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Prokaryotic expression of the GapC protein of Streptococcus
uberis and prediction, identification of its B-cell epitopes

WANG Hanqing, ZHANG Xuejing, ZHANG Huan, CHEN Xiaomeng, ZHANG Baojiang,
SU Yan

College of Veterinary Medicine, Xinjiang Agricultural University, Urumgqi 830052, Xinjiang, China

Abstract: The GapC protein of Streptococcus uberis located on the surface of bacteria is a protein with
glyceraldehyde-3-phosphate dehydrogenase activity. It participates in cellular processes and exhibits a
variety of biological activities. In addition, it has good antigenicity. The aim of this study was to predict
the possible B-cell epitopes of the GapC protein and verify the immunogenicity of candidate epitope
peptides. The gapC gene of S. uberis isolate RF5-1 was cloned into a recombinant expression plasmid
pET-28a-GapC and inducibly expressed. The purified protein was used to immunize experimental
rabbits antibodies. The
three-dimensional location of the GapC B-cell epitopes and the homology comparison of the GapC

to produce anti-GapC polyclonal three-dimensional structure and
protein and its B-cell epitopes were carried out using bioinformatics softwares. The results showed that
the 44-kDa GapC protein had a good immunological reactivity. Six linear and 3 conformational
dominant B-cell epitopes against the GapC protein were selected and synthesized. Three dimensional
analysis indicated that the selected peptides have better antigen epitope formation potential. Rabbit
anti-GapC polyclonal antibodies were generated after immunized with the purified GapC protein, and
the polyclonal antibodies were used to identify the epitope peptide by an indirect ELISA. The ELISA
results showed that all of the 9 epitope peptides could react with anti-GapC polyclonal antibodies with
varying titers. Among them, the epitope polypeptide **AANDSYGYTEDPIVSSD** reacted with the
polyclonal antibodies significantly stronger than with other epitope peptides. This study laid an
experimental foundation for in-depth understanding of the immunological properties and utilizing

effective epitopes of the GapC protein of S. uberis.

Keywords: Streptococcus uberis; GapC; prokaryotic expression; B-cell epitope; Epitope peptide
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P AL P 43 v D PO R S v i
, AI5 B 4ifdsZ AR I T 4052 R e S 45 50
IR, BaRRMER LG %
4 R EREERPS Wang ZHF5EEM, H
REHOMEERE GapC 19 B 4N RO 5
AT XTI TR G 7= A R I P AR YR 922 107 285 R DR 7
TERY,

GapC FHHZE S. uberis F 1 —Fp A Hih
T -3- 1% iR I = (glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) &M M&EN, HAK
PR TG LRI S e, R R B AY)
PERE R AR B OB i = — , AT PR bR b T
M -3-BE IR AL 13- B Hwhiig, =5
DNA B fEE, SEEEE T AL, RN
2SR I L A
FEL DR R, IR A S, uberis
) GapC & B A R4 () S JsipEP 12 H GapC
VB T 8 S B T L T 4 B K s ™
588 LB, GapC TE5 | EE 3L 55 4 1 & Fh ik R A
Z AR AR AR 0, B =B W
i LIEMSENT FL I EEEK T GapC £ AL
PEAT T A A T4 (B XS 07 A S8 R i TR
wiE, REeLENMFILEIKTEE GapC HE AT
SFTHFEE T — AR RS B il n®,

AWFIREVEE T S. uberis RF5-1 gapC K[,
il & T =g GapC &1, RHAYIE RS
BAFS AT AT GapC 25 10 &5 K6 e A o] B
1) B 4Pt iR AL, LR IR AR GapC &
AR SE R s, AR i e O ok A o

F1 TEIAFEIKE gapC HI5H)

TBTER) B MBI RAL, W] o 42U 05 ¢
B AR S 0

1 HH57%

1.1 RIER
L1.1 EHRFKE Y

SYESHR S, uberis RF5-1 HBT SR A K21
)5 B g IR O B M E TR s R A
DHS5a. KW BL21(DE3), J5#% KA A
pET-28a(+) A KA E W 5 e 525
FARAE ;s ARBEHTVE 22 R Rl B T e R
LI
1.1.2 EZERKF

T4 DNA #Hefl . REIHENDIEE (Xho 1 .
BamH 1). Tag DNA E 4. DL2000 DNA
marker .DL5000 DNA marker /i § TaKaRa 2] ;
JoRL R BORR] & L e DR & 3 R AR A ]
I AR A Sigma 24w 3 TMB {2 (4 H b
WRFERHARAH,
1.2 FH&*
1.2.1 gapC EF BT & K FRIERA A E

HE S. uberis gapC 3 ¥4, H Primer
Premier 5.0 &i15 19, 7055 | ARG 5 BamH 1
M Xho1 (R 1), HAETAYTE (R KH
BBRAFI AR LS. uberis RFS-1 2 [N 4] DNA
FAEH, PCR 34 gapC L, [F1Y PCR ;=4
FEM o K0P IERR 0 H LR 5 pET-28a %
e, EARKN LMY S EFEATAEY TR
(i) ety A R iy .

Table 1  Primers used for amplification of the gapC of S. uberis

Primer name Primer sequence (5'—3") Size (bp)
RF5-1-F GCGGATCCATGGTAGTTAAAG 1 005
RF5-1-R GACCTCGAGTAGCGATTTTTG

http://journals.im.ac.cn/cjben
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1.2.2 GapC EBWIFRRIERA
K 0 PR R B Y A ORL B Ak R W A T
BL21(DE3) v, PRECHEvEHAN RIS A R E
# (50 pg/mL) K LB KiFp¥ker, 37 CHiHZE
ODgoo 355 0.8, SRJF, AN AEG AU
(isopropyl B-D-thiogalactoside, IPTG) 75 % I 7£
37 CYKZEHEFE 6 h, BLOWCHERME, A PR
AR A, RO IFIEDTTE, 8 mol/L Y
PRE| ERE AR HRYE A g raifh, it
SDS-PAGE il afifb 25 1, FFASI v
1.2.3 GapC Z& HHJ Western blotting 4 1
itk 5 ) GapC 4 SDS-PAGE J5#%
ENZ NC B E, FENSS i s T 5%/Btiesl
E A A 2 by LS. uberis RES-1 Ha% i He Il
7 (1:1000) A—Hi, 37 CHFE 1 h, PBST i
U 3 RN HRP FRIEAEPi A IgG (1 © 5 000)
MZHL, 37 CWEE 1 h, PBST ¥k 3 ik, H
DAB JEYIIH R R0
1.2.4 GapC EH B HaRMAMNE &M
& S. uberis RF5-1 GapC 1R A5
B, Oz E AN RE A s, R
BepiPred (http://tools.iedb.org/main/) 5 ABCpred
(https://webs.iiitd.edu.in/raghava/abcpred/ABC
submission.html) PP LN 5 0 H B 24
MIBTIERAL, EHC 2 FhOTEIL ERR B IR
i, ik RAZ IR A TAEY TR (RiE)
et A R A WG . FIH SWISS-MODEL 14k
BAEXF S, uberis RF5-1 GapC 25 [ #E1 7[R 5 2
B, PRI =gty . Xl R A7 2 ik 2 LR
P9 i) = 45 4 R ir B AT s o
1.2.5 GapC EHRERFIIHEIRIE LB 2
FIFH MegAlign #1444 73 BS bk S. uberis RF5-1
GapC #HH & IEMR ¥4 5 GenBank NZ % Rk
1EFLEE BRI Streptococcus dysgalactiae . JCF| 5
BK & Streptococcus agalactiae . F. J5 B BK
S. uberis. JEHEERE Streptococcus suis . L

&: 010-64807509

W # ER B Staphylococcus aureus N K FF &
Escherichia coli J¥ 5 A7 [RIJEME LLAS 73 #T
1.2.6 GapC EHZ mEMANFHEE5RXX R
FEIE

W6 FUBvE 2= R Rbanlnh 2 4, 4
32, 250k GapC fEH 4l . PBS X HE4H,
Hetpiz 2 W, BIRHPE 200 pg/ 2, SRR
T 20N, ', KRSk RoE ek
FIZARPUR G I, 5 R R A 21k
FIFLAL . PR S IRIBE R 14 d, WIS s 0 d.
14 d A1 35 d 2RI 43 25 10035 , FH IR 4% ELISA Jyik
Rl 22 se BT EE . FHEEAKAY GapC HA &
1 (400 ng/fL) YEHUEHITEIRE, 37 CHHAI 2 h,
A S. uberis. S. dysgalactiae X S. agalactiae
FESEZH0 (10 1000) 100 ul, 37 CHFE 1h,
BIA 1:5 000 ke HRP #ricBYFdif 1gG
100 pL/AL, 37 CH¥HE 45 min, P& Sk, H
TMB &4 15 min, 1R, ME ODaso -
1.2.7 GapC EHA B HlRMNHETE

FH 100 uL (4 pg/mL) FRAAK 4 CHBEER,
PBST ¥l 3 WMl 5% Mihg R 95t 2 h; M
PBST ¥k 3 WJa LAdt GapC IfiiE (11 000)
J—Ht, FFLIA 100 pL 37 CHEE 60 min,
PBST %% 3 Wa A HRP FRic PR 1gG
(1:6000) k%, 37 CHFE 30 min, PBST JEik
3JE, A TMB B, ZIEEME ODasofH.

2 X504

2.1 gapC ERFETERFIERRAITE

DA gapC Fi St PES 1% S. uberis RF5-1 B kR
FEN4] DNA #F17 PCR ¥ 38 )5, 58] 1 kb £ 4
1 H A, STEHHRN—30 (B 1A), )45
RERH, RIP AR HILHE . 0T )
() H S R AR, EE A TR 2 WL D) 4
& (Bl 1B) P iEw 5 A 44 4 pET-28a-GapCo
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bp
2 000

1 000
750

500

250
100

1 REFRAE
Figure 1

bp M 1 2 3

A: gapC RN PCR Y4 B FRIBJFURL ARG 4
Construction of expression plasmid. (A) PCR amplification of gapC. M: DL2000 DNA marker;

1-3: gapC gene. (B) Double digestion of pET-28a-GapC. M: DL5000 DNA marker; 1-3: double digestion of

pET-28a-GapC.

2.2 GapC EARRIAAUER
T4 Bk pET-28a-GapC #54k E. coli
BL21(DE3) Jfif5F3KikJ5, #4T SDS-PAGE 4y
Mro 55, AIfE 44 kDa A4 HPL— KB
MERSN (K2), 5B/,
2.3 EZHZEHAY Western blotting 734745 R
4lifk J5 19 GapC 14 Western blotting 43
Mr (Bl 3), "I7E 44 kDa fu & MBS BERK
IN—BURE SRS, B GapC W5 S. uberis
BFE IR A o S A B

kbDa 1 M2 3 4567 89

97.2 ERSS P
66.4— a =
L]
44.3 — q
-
-—
r

=
ittt

29.0— - gy n

(]
4

e

-

B
-

= e <—GapC44.0kDa

™

2 E%H GapC EHHY SDS-PAGE 731

Figure 2 SDS-PAGE analysis of GapC. M: protein
marker; 1: recombinant bacterial extract before
induction; 2: recombinant bacterial extract after
induction; 3: supernatant after ultrasonic disruption;
4: pellets after ultrasonic disruption; 5-6: different
imidazole elution; 8-9: purified recombinant
protein.
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2.4 GapC R B TN S R
B 1R 14 b A

F| Fl ABCpred & BepiPred 7E£& #1443 ¥ il
T S. uberis RF5-1 GapC 25 1) B 4l =41 ;
LA RN LR B ZL 5 EEEK TS GapC 9 DB TE
1) B 4R (K 2). ¥4 S. uberis RF5-1 GapC
RNLFH S S. dysgalactiae ) S. agalactiae B
KPR G KRB, B PL2 Rl & JE R 7 5 1E
3 MRS R, HARRA AR P9 R
P —E 25

kDa M I 2
70—
50 — S — «— GapC 44.0 kDa
35—
25— .
20— .
10— -

3 GapC EHH Western blotting %5 R
Figure 3 Western blotting analysis of the
purified GapC protein. M: prestained protein
marker; 1: purified GapC; 2: negative control.
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22 FLBHEIKE (S. uberis) RF5-1 GapC #i[R RAGIAY Gt IE K 3 7 A [F Pk & R B9 RLR M PR B
Table 2 Epitope prediction of the GapC of S. uberis and homology comparison of epitopes of three different

streptococci

Strain Peptide position

Sequence

. uberis RF5-1

. agalactiae (AF421899)

. dysgalactiae (AF375662)
. uberis RF5-1

. agalactiae (AF421899)

. dysgalactiae (AF375662)
. uberis RF5-1

. agalactiae (AF421899)

. dysgalactiae (AF375662)
. uberis RF5-1

. agalactiae (AF421899)

. dysgalactiae (AF375662)
. uberis RF5-1

. agalactiae (AF421899)

. dysgalactiae (AF375662)
. uberis RF5-1

. agalactiae (AF421899)

. dysgalactiae (AF375662)
. uberis RF5-1

. agalactiae (AF421899)

. dysgalactiae (AF375662)
. uberis RF5-1

. agalactiae (AF421899)

. dysgalactiae (AF375662)
. uberis RF5-1

. agalactiae (AF421899)

. dysgalactiae (AF375662)

2243

46-58

72-92

184-205

248-268

266-282

162-171

59-78

L !t ' ! ! ' 'y ! !t !t ! 1 '”r ! ! !”r ! ! '”n \”h !t \”r !”ao \”a '”» !”»

QNVEGVEVTRINDLTDPNMLAH
QNVEGVEVARINDLTDPKMLAH
QNVEGVEVTRINDLTDPNTLAH
LKYDTTQGRFDGT
LKYDTTQGRFDGT
LKYDTTQGRFDGT
FIKVSAEKDPENIDWATDGVE
FVKVSAEREPANIDWATDGVD
FIKVSAERDPENIDWATDGVE
YTGDQMILDGPHRGGDLRRARA
YTGDQMVLDGPHRGGDLRRARA
YTGDQMILDGPHRGGDLRRARA
TELVAVLEKETSVEEINAAMK
TELVAVLEKETSAEEVNAVMK
TELVVTLDKNVSVDEINAAMK
AAMKAAANDSYGYTEDPI
AVMKAAANESYGYTEDPI
AAMKAASNDSFGYTEDPI
KALQDNFGVK

KALQDNFGVK

KALHDAFGIQ
DLTDPNM-AH-KYDTTQGRFDGTV
DLTDPKM-AH-KYDTTQGRFDGTV
DLTDPNT-AH-KYDTTQGRFDGTV
EVKDGGFEVNGNFIKVSAEK
EVKDGGFEVNGKFVKVSAER
EVKEGGFEVNGNFIKVSAER

(PL1)

(PL2)

(PL3)

(PL5)

(PL6)

(PL7)

(PC1)

(PC2)

(PC3)

2.5 GapC EH B RN =4 EH

F] i SWISS-MODEL fE £k #k 4 ¥
S. uberis RF5-1 GapC & W) =45/ FF k17
[Fi) U AR AR AT I = 554 . I XF GapC K Tl
T2 MR FE Ry 51 A = 4 25 0 S s n) o B
TR (K 4), AR BN, TEERFENERN
IRz 25 H o A i % B e fh . pIrdmt
FL i, HaX R A7 IKTE GapC & 25 [l 45
Py By e mi ol Kbk, B RAF PR R A
A

&: 010-64807509

2.6 GapC ERRERFINNIRIEME L
il

W43 BB S, uberis RF5-1 GapC 2 [ 2 i
JP A 5225 Tk AN 7 IR L, o Btk
5 GenBank N S. uberis GapC 2 52 R JE MK
99.4%-100%; ‘5 S. agalactiae GapC A IEIR ¥4
AF421899 My [REIVE: A 93.7%; 5 S. dysgalactiae
GapC ZFER T4 AF375662 M [FIJETE A 92.5%
(1l 5), =M GapC FEHELEFLS R 3 Fhalom et
BRTA PR SF PR
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MVVKVGINGFGR IGRLAFRRHQN VEGVEVTRI NDL’I‘DPNI\ILAI—L[JKYD’I"I'QGRFDGT

PC3

AEKDPENIDWATDGVE VL EATGFFAKKAAAEKHLHANG

MEVKDGGFEVNGNEILKVS
PL3 PC1

AKKVVITAPGGDDVKTVVENTNHDILDGTETVTSGASCTTNCLAPMAKALQDNFGVK

QGLMTT IHAYTGDQMILDGPHRGGDLRRARAGASN I VPNSTGAAKA I GLVIPELNGK

PL7

LDGAAQRVPVPTGSVTELVAVLEKETSVEE INAAMKARANDSYGYTEDPTVSSDT TG

PL6

MAYGSLEDATQTKVQTVDGNQLVKVVSWYDNEMSY TAQLVRTLEYFAKIA

PL1 {L2 PL3

&

El4 GapC EETMMMMERMIE (A). Z#HEH B) R=#=EMLE (O)

Figure 4 Prediction of epitope position (A), three-dimensional structure (B) and three-dimensional location

(C) of the GapC B-cell epitopes.

2.7 &t GapC Zin5 3 MARSIKER
R Xy

FHIE % ELISA X275 2 G f5 bt GapC
Z BRI 25 R R B, s 5 T I U S
A5 108100 (B 6A), EUNIZEAMINIE T
T &R EURR = . 4 ERR S, uberis RF5-1
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GapC X} 3 Bl 5 RAASKHEER TR S. uberis |
S. dysgalactiae ) S. agalactiae 1 514 ZH A
MW EER BN, ZEEAX S, uberis Fi UL
sE B RE 1, X S. dysgalactiae ¥ 571 Z P
LEERETIRAR, AR A R IR S Al 2R
—& (P<0.05) (K 6B).
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Figure 5 Comparisons of the amino acid sequence homology of GapC.
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Figure 6 Detection of serum IgG in S. uberis RF5-1-GapC immunized rabbit. (A) Detection of serum
antibody titers in immunized white rabbits. (B) Detection of 3 streptococci in S. uberis RF5-1 GapC
immunized rabbit serum. The error bars refer to the deviation. The lowercase letters indincate that the
difference among different phosphate-solubilizing bacteria was significant (P<0.05). The same below.
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Figure 7 ELISA results of epitope polypeptides.
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