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Bioinformatic analysis of the Hrpl protein of Mycobacterium tuberculosis
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Abstract: We applied bioinformatics to predict, analyze and understand the structure, function, and biological characteris-
tics of Hrpl protein. Bioinformatics software, including ORF Finder, SOSUI, Protpapram, ProtScale, Signal IP, Tmpred,
TMHMM, NetNGlyc, NetPhos-3.1-Servera, PSORT., WoLF PSORT, TargetP-2.0-CBS, NLStradamus, SOMPA, SWISS-
MODEL, IEDB, SYFPEITHI, RANKPEP, BLAST, DNAStar and STRING, were used to predict and analyze the physico-
chemical properties. structure. function. biological characteristics, and epitope and protein interaction of Hrpl protein. The re-
sults showed that Hrpl protein has a total number of atoms of 2 166, an isoelectric point of 4.96, an instability index of 19.62,
an aliphatic amino acid index of 100.35 and an average hydrophobicity of 0.042. It additionally has a transmembrane region. no

signal peptide, one glycosylation site and six phosphorylation sites. Its secondary structure is dominated by a-helices, and its

subcellular localization is in the cytoplasm. It is thus a stable hy-
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# % ,Email: 380585216@qq.com;
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EBEA . TRAAASHM T LE T 710018; a stable hydrophilic cytoplasmic protein that has good epitopes

drophilic protein. Bioinformatic prediction and analysis indicated
that Hrpl protein contains four B cell epitopes and multiple T
cell epitopes; its interacting proteins are Rv2627c, Rv2628,
Rv1738, devR, Rv2624c, TB31.7, rip3, pfkB. guaA and
hspX; and it participates in a variety of biological processes.

Through bioinformatic analysis, this study reveals that Hrpl is

DA TFALEL R R E AT ERAFE/ BT SR and may be a potential candidate factor in the diagnosis and
AR R T D EE LR E.E AT 832002; treatment of tuberculosis. Therefore, Hrpl is an important re-

AT A¥EF¥HE—MREBER.ETF 832002 search target in exploring the mechanism of persistent mycobac-
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terium tuberculosis infection and may be used as a candidate protein for the development of an anti-tuberculosis polypeptide

vaccine,
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H L5 Dy REHEAT 4 10 3 A B0 L Sk — 20 T i MTB
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ID 2y 8885765 H 4t 1% & 11 g I & 2 1 & 11 1 Chy-
poxic response protein 1, Hrpl) J& T4 W E H , 7
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2.1.2 Rv2626c & K a8 H 57 9 346 BT A 5% i
KM HT AR PE Protpapram T M 45 5, % 5 A A
PRIESE L 5 PL R 4.96. 4> T 15 517,72 1% 8 H
M 143 N IER AR, A 19 PP iR, b DL
IR (A (13.300) Frse AR (D (8.4 %0) AR (V)
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Note: Abscissa for the amino acid position, the vertical axis for
the hydrophobic score(pro, hydrophobic, respectively, with nega-
tive values, positive values)
B 1 Hrpl EEMF(B)KEDH
Fig.1 Affinity analysis of Hrpl protein
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Fig.2 Predicted protein transmembrane structure (left)

and signal peptide (right)

TMHMM # 52 5 11 5 51 14 42 750 42k R 3% Ak
143 A, S5 R B0 23 B 4 B2 8 1 (BT 3) 1 TR e
FEREN 0.007 25 (Z48 br =18 -/ 1R A7 7] fE A 5
JEEE D . N 3 BT 60 4> 24 56 R Hh 5 I 24 5 IR A

0. 003 25, N 337 T B A 5 0 4 B HE SR R 0.469 45,
ZEAT MM Hrpl & AN T4, MAEBSEE .

TMHMM posterior probabilities for WEBSEQUENCE
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The axis of represents the amino acid residue number (1-210)
corresponding to the submitted protein sequence. The vertical
axis values are the probabilities that each amino acid is inside the
membrane, outside the membrane, and the helix region.

3 TMHMM Server.2.0 F1ill Hrpl Z& B ¥ I% 42 5§
Fig.3 TMHMM Server. 2.0 prediction of the Hrpl pro-

tein transmembrane helix
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NetNGlyc 1.9 predicted N-glycosylation sites in Sequence
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Fig.4 Predicted O-glycosylation sites of Hrpl protein

NetPhos 3.1at predicted phosphorylation sites in Sequence
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Fig.5 Predicted phosphorylation sites of Hrpl protein
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Blue red green and purple stand for alpha helix extended strand
beta turn and random coil respectively

6 Hrpl HIRERA K EMTHN
Fig.6 Prediction of the secondary structure of Hrpl anti-

gen protein

FIFH SWISS-MODEL # 4, %t Hrpl &AM =
QAR AT I 53 BT, 38 B[R] IRk B v 1 1xkdL 1 Ry
BN, FETF Hrpl & H 0 X 5207 247 7 U8 = %%
AR 7. H GMQE #7434 0.91,QMEAN -4
R 1.AT, T b, Ul B2 AR 2 BLA] 5 R AR AT
2.5 [AIVEIESHTEE R BLAST 45545 1, Hrpl
RILRF OISR 11-70 7, S AR EHRBHREA
440(ZNFA440) 9 96-153 {3 22 ik 8 AR AL 14 48 v , {1 —
HEIFARLEEA R 25%, ik, Hrpl 5 A8 A A
Vb o (R A 52 S By A A A SR A, 7T LA
SRy i 35 114 T TR 45 A% 5 T R 45 A% 12 T L b
R AL LLEEAT A5 43 B X S5 A% 12 W 5 1

v =

B 7 Hrpl EH=REHHHN
Fig.7 Prediction of the tertiary structure of Hrpl protein

WRMETA —~ENSEHRME. EVFR S
rh, BIVEE 500 0 0 1k 2 A2 L R T B R R 1R AL T
11-70 WS IR T 51 LhBEAIR 38 SR I AR
2.6 Hrpl FEFH B 400 R AL 5B PE T 40 1 5%
(IVARE ey e W N O A L

2.6.1 Hrpl $UE&EMAN B A EA BN 86
IEDB 34 % Hrpl 2 10 B 4 3= A7 647 00 , 45
SN Hrpl & 1 0] 98 M 3808 0l Jo ok L 2tk 3k
D7 B-5E i R EKE PR 6 A7 (B 8) , Bk
SR R S PR G R IES B UIEEL 1.0 8
Z L& T 1.0 SRR X B 2 f iR . 02 5 8 bt
Ji A B DX, AT R P R TR AR 1.0 1 X B 5 TE B
B 40 i 3 57 . P30 0 45 A R R AL L3 AR L PR
X 3 ANJ7 B L AR 1 B A RAL (R D,

®1 Hrpl E8 BHAMRERMCTNER
Tab.1 Prediction of B cell epitopes of Hrpl protein

K5 731 A s R R A0
1 VTCVGE 12
2 GALPIC 34
3 DSIYYVDAN 76
4 VRRVPVISEHRLVGIV 99

2.6.2 WM Hrpl & [ 0950 8P T 240 3R 07 45 21
67 A B T 40 i 3R 460 23 B 811 L Hrpl 25 F1 1Y
PRI Th 20 M 2% 467 Xk & LAY B —Fh HLA
RUAR I (9 2 2 5 HAE L #E A7 481t Hh HLA-DRB1
* 0401 ,HLA-DRBI1 * 0701 £ R R E &k %,
BEARANZR 2 P % T A R A T 4318 5 s 19 2
B 7 AN HAT T — o Hr ik % AR N ik Th 3
7 UINEE 3 M &4k
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Note: A:Linear Epitope Prediction 2.0 Results; B:Beta-Turn Prediction Result; C:Fexibility Prediction Results; D: Sur-
face Accessibility Prediction Results; E:Hydrophlicity Prediction; F:Antigenicity Results
El 8 IEDB Hiill Hrpl ZEEH B 4R AL
Fig.8 Prediction of B cell epitopes of Hrpl protein in IEDB

% 2 SYFPEITHI 34K Hrpl EH Th AR AER £3 Hrpl EB Th ARRLER ST
Tab.2 Information on Hrpl protein Th cell epitopes Tab.3 Comprehensive analysis of Th cell
predicted by SYFPEITHI software epitopes of Hrpl protein
MHC- 1T 2643 T W %) SYFPEITHI 3= {7 # (843 5 BIFEERLE FILR T 5 SYFPEITHI 543
HLA-DRBL * 0101 0 1 4 ARDIMNAGVTCVGEH 22
2 24 AAQYMREHDIGALPI 22
HLA-DRB1 * 0401 24(18-28)
3 45 LHGMLTDRDIVIKGL 22
HLA-DRB1 * 0701 14(18-28) 1 76 DSIYYVDANASIQEM 28
HLA-DRBI * 0801 0 5 88 QEMLNVMEEHQVRRV 22
HLA-DRBI * 0901 0 6 99 VRRVPVISEHRLVGI 28
HLA-DRB1 * 1101 7(18-21) 7 108 HRLVGIVTEADIARH 22
HLA-DRB1 * 1501 0 8 129 VQFVKAICSPMALAS 26
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2.6.3  Hrpl &0 4MIFEE T bk T 48 A 3500 53 By
SEUL ML I AR A 2 R e B A — A R A
B W 2 BT 5 FLR] O e CTL R A, B4,
R4,

x4 Hrpl EHCIL RUEEHH
Tab.4 Comprehensive analysis of Hrpl protein CTL epitopes

FE RHBEAEMRME HAFEMTH RANKPEP 5

1 4 ARDIMNAGV 12.893
2 7 IMNAGVTCV 15.36

3 19 ETLTAAAQY 9.289
1 49 LTDRDIVI 12.424
5 72 ELARDSIYYV 11.411
6 90 MLNVMEEHQV 12.234
7 122 HLPEHAIV 11.37

454 Hrpl AWM B 41 R AL B T 40
FAOL A0 EEPE T Uk U 40 B 2R 0 T 25 2R, AR i
DNAStar 4 Protean £k 15 %) & F Hrpl HH
FALFI AL E KLz K] WA B Hrpl 8%
5 A B DX, LR 1) 3R 7 & 4R 3 B AE 4T (8 07 B AR
ICHY DX (8 9)

T T T T T T T T T T T T ™
10 20 30 4 5 60 70 80 S0 100 110 120 130 140

B9 Hrpl EARMMNIER
Fig.9 Predicted Hrpl protein epitope position map

2.7  Hrpl & H B M 5 AR M 45 B0 45 2R
STRING 7E£e 70 M4 F B 15 Hrpl 8 H AR EAE
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