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In silico analysis
BRAF gene mutations are frequently seen in both inherited and somatic diseases. However, the harmful
mutations for BRAF gene have not been predicted in silico. Owing to the importance of BRAF gene in cell
division, differentiation and secretion processes, the functional analysis was carried out to explore the possi-
ble association between genetic mutations and phenotypic variations. Genomic analysis of BRAF was initiated
with SIFT followed by PolyPhen and SNPs&GO servers to retrieve the 85 deleterious non-synonymous
SNPs (nsSNPs) from dbSNP. A total of 5 mutations i.e. c.406T>G (S136A), c.1446G>T (R462I), c.1556 A>G
(K499E), c.1860 T>A (V600E) and c.2352 C>T (P764L) that are found to exert benign effects on the BRAF pro-
tein structure and function were chosen for further analysis. Protein structural analysis with these amino acid
variants was performed by using I-Mutant, FOLD-X, HOPE, NetSurfP, Swiss PDB viewer, Chimera and
NOMAD-Ref servers to check their solvent accessibility, molecular dynamics and energy minimization calcu-
lations. Our in silico analysis suggested that S136A and P764L variants of BRAF could directly or indirectly
destabilize the amino acid interactions and hydrogen bond networks thus explain the functional deviations
of protein to some extent. Screening for BRAF, S136A and P764Lvariants may be useful for disease molecular
diagnosis and also to design the molecular inhibitors of BRAF pathways.

© 2012 Elsevier B.V. All rights reserved.
1. Introduction

Human B-type Raf kinase (BRAF) belongs to the raf/mil family of
serine/threonine protein kinases. It regulates the MAP kinase/ERKs
signaling, a critical cascade for cell division, differentiation and secre-
tion processes (Garnett and Marais, 2004). The corresponding BRAF
gene is located on chromosome 7q34 and it is expressed in various
tissues including brain, placenta, and testis. Due to its reported in-
volvement in both inherited and somatic human diseases, the BRAF
gene is increasingly being focused in medical genetics. For example,
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germline BRAF gene mutations can cause cardiofaciocutaneous
(CFC), Noonan or LEOPARD syndromes (Sarkozy et al., 2009), where-
as somatic mutations increases the risk of lung, colon, thyroid and
skin cancers (El-Osta et al., 2011; Fedorenko et al., 2011; Balch et
al., 2001; Jemal et al., 2001).

More than 100 BRAF gene mutations have been described, with
varied frequency of >80% in melanomas to as little as 0–18% in
other tumors such as 5–15% in thyroid tumors, 1–3% in lung cancers
and 5% in colorectal cancer (Ikenoue et al., 2004; Pratilas and Solit,
2007). Most of the BRAF-activating non-synonymous mutations of
the kinase domain are clustered in exons 11 and 15 regions (Davies
et al., 2002). The T1799A transversion in exon 15, that converts valine
to glutamic acid at codon 600 (formerly designated as V599E) accounts
for more than 80% of all the BRAF gene mutations. Other potential
BRAF mutants documented in human diseases are SER-301; ILE-462;
SER-463; GLU-464; VAL-464; ALA-466; GLU-466; VAL-466; ALA-469;
GLU-469; SER-581; LYS-586; LEU-595; ARG-596; ARG-597; VAL-597;
GLU-600 AND ASP-600 (Davies et al., 2002; Greenman et al., 2007;
Hingorani et al., 2003; Rajagopalan et al., 2002; Sjoeblom et al., 2006).
Mechanistically, mutated BRAF exert most of its oncogenic effects
through the activation of the MAPK pathway (Pratilas and Solit, 2007).

http://dx.doi.org/10.1016/j.gene.2012.07.014
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Fig. 1. SIFT prediction for the 85 nsSNPs of BRAF.
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Basing on the importance of BRAF gene in diverse range of human
diseases its functional genomics based on mutation analysis is con-
ceived to give key leads in disease diagnosis and therapy (Pratilas
and Solit, 2007). But, the harmful mutations for BRAF gene have not
been predicted to date in silico. Therefore, frequently reported genet-
ic variants such as c.467 N>G (S136A), c.1446 G>T (R462I), c.1556
A>G (K499E), c.1860 T>A (V600E) and c.2352 C>T (P764L) were
examined in this study. To explore the possible associations between
genetic mutation and phenotypic variation different genomics tools
were used for prioritization of high-risk non-synonymous mutations
in coding regions that are likely to have an effect on the structure
and function of BRAF. Our in silico analysis suggests that the presence
of deleterious mutations (S136A and P764L) in BRAF gene can
tremendously affect the structure and functions of protein, in the
form of mis-folding and intermolecular interactions thus they may
play an important role in disease susceptibility.



Table 2
I-TASSER results carrying C-score, TM-score and RMSD regarding selected secondary
structure (native protein Model 1).

Model # C-score Exp. TM-Score Exp. RMSD No. of decoys Cluster

Model 1 −2.70 0.40±0.14 15.1±3.5 191 0.0305
Model 2 −3.22 114 0.0182
Model 3 −3.76 66 0.0105
Model 4 −3.86 60 0.0096
Model 5 −4.00 52 0.0083
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2. Materials and methods

The data on human BRAF genewas collected fromOnlineMendelian
Inheritance in Man (OMIM) and Entrez Gene on National Center for
Biological Information (NCBI) web site. The SNPs information (Protein
accession number and SNP ID) of the BRAF gene was retrieved from
the NCBI dbSNP (http://www.ncbi.nlm.nih.gov/snp/), and SWISSProt
databases (http://expasy.org/).

2.1. SIFT

SIFT (version 2) predicts the tolerated and deleterious SNPs and
identifies the impact of amino acid substitution on protein function
and phenotype alterations. According to the previously reported
data, SIFT (http://blocks.fhcrc.org/sift/SIFT.html) discriminates be-
tween functionally neutral and deleterious polymorphisms during
mutagenesis studies in humans (Ng and Henikoff, 2001). SIFT per-
forms analysis on the basis of different algorithms and interprets
the homologous sequences using the Swiss-Prot (version 51.3) and
TrEMBL (version 34.3). The threshold intolerance score for SNPs is
0.05 or less (Fig. 1).

2.2. PolyPhen

Polyphen (version 2) (http://genetics.bwh.harvard.edu/pph2/)
predicts the influence of amino acid substitution on the structure
and function of proteins by using the specific empirical rules. Protein
sequence, database ID/accession number, amino acid position and
amino acid variant details are the input options for Polyphen
(Ramensky et al., 2002). The tool estimates the position-specific inde-
pendent count (PSIC) score for every variant and calculates the score
difference between variants.

2.3. SNPs&GO

Single Nucleotide Polymorphism Database (SNPs) & Gene Ontology
(GO) are support vector machine (SVM) based accurate methods used
to predict the disease related mutations from protein sequences with
a scoring accuracy of 82% and Matthews correlation coefficient of 0.63.
For SNPs&GO, FASTA sequence of whole protein is considered to be an
input option and output will be the prediction results based on the
discrimination among disease related and neutral variations of protein
sequence. The probability score higher than 0.5 reveals the disease
related effect of mutation on the parent protein function (Calabrese
et al., 2009; Thomas et al., 2003).

2.4. I-Mutant and FOLD-X

I-Mutant (version 2.0) (http://folding.uib.es/i-mutant/i-mutant2.
0.html) is a neural network based tool for the routine analysis of pro-
tein stability and alterations by taking into account the single-site
mutations. The FASTA sequence of protein retrieved from UniProt is
used as an input to predict the mutational effect on protein stability.
I-Mutant also provides the scores for free energy alterations, calculated
with the FOLD-X energy based web server. FOLD-X is a computer
Table 1
Alteration in protein stability due to mutations.

Mutations Position WT NEW pH

Mutation 1: 136 S→A 136 S A 7.0
Mutation 2: 462 R→ I 462 R I 7.0
Mutation 3: 499 K→E 499 K E 7.0
Mutation 4: 600 V→E 600 V E 7.0
Mutation 5: 764 P→L 764 P L 7.0

Where, “WT” is the amino acid in native protein, “NEW” is mutant amino acid, “RI” is the r
Stability).
algorithm for quantitative estimation of interactions facilitating
the stability of proteins. The FOLD-X tool provides the comparison
between wild type and mutant models in the form of van der Waals
clashes, which greatly influence the energy decomposition. Sometimes
the mutations cause strain in the original native structure and some-
times reduce (Abagyan and Totrov, 1994; Schymkowitz et al., 2005).

2.5. SAAP and dbSNPs

Single Amino Acid Polymorphisms (SAAP) (http://www.bioinf.
org.uk/saap/) (Cavallo and Martin, 2005) and Single Nucleotide
Polymorphism Database (dbSNPs) (http://www.bioinf.org.uk/saap/
db/) were used to recognize the single point mutation within the
encoded protein of BRAF. Damaging effect of these mutations was
predicted by SIFT and PolyPhen. Energy minimization was done by
SWISS-PDB viewer and Atomic Non-Local Environment Assessment
(ANOLEA), with the harmonization between the results of these two
programs. ANOLEA performs energy calculations by examining the
“Non-Local Environment” (NLE) for each heavy atom in the residues
of protein sequence (Melo and Feytmans, 1998). The energy base cal-
culations are conducted at the atomic levels in protein structures and
the output energy profile gives the energy value for every amino acid.
High energy zones (HEZs) are linked with errors or latent interacting
zones of protein.

2.6. MUSTER

MUSTER (v1.0) “http://zhanglab.ccmb.med.umich.edu/MUSTER/”
is a valuable threading tool for protein structure prediction. Muster
provides the Z-score and complete full length models by using
MODELLER v8.2. If the calculated Z-score is greater than 7.5, the cor-
responding template is considered good otherwise designated as bad.
Sequence-derived profiles, secondary structures, structured-derived
profiles, solvent accessibility, backbone torsion angles and hydropho-
bic scoring matrix are the six different sources used by MUSTER (Wu
and Zhang, 2008).

2.7. I-TASSER

I-TASSER (http://zhanglab.ccmb.med.umich.edu/I-TASSER/) creates
the full length protein models by excising continuous fragments from
threading alignments and further reconstructs them by using replica-
exchanged Monte Carlo simulations. During the simulation, decoys
(low temperature replicas) are clustered by SPICKER and the full length
Temp (°C) Stability RI DDG (kcal/mol)

25 Decrease 8 −1.29
25 Decrease 1 −0.41
25 Increase 2 0.35
25 Decrease 6 −1.51
25 Decrease 2 −0.62

eliability index and DDG is the stability (DDGb0: Decrease Stability, DDG>0: Increase

http://www.ncbi.nlm.nih.gov/snp/
http://expasy.org/
http://blocks.fhcrc.org/sift/SIFT.html
http://genetics.bwh.harvard.edu/pph2/
http://folding.uib.es/i-mutant/i-mutant2.0.html
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http://www.bioinf.org.uk/saap/
http://www.bioinf.org.uk/saap/
http://www.bioinf.org.uk/saap/db/
http://www.bioinf.org.uk/saap/db/
http://zhanglab.ccmb.med.umich.edu/MUSTER/
http://zhanglab.ccmb.med.umich.edu/I-TASSER/


Table 3
Surface accessibility of wild type and mutant variants.

Sr # Amino 
acid

Class 
assignment

Position Relative surface 
accessibility 
(RSA)

Absolute 
surface 
accessibility

Z-fit score for
RSA prediction

1
S
A

Exposed
Exposed

136
136

0.353
0.378

41.348
41.700

−1.586
−1.338

2
R
I

Exposed
Exposed

462
462

0.334
0.354

76.555
65.397

1.019
1.144

3
K
E

Buried
Buried

499
499

0.217
0.209

44.555
36.582

1.489
1.420

4
V
E

Exposed
Buried

600
600

0.313
0.264  

48.077  
46.191  

−0.393
−0.429

5
P
L

Exposed
Exposed

764
764

0.361
0.367

51.183
67.161

−1.604
−2.098

Values associated with wild type strain are colored green while those linked with
mutant variants are colored red.
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atomic models are generated by selecting the top five cluster centroids.
The number of decoys at the unit space of SPICKER cluster, defines
the cluster density. The quality of predicted structure is estimated by
I-TASSER in the form of confidence score (C-score). The C-score lies in
the range of −5 to 2, with higher values depicting the high confidence
for predicted model. The C-score has a correlation with the TM-score
and RMSD. If the native structure is known, the TM-score and RMSD
are used to measure the accuracy of predicted structure else, these are
used to predict the quality of the modeling prediction by calculating
the distance between two predicted models (by considering the one
model as a native on the basis of C-score). The TM-score is a recently
proposed scale to solve the local error problem of RMSD. A TM-score
>0.5 highlights a model of correct topology and a TM-score b0.17 indi-
cates a random similarity (Roy et al., 2010; Zhang, 2008; Zhang and
Skolnick, 2004).
2.8. Chimera

University of California, San Francisco (UCSF) Chimera (http://
www.cgl.ucsf.edu/chimera) is a high-quality extensible program
for interactive conception and analysis of molecular assemblies and
related data, including density maps, supramolecular assemblies,
sequence alignments, docking results, trajectories, and conformational
ensembles (Pettersen et al., 2004).
Fig. 2. Close-up view of the mutation at 462 position in BRAF. A) Differentiation between the
core is shown in gray color while the wild type and mutated residues are shown in green a
2.9. NetSurfP server ver. 1.1

NetSurfP server (http://www.cbs.dtu.dk/services/NetSurfP/) predicts
the surface accessibility and secondary structure of amino acids, when
they are in a sequence. The reliability of this prediction method is in the
form of Z-score. The Z-score highlights the surface prediction reliability,
but not associated with secondary structure (Petersen et al., 2009).
The Z-score is related to the surface prediction, and not the secondary
structure.
2.10. Project HOPE

Project Have yOur Protein Explained (HOPE; http://www.cmbi.ru.
nl/hope/home) is an automatic mutant analysis server to study the in-
sight structural features of native protein and the variant models. HOPE
provides the 3D structural visualization of mutated proteins, and gives
the results by using UniProt and DAS prediction servers. Input method
of Project HOPE carries the protein sequence and selection of Mutant
variants. HOPE server predicts the output in the form of structural var-
iation between mutant and wild type residues (Venselaar et al., 2010).
3. Results

3.1. Retrieval of SNPs

The BRAF gene investigated in this work reported to have a total of
106 coding SNPs, of which 85 were nsSNPs (non-sense, missense and
frame shift) and 21 were synonymous SNPs. Only non-synonymous
coding SNPs were chosen for further analysis.
3.2. Prediction of tolerated and deleterious SNPs

The SIFT tool estimates the consequence of an amino acid substi-
tution on protein function by considering the sequence homology
and physical properties of amino acids.

SIFT scores were classified as damaging (0.00–0.05), potentially
damaging (0.051–0.10), borderline (0.101–0.20), or tolerant (0.201–
1.00). Of the 85 screened nsSNPs (Fig. 1), S136A showed the tolerance
score of 1.00, whereas R462I, K499E and V600E showed the score
of 0.00 and remaining P764L showed 0.01 score (Ng and Henikoff, 2001).
size and stereochemical orientation of wild type and mutant residue. The main protein
nd red color respectively. B) The color illustration of superimposed structure.

http://www.cgl.ucsf.edu/chimera
http://www.cgl.ucsf.edu/chimera
http://www.cbs.dtu.dk/services/NetSurfP/
http://www.cmbi.ru.nl/hope/home
http://www.cmbi.ru.nl/hope/home
Unlabelled image


Fig. 3. Molecular orientation, interactions and distortion as a result of mutation at 462
(Arg→ Ile), A) green dotted/discontinuous lines highlight the H-bonding interaction
between N\H of Arg462 and O\H of Tyr472 and Thr470, B) pink lines indicate the dis-
tortion between the mutated residue (Ile462) and the Tyr472, C) van derWaals clashes
between the delocalized electron density of Tyr472 and Ile462, D) conformational
change in Ile462, and the electrostatic repulsion between phene ring of Tyr472 and al-
iphatic domain of Ile462, E) high distortion within and outside the cyclic environment
of Tyr472. All the interactions and distortions are operated within the domain of 2.35
and 3.2 Å in each model. The dotted spheres around the wild type and mutant residues
indicate the van der Waals radii.
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3.3. Prediction of protein structural and functional modifications

An amino acid substitution carries the potential impact on protein
structure and function. The PolyPhen server characterizes protein
structural modifications by using the SIFT results as input. The predic-
tion variant with accession number P15056, mutant position 136,
amino acid substitution of S (AA1)→A (AA2) was predicted to be
benign with a PSIC score of 0.000 (sensitivity: 1.00; specificity: 0.00 in
human division). PolyPhen scores were assigned probably damaging
(2.00 or more), possibly damaging (1.40–1.90), potentially damaging
(1.20–1.50), benign (0.00–0.90). Out of the total 85 nsSNPs screened
by SIFT and PolyPhen, 5 nsSNPs were found to be benign with the
PSIC score ranging from 0.00 to 0.2 (Ramensky et al., 2002).
3.4. Prediction of disease related mutations by SNPs&GO

SNPs&GO is trained and tested with cross-validation procedures in
which similar proteins are placed in same dataset to calculate the LGO
score derived from the GO data base. The disease probability score
was predicted to be higher for R462I (0.868), K499E (0.547) and
V600E (0.799) as compared to S136A (0.226) and P764L (0.373)
mutants. The S136A and P764L were predicted neutral with reliability
index (RI) values of 5 and 3, respectively. But the RI values for R462I,
K499E and V600E mutations were found to be 7, 1 and 6 respectively.

3.5. Prediction of protein structural stability

I-Mutant is a neural network based routine tool used in the anal-
ysis of protein stability alterations by considering the single-site mu-
tation. I-Mutant also provides the scores for free energy alterations,
calculated with the FOLD-X energy based web server. By assimilating
the FOLD-X estimations with those of I-Mutant, the 93% precision can
be achieved. The five mutations (S→A, R→ I, K→E, V→E and P→L)
in BRAF gene have been selected on the basis of prediction scores of
PolyPhen, the additional mutations were chosen from published
reports. These variants were given to I-Mutant web server to predict
the DDG stability and reliability index (RI) upon mutation (Table 1).

3.6. In silico solvent accessibility of amino acid residue in protein
structure, and MD simulation of native and mutant residues

Amino acid alterations due to pointmutations can drasticallymodify
the protein stability; hence the modeling of protein structural informa-
tion is necessary for absolute understanding of its functionality. The
deleterious nsSNPs retrieved from dbSNP, and SAAPdb (http://www.
bioinf.org.uk/saap/db/), usually maintain the SNPs information of both
dbSNP and HGVBASE (Human Genome Variation database) that dis-
plays the data onto the translated regions of the gene to establish the
nature and location of a mutation in protein. The BRAF protein second-
ary structure was taken from I-TASSER (Table 2) and mutations
were achieved at the consequent positions by using Swiss-Prot. The
NOMAD-Ref Gromacs server and Deep View-The Swiss-Pdb viewer
were used to collect the energy minimization by selecting the force
field for the native and mutant residues.

The 3D analysis of wild type and mutant protein structures was
performed by using project HOPE (http://www.cmbi.ru.nl/hope/
home) and Deep View-The Swiss-Pdb viewer. Each amino acid in wild
type and mutant structures carries specific properties like solvent
accessibility, charge density, hydrophobicity, rigidity, molecular sur-
faces and electrostatic potential values. Native and mutant residues
sometimes differ due to carrying such specific properties and can dis-
rupt the structural and functional features of the original protein. For
example, the c.406T>G variant (rs138086018) leads to Ser→Ala con-
version at position 136, the mutant residue is smaller, hydrophobic,
not conserved and contains high positive charge density as compared
to wild type. The mutant residue showed the high relative surface
accessibility (RSA), absolute surface accessibility and Z-fit score for
RSA (Table 3).

The c.1446G>T mutation (rs180177032), which leads to Arg→ Ile
conversion at 462 position is reported in ExPASy as VAR_018613. For
this variant, mutated residue is found to be small (Fig. 2), neutral and
more hydrophobic than the wild type. The Swiss Pdb-Deep viewer
and HOPE server based 3D visualization and follow-up analysis of
wild and mutated residues in protein molecule (Fig. 3) highlighted
the hydrogen bonding interaction of Arg with nearby Tyr472 and
Thr470 (Fig. 3A). The mutated Ile462 induces different conformational
changes and distort the protein stability due to clashes with electronic
density of Tyr472 and Thr470 (Figs. 3B–E).

The c.1556 A>G variant (rs180177037) that leads to Lys→Glu con-
version at 499 position, is reported on ExPASy as VAR_026116 and also

uniprotkb:P15056
http://www.bioinf.org.uk/saap/db/
http://www.bioinf.org.uk/saap/db/
http://www.cmbi.ru.nl/hope/home
http://www.cmbi.ru.nl/hope/home
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Fig. 4. Deep view of superimposed structure of wild and mutant residue at 499 position.
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located within domain, annotated in UniProt. In this vital mutation
the positively charged residue is replaced by negatively charged small
residue (Fig. 4). So, this mutation induces the opposite charge with
high charge density and can possibly disturb the electrostatic interac-
tions with other molecules. The wild-type residue is not conserved
at this position but the mutated residue is located in highly conserved
region. The current studywill estimate the effects ofmutational interac-
tions made by mutated moiety, the structural conformations of the
residue, and theH-bondingwithin the domain of 2.35 and 3.2 Å. The in-
troduction of opposite charge can disturb the electrostatic interaction of
amino acid residues in the vicinity of position 499 (Fig. 5). The
carboxylic acid anion (delocalization of charge density between two
oxygen atoms) on Glu at 499 might interact with the neighboring
Fig. 5. H-bonding interactions of wild andmutated residue with the vicinal moieties. A)
Structural discrepancy between Lys499 (native) and Glu499 (mutant) residues on the
basis of stereochemical interactions, operated at 2.35 and 3.2 Å range. Lys499 interacts
with the neighboring residues (Gln496, Leu495, Val502, Gly503 and Tyr519), as visual-
ized by the 3-D portray. B) Conversion of wild type into mutant variant (Glu499) in-
duces the H-bonding interaction (green discontinuous/dotted line) with Arg444. C)
van der Waals clashes with Leu495 as a result of change in stereochemical orientation
of Glu499 (indicated with the dotted pink line).
residues (Arg444,Gln496, Leu495, Val502, Gly503 and Tyr519) and dis-
torts the original conformation of residues within the protein.

The c.1860 T>A variant (rs121913378) leads to Val→Glu conver-
sion at 600 position is different from other mutations because the
hydrophobic neutral amino acid is transformed into negatively
charged acidic species. In this mutation the exposed Val large residue
(Fig. 6) is converted into buried Glu small moiety (Table 3). The
conformational changes in mutated Glu600 is observed by using
Swiss-Pdb viewer and graphically assembled in Fig. 7. In some of
structures, Glu600 showed the H-bonding with the nearby Ser602
while in others it exhibited the van der Waals clashes with Lys601
and Ser614. This mutation can introduce the high solvent accessibility,
ionic potential and high rigidity in the mutated model.

The c.2352 C>T variant (rs139420557) that leads to Pro→Leu
conversion at 764 positions is a rarely observed variant due to the
transformation of cyclic amino acid into chain residue. Prolines are
known for their rigidity and therefore create special backbone confor-
mation, which might be disturbed at this position due to Leu. In this
mutation the small size secondary amine structure is mutated into
large size primary aliphatic amine which might not fit into the posi-
tion and can disturb the local structure of protein. The current muta-
tion can affect the structure and function of native structure due to
carrying the less charge density, aliphatic domain and less rigidity.
4. Discussion

The SNPs are hypothesized to play an important role in several
human diseases. Approximately, more than 4 million unique human
SNPs have now been reported by a number of SNP databases such as
Fig. 6. Superimposed structure of (wild type) Val and (mutant) Glu residues at 600
position.

image of Fig.�4
image of Fig.�5
image of Fig.�6


Fig. 7. Three dimensional analysis of wild type and mutated residue at 600 position. A)
Deep 3D analysis of Val600 is indicating the lack of H-bonding and van der Waals clashes
with the nearby residues in 2.35 and 3.2 Å range, and the dotted spheres showed the van
der Waals radii of Val600. B) The H-bonding interaction between the Glu600 and Ser602
in the form of dotted green lines. C) One discontinuous (dotted) green line highlights the
H-bonding between Glu600 and Ser602, while two dotted pink lines portrays the confor-
mational clashes of Glu600 with Lys601, respectively. D) Two distortions are observed
with Ser at 614 position.
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human genome variation database, HGVBase (Smigielski et al., 2000)
and the National Center for Biotechnology Information database,
dbSNP (Rajasekaran et al., 2007). Approximately, 2% of the all known
single nucleotide variants associated with genetic diseases are non-
synonymous SNPs occurring in coding regions and contributes to the
functional diversity of the encoded proteins in the human population
(Fredman et al., 2002). Nonetheless, to date the complete mechanisms
by which a nucleotide variant may result in a phenotypic change are
for the most part unknown. But, in silico analysis using powerful
software tools can facilitate predicting the phenotypic effect of
non-synonymous coding SNPs on the physico-chemical properties
of the concerned proteins. Such information is critical for genotype–
phenotype correlations and also to understand disease biology.

Given the fact that nsSNPs in critical cellular genes such as BRAF
modify the normal programs of cell proliferation, differentiation and
death, it is believed to play an important role in disease predisposition
also. Therefore, an effort was made to identify SNPs that can modify
the structure, function and expression of the BRAF gene. As described
in themethodology section, a computational approachwas undertaken
to study systematic analysis of SNPs to predict the benign mutations by
using the SIFT, PolyPhen and SNP&GO servers. According to the SIFT
results, most of the SNPs can cause possible damaging effect. But the
PolyPhen results predicted only 5 mutations S136A, R462I, K499E,
V600E and P764L can produce the benign effects. Out of which, S136A
and P764L mutations are reported in dbSNP, these variants showed
higher benign tendency over the remaining ones. R462I and V600E
are earlier reported for their role in colorectal cancers, sarcomas,
colorectal adenocarcinoma, metastatic melanoma, and ovarian serous
carcinomas (Davies et al., 2002; Greenman et al., 2007; Hingorani et
al., 2003; Rajagopalan et al., 2002; Sjoeblom et al., 2006). The K499E
variant was previously reported in “Cardiofaciocutaneous syndrome”
(Rodriguez-Viciana et al., 2006; Schulz et al., 2008).

Although different mutations in kinase domain of BRAF protein are
reported, the native primary structure (with complete 766 amino
acid sequence) is not yet available on either PDB or Swissprot data-
bases. Native BRAF protein structure is essential for the in silico test-
ing of structural and functional impacts of activating mutations,
which are increasingly being identified in several human diseases.
The 3D structures for most of the proteins are analyzed and deposited
in PDB server. But, not all mutant protein structures are analyzed and
deposited in the webservers. Therefore, in the present study, we pre-
dicted the secondary structure of native BRAF protein using I-TASSER
and analyzed the effect of highly damaging nsSNPs on the structural
and functional aspects of protein. The TM-score (>0.5) for our pre-
dicted secondary structure highlights correct topology of the model.
Additionally, the C-score reflects the high confidence for the quality
of secondary structure and has a correlation with the TM-score and
RMSD. These values (TM-score and RMSD) corroborate the quality
of our predicted structure, but we have assessed the Ramachandran
plot (Fig. 8) to corroborate quality of our BRAF secondary structure
(Lovell et al., 2002).

Molecular dynamics (MD) simulation was performed to study the
explicit solvent behavior of native and mutant structures to examine
the difference in dynamics and stability of native and fetal mutations.
We compared RMSD value and total energy values (kcal/mol) of
native structure andmutatedmodeled structure for BRAF gene variants.
The total energy of wild type structure prior to energy minimization
was +26,826 kJ/mol, while it is −9620.395 kJ/mol after energy mini-
mization (Table 4). Our results indicated that S136A variant has higher
surface accessibility score due to which the core of native protein struc-
ture can lose the hydrogen bonding and disrupts the proper folding of
BRAF protein complex. With regards to Ile462 mutation, molecular
and structural variations between Arg and Ile can lead to different con-
formational changes thus it mediate the distortion and structural
destability due to clashes between the electronic density of nearby
Tyr472 and Thr470 amino acid residues in BRAF protein (Figs. 3B–E).
The Lys→Glu variant at 499 introduces the opposite charge with high
charge density and possibly disturbs the electrostatic interactions
with other molecules. The Val→Glu variant at 600 position is also
significant because the hydrophobic neutral amino acid is transformed
into negatively charged acidic species. This mutant residue is bigger
than the wild type and cannot fit within the available space. The free
carboxylic acid group on Glu can disturb the ionic interaction of nearby
residues and impart the vital vulnerable effects. The Pro→Leu variant at
764 position is a rare type due to the transformation of cyclic amino acid
into chain residue form. Due to carrying the less rigid behavior, the
mutant residue can possibly disturb the original core structure of native
protein. The two identified BRAF variants i.e. S136A and P764L could
de-regulate the ras-MAPK signaling cascade, thus alter the cell division,
differentiation and secretion processes resulting in human pathologies.
Hence, the S136A and P764L variants constitute a unique resource of
genetic markers that may considerably increase the power of BRAF
gene mutation-screening in disease epidemiological studies.

In conclusion, the current study reports the in silico analysis of five
genetic variants in BRAF gene (including two vital mutations i.e.
S136A and P764L), which can directly or indirectly influence the
intermolecular and intramolecular interactions of amino acid resi-
dues, and can culminate into disease risks in body. By analyzing the
conformational changes and interactions of amino acid residues with-
in BRAF protein, we have identified significant structural changes that
can explain the activity deviations, caused by several mutations.
Screening for BRAF, c.467 N>G and c.2352 C>T variants may be useful
for molecular diagnosis and development of vital molecular inhibitors
of BRAF pathways. This study demonstrates the significance of different
bioinformatics tools to figure out the phenotypic changes and protein
function, associated with the structure–function relationship of BRAF.
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Fig. 8. Ramachandran plot of BRAF secondary structure.

Table 4
Total energy of native and mutant structures after energy minimization.

Amino acid variants Total energy after energy
minimization (kJ/mol)

Total electrostatic
potential

Native −9620.395 −18,057.46
S→A −17,594.932 −19,141.68
R→ I −15,654.336 −18,593.48
K→E −19,974.053 −19,306.34
V→E −17,597.764 −19,153.93
P→L −22,657.219 −19,488.01

The total energy of native structure before energy minimization was 26,826 kJ/mol.
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