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approach, the development of new compounds has 
accelerated in recent years. However, the evaluation 
of the therapeutic potential and pharmacological 
efficacy of this large number of compounds for 
different targets is a challenging task. 

Computer-aided drug design (CADD) aided the 
acceleration of small-molecule screening. Many studies 
have reported successful implementation of CADD, 
including homology modeling, docking, quantitative 
structure-activity relationship (QSAR), and molecular 
dynamics (MD) simulation techniques in screening and 
understanding the important target proteins and the best 
possible interacting ligand molecules5. A combination of 
experimental and modern computational drug-designing 
approaches has been used to target perilous pathogens 
such as Mycobacterium6, and other alarming diseases 
like diabetes7. 

All these computational approaches, along with 
synthesis and biological activity evaluation, were 
attempted with triazole molecules, including N2-Aryl-
1,2,3-triazoles earlier8. However, limited studies 
attempted to understand the therapeutic potential of N2-
Aryl-1,2,3-triazoles for multiple drug targets 
simultaneously. In the present study, we attempted to 
understand the potential binding affinities of the N2-
Aryl-1,2,3-triazoles molecules (n=173) for four different 
targets, namely antidiabetic, anticancer, antitubercular, 
and antifungal simultaneously. The study objective was 
to identify the most effective N2-Aryl-1,2,3-triazole 
compounds that could be used for multiple targets 
simultaneously using a computational approach. 
 
Materials and Methods 

A computational screening approach was adopted 
to select the small molecules and target them for 
specific proteins that may be effective for developing 
potential therapeutics for diabetes, cancer, 
tuberculosis, and fungal infections. 
 
Molecule selection and database  

N2-Aryl-1,2,3-triazole molecules were collected 
from the PubChem database. Molecules that were 
>85% structurally similar were selected, and the 
Lipinski filter was used to screen the molecules. 
SMILE (Simplified Molecular Input Line Entry 
System) notations for each molecule were collected 
from the database. A database of the identified 
molecules was created, and possible duplicate entries 
were removed to ensure the accuracy of the data 
collection. OpenBabel was used for the structure 
format conversion9.  

Molecular mechanical optimization and ADME calculations 

All the collected molecules (n=173) were subjected 
to energy minimization using Universal Force Field 
(UFF). RDKit libraries10 were used for molecule 
minimization. All the collected and minimized 
molecules were used for in silico pharmacokinetic  
and pharmacodynamic characterization through the 
ADME (Absorption, Distribution, Metabolism, and 
Excretion) properties evaluation using SwissADME11. 
 
Target protein identification and docking 

To assess binding affinity, target proteins were 
identified for diabetes/cancer, bacterial/tubercular, and 
fungal inhibitions after carefully reviewing the literature. 
For an antidiabetic study, HDAC8 (Histone Deacetylase 
8) from a human source (PDB ID: 1T69) was selected. 
Similarly, to evaluate the anticancer inhibition activity, 
another human protein, APC (Adenomatous Polyposis 
Coli) (PDB ID: 3NMX), was selected. Mycobacterium 
cytochrome P450 (CYP51) (PDB ID: 1EA1) was 
chosen to understand the antibacterial inhibition of the 
selected molecules. The antifungal target protein 
selected was lanosterol 14α-demethylase (LDM), a 
(Cytochrome P450 51 (CYP51) from Candida 
glabrata (PDB ID:5JLC). The active sites were 
evaluated using the PrankWeb server 
(https://prankweb.cz/). AutoDock Vina was used for 
docking analysis12, and visualization and analysis of 
the docking results were done using the Discovery 
Studio13. 
 
Molecular dynamics simulation 

A 100 ns molecular dynamics (MD) simulation 
was done to evaluate the binding effectiveness of the 
best ligand to the target protein. The CHARMM36 
force field14 was used in the GROMACS 2022.4 
software package15 to run MD simulations on the 
protein-ligand complex. The Cgenff server16 was 
utilized to generate the topologies and parameter files 
for the ligand. Additionally, the Particle Mesh Ewald 
(PME) method17was employed for the computation of 
electrostatic forces. The solvation of each ligand-
protein pair was conducted with the transferable 
intermolecular potential with a three-point (TIP3P) 
water model18. The complex was put inside a 
dodecahedron-shaped box, with a buffer distance of 1 
Å. The system’s neutrality was attained by integrating 
Na+ and Cl- ions. The methodology of energy 
reduction, along with 5,000 iterations of the steepest 
descent method, effectively eased unfavorable 
connections and collisions within the protein 
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structure. The LINCS approach19 was utilized to 
eliminate all hydrogen bonds, after which the total 
system was heated to a temperature of 310 K. 
Following energy minimization, the complexes 
experienced two consecutive equilibration phases. 
The preliminary stage consisted of a 1 ns equilibration 
in the NVT ensemble, succeeded by an additional 1 ns 
equilibration in the NPT ensemble. The velocity-
rescaling method20 was utilized for temperature 
coupling, while the Parrinello-Rahman technique21 
was applied to sustain constant pressure. A system 
that had attained equilibrium was utilized during the 
100 ns production run. A thorough investigation of 
the entire system was performed utilizing the many 
analytical modules offered by the GROMACS 
program, concentrating on structural and conformational 
elements. The post-MD study encompassed RMSD, 
RMSF, SASA, and binding free energy.  
 
Results 
Small molecule collection and optimization 

All the molecules in this study were collected from 
the PubChem database using the Lipinski filters 
mentioned in the method section. A total of 173 
molecules were collected in .sdf format. Each 
molecule was optimized using the options mentioned 
in the method section. A difference in the optimized 
energy was observed, which ranged between  
31.96 kcal/mol (CID-68559467) and 358.44 kcal/mol 
(CID-135065731). 
 
ADMET properties evaluation 

Structure characterization of the ligands 
A total of 46 ADMET properties were calculated 

for all the molecules. The molecular weight of the 
molecules ranged between 251.33 g/mol (C16H17N3) 
and 505.63g/mol (C30H22KN6). The molar mass 
values of these small molecules were between 73.74 
grams/mole and 145.5 grams/mole. The number of 
heavy atoms ranged between 17 and 37 in these 
selected molecules. Similarly, the aromatic heavy 
atoms ranged between 11 and 35. The sp3-bonded 
carbon atom percentage ranged between 0 and 0.6. 
The number of rotatable bonds, hydrogen bond 
acceptors, and hydrogen bond donors ranged between 
3-12, 2-7, and 0-2, respectively. The topological polar 
surface area (TPSA) of these selected molecules was 
between 25.78 Å2 and 135.07 Å2. Along with various 
logP parameters such as implicit log (iLOGP), 
XLOGP3, and water partition coefficient (WlogP),  
GI absorption level, blood-brain-barrier (BBB) 

permeability, and various Cytochrome P-450 (CYP; 
CYP1A2, CYP2C19, CYP2C9, CYP2D6, and 
CYP3A4) inhibitor activity of the molecules were 
predicted (Fig. 1). The estimated bioavailability for 
the molecules was ≥0.55, which was ideal for GI 
absorption. The GI absorption level and BBB 
permeability observed were high, with most of the 
molecules being Pgp substrates with predicted 
varying CYP inhibition activity (Fig. 1). 
 
Target protein collection and optimization 

The triazole molecules have known inhibitory 
activity for many types of target proteins that include 
antibacterial22, antifungal23-24, antidiabetic25-26, and 
anticancer27-28. Also, several reports mentioned that 
triazoles are excellent antitubercular agents29-30. 
However, most of the studies focused on a specific 
activity of various triazole molecules. In the present 
study, we wanted to compare the possible inhibitory 
activity of the selected compounds against important 
proteins of all these target types.  

Histone Deacetylase (HDAC) proteins are an 
important group of proteins known to promote insulin 
resistance.Most of the class I HDACs, including 
HDAC8, can promote insulin resistance. Specifically, 
HDAC1 can inhibit glucose transport and impair 
GLUT4 function31. We have selected the human 
HDAC8 protein (PDBID: 1T69), an important 
therapeutic target32-33, to evaluate the potential 
inhibitory activity of the selected molecules. The role 
of Adenomatous Polyposis coli (APC) protein in 
tumor suppression is well documented34-35. The 

 
Fig. 1 — Predicted ADMET analyses of the selected molecules
(n=173). (A) Comparative GI absorption level of the molecules;
(B) Comparative blood-brain barrier (BBB) permeability of the 
molecules; (C) Prediction results of the P glycoprotein (Pgp)
substrate evaluation; and (D) Predicted various Cytochrome P-450
(CYP; CYP1A2, CYP2C19, CYP2C9, CYP2D6, and CYP3A4)
inhibitor activity of the molecules 
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equilibration phase. Later, the RMSD stabilized 
between 0.15 and 0.2 nm. This stabilization signifies 
that the ligand is effectively positioned within  
the binding site and preserves a consistent  
binding conformation with reference to the  
initial structure. The enhanced RMSD reflected 
temporary structural flexibility or minor positional 
modifications; however, they do not signify 
substantial displacement or instability. The ligand 
exhibited steady and consistent interactions with the 
protein, indicating a strong and significant binding 
within the complex. 
 
Conformation of the ligand 

The 3D conformations (Fig. 7B) of the protein-
ligand complexes at 0 ns and 100 ns provided 
significant insights into the structural alterations and 
stability of the complex throughout the simulation.  
At the reference conformation (0 ns), the protein's 
secondary structure and the ligand's binding 
orientation indicated a well-defined interaction within 

the binding pocket, influenced by the initial  
docking. At 100 ns, the protein's overall  
structure remained predominantly intact, signifying 
global stability. Subtle modifications in the  
ligand's binding region and orientation were observed, 
indicating its adaptation and optimization inside  
the binding site throughout the simulation. These 
modifications aligned with the observed stabilization 
of RMSD following the equilibration phase, as  
the ligand optimized its binding interactions.  
The ligand stayed firmly attached within the binding 
pocket, with localized flexibility enhancing functional 
dynamism. The comparative study of the two poses  
(0 ns vs. 100 ns) (Fig. 8A) underscores the complex's 
dynamic stability, confirming the strong binding 
contact of the ligand with the protein during the 
simulation. 
 

Interaction analysis 

The 2D interaction (Fig. 8A) of the protein-ligand 
complexes at 0 ns and 100 ns depicted the critical 

 
 

Fig. 6 — The top 50 drug target cellular components predicted for the respective best docking score containing compounds against the
selected protein targets. (A) Presentation of the cellular drug targets for the best docked drug molecule (CID-135064814) against the 
antidiabetic and anticancer protein target; (B) Presentation of the cellular drug targets for the best docked molecule (CID-59814079)
against the anticancer protein target; (C) Presentation of the cellular drug targets for the best docked drug molecule (CID-139251519)
against the antibacterial protein target; and (D) Presentation of the possible cellular drug targets for the best docked drug molecule
 (CID-59814079) against the antifungal protein target 
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interactions throughout the simulation. At 0 ns  
(Fig. 8A), the ligand engaged with residues including 
Leu111, Phe223, and Phe366 via hydrophobic 
interactions, supplemented by π-π stacking stabilization. 
These interactions securely positioned the ligand 
within the binding pocket, establishing a stable initial 
conformation. At 100  ns  (Fig. 8A), new  interactions  
have been identified, including Tyr108, Met493, and 
Gly296, whereas interactions with Leu111 and Phe366 
were maintained. These modifications indicated that 

the ligand changed its binding conformation to 
maximize interactions during the simulation, thus 
improving stability. The continuity of essential residues 
such as Leu111 and Phe366 throughout the simulation 
highlights their vital function in sustaining ligand 
binding. The dynamic but stable binding interactions 
aligned with the RMSD trend, strengthening the 
conclusion that the protein-ligand complex attained a 
well-adapted and stable conformation by the 
completion of the simulation. 

 
 

Fig. 7 — (A) RMSD of the Cα atoms of the protein aligned over the initial structure of the complex; (B) RMSD of the ligand for 100 ns 
MD simulation aligned over the initial structure of the complex; (C) RMSF of the protein residues for the 100 ns MD simulation; and
(D) SASA of the protein for the 100 ns MD simulation 
 

 
 

Fig. 8 — (A) 2D representation of the protein-ligand complexes interaction for 0 ns pose and100 ns pose; and (B) The binding free 
energy of the protein-ligand complex for the last 20 ns MD simulation 
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RMSF of the protein 

The Root Mean Square Fluctuation (RMSF) plot 
(Fig. 7C) of the protein residues throughout the  
100 ns simulation offered comprehensive insights into 
the flexibility of the protein structure. The RMSF 
quantified the average positional deviations of each 
residue with reference to the protein’s mean 
conformation, aiding in the identification of flexible 
areas and residues essential for stability. The residues 
adjacent to the N-terminus displayed elevated RMSF 
values (>1.5 nm), signifying considerable flexibility. 
This was prevalent in terminal locations due to their 
frequent exposure and reduced structural constraints. 
After the initial residues, the RMSF stabilizes to lower 
values (0.1-0.5 nm) across most of the protein, 
suggesting that the core structure remained relatively 
rigid and stable throughout the simulation. Localized 
flexibility was indicated by maxima in RMSF at specific 
residue indices such as the loops, solvent-exposed areas, 
or domains engaged in dynamic interactions with the 
ligand or other molecules. The generally low RMSF 
values for most residues indicated the protein’s 
structural stability throughout the simulation.  
 

SASA of the protein 
The Solvent Accessible Surface Area (SASA) plot 

(Fig. 7D) of the protein during the 100 ns molecular 
dynamics simulation elucidated the protein’s solvent 
exposure and structural dynamics. The SASA varied 
between ~230 nm² and ~260 nm², reflecting dynamic 
modifications in the protein’s surface area during 
interactions with the surrounding environment. The 
continuous fluctuations noted during the simulation 
indicated that the protein preserves a stable overall 
structure while experiencing temporary alterations in 
solvent exposure. These alterations may relate to 
localized conformational adjustments, such as shifts 
in loop regions, side chains, or flexible residues, rather 
than extensive unfolding or destabilization. Observed 
transient fluctuations in SASA may indicate particular 
interactions between the protein and the ligand, as 
binding or conformational alterations in the binding 
pocket could modify the exposure of hydrophobic or 
hydrophilic areas to the solvent. The SASA analysis 
confirmed the protein’s structural stability during the 
simulation, while also revealing localized and 
transitory dynamics in solvent exposure, associated 
with functional flexibility and ligand interactions. 
 

Binding free energy assessment 
The analysis of binding free energy (Fig. 8B) for 

the protein-ligand complex during the final 20 ns of 

the MD simulation indicated that van der Waals 
interactions were the predominant factors in  
binding stability, exhibiting a substantial energy  
of -56.31 kcal/mol, underscoring the significance of 
hydrophobic and dispersion forces. Electrostatic 
interactions were -7.10 kcal/mol, indicating a 
secondary role in stabilizing the complex. The 
solvation energy presented an adverse polar 
component (38.86 kcal/mol) attributed to desolvation 
expenses, partially counterbalanced by the favorable 
nonpolar solvation energy (-7.07 kcal/mol). The 
overall gas-phase energy (-63.41 kcal/mol) 
significantly stabilized the complex, whereas the 
solvation energy (31.79 kcal/mol) marginally 
counteracted binding. The total binding free energy of 
-31.61 kcal/mol signifies a favorable and persistent 
association, underscoring the significance of 
hydrophobic interactions in the binding pocket, and 
secondary electrostatic and solvation effects. 
 
Discussion 

Among successful synthetic compound generation 
that is not available naturally, 1,2,3-triazole scaffolds 
are the important ones due to their widespread 
applications as antimicrobial, anticancer, antidiabetic, 
and antiviral usage41-42. These compounds are being 
used with high therapeutic reliability. The structural 
benefit of the presence of the nitrogen-bearing 
heterocyclic scaffold allows a synthetic chemist to 
develop multiple and diverse derivatives of the 
compounds using reliable and acceptable green 
chemistry approaches. Moreover, using different 
metal catalysts is easier for the synthesis of these 
groups of molecules. Triazoles are considered 
bioisosteres due to the presence of similar and 
equivalent physical and chemical properties among 
the vast number of generated molecules. The reports 
available in the literature suggest that these 
compounds are used for various pathogenic 
conditions, and different FDA-approved drugs are 
also available in the market43. Numerous reports have 
suggested the effectiveness of these compounds 
against specific bacteria, such as ESKAPE 
pathogens44, as anticancer compounds for colorectal 
cancer35, antidiabetic25, antifungal23, and others. 

The therapeutic efficacy against various pathogens 
and the opportunity for novel compound development 
applying reactions related to alkynes, NaN3, alkyl 
halides, and aryl halides under optimized and 
appropriate conditions attracted global researchers to 
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develop more compounds in these series and compare 
their pharmacological properties with the existing 
molecules, aiding in replenishing the available drug 
molecules in the drug discovery pipeline and may 
help in addressing multi-drug resistance (MDR). 

Individually, these compounds have been screened, 
targeted, and evaluated against particular pathogens or 
target proteins. However, collective analyses or 
assessments of the potential of these compounds 
against multiple targets are limited. In this study, we 
screened 173 molecules using the drug screening 
filters in the PubChem database and evaluated those 
molecules against multiple target proteins to screen 
molecules that may have equivalent therapeutic 
potential for antidiabetic, anticancer, antibacterial, 
and antifungal treatment.  

Certain compounds (CID-135064814, CID-
102473643, CID-135066341, CID-135065731, CID-
59814079, CID-21331374, CID-88817443, CID-
59814075, CID-54036863, and CID-70598857) showed 
excellent binding affinity towards the selected target 
proteins. This was achieved due to the microenvironment 
and the distribution of the amino acids in the pocket 
regions of the selected target proteins, and the respective 
pocket volumes, size, and shape also supported the best 
interactions. 

The ADMET properties of these compounds were 
acceptable in most cases, ideal for considering them 
as therapeutic molecules. The docking scores obtained 
in each case suggested strong binding affinity, and the 
molecular dynamics simulation done for the 
antifungal target showed excellent binding dynamics 
and interactions of the selected compound. This is one 
of the few studies in which we have attempted to 
screen and sort multiple triazole compounds that may 
be effective against multiple targets simultaneously. 

However, further consideration should be there to 
considering more target proteins and molecules 
simultaneously, along with possible inclusion of QSAR, 
extended MD simulations, followed by experimental 
evaluations. 
 
Conclusion 

This study was an attempt to screen multiple 
triazole compounds that could be used as a potential 
therapeutic agent for multiple conditions, such as 
diabetes and cancer, and against different pathogens, 
such as bacteria and fungi, simultaneously. We 
employed molecular modelling approaches such as 
docking, MD simulation, and associated 
computational approaches to screen the molecules 

against the considered targets and were able to 
identify the compounds that may have the potential to 
become therapeutic agents against these targets. 
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