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Prokaryotic expression and immune effect evaluation of PRRSY
nonstructural protein NSP1

WANG Wenxing', LI Honghuan', GU Xiaoxiao', LIU Ziwei', WU Aodi', XU Mingguo',
MA Zhongchen"***, CHEN Chuangfu"**"

1 College of Animal Science and Technology, Shihezi University, Shihezi, Xinjiang, China
2 Collaborative Innovation Center for Sheep Health Breeding and Zoonotic Disease Prevention and Control,
Shihezi University, Shihezi, Xinjiang, China

3 International Joint Research Center for Animal Health, Shihezi University, Shihezi, Xinjiang, China

Abstract: [Objective] To express the recombinant nonstructural protein NSP1 of the porcine
reproductive and respiratory syndrome virus (PRRSV) strain NADC 30, evaluate its immune effect
in mice, and explore the potential value of the nonstructural proteins of PRRSV as vaccine antigens.
[Methods] The prokaryotic expression system was used to express NSP1 of NADC30. After
purification, the expression and antibody reactivity of NSP1 in vitro were identified by Western
blotting. After mice were immunized with NSPI1, the levels of cellular and humoral immunity
induced by NSP1 were measured. The level of neutralizing antibody induced by NSP1 was
evaluated by the virus neutralization assay.[Results] The target gene of NSP1 was connected to the
Escherichia coli pET-28a vector for prokaryotic expression. Western blotting identified that the
recombinant protein NSP1 was correctly expressed and had antibody reactivity. After mice were
immunized with the confirmed recombinant protein NSPI1, the levels of interferon (IFN)-vy and
tumor necrosis factor (TNF)-a in the spleen lymphocytes of mice were elevated, and cellular
immunity was stimulated. At the same time, the recombinant protein NSP1 significantly improved
the proliferation of spleen lymphocytes in mice. ELISA results suggested that the level of specific
antibodies in the serum rose after immunization. Further analysis of the specific antibody subtypes
(IgG2a and IgGl) produced showed that the type of immunity stimulated by recombinant NSP1
was biased to Th2 humoral immunity. In addition, the virus neutralization assay showed that the
recombinant protein NSP1 had a good virus neutralization ability, with the neutralization titer of
1:37 on day 28 and 1:31 on day 42, which were significantly higher than those of the PBS control
group and had no difference from those of the commercial vaccine group. [Conclusion] The
recombinant nonstructural protein NSP1 of PRRSV can stimulate cellular and humoral immunity in
mice and has a good virus neutralization ability, which provides a new idea for the development of
next-generation PRRSV vaccines.

Keywords: porcine reproductive and respiratory syndrome virus; recombinant protein NSPI;
immune evaluation; vaccine
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F BT SR SRS R R (porcine reproductive
and respiratory syndrome virus, PRRSV)/E& 4 255 |
RN BRI 25 4iF (porcine reproductive and
respiratory syndrome, PRRS), {4 FRHE W H-9%
JEAERE W Z —, G PRERE 2R
R UREEIG R =, PG . R, DAAT
FEUER L A AR, BRI AT R T H K
ZLUF S . PRRSV By FF4E 5 41 AN 2848 fif Hoydi fb
R SR HLRETE B9 KRR g it iR
BB R G, N A S A AR R 4%
. A 1996 475 E H I & 8L PRRSV LIk,
I T 2Rl 2= 57 0 E 1 PRRSV #E,
X A5 5 5 1Y T I RN A AR A5 T i &8 e
PRRSV NADC 30-Like J2& [ N UL 4FE R 2 #i 1 1HY
FrEEtk, B5EEM NADC30 #5 bk w5 [H
BN R NADC30 #ERAS S AL Mk

PRRSV Ji # ML A4l & K2 15kb, B#F
10 4~uk 2= /0 8 AN FFi 5] 2 HE (open reading frame,
ORF), H:H', ORF2-ORF7 1737 b i 1 4544
FEH(N, M, GP2-GP5 il E), ifif PRRSV #Y%2 il
fi K 1 ORFla 1 ORF1b 4%, 42 HilfEHE A (5
I T AR N A2 3/4 R, X 2 M IX B
Sy it T 2 A I A DG Y £ 2 1 ppla Al
pplab, XEELHE AL M TG SIER 15 FPHESS
¥4 5 H (nonstructural proteins, NSPs), X 4t H
X EE RNA B4 L B - 32 AP0 28 i
PE S 2 K EBO NSP1 2 — 2 IREE A,
5 2 AR 2R 25 1 i (PCPo F11 PCPR)
PAK 1A BEAR 45 H 32 7, PCPa il PCPP 43411
135 NSPla A1 NSP1B (9 [ 3& & 11 K fi Bl
NSPla F1 NSPI1B X 2 A4~ 3 4 % v F 41 fe %
W, X IR B ATT AT RE AT YT 40 T BE Y T
HP1, NSP1 e Wi e ERIERGGRN, Ik
HA AR bt s, NSP1 B H A
JEPURIX S, It BAEASFY PRRSV HEf4 H e 2t
HR I i 5 S MY Johnson ZEU A 5T 2 B,
NSP1 figfE 175 TR b AP AN B W 7= s K HLR
A PR N o X BeFsr 4 R I, NSP1

Al HEE PRRSV FEE M LW HLIR, $mErXT
NSP1 #9058 W A 7E T PRRSV JB i & 4% 25 ¢
BEMEF . SR, FERE N SCT NSP1AE A S 122
B PR R i R WLARAE

HAT, WA AR PRRSV . &
BOAZA T DNA ZEI . W55 1 e 2 4K
Ry, (HEATE b B 1% 9% 7% (modified live
virus, MLV)JZE B RO , HO i Aaf et
L2 UESE, PRRSV NSPs 7£ 1515 15 32 %F PRRSV
JE UL 1 e R B 8 I 24 TR A BT £ Rl ol
NSPs £ B AL 45 14 & A T A i 2]
TRBEER, L, %F%F PRRSV NSPs [ 54
FIRE ) G928 S I ] BE 2 S BLA 3545 il PRRSV
YL G . AR ST o JE AL SRR R R I
4lifk T PRRSV NSP1 A E M, JhxTiZxEAE
HAE/N BRI B RO ST TR, B
FERHT R PRRSV S 18 1T & AR 2.

1 M5 rZE

1.1 ®E. LRI

PRRSV XJSW-2021 #£ (GenBank % 5% 5 A
OR247780.1) 11 Marc-145 4l it ph 7 S5 28 {517 .
SPF %% 6 JRlis BALB/c /NS H i/ 44 SE 56 3h 4
b, S 2 A KA B4
HEHECH AL . A2023-246).
1.2 FERF

/B ELISA IL-10 5] &, Valukine /A A ;
/IR Elispot IFN-y {7 &, Mabtech 23 H]; /MR,
I U I 2L 00 L R G R T T B A o
R A BR TR A F s RNA #£BGR7 &, Jbat
ERELEYHEARBMABRAF ; AR &,
TLI0 B R 2l A R ey 47 BR A F) 5 HRP A
ICHY BB B PR 1gG L 1gGl . 1gG2a, i
W= IEAYHARA R A3 Pierce BCA £ K
WA G, FEBR R RBHE A R Bk i 4
BOAR & CCK8 Wl &, b R ERHEA
BR/NF]; PRRSV HURBAME ML F A SE 56 =R AT -
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1.3 NSP1 E BRI HFM

F 4 NCBI (https://www.ncbi.nlm.nih.gov/) )
PRRSV NADC30 % f£ NSP1 [ & % iz J5 %1
(GenBank # 3% 5 & QBG05658.1) i PSIPRED
Workbench v4.0 I NPS@: SOPMA secondary
structure prediction-NPSA-Lyon-France HITEN
TR EER TN, A A Untitled Project|Modelsy
5 https://zhanggroup. org/D-I-TASSER/#) & %5 [
=Y BRI F ] PyMOL #44%F NSPlo 5
NSP1B #4753 FRHERB
1.4 FBERKNAIE K

X} NSP1 [EEH 3317 20 T4k, H7E
FLH WA R R BN BamH 1 F1 Xho 1 B
B, B BN S KT pET-28a #A#ET T
HEHE . HA R R b R A W R R A AT BR
NSRS
1.5 FJRFRNAEEYILEE

F5 B NSP1 H 20 Bk 351 7 XU 45 0
B Z . ki 10 uL, ddH,O 6 uL, Buffer2 pL,
il (M &y 50 U/uL) 4% 1 uL, 37 °CoK i fif 1)
4 he FEVI=PIH 1% BENRBEEE RS AT R Tk . X
Fit U] 1E B %) SR A e [T WSS 26 0 O AT R AE
BHEA FRA R .
1.6 FJHRERANEZFTIESHSK
1.6.1 EREFRMAEFEK

W 45 IE i Y 4 Ok B i A
BL21(DE3)EAZ AU . Ko b= A T35 A
IR KRR R K )Prrkny LB BiASE IR -, T
37 CCEIRIEFRAA T R SR . 2 2 RPRBCA TR
7% 37°C. 170 r/min ¥&3%153% 12 ho 3535000
PR S 50% Hl 1:1 09 e 247 T H i
B, BT 20 CCUKFRHAE
1.6.2 EFHREERFRIEZHFHMKL

B H B T 37 °C . 170 r/min $E IR _E
WSRO0, 2. 4, 6 h i, ZrollidE 1 mL B TT
JE; 16 °C. 170 r/min $&K L TIRIEE S 12 h
BFCAE 1 mL WK DLVE , T8 UL TE #E 17 SDS-
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PAGE Hiyk , #fi /& fic 235 5 i ] fl e A5 %
R
1.6.3 EHEHBAEK

HRHE T AH B B A AR R TR A
AR TR VR DL Ve A R P R (TR 35 W, UK,
THESs, 15 5s, #7530 min), BEFER 8 000 r/min
250 30 min SR g 5TUCKE, it SDS-PAGE
e EAEAMERBIEAG, A EA
HATAAL . Sk e M R A BT AR AT R
B, OFRMECAWRE., dbEMEAET
=20 °CUKFRAT
1.7 EHEBNLEE

W T 4H 7K 134T SDS-PAGE, HiIk45 R )5
PEATHE R . SEMEES o, M 5% WENE WA &
PIRAE 4 °Cad R . WG 76 = IR T KR IR
90 r/min ¥ F —PL 2 h, PEIK 5K, FRFEIR
90 r/min M¥F i 1 h, YEME 5 K., fEREER,
B S A T R
1.8 /MREFEAIE

Bratifb i i R AL R 1 S Bl 1%
BE o BT /NI N L2 A, g
X /N BRGEA T 17 2 2R LA Ay 9 938 1 B 1 o) e
BoRE NG B 7 d HEATWTRSR M . B AL IO P 2
STAE (L LEERR CH-1a) /e 4 0 IR
1.8.1 $FFMIiAKFE

PERT /NG 28 d Iy 14 7R 45 1 0 32k [R] 42
ELISA 5 5 5 PEPU AR I s I 25 o 4% BT 1k
A AT I AL A T . 5% IR W A
M. —PiEE . —himE . Ba, &k, &k
4 5 min PN H bR 4G & ODaso 4b 1Y W S
JEAE
1.8.2 BRAEME LR IFN-y 337K

FEH KA RE /N RS 5 28 RAIEE 42 K,
TG TR 43 15 /0 LA B bk B8 200 16 K43 5 g G
JPE B 28 40 L DA L 1% 108 A4 240 i 1) 35 2 e o 81 i
ST TFN-y 1Y 96 FL L, Bl 2047 H 0T
BTN SRR IR 48 he Z I FEBHRT,
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Table 1 Immunization schedule and grouping of mice

451 H PV BT BPEUEL o e 1

Group Number Vaccine Immune dose Immune frequency Immune cycle

1 12 NSP1 50 pg+50 UL 2 0d,14d

2 12 PBS 100 uL 2 0d,14d

3 12 Vaccines 100 puL 2 0d,14d

XM EAT 5 IR e .+ 18 Elispot IFN-vy 5 &
FIUL B AT R, AR BT AIT Z IR E
2h, FRRIEG S Ko MIABESE EF1 22 0
B Lh, FRREEG S Ko IMAGIEE R D
PEATBE A 60, (K F R K bk DAk B
RN . e, WP, AR
PEACRUAREA AL YA BRAS R T
1.8.3 BB EBpEIEE

5 Ik T 41 B 2 BR A L 1x10° /> 41 JE i 7
96 fLAR I, HEATHUIANIE B T 40 R 7 A
i g%, fiIn A CCK %W 4 h J& FH B b 43 i B
ODyso A WG BEAE , 15 00 384 45 %X (stimulus
index, SHUNA (DR
STRIFE I = CRIT AL — JC ot e £L)/ |
CIERE S L — T o0t HEFL)
1.8.4 FA B B 40BE + ZHEE E F mRNA £
FRiLIKFE

W8 15 1 G AR L A L A A 24 FLAN S FR AR
e, BRI P 1 D 2 R R i A
X, U 24 FLAR T 40 M 15 77 46 15 97
24 h JEWORE, BEECRNA, MR S R Skl
cDNA, 4 cDNA fE R BIAR#H1T2¢ ' 1 PCR
K45 41 P F mRNA KPR 28k
1.8.5 NERIIFEH IL-10 BIFRIEKF

FHRT AR /N B IL-10 ELISA 5] & 5E /s
FROMLYE P Y TL-10 ik, #95 BR G0 S i e
Ve, FIFARE S RIVERPRAEIIZE, 2RI TR &
WG BEE XS N 1 TL-10 Rk .
1.8.6 HANFLIARIKFE

TS I 5 95 7 (75~ PRRSV XISW-2021)

) TCIDsy, KHE};FE Marc-145 4Hf . BHUEE)
28 d 5 42 d /MR 56 °C/KTA 30 min #K T
2o AR R IS SR EE A B/ 2 h (i
“h 200 TCIDso), “F-F2 2 96 fLANMIRE It b, 5
AR 1 h )58 1% MR 4 1 i) DMEM
Yefeyle, S 1 RIS RS, LIREMR T
50% £ LA 2SR L 14 10 5 Ry v AT R BEE o
K FHl Reed-Muench 7% 1155 H AT {4 (neutralizing
antibody, NA)J# i .
1.9 HIESh

TR B K FH GraphPad Prism 9 R {4F3E47 %L
[Kl 2297 2243 (two-way ANOVA), & SD #:56
AT A Z LA, P>0.05 I, MM 2E R
it X (ns); P<0.05 NZESA G5 X (*
P<0.05; **. P<0.01; ***. P<0.001; ****, p<
0.000 1),

2 BER50

2.1 NSP1 ZE BTN

W 31 PSIPRED 1 SOPMA 7r £k T. H %t
NSP1 £ 1A T 553, Bl 45 28 W oRix
HEAEE 4P R o BE S BN EAMN
20.60%, BB 5.76%, JCHIEER L 53.93%,
FEAEE 1 19.63% (B 1A, 1B), —ZRZEF T &
P, NSP1 AT FE4 180 1o & Fh R Ak F 246#%
JE R NSP1a (& 1C) 1 NSP1B (& 1E) 2 4~V
NSPlo [ = 25 BB AT K PE 538 91.00%
(E 1D), NSPI1P B =g g5 Ml (i hir A B34
S 91.91% (& 1F), FEPTH a0 — g 45t il
FE NG N [TEAE UV X (R ) 5 i KR AP X ()
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D e
 JREmEEE %0 w U
101 MEEEENE A c a7 EEN ) \
ISl PEPGATHYLTNLRLP ) \
i HENPENSEEEEEE \\i// >
0 v ACKNERRREEANGLRAVVDR TGP VY QY FAVKESWI RHLKLEGERDY PG \ v | y \
............ ;v«nn”u;’”.rusm;wv . . ‘ - ,“\ l\\- \
o \ \
Strand W Helix Coil [ Disordered o0 ‘; [:%\\ . \\\J--‘
] Disordered, protein binding [ Putative Domain Boundary [ Membrane Interaction [ Transmembrane Helix | N \ ) 4
Extracellular W Re-entrant Helix Cytoplasmic Signal Peptide \ U \ ol
W Metal Binding \\ /‘ L 4
\‘\ ( ()
~ . N
~180° /QQA\\ h | 4
180° 0° —-180°
D
B F
1(‘) 2(‘) 3(‘) 4? 50‘ 6(‘) 70 180° \ - ‘
MSGTLDRCTCTPNARVFVAEGQVYCTRCLSARSLLPLNLQVSDLGMLGLFYRPEEPLRWTLPRAFPTVEC ‘ ) \
hhhh ttceeeeettceeeeeh hhee hhhh /} 1
SPAGACWLSATFPTARMTSGNLNFQQRLVRVAAELYRAGQITPTVLKNLQVYERGCRWYPIVGPVPGVAV “\ » | [ y k.
ttcchhhhheehhhh hhhhhhhhhhhhht tecchhhhhhhhhhe tteceee teee \ 2 “' \ (e \
YANSLHVSDKPFPGATHVLTNLPLPQRPKPEDFCPFECAMADIYD IGHDAVMYVAGERVSWSPRGGEKGK | [ X \ A}
ee ecee heeeettceeeeeetcceee vo0° .‘\ .‘ N ‘\\ 4
FEAVPKELRLVAERLYASFPPHHV INMSDFTFTAPECGASMRVDRMQGCLPGGTVPEGNCWWSLFSSLPF ‘\‘ X \\ ) q/
hhhhhhhhhhhh hhhh eee eecttcceeee \ e ) \/
KAQCREVRLASQLGYQTKHGVAGKYLQRRLQANGLRAVVDPTGPIVVQYFAVKESWIRHLKLEGERDYPG \ =
hhhhhhhhhtt hhhhhhhhhttceeeecttcceeeeee heeee ‘ [ 5/.\“
FENLLRIRTEPNTLPLTSKDERIFRFGFHKWY | \\\ {
eeeeeeee eeeec e —180° &= A\\ b | A
o o o
Sequence length : 382 180 % 180
SOPMA :
Alpha helix (Hh) : 79 is  20.68%
310 helix Gg) : 0is  0.00%
Pi helix (Ti) e 0is  0.00%
Beta bridge (Bb) : 0is  0.00%
Extended strand (Ee) : 75 is  19.63%
Beta turn (@e); 22 is  5.76%
Bend region (Ss) : 0is  0.00%
Random coil (Co) = 206 is 53.93%
Ambiguous states (?) : 0is 0.00%
Other states s 0is  0.00%

Bl NSPIEEMLMTAM. A: PSIPREDFININSPIZE 1 —HKE5M45H; B: SOPMATMINSP1EE [ %%
ZEMEESL; C: NSPla =R ZEMHAL; D. NSPla =25l El; E: NSPIB=ZZ5F#i%l; F. NSPI
SREERATEL G NSPIMM MU EESS & J5 1 =AY, H: 28 SRR IT 2 F0 1) =454
St S S DOE I E

Figure 1  Structure prediction of NSP1 protein. A: NSP1 protein secondary structure prediction by PSIRPED; B:
NSP1 protein secondary structure prediction by SOPMA; C: NSPla tertiary structure prediction; D: NSPla
tertiary structure Rush diagram; E: NSP1p tertiary structure prediction; F: NSP1p tertiary structure rush diagram;
G: Tertiary structure model of NSP1 after the combination of two separate subunits; H: Tertiary structure model

of whole protein amino acid sequence prediction; I: Molecular docking simulation.

() 28 HE IR B A o5 AR I B Y U s T 90.00% 5 T A a1 a BEIR 91 TN i) — 2 4 A AR Y
WA AR R AT G R AT, 6 (B 1H) f7AE25 5%, ad@id PyMOL #1770 1
JI I-TASSER Xf NSP1 ) 2 ANEEEF AN EAT ool XS EEBl (8] 1), A 2 AN HEIFE R S ke
MR R, R 2 DRSS BRI 1G) MRS E N T R T2 RS A 455, X
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ey W R R VAN A I A g e = W bp
YIREm AR 1L
2.2 EHFRAWEETILE 13 000
445 i NSP1 R 2 BRI 7 XU S 2 5000 3 369bp
gE R B oREE DS ) TORLAS B 2 S5k, RNV 2500
5% 5369 bp Al 1158 bp, S5 HUHAYH MR 1158 bp
ANHEAE (PR 2). %) 5 TE W 9 A4 A [l 1000
Wk Iy, 25 RS B B SR B DT e R 250

H100%, 2B T LB A H T A 1 B PO

23 EBHZANSPILHERRESHNL 5 swmpmeowsyss. kM. 15k
i1l SDS-PAGE 73 #7 1 TEAFIE 54T DNA marker; VK 1: WE§UIEORL; KiE2: K

PRI . KSR, RAEE W

NSP1 7 37 °Cifss 6 h (I F A i E, HILihE Figure 2  Double digestion identification of

37 °CiES 6 h HELIE ] NSP1 [R5 S 4  recombinant plasmid. Lane M: 15 kb DNA marker;

(B 3A). 78555 rh DU S 36T T R Lane 1: Double cut plasmid; Lane 2: Uncut plasmid.

Sk, N T RIFLLE EAIE A NSP1 (Efk

S0 TF B Bk BOHUPR I b, HEFF T Western 2 EIUAT RAFHOSRAEIEE.

blotting 9%, 45 L%, WAIEM NP1 fgy 24 REMFN

55 His bR % 04 (& 3B) LA &% PRRS BHE IfiL 1% BSOS /N R E S 7 d NI AR E AR

(B 30Ktk dh &, HHAEZ 42 kDa b BiAE 1k, WK 4 PR, /DNRTEE RGBS 7 d AL

Mgy, XS B E A A NSPL 8 FiAH W) 7d WER IR PR, A4

o X RMIEAE A NSPMUBETEMSMERR e iilml/h BUA SRR KR E . HA 5 /DB

A B C

kDa M 1 2 3 4 5 kDa M 1 kDa M 1
50 70 !

70 40 42 kDa 50

55 42 kDa 0

35

25

10

E3 FEFEANSPIMNAIIREEREBREMLEE. A: TAEARBHFORAGKE1-4: 5351837 °CI
F0. 2. 4. 6 WEER IR DINE; VKIES: 16 °Cifs 512 hiER IR DITE); B: B FINSP1 5 Hishr &
PUARRY SN ; C: B FANSP1 FHPE L 9 S o

Figure 3  In vitro expression and immunogenicity identification of recombinant protein NSP1. A: Optimization
of expression conditions of recombinant protein (lanes 1—4: The bacterial solution collected at O h, 2 h, 4 h and
6 h was induced by 37 °C, respectively; Lane 5: The bacterial solution collected at 12 h was induced by 16 °C; B:
Reaction of recombinant protein NSP1 with His labeled antibody; C: Reaction of recombinant protein NSP1 with

positive serum.
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KRS SR R, TREIT AR,
2.5 YRR, AiRRE R iREME T
2.5.1  /ERIMIE KRR BB 48 A 2B BR T B
FTIBIKF

TEB IR G PEST S 28 K55 42 R4 B/
L A G bR L A0 L, - e SR 9O 2 1 PCR
A I AL 9K EL &4 B v 20 B PR - mRINA ) Rk 7K
Vo TEHS 28 KAEF, FAIE [ NSP1 A% i 4l
FIRE 05 o8 0 1L-6 &5 TNF-o (3635, HE4
511 NSP1 4H IL-6 5 TNF-a FZk i L RE 4
IL-6 5 TNF-o [ %3k & B E PR &5 (P<0.000 1),
SR, 34 IL-4 5 1L-10 Y E A &5 PBS X IR
ZH A Eb 3 T 0 2 1 2% 5 (P>0.05) ., FE 42 KHT,
[ A W 2 1) 1 2H 7 (1 N'SP 1 ZH BE i & b in 1L-6
5 TNF-o ) 523X (P<0.000 1), 1M IL-4 5 IL-10
B #2155 PBS X BB 2H A Hb G 8 3 M 2 7 (P>
0.05) (K1 5A., 5B). f#iFH ELISA 7 &/ NG
42 RIMGEH IL-10 B9 FRIA I, M4 bR bl i1
AR ZR (K] 5C), 45 Wn sl 81 NSP1 41
FIVPE T 24 LT IL-10 9Kk 5 PBS X IR 4
AH I TE B PR 25 5(P>0.05) (K] 5D).
252 HHRRGRIEKE

R T AL E A ER 1 NSP1 7R/ U
g1 & WA M S e KT o 7R IR s /N B A

A
20 %@;éé

=15+
2
g 10 -O- NSP1
>
3 -+ Vaccines
m 5
- PBS

28 KNS 42 KK Elispot 3% A M T /1N B
R AR A IFN-y A0 E Ol . 4R,
ZHEE H NSP1 FE4S 28 KAk AE o & Mo i /I BRUpL
R EL 2 AR 406 TEN-y 9 2 B 450 (P<0.05), FH.
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