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Abstract

ackground: Alzheimer's disease (AD) is a neurological ailment that causes progressive memory loss as

neurons die. Beta-secretase 1 (BACE1) is a key enzyme in the production of amyloid beta, which is a

characteristic of Alzheimer's disease. Developing new BACE1 inhibitors with no cytotoxicity is a
promising method to treat AD.

Methods: The goal of this study was to find new BACE1 inhibitors by screening natural compounds in the
ZINC database against the BACE1 active site. The compounds were screened against BACE1 using the PyRx
0.8 program. The SwissADME web server was used to determine the ADMET properties of hit compounds.

Results: The hit compounds ZINC3875408, ZINC4098603, ZINC95561079, ZINC299817515, and
ZINC67903362 exhibited higher binding affinities to BACE1 than the control compound AZD3293. The
Asp32, Lys224, Tyr198, Thr329, 1le226, Val332, Argl128, Tyr71, Phel08, Lys107, Gly74, Gly13, Glyl1, GIn12,
Ile110, Trpl15, Leu30, and Gly230 were the important binding residues of BACE1 protein with these
compounds as well as the control compound. These compounds also have good drug-like qualities.

Conclusion: The compounds ZINC3875408, ZINC4098603, ZINC95561079, ZINC299817515, and
ZINC67903362 can be used as BACE1 inhibitors to manage AD. However, experimental validation is needed
to optimize these compounds as BACE1 inhibitors.
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Introduction

Alzheimer's disease (AD) is a neurological ailment that
causes gradual memory loss due to substantial neuron
cell death [1]. This situation is irreversible because
injured neurons cannot regrow [2]. The chance of
getting AD grows with age. AD affects around 50
million individuals worldwide and it is expected that
this figure will double every five years [3].

Although the cause of AD is uncertain, several
hypotheses have been proposed [4]. These include loss
of cholinergic neurotransmission, AB  plaque
deposition, hyperphosphorylated tau protein buildup,
and increased oxidative stress [5]. In AD, neurons
responsible for acetylcholine synthesis are damaged
and lost [6], resulting in diminished production of this
neurotransmitter and impaired communication
between neuronal cells [7]. Two important hypotheses
have been offered to explain these pathophysiological
effects: the Cholinergic theory and the Amyloid
hypothesis [8]. The Amyloid hypothesis suggests that
extracellular clumps of AR peptides trigger the
pathogenic cascade that leads to neuronal cell death in
AD. BACE-1, an enzyme in the amyloidogenic signaling
pathway, is crucial for the brain's production of
neurotoxic AP peptides. Targeting BACE-1 can lower
AP synthesis and B-secretase activity [9].

The discovery and development of new medications
is a time-cosuming and costly process. Computer-aided
drug discovery (CADD) enhances this workflow,
particularly through virtual screening (VS) approaches,
by expanding the pool of possible medications [10].
CADD, which combines computational and theoretical
techniques, discovers potential agents that target
certain proteins or receptors. Several authorized drugs
were developed utilizing CADD [11]. CADD also
predicts pharmacokinetics, drug-like characteristics,
and toxicity of substances [12].

Methods

Protein preparation

The Protein Data Bank was used to obtain crystal
structure of BACE1 (PDB ID: 2ZHV). The protein was
prepared using Discovery studio (DS) visualizer 2021
and saved in .pdb form.

Ligand preparation

Natural compounds (N=300) were retrieved from the
ZINC database, which was downloaded in .sdf format.
Furthermore, these compounds were minimized and
prepared for screening utilizing DS 2021's 'ligand
preparation' tool.

Virtual screening

The PyRx 0.8 program [13] was used to screen the
prepared compounds and determine the binding

mechanism between the compounds and the BACE1
protein. PyRx is an open-source virtual screening
program that is used to screen libraries of compounds
against the target protein in CADD techniques. The
compound-BACE1 complex with the highest negative
binding affinity values was chosen for further study,
and the binding interactions were then examined.

Physiochemical properties

The SwissADME web server was used to determine the
physicochemical properties of the hit compounds [14].
The parameters evaluated included physicochemical
properties, water solubility, pharmacokinetics, and
Lipinski's rule of five.

Results

In this study, natural compounds from ZINC database
have been screened against the catalytic site of BACE1
protein. Among them, 18 compounds or hits were
found to exhibit stronger interaction with BACE1
protein than the control compound AZD3293 (Table 1).
The top 5 hits (ZINC3875408, ZINC4098603,
ZINC95561079, ZINC299817515, and ZINC67903362)
were selected for in-depth analysis based on their
binding affinity values as well as interaction with key
residues of BACE1 protein.

S. No. Compounds Binding affinity (kcal/mol)
1. ZINC3875408 9.9
2. ZINC4098603 9.9
3. ZINC95561079 9.8
4. ZINC299817515 -9.5
5. ZINC67903362 9.4
6. ZINC256374349 9.1
7. ZINC257402882 -9.0
8. ZINC256374343 -8.8
9. ZINC257402881 -8.7
10. ZINC43552595 -8.6
11. ZINC97971596 -8.6
12. ZINC139712128 -8.5
13. ZINC238774737 -8.4
14. ZINC253527818 -8.3
15. ZINC253527821 -8.2
16. ZINC253527823 -8.1
17. ZINC253527824 -8.1
18. ZINC584908972 -8.0
19. AZD3293 (Control <19
compound)

Table 1: Binding affinity of top hit compounds having higher
affinity than the control compound.

The top five compounds (ZINC3875408, ZINC4098603,
ZINC95561079, ZINC299817515, and ZINC67903362)
were superimposed to show that they share the same
binding pocket on the BACE1 protein as the control
compound, AZD3293 (Figure 1).

ZINC3875408 interacted with Glyll, GIn12, Glyl3,
Leu30, Asp32, Gly34, Ser35, Tyr71, Thr72, GIn73,
Gly74, Lys107, Phel08, Ile110, Trp115, Ile118, Tyr198,
Nle226, Asp228, Thr231, Thr232, Arg235, and Val332
residues of BACE1 (Figure 2A); while GIn12, Leu30,
Asp32, Gly34, Ser35, Tyr71, Ile110, Phel08, Lys107,
Trpll5, TIlel18, TIle226, Asp228, Gly230, Thr231,
Thr232, Arg235, Lys224, Tyr198, Thr329, and Val332
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residues were found to bind with ZINC4098603 (Figure
2B).

Figure 1: Superimpose view of top 5 hits ZINC3875408,
ZINC4098603, ZINC95561079, ZINC299817515, and
ZINC67903362 along with control AZD3293 (red) in the BACE1
active site. The 5 hits are shown in black color.

ZINC95561079 was observed to interact with Glyll,
Glyl3, GInl2, Leu30, Asp32, Gly34, Ser35, Tyr71,
Ile110, Lys107, Phel08, Trp115, Ile118, Arg128, Tyr198,
Gly230, Thr231, Thr232, Arg235, and Thr329 residues
of BACE1 (Figure 2C). ZINC299817515 interacted with
Asp32, Tyr71, Thr72, GIn73, Gly74, Lys75, Aspl06,
Lys107, Phel08, Ile110, Trpll5, TIlel118, Asp228,
Gly230, Thr231, andArg235 residues of BACE1 (Figure
2D). In addition, ZINC67903362 binds with Glyl1,
Gly13, GInl2, Leu30, Asp32, Gly34, Ser35, Tyr71,
Phel08, Ile110, Trp115, Ile118, Tyr198, Lys224, 1le226,
Asp228, Gly230, Thr231, Thr232, Arg235, Thr329, and
Val332 residues of BACE1 (Figure 2E). Furthermore, the
control AZD3293 binds with Glyll, Gly13, GInl2,
Leu30, Asp32, Tyr71, Gly74, Trp76, Lys107, Phel08,
Ile110, Trp115, Arg128, Tyr198, Lys224, Ile226, Gly230,
Thr329, and Val332 residues of BACE1 (Figure 2F).
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Figure 2: Interacting residues of BACE1 with ZINC3875408 (A),
ZINC4098603 (B), ZINC95561079 (C), ZINC299817515 (D),
ZINC67903362 (E), and AZD3293 (F).

A thorough examination of the physicochemical
properties and adherence to drug-like criteria of the
hits (ZINC3875408, ZINC4098603, ZINC95561079,
ZINC299817515, and ZINC67903362) showed that they

possess nearly essential characteristics required for

their potential as future drug candidates (Tables 2).

Property Model Name Predicted Value
ZINC3875408 ZINC4098603 ZINC95561079 ZINC299817515 ZINC67903362

Physico- MW (g/mol) 436.41 462.40 518.68 468.08 484.62
chemical HBA 10 11 7 18 8
Properties HBD 7 7 4 8 6

TPSA (A?) 177.14 190.28 132.13 306.28 139.84
Estimated Log S -2.71 -2.92 -4.23 -1.65 -3.53
Solubility Solubility (mol/I) 1.95¢-03 1.22¢-03 5.82e-05 4.51e+01 2.96e-04

Class Soluble Soluble Moderately soluble Soluble Soluble
Pharmaco GI absorption Low Low Low Low High
-kinetics BBB permeant No No No No No

log Kp (cm/s) -8.58 -8.99 -7.69 -13.51 -8.11
Drug Lipinski 1 2 1 2 1
likeness S g| Ghose 0 0 3 1 2

jé £[ Veber 1 i 0 i 0

S 2| Egan 1 1 1 1 1

z =

Muegge 2 3 0 4 1

Table 2: Drug-like properties of top 5 hit compounds ZINC3875408, ZINC4098603,

ZINC95561079, ZINC299817515, and ZINC67903362.

Discussion

The BACE1 is a crucial target for developing AD
therapeutics [15]. AD-related AP accumulation and
oxidative stress cause lipid bilayer weakening. Thin
bilayers may enhance AP aggregation, while lipid
oxidation can contribute to AP misfolding [16]. AP
peptide aggregation causes cellular toxicity through the
development of polymorphic oligomers, protofibrils,
and fibrils [17,18]. Developing novel BACE1 inhibitors
with low cytotoxicity is a promising approach to
treating AD. This study screened natural compounds
against BACE1 to find safe, non-toxic inhibitors. The
top five compounds, ZINC3875408, ZINC4098603,
ZINC95561079, ZINC299817515, and ZINC67903362
bind strongly to BACE1 protein and have favorable
drug-like properties.

The H-bond is important for the stability of the
ligand's binding to the target protein. Interestingly, the
top five compounds (ZINC3875408, ZINC4098603,
ZINC95561079, ZINC299817515, and ZINC67903362)
form multiple H-bonds with the amino acid residues of
BACEL. The Lys107 residue was the most frequently
interacting H-bond with ZINC3875408, ZINC4098603,
ZINC299817515, and the control AZD3293.
ZINC95561079 formed H bonds with the Tyr71, Tyr198,
Thr232, and Glyl3 residues of the BACE1l protein.
Furthermore, ZINC67903362 formed H bonds with the
Thr329, Tyr198, Glnl2, Glyll, Thr232, and Gly230
residues of the BACE1 protein.

AZD3293 is an oral inhibitor for AD that blocks Af
deposition, potentially reducing or eliminating
symptoms [19]. Phase I and II clinical investigations
show that it has great therapeutic potential. Unlike
first-generation BACE1 inhibitors, which had difficulty
penetrating the blood-brain barrier (BBB) [20,21],
AZD3293 penetrates the BBB effectively in humans
[19]. In this study, BACE1 residues Asp32, Lys224,
Tyr198, Thr329, lle226, Val332, Arg128, Tyr71, Phel08,
Lys107, Gly74, Glyl3, Glyll, GInl2, Ile110, Trp115,
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Leu30, and Gly230 interacted with AZD3293.
Interestingly, the identified hits (ZINC3875408,
ZINC4098603, ZINC95561079, ZINC299817515, and
ZINC67903362) were also found to bind with these
BACEI1 residues, implying that these compounds bind
to the same pocket as AZD3293.

The intensity of a ligand's binding to its target
protein is measured in terms of binding affinity values,
with a high (negative) value indicating efficient binding
[22,23]. Notably, the identified hits (ZINC3875408,
ZINC4098603, ZINC95561079, ZINC299817515, and
ZINC67903362) had higher binding affinity values than
the control (AZD3293), indicating that these
compounds bind strongly and tightly to the BACE1
protein, and can be used as BACEl inhibitors to
manage the AD.

BACE1 is a key enzyme in the production of Ap,
which is a hallmark of AD. This study screened the
natural compounds from the ZINC database to the
BACE1 active site. The hit compounds ZINC3875408,
ZINC4098603, ZINC95561079, ZINC299817515, and
ZINC67903362 had high binding affinities for the
BACE1 protein. BACE1 protein's key binding residues
with these hit compounds and the control compound
were Asp32, Lys224, Tyr198, Thr329, Ile226, Val332,
Argl128, Tyr71, Trp76, Phel08, Lys107, Gly74, Gly13,
Glyl1, GIn12, Ile110, Trp115, Leu30, and Gly230. These
compounds may be used as BACE1 inhibitors to treat
AD.
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