%

Journal of Carcinogenesis

Original Article

Exploration of structural stability in deleterious nsSNPs of
the XPA gene: A molecular dynamics approach

NagaSundaram N., George Priya Doss C."*

School of Biosciences and Technology, VIT University, Vellore, Tamil Nadu, 'Center for Nanobiotechnology, Medical Biotechnology Division, School of Biosciences and
Technology, VIT University, Vellore, Tamil Nadu, India

E-mail: georgecp77(@yahoo.co.in

*Corresponding author

Published: 30 November, 201 |
Journal of Carcinogenesis 2011, 10:26

Received: 27 August, 201 |
Accepted: 20 October; 201 |
This article is available from: http://www.carcinogenesis.com/content/10/1/26

© 2011 NagaSundaram,

Abstract

Background: Distinguishing the deleterious from the massive number of non-functional nsSNPs that

occur within a single genome is a considerable challenge in mutation research. In this approach, we have
used the existing in silico methods to explore the mutation-structure-function relationship in the XPA gene.
Materials and Methods: We used the Sorting Intolerant From Tolerant (SIFT), Polymorphism Phenotyping
(PolyPhen), I-Mutant 2.0,and the Protein Analysis THrough Evolutionary Relationships methods to predict the
effects of deleterious nsSNPs on protein function and evaluated the impact of mutation on protein stability
by Molecular Dynamics simulations. Results: By comparing the scores of all the four in silico methods, nsSNP
with an ID rs104894 131 at position C108F was predicted to be highly deleterious.VVe extended our Molecular
dynamics approach to gain insight into the impact of this non-synonymous polymorphism on structural changes
that may affect the activity of the XPA gene. Conclusion: Based on the in silico methods score, potential
energy, root-mean-square deviation, and root-mean-square fluctuation, we predict that deleterious nsSNP at
position C108F would play a significant role in causing disease by the XPA gene. Our approach would present
the application of in silico tools in understanding the functional variation from the perspective of structure,

evolution, and phenotype.
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INTRODUCTION

Common polymorphisms in Nucleotide Excision Repair
(NER) genes have been studied extensively in terms of their
association with the risk of various cancers.!! The rationale
behind these gene-cancer risk associations is that these genetic
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variants may result in alterations in phenotypes (i.e., DNA
repair capacity). In humans, defects in NER, which are caused
by mutations in the NER genes, are associated with a rare,
cancer-prone syndrome called xeroderma pigmentosum (XP).
Key proteins in the transcription-coupled nucleotide excision
repair (NER) pathway include the Xeroderma pigmentosum
group A (XPA). Single Nucleotide Polymorphisms (SNPs)
are the most common and simplest type of genetic variations.
SNPs that change the encoded amino acids are called non-
synonymous single nucleotide polymorphisms (nsSNPs)
that result in amino acid substitution and are often associated
with disease. They are believed to have the greatest impact
on protein function because the mutations of the encoded
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amino acids can have a deleterious eftect on the structure
and / or function of the proteins.?! The identification of the
nsSNPs responsible for specific phenotype variations requires
multiple testing of hundreds or thousands of SNPs in the
candidate genes. In vivo studies on the function of nsSNPs
have found that mutations in XPA are associated with various
cancers.’! Experimentally based approaches are labor-
intensive and time-consuming, and at the structural level,
often nearly impossible, especially in cases where there
are several mutations causing the disease. By contrast, in
silico methods have high priority in characterizing variants,
because they can be employed in the systematic screening
of representatives of human populations, for variations.
In silico methods use alternative classification methods
(sequence and / or structure) to predict the deleterious
amino-acid substitutions that impact protein structure
and activity on a larger scale. In this context, we used the
Sorting Intolerant From Tolerant (SIFT), Polymorphism
Phenotyping (PolyPhen), I-Mutant 2.0, and PANTHER
methods. To develop a coherent approach in the structural
analysis, we applied Molecular Dynamics (MD) simulations
using the Groningen Machine for Chemical Simulations
(GROMACS), as a structural perspective to investigate
protein stability in both native and mutant models. We
compared the dynamic behavior of the native and mutant
models by analyzing the potential energy, root-mean-square
deviation (RMSD), and root-mean-square fluctuation
(RMSF) of the C108F mutations.

MATERIALS AND METHODS

For our analysis, SNPs and their related information on
the XPA gene was retrieved from the National Center for
Biotechnology Information and SWISS-Prot databases. The
3D structure of the XPA gene, 1XPA, was obtained from
the Protein Data Bank. Comparative in silico analyses were
performed to identify the deleterious nsSNPs in the XPA
gene. We used a sequence-based approach SIFT, which
predicted whether an amino acid substitution affects the
protein function, based on sequence homology and the
physical properties of amino acids.[! A SIFT score < 0.05
indicates that the amino acid substitution is intolerant or
deleterious, whereas, a score = 0.05 predicts to be tolerant.
PolyPhen uses sequence, phylogenetics, and structural
information for characterizing the deleterious substitution. A
Position Specific Independent Count (PSIC) score difference
of 1.5 and above is considered to be damaging.”" PANTHER
uses HMM-based statistical modeling methods and multiple
sequence alignments to perform the evolutionary analysis
of coding nsSNPs. PANTHER estimates the likelihood
of a particular nsSNP causing a functional impact on the
protein.®! The PANTHER subPSEC scores vary from 0
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(neutral) to about -10 (most likely to be deleterious). Protein
sequences having a subPSEC value < -3 are said to be
deleterious. I-Mutant 2.0 is a support vector—based method,
for the automatic prediction of protein stability changes on
single point mutations. The output file shows the predicted
free energy change (DDG), which is calculated from the
unfolding Gibbs free energy change of the mutated protein,
minus the unfolding free energy value of the native protein
(Kcal / mol). DDG > 0 means that the mutated protein has
high stability and vice versa.

A molecular dynamics analysis was performed based on the
crystal structure of the protein for evaluating the structural
stability of native and mutant proteins. Information about
mapping the nsSNPs in the protein structure was obtained
from dbSNP. The XPA protein coordinates were obtained
from the Protein Data Bank with entry 1XPA solved by
nuclear magnetic resonance (NMR).["l Mutation was
introduced using the SWISS-PDB viewer. The missing
hydrogen atoms and broken chain were added using Visual
Molecular Dynamics.!""! Energy-minimized structures of
the native and mutant XPA proteins were used as a starting
point for molecular dynamics simulation analysis. Molecular
mechanics potential energy minimizations and molecular
dynamics simulations were carried out using the program
package GROMACS 4.0.5.1"213] Force field GROMOS96!'
43a1 was used in all molecular dynamics simulations. A
periodic boundary condition was applied, and the pressure
and temperature were kept constant in the system. The
temperature was kept constant by using the Berendsen
algorithm!"! with a coupling time of 0.2 ps. The protein was
then solvated into a 0.9 A cubic box of water with a Simple
Point Charge model.[") The system was then neutralized
by adding chlorine ions Cl-around the molecule, with the
use of gen-ion command. In this step, six ions were added
to both native and mutant structures. Finally, random water
molecules were substituted with six sodium ions, in order
to obtain neutralized system. Van der Waals interaction
cutoff was set to 1.4 A, and long-range electrostatic forces
were computed using the particle-mesh Ewald summation
method. The trajectories at 300 K for 4 ns were considered
to be the most probable structures under physiological
conditions, and were analyzed in detail. The RMSD of the
backbone atoms, the RMSF of carbon-alpha carbon, and the
potential energy projection of the protein in the phase space
of the system were plotted using the GRaphing, Advanced
Computation and Exploration (GRACE) program.

RESULTS AND DISCUSSIONS

Seven nsSNPs of the XPA gene investigated in this analysis
were retrieved from the dbSNP database. The functional
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impact of these nsSNPs could be assessed by evaluating the
importance of the amino acids they affected. We employed
four widely-used computational tools for determining the
functional significance of the nsSNPs in this analysis. SIFT
predicted whether an amino acid substitution affected the
protein function based on sequence homology and the
physical properties of the amino acid. nsSNP with an ID
rs104894131, which showed a SIFT score of 0.00, was
predicted to be highly deleterious. Polyphen predicted the
effect of nsSSNP on amino acid residues by a structure-based
approach. All protein sequences submitted to SIFT were also
submitted to PolyPhen. Two nsSNPs with IDs rs104894131
and rs57519506 exhibited Polyphen scores of 3.08 and 1.650,
respectively. They were predicted to be probably damaging
the protein structure and function. We further analyzed seven
nsSNPs using PANTHER, for validating their impact on
protein function upon a single point mutation. Out of these
seven nsSNPs taken for our analysis, only two nsSNPs with
IDs rs104894131 and rs75031098 showed a subPSEC score
of - 6.5519 and - 3.07023, and were designated as deleterious.
The protein stability change due to a single point mutation
was predicted using a support vector machine-based tool,
I-Mutant 2.0. Out of seven nsSNPs, four nsSNPs with IDs
rs104894131, rs75031098, rs3176749, and rs1805160 showed
DDG values of -1.48, -1.75,-0.40, and -0.58 Kcal / mol,
and were considered to be the least stable and deleterious.
We found that there was limited concordance among these
in silico methods. Most of these differences were likely the
result of each method requiring a sufficient number and
diversity of aligned sequences in order to make a prediction
and each method using a different set of sequences and
alignments. By comparing the scores of all the four methods
used in this analysis, nsSSNP with an ID rs104894131 was
predicted to be highly deleterious and functionally significant.
Hence, we concluded that this particular substitution
should be considered as an important candidate in causing
disease related to XPA gene malfunction. For the intensive
computational studies, the molecular dynamics simulations
were carried out in the nsSNP with an ID rs104894131,
at position C108F of the XPA gene. Molecular dynamics
simulation may be useful to gain insight into the impact of
non-synonymous polymorphisms on structural changes that
may affect the activity of the XPA gene.

Potential energy minimizations were performed on each
of the initial systems. Potential minimized energy values
of native and mutant structures were -6.8477925 and
-6.8200406, respectively. An energy value reflected that
the mutant protein had obtained less energy value, when
compared to the native protein. This revealed that the
mutation at the one hundred and cighth position (C—F)
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Figure la: RMSD of the backbone atoms in IXPA protein. Black
and Red lines indicate RMSD of the native and mutant structures.
The ordinate is RMSD (a), and the abscissa is time (ps)
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Figure Ib: RMSF of the backbone carbon alpha over the entire
simulation. Black and Red lines indicate RMSF of the native and
mutant structures. The ordinate is RMSF (nm), and the abscissa
is residues

of the XPA gene affected the stability of the protein. The
RMSD value of the backbone atoms of the entire protein
was calculated from the trajectory data. The nsSNP at the
one hundred and eighth position (C—F) exhibited a notable
deviation from the starting point itself. The deviation of
RMSD for the native protein was initiated around ~0.2 A
and mutant protein in the region of ~0.3 A within the range
of ~100 ps. At ranges of 1000 ps, 1500 ps, and 2000 ps, as in
Figure 1a, a similar fashion of deviation is seen in the same
region of ~ 0.35 A. Native protein showed a deviation in
the minimum region of ~0.2 A and maximum of ~0.35 A
within the range of 1000 ps to 4000 ps. Although the mutant
protein showed a deviation in the minimum region of ~0.3
A and maximum of ~0.4 A in the same region range. RMSD
in the native protein was entirely deviated from the mutant
structure in the whole simulation. This constant range of
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deviation in the native and mutant structure reflected that the
mutation affected the effects of the dynamic behavior of the
residues. The stabilizing effects of the protein are reflected
by the RMSF values. The RMSF value of the alpha carbon
of each amino acid residue was calculated from the trajectory
data of the native and mutant proteins [Figure 1b]. nsSNP
with an ID rs104894131, at position C108F on the XPA gene,
exhibited great fluctuations of the entire protein sequence
itself. Notably an initial rise in RMSF was observed between
the native and mutant structures in the residue position ~105
to 115. These results confirmed that our prediction that
deleterious nsSNP at position C108F would play a significant
role in causing disease by the XPA gene. Our approach would
present the application of in silico tools in understanding
the functional variation from the perspective of structure,
evolution, and phenotype.
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