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Abstract: To obtain the highly immunogenic recombinant CD2v antigen of African swine fever
virus ( ASFV), the amino acid sequence of CD2v was analyzed for antigenic index using
bioinformatics software and the intracytoplasmic region with high antigenic index was expressed
in E. coli as an elastin-like polypeptide (ELP) fusion protein. After optimization of the

conditions for inverse transition cycling (ITC), ELP-CD2v fusion protein was purified by ITC in
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the presence of different concentrations of Triton X-100 and the ELP tag was cleaved with active
inclusion bodies of tobacco etch virus (TEV) protease. The tag-free recombinant CD2v antigen
was recovered by an additional round of ITC and identified by Western blotting. By using the
recombinant CD2v antigen, an indirect ELISA was established and used to detect ASFV antibody-
positive and antibody-negative sera in parallel with the multi-antigen ELISA. The results showed
that ELP-CD2v fusion protein was expressed correctly in E. coli with an optimal transition
temperature of 28 ‘C at 1.5 mol » L' NaCl. After one cycle of ITC in the presence of 0.2%
Triton X-100, ELP-CD2v fusion protein was purified to 76. 3% purity. The ELP tag was cleaved
efficiently with the TEV protease and removed after an additional round of ITC. The recovered
recombinant CD2v protein had a purity of 91.7%, which was recognized by pig anti-ASFV
serum. For 30 serum samples detected by ASFV multi-antigen ELISA, recombinant CD2v ELISA
showed that all of 15 antibody-negative sera were CD2v antibody negative and all of 15 antibody-
positive sera were CD2v antibody positive. These data suggest that the presence of immune
dominant epitopes in the intracytoplasmic region of CD2v protein and the potential application of
the recombinant CD2v antigen for ASFV antibody detection.
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Lasergene ¥ /4-f3 (DNAStar, USA) 1 (1] Protean 4x {4
HEAT G 25 K0 43 Bt » F b Bt 46 % ( Antigenic index)
53 Mt H Jameson-Wolf 3 #E47 . ##% CD2v 2 11 Il Jii 4
PR B X AT Rk
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ok - MH766894. Dl RiffAE T4 TRA RA
Al G FEREAE pUC-57 BURL 44k, fir 44y pUC-
EP402R, AR /) CD2v J 5t 4 X 35k 4 15 )7 571
Wit 1 % PCR 51 %), iE [ 51 9 )% 31 : 5'-TAG-
GATCCCGAAAAAGAAAAAAACATGTTGA-3'
CFRIZL MBI B BamH 1 BEYIAL 5 5 K210 51 9 )5
H: 5 -TAGAATTCAGGTAGTGGTTTGGGTG-
GA-3"CF R I35l AR EcoR T B A7 5 . T 3
PCR #"#7= ¥4 318 bp, LA pUC-EP402R Jy DNA
B 4T PCR 9734 . 4% PCR =¥y s A pMDI18-T
AR 4 TR DNA 26 B E T TRA
RN A, FH @ 5 47 77 20 0 e . FH B )
BamH T #1 EcoR T ¥ J# 5 IE#i B9 CD2v 3 [H A B
M pMDI8-T ik VI T, 4 A pET-ELP # {£& rfr
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¥ 8 20 2 /A& pELP-CD2v ¥4k BL21(DE3) #k K
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W R E R R R RIB R R 2 X YT gk,
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BTE L VKA R 7 AR A R 4 °C .12 000 g B0
10 min, WA B FIE W EE B0 1 RGIRE O B
TH AT RlA B Al
1.5 mEEA4k

HUCE 2R B R T Oy IMASEAR A 6 mol « LY
NaCl, 43 $7F 22.24.26.,28.30 F1 32 °C .9 F 10 min,
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(2 1 B 22\ 2% B 1 B /b Ol B OE b o kR 2 AL
ELP-CD2v g5 &\ 1 Ty Triton X-100 ¥, &
S5 WU 2 T 24 W 200 s, I A S5 AV Y NaCl
F1 Triton X-100, F HAEHZIREIFE 10 min, ZiR
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BB S PE LR R FH 2 100 g« mL L UIEI S
930 “C 12 ho YIEI RN 58 WS AE B AR AT
AT TR U AR 95 28, BUES 0 W (4 CD2v) i
11 SDS-PAGE HLUK 73 #7
1.7 EHCD2vEQAREBELETE

B4 CD2v HE (1 pg) 453 12 % SDS-PAGE 43
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A 1 h, PBST Y% 3 WK A 3 W B (1 ¢
10 000) HRP 70 E40 4% 1eG,100 pL « L1,37 CH§
# 1 h,PBST etk 3 ¥ im A ELISA Jj TMB i (5,3 ,
100 pl« FL " E IR EDE 2 A 15 mins A 1 mol « L
BRlR .50 pl« FL1, 32 RERAZS (0t BRFL &, FH it b
AR HL4SFL ODyso v 1H s F1 Microsoft Excel 2010 31
B ASFV HUAR B 035 9 OD.so o F B8 R R 1

B Lh ODys - YB3 A5 AR HE DR AE S B4 BE A 1l
T 1 22 A
1.9 =48 CD2v & ELISA HI¥1 % M

¥ 50 {n ASFV Jg& JL % i ¥ #E 56 °C K%
60 min, F§ ASFV Z4i i ELISA #1740, £ ¥
ELISA g4t 5 A B 41 p54 . pK205R . pB602L IR &
PiIR HURAE SN 0.5.2.0 F1 2.0 pg » mL ', 48
fE B 5 E4 CD2v $itJit ELISA A [F], ASFV Hip &
FH 4 10335 79 340 5 B A ODysy o = 0. 163, AR
Z il ELISA kil 45 5, ¥ 8 ASFV Hi 4k BH 4% F1
B LT 5 15 0y - 3 I8 B R Ry i 4T F 4 CD2v it
Jit ELISA £,

2 & R
2.1 CD2vHEIEH A

SR T 9 0 R 43 B 45 R R, CD2v
HEEMEAMX E 6 At 48 AU 1Y 2 R X B, (H
Sy WUAEAE I HLY 806, 43 3k 30—40.56—62.66—
70,129—137,150—156 H1 178—184 fif & #E & IX
3855 ML P DX i BSOS AN 3 26 v o T L % T 3
A R 3 B X L 43 ) 2 231—281,289—296 Al
299—333 f7 & H R (K 1), k. A WF 57 ik £
CD2v & [P IX (231—333 fif 48 3 k) ik 47 35
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£ -1.7 232 |< Antigenic domain=> | 335

SP. 55 ik 1gV. HyEBRE IS TM. BEEIX; AD. MRYESS 5 PD. H2RR & & 4540 5
SP. Signal peptide; IgV. Immunoglobulin like domain; TM. Transmembrane domain; AD. Acidic domain; PD. Proline

rich domain
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Fig. 1 Schematic structure and antigenic index analysis of ASFV CD2v proteins
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MR CD2v J ] BRI R 28,
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RPN S B 3 - S v ek /I ] R o o i B o R
fifk B 4 1R A RS L B (3D
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Fig. 2 Restriction digestion of recombinant vector pELP-CD2v
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E. coli before IPTG induction;2. Recombinant E. coli after

IPTG induction; 3.
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Fig. 3  Analysis of ELP-CD2v fusion protein expression in
recombinant E. coli

Soluble fraction of centrifuged cell
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P ) i A AR R UL B Ry 28 °C AR A6 31 44k 14 il 4 7R
1A ] R fe i (73. 9%0) AR 2R B I G I B 22 57
(F 1,
2.5 #ifk ELP-CD2v @A EAWEIRERML
53 ¥% pELP-CD2v 5 2H P4 24 fif Wi 5 AN ] ik 2
NaCl R A .75 28 C# AT AR E ¥ . SDS-PAGE 4y
Bré s 76 1.5 rnol L' NaCl &~ , A A2 &
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50.

40 e
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M. 26614 2 [FBAHX 40 F B ARt s 1. AR 4010 T 20 o 24 i
Wis2. 22 C;3. 24 Ci4. 26 C;5. 28 'C36. 30 °C;7. 32°C
M. 26614 protein molecular mass marker; 1. Bacterial
lysate; 2. 22 C;3. 24 C;4. 26 C;5. 28 C;6. 30 C;
7. 32 °C
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Fig. 4 Detection of the transition temperature for ELP-CD2v

fusion protein
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Fig. 5  Optimization of NaCl concentration for ELP-CD2v
fusion protein purification by ITC
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F10.2% Triton X-100 &4 F , AHAS G 4li4L 1) ELP-
CD2v filf 2 1 Tl i B w8 (78, 300) , B R 2 7R
A 4 sk /0 (&1 6)
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M. 26614 2K [ FA 4 F i drdE; 1. 0% NaCl;2. 0.1%
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M. 26614 protein molecular mass marker; 1. 0% NaCl;
2. 0.1% NaCl;3.0.2% NaCl;4. 0.5% NaCl;5. 1% NaCl ~n A
6 #tHITMEIR4L ELP-CD2v 584 Z [ i Triton X-100 iR
B
Fig. 6 Optimization of Triton X-100 concentration for ELP- 15 ”

CD2v fusion protein purification by ITC
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ERAL S (28 °C 1.5 mol « L' NaCl,0.2%
Triton X-100) F#E4T 1 R M 22 96 ¥, SDS-PAGE 43
Br i 7R 4 fb 1) ELP-CD2v filt & & H 19 41 2 R
76.3% . [k FK A 53.2% ., JH TEV & A M % 7E
WRYIRR ELP #5325, 88 J5 F 47 P A A2 16 35 . SDS-
PAGE Zr#fr W /n a1 0 85 20 CD2v 2R [ W 4l 2
91. 7% (7).,

ku M 1 2 3
70— S < ELP-CD2v
— T
50 " § !
o —
-
30 S B
25 ..

<+ CD2v

M. 26614 25 H AR X 4r F Bt bn ot 1. T 20 1A 22 0 0 B 0
FVE 2. MR AL ARG B E 3. M AR CD2y
M. 26614 protein molecular mass markers; 1. Centrifuged
recombinant E. coli lysate;2. ITC-purified fusion protein;3.
Recovered tag-free CD2v
7 ELP-CD2vREEAWNHREYIREEFEHCD2vEEW
= #
Fig.7 Digestion of ELP tag and recovery of recombinant CD2v
protein

M. 26616 [ FiAHXT 4> F B bR e 1. ASFV B4 BH 4 i
W32, FLAG #uik

M. 26616 protein molecular mass markers; 1.

ASFV
antibody-positive serum; 2. FLAG antibody

B8 EHCDEOHMRBEENEE

Fig. 8 Western blot of recombinant CD2v protein
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MR Z bt i ELISA K5 45 5 . 3 #8 ASFV $i
PR A BH P 0 3 45 15 {5, F E 4l CD2v 41 &
ELISA #4740, 25 5 B 7R 15 £y ASFV Hi 4 [ #:
I3 B9 ODyso o “FHIH R 0. 074 B HERR N 0. 026, LA
Fo& BIPE L5 ODyso o SE I + 3 1545 M5 0 bR 7
H 0 A BH P 1 v 04 ) B 2 A 0. 152, 5 Z 4T iR
ELISA (3] 52 B (0. 163) dE % 23 . 7F Ik 5 1
T, HA CD2v i it ELISA K 30 4 if 35 1) 25 5%
52 PR ELISA 522 (E D,

3 it i

UTAE A, ASFV B ] i 2 1 © 2 Ui T — /2 1Y
W7ot J L Ho CD2v it W% B 28 1) 2 % P B0 #0 2
Pz — 100 fH i o % 8 L R Bl 2k g i B A 5 A AR
JRYE R S B2 W . A I, ARBFIE T B4l CD2v
ViR FIAWFSE . BAEE . ASFV CD2v Hio 44 i 1 7
S 7 . SR, HORT ¥ E Ak CD2v & 111
PE AL 55, 280 ASFV R 5 17 it W B 41 ) B 44
VA e e i I NI R (E R i S IO = £
ASFV CD2v #i 5 40 M CD2 [7] I ¥ i) & AR 3 2
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Table 1 Comparison of the detection results between recombinant CD2v antigen ELISA and multi-antigen ELISA
BV i i ODi50 um B i i ODis0 um
Negative serum MA-ELISA CD2v-ELISA || Positive serum MA-ELISA CD2v-ELISA
1 0. 089 0.112 1 0. 668 0. 662
2 0.078 0. 096 2 0.927 0. 836
3 0.074 0.088 3 1.277 1. 261
4 0. 063 0.058 4 0. 629 0.567
5 0. 067 0.074 5 1. 049 0. 940
6 0. 066 0.067 6 0. 848 0.721
7 0.027 0. 035 7 1. 241 1. 164
8 0.021 0.022 8 0. 826 0. 781
9 0.098 0. 084 9 0. 486 0. 435
10 0.094 0.082 10 1. 281 1. 319
11 0. 057 0. 066 11 1. 479 1. 359
12 0.078 0.075 12 0.953 0. 884
13 0. 059 0.068 13 0.571 0. 487
14 0. 060 0.065 14 1. 505 1. 385
15 0.122 0.123 15 1. 145 1. 026

H MM X 5/ R KR CD2 A — 2 1 & R
250 5] 8 1 AR AR I AN &L 43 0k 1101405
10. 05 % F1 12. 29 %), CD2v 5 5% CD2 14 % 51 4
IPE & A T . AFKE SY18 # ASFV
CD2v 4k X & SE R )7 51 #2238 GenBank #4757 41 7]
TR R 5 Rk K 5% CD2 HA ¥ 91 A J5 k.
P, CD2v 2 11 55 4 328 s P 8P 3k LA ) 31 [
PR MR . PUPEAF 2235 TR 38 ASFV CD2v
PR ) T ZE TR G B A e R U4 L 4R TS P JEk e 41
PEAT M G e i 3, 45 S s T DAL= A CD2v 4% 5+ it
T FH I G P 05 R AT S 9 e g, 25 SR AE A
FEIR 5 5 8% e 40 il vh B AR I 3] CD2v K3k, H 5
ASFV 3 7 J0R1 2 N B M S B8 6 TA Sk o6 25 80K 1) 75
AR CD2v Hufi R Ay BRI L SR, X LT
WA BE i B CD2v 1Y 55 F 328 5% A p30 i &
ASFEV YK BE25 6 B8 (1, 9 8 0B i & i (0. 13%0)
5 CD2v #4301 (0. 06 Y0, H1 B i T W 5 1Y B K
W& ARG 1 50 4 A Bk CD2v il N X
FERR AN T I 6 B0 3 ¢ = 1 HL R A, SR
CD2v Jitl N X (1 S g2 J e 8 ik . LR A0 IX i AT it

JE e RO v 1 R R IR X (B oy AR AE T H 2
5~6 G EERR , B HE N CD2v g &b X 11 55 f 952 I
PEal S A MR A A K .

R bR A A Bk R B AL R F il b
2 R E E A AR B SRR B R AR L. 5
G 3 R G 0l 417 2 0 TR o %8 1) B 2 I BP0 B
A0l 3 7Y 2 TR s 4 ) B 2 R AT AR
KN A Al e B A SR . k. AR BT HE ASEV
CD2v i X 5 ELP BEAT Rl 2k . F I iy 5 22 5%
A AR AL 4 2R 2R AT Rl & B 2k . X5 TEV
B VE R R DI BR ELP 474 . MR 4ifk ELP
Rl 2 A AP 3R IR ) e AU AT
PEABEFEAE 20 °C &M 2185 % ELP-CD2v filt &
S E SR DN S S 7/ Rl G e = N 147
HITH AR AZ 976 26 2E A7 Al A AH AR IR R A ER ok R
ELP MRS = ZE S8 5 H I E A 45
FIC A O, A BF 58 % ELP-CD2v fill 5 25 11 1Y)
S T R A S A Bl e B R AT T A4 AR A SR
PEAT 1 YA AR BF L B 4l Al B Rl 45 £ 3 20 B AR (2
600) « F A AR PR AL TC W B BCiE .l T A AR A BR



10 4] I8 2 A YRR 2 R 2 S T L CD2v BB (1 1 4 5 4 2B 1 T 2479

A]PEAR VR B 205 RUAEAE I 4 00 T kA Bk, A
WFFRAEA [ e BE Triton X-100 % {4 F i#F 47 #H 22 17
IR B RTE 0. 2% Triton X-100 44T . AHAE A
Walifb iy ELP-CD2v @il & 8 1 09 40 B2 A BT 32 &
(76.3%) . TEYIFE ELP AR &85 47 UCH A9 26
Ml B2 CD2v 2R 20 =ik 91. 706, N 446 i
(2 AT SE 2l Ak i T 41 CD2v % 1 C 3% & FLAG
FREE, BS T 5A X4 7 i R 13 ku, {HFE SDS-
PAGE B¢ R B4 18 ku BB &4, T hE S
Horp M5 S (pH 7. 0) S 3 RS 3 B8 A K
HE R ENLE R R, 4 CD2v & M ek FLAG 4t
PRFN ASFV ST BHPE i3 R0 i FLAG bR 28 76 H
C ¥y » P FALEE A B R IR A

J T VR B4 CD2v Bt JE AL ASFV Hi ik 1
AT ASHIE ST S FH 2 Bt JE ELISA gE 47 I 75 4RE & K
W, 2 hilE ELISA I HEE MR OIE 2% 505
S0 E NI HEAT 3 58I, AR R 100 Xy ASFV $it
A 9P I 395 A % H: ROC B4R 73 Fr 4 21, % ASFV
P A BH P 3 0 ) B 2 R 0. 163, 100 4% iy
ASFV S5 8k Yo e AR P8 XA L T A o 4G 0 245 5%
NS Z PR ELISA 1A I UK MEs | T
OIE #E%% ELISA FIRg ik ELISA {7 & . Rl =2
PrJE ELISA K il 25 58, % % ASFV $ {4 BH 4 F1 ]
PEIME 4 15 fy 17 B 4l CD2v $it Jit ELISA K,
SER R 15 0y BT B I A9 ODuso o S {E N
0. 074, LA ODysg o P-4 + 3 A5 b5 1 15 S 45 4 S B BT
A B 1t 375 A9 05 BB 22 8 ODuso e = 0,152, 5%
PrJit ELISA (950 2 1 AF % 23 . $ /n 4 CD2v
PrJE ELISA BT R AF MR R 4 . A4l CD2v
BiJE ELISA %t 15 {5 ASFV Hi 44 P 1 i 375 1k 15 46
W, 25 5 43 CD2v H A4 0 BE M 17 B ODiso
HY5 2P0 ELISA JE# $50E, X SEAF 58 45 R A 4k
PR R R R H R Ay CD2v 1 e 5 T
55, 2 80 ASFV gk YL 5% 1Y) i i B 0 B A K P AR
IR AR AT AT B i 2R A7 R . 1 5. CD2v ok
X 54001 CD2 HA — & 175 51 [R5 i jL i X5
A CD2 B A5 1750 [a) VR o 19 2 A e 928 T 1k B 0, A
Ji2e 5. H AHIEGE I BB 4 B0 M 4 SRR
CD2v ffg Ak X A B 2 J Pk A Ik T N IX, 5 &
() S FETR A B B VA OC . 55 A s ASEV Ifil W& B 397 il
PUARER X & CD2v Y i A0 X, 1 W B 400 3 BT A 7k
V-5 CD2v M 4h X G s vE A5G, 5 CD2v il iy
XK., fela . ASFV Il 0 B & (1 40 7R A6 i 2 H i

7 47 4 3 6 6, LTS A 22 At B0 4 46 00 1% JC 417
T DRI ASA R ot W R 0 1 B 44 7K SF R BT CD2v
B G P R AN 4T

4 & it

4 5 T 98 5 S5 T 41 CD2v 5 7T L
T ASEV CD2v itk kil . 5 24 ELISA #
G54 AT HUT T CD2v S8 B FiT R 15 1 SR B
f 4 590
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