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1. INTRODUCTION

Alzheimer’s disease (AD) , an advancing brain deterioration or degradation , is attributed or
associated with intellectual problems ( like perception, understanding , learning ) ,recollection or
reminiscence impairment issues moreover changes in behavioural as well as psychological domains
of life which are sufficiently enough to substantially disrupt the instrumental or
functional activities of daily life .The pathological trajectory typically occurs slowly and cause
significant problems in different areas of thinking. These include episodic memories of the
individual’s life, managerial functions that help in making decisions, problem solving as well as
mental flexibilty and also it affects communication skills. The aggregation of amyloid-f (AB)
peptides within the brain, that results in the formation of extracellular plaques, represents a core
pathological hallmark of Alzheimer disease which leads to neuronal dysfunction and progressive
cell death [1]. The production of AP peptides occurs through enzymatic cleavage of amyloid
precursor protein (APP) by proteases that occurs through a process called as the amyloidogenic
pathway [2]. Beta-secretase 1 (BACE]1) initiates the first enzymatic event in the amyloidogenic
cascade of APP, which results in production of amyloid-beta (Ap) and formation of characteristic
extracellular plaques[3]. BACEI, which is a proteolytic enzyme and belongs to a member of
aspartic protease uses an aspartate residue within its catalytic mechanism. The enzyme contains
domains. The extracellular domain of the enzymes contains two crucial catalytic aspartate residues
(residue 93-96 and 289-292) that are essential for its proteolytic activity. The catalytic domain 1s
optimally oriented that allows it to effectively cleave APP at the B-cleavage site, starting the
amyloidogenic cascade that leads to Alzheimer’s disease pathogenesis . Since Increased BACE1
activity is been linked with enhanced amyloid deposition and progression of Alzheimer’s disease,
it thus makes BACE1 an important therapeutic target [3].

Several small-molecule inhibitors have been engineered to inhibit BACEI enzymatic activity
one such is  (3e,5s)-5-{3-Chloro-5-[5-(Prop-1-Yn-1-YI)pyridin-3-Y1]thiophen-2-Y1}-2,5-
Dimethyl-1,2,4-Thiadiazinan-3-Imine 1,1-Dioxide (6JJ). It is one of the most thoroughly
researched and effective small — molecule inhibitor that have been developed to block BACE1
enzymatic activity . The protein data bank’s structural datasets provide essential knowledge about
protein—ligand interaction, underpinning evidence-based rational drug design methodologies [4].

Structure-based drug discovery, particularly through computational approaches, enables rapid
screening of compounds and accurate prediction of protein-ligand interactions, thereby facilitating
the efficient identification of lead compounds for therapeutic development while incurring
substantially reduced costs and time investments relative to conventional experimental
methodologies [5].

This study used a structure-based computational approach to identify potential inhibitors of
BACE] using the Co crystallised structure SHTZ as a reference model. Selected compounds were
evaluated through molecular docking and ADME analysis to identify molecules with promising
binding characteristics and pharmacokinetic properties. Here, screening based on structure
similarity, ADME analysis, protein-ligand docking Were performed.
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2. REVIEW OF LITERATURE

Alzheimer's disease (AD) is responsible for roughly two-thirds of all dementia instances in people
aged 65 and above, making it the leading cause of dementia. It begins slowly and keeps increasing
in severity. This condition influences conduct and mental abilities. Forgetfulness typically
manifests first, followed by issues with understanding, communication, focus, logic, and problem-
solving. While AD itself isn't usually terminal, it impairs general health, heightening vulnerability
to life-threatening issues [6].

AD is considered a multifaceted disease. Two main theories, the cholinergic and amyloid
hypotheses, have been proposed as the potential triggers.  Additionally, several risk
elements such as elderly status, genetic predisposition, traumatic brain injuries, circulatory issues,
microbial or pathogenic infections, and factors related to environment or sorroundings plays a role
in the disease [2]. At now, about 50 million people all over the world are striken by this Alzheimer's
disease, and this number is projected to double every five years, reaching approximately 152
million by 2050. AD's impact is far-reaching, affecting patients, caregivers, and nations, with
forecasted yearly expenses of US$1 trillion. Right now, there's no cure, but treatments are available
to manage symptoms [7].

2.1. Hypothesis

As discussed above two crucial disease mechanism explanations try to explain AD's pathology.
These are The Cholinergic Hypothesis that points to dropped acetylcholine (ACh) measures in
neural tissue, due to neuronal loss in the Nucleus Basalis of Meynert, as a major player in AD.
ACh is vital for cognition, and its deterioration - to some extent due to beta-amyloid's negative
impact on cholinergic function — contributes to role in AD. The Amyloid Hypothesis, presently a
prominent concept, implies that amyloid beta (AP) peptides, mainly AB42, build up due to
abnormal APP processing, leading to toxic amyloid aggregates that harm neurons. This concept is
especially relevant for inherited AD [6].

2.2.Mechanism

2.2.1. BACEI in Alzheimer’s Disease: Mechanism-

Beta-site APP cleaving enzyme 1 is a cell membrane- associated aspartyl protease chiefly localized
in CNS neurons. This enzyme serves as a pivotal driver in the development and progression of the
of Alzheimer’s disease by executing the primary and indispensable scission of the amyloid
precursor protein (APP), triggering the amyloid- peptide production cascade.
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Disease Progression Dynamics -
At Normal Physiological State: BACE1 concentrations are maintained at a baseline level through
strict cellular homeostatic mechanisms.

Alzheimer’s Progression: A significant surge in protein expression and catalytic efficiency occurs,
accelerating the neurodegenerative cycle.

2.2.2. Amyloidosis-

In AD, amyloidosis refers to the buildup of abnormal proteins (amyloid plaques) in the neural
tissue, damaging cells and disrupting mental faculties. Tau tangles are another defining aspect, and
together they drive the disease.

2.2.3. APP modification or Hydrolysis-

Amyloid precursor protein (APP) is a membrane-bound protein found in elevated levels in
neurons. It can be degraded or cut by two different and contrasting mechanisms, these are:

(a) Non-amyloidogenic pathway
In this track, a-secretase cuts APP within the amyloid-f (AB) section. This cut ceases AP from
generating . Because of this, the pathway is seen as protective and helpful for brain cells.

(b) Amyloidogenic pathway (BACE1-dependent)

In the second route, B-secretase (BACETN) starts the process. It cleaves APP at the B-site. This
step is very important. It leads to the creation of amyloid-f peptides. Therefore, BACEI controls
whether harmful AP fragments are produced.

2.2.4.Phased action of BACEI-

Initiation: BACEI identifies and cleaves APP at a specific site, releasing APPf and generating
C99. C99
generation: C99 stays membrane-bound, functioning as the proximal source for AB production.
y-secretase processing: y-secretase further processes C99, yielding AP peptides (AB40, Ap42)
and AICD.

2.2.5. Synthesis and Buildup of Ap-

AP42 is one of those peptides that are most likely to buildup and oligomerise. These peptides build
up outside of cells and create:

Highly poisonous soluble oligomers
Fibrils that are insoluble

Plaques made of amyloid

3
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These aggregates cause following pathological events, impede with synaptic signalling, and
compromise or weaken neural communication.

2.2.6. Repercussions of BACE Ilfunctioning

Amplified BACEI functioning causes more and more amyloid-§ production or generation, which
Facilitates to

Breakdown in neuron-to-neuron signaling
Energy crisis in the brain
Triggering of the brain’s immune activity

Build-up of damaging free radicals
2.2.7. Implications in drug and therapy targeting

BACE] is important because it carries out the very first step in the process that causes to amyloid-
B formation. As this step is the one that sets up the whole pathway in flow, scientists see BACE1
as a key point where the disease process could be interrupted.

If the activity of BACEI is lessened, the idea is to act before harmful changes build up in the brain,
rather than trying to fix the damage later. In simpler terms, targeting BACEI focuses on stopping
the problem at its starting point.

By doing this, researchers aim to:

¢ Lower the amount of amyloid-p formed in the brain from the starting
¢ Slow down or limit the buildup of plaques that impede with normal brain function

Overall, this approach is designed to reduce the chain reaction of events that eventually leads to
mnemonic deficit and decline in thinking ability inin Alzheimer’s disease [8].

2.3. Clinical Advancement: Amyloid-beta reducing agents

The notion of focusing on BACEI suppressing compounds arose from the amyloid cascade
hypothesis, which pushed pharmaceutical companies to invest significant resources into
developing and fast-tracking small-molecule inhibitors as potential disease-modifying treatments
for Alzheimer’s disease. However, findings from initial medical trials were largely disappointing.
This caused to the discontinuation of many of these candidates from development pipelines. The
following part examines the progression and Ensuing decline of BACE] inhibitors in clinical trials,
with the aim of understanding the key reasons behind their current lack of success.

4
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Here we will discuss some of BACE1 modulators.
These are:

LY2811376: First BACEI inhibitor in clinical trials, showed A reduction, but discontinued due
to toxicity concerns.

LY2886721: Second-gen BACE] inhibitor, showed A reduction, but terminated due to liver
toxicity.

RG7129: Discontinued due to liver toxicity.

BI 1181181: Showed AP reduction, but terminated due to skin reactions.
JNJ-54861911 (Atabecestat): Showed promise, but discontinued due to liver toxicity.
LY3314814 (Lanabecestat): Showed no benefit, discontinued due to futility.
MK-8931 (Verubecestat): Showed no benefit, discontinued due to safety concerns.

E2609 (Elenbecestat): Showed AP reduction, but discontinued due to unfavorable risk-benefit
ratio.

CNP-520 (Umibecestat): Showed AP reduction, but discontinued due to cognitive decline and
brain atrophy.

LY3202626: This modulator does not showed any significant effect thus it was discontinued
shortly.

PF-06751979: Showed promise, but development stopped because of the reason of the Pfizer's
shift in focus.

Many BACE1 modulators have failed in medical trials due to safety concerns or lack of  efficacy
[9].

2.4. Binding Mode Prediction for Structure-Based Drug Design

Molecular docking is a key part of modern drug discovery pipelines. Molecular docking serves as
a cornerstone in the development of molecular based medicine approaches. computational binding
studies or Molecular docking has become a key technique in pharmaceutical research. Molecular
docking Appreciably contributes to the Spotlighting of lead compounds.

Definition

The use of computation of structure complexes designed up of two or more interconnected
molecules is referred to as the process of molecular docking. Foreseeing an intriguing three-
dimensional framework is the primary objective of molecular docking [10]

5
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What does docking do

We can investigate the conduct of small molecules that reside in the site of binding of proteins of
interest and shed light on underlying biochemical operations by utilising the conventional
molecular docking protocol to represent the relationship across a bioactive compounds or ligands
and protein or a macromolecular target at the atomic scale. Foreseeing the ligand's conformation
as well as its position and orientation within these sites (often referred to as pose) and determining
the affinity for binding are the two basic steps in the process of docking. These two steps are
associated with scoring schemes and sampling techniques, respectively [11].

For the sake of in silico or computational docking methods, a number of commercial and several
of digital tools and logic system are available. The medication research and scholarly fields are
presently using these tools and programs that have been created. Auto Dock Vina, Discovery
Studio, pyrx, Surflex, AutoDock GOLD, Glide, MCDock, MOE-Dock, FlexX, DOCK, LeDock,
rDock, ICM, Cdcker, LigandFit, FRED, and UCSF Dock are some of the most popular docking
programs, With the greatest scores among these programs that are AutoDock Vina, Glide, and
AutoDock GOLD have been called to be the best options. Furthermore to this, contingent on the
observed binding poses, a subset of of these software programs have been reliable in forecasting
Root Mean Square Deviations (RMSDs) between 1.5 and 2 A [12].

2.5. Tools used for molecular docking

2.5.1.TheAutoDock-

A very well-known open-source software package for simulations of docks is AutoDock. It
reinforces numerous functions for scoring and offers adaptable binding ligand management.
AutoDock is a favourite because of high level of accuracy and ability to adapt. Educational
institutions as well as research establishments regularly make tremendous use of it. A variant that
is quicker as well as reliable is Auto Dock Vina.

2.5.2. Pyrx

PyRx is a free docking software alongside a minimalist graphical user interface. It use AutoDock
Vina for docking-related simulations. The PyRx procedure is well-known for its user-friendly
design and graphics features. It is often associated in academic settings for online evaluation. PyRx
backs a wide range of types of files and docking-based coding protocols.

6
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2.5.3. GOLD

GOLD is a well-known docking technology application that the can handle an array of ligand
substances. It offers a range of functions for scoring and facilitates peptide-ligand docking
procedures. GOLD is known for its exactness and dependable nature. It is often associated in both
industry and academia. GOLD’S genetic algorithm approach is highly valued.

2.5.4. Glide

Glide is a professional docking tool with great accuracy and rapidity. This tool was
made by schrodinger. It was released in 2004 by the part of Maestro software suite.
It has grown scoring skills and adaptable ligand governance. Glide is
commonly used in the pharmaceutical sector for online screenings. It
functions very well in conjunction with other Schrodinger-based techniques.
Glide's exactness defines a benchmark for docking ability. It offers three accuracy levels, that are-

HTVS mode for fast screening of huge libraries.
SP mode used for docking jobs

XP adds penalties for bad contacts and strong anchor are rewarded [12].

2.5.5. Swiss Dock

The computational tool SwissDock was came in 201 1. It came out of the Swiss Drug Design
project. The original version of this swiss dock was free to use. No account was needed.
It runs on the EADock DSS docking engine. The tool handles setup on its own.
It prepares both the ligand and the protein automatically. All calculations
happen on a remote server. The user’s computer does not need strong specs.
Results show up on a web page. The page is interactive. Ligand poses can
be viewed in 3D on the protein surface. Since 2011, SwissDock has been widely used.
More than 530,000 people have accessed it. These users come from
roughly 200 countries. Over 710,000 docking jobs have been run. Usage
increased a lot during the SARS-CoV-2 pandemic. By January 2024,
Clarivate recorded that about 1,200 papers had cited the tool
SwissDock [13].

Beside this there are other tools too which are highly beneficial.

7
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File formats for receptors and ligands become specific based on the docking programs used. The
file format provides a standardised way to represent ligands and receptor proteins on a molecular
level. This ensures that, not with standing the software utilities, the different types of molecular
docking software are coordinated. Some of the file formats that are being used are-

MOL2: MOL2 files contain detailed information about a molecule's structure. This includes the
3D coordinates of each atom, the type of each atom, bond details, and partial charge distribution.

SDF: A structured data file format for storing molecular data, like chemical structures and
properties.

PDB: Protein Data Bank format,a standard for storing proteins 3D structures and other
biomolecules.

PDBQT: An extension of PDB, adding partial charges and atom types, often used with Auto Dock.

XYZ: A simple format for storing Cartesian coordinates of atoms in a molecule.
Key differences for docking-

Ligands - usually SDF, MOL2 or PDBQT

Proteins - PDB for structure , then converted into PDBQT for docking.

Visualisation — XYZ is common in visualization [14].
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2.7. Molecular Docking Pipeline

An in-depth examination of a typical structure-centered medication design and biological docking
pipeline procedure. Here's a brief synopsis and description of each phase for clarity:

2.7.1. Preparation phase —
Target Protein Preparation:

We obtained the protein's 3D crystal structure from data bank of protein that is PDB. Then Remove
the water molecules and ligands, and add missing atoms followed by assigning the correct
protonation states to side chains, and then minimizing the energy with forcefields like OPLS3.
Ligand Target Protein Preparation: Get the protein's atomic-resolution or tertiary crystal structure
from PDB. Remove solvent or hydration molecules and chemical entities, then add elementary
particles or missing atoms, assign the correct protonation states to side chains, and minimise
energy with force fields like OPLS3 or AMBER.

Ligand Initialization:

Create 3D structures for the molecules, refine their configurations with force fields such as UFF
or MMFF94x, and assign suitable ionisation states and tautomer forms based on physiologically
relevant pH.

Grid setup:

To specify interaction site, create a grid map that is focused on the active pocket, which is typically
centred on residues that interact with the co-crystallized ligand.

2.7.2. Docking Process-
Molecular Docking Simulation:

Place ligands in the active site, allowing flexible ligand docking (receptor rigid/semi-flexible)

9
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Scoring and Ranking:

Rank poses using binding free energy (AGbind) via scoring functions (e.g., GlideScore, AutoDock
Vina)

Interaction Analysis:1dentify key amino acid interactions (H-bonds, hydrophobic contacts) using
PyMOL or Discovery StudioValidation

Re-docking:

Re-dock native co-crystallized ligand; aim for RMSD < 2.0 A to confirm protocol accuracy and
precision.

2.7.3. ADME/Pharmacokinetics Process-

Pharmacological profile assessment or examination is an important step of event in the progression
of development of drugs and its related process.

Key Parameters Evaluated:

Absorption: Lipinski Rule of 5

Distribution: Blood-brain barrier (BBB) permeabilityTopological polar surface area (TPSA)
Metabolism: Dampening of Cytochrome P450 biochemical catalysts (e.g., CYP2D6)

Excretion: Renal clearance or P-glycoprotein substrate behavior.

2.7.4. Post-Processing & Selection

Molecular Dynamics (MD) Simulation which is Optional but Recommended.MD Simulation
is a program which is utilsed for the analysis of molecular interactions. Perform
MD simulations (e.g., 50 ns) using NPT ensembles to confirm the robustness of the protein—
binding partner adduct over time.

10
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Candidate Selection: Prioritize compounds that show high docking scores (strong binding) and
acceptable ADME profiles (drug-likeness) for in vitro/in vivo testing [15].

3. METHODOLOGY

3.1. Retrieval and Validation of Target Protein Structure

The three-dimensional co-crystallized structure of human B-secretase 1 BACE]1, that was bound
to inhibitor 6JJ was fetched from the public data base that is Protein Data Bank (RCSB PDB:
rcsb.org) under accession code ID( PDB ID: SHTZ). This structure was selected based on three
following criteria-

1) High resolution of 1.95 A which was ensuring accurate side-chain and ligand placement.
2) Human origin to avoid differences between species.

3) The presence of a well-defined catalytic site with a co-crystallized small-molecule inhibitor.
The structure was determined by X-ray crystallography at 100 K and deposited with an
R-free value of 0.234, indicating good model-to-data agreement. The asymmetric
unit contains a single BACE1 chain with residues 43—454 resolved.

For docking purpose, chain A was taken as the biological unit.

11
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Fig 4. Three-dimensional co-crystallized structure of human B-secretase 1( BACE1)

3.2. Preparation of the BACE1 Protein

The downloaded PDB file cannot be used for docking directly. It needs cleaning. Thus the structure
was unlocked in BIOVIA Discovery Studio Visualizer.

First all hydreated molecules bounded to protein was removed because the Crystal waters
can block the binding site of protein. Then ions and other buffer molecules that were
not required were also deleted or removed from protein configuration. It was
followed by removal or deletion of the co-crystallized ligand 6JJ. The 6JJ ligand
was saved separately for later use. This step made the active site empty. After
cleaning, hydrogen atoms were also deleted. pH was set to 7.4 because this matches
the human body. 1 checked the two key aspartates: Asp32 and Asp228. One
should be charged and one neutral in the active enzyme. I made sure the
protonation was correct. Then I added charges to the protein. I used Kollman charges.
This i1s the standard for AutoDock. Finally, the prepared protein was saved as a
PDBQT file.

PDBQT is the format Vina needs.

12
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Input: Raw PDB file =  Output: Prepared PDBQT file (ready for docking)

Fig 5. Protein Preparation Workflow

3.3. Selection of Ligands-
3.3.1. Reference Ligand Selection-

Several BACEI inhibitors with experimentally validated activity has been reported in the
literature. These inhibitors usually interact with the catalytic aspartate dyad (Asp32 and Asp228)
at the active site. Among these, compound 6JJ from PDB ID SHTZ has been very much studied
and its binding mode is well-characterised. Therefore, 6JJ was taken or chosen as the reference
ligand for validating docking protocols and as a query molecule for similarity-based screening.

3.3.2. Database Mining via Ligand-Based Virtual Screening-

To identify novel BACE1 modulators, ligand-based virtual screening was performed using the tool
Swiss Similarity (swisssimilarity.ch). This web tool allows rapid screening of multiple chemical
libraries by 2D and 3D molecular similarity. The SMILES notation of 6JJ was used as the query
structure to screen the ZINC drug-like library. Compounds with high structural and similarity to
6JJ were retrieved.

3.3.3. ADME and Drug-Likeness Filtering:
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All the hits from Swiss Similarity were subjected to pharmacokinetic and drug-likeness evaluation

using Swiss ADME (swissadme.ch). The following filters were applied as essential criteria for
CNS-targeted drugs-

Blood-Brain Barrier (BBB) uptake: Mandatory for Alzheimer’s disease targets.

Lipinskis Rule of Five (Ro5): Including a formula weight more than 500 Da, LogP <5, no more
than 5 hydrogen bond donors, and no more than 10 hydrogen bond acceptors.

PAINS filter: Remove Pan-Assay Interference Compounds with promiscuous activity.
Brenk filter: To exclude compounds with toxic or chemically reactive fragments.
CNS MPO score and GI absorption: Preferred high for oral bioavailability.

Only compounds that passed all these preferred filters and showed no violations were retained for
docking. This ensured that selected ligands had or possessed favorable physicochemical and
ADME properties for CNS penetration.

3.4. Preparation of Ligands

The 2D structures of all shortlisted candidate ligands, including the reference molecule 6JJ, were
fetched in SDF format from the Pub Chem database. To ensure compatibility with AutoDock
Vina, all ligand structures were processed using Open Babel GUI.

The procedure involved —

Minimisation of energy

Conversion of the ligands to PDBQT format.

3.5. Molecular Docking

Structure-based molecular docking was carried out using EasyDockVina 2.2. It
is a user-friendly interface for AutoDock Vina that helps or facilitates docking process. The
docking protocol was validated by repeat docking the bonded or bound bioactive compound that is
6JJ into the BACE] active domain.

For virtual screening-

Prepared BACE1 PDBQT file was set as the receptor. The directory containing all prepared ligand
PDBQT files was loaded. A computational grid was outlined surrounding the vicinity of the active
region site that was centered at coordinates X = 25.7262, Y = 17.8873, Z = 27.6607 with
dimensions 32.55 A x 30.23 A x 25.00 A, ensuring complete coverage of the catalytic pocket and
adjacent subpockets. Docking was run with exhaustiveness = 8 and num_modes = 9 to balance
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speed and accuracy. The output included individual PDBQT files for each ligand pose and a
consolidated Excel spreadsheet containing binding affinity scores (kcal/mol).

More pessimistic binding energies implies more pronounced forecasted association.

Highest-ranked -scoring entities were selected for further analysis of binding interactions.

3.6. Protein-Protein Association Network Generation

To evaluate the biological relevance of BACEI in Alzheimer’s disease pathways, a protein-
protein interaction (PPT) map was created using STRING knowledgebase having
the version v12.0 (string-db.org). BACE1l (gene: BACEIl) was used as the input
query for map with Homo sapiens that were selected as the query organism

The following parameters were applied-

Confidence score cutoff: High confidence (0.700) was used to ensure only well-supported
interactions were displayed.

Interaction category: Comprehensive string association including collectively physical and
functional correlations.

Max number of interactors: 1st shell limited to 20 to focus on direct partners.

The resulting network was analyzed for enrichment in KEGG pathways and GO terms. This step
confirmed BACE!’s central role in the amyloidogenic pathway via interactions with APP, PSEN1,
PSEN2, and APOE, thereby validating the target selection.

4. RESULTS & DISCUSSION

4.1. Protein association network analysis of BACEI receptor and other AD
responsible genes

PPI network created or generated using STRING Database shown that BACE] is highly connected
with the proteins associated within the amyoidegenic pathway which are involved in Alzheimer’s
disease progression making it suitable and strong target . Edges depict protein-protein
associations. Total no. of edges and nodes are 109 and 21 respectively. Red coloured node
represent query protein that is BACEI and other nodes depict predicted functional partners.
Known Interactions were shown in light blue and pine line while predicted in dark blue ,red and
green (shown in figure 6)[16].
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Fig 6. PPI network of BACE1 with other protein associated with AD using STRING database
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Compounds were shortlisted by Swiss Similarity on the basis of how similar they are structurally
to reference molecule. As a result of this search 323 compounds were obtained with a similarity
score above 0.85. These compounds were then further filtered using ADME analysis for
checking BBB permeability, Lipinski’s rule of five, PAINS, and Brenk alerts. This was performed
using Swiss ADME. Following ADME filtering, only compounds that passed all checks were
moved on to molecular docking studies. All the 81 compounds shortlisted Were BBB permeable,
had zero Lipinski violations, no PAINS Alerts and no Brenk alert.
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4.3. Docking studies
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Molecular modeling was carried out to appraise the BACE1’s binding affinity with the docked
candidates. Docking analysis of all 81 compounds was carried out .This docking analysis or
examination thus led to the identification of the five promising candidates with association
strength exceeding that of the reference ligand that is (-8.1 kcal/mol). The association strength
of these selected compounds spanned from -8.5 kcal/mol to -8.7 kcal/mol. Notably, Compound [5]
(PubChem CID 52472027) exhibited the maximum affinity of binding of about -8.7 kcal/mol,
demonstrating the most favourable interaction with the BACEI catalytic site (Table 2).

TABLE 2. BINDING AFFINITIES OF LIGANDS

Zl'—_l ‘tur’n|t|n Page 22 of 27 - Integrity Submission

Compound Name PubChem CID 2D Chemical Structure Binding Affinity
(kcal/mol)
Reference 68111516 -8.1
o o
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Compound 1

ethyl 4-[(2,3-
dihydro-1H-indol-1-
ylcarbonyl)amino]b
enzoate

971721

-8.2

Compound 2

2-chloro-N-[3-
(propanoylamino)ph
enyl]|pyridine-3-
carboxamide

17102411

8.4

Compound3

2-N-ethyl-4-N-[(4-
fluorophenyl)methyl
]-6-pyridin-3-
ylpyrimidine-2,4-
diamine

124278181

-8.5

Compound 4

N-benzyl-7-(4-
fluorophenyl)pyrazo
lo[1,5-a]pyrimidine-
2-carboxamide

4866947

-8.6

Zl'—_l ‘tur’n|t|n Page 23 of 27 - Integrity Submission
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Compound 5 52472027 -8.7

BN 0
(2S)-N-[3-(2- |©%~O
pyridin-2- “ :
ylethynyl)phenyl]- Y%
2,3-dihydro-1- %N\
benzofuran-2- :>

carboxamide

4.4. Detailed ADME analysis

The results of Swiss ADME analysis for these five Compounds depicted favourable
observations for multiple Drug-likeliness factors. All these compounds were

BBB Permeable with zero Lipinski violations rendering them useful For drug
development Procedure. There were zero PAINS alerts for all five of these
compounds which meant that chances of false Positives were considerably less

or even zero. Zero Brenk alerts were seen, which further also Solidifieds this observation
which was consistent with all the five Compounds. Further ADME evaluation utilized
filters like- TPSA value

GI absorption.

Consensus log P value

and logKp Value

which were also considered to aid in determining the Viability of the result.

20

Z"—.I turnltln Page 24 of 27 - Integrity Submission Submission ID  trn:oid:::27535:137209733




ZIJ turnitin Page 25 of 27 - Integrity Submission Submission ID  trn:oid:::27535:137209733

4.5. ADME analysis of Compound 3

The ADME analysis for the molecule yields an overall favourable profile for to be a
potential or promising drug candidate. The molecule satisfy Lipinski,s rule of five

and have O violations and other drug likeness filters (Ghose,Veber,etc). It also
shows good oral bioavailabilty of about 0.55 score with lipophilicity of about 3.39,
which balances solubility as well as membrane permeability also. It
shows high gastrointestinal absorbtion and BBB permeability thus it can reach
to CNS effectively. There were no PAINS or Brenk alerts detected and it

also showed positive lead likeness, thus supporting it as a potential lead candidate.

The Boiled egg representation of the molecule is shown Fig 7.
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Fig7.. Boiled egg visualization for ADME profiling 2-N-ethyl-4-N-[(4-fluorophenyl) methyl]-6-pyridin-3-ylpyrimidine-2, 4-
diamine

5. CONCLUSION

This study focused on finding new inhibitors for BACEL, a key protein in Alzheimer’s disease.
BACEI helps create amyloid plaques in the brain. Blocking BACEI is a promising way to slow
down the disease.

We started by downloading the tertiary framework or configuration of human BACE1 from the
Data Bank of proteins which had The PDB ID SHTZ. We cleaned and prepared this protein for
docking using Discovery Studio.

Next, we searched for compounds similar to the known BACEl inhibitor 6JJ.
Swiss Similarity was used for this. Over 2,500 compounds were found. Swiss ADME filtered these
further. Only compounds that could cross the blood-brain barrier were kept. After applying
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Lipinski’s rules and removing toxic compounds, 85 final ligands remained. We
docked these 85 compounds to BACEI using the docking tool that is the Easy Dock Vina.

The top hits had binding scores of -8.2 kcal/mol or better. This means they fitthe BACE1 pocket
well. We also checked BACEI’s protein network using STRING Database. BACE1 connects to
APP, PSEN1, and PSEN2 — all important proteins in the disease of Alzheimer’s.

Overall, this work identified new BACEI inhibitor candidates. These compounds are drug-like
and brain-penetrant that is they can pass in brain. They are good starting points for
further testing. Lab experiments or testing are needed next to check their actual effects on BACEI.

This computational approach is useful for finding Alzheimer’s drug leads or drug candidates.
As more BACEI] structures are solved, even better inhibitors can be designed. With
further optimization, these hits could become lead compounds that can be used for therapeutics
approach.
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