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Abstract

The BRAF gene provides instructions for making a protein that helps transmit chemical signals from outside the cell to
the cell's nucleus. Activation of the BRAF/MAPK kinase (MEK)/extracellular signal-regulated kinase (ERK) pathway has
been shown to increase tumor cell proliferation, survival, invasion, and tumor angiogenesis. The BRAF gene is an
oncogene and when it is mutated it turns the normal cells to become cancerous. Molecular docking showed that
sorafenib, vemurafenib and dabrafenib are inhibitors that have the potential to inhibit the activity of many tumours
related to BRAF mutations. In conclusion, BRAF inhibitors, such as Sorafenib, vemurafenib and dabrafenib, are

specifically active against BRAF-mutant carcinoma.
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Introduction

B-Raf gene is a member of the Raf kinase family and is
a downstream target of RAS, and it has a crucial function
in the MAPK/ERK signalling pathway. The MAPK/ERK
pathway (also recognized as the Ras-Raf-MEK-ERK
pathway) is a chain of proteins in the cell that converses a
signal from a receptor on the exterior of the cell to the
DNA in the nucleus of the cell [1]. The BRAF gene is

positioned on the long arm of chromosome 7 (7q34) and
codes for the serine/threonine protein kinase, B-Raf [2,3].
There are around 30 mutations of the BRAF gene related
to the human and these mutations are mostly located
within the part of the gene encoding the kinase domain,
clustered to two regions containing the glycine-rich P-
loop of the N-lobe and the activation segment [4,5]. One of
these mutations, the V600E (T1799A), resulting in a T-to-
A transversion at position 1799 with a valine-to-
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glutamate substitution, and it is the most widespread
BRAF mutation in papillary thyroid cancers, renal cell
carcinoma and hepatocellular carcinoma, anaplastic
thyroid cancers and other types of tumours [6,7].
Sorafenib, vemurafenib and dabrafenib are multi-targeted
kinase inhibitors with established activity on many types
of tumours. They have shown an activity as anti-BRAF
agents mainly on mutated BRAF V600E than wild-type.
The aim of this study was to identify the strength of the
binding energy of sorafenib, vemurafenib and dabrafenib
as BRAF inhibitors with mutated and wild-type BRAF
gene using molecular docking.

Materials and Methods

Molecular Docking

The computational studies were performed in order to
elucidate the binding energies of sorafenib, vemurafenib
and dabrafenib to the BRAF gene. The 2D structures of
sorafenib, vemurafenib and dabrafenib were drawn using
ChemDraw Ultra (version 8.0, Cambridgesoft Com., USA).
Chem3D Ultra was used to convert 2D structure into 3D
and the energy was minimized using the semi-empirical
AM1 method. Minimized energy to minimum RMS
gradient of 0.100 was set in each iteration. All structures
were saved as PDB file format for input to ADT. All AOLE
constituents chemical structures were then saved in
PDBQT file format to carry out docking in ADT. The

crystal structures of BRAF gene in a complex with a
transition-state analogue were downloaded from the
Protein Data Bank https://www.rcsb.org/structure/3q4c.
The molecular docking of sorafenib, vemurafenib and
dabrafenib were accomplished by AutoDock 4.2 software
from the Scripps Research Institute (TSRI)
(http://autodock.scripps.edu/).  Firstly, the polar
hydrogen atoms were added into BRAF gene molecules.
Then, the partial atomic charges of BRAF gene and
sorafenib, vemurafenib and dabrafenib molecules were
calculated using Kollman methods [8]. In the process of
molecular docking, the grid maps of dimensions (62 A X
62 A X 62 A) with a grid-point spacing of 0.376 A and the
grid box centered. The number of genetic algorithm runs
and the number of evaluations was set to 100. All other
parameters were default settings. Cluster analysis was
performed on the results of docking by using a root mean
square (RMS) tolerance of 2.0 A, dependent on the
binding free energy. Lastly, the dominating configuration
of the binding complex of sorafenib, vemurafenib and
dabrafenib and BRAF gene proteins with minimum
energy of binding determined.

Results and Discussion

Table 1 shows the energies of binding of the sorafenib,
vemurafenib and dabrafenib with BRAF gene obtained by
using molecular docking strategy.

s . . . Binding energy with mutated BRAF
Inhibitor name Binding energy with w1ld_type BRAF (Protein Data Bank v600E (Protein Data Bank under
under accession number 30G7) .
accession number 3q4c)
Sorafenib -6.48 -8.51
Dabrafenib -7.33 -8.28
Vemurafenib -8.41 -10.2

Table 1: Various energies in the binding process of-sorafenib, vemurafenib and dabrafenib with BRAF gene obtained from

molecular docking. The unit of all energies was k] /mol.

a AG is the free binding energy change in the binding process (Kcal/mole).

Our modeling study indicates substantial interactions
between sorafenib, vemurafenib and dabrafenib with
BRAF gene. The docking binding energies are shown in
Table 1. The sorafenib, vemurafenib and dabrafenib were
able to form hydrogen bonds, pi-pi stacking and Pi-alkyl
interaction with many amino acids residues. Table 1
suggests that sorafenib, vemurafenib and dabrafenib
could be more effective in BRAF-mutated tumors than
that of BRAF-wild tumors. It has been reported that
sorafenib is active in gastrointestinal stromal tumors
(GISTs) which are resistant to imatinib, sunitinib and
nilotinib due to the BRAF mutations [9]. It has been also
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reported that vemurafenib is an oral BRAF inhibitor and it
is selective for the V60OE mutation, and has been proven
to be effective in treating advanced melanoma patients
with the same mutation[10]. The obtained molecular
modeling results are consistent with the literature in
which Gardini et al. found that sorafenib has a good
response in lung lesions, carrying the BRAF mutation,
whereas no response was observed in the hepatic lesion,
which was BRAF wild type [11]. It has been also reported
that vemurafenib is an oral BRAF inhibitor and it is
selective for the V600E mutation, and has been proven to
be effective in treating advanced melanoma patients with
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the same mutation. In conclusion, all these literature
evidnaces indicate that sorafenib, vemurafenib and
dabrafenib are more effective on BRAF-mutated tumors
than that of BRAF-wild tumors and were consistent with
our modeling results.
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