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Abstract

Objectives: V600E-BRAF kinase is an essential thera-
peutic target in melanoma and other types of tumors.
Because of its resistance to known inhibitors and the
adverse effects of some identified inhibitors, investigation
of new potent inhibitors is necessary.

Methods: In the present work, in silico strategies such as
molecular docking simulation, pharmacokinetic evaluation,
and density functional theory (DFT) computations were
used to identify potential V600E-BRAFinhibitors from a set
of 72 anticancer compounds in the PubChem database.

Results: Five top-ranked molecules (12, 15, 30, 31, and 35)
with excellent docking scores (MolDock score >90 kcal
mol~!, Rerank score >60 kcal mol~!) were selected. Several
potential binding interactions were discovered between the
molecules and V600E-BRAF. The formation of H-bonds
and hydrophobic interactions with essential residues of
V600OE-BRAF suggested the high stability of these com-
plexes. The selected compounds had excellent pharmaco-
logical properties according to the drug likeness rules
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(bioavailability) and pharmacokinetic properties. Similarly,
the energy for the frontier molecular orbitals, such as the
HOMO, LUMO, energy gap, and other reactivity parame-
ters, was computed with DFT. The frontier molecular
orbital surfaces and electrostatic potentials were investi-
gated to demonstrate the charge-density distributions
potentially associated with anticancer activity.
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Conclusion: The identified compounds were found to be
potent hit compounds for V600E-BRAF inhibition with
superior pharmacokinetic properties; therefore, they may
be promising cancer drug candidates.

Keywords: ADMET; DFT; Drug likeness; Molecular dock-
ing; V600E-BRAF

© 2023 The Authors. Published by Elsevier B.V. This is an
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Introduction

MAPK signaling is a key regulator of fundamental
cellular processes such as growth, proliferation, differentia-
tion, migration, and apoptosis.l“2 Signal transmission is
enabled by intracellular protein kinase phosphorylation
cascades (e.g., MAPK, MKKK, and MKK).> The abnormal
regulation of MAPK cascades is associated with the onset
of a variety of severe diseases, including Parkinson’s
disease, Alzheimer’s disease, amyotrophic lateral sclerosis,
and multiple types of cancer.”” Disruption of the Ras-Raf-
MEKERK signaling pathway has been associated with
human tumorigenesis.® Raf kinases (4, B, and CRAF) play
important roles in the ERK signaling branch of the MAPK
cascade.” RAF kinases bind RAS, the upstream activator,
and mediate MAPK signaling transduction to MEK, thus
activating downstream MEK]I/2 and ERKI/Z.S’() BRAF has
the highest basal activity among the three RAF kinases and
is a key activator of MEKI/2. In comparison to 4 and
CRAF,'!! pathological mutations in RAF kinases
typically affect the BRAF subtype.]2 The most common
mutation is V600E-BRAF, which occurs when the valine
residue at position 600 is replaced with a glutamate
residue.’” Because this mutation mimics the active
phosphorylation state, the V600E-BRAF protein continues
to activate downstream pathways without being
regulated.14 This mutation is present in 8% of all cancers,
such as colorectal cancer (10%), melanoma (60%), and
thyroid cancer (30—70%).15’16 Thus, V600E-BRAF kinase
is considered an important target for managing and
treating cancer.'”'®

Dabrafenib and vemurafenib are both selective inhibitors of
V600E-BRAF; they induce automatic cell death in melanoma
and have shown high effectiveness against melanoma cells. They
have been endorsed by the US Food and Drug Administration
for late-stage melanoma therapy. 19.20 A single treatment with a
V600E-BRAF inhibitor considerably improves patient lifestyle
and survival rate. Unfortunately, despite the success of
approved V600E-BRAF inhibitors, resistance to these selective
inhibitors emerges after 5—8 months.”"*> The resistance to
selective V60OE-BRAF inhibitors makes the discovery and
validation of novel candidates critical for the development of
new treatments for V600E-BRAF cancers. Moreover, current
understanding of tumor heterogeneity and the evolution of
resistance suggests that the development of novel anticancer
agents is critical. In drug discovery, the identification and
confirmation of lead compounds and the evaluation of active
binding sites of bioactive targets linked with specific lead

compounds is performed through wet-laboratory in-
vestigations, which are costly and time-corlsuming.23 In silico
strategies can effectively decrease the time needed to acquire
valuable drugs and the accompanying financial costs, thus
enabling new potent drugs to be identified with lower costs
and selective targeting.24 Molecular docking is an excellent in
silico approach for filtering large chemical libraries to detect
prospective chemicals that may be used to determine the
binding ability for a certain target. Over the past two decades,
molecular docking has evolved as a model for structure-based
virtual screening of several chemical databases.”” It is
extensively used to select the most suitable alignment of a
drug candidate in the active site of a protein, and to predict
target  affinity.  Previously, = comprehensive  docking
investigations were performed to study the biological activity
of numerous chemical structures.”” >’ In silico drug-like and
pharmacokinetic analyses are additional (virtual) screening
methods for the approval of compounds that might demon-
strate physiological and drug-like ability. The procedures used
to assess drug likeness and pharmacokinetic properties are
based on a combination of the experimental findings reported in
several drug databases.”® Density functional theory (DFT) is an
extensive technique with lower computational costs than those
of several other approaches. DFT computations currently
produce the most reliable and accurate outcomes for various
chemical systems, providing results well matched to
experimental ﬁndings?g In this investigation, a systematic
computational investigation of a set of 72 anticancer
compounds from the PubChem database was conducted with
molecular docking simulation, DFT computations, and
pharmacokinetic property prediction to explore their potential
to inhibit the V600E-BRAF kinase. The objective of the work
was to assess the anticancer potential of these chemical
structures as likely drug candidates with desirable properties.

Materials and Methods
Retrieval of compounds and optimization

A series of 72 anticancer compounds was retrieved from
the PubChem database (https://pubch em.ncbi.nlm.nih.gov).
Structures of ligands were drawn in ChemDraw (Table S1),
and minimization of energy was achieved with the MM?2
forcefield in Spartan 14 to assist the docking program in
detecting the bioactive conformer from the local minima.
Optimization of the compounds was achieved with the
DFT/B3LYP approach and 6—31G* basis set.

Docking preparation and simulation

The Protein Data Bank (http://www.rcsb.org/) was used to
obtain the crystal structure of V600E-BRAF (PDB code:
30G7)'%*%*! and the native ligand (vemurafenib). The target
was prepared by extracting water molecules and detaching
vemurafenib from the protein—ligand complex. The native
ligand was re-docked to the target to validate the molecular
docking with Molegro Virtual-Docker (MVD) 6.0.>> The
active site of the target was determined with a cavity
detection package in MVD 6.0. The binding cavity of X:
1.59, Y: —1.28, Z: —6.2, and r: 28 A was set with 0.30 A
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resolution.”* The prepared structures with vemurafenib were
imported into MVD, and 1500 iterations were set for the
docking algorithm. The docking simulation was run at least
50 times for each of the 10 poses, and the best poses were
selected on the basis of predefined scoring functions.* Inter-
molecular interactions of the selected poses were visualized
with Discovery-Studio.

Drug-like and pharmacokinetic biochemical evaluation

Drug-like behavior of the selected compounds was
investigated with SwissADME (www.swissadme.ch/), an
online server, and pharmacokinetic parameters were exam-
ined with pkCSM (https://biosig.unimelb.edu.au/pkcsm//).

DFT computation

The structural and electronic properties of the four best
compounds selected from the docking analysis were
computed with DFT/B3LYP and the 6—31G* basis set in

Spartan 14. The parameters calculated in this investigation
are the energies of the frontier molecular orbitals (HOMO,
LUMO, and energy gap) and other reactivity parameters:
chemical hardness (1), softness (0), electronegativity ()
chemical potential (), and electrophilicity index ().*” The
electrostatic potential (EP) surfaces for the molecules were
achieved from the population-analysis computations and
displayed with Spartan 14. Consequently, the importance of
ligand/protein interactions in the active site of the target
were clarified. The flowchart of the study design for iden-
tifying potent V600E-BRAF inhibitors is presented in
Figure 1.

Results

Molecular docking results of the compounds including
vemurafenib are shown in Table S1. The superimposed
alignments of the re-docked and original co-crystal ligands
are presented in Fig. S1. The complete docking results for the
best five ligands as well as vemurafenib, and the types of

Retrieved from the protein
data Bank (PDB ID: 307G)

All the 2D structures were
designed by ChemDraw.
3D Ligand
preparation. Convert the 2D to 3D
format using Spartan 14.

Selected protein without co-
crystallized ligand and water.

} Receptor
preparation.

l

-

Optimized and saved in
PDB format for docking.

All compounds were docked in the active
site of the V60OE-BRAF using MVD.

l

The poses of the top scored conformation
among the compounds were selected.

l

Molecular visualization of the selected poses
will be done by using Discovery studio.

l

l

Prediction of drug-likeness and
pharmacokinetics (ADMET) properties.

Calculation of electronic and structural
properties using DFT method.

[ Identification of the lead compounds ]

Figure 1: Flowchart of the study design for identifying potent V600E-BRAF inhibitors.
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Table 1: Results of docking for the four best-docked ligands in V600E-BRAF.

SN CID Name MolDock score PRerank score “E-inter dE—H-bond
(kcal mol™") (kcal mol™") (kcal mol™")
12 72,742 Dermocybin —139.140 —106.737 —149.917 —8.202
15 354,395 11-Hydroxymethyl- —116.449 —17.752 —133.922 —4.628
20(RS)-camptothecin
30 5,477,796 Anthra[1,9-cd]pyrazol —147.599 —115.756 —186.185 —4.770
-6(2H)-one der
31 5,351,180 Cytosine, —101.144 —76.975 —104.928 —9.939
monohydrochloride
35 5,351,321 Bisantrene —134.615 —105.511 —152.904 —3.563
hydrochloride
Vem. = Vemurafenib —158.139 —118.607 —167.952 —4.741
CID, compound identification number; SN, serial number; Vem., vemurafenib.
Table 2: Interaction types and amino acids involved in each of the selected complexes.
Complex  H-bond (HB) Bond length C—HB Alkyl T—alkyl T—TC T—cation  T—sulfur Halo-bond
(A) for HB
12 CYS532 2.38906 VALA471 TRP531
CYS532 1.73263 ALA481 TRP531
CYS532 1.92474 LEU514  PHES383
GLN530 1.99728 CYS532
GLN530 1.6863 CYS532
15 ASP59%4 2.34313 ASP59%4 VAL471  TRP531 TRP531 CY'S532(s)
CYS532 2.09834 PHES583 PHES583
GLUS533 2.65953 VALA471
ALA481
LYS483
LEUS514
ALA481
CYS532
30 LYS483 2.48979 VALA471 TRP531
ALA481 2.17008 ALA481  PHESS83
VALA471 PHES5S83
ALA481  PHESS3
CYS532
31 LYS483 2.44902 LYS483 LEUS505
ASP59%4 2.135 LEU514
ASP5%4 2.24205
PHES595 2.36902
GLY596 2.30303
THRS508 2.9056
LEUS14 1.96262
THR529 2.6848
35 GLY534 1.64054 LYS483 VALA471 TRP531
CYS532 1.99523 GLY534 VALA471 PHES583
ILES27 ALA481 PHESS3
ALA481 LEU514
THR529 CYS532
ALA481
ILES27
Vem. CYS532 1.788 GLY3593 LEUS05 VAL471 TRP531 LYS483 ALA481
ASP59%4 1.980 CYS532 ILES527 LYS483 PHES583
GLN530 1.761 THR529 ALA481
LEUS14
CYS532
ALA481

CYS532
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Figure 2: 3D and 2D models for the interaction of complex 12.
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Figure 3: 3D and 2D models for the interaction of complex 15.
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Figure 4: 3D and 2D models for the interaction of complex 30.
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Figure 5: 3D and 2D models for the interaction of complex 3.
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Figure 6: The 3D and 2D models for the interaction of complex 35.
b
AEs
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Interactions
I conventional Hydrogen Bond I Fi-Pi Stacked
[] carbon Hydrogen Bond [ Ayl
-2.00 Halogen (Fluorine) [ Pi-Alkyl
-3.00 B ei-cation
Figure 7: The 3D and 2D models for the interaction of the complex with vemurafenib.
Table 3: Predicted drug likeness parameters of the selected ligands.
SN Mol. wt. HBA HBD log P NRB TPSA (Az) Bioavailability
12 316.26 7 4 2.15 1 124.29 0.55
15 378.38 6 2 2.56 2 101.65 0.55
30 453.49 7 5 3.33 11 137.48 0.55
31 243.22 6 4 0.32 2 130.83 0.55
35 398.46 4 4 2.71 6 97.56 0.55
Vem. 489.92 6 2 4.97 7 100.30 0.55

HBA, hydrogen bond acceptors; HBD, hydrogen bond donors; NRB, number of rotatable bond; SN, serial number; Vem., vemurafenib.
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Table 4: Predicted pharmacokinetic properties of the selected ligands.

Absorption Distribution

Metabolism

Excretion Toxicity

Substrate  Inhibitor
CYP
SN Intestinal VDss BBB CNS 2D6 3A4 1A2 2CI19 2C9 2D6 3A4 Total AMES
absorption  (human)  permeability permeability (Yes/no) clearance toxicity
Numeric (% Numeric  Numeric Numeric Numeric  (Yes/no)
absorbed) (logLkg™") (log BB) (log PS) (log mL
min~!
kg™
12 87.842 0.201 0.152 —2.236 No No No Yes No No No 0.051 No
15 88.004 0.241 —0.584 —3.086 No Yes Yes No No No Yes 0.607 No
30 55.695 1.900 —1.689 —3.447 Yes Yes No No No No Yes 1.543 No
31 43.155 —0.025 —0.97 —4.023 No No No No No No No 0.562 No
35 80.488 1.483 —0.198 —2.482 No Yes Yes No No Yes No 0.496 Yes
Vem. 98.853 —0.445 —1.647 —3.463 No Yes No Yes Yes No Yes 0.132 No

BBB, blood—brain barrier; CNS, central nervous system; CYP, cytochrome P; VDss, volume distribution in a stable state.

Ligand 12

Ligand 15

Ligand 30

Ligand 31

Figure 8: Optimized-geometric structures of the investigated ligands (12, 15, 30, 31, and 35).

interactions involved in each of the selected complexes, are
presented in Tables 1 and 2. Figures 2—7 depict the 3D
and 2D interaction models of the selected docked ligands
at the V600E-BRAF binding site. To further confirm that
the selected compounds were potential drugs, we
determined their drug likeness and pharmacokinetics. The
predicted drug likeness and pharmacokinetic properties are

shown in Tables 3 and 4. The optimized geometries and the
frontier molecular orbitals (HOMO and LUMO
illustrations) of the selected ligands, achieved through DFT
computations, are shown in Figures 8 and 9. Table 5 shows
the quantum descriptors, and Figure 10 depicts the EP
surfaces of the studied ligands.
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HOMO LUMO
Ligand 12

Ligand 15

Ligand 30

Ligand 31

Ligand 35

C

©

Figure 9: Frontier molecular orbital surfaces of the investigated ligands (12, 15, 30, 31, and 35).

Table 5: Frontier molecular orbital energies and global reactivity descriptors of the studied ligands.

S/N E-HOMO (eV) E-LUMO (cV) AE n o % M w

12 —5.85 ~2.90 2.95 1.48 0.68 438 —4.38 6.49
15 ~5.97 ~2.29 3.68 1.84 0.54 4.13 —4.13 4.64
30 —4.54 ~2.56 1.98 0.99 1.01 3.55 —3.55 6.36
31 ~6.02 —0.79 5.23 2.62 0.38 3.41 ~3.41 2.22

35 —4.94 =219 2.79 1.40 0.72 3.55 =3.55 4.50
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Ligand 12

Ligand 15

EE g

Ligand 30

S w

Ligand 35

Ligand 31

Figure 10: Electrostatic potential of the studied ligands (12, 15, 30, 31, and 35).

Discussion

Potential hit molecules were identified by docking all
curated ligands from the PubChem database, including
vemurafenib, into the binding pocket of the V600E-BRAF
target. Before the docking was performed for the entire data
set, the docking method was authenticated through a re-
docking technique. Thus, vemurafenib (co-crystallized) was
re-docked at the exact site where the co-crystal ligand was
initially bound to the V600E-BRAF kinase. Re-docking of
vemurafenib at the V600 E-BRAF kinase receptor revealed an
RMSD value of 1.413 A, which met the validity standards of
RMSD <2.0 A.*® Hence, the docking procedure with MVD
had acceptable precision in repositioning vemurafenib at the
V600E-BRAF active sites. The superimposed alignment of
the re-docked and actual co-crystal structures is shown in
Fig. S1. The coordinates for the active site and the grid box
size used in the established re-docking procedure were also
used for docking of the studied compounds. The top in-
hibitors of V600E-BRAF were sorted according to docking

score with respect to that of vemurafenib (reference), and the
selected ligands were found to efficiently bind the target.

To provide superior performance with outstanding
docking scores, we examined the molecular interactions of
the five hit inhibitors from the data set. The identification of
the main residues in the binding pocket of the V600E-BRAF
interacting with the five selected complexes (12, 15, 30, 31,
and 35) was achieved with Discovery-Studio Visualizer. The
potency of the interaction between the ligands and protein
was assessed with the Rerank score. The complete docking
results for the best five ligands as well as vemurafenib are
presented in Table 1. Figures 2—7 show the 3D and 2D
interaction models of the selected docked poses in the
binding site of V600E-BRAF. Table 2 presents the
interaction types involved in each of the selected
complexes. The selected ligands formed bonds and non-
bonding interactions with the binding pocket of the
V600E-BRAF target, as indicated by the inter-energy and H-
bonding energy (Table 1). All ligands had a MolDock score
<—90 kcalmol™!, thus indicating their potential to bind the
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protein efﬁciently.37 The complex structures of the five best
poses, on the basis of the docking scores, are discussed in
detail below and presented in Figures 2—7.

The complex structure of docked compound 12 with the
target is shown in Figure 2. A MolDock score
of —139.140 kcal mol~! and Rerank score of —106.737
were determined. The E—H-bond was —8.202 kcal mol ™!
(Table 1). The good docking scores suggested the potential
for desirable interactions between this compound and the
protein. The indicated binding mode in Figure 2 indicated
that compound 12 establishes interactions through H-
bonding with the backbone of the central amino acid
residues CYS532 and GLN530; and shows favorable T—mt
interactions with the TRP531 and PHESS83 residues, which
are important for selectivity.3 ¢ Additionally, compound 12
forms m—alkyl interactions with VAL471, ALAA481,
LEUS514, and CYS532 (2) at the binding cavity, in a
similar pattern to that reported in the literature.””

Figure 3 depicts the binding mode of compound 15 on the
V600E-BRAF receptor, with MolDock, and Rerank scores
of —123.093 kcal mol~! and —93.530, respectively, and E—
H-bond of —5.170 kcal mol ™! (Table 1). Compound 15 binds
the V600E-BRAF binding cavity through three H-bonds with
ASP594, CYS532, and GLUS533, one C—H-bond with
ASP594, and two m—T stacked interactions with TRP531
and PHESS83 residues. A T—sigma interaction with CYS532
is also formed. Furthermore, the good docking score of
compound 15 might be associated with other weak in-
teractions: alkyl with VAL471, and m—alkyl interactions
with the TRPS531, PHES83, VAL471, ALA481, LYS483,
LEUS514, ALA481, and CYS532 residues. The 3D protein
surface in Figure 3 suggested that compound 15 has a high
affinity toward the target.

The docked structure of compound 30 with the receptor
(Figure 4) had good MolDock and Rerank scores
of —147.599 kcal mol~! and —115.756, respectively, and
E—H-bond of —4.770 kcal mol™! (Table 1). These findings
demonstrated that a stable interaction between this
molecule and the receptor was possible. LYS483 and
ALA481 were identified to form H-bonds with V600E-
BRAF. For compound 30, similarly to vemurafenib
(Figure 7), the benzene ring moiety intercalates in the
space, thus forming four T—T interactions with TRP531
and PHES83 (3). The complex’s stability may be associated
with an additional alkyl interaction and m—alkyl
interactions with the VAL471, ALA481, VAL471,
ALAA481, and CYS532 residues.

Figure 5 depicts the complex structure of compound 31
docked with the receptor. The MolDock and Rerank
scores of —101.144 kcal mol™! and —76.975, respectively,
and E—H-bond of —9.939 kcal mol ™! (Table 1) indicated
the possibility of good interactions between this molecule
and the receptor. The LYS483, ASP594 (2), PHES9S,
GLY596, THR508, LEUS514, and THR529 residues form
four H-bonds between the molecule and the receptor. In
addition, one C—H-bond forms with LYS483. Additional
m—alkyl interactions with LEUS505 and LEUS514 residues
may contribute to the complex’s stability.

Compound 35 docked in the binding site of V600E-
BRAF (Figure 6) had a high docking score (Table 1), thus
indicating its binding in the binding site of one of the
protomers in the protein dimer via two H-bonds with

GLY534 and CYS532 residues. One H-bond forms
between the N-atom of the imidazole ring and GLY 534,
and the other forms between the N atom of the —NH
linker and the CYS532 residue. Seven C—H bonds were
also observed with the LYS483, GLY534, ILES527,
ALAA481 (2), THRS529, and ILE527 residues. Furthermore,
three T—T stacked interactions were observed between the
active site of the target residues TRP531 and PHES583 and
compound 35, owing to aromatic ring intercalation
(Figure 6). Additional m—alkyl interactions with five
residues (VAL471 (2), ALA481, LEUS514, and CYS532)
were observed.

H-bonding is a unique sign of robust interactions between
proteins and ligands, and typically results in elevated binding
afﬁnity.39 In such interactions, the number of H-bonds
usually increases the inhibitory potential toward the target.
As indicated in Figures 2—7, which show 3D and 2D
models of the interaction modes in the target binding site,
the appearance of conventional H-bonds between the
selected ligands and the anticancer receptor resulted in
suitable ligand binding. Vemurafenib, as a standard for
comparison with the investigated ligands, was docked into
the same protein, and all selected ligands were found to
outperformed vemurafenib. Notably, the investigated
ligands inhibited the melanoma target in a pattern similar
to that of vemurafenib. Some selected ligands had higher
E—H-bond scores than vemurafenib.

Drug likeness and pharmacokinetic investigations of the
investigated ligands were performed through the Swis-
SADME and pkCSM web servers'*! (Tables 3 and 4).
Lipinski’s rule® suggests that good absorption occurs only
at a molecular weight <500 g mol~!, with fewer than five
H bond donors, log P < 5, and fewer than 10 H bond
acceptors. Table 3 shows that the molecular weights of the
investigated compounds were in the range of 453.49 to
243.22 gmolfl; therefore, the selected compounds were
within the permissible range of Lipinski’s rule. Moreover,
none of the studied compounds had more than 10 H-bond
acceptors; the highest number was seven for ligands 12 and
30. In addition, the selected ligands had fewer than five H-
bond donors. The value for log P was <5 for all selected
ligands. Veber’s rule” recommends that the TPSA should
be < 140 A? and that the TPSA of the selected ligands
should not be >137.48 A% Veber has also proposed that
the NRB in the ligand should not exceed 10. According to
the results in Table 3, all ligands examined in this study
had the highest NR of 6 with only ligand 30 that have 11,
which agrees with the Veber’s rule. The selected ligands
were further filtered for an optimum permeability and
bioavailability profile according to bioavailability score
(ABS) standards. An ABS score of 0.55 implies compliance
with Lipinski’s rule.*’

The intestinal absorption of the selected ligands had
values above 50%, thus demonstrating their ease of ab-
sorption. VDss indicates a volume distribution in a stable
state, thus demonstrating uniform distribution of the drug to
all tissues. A VDss value >0.5 suggests that a drug candidate
is sufficiently distributed in the plasma, whereas a value
below—0.5 indicates that a drug has a low ability to cross the
cell membrane. The VDss were in the range of 1.900
to—0.445, thus indicating that the investigated ligands had
adequate distribution in the plasma. In addition, the blood—
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brain barrier (BBB) and central nervous system (CNS)
penetrability are essential factors that must be considered for
acquiring optimal pharmacological drugs. The BBB and
CNS penetrability standard values were to >0.3 for log
blood brain (BB), and <—3 to >—2 for log PS. In a given
ligand, log BB <—1 indicates insufficient diffusion of the
drug molecule to the brain, and log BB >0.3 indicates that
the drug molecule can cross the BBB; a log PS value >-2
indicates that the drug molecule can enter the CNS, whereas
a value <—3 suggests that the drug molecule cannot easily
reach the CNS.** The results in Table 4 revealed that the
selected ligands demonstrated a high possibility of crossing
these barriers.

Cytochrome (CYP450), a major metabolic enzyme in the
human body, has five main isoforms: CYPA2, CYP2C19,
CYP2C9, CYP2D6, and CYP3A4. The results in Table 4
indicated promising inhibition ability toward the enzymes,
with safe pharmacokinetic interactions. The dosing effect
and bioavailability of a drug to reach the required
concentrations is determined by the clearance. Low
clearance suggests persistence of a drug molecule in the
body. All selected ligands demonstrated good acceptability
in the body. Toxicity is used to decide whether a drug
candidate is toxic. As shown in Table 4, ligands 12, 15, 30,
and 31 were non-toxic. Consequently, the selected ligands
had favorable pharmacokinetic properties and might be used
as V600E-BRAF inhibitors in the future.

The geometry-optimized structures of the selected li-
gands from DFT computations are shown in Figure 8. All
geometry-optimized structures conformed to a global min-
imum. The frontier molecular orbitals (HOMO and
LUMO) of the five best ligands indicated a crucial role in
charge—transfer interactions between the ligand and the
target’s active site. In Figure 9, the blue and red colors
indicate the positive and negative regions of the orbital.¥
Additionally, the shapes of the frontier orbitals can be
used as a guide for determining reactivity. In every ligand,
the HOMO is delocalized onto the T-bonds. According to
the pattern, the blue area denotes the highest value of
HOMO, whereas the red area denotes the lowest value.*¢
The HOMO electron-density distribution of the investi-
gated ligands indicated promising interactions of the li-
gands with V600E-BRAF. Similarly, the LUMO delocalized
over several areas of the aryl ring of the ligands. Nonethe-
less, the conjugated bonds and hetero-atoms made to the
binding interaction with the target. The HOMO and
LUMO electronic surfaces indicated that the 7-bonds and
hetero-atoms interact with the target under favorable con-
ditions. This typical behavior is suitable for donor-acceptor
interactions which may be responsible for the excellent
binding of the ligands to the V600E-BRAF.

Table 5 displays the energies of the HOMO and
LUMO, including quantum chemical descriptors
associated with the studied ligands. A good electron-
donor molecule has a high HOMO energy, whereas a
lower energy value indicates a weak electron acceptor.47 In
addition, a low energy gap (LUMO—HOMO) substantially
affects intermolecular charge transfer and molecule
bioactivity. Consequently, the small energy gap observed
in the hit ligands positively affected electron movement
from the HOMO to the LUMO, thus resulting in a
strong affinity of the inhibitor for V600E-BRAF. The

Egap value increased as follows: 30 (1.98 eV) > 35
(2.79 eV) > 12 (2.95 eV) > 15 (3.68 V) > 31 (5.23 eV).
Hence, the reactivity order increased, and the most reactive
value was 30 (1.98 eV). The order of the reactivity increase
matched the decreases in energy gap values.

The n (hardness) and G (softness) are important reactivity
variables for the performance of a ligand in a chemical system.
Hard molecules have higher resistance to alteration of their
electronic-dispersal during a chemical reaction, whereas soft
molecules have lower resistance to alteration of the distribu-
tion of their electrons in a reaction.*®*’ The results in Table 5
indicated high  and low ¢ values with respect to those of
analogous reported molecules.”” The % (electronegativity) of
a molecule determines its electron-attraction capability.51
The % was computed to be approximately 3.41—4.38 eV,
describing the studied ligands as donor-electrons. The p
(chemical potential) had negative values for all studied
ligands, which implies good stability, and the formation of a
stable complex with the receptor. The w (electrophilicity) of
a molecule predicts the electrophilic nature and measures
the tendency to accept an electron. Organic molecules’ ®
values are classified as follows: v < 0.8 eV indicates weak
electrophiles; & between 0.8 and 1.5 eV indicates moderate
electrophiles; and ® > 1.5 eV indicates strong
electrophiles.32 The computed w for the studied ligands
indicated that they were good electrophiles. Ligands with a
high w value have potential anticancer activity.’ 3,54 Finally,
comparison of the orbital energies (eV), global reactivity
variables, and docking scores of the best four ligands from
the data set indicated that the selected ligands may be
considered potential V600E-BRAF inhibitors with desirable
properties.

The molecular electrostatic-potential (MEP) surface desig-
nates the charge distribution, thus providing a good under-
standing of the physical and chemical properties of a molecule.
The MEP predicts the electrophilic and nucleophilic active sites
of a given molecule.** When the point of charge is located in
an area of surplus positive charge, the point charge ligand
interaction becomes repulsive, and the EP therefore is
positive. However, if the point of charge is situated in a
region of a surplus negative charge, then an attractive
interaction occurs, and the EP becomes negativeA5 336 The
MEP maps of the selected ligands are presented in Figure 10;
red color shows the nucleophilic region, blue color indicates
the electrophilic region, and intermediate colors indicate
moderate values of MEP. Thus, the increase follows the
order red < orange < yellow < green < blue.”’ In most cases,
the negative charges are situated on the O-atoms, and the
positive areas of the molecules are the areas where the H-
atoms bonded to O-atoms are situated. The positive and
negative cores of the selected molecules participate in
forming interactions with both bonded and non-bonded
(particularly H-bonds) areas in the complexes during
docking.”®

Future research should include molecular dynamic sim-
ulations of the selected compounds to further investigate
their ability to induce confrontational changes in the V600 E-
BRAF kinase. In addition, new molecules should be designed
from the selected hit molecules, synthesized, and tested
in vivo and in vitro, to establish their potency as V600E-
BRAF inhibitors for the treatment of melanoma and other
V600E-BRAF related cancers.
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Conclusions

Molecular docking simulation, pharmacokinetic evalu-
ation, and DFT computations were successfully performed
to determine potential hit compounds against V600E-
BRAF from a series of 72 anticancer compounds from the
PubChem database. The five top-ranked compounds (12,
15, 30, 31, and 35) were identified to have excellent docking
scores in the active site of the V600OE-BRAF target. The
docking results indicated that both hydrophobic in-
teractions and H bonds play major roles in the binding
interactions of the potential compounds with V600E-
BRAF. The predicted physicochemical and pharmacoki-
netic parameters were in acceptable ranges for drug
screening criteria. The quantum chemical parameters
computed with the DFT approach indicated that the
selected molecules have stable structures and are highly
electrophilic, whereas the distribution of the MEP identi-
fied the potential sites for nucleophilic and electrophilic
attack. The broad computational investigations indicated
that the selected molecules may be considered potential
hits against the V600E-BRAF target and may be promising
as anticancer agents.
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