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B E: [T %] ™4%1%15 4 5 42 (beak atrophy and dwarfism syndrome, BADS)A& &1 #7 & 8 41 /) 5%
#x(novel duck Parvovirus, NDPV)2 4 F 244 K& FiRE ., L TRE%H%ER. BADS #9 R AL
HHRBEABLERTEXNGZFRE. [B 6] AR KMATH AL R %4 & NDPV A &AL
(virus-like particles, VLPs), * #F#%] NDPV A8 X & ¥ Z 2 A sk, [ ] #F NDPV VP2 53| &Kt
ATHEB TR, &A%, £ ZE pColdTF &L BAK, KAF pColdTF-NDPV-VP2 E40 /42, Badn. M
g B TR E RMATE BL2I(DE3) T #4755 &, AR+ e LA mii48-% R
M Bk e %% JIX W, 7K (sodium dodecyl sulphate-polyacrylamide gel electrophoresw, SDS-PAGE)*T % & faii
VAT ST AT, A% R %t oo B (thrombin) 7R trigger factor (TF)47%, #|8 4542 (Ni-NTA)* F= E AT
7 kAL E L& & ; ) Western blotting *F #5145 49 VP2 & & 1\,45’)5\}.:2/?'?147\*)?; )R &5 B AT
HERKHNREULEONESAREETH R VLPs, [4 R 1M T pColdTF-NDPV-VP2 % 48 /7 45 ,
EXGHA T EEATEMF X AL, 86%48 TF-VP2 X/ 4% 115 kDa, &% TF #5244
A5 17 3] 67 kDa #9 VP2 & & ; Western blotting iX3& & 81 VP2 & & ft 5 NDPV P& a4 dn 7 & A
H A BITEA AT AR B KA . AR 20-25 nm 69 R EAEHAE, (48] #)
A KInAT B R 3L R % #1457 NDPV VLPs, A T —# AF & BADS 48 X I ¥4 5 % A 4 48 X ) S0 4%
BT Ao,
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Preparation and identification of novel duck parvovirus
virus-like particles

ZOU Xinyi', DU Yanni', CHEN Shuxi', ZHOU Wendi', WANG Wenxiu?, ZHANG Xinyue',
LIU Wentao', CAI Chunyu', LUO Qihui"’

1 Laboratory of Experimental Animal Disease Model, College of Veterinary Medicine, Sichuan Agricultural
University, Chengdu 611100, Sichuan, China

2 Institute of Animal Husbandry and Veterinary Medicine in Binzhou of Shandong Province, Binzhou 256600,
Shandong, China

Abstract: [Background] Beak atrophy and dwarfism syndrome (BADS) caused by novel duck
parvovirus (NDPV) infection leads to stunted growth and atrophy of the upper and lower beaks
of ducklings. The outbreak of BADS has caused huge economic losses to the duck industry in
China. [Objective] To construct NDPV virus-like particles (VLPs) in Escherichia coli, laying
the foundation for the development of NDPV-related vaccines. [Methods] The full-length
NDPV VP2 sequence was codon-optimized, synthesized, and then ligated into the pColdTF
vector to obtain the pColdTF-NDPV-VP2 recombinant plasmid. After being identified by
enzyme digestion and sequencing, the recombinant plasmid was transformed into E. coli
BL21(DE3) for expression. SDS-PAGE was employed to analyze the solubility of the
recombinant protein. The TF tag was removed by thrombin protease, and then recombinant
protein was purified by Ni-NTA affinity chromatography. Western blotting was employed to
examine the reactogenicity of purified VP2 protein and dynamic light scattering and
transmission electron microscopy to observe the morphology of the recombinant protein and the
formation of VLPs. [Results] The recombinant plasmid pColdTF-NDPV-VP2 was constructed
successfully and expressed in E. coli mainly in the soluble form. The TF-VP2 fusion protein had
a molecular weight of 115 kDa, and the molecular weight was 67 kDa after removal of the TF
tag. Western blotting showed that the VP2 protein specifically bound to NDPV-positive duck
serum. The VP2 VLPs with diameters of 20 nm to 25 nm could be observed by transmission
electron microscopy. [Conclusion] We used the E. coli expression system to design NDPV
VLPs, which can provide a basis for the development of subunit vaccines and biological-related
products against BADS.

Keywords: novel duck parvovirus; virus-like particles; Escherichia coli expression system

48 5k R (7 27 A 1ik(beak atrophy and dwarfism
syndrome, BADS) 2 Hi #7 4 15 2 /)N J5 7 (novel
duck parvovirus, NDPV)&4t | AR 4K &
Bog . FIEED . TS IMB K SRR R
W, AR T Ry N 1% ) IR
J¢ 10-30 H i ik st AR, |5 2015 4

DI, BADS TEH E 12454 , AT 23 10%-100%
F) 2 95 R AN0—10% A AE TR P g s e B H R
JEATE . S BTk ek 3
WBIE, MRE/N, AR ARHEE AL, 7F
J& SER,  FRE TG Y SR A I S BT R, xR [
PR S S A M s ™ B A 8 A AR
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7K & 4l /N 5% (waterfowl  parvovirus) g T2
/IR EEEH Parvoviridae) i/ )V 22 IV B (Parvovirinae)
Wi B J& (Dependovirus) i b, #E A BRI &
K840 /N 7% (goose parvovirus, GPV)P, i AU
HH/INEBE AL 5 — /NI O AL . 2Vl LR DNA
SN, KEEZ4N 5.1 kb, HAEHATETE+
M AR BN BE , W EE S T TR RTAR
HAE 20-25 nm, JCHEME, SRGAN/INEEEEA A
FIFE RIS 2540, FE A E B P 2 A
FF 5] 22 HE (open reading frame, ORF)FIF I R
vt 5] ' ¥ &2 ¥ 5 (inverted terminal repeat, ITR)
DX R, 26 ORF it A1 4544 & 1 NS1 HINS2,
A7) ORF Zf 25 #9411 VP1, VP2 Al VP3Vl,
WHIE KI5/ EE 1 VP2 (1 764 bp) & H £ &M
PUERAL, BRRIBEHLAAR ™ A g S vy, 2%
(14928 B Ak o

9 13 A BT (virus-like particles, VLPs)JZ i
W — A E D B RS KRR
BERLF SR ARALAY h 2 B R, R AR
RS, BB SRR st e Y i,
[ AR B T KRR EE I A 200 1, BEA AL
PP A g8 A8 RO, R i IF R R
PR AR B A 0T R AN/ INE R R R
feil L AN RIX RGERIBX 3 FrgiEn, JIf
TEAR SN A 8T8 WU B2 AR UKL o A G SOk B
VP2, VP3 JEAAY VLPs t VPI BRI VLPs
REAH AL A T = K i R AR 4
AT A HAE AR R ZHHNRIERGEZ
—o RBHERIERGHABRERE . A7 W
A AR AR PR AR R B KR LA
FURT R IR AT R 1k R4t K15 NDPV B
VLPs (AH I HRIE , P A b 5% 38 2o 1 FH K
AT B 2k R G0 15 NDPV VP2 25 [ il 4 1
FEUR,, FEUEfraifb AR S e, DL A ol
NDPV MV 545 2 17 e AH 5 AR il i $ R Al

1A

1.1 #%

pColdTF Zik /A . T4 DNA %31 EcoR 1,
Xho 1 FRH|P: AN VIS, TaKaRa /Al ; 2xPhanta
Max Master Mix /= PR B, B 500 MERE A YR
H AR KA DH5a #1 BL21(DE3)
AT, AT AEY TR (R B RA
Ay BORRBOGRA N &, Omega Bio-Tek /A F];
His-Tagged Protein Purification Kit (Soluble Protein),
A 22 A LR Ay A BR 23 W) 5 NDPV S
PEIMTE « BAPE L HA S0 50 28 O/ A7 s BRI 4]
Ak W) i (horseradish peroxidase, HRP)#ric fe it
g B TE R IAR,, AB Box /AW ; WYL FIfric,
FER L RBHE (TP ENA R A ] 5 s S8 Ak Y i
)Y AEC (3-amino-9-ethylcarbazole)iz 7| £ Al
#E I B (thrombin), Jb R TR A BRA A .
PCR #AEIY . IR I HIKAL . BER R &
4t, Bio-Rad 23w ; #2500 . fE IR SIS
FEIR, TR R B A w5 P i 200 i e e
1, TUHZ YRR AR A A5 9Kk
JEAL, SR SCIHANEL A A .
1.2 NDPV VP2 EERA K

NDPV 5 #k Al F H A< 52 3 % 43 89 2 0 1Y
QH-LO1 #k, EMAT VP2 EE H AYFER (1 764 bp).
R K A D 5 05— O 2 e 35 DR 90 A A
1k, e AT I AR RO BR A Wl A R
pUCS57-NDPV-VP2 5 2 k7 A1 48 17 Bl ) 37 5 1
. F##514 VP2F [5'-GAATTC(EcoR I)ACAG
CTCCCGTAAAAAAG-3'THI VP2R [5'-CTCGAG
(Xho ' TTAGAGATTCTGGGTCAG-3'].
1.3 F|4HRKL pColdTF-NDPV-VP2 H#
BREE

Pl pUCS57-NDPV-VP2 HM#idy, i@id PCR
P14 VP2 JEP . PCR WA R: b, TSI
(10 umol/L)4% 2 uL, 2xPhanta Max Master Mix
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25 uL, MEH 1 uL, ddH,O 20 uL. PCR S 5%
. 95°C 5min; 95°C30s, 56 °C30s, 72 °C
60's, 30 MEH; 72 °C 10 min. Kf S =12
TN B e L Uk A, B Il H A S IR B
FH EcoR I Al Xho I BR i #4 N 1B 53501 5 B A 3%
K BOF1 pColdTF A4 T BUBEDI S 1, S
5685 #E4T DNA 2lifk 15, b5 FH T4 DNA i%
FEWGAE 16 °CIRYE T I 30 min, 245 B4 £ 5K
ikl pColdTF-NDPV-VP2, ¥ ) i 4 it T 40 Ji
KiFAL KA DHSo RS2 S5 R LB
AR R BTG TR, AR5 PRI 35 A T4 K
BEFR s WO R I SR B BUAR] £5(Omega)
PRI A TR, X EE AL ORI T OO Y % S
Dy S5 5E o
1.4 EHEEANBFSRERAAMSH
W % 5 TEHH Y pCold TE-NDPV-VP2 41 it
PR R IHH T BL21(DE3)EZ S 4,
WA B 5H 100 pg/mL 2 EHEFE RN LB EAR
BRI, IH PR ERIEM 2 5 A 2N
B % (100 pg/mL)AY LB MARRE SR I 57 R+
PR, FELL 1:50 /Y H A4 22 R A i i 5 Sk
37 °C. 220 r/min R %15 35 & ODgoo 294 0.6-0.8
Bf, INAZHBE Ry 0.2 mmol/L ) 55 N 5&-B-D-fii
2 FUMEF (isopropyl B-D-thiogalactopyranoside,
IPTG), Zr#I7E 16, 24 F1 37 °CFiES 16 h LU
WREFFFEE . AREFESFIRETHE L
R AIMA LR 0.2, 0.4, 0.6, 0.8 Fl
1.0 mmol/L ¥ IPTG, R ek IPTG i R .
WSERUE , WERBZ L&Y, 7000 r/min
20 15 min 3 FIEFIERIKTIE, A 1/10
PR A B IR 9% b £ 145 W (phosphate buffer saline,
PBS)H AR B A, JE UK R T S B R (T R 1k
E300W, TAESs, [HFESs), @/ 10 min 5
KRR 2 B0, 4 °C. 12 000 r/min

#5020 min, Rl R FIERITTIE, JRA I
90 uL ¥E4T SDS-PAGE 434 20 K 11 (10 nl % 1
Kik,
1.5 Eif VP2 ZEERALF TF #Z R YIRR
I bE MRS R A RAEAE
F, ORISR TR A 2, TEANIRES I
L4 TR P BR, R A S R E T 4 °C.
12 000 r/min #.0> 20 min J5 e FIEWE R . il
FH Ni-NTA SEFZH 85X Rk ) EH
EATaifl o B Ni-NTA SR 2 2HAE, Pk
JE R 5 AR A 45 5 2% vl W (binding buffer)
(20 mmol/L Tris-HC1, 10 mmol/L Bk (imidazole) .
500 mmol/L NaCl)*F-1if J2 B ; H4 i 75 i i J5 15
IO BUR YL 2 e B i) T S A
FER, BEEFLH 90 t/min, 4 °CHEE T AT MEH
30 min, Ji 15 f5#EAFLH binding buffer 2%,
e Ja A 1 A% AR R AR Uk I 2% vl W (elution
buffer) (20 mmol/L Tris-HC1. 500 mmol/L KM |
500 mmol/L NaCO¥ /i H HZE 1, WCAR BRI
ai b J5 B A E Bl T A ORI R
TF (trigger factor)-Tag (49 kDa), [ It i F
thrombin VIBRARZEHE [, 4 CHEYI L5 F 4
PR Ni-NTA #Wg4ifl, WAEveling, 153
“ifbJ5 1) VP2 .
1.6 E:HFEHHAY Western blotting £
Wl 4l 1) 3 11 RE G 64T SDS-PAGE, LA
NDPV YL [ M —HT, 4 CIFF LK,
LB 5% M EL A (Tris-HCI buffer solution Tween,
TBST)JEAR 3 %K, #4K 5 min; DL HRP ARic R
il 1gG h =90, 7ERRR LIRHREE, =R E
1 h, TBST M3 K, FHK S min, HGMALL
ORI ARG T A, WIERER
1.7 NDPV VLPs FY4HE L E

Fralidb iy VP2 & A BEAT RSN 2, L 21
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2 5% WL (50 mmol/L Tris-HC1, 250 mmol/L NaCl,
pH 8.0), KHESHER S 14 kDa BHTAS h B E 5
NG, 184 CIRIRIMEE T g . W
BHTARE S R 20 pL T 200 HAH M
b, =B TFYEA 2 min, FABREBRYSR YL, %
£ B 9K T80 5 5 FH 175 5 BB 85 (transmission electron
microscope, TEM)WLESHE S TE & . 546, it
AR E (SR VLPs FRRLAR 53 A o

2 BRS04

21 EHFRIEKRM pColdTF-NDPV-VP2
MEELEELS

WE#E pColdTF 1R FRIKEUK, B A
e FR%: TF-Tag LA & Thrombin BV &5 5 (E
JESEYIRR, K VP2 2[R R Bodfi A2k pColdTF
s E 2 TR pColdTF-NDPV-VP2, i H¢
1) pColdTF-NDPV-VP2 Ftki 25 XU ] 5 1 0.8%
TN eI UK AN, S5 SRR ATE 1 700 bp
F1'5 700 bp Ab AT LG A5 M 554 (B 1), &1k
XFAFE H YRR 26717 /N1 764 bp)o H5 WLEY)
YE ERR R BORLE RN Y, 45 R Sk
Ja WP A TR, B EE 4 Rk iR pColdTF-
NDPV-VP2 #4 & i1

22 EHREFAMFRGEFGHMUERTAEMES
HeER

5 2 Kk Tk pColdTF-NDPV-VP2 #4 4k,
EKHFFE BL21(DE3)H, 4 Al E SRl
PR A 1S, R P B R 0 0 43 B R AR Y R e
#47 SDS-PAGE %€ . 45 R BN, =S 3kn
pColdTF £ 5 J5 75 48 kDa kb H BB 1 45717
¥4 TF PR/, BEAFREK pColdTF-
NDPV-VP2 2155575 115 kDa 4b H B B 4575,
FFEEHE M TF-VP2 B R/IN67 kDa+48 kDa),
BRI S T HAEAMRDE; REWEHEN
KBTI, FEAET LA 2), X

bp M 1 2 M bp

5000

3 000
2000
1 500

1 000
750

500

250
100

1 FHRK pColdTF-NDPV-VP2 I BG4 E
Figure 1 Identification of pColdTF-NDPV-VP2
plasmid digested by EcoR T and Xho I. M: DNA
molecular Marker; 1: pColdTF-NDPV-VP2 plasmid
digested by EcoR I and Xho I, 2: pColdTF-
NDPV-VP2 plasmid.

kDa M
180—-—- T
igg— g—TF-VPZ
e c—
70—
ig: L —TF-Tag
35— —
25—

15—

2 EHEARBAUBMESHT  M: EAK
Marker; 1: pColdTF %5 2% SR X} Bf 5 2. pColdTF
IPTG %S5 %8 ; 3. pColdTF-NDPV-VP2 IPTG
W FHI4H; 4: pColdTF-NDPV-VP2 IPTG /5%
JG4W; 5: pColdTF-NDPV-VP2 IPTG i % /51
IE; 6: pColdTF-NDPV-VP2 IPTG 35 %

Figure 2 Soluble analysis of recombinant protein.
M: Protein molecular weight Marker; 1: pColdTF
without induced; 2: pColdTF induced by IPTG; 3:
Total bacteria of pColdTF-NDPV-VP2 before
induction by IPTG; 4: Total bacteria of pColdTF-
NDPV-VP2 after induction by IPTG; 5: Sediment of
pColdTF-NDPV-VP2 after induction by IPTG; 6:

Supernatant of pColdTF-NDPV-VP2 after induction
by IPTG.
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WA E RS RREM IPTG i3 E it
ik, SR EREHE AL 16 °CHI 25 °CH
RS EL AR R E(E 3A), RH]
Image J AR [ SR Y, HEH
W R E A Rk i, 5 BIRTE 16 °C
MR B E A E AT R R EE T 25 °C
(K 3B), bz &E A RENRESSEE R
16 °C; F#JEH| IPTG HA — & 51 LS AH FH Ak
AW, 2k BRI 0.2 mmol/L AiE S
WHEE(K 4.
2.3 E{HEH TF-VP2 B4k

HiESEREIMEHAENZL Ni-NTA 2%
MZEMT itk )5 3547 SDS-PAGE 434, WilE 5 fr
N, BR|TaiER . R EHRER, Bk
J W B R FE TR TE 57 FESL
2.4 TF REZBTIR

4l fb 15 3 1 TF-VP2 20 & (A i
Thrombin B UIFR%E 8 F TF, B 5 09 7= 902k A

SDS-PAGE %7€ . #5R /R, 7 7E4 67 kDa
Fl 48 kDa Kb BLPISFFFAE SRR, 55 VP2
H A TF ARZEH R/, K78 Thrombin il
MYy, REIR— VP2 E (A 6). it
Ni-NTA JEFZ A oAb ig Y5 i 8 1, BPAS 31 5
— RS TF AR%E VP2 B, i En
M2 25 1 e I %2 i 5] & (bicinchoninic acid,
BCA)ZA TV BE 2 , 15 BN E 8 1 VP2 WREE N
1.023 mg/mL,
2.5 EZHEH VP2 B Western blotting 5347
Faifb 5 B 51T Western blotting 48
SE, —HU5r I NDPV RS B v . WS BH 2 i
I, —Hih HRP pric s bihy 1gG bk, 4551
W 7A B, 1E 67 kDa kb H Bl — 4 Sk 4%
i, 5 BRI KNS, 15 R B L3 S
I A B H A 255 (K 7B), RI4lifbE i VP2
HEHES NDPV G FH: il 3 A 4 S PR bR 45
G, BA RO RO R

X

Relative expression of soluble protein

tn
.

TF-VP2

—_
=

2
n

o
=3

16 25 37
Temperature (°C)

3 EEFERREKEEREFHMUE M. EAK Marker; A: ARIEEF S THHAEAREIE. 1,

2. 3: 5 16 CIFEFANW . UIIE. Lif; 4. 5. 6: 5k 25 °CiEFLMW . Ui, FiF; 7. 8. 9:
SR 37 CCiFE AW . UIIE . LI B: Al H B AR Rk E

Figure 3 Optimization of recombinant protein expression temperature. A: Expression of recombinant protein
induced by different temperatures. M: Protein molecular weight (MW) Markers; 1, 2, 3: Total bacteria,
sediment, supernatant of pColdTF-NDPV-VP2 after induction at 16 °C; 4, 5, 6: Total bacteria, sediment,
supernatant of pColdTF-NDPV-VP2 after induction at 25 °C; 7, 8, 9: Total bacteria, sediment, supernatant of
pColdTF-NDPV-VP2 after induction at 37 °C. B: Relative expression of soluble protein.
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4 BEHEEBFRERE IPTG REEZHMK
M: HASFREbrfE; 1: pColdTF & # k%
3 2: pColdTF %5815 % ; 3: pColdTF-NDPV-VP2
KiFEF; 4-8: IPTG ZURE 41410 0.2, 0.4, 0.6,
0.8 1 1.0 mmol/L

Figure 4 Optimization of IPTG concentration. M:
Protein molecular weight (MW) Markers; 1: pColdTF
without induced; 2: pColdTF induced by 0.2 mmol/L
IPTG; 3: pColdTF-NDPV-VP2 without induced; 4-8:
Final concentration of IPTG was 0.2, 0.4, 0.6, 0.8 and
1.0 mmol/L, respectively.

kDa M1 23 4 56 7 8

180 —=s 2

130 —== —— e == — TF-VP2
100 — ”

70— w=

55— -

40— -

35— oo

25— w=

15— v

10—} -

.

N

5 EWHEB TF-VP2 4L M: EAHRS
THRARE; 1. BRREAE B 2. WFWR; 3:
VTR 4-8: TR

Figure 5 Purification of TF-VP2 protein. M: Protein
molecular weight (MW) Markers; 1: Supernatant
of pColdTF-NDPV-VP2 after induction; 2: Flow
buffer; 3: Wash buffer; 4-8: Purified TF-VP2
protein.

2.6 NDPV VLPs FI¢4HICFNEELER
AL AR AR 4 3% A B R

MY G T IE S BT, & A Z5H B R

AL R KN — . HAZ R 20 nm £ 4 SR TR RE

6 Thrombin E§SIB/EH) TF-VP2 &EH M:
RS TR bRE; 1. 4ifkJ5 /) TF-VP2 & ;
2: Thrombin 4t 3 5 i) TF-VP2 M

Figure 6 TF-VP2 protein after thrombin digestion.
M: Protein molecular weight (MW) Markers; 1:
Purified TF-VP2 protein; 2: Protein after Thrombin
digestion.

VE2

7 @i{K/E8) VP2 & H Western blotting 534
A: AiALJERY VP2 25 NDPV RS B L 3 S 1o
(UK 1). B: 4lifb)5 i VP2 & -5 1 B il 7% 52
BL(UKIE 2). M: B 15 R bR 1

Figure 7 Western blotting analysis of purified VP2
protein. A: Purified VP2 protein with NDPV
duck-positive serum (lane 1). B: Purified VP2

protein with NDPV duck-negative serum (lane 2).
M: Protein molecular weight Marker.
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UKL ; 1] 8B Bh A G HIS 25 S B AR B A%
T HAN 20 nm 47 R, #5464 NDPV ik
KN VARG R R EH VP2 & AR TE Sk
H 24125 5 VLPs,

3 WwE5E&#

1971-1972 4F [R5 [ ¢ KB T H1 NDPV
5| S SRS 11 S kR A 2 A AiE(BADS)!', B 5 7
1989-1990 4E[AI7EH1 [E B IE . 1995 4 =2 i
PAHSERE IR , 2009 4E7E 69 7F 1) 2 K IHE"),
2015 4%, FREIILA ., LI, M. ZEECmm L
S48 1y O T A AR A T 28 18 AL e R
—AEJE ) #GE TRt B R DR A

A
OiOOnm'
[ - o]
B
25
20+
9
= 15+
2
g 10¢
=
= sl
0 1 L 5 1 L )
0.1 1 10 100 let03 let04
Size (d, nm)

8 HHEFAMBEHBIRA)SHEAEES(B)
£ZE

Figure 8 The identification of recombinant proteins
by TEM (A) and DLC (B).

FEW, — Lo FATH o F0 D AR AR R ) /DN 9
IR BB LLARAS S SRV E T (AR R 24
RUCAG LTI 5 Ay = 2 s 4 A 1 2 T

% G5 By 3% B8 1 R 55 B B 1 B AR R Y
A, EAFE— SRR, W TR R
2 VBP9 1 AT S P D P 2 55 R o A S
G o AHEEZR, R EEAE ORI (VLPs)PE S —
FAL . AW, BRI SIS
BIREPUR, BAA R RN RN, B
St BRI A A RV R 4 g

WE AT, HRENC S A F R
RGN 30 Z RGN FEFNIFAD S Y A AS [R5
BEAE" T VLPs, Hp8H W KIGHFF MR IA R
G BT AT B | AR R B DR G S5 1
A, ELTIE T SR S A Tl R ) E 4 AR
A7 AR R IB AT R R IA R = 5 54 J5 35 1)
PP E B RE T Bk, RS R — 2040 R
H 1 BTN 38 7 W) A By A LA B8 O T
RAEARIO R T fE Pk s ), F R
FIRAM . EHEAIENE F R MILRIA R
TR, ARWFFE LS pColdTF AR IEfT 4
EARE, ZEMEE MR IR E R, Hik
WA cspA BT EM AJE s, ATRIZEMKIR
(15 °C) FRs92 . At zesd Feik 5611k,
WIFIR T A EIER TE-VP2 EHEMA, #Hid
Thrombin EEI{7 &5 22 bk TF %5, P8 Ni-NTA
PR LB B TR — VP2 H1. &
Western blotting 73871, Zifb/51) VP2 tEHRES
NDPV R BH P 1ML 38 4 7 M 45 5, W NDPV VP2
FEHHA RIFR RN R, ESTR s s Aok
BTSSR B8, NGPV VP2 & 7ERIME K T
HRRPEBRIE AR, HARZH 20-25 nm
) VLPs, Z¢ Bk, A5 AH R B EA
RSN % T NDPV-VP2 VLPs, MJ54Lk5%
NDPV HHOCHE 29 T Hehiff
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