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against rabies virus (RV) using the main antigenic determinant of nucleoprotein (RV N1) as antigen. The complete Nucleoprotein
(N) gene and the partial N1 gene (1 000—1 353 bp) of RV Flury LEP strain were amplified using RT-PCR and PCR approaches.
The two fragments were inserted into pGEX-6P-1 respectively. Then we transformed the recombinant plasmids into Escherichia
coli BL21(DE3) strain and expressed them by adding 1 mmol/L of IPTG (isopropyl-p-D-thiogalactopyranoside). SDS-PAGE
analysis showed that both of the two recombinant proteins were presented as inclusion bodies. Compared with the complete
nucleoprotein, the partial protein (RV N1) was expressed at a much higher level in E. coli BL21(DE3). The antigenic
specificity of the partial N1 protein was confirmed by Western blotting. By coating the plates with purified RV N1 as an
antigen, an SPA-ELISA method for the detection of the antibodies against RV was established. By optimizing this method, the
optimal concentration of RV N1 coating the ELISA plate was 2 mg/L. The optimal concentration of serum samples and
SPA-HRP was 1:100 and 1:4 000 respectively. Compared with a commercially available ELISA kit coating RV as antigen, the
coincidence rate of SPA-ELISA was 94.1%. Our results show that the developed SPA-ELISA based on the RV N1 was useful
for the detection of the antibodies against RV in the sera of dogs.
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Table 1  Amplification primers for construction of expression vectors

Primer name Primer sequence (5'-3") Size (bp)
RV-NF GCAGAATTCATGGATGCCGACAAGATTGTG 1353
RV-NR GCGCTCGAGTTATGAGTCACTCGAATACG
RV-N1F CGAGAATTCTGTGCCCCTCATGAGATGTC 353
RV-N1R GCGCTCGAGTTATGAGTCACTCGAATACG

The restriction enzyme sites are shown by the underlines in the primers sequences.
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Fig. 1 Amplification of target fragments by RT-PCR. M: DNA
marker DL2000 plus; 1: RT-PCR product of RV N1; 2: RT-PCR
product of RV N; 3: negative control.
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Fig. 2 Identification of recombinant pGEX-6P-1-RV-N by
enzyme digestion. M: DNA marker DL2000 plus; 1:
pGEX-6P-1-RV-N digested with EcoR | and Xho I.
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Fig. 3 Identification of recombinant pGEX-6P-1-RV-N1 by
enzyme digestion. M: DNA marker DL2000 plus; 1:
pGEX-6P-1-RV-N1 digested with EcoR | and Xho I.
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kDa

Fig. 4 SDS-PAGE analysis of recombinant proteins. M: protein marker; 1: pGEX-6P-1-RV-N1/BL21 before induced; 2:
pGEX-6P-1-RV-N1/BL21 induced by IPTG; 3: pGEX-6P-1- RV-N/BL21 before induced; 4: pGEX-6P-1-RV-N/BL21 induced by
IPTG; 5: pGEX-6P-1-RV/BL21 induced by IPTG.
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Fig. 5 SDS-PAGE analysis of the existence of the recombination protein N1 and N. 1: purified N1 protein from recombinant
bacteria lysate; 2: inclusion bodies of the recombinant bacterial (BL21) of pGEX-6P-1-RV-N1; 3: supernatant of recombinant
bacterial (BL21) of pGEX-6P-1-RV-N1; 4: total recombinant bacterial (BL21) of pGEX-6P-1-RV-N1; 5: inclusion bodies of the
recombinant bacterial (BL21) of pGEX-6P-1-RV-N; 6: supernatant of recombinant bacterial (BL21) of pGEX-6P-1-RV-N; 7: total

recombinant bacterial (BL21) of pGEX-6P-1-RV-N.
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Fig. 6 Western blotting analysis of the purified recombinant
nucleoprotein. 1: pGEX-6P-1-RV-N1/BL21 induced by IPTG; 2:
pGEX-6P-1/BL21 induced by IPTG; M: protein marker.
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Table 2 Optimization for concentration of antigen and dilution of serum with indirect ELISA
Serum dilution Antigen coating concentration (mg/L)
6.00 4.00 2.00 1.00 0.50 0.25
P(1:100) 1.288 1.013 0.990 0.920 0.846 0.721
N(1:100) 0.078 0.084 0.043 0.060 0.025 0.059
P/N 16.513 12.059 23.023 15.333 33.840 12.220
P(1:200) 1.057 0.832 0.628 0.537 0.639 0.401
N(1:200) 0.094 0.035 0.041 0.028 0.033 0.020
P/N 11.245 23.771 15.317 19.179 19.364 20.050
P(1:300) 0.471 0.474 0.441 0.413 0.412 0.374
N(1:300) 0.038 0.022 0.021 0.025 0.013 0.020
P/N 12.395 21.545 21.000 16.520 31.692 18.700
3 KATEHEIKT BN ER
Table 3 Optimization of blocking solutions
Blocking solutions
ODyso - - - - ; -
10% bovine serum 1% bovine serum albumin 5% skim milk powder 1% gelatin
P 1.103 1.467 1.210 1.358
N 0.042 0.122 0.075 0.083
P/N 26.261 12.024 16.133 16.361
x4 MESEEREBKK
Table 4 Determination of optimal incubation of serum
Serum incubation time
ODyso - - - -
30 min 60 min 90 min 120 min
P 0.823 1.111 1.255 1.293
N 0.073 0.071 0.085 0.099
P/N 11.341 15.546 14.786 13.075
*5 BENMAREIERERNEHE
Table 5 Determination of optimal dilutions of enzyme labeled antibody
ODass Optimal dilutions of enzyme labeled antibody
1:1000 1:2000 1:4000 1:8000
P 1.327 1.209 1.058 0.902
N 0.074 0.074 0.072 0.069
P/N 17.924 16.333 14.605 12.937
% 6 Protein A-HRP 5 {{E F B (8] 89 5 &
Table 6 Determination of optimal incubation time of Protein A-HRP
Enzyme labeled antibody incubation time
ODy4so - - - -
30 min 60 min 90 min 120 min
P 1.127 1.187 1.196 1.203
N 0.074 0.076 0.085 0.081
P/N 15.230 15.618 14.070 14.852
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SERAME L AR 2R AR S R A, 25 R R AR IR Y
R RECH 2.79%, /NT 10%, F WA ELISA (1)
fitmEE R AT
2.4.8 cutoff R BT b ifEHI B E

W F A S 5 3 4% A 2 G M R 56 e A
FE R85 BAPE ML A 30 443 K I i it e R L 2t
S SPA-ELISA Jr ik AT, 1155t B11% ODaso
X =0.207, s=0.065, {5 [X[H]} 0.402~0.337, Hilt

R7T EYREEEREMNHE

Table 7 Determination of reaction time of substrate

HR A )42 ELISA HI5E bR, ODaso H =0.402 I ] i
W BAMEREA , ODgso 1 < 0.337 W7 g BAPEREA
N T ZHE Ryl GEREAS, BEATERTRIN,
15/NF 0.402 T ]2 Ry B o
249 JERIFAR

SPA-ELISA 4 S i %, R A1/ B P I
T« R P BH A i A BRI . RAR G PE I R
B BH I 00T A I 34 R B, R IZ TR A R
Fes
2.4.10 MG HFE d H9 £

XF 102 3 i3 it T T 57 (9 Tl 4% ELISA J7ik:
PEAT RTINS, i g R R oAy 84 iy HME, 12
BRI, 6 43 BERLE M I 5 i At
R &Rt 90 4y ABHME, 12 Gy Bk, S m
FEA IR 94.1% . HIZOGHINHIRELUE 6 143 B
FAPEIM 3, 455 A P

TMB incubation time

ODuso - - - -
5 min 10 min 15 min 20 min
P 0.673 0.876 1.029 1.143
N 0.077 0.084 0.079 0.077
P/N 8.690 10.389 12.875 14.689
*8 MANEEHIKRER
Table 8 Results of intro-batch duplicability test
Repeat detections
Sample No. X S CVO\;aIue
1 2 3 4 5 6 (%)
1 1.443 1.485 1.409 1.423 1.368 1.394 1.420 0.037 2.61
2 1.347 1.363 1.325 1.411 1.386 1.405 1.373 0.076 551
3 0.813 0.910 0.942 0.836 0.904 0.871 0.879 0.044 5.05
*9 HMEEEHIHER
Table 9 Results of inter-batch duplicability test
Repeat detections
Sample No. e s CVO\;aIue
1 2 3 4 5 6 (%)
1 1.288 1.3644 1.375 1.412 1.387 1.366 1.365 0.038 2.79
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2 FEAVEFRANT, 4 Western bloting IFHH, iZE 4
B A B SO SR, R R DR AR A R bt
PRAG I 12 WP

Protein A ELAF AR ZFhahPants . . K.
/AN KB 196G Fe Beai G ae )y, th THEAAR
Z AR EBR I AR A, TRy
FERPEZW P 0Tz 8 . AWF5E T L Protein
A-HRP AEHT R M BEEAR 40, X 102 473 R I35 i
HEATREIN , A5 SR AR A ELISA 1250 S il 45
AL, ZHABES G, Bz ar LA
FRIMAEH RV BRI R 5 [FEE, i Protein
A BREEL, A AR ST — R R g B i
1 RV BUIR I —FpiE 52, A BRI AN
{8, ABJG 9 TAEE T5 32— A0 WO T 22 Bt 09 1L 3
2 AT IR A SR
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