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ERTVE AW, Bt hEEY L Em e
(1. T AL A A0 5 A A T 930 Wl R0 43005652, T DUk 25 i P 2 e fr g o
W WL BRI 43005653 B ERF R MR E ST — AR BB O LR R LN S
222002;4. RDUEEAEYFHEARAE L #IHE 33 430206)

[ =] HE. WEMEARE AR (CAL6) MR EEN 1 (Vpl) KRB HA, IHAE
KIGHTFH (E. coli) BL21 W4T RE, iR 5 il 4 % 2 50 B DU T X5 B A e g 52 i v AT 2 € o
Fk: FAAYEBFEL T AN Vpl A &AL N . RSP, %M =R i ikfrmm ., 9
HECAL6 ) VpI 3, I Ko e B A% Rk AR pET28a (+) . K pET28a-Vpl#4L E. coli BL21,
B S5 R EE-B-D-BAC LA (IPTG) 'S 3Kik. R Western blotting ¥ 48 %2 Vpl H 5 5 Rk
B, FEOEALE Sk E] AR R DL R OR o B2 UM SPE BT IY 22 K, Atk EAE A Vpl
G pE, WA R Vpl 2w BEPUR, 8 o B e MBS (ELISA) 35 W & Bt 7R 2L
Western blotting ¥ X ST K 14 G 2 S B P AT 4808 . 53R EWIE RS 00, Vpl B 4ib 297 4> 2 1
M2, MXForFBTEH 33 046. 39, SFHLSN 8. 32, JEFRAKMEN; REM D o IRIE L 15.15%, M
W h 5 67.68%, HEAREE N 17.17% . 4 Bk pET28a-Vpl M )5, pET28a-Vpl i ki #4 £ 1F i .
Western blotting ¥ 45, IPTG 35 54 T A X 70 F i/ 33 0004 H Y& 1 3Ris, BIE N FLEERSE
TR, BEEHRERESRILLMEHIPTGHE 0. 4 mmol-L™", IR 16 CHIPE S M A 20 h, ELISA ¥
K, f 22 s R ZLA 1 2 1024 000, Western blotting ¥ 451l , Vpl % £ se b Hi ik il LI 5 CA16
B )RR VpL B A4S & & RIH Pt CA16 Vpl I 2 se iR, iZPiikxF CA16 Vpl
HA W RS A&ReE, W T W E % # B 12 W R I7 ik It R
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ABSTRACT Objective: To construct the prokaryotic expression vector of Coxsackievirus A16 (CA16)
viral protein 1 (Vpl) , express it in Escherichia coli (E. coli) BL21, purify the protein, prepare rabbit
polyclonal antibodies, and identify the immunoreactivity of the antibodies. Methods: Bioinformatics online

tools were used to predict the amino acid composition, conserved domains, secondary and tertiary
structures of the Vpl protein. The VpI gene of CA16 was amplified and cloned into the prokaryotic
expression vector pET28a(+ ). The pET28a-Vpl was transformed into E. co/i BL21, and the expression
was induced using isopropyl B-D-thiogalactopyranoside (IPTG). Western blotting method was used to
identify the induced expression of Vpl protein, and the induction time and temperature were optimized to
improve the expression efficiency. Two female SPF New Zealand white rabbits were taken, and the purified
recombinant protein Vpl was used to immunize the rabbits to prepare rabbit anti-Vpl protein polyclonal
The antibody titer was determined by ELISA method,

antibodies. and the immunoreactivity of the

antibodies was identified by Western blotting method. Results: The bioinformatics analysis results
showed that the VpI gene encoded 297 amino acids, with a relative molecular mass of 33 046. 39 and an
isoelectric point of 8. 32, belonging to a hydrophilic protein; in the secondary structure, a-helix accounted
for 15.15%, random coil accounted for 67.68%, and extended strand accounted for 17. 17%. Sequencing
of the recombinant plasmid pET28a-Vpl confirmed that the pET28a-Vpl plasmid was correctly constructed.
The Western blotting results showed that the target protein was expressed in the IPTG induction group at
a relative molecular mass of 33 000, and the target protein was mainly expressed in inclusion bodies.
The optimal induction conditions for protein expression were IPTG concentration of 0.4 mmol-L !,
temperature of 16 ‘C, and induction time of 20 h. The ELISA assay results showed that the titer of the
1 024 000. The Western blotting results showed that the Vpl rabbit
CA1l6-infected cells.

polyclonal antibody against CA16 Vpl is successfully prepared, and this antibody has significant binding

rabbit polyclonal antibody was 1 :
polyclonal antibody could bind to the viral Vpl protein in the Conclusion: The
characteristics to CA16 Vpl, which can be used for the diagnosis of enterovirus infection and the
development of treatment methods.
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o] 5% 47 9% 3 A 16 B (coxsackievirus A16, CA16)
J& T A2k

7 71 B (enterovirus 71,

CA16 JE& YL JC W 5 28 AR 30/ g 0

EV71) ) K 3G 1 %)
¥ T CAl6

Jo i B AR 1Y I HE UL S T TR ST AR G
RO ERIE 854, B AR R 24~30 nm, 3 1 J6 AU i K
ZAEEH . CAL6 R MY T 51 & 14 32 ZE I R AE
R F B O9% (hand-foot-mouth disease, HFMD) ,
HARAE T35 . R ER A T B 9% | e FUK
ERI, WAERE LA L TR BOR h 2E RS RE IR
KZ8U% B 1B B BA AR, Hdh >80
fﬁUﬁfi oE R, JF AT R BT 0 OF & RE

@mwﬂﬁ%ﬂ§°“E?-CAw@%ﬂUﬁ%
HEMD 76 3. K b X AT SR R R v R S 3
Em,ﬁﬁLM6%ﬁﬁIEUNﬁi%ﬁ

£, MR . T EE R B X T

£V BT 9T K 2240 T I DR B B, 5 340 B 82 1 7E
YRR R I R AF R AR O, EEE S B
TR Y S @ A 1 (viral protein 1, Vpl) &
CAL6 I FEMAKRFEE A Z —, HEAEREW RN
B 0 Sy R RN B Y AL, BE S S R
B MR R BOR TE Y R Vpl B BIHE ST
CAL6 1y £ % H dr i 8 )72 K, (H 2 H Aj &
CA16 Vpl St 5 i W 53 AT SR e /b o AR BiF 58 18
W CA16 Vpl B KAFT T (Escherichia coli, E. coli)
JA A% Bk RGN R RS, Ak & (I A i Bt
A, S CAL6 AH & Y 5 il B 5% 1 iy 380955 #4512 W iR
JPIA R RS %
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1.1 EBsHHh. @mie . T2XANFNE 2 LM
SPF V2 KR (4 HiS, &2 1kg) W
TRUT THEXAEYRH AR AR, LYk
VFAMIES . SCXK (/) 2007-0005. E. coli DH5a il
E. coli BL21 (DE3) fb %% J& %2 & 4 My (L ¥
TOLOBIO 2~ #l ), JAA% K 8k pET28a (+) .
SE M (Vero4HMd) FICAL6 H TR 2= #1dL
AN IR R A B S = R A . DNA JC4E 5
N & (M st MEE AR Y R R AR A A,
KOD-Plus-Neo ® & M [ AR¥2 (L) AWF
HAWRAAR ], 5N E-3-D-6 A8 FL oW
(isopropyl B-D-1-thiogalactopyranoside, IPTG) (&
[ BIOFROXX A ), #t4l &M (histidine, His)
bRk (35 E Proteintech Group 23 #) ), HRP #x
W= ht (R LA R ), Premix Taq™Fl
DNA Ladder 5000 DNA marker (DL5000 DNA
marker) ( HZ TaKaRa/A#]), & H Marker (X
ABclonal A7l ), 1M iE A EE (bovine albumin,
BSA) (dbt % Biosharp 22 /), % I M 52 5 4L (4 W)
(L3R~ KA, HishrZ8 (Nickel, Ni) #
FHEMALHE (FE GenScript AF ), DMEM k3
FE A 0. 250 G (£ E Gibco AH)), IhIRTEAS
RV R O 58 4k ) (31 Sigma A 7)), HRP
Fric 55 1gG (RPGE B AR A RN ) .
Multi skan GO R (3£ [E Thermo Fisher Scientific
A ), HF90/HF240 CO, #5 % 4 ( I i HEAL
FORCEXA ), I gAYt (b a R B /R
IE &SR RAFD), PCRAYA B shfk 2 & e 44
% (3£ [ Bio-Rad 24 Al), QuickGel 6100 5 5 1 4
#4 (RDEHEYRHEARARA)

1.2 VplZaisHEeEF454w FHE LAY
S22 BP9 IR P 0 Expasy M 3 ) ProtParam
(https://web. expasy. org/protparam/) T. B K&
Protscale (https://web. expasy. org/protscale/) I. H.
A3 B 85 1R B AR BT AN O /K M . SR HT SOPMA
TG S5 R T 43 AT 8K 4 (https : / /npsa-prabi. ibep. fr/
cgi-bin/npsa_automat. pl page=npsa_sopma. html) I
i b A W A5 B 2E B 5 I [ IR R I 55 A% SWISS-
MODEL (https://swissmodel. expasy. org/) X} H i)
g I QNN & R v RS

1.3 pET28a-Vpl &4 # & = £ & W # &1k
pET28a (+) FFAI{F B A CA16-Vpl # 5 51 {5 B

(NCBI Genebank & 5% 5 KM516102) , & [k i M 5
BN F 251 %3 0T 3K 4 CEDesign (http://www.
vazyme. com) , K85 [F I 5 4 51 4 5 1 ) a3t
SLREG I . BARL AT Wi pET28a(+) F 5
TAACAAAGCCCGAAAGGAAGC-3'; pET28a( +)
R 5-GTGATGATGATGATGATGGCTG-3. Vpl
W U6 A 51 Wik it (RS 6 &R oy W R )
pET28a-Vpl F 5-ACGCGTCGACGTGGGGATC-
CCATTGCAGACATGA-3', pET28a-Vpl R 5-CCG-
CTCGAGTTACAACGTTGTTATCTTATCTC-
TA-3"; 5l EAETAY TR (L) BRHA R
ANAEG . LpGEM-T-CA16 MHH, 4 pET28a-
Vpl-F fl pET28a-Vpl-R 5| #4794 , 3k45 Vpl
B

CA16 Vpl Jy By 38 s 2 F N . 94 “CHi e
£ 2 min, 94 CAME 15, 52 “CiEk 30s, 68 CHE
M60s, 30MMEHR; 72 CLZEM 5 min, PCR=HZ
2% Sy R WE R e i VK AT S5, e it )
HEAT I, T ok BRI R AR R, LRk, 16
ANBMEER R B B SWATIES, mE e
J&i 37 “CJ M 30 min, S EPE FUK LR A, SRIE K
AL WAL E. coli % S DHS ., 4k 4E
T 37 CRE A6 B 8 B % 12~16 hJ5 W4 M -
PATR 5 A KAE O, PRI T VR EAT I PCR 2 E &

WS, K AR Sk AL 6T B | 3k 2y
SRR V&, AR5 B PR I TR U5 AR Sk AR T AR
N, A 1 mL RABE RPiik LB # R 3k,
37 CHEIREEFR 4 h, VAW AN H#HTT PCR. WK
PCR Wi AT B R AHBE R HL Uk, 5 7T LAY 3 1 B —
24 891 bp 19 4% 45 W 47 25 ) Wr Ay 45 5 BH Pk 09 TR 9%
Y PHVE 0 B Vs i — D SR IBOTTRL, R TEAE TAEY T
(i) Ry A AR AT, WraRSH
() A BEAR AT, e W R 3K 4R 1K pET28a-Vp 1 # 2
B
1.4 VplEAEQHFAAPEELHHLL I
W R 1E ) 9 pET28a-Vpl i ki ¥ 4k E. coli 32 75
BL214HfE. R H, #kEAEE T 10 mL RIF&E R
PUHE R WA LB Br g b, 37 ‘CHEIR, 220 remin™"
SRR 10~12 hdg o A PR BRI 1 2 10011
Fb A I A S5 0 5 I8 5 25 B A TR AR LB B 3R B
FE 37 CREIR . 220 remin "4KSE 48 I, T W RIE K
600 nm AZLMOEIE (A) {HiLFE] 0. 4~0. 68F, B 1 mL
YERBAYEX R (RN IPTG % S 41) . R mA



1720 TR 224 (BE 2 i)

¥(51% o6 2025411 A

IPTG (ZL¥WEO0. 4 mmol-L ") #47iES, Nik—%
SrITEAE AR RIBERSME, EE T ARNE
S (20 CCHT 16 °C) MR Y175 3 5 18] (5 1120 h) .

BREEWRE, Bl 1 mL (+IPTG) Wt
PRI, EUE A 1 mLiES: (H1PTG) WAL mL
KiFEF (—IPTG) BAHEXT AL, 12 000 remin '
B0 1 min, # B3, A 50 pL (ERIKRFLR) 1/20)
i 2 £h 22 vp 7% (phosphate buffered saline, PBS)
FRVEREIA, HRE L. A 500 ul. PBS £ o
WOE B, RS A H 50 AR A 4 B AR A R 1 X
B (—IPTG) #dho $RAR 450 pL (+IPTG) W
WH /N (o PR A AR AT S, R 4~5IR, H
SRR Fh ¥ ARV S BT o 8 75 JS A& 12 000 r-min !
B0 1 min, 438 LE S U0 B LT MUTTE 4
50 pL 2= 0y EP 4, 5 & W M & A1 BT X IR
(—IPTG) H 5 — &I A b = H 6t R 41 - 2R N M
ik Biz % B B ¥k (sodium laury sulfate-polyacrylamide
gel electrophoresis, SDS-PAGE) I ¥ 2 b &,
100 ‘C# #£ 5 min, 12 000 remin '&.[» 5 min, B F
T SRR o TR BB 2 B e E AT A TR AR O 0 T B R
Hop— P e 47T % S se i e o, o5 b — B ek A
Western blotting ¥ K Il His & H iAW 0l . 81 %
I i 5 s e sioR 4 A s 2E RO R AL, g
B4R T CAL6-Vpl 2 (1 T A8 X 43 F i & 33 000
B 3T 2 75 AT 2% RN AR HT 5 555 LA K I 28 1 2R 1 I o
1.5 Vpl&E@akxé gkt pET28a-Vpl Fik:
FE Vpl LUF BB Hishrss, el LU His ik
Kl Vpl ik . WUREHAEA pETZEH), iF®
Al (pET-Vpl—IPTG) M55 (pET-Vpl+IPTG)
ORI o N = S E b e S R i
FEWI B SDS-PAGE i) . Hrp— g i 47 % B 52
WY fa, 73 sh—Be )i ok il Western blotting 35 Kzl .
Al Ak BT R P i Ni 5 His 8 F1 Ak 25 4
TR R A B R RO N AR, R
SHMEASEAENEL, RFERTREZ N
B FIBNAE FSRE A RER, TR
V¥ 32 %y IR e 3o I 2 B 1 PR s A R T 1 A
AR, = ke 2 5 H R A RS S
NikE, ffi Z w54 & H & e ™ok

T O S B A I TP T G 175 3 i 5 AR (R 75 A
JEME RS, TR R ER: EAEA Vpl =
By TR, FEEAEA S, WA A ROF
KA S, MROBRBE, $RFRIXE AR

AN E , B DR T A T UlE T,
PRt s 0 e AR DO E . Bl % 8 mol- LR E
PBS 2 vp i 40 mL (BLECELH ), % M 40 W6 R DL
VE, W RIS RIS, 4 °C.
10 000 remin 'B.0> 20 min Ji5, W EE. B EE
JA TS P A A NG AE o S NSRS A, ik
Ni 3 BL Bk 1 5 B fh b B9 His 8 78 50 1R &) 2
Ao Bl & 8 mol- L' RE MY 20, 50, 80, 250 F
500 mmol- L™ DKM (E B, FHRIRER
IOANIEE, PLBENE BB e, R ) b 8 A A
VR ZH 73 o WSR2 1 G 50 pL AR, JF
K 1 2% W 425 5 Al Western blotting ¥ 461 . i i %
b 5 i e 50R 4 B 32 ZOG UL, W%
S A CAL6-Vpl 42 H T AH XS 43 it & 33 000
B 3T 2 5 A 25 R 2%y o 55 DA HI T 2R 1 28R 9 O o
1.6 %% Bk eH & LA SPF IR MM
kA2 H, 2HANEd T TE S K TR
PE o WIR G PEPLIE R N4 0.4 mg A H 55
A R 2 FR A F0AE, 2B 2. 3AI 4 et
JR A R A 0. 2 mg AR HHEEBIERARE S
HANRSIFAL . TR 1R, MR
IR R +EAEN; B2 eEE: B4R,
G g FPLIE R i [COR e i+ HEAE M 3K
B s 528 K, s IRy o IR 58 2 ff 7] +
FEHE M 3WHRLEG RN : 535K, HkR i
1Iml, B0 s, Xl e R (1~
12 L), &k [a] 42 fl 3 50 22 W B 38 (enzyme
linked immunosorbent assay, ELISA) ¥ JE17 8
MSE; HAWBPE: A2 K, RIEHPUE R IBIRA
SERFR A+ EARA; L. 49K, High
kR 4=, ELTISA 5K B il 7 &40 o

1.7 14 ELISA 4w 3 b & 2 5050 [F 1 4o
PE2 R KR, 20 A E 2 K A S i i 217 TR i
FED R, 7% B2 5 B 4320 2R Group A Fll Group B
XoF WSCAR 1 I AT R EE R R (1~124L), 43 5% i
W7 1000, 2000, 4000, 8000, 16000, 32000,
64 000, 128 000, 256 000, 512 000 11 024 000 1%
i B, R Be i vE R o ¥ TR 0. 05 mol- L ik
fih (pH=9.6) MB % 6 mg-L ', £{L 100 pl,
4 °CHE o AT B A . Bl Bt R E
0.05% Tween-20 ) PBS TN 31K, H:K 3 min,
FALIMA PBST #6819 5 %6 LR W3 83 150 pl B Pk
37 CH 14 60 min. B & 0.05% Tween-20 1)
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PBST W Ve 3K, B 3 ming B HAK 53 ] 4%
W R, 37 CHEE 1h, ImA—¥i. BURHiAk
JH 4 0.05% Tween-20 B PBST W M Ve 3k, &
K 3 min, HRP #7ic th = T % IgG (1 : 8 000) ,
37 CI%HE 45 min, MA_Z$i. HE0.05%Tween-
201 PBST WP 5K, ®IK 3 min. IMAJKEY
TMB &, £FL 100 pl, K 5~10 min, &0
A 100 pL 2 mol- L™ B BR £ 1k 2 e, S {6 . R Il
FRASCI 52 9% K 450 nm Ab A B, DLHS BB B B 60
IVAIRERISES PN i e A G2 WSSl R S

1.8 & Vplide ik ed o R HARN KA
%1 CAL6-Vpl Z 5e PR XY CAL6 #Y Vero 4
JiL B Vpl 8 (2R 8 HE AT B O BRI . R
CA16 ¥ JE Y & (multiplicity of infection, MOT)
h0.014%Ff Vero 40 I8, 37 ‘CHi 3% 24 hilt £ A
FEM, A EREZE v, 100 “CH#t 8~10 min i 1
YR, 24 12%SDS-PAGE 438, ¥ E1 % PVDF
PEJ5, BT & 5% BE WK 9 TBST ¥ h & il &
M2 h; A VplyimiiE (1:1000), 4°CHaH L
%5 TBST W PE S 5~6, A HRP bgic i
P IgG —Ht (1:5000), FEiEMEH 2h; TBST
W PE B 5~6 0, IMA S OH 86 . RAS A
25 B RAZANL , B A ALRE b Vpl 2 T A )
43 B 33 000 BT A2 75 A7 A% 71 R AT 5 55 DL I
PG 59 BE Vpl 8 H 45 G 1 S SOw v o

2 &5 B

2.1 VplEawBAME Vpl HEFGH27 M
FER AR EL, MR 4y F AL 33 046.39, SFHL ALK
8.32, ANEaEHE M N 41. 15, 2 IR 41 B 43 M 45 3
WoR: ARG I10.1%, WERSLT7. 7%, I#
BIREIL7.4%. Wk,

2.2 VplZaWFRFGmEAR FRMREMKMERN
W2TTAL IR (—2.478), Bi/KM:iEH N
90 A AR (2.089). WK 1. MK (/<
073) MIEIEIR S K, KW VplEAR T 3K
PEE .

2.3 VplEka—gaMm=84#H VplEH
o825 7 15. 15% , LT & 67. 6820, HEAfEE
hi17.17% . W 2513,

2.4 FMEAZXFHPET28a-Vpl 52 T 4891 bp
AP S, SR RN S U A R — 2 (K4A) .
] B DL pET 28a #4K S B i 4747 18, 15 3 21k
Bk, BURPEEER G R R . T 295300 bphb A Y-

#F1 Vpl WERMA ST

Tab.1 Analysis of amino acid composition of Vpl

Amino acid Number Amino acid Number
[n(n/%)] [n(n/%)]
Alanine (A) 23(7.7)  Leucine (L) 20(6.7)
Arginine (R) 15(5.1)  Lysine (K) 11(3.7)
Asparagine (N) 19(6.4)  Methionine (M) 10(3.4)
Aspartic acid (D) 15(5.1)  Phenylalanine (F) 13(4.4)
Cysteine (C) 4(1.3)  Proline (P) 22(7.4)
Glutamine (Q) 15(5.1)  Serine (S) 20(6.7)
Glutamic acid (E) 9(3.0)  Threonine (T) 30(10.1)
Glycine (G) 17(5.7)  Tryptophan (W) 4(1.3)
Histidine (H) 6(2.0)  Tyrosine (Y) 12(4.0)
Isoleucine (1) 13(4.4)  Valine (V) 19(6.4)
ProtScale output for user;equence
2'2 Hydropath./kyte doolittle
1.5)
1.0]
0.5
»nn —0.5
—1.0
—1.5]
—2.0
—2.5
0 5IO I(I)O 1:50 260 250

Position

E1 Vpl Z&EAFEKMG KIS
Fig. 1 Hydrophilic/hydrophobic analysis of Vp1 protein

W&, SIS R 80 (B4AA) o X E 40k
pET28a-Vpl il i W i PCR #E17 % %, B W PCR
SRS WIHAS (E4AB) o #F— 25§ BCBH M v b
JFORL I TR AR T AR TR () B A B
s Al UEAT Sanger P T BB 40 88 ¢ 118 ) , P
25 15 H B R BOoEAT .
2.5 TAZGRARAAFFFEMHKIEL HEHNK
(pET = #%) MiFESAT (pET-Vpl—IPTG) 4H#,
ESRJE (pET-Vpl+IPTG) 4] Wigg 2] F 4 Xt 4
F i 33 000 kb A — B B = R IB MR A A . A
R AR 20 RS S i 4L A R DL B B A (RS,
KT REMIIE TR THEAEH, H—EX42
W B RTOE T B R Y 3R AT AT,
S on. EAEAFEETE T, WRIZEAN
fie EE D IRE KL

oA 4% 21 BB M 28 R AR B, 16 C
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Prediction results of secondary structure of Vpl protein

Helix
Sheet ——
Turn
o Coil
=}
AN Vi \
5 ,fJ N/ 'u,n‘r".‘ J"" 5 IJ | f’l‘
E Al | i i\ ”\ AN \)ﬂ { wh =
~ T | M| (T \ N
A A ! \
,.“f \ "\u' Mo d I U"“./Q"; A ko, ~ Ao :
‘ VAl
50 100 200 250

Position

E2 VplBEAH_-REW

Fig. 2 Secondary structures of Vpl protein

B3 VplEH=4%H

Fig. 3 Tertiary structures of Vpl protein

F20hA M B EA RS, mHAEAHSED,
BIATF T IR gE i alifl . RIHAE 22 B R S R
B ESE T 16 ‘CHEF 20 he WLAI6~8.

2 T Yl e 4 Il Western blotting (1) 46 1 25 S
EHH — B R v . i S 7 4 ALE T
FHXT 43 F JFi it 33 000 b ¥147 — Sk R M E 1, X
A R E AT DL 3 His BUOAR I ok o DLIE 9.
2.6 EHEEHHEBKRLENL 250~500 mmol-L !
R ] DUA AL B Al AR R H R A .
PR ELHVR B BSA bR E R A HEAT IR B, AR BFSE
Ve B B R 4l B A Y 6~9 B Uk B VR E AT ) £k
2.7 R3ABEHRAZHAAERN  1~12fLBEH M5 T
BERE (38 m, R AL BB B W AR IR . 7RSS 1241,
1+ 1024 000 # B AL A5 48 AT LLOUL %% 2] 2 (5 . AR 48
I3 B B PR bR UEAE 12 1 024 000 6 B, 415 9K
I S R NI N R R e i - UK
I3 2 A KT 1:1 024 000, 35 21 9 4 59 &% 1y o
TLIE 10 M 2,

bp bp
5000

5000 5 300 bp 3000

3000 2 000

2000 1500

1500

1 000 go1 I 750 891 bp
750 (ST g 891 bp 500
500 \__/ 250
250 100
100

A

B

A': Results of agarose electrophoresis (M: DNA marker; Lane 1,2, 3: Linearized products obtained from pET28a vector through PCR

amplification; Lane 4,5,6: PCR amplification of VpI gene) ; B: Results of agarose electrophoresis (M: DNA marker; Lane 1: PCR

results of pET28a-Vpl bacterial solution).

B4 VplHPE B LA TR PCR ™ Yy B i vk
Fig. 4 Gel electrophoregram of PCR products of VpI gene and linearized plasmids
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His-vpl
(33 000)

Induction tmperature: 20C‘;‘In'duction time: 5 h

M: Protein marker; Lane 1: BL21 cells (whole cells) ; Lane 2:
pET empty vector + IPTG (0.4 mmol-L ") (whole cells) ;
Lane 3: pET-Vpl — IPTG (whole cells); Lane 4: pET-Vpl +
IPTG (0.4 mmol-L™") (whole cells) ; Lane 5: pET-Vpl +
IPTG (0.4 mmol-L™") (supernatant) ; Lane 6: pET-Vpl +
IPTG (0.4 mmol-1. ") (precipitate).

Bs5 BAVpIBEHEIBRENEDRRERCHER

Fig. 5 Coomassie bright blue staining results of

recombinant Vp1 protein induced expression

His-vpl
(33 000)

M: Protein marker; Lane 1: BL21 cells (whole cells) ; Lane 2:
pET empty vector + IPTG (0.4 mmol-L ") (whole cells) ;
Lane 3: pET-Vpl — IPTG (whole cells); Lane 4: pET-Vpl +
IPTG (0.4 mmol-L™") (whole cells) ; Lane 5: pET-Vpl +
IPTG (0.4 mmol-L~") (supernatant) ; Lane 6: pET-Vpl-+
IPTG (0.4 mmol-1. ") (precipitate). Note: Expression time
adjusted from 5 h to 20 h.

A6 EHAVpIEHFERRENEMAKEDHRE
Pk S

Fig. 6 Coomassie bright blue staining results of
expression time optimization induced by recombinant

Vpl protein

2.8 RPABRAKY AR EEER HARY
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S5 K A Dy A B T 48 R e 1 0y B ML K A F
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W EITIE, VplEHAE ST ZA RN, RN
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FEMBPBEEAMERE Y. T E coli B R E#
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FIH E. coli BL21 (DE3). Rosetta (DE3) F1BL21
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SMEEE A EE DA AR, FEHRAEDE
. kB & P FH E. coli Rosetta (DE3) J& 42
AU R KRR A SR NS, EHEAS
WKL AR SR, A5 H CALE Vpl
FEHEUMAREREER, WL CAL6 Vpl M
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W, JERET 16 CES 20 h i 5514

BB T EMZ KA (Nickel-nitrilotriacetic acid
affinity chromatography column, Ni-NTA) #4ifk &
FIR R B = 2L F Hishr s GEF b6 M ELLidl
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His-vpl (33 000)

Induction temperature: 16°C ; Induction time: 20 h

M : Protein marker; Lane 1: pET empty vector + IPTG (0.4 mmol-L™") (whole cells) ; Lane 2: pET empty vector + IPTG
(0.4 mmol-L ") (precipitate) ; Lane 3: pET-Vpl—IPTG (whole cells) ; Lane 4: pET-Vpl—IPTG (supernatant) ; Lane 5: pET-
Vpl—IPTG (precipitate) ; Lane 6: pET-Vpl + IPTG (0.4 mmol-L™") (whole cell) ; Lane 7: pET-Vpl + IPTG (0.4 mmol-L™")
(supernatant) ; Lane 8: pET-Vpl + IPTG (0.4 mmol-L ') (precipitate) .Note: Induction temperature adjusted 20 °C to 16 °C.

B7 BEAV)IBEHBESRIBEMRMNED SR ERALER
Fig. 7 Coomassie bright blue staining results of expression temperature optimization induced by recombinant Vp1l

protein

His-vpl (33 000)

U s - e=a ~— His (33000)

B
M: Protein marker; Lane 1: pET empty vector + IPTG (0.4 mmol-L ") (whole cells); Lane 2: pET empty vector + IPTG
(0.4 mmol-L.™") (precipitate) ; Lane 3: pET-Vpl—IPTG (whole cells) ; Lane 4: pET-Vpl—IPTG (supernatant) ; Lane 5: pET-Vpl—
IPTG (precipitate) ; Lane 6: pET-Vpl-+IPTG (0.4 mmol-1L~") (whole cell) ; Lane 7: pET-Vpl+IPTG (0.4 mmol-1."")
(supernatant) ; Lane 8: pET-Vpl-+IPTG (0.4 mmol-L ") (precipitate).
F8 oY (A)Rl Western blotting B (B) SEE4A Vpl EA B S EE

Fig. 8 Expression induced by recombinant Vp1 protein identified by Coomassie bright blue staining(A) and Western
blotting method(B)
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M, M1 2 3 4 5 6 7 8 9 10111213 14
180 000
140 000
100 000
75 000

60 000
45 000

35000 His-vpl (33 000)

25000

15 000
10 000

M,

r

180 000 v
140 000
100 000

75000

60 000 -

M1 2 3 4 5 6 7 8 9 1011 1213 14
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U0
w .- - .
-

His (33 000)

25000

15000
10 000

B

M: Protein marker; Lane 1: Flow-through liquid protein; Lane 2: Equilibration buffer; Lane 3: 20 mmol-L " imidazole elution buffer;
Lane 4: 50 mmol-L " imidazole elution buffer; Lane 5—7: 250 mmol-L " imidazole elution buffer; Lane 8—10: 500 mmol-L ' imidazole
elution buffer; Lane 11: Ni column; Lane 12: BSA (0.1 g-L™"); Lane 13: BSA (0.5g-L " "); Lane 14: BSA (1g-L™").

B9 ZOHssiEgf(A)M Western blotting B (B) S B 4L EH Vp1 BAFEL
Fig. 9 Expression of recombinant Vpl protein identified by Coomassie bright blue staining(A) and Western blotting
method(B)

Hole number 1 2 3 4 5 6 7 8 9 10 11 12

1: Control; 2: 1:1 000 rabbit polyclonal antibody; 3: 1:2 000 rabbit polyclonal antibody; 4: 1:4 000 rabbit polyclonal antibody;
5: 1:8 000 rabbit polyclonal antibody; 6: 1:16 000 rabbit polyclonal antibody; 7: 1:32 000 rabbit polyclonal antibody; 8: 1:64 000 rabbit
polyclonal antibody; 9: 1:128 000 rabbit polyclonal antibody; 10: 1:256 000 rabbit polyclonal antibody; 11: 1:512 000 rabbit polyclonal
antibody; 12: 1:1 024 000 rabbit polyclonal antibody.
B 10 ELISA RN 4% e Ao
Fig. 10 Titer of rabbit polyclonal antibody detected ELISA method

R2 RETETEBM
Tab.2 Titers of rabbit polyclonal antibodies

Titer of rabbit polycolonal antibody

Group

Control 1000 2000 4 000 8 000 16 000 32000 64000 128000 256000 512000 1024000

Group A 0.091 2.025 2.002 1.937 1.847 1.728 1.438 1.186 0.819 0.538 0.413 0.237
Group B 0.069 2.064 1.995 1.972 1.968 1.804 1.614 1.366 1.036 0.696 0.443 0.378
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180 000 L Vpl EE A Z S PR RES 45 & CAL6 FI EVTL R
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45000
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50000 - < Vpl (33000) fRE S A B
95 000 —_— ERT . XAKBMAIY S S LGEE, AEESS
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10 000 —

M: Protein marker; Lane 1: Control group; Lane 2: CA16 group.

El11 Western blotting ¥ %t Vp 1 EH L REDTA
Fig. 11 Rabbit anti-Vpl protein polyclonal antibodies
detected by Western blotting method
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