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In silico structural and functional analyses of hypothetical proteins may unravel
the hidden information seeded inside the protein sequence. This information could be
utilized in finding new drug targets and drug designing. In the current study, we used
different bioinformatics algorithms to conduct structural and functional annotations of
a hypothetical protein in Mycobacterium leprae, ML-1369. In brief, at first the sequence
analysis and secondary structure prediction were conducted and found that the studied
hypothetical protein is a stable hydrophilic protein with a significant proportion of
alpha helix and random coil. The protein was predicted to be a cytoplasmic protein.
After that, we built the 3D model of the hypothetical protein using SWISS-MODEL from
the complete amino acid sequence by homology modeling method. Then, we employed
several quality and structural assessment programs such as ERRAT, Q-MEAN, ProSA,
Procheck and found that the generated 3D model was structurally good and reliable. We
also found that the protein contained the domain of unknown function (DUF) 387 and
might belong to chromosomal condensation and segregation protein ScpB. STRING analysis
also suggested the interaction of this protein with several others in cell division. The
hypothetical protein is essential for the organism, although showed no homology to any
human protein. Furthermore, KEGG analysis recommended the involvement of the protein
in genetic information processing, environmental information processing, cellular
processes and organisomal systems of M. leprae. The findings of the study will help
better understanding of the functional protein network in the M. leprae that might lead
to valuable drug development.

Key words: Hypothetical protein, Mycobacterium leprae, ML-1369, Cell division.

Vol. 9(2), p. 919-926

MycabacteriumlepraeisaGram positive,
rod-shaped acid fast bacterium that causes|eprosy,
also known as Hansen’s disease. Still suffering
thousands of people worldwide, leprosy is an
infectious disease mainly affecting skin, periphera
nerves and mucosa-2. In 2012, thetotal number of
chronic cases of leprosy recorded worldwide was
189,000 and the number of fresh caseswas 230,000°.
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Due to the inherent characteristics of M. leprae,
i.e., slow growth and weak pathogenicity, leprosy
has taught to be still prevalent. It takes 12 to 14
days for M. lepraeto replicate, so it is predicted
that 2 to 5 years are necessary for the clinical
manifestations to appear after an infection*®.

A significant reduction in the number of
registered leprosy patients had been observed by
deployment of the intensive chemotherapy
program. However, a frightening number of new
leprosy cases have been reported even after the
introduction of multidrug therapy (MDT) by the
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World Health Organization (WHO)®. Although
MDT can kill the bacilli within a short time
without relieving symptoms, the dead cells could
lead to several leprosy symptoms. Nowadays, the
MDT based control measures for treating leprosy
are mainly intended to prevent the drug-
resistant M. leprae from spreading ”.

The first genome sequence of a strain
of M. leprae, was completed in 19988 The
genome sequence of a strain originally isolated
in Tamil Nadu, India and designated as TN, was
completed in 2013. Cole et al® have found that,
the M. leprae genome of 3,268,203 bp encodes
only 1,604 proteins and contains 1,116
pseudogenes. They have annotated and classified
all these genesinto various functional categories.
The complete genome contains about 360
conserved hypothetical and 141 unknown
proteins®,

The hypothetical proteins are so named
because it is unclear whether their genes encode
actual proteins. These are also referred to as
“uncharacterized” or “unknown” proteinstt. Asof
April 25, 2006, the NCBI protein database
contained 19,85,480 protein sequences from
~373 completely sequenced genomes; one out of
three proteins had no assigned function and one
out of ten proteins was annotated as “ conserved
hypothetical”*2. Therefore, it is clear that a large
portion of the different genomes remains
unrevealed at time. However, the proper structural
and functional annotation of hypothetical proteins
may lead to better understanding of the complex
protein cascades, protein-protein interaction or
networks in several biological systems®. This
understanding will be helpful in both diagnostic
and therapeutic purposes'.

Protein characterization is important for
determining the current state of any protein, which
has significant implications to several biological
processes. The major shortcomings of
experimental methods that have been used to
characterize the proteins of various organismsare
time consuming, costly and not amenable to high
throughput techniques . Computational or in
silico approaches provide a viable solution to
these problems. The amino acid sequence provides
most of the information required for determining
and characterizing molecul €' sfunction along with
physical and chemical properties. Computational
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based characterization of proteins found or
predicted in completely sequenced proteomes is
an important task in search for the knowledge of
protein function’s,

In this study, for the first time we
analyzed a hypothetical protein ML-1369 of M.
leprae by in silico methods. Different
computational tools were used to generate the
three-dimensional (3D) model of the protein.
Moreover, the functional and comparative
genomic analyseswere al so conducted to propose
the possible functions of the protein and research
in drug design planning.

METHODS

Protein sequence retrieval

The sequence of the screened protein
was recovered from the Uniprot databse (http://
www.uniprot.org/).
Physiochemical analysis and subcellualr
localization prediction

The primary sequence analysis was
conducted using Protparam server (http://
web.expasy.org/protparam/). The parameters
computed by ProtParam included the molecular
weight, theoretical pl, amino acid composition,
atomic composition, extinction coefficient,
estimated half-life, instability index, aliphatic
index, and grand average of hydropathicity
(GRAVY)Y. Subcellular localization of ML-1169
was envisaged using CELL O and confirmed by
Psortb®.
Secondary structure prediction

The secondary structure of the query
protein was analyzed using SOPMA? and
PSIPRED server?:2,
Homology modeling, ener gy minimization and
validation

The 3D model for the protein was
generated using SWISS-MODEL server by
homology modeling method?* 2, Once the 3D
model was generated, energy minimization was
performed by GROMOS96 forcefield in aSwiss-
PdbViewer . The model generated was checked
for errors and reliability by ERRAT in SAVES
server®, The quality of the model was also
assessed by QMEAN? and ProSA web®. The
stereochemistry of the structure was analyzed by
PROCHECK 2. The modeled structure was
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visualized by UCFS chimera1.8.1*°. The generated
structure was superimposed on the template
structure using UCFS chimera for RMSD values
that indicate similarities between two structures.
Functional annotations

The domain analysis of the protein was
performed by Interproscan, Pfam® and NCBI-
CDD=.
Protein-protein interaction analysis

Protein residues interact with each other
for their accurate functions. In this study, we
employed the STRING v9.1 database (http://string-
db.org/) of known and predicted proteins
interactions. Currently, this database covers
5,214,234 proteins from 1133 organisms*.
Compar ativegenomicsanalysis

BLASTP search was performed against
human proteometo find whether or not the protein
is homologous to any human protein. Database of
essential genes (DEG) is employed to check
whether the queried protein is essential for the
bacterium or not®. To check the involvement of
ML-1369 into metabolic pathways of M. leprae,
KEGG automatic annotation server (KAAS) was
used?s.
Submission of the model in protein model
database (PMDB)

The model generated for M. leprae
hypothetical protein ML-1369 was successfully
submitted in protein model database (PMDB)
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(http://biocinformatics.cineca.it/PMDBY/).
RESULTSAND DISCUSSION

The complete protein sequence of the
hypothetical protein ML-1369 in FASTA format
was successfully retrieved from the Uniprot
database.

After that we calculated the theoretical
physiochemical characteristics of the
hypothetical protein ML-1369 by Expasy’s
Protparam server. The protein was predicted to
be consisting of 231 amino acids, with amolecular
weight of 25329.1 Daltons and an isoelectric
point (P) of 4.77 indicating a negatively charged
protein. The instability index of the protein was
computed to be 27.70, indicating this protein as
stable®’. The negative grand average of
hydropathicity (GRAVY) index of -0.009 is an
indicator of a hydrophilic and soluble protein®,

The most abundant amino acid residue
was found to be leucine (13.9%), followed by
alanine (12.4%). The sequence had 37 negatively
charged residues (Aspartic acid+Glutamic acid)
and 27 positively charged residues
(Argininet+Lysine). The aliphatic index reflecting
the relative volume occupied by the side chains
of amino acids (alanine, leucine, valine and
isoleucine) of the query protein was -106.45%.
The extinction coefficient indicating the light

Table 1. Parameters used for structural assessment of model and template proteins

Protein  Structura Ramachandran Z-score Qvalue RMSD (A°)
assessment methods plot (%)
ML-1369 PROCHECK analysis 90.9%"
7.7®
1.4¢
0.0°
ProSA -5.33
QMEAN 0.695
RMSD 0.000
2799 PROCHECK analysis 92.4~
6.28
0.7¢
0.7°
ProSA -5.27
QMEAN 0.744
RMSD 0.067¢

AResiduesin favorableregions; Bresiduesin allowed regions; “residuesin generally allowed regions; Presiduesin
disallowed regions Eroot mean square deviation between CaML-1369 structure and 2z99 template
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Fig. 1. Predicted secondary structure of Mycobacterium leprae hypothetical protein ML-1369 by PSIPRED
server.
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absorption capacity was found to be 11460 M
cmt, at 280 nm measured in water for the queried
protein®,

We found that the predicted subcellular
localization of the query protein is cytoplasm. It
was analyzed by CELLO and validated by Psortb
v 2.0 sever. The secondary structure of the protein
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was predicted by SOPMA and PSIPRED server
(Figure 1). The apha helix was found to be the
most predominant (48.05%), followed by random
coil (31.17%) and extended strand (11.69%). Also,
beta turn was found as 9.09%.

In the study, we used SWISS-MODEL
web server to identify the best possible template

Fig. 2. Structural analysis of Mycobacterium leprae hypothetical protein ML-1369. (a) the predicted 3D model of
ML-1369; (b) the 3D model of thetemplate protein (2z99) used for homology modeling; (c) Superimposed structure
of hypothetical and template proteins; (d) and (€) the Z-scores for the hypothetical and template proteins
respectively; (f) the representative Ramachandran plot for ML-13609.
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Fig. 3. STRING network representing the predicted functional partners of the hypothetical protein ML-1369.
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for homology modeling. Hence, the 2z99.1.A
template with 80.56% target-template sequence
identity wasused (GMQE: 0.67; QMEAN4: -1.61
Sequencesimilarity: 0.52). Thetemplate was X-ray
diffraction model of thecrystal structure of putative
uncharacterized protein ScpB from Mycobacterium
tuberculosiswith aresolution of 2.30 A°.

To obtain an accurate homology model,
itisvery important that appropriate steps are built
into the processto assessthe quality of the model.
Therefore, the accuracy of the predicted models
was checked through a series of tests such as the
PROCHECK, ERRAT, ProSA, and QMEAN
methods. UCSF Chimera and Swiss-PdbViewer
were used to view the models and image
preparation.

As indicated by the Ramachandran plot
(Figure2(f)), 90.9% residuesin ML-1369 model were
within the most favored regions, 7.7% residues
wereintheadditional allowed region, 1.4% residues
were in the generously allowed regions and 0.0%
residues were in the disallowed regions; 92.4%
residuesin 2z99.1 (coordinatefile) template were
within the most favored regions, 6.2% residues
werein the additional allowed regions, 0.7%
residues were in the generously allowed regions
and 0.7% residues were in the disallowed regions
(Table1). Thisindicated that the backbone dihedral
angles, phi and psi, intheML-1369 3D model, were
reasonably accurate.

Asindicated by the ERRAT program, the
result showed that the overall quality factor is
95.395 for ProSA and 90.132 for 2299 meaning that
both of the two structures have good high
resol ution. ProSaanalysis showed Z-scores of 5.27
and 5.33 for ML-1369 and 2z99 (Table 1),
respectively. Q values for ML-1369 and 2z99
structures were found to be 0.695 and 0.774,
respectively. Structural similarity was further
compared by superimposition of modeled structure
with template. The modeled structure of the
hypothetical protein closely resembled thetemplate
structure (2z99.1) and it had good similarity with
the templ ate upon superimposition asreflected by
root mean square deviations (RMSD) value of
0.067 A°(Figure 2(c) and Table 1). Based on these
validations, it is shown that the homology model
was adopted for this study.

In the present study, three web servers
were employed to find out the conserved domains
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and potential function of ML-1369. Based on
consensus predictions made by Pfam, NCBI-CDD
and InterProScan, ML-1369 was suggested to
contain domain of unknown function DUF 387
Putative transcriptional regulators (Ypuh-like) by
Pfam server. This family of conserved bacterial
proteinsisthought to possibly be helix-turn-helix
type transcriptional regulators. InterProscan
server showed that the queried hypothetical
protein might belong to the chromosome
segregation/condensation protein ScpB. This
family represents ScpB, which along with ScpA,
interacts with SMC in vivo forming a complex
essential for chromosome condensation and
segregation. From this, it could be suggested that
the hypothetical protein may participate in
chromosomal partition during cell division. NCBI-
CDD also showed the similar results found by
aforementioned servers.

To visualize the protein-protein
interaction network of the protein ML-1369,
STRING was employed, and the obtained network
isshownin Figure 3. STRING interaction network
revealed that our targeted protein (ML-1369)
interacted with 10 different proteins for its
functioning. The target protein showed
interactions with hypothetical proteins, proteins
required for cell division, regulatory proteins and
many others.

Comparative genomics analysis of the
hypothetical protein was then conducted to
further characterize ML-1369. The hypothetical
protein was found to be a unique protein of M.
leprae and showed no homology to any of the
human proteins by performing a BLASTP search
against human proteome. The protein was also
found to be essential for M. leprae by performing
microbial BLASTP search in DEG database.
Essential proteins of a pathogen regulate key
factors, such as metabolism, nutrient uptake,
virulence and pathogenicity. Therefore, pathogenic
proteinsthat fulfill the characteristics of being both
unique and essential at the same time represent
more striking drug targets as these will not show
any sideeffectsaswell asoffer immense potentials
in disrupting pathogen functions and existence.

Finally, we utilized KEGG to identify the
involvement of ML-1369 in M. leprae metabolic
pathways. Based on search performed viaKAAS,
ML-1369 was found to be involved in genetic
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information processing, environmental information
processing, cellular processes and organismal
systems of the organism. Furthermore, the
generated 3D model of the hypothetical protein
was successfully submitted to the PMDB and
assigned the PMDB id PM0079888.

CONCLUSION

The study was designed to predict the
3D structure and biological function of the
hypothetical protein ML-1369 of M. leprae. Our
study proposed a reliable and good quality 3D
structure of the hypothetical protein. Moreover, a
number of analyses suggested the possible
involvement of thetarget proteinin chromosomal
partitioning during cell division. Furthermore, the
essentiality of the protein for the organism and
uniqueness among different proteomes make it a
good candidate for drug target. It needs further
verification through laboratory experiments to
validate all the findings for the protein ML-1369.
Similar extensive studies on hypothetical proteins
may create breakthrough in the fields of future
biomedical research.
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