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W OE: AT HH AREARNFRE (Senecavirus A, SVA) &5 FAE B AL (Virus-like particles, VLPs) %, »A
SVA ® [0 AT 4k CH-FJ-2017 M & G KB 5 50 H AFseat %, M T ae9 B i AL SVA o9 3 AP 4 & & VPO.
VP1 #= VP3 #)F AR A% & 40k A SR 45 pET28a-SVA-VP031. i@ i X 4T Escherichia coli &3A . FAn BEAT 4t A=
PRI B LR, 3RAF SVAVLPs, B4 b F R MALE T R 7, SVA #9 32540 B & IRIME4% A 1 E AR B £ %) 25-30 nm
49 VLPs, JtH )4 %K% R A, % VLPs %A 2R UK R 7 £ &K -F e R 45 7 1 F fedidh . L F
R 4ER A SVAVLPs & ¥ 69 A6 £ 2 T sk,
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Generation and immunogenicity evaluation of Senecavirus A
virus-like particles
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Abstract: To develop Senecavirus A (SVA) virus-like particles (VLPs), a recombinant prokaryotic expression plasmid
pET28a-SVA-VP031 was constructed to co-express SVA structural proteins VPO, VP3 and VP1, according to the genomic
sequence of the field isolate CH-FJ-2017 after the recombinant proteins were expressed in E .coli system, and purified by Ni*
ion chromatographic method. The SVA VLPs self-assemble with a high yield in vitro buffer. A typical VLPs with an average
diameter of 25-30 nm which is similar to native virions by using TEM detection. Animals immunized by SVA VLPs shown
that the VLPs induced high titers neutralizing antibodies in Guinea pigs. This study indicated that the VVLPs produced with
co-expressing SVA structural proteins VPO, VP3 and VP1 in prokaryotic system is a promising candidate and laid an
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important foundation for the development of a novel SVA VLPs vaccine.

Keywords:

A BIZENKIRTE (Senecavirus A, SVA) =Z/h
RNA Ji5 # £ (Picornaviridae) % PN &% 5 J@
Senecavirus [ME— 80, 5 BERL T 5 1E iR
ghby, JCHERE, EARZN 25-30 nmiY, 2002 4,
IR T ORI 3 [ I B N — S = ) A i
B . T SVA X IE R A SUT0EGe M, H
SERETE M A M b S, DR X o 1 R A
F8 FEAE R R A,

2007 4F, INEERWEE A BT B IO BUZHR B8 5
¥ ¥R & KB % (Porcine idiopathic vesicular
disease, PIVD)A %P, BhJE7E 2012 4F, [E W
IR R HGE™ . 2014 4 2 2015 4E%), SVA
THRTEEYE . thE | SEE. FEE . SHELT . B
P 22 I R 2 R AR R P BRI,
5 HIR S TEER YT SVA Zy sk, A BIZE Y90 0
I ACRE IR 5 11 (Foot-and-mouth disease,
FMD) #HLHXELAX 43, RGO B R4, ™
foE R & B BT, MIERT AL SVA
JEVE, R A ST

S EEFEWURL (Virus-like particles, VLPs) 2
— i ER o EE A ST R 1 B AT RO B 2SO Aok
WORL, A SR EEAZ IR, AR BA R 3 VLPs
HA 5 H SR A R SO U A . =4k
SR RNBTIE AL AT, BB DL N SR R e B R
PR A, TSR, BARE R
JPE R A W s, RS AT RO R PR ) e
i s v MY T VLPs B R, DR
/g o8

JEAZ KB R RIS RGE R A BRIER R RiE
RO R A P AR SO A, A — T 4
EAWINRIIRS, FFHAEZH VLPs F 1
WSR3z M ACHIRSE R F R I T B ik
R, W R EUR R R AL FTE ML R IR SVA
3 FhaEtEE VPO, VPL il VP3, 23t 3EFlZHT
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ai LRSI H 41%%, RNl & T HA R Al
B M B9 SVA VLPs, &7 SVA VLPs 21 19
R B T Sk

1 MB5FE

1.1 4. fwE. FWIFEZRAF
SVA 43 B ¥k CH-FJ-2017 (GenBank & 55

KY74510) HIASCH % /385 . RA7; S8 B L0
il (IBRS-2) . KIWa#T /832 4 DH5a F1 BL21(DE3)
HIAS S5 % (547 ; DNA F41A K] & NEBuilder®
HiFi DNA Assembly Master 5 [§ NEB /3w ; /)N
Pi His-Tag By BEHiiAR . HRP FRic A9 IL=EH/N R
IgG Hifk . HRP #Ric i LLEH05 19G HLikF1 HRP
FRicAY I AP R 19G Hiiky A ¥ E Abcam 2y
A); HisTrap FF 825 FZ MR AKTA purel50
aifb U B 3EE GE Awl; &S EE HT7700 1
H HA H LA F ;3 FC 58 A RN 58 44455 1t
H3EE Sigma A KRG B B E R R BE
M BT SL B St s SUMO & I A
et R ERHE A RA ],

1.2 FHERIEFRHKL pET28a-SVA-VP031 EI#
B5%%

H45Lh SVA CH-FJ-2017 Eitk 3 Rh&hie & 14
VPO. VP1 Fl VP3 By P4 a7 %
FRFEW T, PR His-SUMO Bl & hr2s iR
PR 91 53 ) S5 D0AR e R 548 2 1 R R R K
T 3 Brat A B bR F1 3L 751 His-SUMO-VPO
His-SUMO-VP3 Fl1 His-SUMO-VP1, 4%} Btaf& Ik
K73 ) & A5 4% A 9 RBS FR 81 I BlIE R IE L K IRE
5 (AL G RREREFHCA R A [ G ). K
TFREEREAMSY (F 1), 40T PCR ¥ i
His-SUMO-VP0. His-SUMO-VP3 FI His-SUMO-
VP1 =Bt HMEN B, SRJ5#E1T DNA Zifkml
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. 7 DNA H2H i £ NEBuilder® HiFi DNA
Assembly Master, #1773 Bt HFEEF F B 5
WAR B[Rl 2 DNA T8 iE 8, g4
0-3-1 Jiilfy 44 3 Br H WL B, fiz B iy SE A
Fr oMl pET-28a(+) HiABTRLS3%4 BamH 1 FlI
Xba I MEEVIJE, #47 DNA gifbEllk, F06H

T4 DNA 40, 16 CiEfzidk, MR HEH
F ik kL pET28a-SVA-VP031 (& 1), 4 T 4H Foks
54k, DHS5o JERSZASANNL, PRI e TR VA B K s
&, P FH R B IR G B B 21 Foks , T Hind TIT
M Xba T #ATAEGYILEE , FFE A AP 4 E H
BRI 51 1 1E 4 AL,

=1 SI¥MF%

Table 1 Primer sequences

Primer name Primer sequence (5'-3’) Size (bp)
P1-F CAATTCCCCTCTAGAAATAATTTTGTTTAACTTTAAGAAGGA 42
P1-R TTACTGTTCTTCATCGGTACCGGT 24
P2-F GTACCGATGAAGAACAGTAAAATAATTTTGTTTAACTTTAAGAAGGA 47
P2-R TTAATGAAAAACATAGCTCGGATTGC 26
P3-F CGAGCTATGTTTTTCATTAAAATAATTTTGTTTAACTTTAAGAAGGAGA 49
P3-R AATTCGGATCCTTACTGCATCAGCATT 27

(8 798) BamH 1 Hind 111 (8 823)

9 000

U
| _2:7 terminayo,

6xHis e Hi

PET28a-SVA-VPO3 1
9000 bp

6xHis

(5030) Xba 1

~T7 promoter)

1 FHEKRIARHK pET28a-SVA-VP031 R E
Fig. 1 Schematic diagram of recombinant expression plasmid pET28a-SVA-VP031.
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1.3 EHHEHEAMFSRESAL

W 5 41 ki pET28a-SVA-VP031 %4k E. coli
BL21(DE3) JEsz A, PkICBA M5 v Bt v T
5 mL 7 50 pg/mL RARE R (Kan) AYW A LB 55
FREEP Y ORRE IR, B 1050 MY HEHERN TS
50 pug/mL Kan f1A LB 53531, 37 °C . 220 r/min
Fig% 4h, HRE ODeoo [ELIAF] 0.8 ZEA RS, A
22U A 0.5 mmol/L 19 IPTG, 16 ‘C. 220 r/min
PSR 12 h J5,4 000x g 250 10 min IC4E A,
FAAE-#r22 vhi i (50 mmol/L Tris-HCI, 500 mmol/L
NaCl, 20 mmol/L Bk, pH 7.5) LA 1 : 10 Ay HE A
HARA, B, RO R S B
W RN, 24022 pm JEEEES, KR GE A H]
PR AZHTAE B B T 4lifk . SDS-PAGE %3
alifbJ5 i HAREE 11, JF 01 F BCA & 1 i il il &
2 2 e e

1.4 Western blotting (WB) £ EEHEH

Ay LA/ BB His-Tag PR TE BT AT SVA J&
JOB M A —30, HRP FRICHIILEST/NR 19G
LAY 196G R —ht, Xaifb)s Y 3 Fhahih &
FIEAT WB 4307, 48 (00 B 65 a4 4 .

1.5 His-SUMO Ft &R &I EBR & SVA VLPs
K¥E

TEAEAL S A9 His-SUMO Rl PR Y SVA 45
FE R AP InA SUMO E i, 4 CHEYI
T KV B SVA 5 F 85 11 Y VA TR T 2
ERZTA, R ZE . His-SUMO #R&45 4
TAHFE, A% His-SUMO Fr%& Ry SVA 45k A
VPO. VP1 #l VP3 TEZE K 11 . i# 4t SDS-PAGE
5 WB Xfafifb = Pk 45 , JF H BCA & M & it
TR G A TR B

WAE R & SVA S5 F B 11 I 28 W T 4 2%
2% P (50 mmol/L Tris-HCI, 500 mmol/L NaCl,
pH 7.5) 1, 4 CHAIR G4 2%BEE R YLt
FH 375 5 e R 2% SVA 25 R 1110 B 2%
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1.6 VLPs iGRIZIEHF
J T PEM SVA VLPs 5055 JE 4, B4tk

JEHY VLPs 2351 5 o I AR AR & 3L Ak, il 4 il
ALK BUAR A, S B B i 200 pg/mL
BEPLPEIE 18 HIKEL, 70 3 4, 2 6 A,

551 45T VLPs 0.25 mL (%405 50 pg); &5 21
A4 VLPs 0.5 mL (% HrJit 100 pg); 26 341K
PR B2, B HK B S 0.5 mL PBS. Sk H
U S S 2, TE IR RIESE 14 d XK
BROEATE ks, 0l TERREE 0. 7.
14,21, 28, 35d RELRM, /&M, —80 C
A28

1.7 SN RN E

He 135 F 56 °CAY/K BBy K IE 30 min, FI A
10%JIR 4F 1L 7% () DMEM K532 LM 1 1 4 FHIR T 1%,
[F) Fsf 358 o i X BRI Z L XGT BEL A 5 B0 B B 22
200 TCIDso, S5 FIm Mg SSEIARFUR A, 40
TR AL, 37 CHEE 1 h; KRS YR 2 ikl
2x10* 4N/l I1BRS-2 41l rY 96 fLAHr, 37 °C . 5%
CO, Hi i 9% 72 hy EWMEE T, Siit 50%
ISR (CPEso)®™ . L 375 14 v AL A LA 0 7
502 55 25 Fr) f5e /0N I 375 5 A8 B 115
1.8 Gz MiE P R F F I H AR A

I ] 422 ELISA X 25 52 56 21 Hu 322 I8 HE A 7K
W, 43t SVA VLPs 4 it . H 50 mmol/L
PR BREh 2% s WK SVA VLPs £ T ELISA i bx
W, 4 CHFEIER; H 1% FIMEAEA (BSA)
4 CCEP 10 hy R R AG ML 0T R TR
111000 JFEaHEREH M AR i FLH, AL 50 uL,
BAFESL S E 3 ME K, 37 CHEE 30 min; HRP
FRIc it E PR 196 B A H 0 14 s % T 4%
1:5000 &S5 A s i fLH, F5fL 50 uL, 37 C
8 30 min; JIA TMB YA, 4L 50 pL,
37 Ca 12 min; HEFLANA 50 pL & Rl 20k %
J7 0 5 ODaso FAE Y,
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2 ER5AM

2.1 pET28a-SVA-VP031 RHifG) % E
pET28a-SVA-VPO031 JivkiZe Hind I1IF1 Xba |
WY IG, 1%R AR REEE I UK S5 R IR, 4
3 800 bp #11 5 300 bp Ab R UL WG 445 S5k 45
(B 2), RANSHWMHEMARF. BElyE, 5
Htr)p 5t A, BBk pET28a-SVA-VP031
L
22 EHHEAMFSREMAIAMLSH
o3RI IPTG 75 5/ 5 5555 AT 1A il
WIS AR I FDTVE, iF1T SDS-PAGE %57 . 45
WL, IPTG 1S5 IPTG Wik FIEFUTET, 4
7 35-66 kDa b B 3 4R A, KD
HIWEMAT, 3 S a G RN SVA 45 E H
PNE#HRE, HREIEENY— (K 3).
23 EHEFBAMAHIMEE
et AR S A2 AT AL X Rl 2GR 10 3 FhEE 4145
R AT alifh, gifb)s R 24 SDS-PAGE %
5E, KZTE 35-66 kDa kbW #] 3 445 R EEA

A
kDa M 1 2

116

66
45

35 =
25

18

14 —

B3 EBEFEMERRIA SDS-PAGE R

250

B 2 pET28a-SVA-VP031 BB WEGTI L E

Fig. 2 Identification of pET28a-SVA-VP031 plasmid
digested by Hind III and Xba 1. M: DNA molecular
marker; 1: pET28a-SVA-VP031 plasmid; 2:
pET28a-SVA-VP031 plasmid digested by Hind III and
Xba T.

& (B 4AA), SRBEEERMAT, BinEN
#) WB 434 B an & 4B, 3 A% His-SUMO Fr2s
1) SVA ZEHE1H SVA JBRYL BH M 5% 1 15 /N R
Pt His-Tag o EHUAS A BT S [ . 4

< His-SUMO-VP0
< His-SUMO-VPI
< His-SUMO-VP3

Fig. 3 Expression of recombinant structural proteins analyzed by SDS-PAGE. M: protein molecular weight marker.
(A) Expression of recombinant proteins before induction. (B) Expression of recombinant proteins after induction.

% : 010-64807509
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35 — - —= ’-k—VPl
B S S VP3

25 — -

13 — - 0

14 — q

4 EHEEMAEUSETE

kDa M 1 2

VPO
VP1
VP3

kDa

M 1 2
55
40
35
25
15

Fig. 4 Purification and identification of recombinant proteins. Lane M: protein molecular weight marker. (A) Lanes 1
and 2: the precipitation and supernatant of recombinant bacteria cell lysate after induction, respectively; lanes 3 and 4:
the hetero-proteins of recombinant bacteria cell lysate; lane 5: VPO, VVP1 and VP3 proteins after purification. (B) Lanes
1 and 2: Western blotting analysis of proteins VPO, VP1 and VP3 with anti-His tag mAb and swine serum anti-SVA,
respectively. (C) Lane 1: SDS-PAGE analysis of the proteins VPO, VP1 and VP3 fused with the His-SUMO tag; lane 2:
SDS-PAGE analysis of the proteins VPO, VP1 and VP3 removed His-SUMO tag by SUMO protease; lane 3: SDS-PAGE
analysis of the proteins VPO, VP1 and VP3 without the His-SUMO tag. (D) Lanes 1 and 2: Western blotting analysis of
the proteins VPO, VP1 and VP3 with anti-His tag mAb and swine serum anti-SVA, respectively.

4k J5 A9 His-SUMO #3525 i SVA 45 #4 25 11 4
i 28 SUMO & M l§iF V) 5 , 17 SDS-PAGE %
E, KATE 25-45 kDa 4b WL %) 3 445 k&
M4 (B 4C), IFHR/NSHENSEMT . &
BLOOE ORI 2 M RE £ B} His-SUMO  #5 %& )5

SDS-PAGE % & 45 R W /n, 25-45 kDa Z [l ()

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

SVA 45 ¥ 8 11 551 AR A4 L T 18 kDa 247 1)
His-SUMO #r%& &7 5 ¢ (K 4C). WB 4551 8
N, 3 FPEEAE S SVA YL B R I T XA
AW I Y, TS /NPT His-Tag 5 5o pe
PR R Sk O (I 4D), Ui B His-SUMO
PR2E T VIR .
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24 VLPs EGTHELTE

R E SVA S5k TEIARSMG H 4%, ff
7 ST E BT 415 S Y SVA VLPs HEFTMEZ K
5] EoR, 7E 200 nm (& 5A) #1100 nm (/4] 5B)
43 HER T, F ] ISR 21 BL 7Y ) B AR 24 25 nm [
R ORL, XA R R, SVA 1Y 3 M4t N
BCNTERSN A BB VLPs.

2.5 SVAVLPs 8Y % ZE 3R

P At 3R15 0 SVA VLPs %K, 45580
N, AR VLPs S K UG 7 d, H7EKR
TR =4 T A8 K SF (9 SVA VLPs 5 ik,
ISR G IS PRS- — T, ) 21d,

PR BRI (B 6A). TEHRE)T 35 d i, A
[Fi) 351 2 B 1) K BRIV LA 7R T 1 ¢ 128 000
(% 6B), fERY TG X SVA VLPs HAA A% By
FHIT,

f#iF IBRS-2 4ifig, L1 200 TCIDs, SVA
CH-FJ-2017 4% Fp & W & K B f 2 1 35 XF
CH-FJ-2017 R Asidfy . 25 R R, il VLPs
SPEHWIR AT 7 d, KB P A AR
log10 HF-34(E K 1.012 5; WIS 14 d, K
FUIMLIE Hh FIHLARRL M logl0 B9 21 1.875; 7
T e s, AR BRI Hh AT B T,
SRS 14 d, FKEUMTE S FAPTRELN 1ogl0

B 5 SVAVPO. VP1#1VP3 E&BFA VLPs BB EMER LR
Fig. 5 Analysis of VLPs assembled by the proteins VPO, VP1 and VP3 through TEM. The shape and diameter of VLPs
were observed by TEM at a resolution of 200 nm (A) and 100 nm (B).

A

S
1

—eo— Negative control
—+— SVA VLPs 50 pg
—#- SVA VLPs 100 pg

wd

Specific antibody level (OD,;,)
b

L. * L2 s——»
0 7 14 21 28 35
Days of immunization

Bl 6 #HilSVAVLPs AR % filliFinikkTE5i#E

B 1.5

—e— Negative control
—+— SVA VLPs 50 pug
= SVA VLPs 100 pg

1.0

0.5

Specific antibody titer (OD,s,)

1000 10 000 100 000

Serum dilution ratio

Fig. 6 The antibody levels and the antibody titers of the SVA VLPs-immunized guinea pigs.
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Bk 2.625, KR th AR KT 512;
fIGHI & VLPs Ss Wik S Ja 7 d i, K B i
HORIBLAR AN 1ogl0 HF-3{EN 0.85; IR G
J& 14 d, KB IE T APTARNY 10910 #9°F-HE
K 155 FEANR GRS, K BRI Hh R BL A4 B
BT E, RS R 14 d, KR TP
XA 10910 SFHME A 2.6, K BRI I Hh AL
KT 360 (& 7).
3 ik

VLPs HA 5 KRG BERL TR DL 25 A4 R 1IE
(ER 55 93 B 56 DR AL TR i R L ge b, ph Lo 45 1
VLPs & 1 A A %505 T AL A 5 7K P 1 G
&L MEW A SR R, R H AT TR
FERBT TS RGP, KT Rk R G A
T, WA R Rk . AR IR SR
Mo 1979 4%, Burrell % & ORI IR A% ik R G0 R
KT I #EAZOPR VLPs (HBcAg VLPs)#4,
1982 4f, Cohen F1 Richmond 1 ¥ FH %o F 45 00
523 JF % F2 1609 HBcAg VLPSPS, [k, K
PR 28 RGME T IZ W T VLPs SR RS . K
J FF 8 2235 2R Gt B e S R B WA L T
SRR R AR TR S B, R EAZ

[ o Negative control
® SVA VLPs 50 pg
® SVA VLPs 100 ng

T Is

Log (Neutralization titer)

\
0 7} 14 21 28
Days of immunization

Bl 7 SVAVLPs KR 24H %% 5 BR mE s i
Fig. 7 Neutralizing antibody titers of the SVA VLPs-
immunized guinea pigs.

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

WAL R TE RAFAE . SUMO B &R/ 7
LRMFBMER, EVEARAREWEAIRE
g AR, AT IR M A A Rk i,
W B YU K AR DL A BE F AR R A IE R T
& . REEHAEATENEDRE, FEF, SUMO
AlA B2 0T LI SUMO B M52 VIR, R4
H AR (1A TS s R i, ik SUMO filvG bR %
Bz T BARPUREE RS Rk 2004 4,
Malakhov 257 4fiE 1 SUMO Bili £isHiA,
1A% RIS R G o B SR A AR R A i 1Y H A
FE, W& B SUMO @& Rk alifb
AP 2009 4, FEFEE XM SUMO Fild
FIRHOR 3l BUTURLFRIE i A 1 B EE (Foot
and mouth disease virus, FMDV) [ VLPs®!,

SVA 5 FMDV [d k7N RNA FRER, 5 EEk:
TR ZE A 5 2 AR F AL, FRATTHT I o R 1
BRI R B, SVA S5F 8 1 Bl b B L&
Wi, PIASBF S T R AL RIA RS, @l
AN OR[N 335 SVA (1) 3 FPgh MR 1, IRl ik
S %E 55 SVA VLPs , AHIF 5% R 1) 22 I i -3
KRG, RN, #d 1
PR AT I v RE G , ] (R B = R Rk
HAREE T, AR R, Hbd T 2 okt
b 7T BE A7 78 A0 B P 0 IR . AR BT 5 i R
SUMO fili & hr%s AL T 2800, B4
T HARPURE A e R IR i, R T RIK
RO —1) 3 Fh SVA S E R, A E k]
VPR H PR T EL 2 5 SR TR 25% L) |, B
P AL TT & I

SVA WEEASE ST VPL, VP2, VP3
M VP4 4HAE, VP2 FI VP4 MR VPO 2 fi
i 8 PO, AR R B K AT T Rk R G R IR
SVA VPO #E 1k A D) #I b 72, AN 3 gl
FEE IR A 41, BeZakAs T 5 KR a
T HRANHBIN VLPs; sh¥) e ik g B, A
WFHl %1 SVA VLPs HA RAFm e it , g
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A SRR KRB e N %, 7= A K B Bt s
SR RIS 25 BT, AR SO SE 45 R R SVA
VLPs & 1 FAF ] 2552 T 564 .
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