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[ Abstract]  Objective To detect antibodies to Coxsackievirus B4 (CV-B4) , the indirect enzyme-
linked immunosorbent assay ( ELISA) method was established and optimized using the recombinant VP1
protein expressed in the prokaryote system as the envelope antigen. Methods The VP1 gene of CV-B4 was
amplified using reverse transcriptase-polymerase chain reaction (RT-PCR). Tt was ligated into the expression
vector pET32a(+) to obtain the recombinant plasmid pET32(+)-VP1 and was then transformed into E. coli
expression strain Rosetta (DE3). The recombinant VP1 protein was induced by IPTG, which was verified
using SDS-PAGE electrophoresis and mass spectrometry. The establishment and optimization of the indirect
ELISA reaction system was based on the purified recombinant protein mentioned above as the coating antigen.
Results The CV-B4 VP1 gene was stably expressed in E. coli in the form of inclusion body. The optimal
coating concentration of antigen was 7.5 pg per well and the optimal serum dilution was 1 :100. The
threshold for determining the negative and positive result of the serum samples was the optical density value
of = 0.376 at 450 nm. The purified recombinant protein could be specifically recognized by CV-B4 positive
serum without cross-reaction with Coxsackievirus (CV)-A, CV-Bl and CV-BS5, indicating that it has good
immunogenicity. However, it can cross-react with CV-B3 serum samples. Conclusions The indirect ELISA
detection method based on the CV-B4 VP1 protein could be used in the detection of serum antibody to CV-B4
infection with good sensitivity, specificity and repeatability.
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Ih=9"8

FE/)N RNA SRR, VP JE R g fidh = 22
PIBTIRFAL , A RS A7 5, o B2 1 4R
PR A, TR R 2 W A B BT R Y T
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1.1 ##  CV-B4 ##k CV-BLW (SDLW2/CHN/
2013) JAAZ R IR AR pET32a (+) , i 240 4
1 3 JBZ AR E. coli DHSau E. coli Rosetta( DE3) I3
H TaKaRa /A F] ; Trizol 171 | [ % s 171 £ 3 W A
b 2 X4 B HE AR A R Al Random Premier
TaqDNA 545 B | R il 1 4% 12 9 VI . T4 DNA %42
fitt . pMD19-T i &M A K&k FEAEY TRARL

A 5 BORL PR 4 O & DNA BE K [l 50t ) &
H Omega A 5 IPTG W H R 3K A YFH A R
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M) ET R AR 40, 18 A R EAEWRHCA IRA A
TMB 4 i, W F R AR AR A FRA AL
7B 71 BL(EV-AT1) FE%27 63 A16 A
(CV-A16) HF[R% 479K 8 A10 AY (CV-A10) 5% &7
JiEE A6 B (CV-A6) M= 45 B1 &I (CV-B1) |
FIBE AR EE BS B ( CV-BS) 25 A4 BHAE 1 3 Sk /s B2
SRR LR BERR S ARAS LY , /N B CV-B4 bRifEFH
PEIALTE A/ BUBSE CV-B4 TERR S (0 I35, B 1M 3
AL/ IR o PR K B il 37 35 Fh A%
S i) % T PR AE, I #E R EV-AT1 (SD004/EV-
A71/Shandong/ China/2015) , CV-A16 ( TA271/CV-A16/
Shandong/China/2015_7_18) . CV-A10 ( TAI5IR) ., CV-
A6(WF057) .CV-B1(YT368R) .CV-B5(16057) M4
SEG S BT
1.2 VPl EREyERREHEHE %
GenBank #' CV-BLW ( SDLW2/CHN/2013) f) 4= FE A
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AGGCCTGTGGTTATT-3" (N %l £k A Xhol [t Y] 137
B, 5 H By T RARAE SR, FIH
Trizol £ #2 HU CV-BLW B ¥k ) RNA, DL RNA H %
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PCR 4734 CV-B4 fY VP1 £, § 38 55154 94 °C T
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L AR S AR 1 BN 2. B HARK | eEd;
3. ARE SRR 2 M REA 4. B SEAR 2 RER;
M 2 1 BT 53 B s
B 1 VP1 HHEN Western blot £5E
1: Total protein of recombinant strain 1 uninduced; 2; Total protein
of recombinant strain 1 induced by IPTG; 3 Total protein of
recombinant strain 1 uninduced; 4: Total protein of recombinant
strain 1 induced by IPTG; M. Protein marker

Fig.1 Western blot analysis of the VP1 recombinant protein

1 2 M(Mr.X10%) 3 4

1:pET32a( +)-VP1 il IPTG 75 5 A0#8 A BEREILIE ;2 : pET32a( +) -
VP1 Jil IPTG i AR A= 0 135 ;3 . pET32a( +) -Vpl JG IPTG 5
IR PR ITUUE ;4 : pET32a(+) -Vpl JC IPTG 1753 A P B0
T s M 2R ST 3 oA b
B2 VPl EHAKAM SDS-PAGE 73Hr
1 :Sonication precipitates of p£T32a (+)-Vpl induced by IPTG;
2: Sonication supernatant of pET32a (+)-Vpl induced by IPTG;
3. Sonication precipitates of pET32a (+)-Vpl without IPTG;
4. Sonication supernatant of pET32a (+)-Vpl without IPTG;
M: Protein marker

Fig.2 SDS-PAGE analysis of the VP1 recombinant protein

2.3 ELISA AiERI#sL

2.3.1 Pl dme A E Tk B RN I SR A R AT AR
B ik VPl EALFRIXE A pHY. 6 1AL
ER 57 vl BERR RE e BT BRI 22 ¥ A0 8% ELISA J
AR (0. 8125 we/FL,1.625 we/fL,3.75 ng/fL,7.5
pe/fL, 15 we/FL,30 pe/FL) , B ML 3 A1 SH 1 i i
FREERG RS 54T ELISA A, BHAE 1l 3 5 B M 1l
1 0D, . FWIESE A 4. 549 LA BHIE I OD,, .,
1.0, iR ny B W N 7.5 e/ AL, PV I

| 2 M{Mr. % 10%)

1:4ifbJ5 19 VP1 % ;2. pET32a( +) -Vpl il IPTG
55 B TR R TTOUE 5 M2 B 1 AR X 43 o e
3 VP 4ifbZE A SDS-PAGE /M7
1. Purified VP1 protein; 2: Sonication precipitates
of pET32a (+)-Vpl induced by IPTG; M. Protein marker
Fig.3 SDS-PAGE analysis of the purified VP1 protein
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VEFTHRE i BE , JEAT ELISA Ko, B n — P B A%
B 1600 f751F M 5E /Y 0D, A8 P/N K,
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2.3.4 [H4% ELISA Ilfi S8 7 % . R FHAS fF 5% 2
S BRI ELISA il 77 %5 18 {7 /INE CV-B4
AP I R ARSI, AR HE 25 R 38 oD, F3E N
0.2571, b3 25 4 0. 0398, MRHEiHH A, Ik FHE
HBAPEIMLYE OD,s, . FHIME + 3xPrifE2E, H) CV-B4
B2 ELISA AS: A4 BF B if, 375 11 SRR 0. 376,
2.3.5 [A]4E ELISA U J5 ¥ 0 4 Sk | BOvE A
A M R 7 1Y () #E ELISA J7 8 %F EV-ATL,
CV-A16 .CV-A6 .CV-A10 .CV-B1 Hl CV-B5 Ji /sy
Je /N BRUILYE SEA TR, 2 0D 5, . JE3/NTF 16 SHE
0.376, K FAME, R T 1 ELISA ik HA R
ARSI, 5 LR Te 38 R, Xt CV-B3
JERYL S5 1 10T AT A oD, T K I AHE
0.376, KIAM:, 5 CV-B3 8 A — 8 LR .

Vo PE M I3 R AT AR RS , I FH A S 8 Tk

PEATREIN , 25 SR S s 24 BE PR AL V5 AR R B R 1:625 Bif
HKIBEH OD 5, JEMRIR KT IG FHE, 22 W1i% 07 158
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b PN 5 M S T Tm) O 8 ) IR AR A 3 5y
CV-B4 PHEINTE , B FEA T Z A 5 0, AR A6 75
#) 0D, .. FIEIME X ARifE2 S 1B HAR R R ECh
3.80%~7.00% /T 10% , F B [F] — L i B R
biRssE e, A E A PR SEER S 5 LU A 1Y)
UREAL YRR AR, BEHLE 1 1 CV-B4 BHM: Il 37, I
FRIZINTE 0D, . P IME brifE 22 THE A R R A
H6.74% ,/NT 10% , 3= W LA AE R 42,98 1 5 BT
ST 4 ELISA J7 kit 2 M R 4T,

3 itig

T2 Ry E— A EE A I T A
B, SRR R CV e RO [R5 A i i ]
43R A A B 4L, H S5 A f A 2 B AR e |
EEAE RV A 45T EV-AT1 F1 CV-A16, IT4E R
B ARG LU R i n' . €V B 4L Ak n]
5P R TC R MG R 2t s O LA
ECRE SR AT O R DO R SORAE, AT
AP R 50% DRI &S CV B 4l FFS:
o A IR LY AT 10 4Rk, &K CV-B4 &
WREEAT, B 2000—2004 4E45 H ) 30 435
B R, CV-B4 {5 T I T8 #5566 17 (R ALd%
G K T A BE ), o B W E R R N
4.2% ,H 2004 4EH & CV-B4 J FERATHRAE
5 [ 1999—2011 4F Jiy 18 5 15 BG4 1 40 F I A 7 o
JAAF T LB, 5 R T2 CU Rk o 2 M 9 O &
M) e BB Rl EV-AT71 (84%) K CV-Al6
(5%),%% 3 i CV-B4, fif (5l 2%, B £
AELELISA K 651 B 56 €V B 4B YL L,
FHME 46 b CV-B4 A9 17 ] LYK T CV-B3 &I (21
Bil) , 5 2000 4FANE B W A R v B 4]
6 Il ¥ AP 7 LU BIAEAL, CV-B3 ,CV-B5 B 5|
W E R, BN AN £, T CV-B4 Y i
HIEAZIL,

WIS WA B F IR 82897 95, vl LR
PRI 22 AL HE R AR SR TR, i T
B (AN EV-AT1) BYAL SR I 7 i 26 BRI 0 B
(IRESE | LT 2712 W FSE A 9% 6 %2 i PCR ( Real-
time PCR, RT-PCR) % 7 ik SR1MT, 35 B 15 77 M
XTFERT H 75 B2 & [ 18 R 5L RT-PCR K i B R
R E G50 HRLE PCR AR M A& M, K
Real-time PCR, [d] 4% ELISA I 77 1 B i a7 f P

B BH MR AR B T A D SRR UGS P
I RAZ W R R A Yy 8 T e, DRt AR 5
FER TR B, i Sy IR 1k [B1 42 ELISA J5 ik, ]
FF CV-B4 (16l K PRHAG I

H AT, B EEA ST 1 VP J At JE R 1E 328 ¥
BRI 53T AT 2 A PR B 52 00 32 R0 07 40
VP1 X 4K 852 bp, 4if 1y VP1 FHH A& 284 &
FEWR L B R R AP FE TR, H A
BB B I o AR B R M E
A EA VP R R 2R IE KA,
8 mol/L JRZ X H 5 R RIME , AR ) 5% B-
Hi kL OIS DR R . M E MR A s fE
VE AR BT I, S S HEPE AL TR0 CV-B4 1My Pk
(1E]$% ELISA J5 ik, i PR A B B R 7.5
e/ FL s MTE AR BEAE ECh 100 £, e A 005 & B 1]
h 60 min; fiEbR —PUaE TR EE N 1:1 600, 1 FH
T B 18 4y B AL L CV-B4 PHAE I3 L EV-
AT K HABRI ) CV BHAE i 38 20 50l SR AT ARG | 2%
WRATFFR L) CV-B4 K52 1 VPl HA BT
MBI, bR CV-B3 159 2 il 45 14 BT I 7 77 7E
A8 SURINAN , FE S B A1 4 ELISA J5 s LA & i
SebE R E R AT R

CV-B3 Hil CV-B4 1) VP1 £ &5 BE (4 )% 51 — 3k 1k
(72%) , A& 1) VP1 A EA 6 1 IIARE5 ),
Hrp s AR/ —80" ) CV-B3 5K #E B 4147
TE—EL X Jrad-Battikh 2517 & B CV-B3
(I TCTEME SR Sabin3-like B 1T LLTE/IN UL i
SR, R CV-B3 Fl CV-B4 Bl nT LA 3458
P E . DL B4R CV-B3 1 CV-B4 [a] 7]
REAF7E PR <7 SOAH 3T A B e A7, J2 53 CV-B4 1)
VP1 $iJ 5 CV-B3 HBIAE XR hy i =2 R

ARIFFER KGR A W R IL RS, Bk aifbik
18 CV-B4 45 T VP, 837 i ELISA 60 )7 vk
Phalifb i) S 2 2R VR A A gl I LA o 1 e
P AT LS T e A ARG T SR F 2 1 I AR
h CV-B4 IR B RIZ W 43 T A3 20T B, S B
Pt e BT AR T ) 25 5 T Ll X CV-B4 14 B
A B R X,

Pl A EE A DR 45 h 2%

EETTEKAER R AR SRR GBSO R K
PRAS  Bls B B e oy A s s T WE TS 48 T I8 B e & B
S
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