-
— a7
— 66
40K — ; _ o
—31
—20
—14
(B) Xho L(LE )
_Myc { 10kaa)
!- ! Jha 1(LE)
e A,
G I L1
/'/ \\
Nsp2-X 323aa I;I:ll oxHis

Nsp2-C 8aa Nsp3 8aa

'_9 Nsp2-N-Myc EHIFSRIERERERE
Fig.3  Expression of Nsp2-N-Myc in BL21 strains and the sketch map of
Nsp2-N-Myc. A: Expression of Nsp2-N-Myc in BL21 strains. Lane 1:
the whole lysate of non-induced pEpET21a-nsp2n-Myc / BL-21 . Lane 2
and 4: the supernatant of induced pET2la-nsp2n-Myc/ BL-21. Lane 3
and 5: the precipitation of induced pET2la-nsp2n-Myc/ BL-21. M:
protein marker. The target protein is shown with the arrow. B: the sketch

map of Nsp2-N-Myc

ffi5€ Nsp2-N-Myc P57 RIEH 55, BRI LA &
Ji PR 0 T 28 A7 V2R AT Western-blot 4 5 BV 73 7 A5
W cp2 WMD) #) & Al . il 3-B KR A
P71 s Nsp2-N-Mye [ N-3ii & A CP2 45 M 858, C-%n 25
IR R R cp2 fe g M O)#IE TR P e
A, Wl E B CoR i Y His B 25 4 U0 F10 4, W)
western blot /A~ g T His MIHUAARAS I 2045 55 a1 KUK
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WA BOIE], WA BT Mye FIHT His 15044 # BE A
WHRME 5. a5 K& 4 Prox, BT Myc M 5T His 1
Uik BE7E 40 kDa AR KL 245 5, 5 H A H A
Nsp2-N-Myc FIRNHW) &, i W] CP2 15 K I FF 1w 44
P ANBE LA T84 H T Nep2/Nsp3 IIEHAL

(A) Anti-Myc
kD 1 P 3 4
T—
A5—
40— <40 kDq
35—
25—
(B Anti-His
ka 1 2 3 4
T0—
5=
A— “— 40kl

35—

25—

'4 Western blot 2% R

Fig.4  Results of western blot. A: Detected by anti-Myc antibody. 1:
Negative control of non-induced BI21. 2: Positive control of known
protein containing Myc-tag. 3 and 4: sample to be detected. B: Detected
by anti-His antibody. 1 and 2: sample to be detected. 3: Negative control

of non-induced BL21. 4: Positive control of known protein containing His-

tag.

2.3.2  PRSMIKBLE D) o3tk sz s D) )
R AS 1) B 1 G5 1 FRATT A 22 R A W s Kb
N LA 8 4% ml RE b g DDA R 16 K7 21 Cpp A
P, MBS 515 1.4.2 Tk, &b 5-A FSA
SN, PLC AT P2C 24 AN Nsp2-N £ 11 25 10
PIR1 F1 P2R1 73 7 5 il Nsp2-N 5 11 FL A% J5 4%+
BRI SN, PIR2 F1 P2R2 A 43 70 0 Nsp2-N £ 1 Z A%
JEPISc TR Y. 37°CHEH 12 ~ 16 h Ja 24T
HPLC 73477, P1 A1 P2 (1) 45 R 43 &l 5-B #1 5-C
Ao H Sk IRk IR R O 0, AN T 1 B 8 4
5508 JEUTE R U A RRURI o T AR b 380 08 A 22 s 13 A
N LA B A+ K 3% A nsp2-N 1) CP2 45
FIR D) I, WP HEWT CP2 AR Ah TG BA S X1 U7
TR AR e 2 R £ 1Tk

3 b
SN AT AR A B SE R rh R ik . K
Jon R i A% AIE AR G0 R AT 4 A Tl A AR AR A A

s B BB S5 AE M, B R AL B i, Nsp2-N Al
Nsp2-C AL B, TR A BT 5T 08 356 K
FrERIE RS AW E T pET21a-nsp2N,
pET21a-nsp2C F1 pET21a-nsp2n-Myc — A 5 4 Jit i,

SEIL T AN R AR R AT B BL21CDE3) H ) R Pk
Fik. FHEAEH C- AR His 55455, A Ni - NTA
agarose > A1 KT F1 43— 07 Bk e A ali 4k 21 T s 20 B2 (1)
Nsp2-N F1 Nsp2-C HH .

PRRSV L4 4 AN 11, KA PCP1aC AR R
AL - B2 R B (1R 1), PCPIRCAK VAR [
FE- 2R B (1S 18), CP2CF Dk 20 IR 2% 11 /i) A1
3CLSPCBEE FL & 1 B AF 22 /R R D, 22 JIA T
nsplas nsp 185 nsp2 A1 nsp4 1, HH1 PCP1as PCPIR A1
CP2 /& 4l B & (1 i, 3CLSP & F % 4K 1§, PCPla~
PCP1B J& T AN F i 5K %, 3CLSP J& T~ Bk Bk 3l i
FREFIE . Snijder 25 N FIWF5T £ W 5 PRRSV [F
Je& TNk 28 3 25 e 14 5 2 Jik 28 903 25 (CEAV ) Nsp2 25 1
FLA - W2 8 g e, m DL el = A 1
FAEH T Nsp2( Nsp3 (1) 3% 452 b AN T R T Nsp2
b ol AR I Nsp2 B 0 cp2 45 K 3,
LG PEAL RS Cys-270 A1 His-332, CP2 &5 M35 R
JNEE I BGAE2E  B AT ) SUAR AP E . (R, MRS R
JRNE ARG FE R C LR Cys 5 B4 & — A Tip, 1
EAV [ Nsp2 £ 1 Cys J7 556 W2 Gly, Cys-
Gly S Jo it 3L 28 11 g R 25 11 g 1 SR Re A, TR Ik
PRRSV 1) CP2 45 A4 35 A7 A T A 3 1l 1 JB ok 3L, 2
FIBGE T B AET ) . EAV B Nsp2 32 22 LI 28 1)
F oy A Y R TS P, A 4 1 e X D7) s A E
SRS D) EIRCRAR N 5259, 5 H A 38 AT R4 S
TS HOR (S . PRRSV H Y CP2 45K
B5 EAV 1) CP2 J¥ 41— 31k 23.9%, J 51 LX) 25
Rl 6 fros:

i _F PP DA S PEAL AL Cys A HisCRi7 Sk B
FEOLE M b AR ST, HACH Cys-Gly 741, HH
HIIE A S5 IE S PRRSV ¥ CP2 45 #4380 g 8 4 H
T Nsp2( Nsp3 (134 82 &b, R b AR 512 56 ) FH KW #F 18
FIEXAR Rl A B RN T 9 A 2 K4, B
Wil I Western-blot %92 E[1 125 43 A1 FH 4 40 K S 49) il
DISEIS UG UE CP2 1 e 2 R A 1 g 0 7, (R H i
)52 56 8 S 2 B, T6 18 A2 =X b)) et e XD ),
PPSVV I#] CP2 24 AN BE K 4 - Bt 2 IR o EF g 0F 1k
M CP2 8 1 WG 1 34 5 Ak LAt B 1
BN 4 M PN 1R RS S SO B T e cp2 R HE
WYL o IRAh, ARSI H /MBI Nep2 2R
1SR A W LTS 2, BLAR Nsp2 £ 1 G IE 400 4
G FE R B R T AN S RS 7 15 A0S H R X e
FERR G K PT BE 23 52 A Nsp2 85 A HE BG4, R T
B TAERT LA 4K Nep2 82 FRET I IL cp2 (18
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Fig.5 Cleavage activity assay in vitro. A: Cleavage reaction system. B: Detection of Protease activity of Nsp2-N for P1 by HPLC. C:
Detection of Protease activity of Nsp2-N for P2 by HPLC.

FREEYE. 2 CP2 I A RS PEROE SO BE I & 29I diik R (R4t b, JF 8 — 20 i s (e I 20 2K
AT SR A AT B 9 B O 5 P, T AT DLUOM PO B € SR AR IR

PIILsVv -FSIS N WHEeTISATAN NEETTLFPERVR D 39
Sav €] YR@LAFMNGA GCS. . e e n L 2
prrsv ATMNERCTVNTIETTRLPAAT.TRN GS VLELEG 78
eav C R AYRVE@LSEFTETVTIP R AMICLCE 72
prrsv SVI SFTRLELECVOERCEHEG 105
eav KERA GLCIDESCEFRGI@NCO . . 97

6 PRRSV #1 EAV 9 CP2 S5 #3807 51 b Xt , 55 Sk 46 A B & 1L =
Fig.6  Sequences alignment of CP2 in PRRSV and EAV. The active sites are shown by arrows.
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Expression and purification of Porcine Reproductive and Respiratory Syndrome
Virus Nsp2 protein and analysis of cleavage activity

Hongren Qul’2 » Yaodong Lit?, Yanhong Hou® , Jinghua Yan'”*

(! Institute of Microbiology, Chinese Academy of Sciencess Beijing 100101, China)
(? Graduate University, Chinese Academy of Sciences, Beijing 100049, China)

(> DA BEI NONG Group, Beijing 100080, China)

Abstract: [ Objective ] To express and purify Porcine Reproductive and Respiratory Syndrome Virus Nsp2 protein and analyze the
protease activity of Nsp2. [ Methods ] N-terminus and C-terminus of nsp2 gene were amplified by PCR and inserted into
expression vector pET21a( + ), respectively. The recombinant protein ( Nsp2-N and Nsp2-C) were over expressed in E. coli
BI21 and purified by Ni-NTA agarose affinity chromatogram and gel filtration. There is a cysteine protease domain (CP) in
Nsp2N through genetic alignment. In this study, the protease activity of Nsp2-N in cis was analyzed by western blot.
Additionally, the predicted peptide substrate were synthesized, the protease activity in trans was analyzed by peptide cleavage
assay in vitro . [ Results ] Two soluble recombinant protein were successfully expressed and purity reached up to 90% after
purification. The putative protease domain of Nsp2-N couldn’t cleave the predicted substrate through cis cleavage and trans
cleavage . [ Conclusion] The putative protease domain in Nsp2-N may need other host factors to act as cofactor, which supply
basis for further identification of biological activity and screening of anti-virus drug.

Keywords: Porcine Reproductive and Respiratory Syndrome Virus; nonstructural protein 2 (Nsp2); affinity chromatogram; gel

filtration
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