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Abstract

Alzheimer’s disease (AD) is a developing neurodegenerative disease identified by abnormal
aggregation of tau protein, which leads to neuronal dysfunction and cognitive
decline. Identifying effective tau-targeting therapeutics through conventional experimental
approaches is time-consuming, costly, and resource-intensive. In this study, artificial
intelligence-enabled computational methodologies have appeared as powerful research tools
for increasing knowledge generation and drug discovery. The present study proposes a
computational intelligence—driven in silico framework to identify potential natural inhibitors
of the human tau protein, which is related to Alzheimer’s disease.

We used the high-resolution crystal structure of the human tau protein (PDB ID: 8Y76) and a
selected library of bioactive natural compounds. This library was computationally screened
using an automated workflow executed with Bio-Python. Artificial intelligence and Machine
learning assisted algorithms were used for ligand preparation, structural optimization, and
automated virtual screening, so we can minimizing human bias and enhance reproducibility.
Molecular docking was performed to investigate binding affinity and stability of ligand—protein
complexes, followed by detailed interaction analysis to identify key hydrogen bonds,
hydrophobic interactions, and active-site residues involved in tau inhibition.

Computational intelligence—based ranking and filtering strategies were applied to prioritise
lead compounds with favourable binding scores and interaction profiles. The identified leads
demonstrate strong binding affinity toward critical tau functional regions, suggesting their
potential role in inhibiting tau aggregation. This study highlights how Al-assisted in silico
techniques can transform traditional drug discovery by enabling rapid screening, systematic
analysis, and data-driven decision-making.

Overall, the proposed computational intelligence framework illustrates the growing role of
artificial intelligence as a research tool in neurodegenerative disease therapeutics and provides
a scalable platform for future experimental validation and precision drug discovery in
Alzheimer’s disease

Keywords: Computational intelligence, Alzheimer’s disease, tau protein, molecular docking,
natural compounds, Bio-Python, In-silico drug discovery
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1. Introduction

Alzheimer's disease is a progressive and critical neurodegenerative disorder. It is a common
type of dementia which affects over millions of people worldwide, and scientific predictions
indicate this data will nearly triple by 2050 if no effective interventions are introduced (WHO,
2023).[1] This disorder shows progressive memory loss, cognitive deterioration, and
behavioural changes. So, it places a significant socio-economic burden on patients, carers, and
healthcare services. Regardless many years of research and effective treatments that modify
the disease, proper treatment is still not available, and ongoing medications such as
cholinesterase inhibitors and NMDA receptor antagonists mainly offer symptomatic relief
without stopping the disease from advancing. This therapeutic and diagnostic gap underscores
the urgent need for innovative drug-discovery approaches that target the fundamental
molecular mechanisms underlying AD. A primary neuropathological feature of Alzheimer's
disease (AD) is the abnormal buildup of hyperphosphorylated tau protein. This protein forms
aggregates called paired helical filaments and neurofibrillary tangles within neurons. Typically,
tau is a microtubule-associated protein essential for stabilising the neuronal cytoskeleton. In
pathological states, hyperphosphorylation hampers its ability to bind microtubules, resulting in
microtubule destabilization, disrupted axonal transport, and neuronal death. Growing evidence
indicates that tau pathology is more closely linked to cognitive decline than amyloid-p
accumulation, making tau a vital target for AD therapy. [2]
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Figure 1- Tau protein gene structure

Traditional methodologies for developing tau-targeted drugs face challenges due to complex
protein-protein interactions, their high clinical trial failure rates, and the significant time and
cost of laboratory screening. Molecular docking and computer simulation have become an
important method for accelerating early drug discovery, to predicting how small molecules
bind to target proteins. This technique lowers the need for extensive in vitro testing and helps
to identify promising lead compounds more efficiently.[3]

Natural compounds, such as phytochemicals, are a rich source of structurally diverse,
biologically active molecules with scientifically proven neuroprotective and anti-inflammatory
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properties. There are many plant-derived compounds like curcumin, resveratrol, quercetin, and
epigallocatechin gallate that have demonstrated inhibitory activity against tau aggregation in
experimental models. [3,4] These compounds mostly come with favourable safety profiles and
may cross the blood—brain barrier, making them promising candidates for further research.
However, the systematic identification and assessment of natural compounds that target the tau
protein remain limited, particularly with respect to modern bioinformatics approaches and
workflows. [5,6,7]

Computational intelligence integrates algorithm-driven automation, predictive modelling, and
decision-support systems to reduce human bias and enhance reproducibility. In
neurodegenerative disease research, these methods are particularly valuable due to the
multifactorial nature of disease mechanisms and the limited availability of experimental
models. The development of computational biology tools and programming-driven automation
has made drug screening pipelines more efficient, reproducible, and scalable. Bio-Python is a
computational biology tool that provides a flexible working pipeline for tasks such as retrieving
protein structures, preparing ligands, running docking simulations, and analysing results. With
the integration of Biopython and docking platforms such as CB-Dock2, AutoDock Vina.
Researchers can streamline screening of large ligand datasets against specific protein targets,
thereby accelerating the discovery of promising candidates. [8,9,10]

In this study, we used an in silico docking method, implemented in a BioPython-based
workflow, to evaluate a library of natural compounds for their potential to inhibit human tau
protein. We retrieved the three-dimensional structure of tau from the Protein Data Bank (PDB),
prepared ligand datasets from plant-derived bioactive compounds, performed docking
simulations using CB-Dock2 with BioPython scripting, and examined binding affinities along
with protein-ligand interaction patterns. To enhance translational relevance, we further
screened the top candidates for drug-likeness and ADMET (Absorption, Distribution,
Metabolism, Excretion, and Toxicity) properties, selecting compounds with the most
favourable pharmacokinetic and safety profiles. [17,18,19]
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Figure 2- flowchart of workflow

Our research study also supports the United Nations Sustainable Development Goal (SDG) 3.
The aim of this goal is to reduce premature mortality from non-communicable diseases (NCDs)
through prevention, treatment, and mental health promotion. Alzheimer's disease is a part of
NCDs with significant personal, societal, and economic impacts. By investigating tau-targeted
drug discovery using natural compounds, this study helps develop affordable, potentially safer
treatments, and also ensures equitable healthcare access and better NCD management.

Moreover, our study is relevant to occupational health, where workers exposed to heavy metals,
pesticides, organic solvents, and other neurotoxic agents may face higher risks of developing
neurodegenerative diseases, including AD. Identifying tau-targeted therapeutics with
neuroprotective properties could help to shape occupational health strategies and reduce long-
term cognitive decline among high-risk groups. Merging these therapeutic advances into
workplace health programmes aligns with SDG 3 goals, especially those focused on prevention
and early intervention. The choice of an In-silico approach is justified by its efficiency,
scalability, and sustainability. Computational screening significantly lowers laboratory
resource use, reduces experimental waste, and lowers the environmental impact of drug
discovery, an increasingly important factor in sustainable research practices. Additionally, the
design of the Bio-Python workflow ensures reproducibility and flexibility, and allows for the
future integration of additional compound libraries, docking algorithms, and targets relevant to
other neurodegenerative diseases. [11,12,13]

This research addresses a critical unmet need in Alzheimer's disease treatment by employing
computational tools to identify natural compounds that inhibit tau protein aggregation. The
combination of the BioPython library and molecular docking provides a high-throughput, cost-
effective, and environmentally friendly platform for early-stage drug discovery. Aligning with
global health priorities and occupational health concerns, the study enhances scientific
understanding of tau-targeted therapeutics and supports the broader goal of sustainable health
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innovation. These results are expected to set up a foundation for experimental validation and
future translational research aimed at developing accessible, effective, and safe treatments for
Alzheimer's disease. [14,15,16]

2. Materials and Methods

2.1 Collection of Data and Fingerprinting Data Analysis

We collect samples from the PDB database and download the 3D structure of the tau protein
sample ID 8Y76. We obtain a sequence of samples using the Molecular Modelling Database
(MMDB) tool. This structure was selected due to its high-resolution experimental validation
and relevance to AD-associated tau pathology. For ligands, we use ChEMBL with Alzheimer's
neuroprotective annotations. We utilised a fingerprint database analysis tool to identify protein
signature patterns and profiles within protein families and domains, and to analyse their
evolution, biological function, and structure.

2.2 Preparation for ligand and protein

A library of bioactive natural compounds was compiled from publicly available chemical
databases. Ligand structures were optimised and converted into appropriate formats using
automated scripts developed in Bio-Python, enabling standardised and reproducible ligand
preparation. After collecting the data file, we convert the ligand file to a .pdbqt file using Python
libraries such as RDKit and OpenBabel. We remove water and heteroatoms, then perform
energy minimisation of the sample using Biopython and PyMOL.

2.3 Computational Intelligence—Assisted Screening

Artificial intelligence—assisted automation was implemented using Bio-Python to streamline
ligand screening, structural validation, and filtering. Algorithm-driven rules were applied to
evaluate molecular compatibility, physicochemical properties, and structural stability, allowing
efficient elimination of unsuitable compounds.

2.4 Molecular Docking Analysis

Molecular docking was performed to assess the binding affinity and orientation of each ligand
within the active regions of the tau protein. Docking scores were used as quantitative indicators
of binding strength, and top-ranking ligand—protein complexes were selected for further
analysis. In the docking setup, we define the active site using either known binding sites or a
blind docking approach. For docking, we use the AutoDock Vina tool with the help of Bio-
Python docking codes. Subsequently, we perform batch docking for all ChEMBL ligands.

2.4 Post-Docking Analysis

After completing docking for all ligands, we analyse docking scores and ligand ranks. We
visualise the top ligand interaction using PyMOL, and then generate a graph using seaborn and
matplotlib. Protein—ligand interaction analysis was conducted to identify hydrogen bonds,
hydrophobic interactions, and key amino acid residues involved in binding. These interactions
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were visualised using molecular visualisation tools to assess ligand binding stability and
specificity. Computational intelligence—based ranking and prioritization strategies were
applied to identify lead compounds with optimal binding affinity and interaction profiles. The
final leads were selected based on docking scores, interaction stability, and biological relevance
to tau inhibition.

3. Result
PDB ID 8Y76
Crystal structure of the SAM domain of L3MBTL3
Classification: GENE REGULATION
Organism(s): Homo sapiens
Expression System: Escherichia coli

Mutation(s): Sequcence mutation

MMDB DATABASE

Chain A, Lethal (3) malignant brain tumour-like protein 3

PDB: 8Y76_A

>pdb|8Y76|A Chain A, Lethal (3) malignant brain tumour-like protein 3

SVSKWSTDEVSEFIQSLPGCEEHGKVFKDEQIDGEAFLLMTQTDIVKIMSIKLGPALKIFNSILM
FKAAE

Fingerprint database analysis
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pdb-8Y76-A (70 aa)

SVSKWSTDEVSEFIQSLPGCEEHGKVFKDEQIDGEAFLLMTQTDIVKIMSTKLGPALKIFNSILMF

KAAE
Legend:
* *
disulfide bridge active site other ‘ranges’ other sites

Please note that the graphical representations of domains displayed hereafter are for illustrative purposes only, and that their colors and shapes are not intended
o indicate homology or shared function.
For more information about how these graphical representations are constructed, go to https://prosite.expasy.org/mydomains/.

hits by profiles: [1 hit (by 1 profile) on 1 sequence]
Upper case represents match positions, lower case insert positions, and the '-' symbol represents deletions relative to the matching profile.
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Figure 3: - Database analysis of sample 8Y76

Interpretation: In the domain prediction score, 12.531 indicates a strong match to the profile;
the yellow-highlighted region shows the matched region relative to other families. In this
analysis, a predicted domain, the SAM domain (Sterile Alpha Motif), is identified. This protein
is involved in signal transduction, transcriptional regulation, and protein-protein interactions,
and mediates binding to and oligomerisation of RNA/DNA. This domain also mediates tau
protein phosphorylation by the scaffold kinase formation.

Structure of the sample 8Y76 by using PyMOL after the removal of water, heteroatoms and
minimisation of energy.
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Figure 4: - 8y76 structure from Pymol

The structure highlights the overall conformation of the tau protein used for molecular
docking and interaction analysis in Alzheimer’s disease—related studies.

Figure 5: ligand structure by using Python Colab scripted py3mol

The ligand structure was optimized and visualized to ensure proper geometry prior to
molecular docking analysis.
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Figure 6: Ligand-Receptor docking result using AutoDock in Python Colab

The docked complex illustrates the binding orientation and interaction of the ligand within
the functional region of the tau protein.

Docking Scores of Natural Compounds Against Tau Protein
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Ligand File
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Figure 7: Horizontal bar graph displaying the docking scores (binding affinities) of various natural compounds
(ligands) against the Tau protein, which is involved in Alzheimer’s disease.

Interpretation: - In this horizontal graph, blue bars show stronger binding and red bars show
weaker binding affinities. The most negative docking scores indicate stronger binding affinity
for the Tau protein, with ligand 3 (-6 kcal/mol), ligand 6 (-5.5 kcal/mol), and ligand 1 (-5
kcal/mol) exhibiting the strongest binding. These ligands could be potential Tau-targeting
therapeutics for further investigation. Ligands that have less negative scores indicate weaker
interactions, such as ligand 18(-1 kcal/mol) and ligand 15 (-0.5 kcal/mol). Tau protein
aggregation is a hallmark of Alzheimer’s disease. Identifying natural compounds with high
binding affinity could assist in Inhibiting Tau aggregation, designing novel therapeutic agents,
and exploring neuroprotective mechanisms. The docking score distribution demonstrates the
effectiveness of the proposed Al-assisted in silico screening framework in differentiating
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potential tau inhibitors from a natural compound library. Several ligands exhibited significantly
lower binding energies, indicating strong and stable interactions with the tau protein.

This quantitative ranking of compounds directly supports the proposal’s objective of lead
compound identification, enabling data-driven prioritization before experimental validation.
The use of automated docking analysis and visualization reflects the role of computational
intelligence as a research tool, reducing manual screening bias and accelerating early-stage
drug discovery for Alzheimer’s disease.

4. Discussion

This study highlights the potential of computational intelligence methods as powerful tools in
Alzheimer’s disease drug discovery. By combining Al-driven automation, molecular docking,
and interaction analysis, the framework effectively finds candidates targeting tau, reducing
both experimental costs and time. The use of natural compounds increases therapeutic
relevance because of their structural diversity and biological compatibility. Choosing PDB ID
8Y76 provided a reliable structure for precise docking and interaction studies. Although this
study emphasizes in silico validation, experimental and clinical testing will be necessary to
verify the therapeutic potential of the lead compounds identified.

5. Conclusion

This study presents a computational intelligence—driven in silico drug discovery framework for
targeting tau protein in Alzheimer’s disease. The integration of Al-assisted screening,
molecular docking, and interaction analysis demonstrates how artificial intelligence can serve
as an effective research tool for transforming knowledge creation in neurodegenerative disease
therapeutics. The identified lead compounds provide a foundation for future experimental
validation and precision medicine approaches in Alzheimer’s disease.

The SAM domain prediction in pdb-8Y76-A (residues 5—69) indicates a structurally conserved
region likely involved in protein—protein interactions, potentially relevant to signalling
pathways. Simultaneously, docking analysis shows Ligand 3 as the most promising Tau binder
(=6 kcal/mol), suggesting therapeutic potential for neurodegenerative diseases. Combining
domain annotation with docking insights supports a targeted approach to modulate Tau
interactions through SAM-containing proteins. Future work should validate these findings via
molecular dynamics and mutational studies, explore SAM domain-mediated Tau regulation,
and assess ligand specificity and bioactivity in cellular models to advance translational
strategies for Alzheimer’s disease and related tauopathies. This integrated analysis supports
UN Sustainable Development Goal 3: Good Health and Well-being, focusing on decreasing
mortality from non-communicable diseases and enhancing mental health. Applying molecular
insights to translational research helps achieve SDG 3’s aim of strengthening R&D for diseases
that mainly impact ageing populations. Future validation and drug development can lessen
dementia's impact, improving quality of life and long-term neurological health. Future work
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will focus on integrating machine learning models to improve binding affinity prediction,

performing ADMET and toxicity analyses, and experimentally validating the identified lead
compounds.
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