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ABSTRACT

Objective: Tuberculosis as a global epidemic since years due to vigorously changing dynamics of its
causal pathogen, Mycobacterium tuberculosis Hs;Rv (M. tuberculosis). This pathogen has worsened the
situation therefore making it so challenging and hard to overcome. In this manuscript, we have used the
computational approaches for ATP-binding protein of Mycobacterium tuberculosis Hs7Rv (M. tuberculosis)
that helps in transportation of metal ion across the plasma membranes and resultant generating an
electrochemical gradient. Rv1463 a hypothetical protein possessing ATP binding motif (WalkerA)
(GXXXXGKS/T), and (Walker B) (DEXXXXXD) and significance of these motifs in ATP binding and
hydrolyzing activities. It shows the ATP-binding property by interacting with transcriptional regulatory protein
and showing the interacted compounds as magnesium (Mg) and Adenosine di phosphate (ADP).
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Material and Method: The structure of Rv1463 has been build by the Swiss Model webserver and
molecular docking was done using AutoDock.

Result and Discussion: In the mutational analysis which confirms that D175 residues was common in all
interactions which may change the protein conformation. These computational approaches can be helpful in
developing new strategies in treatment of this disease.

Keywords: Molecular docking, Mycobacterium tuberculosis, Rv1463, tuberculosis
0z

Amag: Tiiberkiiloz, patojeni olan Mycobacterium tuberculosis H37Rv'nin (M. tuberculosis) siddetle
degisen dinamigi nedeniyle yillardan beri kiiresel bir salgin olmugtur. Bu patojenin durumu daha da
katiilesmektedir ve iistesinden gelmek zorlagmaktadir. Bu yazida, metal iyonunun plazma membranlar: boyunca
tasinmasina yardimct olan ve sonugta bir elektrokimyasal gradyan olusturan Mycobacterium tuberculosis
H37Rv'nin (M. tuberculosis) ATP baglayict proteini i¢in hesaplama yaklagimlarimi kullandi. Rv1463, ATP
baglama motifi (WalkerA) (GXXXXGKS / T) ve (Walkera) (DEXXXXXD) iceren varsayimsal bir protein ve bu
motiflerin ATP baglama ve hidrolizleme aktivitelerindeki onemi iizerinde duruldu. ATP baglanma ozelligini,
transkripsiyonel diizenleyici protein ile etkilesime girerek ve etkilegimli bilesikler magnezyum (Mg) ve Adenosin
di fosfat (ADP) ile gésterir.

Gerec¢ ve Yontem: RvI463%in yapisi SwissModel web sunucusu tarafindan olusturuldu ve AutoDock
kullanilarak molekiiler yerlestirme yapuildi.

Sonu¢ ve Tartisma: Mutasyonel analizde, D175 Kalintilarimin protein yapisimi degistirebilecek tiim
etkilesimlerde ortak oldugunu dogrulandi. Bu hesaplama yaklasimlari, bu hastaligin tedavisinde yeni stratejiler

gelistirmede yardimci olabilir.
Anahtar Kelimeler: Molekiiler kenetlenme, Mycobacterium tuberculosis, rv1463, tiberkiiloz

INTRODUCTION

Tuberculosis (TB) has become one of the major causes of death in many countries due to its
highly infectious effect and is deadly in combination with the human immunodeficiency virus (HIV)
[1]. Mycobacterium tuberculosis Hs;Rv (M. tuberculosis) is unique in its way as it do not contain a
phospholipids external layer, secondly, it is acid-fast Gram-positive bacterium that do not take up the
stains because of the high lipid and Mycolic acid content of its cell wall [2-4]. Though it is a pulmonary
disease but sometimes it can also occur in other parts of the body like the brain, genital parts, eye, etc.
Exceptionally, Mycobacterium tuberculosis Hs7Rv (M. tuberculosis), can persist inactively for a very
long time in the alveolar macrophages by developing a permanent structure known as granuloma [5-7].
With great achievement in treating this disease, though the frequency of TB has been reduced to a good
amount worldwide, but with the emergence of multidrug-resistant (MDR) and extensively drug-resistant
(XDR) TB another extraordinary feature of this bacterium highlighted as it modified its molecular
system [8,9]. Among many features of this bacterium that is responsible for its virulence, one of them
is its ATP binding and hydrolyzing proteins which are responsible for various cellular mechanisms like
cell signaling, cellular energetic, etc. One of the examples of ATP binding and hydrolyzing genes are
ABC transporters family [10]. ABC transporter family is one of the huge and prominent superfamily of
transporters gene that contributes widely in various physio-chemical processes taking place in a living
cell [11]. The process of transportation conducted by ABC transporters is promoted by ATP. The

process includes the binding of nuclear binding domains (NBDs) of ABC transporters with the Adenine
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triphosphate (ATP) and followed by ATP hydrolysis for energy production required for this process to
be carried out. NBD is the most conserved domain of the transporters, having all about 40-45%
conserved sequences, irrespective of their substrate specificity and their origin [12,13]. Approximately
all NBD-containing proteins are responsible for the transportation of substrate across the plasma
membranes. In prokaryotes, the assembly of these domains is somewhat different as this is often found
that separate subunits are assembled into a membrane-bound complex whereas in eukaryotes they are
found to be fused into a single polypeptide chain [14].

The NBDs of ABC transporters performs various functions like ATP binding and hydrolysis,
own highly conserved amino acid sequences, like the Walkera (ATP/GTP binding site motif which can
be described as [AG-x(4)-G-K-[ST], where X is any amino acid), the Walkerg (ATP/GTP binding site
motif D-E-x(5)-D). Studies revealed that in other ATP binding proteins, Walkera motif binds to ATP
by the assistance of the oxygen molecules of the -and y-phosphates on the examined amino acids like
lysine and glycine of the respective motif [15-17]. Membranous proteins like ATPases perform
functions like the folding of proteins and degradation of proteins, replication initiation, DNA repair
mechanism, and the transport of substances across the membrane using the energy released during ATP
hydrolysis [18,19]. Some ATPases of M. tuberculosis like P-type ATPases are induced during infection
only and play a key role in the survival of bacilli [20]. Highpoints of this manuscript include essential
features of Rv1463 and provide important informations regarding the untouched sites of this bacterium

that might provide a significant aspect of the molecular mechanisms involved in pathogenesis.

MATERIAL AND METHOD
Conserved hypothetical protein Rv1463 contain ATP binding motifs

M. tuberculosis genome has 4173 genes and database provides the most accurate annotation and
is an appropriate tool to find out genomics and proteomics studies of this pathogenic mycobacteria.
Mycobrowser database (https://mycobrowser.epfl.ch/genes/) is a large database server and a huge
depository for the comprehensive genomic and proteomic study of mycobacteria species [21,22]. To
study the sequence alignment between Rv1460 and Rv1463 was done by Clustal Omega, which is more
truthful than earlier versions, it is allowing the large dataset to be aligned and having multiple processors
which measured by a range of well-liked benchmarks [23,24]. To study the protein-protein interaction
using STRING database (https://string-db.org/) contain a large amount of data including chemical
properties and protein structures. These servers are implemented for the functionality aspect to
differentiate between the proteins and chemicals not required for study purposes. The interpretation of
the interaction result shown separately for each data and the cutoff value as low confidence: scores <0.4;
medium: 0.4 to 0.7; high: >0.7 [25,26].
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Protein subcellular localization

The localization of the Rv1463 studies gave beneficiary results for our analysis; we could easily
do this by the TBpred and CELLO2GO server. TBpred (http://crdd.osdd.net/raghava/tbpred/) is an
SVM-based server to predict the Mycobacterial protein localization. TBpred helps in predicting the
protein localization in the cytoplasm, integral membrane, lipid-anchored, and secreted proteins [27].
Cello2Go webserver (http://cello.life.nctu.edu.tw/cello2go/) predicted the localization and the gene
ontology annotation like molecular function, biological process, and cellular component [28,29].

Molecular modeling and Model validation

Molecular modeling demonstrates the presentation of atoms which facilitates through intensely
précised (i.e. superior to test) numerical recreation, utilizing hypothetical information to determine the
functions of protein [30]. Before the molecular modeling, we first predicted the two-dimensional
structure of Rv1463 by using PSIPRED webserver [31]. The 3D model of the protein is essential for
predicting the functions of protein and protein structure from its sequence is a challenging task for
biologists but with the advancement, in technologies, we can easily predict the 3D structure of a protein
by using an online webserver. Swiss Model is an online webserver that predicted the 3D model because
of template-based modeling such as homology modeling which is one of the most consistent methods
for producing the realistic 3D structure. With the help of modeling, we have discovered the drug,
designing of ligand, sorting of the compounds on libraries, simulation studies of molecules their
properties and behavior on an atomic level, etc. The cutoff estimation of the Swiss model as GMQE and
QSQE means the quality estimation which combines properties from the target-template alignment and
the template structure and qualitative model energy analysis which describing the major geometrical
aspects of protein structures [32-34]. SAVES metaserver validated the predicted 3D modeled structure.
Here the Ramachandran plot shows the overall geometry of the model which demonstrates the validated
score and result which includes favored, allowed, and disallowed regions [35-37].
Molecular docking of Rv1463 with Phosphate, FDA approved TB drugs, and identify Natural
inhibitors

Because of the drug resistance, it becomes so difficult to cure the disease pattern. The basic
orientation between the receptor and the compound is provided by molecular docking analysis which
was done by AutoDock Vina. For receptor preparation, the grid parameter was saved in CONF file. By
using molecular docking, using pyrimidine nucleotide ADP, ATP, and FDA-approved TB drugs [38-
40]. Discovery Studio BIOVIA (Discovery Studio Visualizer) has analyzed the 2D ligand-receptor
interaction analysis of Rv1463 complexes which suggested the interacted residues in active sites and
therefore further mutation analysis at these residues was done to confirm whether this mutation

destabilizes protein or not [41].
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Structural based mutation-induced stability deviations

At present, the prediction of the mutations can be done accurately with the help of various
evolutionary tools [42]. In mutational analysis prediction by the physiochemical hypothesis can predict
and can accurately measure the information which created the exact and versatile in silico way to deal
with the mutation stability and changes that occur in the structure by the sequence-based predictions
[43-44]. This study provides information regarding the protein stability results from a single point
mutation. In this way, understanding has been created regarding the impacts of protein due to changes
that occurred in the structure and connecting them with the size of the entire proteome.

RESULT AND DISCUSSION
Conserved hypothetical protein Rv1463 contain ATP binding motifs

In prokaryotes, the two ATP molecules are sandwiched between the Walkera (ATP binding site
motif A) (GX(4) GKS/T), and Walker, (ATP binding site motif B) (DEXXXXXD) motifs of one
monomer of ABC transporter [15,16]. After the sequence has retrieved from the Mycobrowser database
showing Rv1463 has 801 bp gene length which means the protein length is 266 amino acids [20]. We
have used the FASTA format amino acid sequence for sequence alignment by Clustal Omega to find
out the similar region in between Rv1460 and Rv1463 and there is 51 percent good alignment else rest
sequence shows average identity [23,24]. Here, in sequence alignment the ATP binding motifs A and B
(GX(4)GKS/T and DEX(5)D) showing in the black outline (see Figure 1). Further analysis of Rv1463
protein-protein interaction was done by STRING database showing its interaction with Rv1461,
Rv1462, csd, Rv1465, Rv1466, Rv1460, Rv3778c, Rv3284, Rv1459c and Rv2204c it listed here from
increasing to decreasing order according to the predicted score (see Figure 1) [25,26]. The interacting
functional partner Rv1463 is the ATP-binding protein ABC transporter and the highest interaction score
with Rv1461 and Rv1462 is 0.999 is the outstanding outcome.

Protein subcellular localization

The predicted outcome of the subcellular localization was done by TBpred and CELLO2GO
webserver and here it is predicted Rv1463 as a cytoplasmic protein which score is 2.8665111 cleared
by amino acid composition based SVM method [27]. Using CELLO2GO prediction the protein topology
and annotation of Rv1463 showing the localization in the cytoplasmic region with 96.7% else predicted
the outcome of molecular function as ATPase activity with 27.2%, the biological process and cellular

component (see Figure 2) [28].
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Figure 1. Conserved hypothetical protein Rv1463 contain ATP binding motifs: (a)
Clustal Omega result outcome demonstrates multiple sequence alignment of Rv1463
and Rv1460 protein where the homology is shown 51% good alignment and a black
box showing the ATP-binding motifs (A and B). (b) The protein-protein interaction
of Rv1463 protein depicts here Rv1461 and Rv1462 is the highest scorer 0.999.
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Figure 2. Protein subcellular localization: CELLO2GO webserver predictions are
shown in these pie charts which showed the predicted localization and gene

annotation.

Molecular modeling and Model validation

The secondary structure prediction was done by the PSIPRED webserver which shows this
protein has 36.46% a-helix, 22.55% B-sheet, and 40.99% coiled region (see Figure 3) [31]. Finally, the
three-dimensional structure prediction of the protein is used for the many essential biophysical and
biochemical errands. For molecular modeling the FASTA format amino acid sequence retrieved from
the Mycobrowser and using Swiss Model webserver, is based on the template-based homology



218 Begetal. J. Fac. Pharm. Ankara, 45(2): 212-226, 2021

modeling. After acquiescing the amino acid sequence the best template comes out PDB ID: 2D2E which
is SurfC protein (Crystal structure of atypical ABC-ATPase SurfC from Thermus thermophilus HB8)
with 56.43% identity. The predicted model of Rv1463 is a monomer oligo state and no ligand bound
with it the cutoff estimation of the GMQE is 0.70 and QMEAN is -0.30 with the satisfactory result where
the 100% residues are modeled (see Figure 4) [34,35]. Modeled protein of Rv1463 validated by the
Ramachandran plot analysis which is done by SAVES metaserver (PROCHECK). After analysis of the
Ramachandran plot of our modeled protein, the structure of Rv1463 showed that 94.8% of residues have
passed the criteria of most favored regions. Although, the other additional allowed residues of 4.7% and
the disallowed region is 0.5%. The RAMPAGE server predicted the protein structure based on ¢, y
angle of individual residues (see Figure 5) [36-38].

fwc CCEEEEEEEEEEEECCCCCCCCEEEEEEEEEEECCCCEEEEECCCCCCHH
MTILEI KDLHVSVENPAEADHEI PI LRGVDLTVKSGETHALMGPNGSGKS

13
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Figure 3. PSIPRED webserver predicted the secondary structure in this graphical
output shows 11 a-helices extends and 10 B-strands which score 36.46% a-helix,
22.55% B-sheet and 40.99% coiled region.

Molecular docking of Rv1463 with Pyrimidine nucleotide and FDA approved TB drugs

The basic orientations between the receptor and the compound are provided by docking studie
s using AutoDock Vina. For the ligand-receptor preparation as the pdbgt form following the given steps
[39]. After the ligand receptor preparation set the grid parameter in CONF file for the site-specific
docking in the active site (see Figure 6). The set parameter of the CONF file is center X-7.148, Y-
56.976, and Z-29.242 whereas the size X-24, Y-26, and Z-22. In the molecular docking studies with the
pyrimidine nucleotide ADP and ATP, the docking score of the ADP is -8.5 kcal/mol and ATP is -6.7

kcal/ mol.
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Figure 4. Protein modeling using Swiss Model webserver (a) Rv1463 predicted

model cartoon represents (b) The PDB 2D2E template alignment. (c) Local quality

estimate graph (d) Model lies in the non-redundant set of PDB structures.
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Figure 5. Model validation by using SAVES (PROCHECK) server here the
Ramachandran plot shows 94.8% residues are in the most favored region.

Docking studies against the FDA-approved TB drugs the selected high binding affinity score
targets are Clofazimine -8.4 kcal/ mol and Delamanid -8.3 kcal/mol. They both are used in the treatment
of the drug-resistant TB. Clofazimine works by binding to the guanine bases, thereby blocking the DNA



220 Begetal. J. Fac. Pharm. Ankara, 45(2): 212-226, 2021

template and inhibiting bacterial proliferation. Delamanid inhibits the synthesis of a component of the
mycobacterial cell wall as mycolic acid and ketomycolic acid [40,41]. By using BIOVIA tool to analyze
the two-dimensional interaction between ligand-receptor we found that the pyrimidine nucleotide and
TB drugs have some similar interacted residues ILE173 and ASP175 else interacted residues within the
active pocket (see Figure 7) [42].

Figure 6. Preparation of the grid box related to Site specific docking here, possible

bindings of all of the ligands within the active sites in the box.

Figure 7. 2D interaction analysis of the pyrimidine nucleotide (a) ADP (b) ATP and
TB drugs (c) Clofazimine and (d) Delamanid.
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Structural based mutation-induced stability deviations

The mutation analysis at the respective residues i.e. ILE173 and ASP175 was done by DynaMut
webserver which confirms whether this mutation destabilizes protein or not. In protein stability after the
single point amino acid mutation with other Nucleophilic, Hydrophobic, Aromatic, Acidic, Amide and
basic amino acid of Rv1463 which evaluate the mutational amino acid in (kcal/mol) value which defines
that negative values of the mutated residues and decreases the protein stability [43,44]. The mutational
analysis predicted the Rv1463 protein was maximally destabilizing on position ASP175 by changing
Aspartate into Alanine (ASP175ALA) and Glycine (ASP175GLY). The predicted destability value
mostly destabilizing on positioned Aspartate into Alanine -0.583 kcal/mol and Aspartate into Glycine -
0.379 kcal/mol. Here, Aspartate into Alanine (ASP175ALA) mutation predicted as the most
destabilizing and it will destabilize the protein conformation (see Figure 8) [45-47]. As many studies
already revealed the importance of ATP binding genes in various biological processes of living
organisms, thus this work delivers importance of Rv1463 as different and interesting part for

understanding the molecular mechanism of survival of this bacterium.

)
Figure 8. In mutation analysis on selected residues ASP175 for visualizing the drastic

changes in interatomic interaction between (a) wildtype (b) mutant (ASP175ALA) and
(c) mutant (ASP175GLY) which shows mutation showing the bond disruptions which

predicted drastic changes in protein stability.

This worldwide threat mystified the new discoveries by developing resistance to each line drugs
and increases the mortality rate worldwide. This situation demands for innovative way to deal with this

bacillus and reduce this global problem. In our current study it emphasizes that these proteins can be
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used as a potential target for developing anti -TB approaches. Rv1463 is conserved hypothetical protein
whose function are still unknown and not studied earlier as well. Rv1463 contains both ATP binding
motifs A and B (GX(4)GKS/T and DEX(5)D) and many other properties which resemble that it with an
ATP binding and ABC transporter gene. This study provides essential characteristics of the potential
ATP binding properties. Mutational analysis predicted the essentiality of ASP175 residue of the Rv1463
which mutated with Alanine has destabilize the protein conformational changes in the stability. As
discussed earlier the importance of ATP molecule which helps in the survival and pathogenesis of M.
tuberculosis, so disruption in these genes can disrupt the bacilli pathogenesis and its survival rate. These

might be used as potential novel drug target.
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