HEEE 2026,57(2) :922-932
Acta Veterinaria et Zootechnica Sinica

doi: 10. 11843/j. issn. 0366-6964. 2026. 02. 029 . s (st Tkt
: TR 2 (AR ) S

#Ri07S (OSID) : 163

Y& 2 5E 50N 45 & 1iE %" 5 NADC30like & £k
NSP4EH RIS E X I e fEMH

D=5 - S O 2 i S E IV IR = o i i A S S
(1. A gl A4 ARl B A 9 e 0 2 5 0 4 I TS S 30 2, ik 4300705 2. A gl o2 it Il 52 3 22, ik
4300703 3. WK KA B5 2% B Rl AR g B2 2 B A1 1 R 2 3 A 9030 25, b i 100084 5 4. B FF K24 A Bk 2 24 B F1 2
2 BE W) A AR ) 2E I R R SRR R HE 300071)

 OE B TR EE A LR B (PRRSV) S — R ™ 5 15 35 2 5k 9500l 0 51 2205 JEL A, FLAE 454 2 1 NSP4AFE R
3C FE 22 F( R B 1 B (3CLSP) , 76 HoAlb < 1) 45 by S5 18] 3242 422 b V) B0 8 22 36 11, #8900 5 10 5 S A2 AR vh R 4 26 06
BAER . ARTEIT B E AT NSPA R [ 4544 R AE B0 M, R 88 1) NSP4A 1 HU6 85 /0N 5 F 245 W) 0F % 4 1L 3098 4K 4% .
A BF5E LA PRRSV NADC30 like 2 # 4 BF 58 X 42, il i 5w B PRRSV nspd B [H 2 pGEX-6p 244, 7E KI5 T 1 BL21
(DE3) Hifs 5 R 35 0 2 Ak AR A5 i 20 B2 4 1 o R P BT 06 O e 405 0 2R A L 45 B XU 4R b IR = BEOR @ BT T NSP4 1y
147 A @54 e b Pk 2 4, O 38 ek 9 0 LR BB b 55 8% PR AN 2 UG IS 1 . 45 R R, PRRSV NSP4 i =454
A A N oty ARSI (T 5% 3 12-69) P[] AR 25 A 3k ( 1T, 5% 3% 89-153) 1 C 3 o/ B 5 8 3R ( 11T, 5% 3 159-190)
HE— 2L 3 W AL ST, BB T NSPA YR Y45 A 4% Ser-19 \Met-20  His-39 55 G § 5k e 1, O B T 451
B4 30 T R A TR L AR TR IR B R W, PRRSV NADCS30 like 25 bk NSP4 X IS ¥ 59 4 1L 4% R Kcat/Km Jy
411.38 L+ (mol-s) ', HJEY M J1 Km=23. 28 pmol- L', AR5 IE T PRRSV NADC30 like 7 £k NSP4 iy & 4
PRGN S 5 1 2R AE O BT A M R PR BE 2 T S O e B e T LA

SRR B S 0TI LR AR B AR S R 5 SR S5 5 IR T

FE 225 S852.659.6 MEARERD: A XEHE: 0366-6964(2026)02-0922-11

Crystal Structure and Function Analysis of NSP4 Protein of Porcine Reproductive

and Respiratory Syndrome Virus NADC30-like Strain

ZHOU Yu', ZHAO Feifan', ZHAO Hesheng', YAN Liming’, LI Xiangmin', 1.OU Zhiyong™,
QIAN Ping"*

(1. National Key Laboratory of Agricultural Microbial Resources Discovery and Utilisation, Huazhong
Agricultural University, Wuhan 430070, China; 2. Hongshan Laboratory, Huazhong Agricultural
University, Wuhan 430070, China; 3. Key Laboratory of Protein Science, School of Medicine and Life
Sciences, Tsinghua University, Beijing 100084, China; 4. State Key Laboratory of Chemical Biology of
Drugs, School of Life Sciences and School of Pharmacy, Nankai University, Tianjin 300071, China)

Abstract: Porcine reproductive and respiratory syndrome virus (PRRSV) is a major pathogen that
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poses a serious threat to the global swine industry. Its non-structural protein NSP4, as a 3C-like
serine protease (3CLSP) , cleaves viral multiproteins at the junctions between other conserved
domains, playing a critical role in viral transcription and replication. This study aims to elucidate the
structural features and enzymatic activity of the NSP4 protein, providing a theoretical basis for the
development of antiviral small-molecule drugs targeting NSP4. This study used the PRRSV
NADC30-like strain as the research object. The PRRSV nspd gene was cloned into the pGEX-6p
vector, induced for expression in Escherichia coli BL.21 (DE3) , and purified to obtain high-purity
protein. Crystallization conditions were screened using the drop-plate method, and the 1. 47 A high-
resolution crystal structure of NSP4 was determined using X-ray crystallography. Its enzymatic
activity was measured in vitro using fluorescence resonance energy transfer (FRET). The results
showed that PRRSV NSP4 consists of three domains: the N-terminal $-barrel domain (I, residues
12-69) , the middle B-barrel domain (II, residues 89-153) , and the C-terminal «/f domain (III,
residues 159-190). Further active site prediction identified the substrate-binding pocket of NSP4 as
composed of Ser-19, Met-20, and His-39, providing a target for structure-based inhibitor design. In
vitro enzyme activity experiments showed that the catalytic efficiency of PRRSV NADC30-like strain
NSP4 toward the substrate, Kcat/Km, was 411.38 L- (mol+s) ', and the substrate affinity, Km, was
23.28 pumol-L™". This study reports the high-resolution structure and enzyme kinetic characteristics of
the PRRSV NADC30-like strain NSP4, laying an important foundation for structure-based antiviral
drug design and screening.
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2 N 35
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A. PRRSV NSP4 # 1 Superdex200 10/300 GL increase 43 ¥ i J2 47 45 5 18] o £ A A 8 7 U B 7R AR, L A 475 % B2 280 nm i1 K&
TR MG AE B T R AR I 14— T BT TR - SR TR T M B A L UK A R, B DA TR 21, 6 ku i

A. PRRSV NSP4 protein Superdex200 10/300 GL increase Plot of molecular sieve chromatography results. The horizontal
coordinate shows the elution volume and the vertical coordinate corresponds to the UV absorbance value at 280 nm; B. Sodium
dodecyl sulfate-polyacrylamide gel electrophoresis results corresponding to the elution peaks, and the protein bands were all
around 21. 6 ku

BEl1 PRRSVNSPAEARIEAULLER

Fig. 1 Graph of PRRSV NSP4 protein expression purification results

2.2 PRRSV NSP4 E [ &M@ TR EE B 11 RS AR SRS SR ANE ) A A
2.2.1 PRRSV NSPAE A 4ifitiE 504 ¥ ReP&RmEASEE 2) . 1 Cryoloop Jé T
4L J5 B PRRSV NSP4 2 I R4 2 5 mg-mL ', g bk R B T 5 A 20 % H- i i th v B 1
PLL: 1A PR R 26 R S 45 R AT Ll BT R h RO B R A S A TR
BT AR R R TR . ARSI SR AR AT IR .

(0.1 mol-L. "' HEPES sodium pH 7.5, 0.8 mol-L"'  2.2.2 PRRSV NSP4 4 # fi# # f11& 1F v
Sodium phosphate monobasic monohydrate, 0.8 mol-1. ™" XDS # A4 % PRRSV NSP4 & R A7 51 B4 5 17 4k
Potassium phosphate monobasic) Ji & 16 'C 5 B MR CGRD BRI RC 211, MHZ
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A. PRRSV NSP4 it b J5 i & A &b i, H{k

fi 4% 1 J2 b % (0. 1 mol- L™ HEPES sodium pH 7.5, 0.8 mol:L ™! Sodium

phosphate monobasic monohydrate, 0.8 mol:L ' Potassium phosphate monobasic) \ 4% § i B 16 °C; B. H T X $ £k £i1 51 14

PRRSV NSP4 fiyfk

A. PRRSV NSP4 optimized protein crystals with specific crystallization conditions of pooling solution (0.1 mol-L~" HEPES

sodium pH 7.5, 0.8 mol-L ™" Sodium phosphate monobasic monohydrate, 0.8 mol-1.~! Potassium phosphate monobasic) and

crystallization temperature of 16 “C; B. PRRSV NSP4 crystals for X-ray diffraction

El2 PRRSVNSP4E ARk
Fig. 2 PRRSV NSP4 protein crystals

%1 PRRSV NSP4 @& {75 H#E b B 5 it 5%
Table 1 PRRSV NSP4 crystal diffraction data processing statistics

ZH 4 FR Parameter name

PRRSV NSP4

X2k X-ray
Wk /A Wavelength
5B %5 /A Resolution range
%% [ f Space group
i i 2% Cell parameters
a/A,b/A,c/A
al* B/ y/”
Riyerge/ %
I/61
SRR /% Completeness
5 5} 25 %0 H Number of diffraction points
R-work/R-free
JF4CH Atom number
H H FUE T # Atom number of protein
#3774 Atom number of solvent
1 BT /A’ Average B-factor
r.m.s.d
4K /A Bond length
Hff/° Bond angle
7 3 8] Ramachandran plot
il X / % Favored region
FFX /% Allowed region

SSRF BL17U1
0.979
42.24~1.47(1.54~1.47)
Cl21

111.43,46.21,42. 25
90,110.91,90
5.8
11. 900
97.1
33127
0.2051/0.226 1

1472
69
25.85

0.005 8
0.87

96. 28
3.72




239 JE WA < B I R A A R NADC30like 8 bk NSP4 8 [ fiy 1R 4544 K D) 6 A A 927

BN a=111.43, b=46.21, =42.25,a=90", 3= PR 2 AT AL B — > B 192 4> 2 JE 1 % 5 4 B
110.91°,y=90"; BAREIE 1) R, THH 5. 8%, 15 M () SRR 1 B 69 AL K43 F o R-work Al R-
oA 11,1, 588 B 97. 1% . free {A F F 9 A9 30. 52 % 11 32. 38% T [k 20. 51 %

S oF 45 4 R BT 4R 45 PRRSV NSP4 %E (1Y — 4 M22.61% ., HARSIUEIESEH ST E £ 2,

%2 PRRSV NSP4 BiFLEHMIEELR
Table 2 PRRSYV NSP4 crystal structure correction results

SR 4 FK Parameter name PRRSV NSP4
S3HERIE /A Resolution range 38.82~1.47
15 55F 580 H Number of diffraction points 33127
R-work/R-free 0.2051/0.226 1
JEF4H Atom number
M40 Atom number of protein 1472
I 7 %0 Atom number of solvent 69
S B ?/AZAverage B-factor 25.85
r.m.s.d
4 /A Bond length 0.005 8
Hff/° Bond angle 0.87
$7 B Ramachandran plot
feiE X /% Favored region 96. 28
FVFIX /% Allowed region 3.72

AP A PRRSY NSP4A & R 58 F  PRRSV NSP4 ) # X &l (Ramachandran plot) 43 #f
W) AR R RE S W IR TR R EE AR B A R (1B 3B) %R 96. 2800 1 S KL R Bk AL 4 A T
HERFIOLE . R R (B 3A) BT B &0 F8E A A 5 X B8 (favored region) , 3. 729 i F
MR 5% ik 3 Bl Xl 5 B0 S HL - = 40 AT REAE L R 1] X 35 (allowed region) , A K il 24 A /o iF X
B 22 il 4% 2% B2 KT RT B f B dn B 3A TR I (disallowed region ) f¥) 5 H F G2 5% 3% .

A B 180+

"I A

[ 2N ] ©

)
604 1 ° 5

ES

SR
-60- e
-1204 A
-180{eegt 2 e

~180-120 60 2 60 120 180

A. PRRSV NSP4 45 Hy 578 5 iy 7% B [ W) 45 B ;B PRRSV NSP4 (1 & 3R 5% 3L 10 1 40 i o 1B (0 R il X, TR a6
R, 1 EFRA R X

A. Agreement of PRRSV NSP4 structure model with electron density map; B. Dihedral angle distribution of amino acid residues
of PRRSV NSP4. Light pink indicates the optimal zone, light yellow indicates the permissive zone, and white indicates the
impermissible zone

B3 PRRSV NSP4Z#EELR

Fig. 3 Plot of PRRSV NSP4 structure correction results
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TE PRRSV NSP4 45 ¥y v 32 25 #4) & {4 - 24
B FJy 25.85 A2, H A M R AE 45 & ML B0 R (1 8
SERLAE RO X B IR T A R A T 9 ) g R R

A

THT B 2 M 445 K Jol St B0 2 T s 1) B B 2 8, S T
Mg RS — B (E4).

A. PRRSV NSP41& IF J5 B8 45 /#5551 “Cartoon” 2 3 2 3 ; B. PRRSV NSP4 & 1F J5 #9511 45 #4456 784 4 9 )3 [ 7~ (B- A
T oA I W ELAN /N R TR, 20 DM AR RS T =

A. PRRSV NSP4 modified protein structure model, presented in “cartoon” format; B. Temperature factor (B-factor)

distribution of PRRSV NSP4 modified protein structural model, blue color and small size represent low temperature factor, and

red color and large size represent high temperature factor

El4 PRRSVNSPALEWMIRB R BERFHHE

Fig. 4 Structural model of PRRSV NSP4 and distribution of temperature factors

2.3 PRRSV NSP4E{k 1

PRRSV NSP47E 145K 4y BE R 1. 47 A, %5 ]
BERCL121, BAAXREA B A —NEA
4y F . 7E PRRSV NSP4 45 #4 ' , PRRSV NSP4
P14 30 TR (Y = 2 A el T S T . 2 e T BRI
12-69) &5 ko dak 11 (5% FE 89-153) K &5 #4y duk 111 ( 5% 3
159-190) o HAR FMEE #4035 WA ROFAT BAAZ 00 35
Fl—A> C ity o/ B B 25 A B (8] SA) o SEHBRT H 7S 5%
B (al-f) K4 BLST-AT BA , I3 10 i o BB (B E A)
TE AR D] G G5 A0 o 45 A8 T 0 25 b 4% R4 (all-
gll) , Fall 3 — B B 3% 3 69-89 1Y 4 B 15 25 44y 4uk TAH
H(E5A) . 5 TTT(A% 3 159-198) Hi P BE AT B
P18 (alll-bITD) A > o BRTE Y B, H P iR5E B 55 12iE
CE 29073 LHEFI (K 5B) . MAh, 454 38 1T HY N K
Ui FIE A HE — SR A B, s (R 52 408 30 445 Fg B T DX 3

i o R 5B PE (PDB) (19 Dali 38 & T B L 48
F 5 AR I S5 4 B 1 5 R A Bl Y 45 D
E L, Hodh EAV NSP4 Wi it BoA & 5 8 Z 0%

(21.1) o BN 3k 4 9% 3 B NSP4 i J5 B 25 44
EAV 3CLSP 47 & W = A &5 # 1 . # PRRSV
NSP4 8K 25 7 B8 5 EAV NSP4 # 1A 45 ¥y sk 17 &
TN, 45 UL EL S C, 6 AR ZE R AL, (ELAE =)
A e R 22 0, Rl B 1 A 5 A 3 1 23 1] 7 HE
B 5 AT . 43 34 B3I 4E A PDBeFold (http: //
pdbe. org/fold/) il PyMOL 43 #7 4 J5 # i 22 (RMSD)
& 7k PRRSV NSP4 5 EAV NSP4 3 J7 A fi 22 4
2.67, 3% 1 % B PRRSV NSP4 5 EAV NSP4 1y 4%
FIAEAE W] B 22 5% . PRRSV NSP4EH 45 5%
A SFAN #EAT T 2 J7 1 (3 2 801 A4 It ) L X
(F5D) . BRI AHME AR AE —E 22 5, 389 07 A O
2 (RMSD) H 4.909 A, Jo 5 th i 32 2 1E — A
e i oy A7 B < B G 5 1 398 1 v E e 25 A
29.624 AT HIME

AW G AT o F BB A o AT T S A
B . 2% EAV NSP4 B % VA7 5, 8 B {5
P2Rank 7& £k 7 il % 3% (https : //prankweb. cz/) i ]
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N-terminus

C-terminus

=~

Domain |

A. PRRSV NSP4 IR UL REIE R R . 258 1 BoR s, 258 11 Bon Aat o, 250 5 8 R hw ;B A1 FE
PRRSV NSP4 £5# LU iME R E % ;C. PRRSV NSP4( 5 8) Fll EAV NSP4 (743 {0) 2 [8] A 45 F9 XF 5% ;D. PRRSV NSP4 Fil

B X 55K SFAN 22 8] By 45+ % 5%

A. The overall structure of PRRSV NSP4 is shown in cartoon form. Structural domain I is shown in blue, structural domain II in

green, and structural domain III in yellow; B. The same PRRSV NSP4 structure is shown in topological form; C. Structural
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Fig.7 Mechanistic curve of PRRSV NSP4 enzyme activity
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