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ABSTRACT

The aim of this study was to focus on prediction of structure and function of two hypothetical proteins
ML0472 and MLPM_0472 whose functions are uncharacterized by the use of computational methods and
bioinformatics. A sequence of proteomic software’s was used for predicting the possible structure along
with a detailed structural analysis on the basis of disordered regions, GRAVY, aliphatic index,
transmembrane helices, etc. DeepGOWeb webservice was used for predicting protein functions based on
protein sequence using DeepGOPIlus method. Results of this study showed ML0472 has 243 bp of gene
length with 81 amino acids in sequence and MLPM_0472 has 90 amino acids. The computational analysis
of protein ML0472 predicts its role in metabolism and of MLPM_0472 more in cellular processes than
metabolism. Also, proteomic analysis has shown that it has a moderately positive instability index shows
that it is a stable protein with a huge number of aliphatic chains. HARP database acts as a diversified tool
to check the possible mutations in multi drug resistant patients. Hence, the DNA of M. lepare strain
isolated from patients can be sequenced, and the possible mutations can be predicted by this HARP
database. Our study has attempted to fill the gaps in the medical literature by proposing the structure and
function of these two hypothetical proteins ML0472 and MLPM_0472 and the generated data may assist
in the development of novel drug to treat leprosy.
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INTRODUCTION

Mycobacterium leprae is a gram positive, rod shaped acid fast bacterium, surviving exclusively within
host cells which causes leprosy also known as Hansen’s disease (Harald et al., 2011). It is one of the most
puzzling and complex microorganism as it forms a complex with M. lepromatosis called M. leprae
complex which contains fewer protein-coding genes and large number of pseudogenes to cause the
infection. Leprosy is a neglected tropical disease (NTD) which still occurs in more than 120 countries,
with more than 200 000 new cases reported every year. During 2023, a total of 182 815 new cases were
reported globally, corresponding to a new case detection rate of 22.7 per million population. The number
of new cases detected globally was 5% higher than in 2022 (174 094) (Global leprosy (Hansen disease)
update, 2023). Nowadays, the MDT based control measures for treating leprosy are mainly intended to
prevent the drug resistant M. leprae from spreading (Maeda et al., 2001). Despite the effectiveness of
multidrug therapy (MDT), the slow reduction in new cases indicates ongoing transmission within
communities (WHO Global Leprosy Update, 2018) and it remains a significant global health concern
(Sakshi et al., 2021; Sengupta 2018; Rao Suneetha 2018).

The first genome sequence of a strain of M. leprae, was completed in 1998 (Cole et al., 1998). The
genome sequence of M. leprae originally isolated in Tamil Nadu, India was completed in 2013. Its
genome of 3,268,203 bp comprises approximately 1,604 proteins and contains 1,116 pseudogenes (Cole
et al., 2001; Paul et al., 2015). They have annotated and classified all these genes into various functional
categories. The complete genome contains about 360 conserved hypothetical and 141 unknown proteins
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(Vissa and Brennan 2001). 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” proteins
(Sivashankari and Shanmughavel 2006). Sanmukh et al., 2011 studied the prediction of structure and
function of hypothetical proteins in M. Leprae by the use of computational methods and bioinformatics.
As of January 2022, the NCBI protein database contained 301 conserved hypothetical proteins of
Mycobacterium leprae (Ojo et al., 2022). Therefore, it is clear that the different genomes remain
unrevealed at time and 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 (Loewenstein et al., 2009). This understanding will be helpful in both diagnostic and
therapeutic purposes (Lubec et al., 2005). Protein characterization is important for determining the current
state of any protein, which has significant implications to several biological processes. But there are
major shortcomings of experimental methods used to characterize the proteins of various organisms like
time consuming, cost effective (Alterovitz et al., 2005). The Computational or in silico approaches
provide a viable solution to these problems.

Different bioinformatics algorithms were used to conduct structural and functional annotations of a
hypothetical protein ML-1369 in M. leprae, in which the primary sequence analysis was conducted using
Protparam server and the secondary structure of the query protein was analyzed using SOPMA and
PSIPRED server; the 3D model for the protein was generated using SWISS-MODEL server by homology
modelling method (Paul et al., 2015). Hardik et al., 2020 studied an in-silico approach for function
prediction of hypothetical proteins of M. lepraeTN by applying ten diverse tools like BLASTP,
InterProScan, COGniter, protFUN, CDD, TMHMM, Phyre meta server, PFP.

In this study, for the first time the structure and function of two hypothetical proteins, ML0472 and
MLPM_0472 of M. leprae complex were analysed using in silico methods. Different computational tools
were used to generate the three-dimensional (3D) model of the protein. Moreover, the functional analyses
were also conducted to propose the possible functions of the protein and research in drug design planning.

MATERIALS AND METHODS

Searching for the Protein sequence of ML0472 and MLPM_0472

NCBI is the directory of all sequences discovered till date and can be used to find possible gene or protein
sequences. Mycobrowser is also dedicated software for Mycobacterial sp. through which the gene and
protein sequence of M. leprae and M. lepromatosis can be determined.

Structural analysis of the genome

A sequence of proteomic software’s was used for predicting the possible structure along with a detailed
structural analysis on the basis of disordered regions, GRAVY, aliphatic index, transmembrane helices,
etc.

Software Function

RaptorX 3D structure prediction by deep learning

Phyre2 Alignment and structural predictions

I-TASSER Hierarchy approach for structural and structure based
functional approach

Rosetta 3D Structure predictor of biological macromolecules

Alpha fold Predict 3D structure of protein from its amino acid
sequence

Swiss Model Database of annotated 3D structure models by
homology modelling

PONDR Predicts natural disorder region

TMHMM Predicts transmembrane helices in protein
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Functional analysis of the genome

DeepGOWeb is a web service used for predicting protein functions based on protein sequence using
DeepGOPIlus method. It uses deep convolutional neural networks to learn sequence features and combines
predictions with sequence similarity based predictions. After submission of FASTA it predicted possible
function in cellular and biological processes with molecular function. VICM pred is a web server that aid
in broad functional classification of proteins of bacteria into virulence factors, information molecule,
cellular process and metabolism. The VICM pred server uses support vector machine (SVM) based
algorithm having patterns, amino acid and dipeptide composition of bacterial protein sequences and
overall accuracy of this server is 70.75%.

Drug Susceptibility testing for M. leprae
HARP is a database that predicts multi drug resistance mutations in leprosy. This server has targeted on
the following drugs.

Drug Drug target Mutations

Dapsone Dihydropteroate Synthase folpl gene
(DHPS)

Rifampicin RNA Polymerase rpoB, rpoC, etc

Ofloxacin DNA gyrase GyrA

RESULTS AND DISCUUSION

After getting protein sequence of ML0472 and MLPM_0472 from Mycobrowser, i.e.,

>Mycobacterium leprae TN|ML0472|ML0472
VFKLLGFGWLTDVGLFGYLAAWEVFVSILGEVVAATNPDELLEALATITDDQWYREFTASTVIAL
LAYFNSPCSACRPLL and

>Mycobacterium lepromatosis Mx122A|MLPM_0472|MLPM_0472
MFKRLGFSWRTDVALPSSLAAWEVFVSTLGQMVVATNSNEPFEELSTMTDDRRNREFTAPAVIAL
LAYFMFVLQCMSTIGVMRRGIHSW, we have used this sequence for proteomic analysis. After using
various softwares we found our proteins 3D conformation and its various integrity using Alpha fold and
Swiss Model (Figure 1). Ramachandran plot with most of its amino acids lying in right handed alpha
helix and beta sheet region, while only single amino acid in left handed alpha helix region ( Figure 2).
The disordered segment of ML0472 was found between region [33] — [42] and of MLPM_0472 between
[34]-[48] using PONDR (Figure 3). ML0472 showed a moderate to low number of transmembrane
helices with some above 0.6 P value in [20] region of segment and MLPM_0472 have high
transmembrane helices with 1 P value using TMHMM (Figure 4). ML0472 predicted to have role in
metabolism of M. leprae and MLPM_0472 have role in cellular processes of M. lepromatosis using
VICM pred (Figure 5), which can be further examined for drug resistance after sequencing through wet
lab experiments and using the HARP database.

Elimination of this neglected tropical disease i.e., leprosy is important to avoid spread of microbial
resistance. Sanmukh et al., 2011 studied the prediction of structure and function of hypothetical proteins
in M. Leprae by the use of web tools (CDD-BLAST, INTERPROSCAN, PFAM and COGs). The 3-D
structures of the 160 functionally resolved hypothetical proteins were constructed using PS2 server
(Protein structure prediction server). Paul et al., 2015 designed a study to predict the 3D structure and
biological function of the hypothetical protein ML-1369 of M. Leprae and retrieved the complete protein
sequence of this protein in FASTA format successfully from the Uniprot database, this protein was
predicted to be consisting of 231 amino acids, with a molecular weight of 25329.1 Daltons. Proteomics
has provided considerable insight into the hypothetical proteins of M. leprae complex. The structural
analysis has predicted about its various integrities along with its role in cellular and metabolic functions.
HARP database acts as a diversified tool to check the possible mutations in multi drug resistant patients.
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Figure 1. 3D Structures of ML0472 (A) and MLMP0472 using RaptorX
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Figure 2. Ramachandran plots for detailed analysis of the amino acids using Swiss Model:

MLO0472 (A) and MLMPO0472.
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Figure 3. The disordered segments of ML0472 (A) and MLMPO0472 predicted using PONDR
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Figure 4. Analysis of transmembrane helices using TMHMM: ML0472 (A) and MLMP0472
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Figure 5. Functional characterization of ML0472 (A) and MLMP0472 using VICM Pred

Hence, the DNA of M. leprae strain isolated from patients can be sequenced, and the possible mutations
can be predicted by this HARP database. In the near future, proteomics is anticipated to evolve into a vital
instrument in diagnosing leprosy and pinpointing therapeutic markers (Harald et al., 2011). Expression
and functional activation of pseudogenes still remains as a question for the researchers (Sakshi et al.,
2021)

CONCLUSION

The dissemination of Mycobacterium leprae, the causative agent of leprosy, continues to be a lasting
concern globally. Although various interventions have been implemented over the years, outcomes have
been inconsistent, highlighting the critical necessity for discovering novel biomarkers for this ailment. A
multitude of investigations have examined the application of proteins as possible diagnostic and
predictive markers by employing proteomic analysis. This methodology provides significant
understanding of the interaction of cellular processes, supplementing genomics and conventional
biochemical methods. The generated data may assist in the development of novel drug to treat leprosy.
The present work stands out in the fact that it is the first report of structure and functions of hypothetical
proteins, ML0472 and MLPM_0472 of M. leprae complex using computational methods and adds to the
scientific knowledge on ML0472 and MLPM_0472 hypothetical proteins.
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