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ABSTRACT

Centella asiatica is a valuable medicinal herbaceous aromatic
creeper that has been valued for centuries in ayurvedic
medicine. Phytochemical analysis of Centella asiatica plant
revealed biochemical

extracts the presence of various

compounds such as alkaloids, flavonoids, glycosides,

triterpenoids, and saponins, etc. Since triterpenoids and
flavonoids have remarkable anti-inflammatory activity also
phytocompounds possess a wide range of activities, which may
help in protection against tuberculosis diseases. In this study,
the molecular docking was applied to explore the binding
mechanism and to correlate its docking score with the activity
of plant derived compounds and also identified targets were
validated through some other databases to select the better ones
and design the drug. This study reveals that NOD?2 is a better
potential drug target for tuberculosis and Quercetin is the best
ligand to inhibit NOD2 and might prevent the disease
Tuberculosis. Our result can be useful for the design and
development of novel compounds having better inhibitory
activity against several types of Tuberculosis. This potential
agent will be a promising candidate can further be validated in
research for its proper function. This work would help to design

a potent lead molecule against any other disease.
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INTRODUCTION

Tuberculosis (TB) is an infectious disease, spreads through the air. Currently, one-third of the
world’s population is infected with tuberculosis and each year there are 2 - 3 million deaths
worldwide caused by the disease [1].TB is a leading cause of death among people with
human immunodeficiency virus (HIV). Individuals infected with HIV are very susceptible to
TB and often develop this disease before other manifestations of AIDS become apparent. It
has been made to enrich the knowledge of the anti mycobacterial activity of Centella asiatica
plant extract against Mycobacterium tuberculosis [2]. The development of drug resistance in
human pathogens against commonly used antibiotics has necessitated a search for new
antimicrobial substances from other sources including plants [3]. Hence the sensitivity study
of bacterial strains to the plant Centella asiatica was evaluated. Centella has been used as a
wound-healing agent and a constituent of a brain tonic for the mentally challenged [4]. It has
also been reported to be useful in the treatment of inflammations, diarrhea, asthma,
tuberculosis, and various skin lesions and ailments like leprosy, lupus, psoriasis, and keloid
[5]. Besides, numerous clinical reports verify the ulcer-preventive and antidepressive sedative
effects of C. asiatica preparations, as well as their ability to improve venous insufficiency
and microangiopathy [6]. Oil is known to be strong antimicrobial and antitumor agents [7].
The essential oil of Centella showed a broad spectrum of antibacterial activities against Gram
positive (Bacillus subtilis, Staphylococcus aureus) and Gram-negative (Escherichia coli,
Pseudomonas aeruginosa, Shigellasonnei) organisms. Activity against Gram-positive
bacteria was greater than against Gram-negatives. Germacrene compounds in the essential, an
attempt has been made to enrich the knowledge of the anti mycobacterial activity of Centella

asiatica plant extract against Mycobacterium tuberculosis [2].

In silico drug, design can take part considerably in all stages of drug development from the
preclinical discovery stage to late-stage clinical development. Its exploitation in drug
development helps in the selection of only a potent lead molecule and. In Silico methods have
been of great importance in target identification and prediction of novel drugs. So through In
silico approach, we can design a new lead compound of Centella asiatica plant that can be

helpful for human beings as curing diseases [8, 9].
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MATERIALS METHODS
Selection of target protein:

To analyze the involvement of accrued target genes in unique metabolic pathways of
Tuberculosis the pathway analysis was executed through KEGG (Kyoto Encyclopedia of
Genes and Genomes) database (https://www.kegg.jp/), which is a resource for understanding
high-level functions and utilities of the biological system and the pathway map represents the
molecular interaction network diagram to explore the genomic relationship between the genes

and the species. From this study 106 number of genes were selected for further studies.
Protein Network Enrichment:

The Search Tool for the Retrieval of Interacting Genes (http://string.embl.de/) database is an
online tool designed to construct a PPl network and analyze the functional interactions
between proteins. Thus here the use of STRING was justified with enriching the protein-

protein network between the collected target genes.
Validation:

MalaCards (http://www.malacards.org/#) is an integrated database of human maladies and
their annotations, modeled on the architecture of human genes. The Mala Cards disease
database integrates both specialized and general disease lists, including rare diseases, genetic
diseases, complex disorders, and more. In this present study, MalaCards was used to identify
the targeted genes from the selected genes through KEGG and STRING databases, which

were highly involved in causing tuberculosis.
Protein preparation:

The selected target genes of tuberculosis were analyzed in UniProt (www.uniprot.org. )
database to know their subcellular localization and retrieve the protein information of related
genes. BLASTp used for protein database using a protein query that was used to carry out the
study by analyzing the most similar structure with the target protein by sequence alignment

process for further analysis.
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Screening of target miRNAs:

After the functional annotation, this study came to investigate the associated target miRNAs
from miRTarBase, which is the experimentally validated microRNA-target interactions
database (http://mirtarbase.mbc.nctu.edu.tw/php/index.php) and provides the most updated
collection of more validated miRNA information in contrast to previously developed

databases. Selection of ligand:

Pubchem (https://pubchem.ncbi.nlm.nih.gov/) is designed to provide information on
biological activities of small molecules, generally those with molecular weight less than 500
Daltons. The plant C. asiatica has been used as a brain tonic, and to treat chronic diseases and
mental disorders. From a brief literature survey, the Phytocompunds that are present in good

quantity in the plant C. asiatica having selected for docking analysis.
Preparation of ligand:

Open Babel is computer software, a chemical expert system mainly used to interconvert
chemical file formats. The three-dimensional structures of shortlisted 3 phytocompounds
were downloaded from Pubchem in SDF format. The SDF files were then converted to PDB

format using Open Babel converter and further used for molecular docking analysis.
Molecular docking:

Computational docking can be used to predict bound conformations and free energies of
binding for small-molecule ligands to macromolecular targets. Docking analysis was done for
the two target proteins with six different phytocompounds that are present in the plant
Centella asiatica using AutoDock tools. From this study an optimized confirmation for both
the protein and ligand and relative orientation between protein and ligand such that the free
energy of the overall system was minimized. Data from the docking results of all docking
processes were tabulated and the best confirmations were selected. All the images were taken

using PyMol (www.pymol.org ) software after in computational approaches.
LIGPLOT:

LIGPLOT, are shown as dotted lines. Hydrophobic contacts are represented as spline curves
that outline the hydrophobic parts of the ligand and are labeled by the contacting amino acid

residues from the protein. Here, ligplot analysis was done to study the interaction between the
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proteins, and ligand with different amino acid residues, and also analyzed the hydrogen bonds

between the amino acids.
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Figure No. 1: Schematic diagram of resulted genes
RESULTS AND DISCUSSION
Retrieval of target genes:

In total 106 number of target genes of tuberculosis were identified in KEGG pathway

analysis, which was important genes involved in the pathway to cause tuberculosis disease
(fig.2).
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Figure No. 2: The Metabolic pathway of Tuberculosis
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PPl Analysis

The Search Tool for the Retrieval of Interacting Genes (http://string.embl.de/) database is an
online tool designed to construct a PPl network and analyze the functional interactions
between proteins. Functional association, the 106 numbers of genes, which were retrieved
from KEGG pathway database were subjected to STRING analysis to show the interaction
rate between the targeted genes which was based on functions of respective proteins. There
were a total of 62 numbers of genes were having an interaction network out of 106 number of
genes. The network was built based on the highest confidence score of 0. 900. There were a
total of 63 numbers of nodes, 143 numbers of edges, average node degree was 4.54, average

local clustering coefficient was 0.436 and the PPI enrichment P-value was < 1.0e-16 (Fig 3).

This network might provide important drug targets for tuberculosis.
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Figure No. 3: Protein-Protein interaction network built through STRING
Validation:

After the collection of target genes of tuberculosis, the validation was required to screen the

good target for further analysis, so, for the validation all collected target genes, which were
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got from the protein-protein interaction network through STRING analysis, were verified in
MalaCards. As MalaCards is the human disease gene database, all the 62 genes of STRING
result were searched in MalaCards database one by one to check the involvement of these
genes in tuberculosis, as the reports present in MalaCards database are literature supported
data sets, so the analysis through MalaCards is important. Thus, there were total of 17
numbers of genes were identified through MalaCards search as those were involve in
tuberculosis and also the MalaCard IDs were collected for all 17 number of selected genes for

future analysis and review (Table-1).

Table No. 1: List of Target genes validated through MalaCards database

Sr. No. GENE NAME MCID
1 CIITA TBR0O10
2 FCGR3A TBR0O10
3 CD209 TBR0O10
4 IL18 TBRO010
5 BID TBRO010
6 IL6 TBR0O10
7 NOD2 TBR0O10
8 IL1B TBR0O10
9 ITGAM TBRO010
10 IL10 TBRO010
11 TLR4 TBR0O10
12 CD14 TBR0O10
13 TLR9 TBR0O10
14 TLR2 TBRO10
15 MYD88 TBRO10
16 HSPD1 TBR0O10
17 TIRAD TBR0O10

The resulted 17 genes through MalaCards validation process were analyzed or more validated
through the UniProt database, as it was mentioned above that UniProt is the collection of a
protein information database. So, The 6 numbers of genes were discarded because those
genes were found as antigens and receptors and there were a total of 11 numbers of genes
were considered as potential drug targets for tuberculosis out of 17 genes after UniProt
database validation. Also, the protein information like protein product names, amino acid
length, UniProt IDs, etc. of all the respective target genes were collected from UniProt for

future prospectus (Table-2).
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Table No. 2: The protein information of target genes collected from UniProt

Gene ) Structure in | UniProt- | Amino Acid
Sr. No. Protein Product Name
NAME PDB ID length

Low-Affinity

1 FCGR3A | Immunoglobulin PRESENT P08637 254
Fc Region Receptor lii-A

2 IL18 Interlukin-18 PRESENT | Q14116 193
Bh3-Interacting Domain

3 BID ) PRESENT P55957 195
Death Agonist

4 IL6 Interlukin-6 PRESENT P05231 212

5 ITGAM | Integrin Alpha-M PRESENT P11215 1,152

6 IL10 Interleukin-10 PRESENT P22301 178

7 MYD88 | Interleukin-10 PRESENT P22301 178
60 Kda Heat Shock Protein,

8 HSPD1 PRESENT P10809 573
Mitochondrial
Nucleotide-Binding

9 NOD2 | Oligomerization Domain ABSENT | Q9HC29 1,040
Containing Protein-2

10 CHTA | MHC Class Il Transactivator | ABSENT P33076 1.130

11 IL1B Interleukin-1beta ABSENT P01584 269

Further, binding affinity was explored using miRTarbase web server. So, in this present
study, the 11 selected putative drug targets for tuberculosis were searched in miRTarBase to
collect their respective miRNAs. There were total 7 numbers of miRNAs were considered for
7 selected numbers of target genes which were collected based on the highest MFE score and
its involvement in respective tuberculosis disease and also the strong evidence (Table-3).
These miRNAs might be responsible to play an important role to cause disease, so the target
miRNAs of target genes were also necessary to be inhibited by the putative drugs and

subjected to further study.
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Table No. 3: Collected Target miRNAs from miRTarBase with MFE score

Sr.No. | GENE NAME | miRNA NAME miRNA ID | POSITION | MFE SCORE
1 IL18 hsa-miR-346 MIRT004304 52-76 -28.30
2 BID hsa-miR-492 MIRTO006072 278-304 -13.90
3 IL6 hsa-miR-107 MIRTO054777 | 1169-1191 -21.60
4 NOD:> hsa-miR-122-5p MIRT438655 511-531 -16.00
5 IL1B hsa-miR-877-3p MIRT734718 44-66 -14.80
6 IL10 hsa-miR-106a-5p | MIRT005082 625-647 -16.90
7 HSPD1 hsa-miR-1-3p MIRTO003976 221-242 -10.20

Selection of natural compounds

As per the literature survey, those are present in the plant C. asiatica that have great

inhibitory effects against diabetes. The resultant phytochemicals i.e. kaempferol, Myricetin,

Quercetin were analyzed and prepared through the computational approach and hence
downloaded from the PubChem database of NCBI web server (Table.4). Then for docking

analysis, the collected three-dimensional structures of ligands in SDF format were converted

into PDB format with the help of Open Babel (Fig.4) and then used in docking analysis.

Table No. 4: The selected phytochemicals with its structural information collected from

Pub Chem database

Name of . PubChem CID Molecular Formula | Molecular Weight
Phytochemicals

Kaempferol 5280863 C1sH1006 286.239 g/mol
Myricetin 5281672 C15H100s 318.237 g/mol
Quercetin 5280343 C15H1007 302.238 g/mol
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Figure No. 4: Structure of ligands (A) Kaempferol, (B) Myricitin, (C) Quercetin
Molecular docking analysis

The results of molecular docking were intended for energetically favorable binding poses for
every three natural compounds proposed drug target of C. asiatica. Many studies have
reported the association between NOD?2 polymorphisms and TB. The association
between NOD?2 and tuberculosis (TB) risk has been reported widely, but the results of
previous studies remained controversial and ambiguous. To assess the association
between NOD2 polymorphisms and TB risk, a meta-analysis was performed [10]. The best
binding interaction was seen by NOD2 protein with compound Kaempferol, Myricitin, and
Quercetin. The binding energy of this docking result -7.45, -12.7, and -12.7 respectively,
which was the best binding energy based on docking algorithms, resulted from all of the
docking processes (Table-5). So this compound Quercetin could be used as an inhibitor to
mutated and NOD2 gene as it has a good binding affinity towards this gene. In docking
results, amino acids residue of target NOD2 which undergo interaction with ligand
Kaempferol, Myricetin and Quercetin were (ARG159, GLA778, TRP741, HIS669, GLU158,
SER773, TRP157, CYS772, ILE673),(GLY775, VAL774, SER773, GLU778, SERS801,
PHE408, LEU411, LEU410, ASN409, GLN450, PRO776, PHE447, GLY446, THR777,
GLU449, GLU158) AND (GLU158, TRP741, GLU773, SER773, ILE740, CYS772,
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VAL774, TRP157, ASP379, HIS669, ARG159) etc and the hydrogen bond was built between
ligand with (GLU158 and ARG159), (GLU158, THR777, GLY446, PHE447, PHE408,
SER801, SER773) and (GLU158, ARG159, HIS669, TRP157, GLU778) respectively
analyzed through ligplot analysis as shown in Figure no.6 (a,b,c).

Table No. 5: Information obtained from docking calculation between selected natural

compounds and drug target

Phyto Gene Binding | KI Intermolecular | Internal | Torsiona Unbound
compound | Name ener value ener ener | ener extended
names 9y 9y 9y 9y energy
Kaempferol -7.45 1&5 -8.94 10.56 1.49 10.56
Myricetin | NOD2 -12.7 ‘;%OMZ -15.68 5.32 2.98 5.32
Quercetin -12.75 ‘;5;)'\2 -15.73 511 2.98 511

Figure No. 5: The best docking interaction between NOD2 with Kaempferol, Myricetin
& Quercetin
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Figure No. 6: The ligplot analysis of docking interaction between NOD2 with

Kaempferol, Myricetin & Quercetin

In this study, C. asiatica is one of the important medicinal plants that have been used all over
the world as unique sources of medicines and may constitute the most common human use of
biodiversity. They are the richest bio-resource of traditional systems of medicine, modern
medicines, food supplements, folk medicines, pharmaceutical intermediates, and chemical
entities for synthetic drugs. Tuberculosis (TB) is a contagious disease. Like the common cold,
it spreads through the air. Only people who are sick with TB in their lungs are infectious. It
has been made to enhance the knowledge of antimycobacterial activity of Centella asiatica
plant extract against Mycobacterium tuberculosis. The association between NOD?2 and
tuberculosis (TB) risk has been reported extensively, but the results of previous studies
remained controversial and uncertain [10]. Despite the widespread use of an attenuated live
vaccine and several antibiotics, there is more TB than ever before, requiring new vaccines
and drugs and more specific and rapid diagnostics so the novel drug design should be needed

for the better cure of the future disease management, but to design the new drug novel
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effective and validated drug targets also required. In silico approach or computational
methods to select targets, ligands in tuberculosis database, and their refinement. This study
reveals that NOD?2 is a better potential drug target for tuberculosis and Quercetin is the best
ligand to inhibit NOD2 and might prevent the disease Tuberculosis.

CONCLUSION

In silico evaluation gives the docking result, from which it changed into analyzed that the
compounds Kaempferol, Myricetin, and quercetin have been showed the three binding
affinities 1.E, -7.45, -12.Sixty one, -12.75 with the target protein NOD?2 respectively, but out
of this 3 handiest Quercetin confirmed the first-rate binding affinity with goal protein NOD2
I.LE. -12.75 and bind with the protein flawlessly. Also, it had desirable lively hydrogen bond
interaction in comparison to every other compound. So it became concluded that Quercetin is
probably a good inhibitor in opposition to the goal protein NOD2 to cure tuberculosis

disease.
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