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Development of recombinant SpaA-based ELISA for detection of
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Abstract: [Objective] In the present study, an indirect ELISA was developed using the purified
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recombinant SpaA protein for detection of the antibodies against Erysipelothrix rhusiopathiae.
[Methods] Using gene recombination technology, the Spad gene was cloned and inserted into
prokaryotic expression vector pGEX-6P-1 and the recombinant expression vector was identified with
PCR, restriction enzyme digestion and sequencing. The positive recombinant plasmid was then
transformed into E. coli Rosetta(DE3) and induced by IPTG. The recombinant protein was detected
by SDS-PAGE and Western blot. An indirect ELISA was developed with the purified protein at
different concentrations and the optimal antigen concentration and serum dilution were determined
by phalanx titration. The other assay conditions were also optimized. [Results] The optimal coating
concentration of SpaA and serum dilution were 1.0 mg/L and 1:100, respectively. Both the intra- and
inter-coefficient of variation were lower than 10%, suggesting its reproducibility and repeatability.
The developed indirect ELISA method was compared with the ELISA kit supplied by TSZ and
Western blot, the coincidence rate was 92.20% and 92.59% respectively. [Conclusion] The
developed ELISA had good specificity, reproducibility and sensitivity. It could provide a reliable
method for the clinical detection of Erysipelothrix rhusiopathiae and epidemiological investigations

Keywords: Erysipelothrix rhusiopathiae, Recombinant surface protect antigen A protein, Clone
expression, Indirect ELISA, Establish
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(APP) 2
(PCV2) (PRV) (HPS)
(CSFV) (TGEV)
0.6%
(TSB-YE) 0.6%
(TSA-YE) LB
1.2 FERFIFLEE
BamH1 Xhol T4 DNA
Marker DL2000 10xLoading buffer
( ) DNA
GST
FF
(BSA) 3,3')5,5'- (TMB)
Marker
-B-D- (IPTG) (Amp)
30% R250 -
(DAB)
(SDS)
(Tris ) HRP IgG
(IgG-HRP) SIGMA
Costar

TSZ  (P8823)

BECKMAN Tprofessional ThermoCycler
PCR

1.3 BMEBMREREE
1.3.1 SI¥IER: GenBank

SpaA N (
EF688017.1)

1266 bp
( BamH 1  Xho 1

) P1 5-CGCGGATCCATGGATTCGACA
GATATTTCTGTGA-3" P2 5-CCGCTCGAGATTC
GATTCGGGTTTTGATTGA-3’

132 BHRBREREHARROEE:
DNA PCR
PCR Master mix 12.5 uL 10 pmol/L
1 uL 1 pg/L DNA 1 ulL

9.5 uL 95 °C 5min 95 °C | min
55°C1min 72°C90s 35 72 °C 10 min
PCR 1.0%

DNA
pGEX-6P-1 BamH1 Xhol
T4 DNA
16 °C E. coli
DH5a 100 mg/L. Amp
LB PCR

1.3.3 SpaA EHERFTIERAL:
E. coli Rosetta(DE3)

50 mg/L Amp 2 mL LB
37°C 120 r/min
(ODgyo  0.6) IPTG
GST FF

1h 20 mmol/L

SDS-PAGE
1.3.4 SpaA E4HZE BH] Western blot 7 4:
5%

4°C

(1:100 ) 37 °C 1h
IgG-HRP (1:22000 ) 37 °C 1h
DAB

1.4 SpaA E4HZEH(EHE ELISA AER&AL
1.4.1 (83 ELISA FERESE:
4 °C

PBST (PBS 0.05% 20) 3
1% BSA 37°C l1h PBST 3
37 °C 1 h PBST 3
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IgG-HRP 37 °C 1h PBST ELISA
3 TMB ODs0 X
OD4s0 3 s ODys50< X +2s
OD50p/OD4so N ODys50> X +3s
ODys0 1.0 ODu4s0p/ODsson (81
ELISA ¥l 1.5 HRM4RE
142 SERFESHRENNEHERENRAE: ELISA
APP HPS PCV2 PRV CSFV TGEV
pH 9.6
4 40 20 1.0
0.5 mg/L 4 °C 1.6 FEEMHRE
1:50 1:100 1:200 1:400 4
ODys
143 FHABRMHEMHE: 1%BSA 2%BSA 6
1% 2% 5% 37 °C ELISA
2h ELISA 3 4
P/N
144 —sEIER TR AIEEE: 3 6
37°C 30 60 90 min ELISA ELISA
3 P/N
145 ZIUIREHIERE: 1.7 EEXHRIE
90
IgG-HRP 1:800 1:1 000 ELISA TSZ
1:2000 1:3 000 ELISA
3 P/N
1.4.6 ZinfERRTEIATIAEE: =( +
37°C 30 ) =
45 60 min ELISA 3 /
P/N = /
147 S EAEMHE:
ELISA TMB 5 54
10 15 min ODys0 3 ELISA
P/N Western blot
148 IRF{ERIFAE: ELISA
30
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Figure 3  SDS-PAGE analysis of recombinant SpaA
protein expression and purification

E1 EAEFE Spad E£E PCR i 184 R

Figure 1 PCR amplification of SpaA4 gene of Erysipelothrix M 1 2
husiopathi
rhusiopathiae 3 PET-32a(+) 4
M DNA marker DL2000 1-2 Spad PCR 3 5 6 -

Note: M: DNA marker DL2000; 1-2: PCR product of Spad; 3

Negative control. Note: M: Protein molecular weight marker; 1: Recombinant

bacterial extract after induction; 2: Recombinant bacterial extract
before induction; 3: Induced pET-32a(+) recombinant; 4:

bp bp Supernatant after ultrasonic disruption; 5: Pellets after ultrasonic
disruption; 6; Recombinant protein before purification; 7: Purified
10 000 recombinant protein.
7 000 4900
4000 kD M 1 2 kD
2 000 170 |
1266
1000 138
500 70 75
55
250 10
35
25
15
2 EERRANETIEE B 4 ZAZEHHY Western blot £F
Figure 2 Restrictive digestion of recombinant plasmid Figure 4 Western blot analysis of recombinant SpaA protein
M Marker DL10000 1 BamH 1 /Xho | M 1 2
pGEX-6P-1-SpaA 2 .
Note: M: Marker DL10000; 1: Dlgestcd pGEX-6P-1-SpaA; 2: Note: M: Protein marker; 1: Lysate of induced bacteria; 2: Lysate
Negative control. of non-induced bacteria.
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2.5 SpaA E!AEHEZ ELISA AR 1.0 pg/mL
251 HEMESHEKEMLEHBEENHE: 1:100
( 1) SpaA 252 HARMEMBE: 2 1% BSA
1.0 pg/mL 1:100 OD,s0 1.0 P/N
ODyso 1.0 P/N 1% BSA

*1 RERREHKEMLERREHE

Determination of the coating concentration of antigen and serum dilution

Serum dilutions

Coating concentration of

antigen (ug/mL) Index 1:50 1:100 1:200 1:400
ODysop 1.403 1.151 0.834 0.526
4 ODsson 0.463 0.238 0.189 0.148
ODss0p/ODsson 3.030 4.840 4.410 3.550
ODysop 1.225 1.103 0.664 0.659
2 ODsson 0.358 0.259 0.177 0.154
ODs50p/ODsson 3.420 4.260 3.750 4.280
ODysop 1.398 1.074 0.707 0.473
1 ODyson 0.394 0.210 0.174 0.142
ODas0p/ODsson 3.550 5.110 4.060 3.330
ODysop 1.279 1.118 0.653 0.518
0.5 ODison 0.371 0.244 0.209 0.156
OD1s0,p/ODssoN 3.450 4.580 3.120 3.320
253 MFHREERMEAHE: 3 *x3 MEREERANENHE
60 min ODiuso 10 PN Table 3 Determination of serum incubation time
60 min 30 min 60 min 90 min
. Index
254 ZHUREAMEREEMTHE: 4 5
. ODysop 0.845 1.035 1.331
1:1 000 37°C 45 min
ODisoN 0.192 0.215 0.383
ODys 1.0 P/N
OD.s0,p/ODssoN 4.400 4.810 3.480
1:1 000
45 min

F4 “HRKEHBE

N Table 4 Determination of goat-anti-swine-HRP dilution
#2 HABMHE

Table 2 Determination of optional blocking solution ODasop!
"y 20, 1% Goat-anti-swine-HRP ODisop ODisson 0 D45(;N
1% 2% 5"0/ Fetl] 2(y0 Skimmed ‘;(y dilution ’
BSA BSA o Feta o Skimme (

i bovine serum milk powder Gelatin 1:800 1.441 0.371 3.880
ODssop  0.962 1.349 1.716 0.804 0.686 1:1 000 1.062 0.214 4.960
ODgson 0220 0363 0.644 0.263 0329 1:2 000 0756 0.199 3.800
ODssorl 4 390 3720 2.660 3.060 2.090 1:3 000 0.493 0.135 3.650
ODis5on ) ) ) )
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255 RIEZSAFEMBE: 6 TMB 0.411<0Dy50  <0.474
10 min ODyso 1.0 PN 26 HBHEMRAEER
10 min ELISA APP HPS
2.5.6 ImFRENHE: 30 PCV2 PRV CSFV TGEV
ODys0 X =0.285 5=0.063
X +2s=0.411 X +3s=0.474 ODssy  ( 7) ELISA
<0.411 ODysp  >0.474

27 EEMRE
=5 ZH{EREEMHEE 8 10%

Table S Determination of different goat-anti-swine-HRP

reaction time 9
o0
30 min 45 min 60 min 10%
Index
0D 0.730 1.152 1.351 e
o Fz7 FHEREHRANER
ODison 0.192 0.216 0.297 Table 7 Result of the specificity test
OD4s02/ODssox 3.800 5.330 4.550 o ODaso Result
APP 0.273 =
HPS 0.175 =
x6 BENENHE HENT DB -
Table 6 Determination of substrate reaction time PRV 0.124 =
5 min 10 min 15 min CSFV 0.195 -
Index
TGEV 0.149 =
ODys0p 0.746 1.157 1.429
. 1.140 +
ODyson 0.126 0.193 0.397 Positive control
OD450,p/ODsson 5.130 5.990 3.690 0.192 =

Negative control

*8 MAESHRELER

Table 8 Result of the intro-batch duplicability test

OD450 Duphcablhty’s 0D450

Serum No. st 2nd 3rd 4th Sth 6th X g v )
1 1.083 1.162 1.045 1137 1.129 1.055 1102 0.048 433
2 0.823 0.721 0.819 0.852 0.773 0.759 0.791 0.049 6.13
3 1.241 1257 1173 1196 1.204 1.276 0.040 0.032 2.49
4 1.415 1.533 1.514 1.426 1.431 1.429 0.051 0.035 3.3
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*9 MEEFRELHER

Table 9 Result of the inter-batch duplicability test
ODgs0 ODgs values of different batch

Serum No. st 2nd 3rd 4th 5th 6th ‘i s CV (%)
1 1.073 1.026 0.993 0.937 1.065 1.039 1.022 0.050 4.95
2 0.826 0.877 0.923 0.854 0.947 0.912 0.890 0.046 5.12
3 1.125 1.107 1.243 1.258 1.164 1.257 1.192 0.069 5.77
4 0.792 0.749 0.814 0.803 0.776 0.842 0.796 0.032 4.02
2.8 LEIHRI 3 g
ELISA TSZ Pasteur 1882
92.2%
96.0% 73.3% ( 10) EIT)) 80 90
ELISA
Western blot 92.59%
93.33% 88.89% ( 11)
10 (B3 ELISA F13£E TSZ A BlRFIEHRM LR iR
Table 10 The result of ELISA compared with US TSZ [10-11]
company kit
[12-13]
Item Positive =~ Negative  Total
ELISA 76 14 90
The developed indirect ELISA
152 75 15 90
US TSZ company kit
(4]
. 72 11 33
Coincidence numbers
92.2
Coincidence rates (%) SpaA la 1b
2 5 8 9 12 15 16 17 N
a4z U = ok 2 la 1b 2
% 11 [8)3#% ELISA #1 Western blot % F 45 8 [Li
Table 11  The result of ELISA compared with Western blot 3 SpaA
[14-16]
Item Positive Negative Total SpaA
ELISA
43 11 54 [17]
The developed indirect ELISA N Imada
Western blot 45 9 54 SpaA N 348 ( o6l 408
) 18] Shimoji
42 8 50
Coincidence numbers SpaA N 2/3
o tes (%) 92.59
oincidence rates
. (191 SpaA N
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