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based screening

Mazen M. Almebmadi, PhD Alaa A. Shafie, PhD Mamdouh Allahyani, PhD Tahir Mubammad, PhD Soukayna Baammi, PhD
Abdulelah Aljuaid, PhD Abdulraheem A. Almalki, PhD Ahad Amer Alsaiari, PhD, Amal Adnan Ashour, MD, PhD.

ABSTRACT

S el s dlnl e dexd] Ola¥l ud Slaall

Tl B Lloe @y lpuldl Lkl e tenas Ll ) oda 2 il
S3daze sled) dames dnel L;e O;_ﬁU e qs_lj_‘a\“ 5 Ay Casllall
plasea) ¢.2022 )b o 2021 Ly e 5 ill D Laasd)
Ml Ol e amild 120 5y SOl d sl ot

O @350 356 0 S ¢ Bkl L) pliraly il
G o o a8 iy el 120 G SOl fenons
- I Slagzad LV s Aleis Slital 4 Lebl 5 S el

Llandl b e e delag Bul, ) ol 6y L o
il L e 4 05, i cole oW1 el Ll aall ey i
ol s 120 (s sSOM 5 selld

Objectives: To identify potential compounds by
seeking the knowledge of molecular interactions
between human immunodeficiency virus (HIV)
glycoprotein (gp) 120 protein and anti-HIV drug
(BMS-488043).

Methods: This study is a computational structure-
based drug design study, carried out at University of
Taif, Saudi Arabia and African Genome Centre (AGC),
Mohammed VI Polytechnic University, Benguerir,
Morocco from January 2021 to March 2022. Initially,
using the docked structure of gpl120 with BMS-
488043, a structure-based pharmacophore model was
created. The generated model was utilized for virtual
screening of the ZINC and ChemBridge database in
order to identify hit compounds. To further assess the
time-dependent stability of the selected complexes,
computer simulation was performed.

Results: From pharmacophore-based screening,
356 hits were obtained from both the database.
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The docking studies of the retrieved hit compounds
reveal that all the compounds fit into the binding
site of gpl20. However, based on the significant
interactions with the crucial residues and docking
scores four compounds were suggested as potential
hits. MD simulation of ChemBridge14695864 and
ZINC06893293 in complex with gpl120 suggested
that both compounds significantly stabilized the
receptor.

Conclusion: These findings could aid in the design
of effective drugs against HIV by inhibiting the
interaction between gp120 and CD4.
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he human immunodeficiency virus (HIV), also

known as HIV, is the pathogen that ultimately
results in acquired immune deficiency syndrome
(AIDS). AIDS, the most epidemic disease, was first
discovered in 1981." The pandemic of HIV/AIDS
imposes the rapid development of novel and-HIV
therapies and preventative vaccines.” HIV replication
consists of an initial “entry” phase followed by a “post-
entry” phase.® The post-entry phase is the most chronic
phase because-different steps such as integration, reverse
transcription, protein synthesis, and protein packaging
occurred. In the past decades, different HAART
(highly active antiretroviral therapy) antiviral drugs
have been used to reduce AIDS. These medications
include a variety of protease and RNA-dependent
DNA polymerase inhibitors, which block the HIV-1
post-entry pathway.*> However, resistant against these
viral inhibitors/blockers have been reported.®” Recently
in a study, HAART was not succeeded in effectively
curing the infected patients of HIV-1.

A prevention cures plan against HIV-1 viral
infection is in the viral entry phase for the new drug
development. Glycoprotein is a therapeutic target
and has a significant role in receptor binding and the
study of HIV infection.*” Human immunodeficiency
virus' attack strategy is complex and involves multiple
steps, including attachment to the host receptor
and co-receptors and subsequent membrane fusion.
Glycoprotein (gp) 120 forms the outer spikes which
are sticky with the HIV particle and its molecular
weight is 120 kilodaltons as its name indicates.
Alongside the glycoprotein gp4l, it is found on the
surface of the HIV virus in a trimeric state.'” The most
important function of gp120 is to attach with human
CD4 cells." The gp120 consists of 5 o-helices, 25
f-strands, and 10 defined loop segments and also has
chemically determined Disulphide-bridges. The gp120
is a polypeptide chain folded into the 2 main domains,
and also certain excursions originate from this body.
According to molecular weight, gp120 has carbohydrate
side chains to avoid immune recognition.

The exterior gpl120 and transmembrane protein
gp41, viral envelope proteins regulate these multistep
processes. Glycoprotein41 and gp120 both are formed
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from gp160 precursors and projected from the vision’s
membrane. Identification of drugs that obstruct the
virus's entry into the host cell’s machinery represents a
promising avenue for discovering the effective anti-HIV
therapy. The interaction of gpl120 with the human
CD4 cell surface receptor initiates HIV-1 infection.
When gp120 binds to CD4 receptors and co-receptors
like CXCR4 or CCR5, a cascade of conformational
changes occurs in both gp41 and gp120, allowing the
gp41 fusion peptide to enter the human cell membrane
and ultimately resulting in the fusion of the host cell
membrane and the virus.'*'® Each and every step of the
aforementioned process is considered as a potential target
for blocking HIV-1 entry into the host cell’s genome.
Recently, BMS-378806 along with a number of other
similar compounds were discovered as highly potent
and possible HIV entrance inhibitors.'”* Among these
explored compounds the BMS-488043 is an indole
ring derivative, it has excellent pharmacokinetic activity
as compared to BMS-378806.%

This study aim to developed a valid pharmacophore
model based on the binding interactions between
the known inhibitors and HIV-1 envelop protein to
identify novel and effective drug candidates to combat
HIV associated diseases. The ethical approval for this
work was granted by Taif University on 27th July 2022
and IRB 43-808.

Methods. This study is a computational structure-
based drug design study, carried out at University of Taif,
Taif, Saudi Arabia and African Genome Centre (AGC),
Mohammed VI Polytechnic University, Benguerir,
Morocco from January 2021 to March 2022. Before
making the study design, we carried out a review of the
existing literature using Google scholar. BMS-488043
inhibitor of HIV was selected to be used in this study
among the reported approved inhibitors owing to the
its viral susceptibility and pharmacokinetics profile.

Preparation of protein. Viral protein gpl120 3D
structure under the accession code 3DNN was retrieved
from Protein DataBank.”” Removal of water and energy
minimization was performed followed by protein
protonation by using MOE software

Ligand preparation. Using chem-office software, the
BMS-488043 compound was sketched and then saved
as a mol extension for opening in MOE software. In
MOE, the mol file of compound BMS-488043 was
protonated and energy minimization was done. It was
then saved in mdb file for docking purpose. Molecular
docking: The active residues for gp120 viral protein
were selected from previous literature. Then to predict
bioactive conformations of ligand (BMS-488043), the
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ligand was docked with gp120 viral protein using the
MOE-Dock program such as the Triangular Matching
docking method. The ligand marvelously fits into the
active site by mediating hydrogen bonding interactions
with gp120 active site including His105, Trp112,
Aspl13, Lys121, Asp368, Ser375, GIn422, Met426,
GIn428, Lys429, Arg476.

Prediction  of protein stability. The gpl120/
BMS-488043, a protein-ligand  complex, was
investigated for its stability and domain dynamics,
using molecular dynamics (MD) simulation. Molecular
dynamics simulations provide structural information
on ligands, receptors interaction, and biomolecules. To
solvate the system, the TIP3P water model was utilized.
Further, to neutralize the system, the counter ions were
added. For electrostatic interaction Particle Mesh Ewald
algorithm was utilized. For constraining the bonds,
SHAKE algorithm was utilized and finally, 100ns MD
simulation was carried out.

Systematic analysis. Analysis was done in Amber
v2018. Pharmacophore modeling and validation: The
minimized conformer of the gp120/BMS-488043
was used for complex pharmacophore generation.
The 3D pharmacophore building was carried out in
MOE from (gp120/BMS-488043) complex. From
binding interactions, vital features were known that
were detected in (gp120/BMS-488043) complex for
building pharmacophore. Finally, it was validated via a
test database. Test data set was screened and mapped on
the complex-based pharmacophore model consists of 7
features.

Pharmacophore-based screening. Virtual screening
was performed for identifying lead compounds. In
this connection, the ChemBridge (2020, San Diego,
CA, USA) and ZINC (2015, San Francisco, CA,
USA) database were utilized for pharmacophore-based
screening. The obtained compounds were further filter
out by using RO5 as drug properties can be identified
by RO5.

Interaction study. All retrieved hits were docked
with gp120 viral protein to identify interaction and lead
compounds. For every ligand, 20 confirmations were
obtained. Poses from Cambridge and ZINC database
were selected for further screening. Through LigPlot,
binding interaction and proteins were visualized. All
compounds were carried out for MD simulation. The
binding mode, interaction, binding affinity and visual
inspection demonstrated that selected compounds may
be serve as potent structurally diverse inhibitors of

HIV-1.

Results. Construction of pharmacophore. A
fascinating property of the pharmacophoric model is
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the recognition of contact sites, which can contribute
to improved selectivity and affinity for binding.
The MOE sfotware was used to create a gpl20 and
macrocyclic inhibitor (BMS-488043) complex-based
pharmacophore model. LigPlot, a MOE plugin,
was used to define the essential chemical features for
generating pharmacophore models based on molecular
binding interactions gp120 and BMS-488043 docked
complex. Three hydrogen bond acceptors (Acc), one
hydrophobic feature (HydA), one hydrogen bond
donor (Don), and 2 aromatic rings were the main
features of the resulting pharmacophore model. Figure 1
showed the generated pharmacophore model in which
aromatic features (F1 and F6) were shown in green,
hydrogen bond acceptor features (F2, F3, F4) were
shown in purple, and donor and hydrophobic features
(F5 and F7, respectively) were shown in blue color.
The oxygen atoms of the dimethoxy, benzoylpiperazin,
and Ethan-1, 2-dione of the ligand act as H-bond
acceptors (Acc), and demonstrated the contact with
the His105 residue. Similarly, the nitrogen atom of the
2, 5-dimethoxypyridine and the hydrogen of the NH
moiety of the ethylamine serve as H-bond donor and

Figure 1 - A 3D structure-based pharmacophore features generated by
the knowledge of molecular interactions between gp120 and
BMS-488043. The H-bond acceptor features are shown in
purple color, Aromatic features are shown in green color while
H-bond donor and hydrophobic features are shown in blue
color. BMS-488043 mapped on the pharmacophore features
are shown in yellow color.
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mediate interactions with the active residues Asp368
and Lys429. Five of the 7 features (F1, F2, F3, F4, and
F5) were designated as important features. A test dataset
of 7 known inhibitors was used to validate the created
pharmacophore model. All the 7 known inhibitors were
aligned on to the created pharmacophoric features and
analyzed. It was interesting to note that the generated
pharmacophore model picked the compounds of the
test dataset with mapping all the 7 features.

Virtual =~ screening and binding energy. The
pharmacophore-based virtual screening method is
very important and useful, and it is extensively used in
medicinal chemistry research projects, with the goal of
facilitating the rapid discovery of drug-like, potent, and
novel compounds.?®*° Potential compounds against
gpl20 were extracted from the ChemBridge and
ZINC database via a 3D query based on the validated
pharmacophore model. As a result of screening, 311 and
45 compounds were retrieved from ChemBridge and
ZINC databases respectively and these hit compounds
were found to be mapped with the pharmacophore
features. According to Lipinski’s rule of 5 (RO5),
drug-like compounds with log p-values below 5, log S
values below 5, a molecular weight below 500 Da, a
number of hydrogen bond acceptors below 10, and a
number of hydrogen bond donors below 5 or else has
poor permeation or absorption.’! The obtained hits from

pharmacophore-based screening were shortlisted on the
basis of RO5, as a result 150 and 42 hit compounds
from ChemBridge and ZINC databases were obtained,
respectively, and further subjected to molecular docking.

Molecular docking. To determine the binding mode
and affinity, the retrieved hits were docked into the
gp120 binding site using the MOE docking protocol.
Based on the docking score top-ranked 100 compounds
from ChemBridge and 25 compounds from ZINC
database were selected. These selected compounds
were further evaluated by visualizing their binding
interactions by using the LigX plot, implemented in
the MOE software. The hit compounds that mediate
substantial interactions with the important amino
acid residues of the active site of gp120 including
His105, Trp112, Asp113, Asp368, Asn425, Met420,
Trp427, GIn428, Lys429, Gly431, Lys432, Gly473,
Asp474 and Arg476 were considered as the potential
virtual hits (ligands). Based on their interactions with
the active residues of the gp120 binding pocket, 45
and 22 compounds from the ChemBridge and ZINC
databases, respectively, were selected as hit compounds.
These selected compounds were then further screened
based on their binding afhinity and binding energy
(Table 1 and Figure 2).

In the present research investigation, finally, 4
compounds were selected on the basis of significant

Table 1 - Results of molecular docking studies and physiochemical properties of the hit compounds from Chembridge and ZINC database.

Physiochemical properties

Dockin Binding ener; Binding Affini
S- No Compound ID score (S% (kcal%mol)gy (kcalg/mol) v wl\;[i(;l};t LogP  Donor Acceptor Log S
1 ZINC72027118 -7.43 -13.81 -5.66 364.405 4.74 1 4 -5.59
2 ZINC06893293 -9.65 -18.82 -7.24 400.455 2.03 1 5 -3.82
3 ZINC78871949 -9.56 -18.36 -7.05 390.487 3.45 2 3 -5.63
4 ZINC10271817 -9.76 -17.34 -7.30 469.494 0.43 4 7 -4.14
5 ZINC28082519 -8.26 -16.07 -6.56 388.448 2.61 2 5 -3.57
6 ZINC04543426 -8.59 -26.06 -7.94 404.415 0.75 2 5 -3.35
7 ZINC72014953 -9.05 -22.35 -6.72 428.439 5.14 1 5 -5.74
8 ZINC79193975 -11.12 -19.24 -8.12 487.505 1.15 5 9 -2.82
9 ChemBridge14695864 -9.21 -27.59 -7.83 381.411 2.27 2 4 -5.11
10 ChemBridge16586658 -8.75 -23.02 -8.12 407.514 3.19 2 4 -4.62
11 ChemBridge16610636 -9.30 -23.41 -7.73 448.485 5.10 2 4 -4.55
12 ChemBridge17115705 -11.05 -19.28 -7.27 474.557 4.27 2 5 -6.39
13 ChemBridge18573235 -10.08 -23.57 -8.05 448.947 3.74 2 6 -4.36
14 ChemBridge31483125 -8.18 -12.49 -5.49 340.427 2.43 2 5 -1.98
15 ChemBridge32351948 -7.86 -15.72 -5.58 398.507 2.27 2 5 -2.84
16 ChemBridge36158778 -7.41 -15.17 -7.44 312.353 2.71 2 5 -3.42
17 ChemBridge39229227 -8.35 -21.83 -6.28 422.533 3.19 1 5 -2.66
18 ChemBridge46500603 -8.53 -18.75 -5.99 351.410 2.83 1 6 -2.85
19 ChemBridge58982400 -7.47 -18.30 -6.42 401.551 2.63 2 5 -2.52
20 ChemBridge78620441 -8.25 -19.03 -6.00 386.492 1.46 4 6 -2.41
21 ChemBridge80485459 -8.07 -17.54 -5.40 405.502 3.69 1 5 -2.84
22 ChemBridge83081330 -7.96 -21.91 -8.06 383.488 4.05 1 4 -3.69
https://smj.org.sa  Saudi Med J 2022; Vol. 43 (12) 1327
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Figure 2 - Structures of 22 retrieved hits from ZINC and Cambridge
database.
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Pharmacophore mapping and binding interactions of selected compounds. The upper panel of A), b),
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binding affinity and interactions. The hit compounds
numbered 4, 8, 12, and 13 in Table 1 were obtained as
most promising virtual hits owing to their significant
interactions with all the crucial residues of gp120 as
shown in Figure 3.

Pan assay interference compounds (PAINS) filter
assay. It is suggested that pharmacokinetic properties
of the compounds be studied early on in the process
of drug design and development in order to reduce
the risk of late failure in clinical development. The
PAINS are false positives that interact with several
biological targets. Thus PAINS serve as an electronic
filter, to reduce the false positives. The hits obtained
from docking studies were passed through PAINS filter
(https://www.cbligand.org/PAINS/search_struct.php).
Table 2 represents the compounds that successfully
passed the PAINS filter.

Molecular dynamics simulation. To understand
the  binding  mechanism  of  BMS-488043,
ChemBridge14695864, and ZINC06893293, a
docking simulation was implemented which directed
the ligands into the active site of gpl120 protein.
The docking analysis predicted that BMS-488043
establishes 2 hydrogen bond contacts with the binding
site residues Asp368 and Arg476. Considering dynamic
properties is essential for understanding certain aspects
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pharmacophore mapping of compound 8,12,13, and 4, respectively.
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Table 2 - Structure and Simplified Molecular-Input Line-Entry System (SMILE) ID of compounds that successfully passes the pan assay interference

compounds filter.

Ligand PAINS Filter Structure SMILE ID

. c1(ccec(c1)NC1=C(C(CC(C1)(C)C)NC(=0)
ChemBridge14695864 Passed W cIn[nH]c(=0)ccl)CN)F

. O\/\/GCHY\AQ/ clecc(ce])CCCCINC2C(01)CC=C(C2)
ChemBridge16586858 Passed C(=0)NCCN1CCCC(C1)O
ChemBridge16610636 Passed M C1C(CC(=CC1)CNC(=0)CC1CCN(CC1)

CC1C(C(=CCC1)[O-])0)C(P)(I)P
ZINC06893293 Passed i /\\J 0=C(CCS(=0)(=0)clece2e(c1)NC(=0)

CO2)N1CCc2ccccc2C1

of protein function. Furthermore, molecular docking
does not account for the effect of solvent. Therefore,
MD simulation was carried out to determine the
dynamic behavior of protein-ligand complexes in
an explicit water solvent, to investigate the receptor
conformational change induced by BMS-488043,
ChemBridge14695864, and ZINC06893293.

Figure 4A suggested that gpl120 in complex with
ChemBridge14695864 and ZINC06893293 showed
more stable root mean square deviation (RMSD)
as evaluate the gpl120/ BMS-488043 complex.
All the 3 systems showed RMSD of less than 3A.
Glycoprotein120/BMS-488043  complex fluctuate
between 1.5 to 3A with variable fluctuations till the end of
the simulation. Initially, gp120/ChemBridge14695864
complex showed fluctuation however, after 50ns the
RMSD become stable which suggested that the complex
attained its stability. In case of gp120/ZINC06893293
most stable RMSD of less than 2A was observed with

inconsiderable fluctuations throughout the simulation
of 100ns.

Root mean square fluctuation (RMSF) was computed
to analyze the ligand-induced flexibility/rigidity in the
amino acid residues of gpl20 (Figure 4B). The plot
suggested thatall the systems were showed similar pattern
of fluctuations however, the magnitude was different.
The residues 40-170 in gpl120/ZINC06893293
and gp120/ChemBridge14695864 showed lesser
fluctuation than the gp120/ BMS-488043 complex but
the residues 0-40 showed higher fluctuation in gp120/
ChemBridge14695864 as compared to other 2 systems.
The complex gp120/ZINC06893293 shows overall
less fluctuation throughout 100ns simulation which
reflect stable mode of inhibition of ZINC06893293.
Decreased fluctuation in the residues of the binding site
of gp120 upon binding of ZINC06893293 suggests
that probability of further associations in the region
might be relatively lowered. This strengthen the gp120/

https://smj.org.sa  Saudi Med J 2022; Vol. 43 (12) 1329
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Figure 4 - Dynamic analysis of simulated complexes. A) RMSD of BMS-488043, Cambridge14695864 and ZINC06893293 in complex with gp120
during the 100ns of simulation. B) RMSF of gp120 residues after binding of BMS-488043, Cambridge14695864 and ZINC06893293 during
the 100ns of simulation. C) Dynamics cross-correlation matrix of (a) gp120/BMS-488043, (b) gp120/Cambridge14695864, and (c) gp120/

ZINC06893293.

ZINC06893293 capability of becoming a potential
inhibitor of gp120.

Displacements of functional residues analysis.Using
dynamics cross-correlation matrices (DCCM), the
residual fluctuation in all 3 complexes were determined.
In each of the 3 complexes, we analyzed the patterns
of both positively and negatively correlated motions.
The investigation revealed that each of the 3 complexes
exhibited substantial patterns of corelated motions.
Figure 4C (a) for gpl120/BMS-488043 complex
explains that interactions are slightly increased the
positive correlation in the binding site residues 60-70
and 140-170. This showed stable binding of gp120/
BMS-488043 in the active site and that it's binding
at the site may distinctly affect the stability of other

1330 Saudi Med J 2022; Vol. 43 (12)  https://smj.org.sa

residues that are crucial in binding. Figure 4C (b) for
gp120/ChemBridge14695864 explains that binding
in the active site reflects a slight decreased in positive
correlation in the binding site residues as compared to
gp120/ChemBridge14695864 however, slight increase
in negetive correlation was also observed.

As evident from Figure 4C (c), gpl20/
ZINC06893293 displayed overall random correlation.
A deep analysis showed that gp120/ZINC06893293
binding displayed some distinct positive correlations at
numerous positions suggesting that the constancy of the
important residues may depend on the interactions with
the ligand. In general, all of the complexes displayed
a favourable positive correlation, most prominently in
the binding region, whereas the negative correlations
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were seen in the residues of the non-binding site. These
DCCM results are also consistent with trends from the

RMSD and RMSF for all the 3 complexes.

Discussion. Human immunodeficiency virus’
gp120 glycoprotein bound to the host cell's CD4
receptor, allowing the virus to enter the cell. Targeting
gp120-CD4 protein-protein interaction is an attractive
strategy to inhibit the virus entry. Substantial progress
have been made to develop HIV entry inhibitors and
several potential inhibitors have been developed.
BMS-488043, an indole derivative is reported to
inhibit HIV entry by targeting gp120-CD4 interaction.
The molecular interactions between gpl120 and
BMS-488043 is valuable for further development of new
inhibitors. Herein, we generated a valid structure-based
pharmacophore model by using the details of molecular
interactions between gp120 and BMS-488043 for the
identification of potential HIV inhibitors. In contrast
to ligand-based pharmacophore model, which need
ligands in their bioactive conformation, structure-
based pharmacophore model do not require ligand
information. It is based on the interations between the
protein and the ligands. The advantage of structure-
based over ligand-based pharmacophore model is that
it is less biased towards existing ligand chemotypes and
permit the identification of novel scaffolds.”

The final validated pharmacophore model which
consists of 7 crucial features was used to virtually screen
the small molecule library of ChemBridge and ZINC
database. The compounds with the significant fitness
with the pharmacophore model were further subjected
to molecular docking studies. We delineated that the
selected compound would inhibit gp120 binding to
the CD4 receptor in a manner similar to BMS-488043
by analysing the molecular interactions between the
compounds and the gp120. Moreover, to evaluate the
cross-reactivities of the obtained hit compounds, pan
assay interface compounds were predicted. The pan
assay interface compounds are those compounds that
non-specially react with the many biological targets and
ultimately cause toxicity and off-target side effects. It
was interesting to note that the selected compounds
passed the PAINS filter.

For a more in-depth analysis of the selected virtual
hits’ dynamic behaviour in relation to the gp120-BMS-
488043 complex, MD simulation was performed. The
results of MD simulation reveal that the 2 selected
compounds namely ChemBridge14695864 and
ZINC06893293 were significantly stabilized the gp120
protein in comparison of BMS-488043 as shown by the
RMSD and RMSF plots. Taken together, the multistep

virtual screening strategy resulted in the identification
of 2 diverse chemical compounds as potential virtual
hits against HIV. The binding interactions and dynamic
stability of the 2 selected compounds indicated that
these compounds might show similar potency like
BMS-488043, however, further experimental validation
is needed.

Study limitations. Few limitations to this study were
identified. The compounds were identified only on
the basis of pharmacophore model’s defined chemical
features of BMS-488043 in complex with gp120, which
can cause issues if the model contains more or fewer
features than the actual substrate. Moreover, structural
modifications to proteins that are critical to their
function typically occur on time scales of the nanosecond
to the microsecond. Therefore, 100 nanosecond of MD
simulation is too short to explore actual conformational
changes. However, gp120/ZINC06893293 and gp120/
ChemBridge14695864 complexes were converged after
50ns and remain stable till the end of the simulation. In
this study, computational methods suggested 2 diverse
inhibitors of HIV-1 however, experimental validation
is needed to further validate the potencies of these
compounds.

In conclusion, the virus HIV causes acquired immune
deficiency syndrome and the literature suggested that
there are approximately 35.3 million HIV-positive
people worldwide. In spite of the availability of several
HIV therapies, there is an immediate need for effective
anti-HIV medications or vaccine to combat the global
HIV epidemic. In this study, we successfully identified
the 2 compounds with the different chemical scaffold
against HIV-1 gp120 by constructing structure-based
pharmacophore model in combination with molecular
docking and MD simulation. The identified hit
compounds exhibited strong binding interactions
and significant stability during the molecular docking
and MD simulation studies, respectively. It would be
interesting to further performed iz vitro and in vivo
studies to validate the theoretical results.
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