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Abstract

Obijective: Melanoma is thought to be the fifth most frequent cancer in the US population, despite cancer
being the most common cause of death in the globe. BRAF, CDK2, and c-KIT proteins are regarded as
potential therapeutic agents since mutations in these proteins are the primary cause of melanoma. For
the investigation of their pharmacological properties and therapeutic activities against the target
proteins, Sesamum indicum L. and its phytocompounds were chosen. Additionally, the comparison study
of phytocompounds utilized the two common medications Dacarbazine and Dabrafenib mesylate.
Methods: In this investigation, target proteins were downloaded from the PDB and docked in PyRx
with 50 phytocompounds of sesame and 2 conventional medicines. The binding affinity of the ligands
and standard drugs with each target protein were compared and analyzed. Additionally, only 9
substances with the lowest binding affinities were chosen for the ADMET study. Additionally, BIOVIA
Discovery Studio Visualizer was used to visualize the top 3 ligands for each protein. Results: The two
standard medications had higher binding affinities than the ligands after molecular docking, which
revealed that Vitamin E and gamma-tocopherol were the ligands with the lowest binding affinities and
were present in all three target proteins. Conclusion: The findings indicate that because vitamin E and
gamma-tocopherol have lower binding affinities than standard drugs, they may one day be used to treat
melanoma. The information provided here gives novel strategies for investigating the recommended
ligands in vitro and in vivo, and if successful, for developing new melanoma inhibitors.
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INTRODUCTION

Melanoma is caused by genetic changes in melanocytes, the pigment-producing cells found in the
deepest layer of the epidermis immediately above the dermis. The deadliest and most severe form of
skin cancer, cutaneous malignant melanoma, accounts for just around 1% of all skin malignancies [3,
4]. The fifth most frequent malignancy among Americans is melanoma. 2020 will see an expected
57,043 deaths from melanoma and 324,635 new
cases of the disease worldwide [5]. There are
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BRAF plays a significant role in the RAS-RAF-MEK-ERK mitogen-activated protein kinase
(MAPK) cell signaling cascade. It is a serine/threonine protein kinase. A protein produced by the BRAF
gene aids in regulating cell development. Melanoma may spread more quickly if an individual has a
mutation in their BRAF gene. BRAF mutations typically arise as a result of the environment or mistakes
made during cell division. In around 50% of melanomas, BRAF mutations are acquired. A BRAF
mutation can also be passed on to a person. Inherited BRAF mutations can lead to major health
problems, even though they are quite uncommon [1].

Cyclin Dependent Kinase 2 (CDK?2) is a human enzyme that the CDK2 gene encodes. This gene
produces a Ser/Thr protein Kinase that belongs to the cyclin-dependent kinase family. The regulation of
the enzyme is done by phosphorylation. Melanoma development and proliferation depend on CDK2
but there are still studies going on if it primarily takes part in melanoma growth and proliferation [2].

c-Kit is a type Il transmembrane receptor tyrosine that encodes CD117. The c-Kit protein has five
different domains: two tyrosine kinase domains, a hydrophobic transmembrane domain, an intracellular
juxtamembrane domain, and a glycosylated extracellular ligand binding region. c-KIT is a significant
factor in melanoma pathogenesis. 1-7% of melanoma cases had C-KIT mutations. This mutation is
mostly seen in older individuals [6].

In this study, the two FDA-approved drugs are used to compare their results with the
phytocompounds of Sesamum indicum L. Two standard drugs used are Dacarbazine and Dabrafenib
mesylate. Dabrafenib is primarily used alone or in combination with trametinib to treat melanoma,
whereas dacarbazine is primarily used in chemotherapy to treat melanoma which cannot be treated
by surgery.

Sesamum indicum L. popularly known as sesame is a herbaceous plant in the Pedaliaceae family and
one of the ancient oilseed crops. The plant is widespread in Asia, Africa, and South America as well as
other tropical and subtropical regions. Majorly useful phytochemicals are found in sesame seeds.
Numerous studies show that the Sesame (Sesamum indicum L.) plant, particularly its seeds, has anti-
proliferative, pro-apoptotic, anti-inflammatory, anti-metastatic, pro-angiogenic, and pro-
autophagocytic qualities. It has nutrients, vitamins, minerals, antioxidants, and other elements crucial
for maintaining good health. Sesame has specific side effects as well it could theoretically impact
diabetics' ability to control their blood sugar levels [2].

The study's main objective is to assess the anti-cancer and inhibitory effects of 50 selected
phytocompounds from sesame plants on the three target proteins of melanoma, BRAF, CDK2, and c-
KIT, and study their pharmacological properties and therapeutic efficacy. The results will be compared
to those of the two commonly used drugs, Dacarbazine, and Dabrafenib mesylate.

METHODS
Ligand Retrieval

A total of 50 phytocompounds of Sesamum indicum were selected from [IMPAAT
(https://cb.imsc.res.in/imppat/) which has potential melanogenic inhibitory activity based on their
antioxidant, anti-mutagenic, anti-hepatotoxic, anti-inflammatory, anti-aging, and chemopreventive
properties [7]. The canonical SMILES, PubChem CID, and two-dimensional (2D) models of these
compounds along with two standard drugs Dacarbazine and Dabrafenib mesylate were retrieved in SDF
format via the PubChem database (https://pubchem.ncbi.nlm.nih.gov/) and all the structures were
converted to PDB format with the help of Open Babel software (http://openbabel.org/)[11].

Protein Retrieval and Purification

The three-dimensional (3-D) crystal structure of the kinase domains, CDK 2 (PDB ID:1PYE) c-KIT
(PDB ID:6KLA) and BRAF (PDB ID:6XFP) were resolved using the X-Ray diffraction method with a
resolution factor of 2.00 A, 2.11 A and 2.00 A respectively. Further, the structures were retrieved from
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RCSB Protein Data Bank (https://www.rcsb.org/) in .pdb formats [12,13]. The missing residues were
added to the protein structures eliminating the heteroatoms, water molecules, ligand groups, and
additional chains, retaining only A chains from the crystal structure which purifies the protein, polar
hydrogens were added to the purified proteins in the BIOVIA Discovery Studio software. The purified
protein structures were saved in .pdb format which was used to obtain Ramachandran plot and
secondary structure using PDB sum generate (http://www.ebi.ac.uk/thornton-srv/databases/pdbsum/
Generate.html) and Hydrophobicity plot from BIOVIA Discovery Studio software [14].

Molecular Docking

After the retrieval of protein and ligand, molecular docking was executed using PyRx. PyRx is mainly
a virtual molecular screening application used to dock small-molecule libraries to a macromolecule in
order to find lead compounds with desired biological functions [15]. The 50 phytocompounds and two
standard drugs were added as ligands, and the 3 purified proteins were uploaded as macromolecules.
The added ligands were energy minimized and were all converted into .pdbgt format. The grids were
generated for each target protein which is as follows BRAF (Center X:4.2218 Y:17.9478 Z:9.0810; and
Dimensions (Armstrong) X:55.9338 Y:50.7483 Z:48.6610), CDK2 (Center X:13.9738 Y:2.8161
Z:24.1637; and Dimensions (Armstrong) X:57.7033 Y:63.7260 Z:50.0924), c-KIT (Center X:21.9951
Y:-0.7653 Z:13.9991; and Dimensions(Armstrong) X:49.2991 Y:60.0383 Z:56.8469). All the ligands
were docked with target proteins discretely and were evaluated based on binding affinity. The strength
of protein—ligand binding is known as binding affinity [17]. The negative values for binding affinity (or
binding free energy) indicate that the ligand is predicted to bind to a target macromolecule. The more
negative the numerical values for the binding affinity, the better the predicted binding between a ligand
and a macromolecule [16]. Therefore, the ligand with the least binding affinity along with zero RMSD
value was selected for each protein and was visualized in BIOVIA Discovery Studio software.
RMRMSD value is utilized to evaluate the docked conformation compared to other docked
conformations or the reference conformation. Based on binding affinity the inhibitory activity of ligands
and standard drugs will be compared.

Visualization

The top 3 docked ligands having the least binding affinity for each protein were selected and the best
model of each ligand was saved in .pdb format from PyRx. These ligands were then visualized in
BIOVIA Discovery Studio software. The three-dimensional (3D), and two-dimensional (2D) models
and non-bond interactions were observed.

Physiochemical Studies (ADMET analysis)

The pharmacokinetics were evaluated using Lipinski’s rule of five and pharmacodynamic properties
were predicted by the parameters such as physiochemical properties, medicinal chemistry, absorption,
distribution, metabolism, excretion, and toxicity of the top 3 docked ligands having the least binding
affinity for each protein were evaluated. ADMET analysis was performed using ADMETIab 2.0 (see
https://admetmesh.scbdd.com/service/evaluation/cal).

RESULTS
Selection of Phytocompounds

A total of 50 phytocompounds of Sesamum indicum L. were chosen from IMPAAT among which
only 9 phytocompounds were selected based on docking results whose 2D chemical structure is seen in
Figures 1 (a), 1(b), 1(c), 1(d), 1(e), 1(f), 1(g), and 1(i). To check the inhibitory activity of these
compounds against the target proteins 2 standard drugs Decarbazine and Dabrafenib mesylate were
retrieved which is seen in Figures 1(j) and 1(k).

Protein Retrieval and Purification

The 3D crystal structure of 3 target proteins retrieved from PDB is shown in Figure 2. Further, the
proteins 6XFP, 1PYE, and 6KLA were purified in the BIOVIA Discovery which is subjected to its
structure analysis which is seen in Figures 2, 3, and 4 respectively. In structural analysis, the
Ramachandran plot, secondary structure, and hydropathy plots are analyzed.
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Figure 1. Chemical structure of top 9 phytocompounds from Sesamum indicum L. and FDA-approved
drugs, (a) Astaxanthin (b) gamma-tocopherol (c) Vitamin E (d) Planteose (e) Sesaminol (f) beta-
Tocopherol (g) Sesamolin (h) Folic and (i) Sesamolinol (j) Dacarbazine and (k) Dabrafenib mesylate.
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Figure 2. Structural analysis of BRAF (PDB ID:6XFP) protein, (a) purified protein structure of BRAF
(b) Ramachandran plot (c) predicted secondary structure and (d) hydropathy plot.

Ramachandran Plot
Protein secondary structures can be discovered using the Ramachandran plot.
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BRAF

As shown in Figure 2(b), the 3D crystal of BRAF has 83.3% of residues in the regions that are most
preferred, 10.5% in extra allowed regions, 3.1% in generously allowed regions, and 3.1% in rejected
regions.

CDK2

Figure 3 (b) shows the 3D crystal structure of CDK2, which contains 88.5% of its residues in the
regions that are most preferred, 10.7% in the additional allowed regions, 0.8% in the generously allowed
regions, 0.0% in the disallowed regions.

c-KIT

Figure 4(b) shows that 92.6% of the residues in the 3D crystal structure of c-KIT are located in the
most preferred regions, 7.4% are in the further allowed regions, and 0.0% are in the liberally allowed
and banned regions.

Secondary Structure
BRAF

As seen in Figure 2 (c), the BRAF's secondary structure predicts the presence of 2 sheets, 5 beta
hairpins, 5 beta bulges, 8 strands, 12 helices, 18 helix-helix junctions, 25 beta turns, and 2 gamma turns.
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Figure 3. Structural analysis of CDK2 (PDB ID: 1PYE) protein, (a) purified protein structure of CDK2
(b) Ramachandran plot (c) predicted secondary structure and (d) hydropathy plot.
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CDK2
Figure 3 (c) depicts the secondary structure of CDK2, which includes 2 sheets, 5 beta hairpins, 4 beta
bulges, 8 strands, 12 helices, 11 helix-helix interacs, and 26 beta turns.

c-KIT
Figure 4 (c) illustrates the predicted secondary structure of c-KIT, which includes 4 sheets, 6 beta
hairpins, 5 beta bulges, 12 strands, 17 helices, 11 helix-helix interacs, 19 beta turns, and 5 gamma turns.

Hydropathy Plot

An amino acid sequence's hydrophobic and hydrophilic tendencies are shown on a hydropathy plot,
a quantitative analysis. Hydropathy plots of all the 3 target proteins 6XFP, 1PYE, and 6KLA were
analyzed using BIOVIA Discovery Studio Visualizer which is shown in Figures 2(d), 3(d), and 4(d).
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Figure 4. Structural analysis of c-KIT (PDB ID: 6KLA) protein, (a) purified protein structure of 6KLA
(b) Ramachandran plot (c) predicted secondary structure and (d) hydropathy plot.

Molecular Docking

Total of Fifty ligands was docked in the PyRx software against the proteins BRAF, CDK2, and c-
KIT for this docking study. Upon docking, the compound's ideal docking orientation was chosen as the
one with the least binding affinity and zero roots mean square deviation (RMSD). After completing the
docking binding affinity, and RMSD were recorded. From all 50 phytocompounds, the common
phytocompounds for all 3 target proteins that had lower binding affinity than -8 were selected as seen
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in Table 1. Along with these 9 phytocompounds the standard drugs were also docked with each protein
and their binding affinity was recorded as seen in Table 1.

Table 1. Binding affinity of common top 9 phytocompounds towards all 3 target proteins.
Ligand 6XFP 1PYE 6KLA
Astaxanthin -10.7 -10.8 -9.2
gamma-Tocopherol -11.3 -10.7 -12.8
Vitamin E -11.4 -10.3 -12.8
Planteose -10.1 -10.1 -10.0
Sesaminol -8.9 -10.0 -8.3
beta-Tocopherol -10.8 -10.0 -12.0
Sesamolin -10.7 -9.6 -9.5
Folic -10.0 -9.5 -9.8
Sesamolinol -9.5 -9.2 -9.0
FDA Approved Drugs
Dacarbazine -9.0 -10.1 -8.1
Dabrafenib mesylate -8.3 -8.5 -6.4

Visualization

From all the 9 phytocompounds selected the top 3 compounds for each protein were subjected to
visualization which is done in BIOVIA Discovery Studio Visualizer. The 3D models of interaction and
information about the category and type of interaction along with the bond distance for the
corresponding amino acid residues in the ligand were also obtained.

Molecular Docking Interaction with 6XFP

The 3D interaction of 6 XFP with its top 3 ligands Vitamin E, gamma-tocopherol, and beta-tocopherol
are visualized. Vitamin E has formed a conventional hydrogen bond with amino acids Leu505, Trp531,
and Cys532 with bond distances of 1.90563, 1.53705, and 2.14454 correspondingly seen in Figure 5(a).
Gamma-tocopherol is bound to protein by a conventional hydrogen bond with Trp531, Phe583, and
Leu505. The bond distance with each is 2.73798, 1.86682, and 1.90563 subsequently as seen in Figure
5(b). beta-tocopherol interacts with protein where Cys532 is bonded by a conventional hydrogen bond
with a distance of 2.21680. Phe583, Trp531, Leu505, Ala 481, and Leu514 are connected by a
hydrophobic bond with a distance of 5.31114, 3.95231, 4.5354, 4.86263, and 5.16781 respectively as
seen in Figure 5(c). Figure 5 (d) and 5 (e) show the interaction of 2 standard drugs Dacarbazine and
Dabrafenib mesylate with the 6XFP protein. In Figures 5(a), 5(b), 5(c), and 5(d) it is seen that amino
acids Leu505, Trp531, and Lys532 are interacts with all the ligands except with Dabrafenib mesylate.

Molecular Docking Interaction with 1PYE

The 3D interaction of 1PYE with its top 3 ligands Astaxanthin, gamma-tocopherol, and Vitamin E
are visualized. In their hydrogen bond, the distance between astaxanthin and the amino acid Pro155 is
3.53832. Val164 and Leu83 form alkyl hydrophobic bonds with bond distances of 5.36553 and 4.55114
correspondingly which is seen in Figure 6(a).
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Figure 5. Protein-ligand 3D interaction of protein BRAF (PDB ID: 6XFP) with top 3 ligands and 2
Standard drugs, (a)with Vitamin E (b) with gamma-tocopherol (c) with beta-tocopherol (d) with
Dacarbazine and (e) with Dabrafenib mesylate.
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Figure 6. Protein-ligand 3D interaction of protein CDK2 (PDB ID: 1PYE) with top 3 ligands and 2
Standard drugs, (a) with Astaxanthin (b) with gamma-tocopherol (c) with Vitamin E (d) with
Dacarbazine and (e) with Dabrafenib mesylate.

Molecular docking interaction with 6KLA

Finally, the 3D interaction of 6KLA with its top 3 ligands gamma-tocopherol, Vitamin E, and beta-
tocopherol. Protein forms an electrostatic bond with amino acids Trp557, Glu640, and Asp810 of
gamma-tocopherol with the distance of 3.93765, 4.21898, and 5.02159 respectively, amino acids
Val603, Ala621, Val 654, and Cys809 are bound by a hydrophobic bond with a bond distance of
4.09901, 4.51416, 4.39286 and 4.42163 respectively, which is seen in Figure 7(a). Vitamin E interacts
with protein with amino acids Glu640, and Trp557 by an electrostatic bond with the distance of 4.04344
and 3.88602. At the same time, GIn556 is spread apart by a hydrogen bond with a distance of 2.01224.
Val603, Ala621, Leu595, Leu799, and Phe811 bonds by a hydrophobic bond with distances of
4.22505,4.38805,4.80749,5.12774 and 4.89381 respectively which is seen in Figure 7(b). In Figure 7(c),
Beta-tocopherol interacts with protein by amino acid Leu799, Trp557, Ala621, Lys623, and others by
hydrophobic bonds each with a distance of 3.89339,4.60749,4.43306,5.18761 correspondingly.
Dacarbazine and Dabrafenib mesylate, two standard drugs, interact with the 6KLA protein in Figures
7(d) and 7(e). Phe811 amino acid is seen to interact with all the 3 ligands and also with one of the
standard drugs Dabrafenib mesylate while Leu799 and Leu595 are seen to interact with Vitamin E and
Dabrafenib mesylate.
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Figure 7. Protein-ligand 3D interaction of c-KIT (PDB ID:6KLA) with top 3 ligands and 2 Standard
drugs, (a) with gamma-tocopherol (b) with Vitamin E and (c) with beta-tocopherol (d) with Dacarbazine

5

and (e) with Dabrafenib mesylate.

ADMET Analysis

The 9 phytocompounds selected were Astaxanthin (PubChem 1D:5281224), gamma-tocopherol
(PubChem 1D:92729), Vitamin E (PubChem 1D:14985), Planteose (PubChem 1D:440140), Sesaminol
(PubChem 1D:94672), beta-tocopherol (PubChem 1D:6857447), Sesamolin (PubChem 1D:101746),
Folic (PubChem 1D:135398658) and Sesamolinol (PubChem 1D:443019). These phytocompounds were
examined using ADMETIlab 2.0 for their physiochemical characteristics, medicinal chemistry,

absorption, distribution, metabolism, excretion, and toxicity as shown in Tables 2—7.

Table 2. Physiochemical properties of top 9 ligands.

Ligand MW Vol nHA | nHD | nRot | nRing | nHet | fChar | Flex | TPSA | LogS
5281224 | 596.39 | 684.170 4 0 10 2 4 0 0.400 | 68.28 | -7.226
92729 416.37 | 485.402 2 1 12 2 2 0 1.091 | 29.46 | -6.926
14985 430.38 | 502.698 2 1 12 2 2 0 1.091 | 29.46 | -6.500
440140 504.17 | 434.858 | 16 11 8 3 16 0 0.500 | 268.68 | 0.413
94672 370.11 | 348.850 7 1 2 6 7 0 0.069 | 75.61 | -4.707
66857447 | 416.37 | 485.402 2 1 12 2 2 0 1.091 | 29.46 | -6.866
101746 370.11 | 348.850 7 0 3 6 7 0 0.103 | 64.61 | -5.075
135398658 | 416.37 | 412.228 | 13 7 10 3 13 0 0.455 | 214.01 | -3.899
443019 370.11 | 357.407 7 1 4 5 7 0 0.160 | 75.61 | -4.203
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Table 3. Medicinal chemistry of top 9 ligands.

Ligands QED SYNTH Fsp3 PAINS Lipinski’s
5281224 0.186 5.147 0.450 1 Rejected
92729 0.370 3.786 0.786 0 Accepted
14985 0.359 3.780 0.793 0 Accepted
440140 0.146 4,988 1.000 0 Rejected
94672 0.871 3.922 0.400 0 Accepted
6857447 0.370 3.817 0.786 0 Accepted
101746 0.823 3.842 0.400 0 Accepted
135398658 0.233 3.231 0.211 0 Rejected
443019 0.884 3.797 0.400 0 Accepted

Table 4. Absorption of top 9 ligands.

Ligands Caco-2 MDCK Pgp-inh | Pgp-sub HIA F(20%0)
5281224 -5.196 | 0.00001560 1.000 0.011 0.019 0.005
92729 -4.855 | 0.00000758 0.050 0.000 0.003 0.954
14985 -4776 | 0.00000707 0.023 0.000 0.003 0.964
440140 -6.288 | 0.00058900 0.001 0.903 0.999 0.994
94672 -4.994 | 0.00004890 0.027 0.001 0.001 0.002
6857447 -4.883 | 0.00000826 0.060 0.000 0.003 0.954
101746 -5.081 | 0.00006940 0.891 0.001 0.001 0.001
135398658 -6.74 | 0000000422 0.000 0.928 0.031 0.005
443019 -4.968 | 0.00006430 0.113 0.001 0.003 0.002

MDCK: Madin—Darby Canine Kidney cells, Pgp-inh: P-glycoprotein inhibitor, Pgp-sub: Pgp substrates,
HIA: Human intestinal absorption, F(20%): human oral bioavailability 20%.

Table 5. Distribution of top 9 ligands.

Ligands BBB PBB VDss Fu

5281224 0.001 101.00% 1.458 2.56%
92729 0.838 100.60% 5.539 1.85%
14985 0.813 101.24% 6.837 1.99%
440140 0.383 9.05% 0.196 61.18%
94672 0.078 97.69% 0.950 2.86%
6857447 0.751 100.48% 5.248 1.77%
101746 0.134 98.43% 0.847 2.46%
135398658 0.048 87.33% 0.256 34.40%
443019 0.185 98.21% 0.931 3.11%

BBB: blood—brain barrier, PBB: plasma protein binding, VDss: Volume Distribution, Fu: fraction unbound in plasms.

Table 6. Metabolism and excretion of top 9 ligands.

Ligands CYP1A2-inh | CYP1A2-sub | CYP3A4-inh | CYP3A4-sub CL

5281224 0.015 0.156 0.396 0.913 0.719
92729 0.100 0.208 0.331 0.138 8.243
14985 0.068 0.209 0.212 0.129 8.280
440140 0.000 0.012 0.001 0.000 0.888
94672 0.483 0.358 0.943 0.461 18.214
6857447 0.089 0.209 0.286 0.142 7.995
101746 0.648 0.240 0.970 0.344 16.639
135398658 0.005 0.074 0.026 0.005 3.085
443019 0.231 0.784 0.939 0.421 15.835

CL: clearance of the drug.
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Table 7. Toxicity of top 9 ligands.

Ligand hERG | H-HT | DILI | Ames Carcinogenicity Respiratory 1GC50 LC50
5281224 0.235 0.446 | 0.230 | 0.369 0.069 0.466 6.008 7.215
92729 0.021 0.181 0.029 0.04 0.029 0.340 5.546 5.247
14985 0.010 0.175 0.031 0.028 0.024 0.285 5.486 5.816
440140 0.091 0.066 0.076 0.093 0.007 0.005 1.753 -0.124
94672 0.062 0.181 0.334 0.721 0.901 0.309 4.979 5.818
6857447 0.025 0.181 | 0.029 | 0.033 0.029 0.471 5.449 5.299
101746 0.165 0.096 | 0.728 | 0.885 0.934 0.284 4.798 6.105
135398658 0.080 0.985 | 0.993 | 0.012 0.529 0.662 2.508 3.679
443019 0.136 0.098 | 0.521 0.81 0.935 0.470 4.875 6.089

hERG: human ether-a-go-go related gene, H-HT: human hepatotoxicity, DILI: Drug-induced liver injury, IGC50:50% growth
inhibition, LC50:50% death.

DISCUSSION

Melanoma, a severe kind of skin cancer, is the subject of this study. It can grow quickly and can
spread to other organs. This cancer develops from melanocytes. As per the previous studies, melanoma
is the fifth most prevalent malignancy among US citizens. In 2020, there were 57,043 melanoma deaths
and an anticipated 324,635 new cases of the disease worldwide. Numerous risk factors can affect
melanoma development sun exposure, a family history of skin cancer, a person's skin color, a genetic
condition, a compromised immune system, age, or a history of skin cancer in the past are risk factors.

The target proteins selected were BRAF, CDK2, and c-KIT which are responsible for causing
melanoma. BRAF mutation is a crucial stage in the development of melanoma. Benign nevi include.
BRAF mutations, but elevated pl6CDKN2 expression promotes oncogene-induced senescence. Loss
of p1l6CDKN2 and increased expression of cell cycle regulators including cyclin D1 (CCND1) and
CDK?2 are associated with the radial growth phase (RGP). In invasive stages of melanoma formation,
PI3-kinase signaling interacts with oncogenic BRAF, and BRAFV600E can also accelerate the
progression of sickness by increasing metastasis-related proteins like fibronectin and MMP-1 [8].

During the G1-S transition and the advancement of the S phase, CDK2 was thought to be one of the
crucial cell cycle regulators. A key factor in the proliferation of melanoma may be CDK2. By inhibiting
cyclin-dependent kinases or their downstream substrates, one can target cell-cycle checkpoints which
can be a therapeutic target for melanoma [9,10]. The c-kit protein is often expressed in melanocytes,
mast cells, germ cells, and the interstitial cells of Cajal. As might be expected, human malignancies
derived from these lineages, such as GISTs, seminomas, and mast cell tumors, have been reported to
activate c-kit through mutation while activating mutations in the c-kit gene have been linked to c-kit
overexpression. C-kit appears to be significantly expressed in melanoma in situ and the junctional
component of invasive lesions, but expression disappears as the melanoma spreads and invades [18].
So this study suggests that targeting these 3 proteins by their potential inhibitors like phytocompounds
of Sesamum indicum L. may help in treating melanoma.

As observed in the result Vitamin E and gamma-tocopherol are 2 phytocompounds that have the best
binding affinity with all three target proteins. The phytocompounds are extracted from Sesamum
indicum L. which has proven to have anti-cancer activity in various studies. Vitamin E and gamma-
tocopherol, two phytocompounds, are thought to have anticarcinogenic properties as Vitamin E is an
antioxidant it may have a role in cancer prevention. Evidence suggests that vitamin E can specifically
trigger apoptosis in cancerous cells and consuming foods high in vitamin E has been proven to have a
negative correlation with cancer risk, and longitudinal studies comparing circulating tocopherol levels
and cancer risk have revealed that cancer patients have somewhat lower levels of tocopherol
(approximately 3%) than healthy controls. According to the information that is currently available,
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vitamin E use may be linked to a lower risk of malignancies of the lung, pancreatic, head, neck, cervix,
endometrial, and melanoma. Intake of tocopherol and health has conflicting evidence [19,20]. In the
study, other phytochemicals also had anti-cancer properties, but for melanoma, Vitamin E and gamma-
tocopherol provided the best outcomes.

The phytocompounds studied were compared with drugs Dacarbazine and Dabrafenib mesylate
which is FDA-approved to see if it gives better results. Dacarbazine is used to treat melanoma that has
spread into other areas of the body. The class of medications known as purine analogs includes the
medication dacarbazine. It works by slowing down or stopping the development of cancer cells inside
the body when the melanoma has spread to other regions of the body or when surgery is futile this drug
can be used.

Dabrafenib mesylate is used alone or in combination with trametinib to treat the condition. It is also
used after surgery to remove cancer and any damaged lymph nodes, it is used in combination with
trametinib to treat and stop the recurrence of a specific kind of melanoma. The class of medicines known
as kinase inhibitors includes dabrafenib. It works by blocking the functioning of an aberrant protein that
gives cancer cells the signal to multiply. The development of malignant cells is slowed as a result.

According to the findings, the top three phytochemicals for each protein had lower binding affinities
than the drugs, which means that they have a more effective inhibitory effect on the target proteins than
the chosen drug. Therefore phytocompounds Vitamin E, gamma-tocopherol, beta-tocopherol, and
Sesamolin in the plant Sesamum indicum L. can be further studied in vitro and in vivo in order to create
novel melanoma inhibitors. Although Astaxanthin and Planteose had lower binding affinities than the
drugs they did not show good results in ADMET analysis while other phytocompounds like Vitamin E,
gamma-tocopherol, beta-tocopherol, and Sesamolin showed good results in ADMET analysis. When
the visualization findings were compared, it became clear that some protein’s amino acids interact with
all of the ligands and either one or both of the standard drugs. Therefore, if both in vitro and in vivo
research yields positive results, we can infer that the phytocompounds Vitamin E, gamma-tocopherol,
and beta tocopherol may be ideal for usage as a multitarget medication.

CONCLUSION

The outcomes of this study demonstrate that the ligand Vitamin E (-11.4) has the best binding affinity
with the protein BRAF, followed by gamma-tocopherol (-11.3) and beta-tocopherol (-10.8). For protein
CDK2, ligand Astaxanthin (-10.8) showed the best binding affinity followed by gamma-tocopherol (-
10.7) and Vitamin E (-10.3). Gamma-tocopherol (-12.8) and Vitamin E (-12.8) also had the greatest
binding affinity for the protein c-KIT ligand, followed by beta-tocopherol (-12.0), as indicated in Table
1. According to the findings, gamma-tocopherol and vitamin E are common ligands that bind to all three
proteins most effectively. Furthermore, Dacarbazine and Dabrafenib mesylate, two common drugs,
were used to match the binding affinity of these ligands. As shown in Table 1, the binding affinities of
these two standard medicines were higher than those of the ligands, indicating that the phytocompounds
of Sesamum indicum selected have more potent melanogenic inhibitory effects on BRAF, CDK2, and
c-KIT.

Additionally, the common 9 ligands were put through ADMET analysis, in which all of the ligands
were examined for their physiochemical characteristics. The results obtained tell us that these ligands
could potentially be used to treat melanoma in the future. The information presented here offers fresh
approaches for studying the suggested ligands in vitro and in vivo to create novel melanoma inhibitors.
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