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ABSTRACT. Alzheimer (AD) is a chronical neurodegenerative disease which is the 6" leading cause of death worldwide.
About 36 million cases in the world and may increase to 115 million in 2050. The pathological cause of AD is the presence
of residual AP peptides. AP peptides is produced in the cleavage process of the amyloid precursor protein (APP)
sequentially by Beta amyloid precursor protein cleavage enzyme 1 (BACEI) and y-secretase. Flavonol, germacrene B,
and sitosterol are compounds found in Centella asiatica which is has potential as BACEL inhibitor. The aim of this study
was to analyze the interaction between BACE1 with flavonol, germacrene B and sitosterol by molecular docking to
predict the BACEL inhibitor potent of those compound. We obtained BACE1 from RSCB database, flavonol, germacrene
B and sitosterol from PubChem database. Molecular dockcing was done using Hex 8.0.0. The docking result were
vizualized with Discovery Studio 3.5. Interaction of BACEL1 resulted binding energy for sitosterol was -239.7 kcal/mol ,
flavonol was -188.1 kcal/mol, and germacrene B was -185.6 kcal/mol. Flavonol and sitosterol bound to the active site of
BACEL involving Thr232 and lle110 on flavonol, while Tyr71 on sitosterol. All of the active compounds didn’t have the
interaction at S1° subsite, which is the center of BACEI active site which has become the key of APP activation from
BACEL. This study has shown that flavonol and sitosterol had potential to reduce BACEL activity but not directly inhibit

BACEL activity.
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INTRODUCTION

Alzheimer (AD) is a chronical neurodegenerative
disease which ranked 6" for the cause of death
worldwide. There are about 36 million cases in the
world and may increase to 115 million in 2050 [1].
The person who suffers from Alzheimer can
experience the cognitive impairment and memory
that can affect a person's quality of life.
Neuropathological detection in AD can be done by
reviewing the presence of B-amyloid (AP) peptide
biomarkers [2]. The accumulation of 40-42 amino
acid residues of AP peptides can be dangerous
because it is one of factors that causes AD [3].

The formation of neurotoxic AP is produced in
the process of cleavage of the amyloid precursor
protein (APP) sequentially by p-secretase or
referred to as Beta amyloid precursor protein
cleavage enzyme 1 (BACE1) and y-secretase [3].
AP can induce oxidative stress, activation of glial
cells, apoptosis signal from neuron cells and
accumulation of AP indicating the death of neurons
by limiting synaptic function [2]. The formation of
AP deposits can cause plaque in the brain
parenchyma and cerebrovascular walls and the
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formation of neurofibril strands in the cortex and
hippocampus followed by synaptic and neuron loss
[4].

Researchers have taken several approaches
through herbal therapy which is carried out as a
treatment for AD. One of them is using extract of
Pegagan plant (Centella asiatica: Family Apiceae).
Centella asicatica (CA) is one of the herbs that are
spread in Southeast Asia, including Indonesia [5].
According to previous study, it shows that water
extract of CA has biological effects of relevance to
memory, learning, and aging, and potentially to
disease progression in AD [6]. This plant contains
several active compounds in the form of flavonoids,
terpenoids, and polyphenols. Active compounds
that exist in CA are thought to bind to BACE1
which BACEL has been widely used as a target in
the treatment of AD [3]. Inhibition of BACE1 will
stop the formation of AP at the beginning of cutting
APP [5]. Inhibiting the formation of AP in the initial
phase is considered important and effective [3].

According to previous studies, the effectiveness
of several CA active compound extracts in the
treatment of AD through blocking BACEL1 activity
will be carried out using in silico virtual prediction
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to analyze the ability of these compounds in the
process of suppressing AP production so that it can
be the basic for developing alternative drugs for AD
treatment. The purpose of this study is to analyses
active compounds of CA that potentially inhibit the
interaction of BACEL1 and APP using molecular
docking.

METHODS

Proteins and Ligands Preparation

The receptor used in this study is BACEL was
downloaded from https://www.rcsb.org with PDB
ID: 1FKN. Protein were prepared with Discovery
Studio 2016 client 3.5 [11] to remove water
molecules and contaminant ligands. Ligands used
are: flavonol (CID: 11349), germacrene B (CID:
5281519), sitosterol (CID: 222284), and lanabecestat
(CID: 67979346) as control ligand. 3D Ligand
structure obtained from PubChem. Ligands are
prepared using PyRx [12] to minimize the binding
energy and converted to PDB format.

Ligand-Receptor Docking Analysis and Visualization

The study was conducted with molecular
docking by using HEX 8.0.0 [13] to predict
interactions between active compounds in CA with
BACEL1 also to analyze the energy and types of
bond between receptor-ligand complexes formed.
The interactions reviewed in this study were: (1)
BACE1-flavonol, (2) BACE1-germacrene B, (3)
BACE1-sitosterol, and interactions with positive
control were (4) BACELl-lanabecestat. Result of
docking is visualized by Discovery Studio 2016 to
see the result of the interaction and also the bonds
that formed.

RESULTS AND DISCUSSION

The molecular docking between BACE1 with
flavonol, germacrene B, and sitosterol has been
studied for investigation BACEL inhibitor in AD
pathway. Ligands are chosen for investigation
because they fulfilled the molecular character that
can across blood-brain barrier (BBB) which shown
on Table 1. It is revealed that all compounds used
in this study are eligible in terms of oral
bioavailability. BBB iS  semi-permeable
physiological barrier in the human central nervous
systems (CNS) composed of complex multicellular
systems of endothelial cells, astrocytes, pericytes,
microglia, vascular smooth muscle cell, and
neurons. This barrier located between the brain
parenchyma and vascular system with various
function as regulator of molecular transport to and
from the brain, mediators of communication also
separator between peripheral tissues and CNS,
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protecting the brain from systemic toxins as well as
maintaining nutrient and ion levels suitable for
neuronal function (homeostasis) [7]. Factors
affecting penetration of compounds through BBB
including: (1) molecular weight (MW) <500 Da, (2)
lipophilicity (LogP), (3) distribution coefficient
(LogD), (4) topological polar surface area (TPSA)
<90 A, (5) hydrogen bond donor (HBD), molecules
with <5 H-bond donor and <10 H-bond receptor are
better in absorption and penetrate the BBB, and (6)
ionization of compound (pK) [8]. Molecules with
TPSA value greater than 140 A? tend to be weak at
penetrating neuronal cells and BBB. In general,
small molecules that target on CNS required TPSA
value less than 90 A? so it can easily pass through
BBB [9].

The ligand-protein interaction was presented by
binding sites on amino acid residue and the types of
interaction shown in Table 2. The binding energy of
BACEL and sitosterol is the lowest among other
ligands. Flavonol binds with 2 amino acid residues
of BACEL, Thr232 and Ile110 form hydrogen and
hydrophobic bond with the binding energy -188.1
kcal/mol. Interaction of BACE1 with germacrene B
formed hydrophobic bond with the binding energy
of -185.6 kcal/mol. Germacrene B bind with one
amino acid residue of BACE1, Val93. Sitosterol
binds to BACE1 through a hydrogen bond and 4
hydrophobic bond with total binding energy -239.7
kcal/mol.

Interaction between BACE1l and sitosterol
involved 3 amino acid residues Leu30, Lys107, and
Tyr71 which all of these residues located in subunit
B of BACEL (Figure 1). The results show that
flavonol and sitosterol binds at the active site of
BACEL1. Flavonol binds with Thr232 and 11e110 at
the active site while the sitosterol binds with Tyr71
at the active site. All of the ligands did not have the
interaction at S1° subsite, the center of BACE1
active site which has become the key of APP
activation from BACELX. It is known that BACE1
active site is large consisting of subsites called
pockets. There are S1 pocket which has close
proximity with S3 are hydrophobic region
composed of Leu30, Phel08, Ile110, 1le118, and
Trpl15 residues; the S2 and S4 are site exposed to
hydrophilic residues such as Lys9, Serl0, Thr72,
GIn73, Thr231, Thr232, Arg235, Arg307, and
Lys321; the S3° and S4° composed of Pro70,
Thr72, Glul25 Argl28, Argl95, and Trpl97
residues; then next to S4° are S2’ subsites which
composed of hydrophobic and amphipathic
residues such as Ser35, Val69, Tyr71, lle126, and
Tyr198; also the center of the active site, the S1°
subsite, contains the catalytic dyad of
Asp32/Asp238 and two hydrophobic residues of
11e226 and Val 332 [10].
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Figure 1. Molecular docking result of BACE1 with C. asiatica (1) flavonol, (2) germacrene B, (3) sitosterol, and (4)
lanabecestat as control ligand. Letter ‘a’ shows an overview of flavonol/germacrene B/sitosterol/lanabecestat-
BACE1 complex; letter ‘b> shows 3D structure of flavonol/germacrene B/sitosterol/lanabecestat-BACE1
complex; and letter ‘c’ shows 2D structure of flavonol/germacrene B/sitosterol/lanabecestat-BACEL complex.
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Table 1. Size and TPSA value of compound used in this study.

No Compound Size (Da) TPSA (A)
1 Lanabecestat 412.5 72.9
2 Flavonol 238.24 46.5
3 Germacrene B 204.35 0
4 Sitosterol 414.7 20.2
Table 2. Types of interaction between BACE1 with ligands.
Interaction Interaction  Distance From To Tupe Chemistry BEi?]%'}%y
Point (A) Chemistry Chemistry yp Bond (keal /mc?l)
B:ALA243 — Hydrophobic
LIG1 4.77 Alkyl Alkyl Alkyl Bond
B:LYS246 — Hydrophobic
BACEL + LIG1 4.57 Alkyl Alkyl Alkyl Bond .
Lanabecestat LIGL — o . Hydrophobic
B-MET215 5.49 Pi-Orbitals Alkyl Pi-Alkyl Bond
LIG1 - . . . Hydrophobic
B ALA243 5.03 Pi-Orbitals Alkyl Pi-Alkyl Bond
. . Pi-Donor
B.TH!?232.HN 3.18 H-Donor  Pi-Orbitals Hydrogen Hydrogen
—:LIG1 Bond
Bond
BACE1 + ) ) Pi-Donor
Flavonol B.TH!?232.HN 3.00 H-Donor  Pi-Orbitals Hydrogen Hydrogen -188.1
—:LIG1 Bond
Bond
LIG1 - . . . Hydrophobic
BILE110 4.69 Pi-Orbitals Alkyl Pi-Alkyl Bond
BACE1 + :LIGL:.C - Hydrophobic
Germacrene B A:VAL93 4.95 Alky! Alky! Alkyl Bond -1856
Conventional
:LIGL:H - Hydrogen
LIGL-O 2.21 H-Donor  H-Acceptor  Hydrogen Bond
Bond
:LIGL:.C - Hydrophobic
B:LEU30 3.33 Alkyl H-Acceptor Alkyl Bond
BACE1L + .
; :LIG1:.C - Hydrophobic -239.7
Sitosterol BLYS107 4.77 Alkyl Alkyl Alkyl Bond
B:TYR71 - . . . Hydrophobic
LIGL:C 4.23 Pi-Orbitals Alkyl Pi-Alkyl Bond
LIG1 - . . . Hydrophobic
B-LYS107 4.75 Pi-Orbitals Alkyl Pi-Alkyl Bond
CONCLUSION bind on S1’ subsite which is the center of BACE1

Flavonol and sitosterol bound to the active site of
BACE1. Germacrene B bound to BACEL1 but was
not on its active site. All of the active compounds did
not have the interaction at S1’ subsite, which is the
center of BACEL1 active site which has become the
key of APP activation from BACEL. Based on the
effectiveness of binding energy form interaction
BACE1 toward flavonol and sitosterol also their
ability to bind on BACEL active site, they said to be
potential to reduce BACEL activity but not directly
inhibit BACEZ1 activity. This is because they did not
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active as key of APP activation from BACEL1.
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