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Abstract
Alzheimer’s, Parkinson’s, and Huntington’s diseases, classified as neurodegenerative disorders, are major 
global health concerns because of significant neuronal degeneration and the lack of effective treatments. 
Advancements in high-throughput biotechnology and bioinformatics techniques provide new insights into the 
molecular mechanisms of neurodegeneration. This study presents a sustainable proteomics methodology 
combining next-generation sequencing (NGS) with computer-aided drug design (CADD) to explore 
neuroprotective mechanisms related to structural variants, exemplified by a protein model. The approach uses 
NGS data to pinpoint genetic variants involved in neurodegenerative processes, which are then mapped onto the 
3D structure of the target protein, using the Protein Data Bank entry 6CVP, enabling analysis of structural 
changes and their effects. Techniques such as protein interaction analysis, pathway enrichment, and system-
level network mapping assist in understanding how these proteins influence neuronal survival and 
neuroprotection. Additionally, CADD methods like molecular docking and virtual screening are applied to find 
potential neuroprotective compounds that may stabilize or alter the mutated protein's structure. This integrated 
strategy aims to identify molecular signatures that connect genetic variations with protein dysfunction and 
neurodegenerative pathways. By merging NGS mutation profiling, proteomic network analysis, and 
computational drug discovery, this platform supports the identification of new therapeutic targets and 
neuroprotective agents. Overall, this multi-omics approach underscores the significance of integrating genomic, 
proteomic, and structural bioinformatics to better understand neurodegenerative disease mechanisms. These 
insights could lead to earlier diagnosis, personalized treatments, and the development of future neuroprotective 
therapies, ultimately improving long-term neurological health and advancing personalized medicine for these 
disorders.
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I. Introduction
Neurodegenerative diseases are among the most pressing health issues of the current century. 

Alzheimer’s, Parkinson’s, and Huntington’s disease involve progressive loss of neuronal function, protein 
misfolding, and slowly worsening cognitive or motor skills. These disorders are complex, resulting from 
intricate interactions among genetic mutations, environmental influences, and molecular signalling pathways. 
[1,2] As global life expectancy continues to rise, so does the prevalence of these conditions, underscoring the 
urgent need for improved diagnostics and treatment options. Advancements in genomic technology, particularly 
Next-Generation Sequencing (NGS), have greatly enhanced our ability to detect genetic mutations associated 
with neurodegenerative diseases. NGS enables high-throughput identification of genetic variants, including 
SNPs, insertions, deletions, and structural changes, across the genome. These mutations can affect protein 
structure and function, contributing to neuronal decline. To fully understand their biological significance, it is 
essential to integrate genetic data with structural and functional analyses of proteins. Structural bioinformatics is 
crucial for understanding how mutations affect protein structure and stability. The three-dimensional structures 
stored in the Protein Data Bank provide valuable insights into molecular interactions and key functional areas. 
In this study, PDB 6CVP was selected as a representative model to examine mutation-induced changes related 
to neurodegeneration. Structural analysis allows investigation of binding pockets, conformational flexibility, 
and potential drug-binding sites.[3] Proteomics has become an essential tool for studying the functional effects 



Sustainable Neuroprotection Via Proteomics And Integrative NGS- CADD Analysis Of 6CVP……..

DOI: 10.9790/ 3008-2103010110                              www.iosrjournals.org                                               2 | Page

of genomic changes. Sustainable proteomics combines high-throughput protein identification with systems 
biology to analyze protein interactions, signalling pathways, and regulatory networks. These techniques aid in 
identifying biomarkers and therapeutic targets for neuroprotection. Protein interaction maps, created using 
databases like STRING, help understand pathways involved in neuronal survival and synaptic function. [4,5]

Figure 1: Integrative approach for Neuroprotection and Drug Discovery

Validating protein structures is another fundamental step in computational analysis. Tools like ERRAT 
evaluate model quality by examining non-bonded atomic interactions. Indicators of structural stability, such as 
B-factor analysis and RMSD, are used to assess protein flexibility and conformational integrity. High B-factor 
values often point to regions of increased flexibility or instability, which can impact ligand binding and activity. 
[6,7] Predicting functional domains offers additional understanding of protein functions. Tools such as 
InterProScan and PROSITE detect conserved motifs and domains that are key to catalytic activity, ligand 
binding, or maintaining structural stability. Identifying these regions is essential for grasping how mutations 
could interfere with important functional areas of the protein. [8,9]

Computer-aided drug design (CADD) improves the process of discovering therapeutic compounds 
targeting neurodegenerative pathways. Tools like CB-Dock automatically locate binding sites and assess 
ligand–protein interactions. Integrating structural data with docking simulations helps identify and refine 
potential neuroprotective drugs. [10,11] The combination of NGS, proteomics, and structural bioinformatics 
offers a comprehensive multidisciplinary strategy for studying neurodegenerative diseases. This approach 
enables mutation detection, analysis of structural effects, and discovery of therapeutic candidates. The goal of 
this study is to develop a sustainable computational framework that combines mutation profiling, structural 
validation, functional annotation, and docking analysis, focusing on the protein with PDB ID 6CVP.[12] Such 
an integrated method can enrich our understanding of the molecular mechanisms behind neurodegeneration and 
support the development of neuroprotective strategies. Ultimately, integrating genomic, structural, and 
proteomic data can accelerate personalized treatments and improve neurological health outcomes.[13]

II. Methodology
The present study employed an integrative computational framework combining genomics, structural 

bioinformatics, proteomics, and computer-aided drug design to investigate mutation-induced structural and 
functional changes associated with neurodegenerative diseases.

1. Retrieval of Protein Structure
Our target protein's three-dimensional structure was obtained from the Protein Data Bank under the ID 

6CVP. It was downloaded in PDB format and used as the main template for both structural and docking 
analyses.

2. Mutation Identification through NGS Data
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Genomic mutation data related to neurodegenerative diseases were sourced from published NGS 
datasets. These mutations were mapped onto the protein structure to examine their locations and possible 
functional effects. Protein structural data and conserved domain arrangements were examined using the 
Molecular Modelling Database. MMDB offered comprehensive details on protein folds, structural alignments, 
and domain organization.

3. Protein Structure Validation
Structural validation involved using the ERRAT server to assess non-bonded atomic interactions and 

identify possible structural errors. The overall quality score helped determine the reliability of the protein 
model.

5. Functional Domain Prediction
Protein sequence analysis was performed using:
 Sequence Scanning
 PROSITE
These tools were used to identify conserved domains, motifs, and functional regions within the protein 
sequence.

6. Structural Stability Analysis
Protein flexibility and stability were analysed using B-factor analysis, which measures atomic 

displacement in the protein structure and highlights flexible regions that could affect ligand binding. RMSD 
(Root Mean Square Deviation) calculations were used to assess conformational differences between the native 
and mutated protein structures.

7. Protein Interaction Network Analysis
Protein-protein interaction networks were generated using the STRING database. The network analysis 

helped identify interacting proteins involved in neurodegenerative signalling pathways and neuronal survival 
mechanisms.

8. Molecular Docking Analysis
Structure-based virtual screening was conducted using server Docking. The docking process included:
1. Detection of binding cavities
2. Docking of selected neuroprotective compounds
3. Calculation of binding affinity scores
4. Visualisation of ligand-protein interactions

Docking results were evaluated based on binding energy, hydrogen bonding interactions, and ligand 
orientation within the binding pocket.

9. Data Integration
All computational results from NGS mutation mapping, structural validation, functional domain 

prediction, and docking simulations were integrated to identify potential neuroprotective targets and therapeutic 
candidates.
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Figure 2 Integrative Analysis of Sample 6CVP
III. Results

Proteomic Sample
6CVP | pdb_00006cvp
Human Aprataxin (Aptx) R199H bound to RNA-DNA, AMP and Zn product complex
 Classification: HYDROLASE/DNA/RNA
 Organism(s): Homo sapiens
 Mutation(s): Yes
PDB: 6CVP_A
>pdb|6CVP|A Chain A, Aprataxin
GSHMGHWSQGLKISMQDPKMQVYKDEQVVVIKDKYPKAHYHWLVLPWTSISSLKAVAREHLELLKH
MHTVGEKVIVDFAGSSKLRFRLGYHAIPSMSHVHLHVISQDFDSPCLKNKKHWNSFNTEYFLESQAVIE
MVQEAGRVTVRDGMPELLKLPLRCHECQQLLPSIPQLKEHLRKHWTQ

ERRAT

Figure 3: - Structure validation of sample 6CVP, which shows an overall quality factor 98.21%

Root means square Deviation analysis

https://www.rcsb.org/search?q=struct_keywords.pdbx_keywords:HYDROLASE/DNA/RNA
https://www.rcsb.org/search?q=rcsb_entity_source_organism.taxonomy_lineage.name:Homo%20sapiens
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Figure 4: - RMSD result with pymol red colour shows sample 6cvp and green colour shows sample 6cvt score 
2.910

Interpretation: An RMSD score of 2.910 typically indicates moderate structural similarity between two 
molecules, suggesting a protein model.

InterPro annotation Tools

Figure 5: - Interproscan result of sample 6cvp
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Figure 6: Ancestral chart analysis for single-strand break repair mediated by the enzyme system

Interpretation: In this protein signature analysis, protein sample 6CVP shares a common ancestor, exhibits 
similar function, and shows sequence similarities with certain protein families and domain residues, such as the 
APRATAXIN-related domain (residues 5-179), the HIT-like domain (3-162), the HIT-2 domain profile (8-113), 
the C2HE/C2H2/C2HC zinc-binding region (residues 123-182), and the zinc finger C2H2-type domain 
signature (159-179). The sample also displays conserved sites like HIT-1 (residues 87-105), with conserved 
residues at positions 98, 100, and 103. An ACT_SITE nucleophile is found at residue 100, along with the His 
triad motif (residues 98-102). Additionally, an unintegrated residue, the scavenger mRNA decapping enzyme C-
terminal residue, is present between residues 13-118.
Protein motif database
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Interpretation: In Protein Signature Database, the yellow highlighted sequence marks a region matching a 
known pattern, representing a conserved domain or signature with established biological functions. In the 
computational analysis of NGS data, the Prosite scan of 6CVP involved 199 histidine-mutant sequences, each 
182 amino acids long, resulting in 2 detected hits corresponding to two different patterns in the first sequence. 
HIT1, covering residues 8-113, is labeled as the histidine triad domain with a score of 13.763, indicating the 
strength of the match. Conditions show no match to the standard pattern. HIT2, from residues 98-102, 
represents the histidine triad motif with a confidence level of zero, reflecting a standard notation in Prosite. The 
green bar on the graphical ruler marks the HIT2 domain. Histidine does not directly influence DNA but impacts 
its function by binding metal ions like Zn or Cu, which can lead to aggregation, as observed in neural disorders.

Protein Enrichment Analysis

Figure 7: - string result of sample 6cvp with 100% similarity of PDB sample 3KT9
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Figure 8: - biological process enrichment graph of sample 6CVP

Interpretation: Dark blue and light blue colours typically indicate levels of statistical significance or gene 
interaction in bar graphs. Dark blue signifies higher gene counts or stronger significance, whereas light blue 
indicates lower significance and smaller gene counts. In this graph, the 'Immune response' has a high gene 
count. In gene ontology analysis, a gene count of 7 is associated with the apoptotic process, while counts of 4 
and 9 correspond to different gene ontology functions.

Atomic Displacement Parameter (ADP)

Figure 9: - B-factor analysis of sample 6CVP red colour shows score 91.72 GLU at position 333

Analysis of B-factor shows that in domain A, residue E (333) — a GLU — has a score of 91.72 in the 
loop region, indicating increased motion disorder.

SAMPLE 6CVP

Figure 10: CB dock result of sample 6CVP and Opicapone. 
Figure 11: Cur pocket result of sample 6CVP and Opicapone

Figure 12: CB dock result of sample 6CVP and Quercetin. 
Figure 13: Cur pocket result of sample 6CVP and Quercetin
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Figure 14: CB dock result of sample 6CVP and Luteolin. Figure 15: Cur pocket of sample 6CVP and Luteolin

Table 1: Interpretation of Docking Result
Sr.No. Drug name PDB ID Docking score 

and cur pocket id
Remarks

1 Opicapone 6CVP -9.7 & C3 Samples indicate a strong to the strongest binding affinity.
2 Quercetin 6CVP -7.7 & C2 Samples indicate a moderate-to-strong binding affinity.
3 Luteolin 6CVP -8.2 & C3 Samples indicate a strong binding affinity.

IV. Discussion
Analysis of the protein with PDB ID 6CVP revealed a well-defined 3D structure suitable for 

computational studies. Validation through the ERRAT server indicated a high-quality model with acceptable 
scores for non-bonded interactions, supporting its reliability for further research. Domain analysis using 
InterProScan and PROSITE identified conserved motifs associated with stability and molecular interactions, 
which are essential for maintaining structure and function. Mutations from NGS datasets mapped onto these 
domains showed several variants within conserved regions, suggesting possible disruptions in protein activity. 
[14] Flexibility analysis highlighted multiple regions with high B-factor values, indicating dynamic areas that 
could influence ligand binding and interactions. RMSD comparisons between native and mutant models showed 
significant structural deviations, implying important conformational changes caused by some mutations. [15,16] 
Interaction network analysis with STRING identified partners involved in neuronal signaling pathways, 
pointing to the protein’s potential role in neuroprotection and neuronal survival. Molecular docking with CB-
Dock found compounds with strong binding affinities, forming stable interactions via hydrogen bonds and 
hydrophobic contacts within the binding sites. Overall, this comprehensive computational approach indicates 
that mutations may impact protein stability, interaction networks, and ligand binding, emphasizing the 
importance of integrating genomic, structural, and proteomic data to better understand neurodegenerative 
diseases mechanisms.[17,18]

V. Conclusion
This research highlights the value of integrating genomic, proteomic, and structural bioinformatics 

approaches to investigate molecular mechanisms in neurodegenerative diseases. By combining mutation data 
from next-generation sequencing with structural studies and molecular docking, we gain detailed insights into 
protein dysfunction and potential therapies. The protein structure from PDB 6CVP was a central model for 
analysing mutation effects; ERRAT validation confirmed its accuracy, while tools like InterProScan and 
PROSITE identified crucial conserved motifs. Mapping variants onto the structure pinpointed mutations in key 
regions that could impair stability and function. Flexibility was assessed using B-factor values and RMSD, 
revealing conformational shifts that affect interactions and dynamics. Protein interaction analyses using 
STRING demonstrated the protein’s involvement in neural signalling and cellular homeostasis, with mutations 
potentially driving disease progression. Drug discovery through CB-Dock identified compounds that could bind 
active sites, potentially stabilizing or modulating protein activity for neuroprotection. Overall, this 
comprehensive computational strategy emphasises the importance of integrating genomics, proteomics, and 
structural bioinformatics to advance understanding and identify therapeutic targets in neurodegenerative 
diseases.

VI. Future Scope
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Future research should aim to expand the use of the integrative multi-omics approach from this study 
to include transcriptomics, metabolomics, and epigenomics data. These extensive datasets can provide deeper 
insights into the molecular mechanisms underlying neurodegenerative diseases. Furthermore, validating 
computational predictions with experimental methods is essential. Performing in vitro and in vivo studies will 
confirm the functional effects of mutations identified by NGS and evaluate the biological activity of potential 
therapeutic compounds identified via molecular docking. Advanced molecular dynamics simulations can also 
improve understanding of protein stability and ligand interactions, helping to analyse long-term structural 
behaviour and identify stable drug-target complexes. Applying machine learning and AI techniques could 
enhance predictive models of mutation effects and the progress of drug discovery. Combining AI with structural 
bioinformatics has the potential to accelerate the development of personalized therapies for neurodegenerative 
disorders. Ultimately, integrating genomic data, proteomics, and computational drug discovery promises to 
transform neurodegenerative disease research, enabling early diagnosis, targeted treatments, and improved 
clinical outcomes.
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