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Graphical abstract Abstract

— X-Linked Agammaglobulinemia (XLA) is a rare inherited disease, attributed to
mutations found in the Bruton Tyrosine Kinase (BTK) gene. This research outlines
W the application of Molecular Modelling and Simulation to predict the effects of
a novel non-synonymous Single Nucleofide Polymorphism (nsSNP) reported in
the BTK kinase domain protein of a male XLA patient. The mutation at position
c.1888A>T causes a substitution of p.Mé30L within the kinase domain of the BTK
protein. Functional assessment using in silico prediction tools (SIFT, Polyphen-2,
PROVEAN, MutationAssessor, PANTHER, FATHMM, MutPred and MutationTaster)
predicted the mutafion to be deletferious, potfentially disrupting both the
structure and function of the protein. Nevertheless, the mutation is not located
at the active site of the kinase domain. Consequently, the molecular dynamics
(MD) simulations were performed to investigate the impact of amino acid
substitution to the three-dimensional (3D) conformational structure of the BTK
protein, contributing to the disease phenotype observed in the reported
patient. MD analysis, clustering analysis and Principle Component Analysis
(PCA) revealed that the 3D conformational structure of the kinase domain of
mutant protein to be more compact and rigid compared to the wildtype.
Given that the alterations in protein structure can influence their functional
characteristics, the p.Mé630L mutation within the BTK protein kinase domain
might disrupt the protein function, potentially impeding the maturation of B
cells and contributing to the onset of XLA disease.

Keywords: X-linked Agammaglobulinemia (XLA), Bruton Tyrosine Kinase (BTK),
Non-synonymous Single Nucleotide Polymorphism (nsSNP), Molecular Dynamics
(MD) simulation, Cluster analysis, Principle Component Analysis (PCA)
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Abstrak

Agamaglobulinemia Berpaut-X (XLA), sebuah penyakit warisan yang jarang
ditemui disebabkan oleh mutasi dalam gen Kinase Tirosina Bruton (BTK). Kajian
ini menggariskan aplikasi Pemodelan dan Simulasi Dinamik Molekul (MD) untuk
meramalkan kesan Polimorfisma Nukleotida Tunggal Tidak Bersinonim (nsSNP)
yang baru dilaporkan dalam protein domain kinase BTK, seorang pesakit lelaki
XLA. Mutasi pada kedudukan c¢.1888A>T menyebabkan penggantian p.Mé30L
berlaku dalam protein domain kinase BTK. Penilaian fungsi protein

menggunakan
MutationAssessor,
meramalkan

alat jangkaan in silico (SIFT, Polyphen-2, PROVEAN,

PANTHER, FATHMM, MutPred dan MutationTaster)

mutasi  fersebut  berpotensi merosakkan dan  mungkin

mengganggu struktur dan fungsi protein tersebut. Walaubagaimanapun,
mutasi tersebut tidak terletak di tapak aktif domain kinase. Oleh itu, simulasi
dinamik molekul dilakukan untuk menyiasat impak penggantian asid amino ke
atas struktur konformasi tiga dimensi (3D) protein BTK, akhirnya menyumbang
kepada fenofip penyakit yang diperhatikan pada pesakit yang dilaporkan.
Analisis MD, analisis pengklusteran dan Andalisis Komponen Utama (PCA)
mendedahkan struktur konformasi 3D protein domain kinase mutan menjadi
lebih padat dan kaku berbanding dengan jenis asli. Mengambil kira bahawa
perubahan dalam struktur protein boleh mempengaruhi ciri-ciri fungsinya, ini
mencadangkan bahawa mutasi p.Mé30L dalam protein domain kinase BTK
mungkin mengganggu fungsi protein BTK, menghalang pematangan sel B dan
menyumbang kepada permulaan penyakit XLA.

Kata kunci: Agamaglobulinemia Berpaut-X (XLA), Kinase firosina Bruton (BTK),
Polimorfisma Nukleotida Tunggal Tidak Bersinonim (nsSNP), Simulasi Dinamik
Molekul (MD), Analisis Kluster; Analisis Komponen Utama (PCA)

© 2025 Penerbit UTM Press. All rights reserved

1.0 INTRODUCTION

X-linked agammaglobulinemia (XLA) results from a
mutation in the Bruton tyrosine kinase (BTK) gene,
leading to defective development and maturatfion
of B cell in the bone marrow. This condition is
exclusively observed in male infants, at the ratfio of
1:200,000 [1, 2]. Mutation in the BTK gene suppresses
the production of BTK protein and affects the
development of B lymphocytes (also known as B
cells) causing failure to produce mature B cells [3, 4].
Previous reports indicate that individuals with XLA
typically exhibit reduced antibody levels, despite
having normal quantities of pre-B  cells. This
occurrence is attributed to the dysfunction of the BTK
gene [3, 4]. Such a condition confributes to the
recurrence of pyogenic bacterial infections,
including pneumonia, bronchitis, oftitis, conjunctivitis,
and sinusitis, which can potentially lead to organ
damage in the long run [5, 6]. The BTK gene is
located at the long arm of the X chromosome from
Xg21.3 to Xqg22, at approximately 101349447 to
101390796 base pairs in the human genome
(GRCh38.p7). The gene consists of 19 exons
extending over 37.5kb of the genomic sequences,
and encodes a protfein of 659 amino acid residues [6-
9]. The BTK gene product (BTK protein) is a
cytoplasmic non-receptor tyrosine kinase of the TEC
family, consisting of five structural domains namely
pleckstrin homology (PH), fec homology (TH), src
homology 3 (SH3), src homology 2 (SH2) and

catalytic kinase (TK also known as SH1) [10-12].
According to findings by Zheng ef al. mutations
occurring in any of the five domains can impact the
activity of the BTK protfein, consequently influencing
the development and proliferation of B cells [13].
Non-synonymous single nucleotide polymorphism
(NsSNP) mutations have often been reported to
cause deleterious effects leading to various diseases
and organ dysfunction. For instance, a mutation
involving a substitution of a hydrophobic residue
(alanine) with a hydrophilic residue (serine) in the
TUBB8 protein affects the folding of B-tubulin
structure, causing a dominant negative effect by
impairing the microtubule behavior and spindle
assembly leading to inferfility due to oocyte
maturation arrest [14]. Another study demonstrated
that the PITX2 mutation (Lys88Glu) occurring at the
DNA binding site led fo the formation of stable
heterodimers, causing reduced promoter-binding
activity and subsequently confributing to Axenfeld-
Rieger syndrome [15]. While Di Maas et al. and
Steffen et al. reported the association of Arg215Trp
substitution in Nijmegen Breakage Syndrome 1 (NBST1)
with colorectal cancer that is mainly found in Czech
infants  [3, 16]. In the case of XLA disease,
Mohammad et al. performed a thorough analysis of
deleterious mutations in the BTK gene. From the
extensive sequence and structural examination, two
specific pathogenic mutations, namely E589G and
Mé630K, demonstrate substantially induced changes
in the structural conformation and stability of the BTK
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protein, leading to the development of XLA disease
[17].

Interestingly, a  transcriptomic  profiing  of
monocytes from XLA patients was conducted by our
groups, Mirsafian et al. which revealed a mutation at
c.1888A>T, causing a p.Mé30L substitution within the
kinase domain of the BIK protein [7]. The active site
region of the BTK protein, crucial for protein-substrate
binding and catalytic efficiency, was identified
between residues 539 to 567 [18]. Given that the
substitution does not occur at the active site of the
BTK kinase domain, it is intriguing to explore how the
P.Mé630L mutation leads to a  biologically
dysfunctional protein in XLA patients, besides the
previously reported E589G and Mé30K mutations [17].
Amino acid substitutions resulting from nsSNP
mutations have been hypothesized to alter the 3D
conformational structure of a protein, thereby
compromising its biological function and contributing
to the disease phenotype in patients. Molecular
dynamics analysis was performed to elucidate the
impact of the p.Mé630L mutation on the 3D
conformational structure of BTK. To date, this is a
novel mutational study associated with XLA which
corroborate the significant changes to the BTK as
similarly shown in previous study. Mutational effect at
Mé30L in BTK has been declared as main destabilizer
for functional domain, thus affecting B-cell
maturation [7].

2.0 METHODOLOGY

2.1 Transcriptome Dataset

The RNASeq dataset of BTK gene in XLA Patient 1 was
refrieved from Mirsafian et al. [7]. The sequence was
analyzed using FastQC [19] and mapped to the
reference genome (GRCh38) using HISAT2 [20].

2.2 Non-synonymous Single Nucleotide
Polymorphism (nsSNP) Verification and Pathogenic
Predictions

The potential nsSNP from the transcriptome dataset
was screened and identified using Genome Analysis
Toolkits (GATK) [21]. The nsSNP was further refined
and analyzed using web-based ANNOVAR
(WANNOVAR) software [22]. Prediction of the
pathogenicity of nsSNP (p.Mé30L) was conducted
using nine in silico functional assessment fools
namely, SIFT [23], Polyphen-2 [24], PROVEAN [25],
MutationAssessor [26], PANTHER [27], FATHMM [28],
A-GVGD [29], MutPred [30], and MutationTaster [31].

2.3 Generation of Mutant Protein and 3D Structural
Mapping of the nsSNP Location

Initial coordinates of wildtype Bruton Tyrosine Kinase
(BTK) kinase domain protein structure, (PDB ID: 5U9D,
chain A, resolution 1.33 A), was retrieved from Protein

Data Bank (PDB) [32]. The BTK kinase domain is
comprised of 271 amino acid residues (starting from
Gly389 to Ser659) and is associated with compound 3
(igand ATP-competitive BTK inhibitor) [33]. All water
molecules and the ligand were removed from the
crystal structure. In silico mutagenesis was performed
fo obtain mutant BTK kinase domain (p.Mé30L) by
reconstituting the wildtype BTK kinase domain (WT)
protein residues with its polymorphic residues using
UCSF Chimera [34].

2.4 Molecular Dynamics Simulation (MDS)

In order to reveal the structural consequences of the
single mutation in the BTK kinase domain, we
performed molecular dynamics (MD) simulation using
GROMACS 5.1.4 [35]. MD was conducted at
physiological temperature and neutral pH. The
system was solvated using explicit flexible extended
simple point charge (SPC/E) water model [35],
embedded in a cubic box (with 8.565 nm edges) at
>10 A marginal radius, and neutralized by adding 7
sodium (Na+) counter ions. Steepest descent energy
minimization was performed for 50000 steps to give
each solvated structure a maximum force below
1000 kJ mol-Tnm-1. After energy minimization, the
system was equilibrated at constant temperature
(300 K) and pressure (1 bar) with a time step of 2 fs.
The temperature was kept constant using a
Berendsen thermostat and the electrostatic
interaction was calculated using the particle mesh
Ewald summation method [36]. Finally, 100 ns of MD
simulation were performed in triplicates for both WT
and p.Mé30L structures. Comparative analysis of
structural deviations in both WT and p.Mé30L such as
root mean square deviation (RMSD), roof mean
square fluctuation (RMSF), secondary structure count,
solvent accessible surface area (SASA),
intermolecular protein-solvent hydrogen bond (cut-
off radius: 0.35 nm), and atomic distribution were
averagely computed using built-in - functions in
GROMACS package. The graphs were generated
using GRACE software (http://plasma-
gate.weizmann.ac.il/Grace/).

2.5 Cluster Analysis and Principal Component
Analysis (PCA)

Results from MD simulation was further analysed using
cluster analysis and principal component analysis
(PCA) fo justify the structural deviations caused by
the nsSNP mutation. Cluster analysis was performed
using the Gromos method in the GROMACS package
(gmx cluster) and analysed at 0.17 nm cut-off. In
order to analyse the overall motions in the
simulations, PCA was conducted using built in
functions of GROMACS software (gmx covar and
gmx anaeig). Covariance matrices were constructed
using Ca backbone ftrgjectories. The first two
eigenvectors with the largest eigenvalues were used
to build the 2D projection for each independent
trajectory. The results were then visualized using UCSF
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Chimera [34] and GRACE software (http://plasma-
gate.weizmann.ac.il/Grace/).

3.0 RESULTS AND DISCUSSION

The 3D conformational protein structure BTK kinase
domain with PDB ID 5U9D and the corresponding
P.Mé30L substitution was shown in Figure 1.

Mutant

Figure 1 The illustration represents the nsSNP (p.Mé30L) in the
BTK kinase domain of an XLA patient (P1). In the WT
structure, the mutation site is highlighted in green, with the
mutation labeled as Mé30L. The activation loops of the
protein are highlighted in yellow, while cyan corresponds to
the N-terminal, and blue corresponds to the C-terminal of
the protein structure

We performed functional prediction analysis to
predict the consequences of p.Mé30L substitution on
BTK protein biological function using different tools as
described in Table 1.

Table 1 The potential functionality of the novel nsSNP within
the BTK gene of a XLA patient

Mutation Pathogenicity
Prediction Tool Dataset Score Prediction
SIFT N/A 0 Damaging
HDiv 0.g7g  Frobably
Polyphen-2 damaging
HVar 0.925 Damaging
PROVEAN N/A -2.54 Damaging
MutationAssessor N/A 2.055 Medlgm altered
function
PANTHER N/A 1036 Probably
damaging
FATHMM N/A -1.87 Damaging
A-GVGD GD 143 InTerfere with
function
Loss of catalytic
MutPred N/A 0.66 residue at Vé26
(p =0.0231)
MutationTaster N/A 1 Damaging

Hdiv: HumDiv, HVar: HumVar, GD: Grantham deviation, N/A: Not
available

All the nine functional prediction fools (SIFT,
Polyphen-2, PROVEAN, MutationAssessor, PANTHER,
FATHMM, A-GVGD, MutPred and MutationTaster)
predicted the mutation to be deleterious and may
interfere with structure and function. This prediction
agreed with the innate immune function
dysregulation reported before in the XLA patient [7].
In their study, the M630L variant identified in the
patient's franscriptome has been anticipated to be
deleterious and detfrimental to the function of BTK [7].
A similar study evaluated and screened all mutations
in BTK from the public domain database through
sequence and structure analyses. In their findings, the
mutatfional position of 630 made the BTK alter its
function [17]. However, the study only highlights the
mutation of methionine to the lysine residue but not
to leucine as identified from the patient’s
franscriptome in our earlier work. In the following
section, we have further examined this Mé30L using
MD simulation, uncovering how this mutant also
impairs the functional properties of the BTK enzyme.

3.1 MD Simulation of Wildiype and Mutant BTK
Kinase Domain

Molecular  dynamics  (MD)  simulations  were
performed to evaluate the structural behaviour of
the mutant protein (p.Mé30L) in comparison to the
wildtype BTK protein (WT). Both the WT and p.Mé30L
proteins had similar  total energy levels,
demonstrating their stability across the whole 100 ns
simulation period (Figure 2). The structural deviations
for both WT and p.Mé30L proteins was assessed by
calculating the root mean square deviation (RMSD)
of the Ca backbone during the 100 ns molecular
dynamics (MD) simulation, as shown in Figure 3.
Significantly, a minor variation was observed in the
P.M630L from around 20 ns to the end of the
simulations. This observation indicates a difference in
the structural conformation between the two BITK
kinase domain configurations. The WT protein had an
average RMSD value of 0.21 nm, which is higher than
the value of 0.17 nm for the p.Mé630L mutant. This
indicates that the mutant protein underwent less
structural motions and closely resembled as its
starting conformation compared to the wildtype
protein. This finding confradicts to the earlier BTK
simulation study 17, as the average values and
deviation patterns  are not  corroborated.
Nevertheless, our p.Mé30L demonstrated a quicker
attainment of equilibrium, commencing af 20
nanoseconds. Reaching equilibrium or a plateau in
RMSD indicates that the protein has undergone
structural relaxation and has settled into a stable
state within the simulation time frame. Thus, atomic
fluctuations by residues are crucial fo infer BTK's local
conformation and dynamics pattern.
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Figure 2 The total energy of WT (black line) and p.Mé30L

mutant (red line) of the BTK proteins throughout the

molecular dynamic simulation. The total energy remained

constant, indicating stability in the total energy of both

systems
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Figure 3 The RMSD with respect to Ca of WT (black line) and
p.M630L mutant (red line) kinase domain throughout
molecular dynamic simulation. The p.Mé30L mutant of
kinase domain exhibits less structural deviation as
compared to WT

The root mean square fluctuation (RMSF) value of
the Ca atoms in both proteins was computed during
the simulation to analyse the dynamic behaviour of
the amino acid residues that confribute to
conformational changes (Figure 4). Both the wild-
type (WT) and p.Mé30L mutant showed Ca with RMSF
values greafer than 0.1 nm in the upstream (N-
tferminal) region and around the active site. The
catalytic domain of BTK kinase is regulated by the
phosphorylation of tyrosine residues including Tyr551
in the activation loop of the kinase domain, which
participate in  kinase activation. The p.Mé30L
mutation in the BTK kinase domain results in more
peaks at the activation loop compared to the wild
type (WT), demonstrating the occurrence of
conformational alterations in the secondary structure.

0 20 40 60 80 100

However, the mutated amino acid maintains a
stable fluctuation with a Ca RMSF value < 0.1 nm.

RMS fluctuation

05 I

0.4 =

03— -
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Figure 4 The amino acid conformational changes for WT
(black line) and p.Mé30L BTK kinase domain (red line) with
respect to Ca

The changes in the secondary structure of both
MD simulations were subsequently evaluated using
the Database of Secondary Structure in Proteins
(DSSP). The analysis using DSSP showed a little
change in the secondary sfructure of pP.Mé30L
towards the end of the 100 ns period (Figure 5). The
high quantity of coil, bend, and furn in p.Mé30L,
compared to the WT indicates the possibility of
structural deformation atf the active site or activation
region in the mutant protein, resulting from individual
amino  acid  substifution.  This  finding  was
corroborated by the RMSF analysis, demonstrating
structural conformation changes in the BTK kinase
domain.

Secondary Structure Secondary Structure
Wildtype P.M630L
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Figure 5 The predicted secondary structure counts for WT
and p.Mé30L BTK kinase domain throughout 100 ns by the
Database of Secondary Structure in Proteins (DSSP)

Solvent accessible surface area (SASA) has been
used as a decisive factor in determining protfein
folding and stability. It provides valuable insights into
the conformational dynamics, hydrophobicity, and
interactions of the protein with the solvent, all of which
confribute to ifs functionality. SASA can also predict
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protein hydration, which may play a role in protein
function, such as the accessibility of crifical residues
involved in the biological mechanisms during B-cell
maturation processes [37, 38]. Fluctuations in SASA
levels signify alterations in exposed amino acid
residues, which in turn can potfentially impact the
protein's terfiary structure. The p.Mé30L structure
exhibited a slightly higher SASA value, reaching up to
143 nm?2 from the initial time to 20 ns in contrast to the
WT. However, the average surface area values
appeared nearly comparable for both p.Mé30L and
WT, both measuring around 141 nm?2 (Figure 6). This is
due to the p.M630L having a lower SASA value after
half of the simulation fime. Given that the residue at
position 630 within the 3D structure of the BTK kinase
domain is deeply embedded in the protein's core and
the amino acid substitution from methionine to leucine
is hydrophobic, this substitution might not induce
substantial alterations in SASA owing to the rigidity of
the structure. Further analysis of the 3D structural
conformational flexibility of both WT and p.Mé30L
involved assessing protfein-solvent intermolecular
hydrogen bonds. These hydrogen bonds play a crucial
role in upholding the folding and stability of protein
structures [39].

Solvent Accessible Surface

160 T T . T : T . I .

155 —

150 — -

2

Area(nm’)
&

140

130 | ) | L | L | L
0 20 40 60 80 100

Time (ns)
Figure 6 The assessment of solvent accessible surface area
(SASA) of WT and p.Mé30L mutant BTK kinase domain
throughout 100 ns of molecular dynamic simulation. The
average surface area values appeared nearly comparable
for both p.Mé30L and WT, both measuring around 141 nm?

The investigation continuously observed that the
P.Mé30L variant had a slightly reduced number of
hydrogen bonds compared to the wild type (WT)
throughout the 100 ns length (Figure 7). Therefore, the
results convey that the nsSNP mutation can produce a
P.M630L protein that exhibits a more condensed and
inflexible three-dimensional structure than the wild-
type (WT) protein

Hydrogen Bonds

240 . , : . | .

230

0 20 40 60 80 100
Time (ns)

Figure 7 The number of intermolecular hydrogen bonds
between the BIK protein and the solvent formed over a 100
ns molecular dynamic simulation. The WT variant is depicted
by the black line, while the p.Mé30L variant is represented
by the red line

Figure 8 shows a notable disparity in the
arrangement of afoms between the mutant and
wildtype proteins. Specifically, the p.Mé30L variant
displays a greater maximal density (61.2 nm3)
compared to the wildtype (49.1 nm3). This observation
indicates that the p.Mé30L mutation causes significant
changes in the orientation and distribution of atoms.
The results obtained from the molecular dynamics
(MD) simulation provide strong evidence that the non-
synonymous single nucleotide polymorphism (nsSNP)
p.M630L mutation has the potential to cause
significant alterations in both the structure and
function of the BTK kinase domain. Hence, this
mutation is likely to increase the compactness and
rigidity of the protein conformation with secondary
structure deformation at the activation region.

WT p.M630L

Figure 8 The atomic distribution of WT and P.Mé30L mutant
of BTK kinase domain. The p.Mé30L variant demonstrates a
higher maximum density at 61.2 nm-3 in contrast to the WT's
49.1 nm-3, indicating the significant changes in orientation
and atomic distribution attributed to the p.M630L mutation



147 Muhammad Syahrul Nizam Mohd Ruzanil et al. / Jurnal Teknologi (Sciences & Engineering) 87:1 (2025) 141-149

3.2 Cluster Analysis and Principal Component
Analysis

To gain better insights into the structural
conformational differences between the WT and
p.Mé30L proteins, cluster analysis was employed on
the MD frajectories of both protein structures. As
detailed in Table 2, the MD ftrajectories of the WT
protein formed 19 distinct clusters, with RMSD values
spanning from 0.0655 nm to 0.345 nm and an
average RMSD of 0.0925 nm. In contrast, the MD
frajectories for p.M630L were clustered into 12
groups, displaying RMSD values ranging from 0.0644
nm to 0.301 nm and an average RMSD of 0.0841 nm.
We superimposed the trajectory structures to identify
differences in the 3D conformational structures
between the WT and p.Mé30L proteins. The RMSD
value for the superimposed average structure was
1.094 nm, with higher RMSD values observed for
clusters 2 and 3 (Table 3). The superimposed
structures were visualized in Figure 9. The difference in
the superimposition of protein structures can lead to
substantial alterations in the protein's conformation,
stability, and interactions, potentially impacting its
biological function.

A)

(i)

Figure 9 Cluster analysis between WT and p.Mé30L. (A)
Superimposed average structure of WT and p.Mé30L (B)
Superimposed structures of clusters at RMSD cut-off 1.7 A. (i)
First cluster (ii) Second cluster (iii) Third cluster. Structures in
cyan represent the WT, red represent p.Mé630L

Table 2 Cluster analysis of WT and p.Mé30L af 0.17 nm cut-
off

Structure WT p-Mé630L
RMSD range (nm) 0.0655 - 0.345 0.0644 - 0.301
Average RMSD (nm) 0.0925 0.0841

No. of clusters 19 12

Table 3 RMSD of superimposed average structures and top
three clusters with the highest number of trajectories

Superimposed WT and p.Mé30L RMSD (nm)
Average Structure 1.094
Cluster 1 1.073
Cluster 2 1.186

Cluster 3 1.186

The PCA analysis was also performed on the MD
frajectories of both WT and p.Mé30L 3D
conformational structures to examine correlated
motion differences, to provide additional support for
the MD analysis. The first two eigenvectors reveal
significant fluctuations in the system, with most
internal motions of the protein structure restricted to
a small dimension within the essentfial subspace.
Figure 10 represents the trajectory projections for the
first two eigenvectors of both WT and p.Mé30L
structures over the 100 ns simulafion period.

projection on eigenvectors (nm)

A)

viee 1

vee 2

] 25 50 75 100
Time (ns)

B) 2D projection of trajectory

o
T

projection on eigenvector 2 (nm)

v
T

-4 ’ -2 ‘ 0 2 - 4
projection on eigenvector 1 (nm)

Figure 10 PCA for WT and p.Mé30L mutant at 2 eigenvectors

(A) linear (1D) projection on eigenvectors (B) 2-Dimensional

(2D) projection of trajectory. Black line: WT; red line: p.Mé30L

mutant

The structural divergence between the protfeins
shows a 9.0% overlap, with an average RMSD value
of 0.091 nm. Trajectories of p.Mé630L demonstrate
reduced dynamic movements, covering a lesser
region of phase space along the eigenvector 1 and
eigenvector 2 planes compared to the WT. Another
study conducted by Pandey et al. to observe the
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deleterious single nucleotide polymorphism towards
neurodegenerative  disorder.  The  researcher
performed PCA analysis to demonstrate the
mutational effects of JD-1 and VPS35 protein which
causes protein structure to become more
compressed, affecting the flexibility of the protein
compared to its native form [40]. Thus, our analyses
suggest potential evidence of the deleterious effect
of the p.Mé30L mutation fowards conformation of the
BTK protein, affecting its biological function due to
alteration of protein flexibility.

Our study addressed the deleterious effect of the
p.Mé630L mutation on the BTK kinase domain,
potentially hindering the proper functioning of the
BTK protein. This is potentially due to alteration of
protein accessible regions that are critical for
biological function during the process of B-cells
maturation in the XLA patient resulting due to overall
protein conformation changes resulting from single
subunit mutation. In 1998, Lipscomb et al. reported
that substituting methionine with leucine caused an
increased protfein stability in T4 lysozymes [41].
Furthermore, a study conducted by Udhaya et al.
showcased how the substitution of the hydrophobic
amino acid valine with leucine at position 53 within
the PAXé6 gene contributes to the pathogenicity of
the mutation. This effect is attributed to the
accessibility of the protein, as leucine is comprised of
a shorter side chain compared to valine [42].
Furthermore, several studies also reported that nsSNP
mutations altered the flexibility and stability of
protein, leading to detrimental effects and diseases
[43, 44]. We identified that the p.Mé30L substitution
within the BTK kinase domain induces significant
structural alterations in its 3D protein structure,
resulting in a more compact and rigid conformation.

In another case of XLA diseases, the mutation was
found in the promoter region, causing unexpressed B-
lymphocytes or monocytes in the XLA patient [45]. In
our cases, the single subunit mutation was found in
the kinase region of the BTK protein. Although the
mutated residue is not within the active site, it leads
to an alteration in overall protein flexibility. This resulfs
in changes to the accessible regions of protein
residues that are critical for biological function. Our
findings suggest that, in addition fo subunit mutations
at residues E589G and M630K, the mutation at
c.1888A>T causing substitution of residue Mé30L also
needs to be considered for XLA disease treatment
through gene editing technologies such as the
CRISPR-associated protein 9 system.

Despite the advantages of MD simulation in
exploring detailed protein behavior and
conformational changes due to single subunit
mutations, there is a limitation that can lead to
variations in results when compared to experimental
data. This is due to various factors in MD simulation,
such as the selection of accurate force field
parameters, adequate computational resources,
and appropriate  modeling  assumpftions  [46].
Therefore, further validation through experimental
studies is necessary to support the hypothesis and

demonstrate the structural changes resulting from the
Mé30L mutation, using fechniques such as X-ray
crystallography or nuclear magnetic resonance
(NMR) spectroscopy.

4.0 CONCLUSION

A novel nsSNP with a p.Mé30L substitution in the BTK
protein of an XLA patfient was previously reported.
Computational analyses of the mutation predicted a
damaging effect on the structure and function,
despite the substitution occurring outside the active
region of the BTK kinase domain protein. MD analysis
was performed fto observe alterations in the 3D
conformational structure of the mutant p.Mé30L BTK
kinase domain, resulfing in dysfunctionality of the BTK
protein. The MD simulation indicated that the mutant
P.M630L exhibited a more compact and rigid 3D
conformation  with  structural  deformation  of
activation region compared fo the wildtype BTK
kinase domain protfein. These findings conclude that
the novel nsSNP p.Mé30L is likely to disrupt the native
conformation of protein structure, consequently
leading to dysfunctionality in the BTK protein.
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