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ABSTRACT

Prostate cancer, one of the life-threatening cancers worldwide diagnosed in most elderly men and is influenced by ethnicity, genetic
factors, and family history. This article focuses on molecular docking and dynamics simulation for the secondary metabolites (13
compounds) obtained from the methanolic extract of Albizia lebbeck (L.) Benth against human androgen receptor which plays a crucial
role in the progression of cancer and metastasis. Initially, ADMET properties and bioactivity of the ligands were analyzed followed by
molecular docking of these ligands and their interactions with the target protein (Androgen Receptor). The compounds 1, 1, 1-
Trifluoroheptadecan-2-one and 1-(5-Methylthiophen-2-yl)-N-[(5-methylthiophen-2-yl) methyl] were observed to have the highest binding
affinity of -6.8 kcal/mol and -6.5 kcal/mol respectively when compared against the standard, Darolutamide (FDA approved drug) which
had a score of -5.1 kcal/mol were taken into consideration. 1, 1, 1-Trifluoroheptadecan-2-on (FLU) and 1-(5-Methylthiophen-2-yl)-N-[(5-
methylthiophen-2-yl) methyl] (UND) along with the protein complex were further proceeded with dynamic simulation. The binding
energy of FLU and UND system throughout the simulation was studied with an explicit MM-PBSA comparison and was found to be -
99.618+14.446 KJ/mol and -117.833+14.838 KJ/mol, influenced by the van der waals energy which was greater in the UND system i.e.-
144.227+13.814 KJ/mol than that of the FLU system i.e.-117.054+11.774 KJ/mol. Both the systems were relatively stable with exemplary
flexibility and there were no changes in the protein at the structural level during the dynamic simulation. Both FLU and UND systems
could become potential therapeutic drugs with further studies.
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INTRODUCTION

Prostate cancer (PCa) is considered to be one of the most dreadful diseases and has
been ranked as the second leading cancer-causing death in males (Murray, 2021).
It is often referred to as Adenocarcinoma as the prostate glandular cells are mutated
and if not diagnosed at the early stage it localizes and then metastasizes to bones
and lymph (Leslie et al., 2023). Elderly men are most prone to be diagnosed with
prostate cancer while younger males have rare chances of incidence. Men of
African-American origin are most commonly diagnosed with prostate cancer due
to the susceptible mutations of a particular gene (chromosome 8g24) (Rawla,
2019). Family history and genetic factors play a crucial role, as proved by the
Nordic Twin Study of Cancer (Ng, 2021). Increased consumption of high-calorie
food, meat containing saturated fat, food rich in calcium, dairy products, smoking,
and consumption of liquor may alter lipid metabolism and cause peroxidation
leading to prostate cancer (Chung et al., 2019).

Androgen, a group of steroid hormones is ideally required for the functioning of the
prostate gland. Testosterone is the major circulating androgen and 5-alpha
dihydrotestosterone (DHT) is the biologically active androgen. Testosterone is
metabolized into DHT using the enzyme 5-a reductase (McEwan & Brinkmann,
2021). Testosterone and DHT bounds to the intracellular Androgen Receptor (AR),
a ligand-dependent nuclear transcription factor with a strong affinity which in turn
transactivates the genes for the functioning of male urogenital system receptor
secondary signaling cascades (Giona, 2021). Interaction between the AR and DHT
is important as one of its three major domains; the DNA binding domain is highly
conserved and binds to the selective AR Elements forming a multi-protein
transcriptional complex that regulates chromatin remodeling and epigenetic
modifications at the AR binding site and promoter region, higher activity of DHT
can also leads to prostate cancer. Androgen antagonists resistant to prostate cancer
are also associated with AR pathway crosstalk (Davey & Grossmann, 2016). Cells
sensitize and mutate the AR which different steroids and ligand-independent
nuclear transcriptional factors can activate. The incidence of prostate cancer
depends primarily on functional androgen receptors with high transactivation

properties thus AR-mediated signaling occurs in most prostate cancer (Debes &
Tindall, 2002). From the Androgen receptor Gene Mutations Database, it can be
said that most Prostate cancers were due to somatic mutations and other reasons
including mutation in the AR and CpG hotspots.

Albizia lebbeck (L.) Benth also called the East Indian Walnut has exhibited varied
cytotoxic activities against different cancer types and also increases the level of
Caspase-3 and Caspase-8 which aids in apoptosis and also has anti-inflammatory,
anti-oxidant, anti-bacterial, and anti-cancer properties (Desai & Joshi, 2019;
Malaikolundhan et al., 2020). It is also reported that A. lebbeck has prominent
anti-oxidant activity, possesses neuroprotective properties, and improves motor
functions (Saleemet al., 2019). The seeds of A. lebbbeck depicted anti-tumor, anti-
fungal, anti-protozoal, and anti-tubercular activities (Lam & Ng, 2011). Moreover,
A. lebbeck was traditionally used in Siddha medicine for its diverse therapeutic
importance (Ahmed et al., 2014). Advances in bioinformatics have led to a better
understanding of diseases and also aided in prediction of the possible mutations
accurately (Beg & Parveen, 2021). The use of NGS (Next-generation Sequencing)
has enabled researchers to study the cancer genome and its various associated
mutations. A single tissue can be targeted for multiple tests which makes it more
beneficial than the conventional Sanger method (Qin, 2019). Molecular docking
primarily functions based on the Schrodinger software for lead optimization of hit
compounds (Arjun et al., 2020). Molecular docking gives the best conformation
for the interacting molecules and the potential drug to compound can be found
through simulation against the target protein (Agarwal & Mehrotra, 2016; Fan et
al., 2019).

In our present study, we focus on the docking of phytoconstituents of A. lebbeck to
detect the potent metabolites that can inhibit the AR through the binding
conformation in silico and be compared with standard, FDA-approved drug-
Darolutamide. The structures were retrieved from PubChem and were assessed for
pharmacokinetic properties in Swiss ADME software and the hit compounds were
proceeded with docking and the compounds with best binding scores were taken
for simulation.
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MATERIALS AND METHODS
Phytocompound structure retrieval

Phytocompounds of Albizia lebbeck were taken in reference (Anguraj et al., 2024).
The compounds obtained from methanolic extraction were taken into consideration
for their maximum yield of secondary metabolites and polarity. Out of 21 different
phytocompounds, we were able to retrieve 13 phytocompounds from PubChem
(https://pubchem.ncbi.nlm.nih.gov/). The 2D / 3D structures of A. lebbeck’s
phytocompounds were downloaded in SDF format. Darolutamide, a drug approved
by FDA in the year 2019, is an anti-androgen drug and was selected as a standard
for which 2D/3D structure was also saved in SDF format (Na’abba et al., 2022).

Analysis of phytocompounds for drug-likeness using Swiss ADME and PASS

The pharmacokinetic properties of the phytocompounds, Lipinski’s rule of five
(molecular weight, H-bond acceptors, H-bond donors, log P value, and rotatable
bonds), Blood Brain Barrier permeability, and bioavailability score were recorded.
The compounds following Lipinski’s rule of five could possess a drug-likeness
nature and were analyzed to screen the hit compounds which are potent drugs using
Swiss ADME (http://www.swissadme.ch/). The biological activity spectra were
used to identify the compound’s Pa (Possibility of being active), and Pi (Possibility
of being inactive) values, and the previous anti-cancer properties of these
compounds were noted using PASS (http://www.way2drug.com/passonline/).

Selection of target protein and structure preparation

From the literature search, the crystal structure of the Androgen receptor protein
was retrieved from Protein Data Bank (PDB entry: 1E3G) (https://www.rcsb.org/)
in reference (Abdul-Rida et al., 2021). The protein’s original ligand and water
molecules were removed using BIOVIA’s Discovery Studio Visualizer 2022. The
original ligand binding site was considered as a reference binding site for further
proceeding (Na’abba et al., 2022).

Molecular docking against the Androgen receptor

Docking aids not only in the prediction of the best conformation of the protein and
the ligands but the interactions of the ligands with the active site of the target protein
can be analyzed. It is a structure-based drug-designing approach involving the
structure preparation of protein and ligands, determining the binding energy of the
protein-ligand complex and its analysis (Tripathi & Misra, 2017). 3D structure of
the ligands and standard retrieved from PubChem were saved in PDB format
(pdbqt) to dock against the human Androgen receptor (1E3G). The grid box was
adjusted to cover the active sites of the target protein and the binding ligand (X=12,
Y=12, and Z=12) with spacing 1A. The binding affinity during the target protein
and ligand interactions with a minimum free binding energy was determined using
the software Autodock Vina 4.2 (offline open-source software). The confirmation
and target protein interactions like hydrophilic interactions, hydrogen bonding, and
van der waals force were analyzed using Discovery Studio Visualizer 2022
(Na’abba et al., 2022).

Table 1 Representation of the ligand’s 2D structure with PubChem ID

Molecular dynamics (MD) simulation

Newton's equations of motion are used in a computational technique known as
molecular dynamics (MD) simulation to study the motion of atoms within
molecules. In this case, the MD simulation was performed using the widely used
and reputable tool Gromacs. In the simulation process, the first step to consider is
to reduce the protein-ligand complex. The complex's atomic coordinates are
iteratively modified using the steepest descent algorithm to lower the system's
potential energy. After minimization, the complex was solvated in a periodic box
of water using the SPC water model. The SPC water is a simple model that
represents single-point charge water molecules. It is often used as a basis for more
complex water models. Furthermore, the complex was maintained at a salt
concentration of 0.15 M by incorporating the appropriate sodium and chloride ions
concentration. The resulting complex underwent an NPT (constant pressure,
constant temperature) equilibration phase before being subjected to a 100 ns
(nanoseconds) production run in the NPT ensemble. Using the NPT ensemble,
systems with pressure and temperature—often found in biological systems—are
simulated. Finally, the simulation's trajectory was examined using the Gromacs
software package's tools, which include the protein Root Mean Square Deviation
(RMSD), Root Mean Square Fluctuation (RMSF), Radius of Gyration (RG),
Solvent Accessible Surface Area (SASA), and H-Bond. Through these experiments,
scientists can investigate the structural and dynamic properties of the simulated
system, including its general form, flexibility, and interactions with the surrounding
solvent. For this experiment, MM-PBSA computations were performed on the
target's complex, and the Gromac trajectory of each complex gained 50ns as the
final. Gromac was originally used to create topology files and include an explicit
solvent to prepare complex structures for calculation. The energy decomposition
was carried out on each complex during the final 50 ns of the trajectory after the
MM-PBSA computation was configured in the g_ MMPBSA program. To ascertain
the binding affinity and the contributions of various energy terms to the total
binding energy, the collected energy components were examined.

RESULTS AND DISCUSSION

Phytocompounds are produced because of adaptation to the environment, they
widely act as a source for modern pharmaceuticals. Most phytocompounds exist in
a biologically active state and few are activated only during stress response (Jain
et al., 2019). More than 12% of the drugs are derived from the plant secondary
metabolites (Yeshi et al., 2022). The plant secondary metabolites like galantamine,
artemisinin, and paclitaxel have been approved to be therapeutic drugs and are used
in the treatment of Alzheimer’s, malignant cerebral malaria, and ovarian and breast
cancer (Twaij & Hasan, 2022). In this study, the 2D/3D structure of A. lebbeck
secondary metabolites and the standard were retrieved from the PubChem database
to identify the potent drug-like compound by docking against the target protein
(Table 1). The compound's molecular weight ranged from 86.13 /mol to
308.42 g/mol and the molecular weight of the standard (Darolutamide) was 398.8
g/mol.

S.Na Compound Name PubChem 2D Structure Molecular Formula Molecular weight
1D (g/mol)
1 MethylInonyl ether 522469 C,H,,0 158.28
0
Y PPN
2 1,1,1- Trifluoroheptadecan-2-one 4670 F""C\F e C,,H,F,0 308.42
)
-."' - (8
3 (1R,25,3S,5R)-2,5-Dimethylbicyclo [3.2.0]-heptane-2,3-diol 11040935 o C,H,:0, 156.22
£, A \f"D
4 2-Propyldecan-1-ol 14438907 C;H,0 200.36



https://pubchem.ncbi.nlm.nih.gov/
http://www.way2drug.com/passonline/
https://www.rcsb.org/

J Microbiol Biotech Food Sci / Begum et al. 2024 : 14 (3) e10608

5 Hexacosane 12407 AV AVAVAVAVAVAVAVAYAY CeHs, 366.7
H - H."f\ ~, #\ ™,
0 \‘_.
6 1-(2,3-Dihydrofuran-2-YL) nonan-1-one 15587435 CiH0, 210.31
7 Ei 8222 A A / C,H 282.5
ANAMMAAN i
8 1,3-Methano-5bH-cyclobuta[cd]pentalen-5b-ol, octahydro-
C,oH,0 150.22
9 2-Methyl-3-(2,2-dimethylpropyl)-butadiene CioHig 138.25
10 Ethyl 2,2,4-trimethylpent-2-enoate 11008363 \ CH.0, 170.25
11 1-(5-Methylthiophen-2-yl)-N- [(5-methylthiophen-2-yl) methyl] S 2374
methanamine 252455 ] e/ C,,H; NS, :
\ // =/
Fra—
YooN
12 Thiophene-2-carboxaldehyde 7364 S /}“m_ﬁf CsH,0S 112.15
o
13 4-Methoxybut-1-ene 317680 . 0. N T CsH100 86.13
Standard e
Darolutamide 67171867 C14H14CINGO, 398.8

ADMET propertiesand PASS ANALYSIS

Drug discovery and development primarily depend on the ADMET properties.
Lipinski’s Rule of five is the most preferred rule-based filter for drug discovery
during the initial stages (Guan et al., 2019). The activity of a drug in an organism
after being administered orally and an understanding of the drug's solubility,
permeability, and bioavailability is achieved computationally through ADMET
analysis (Flores-Holguin et al., 2021). Androgen receptor being the target, the drug
to be compounds must not bypass the Blood Brain Barrier which acts as an obstacle

for drug delivery to the central nervous system as these compounds could be
toxic.1,1,1-Trifluoroheptadecan-2-one, Hexacosane, Eicosane, and 4-Methoxy but-
1-ene were not BBB permeant and their main compounds were BBB permeant and
were taken into consideration. All the compounds satisfied Lipinski’s Rule of five
(MW < 500 g/mol, log P < 5, hydrogen bond acceptor < 10, hydrogen bond donor
<5, and rotatable bond < 10) with a good bioavailability score of 0.55. The
compounds showed variation insolubility which is given in Table 2.
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Table 2 ADMET properties, Lipinski’s Rule of Five, and bioavailability score of the selected ligands
Number of H

Number of H - BBB . . A
s No Compound Name bond Bond donor Water solubility permeant Rule of Five Bioavailability score
acceptor
1 Methylnonylether 1 0 Soluble Yes Yes 0.55
2 1,1,1- Trifluoroheptadecan-2-one 4 0 Poorly soluble No Yes 055
(1R,2S,3S,5R)-2,5-Dimethylbicyclo
3 [3.2.0] heptane-2,3-diol 2 2 Very Soluble Yes Yes 0.55
4 2-Propyldecan-1-ol 1 1 Moderately Yes Yes 0.55
soluble
5 Hexacosane 0 0 Poorly Soluble No Yes 0.55
6 1-(2,3-Dihydrofuran-2-YL) nonan- Moderately Ves Ves 0.55
1-one 2 0 Soluble
7 Eicosane 0 0 Poorly Soluble No Yes 0.55
1,3-Methano-5bH
8 cyclobuta[cd]pental en-5b-ol, 1 1 Very Soluble Yes Yes 0.55
octahydro-
9 2-Methyl-3-(2,2 dimethylpropyl)-

butadiene 0 0 Soluble Yes Yes 0.55

10 Ethyl 2,2,4-trimethylpent-2-
enoate 2 0 Soluble Yes Yes 0.55

1-(5- Methylthiophen-2-yl)-N-[(5-
11 methylthiophen-2-yl) methyl] 1 1 Soluble Yes Yes 0.55
methanamine

12 Thiophene-2-carboxaldehyde 1 0 Very Soluble Yes Yes 0.55
13 4-Methoxybut-1-ene 1 0 Very Soluble No Yes 0.55

Molecular docking analysis of the ligands against the human androgen receptor.

able 3 Binding affinity scores of ligands against the target protein (1E3G)

Hydrophobic contacts, hydrogen bonds, and 7 stacking are the main features of Pub Chen Binding
protein-ligand interactions. High-efficiency ligands are primarily composed of S. No Compound Name D Score
hydrophobic interactions (de Freitas & Schapira, 2017; Na’abba et al., 2022). ) P (kcal/mol)
The compounds' binding affinities were examined after the ligands were docked 1 Methyl nonyl ether 522469 -4.9
using Autodock Vina 4.2 and attached to the target protein's active sites of the 1,1,1-Trifluoroheptadecan-
human androgen receptor. The chemicals 1-(5-Methylthiophen-2-yl)-N-[(5- 2 2-one 4670 6.8
methylthiophen-2-yl) methyl] and 1,1,1-Trifluoroheptadecan-2-one (-6.8 kcal/mol) (1R,2S,3S,5R)-2,5-
Table 3 indicates that methanamine (-6.5 kcal/mol) exhibited the highest binding 3 Dimethylbicyclo  [3.2.0] 11040935 -5.5
affinity against the active site of protein targets, whereas 4-Methoxybut-1-ene (-3.6 heptane-2,3-diol
kcal/mol) displayed the lowest binding affinity. The hydrophobic contact with the 4 2-Propyldecan-1-ol 14438907 -5.7
target site was mostly mediated by the amino acids Met A:742, Phe A:764, Leu 5 Hexacosane 12407 -5.0
A:704, Met A:749, and Met A:745 (1E3G). At the target (1E3G) protein's active 6 1-(2,3-Dihydrofuran-2-YL 15587435 -6.2
region, hexacosane created the greatest number of hydrophobic bonds, while nonan-1-one -
thiophene-2-carboxaldehyde formed the least amount. Six of the total ligands 7 Eicosane 8222 -6.0
formed H bonds, of which three ligands shared Arg A:752 and GIn A:711, and other 1,3-Methano-5bH-
amino acids, as listed in Table 4, were also involved in the formation of H bonds at 8 cyclobuta[cd]pentalen-5b- 558619 -5.9
the active site of the target protein, including Asn A:705, Thr A:877, Phe A:764, ol, octahydro-
and Leu A:704. 2-Methyl-3-(2,2-
9 dimethylpropyl)-butadiene 545358 4
Ethyl2,2,4-trimethylpent-2
10 enoate 11008363 -5.4
1-(5-Methylthiophen-2-yl)
11 N- [(5-methylthiophen-2- 252455 -6.5
yl) methyl] methanamine
Thiophene-2-
12 carboxaldehyde 7364 45
13 4-Methoxybut-1-ene 317680 -3.6
14 Darolutamide (Standard) 67171867 -5.1
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Table 4 Hydrophobic interactions and hydrogen bonding of ligands at the active site of the target protein
S. No PubChem ID 2D structure Hydrophobic interactions E .
onding
= froe Leu A:704, Phe A:764, MetA:742,
1 522469 3 MetA:749, Met A:745, Val A:746,
= Met A:787, Leu A:873, MetA:780
Interactions
:I van der Waals :] Pi-Alkyl
[ R
= Leu A:880, Met A:742, Phe A:876, , . ,
2 4670 © & 7 Leu A873, MetA: 787, PheA: 7647 A 752, GIn A 711
Interactions
:I van der Waals :] Halogen (Fluorine)
- Conventional Hydrogen Bond E Alicyl
:] Carbon Hydrogen Bond :] Pi-Alkyl
aos \ -
3 11040935 Aie LeuA: 873, MetA:742, MetA:745 Leu A:704
:] van der Waals :] Alkyl
- Conventional Hydrogen Bond
Met A:787, Leu A:873, Val A:746, .
4 14438907 Leu A:704, MetA:749, LeuA:707 PheA:764

Interactions

D van der Waals
- Conventional Hydrogen Bond
D Carbon Hydrogen Bond

. -
E] PH-Alkyl
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Phe A:764, Met A:745, Leu A:873,
Leu A:704, MetA:895, MetA:742,

12407 Trp A:741, Val A:746, MetA:780,
MetA:749, Leu A:707, Met A:787,
Phe A:876, Leu A:701, LeuA:880
Interactions
[:] van der Waals E] Pi-Alkyl
[:] Alkyl
(117) All:;}l
el i\
Phe A:764, Met A:749, Met A;745,
15587435 Leu A:707, Leu A:704, Met A:780,
LeuA:873
AV7A“I6 AM:B'I
Interactions
:] van der Waals :] Pi-Alkyl
:] Alkyl
‘m .
G Val A:746, Phe A:764, Leu A:873,
8222 Met A:745, Leu A:704, Met A:742,
Trp A:741, Met A:780, LeuA:707,
PheA:876
Interactions
E van der Waals [: Pi-Alkyl
ﬁ Alkyl
GLy
A708
MET PHE
A:895 &8s
MET
A:745
-’ LEU
A704
558619 4‘;5:3. LEU LeuA:701, MetA:780, LeuA:704 Asn A:705, ThrA:877
A873
LFU MET
e A-B80 A:780
FHe 877
ABN
LFU
MET A701
AT
Interactions
l:] van der Waals [:] Alioyl

- Conventional Hydrogen Bond
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Gy
A:708
A707 e
a7os s
MET A(;Inl
545358 Arse Leu A:704, Leu A:707, Met A:745,
o Phe A:764, ValA:746, MetA:749
A",“‘e A749
MET
Interactions
E van der Waals [: Pi-Alkyl
] A
v PHE
o
MEY
g P o
== - LeuA:704, LeuA:707, PheA:764,
10 11008363 G AT Met AT49
MET
MET $i745. ARG
A:780 A752
MET
ATR?
Interactions
l: van der Waals [: Pr-Alkyl
E Alkyl
R Leu A:880, Leu A:704, Leu A:707,
1 2524%5 W v - Met A:749, LeuA:701, PheA:764
o .
Interactions
D van der Waals - Pi-Pi T-shaped
m e B
[:] Pi-Sutfur I: Pr-Akyl
LFU
A;704
LEU
AB73
MET
GIN / A:787
&y /
LEU v- f VAL
A207 ' A;746
12 7364 M 0 . MetA:749 GIn A:711, ArgA:752
A:749 a:752 b MET
A:745
PHE
A:764
Interactions
[: van der Waals - PPt T-shaped
- Conventional Hydrogen Bond I: Pr-Alkyl
:] Carbon Hydrogen Bond
MetA:745, MetA:787, Phe A:764,
13 317680 Met A:749, ValA: 746
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W
A708

)
A707

VAL
Are0

wu
AS7d

o

MIT AToA
A“V‘\:'l MEY
” Mt

Interactions

[:l van der Waals E] Alkyl

[—'] Carbon Hydrogen Bond [—] Pi-Alkyl
Standard

R\
“ Leu A:880, Leu A:701, Phe A:764,
14 67171867 Val A:746, Met A:749, Phe A:876,GIn A:711, ArgA:752
""" o Leu A:707, MetA:742

Interactions

:] van der Waals :] Pi-Sulfur

‘ Conventional Hydrogen Bond [_I Alkyl

[: Sulfur-X [: Pi-Alky!

- PI-Sigma
in silico dynamics and simulation : ; d d d d ; ; :

o} = S -

Molecular docking is limited to the lack of water and static confirmation of the — —
protein complex so dynamics simulation was done for the top compounds with high g 0.4} o
binding affinity. Molecular simulation interprets the behavior of every atom ina ~—
protein over a while in consideration of the general physics of interatomic 9, 0.3 N
interactions (Hollingsworth & Dror, 2018). The potential energies are further = 0.2 |
analyzed in various force fields using molecular mechanics. MD simulation not &=
only focuses on structural variation occurring due to environmental changes (pH, 0.1} :
temperature, residue mutation) but can also identify possible misfolding and ; , . ; . , l ; ;
aggregation of protein or peptide. Hence MD simulation is a major requirement in 09 10 20 30 40 50 60 70 80 90 100
modern drug discovery (Liu et al., 2018). Time (ns)

Predicting possible bindings and inhibitor processes, as well as gaining further
understanding of how the inhibitor attaches to the target protein and influences the
activity, were probably the main goals of the simulation. Vera-bound systems to
examine the targeted protein's dynamic behavior. (i) Trifluoroheptadecan-2-one
[FLU] and 1-(5-methylthiophen-2-yl)-N-[(5-methylthiophen-2-yl)  methyl]
methanamine [UND] are the two proteins that are protein-bound to, respectively.
The protein complexes FLU and UND had relative msds of 0.28+/-0.035 nm and
0.29+/-0.069 nm, respectively, measured over a 100 ns time interval. These values
show that the protein complexes had minimal structural change during the
simulation, and the RMSDs exhibited negligible deviations from the unbound
protein's (Figure 1) value. The relative stability of complex molecules during the
simulation is represented by these RMSD values. All four of the protein complexes
that were taken into consideration were generally stable throughout the simulation,
according to the RMSD data. Small variations exist between the complexes,
indicating a high degree of stability, which may be due to the structure resemblance.

Figure 1 RMSD of backbone atoms of FLU and UND.

Using RMSF, the fast movement of amino acids was determined during simulation
which can be utilized to comprehend the effects of ligand Presence or absence on
protein stability. An indication of how the protein's vibrations alter with time is
provided in this instance by the RMSF values, which were calculated during a 100ns
simulation time frame. The RMSF results for the complexes of FLU and UND, as
shown in Figure 2. The outcome implied that during the 100 ns simulation, there
were no appreciable structural alterations.

0.8 T T T T T T T T T T T T T

)

29

D N
| I |
1

25 50 75 100 125 150 175 200 225 250 275 300 325 350
Residue (aa)

0

Figure 2 RMSF of c-alpha atoms of FLU and UND
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Rg is used to measure the compactness of the protein's structure. It is the mass-
weighted average distance of atoms from the protein's center of mass. The Rg plot
displays the changes in the overall shape and folding of a protein throughout a
molecular dynamic simulation. The Rg figure in Figure 3 shows how the protein's
structure changed at different points during the simulation course. The Rg value
pattern of the FLU and UND complexes was consistent throughout the simulation.
For the FLU and UND protein complex proteins, the average Rg values from 0 to
100 ns were 2.12+/-0.014 nm and 2.11+/-0.019 nm, respectively. A helpful metric
for assessing the protein complex's structural flexibility is the radius of gyration.
The protein complex’s Rg values show that the complex's shape folding at various
trajectories does not significantly differ from one another. This implies that the
protein complex has maintained its structural stability during the simulation.
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Figure 3 RG of backbone atoms with FLU and UND

The amount of hydrophobic core's compactness was examined in the fluctuation of
SASA. Figure 4 illustrates how the SASA of the UND and FLU proteins changes
over time. For the FLU and UND protein complex proteins, the average SASA
value from 0 to 100 ns was 151.01+/-4.45 nm and 150.46+/-3.51 nm, respectively.
This suggests that the structural level of protein has not changed during the
simulation.
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Figure 4 Backbone atoms with FLU and UND in SASA analysis
H Bond

The establishment of H bonds between the protein and ligand was responsible for
the stability of the complexes. In this study, simulation analysis was used to validate
the H bonds using molecular docking analysis. The results of the H bond analysis
for the complexes with FLU and UND are shown in Figure 5.
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Figure 5 H-Bond of FLU and UND
MM- PBSA

To determine the binding affinities of FLU and UND, the relative binding strengths
within the summertime energy protein were examined. As the MM-PBSA method
was determined, the binding strengths of FLU and UND to inhibitors were analyzed
(Table 5). We calculate contributions to the interaction energy at the residue level
throughout a continuous simulation track.

Table 5 Comparison of the binding strength of FLU and UND

System Vander Waal energy Electrostatic energy Polar solvation energy  Binding energy

FLU -117.054+/- -10.320+/- 41.254+/- -99.618+/-
11.774kJ/mol 3.518kJ/mol 10.537kJ/mol 14.446 kJ/mol

UND -144.227+/- -29.760+/- 72.930+/- -117.833+/-
13.814kJ/mol 12.465kJ/mol 13.520kJ/mol 14.838kJ/mol

The table shows the van der Waals energy, electrostatic energy, polar solvation
energy, and binding energy of two systems, FLU and UND. The van der Waals
energy of the UND system is significantly higher than the van der Waals energy of
the FLU system, with -144.227 kJ/mol versus -117.054 kJ/mol. This is because the
UND system has larger molecules, which have more electrons and therefore more
van der Waals interactions. The electrostatic energy of the FLU system is
significantly lower than the electrostatic energy of the UND system, with -10.320
kJ/mol versus -29.760 kJ/mol. This is because the FLU system has a more negative
charge, which means that it experiences more repulsion from the positive charges
of the solvent molecules. The polar solvation energy of the UND system is
significantly higher than the polar solvation energy of the FLU system, with 72.930
kJ/mol versus 41.254 kd/mol. This is because the UND system has more polar
molecules, which interact more strongly with the polar solvent molecules. The
binding energy of the UND system is significantly lower than the binding energy
of the FLU system, with -117.833 kJ/mol versus -99.618 kJ/mol. This is because
the UND system has a larger van der Waals radius, which means that it is less tightly
bound to the solvent molecules. Overall, the table shows that the UND system has
weaker interactions with the solvent molecules than the FLU system. This is likely
due to the larger size and more negative charge of the UND molecules.

CONCLUSION

In our present study, we focused on the molecular docking and dynamics of Albizia
lebbeck’s secondary metabolites. The ADMET properties of the phytocompounds
were analyzed majorly focusing on the Lipinski’s Rule of five which is considered
to be the most basic qualification or any potential drug to be compounds and gives
a good bioavailability score. All the compounds followed the Rule of five and had
a bioavailability score of 0.55. The previous anti-cancer activity of the compounds

was checked in consideration with the Pa and Pi score and preceded with molecular
docking. From the results, the compounds with highest binding affinity; 1,1,1-
Trifluoroheptadecan-2-one (FLU) (-6.8 kcal/mol) and 1-(5-Methylthiophen-2-yl)-
N-[(5-methylthiophen-2-yl) methyl] methanamine (UND) (-6.5 kcal/mol) was
performed with MD simulation. From the RMSD result, the FLU and UND systems
were found to be stable throughout the simulation. The RMSF, Rg, SASA and H
bonding results suggest that there were no structural changes in the protein with
both the systems being structurally stable. The UND system had less binding energy
with the solvent molecules when compared to the FLU system owing to the greater
van der waals force which was comparatively larger in the UND system.
Considering all these, the compounds 1, 1, 1-Trifluoroheptadecan-2-one and 1-(5-
Methylthiophen-2-yl) -N- [(5-methylthiophen-2-yl) methyl] can be taken for
further in vitro studies.
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