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WE. STemy—FhRE . MR, SEERIRFRIETE (feline calicivius, FCV) $FUAR NI ELISA Ik, ABFSE I F LA LE, X
PR HERIE FCV 19 VPL 8 H, WA A TR S PR AET b FE T E 1%, @it SDS-PAGE F1 Western blot JuUF A H H; LI VP1 HH
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1% ELISA Jrik A RGP REE | AR A 3R, SIHAEH W35 B PE 7 R & 2B 38 SUR R, o] LA F I RFR S A0, oA FCV IR i1
Wr, BEEE . ST RSO PP AR T AR T,
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Prokaryotic expression of VP1 protein and establishment of an indirect
ELISA detection method for feline calicivirus
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Abstract ; The aim of this study was to establish an indirect ELISA method for the detection of feline calicivirus (FCV) antibody with good
specificity, high sensitivity and high throughput. In this study, the FCV-VP1 was expressed in Escherichia coli by optimizing the expression
conditions. The recombinant protein was purified by nickel ion affinity chromatography and was refolded by dialysis. Then, the recombinant
protein was verified by SDS-PAGE and Western blot. The recombinant VP1 protein was used as the coating antigen to establish an indirect
ELISA method for detecting FCV antibody. Next, the optimal coating concentration of antigen and the optimal dilution of the antibody were
determined using the square titration method. Finally, the conditions of antigen coating, sample incubation time and blocking solution were
optimized , and its performance was verified. The results showed that the expressed target protein bands were clear and correct in size, and it
possessed a good reaction with FCV positive serum. The established indirect ELISA method was used to detect six FCV negative serum sam-
ples, feline parvovirus (FPV) positive serum sample, feline herpesvirus type 1 (FHV—-1) positive serum sample; and they were all nega-
tive. The minimum detection titer of FCV positive serum was 1 : 10 240, and the coefficient of variation between and within groups was less
than 10%. Compared with the commercial kit, the coincidence rate was 100%. The present results indicated that the indirect ELISA method
had good sensitivity, repeatability and coincidence rate, but it had no cross—reaction with other cat common virus positive serum samples.
The method could be used for the detection of clinical samples, which provided a technical means for the diagnosis, prevention and control of

FCV and the evaluation of vaccine immune efficacy.
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ARG EE  (feline calicivirus, FCV) J& T Ak
JRTERE, P E R R AR A, T A
FAEERMN, FOV Y FER G R Sk o8 o 0
9% A I GE S (upper respiratory tract disease,
URTD) , BAE WERERERAE . BiAT. Wi, B
JEFIE 5 AL R AR SR At B AR A R
SRR Zp Ik, FERGL 6~ 84 d BILIAN, SREEAREL
FEAR TR 40% ~60%" > o JEY 5 IR I A 7T RE 23 16 4%
B HE 2 BUFRIETE, X S8 JOAEIR 5 47 J & FCV
SRS B RAT I BRI AR, FCV 5%
B SR IRA T B R S R AR AR v e B, (A
(¥ 5E T 3 A T 3 0, FOV KR A S K 2
7 700 bp AYEA L IE 5% RNA, f0& 3 A JF jik ) 32 4
(open reading frame, ORF) 371 ORF1 Yiht—Fh 275
M, ERER AR E ™, ORF2 4 —4
ZEA, FHPON TGS e R A E KSR
F VP1, ORF3 4ifib ik 45 & = vP2l®' . VPI 2
FCV FEEMEF, 500 E 4002 A 2R,
PR RN . VP R SR Z A PR
JRHRDRIRR POV 2R S BF R RET Y
MR,

AR, BEE ANATEACE I8, YR
B2 AR B Y RS B R RS FCV I i TG
ARIRIT 5 5, IR RO B T Bl a2 b e
HTR L POV AT B — I R RIE R Y | 45RO ] 2
PRARIEIZ R — LT ALY A S bk, S BRI PR I 2
KT H Iz A SO N R A1 SN S
FES FOV I SRBE R 81 S %0 TR i
T A ITEALAT AP i 1 S DR AP CR . WA Bl
FEIRIISW 2 Y ET O A — 2 I 2 7 ik 1
TR FCV HLAAKT-, gk ANREs = | fapeae
Jt (IFA) RE™, A B E T ERIEA R BA
A BAER RS, L5 ELISA A0 FH 4l 1k 1) 9% 75
Wi, W R EE, REE A HA R, 1T
TR 5 ek 4 1 AR 2% G T vk A A8 A ek £
HATEAR NG, (B H AU KR S AR X AT
AT, M ICRI FCV PR m R i A5 &
SRR AR BT ER & A% B 5, RIS B AESN FCV
UK G421 KA 5k, DR o o s 7 R A, T
i VERA Y YA A i

ABIFFE ) K A 18 U R 3k R GEXT FCV 1Y
VPl R TRIL, DIZEAEH ML, &
RSO 25, WS, T B RAF R S8
PERY FCV HURIIE ELISA B J5 7%, 7Tk FCV YL
RIS, B74a B E I RCR PN SR R R S HE

1 #BERE

1.1 RIEH R

FCV-VP1 B4 ki A LI % /775 FCV FHPE
ME . Man/NVws (FPV) BRI . 5620 B
(FHV) FEYEIYS . FHV BRI S 28 0003 H Al o 4
%E; BL21 (DE3) 2NN At a4ty
HABMARAF; SNE-B-D -2
(IPTG) . His—tag Purification Resin (T A8 PE 5| A1) |
SDS-PAGE & [ FHEGZopi (5%) . BCA & R
FERFN G s TMB WA 3 g3~ KA
Y AREGBR /] ; 180 kDa Prestained Protein Marker .
HGR A ECL b2 & YA IR &0 R 5t v e e A
YRR B AT BR N 7] 5 96 FLYERHEEAR AR A [ ) N 3
Fr A Wi JE LY A BRZA 7, HRP -l 1eG (H+L)
W A MR R A R A A 458 LR IE 0
iz (HEPES) ., WKWRIA [ b REE B A R A A
BHAE (B8 T 14 kDa) g 2 X4 YR
() B ARAR; MR RIPER., REWHAHLE
TAYTRE (L) BROAHRAF, S, BR
TAED, AAkE, mIREM . T KA BERE
F 254 A A2 FaGR A FRA |5 iR -20 1 [ _E VBT
P T AR AR A FRA ] HAb Ak 22150 34 R 43 B
4l { A EA YR A RAR ().
1.2 VPl EAERREGUEEH

M5 GenBank 558 KM111170. 1 BB FRIE A
ARG, % VP1 E A HH 306 aa X R K 7 51 2%
ARG Tk 2 pSUMO-Mut 24k | &40 #8445
L E KT B DHS o SR AZ S UM AR 17, $2HL FCV
B VP1 ki, %4kZ%E BL21 (DE3) RZ A0, ¥
BRSO, W 1. 100 HEA B RIBPLME LB B
FRIEPEEFR, 2 0D fE R 0.6 B, % BB AL B ik
fi1 0.5 mmol/L IPTG 7F 18 C &/ Fid®wiAES., H
O LEW, FHIRLE S 2 (0.01 mol/L
HEPES, pH=7.4) SEEFIHTBEABEE, 53 s,
P56 s, A 20 min, A BEEEEO 55 LIER
VLA R TTUE , A TR A T UE X rh i A T A 28 ik
(&4 8 mol/L JRE MM 7H 24 ) BEFEIA IR, B0
BRI Y7 YR R SAy A e A A AR

T T R 2R it Y Y0 4 5 ) R TR R A2 BT
o IR AR R, FTIFIRR TG, R A
W, BEJE R AE LRI W VEARZE Pl (&
A 10 mmol/L WKW A IR IA R ) BEMG 28, Bk
WRZZ i (&7 200 mmol/ L IBK W fit £, T8 12k 2L it ¥k )
YRR E PTG H A, R A D BRI R S N 2R
F_ERESE i AT SDS-PAGE 4347,
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VEHH B SR R EE i AR AU
A6, 4,2, 0 mol/L JRE MM M Y h &b,
L E BN PBS W (0. 01 mol/L PBS, pH=
7.4) h, BElifb s R RS R R AR L R
M R i HE4T SDS-PAGE 20 #T, JF4& 8 BCA
) ) U B 5 % A B P R A T U I
1.3 VP1 EZHZEH Western blot £

PG H B 11 22 SDS-PAGE J5 %% Bl 2 il
FREFHEZE N, WA 5% DR Wit 2 h, PBST
(0.01 mol/L PBS, 0.1% Tween—-20, pH=7.4) &k
3, LU FCV BHME IS E S —$t 4 C & s,
PBST i3t 3 Ik, LL HRP trid i Rbidl gG (H+L)
K TPUEREE 1 h, PBSTIHUE3 K, MiE7ERE LT
I ECL &G Tt
1.4 RERFREHRENRENSTHERENHE

SR FH 7 W3 R 0 L D B 1 ) e A v B A
Mg mAERm B, AR (0.05 mol/L Az #h 22
W, pH=9.6) MHrJEE FIE G LRGBS, R
9 9.76, 4.88, 2.44. 1.22, 0.61, 0.305, 0.152 5,
0.076 25 pg/mL, 4fL 100 pL 4 CHE LK, KH
F AL, PBST ¥R 3 ¥k, HEK 3 ming BEFLIN
200 L 5% ifEFL 37 CIRE 2 h; PBST ¥kt 3 ¥k, 4
K 3 ming FERFFRAR 53 50 A LA R Y BH P R
PRI, FBEEE N 1250, 1 : 100, 1 : 200, 1:
400, 1 : 800, AEfL 100 pL 37 Ci#E 2 h; PBST ¥t
M3 ¥k, B3 ming A1 : 10 000 FiBéR) HRP -1
YUl 1sG (H+L), £FfL 100 pL 37 CH#AH 1 h; PBST
YEAR 3K, K 3 min; BALMA 100 pL TMB & £
W, FIEDE R A 15 ming BFLIIA 50 pL &1k
(2 mol /L H,S0,) Z k&, 20 min P H BRI
BEHL OD o ., BEBBHMEIMYE OD, =1 HAZI 1,
FHMEMLYE OD o fH/FATEILYE OD 5 (P/N) >2.1 1)
FLIT XTI 114 45 2 Ay e A e D A W 38 0 e £ 1 3
REIE
1.5 (& ELISA &M &R

fELIRRARIF I 2R, Bk 5% 1 53 il ol
4 CiFmAal . 37 CHLBE 1 h F137 CHLBE 1 h 5K
4 Cide, Tk fEp Ry & F; 25 H 1%BSA |
S%MiNGFL . 5% FBS VE N B 1, 0 18 J5e 10 s B Ak
INAE WG 37 CorlEti 1, 2, 3 h ke etk
EHIEFE] ;RS 5H PBS, PBST, 5%MiflEFL. 1%
BSA Hi B LA 2 e AL S R RE UM ILYE T 37 °C F 4%
BIWFE 0.5, 1, 2. 3 h DU & A 1 35 0% 7 A 1)
EEFRPTARFR BERE 225 1 2 5000, 1 : 10 000, 1 :
20 000 i & fe FE M AR bO AW BE B AR PLIR I &
BRI 0.5, 1, 1.5 h Rl E S A= IR LT &

] s A RS 43 5 8 € 10, 15, 20 min KA
ErtEmanta, D EAAIRE 3 A~EL, HE P
PEFIME, BEH P/N S5 AR 1AL R Y 25 AR Fe
1.
1.6 IGFREHE

I FE A AL 07 04 45 12 %o 42 453 B I 35 4 4 A
IR D) 0D, F¥ME (x) FibriEZE (SD),
THAR+3SD VMG AL, B S F500 1M 55 B & 0D (8
=x+3SD WM A BHTE, 0D, (8 <x+3SD I3 W Ky
A
1.7 RXRMiIRLE

FIHEE ST B[] 42 ELISA J7rikgi 6 £y FCV %
Mm% (45 1~6), FCV FHMEIMTE (45 7). FPV
FHEMIE (465 8) . FHV BEHYEIYE (45 9), &1
BEAR 4 NS, HHEx, DIPEASIT 2 B % FCv
I3 AR 8 AR 118 DL A S 5 T 1 I 3 & A Ry
SPERS SRV,
1.8 REFEIXE

¥ FCV FHME M S 24 1 2 320, 1 : 640, 1 :
1280, 1:2560, 1:5120, 1:10240, 1 :20 480,
1240 960 HATH B, BAMBE 6 MHEE, 1THx,
LA I BEAE I S b o W2 v O SR AR B, 9F
i) ELISA 7k REEUE
1.9 ZFEEMHIKE

MR AR R R gtk i FE 4 VP 2
BEARAR, 23 BRI 4 ) FCV PR IS F1 4 4 FCV 9]
PRI, ROy ME M 4 WERE, e BFLIY 0D, A,
T8x ., SD FIAE S R4k, Sk [E4% ELISA J5 iy &
=R
1.10 FHEZEWMNE

FHEEST 1% [ 42 ELISA J735H1 BIOGAL i —Bpiik
KA & [l B X 164 ) ML 75 FE S BR AT AG I, ok 4G )
ST T, FFE R = (BHEREAE -+ B PERE
TR /RS EBx100% , FIWHZ T HERR I

2 #R

2.1 EHER4ALEER

XFFIRHERAEATVE TRIE, RS R AE T
g3 58 kDa 28 A W] B H B8 F 3B A0,
Bl 1R, B BOARRE R A, ATLE I HEA
EDREIRCLE S| NS N LR IR L SV TRty L Epri R e aei
TARMZMrEAL, 2EAR)E A AR S R U i
PR AR, B ai ikt H v,
HHEAB R,

VeIl e i | R B v AR K E X I A4 R R R A T
BN NE, RN 2 R, YR EAEIERALE
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EIEMT A, R EA BRSO RN, R

kDa M 1 2

5 BCA ] G BRAE L, W04 AL P 5 2R 111 g |
0. 70 mg/mL,
70 —
KDaM 1 2 3 4 5 6 7 8 9 1011 55-3~~58k1)a

130 W

05 e
40 wew
70
55 . "v-' — e @ded 551 35
43 . (-8 o
33 rv - 25
250 e M. OREBRIE | SRR 2 SRR
M. EERRME; 1 BIMEIR, 2. SR, 3. BAJE LW B2 AiFEE 4 SDS-PAGE S
4. BREJFULHE; 5. ARIAVERI; 6. W 7.0 mmol/L BRMEE Y
P 8. 10 mmol/ T BRIPEALLE PhiB; 9~ 11. PEMEZE i, 1;133 M L2
130
E1 VPl BARILSLHLE SDS-PAGE £t 100
000
i — ’SSkDa
2.2 EHZEH Western blot £7F 40/
B2 H & A DU FCV PR IS b —Pt
4T Western blot 708, Z5R K 3 flizn, 1F 58 kDa 35| e
BF o e 25—
AL WREL R S5 AT R S 250y, R M EA ]
% FCV FHPE LIS R iR, B R O 5
2.3 EEREFEEHKEMRENSHREENRE 15

TEMEESERERLER L, P=1 HER 1,
P/N>2. 1 X ) B AL BT R AL B B R 1. 22 pg/mlL,
AR MR REEE R 1 2 800,

=

. A TR, 1 MR, 2. VP EHEA,

B 3 EZHZEH Western blot 71T

x1 RENFEERKREMN—RNBRHEENHE

BeF AL Pk I/ j LR
) s

(pg - mL™) 1:50 1:100 1:200 1:400 1 : 800

P 2. 688 2.522 2.212 1.711 1.238

9.76 N 1.319 1. 031 0.618 0.434 0.257

P/N 2.038 2.445 3.582 3.941 4. 807

P 2.628 2.438 2.101 1.561 1. 074

4. 88 N 1. 137 0. 891 0. 467 0. 356 0. 205

P/N 2.311 2.735 4. 494 4.379 5.244

P 2.450 2.471 2.071 1.553 1. 049

2.44 N 0. 999 0. 708 0.414 0. 307 0. 187

P/N 2.452 3.489 4.997 5.051 5.617

P 2.216 2.352 1.922 1.517 1. 008

1.22 N 0. 840 0.523 0. 354 0.261 0. 136

P/N 2. 637 4. 500 5.425 5.817 7. 420

P 2. 166 2.097 1.727 1.248 0. 829

0.61 N 0.593 0. 427 0.245 0. 150 0.110

P/N 3. 650 4.915 7.056 8.291 7.512
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eS|
BUIF A B/ B L3 R
Lol Ee o
(pg-mL™") 1:50 1:100 1:200 1 : 400 1 : 800
P 1.625 1.598 1.189 0. 901 0.578
0. 305 N 0. 469 0.333 0.248 0.122 0.079
P/N 3. 466 4.790 4.791 7.377 7.290
P 1.283 0. 812 0.757 0.570 0. 409
0.1525 N 0. 468 0.301 0.218 0. 102 0. 094
P/N 2.739 2.699 3.470 5. 601 4.335
P 0. 661 0. 641 0. 440 0.344 0. 190
0.076 25 N 0. 481 0. 470 0.276 0. 135 0. 121
P/N 1.376 1.363 1.595 2.558 1.579

2.4 [84% ELISA Rz &4k
X4 ELISA £ &N ARt Ar ik, 15 et
R AT PR 500 37 CIER 1 h; il
HIH S0 1%BSA EHH 1 h; S iRE b w B N 5%
RS, BEE WM 3 hy WAL R RRIE R 1
5000, SEEMEIY 1.5 hy fFedt R EARE Y 20 min,
2.5 (8% ELISA I§REMHRE

FIFHEE ST A1 ELISA Jy i 42 403 B il 35 1F
K, 451k 0. 143, SD J90.026, 145x+3SD

J90.221, BPSFAR MGG OD,5 6 =0. 221 FWh
FHME, 0D, fH<0.221 FIWT R EAME,
2.6 XK
LRI S5 R 2 FroR, [Al4% ELISA &
W FPV FHPEIM Y . FHV BHPEMTE . 6 4y FCV B M
TR A BAMESE S, KT FCVPHE M 35 S BH 45 51
VLTI BR T FCV L LA A A% Al A D0 o 1
TE 95 7 BHE 1M 3 To 38 SUR N

F2 TXRERE
.- FCV B M3 FCV IS FPV BHMEILE  FHV B
1 2 3 4 5 6 7 8 9
0D, 18 0. 106 0. 103 0.113 0. 103 0. 109 0.111 1. 483 0. 103 0.116
SERHE - - - - - - + - -
TE: “+7 FORMME, <=7 FoRBIME, TR,

2.7 REEIRE
R LSRN 3 Fros, 8132 ELISA 461

1: 10 240 % B BE (09 BH % 1L 15 BF, OD,, (H A K F
0.221, VEIHIZAG I Iy vk ELA i i) R

x3 RHERKR

L i T FEE
WiH
1:320 1: 640 1:1280 1:2560 1:5120 1:10 240 1:20480 1 : 40 960
0D,5y {8 2. 600 1.790 1.232 0. 864 0. 501 0. 250 0. 157 0.115
2E L + + + + + + - -

2.8 EEHRKE
TR LSRN 4 ML 5 PR, ANER M
R A28 S R EAE 0.76% ~ 4. 16% 2 6], /NT 5%,

2 1e] 5 AR Y S AR AT 2. 27% ~ 8. 05% Z T4,
INT10%, 756K B REARERY 2K, 1 B At 57 fd [
1% ELISA J5iE BA RAFA T E A2k,
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x4 ANEERKR

FE g = %+SD AT B %
1 2 3 4
1 1. 700 1.757 1. 692 1. 698 1. 712+0. 030 1.76
2 0. 672 0. 668 0. 665 0. 622 0. 657+0. 024 3. 60
3 2. 467 2.459 2.503 2.279 2.427+0. 101 4.16
4 1. 564 1.587 1.588 1.588 1.582+0.012 0.76
5 0. 191 0.189 0. 190 0.193 0. 191x0. 002 0.84
6 0. 134 0. 130 0.133 0. 127 0. 131+0. 003 2.50
7 0.122 0. 121 0.122 0.119 0. 12120. 001 1. 03
8 0.192 0.194 0.199 0.200 0. 1960. 004 1.92
x5 ABREEHRE
A5V K
. EEIRE B I
FE S S x+SD 5 R %
1 2 3 4

1 1.724 1.518 1.635 1.575 1. 613=0. 088 5.45
2 0.617 0. 551 0. 668 0. 641 0. 61920. 050 8.05
3 2.283 2.350 2.338 2.413 2.346+0. 053 2.27
4 1.432 1.597 1.531 1.633 1. 548+0. 088 5.72
5 0.179 0. 190 0.189 0.210 0. 192+0. 013 6.85
6 0.121 0.125 0.135 0. 120 0. 125+0. 007 5.45
7 0.117 0.111 0.123 0. 120 0. 118+0. 005 4.32
8 0.185 0.174 0.202 0.195 0. 189+0. 012 6.41

2.9 HAEXRNE

SR AT 53 8 57 A9 6] 12 ELISA Jy i RS b Ak ik
FIEIRIER I 164 4 M 75 #F &, K25 5 an 2 6 fr
TRe GV, ZIA4E ELISA J7 5 i S AL B AR K
A& AT G20 100%

x6 FAEERUE

) R AR &
WiH
FH4: e it
[APE 112 0 112
[a]42% ELISA Ak 0 52 52
it 112 52 164
3 iFig

FCV J2 50 DR —Riog 5, B AL
PERIB AL S P, FCV e ] 3 8U™ HH 2 Bar iy
P, VP12 EEMEHMERMKTEEN, K2
Mg A b, W T I RS W A T &
Tohya %2 £ FCV ##k L% th 7 A~ RS AL,
Hrh 4 MELAET VPL E, Cubillos —Zapata %[3] iIE B

VP18 A — B BEAR ST IE 91 R Al b R 2= 40
I — B AR S e 4 o op RB R R 0, T SiE AR 21
FIKT FCV-VP1 M —BZHEEMEN, &
Western blot il HA K 48 2 g S5

XFEAE AN KEE™, e AR REZ RS
FRYGE, ZFRGE AT LALE ST R P RGE RS R ) =
wH, JFHBAREE, BERPFE, & 2T
SCHSER Ty RS B2 ORI R, AN TR B 4
JHL 7 2y ] — b 2 L R B EL A A% B 3 A O [l
BRI K5 B0 R A = A DG, W%
P AR SRRICRIIER, 2 FEEIRER, BT
AL eI A R A R R R, EAHEAER
BFRERGA 2 FiRRER, —FRREE LR
IR TR T, o3 — A B R IR S 8k
KW T RERI R A, A E A ORAR
BERESIEHMEA L IEITS, (Aol
PG ILIERIT &L, AR s B i & P g
R, RRUE PR, T ARG S 20 PN B R R, B
ARFTEANEEMAL, QRH £ X590 FCV
) ORF2 g T A FRB Tk, DI MikIE ARk E
HEN, RUEEA B R R, £ A%



BHEEE

2025 4F

W57% 3 L 03.

WX FCV-VP1 S TR R BRIE, A UA
WP RIEHWEN, A RIFRNEE, fTHT
Je SEHEE

Bl 789 77 AR W&, FCV ™ HE 5 0 3 [ 48
FEAERAE , BUAARAS I T ATTAS A He e v SR A LR 1) i

BLAE, PHBARE R 1 S RE OR8> G  J T ) RU:
st ] UG Bh B2 W7, ELISA A BRfER 68 | &
REGE | mRESE . EEEOLS, TR IE R
BT E A, Lau 250" 38 5o £ 0506 25 0 5 2 2
57 ELISA 5%, FTFRD FCV #1550 1T SPF 48 /Y
PUAMRES RN FCV W0RERE B 10 e e )ik, ANER R
BN 5.5%, HIE7E R RECH 12. 0%, BIOGAL R i
IR Bk ) ELISA J7 35 7E — S5 A #f 5% v 45 2]
WAE, 5 “4triE” i bR s A A e H R
FEEIZWHER T, AR R FCV Sk ny A A T

HPB AR g, AT AL A IR ELISA J7
%ﬁﬁm%ﬁlAﬂﬁﬁ%mﬁﬁﬁﬁ TR, FFE
R Ik 100%, 1 BH #5709 7 2 B R4 9 R DU
PEBE .

AMEFE X I A IR R RSB LS TR
FCV-VP1 8, SEAHEADEBAEIE 8 KR
ik, EAL4itk, B1EJA, Western blot 3 iF H HAg
() R SO S, DA ZH AR O R ST T R
B B PRG-I A 4 ELISA J5 ¥, %07 B T i
LIRS, A RN TS, AR
BERRIOTIRG . 120, 1A I7 AR S DA R SR
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