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Prokaryotic expression of the fusion protein a-p2-¢ of
Clostridium perfringens and establishment of an indirect
ELISA method
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Abstract: [Background] Clostridium perfringens is the main pathogen causing sudden death
syndrome in cattle, seriously endangering the cattle industry. Enzyme-linked immunosorbent
assay (ELISA) is an important tool for diagnosis of this disease and antibody detection.
[Objective] We expressed the recombinant a-B2-¢ fusion protein and used this protein as the
target antigen to establish an indirect ELISA method for antibody detection, aiming to provide
technical support for the clinical detection of C. perfringens in yaks and epidemiological
investigation. [Methods] The bioinformatic tools EditSeq and Protean and the Jameson-Wolf
method were employed to analyze the antigenic indices of a, 32, and ¢ proteins of C. perfringens
from cattle. The peptides with higher antigenic indices were captured, ligated, optimized for
codons, and then cloned into the pET-32a(+) vector to construct the recombinant expression
plasmid pET-32a-p2-¢, which was transformed into BL21(DE3) competent cells. The cells were
cultured and induced for protein expression, and the expressed protein was purified and
identified by SDS-PAGE and Western blotting. With the recombinant a-B2-¢ fusion protein as
the coating antigen, we optimized the reaction conditions by the checkerboard assay and single
factor tests to establish an indirect ELISA method. The cut-off was determined by the receiver
operating characteristic (ROC) curve, and the specificity, sensitivity, reproducibility, and
clinical efficacy of the established method were evaluated. [Results] The peptides with high
antigenic indices of o (aa 241-403), B2 (aa 161-355), and ¢ (aa 154-331) toxins were selected
for fusion expression, and the fusion protein was determined as correctly expressed by
SDS-PAGE and Western blotting. The optimal ELISA conditions for antibody detection were as
follows: incubation with the coating antigen (5 pg/mL) at 4 °C overnight or 37 °C for 60 min;
incubation with 5% skimmed milk at 37 °C for 1 h; incubation with the serum (dilution at 1:150)
at 37 °C for 30 min; incubation with secondary antibody (1:2 000) at 37 °C for 30 min; color
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development for 10 min with protection from light. The cut-off of detection was 0.470 2. The
established method demonstrated high specificity because of no cross-reactivity with positive sera
of Mannheimia haemolytica, Salmonella, Escherichia coli, and Saphylococcus aureus. It
showcased high sensitivity, with the maximum dilution of detectable serum being 1:3 200. The
coefficients of variation within and between batches were less than 10%, which indicated high
reproducibility of the established method. The detection for 277 yak serum samples from Ganzi
Tibetan Autonomous Prefecture, Sichuan Province with the established method showed that the
antibody positivity rate of C. perfringens was 89.89%, which was basically in agreement with
the results obtained by the commercial ELISA kit for the detection of C. perfringens a-toxin.
[Conclusion] We successfully constructed the recombinant a-B2-¢ fusion protein and
established an indirect ELISA method for the detection of C. perfringens.

Keywords: Clostridium perfringens; a-toxin; f2-toxin; g-toxin; fusion expression; indirect ELISA
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Figure 1

) 241-403 kBt . B2 BER AT 161-355 fikEx
e THRBEMM 154-331 IRBH TRl &3k,
%6 PCR FN e 2 52 HOE 58 JE 1 617 bp, 5
T —2(E 2),

bp bp

1617

e

2 FERFERRE o-p2-c BLAFRKIE K PCR =
¥4 1EE  M: DL2000 DNA Marker; 1: a-B2-¢
PHIB P, KR/ 1617 bp

Figure 2 Amplification of Clostridium perfringens
a-B2-¢ recombinant plasmid PCR products. M:
DL2000 DNA Marker; 1: a-p2-¢ amplification
product, size 1 617 bp.

Prediction of protein epitopes of a (A), 2 (B) and ¢ toxins (C) by Protean software.

22 EXH o-p2-e A EARGFM
S FRIEM 500 mL T W B O ERE,
SDS-PAGE %7, FHUIAMKERFEE,

TEARIRE (K 3)0 dl R IR | 2l

2
i
£

3 E4 o-p2-¢ BAEEH SDS-PAGE M:
11-180 kDa Z 1 Marker; 1: S 1 AR M4 ;
2. EREAMET; 3. b 40 UURE; S5:
W 6: VRV 7-8: EEEITEMLK

Figure 3 SDS-PAGE results of recombinant o-f2-¢
fusion protein. M: 11-180 kDa Protein Marker; 1:
Whole bacteria not lysed before induction; 2: Lysed
bacterial solution after induction; 3: Supernatant; 4:
Precipitation; 5: Penetrating fluid; 6: Washing liquid;
7-8: Protein eluent.
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PE, 23R 1% 2.27 mg H1 )5 . 242 Western blotting
Yo, B o-B2- BEE MY TFREY
80 kDa, 7 HiZ#&E 17 5 C. perfringens FH: I 1
RAERAFRI RN, FBHIL N R T (K 4).
23 MESHKESMERRER

SR FEVARC 45 0 A e e i vk 2 5 1 97 7 e
BT S5 R EREE 1), MYk E
5 ng/mL, MIEFRBAEECH 1:150 B, P/N {EHi K.

4 Western blotting £558  M: 11-180 kDa &
1 Marker; 1: C. perfringens FHVE IfiL 35 521
Figure 4 Western blotting results. M: 11-180 kDa

protein Marker; 1: C. perfringens positive serum
reaction.

#z1 EENMERBHKRENMEHEGSH
Table 1

2.4 Hfh ELISA &8Ik ER

SR B — 45 T A8 S vk 43 ) %o 5 PAD 3 % A
10 1 I (7 =925 I LT I 7 e 7101 = e & B
FRE B LA R 8 e i I EA TR . S5 R BN, 5%
TR FLAE R A A B (B 5A), 364 1 h (K] 5B),
T A 1L 375 7 FH B 1] S 30 min (9 5C), B#br Bt
AR REECH 1:2 000 (K 5D), Hofm EVE At
8> 30 min (&l SE), fHfER AR} 10 min
(K 5F)
2.5 Kk FENRELRSSR

FIFHEAA LB a4 ELISA J5 #xf B HbR i
() 24 453 BEAPE I 3% RN 24 453 BRI M 35 2454 FAG , i
FH SPSS #f oItz ROC i<k . 453 B,
>4 ODy4s50=0.470 2 i, Se 7 88%; Sp K 100%,
Youden $5%1=0.88 iz K(&l 6), AUC=0.986,
I, 24 OD4s5o=0.470 2 B, J 5 K60 iy 375 A BHAE 5
24 OD450<0.470 2 s, g K6l i 785 A B o
2.6 BURAMIRILER

¥ C. perfringens BH 4 1 775 A1 BA 1 1L 375 43 31)
fii ] PBS M\ 1:100 FiBEF 1:25 600, FI|H
[ #E ELISA Jrik bkl . 25 W, il
1 1:3 200 #i e, OD4s0>0.519 (& 7), {/50] LA
R, FRIIZ T OB ERE

Determination of antigen coating concentration and serum dilution

Pl BE L% F FRA% 4L Serum dilution multiple

Antigen concentration (ug/mL) 1:100 1:150 1:200 1:250 1:300

10 P 0.713 1 0.526 4 0.470 1 0.224 65 0.204 75
N 0.4311 0.3352 0.2529 0.198 7 0.166
P/N 1.654 141 1.570 406 1.858 837 1.130 599 1.233 434

5 P 0.601 75 0.480 05 0.228 6 0.267 75 0.278 05
N 0.354 75 0.212 65 0.1711 0.215 45 0.188 5
P/N 1.696 265 2.257 465 1.336 061 1.242 748 1.475 066

2.5 P 0.374 85 0.202 3 0.280 7 0.198 85 0.1397
N 0.216 5 0.212 85 0.266 3 0.161 75 0.126 8
P/N 1.731 409 0.950 435 1.054 074 1.229 366 1.101 735

P: FHPEME; N: BAPEILH

P: Positive serum; N: Negative serum.
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Figure 5

The optimization results of indirect ELISA related reaction conditions. A: Screening of

encapsulants. B: Optimisation of encapsulation time. C: Optimisation of optimal serum action time. D:

Optimisation of enzyme-labelled secondary antibody dilution. E: Optimisation of enzyme-labelled secondary
antibody action time. F: Optimisation of optimal colour development time. P: Positive serum; N: Negative serum.

2.7 HRMREER

g N, 5 A BH M I ¥4 T A SR
(1 8), R LR SRR AT .
28 EEMRAKLER

gE RN, HEE S AR S R B/

T 10% (3% 2), RUNZ I EE BT
29 IR RENLER

FI 2 57 1% C. perfringens|i] % ELISA Hi &
R 5 12 5 AR 7 LR T o T R ELISA
Ko R 57 o [ I AS I 277 0 dEAE s . 45 W
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Figure 6 Determination of detection critical value. A: 48 serum test results. B: Receiver operating

characteristic curve analysis.
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dilution multiple.
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Figure 8 Specific detection results.
*2 EEMAEER
Table 2 Repeatability test results
LRI i 5117 it N R 5
Sample Inter-batch testing Intra-batch testing
X+SD CV (%) X+SD CV (%)

0.588+0.012 2.04
0.459+0.015 3.27
0.804+0.009 1.12
1.081+0.021 1.30
0.196+0.011 5.61
0.212+0.013 6.13

0.591+£0.015 2.54
0.457+0.008 1.75
0.813+0.012 1.48
1.069+0.009 0.84
0.201+£0.013 6.47
0.211+0.007 3.32

AN AW N =
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Table 3 Comparison of the results of the established method with the a-toxin ELISA kit for clinical samples

Hh A Hit EN TR SRS o B 3 ELISA Kl 7 &
Site Number Establishment of methodology in this study Clostridium perfringens o-toxin ELISA kit
A2 o 14 2% PR 2K FH 1 3%
Positive number Positive rate (%) Positive number Positive rate (%)
ke B 12 11 91.67 12 100.00
Jiulong County
R 24 19 79.17 18 75.00
Ganzi County
SIERZR=] 60 56 93.33 52 86.67
Daofu County
aiEE 19 19 100.00 18 94.74
Luhuo County
PRI 79 68 86.08 69 87.34
Litang County
T E 49 43 87.76 43 87.76
Yajiang County
ik 34 33 97.06 32 94.12
Seda County
il 277 249 89.89 244 88.09
Total

JEAR T B BHPE T 22.99%—47.06% ., ASHIFST 1
PEAEFEE P C. perfringens AT RE & 1) A B
CHI. DAYy o T, B2 TFEM e BRI
R4 A K B s B A B gl A R U SY, HTE A
KrlkE4: C. perfringens HilfA& a4 ELISA J7
e 7RI C. perfringens BH M I v/ f K H
BAEEGE 1:3200, S MPES RAFH . &5tk
RSB RIEE A SRIRSE 11 AR L
9 IR I ¥ TG A8 SR, b Ta] 5 4k 0 AR S
RENT 10%. i AT L m o )4
PRI B 36 M4 1o X B4 3 SR TR, 25
AL IR TAME R 89.89%, 5 ALY S IR
PRHT o B K ELISA Kl i 55 GGl 45 S 3 A —
B, RUNZ T EEA R R N HROR

[ 42 ELISA H a9t Jse i 7 3% 0 Wk i il
o MRFESEPIRTEAREIN o SREAE
ST T )4 ELISA UK 75, % Bk 1

N 96.5%, TUENER 98%. RALEPI B2 HE
TR A O FEP R ST T 18132 ELISA Fi ik il
ik, FEURE S 4 BRHEA ELISA K2l T RE ) B
FREBUA, HEA AR5 U . E
F AP 40 25 C. perfringens i e FE X & 4
B H P T R4 ELISA Bk Jr
e, HAG I A USSRy 1:3 200, I H5 HA
75 J5L AT PHVE I35 TEAC U e o AR dRGE, o BEE
BAFTERTA % C. perfringens H, {BAYTE A #rh
TR WL, ARFFE B2 il e B
W h B o BER BRI, DAL A
Hinses C B, D RIS .

e S5 AP 2 500 () 495 ELISA 45 5 v ff 1 5 1)
RHEN R Z — o 3 (0 FAG I B A P 2
X+3SD ¥ ELISA il FHE & , HF
BIA X +3SD 2RI IR IE S0, X FHE
IESAMBE TR SRR LR, M
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ROC NG 12 Wik 36 25 S R 43 Sl 45 T Il A
AL, XA AT RE A BRI DATHAR, AT OR R
JERE S Z A R, A E
PEHM 2 W 56 0 A R T2 . R AR i 56 R
ROC kit x £3SD 724 4 C. perfringens
ROC HiZi1H5, 814 ELISA BT il i B8
4 0.470 2, IEHT Se SN 88%, Sp M 100%, X
I 20 B8 B ok, ELIME T AL R 0.986,

FHIMER AT .

ARG LIS T U FES . RRE A
M4 C. perfringens $iLiA 11045 ELISA J5ik, %
Oy % B FE I PR UE 4 1 35 AR AR R AR 2 T ) 2B B
., 8 TR IR T T A 7 2 B
KA — i AR L KA W SR I IR
PSRN S B o8 3 .
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