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Abstract: Tuberculosis, caused by Mycobacterium Tuberculosis (Mtb), is a leading cause of death, with 10.7
million new cases and 1.23 million deaths expected worldwide by 2024. The Hypoxanthine guanine
phosphoribosyltransferase protein (hpt) belongs to the purine/pyrimidine phosphoribosyl transferase
(PRTase) family and is used to discover active ligand molecules that inhibit the purine salvage pathway. The
homology simulated 3D model was created with modeler 9.13 software. The final structure was validated,
and the active site was identified using pre-requisite predictitions. The protein's three-dimensional structure
consists of nine sheets and twelve helices. The grid was built on the active site, followed by virtual screening
using the drug bank ligand database. The majority of the lead compounds acquired contain imidazole moieties
and derivatives as pharmacophore groups in their structures. The target protein amino acid residues identified
by virtual screening are Val69, Asp74, Arg77, 1le79, and Pro80, which are critical for ligand binding. The
chosen lead compounds have permitted ADME characteristics and can inhibit the purine salvage pathway in
Mtb. The imidazole structural scaffolds can be found in the ligand molecules of docked complexes Ligl, Lig
2, and Lig 3. '
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l. INTRODUCTION

The WHO Global TB Report 2025 shows mixed results. while TB is declining globally, it remains a leading
cause of death, with 10.7 million new cases and 1.23 million deaths in 2024, owing to variables such as
malnutrition and HIV. India leads the world in case numbers (25%), but has achieved a remarkable 21%
incidence decline (2015-2024), increasing treatment coverage to 92% through technology and campaigns,
although still facing high drug-resistant TB (MDR-TB) burdens[1]. In the current study, the target protein hpt,
hypoxanthine guanine phosphoribosyltransferase protein, functionally enzymes of the purine
phosphoribosyltransferase (PRTase) family, is a component of the purine salvage pathway and has been
proposed as drug targets for the development of chemotherapeutic agents against infectious and parasitic
diseases. Purine bases (adenine, guanine, hypoxanthine, or xanthine) and their counterparts to the
corresponding nucleosides 5'-monophosphate and pyrophosphate are ribophosphorylated in a single step in
the PRTase-catalyzed chemical reaction [2], [3]. Consequently, the htp protein was verified as a viable target
for the development of anti-TB drugs[4].
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1. Methods and materials

2.1. Homology modelling

Comprehending the biology of the target protein requires an understanding of its structure. Homology
modeling is used to create a three-dimensional structure because "X-ray crystal and NMR structure of target
protein” are not readily available. UniProtKB provides the target protein, htp of the Mycobacterium
tuberculosis sequence ("UniProt: The Universal Protein Knowledgebase in 2021," 2021). According to the
FASTA format. BLAST[5] (Basic Local Search Alignment engine) for structural similarity and Jpred 4[6] for
secondary structure prediction are two template search tools used to choose templates. The homologous
protein is used as a template to determine the hpt protein's three-dimensional structure.

2.2. Sequence Alignment and model building

A better 3D model will be produced if the target and template proteins have high sequence alignment.
Using the ClustalW (Cambridge, UK)[7] server program, the generated alignment file provides information
about identical, similar, and distinct residues. The automated homology modeling tool MODELLER was used
to generate the hpt protein comparison model after the target and template sequences were aligned
pairwise[8]."For validation and refinement studies, the final model with the lowest (MOF) model objective
function was chosen.” Protein secondary structure information is provided by the PDBsum server.

2.3. Optimization and validation of the 3D model

In order to stabilize the generated 3D model, energy optimization is an essential step. The protein
preparation module (Schrodinger Suite LLC, New York) is employed for structural optimization[9]. This
phase involves removing unwanted water molecules, adding missing hydrogen atoms, and assigning bond
ordering to the protein. The impact refinement module (Impref) and the optimal potential for liquid
simulations (OPLS, 2005) are used to minimize energy with a cutoff of RMSD (Root Mean Square Deviation)
set at 0.3 A[10] power field. The PROCHECK and ProSA (Protein Structural Analysis) servers are used as
validation tools for the revised 3D model. By examining the phi and psi angles of amino acid residues, the
Ramachandran plot in PROCHECK]11] provides an explanation of the protein's stereochemical quality. The
ProSA[12] server was used to assess the protein model's local compatibility. By taking advantage of energies
based on amino acid sequence location, the ProSA energy graph illustrates the local quality of the protein
model.

2.4. Prediction of Active site

The binding pockets at active sites are identified using the CASTp server application using the solvent-
accessible surface model and the molecular surface of the protein[13]. The sitemap provides a very accurate
indication of the overall site score. Protein binding areas, hydrophobicity, hydrogen bond donors, and
interactions between the template and target proteins are all listed in the sitemap. The active site region can
be identified using BLAST-Putative conserved domain[14].

2.5. Virtual Screening and ADME

The energy-minimized three-dimensional protein structure from the protein preparation wizard
Maestro 9.1 is used for grid generation in virtual screening. The Schrédinger Suite of Grid gen module is used
to generate a grid surrounding the energy-minimized protein structure's active site[15]. Using the LigPrep
module of the Schrodinger Suite with the OPLS 2005[16] force field, the ligand molecules are chosen from
the drug targets database in the structure data file (SDF) format. Schrodinger software's Glide (Grid-based
Ligand Docking with Energetics) virtual screening workflow[17] features the following score protocols, each
with a 10% output: XP stands for additional precision, SP for standard precision, and HTVS for high
throughput virtual screening. The docked ligands with high Glide energy and Glide Score are assessed for
additional research. The pharmacodynamic features of the docked complexes are revealed using the
Schrodinger software's QikProp module[18], (Schrodinger LLC, 2010, New York). The new scaffold
molecule's desirable (similar range) pharmacological properties and pharmacokinetic aspects, including
absorption, distribution, metabolism, and excretion, are examined[19]. The Schrodinger Suite of the QikProp
module evaluates the screened lead compounds.
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I11. RESULTS AND DISCUSSION

3.1. Structural assessment and validation

The purine/pyrimidine phosphoribosyl transferase (PRTase) family features the protein hpt, or
hypoxanthine guanine phosphoribosyltransferase, which is involved in the purine salvage pathway. The target,
the hpt protein, has 202 amino acids in total. The 3D structure of the hpt protein has not yet been disclosed to
the Protein Data Bank by X-ray crystallography or NMR spectroscopy. In this context, a three-dimensional
model was created using in-silico techniques. Homologous templates with the lowest e-values, sequence
identity, and protein structural similarity prediction of secondary structure were found using BLAST and Jpred
4, respectively. The template protein with the lowest e-value is taken into consideration (PDB ID 4PFQ). The
hpt protein has a lower e-value, a 56% identical sequence homology, and a 90% query coverage shown in
Table 1.
Table 1. Template Selection-protein

No. | Server tool | Parameter PDB ID E-Value
name

1. BLAST Protein structural similarity 4PFQ 3e-64

2. Jpred 4 Secondary structure prediction 4PFQ 4e-41

Table 1. Template selection of hpt protein was done by using BLAST and Jpred 4 servers by the lowest e-
value.

ClustalW aligned the hpt protein and 4PFQ template pair by pair; 89% of structurally identical residues were
displayed as perfect alignment of template and protein pair by pair. Initially, 20 homogeneous models were
produced using MODELLER 9.13. Schrodinger Suite's Protein Preparation Wizard eliminated steric conflicts
and poor connections during the energy minimization phase, stabilizing the generated protein model. The
findings show that using molecular dynamics considerably enhanced the hpt structure's stability features. To
boost stereochemical quality, structural modifications were made and energy was optimized.

The Ramachandran plot of the protein amino acid residues' phi vs psi values is displayed in Figure 1.
This figure is used to verify the model's stereochemistry quality. The results show that the strong stereo-
chemical properties of the protein model were justified by 180 residues in the most desired zone, 14 in the
extra permitted region, and 6 in the generously allowed portion out of 202 amino acids (Figure 1). Ninety
percent of the amino acid residues were found in the most preferred location, according to the Ramachandran
plot. This suggests that the stereochemical quality of the generated protein model is good. The ProSA server
program assessed the structure using the obtained Z-score of -3.49. Figure 2 shows a high-quality hpt model
structure with a negative value. Residues in amino acids that are below the baseline and have negative energies
indicate that the generated hpt protein local model quality is more dependable.

3.2. Protein secondary structure and active site prediction

According to the PDBsum service, the secondary structure of the hpt protein consists of 12 helices and
nine sheets. One important aspect of the protein structural stability seen in biological macromolecules is the
non-bonding interactions. The potential active site was suggested by the CASTp server. The three-dimensional
structure of the hpt protein was maintained by molecular dynamics simulation. Concave surface areas on the
three-dimensional structure of the hpt protein are found and marked by the CASTp server. We identify binding
pockets 1, 2, and 3. The optimized 3D model was displayed using PyMOL program. Active site of the hpt
protein identified by using BLAST putative conserved domain in Figure 3. In the subsequent screening tests,
the amino acids I1e62 to Val120 were found at the protein's active site.

IJCRT25A1313 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 854


http://www.ijcrt.org/

www.ijcrt.org © 2025 1JCRT | Volume 13, Issue 12 December 2025 | ISSN: 2320-2882

Figure 1. The hpt protein stereochemical analysis- Ramachandran Plot

180+
b
L5
1354 — =
90 - —

o 45
v
W
-
B O | e
L")
=
N’
-; -34S -
[

-90

-1354

l N
-180  -135 -90 -45 O 4’5 90 135 150
Phi (degrees)

Figure 1. The stereo-chemical reliability of 3D model is confirmed by Ramachandran plot. The core zone is
depicted in the colour red, with the extra permissible regions being brown, yellow, and light-yellow fields
representing the banned regions.

Figure 2. ProSA analysis of the hpt protein 3D model
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Figure 2. The hpt protein's energy profile is represented by the ProSA. The model's ProSA analysis revealed
that the maximal residues had a negative energy zone. Analysis of the ProSA-web server reveals a -3.49 value
of Z-score. The protein structure is of high quality if the Z-score is negative.
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Figure 3. BLAST Putative Conserved Domain
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Figure 3. BLAST putative conserved domain for hpt protein has shown the active site region as shown in the
figure.

3.3. Virtual screening

At the protein's binding site area, a grid measuring 32 x 32 x 32 A was made. The ligand structures
were prepared for virtual screening using the LigPrep tool of the Schrodinger suite. Ten thousand six hundred
and ninety-two (10692) molecules were imported from the drug bank database into the ligand preparation
module of the Schrédinger suite. With a 10% functional output by default, this module applies the filters
High-throughput Virtual Screening (HTVS), Standard Precision (SP), and Extra Precision (XP) in a
hierarchical manner. Out of the ten docked complexes, the top three are virtually screened based on their glide
energy and glide score.

Table 2 shows that the top 3 ligand molecules from Ligl to Lig3 were grouped based on non-bonding
interactions. Glide scores range from -9.5 to -9.93, and Glide energy fluctuates between -48.45 and -51.56 K.
Cal/mol. Val69, Asp74, Arg77, 11e79, and Pro80 are the amino acids with which the majority of protein-ligand
docked complexes have demonstrated notable binding interactions. The majority of ligand molecules have
pharmacophore groups in their structures that are imidazole moieties or their derivatives. The ligand
molecules in the Ligl, Lig2, and Lig3 docking complexes include these imidazole structural scaffolds.

3.4. ADME Properties

In order to increase the success rate of drug discovery, the evaluation of the ADME study is crucial
for later pre-clinical drug development research. For the docked complexes from Ligl to Lig 3, the in-silico
prediction of ADME characteristics is shown in Table 3. The QikProp module is used to compare the
pharmacokinetic characteristics of existing medications in order to generate the pharmacokinetic parameters
(Schrodinger LLC, 2010, New York). The investigation's findings suggest that because the found ligands
correspond to the permitted range, they have drug-like outcomes. The ADME characteristics for Lig 1 through
Lig 3 are all comparable to those of the majority of other authorized medication compounds. In contrast, by
blocking the purine salvage pathway, the recently chosen ligand compounds are being explored as a potential
treatment for tuberculosis.
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Table 2. The docked complexes with the best Glide scores and Glide energy results.

Binding | Ligand structure Glide XP-glide | Non-bonding interactions:
ligand energy score H-bonds
Number o
e R . -51.56 -9.93 ARG77:HH22-Lig 1:H27
Lig 1 ». 1) ASP77:0-Lig 1:H34
WLy PRO80:0-Lig 1:H32
o \l/
N //'
Q\A?r: i
Lig 2 4861 | -9.75 VALG69:H-Lig 2: N2
NH,* VALGQO-LIg 2:H15
) -48.45 -95 VALG9:H-Lig 3: N2
Lig 3 e ILE79:H-Lig 3: N5
. PRO80:0-Lig 3:H16
Y N o

involved in the non-bonding interactions.

Table 2. 22 lead molecules docked at the hpt protein active region, out of which the top 3 ligands were
prioritized. hpt protein, lead molecules with a common scaffold of the pharmacophore were shown, which are

Table 3. The gikprop features of the lead molecules (Lig 1 — Lig 3) are prioritized.

S.No. | CNS | DonorH | Accep | Q Plog | QPlog oral Rule Rule
B ted Po/w | BB absorption | of 3 of 5
HB in
humans %
Lig 1 -1 5.0 8.5 0.636 |-1.518 79.990 0 0
Lig 2 -2 2.0 4.9 0.786 | -1.305 79.540 0 0
Lig 3 -2 3.0 5.95 -0.793 | -3.306 78.99 1 1

Table 3. The ADME attributes are predicted by the Schrodinger suite's QikProp programme. The following
allowed ADME value ranges are: Oral absorption in humans %: <25%Ilow and >80% high;

Mol wt. (130 to 725); CNS: -2 (inactive) +2 (active): HB of the donor: (0.0 to 6.0); QPlog Po/w: (-2.0 to 6.5);
QPlog BB: (-3.0to 1.2); Accept HB (2.0 to 20).

ADME — Absorption distribution metabolism excretion, HB — Hydrogen bond,

Po/w — Partition coefficient of Octanol of Water, BB — Brain blood barrier.
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IV. CONCLUSION

The three-dimension structure of the hpt protein was studied, and the protein’s structural features were
determined via energy minimization. Virtual screening experiments were conducted to find and report the
drug-like lead inhibitor compounds of hpt protein to arrest the purine salvage pathway. The amino acids Val69,
Asp74, Arg77, 11e79, and Pro80 have a significant impact on protein-ligand binding. The lead compounds
with acceptable ADME characteristics and a good docking score were found and reported. According to the
findings, the imidazole structural scaffolds were identified as drug-like lead potential molecules, which further
helps in the development of anti-tuberculosis drugs.
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