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ABSTRACT 
Tuberculosis (TB) remains a formidable global health threat, claiming 1.3 million lives in 2025. Despite concerted 
efforts, TB persists as the second leading infectious killer globally. This study explores the potential of quinazoline 
derivatives, specifically 2,3-dihydroquinazolin-4(1H)-one, as novel anti-TB agents. The approach integrates in 
silico analysis, molecular docking, molecular dynamics simulations, and binding free energy calculations to 
evaluate the interaction between the ligands and the target protein, Enoyl acyl carrier protein reductase InhA. In 
this investigation, diverse computational tools were applied to evaluate the druggability of the proposed ligand 
molecules. The molecular docking investigations were conducted utilizing the Glide module within the 
Schrodinger software suite. The resulting protein-ligand complexes from the docking process were analyzed and 
screened based on the Glide (G) score and hydrogen bond interactions. The Desmond program from Schrodinger 
was employed for conducting Molecular Dynamics simulations on protein-ligand complexes. Analysis of the 
results was performed through the examination of Root Mean Square Deviation (RMSD), Root Mean Square 
Fluctuation (RMSF), and simulation interaction diagrams provided by the Schrodinger suite. The dynamics were 
executed utilizing the OPLS4 force field over a 100ns timescale. Among the ligands, QZ9 exhibits the highest 
binding affinity, supported by favourable docking scores, stable molecular dynamics simulations, and strong 
hydrophobic interactions. The MM-GBSA method affirms the robust binding of QZ9, with the complex achieving 
maximum stability at 100ns. This research contributes valuable insights to the development of innovative TB 
treatments, aligning with global initiatives for TB eradication by 2035. Further experimental validation is essential 
to substantiate the efficacy and safety of these potential anti-TB agents. 
Keywords: Tuberculosis, quinazolinones, molecular docking, molecular dynamic simulation, Mycobacterium 
tuberculosis 
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1. INTRODUCTION 
Tuberculosis (TB) is a global health threat caused by 
Mycobacterium tuberculosis bacteria (Zaman, 2010). 
According to the 2023 report of the World Health 
Organization (WHO), 192 countries and territories 
with more than 99% of the world’s population report 
TB cases. A total of 1.3 million people died from TB 
in 2022 (including 167,000 people with HIV).  
The TB-causative germs spread through the air and 
primarily affect the lungs, but they can also affect other 
organs such as the spine, brain, or kidneys (Smith, 
2003). Weakened immune systems due to HIV/AIDS, 
nutrition deficiency, diabetes mellitus, and chronic 
kidney dysfunction are some risk factors leading to TB 
(Silva et al., 2018). The disease stands as the leading 

cause of death among people with HIV and 
significantly contributes to the rising threat of 
antimicrobial resistance. TB can be symptomatic and 
asymptomatic. Individuals with inactive TB do not 
exhibit symptoms and those with active TB show 
symptoms such as a persistent cough that lasts more 
than three weeks, chest pain, fatigue or weakness, night 
sweats, loss of appetite, weight loss, high temperature, 
etc (Liebenberg, Gordhan and Kana, 2022). 
Nonadherence to the disease treatment poses risks such 
as drug resistance, increased death rate, relapse, and 
prolonged infectiousness (Tesfahuneygn, Medhin and 
Legesse, 2015). Directly observed treatment-short 
course (DOTS) is a globally applied approach for 
fundamental TB case diagnosis and treatment (Sandhu, 
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2011). Even though TB is treatable and preventable, 
despite all control efforts it exists as the deadliest 
infectious disease worldwide. International initiatives, 
including the WHO's End TB Strategy and the UN's 
Sustainable Development Goals, have set ambitious 
targets for global TB eradication by 2035(Floyd et al., 
2018). The 2018 Political Declaration on Tuberculosis 
aimed to achieve this goal by 2030, emphasizing the 
need for objectable implementation of current 
measures and the development of new tools for 
prevention, diagnosis, and treatment. 
As per the WHO guidelines for active TB, treatment 
involves two phases: an initial phase with four drugs 
and a continuation phase with two drugs. The regimen 
is denoted by symbols indicating the duration and 
combination of medicines. TB is typically treated with 
a combination of first-line anti-TB agents, including 
Isoniazid, Rifampicin, Ethambutol, and Pyrazinamide 
(World Health Organization (WHO), 2008). However, 
the current TB treatment regimens have drawbacks, 
such as extended duration, organ toxicity risks, and 
non-compliance issues, potentially leading to drug 
resistance. To overcome all these challenges medicinal 
chemists are actively working to design and synthesize 
new drug molecules for TB treatment.  
Quinazoline, a crucial N-containing heterocycle with a 
benzene and pyrimidine ring (C8H6N2), is explored 
for its diverse biological activities. Researchers have 
synthesized various quinazoline compounds, including 
deoxy vasicinone, isolated from Jusicia adhatoda Linn. 
known for its medicinal use in respiratory ailments. 
2,3-dihydroquinazolin-4(1H)-one is another 
quinazoline derivative, that exhibits a diverse array of 
biological, medicinal, and pharmacological activities, 
including anti-tumor, anti-tubercular, antibiotic, anti-
hypertonic, anti-defibrillatory, antipyretic, anti-
histamine, diuretic, anti-depressant, analgesic, and 
vasodilating properties (Panel and In, 2024). In light of 
the multifaceted biological applications of the 
molecule, the study aims to synthesize novel 2,3-
dihydroquinazolin-4(1H)-one derivative in the pursuit 
of potential novel anti-TB agents.  
By synergizing the strengths of computational 
predictions and experimental validations, our study 
seeks to contribute valuable insights to the ongoing 
efforts in the quest for effective anti-tubercular drugs. 

2. MATERIALS AND METHODS 
2.1 Data collection and structure retrieval 
Data collection of Tuberculosis-related data, 
encompassing symptoms, causatives, pathway 
analysis, and therapeutic insights, was conducted 
through a comprehensive literature survey and 

database review. The focus of the study was the Enoyl 
acyl carrier protein reductase InhA, particularly in its 
complex with N-(4-methylbenzoyl)-4-
benzylpiperidine (2NSD) as the target molecule. The 
3D structures of the identified targets were sourced 
from the Protein Data Bank (PDB) 
(https://www.rcsb.org/). To discover the potential 
molecules against Mycobacterium tuberculosis, a 
structure-based drug design approach was employed 
for identifying the specific drug molecules to the target 
receptor.  
In this investigation, diverse computational tools were 
applied to evaluate the druggability of the proposed 
ligand molecules. ACD/ChemSketch was employed 
for drawing chemical structures and generating SMILE 
notation for the derivatives. Subsequently, 11 novel 
ligand molecules - QZ1, QZ2, QZ3, QZ4, QZ5, QZ6, 
QZ7, QZ8, QZ9, QZ10, and QZ11 - were modeled and 
these modeled structures underwent optimization, and 
validation, and were further utilized for in silico 
analysis. 
Pharmacokinetic-pharmacodynamic analysis 
The pharmacokinetic (PK) and pharmacodynamic 
(PD) properties of candidate molecules play a crucial 
role in determining their overall drug-likeness. In the 
present study, the molecular properties of the designed 
compounds were systematically evaluated using 
established in silico ADMET prediction tools, 
including SwissADME and pkCSM. These platforms 
estimate absorption, distribution, metabolism, 
excretion, and toxicity (ADMET) profiles based on 
widely accepted physicochemical principles, such as 
Lipinski’s Rule of Five (Ro5), Veber’s rule, and Ghose 
filters. According to Ro5, orally active compounds are 
generally characterized by a molecular weight ≤ 500 
Da, logP ≤ 5, hydrogen bond donors ≤ 5, hydrogen 
bond acceptors ≤ 10, and a topological polar surface 
area (TPSA) ≤ 140 Å². The SwissADME server was 
employed to analyze Ro5 parameters, while pkCSM 
was utilized to predict TPSA and human intestinal 
absorption. Furthermore, additional pharmacologically 
relevant descriptors, including blood–brain barrier 
(BBB) permeability, cytochrome P450 (CYP450) 
enzyme interactions (substrates and inhibitors), and 
toxicity risks, were assessed. Collectively, these 
computational evaluations provide critical insights into 
the drug-likeness and developability of the investigated 
ligand molecules. 

 
2.3 Molecular Docking 
The molecular docking investigations were conducted 
utilizing the Glide module within the Schrodinger 
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software suite (Friesner et al., 2004)(Halgren et al., 
2004)(Friesner et al., 2006). The 3D structure (PDB 
ID: 2NSD) of Enoyl acyl carrier protein reductase was 

retrieved from the Protein Data Bank. Initially, the 
protein structures underwent preparation using the 
Protein Preparation Wizard (Madhavi Sastry et al., 
2013). This involved tasks such as adding missing 
residues, optimizing hydrogen atoms, incorporating 
formal charges to hetero groups, addressing atomic 
clashes, and optimizing at neutral pH (pH 7.4). The 
processed structure was subsequently refined using the 
OPLS4 force field to minimize strain. 
For the ligand molecules, preparation was carried out 
using the Lig-prep module to maintain definite 
chiralities and generate stereoisomers per ligand, 
following default parameters at pH 7.0. The receptor 
grid generation module defined the binding site of the 
prepared proteins, considering the co-crystal site to 
generate the binding site for the molecule. The 
receptor, with the specified grid and prepared ligands, 
served as input for docking using the Glide module of 
Schrodinger. Glide offers three docking modes—High 
Throughput Virtual Screening (HTVS), Standard 
Precision (SP), and Extra Precision (XP). In this study, 
the Standard Precision mode was employed for 
docking, given its ability to process numerous ligands 
ranging from hundreds to thousands with increased 
accuracy and flexible ligand sampling, as indicated by 
David et al. 2018. The resulting protein-ligand 

complexes from the docking process were analyzed 
and screened based on the Glide (G) score and 
hydrogen bond interactions. 
 
Molecular dynamics simulation analysis 
The Desmond program from Schrodinger was 
employed for conducting Molecular Dynamics 
simulations on protein-ligand complexes. In this study, 
an implicit solvent model was chosen. The initial setup 
of the docked complexes involved utilizing the 
predefined water model (SPC). The system's boundary 
conditions were established as orthorhombic, with 
solvation box-shaped and sized at 10Å×10Å×10Å, 
following the OPLS34 force field. Complete 
neutralization of the system was achieved by 
introducing Na+ or Cl- ions. After system building, 
minimization of the resulting complexes was 
undertaken. The system underwent further 
minimization and relaxation using the NPT ensemble 
within the Desmond package, spanning a runtime of 
30ns. Temperature and pressure were set at 300K and 
1.01325 bars, respectively. Analysis of the results was 
performed through the examination of Root Mean 
Square Deviation (RMSD), Root Mean Square 
Fluctuation (RMSF), and simulation interaction 
diagrams provided by the Schrodinger suite. The 
dynamics were executed utilizing the OPLS4 force 
field over a 100ns timescale. 
Binding free energy calculation 
The assessment of binding free energy for the complex 
involved the application of the Molecular 
Mechanics/Generalized Born Surface Area 
(MMGBSA) method. The MD trajectory was extracted 
at 10ns intervals, and MM-GBSA calculations were 
executed by incorporating VSGB solvent and allowing 
a 5Å flexibility around the ligand. The MM-GBSA is 
computed using the formula: 

ΔGbind = Gcomplex – Gprotein – Gligand 
Here, ΔGbind represents the binding free energy, while 
Gcomplex, Gprotein, and Gligand denote the free 
energies of the complex, protein, and ligand, 
respectively. 
RESULTS  
Molecular properties and ADMET prediction 
Molecular and ADMET properties were calculated 
using various software and molecules were screened 
based on Lipinski’s rule 
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Figure:1 The chemical structures of the designed 
compounds 2,3-dihydroquinazolin-4(1H)-one (QZ1-
QZ11) 
Molecular Property Calculations 
The physicochemical properties of the screened 

molecules (QZ1–QZ11) were analyzed to evaluate 
their drug-likeness based on Lipinski’s Rule of Five 
(Ro5) and related parameters (miLogP, TPSA, 
molecular weight, hydrogen bond donors/acceptors, 
rotatable bonds, and molecular volume) (Table1) 
Most molecules complied with Ro5, with only QZ3, 
QZ4, QZ5, and QZ10 exhibiting one violation 
(miLogP > 5), indicating higher lipophilicity that may 
compromise solubility and permeability. miLogP 
values ranged from 3.09 (QZ2) to 6.62 (QZ10). 
Molecules with LogP between 2–5 are generally 
considered to have balanced solubility and 
permeability. QZ2, QZ1, QZ8, and QZ9 fall well 
within this optimal range, while QZ10 is highly 
lipophilic (LogP > 6), which may reduce solubility. 
TPSA values ranged between 44.70 and 85.16 Å². 
Molecules with TPSA < 140 Å² are generally favorable 
for oral absorption; all compounds satisfy this criterion. 
QZ2 (85.16 Å²) and QZ9 (81.64 Å²) have relatively 
higher TPSA values, suggesting better potential for 
hydrogen bonding and aqueous solubility. MW ranged 
from 327.39 Da (QZ1) to 485.18 Da (QZ5). All 
compounds remained below the 500 Da threshold of 
Ro5, indicating acceptable size for oral bioavailability. 
All compounds had ≤ 3 hydrogen bond donors and ≤ 8 
acceptors, within the permissible range (≤5 donors, ≤10 
acceptors), ensuring good permeability and solubility. 
Flexibility is a key determinant of bioavailability, with 
≤10 rotatable bonds being favorable. All compounds 
satisfied this criterion, with QZ6, QZ8, and QZ9 
showing higher flexibility (7 rotatable bonds), which 
may influence binding orientation but remain 
acceptable. Volumes ranged between 300.28 (QZ1) 

and 402.46 (QZ8/QZ9). Larger molecular volumes 
(QZ6–QZ9) may indicate bulkier scaffolds that could 
provide stronger binding interactions, as reflected in 
QZ9’s docking and MD stability results. QZ9 stands 
out as the most promising compound, showing, No Ro5 
violations, Optimal LogP (3.34), Moderate TPSA 

(81.64 Å²), Acceptable MW (447.49 Da), Stable 
docking, MD, and MM-GBSA profiles (from earlier 
results). QZ10 may face solubility challenges due to 
high lipophilicity (LogP 6.62). QZ3, QZ4, QZ5 have 
lipophilicity slightly above the Ro5 limit, but still 
remain within tolerable drug-likeness parameters. 
Overall, all compounds meet the major drug-likeness 
criteria, with QZ9 demonstrating the most balanced 
physicochemical profile aligned with strong binding 
affinity. 
 
Table:1 Predicted Lipinski Parameters and 
Molecular Properties of the designed molecules 
 
The molecular descriptors include miLogP (predicted 
octanol-water partition coefficient), TPSA 
(topological polar surface area), nAtoms (number of 
atoms), MW (molecular weight), nON (number of 
oxygen atoms), nOHNH (number of hydroxyl and 
amine groups), nViolations (number of Lipinski rule 
violations), nRotb (number of rotatable bonds), and 
Volume. 
 
Seven of the eleven modeled molecules satisfied 
Lipinski’s rule of five. QZ1, QZ2, QZ6, QZ7, QZ8, 
QZ9, and QZ11 were considered for next-level 
analysis, i.e., Toxicity Risk, Drug Likeness, and 
Solubility predictions (Table 2).  
Toxicity and Drug-Likeness Predictions 
The toxicity risk assessment indicated that the majority 
of compounds (QZ1, QZ2, QZ6, QZ7, QZ8, and QZ9) 
fall into the low-risk category for mutagenicity, 
tumorigenicity, irritancy, and reproductive toxicity, 

Sl No: Molecule miLogP TPSA nAtoms MW nON nOHNH nViolations nRotb Volume 
1 QZ1 4.05 44.70 25 327.39 4 1 0 3 300.28 
2 QZ2 3.09 85.16 27 359.38 6 3 0 3 316.31 
3 QZ3 5.41 44.70 27 396.28 4 1 1 3 327.35 
4 QZ4 5.36 44.70 27 396.28 4 1 1 3 327.35 
5 QZ5 5.67 44.70 27 485.18 4 1 1 3 336.05 
6 QZ6 4.82 63.17 31 415.49 6 1 0 7 384.97 
7 QZ7 4.95 44.70 27 355.44 4 1 0 3 333.40 
8 QZ8 4.13 81.64 33 447.49 8 1 0 7 402.46 
9 QZ9 3.34 81.64 33 447.49 8 1 0 7 402.46 
10 QZ10 6.62 44.70 29 465.17 4 1 1 3 354.42 
11 QZ11 4.25 51.18 31 413.52 6 1 0 5 392.09 
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suggesting a favorable safety profile. However, 
compound QZ11 exhibited a high tumorigenic risk, 
which raises concerns regarding its suitability for 
further development. 
Drug-likeness scores ranged from 3.12 (QZ7) to 6.37 
(QZ11), all above the general threshold (>0), 
confirming that the molecules possess structural 
features compatible with known drug-like chemotypes. 
QZ2 (4.73) and QZ1 (4.59) showed higher drug-
likeness values, reinforcing their potential as orally 
active candidates. 
The drug score, which integrates drug-likeness, 
toxicity risks, and physicochemical properties, ranged 
between 0.47 (QZ9) and 0.86 (QZ2). Notably, QZ2 
achieved the highest drug score (0.86), reflecting an 
optimal balance between safety, drug-likeness, and 
physicochemical suitability. In contrast, QZ9 
recorded a lower drug score (0.47), despite strong 
binding and stability in docking/MD studies, indicating 
that further optimization of its physicochemical 
properties may enhance its drugability. 
With respect to lipophilicity (ClogP), values were 
within the acceptable range (3.01–4.39), suggesting 
adequate permeability across biological membranes. 
However, aqueous solubility (ClogS) was generally 
poor across all molecules (negative values, e.g., –4.70 
for QZ8 and QZ9), except for QZ7 (ClogS = +5.32), 
which exhibited favorable predicted solubility. The 
low solubility observed in most candidates highlights a 
potential limitation that may need to be addressed 
through formulation strategies or structural 
optimization. QZ2 stands out as the most balanced 
candidate, with a high drug-likeness (4.73), the best 
drug score (0.86), and low toxicity risk. QZ9, while the 

most potent binder (from docking/MD/MM-GBSA), 
shows a relatively lower drug score (0.47) and poor 
solubility, indicating a need for optimization. QZ11 is 
less favorable due to its high tumorigenic risk, despite 
high drug-likeness (6.37). QZ7 may be advantageous 
for its excellent solubility profile but shows the lowest 
drug-likeness among the set. 
Table 2: Predicted Toxicity Risk, Drug Likeness, 
Solubility Data by Osiris Property Explorer 
 
Out of the seven considered molecules, QZ11 shows a 
high tumorigenic property. As a result, the subsequent 
analysis was carried out using the remaining six 
molecules. The pharmacokinetics (ADME), and 
pharmacodynamic properties were calculated by using 
various software (Table 3). 
 
Pharmacokinetic Predictions 
All screened compounds (QZ1–QZ9) demonstrated 
high gastrointestinal (GI) absorption, indicating 
good oral bioavailability potential. This is supported by 
consistently high human intestinal absorption (HIA) 
values, with most compounds showing >99% 
absorption (QZ1, QZ6, QZ7, QZ8, QZ9) and QZ2 
displaying slightly lower but still favorable absorption 
(93.96%). 
Caco-2 cell permeability, used as an in vitro surrogate 
for intestinal absorption and passive diffusion, was 
positive for all compounds, with values ranging 
between 1.076–1.4 × 10⁻⁶ cm/s. QZ1 showed the 
highest predicted permeability (1.4), while QZ2 had 
the lowest (1.076), although still within acceptable 
ranges. 

Sl.      
No
: 

Compound Mutagenic Tumorigenic Irritant Reproductive 
effect 

Drug 
Likeness 

Drug   
score 

Clog            
P 

Clog                        
S 

1 QZ1 LOW RISK LOW RISK LOW 
RISK 

LOW RISK 4.59 0.84 3.7 -4.63 

2 QZ2 LOW RISK LOW RISK 
LOW 
RISK LOW RISK 4.73 0.86 3.01 -4.04 

3 QZ6 LOW RISK LOW RISK 
LOW 
RISK LOW RISK 3.54 0.71 4.37 -5.27 

4 QZ7 LOW RISK LOW RISK LOW 
RISK 

LOW RISK 3.12 0.75 4.39 5.32 

5 QZ8 LOW RISK LOW RISK LOW 
RISK 

LOW RISK 3.38 0.74 3.42 -4.7 

6 QZ9 LOW RISK LOW RISK 
LOW 
RISK LOW RISK 3.53 0.47 3.49 -4.7 

7 QZ11 LOW RISK HIGH RISK 
LOW 
RISK LOW RISK 6.37 0.76 3.42 -4.7 
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Regarding blood–brain barrier (BBB) penetration, 
QZ1, QZ6, and QZ7 were predicted to be BBB-
permeant, suggesting potential for central nervous 
system (CNS) activity or side effects. In contrast, QZ2, 
QZ8, and QZ9 were not BBB-permeant, which may 
be advantageous for avoiding CNS-related toxicity 
when the therapeutic target is non-CNS. 
The bioavailability score was uniform across all 
molecules (0.55), which aligns with their compliance 
to major drug-likeness rules and indicates a moderate 
probability of achieving good oral bioavailability. 
 
All compounds exhibit excellent oral absorption 
potential, with HIA values >90% and high GI 
absorption. QZ1 combines very high absorption 
(100%), strong Caco-2 permeability (1.4), and BBB 
penetration, suggesting it may efficiently cross 
biological membranes, though CNS exposure could be 
a concern. QZ2 shows slightly lower absorption 
(93.96%) and lowest permeability, but has the 
advantage of being non-BBB permeant, reducing CNS 
toxicity risk. QZ9, despite not crossing the BBB, 
demonstrates perfect HIA (100%) and good 
permeability (1.248), supporting its potential as a 
strong orally bioavailable lead candidate. QZ6 and 
QZ7 balance high absorption and BBB permeability, 
which could be beneficial or undesirable depending on 
the intended therapeutic indication. 
Table 3: Predicted Absorption, BBB permeability, 
Bioavailability, Human intestinal absorption, and 
Caco2 permeability by Swiss ADME. 

S
l 
N
o
: 

Com
pou
nd 

GI 
Abso
rptio

n 

BB
B 

Per
mea
nt 

Bioav
ailabil

ity 

HIA 
(% 
abs
orb
ed) 

Caco
2 

Perm
eabili

ty 
(log 

Papp 
in 10-

6 
cm/s) 

1 QZ1 
HIG

H 
YE
S 0.55 100 1.4 

2 QZ2 
HIG

H NO 0.55 
93.9
63 1.076 

3 QZ6 
HIG

H 
YE
S 0.55 

99.0
6 1.168 

4 QZ7 
HIG

H 
YE
S 0.55 

99.1
99 1.133 

5 QZ8 
HIG

H NO 0.55 100 1.283 

6 QZ9 
HIG

H NO 0.55 100 1.248 
The Table 3: shows the predicted Absorption, Blood-
brain barrier (BBB) permeability, Bioavailability, 
Human intestinal absorption, and Caco2 permeability 
of the designed molecules. All derivatives are showing 
good oral bioavailability. The derivatives QZ2, QZ8, 
QZ9 are showing no blood brain barrier permeability 
meanwhile QZ1, QZ6 and QZ7 are showing blood 
brain barrier permeability. 
 
Molecular Docking 
The molecular docking analysis predicted the binding 
affinity of screened molecules within the specified 
binding site. The molecules were ranked based on the 
scores they achieved, with Molecule QZ9 obtaining the 
highest score of -10.44 kcal/mol and Molecule QZ2 
having the lowest score of -9.225. Subsequently, the 
orientation of the molecules was scrutinized to 
comprehend the binding geometry and formed 
interactions. Compound QZ9 demonstrated a hydrogen 
bond interaction with the phenol group of Y158 and a 
pi-pi interaction with the aryl ring of F149. This 
docking study establishes that compound QZ9 exhibits 
robust binding within the receptor protein's binding 
site. 

 
Fig 2: Molecular docking study of quinazolinone 
derivatives in Enoyl acyl carrier protein reductase 
protein of mycobacterium tuberculosis. (A) 2D 
interaction profile of compound QZ9 in the binding 
site. (B) 3D interaction profile of compound QZ9 in 
binding site with interacting residues Y158 and F149. 
Table 4: Docking score of lead molecules interacting 
with Enoyl acyl carrier protein reductase protein (PDB 
ID: 2NSD). 

LIGAND 
DOCKING 

SCORE 
INTERACTING 

RESIDUES 

QZ1 -9.97047 Y158, W222 

QZ2 -9.25516 Y158 

QZ6 -9.38411 F149 
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QZ7 -9.37985 F149 

QZ8 -9.39737 Y158, I194 

QZ9 -10.44286 F149, Y158 

 
 
Molecular Dynamics 
The objective of this study was to examine the 
dynamics of the QZ9 - Enoyl acyl carrier protein 
reductase protein complex to comprehend the stability 
of its conformation during the binding process. 
Structural alterations were assessed using two 
parameters, namely Root Mean Square Deviation 
(RMSD) and Root Mean Square Fluctuation (RMSF). 
The stability of the QZ9 - Enoyl acyl carrier protein 
reductase protein complex was determined by 
calculating the RMSD of the Cα atoms in the protein 
structure. Notably, the observed RMSD for the protein 
was 1.75Å, while the ligand exhibited 3.00Å, 
indicating that the protein structure reached a stable 
conformational state, while the ligand underwent some 
conformational changes at the binding site. To delve 
deeper into the fluctuations, RMSF was employed to 
assess the fluctuation of protein residues. Analysis 
revealed slight structural changes in the loop region of 
the binding site, influencing the ligand's conformation. 
Recognizing the significance of interactions between 
the protein and ligand for activity and structural 
stability, an evaluation of the bonded interaction profile 
was conducted. It was observed that the ligand QZ9 
primarily engaged in non-bonded hydrophobic 
interactions, with consistent interactions in docking 
observed with residues Y158 and F149 across most 
trajectory frames. 
Taking into consideration these parameters, the 100ns 
molecular dynamics study confirms the stability of the 
QZ9 - Enoyl acyl carrier protein reductase protein 
complex. 

 
Fig 3: Molecular dynamics study of QZ9 - Enoyl acyl 
carrier protein reductase protein complex. (A) Root 

mean square deviation of the complex in 100ns 
simulation. (B) Root mean square fluctuation of - 
Enoyl acyl carrier protein reductase in 100ns 
simulation with binding site residues marked by green 
vertical lines. (C) Interaction histogram of QZ9 - Enoyl 
acyl carrier protein reductase protein complex.  D) 
Interaction profile of QZ9 - Enoyl acyl carrier protein 
reductase protein complex in each frame of 100ns 
simulation. 
Binding free energy calculation 
The Molecular Mechanics/Generalized Born Surface 
Area (MMGBSA) method, based on molecular 
mechanics, was employed to calculate the binding free 
energy of the complex at 10ns intervals, utilizing 
snapshots extracted from the Molecular Dynamics 
trajectory. The MM-GBSA energy served as a metric 
for estimating the binding affinity between the ligand 
and the protein. Throughout the simulation, the impact 
of conformational changes on binding free energy was 
assessed. Notably, it was observed that at 50ns, the 
complex reached its maximum energy, attributed to a 
favorable geometrical orientation resulting in the most 
stable conformer during the simulation. Beyond 100ns, 
the binding free energy exhibited minimal deviations. 
Based on these findings, it was concluded that 
molecule QZ9 demonstrates a strong binding affinity 
within the binding pocket. 
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Fig 4: Trajectory of 100ns QZ9 - Enoyl acyl carrier 
protein reductase protein complex simulation at 10ns 
interval. (A) Overlay of all the 10 frames extracted. (B) 
Each 10ns frame of trajectory is shown separately. 
Table 5: Binding free energy of trajectory snapshots of 
molecule QZ9 using MM-GBSA. 
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Discussion 
The physicochemical and pharmacokinetic properties 
of the screened compounds were assessed to evaluate 
their drug-likeness and oral bioavailability potential. 
 
All compounds satisfied the major Ro5 criteria, with 
molecular weights <500 Da, hydrogen bond donors ≤5, 
and hydrogen bond acceptors ≤10. Only QZ3, QZ4, 
QZ5, and QZ10 displayed a single violation (LogP > 
5), suggesting higher lipophilicity but still within 
acceptable limits. QZ9, the most promising binder 
from docking and MD, fully complied with Ro5, 
indicating good oral bioavailability potential. 
 
miLogP values ranged from 3.09 (QZ2) to 6.62 
(QZ10). Most compounds fell within the optimal range 
(2–5), balancing solubility and permeability. 
Topological polar surface area (TPSA) values were 
between 44.70–85.16 Å², well below the 140 Å² 
threshold, indicating good intestinal absorption. 
Rotatable bonds ranged from 3–7, within the 
acceptable limit (≤10), supporting conformational 
flexibility without compromising oral absorption. 
Most compounds were predicted to be low risk for 
mutagenicity, tumorigenicity, irritancy, and 
reproductive toxicity. However, QZ11 exhibited a high 
tumorigenic risk, reducing its suitability as a lead. 
 
Drug-likeness scores ranged between 3.12 (QZ7) and 
6.37 (QZ11), confirming favorable chemical features 
for oral drug candidates. The integrated drug score 
was highest for QZ2 (0.86), followed by QZ1 (0.84), 
reflecting an optimal balance of safety and drug-
likeness. QZ9, despite excellent binding affinity, 
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showed a lower drug score (0.47), largely due to 
predicted solubility issues, highlighting the need for 
optimization or formulation strategies. 
 
All compounds showed high gastrointestinal 
absorption and favorable human intestinal 
absorption (HIA), with most achieving >99% 
absorption. Caco-2 permeability values ranged 
between 1.076–1.4 × 10⁻⁶ cm/s, indicating adequate 
passive diffusion across intestinal membranes. QZ1, 
QZ6, and QZ7 were predicted to be BBB-permeant, 
suggesting potential CNS exposure, which may be 
beneficial for CNS-targeted therapies but a liability for 
non-CNS targets. QZ2, QZ8, and QZ9 were non-BBB 
permeant, reducing the risk of CNS-related side 
effects. The uniform bioavailability score (0.55) 
across all molecules further supports their potential for 
oral delivery. 
 
The molecular docking analysis demonstrated that all 
screened compounds exhibited favorable binding 
affinities toward Enoyl acyl carrier protein reductase, 
with docking scores ranging from –9.25 to –10.44 
kcal/mol. Among them, compound QZ9 showed the 
strongest binding affinity (–10.44 kcal/mol), stabilized 
by hydrogen bonding with Y158 and π–π stacking with 
F149. 
To validate these findings, a 100 ns molecular 
dynamics (MD) simulation was conducted. RMSD 
analysis revealed that the protein backbone reached a 
stable conformational state (1.75 Å), while the ligand 
exhibited moderate flexibility (3.00 Å), indicating local 
conformational adjustments within the binding pocket. 
RMSF analysis showed minor fluctuations in loop 
regions surrounding the active site, which subtly 
influenced ligand orientation but did not compromise 
overall stability. Importantly, QZ9 maintained 
consistent hydrophobic interactions with Y158 and 
F149 throughout the trajectory. 
The MM-GBSA binding free energy analysis further 
supported the stability and affinity of the QZ9–protein 
complex. The binding free energy remained 
consistently favorable throughout the simulation, with 
the most stable conformer observed at 50 ns, attributed 
to an optimal geometrical orientation. Beyond 100 ns, 
only minimal deviations were noted, confirming 
equilibrium stability of the complex. 
 
The docking results identified QZ9 as the most potent 
binder among the screened molecules, primarily due to 
its ability to establish stable interactions with residues 
Y158 and F149, which appear to be critical for ligand 

stabilization in the binding pocket. The MD 
simulations further corroborated the docking results, 
demonstrating that QZ9 remains stably bound to the 
protein over 100 ns despite undergoing local 
conformational adjustments. Fluctuations were largely 
restricted to loop regions, consistent with typical 
protein dynamics, and did not affect the overall 
structural integrity of the complex. 
The MM-GBSA analysis quantitatively reinforced 
these observations, showing a consistently favorable 
binding free energy profile. The stability of the energy 
values beyond 100 ns suggests that QZ9 achieves a 
stable binding mode within the enzyme. Taken 
together, the computational approaches provide 
complementary evidence that QZ9 forms a stable and 
energetically favorable complex with Enoyl acyl 
carrier protein reductase. 
 
Conclusion 
The integrated docking, molecular dynamics, and MM-
GBSA analyses confirm that compound QZ9 exhibits 
strong and persistent binding affinity toward Enoyl 
acyl carrier protein reductase. The stability of the 
complex over a 100 ns simulation and the favorable 
free energy profile highlight QZ9 as a promising lead 
molecule for further biochemical and pharmacological 
evaluation as a potential inhibitor of this essential 
enzyme. Its limitations lie in low solubility and a 
moderate drug score, which may be addressed by 
chemical optimization or formulation. 
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