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Eukaryotic expression of GP5 and M protein of porcine
reproductive and respiratory syndrome virus and
immunogenicity evaluation
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Abstract: In order to understand the prevalence and evolution of porcine reproductive and
respiratory syndrome virus (PRRSV) in China and to develop subunit vaccine against the
epidemic lineage, the genetic evolution analysis of PRRSV strains isolated in China from 2001
to 2021 was performed. The representative strains of the dominant epidemic lineage were
selected to optimize the membrane protein GP5 and M nucleotide sequences, which were used,
with the interferon and the Fc region of immunoglobulin, to construct the eukaryotic expression
plasmids pCDNA3.4-IFNa-GP5-Fc and pCDNA3.4-IFNa-M-Fc. Subsequently, the recombinant
proteins IFNa-GP5-Fc and IFNoa-M-Fc were expressed by HEK293T eukaryotic expression
system. The two recombinant proteins were mixed with ISA206VG adjuvant to immunize
weaned piglets. The humoral immunity level was evaluated by ELISA and neutralization test,
and the cellular immunity level was detected by ELISPOT test. The results showed that the
NADC30-like lineage was the main epidemic lineage in China in recent years, and the
combination of [IFNa-GP5-Fc and IFNa-M-Fc could induce high levels of antibody and cellular
immunity in piglets. This study may facilitate the preparation of a safer and more effective new
PRRSV subunit vaccine.

Keywords: porcine reproductive and respiratory syndrome virus (PRRS); genetic evolution
analysis; GP5 recombinant protein; M recombinant protein; immunogenicity evaluation

¥ B 5 5 P ZE A AiE (porcine reproductive  RIAI K ZH 15 kb, &A 10 DIFHLBEZHE (open

and respiratory syndrome, PRRS)J& Hi & Z 4 Al
I W% 5t i 2% -5 i 9 B (porcine  reproductive and
respiratory syndrome virus, PRRSV)5 [ i) —Fl L)
IR 1Y) S A A (] A 18 5 I I R R Sy 3
BURHE () = BEAL et it IR B4
A BA RREYE 0 B IR0 PR i H-
#3721, PRRSV MR HIE KRR, 43 Rk
PHRL(EU ) A0 R (NA BB R ASS | L3
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reading frames, ORFs): ORFla-ORF1b-ORF2a-
ORF2b-ORF3-ORF4-ORF5-ORF5a-ORF6-ORF7,
H:v ORFla F1 ORF1b Zwfith 2 FPZ Rk, ©ATE
WAR M 14 MRS WER,
ORF2-ORF7 4l 8 P4k 2 11, 54/ i fise
#1(GP2a. GP3., GP4, E fil ORF5a), = %fi
1 (GP5 Fl M)FIRZASEE (N, Hid GPS
AL R T, BB R AR A
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ST AR R EAY. BT
GP5 A 5 7 Sk, BRI RRZ2 I PRRSV 1
WATIENL, 28T GPS AR SR, X & B
PRRSV %1, ¥l apfe e LA EE/ERS,

ORF6 it iy EMESLAL M BB 1 M 7E0N B
it R ERST, A BOR 0 S Rk,
REIM SR 0 M S e, o PRRSV WV B 7 53 i 1l
PR, A, MEATTS GPS A
FEJR B I AT TR ETE B R R AR, ARSI
58 GPS By lE v, GPS Hl M & AN
JEJF & PRRSV JE 1 B L 1. PRRSV 42
IR AT R & AR R AR | GG FISE N 4,

Hop 2L ORFS & [H 2848 f Jp 4 U, R b LA
ORFS 3[R A48 5 hy BE 4t (1) 757 471 43 At i A ot 5%
PRRSV B [K 4370 | GEARFRAE | 35t 4% 6 Ak AL A 1Y
P,

PR B R G T 2 L B T ELA fo g2 Ji
PR S REREAN Fo FBmA T ERE N
BB EAED, BAERKNEEN MG
RERME, Ak, ZRMERIERN AT Fe g
FE AR Chen MRS KB, FE T ER
TE 1 Fe i Begt 45 P30/P54 & 1753 P30/P54 4
SEVEPUAR TR SRS G RE BE 1 T . Luo )
P& R A5 5 2 Y (porcine circovirus type 2,
PCVO)MBE K EEAMBEREREA G
(immunoglobulin G, 1gG) Fc i Bt &, %G
B/ NRUE RS TN T PCV2 Kk
FE PR E K- . Diamos IR IR K9k
(zika virus, ZIKV)fd i 2% #4 48 III (envelop
domain III, ZE3)'5 A IgG1 Fc & & 1 i
ANER, CEERR R LA AR TR, RIR] A
FER) 1gG, $LiligHEA A ZIKV 1§

T ZE o (interferon o, IFNa)HE T 5 41l %
12 R EE S, WS JAK-STAT {5 5@ %, 77k
R mRNA (G, FHIEREEE A, i

&: 010-64807509

il s I A, A [ g T ML RS U
SR R 2 —TH KRS RE BT LR 0 Ak, AN
FER SR A A (plasmacytoid dendritic cell, pDC)32
FIFFE Toll HEZARRNBS , 7 AEM) IFNa A H
e B IE 1L B Ik B 20 R T 96k B 400 i ™ A=
Yo 28, ] DA IR A0 I s,
WIS B K40 ARG T kA, 7eiddk
JE RN RN N M e Ty T R AR,
TFNa 7 R {5 A sk 22 110 1o FH 28 1 v P
Cheng P58 R B, H% IFNa S&41 05 1 By
o B Y B ZH 2 19 P A0 1 AR, AT DL i
W EE P RIPTAR YA O B B ) T 4y
SIGRE N . Sun FEITE P E SR 25 A AE
TR BE 2 (severe acute respiratory syndrome
coronavirus 2, SARS-CoV-2) Y 3% 1k 2% & 1,
(receptor-binding domain, RBD)AJ N 7K it &
IFNa, /s, V55 CD8™ T 4l S,
Zhao FEPYIBEIEH, IFNa 5 H 4 2 I
(hepatitis B virus, HBV)¥ i 3 [ A, IFNa 1E
AR SRR T AR R DS B B o £ Y
I % e BT (hepatitis B e antigen, HBeAg) il £, 7
B 9% 95 B 2% 10 T J5 (hepatitis B surface antigen,
HBsAg), HJHMEH B CD8™ T 4 iz .

AR5 EE GenBank (¥ 72 H 432 T3
(i) PRRSV itk , F: T ORF5 B:[A#E1 135t % i Ak
S, BB AR AT TR A AL o B A
FET AR EE VR GPS 85 1R M R 1A ML A DX I
LR 82 11 1K FUR. pCDNA3 .4-IFNo-GP5-Fe
#1 pCDNA3.4-IFNa-M-Fc, | HEK293T E A%
KIBRGRIIEHEN, SIEATHEIHR G
B 5 W% B 56 (enzyme  linked immunosorbent
assay, ELISA). 50 S BEFIE 60 0 Bt o 1
(enzyme-linked immunospot assay, ELISPOT)3¥
W HA e HOR , Sl 4500 PRRSV Jiid T8¢k 1)
o2 VB 1 B AR AR

B<: cjb@im.ac.cn



4812 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

1A

1.1 ##d
1.1.1 fREFLEA

NADC30-like PRRSV Hi #1 [ £ b 27 34 3¢
A B, TR R AR I B AN
(porcine alveolar macrophages, PAM) I ¥ jiij J&
4 10" TCIDso/mL, 7KJE4% 145 5% (vesicular
stomatitis virus, VSV), PKI15 g F1 PAM 4 fify
(43 BT SPF &) FHAS S 56 % R A7
1.1.2 EERF

Rabbit Anti pig IgG « light chain antibody/HRP
FH A S 56 28 il 25 9T - A7 o Anti-PRRSV-N protein
antibody (¥~ 1 mg/mL)#1 Goat Anti-Rabbit
IgG H&L/FITC antibody (¥~ 2 mg/mL)IE H
TR A W HORA R v . ELISPOT i
& A AR RE B A PR A F
1.1.3 Lz

10 =k 4 JAS —=O0 Wit FA% 42 PCR A IIA
£ PRRSV .PCV2 J& B 8(swine influenza virus,
SIV) K & DA K% 3% (porcine pseudorabies virus,
PRV), ELISA &% PRRSV ik, shysciis
rh R B AL 5 R B AR S B sh Y A
FINCHRH A 22 Lot (IE S . 1AS2022-158),
1.2 A%
1.2.1 PRRSV #&fF# Lo

M GenBank %45 2 T 28 2001-2021 4432
H o [E ) PRRSV #tk (3t 231 #%), @il
MEGA-X #/FX} ORF5 J R kA7 7 41 He o g
ARG REW, HHAE X &3k R &7 ek T 481t
MG R ik B R Bk, ] MEGA-X B Xt
GP5 & [ M 8 1 i A4 T 20 5 1R 7 4 L
Xt T EIE IR EE R
1.2.2 E4HEH IFNa-GP5-Fc¢ #1 IFNa-M-Fe
HFRIER A

B PRRSV ¥if 1t & NADC30-like 1 SD17-38
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FFk(GenBank %375 : MH068878) GP5 [ Fl M
P MIGE R PR LS 4. HEK293T
RIREW WA EH T, S AR IR
1K pCDNA3.4 H1, H N 4% C 5iioalHEs
WUF AT . A IL-10 43WMES K. 5 IFNa., Pk
linker, GP5 5 M & I IAME AR 1gG Fe, L
& DNA F Bofi A3 BsmB I Fil Xba TR 52
], #a3EA%F Aok pCDNA3 . 4- IFNa-GP5-Fc
(8l 1A)F1 pCDNA3.4-IFNa-M-Fc (& 1B), JFk
A o b AR IR PR A W) G . M AR R IR
J5ik: pCDNA3.4-IFNa-GP5-Fc # pCDNA3.4-IFNa-
M-Fc 43 34 2= HEK293T #ififid, 37 °C. 5%
CO, &Ik 24 h, WAL LI FF(4H Protein A 413
fréifl,, #4075 1 IFNa-GP5-Fc il IFNa-M-Fc (1)
FIRALifb i A A YRR PR w58 .
1.2.3  FHREFEEREN

K FA A0 M A I il vk 7 PK-15 4l i B A
VSV {llE B 1 IFNa-GP5-Fc #ll IFNa-M-Fc
TR RIUREETEYE B A KRS R 4719 PK-15
HREERN 2 96 FLAR T, RRAHIE 2= 25 A
B EAE T 10%AH2F 1017 (fetal bovine serum,
FBS) DMEM 557 LT 4 5 M6 FERRE, LM ke
12 MHRERE . 34 96 FLARH G IR, A LR
4 FEAE AR BRI B LR 1, 100 pL/AL, BB
JEWRE S fLES, R E AT LS E
A, PR, SUNAT 10% FBS 1) DMEM)
FPEAEXT AL M EALE A, AU A T i 3
DMEM ##&1) VSV), 1535 18 h 5, FHi4Hi
BRI B, MRS IR VSV IR
FiBE 2 100 TCIDso/100 pL, 78RR BEFLFNE
HE AL AR RLH VSV, 100 pL/AL,
BT BEFL A TC IR 35 % 2, 100 pL/AL, K%
7% 24 h e WESA AR . DAREIE] S0% 40 A
T I RS EE L —DIEERAL, B
Reed-Muench T8 T4 2504 .
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A AmpR promoter CMYV enhancer
CMV promoter
AmpR ‘S BsmB 1 (654)
g Sighal
(815)
/ Linker
(1312) GP3-Ecto
(1328)
5l (1417)
pCDNA3 4-IFNa-GP5-Fe
7410bp (2 092)
Fraa Strep-Tag 11
CAP binding site & & i —
lae promoter 22 .\;': A Xba1(2121)
lac operator 5 i q'_z-
MI3 revl '\K F A
SV40 poly(A) signal a
i SV40 ori (
Cojp, ¥ . =
k"fn,? 5 o HSV TK poly(A) signal
SV40 promoter

1 BE#FRiE R E
Figure 1

1.24 RN ER R
LA E T B 45 K ISA206VG A4 5] Fil
s, SEHAEAIRSWAFNo-GP5-Fe &
IFNo-M-Fe &5 [ 8 5)FAART L 1:1 Bl i o
BLEEwT, 4)E T 2-8 °CIRfF

RIS Mg 10 3k 4 R = 058 Wi
WA RERL ST R 2 41, BV e sse 2H A BRA 4% 5 3k,
B AWK E 2 mLAL M EHETRA TR
(IFNa-GP5-Fc #l IFNa-M-Fc 3 4 200 pg/sk143),
VIR S e 3 JRUG 750 R e, Al il
WAL 50 A ], X BR 20 7 S S5 AR PBS.
VIR, R 3 R s 3 A JCHE R It
SYEILTE, ELISA Kxill GPS A M & A FY
Sk 1gG HUARRLH, FH )4 0 9% 2¢Ot il i
(immunofluorescence assay, IFA)*@‘U[“J RS IETIN YN
W, TEAR)E 3 o o0 B A i s> A 40
fitl(peripheral blood mononuclear cell, PBMC),
YEFT ELISPOT Al .
1.2.5 ELISA #& iRk F

¥ T 24 & 11 IFNa-GP5-Fc 1 IFNa-M-Fc i
pH 9.6 MR AR 522 vl 73 B AL AE 96 FLAk T,
WA 1 pg/mL, 4 °CHBLHIR . 7R,

&: 010-64807509

B AmpR promoter

CMYV enhancer
CMV promoter
AmpR L BsmB 1 (654)
oo Sigial
(815)
/ -—
(1312) M-Ecto
(1328)
£ (1378)
pCDNA3.4-IFNa-M-Fe
. 7371 bp (2053) ¥ [Strep=Tagil
CAP binding site g Yhal(2082)
lac promoter 4 o S
{lacoperator] “3a S &
MI3 rev K & A
SV40 poly(A) signal
W SV40 ori ){
‘“0»?/&. < HSV TK poly(A) signal
o B
SV40 promoter

Eukaryotic expression plasmid map. A: pPCDNA3.4-IFNa-GP5-Fc. B: pCDNA3.4-IFNa-M-Fc.

FH PBST (%4 0.05% Tween-20 [ PBS 2% i)
Ve 1 RE A E (%A 3% BSA B PBST),
4 °CHH R . 7] PBST 543 B i i 375 7 B
40 f5 5, AT 4RSS LLAR RS, FERE 11 BB,
BAMRBEERE S MEE., FEHR, A
0.05% PBST ¥ 1 Ja, MIAFBATAY I
37 °CI¥H 90 min, 0.05% PBST ¥t 5 &,
AH PBST #218 1:5 000 74 % ) —$T(Rabbit Anti
pig 1gG x light chain antibody/HRP), 37 °Ci¢ &
45 min, PBST ¥ 5 J&, A TMB &,
37 °CH#E 15 min, JilA 2 mol/L H,SO, 4 1| &2
o, (i FREPRIXAE 450 nm P K AL OD E.
1.2.6 HFRLEG

B BB IS BT 56 °C/K AR XK 30 min,
TERBE TAE & H 1 JC FBS RPMI 1640 £33 3
BB 2. 4, 8, 16, 32, 64, 128, 256 %
J . A 96 fLti ., 100 pL/fL, &R %
B 6 MEKE; HIA 200 TCIDs, ) NADC30-like
PRRSV Ji #3100 uL/FL, FE51R%AT 37 °CHEH
L he FEdAMREFRIE B3, A BRI 9 5
RAEW. 37°C. 5% CO KM EM 1 h )5,
FRMLIERERIR A, FIJCI PBS Bk 96 £LAR,
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A 10% FBS RPMI 1640 55355, 100 uL/AL. &
24 h B ARAS , B5FR2y 48 h J, TR
Bl CPE g iz st g, HEZ R H R &
15 min, PBS %3 2 5, LA 0.05% Triton X-100
B 15 min; PBS PB4 2 K, F 5% BSA ]
30 min J& , 5+ LB W, LA —$HT(Anti-PRRSV-N
protein antibody) 4 °CH; HE 7% ; PBST ¥tk 3 IK
J&, A —#i(Goat Anti-Rabbit IgG H&L/FITC
antibody)Z IRMF 7 1 h, PBST PRk 3 WG, TE%
FEENE WA T LS5, #i I Spearman-Karber
BT AR
1.2.7 PBMC H4% & & ELISPOT #&

TG TR R A 93 AL RN X HR ZHL AT 0 B b st 4
I, JASEARF PBS # s o fEELAE
A5 mL Itk B2 A3 v, P EEL DA I R R A
PIPTEES 1N 5 mL /N TEST B BT, &,
K557 500xg B0 25 min, BOJE, FE L
JZIM2KZE, BOFE L%, A 10 mL PBS, /)
O W2 BRI J) i 3R B A4 B 22 248, 250% g B0
10 min, VRN, FEOF BWE, A SmL
i) PBS B A4, 250xg 0> 10 min, FER %A
BR—WK . 7 i, EREIFRAFAIE. ELISPOT £
WEE, P 2H % 11 IFNa-GP5-Fc 1 IFNa-M-Fc
S H PBMC, JFi%E ConA HIIEAE N
FHAEXT R, A4 B 4 B8 ELISPOT 350 & il B
5 K65 0] 240 it 43 96 TEN-=y AR D
1.2.8 HiEALIE

P 2 [ A HL R I WU 24 2E t-test K5
(unpaired, two-tailed Student’s t-test)7;H7 2= 7 i
FEPE ¥ P<0.05, *¥: P<0.01, **%: P<0.001, ****;
P<0.000 1, GraphPad Prism 8 {4 FHF il & .

2 HZRE5OM

2.1 PRRSVHIRZEBS
M GenBank ¥ i T #% 2001-2021 443 B4

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

M [E #Y PRRSV #:4k 231 ¥k, i@ 1d % ORFS %
RS X, SR N-J 3578 MEGA-X Hofh 3
T ORF5 HHMARGEKEW. 231 thikkd,
Sublineage 8.7 (HP PRRSV-like)it &4 86 £k,
Sublineage 1.8 (NADC30-like)iG & AT 72 ¥k, W
R A 37.2%F 31.2% (I 2A), H
Sublineage 1.8 (NADC30-like)i Z 5 [t 32 w4
fn, 2001-2007 4F i b2 0, 2008-2014 4 i Lk
15.4%,2015-2021 4 (i tt 39.5%, Sublineage 1.8
(NADC30-like)iff R AN 2015 4 J5 B AT 1)
E#iE & (8 2B),

GPS M EAXMAUIEEHEZKX 1
(hypervariable regions1, HVR1) (32-36 aa), 1 #ll
2%\ [X 48 (primary neutralizing epitope, PNE)
(37-45 aa)FlF4AE[X 2 (hypervariable regions 2,
HVR2) (57-62 aa) = &% X, i i %)
PRRSV AfAliER GPS & MMM E LR )T
ST XS, R FEAR R R ATE 2 e
X, TR RN A XS X R SF . Sublineage 1.8
(NADC30-like) 3 % 45 Sublineage 8.7 (HP
PRRSV-like) 1 R &bk GP5 5 A 4h & L R
FE5 He %t & B, NADC30-like PRRSV 35l 2
FEFR AR L 5 S32N ., N35S. I39L. L47I,
A5TK., Q58K F1 K59Q, 7E GP5 I 33 ik
A RAMRRERI RIS, TE5S 60 i KA RAMEREHY
A 20). M EARMEINIIEFEEH 1-17 aa,
IR P S HIXTERSE, Sublineage 1.8 (NADC30-like)
% 2 5 Sublineage 8.7 (HP PRRSV-like)if & M
AN IR P 9 R AP, F R
RANLREAAET M ERSE 5 MM 15 67, 47
Wk LSI #1 P15A (&l 2D),

[H I e B NADC30-like 3 R bk SD17-38
(GenBank & 3% 5 . MH068878), ffkH GP5 Hi
M ZHF RPN, A A% R IR 3A
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Sublineage 1.8
Sublineage 1.5
Sublineage 8.9
Sublineage 3.5
Sublineage 5.1
Sublineage 8.1
= Sublineage 8.2
=9 Sublineage 8.7
European type

Sublineage 1.8 (NADC30-like)
Sublineage 1.5 (NADC34-like)
Sublineage 8.9

Sublineage 3.5 (QYYZ-like)
Sublineage 5.1 (Classical)

Sublineage 8.1 (Classical)

Sublineage 8.2 (Intermediate subgroup)
Sublineage 8.7 (HP PRRSV-like)
European type

D
Sublineage 1.8 (NADC30-like)
Sublineage 1.5 (NADC34-like)
Sublineage 8.9
Sublineage 3.5 (QYYZ-like)
Sublineage 5.1 (Classical)
Sublineage 8.1 (Classical)
Sublineage 8.2 (Intermediate subgroup)
Sublineage 8.7 (HP PRRSV-like)
European type

B
E— 100%
siiancancs
;_3H§§§§ 90%
80%
70%
50%
38 40%
o 30%
51‘
R 20% 39.5%
~ it 10% 15.4%
— e 0%
:fm%u 2001-2007 2008-2014 2015-2021
e
e {1
s Sublineage 1.8 (NADC30-like)
Vi Sublineage 1.5 (NADC34-like)
@z’.’,",’,‘gf Sublineage 8.9
\*é??’ { Sublineage 3.5 (QYYZ-like)
é’?&? Sublineage 5.1 (Classical)
3 ,"'g,f" Sublineage 8.1 (Classical)
@?gf’ m Sublineage 8.2 (Intermediate subgroup)
,6%3,5,,5? = Sublineage 8.7 (HP PRRSV-like)
o European type
HVRI PNE HVR2
32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 38 59 60 61 62
N - NS S5 HLQLIYNILTIEELNGSGTDWLEKXAQQNEFD
M NS S S S kR LEL I ¥¥NLTId€EILNGTFBWILNIEN F D
NS SSSSHI QL I YybptLTULCETLNGTTUDWLAEWUH- FD
NGNSSSY SQULlL Il YNLTIWLTC CETLNGTIDWLATNS- FD
S NDSSSHLOQL I YNLTULC CEILNGTU DWLANZK - F D
NS NSSSHFOQUL I YNLTULOCETLNGTIDWLANIZK - FD
S NNNSSH I QL I YNILTULTCETLNGTIDWLAOQK - F D
S NNNSSH I QL I ¥YNILTULT CETLNGTIDWILAOQTK - F D
N DN S S T yay |l YNULT I CELNGTEWL S S Q F G
12 3 45 6 7 8 9 10111213 14 15 16 17
M GS S I DDFOCNDSTAAA QK
M GS S LDDT FCHTDSTAZPAQEK
MG S S LDDTE FCHDSTAZPAOQK
M GS S LDDT FCHTDSTAZPAQEK
M GS S LDDTE FCHDSTAZPEK
M GS S L DD FCHTDSTAZPAQEK
MGSSLDDTE FCNDSTAPAOQK
MGSSLDDTE FCNDSTAZPAOQK
MG - S LDDE FCNDZPTAAROQK

El 2 PRRSV RAGZAEBESH
Figure 2 Phylogenetic analysis of PRRSV. A: Genetic evolutionary tree based on PRRSV ORF5 gene, with
the black triangle representing the vaccine reference strains in this study. B: Statistics of PRRSV strain
accumulation percentage in different years. C: Amino acid sequence alignment was performed in the
extracellular regions of GPS5 proteins of PRRSV strains of different lineages. HVR1: Hypervariable region 1;
HVR2: Hypervariable region 2; PNE: Primary neutralizing epitope. D: Amino acid sequence alignment of the
extracellular domain of M protein of PRRSV strains of different lineages.
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2.2 E!AEH IFNa-GP5-Fc #1 IFNa-M-Fc
RyFRIEFALL 1L

SR B A e R RS e v,
IFNa., %4 1gG Fc 4375 NADC30-like PRRSV
ik F GP5 il M 25 10 M A AT Rl 3Rk 2%
PRk R BB A 3A i, Ffilid AlphaFold
v2.2.0 XFEAE AL RO, 25
7~ IFNa-GP5-Fc % H Al IFNa-M-Fc & H ¥ B
W RAARLE (K 3B 3C). ##5ik: pCDNA3.4-
IFNa-GP5-Fc #il pCDNA3.4-IFNo-M-Fc 4L %
HEK293T Afiffirp i1k %1k, SDS-PAGE £ illl
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Figure 3  Structural simulation and expression of IFNa-GP5-Fc and IFNa-M-Fc. A: The construction pattern
of IFNa-GP5-Fc and IFNa-M-Fc recombinant proteins. B: Structure simulation diagram of IFNa-GP5-Fc dimer.
C: Structure simulation diagram of IFNa-M-Fc dimer. D: Expression and purification of IFNa-GP5-Fc protein.
M: Protein marker. E: Expression and purification of IFNa-M-Fc protein. M: Protein marker.
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Figure 4 Humoral immune response. A: Immunization program diagram of piglets (n=5). The blood drop
indicated the time point of blood collection, and the tube indicated the time point of PBMC isolation. B: The
IgG antibody level of GP5 protein was detected by ELISA. C: The IgG antibody level of M protein was
detected by ELISA. D: Neutralizing antibody detection. The data were presented by meantSEM. P values were
determined by Student’s t-test. ns: No significant differences; *: P<0.05; ***: P<0.001; ****: P<(0.000 1.
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Figure 5 Cellular immune response. A: ELISPOT representative count images of piglets PBMC at 21 days after
booster immunization (42 d). B: ELISPOT test results for piglet PBMC 21 days after booster immunization (42 d).
The data were presented by mean+SEM. P values were determined by Student’s t-test. ****: P<0.000 1.
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