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A [ BAY] DB EE (FMDV ) IO B 78 AR 77 5 A b SR A7 3 2 1 T XU , A SC 5 AR 0T A B A5 00 3R 1 25 40 A
L, BN W% R 0998 35 A UKL ( virus-like particles, VLP) | I 38 5o Be AR RS A% 3R 0k R Gl AT 22 05 A 7 RUAS G R 10 B AR
FMDV VLP B, [ Fik] 556k FMDV [ VPO, VP3 Fll VP1 ik &if A 2 [ — pPink-HC JFURL L, P e 544k Se AR iR | 3
T R B A EE AU SRS ] 4 FMDV VLP R H ELISA X H T T i, [SR]IFHAWSSREES, EAREDIC
(Western blot, WB) fill] H i 28 111 1 3R 3k ; 5 2H DB AR JS 500 () 1 TB VR 28 JRE I o6 132 800 0 B AR B 4l VP 230 806K
Ak ( dynamic light scattering, DLS) 3% 5 B 1 $ #9U5% ( transmission electron microscope , TEM) K, v ER B 542 30 nm
BRI AR ; 28 ELISA K0, VLP BB R Rk, i R B Bl 4 (19 VLP B RIFPURE. [ 4538 ] R HM R IL VPO,
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Expression and characterization of foot-and-mouth disease
virus-like particles in Pichia pastoris
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Lanzhou Veterinary Research Institute,Chinese Academy of Agricultural Sciences, Lanzhou 730000, China)

Abstract ; [ Objectives ] Inactivated vaccines against Foot-and-mouth disease virus( FMDV )still bear a risk of virus leakage during the
virus propagation and production process. This paper aimed to develop virus-like particles (VLP) of FMDV, which have a structure
similar to that of virus particles but lack nucleic acids. These VLP can be expressed through the Pichia pastoris eukaryotic expression
system to produce an ideal and more cost-effective FMD VLP vaccine. [ Methods] The expression cassettes of VPO, VP3 and VP1 gene
of FMDV were inserted into the same pPink-HC plasmid, and then FMDV VLP were produced by electroporating P. pastoris. FMDV
VLPs was purified by sucrose density gradient ultracentrifugation,and quantified by ELISA. [ Results ] After induction with methanol ,
the expression of the target proteins could be detected by western blot( WB). Purified VLP could be isolated from the supernatant after
cell disruption and sucrose gradient centrifugation. Spherical particles with a diameter of 30 nm were detected by dynamic light
scattering( DLS) and transmission electron microscopy( TEM) ,and the antigenicity of the prepared VLP was determined by ELISA and
showed a good response, which fully demonstrated that the prepared VLP possesses antigenicity. [ Conclusions ] FMDV VLP were
successfully produced in P. pastoris by separately expressing VPO, VP3 and VP1,providing an experimental basis for the development of
FMD vaccines and the production of other picornavirus virus-like particles.

Keywords : foot-and-mouth disease virus ;virus-like particles ;eukaryotic expression; Pichia pastoris ;vaccine
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SAT3 3 7 A~ LT Y, A i 385 70 2 (] 5 58 SUOR PR 55, R EWRATHY FMDV EZ R My A B 0 B
FMDV EZLEG s A4 RSB, shiid e 2 Ja ol DL 7E 11 3 G0 S L b 3 Hh BK 6, 4 i
W 20, R4S S 5 SE TR 1o, BN S B ) B A B IR, B R 2 4 R AR FMD E
B LA AR 19 % A A 8 YT

TR A ] FMID = 858 2o J2 v VR G A T G0 (P ) v 2y TG E {0 FMD K68 1 A AR ™
T AR AR SR AT A TR B A1 B RURS: o 95 73 J0RE ( virus-like particles, VLP) BA 580 RL A 25
1, BB R REAR L PR E . B T BRI Y T, DRI — R A 7 Rl T T e A Y
3, FMDV VLP E&AemiFLahyani' R Au4n i sirg i an e’ oo sl oy il 2% , (0 HAE 5o ok et v 350k
MR CHGE R . BT, FMD £ Z7E— e 3055 15 5 1Y & v I AT, R ER AR b B R R R ¢
A7 AR IR HE A FMD S 1 HAT — 2 RS S, BeAh, AT R RE IR B B3k 2R G0 LT il 2% [ ) /s
RNA JR R VLP B3RS, il s 2455157 B BE K R 4w i e 45,

WA, 3C B P F1a B4 A — @ BTk, ol DA BfE 32 40 po G se Kk e e
PAFA RN FMDV VLP S22 B AME S R JF HIE G S R IBR G NEL . FMDV J& T/)
RNA 2R} 1 B85 7 8 S E 55 RNA 55, FMDV BURL B4R 2 30 nm, TEHENE, JEFI 2124 8 500 bp, %
e E A P1 ARSI P2 M1 P3, RUMREE M P1 #E 3C FE ARG VI T I AL VPO, VP3 Fl VP1, VPO
TEZ e AR P 2 A VP2 F VP4, 60 4> VPI—VP4 4R 7e " . MRS A FH 5 AR BB %5 FMDV
VLP £ 1 (0] REME , AR SCOR IR [F] — AN Bk L [FEF4 A VPOVP3 il VP 3k & 1Y 7 Ok il 4 VLP,
FMDV VLP {1 il £ FI5E 1 A0 2R AT B8 B SEAl

1 #MR57A=E

1.1 g4

111 EFEZRKF  pPink-P1 Fiki (£47 N1017D+H2145Y €75 )  pPink-HC Fiki O %! FMDV ZHLIiLiE &
0 # FMDV Kif 146S (41 Ry 98% ) Hi J5t 347 i v [= Mb B2 B 22 M -5 = At 5% T 10 B 3 9 44 R AT BA 42
it ; PichiaPink™ Strainl ( F& R A ade2) W F Invitrogen 23 7] ( 3E[F ) ; HRP #RiCHTHE 1eG ikl B AL = R
FKENH,

1.1.2 FRHESE&KEE S S0.S3 F1 S1( 3 1) 23 9I7E pPink-P1 ki E¥ 84 vPo VP3 il
VPI ,ifi3d Eco R I/Kpn | 4ffi A pPink-HC #4153 544 & pPink-VPO, pPink-VP3 Fl pPink-VPI ki, K5
i3S Bgl 11/BamH 1 53 5% VPO F1 VP3 KA &4 A B pPink-VPI Ak 75 3] pPink-VP0/VP3/VPI Jik
(pPink-VPs) (1) . ANk 25 Spe | LAEALSS , HUFEHE Strain 1 kKT, SRRy FLEE K %6 ]
SN EHAETE

*x1 5|95
Table 1 Primer sequences
5 41%F 44 B Primer pair name 5 4%F)F %) Primer pairs sequence(5'—3")
SO0-F/R TTCGAAACGGAATTCATGGGCGCGG/ATGGCCGGCCGGTACCTTATTCCTTCG
S3-F/R TCGAAACGGAATTCATGGGGATATTCCC/AACAGTAAGGTACCGGCCGG
S1-F/R CGAAACGGAATTCATGACTACCTCGACC/CCGGCCGGTACCTTATAGGGACTGCTT

T R RIZ bR i BRI DT FB

Note : The sequences underlined are restriction endonuclease sequences.

1.2 B AFE

1.2.1 Western blot( WB) #& iUl HkHCH MR 7% N A 20 mL (158 2R BB 1% 37 3 (buffered glycerolcomplex
medium, BMGY) 1,30 C }i 32 E H D [H N 2~ 6 W, B O N H UUIE, B B 4 mL & 0.5% H FEAY
BGMY IATRAKEE15 55 72 h, WSS 285 M40, 350 W AB A il 20 min (BERE 3 s, [A1BK 3 s) . 12 000
remin”" B0 30 min, BT RIETT SDS-PAGE , HLIK 45 R 5K S FZ EN S NC B, FH 50 g- L7 AR 0k i &
EERIAE T EMA 2 h, FIFHE 0.1% Tween-100 8RR EE S 1 ( phosphate buffered saline tween, PBST) i
Y3, LLO B FMDV ZHUIiEE N —P0,4 CHEFTER ., PBST IEUE/A PR IE AL (horseradish
peroxidase, HRP) FRicHi B PR T IR TWEHF 1 h, PBST 35 ¥ 3 WKJG , i N 3% 55 4k 2% & Y6 ¥ ( enhanced
chemiluminescence , ECL) Ja AT B}%ﬁlﬁﬁ@[ 12] 5
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1 pPink-VPs M EREE

Fig. 1 Schematic diagram of the construction of pPink-VPs
1.2.2 VLP W4k K ot He0 5 0 sl T s B0 1 mL BB WOINA 150 ~500 g- L' RERH
Hofs BE VAR T |, 35 000 remin™ B0 3 h, BLOESHE LB R H IR 500w AR B IR RE 5
FHER AN 6 RE T E R 1Y) D 5o
1.2.3 ESTHEEME  PAil/E0 10 wL A, TN 48 wm B L, 28 N HHFE 2 min, K401 T,
MEAEK I VE 1, A 3% B4R , &5 IR YL (a1 min, W T 5% B8 AU YL (00, M2 /K35 %6 1 ¥k, JH Hitachi
H-7100FA 3% 5§ B, F . f45% (transmission electron microscope , TEM ) #E47 WAEIf-4A 1
1.2.4 NI ELISA # FMDV  FMDV VLP {4 & & 5% Ji Ut 92 .0 ELISA #:011)  F ] CBS
(pH9.6) ¥4 0.5 g M170 FiikFi ke, BG4 L 100 pl 2] 96 fLAR 35 3 O B85 & 76 4 C
g AL, K H Bl 96 FLAR A VE R, RN 10 g- L7 2R 113 1 2 1 (bovine serum albumin,
BSA) (Bl 100 pL) T 37 CH A 1 h, H TBST Wk 3 WJEHE 40 BE R BE AU PTRAE AR UM A 96 fLAR T,
JFsE 2~3 ANEE AL, W 96 FLARETE 37 CHEEHIEF 1 h, TBST IH¥E 3 G MAKE 0 B Z 4t
1,37 CHE 30 min, TBST WV FIIA HRP MBI Pt IKBRBUA, 7€ 37 CHEETIFE 30 min, AR5
H3,3,5,5 -DUH BBEERE (3,37, 5, 5 -tetramrthylbenzidine, TMB ) %4 {2, 15 min, F 2 mol - L' AR BR Z¢ 11 %
N AE Dy fl . BXEHREE RS FMDV BT B 34 5 # B Ak 2.1,0.5.,0.25.,0.125,0.062 5,0.031 25
F10.015 625 pg-mL B EE, Hi%HE 2 DNEE AL ARTMA 96 Ltk ARG HIK BE 5 A, (H2Z [RIK R ST
PRIERNZE , 5o R R IIRE Al BTG (A g5 ) FRA A G TSR i P Y VP 54

2 HBRES

2.1 pPink-VPs BB SEVIEE

Fie I8 pPink-VPs (1 FURAE R BB (B 1), B 5 1% vPo ZERIF46 A pPink-HC LA # pPink-VPO, 5T
W23 Sac 1 /Kpn 1 BEVIIG T 23 55 WS 25 TUH AN (S (E A 1 694 F16 901 bp) — 3 54k (K 2-A) ;
[F#F, pPink-VP1 FikiZiit EcoR 1 /Kpn 1 BVIG AT 43 SIS S 5 FU R/ (BB E A 691 i1 7 634 bp) —
H A (K 2-B) , pPink-VP3 BURLZE5d Hind MBI AT 43 510058 21 5 B /N (BRIS{ER 3 330 il 4 974
bp) —B 5% (B 2-C) , FERLINE pPink-VPs ik 83t EcoR 1 /Kpn 1 BFUIIG AT 43 5 W52 31 5 FiU A K
INCHETE A 4 734 F17 634 bp) —FAYEHF (18 2-D) , X UL A & 1438 VPO VP3 Il VP 3k
B E L TR
2.2 pPink-VPs BHkHI 5%

PO LRSS 7R PAD T AR B 57 R FRR VR S PRI & A YPD $55 F b
WIESR, SRR RERE N4 23 WS [ #%F SO-F/R (S3-F/R Fl S1-F/R BEATH 48 4558 (1K 3) W, 76 1 000
1500 bp BFHE AT LAST5IE EIS VPO VP3 VPT BRASTUH I/ INHTF ) 5578, VPO e K/ 909 bp, VP3 FRig
K/ 660 bp, VP1 FE KN 639 bp.,
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Fig.2 Double digest identification of recombinant plasmids

A. pPink-VPO Gk SUBH) S 52 (M. DNA 4> Fhrifidt; 1. Sac 1 /Kpn 1 SUEEI =90 ;2. KREEVIEY pPink-VPO JFUkL) ;B. pPink-VPI JFki XL
VI %7 (M. DNA 20 Fhrdidh ;1. EcoR T/Kpn T SRV =8 ;2. REGEVINY pPink-VPI ki) ; C. pPink-VP3 JFiki i Y) 4E 5 (M. DNA 4> F45
i ;1. Hin d MEGEYI =902, KREFIIAY pPink-VP3 FURL) ;D. pPink-VPs FURL B % & (M. DNA 2> Thr#ES: ;1. EcoR 1 /Kpn 1 BBV =
91,2, REFYIHY pPink-VPs FORL) .

A. Double enzyme digestion identification of the pPink-VP0 plasmid( M. DNA marker;1. Products of double enzyme digestion with Sac [ /Kpn 1 ;
2. The undigested pPink-VPO plasmid) ; B. Double enzyme digestion identification of the pPink-VP/ plasmid (M. DNA marker; 1. Products of
double enzyme digestion with EcoR I /Kpn I ;2. The undigested pPink-VPI plasmid) ;C. Enzyme digestion identification of the pPink-VP3 plasmid
(M. DNA marker;1. Products of digestion with Hind Il ;2. The undigested pPink-VP3 plasmid) ; D. Double enzyme digestion identification of the
pPink-VPs plasmid( M. DNA marker;1. Products of double enzyme digestion with EcoR I /Kpn I ;2. The undigested pPink-VPs plasmid).
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Fig.3 PCR identification of colonies
M : DNA A5 1 f ; Pink-P 1 SO-P ; PHEXT B ; S0-1—S0-6 ,S3-1—S3-6 . S1-1—S1-6 4 HH % 1—#7% 6,
M :DNA marker; Pink-P and SO-P ;Positive control ; SO-1-S0-6/S3-1-S3-6/S1-1-S1-6 are colonies of 1-6.

23 FMDV £ EHNEE

R T IRIEE R FEA O, 7R M AR A S Rk 2 05, B 4 E Rl s, I B0 5 BT, LA O
R Z sa REHTARIEST WB A, 255 (1 4) R, FEARXS 437 i i (25~ 35) x 10° B3 o] LA 3 3 e
&4, iX 5 VPO(37 k) \VP1(29 k) J VP3(26 k) 2 FI BRI K /h—2, W] FMDV (1) 4544 £ 1 78 e B sl
Wk,
2.4 FMDV VLP %t

HRAE FMDV 146S M 519 2 IRIESEAE , OB T S PTR vk B Z (8] %) 56 &, 857 ELISA i hRifE
Mk (B S) , 2 FMDV VLP IH0RE W EE (y) 5 Dyg (x) ZHFFE y=0.194 8x°-0.040 3 x+0.022 1
(R*=0.998 5) ,

Mot M gl 2 Son 060 01948¢-0.040 310,022 1
W e - VPo 25 g5 77019480-00403c+0.
35 5 E on R'=0.998 5
3 3 W
= 2 03
= VP1 = 5
25 .?f"-vm Qﬂ 2 02
: iz g 0.1
"d 0 1 1 1 J
4 FMDV Z#3ZEEH WB &l - 0 05 10 L5 20
Fig.4 WB detection of structural proteins of FMDV Do
M.E H 5T IR IR 5 1~ 3. B B 5 i@ FMDV 146S #37#) ELISA fR/ thk

M. Protein marker;1-3. Positive strains. Fig.5 ELISA standard curve established by FMDV 146S
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R T 2 BE SRR R TR AT AR IR IE MR ZL3E () FMDV VLP | BSOS A% 250 I 0 BT T e A T 1
WA EEAlAL . M BRI TFEC 1S ANEEREZ AR5 B TR O A FMDV 22 va B Hi /A w6 B et 2 54T WB 207,
glifb e 28 WB Kzl 5 & 3 VPO VP3 Fil VP 1 A LUFE [l —N FEREER BE N UTHE Tk (K 6-A) , i@  1
ELISA YUJFE BRI TRIN , & BAESE 5~ 11 2 D, JER72E1k (K 6-B) , S BIFEAE 506 88k 1 R 2 (L
JEWT, K55 9 IR A AR RS PBS BB 200 £5)5 M Do (8, ICA S I, 5 0 w4l
b VLP ¥R iR E] 0.34 mg-mL ™", B S0 S A J0RT A2 X 3 4N 0 L T AB i 1

A B 151
150 MEMEREE)Z Sucrose content layer 500

5 6 7 8 9 10 11

121

- s @@ P w =i ; 7

Q

06F
- - VPl
ke 03Ff
- O 1 1 1 1 1 1 J
vé ""‘"“ VP3 0 2 4 6 8 10 12 14

2[4} Fractions
B 6 VLP Z:{LH) Western blot( A) #1 ELISA(B) ¥7E
Fig. 6 Western blot( A)and ELISA(B) identification of the purified VLP
2.5 FMDV VLP fif2 K/NK TEM W2
B RS B A4 IS B RE i 4 AT 3 A6 HUET 5 ( dynamic light scattering , DLS ) 46l Fl1 TEM W 2% %
JE . DLS RBrll45 2R (& 7) 7, 7 30 nm ARFFTEWEAE, BERIAE & b 20 A 45 R i AR ZY 30 nm B ORI o ;
TEM WELZE R (& 8) i/t FLARZY 30 nm [ERTE AR

15 W »
2
'z 10
5
a
§
s
&
0 =y, /e
0.1 1 10 100 1000 10000
FifE/mm  Size : i
B 7 DLS ®illaniL# Mtz 8 VLPs BJiESFE R ( TEM) £
Fig. 7 Detection of the particle size of the purified Fig. 8 Transmission electron microscope
samples by DLS (TEM) observation of VLPs
A Ay
3 Wi

JRUEPEVE Al 11 28 (FMID ) A T 5 5 4 o BBUAS: 8 3 0 e, (HiZ 7E S BRVE BBl T R IS AR B,
BT, THE 54 7 42 11 B AT A K TG P i 9 5, H FMDV JK 35 93 B 16 28 72 B i 77 26 R i, 9 L
I 308 XU 5 2 B B B B A A ) i S i o [ SRR SR R L T Y 1)

VR —Fh T DLW SE 8 76 F AU BE 1 28, VILP e LA B nl AT it i, B, A PR
FMDV VLP 2258 i i 7L sh W A i ol 3 B AU i dh A 7 38k 2 7=, (H 5k 20 BU R 3R 3k R Gu A7 e — SL R X
SEBR, AnX 2 P A IR R G AR T DA B AR PR EE (R Sy 88 e Y LA 7 A AR
e, i A Hs R AR R O AP AE TG e Bk AR A5 e T BE R R S — AR R ) B A%
FARRG, AT VLSRR IR MR L, 1 FLR 2AT = % B R TR, B RO 1 R B R e R AR 7= e b Aes
B, W RF 9 e vl ANFLS R i e it 07 L KRB0 B 53k R 40l 4 FMDV VLP BRF5E#0R A
PI12A3C #yJ5 =X, FIF 2A (9 H 24/ 58 7 24 sSA Al A9 P12A 1 3C, PR i 3C ¥ P1 DIKIAL VPO, VP3 I
VP1, A% VIP, (R T 3C BAERE PRI E], 18 00— Le 5 SEHDCE i g IR, By 3 1rs 240
MIABET , W23 FEAIK VLP (177 5

AV HT IR 5T R I, 3C B B AR AN S5 i e B AR R A A (R JE D) NG PR RCAIR, 3X P g A2 fh
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TR pH PRI T REUIIS L, TEARETE T, % IEF] FMDV VLP BT, & Je X HAKSE
FIE S KRR HEFT T N1017D M1 H2145Y it Wik 2878 i 41 & A hy S B i e o A i i 1 2 A 170
BEJS ¥ VPO, VP3 Fll VP 1Y3RIE & AdH A BN R — 40k [ R AR 3K 9 77 2ok il % FMDV VLP, 285t
HIBE 3 J5 , WB Kl & B8 FMDV (1 3 />S5 14 2 11 34 iR 2l 2R3k, 15 B SR FH 3 b SR W [ ] LUWUR 1] 25
FMDV Z5HGEE T, AWEFE ORI ST 19 ELISA BT I e S5 7 1 0) G ef B2 Ml 4t A0 A ot R A T e JE v A
KA 5 A S d R A R OB, B S 2 4l ik vT A3RAS 0.34 mg-mL™" VLP, Z=4:008 ") (4 ff
FERW BERERR L M FR XS FMDV VLP (8 2H 552 AR K, 25 R i 2 AL 5 TE L B BT 1 J0RE D AN
SERZ  RGEEAMIREEAS] 0.125 mg-mL™" . ASSCIE T AT RIS HoR FA 38 1 # i g ik =, 3k
BT E AR, R G 9 AT LIE S RIRE N VLP FE, WB K25 5 7R 13X SR 5 N 77
7E VPO VP3 #l VP1 &, 1Ml DLS F1 TEM A8l % B 1 R A8 24 2] 730415 9 ELAR ZY 30 nm B BRI FIORL , 1% 45 55
ZHIHFL S A0 bl £ ) FMDV VLP [ 4iGE "

AW AE BE AR R R i 4 R R R B FMID R 3R TAILEY VILP , 3k B8R TR 0k
PEE ITF R SR BT H AN RNA 955 5 RHi B AT UKL A9 ] £ S A1k 1 T S ik SE
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