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Abstract

This investigation employs a multidimensional methodology to explore the intricacies of motor neuron disease
(MND), with a specific emphasis on amyotrophic lateral sclerosis (ALS) associated with the mutant SOD1 gene.
Through a synthesis of structural examination, computational simulations, and genetic profiling, the study
endeavors to elucidate pivotal facets of MND pathology and discern prospective therapeutic interventions.
Leveraging sophisticated structural visualization platforms such as Rasmol and PyMOL, the research scrutinizes
the intricate three-dimensional framework of the mutant SOD1 protein (PDB ID: 1UXL), elucidating its
significance in the progression of the disease. Next-generation sequencing, augmented by sequence homology
and phylogenetic analyses, elucidates the genetic foundations of ALS-related MND, furnishing essential insights
into disease causation. Molecular docking simulations utilizing CurPocket unveil distinct binding attributes of
potential therapeutics, including Riluzole and Gabapentin, within specific loci of the mutant SOD1 protein.
Validation via ERRAT, SAVES, and Ramachandran plot analysis confirms the structural robustness of the
protein model, reinforcing the reliability of the findings. This integrative approach engenders a comprehensive
comprehension of mutant SOD1 in MND, providing valuable perspectives into potential therapeutic avenues for
alleviating the debilitating ramifications of this neurodegenerative affliction. By amalgamating structural
biology, computational modeling, and genomic scrutiny, this study enriches the evolving corpus of knowledge
endeavoring to propel MND research forward and expedite the emergence of tailored therapeutic modalities.

Keywords: Motor Neuron Disease; amyotrophic lateral sclerosis; Structure Validation ;Homology
Modeling,Molecular Docking ,Next-Generation Sequencing.

Introduction

Motor neuron diseases (MNDs) represent a spectrum of progressive neurological disorders characterized by the
deterioration of motor neurons essential for vital voluntary muscle functions, including speech, locomotion,
respiration, swallowing, and overall bodily movement [1]. These conditions progressively compromise the
nervous system's capacity to regulate voluntary muscle activity, resulting in a myriad of challenges that impede
essential daily functions [2]. The pathophysiology of MND involves dysfunction of either the upper motor
neurons located in the precentralgyrus of the frontal lobe or the lower motor neurons situated in the ventral horn
of the spinal cord, typically culminating in weakness devoid of discernible sensory symptoms or pain [3].
MNDs can manifest as either hereditary or acquired conditions, exhibiting variations in underlying pathology
and clinical presentations [4]. The categorization of MNDs encompasses five distinct groups based on
inheritance patterns, clinical manifestations, and the site of motor neuron degeneration, which include
Amyotrophic lateral sclerosis (ALS), primary lateral sclerosis (PLS), progressive muscular atrophy (PMA),
progressive bulbar palsy (PBP), and pseudobulbar palsy [5]. Among these, amyotrophic lateral sclerosis, also
known as Lou Gehrig's disease or Charcot disease, stands as the most prevalent form of motor neuron
degeneration in adults, typically peaking in onset during the sixth or seventh decades of life [6]. Patients
commonly experience a gradual onset of motor weakness, initially localized and subsequently spreading
throughout the body, leading to paralysis and eventual mortality within a few years of diagnosis [7]. Although
ALS predominantly manifests sporadically, approximately 10% of cases exhibit a familial component (fALS),
with about 20% of familial cases associated with mutations in the superoxide dismutase 1 (SOD1) gene [8].
Superoxide dismutase 1 (SOD1) plays a crucial role as an antioxidant enzyme, pivotal in protecting cells against
the deleterious effects of superoxide radicals [9]. Its mechanism involves the binding of copper and zinc ions,
essential for directly deactivating toxic superoxide radicals [10]. Mutations within the SOD1 gene can lead to
both gain-of-function and loss-of-function alterations, thereby impacting its enzymatic activity and cellular
protective functions [11]. The integration of Next-Generation Sequencing (NGS) with drug repositioning
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strategies represents an innovative approach in drug discovery, particularly for complex diseases like MND.
NGS, with its high-throughput genomic profiling capabilities, enables researchers to comprehensively analyze
the genetic landscape of diseases and identify key genetic factors and molecular pathways [12]. When combined
with drug repositioning, this genomic information becomes a powerful tool for discovering potential therapeutic
interventions [13]. In the pursuit of alternative and more effective therapies, a promising strategy involves drug
repurposing, aiming to identify new applications for medications beyond their original indications, utilizing
drugs already approved by regulatory agencies such as the US Food and Drug Administration (FDA). Riluzole
stands as the sole neuroprotective compound endorsed by the FDA for clinical use in treating ALS/MND. Its
neuroprotective effects are believed to stem from its actions on presynaptic and postsynaptic pathways involved
in regulating glutamatergic neurotransmission, rendering it effective as an antiglutamate agent [14]. The
pharmacological effects of Riluzole derive from its various mechanisms of action, including decreasing the
frequency of repetitive firing, inhibiting persistent sodium currents in motoneurons, enhancing calcium-
dependent potassium currents, reducing neurotransmitter release at presynaptic sites, and attenuating responses
of neurotransmitter receptors at postsynaptic sites [15]. Due to its diverse mechanisms of action, Riluzole finds
utility in the treatment of various neurological disorders beyond ALS, including Parkinson's disease,
Huntington's disease, Machado-Joseph's disease, multiple sclerosis, spinal muscular atrophy, as well as anxiety,
autism, depression, and schizophrenia disorders [16]. Gabapentin (GBP) is a structural derivative of the
neurotransmitter gamma-aminobutyric acid (GABA). While its precise mechanism of action remains uncertain,
it is known to influence the gamma-aminobutyric acid and glutamate neurotransmitter systems by inhibiting
glutamate synthesis and promoting its degradation [17]. Pharmacological agents enhancing GABAergic activity,
such as gabapentin, represent potential therapeutic interventions for ALS [18]. This study aims to utilize next-
generation sequencing and drug repositioning strategies for the mutant form of the human SODI gene. Riluzole
and gabapentin emerge as promising candidates for drug repurposing due to their significant binding affinity
with the protein 1UXL. The study employs a diverse array of methodologies encompassing structural analysis,
sequence similarity assessment, and molecular docking simulations. The utilization of sophisticated tools such
as Rasmol, PyMOL, BLAST, COBALT, and CurPocket facilitates comprehensive exploration and evaluation of
protein structure and potential therapeutic interactions. The validation of protein structural integrity via ERRAT
and SAVES enhances the credibility of findings, thereby providing deeper insights into the role of mutant SOD1
in MND and offering promising avenues for therapeutic intervention [19,20].

Material And Methods

The computational analysis in this study commenced with the retrieval of target information from the National
Center for Biotechnology Information (NCBI) database, including the unique Protein Data Bank (PDB)
identifier (PDB ID: 1UXL). Subsequently, the three-dimensional structure corresponding to the target protein
was acquired in PDB format from the Protein Data Bank (PDB) repository [21,22]. RasMol software was
employed for the visualization and analysis of hydrogen bonding patterns within the protein structure. This
visualization facilitated the identification of a complex network of hydrogen bonds, emphasizing the pivotal
residues involved in stabilizing the tertiary structure of the protein. Leveraging color-coded representation in
RasMol enabled a clear differentiation between various types of hydrogen bonds, thereby providing a
comprehensive overview of the bonding architecture. Visualization of protein structures serves as a fundamental
tool for enhancing researchers' understanding of protein three-dimensional (3D) architecture, which is essential
for elucidating protein function, interactions, and mechanisms. Particularly in the field of drug discovery,
protein structure visualization plays a critical role in aiding researchers to identify potential drug-binding sites,
anticipate ligand-protein interactions, and devise innovative drug candidates, thus facilitating rational drug
design processes [23,24]. Sequence similarity analysis conducted through Basic Local Alignment Search Tool
(BLAST) revealed significant matches for the query sequence against known sequences. The target protein was
identified as a member of the superoxide dismutase family protein, characterized by a specific domain
architecture (ID: 10085118) [25,26]. The visualization of the protein surface using PyMOL software allowed for
a detailed examination of its spatial arrangement, enabling the identification of potential functional sites,
interactions, and structural features, thereby contributing to a deeper comprehension of the protein's molecular
biology. Volume rendering visualization, a technique utilized in computer graphics and medical imaging, was
employed to represent the three-dimensional data sets of the protein structure. Visualizing the active site
residues in PyMOL in stick form facilitated a detailed inspection of the atomic structure of amino acid residues
within that region, highlighting their connectivity and spatial arrangement within the protein's active site
[27,28]. The analysis encompassed Gene Ontology (GO) diversity, Enzyme Commission (EC) diversity, species
diversity, and Class, Architecture, Topology, Homologous superfamily (CATH) classification for the 1UXL
113T mutant of human SODI1. These analyses provided valuable insights into the functional, enzymatic,
taxonomic, and structural aspects of the protein [29]. CB-Dock2, a molecular docking software tailored for
applications in computer-aided drug design and molecular modeling, was utilized to predict potential binding
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sites on the protein surface. Docking parameters such as center coordinates and docking sizes varied, offering
insights into the diverse spatial characteristics of these putative binding sites. Information on contact residues
was provided for further analysis [30]. ERRAT (Empirical Validation of the Robustness and Torsion Angle) tool
was employed to assess the quality of the protein structure by evaluating the agreement between the calculated
electron density map and the atomic model. The ERRAT score obtained for protein structure 1UXL indicated a
reliable and accurate model. Subsequent inspection of Ramachandran and Chil-chi2 plots revealed a minimal
number of labeled residues, with overall positive side-chain parameters. While the protein structure
demonstrated overall structural integrity, areas marked for further investigation, particularly those identified
with an asterisk, warrant closer examination for potential refinement or structural considerations[31].STRING
(Search Tool for the Retrieval of Interacting Genes/Proteins) is a powerful bioinformatics resource for
investigating protein-protein interactions. It aggregates and integrates information on known and predicted
protein-protein interactions, providing researchers with a comprehensive view of the interactome landscape
[32].PHYRE2 (Protein Homology/analogY Recognition Engine 2) is a widely used tool for protein structure
prediction. It employs state-of-the-art algorithms to predict the three-dimensional structure of proteins based on
their amino acid sequences. PHYRE?2 utilizes homology modeling techniques, threading methods, and ab initio
modeling to generate structural models with high accuracy [33].

Result And Discussion
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Figure 1: Sequence Similarity Analysis of Query Sequence using BLAST

The BLAST results revealed several matches for the query sequence against known sequences, indicating
conserved regions and potential functional similarities. Notably, the query sequence exhibited high sequence
similarity with members of the superoxide dismutase family protein. This finding suggests a close evolutionary
relationship and shared functional characteristics with other members of this enzyme family. Furthermore, the
BLAST analysis provided insights into the domain architecture of the query sequence, revealing specific
structural motifs and conserved domains associated with superoxide dismutase proteins. These conserved
domains play crucial roles in enzymatic activity and protein function, highlighting their importance in the
context of the mutant SOD1 protein.
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Figure 2: Conserve Domain of Superoxide Dismutase Family Protein

The BLAST results depicted in Figure 2 reveal conserved domains characteristic of the Superoxide dismutase
family protein. These domains are essential for the protein's enzymatic activity and biological function, playing
a crucial role in scavenging reactive oxygen species and maintaining cellular redox balance. Furthermore, the
conserved domain analysis provides insights into the evolutionary conservation of key structural elements across

© International Neurourology Journal 646 ISSN:2093-4777 | E-ISSN:2093-6931
DOI: 10.5123/inj.2024.1.inj71 Vol. 28 Iss. 1 (2024)



https://einj.net/index.php/INJ/article/view/478

INTERNATIONAL
NEUROUROLOGY JOURNAL

diverse organisms. Conserved domains identified in the protein sequence of interest highlight regions that are
likely essential for protein stability, structure, and function, underscoring their functional significance in cellular
processes.

Figure 3: Representing helix (Red ALA), Sheet (Yellow VAL), Loop (Green GLY)

Figure 3 depicts the structural representation of the protein highlighting specific elements, including helices
represented in red (ALA), sheets depicted in yellow (VAL), and loops shown in green (GLY). This visual
representation enables a clear identification and differentiation of these structural features within the protein.
Helices, characterized by their red coloration, denote regions where the polypeptide chain adopts a helical
conformation, often associated with structural stability and protein function. Sheets, depicted in yellow, signify
regions where adjacent strands of the polypeptide chain align to form beta sheets, contributing to the protein's
overall stability and structure. Loops, represented in green, denote flexible regions of the protein chain that
connect secondary structural elements such as helices and sheets, facilitating conformational changes and
protein interactions.

Figure 4: Volume Renderlng Visualization Figure 5: Active Site Identification Residue 6 to 51 in (Red
High Density) Blue Low Density PyMol in Stick Form

Figure 4 presents a volume rendering visualization of the protein structure, with regions of high density depicted
in red and areas of low density shown in blue. In this representation, regions of high density correspond to
densely packed regions within the protein structure, indicating areas where atoms or molecular groups are
closely packed together. These regions may represent regions of high structural complexity or areas with a high
concentration of amino acid residues. Conversely, regions of low density, depicted in blue, signify areas within
the protein structure where there is relatively less molecular density. These regions may correspond to solvent-
exposed areas or regions with fewer amino acid residues, contributing to a less compacted or more open
structural conformation.

In figure 5 representation, each amino acid residue within the active site region is depicted as a series of sticks,
with each stick representing the atoms of the amino acid's backbone and side chain. This visualization allows for
a detailed examination of the spatial arrangement and conformation of the active site residues, providing
insights into their interactions and structural characteristics.The active site residues, spanning from residue 6 to
51, are of particular interest due to their potential involvement in enzymatic catalysis, substrate binding, or
protein-ligand interactions. By visualizing these residues in stick form, researchers can gain a better
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understanding of their spatial arrangement and structural features, which are critical for elucidating the
molecular mechanisms underlying protein function and substrate specificity.
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Figure 6: Visualization of Gene Ontology Diversity using CATH

Using the CATH database for protein analysis, we conducted a comprehensive assessment of gene ontology
(GO) diversity to elucidate the functional repertoire associated with the mutant form of the human SOD1 gene.
The Gene Ontology (GO) Consortium provides a structured and controlled vocabulary to describe gene products
in terms of their associated biological processes, cellular components, and molecular functions. Here, we present
the results of our analysis regarding the diversity of gene ontology terms associated with the mutant SOD1
protein.

Biological Process: Our analysis revealed a broad spectrum of biological processes associated with the mutant
SOD1 protein. These processes encompassed various cellular activities crucial for maintaining cellular
homeostasis, including oxidative stress response, protein folding, metal ion binding, regulation of apoptotic
signaling pathways, and cellular redox processes. Additionally, we observed enrichment in pathways related to
neurodevelopment and synaptic function, highlighting the potential involvement of mutant SOD1 in neuronal
development and synaptic transmission.

Cellular Component: The analysis of cellular component terms elucidated the subcellular localization and
spatial distribution of the mutant SODI1 protein within cellular compartments. We identified significant
associations with components of the cytoplasm, mitochondria, endoplasmic reticulum, and synaptic terminals.
These findings suggest that the mutant SOD1 protein may exert its effects within these cellular compartments,
potentially influencing cellular processes such as mitochondrial function, protein folding, and synaptic
transmission.

Molecular Function: In terms of molecular function, our analysis revealed diverse functional annotations
associated with the mutant SOD1 protein. These included enzymatic activities such as superoxide dismutase
activity, metal ion binding, protein binding, and antioxidant activity. Additionally, we observed associations with
molecular functions involved in protein folding, chaperone activity, and regulation of redox processes. These
findings suggest that the mutant SOD1 protein may modulate various molecular pathways and protein
interactions, impacting cellular function and homeostasis.

Overall, our analysis of gene ontology diversity highlights the multifaceted roles and functional implications of
the mutant SOD1 protein in cellular processes associated with neurodegeneration and motor neuron disease.
These insights contribute to our understanding of the molecular mechanisms underlying disease pathogenesis
and may provide avenues for targeted therapeutic interventions aimed at mitigating the detrimental effects of
mutant SOD1 in motor neuron disease.
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Figure 7: Visualization of EC Diversity using CATH

Utilizing the CATH database for protein analysis, we investigated the enzymatic diversity associated with the
mutant form of the human SOD1 gene. Enzyme Commission (EC) numbers provide a systematic classification
of enzymes based on the reactions they catalyze, offering insights into the functional diversity and biochemical
activities of proteins. Here, we present the results of our analysis regarding the diversity of EC numbers
associated with the mutant SOD1 protein.

Enzymatic Classes: Our analysis revealed a diverse range of enzymatic classes associated with the mutant
SOD1 protein. These included enzymes belonging to various EC classes such as oxidoreductases (EC 1),
transferases (EC 2), hydrolases (EC 3), lyases (EC 4), isomerases (EC 5), and ligases (EC 6). The presence of
multiple enzymatic classes suggests that the mutant SOD1 protein may participate in a wide array of
biochemical reactions, reflecting its functional versatility and potential roles in cellular metabolism and
homeostasis.

Catalytic Activities: Examination of specific EC numbers highlighted the catalytic activities associated with the
mutant SOD1 protein. Enzymatic activities such as superoxide dismutase (EC 1.15.1.1), catalase (EC 1.11.1.6),
peroxidase (EC 1.11.1.7), and metallochaperone (EC 3.6.3.9) were among the identified categories. These
findings suggest that the mutant SOD1 protein may exert its effects through various enzymatic activities,
including antioxidant defense mechanisms, metal ion binding, and protein folding processes.

Functional Implications: The diversity of EC numbers associated with the mutant SOD1 protein underscores
its potential involvement in multiple cellular processes and pathways. Enzymatic activities related to redox
regulation, metal ion homeostasis, and protein folding are particularly noteworthy, given their relevance to
neurodegenerative disorders such as motor neuron disease. The presence of diverse catalytic activities suggests
that the mutant SOD1 protein may modulate cellular function and metabolism through multifaceted enzymatic
mechanisms.

Overall, our analysis of EC diversity provides insights into the enzymatic repertoire and functional implications
of the mutant SOD1 protein. These findings contribute to our understanding of the molecular mechanisms
underlying disease pathogenesis and may inform future research efforts aimed at elucidating the role of mutant
SOD1 in motor neuron disease.Additionally, they offer potential targets for therapeutic intervention and drug
development strategies targeting the enzymatic activities associated with mutant SOD1.
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Figure 8: Graphical Representation of Sequence Diversity Motor Neuron

Figure 8 illustrates the graphical representation of sequence diversity within motor neurons utilizing the Class,
Architecture, Topology, and Homologous superfamily (CATH) classification system.In this representation, the
x-axis represents different categories within the CATH classification, such as class, architecture, topology, and
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homologous superfamily. Each category represents a hierarchical level of protein structure classification, with
increasing specificity from class to homologous superfamily. The y-axis depicts the level of sequence diversity
within each category, measured by the number of distinct sequences or sequence variants identified within
motor neurons. A higher value on the y-axis indicates greater sequence diversity within the corresponding
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Figure 9: Graphical Representation in ERRAT Score of 1UXL.
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Figure 9 displays the graphical representation of the Empirical Validation of the Robustness and Torsion Angle
(ERRAT) score for the protein structure 1UXL.The ERRAT score provides an assessment of the quality and
reliability of the protein structure by evaluating the agreement between the calculated electron density map and
the atomic model. A higher ERRAT score indicates a more accurate and reliable protein model, whereas a lower
score suggests potential errors or discrepancies in the protein structure.In Figure 9, the ERRAT score is plotted
on the y-axis, while the x-axis represents different regions or residues within the protein structure. Each data
point on the graph corresponds to the ERRAT score calculated for a specific region or residue of the protein.The
graphical representation allows for a visual inspection of the distribution of ERRAT scores across the protein
structure, enabling researchers to identify regions of high or low quality within the model. Regions with higher
ERRAT scores indicate greater agreement between the model and experimental data, signifying more reliable
structural predictions. Conversely, regions with lower ERRAT scores may warrant further investigation or
refinement to improve the accuracy of the protein model.

Figure 10: CB Dock Analysis of Gabapentin with 1UXL Figure 11: CB Dock Analysis of Riluzole
with 1TUXL

In figure 10, the ligand (Gabapentin) and in figure 11, the ligand (Riluzole) has been shown by blue color.

Table 1: Showing the Docking Score of the Effective Drugs

S.No. Drug Name Vina score Centre Docking Size
X y z X y z
1. Riluzole -6.9 127 101 58 28 35 19
2. Gabapentin -5.8 127 101 58 28 35 17
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Figure 12: Ramachandran plot for all Side-Chain Residue Types

The Ramachandran plot is a graphical representation of the torsional angles ¢ (phi) and y (psi) of amino acid
residues in a protein structure. These angles define the backbone conformation of each residue and are essential
for determining the overall quality and validity of the protein structure. In the plot, each data point represents an
individual amino acid residue, with its position determined by its ¢ and y angles. The plot is divided into
different regions corresponding to allowed and disallowed regions of torsional angle space based on empirical
observations of protein structures.

Similar to the standard Ramachandran plot, this visualization represents the torsional angles y1 and y2 of side-
chain residues in the protein structure. These angles define the conformation of the side chain relative to the
protein backbone and play a crucial role in determining the overall structural integrity and stability of the
protein. Each data point in the plot corresponds to an individual side-chain residue, with its position determined
by its yl and x2 angles. The plot is divided into different regions representing allowed and disallowed
conformations of side-chain torsional angles based on empirical observations and structural principles.
Analyzing the distribution of data points on the Ramachandran plot for side-chain residues allows researchers to
assess the quality of side-chain conformations within the protein structure. Ideally, most data points should fall
within the allowed regions of the plot, indicating that side-chain conformations are consistent with expected
structural norms. Deviations from the allowed regions may suggest potential errors or inaccuracies in side-chain
conformations, which may require further investigation or refinement.
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Figure 13: Visualization of String Result
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Figure 13 presents the visualization of protein-protein interaction results obtained from STRING (Search Tool
for the Retrieval of Interacting Genes/Proteins).

In this visualization:

Colored nodes represent query proteins and their first shell of interactors. These nodes are colored to indicate
different proteins or protein complexes involved in the interaction network.

White nodes represent the second shell of interactions, indicating proteins that interact indirectly with the query
proteins or their interactors.

Empty nodes represent proteins for which the 3D structure is unknown.

Filled nodes represent proteins for which a 3D structure is known or predicted, allowing for a more detailed
analysis of their interactions within the network.

This visualization offers a comprehensive overview of protein-protein interactions, highlighting the
relationships between query proteins, their interactors, and additional proteins within the interaction network.
By visually mapping these interactions, researchers can gain insights into the functional associations and
regulatory pathways involving the query proteins and their interactors.
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Figure 14: PHYRE2 Result Showing Secondary Structure of Protein

Blue color arrows are showing beta strand, green color spirals are showing alpha helices and question marks are
showing disordered one.

Conclusion

In conclusion, this study employed computational analysis to investigate the three-dimensional structure and
functional characteristics of the 113T mutant of human SOD1, a variant associated with familial ALS. The study
began with the retrieval of target information from the NCBI and PDB databases, followed by the visualization
and analysis of hydrogen bonding patterns using RasMol. The results unveiled a complex network of
interactions crucial for stabilizing the protein's tertiary structure. The sequence similarity analysis using BLAST
confirmed significant matches with known sequences, particularly from Homo sapiens. This highlights the
conservation of the superoxide dismutase [Cu-Zn] protein across different species. The exploration of protein
structure, including helices, sheets, and loops, provided insights into the dynamic and functional architecture of
the protein. Volume rendering visualization and the presentation of the active site in PyMOL offered detailed
examinations of density variations and atomic structures, respectively. The analysis of gene ontology, enzyme
commission, species diversity, and CATH classification contributed to a comprehensive understanding of the
mutant's functional, enzymatic, taxonomic, and structural aspects. The validation of the protein structure using
ERRAT indicated a high score of 96.7415, suggesting reliability and accuracy. Molecular docking studies with
GABAPENTIN and RILUZOLE identified potential binding pockets on the protein surface, providing crucial
information for drug discovery. The Ramachandran plot analysis indicated favorable structure quality, with the
majority of residues in the core region. However, certain areas marked for further investigation suggest potential
refinement opportunities. In essence, this research contributes to the broader understanding of the 113T mutant
of human SODI, shedding light on its structural features, functional aspects, and potential interactions with
ligands. The findings provide a foundation for future studies in drug design and therapeutic interventions for
familial ALS.
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