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ABSTRACT

Here we have done the SNP Analysis of NDP Gene, single protein building blocks (amino acids) changes due to mutations causes an
eye disorder Familial exudative vitreoretinopathy (FEVR). For the analysis of the NDP gene, various computational methods and
parameters were employed namely, SIFT, Polyphen-2.0, I-Mutant 3.0, SNPs&GO, Root Mean Square Deviation (RMSD), Total Energy,
Stabilizing residues and it was inferred that out of 14 variants, 14 were found to be deleterious by SIFT, 13 were found to be
damaged by Polyphen2.0, 12 were found to be less stable by I-Mutant3.0 and 5 were found to be diseased by SNPs&GO. The
number of commonly affected variants by all the four software was 5. Using Swiss Modelling 3D protein structure of 4MY2_native
was generated. Then the obtained model was viewed in Ramachandran Plot using Swiss PDB viewer 4.04 for seeing the residues
which are in disallowed region and their PROCHECK was performed using SAVES for analyzing protein structures for validity and
assessing how correct they are. Using SwissPdbViewer, the RMSD and Total Energy Values were calculated of the minimized
structures of the variants. The minimized structures of all the variants were obtained from Nomad-Ref. Using STRIDE and PIC
Webserver. Secondary Structures and Intramolecular Interactions, Protein-Protein Interactions were calculated respectively.
Docking was done by Gramm-X. Finally free energy was calculated by using DFIRE2. Further, Native and variants was docked and the

view was taken by PyMol.

Keywords: Missense mutation, 4MY2, RMSD, Total energy, docking, FEVR.

INTRODUCTION

amilial exudative vitreoretinopathy (FEVR) is a rare

congenital disorder of retinal angiogenesis

categorized by deviation of peripheral retinal
vascularization that affect the growth and development
of blood vessels in the retina leads to retinal detachment,
folding, tearing, and/or complete retinal dysplasia’.
Familial exudative vitreoretinopathy (FEVR) is caused due
to mutations in the following four genes; NDP (MIM
300658), FZD4 (MIM 604579), LRP5 (MIM 603506),
TSPAN12 (MIM 613138)% Wnt signalling pathway is an
essential constituent of the cell machinery that regulates
cellular proliferation, differentiation, migration, and
polarity in the retina®. Generally, low density lipoprotein
receptor protein 5 (LRP5) and frizzled 4 (FZD4), acting as
coreceptors for Wnt ligands, When the encoding genes of
these proteins mutated cause familial exudative
vitreoretinopathy (FEVR)* Likewise, NDP, a ligand for
these Wnt receptors, when the encoding genes mutated
causes FEVR®. Specifically, frizzled-4 (FZD4) takes part in
the Wnt signalling pathway?®. At the cell surface, norrin
protein (produced from the NDP gene) interacts with
frizzled-4 protein (produced from the FZD4 gene) and
they both fit together like a key in a lock’. Disruption of
Wnt signalling inhibits the formation of blood vessels at
the edges of the retina®. This results in anomalous blood
supply to the tissue leads to retinal destruction or visual
deficiency and sometimes complete blindness in one or
both eyes®. Thus, Norrin and Frizzled-4 protein function
as a ligand-receptor pair to control vascular development

in the retina and inner ear®. In frizzled-4 protein, single
protein building blocks (amino acids) changes due to
mutations'!. Sometimes, insertion or deletion in genetic
material of the FZD4 gene causes changes to the
protein2, Mostly, the amount of frizzled-4 protein is
reduced due to mutations in the FZD4 gene within cells®,
Sometimes, an unstable protein that cannot bind to
norrin protein is supposed to result in due to other
mutations®*. Chemical signalling in the developing eye
interrupts due to reduction in the amount of frizzled-4
protein which inhibits the formation of blood vessels at
the edges of the retina!® Thus, the resulting
asymmetrical blood supply to the tissue leads to retinal
devastation and optical insufficiency in several people
with familial exudative vitreoretinopathy. Accordingly
Norrin production leads to early retinal vascular invasion
and delayed Norrin production leads to typical
imperfections in intra retinal vascular architecture?®.

Familial exudative vitreoretinopathy (FEVR) can be of two
types:

1) Autosomal dominant which is caused by mutations in
the FZD4 (11914-g21) or LRP5 (11g13.4) genes.

2) Autosomal recessive or X-linked recessive which is
caused by mutations in the NDP gene (Xp11.4-p11.3), the
same gene involved in Norrie disease.

Familial Exudative Vitreoretinopathy (FEVR) is an eye
disorder of retina which gradually at the prat of the on
and the bosom vessels zigzag nourish the retina.
Scientists attack unfold ramble 85% of pretended tight-
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fisted tushie be asymptomatic, focus is, showing no
symptoms and causes no eye problems. When FEVR
arises in its most destructive form many harm can
happen. 1. Retina grows aberrantly, bends over onto
itself leads to Retinal fold causes incomplete blindness 2.
Expansion and brakeage of anomalous blood vessels
(vascularization) in the outer edges of the retina leads to
retinal detachment due to the pulling of the retina and
retinal traction due to dragging of the retina 3.
Development of thin fibrous membranes into the vitreous
gel in the centre of the eye leads to retinal detachment,
folding, tearing, and/or complete retinal dysplasia 4. Iris is
not able to expand due to its Dispersion 5. Blood vessels
inhibition at the edges of the retinal’. Results in
anomalous blood supply of the tissues prompts retinal
decimation and dream reduction sometimes complete
visual deficiency. Frizzled-4 and the LRP5 protein
contribute in the Wnt signalling pathway'®. The LRP5
protein is also involved in forming a blood supply to the
retina and the inner ear'?. Also, helps normalize bone
mineral density. More than 15 mutations in the LRP5
gene have been recognised in people with the eye malady
familial exudative vitreoretinopathy®®. In LRP5 protein,
single protein building blocks (amino acids) changes due
to mutations®?. Sometimes, insertion or deletion in
genetic material of the LRP5 gene causes changes to the
protein?’. Mostly, the amount of LRP5 protein is reduced
due to mutations in the LRP5 gene within cells®.
Sometimes, chemical signalling in the developing eye
interrupts due to reduction in the amount of LRP5 protein
which inhibits the formation of blood vessels at the edges
of the retina?'.

MATERIALS AND METHODS
Datasets

Natural Variants and the protein sequence for NDP gene
was obtained from UniProt and PDB ID was selected from
www.uniprot.com keeping in mind the Method is Xray,
Chain is A and all the positions of all the Natural Variants
are covered?2* for SNP analysis.

SIFT; Sequence Homology based method to detect the
deleterious coding non synonymous SNPs

SIFT is a sequence homology based tool which assumes
that significant amino acids will be conserved in the
protein family. Therefore, changes at well-conserved
locations tend to be deleterious. We submit the query in
the form of SNP IDs or Protein Sequences. The
fundamental principle of this program is that, SIFT takes a
query sequence and uses multiple alignment information
to predict tolerated and deleterious substitutions for
every position of the query sequence. SIFT is a multistep
procedure that, given a protein sequence, (a) searches for
similar sequences, (b) chooses closely related sequences
that may share similar function, (c) obtains the multiple
alignment of these chosen sequences, and (d) calculates
normalized probabilities for all possible substitutions at
each position from the alignment. Substitutions at each
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position with normalized probabilities less than a chosen
cut-off are predicted to be deleterious and greater than
or equal to cut-off are predicted to be tolerated. The cut-
off value in SIFT program is tolerance index of > 0.05.
Higher the tolerance index, less functional impact a
particular amino acid substitution is likely to have?.

Polyphen 2.0; Structure Homology based method to
analyse the possible impact of an amino acid
substitution on the structure and function

To analyse the possible impact of an amino acid
substitution on the structure and function of Norrin
protein we used PolyPhen v2. The protein sequence with
mutational position and two amino acid variants were
submitted to the server. PolyPhen generates multiple
sequence alignment of homologous protein structures,
calculates the position-specific independent counts (PSIC)
scores for each of the two variants, and then calculates
the PSIC score difference between both the allelic
variants. The higher the PSIC score difference, the higher
the functional impact a particular amino acid substitution
is likely to have or the more likely it is to be damaging.
The PolyPhen server discriminates nsSNPs into three main
categories, benign, possibly damaging, or probably
damaging, and provides the corresponding specificity and
sensitivity values. The probably damaging nsSNPs are
those that are predicted with high confidence and are
expected to affect protein structure or function.
Therefore, we selected the nsSNPs that were determined
to be probably damaging and possessed PSIC scores >
0.997. Thereafter, we examined nsSNPs predicted to be
deleterious or to cause disease both by the SIFT and
PolyPhen programs?6,

[-MUTANT 3.0; Suite of Support Vector Machine to
predict automatically protein stability changes upon
single-site mutations

I-Mutant is a suite of Support Vector Machine based
predictors integrated in an unique web server. It offers
the opportunity to predict automatically protein stability
changes upon single-site mutations starting from protein
sequence alone or protein structure when available.
Moreover it gives the possibility to predict human
deleterious Single Nucleotide Polymorphism starting from
the protein sequence. The method was trained and
tested on a data set derived from ProTherm, which is
presently the most comprehensive available database of
thermodynamic experimental data of free energy
changes of protein stability upon mutation under
Different Conditions. I-Mutant3.0 can be used both as a
classifier for predicting the sign of the protein stability
change upon mutation and as a regression estimator for
predicting the related AAG values®.

SNPs & GO, Server for predicting Human Disease-related
Mutations in Proteins with Functional Annotations

The genetic basis of human variability is mainly due to
Single Nucleotide Polymorphisms (SNPs). The most
investigated SNPs are missense mutations resulting in
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residue substitutions in the protein?®. Here we propose
SNPs & GO, an accurate method based on support vector
machines, to predict disease related mutations from the
protein sequence, scoring with accuracy=82% and
Matthews correlation coefficient=0.63. SNPs & GO
collects in unique framework information derived from
protein sequence, protein sequence profile, and protein
function. The server is based on Support Vector Machines
(SVM) and for a given protein, its input comprises: the
sequence and/or its three-dimensional structure (when
available), a set of target variations and its functional
Gene Ontology (GO) terms®®. The output of the server
provides, for each protein variation, the probabilities to
be associated to human diseases.

Swiss Model, Server for automated comparative
modelling of three-dimensional (3D) protein structures

It pioneered the field of automated modelling starting in
1993 and is the most widely-used free web-based
automated modelling facility today®. SWISS-MODEL
provides several levels of user interaction through its
World Wide Web interface: in the ‘first approach mode’
only an amino acid sequence of a protein is submitted to
build a 3D model. Template selection, alignment and
model building are done completely automated by the
server. In the ‘alignment mode’, the modelling process is
based on a user-defined target-template alignment.
Complex modelling tasks can be handled with the ‘project
mode’ using DeepView (Swiss-PdbViewer), an integrated
sequence-to-structure workbench. All models are sent
back via email with a detailed modelling report.
WhatCheck analyses and ANOLEA evaluations are
provided optionally. The reliability of SWISS-MODEL is
continuously evaluated in the EVA-CM project. The
SWISS-MODEL server is under constant development to
improve the successful implementation of expert
knowledge into an easy-to-use server,

SAVS and PROCHECK, Server for analyzing protein
structure for validity

SAVS (Structural analysis and verification server) is a
server for analyzing protein structure for validity and
assessing how correct they are. It is run by a research
group at UCLA. PROCHECK was performed using SAVES
for analyzing protein structures for validity and assessing
how correct they are®. From this way, we optimize the
protein model to get the stable structure. It utilizes 5
programs for doing this: PROCHECK, WATCHECK, ERRAT,
VERIFY 3D, PROsa.

Mutant Modeling of Single Amino Acid of Native Protein
Structure to compute the RMSD

The mutation was performed by using Swiss-PdbViewer
and Energy Minimization for 3D structure was performed
by NOMAD-Ref server®. This server uses GROMACS as
default force field for energy minimization based on the
methods of steepest descent, conjugate gradient and L-
BFGS®. L-BFGS method was used for optimizing the 3D
structures. As the server uses Gromacs as the default
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force field for energy minimization, based on the
methods of steepest descent, conjugate gradient, and
limited-memory Broyden-Fletcher-Goldfarb-Shanno
(LBFGS). We used conjugate gradient method to minimize
the energy of the 3D structure of 4MY2. Structure
analysis was performed to evaluate the structural
deviation between native proteins and mutant proteins
by means of root mean square deviation (RMSD).
Deviation of the mutant structure from the native
structure could be caused by substitutions, deletions and
insertions and the deviation between the two structures
could alter the functional activity with respect to binding
efficiency of the inhibitors, which was evaluated by their
RMSD values®.

Computation of Total Energy and Stabilizing Residues

SRIDE is used to find out the stabilizing residues (SRs) in
proteins mainly on the interactions of a given residue
with its spatial. A residue is selected as a stabilizing
residue if it has high surrounding hydrophobicity, high
long-range order, and high conservation score and if it
belongs to a stabilization center. The definition of all
these parameters and the thresholds used to identify the
SRs. The algorithm for identifying SRs was originally
developed for TIM-barrel proteins and is now generalized
for all proteins of known 3D structure. SRs could be
applied in protein engineering and homology modeling
and could also help to explain certain folds with
significant stability. Total energy indicates the stability
between native and mutant modelled structures, and
could be computed by the GROMOS96 force field that is
embedded in the SWISSPDB viewers®.

Computation of Intramolecular Interactions and Protein-
Protein Interactions using PIC Server

Computation of the intra-molecular and protein-protein
interactions for native and mutants structures is done by
Protein Interactions Calculator®”. Protein Interactions
Calculator (PIC) is a server which recognizes various kinds
of interactions; such as disulphide bonds, hydrophobic
interactions, ionic interactions, hydrogen bonds,
aromatics-aromatics  interactions,  aromatics-sulphur
interactions and cation-I interactions within a protein or
between proteins in a complex. It also determines the
accessible surface area as well as the distance of a
residue from the surface of the protein. The input should
be in the protein data bank (.pdb) format. Interactions
are calculated based on empirical or semi-empirical set of
rules. Heteroatoms are not included for the analysis. For
NMR structure only the first model is considered®’.

Secondary structure prediction using STRIDE Webserver

The information about secondary structures is obtained
by STRIDE is a software tool for secondary structure
assignment from atomic resolution protein structures®, It
implements a knowledge-based algorithm that makes
combined use of hydrogen bond energy and statistically
derived backbone torsional angle information and is
optimized to return resulting assignments in maximal
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agreement with crystallographers' designations. The
STRIDE web server provides access to this tool and allows
visualization of the secondary structure, as well as
contact and Ramachandran maps for any file uploaded by
the user with atomic coordinates in the Protein Data Bank
(PDB) format. A searchable database of STRIDE
assignments for the latest PDB release is also provided®®.

Protein docking using Gramm-x

The program is used for docking of energy minimized
Native (ligand) and FZD4 (Receptor). Protein docking
software GRAMM-X and its web interface extend the
original GRAMM  Fast  Fourier  Transformation
methodology by employing smoothed potentials,
refinement stage, and knowledge-based scoring®. The
web server frees users from complex installation of
database-dependent parallel software and maintaining
large hardware resources needed for protein docking
simulations. Docking problems submitted to GRAMM-X
server are processed by a 320 processor Linux cluster.
The server was extensively tested by benchmarking,
several months of public use, and participation in the
CAPRI server track. This server will ignore any small
ligands or other non-protein molecules in the input files.
It is designed exclusively for docking pairs of protein
molecules®.

Analysing the Binding Affinity between
Minimized Native/Natural Variants and FZD4

Energy

The docked protein complex is given to the DFIRE server
as an input for calculating the binding free energy (AG)
score. DFIREZ is used to calculate the Free Energy. Protein
Conformation Free Energy Score is used to find the
difference between two closely related all-atom statistical
energy functions®°. Ab initio folding of terminal segments
with secondary structures reveals the fine difference
between two closely associated proteins.

Visualization of docked complex using Pymol

The docked complex can be visualized using Pymol.
PyMOL is one of the best visualization software.
Visualization is the most direct route to understanding in
structural biology. The Graphical User Interface (GUI) is
divided into two- the main window (PyMOL Viewer
window) and the menu window (External GUI). This is a
single OpenGL window where all 3D graphics are
displayed and where all direct user interaction with 3D
models takes place*.

RESULTS AND DISCUSSION
Single Amino Acid Polymorphism dataset from Uniprot

The 4MY2 Native and a total of 14 Natural Variants
namely 118K, R38C, R41K, H42R, K54N, K58N, L61l, L103V,
R115L, R121G, R121W, R121Q, Y120C and L124F'° were
retrieved from Uniprot database (Table 1).
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Deleterious SNPs by SIFT

Protein sequence was submitted to SIFT program to
check the tolerance index. Higher the tolerance index,
less functional impact a particular amino acid substitution
is likely to have and vice versa®. Among 14 natural
variants, All 14 were found to be deleterious having the
tolerance index score of <0.05. The results are shown in
table 1. We observed that, out of 14 deleterious nsSNPs,
All 14 nsSNPs showed a highly deleterious tolerance index
of 0.00.

Damaged nsSNPs by Polyphen 2.0

How damaging a particular SNP is. Values of Damaging
SNPs can be derived from the Polyphen program?. 14
natural variants were submitted to the Polyphen 2.0
server and the results are shown in table 1 score >0.5 is
considered to be damaging. It can be seen that out of 14
SNPs, 13 nsSNPs were found to be damaging.

Identifation of Stability by I-MUTANT 3.0

More negative is the DDG value, less stable the given
point mutation is likely to be as predicted by I-Mutant
3.0, From this analysis, we obtained that out of 14
natural variants, 12 were found to be less stable as shown
in table 1.

Prediction of Human Disease-related Mutations in
Proteins with Functional Annotations by SNPs & GO

To predict disease related mutations from the protein
sequence, scoring with accuracy=82% and Matthews
correlation coefficient=0.63. SNPs&GO collects in unique
framework information derived from protein sequence,
protein sequence profile, and protein function [29].
Among 14 natural variants, 5 were found to be diseased
having the missense mutations.

Rational Consideration of Detrimental Point Mutations

We got the 5 most potential detrimental Point mutations
(R115L, R121G, R121W, R121Q and Y120C) for further
course of studies because they were commonly found to
be less stable, deleterious, damaging and diseased by the
I-Mutant3.0, SIFT and Poly Phen-2 and SNPs&GO
respectively. As we study the statistical accuracy of these
four programs, I-Mutant gives the possibility to predict
human deleterious Single Nucleotide Polymorphism
starting from the protein sequence. The method was
trained and tested on a data set derived from ProTherm,
which is presently the most comprehensive available
database of thermodynamic experimental data of free
energy changes of protein stability upon mutation under
different conditions. The percentage of Natural Variants
affected with I-Mutant is 35.7%. We observed that, out of
14 deleterious nsSNPs, All 14 nsSNPs showed a highly
deleterious tolerance index of 0. Thus, SIFT correctly
predicted 100% of the substitutions associated with the
disease that affect protein function. PolyPhen-2 allows
the submission of protein sequence with mutational
position and two amino acid variants and generates
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multiple sequence alignment of homologous protein
structures, calculates the position-specific independent
counts (PSIC) scores for each of the two variants, and
then calculates the PSIC score difference between both
the allelic variants. The higher the PSIC score difference,
the higher the functional impact a particular amino acid
substitution is likely to have or the more likely it is to be
damaging. PolyPhen-2 was informed to attain a rate of
true positive predictions of 92.8%. SNPs&GO, to predict
disease related mutations from the protein sequence,
scoring with accuracy=82% and Matthews correlation
coefficient=0.63 was provided with 85.7% of affected
Natural Variants. To attain precise and accurate measures
of the detrimental effect of Natural variants,
comprehensive parameters of all these four programs
could be more significant than individual tool parameters.
Hence, we further studied these detrimental missense
mutations by structural analysis. Figure 1 shows the list of
functionally significant mutations with the commonly
affected ones.

Percentage of Natural Variants Affected

BSIFT
BPolyphen
SNPs&GO

BI-Mutant

Figure 1: Pie Chart For percentage of natural variants
affected

Figure 2: Superimposed Structure of the Native Protein
(Green) with Mutant

(A) Superimposed structure of native 4MY2 (green) with
mutant R115L (cyan) structure showing RMSD of 2.01A
(B) Superimposed structure of native 4MY2 (green) with
mutant R121G (cyan) structure showing RMSD of 2.35A
(C) Superimposed structure of native 4MY2 (green) with
mutant R121Q (cyan) structure showing RMSD of 1.85A
(D) Superimposed structure of native 4MY2 (green) with
mutant R121W (cyan) structure showing RMSD of 2.26A.
(E) Superimposed structure of native 4MY2 (green) with
mutant Y120C (cyan) structure showing RMSD of 3.15A.
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Figure 3: Docked Complexes of Native and Mutant 4MY2
with FZD4

(A) Docked complex of Native 4MY2 (orange) and FZD4
(red) having the Free energy of -6977.974, (B) Docked
complex of R115L (green) and FZD4 (red) having the Free
energy of -6249.923, (C) Docked complex of R121G (blue)
and FZD4 (red) having the Free energy of -6672.942, (D)
Docked complex of R121Q (yellow) and FZD4 (red) having
the Free energy of -6877.22, (E) Docked complex of
R121W (magenta) and FZD4 (red) having the Free energy
of -6789.153, (F) Docked complex of Y120C (cyan) and
FZD4 (red) having the Free energy of -6919.693.

Computing the RMSD and TOTAL ENERGY by Modeling
of Mutant Structures

Mutation at specified was performed by SwissPDBViewer
independently to get modeled structures. Then, energy
minimization is performed by NOMAD-Ref server®® of
both native structure and mutant modeled structures.

In order to find out the deviation between the native and
the mutant, the native structure was superimposed with
all the energy refined mutant structures to get RMSD. The
higher the RMSD Value, the more is the deviation
between the native and the mutant structure.

In order to find out the structural stability of native and
mutants, the total energy this includes bonds, angles,
torsions, non-bonded and electrostatic constraints from
GROMOS96 force field implemented in SwissPdbViewer
to check their stability.

Table 2 shows the RMSD values for native structure with
each mutant modelled structure. Table 2 shows that, one
variant, Y120C exhibited a high RMSD >3.00 A and the
other three variants exhibited an RMSD >2.00 A.

The total energy was calculated for both native and
mutant structures. Table 2 shows that total energy of
native structure was -6977.974KJ/MOL. whereas the 5
mutant structures all had slightly higher total energies
than the native structure. Note that the higher the total
energy, the lesser the stability and vice versa.

Computation of Stabilizing Residues using SRIDE

SRIDE is used to find out the stabilizing residues (SRs) in
proteins mainly on the interactions of a given residue
with its spatial. A residue is selected as a stabilizing
residue if it has high surrounding hydrophobicity, high
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long-range order and high conservation score and if it
belongs to a stabilization centre. The definition of all
these parameters and the thresholds used to identify the
SRs. The native structure and the other 4 mutant
structures have only one stabilizing residue (ARG64).
Whereas, Y120C has 3 stabilizing residue (ARG64, TYR122,
ILE123). This indicates that all the 5 mutants were less
stable than the native structure. We further estimated
the outcome of these detrimental missense mutations by
executing binding analysis between 4MY2 and FZD4 using
docking studies®®.

Computation of Intramolecular Interactions and Protein-
Protein Interactions using PIC Server

We further calculated the various kinds of interactions;
such as disulphide bonds, hydrophobic interactions, ionic
interactions, hydrogen bonds, aromatics-aromatics
interactions, aromatics-sulphur interactions and cation-I
interactions within a protein or between proteins in a
complex to study the stability of protein structure for
both native and mutant structures by using the PIC server
(Table 3).

Interactions within a protein structure and the
interactions between proteins in an assembly were
essential considerations in understanding molecular basis
of stability and functions of proteins and their complexes.
There were several weak and strong intra-molecular
interactions that render stability to a protein structure.
Therefore these intra-molecular interactions were
computed by PIC server in order to further substantiate
the stability of protein structure. Based on this analysis,
we found that a total number of 336 intra-molecular
interactions were obtained in the native structure of
4MY2. On the other hand, 5 mutant structures of 4MY2
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established the intra-molecular interactions between the
ranges of 328 to 350 as shown in Table 3. We further
evaluated the effect of these 5 detrimental missense
mutations by performing binding analysis between 4MY2
and FZD4 through protein-protein docking studies in
order to understand the functional activity of 4MY2%7,

Analysing the Binding Efficiency for Native and Mutant

To find out the binding efficiency of native and mutant
FZD4, we applied molecular dynamics approach for
justifying the functional activity of these 5 mutants. In
this examination, we executed 5 missense mutations
(R115L, R121G, R121Q, R121W and Y120C) in the chain A
of the PDB IDs 4MY2 by swisspdb viewer individually and
energy minimization was achieved for the entire complex
(both native and mutant complex) by GROMACS (Nomad-
ref) followed by simulated annealing to get the enhanced
structures using a discrete molecular dynamics approach
(ifold). We used Grammx to dock 4MY2 native and
mutant structures with FZD4 and moreover; we used
DFire, for finding the protein conformation free energy
source for the docked complex retrieved from Grammx?.
We used this server for the missense mutation study with
respect to finding the free energy source of both native
and mutants. In this study, we found that the binding free
energy for FZD4 with native 4MY2 protein was found to
be -336.16kj/mol, has a lower binding affinity compared
to the mutants. This study reveals that native 4MY2
exhibited lower binding affinity with FZD4. Hence, the
lesser binding free energies may probably be due to loss
of intermolecular non-covalent interactions. This study
clearly revealed that native complex had low
intermolecular non covalent interactions than mutant
complexes.

Table 1: List of Functionally Significant Mutants predicted to be deleterious, damaging, less stable and diseased by SIFT, I-

Mutant 3.0, PolyPhen-2 and SNPs & GO respectively.

S. No. Natural Variants SIFT Polyphen 2.0 I-Mutant 3.0 SNPs & GO
1 118 K 0 0.008 -0.95 0.190 (Neutral)
2 R38C 0 0.999 -2.18 0.388(Neutral)
3 R41K 0 0.979 -0.54 0.318(Neutral)
4 H42R 0 0.991 -0.5 0.140(Neutral)
5 K54 N 0 0.999 -0.81 0.202(Neutral)
6 K58 N 0 0.999 -1.36 0.195(Neutral)
7 L61l 0 0.997 -0.43 0.282(Neutral)
8 L 103V 0 0.997 -0.51 0.142(Neutral)
9 R115L 0 0.997 -0.12 0.550(Disease)
10 Y120C 0 1.000 -0.7 0.507(Disease)
11 R121G 0 0.997 -0.93 0.612(Disease)
12 R121Q 0 0.998 -0.27 0.588(Disease)
13 R121W 0 1.000 0.05 0.621(Disease)
14 L124F 0 0.999 0.45 0.267(Neutral)

NOTE: Letters in bold indicate mutants predicted to be less stable, deleterious and damaging by I-Mutant 3.0, SIFT and PolyPhen-2, SNPs & GO
respectively.
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Table 2: Total Energy, RMSD, SRIDE, No. of SR

Natural Total Ener
. No. Variants KJ/MOLgy RMSD SRIDE Ng:é)f
1 Native_4my2 -6977.974 ARG64 1
2 R115L -6249.923 2.01A ARG64 1
3 R121G -6672.942 2.35A ARG64 1
4 R121Q -6877.22 1.85A ARG64 1
5 R121W -6789.153 2.26A ARG64 1
6 Y120C -6919.693 3.15A ARG64, TYR122, ILE123 3

Note: RMSD- Root Mean Square Deviation; SR- Stabilizing residues; the common stabilizing residues are shown in bold

Table 3: Intra Molecular Interactions Studies Using PIC Webserver

y:‘rtlz:i's HI DB MM MS s I AA AS cn Total
Native_4MY2 47 4 95 49 9 8 0 0 4 216
Native_4MY2 EM 48 4 125 87 57 10 1 0 4 336
R115L_EM 49 4 129 84 61 10 1 0 4 342
R121G_EM 49 4 130 79 64 9 1 0 4 340
R121Q_EM 51 4 133 89 60 9 0 0 4 350
R121W_EM 50 4 132 79 63 9 1 0 4 342
Y120C_EM 44 4 130 80 57 9 0 0 4 328

Note: Total no of intramolecular interactions. HI- Hydrogen Interactions, MM- Main chain-Main chain interaction, MS-
Main chain Side chain interaction, SS- Side chain side chain interactions, II- lonic-lonic interaction, AA- Aromatic-Aromatic
interactions, AS- Aromatic-Sulphur interactions, Cl Cation- minteractions

Table 4;: Number of Protein-Protein Interactions of the Native Protein and Mutants

Natural Variants HI DB MM MS SS Il AA AS cn Total

Native_4MY2 EM 3 0 0 7 16 2 0 0 1 29
R115L_EM 3 0 0 8 16 2 0 0 1 30
R121G_EM 3 0 0 8 25 2 0 0 1 39
R121Q _EM 5 0 1 10 14 2 0 0 1 33
R121W_EM 4 0 1 4 13 2 0 0 1 25
Y120C_EM 6 0 1 12 6 5 1 0 0 31

Table 5: Secondary Structure Distribution

S.No. Natural Variants  Total No. Of a- Helix No. Of Coils No. Of Turns No. Of Strands No. Of Bridges
1 Native_EM 133 21 16 37 57 2
2 R115L_EM 133 21 18 37 55 2
3 R121G_EM 133 21 20 33 57 2
4 R121Q _EM 133 21 12 37 61 2
5 R121W_EM 133 21 20 33 57 2
6 Y120C_EM 133 21 18 32 60 2

Table 6: Free Energy Calculation

S. No. Natural Variants Free Energy
1 Native_EM -336.16
2 R115L_EM -336.161
3 R121G_EM -335.222
4 R121Q_EM -339.15
5 R121W_EM -341.065
6 Y120C_EM -338.599
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CONCLUSION

Of the 14 variants that were retrieved from Uniprot, 12
variants were found less stable by |-Mutant2.0, 14
variants were found to be deleterious by SIFT, 13 variants
were considered damaging by PolyPhen and 5 variants
were found to be diseased by SNPs&GO. Five variants
were selected as potentially detrimental point mutations
because they were commonly found to be less stable,
deleterious and damaging by the I-Mutant 3.0, SIFT, Poly-
Phen-2.0 and SNPs&GO servers, respectively. The
structures of these 5 variants were modelled and the
RMSD between the mutants and native structures ranged
from 1.85A to 3.15A. Docking analysis between FZD4 and
the native and mutant modelled structures generated
Free Energy scores between -335.222 and -341.065.
Finally, we concluded that the lower binding affinity of 5
mutants (R115L, R121G, R121Q, R121W and Y120C) with
FZD4 compared with 4MY2 in terms of their Free energy
and RMSD scores identified them as deleterious
mutations. Thus the results indicate that our approach
successfully allowed us to (1) consider computationally a
suitable protocol for missense mutation (point
mutation/single amino acid polymorphism) analysis
before wet lab experimentation and (2) provided an
optimal path for further clinical and experimental studies
to characterize 4AMY2 mutants in depth.
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