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Bioinformatics analysis of the Mycobacterium tuberculosis latency-associated protein Rv2204c
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Objective The structure and function of the Mycobacterium tuberculosis (MTB) latency-associated protein
Rv2204c were analyzed applying bioinformatics methods.  Methods The amino acid sequence of the Rv2204c protein
was retrieved from the NCBI database. ProtParam. Signal 6. 0 Server, ProtScale, TMHMM Server v. 2. 0, ProtCompB,
NetNGlyc-1. 0,and NetPhos-3. 1 tools were employed to predict the protein’s physicochemical properties,hydrophobicity,
presence of a signal peptide, transmembrane helical regions, subcellular localization, as well as glycosylation and
phosphorylation sites. SOPMA and SWISS-MODEL were utilized to predict the secondary and tertiary structures of the
protein, respectively, Furthermore, IEDB was employed to forecast B-cell antigenic epitopes, while SYFPEITHI,
RANKPEP.NetMHC,and NetCTL were used to predict cytotoxic T-lymphocyte (CTL) antigenic epitopes. Additionally,
the identification of helper T (Th) lymphocyte epitopes was performed using SYFPEITHI and RANKPEP. The
construction of the Rv2204c¢ protein evolution tree was executed using MEGA. Lastly,interactions of Rv2204¢ with other
proteins were predicted by utilizing the STRING protein interaction database.  Results The Rv2204c¢ gene is 257 base
pairs long,with Gene ID 888428 and a genome accession number of NC_000962. 3. Its start codon is ATG.and the stop
codon is GGT.encompassing 1 open reading frame. The protein derived from this gene consists of 118 amino acids and is
a hydrophilic stabilized protein. It lacks a signal peptide and a transmembrane helical region, mainly localizing within the
cytoplasm. There are no glycosylation sites but contains 5 phosphorylation sites. The secondary structure comprises a-
helix (Hh) at 23.73% ,B-turn (Tt) at 10. 17% ,and irregular curl (Cc) at 39.83%. The tertiary structure shares 42. 73%
amino acid sequence identity with template 2apn. 1. A,having a GMQE of 0. 69 and a QMEAN of -8. 07. Several dominant
B cell antigenic epitopes are identified at 4-13, 29-33, 47-48, 58-67, 91-99, and 105-114 amino acid regions. Multiple
dominant T-cell antigenic epitopes are observed; CTL epitopes are mainly concentrated in the HLA-B7 (HLA-B07:02)
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restriction T-cell epitopes. with a smaller portion in the HLA-A3 (HLA-A03:01) restriction epitopes. No peptide

sequences are distributed in the HLA-A2 (HLA-A % 02:01) restriction T-cell epitope, while Th-cell epitopes may be

located within the amino acid segments 16-24,54-62,74-82,etc. It shares maximal homology with the protein encoded by
Mycobacterium heidelbergii. Interacting proteins include Rv0398c, Rv0883c, pyrD (Rv2139),Rv1465,Rv1463,Rv2205¢c,
ppiA (Rv0009) ,mmsA (Rv0753c) ,kgd (Rv1248c),and lipA (Rv2218),involved in various biological processes such as

nitrogen fixation and lipate synthesis. Conclusion

The Rv2204c protein, characterized as a hydrophilic stabilized

protein,exhibits multiple T and B cell antigenic epitopes. Its potential involvement in latent tuberculosis infection suggests

it could serve as a promising candidate protein for tuberculosis diagnosis and emerge as a novel therapeutic target.

GGG N Mycobacterium tuberculosis slatent tuberculosis infection; Rv2204c;bioinformatics
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Fig. 1 Hydrophilicity of Rv2204c protein
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Fig. 2 Prediction of phosphorylation site of Rv2204c protein
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Fig.3 Prediction of the second and tertiary structure
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NetMHC
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P (Seore>18) Strong binding Weak binding (COMB0.75)
N peptide peptide
HLA-A2 8 0 0 0 0
HLA-A3 7 0 0 1 2
HLA-B7 3 0 1 3 5
x 2 EEDH Rv2204c R IERE CTL RA6L
Table 2 Candidate CTL epitopes of Rv2204c antigen
IAK EHBEBGE I
fif\x %%\ﬁ&ﬁﬁﬁf\jﬁ i%@é‘ih’ zj SYFPEITHI NetMHC NetCTL
181;1(‘) yPlC s I‘nll’l() RC.I : AMINO acl (Score) € (C()MB<*E)
classification ~starting position sequence
HLA-A2 / / / / /
HLA-A3 15 ILTEAAAAK 30 0.70<WB 11779
HLA-B7 19 AAAAKAKSL 14 1. 00SWB 1.0544
20 AAAKAKSLL 14 1. 30<WB 1.2327
81 APYVEGASI 20 0.12<SB 1.6328

F 3 2ANELTNKME S Rv2204ce FEH Th RAEL (1)
Table 3  Analysis of Th epitopes of Rv2204c¢ antigen
by two online prediction software ( piece)

FH SYFPEITHI RANKPEP
Phenotypic class (Score range) (Score range)
HLA-DRBI * 0101 22(18-30) 2(11-16)
HLA-DRBI * 0301 10(18-29) 2(17-19)
HLA-DRBI * 0401 18(18-26) 7(4-1D)
HLA-DRBI % 0701 12(18-24) 1(16. 852)
HLA-DRBI * 0801 Jo s e 1(11. 644)
HLA-DRBI * 1101 3(20-21) 0
HLA-DRBI * 1501 10(18-24) 1(13.59
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Table 4 Candidate Th epitopes of Rv2204c¢ antigen

ﬂrj{i/ﬁﬁ % SYFPEITHI 5—2_,%?% RANKPEP
; i R (i U
wugx 5 BRI " NISRE -¢ 1 153 .
) Amino o By Amino L B
Phenotypic . Amino acid . Amino acid
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U SYFPEITHI SO R ANKPEP
position position
HI;Aé%]iBI 13 GVILTEAAAAKAKSL 26 16 LTEAAAAKA 11,926
HLA-DRBI 51 RYNLFFDDRTLDGDQ 21 54 LFFDDRTLD  18.269
#0301 71 GVRLIVDRMSAPYVE 22 74 LIVDRMSAP 17,966
52 YNLFFDDRTLDGDQT 22 5 FFDDRTLDG 10,218
HI:F\(;ERIM 13 GVILTEAAAAKAKSL 20 16 LTEAAAAKA 8,421
35 DLALRIAVQPGGCAG 20 38 LRIAVQPGG 4,954
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‘WP 083172846.1:1-118 iron-sulfur cluster assembly accessory protein Mycobacterium paraseoulense

‘WP 096288664.1:1-118 iron-sulfur cluster assembly accessory protein Mycobacterium ahvazicum

‘WP 046185737.1:1-118 iron-sulfur cluster assembly accessory protein Mycobacterium nebraskense

‘WP 108921406.1:1-118 iron-sulfur cluster assembly accessory protein Mycobacterium montefiorense
WP 163679028.1:1-118 iron-sulfur cluster assembly accessory protein Mycobacterium seoulense

‘WP 065444380.1:1-118 iron-sulfur cluster assembly accessory protein Mycobacterium malmoense

AAS04261.1:8-125 hypothetical protein MAP 1944c fum avium subsp. s K-10

| WP 003872274.1:1-118 MULTISPECIES: iron-sulfur cluster assembly accessory protein Mycobacterium avium complex (MAC)
A R2204c i is H37Rv

‘WP 083077384.1:1-118 iron-sulfur cluster assembly accessory protein Mycobacterium heidelbergense

‘WP 085253618.1:1-118 iron-sulfur cluster assembly accessory protein Mycobacterium saskatchewanense

KZS74960.1:1-118 iron-sulfur cluster insertion protein ErpA Mycobacterium kansasii

‘WP 158017267.1:1-118 iron-sulfur cluster assembly accessory protein Mycobacterium basiliense

‘WP 085232974.1:1-118 iron-sulfur cluster assembly accessory protein Mycobacterium conspicuum

‘WP 047314690.1:1-118 iron-sulfur cluster assembly accessory protein Mycobacterium haemophilum

‘WP 045842754.1:1-118 iron-sulfur cluster assembly accessory protein Mycobacterium lepromatosis

4 RO EAE Rv2204c EEH S FHLOT

Fig. 4 Molecular evolution analysis of Tuberculosis Rv2204c protein
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Fig.5 Prediction of protein interactions of Rv2204c protein
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