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ABSTRACT

Alzheimer's disease (AD) is a progressive neurodegenerative disorder characterized by cognitive decline and
memory loss. A key feature of AD is the accumulation of amyloid beta (AB) peptides in the form of extracellular
plaques. The amyloid cascade hypothesis suggests that the pathogenesis of AD is initiated by the cleavage of
amyloid precursor protein (APP) by PB-site amyloid precursor protein cleaving enzyme 1 (BACEL). Numerous
therapeutic approaches have been pursued to target BACEL due to its crucial role in AD. However, the complexity
of AD and the localization of BACEL in the brain have posed challenges, leading to the failure of clinical trials
and, in some cases, even exacerbating disease progression. Specifically, the blood-brain barrier (BBB) prevents the
entry of many molecules, making BACEL1 a difficult target to approach. Recent advancements in BACE1 therapy
have shifted the focus from traditional enzyme inhibitor-based therapeutics to modulators, antibody therapy, and
gene therapy. These approaches offer several advantages, including the ability to efficiently cross the BBB and
provide targeted treatment. In this review, we explore the latest developments in modulators, antibody therapy, and
gene therapy targeting BACEL to combat AD. These approaches offer a promising avenue to mitigate the

progression of AD and provide a novel therapeutic strategy.

KEYWORDS: Alzheimer’s disease, BACEI inhibitors, molecular docking, molecular dynamics, virtual
screening, QSAR, artificial intelligence, computer-aided drug design, ADMET prediction, blood-brain barrier, drug

discovery.
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INTRODUCTION

Alzheimer’s disease (AD) is a neurodegenerative disease and is the primary cause of dementia, which can be described
as a constant, and continuous loss of memory combined with cognitive impairment and change in personality. It is
currently one of the chief causes of death and has affected more than 44 million people around the world. AD mainly
affects people of old age (>65 years), hence as the demographics of society changes, the prevalence of AD and other
age-related dementias increases. Discovery and development of drugs for AD is a tedious process. In 2023 FDA had
approved a new category of drug lecanemab, only for people with mild cognitive impairment however studies are
stating the patients who received drug are experiencing edema, or fluid formation on the brain Currently there are only
six FDA (Food and Drug Administration) approved prescriptions drugs available to treat the symptoms associated with
AD. These include Tacrine, Donepezil, Galantamine, and Rivastigmine which are acetylcholinesterase (AChE)
inhibitors, Memantine which is an N-methyl-Daspartate receptor antagonist (NMDA), and Suvorexant which is an

orexin receptor antagonist.

The brains of AD patients are characterized mainly by two histopathological features, which are amyloid (Ap) plaques
consisting of R-amyloid (AR) peptides located outside the cells and neurofibrillary tangles made up of hyper
phosphorylated tau protein located within the neurons. Evidence has emerged indicating that AR peptide and its
aggregation forms a vital aspect of the development of AD. BACEL (3-secretase) is an aspartic protease mainly present
in the central nervous system (CNS) and contained in the presynaptic terminals. It is responsible for generating AR by
breaking down the transmembrane protein APP (3-amyloid precursor protein. Usually, a-secretase governs proteolytic
processing of APP in a healthy brain, however, when a-secretase is inhibited, B- and y-secretases take over and bring
about the formation of neurotoxic AR 1-40 and AR 1-42. AR 140 and AR 1-42 aggregate easily and get deposited.

These are the main components of AP plaques. The production and deposition of A} are considered to be the factors
leading to pathological changes in AD, such as neurofibrillary tangles, neuron loss, vascular injury, dementia, and many

more.

BACEL is considered a major target for the development of drugs that can decrease cerebral AR levels for the treatment
and prevention of AD. BACEL inhibition would stop AR production and curb the occurance of AR-associated
pathologies. Also, the studies on BACE1 knockout mice showed that the initial reports were free of any harsh
phenotype and didn’t exhibit any pathological abnormalities. Over the last few years, various BACE1 inhibitors
underwent clinical assessment. Initially, many BACE1 inhibitors were discontinued during Phase 1 or early Phase 2
trials due to liver, ocular, or cardiac toxicity. Some BACEL inhibitors such as verubecestat, atabecestat, lanabecestat,
and umibecestat advanced well in clinical trials but failed to display improvement in cognition and function in placebo-

oriented studies. Elenbecestat was the final BACEL inhibitor to be discontinued in Phase 3 trials.

BACEL is a transmembrane protein of the type 1 category. It consists of a sequence of 82 amino acids running C-
terminally to the homologous pepsin carboxyl terminus, including a lumenal expansion, a hydrophobic site carrying the
transmembrane and cytosolic areas. The lumenal extension spans up to about 35 amino acids and is comprised of
secondary structures that directly interact with it by fixing to the pepsin globular catalytic region. Disulfide bonds are
attached to both extremes of the lumenal expansion and are directly connected to the catalytic domain. A small
sequence of about 11 amino acids secures the catalytic site of BACEL to the lipid bilayer membrane, C-terminally of

the last disul? de bonded cysteine of the luminal expansion. Distant from a hydrophobic region of length of 26 amino
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acids including the transmembrane area, another sequence of 21 amino acids expands into the cytoplasm (residues 494—
501). This small stretch contains a dileucine chain that interacts with the cytosolic region of APP. BACEL action can
also be controlled by the location of the, a B-sheet hairpin loop that is present over the active site. The active site of [3-
secretase is located within the lumen of acidic intracellular compartments. BACEL is resistant to the inhibitory effect of

pepstatin and shows optimal activity at approximately pH 4.5.

In this study, the aim was to carry out drug repurposing by identification of some existing small molecules of unrelated
purpose, as potential BACEL inhibitors using modern in silico tools of drug discovery. Here, we have considered
natural compounds imported from ZINC database. Natural products refer to chemical compounds or substances
produced by living organisms that is present in the nature. These can be classified into small molecules resulting from
metabolic reactions and those obtained as a result of secondary or non-essential metabolism. Natural products are

associated with low toxicity. In 2019, nearly 30% of drugs were approved in the US on the basis of drug repurposing.

This practice of drug repurposing has previously been adopted for various disorders such as cardiovascular problems,

cancer, obesity, erectile dysfunction, ceasing smoking habits, stress, psychosis, and many other health problems.

Repurposing of drugs decreases the time and cost required for initial screening, toxicity analysis, clinical trials, large-
scale manufacturing, and formulation process. In silico-based studies provide much acceptable and results. Although
in-silicon drug repurposing methods also have their own advantages, on the other side it has few disadvantages and
limitations also. Limitations are related to the data we select for the study. If the volume of data is very less, a proper

model cannot be generated, second, it is difficult to understand vague descriptions, third a lack of comprehensive data.

These challenges are associated with drug repurposing methods but can be controlled by software engineering

techniques.

2. MATERIALS AND METHODS

2.1. Small Molecules and Protein Structure Preparation

The total numbers of TCM compounds from TCM Database Taiwan were 61,000, and we employed the TCM
compounds to search potent ligand as BACEL inhibitor by docking study. We further used ADMET prediction and
Lipinski's rule of five to estimate drug-likeness of the TCM compounds from docking results; these rules make them a
likely oral drug in the human body. For ADMET prediction, we based on BBB penetration, CYP2D6 inhibition, and
hepatotoxicity to analyze all docked ligands. The crystal structure of BACE1 was taken from PDB database (PDB
code: 4JPE); the missing atoms and loops were corrected by Prepare Protein module under Accelrys Discovery Studio
2.5.5.9350 (DS 2.5); residues of BACE1 were protonated in pH 7.4 condition. We also used PONDR-FIT to evaluate

unfolded regions on BACEL1 sequence for structure validation.

2.2. Docking Study

The volume of BACEL inhibitor (1M7) in crystal structure of BACE1 was defined as binding site for screening TCM
compounds through protein-ligand interaction; different poses of TCM compound were generated by Monte-Carlo
techniques; docking study was performed by LigandFit module within DS 2.5. We utilized CHARMmM force field to

minimize the conformation of each ligand.
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Minimization of each docking pose executes 1000 steps of Steepest Descent with an RMS gradient tolerance of 3 and
followed by conjugate gradient. The generated conformation of ligands was docked into the defined binding site of
BACEL,; the ligand poses were calculated by various scoring functions including -PLP1, -PLP2, and -PMF.

2.3. Molecular Dynamics Simulation

The molecular dynamic simulation was carried out by GROMACS 4.5.5 package to simulate the dynamic structure of
BACE1 with docked compounds. We utilize charmmz27 force field for the simulation system. The distance between the
edge of box and protein was set to 1.2 nm. Each protein-ligand system was placed in cubic cell containing water
molecular by TIP3P model. Nonbonded interactions include repulsion, dispersion, and Coulomb terms. The repulsion
and dispersion terms involve Lennard-Jones interaction and Buckingham potential; the cut-off distance of define van
der Waals (VDW) residues was set to 1.4 nm. Long-range electrostatic forces were performed using the PME method.

The equation of Lennard-Jones interaction is as follows:

& i}
Uir) = 4e[{=312 — (=97,
(r) =4l ™= ()]

The Buckingham potential is defined as
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Rg.'
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Topology files and parameters of small compounds in protein-ligand complexes were generated for GROMACS
simulation by SwissParam web server. Bonds lengths were constrained by the linear constraint solver (LINCS)
algorithm. Na+ and Cl— ion were randomly replaced with water molecular to neutralize the simulation systems, and the
concentration was set as 0.145 M in solvent system. The energy minimization was used to stabilize the solvent system
by Steepest Descent algorithm with 5,000 steps, the follow by equilibration performed under position restraints to
equilibrated water molecular in the protein for 1 ns under constant temperature dynamics (NVT type) conditions. In
final step, production running for 5000 ps under constant pressure and temperature dynamics (NPT type); all of the
temperature simulation system was under 310 K condition. MD conformations are sampled every 20 ps and all frames

are analyzed under GROMACS 4.5.5.
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3. MOLECULAR DYNAMICS

MD is utilized to model ligand-protein complexes when physiologically relevant structures are present. MD stimulation
has the advantage of accurately reflecting the real-world conditions of the biological system. Throughout the protein,
explicit solvent representation is visible. It forms a highly dynamic protein structure, and the ligand protein complex is
solvated with water in the same way that it is in nature. To obtain insight into binding stability and interactions with key
amino acids within BACE 1 protein’s drug-binding pocket in a dynamic state. MD simulations were performed for
three ligand-protein complexes viz., ZINC000150351431-BACE 1 docked complex (complex 1), ZINC000014945921-
BACE 1 docked complex (complex 2), ZINC000069488328-BACE 1 docked complex (complex 3) based on molecular
docking score, binding energy, IFD score, and oral bioavailability studies. ZINC000049089131, ZINC000261496860,
ZINC000069488195, and ZINC000261496858 showed comparatively less binding energy to the target protein.

ZINC000040164523 was found to have poor oral bioavailability. This study was also conducted for the co-crystallized
ligand to compare the stability of the ligand-protein complex with the CHEMBL2425609 — protein complex. The frame
was captured for 100ps in MD simulation, resulting in 1,000 frames being produced for a 100ns stimulation period and
saved in a trajectory. In addition, the stability of the ligand-protein complex was estimated using an RMSD plot (Root
mean square deviation) for BACE 1 (4LXM) protein and ‘Lig Fit Prot’ for the ligands.

For Complex 1 the protein and ligand RMSD values were determined to be within the range of 1.17 A — 2.00 A and
1.02 — 4.26, respectively. The complex was stable throughout the study, but a slight drift was observed for a period of
79.6 — 82 ns after which the complex stabilized in the later part of the study (Fig. 2 a). For complex 2, the protein and
ligand RMSD values were determined to be within the range of 1.04 A — 2.07 A and 1.15 A — 8.41 A, respectively,
major drifts were observed for 5 — 43 ns and 60 — 100 ns, and during this period the RMSD values were found to be
more than the acceptable range of 1-3 A. For complex 3 the protein and ligand RMSD values were determined to be
within the range of 1.02 A — 1.77 A and 1.18 A — 5.81 A, respectively, initial drift from 0-11 ns was observed due to
the initial stabilization of the protein structure with respect to ZINC000069488328 — protein complex and a major drift
was observed from 51-53 ns after which the complex stabilized towards the end of the study. For co-crystallised ligand
— BACE 1 complex, the protein and ligand RMSD values were determined to be within the range of 1.14 A — 2.02 A
and 1.14 A —2.02 A, respectively, and slight drift was observed at 93 ns after which the complex stabilized.

Hydrogen Bonds m—mstacking Salt bridges
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3-D Induced fit docking ligand interactions of a) ZINC000040164523 b) ZINC000014945921 ¢) CHEMBL2425609 d)
ZINC000069488328 e) ZINC000150351431 BACE 1 (4LXM) protein and ‘Lig Fit Prot’ for the ligands.
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RMSD plot of ZINC000150351431 and BACE 1 protein complex b) RMSD plot of ZINC000014945921 and BACE 1
protein complex ¢) RMSD plot of ZINC000069488328 and BACE 1 protein complex d) RMSD plot of
CHEMBL2425609 (co-crystallised ligand) and BACE 1 protein complex.

Throughout the simulation study, the protein-ligand interactions were also monitored, and an analysis report was
generated for the potential protein-ligand interactions. In the chosen trajectory, interactions that occur more than 30.0%
of the simulation time were noted. Complex 1 made hydrogen bond interactions with ARG128, SER325, ARG235,
GLN73, THR232, GLY230, THR231, ASP228, ASP32, and THR72. The n-cation interaction was made with ARG235.

Hydrophobic interactions were also present but with weaker occupancy with LEU30, TYR71, and ARG235. Complex 2
made hydrogen bond interactions with Thr232 and Asp32. Water bridged interactions were seen with LYS107 and
THR72, also hydrophobic interactions with weaker occupancy were seen with LEU30, TYR71, PHE108, ILE110, and
TRP115. Complex 3 made hydrogen bond interactions with Thr72, Asp32, ASP228, and PRO70. It made water bridges
interaction with ASP228 and n-n stacking interactions with TYR71. Hydrophobic interactions were observed with
TYR71 and PRO70. Co-crystallised ligand—-BACE 1 complex made hydrogen-bonding interactions with ASP228,
ASP32, GLY34, and PHE108. n-r stacking was observed with TYR71 and hydrophobic interactions were seen with
PHR108 and TYR71.
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Histogram of protein-ligand interactions. (a) Interaction of ZINC000150351431 with various BACE 1 protein residues
(b) Interaction of ZINC000014945921 with various BACE 1 protein residues(c) Interaction of ZINC000069488328
with various BACE 1 protein residues (d) Interaction of CHEMBL2425609 (co-crystallized ligand) with various BACE
1 protein residues. The percentage of simulation time that a specific contact is maintained is represented by the value

less than 1 in the stacked bar chart. A value greater than 1.0 implies that the same protein residue interacts with the

ligand many times.
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.No '
i New Missing New Missing New Missing Score(keal/mol)
1 CHEMBL2423609 ARG235 ASpP32 - TYRI198 - 79442
2 ZINC000150351431 SER325 ASP228 TYRTL -803.50
GLY11 o o o
GLNT3
3 ZINC000040164523 GLN12 PHE108 PHE109 TRP1LS
GLNT73 GLY34 o PRO70 o -807.13
THRT2 TYR19
LYS107
4 ZINC000069488328 THRT2 GLNT3 PROT0 PHE108 79429
ARG235 LYS107 VALGY o o
PROT0 TYR198
ILE226
VAL332
5 ZINC000014943021 ARG235 PHE108 VAL332 TYRT1 -795.24
PHE102 - ILE110 ALA12T -
TRPLIS
LEU30
6 ZINC000049089131 LYS107 ASP228 TYRT1 -793.26
7 ZINC000261496860 LYS321 Lys224 PROT0 VAL332 -803.30
ARG235 ASP228 PHE322 ILEX26 -
THRT2 ILE110
GLY264
2 ZINC0000694881095 GLN73 ILE126 TYRT1 - 794,92
9 ZINC000261496838 ARG235 GLNT3 VAL332 LEU30 -804.80
THRT2 TYR198 ILE110 ALA33 o o
ILE126 ASP228 ALA127
ARG307 VALGY
TYRT1
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P-RMSF (Protein root mean square fluctuations) was utilized to visualize the fluctuations of each protein residue across
the simulated time period. The protein amino acid residue that fluctuates more is represented by higher peaks. For
complex 1, the most fluctuating residues were observed to be ALA313 with an RMSF value of 2.58 A, GLN73 with
RMSF value of 2.55 A and GLY273 with RMSF value of 2.56 A. RMSF of the remaining protein was found within the
range of 1.02 A to 2.58A. For complex 2, the most fluctuating residues were observed to be VAL312 with RM SF value
of 3.42 A, SER46 with RMSF value of 3.00 A and ALA157 with RMSF value of 3.00 A. RMSF values of remaining
protein was found within the range of 0.67 A-3.42 A. For complex 3, the most volatile residues were observed to be
SER46 with RMSF value of 2.32 A and ALA313 with RMSF value of 2.40 A. RMSF volatility for remaining protein
was found within the range of 0.56 A-3.32 A. For complex 4, the most volatile residues were observed to be THR314
with RMSF value of 4.06 A, ASP311 with RMSF value of 2.89 A and LEU167. RMSF volatility for remaining protein
was found within the range of 0.60 A-4.06 A.

Ligand root mean square fluctuation (L-RMSF) could reveal how ligand fragments interact with proteins and have an
entropic function in the binding process. For complex 1, O groups at position 34 and position 35 of the ring B of the
structure were found to be the most volatile with an RMSF value of 4.43 A and 4.37 A, respectively. Other major
fluctuations were seen with O atom at position 36 of ring B with an RMSF value of 4.01 A. Overall the RMSF value of
complex 1 with respect to protein ligand complex was observed within the range of 0.94 A—4.43 A. For complex 2,
major volatility was seen with C alkene (position 7) of the imidazolinium ring with an RMSF value of 3.64 A and with
NH ion (position 6) of the imidazolinium ring with an RMSF value of 3.59 A. Overall the RMSF value of complex 2
with respect to protein ligand complex was observed within the range of 2.14 A-3.64 A. For complex 3 major volatility
was seen with NH group at position 1 with an RMSF value of 6.73 A and with C atoms at positions 2, 3 and 4 with
RMSF values of 5.78 A, 4.88 A and 3.80 A, respectively. Overall, the RMSF value of complex 2 with respect to protein
ligand complex was observed within the range of 0.67 A-6.73 A. For co-crystallized ligand—BACE 1, complex major
volatility was seen with F (fluorine) atoms at position 1, 3, 4 with RMSF values of 2.29 A, 2.34 A, 2.15 A, respectively.

Overall, the RMSF value of co-crystallized ligand—BACE 1 complex with respect to protein ligand complex was
observed within the range of 0.53 A-2.36 A. After a thorough analysis it was found out that aromatic ring, amine, and

ketone groups were important structural features required for good interactions with the protein complex.

4. RESULTS AND DISCUSSION

4.1. Docking Results

We utilize PONDR-FIT to understand the amino acids on binding region (GLN60, GLY61, ASP80, ILE158, ILE166,
ASP276, GLY?278, and THR279) of BACEZ1 are not disorder structure, and the values of disorder disposition are below
0.5, which indicate that the binding site of BACEL is order structure, and the ligands binding may not affected by
protein structure. For docking analysis, we based on -PLP1, -PLP2, and -PMF to evaluate the docking pose of
traditional Chinese medicine (TCM) compounds. From scoring analysis, pyrimidine analogue R-50 (1M7) was
regarded as control for comparison, which is synthesis BACEL inhibitor from Hunt's study. Top candidates with higher
values of scores than 1M7. For ADMET evaluation, all TCM candidates have no CYP2D6 inhibited and hepatotoxicity,
suggesting that CYP2D6 may not be affected by these ligands in liver. The 1M7 has hepatotoxicity in ADMET
analysis, indicating that our TCM candidates are safer than control. All docked ligands are ranked by -PMF score, due

to the prediction of blood-brain barrier (BBB) penetration showing Diterpenoid EF-D with no penetration ability (BBB
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level = 4); the Triptofordin B1 has -PMF score (194.61) and medium penetration (BBB level = 2), which is better than
1M7 because of the low penetration (BBB level = 3) and low binding score (-PMF = 119.39). Triptofordin B1 is

available in Tripterygium wilfordii; the herb extraction has therapeutic effect for SAMP8 mice with AD disease. So we

selected Triptofordin B1 for further studies; the chemical scaffolds of TCM candidates and 1M7 . Docking pose of
Triptofordin B1 displayed pi-pi interaction with TYR119; close residues include ASP80 and ASP276. 1M7 binding
pose has H-bond with ASP80 and ASP276, but there is no pi interaction presented between residue and ligand. The data

reveal that Triptofordin B1 has similar binding position with 1M7 and displayed stronger chemical interaction in

BACEL binding site. In further study, we utilized MD simulation to perform dynamic protein-ligand complexes for

variation analysis.

Name -PLP1  -PLP2 -PMF BBB Level CYP2D6 Hepatotoxicity
Diterpenoid EF-D 79.04  75.67 195.32 4 0
Triptofordin B1 6844 6228 194.61 2 0
Shionoside C 7167 6936 193.84 4 0
Jangomolide 7227 67.01 187.36 3 0
Vibsanin W 7798 76.62 184.31 4 0
2a,6a-Dihydroxybetulinicacid  59.52  57.72  183.93 2 0
Benzoylramanone 63.59 61.05 183.67 2 0
Pseurata D 63.28 62.87 180.42 4 0
Vibsanin [ 7818 7243 179.15 4 0
1M7* 70.70 52.10 119.39 3 1

TYR119

a)

1M7

(b)

% 5 .
\ 1
c

1
. ASPS8O0
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The docking poses of small compounds: (a) Triptofordin B1; (b) 1M7. Small compound and amino acids are colored in

green and yellow, respectively.

4.2. Stability Analysis

Structure of BACEL with docked ligands includes Triptofordin B1 and 1M7 that were carried out by MD simulation,
and we use protein structure of BACE1 with no ligand (Apoprotein) for comparison. The analysis result of protein root
mean square deviation (RMSD) and radius of gyration (Rg). IM7 displayed fluctuation from 500 to 4500 ps and was
stable at 0.3 nm of protein RMSD. Triptofordin B1 and Apoprotein show similar trends; the protein RMSD remained
stable in the region of 0.3 nm. The radius of gyration (Rg) analysis shows that the compactness of BACE1 with each
ligand is less than the Apoprotein structure, because of the docked ligand combined with BACEL. From 3000 to
5000 ps of Rg analysis, the structure tends to be stable around 0.4 nm.

We further analyzed RMSD of each small molecular during MD simulation; ligand RMSD of Triptofordin B1 and 1M7
increases large fluctuation at 2000 ps; the value of ligand RMSD increased from 0.04 to 0.10 nm. Interestingly, 1M7 is
decreased from 0.10 nm 0.04 nm after 4500 ps; this finding suggests that the region of 2000 to 4000 ps should be used
to analyze the conformation of ligand binding. For total energy analysis, there significant increased values were
observed at initial simulation time; the total energy is remained around —8.74 x 106 kJ/mol for 1M7 and Apoprotein;
the Triptofordin B1 was stable at —8.72 x 105 kJ/mol. These results suggest that all structures of the complexes

remained constant after initial simulation time; there is no significant fluctuation among all BACEL structures.

4.3. Residues Fluctuation Analysis on the Binding Region

We using root mean squared fluctuation (RMSF) to analyze the fluctuation of residues on protein binding site; the
binding region (GLN60, GLY61, ASP80, ILE158, ILE166, ASP276, GLY278, and THR279) shows small flexibility.
The largest fluctuation is observed from 425 to 450 residues, because these regions are far away from the binding site,

indicating that the flexible amino acids do not affect protein-ligand interaction during MD simulation.

According to DSSP analysis, the number of helix and beta-sheet remained 150 and 100, respectively; the other
secondary type also revealed no distinct changes. Besides, the distance for pair of each residue has no missing plot
among all BACELI structures during 5000 ps,. The results show that structure of BACE1 remained constant during all
MD simulations.

4.4. Movement of Each Ligand Analysis

The mobility of each ligand was analyzed by mean square displacement (MSD); Triptofordin B1 increased MSD values
to 0.3 nm at 2500 ps, and stabilizes until 4000 ps. IM7 was stable below 0.1 nm and decreased MSD value at 4500 ps.
In final simulation after 4500 ps, Triptofordin B1 further increased MSD values to 0.45 nm and tends to be stable to the
end time. Here, we further analyze the distance between BACE1 and each ligand among 5000 ps. The distance between
IM7 and BACEI displayed 1.00 nm before 2000 ps, but Triptofordin B1 increased to 1.50 nm from 2000 to 3500 ps,
and the other wild increased distance occur from 4000 to 5000 ps. These results comparing with MSD analysis;the
region of 200 to 3500 ps has significant change during dynamics simulation; in the next analysis, we focus on these

regions of simulation time for further studies.
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4.5. Clustering Analysis for Snapshot Observing

In order to understand the most stable structure during the entire MD simulation for understanding the movement of
BACEL, all frames of MD simulation were clustered into different subgroups; the similar MD conformations were
grouped into the same cluster. For clustering results, each last group includes last 1000 ps (from 4000 to 5000 ps);
hence, we selected the middle flams from each last group for further analysis from all MD complexes. Before
observing all snapshots from middle frames of last clustering group, we also calculate the distance of H-bonds for each
ligand among all simulation times; GLN121 showed decreased distance after 4000 ps for Triptofordin B1. ASP80 and
ASP276 remain revealed low distance with 1M7, suggesting that GLN121, ASP80, and ASP276 are essential amino
acid for ligand binding. In snapshot analysis, we found that Triptofordin B1 could reduce the binding site, because the
GLN121 has significant change, and presenting pi interaction with TRP163, and in ligand channel analysis, we can see
that the predicted channel of Triptofordin B1 is shorter than 1M7 and Apoprotein, suggesting that Triptofordin B1 could
bind to BACEL1 better than 1M7.

5. CONCLUSION

For ADMET analysis, Triptofordin B1 has more penetration than 1M7 and less toxicity, because 1M7 has
hepatotoxicity in ADMET prediction. Three scoring functions, -PLP1, -PLP2, and -PMF, are higher than control. The
structure of BACE1 analysis shows that the binding residues have less fluctuation after MD simulations, indicating the
each ligand is not affected by protein residues. In migration analysis for Triptofordin B1 and 1M7, the stable region
displayed from 3000 to 4000 ps; we utilize clustering analysis to observe this period simulation time. Triptofordin B1
could reduce the binding cavity of BACEL; the results reveal that Triptofordin B1 could bind to BACEL and better than
1M7, which could be used as potential lead drug to design novel BACEL1 inhibitor for AD therapy
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