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The study on B cell epitope of Treponema pallidum TP17 protein
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Abstract Objective:To predict the B cell epitope of TP17 protein of Treponema pallidumby bioinformatics method,and verify the
reactivity of TP17 epitope polypeptide with syphilis positiveclinical serum. Methods: The structure and B cell epitope of lipoprotein TP17
were predicted by SOPMA,DNASTAR,SWISS -MODEL and IEDB database BepiPred —2.0. Ten Treponema pallidum positive serum
samples were used to detect the reactivity of recombinant protein TP17 and 6-segment overlapping polypeptide of TP17 by indirect ELISA.
Results: The predicted six linear B cell epitopes of TP17 protein were Thr27 —Glu38,Leu53 -Asp62, Thr66 —-GIn74,Lys75 — Pro88,
Leul07 -Lys119 and Tyr132 -Met145. The predicted conformational epitopes involved amino acidswere Lys34 —Ala35,Ala55,Pro88,
Glu99,Pro136-Pro147 and Thr154. These cell epitopes were dispersed in the 6-segment overlapping polypeptide(Tp17-1 to Tp17-6).The
results of ELISA showed that the six polypeptides had specific reaction with the positive serum samples of syphilis patients,and OD,5, value
was 0.59~1.45,S/N>2.1. Conclusion: 6 linear B cell epitopes of TP17 protein are identified,and all of which are specific to the positive
serum of syphilis patients.
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B EA BB L AR S A B
ARXF TP17 B RIS e FEE R B 20 ER 55
EATHUI , ST TP17 22 KA Tl ¢ G 38 W o 52 56
(ELISA)AGI: , PHAr 22 Ik Sl R TP BRI LS 1
R, B TP17 2R FIHLIE B 4 AR (7 T i
PE R A 22 IR T Mg s PRAG 3 A T A 1

1 W%

L1 REeAtR MgRE BRI 6 00 A & 10 £ (78
e ANRERE) , MR HERHTUA IS W) & - Rk
ek (JE TR BIA R, B4l TP17 & (rf
UEREPIA ) TP1T ZIK(ZHE Bl T ARG,
HRP ARICH BTN [gG(FE[E Abcam 23 7] ), BCA &
P I 5 17 85 ( 968 Thermo A )

12 SEEedr &k

1.2.1  TP17 S AR E 0BT N3G I [ R A
Y% B+ (National Center for Biotechnology Infor—
mation, NCBD) & [ B8 % PR 15 TP17 S IR
BL% 7 51 (Genebank No. ADR64315.1), ) SignalP—
5.0 X TMHMM Server v.2.0 /1500 8 F{7 -5 Kk
5 R X SR T 51 5 I NetNGlye—1.0 NetOGlye
F1 EMERSHEERSHIA

Tab 1 Bioinformatics database and analysis tools

4.0 T TP17 &1 N BUF O AUBESEEAAL &5 FIIH
ExPASy 8 e W0 8 11 75 FAE RS, DLER 1.
122 TP17 EHZME: B 400 i DNAS-
TAR [ Protean 3R {4 5 75 £& Wi 21 /4 SOPMA Tt jil]
TP17 &1 24545 ( Secondary structure ), 7T o
IR B P18 kA S OICHLE 55 — ST 4y
A I, A A H TEDB BUJE 4 B 4N i A1 ¢
Iy Mk A% (BepiPred—2.0  BepiPred %5 ) .SOPMA L) &
DNASTAR Z5:45 4%t TP17 B H AT R G507, 11
I AT 54 (antigenicity ) . 2 T A A2 14 (accessibili—
ty) . ] 23 P (flexibility ) . 3 7K P (hydrophilicity ) 5 4
fIE, BN L B 4R A0, SR SWISS-MODEL
[ AR A3 HT TP17 25 (10 = 44584 & B 4047
=GR L, 454 1EDB 38 % Disco-
Tope : Structure—based Antibody Prediction AL By
TP17 RIS AL B 4RpE A, W 1,

123 TP17 EEZ KM BG R B TP17 EEH
I3 6 BE(Tpl7-1~Tpl7-6), I I W6 45 £ Ik 22 [6] 3%
B0 MR EL (R 2), B L E TARS
W IR/ N 3751 HPLC-MS %85 .

R (Gl i
SignalP-5.0 http : //www.cbs.dtu.dk/services/Signal P/ {5 KT
TMHMM https: //services.healthtech.dtu.dk/service.php? TMHMM-2.0 [ X T
ExPASy https : //web.expasy.org/compute_pi/ SEHL /AT T
NetNGlyc-1.0 https: //services.healthtech.dtu.dk/service.php?NetNGlyc-1.0 NOREIEAb A o T
NetOGlyc 4.0 https: //services.healthtech.dtu.dk/service.php?NetOGlyc—4.0 O Bl IEAb A s T
Bepipred http : //www.cbs.dtu.dk/services/BepiPred B 2l 5 T
IEDB tools http: //tools.iedb.org/main/bcell/ B 2l 257 T
NCBI https : //www.ncbi.nlm.nih.gov/ R R
SOPMA https : //npsa—prabi.ibep.fir/ I RS T
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Tab 2 Amino acid sequence of overlapping polypeptide of T17
protein

ZIRAFK

Tp17-1(21-50)

BT
LCVSCTTVCPHAGKAKAEKVECALKGGIFR
Tpl17-2(41-70)  ECALKGGIFRGTLPAADCPGIDTTVTFNAD
Tp17-3(61-90)  IDTTVIFNADGTAQKVELALEKKSAPSPLT
Tp17-4(81-110) EKKSAPSPLTYRGTWMVREDGIVELSLVSS
Tp17-5(101-130) GIVELSLVSSEQSKAPHEKELYELIDSNSV
Tpl17-6(121-156) LYELIDSNSVRYMGAPGAGKPSKEMAPFYVLKKTKK

1.2.4 TP17 HEZKMFREK S5 Gk, R
itk — Rk (EDC) 43 34 6 Br 2 ik 5 BSA #iHk,
B ATPHTR , K H] SDS-PAGE %5E £ IHEIEASUR: .
1.2.5 TP17 AP AN SR A ELSIA U &2

TP17 AR PUIRME . LUk R £k 2% v (CBS, PH
9.0) Fi B¢ TP17 5 H & 2 pg/mL, fill A 9641 ELISA
Be,50 WAL, 4°CHE 16 hy LI 0.05%0: i -20 (1)
W IR £ 22 v WX ( phosphate buffered solution—twain,
PBST) ¥E % 3 UK, LA 5% &Y i i§ #5300 wL/4L,
37°CHfE 2 h; FELL PBST B 6 WK, B )il £L
HOITA 1:200 7 B 0 A 7 B E 1R FH 14 £85Il 385
A, XFHRFLAMBIIIA 1:500 F B 114 P mi BH M i
M35 . 37°CIRAEMEE 30 min, L PBSTHER 6 YK, FHAIA
1:2 000 Fi HRP FRicHIEBTA 1G5 30 min,
PBST ¥t 6 Wa A R, L 2 mol/L H,S0, 2
I 2 b RN, R OD s fH o 45 A 22 : SINS>2.1 H
FEVE , HoH 444+ OD4s>0.59, +++ 4 ODysp>0.4, ++4
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OD45>0.3;+4 S/N>2.1 1H 0D,5<0.3

1.2.6 TP17 EEZIKPUREMRT R ELSIA J7
PG 6 2% BSA #BEERY TP17 Z K5 10 (M H
PR I3 O SO o A CBS 28 i s BRI 22 ik
PR BLWE N 2 wg/mL FEATHRE B, LA 1:500
T B A4 1035 A & —$T, 1:2 000 #i BEAY HRP A3ic
(IEPTN TG S 40, HE4T ELSIA Rl , 460 K 2%
RHNE T 1.2.4,

13 %it5 A3 R SPSS19.0 Gi i3 A5z
B AH CE G AT ST A, L) P LR ¢ K
55, DL P<0.05 WS B EHASIEE L.

2 #R

21 TP17 & &6 £ M FHRHAEE Z R LEMTAN TP17
EHAEK 156 ML, 2 16.5 kD,
PRI 25 H 5 (pI )8.62; 28 SignalP-5.0 43 #fr TP17 4
FI N % 22 > aa HIGE 5K, 155 KD FI 07 5 78
Cys22~Val23 Z [i] ; TMHMM 2.0 Fiill TP17 %& (17
TE 2 DN ETERY N-FEIEAL A7 A5 Asn68 FI Asn128 Fil 4
A O-WEIAL A7 A5 Thrl13 . Thrl7 Thr19 & Thr21, [H]
PEHEAL A TS S s TP17 B 5 KA B4Rt
PEREHE 1 NIpE HAT 20% 19 51 [R1JE M, 8 [l —
A (E 1),

SOMPA 4325 3 7R TP17 25 1 45 M 0
FE: M (Random coil ,¢) 215 42.31% .« ﬂ%fiﬁ(Alpha
helix,h) 5 25.64% {54 (Extended strand, e)24.36% .
B % ffi (Beta turn,t)7.69% ( &l 2);DNASTAR
Garnier—Robson J7 1% #ll Chou—Fasman 77 ¥ FU (19

TP17 & R Z5H T o 185E .8 T8 . FE A LTI
B i DI A 22 5 (18] 2) , Herp SOMPA. F0 i) JC AR
G 5 DNASTAR #AF g% ] (Turn, Re—
gions ) F145: [ (Coil , Regions ) &R/ 5 & 4 X a3 22
f7 T : Cys29 ~Ala35 . Gly51 ~Cys58 . Lys82 ~Thr94 .
Ser109~Lys119 .Gly134~Alal46.

22 TP17 EZ&Gw&: B4 FEA N DNAS-
TAR 1 IEDB Z45 73 #r ftill TP17 25 (A B bt Jsi bk
FPIME CEAKME RS EEE A (8 3) 5 B 4k
{12 V) AR G A 454615 ., >R JH Bepipred Filil] TP17
ALk B 41 i %, Bepipred Linear Epitope
Prediction Results 2.0( F{H=0.50), 355 4 44k 1k
B 4 Jifd 2 {37 : Thi27 ~Gly47 . GIn74 ~Pro88 . Tle102 ~
[le125 | Alal35 ~ Lys152 , Bepipred Linear Epitope
Prediction Results ( [ {H =0.35)3:5k458 7 41 B
4 M # A7 2 Pro30 ~Glu38 , LeuS3 ~Asp62 | Thr64 |
Thr66~Glu74 \Lys82~Tyr91 .Ser110~Lys119 Tyr132~
Met145.,

23 TP17 %@ ZRLEMF RARR B il AL T
{5 R JH SWISS-MODEL, %:F 2% #i %l (PDB.
4ulq) ERSEHE TP17 B =25 (18 4) . S50
NLTPIT S HE & 84 B-Ir& Ml 2 4> - IR Jie4h
¥y, F B S RTINS A — TR E
e & Wi 3 7 X Thr27 ~Glu38 Leu53 ~Asp62 .
Thr66 ~GIn74 . Lys75 ~Pro88.Leul07 ~Lys119 DL &
Tyr132~Met145 JE/RTE TP17 & A F R (K 4),
FZNL T IO XA BT 7 i 4T X3

opper resistance protein NIpE N-terminal domain-containing protein [Bacteroidales bacterium]
—==a Multiple organisms | 8 leaves

a1 CFB group bacteria| 12 leaves

= CFB group bacteria| 2 leaves

—= CEFB group bacterial 2 leaves
copper resistance protcin NIpE [Prevotella copri]
- copper resistance protemn NIpE N-terminal domain

copper resistance protcin NIpE [Prevotella copri]

~copper resistance protcin NIpE [Prevotella copri]
opper resistance protcin NIpE [Prevotella copri]
wcopper resistance protcin NIpE [Prevotella copri]
~copper resistance protcin NIpE [Prevotella copri]
L3 CFB group bacterial 3 leaves

copper resistance protcin NIpE [Prevotella copri]
ICFB group bacterial 5 leaves

~= CFB group bacteria| 6 leaves

= CFB group bacteria 4 leaves
= CFB group bacteria| 4 leaves

copper r protein NIpE

0.1

CFB group bacteria| 2 leaves [Bordetella genomosp. 1]

L ——<g-protcobacteria and bacterial 37 leaves
I,copper resistance protein NIpE [Treponema pallidum]

1 copper resistance protein NIpE [Treponema pallidum]
Emnamed protein product

copper resistance protein NIpE [Treponema pallidum]
Crystal Structure of Recombinant TP0435 from Treponema pallidum [Treponema pallidum
copper resistance protein NipE [Treponema pa raluiscuniculi] subsp. pallidum str. Nichols]

E 1 TP17 ERER#HK T

Fig1 Homologous evolution analysis of TP17 protein
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DNASTAR 447 TP17 [
10 20 30 40 50 60
I | [ I | |
MKGSVRALCAFLGVGALGSALCVSCTTVCPHAGKAKAEKVECALKGGIFRGTLPAADCPG
htchhhhhhhhhhhhhhhhheeeeeeeeccccccchhhhhhhhhhttceecccccccctt
IDTTVTFNADGTAQKVILALEKKSAPSPLTYRGTWMVREDGIVELSLVSSEQSKAPHEKE
cceeeeecttccceeehthhhccccccccccccceeeetttceeeeeecccccccccech
LYELIDSNSVRYMGAPGAGK PSKEMAPFYVLKKTKK
Sequence length: 156
heeeecttceeeeccccccccccccchhheehhccc
SOPMA :
Alphahelix (Hh): 40 is 25.64% Extended strand(Ee): 38 is24.36%
Randomcoil (Cc):66 is42.31% Beta turn (Tt):12 is 7.69%
SOMPA 43#r TP17 2K 1
r T L) T T T T T T T T T T T T T
10 30 50 70 90 110 130 150
A E——S———— s ——— @ Alpha, Regions
b =0 - = ) B Beta, Regions
T O t —4 & Turn, Regions
c f——D—D ! B Coli, Regions
- HEEHE—— - EEE- - ®  Alpha/Beta, Amp-
- +————8——— ® —hipathic Regions
2 TP17 EER LT
Fig2 Prediction of secondary structure of TP17 protein
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Fig3 Prediction of B cell epitopes of TP17 protein
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TP17 AR = REE T TP17 2 P 0 20 A2 18] 52 o7
El 4 TP17 ZEEHI=ZEEMTN
Fig4 Prediction of three dimensional structure of TP17 protein
24 TP17 EZ@M%E B @ FLTAM SR W
K5 B 7s JTP17 45 1 AY % B R IX B < Lys34 ~
Ala35 ,Ala55 . Pro88 .Glu99 .Pro136 ~Prol47 .Thr154,
G3AT T = HERH SN LA €6 X BRI

5.0
-1.5
©-10.0
g-12.5
©-15.0
-17.5
20.0
40 60 100 120
Posltlon

TP17 2 [a] F v Fiii TP17 25 [A] A0 7 ff

5 TP17 BEMMKE B AT
Fig5 Prediction of conformational B cell epitopes of TP17 protein
25 TP17 RGAKL GBS K& mBLEZ  SDS-
PAGE % g 45 L], TP17 8 4 O 4l B 24 K 95% ,
WSR2 /L, HPLC-MS Kl 25 5 7R i 2 & ml i)
ZJK Tp17-1 5314k 3.12 kD . Tp17-2 }3.05 kD,
Tpl7-3 2~ 3.25 kD Tpl7-4 & 3.44 kD . Tpl7-5 H
3.41 kD.Tp17-6 4 3.68 kD, 6 PtZJik'5 BSA FiEk
Je HEATYE 7 ,SDS-PAGE (& 6) 45 R on 6 Bt ik
IRRER B2
BSA HEIHZ ik

TP17 Marker 1 2 3 4 5 6

64 kD

17 kD

B 6 BAREEA TP17 REBZMMEMN SDS-PAGE £7E
Fig 6 Identification of recombinant protein TP17 and overlapping

polypeptide conjugates by SDS-PAGE

2.6 Ve RMKERFHSEL TP17T &G & % KA
B ELISA K625 5 10 £ M2 BH A A8 I PR 17 2

5 TP17 & B A R4 [P, 0Dy fH 7E 0.59~
1.45; A EME LSS TP17 HAMESZ KA
N AAAE—E 255, Horb 10 31l R B 175 A
i 5 Tpl7-1.Tp17-2.Tp17-3.Tpl7-4 K Tpl7-6
¥inl R AR S R N, ELS B X R L 2% 5
% (P<0.05);4 9 31 I/_TLISH P LV FE S Tpl7-5
Byn] e AR R SR RN, LS B B 25 5
F(P<0.05) 55 5 i FHE LG 5 Tp17-5 2 iK%
NP2 5P BEAH L 22 55 A 3 (P=0.058) .
uhuﬂl wi OD E(S)/BAEIME OD fH(N) KT 2.1 4

FIWTARE , T A 22 K511 PR BH A 0L 375 A5 0 &5 SR 447 ]
FIKT A BHPE(S/INS2.1) . WK 7.3 3,
1.8 N Y
1.6 1 ;} j
1.4 ; ;g
£ 1.2 \
g 1
g 0:6
0.4
0.2
0

TP17-1 TP17-2 TP17-3 TP17-4 TP17-5 TP17-6  TP17

TE:1~10: MERRIZAEARDTIR B TRUST SCPEE: 4 1 AR M 75 R 5 5
NC.: A EEB eSSV R LR
B 7 IGRPEELERHERS TP17 EAREE SRAIR M IES T
Fig 7 Reactivity analysis of clinical positive serum samples with

TP17 protein and overlapping polypeptides
x3 SRR B AR KD E ELISA R 4R

Tab 3 Peptide corresponding B cell epitope and positive serum
ELISA results
HFk IS
TP17(21-156) All
Tp17-1(21-50)  Thi27~Glu38 ,Lys34~Ala35

510 (I R

10 fy++++

1A+t A +++4 A+

13+

Leu53~Asp62 ., Ala55 4 B +++/5 r++/1 i+

Thr66~GIn74 Lys75~Pro88.Pro88 2 {3+++/5 {/++/3 {7+

Tp17-4(81-110)  Glu81~Pro88 ,Pro88 .Glu99 L +++2 3447 3+

Tpl17-5(101-130) Leul07~Lys119 5 Ap+++/4 iy ++/1 3+

Tpl7-6(121-156) Tyr132~Met145 Pro136~Prol147, 2 {i}+++/6 {++/2 {3+
Thr154

Tp17-2(41-70)
Tp17-3(61-90)

3 itig

TP17 JE—Rh B T 1 22 BRE (A SIS A /N i)
JEEH, 2905 TP AlE PR Y 2%, BA REFADT
J? PERIGRRE st . B 4RO R DR T Y

RUOBAE KL, AR PR I2 B MIRE 1 i e 3 i A
ﬁH R TP17 3 H B ARG DT . FiE &
FUSCAS A AP R R AT TE ) A, A=) 45 L 2 Tl
B A2 7 YRR PR D BT AR OU T B #e
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5 28 %

AR gER, ZRBEEARPURRR, 545
AU 1R 28 LR 5% 35 1) B 11 SUH B 28 (Toop ) , T
loop X FITFHURIIZE G, IIERN 2 5 AR
TR E RN S 2540 b /b 0L AR Z B A Y C
R SR KM R T KM R T LU AR 4T
BT D 7 X B, A58 ik DNASTAR Pro-
tean N SOPMA FiM/34T TP17 25 (89 20454, 73
BrdL o BB5E B T8 . Fe A B O A It A a5
T A TG L, 45 5 s oA it (42.319% ) Fil B
510 (7.69% ) TP17 25 A 94ty o LA
2k 4 TEDB %% 4% J4 %X /F BepiPred .SOPMA L) &
DNASTAR 46%F TP17 F HIEAT B 400 £ A7 4347, R
H Hopp —~Woods F1 Kyte —Doolittle J5 %& Karplus —
Schultz 1 Emini /57 % Jameson —Wolf J7 & 45 751 1l
TP17 26 2K M R0k e ml Sk | vl 98 ko
fiE, ZEA T TP17 &AM 7 4> B 402t e Ar
Pro30 ~Glu38 . Leu53 ~Asp62 . Thr64 . Thr66 ~GIn74 .
Lys82~Tyr91 Serl 10~Lys119 . Tyr132~Met145, J T
B0 A, T A, ASHIFTE ST SWISS-MOD-
EL [R5 s A5 0 2 TP17 B A I = 4e 454, 454
1EDB HH FE T 43T TP17 25 11 B AE e 3 X B .
Lys34 ~Ala35 . Ala55 . Pro88 . Glu99 . Pro136 ~Pro147 |
Thrl54. 254 C NI TP17 25 (1 = 4 25+ b
(4u3q )RR PR ARG S KRR 7 APk B iR
MHEATRNI T, BIEJRRAR 6 4~ TP17 B ML
PE B 427 : Thr27~Glu38 \ Leu53~Asp62 . Thr66~
GIn74 . Lys75 ~Pro88 .Leul07 ~Lys119 LA & Tyr132 ~
Met145,,
R T R AN TN (R AR L AR5 4 B

T TP17 SEHZ K 3) , w5 8 T A 2 AR 75
AT TN E R BEFE 10 U HFREIRE b 14 2
TRUST X FH Pk (9 I R 1f 7 BE A 5 TP17 25 1 &
Tpl7-1~Tpl17-6 iX 6 Bt ikilk1T ELISA Al , 45
KB, TP17 B 516 R PR M A AS A R4
Ve, TASE A NLE S 6 B 2 K Re & B Fr SR
N B S A DUAEAE — 2 25 5, 5 B NI YR I
N, R 6 Bt Z K& B UL, IGIE T
ABFFE I TR RAAE BB B R . ABE
FEAHE T TP17 M B AP EEAL, HR T
TP17 £ 1 R AR 0 27380, S i SR e A iy
UK I ANRE P BRI T HS R
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