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Abstract

Alzheimer’s disease is a progressive
neurodegenerative disease that mainly affects
people above the age of 65 years. Current treat-
ments focus to reduce the symptoms of the dis-
ease but do not target the cause. In the current
study, we targeted on the B-secretase belong-
ing to the amyloidogenic pathway. Secondary
metabolites from marine organism are often
unexplored. In the current study, we explored
about 202 such metabolites to check their po-
tential to inhibit B-secretase. A library of sec-
ondary metabolite structures was downloaded
from the PubChem database. The three-dimen-
sional protein structures - B-secretase (PDB ID:
1M4H) was downloaded from PDB database.
The ligands and the proteins were subjected to
energy minimization using UCSF Chimera soft-
ware employing an AMBER force field. Molecu-
lar docking was performed to evaluate the bind-
ing affinity of ligands against the (-secretase
using AutoDock Vina. Semagacestat was used
as standard. Post dock analysis was performed
using Ligplot plus and PLIP server. ADMET
analysis was performed using SWISS ADME

and PROTOX Il servers. Among the 202 com-
pounds, Octaphlorethol-A showed higher bind-
ing affinity towards the enzymes B-secretase
when compared to standard. In addition, molec-
ular dynamic simulation studies confirmed that
the compounds form relatively stable complex
than the standard drug. Moreover, the ADMET
analysis indicates that octaphlorethol-A could
be chosen as a potential drug candidate. In the
future, these compounds could be used as po-
tential leads and evaluated via in-vitro and in-vi-
vo experimental studies to validate the results.

Keywords: Alzheimer’s disease, B-secretase,
Molecular docking, Octaphlorethol-A, ADME,
Toxicity

Introduction

Alzheimer’s disease (AD) is a neurolog-
ical disorder marked by the buildup of abnormal
proteins in the brain, including beta-amyloid and
tau, which results in neuronal loss and cognitive
decline (1). AD primarily affects people over 65
and is among the most common forms of de-
mentia. Alzheimer’s disease (AD) is expected
to increase in the coming years, leading to an
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estimate 152 million cases globally by 2050
(2). The most common symptoms of AD in-
clude memory loss, difficulty completing familiar
tasks, poor judgment and decision-making abil-
ities, mood swings, personality changes, confu-
sion about time and place, trouble with spatial
orientation, difficulty with language and commu-
nication, misplacing items, and losing the ability
to retrace steps. The risk of developing AD ex-
tends with age, with most cases affecting peo-
ple above the age 65. Nevertheless, early onset
Alzheimers can also affect people as young as
their 30’s and 40’s (3). The brains of patients di-
agnosed with AD were characterized by chron-
ic inflammation, plaques, and tangles, which
eventually lead to neuronal cell death (4-5).
Many theories are being presented to explain
the causes of AD, including vascular dysfunc-
tion hypothesis, cholinergic, lymphatic system,
inflammation, and metal ion hypothesis. The-
ories like the amyloid cascade, mitochondrial
cascade, calcium homeostasis, and tau propa-
gation hypothesis focus on pathological events
after the occurrence of AD (6). There is current-
ly no therapy for the treatment of Alzheimer’s
disease. Treatments for AD mainly focus on
the management of AD-associated symptoms.
Acetylcholine esterase inhibitors are presently
employed to enhance cholinergic neurotrans-
mission and reduce the hydrolysis of Acetylcho-
line in the brain. Even though these medications
are quite effective, they are also associated with
several side effects (4-5).

The amyloid cascade, also known as
the amyloid or AB hypothesis, posits the forma-
tion and pathogenesis of beta-amyloid plaques
and their role in Alzheimer’s disease (AD). Am-
yloid precursor proteins (APP) are necessary
for neuronal development and repair. APP, a
transmembrane protein, has two mechanisms
for the cleavage of transmembrane protein
APP: the non-amyloidogenic pathway, which
involves a-secretase, and the amyloidogenic
pathway, which involves B-secretase. In the am-
yloidogenic pathway, B-secretase breaks down
APP to form the soluble fragment (sAPP-B).

y-secretase cleaves APP’s C-terminal fragment
99 (APP-CTF99 or BCTF), resulting in the pro-
duction of amyloid B peptides, AB-40 and AB-42,
and the amyloid intracellular domain (AICD) (6)

(Fig. 1).
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Figure 1: Amyloidogenic Pathway of Alzhei-
mer’s Disease: Processing of APP Protein by
B-Secretase and y-Secretase Leading to Amy-
loid Beta Plaque Accumulation in Neurons

In healthy individuals, APP is divided
by B-secretase and then by y-secretase, result-
ing in soluble amyloid-B fibers (AB), which are
then degraded and recycled outside the cell. In
AD patients, the ability to degrade these pro-
teins is diminished, leading to the accumulation
of amyloid plaques. AR sticky proteins join to
form insoluble B amyloid plaque in the neural
cell and create tangles. The formation of such
plaques hinders the relay of neuronal signals
and blocks the brain’s blood vessels, leading to
bleeding, amyloid angiopathy, and the rupture
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of cells (4, 8). This study focuses on the am-
yloidogenic pathway and proposes to examine
compounds that could potentially inhibit the ac-
tivity of § and y-secretase, thereby reducing the
formation and accumulation of AB plaques.

Humans continue to strive to find new
drugs to treat Alzheimer’s disease (AD). Current
therapies for AD, including non-disease modify-
ing treatments and symptom relief medications
such as Donepezil, Avagacestat, Semagaces-
tat, Rivastigmine, and Galantamine, have limit-
ed effectiveness and often fail in clinical trials (9).
As a result, the search for new AD treatments
remains urgent. Research on marine organisms
has gained traction since the early 21st century,
though the potential of these organisms remains
underexplored (10). Marine organisms produce
novel and unique metabolites, likely due to high
environmental conditions due to high pressure,
temperature, and salinity. These secondary me-
tabolites include a wide range of compounds,
such as vitamins, enzymes, herbicides, anti-
biotics, anti-tumor agents, anti-parasitics, and
antivirals (10 — 12). In the present study, we
analyzed approximately 200 metabolites from
various marine organisms. These compounds
were docked with B-secretase to explore their
binding potential. Additionally, analyses of AD-
MET (absorption, distribution, metabolism, ex-
cretion, and toxicity) are conducted based on
the potential compound.

Materials and Methods
Literature Research

This study aims to identify secondary
metabolites from marine organisms and as-
sess their potential to inhibit the B-secretase
enzyme. A literature review was conducted us-
ing PubMed and Scopus with keywords such
as “Secondary metabolites,” “GC-MS analysis,”
“Marine-derived,” and “Bioactive compounds.”
Approximately 200 compounds from marine
algae, bacteria, seaweed, and sponges were
selected to evaluate their therapeutic properties
(13-15).

Ligand preparation

The PubChem database (https://pub-
chem.ncbi.nim.nih.gov/) was utilized to retrieve
the two and three-dimensional structure of the
ligands. The two-dimensional structures were
converted to three-dimensional structures. The
ligand files were then energy minimized via
UCSF Chimera with the AMBER force field (16).
These energy-minimized ligands were subse-
quently used for further docking. Semagacestat
was used as the standard in this study.

Protein target and preparation

For this study, the B-secretase protein
from the Secretase pathway, involved in gener-
ating beta-amyloid peptides, was selected. So,
the Crystal Structure of Beta-secretase (PDB
ID: 1M4H) was obtained via the RSCB PDB
database (https://www.rcsb.org/) (17). Before
docking, bound organic, solvent, and inorganic
molecules were removed using PyMol software
(18). The protein underwent energy minimi-
zation using UCSF Chimera with the AMBER
force field.

Molecular docking

AutoDock Vina was used to dock the li-
gands to the targeted proteins (19). Active site
docking was performed using literature data to
determine the active site residues of the pro-
teins. The grid box parameters for -secretase
were established as follows: size in x, y, and z
dimensions were 60, 50, and 40, respectively,
with centre grid coordinates of 22.347, 33.883,
and 24.855, respectively. The docking runs
were carried out in triplicate, and the outcomes
are reported as Mean * Standard variation. Si-
multaneously, the free energy values in kcal/mol
were calculated for every docked compound to-
ward the targeted proteins (20). Moreover, the
bind site locations and fundamental molecular
interactions were investigated using the Pro-
tein-Ligand Interaction Profiler (PLIP) and Lig-
plot Plus v2.2 (21-22).

Molecular dynamics and simulation analysis
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The dynamic characteristics of targeted
molecules within their biomolecular structures
were investigated using GROMACS software
version 2020.2. The protein’s structural frame-
work was initially established by employing
the CHARMMS36 force field. Subsequently,
the protein-ligand complexes were immersed
in a dodecahedral box utilizing the SPC (sin-
gle point charge) water-based model for sol-
vation. Energy minimizations were conducted
using the steep descent algorithm to optimize
the complexes. Further, the SHAKE algorithm
was utilized to maintain fixed hydrogen bind-
ing lengths. Accurate electro-static interaction
and bond length computations were enforced
via the particle mesh Ewald (PME) method and
the LINCS algorithm, respectively. Moreover,
the system structure was equilibrated under
NVT (canonical ensemble) and NPT (isother-
mal-isobaric ensemble) conditions at 300 K
and 1 bar for 100 picoseconds. Subsequently, a
production simulation of 100 nanoseconds with
a 2-femtosecond integration time step was per-
formed for the protein-ligand system. Utilizing
GROMACS tools, key parameters such as Root
Mean Square Deviation (RMSD), Root Mean
Square Fluctuations (RMSF), hydrogen bond-
ing patterns, Solvent Accessible Surface Area
(SASA), and Radius of Gyration were assessed
the structural stability of the protein-ligand com-
plex.

ADMET Analysis

Molecular descriptors and (ADME) Absorption,
Distribution, Metabolism, and Excretion prop-
erties with ligands were evaluated utilizing the
SwissADME tool (http://www.swissadme.ch/)
(23), while the toxicological profiles were antic-
ipated employing Protox Il online server (24).
Assessment of their ADMET properties enables
the characterization of promising compounds,
enabling the identification of potential lead and
ligand with significant disqualifies their draw-
backs.

Results and Discussion
Molecular docking

De novo discovering drugs is a lengthy,
expensive, and multistage process. Nowadays,
computer-aided drug discovery is gaining pop-
ularity owing to its precision and is used hand
in hand with in vitro assays. This dramatical-
ly reduces the time and cost involved in drug
discovery. Even though the results may not be
figuratively conclusive, they may serve as the
foundation for future in-vivo and vitro studies
and further strengthen their result. Molecular
docking is a commonly used computer-aided
drug discovery method. Docking visualizes the
orientation of small molecules attached to tar-
geted proteins. Docking involves several scor-
ing algorithms that calculate their ligand binding
energy with this protein. The most stable com-
plex was formed with the lowest binding energy
between the protein-ligand complex (25 — 26).

Docking investigations involving 202
compounds, specifically secondary metabolites
sourced from marine organisms, were conduct-
ed employing AutoDock Vina. The three-di-
mensional structure of these compounds was
utilized from the PubChem database, and be-
fore docking analysis, ligands underwent ener-
gy minimization using UCSF Chimera with an
AMBER force field. Semagacestat served as
the reference standard throughout this study.
Protein structures were obtained as PDB files
from the PDB database and subjects towards
cleaning and energy minimization before dock-
ing. All simulations were performed in triplicate.
Mean binding energies and standard deviations,
sourced accordingly, are presented in Table 1.
Post towards docking scrutiny of their protein li-
gand complex was executed utilizing PLIP and
Ligplot Plus, focusing on binding interactions
encompassing hydrophobic interactions, hydro-
gen bond and Tr-cation interactions, as detailed
in Table 2.
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Table 1: Docking scores (in kcal/mol) for compounds derived from various marine organisms against
[B-secretase were determined. The experiments were conducted in triplicate, and the results are re-
ported as the mean + standard deviation.

S.No. Compounds Binding Energy (kcal/mol)
1 Fucoxanthin -6.87 £ 0.12
2 Fucosterol -7.6+0.17
3 Dieckol -9.07 £ 0.12
4 eckol -7.37 £0.12
5 7-phloroeckol -7.87£0.12
6 phlorofucofuroeckol A -7.97 £0.12
7 dioxinodehydroeckol -8.97 £ 0.12
8 Phlorofucofuroeckol B -8.73 £ 0.06
9 8,8’-bieckol -8.87 £ 0.12
10 6,6’-bieckol -8.37 £ 0.12
1" Fucoidan -5.67 £0.12
12 K-carrageenan -7.37 £0.12
13 Oleic acid -5.77 £ 0.12
14 Methyclothiazide -6.27 £ 0.12
15 Sargachromenol -7.67 £0.12
16 Glycidyl palmitate 417 £0.12
17 2-(alpha-D-galactosyl)glycerol -5.67 £0.12
18 Caulerpin -7.67 £0.12
19 24-hydroperoxy -7.07 £0.12
20 24-vinylcholesterol -7.87 £0.12
21 a-Bisabolol -6.77 £ 0.12
22 (5E,102)-6,10,14-trimethylpentadeca -5.37£0.12
23 Saringosterol -8.17 £ 0.12
24 Glycidyl oleate -4.97 £0.12
25 Pheophytin A -6.4+0
26 Dimethylsulfoniopropionate -3.77 £0.12
27 Zonarol -6.67 £0.12
28 dioxinodehydroeckol -9.07 £ 0.12
29 Phorbol-13-acetate -5.27 £ 0.12
30 Tramiprosate -4.47 £0.12
31 Laminarin -9.17 £ 0.12
32 Tramiprosate -4.47 £0.12
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33 Eut-Guaiane sesquiterpene -6.67 £0.12
34 p-Menth-1-en-3-ol -5.27 £0.12
35 $|c(;j\l/2r(lﬁg(35n[éE) 2-chloroethenyl]-1,5-dimeth 487 +012
36 triphloroethol A -6.77 £ 0.12
37 Dioxinodehydroeckol -9.07 £ 0.12
38 N-ethanolic monapilosine -6.47 £0.12
39 Diisooctyl phthalate -4.47 +0.12
40 nonaenoic acid -6.17 £ 0.12
41 Glucobrassicin -7.33 £ 0.06
42 3-Deoxy-D-Lyxo-Heptopyran-2-ularic Acid -6.53 £ 0.06
43 Eicosapentaenoic acid -5.27 £0.12
44 Pentabromopseudilin -7.67+£0.12
45 Fucodiphloroethol G -7.7£0.17
46 Octaphlorethol A -9.43+0.12
47 Ellagic acid -7.07 £ 0.06
48 Diphlorethohydroxycarmalol -8.03 £ 0.06
49 Sargahydroquinoic acid -6.07 £ 0.12
50 Pheophorbide-A -8.07 £ 0.12
51 Benzene, 1,3-bis(1,1-dimethylethyl) -6.43 + 0.06
52 1-Hexadecene -4.57 £ 0.06
53 8-Pentadecanone -3.97 £0.12
54 8-Octadecanone -4.57 £ 0.12
55 Hexadecanoic acid -48+0
56 Dibutyl phthalate -5.27 £ 0.12
57 Eicosyl acetate -4.97 £0.12
58 10-Nonadecanone 470
59 n-Nonadecanol-1 -4.67 = 0.06
60 Methyl elaidate -4.57 +£0.12
61 cis-11-Octadecenoic acid methyl ester -5.53 £ 0.06
62 Oxirane, hexadecyl -4.23 £ 0.06
63 Methyl stearate -4.67 +0.12
64 14-Pentadecenoic acid -5.07 £ 0.12
65 Octadecanoic acid -5.37+£0.12
66 Tridecane, 3-methylene -4.63 £ 0.06
67 Docosanol 50
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68 Octadecyl acetate -49+0
69 Bis(2-ethylhexyl) adipate -5.07 £ 0.12
70 1-Heptacosanol -4.23 £ 0.06
71 1-Octacosanol -547 +£0.12
72 Octatriacontyl trifluoroacetate -4.07 £ 0.12
73 2-Hydroperoxypentane -4.47 £0.12
74 Nonyl trifluoroacetate -4.87 +0.12
75 2,3-Heptanedione -41+0
76 Dodecyl trifluoroacetate -4.93 £ 0.06
77 2-Bromo-1-fluorododecane -44+0
78 hexamethyl-3 trimethyl -6.43 + 0.06
79 Dibutyl phthalate -4.07 £ 0.06
80 Octatriacontyl trifluoroacetate -3.7+0
81 Paulomycin G -6.97 £ 0.12
82 Microindolinone A -5.47 £0.12
83 Sonalimycin -7.27 £ 0.12
84 Borrelidin -7+£0.17
85 Petrocidin A -6.77 £ 0.06
86 Rifamycin B -7.33 £ 0.06
87 Actinonin -6.23 £ 0.06
88 Xiamenmycin -6.8+0
89 Manzamine A -8.23 £ 0.06
90 2-Methyl butyl propyl pthalate -4.83 + 0.06
91 Dinactin -8.6+0
92 gﬁdi,ﬂ dihydroxy-10-methyl-dodec-2-en-1,4 6+0
93 Violapyrone B -5.33 £ 0.06
94 Isomethoxyneihumicin -7.23 £ 0.06
95  |Quinomycin G -7.63 £ 0.06
96 Fredericamycin A -8.43 + 0.06
97 Marangucycline A -6.8+0
98 Isopimara-2-one-3-0l-8,15-diene -8.53 £ 0.06
99 Isoikarungamycin -5.97 £ 0.12
100 |Bohemamine -8.7+0
101 [Thiasporine A -5.97 £0.12
102  |3-(4-Hydroxyphenyl)-N-methylpropanamide -5.97 £ 0.06
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103 [Lagumycin B -5.87 £ 0.06
104 |Sioxanthin -91+0

105 |Andrimid -7.43 £ 0.06
106 |Moiramide -7.23 £ 0.06
107 | Althiomycin -4.7 £0.17
108 |Undecylprodigiosin -7.23 £ 0.06
109 |Cycloprodigiosin -5.83 £ 0.06
110 |Prodigiosin -7.43 + 0.06
111 |Astaxanthin -6.67 £ 0.12
112 |Violacein -6.77 £ 0.12
113 |Pyocyanin -8.23 £ 0.06
114 |Phenazine-1-carboxylic acid -6.97 £ 0.12
115 |Fridamycin D -6.93 £ 0.23
116  |Himalomycin A -7£017

117  |Himalomycin B -7.87 £ 0.06
118 |Chinikomycin B -7.57 £ 0.06
119 |Manumycin A -7.03+£0.12
120 |Loloatin B -8.03 £ 0.06
121 |Bacillamide -7.6+£0.17
122 |Macrolactin S -6.6+0

123 |Macrolactin V -6.87 + 0.06
124 |Fucoidan -7.13+£0.12
125 |Sargachromanol G -5.63 + 0.06
126 |Floridoside -6.9 £ 0.35
127 |Symbiomine -7.1+£0.17
128 |Phorbaketal A 710

129 |Norzoanthamine -76+0

130 [lipoxazolidinone A -8.210

131 |lipoxazolidinone B -5.73 £ 0.06
132 |lipoxazolidinone C -5.73+0.12
133 |ayamycin -5.4+0.17
134 |asphodelin -5.53 £0.92
135 [Pentabromopseudilin -5.43 £ 0.06
136 |progiodosin -7.3+0

137 |Tropodithietic acid -6.53 £ 0.46
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138 |Nigribactin -5.47 £ 0.06
139 |Abyssomycin -6.77 £ 0.12
140 |Abyssomycin C -8.43 £ 0.06
141 |Albidopyrone -76+0
142 |Bonactin -7.23 £ 0.06
143 |Diazepinomicin -8.37 £0.12
144 [Enterocin -7.47 £0.12
145 |Frigoyclinone -6.17 £ 0.12
146 |Gutingimycin -6.37 £ 0.12
147 |Salinosporamide A -7.27 £0.12
148 |Thiocoraline -92+0
149 [Thio peroxidase-1161 -6.23 £ 0.06
150 |Aerothionin -7.67 £0.12
151 |4,5-dibromopyrrole-2-carboxylic acid -4.73 £ 0.06
Dibromophakellin

152 | A kaloids) 63£0
153 |Halistanol (Sterol) -6.97 £ 0.12
154 |Plakinamine A -6.8+0
155 |Plakinamine B -7.47 £ 0.06
156 |Furanoid 510
157 |Aeroplysinin -4.83 £ 0.06
158 |Manoalide -7.17 £ 0.06
159 |6-hydroxymanzamine E -94+0
160 |Cribrostatin 3 -6.5+0
161 |Cribrostatin 6 -6.67 £ 0.12
162 |Isojaspic acid -7.67 £0.12
163 |[Isoaaptamine -6.17 £0.12
164 | (-)-Microcionin-1 -8.37 £ 0.12
165 |Acanthosterol | -6.9+0
166 |Acanthosterol J -7.13 £ 0.06
167 |Oceanapiside 477 £0.12
168 |Spongistatin -7.37 £0.12
169 |Leucascandrolide A -5.53 £ 0.06
170 |Heteronemin -7.3+£0.17
171 |Isoaaptamine -6.47 £ 0.12
172 | Debromohymenialdisine -6.63 £ 0.06
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173 |Peloruside A 5910
174  |Elenic acid 60
175 [Naamine D -5.87 £0.12
176 |Agelasphin 11 -4.37 £0.12
177 |Discorhabdin D -6.83 £ 0.06
178 |Plakortide P 5710
179 |24-methoxypetrosaspongia C -8.13 £ 0.06
180 |Laulimalide -7.57 £ 0.06
181 |Hemiasterlin -6.73 £ 0.06
182 |Dictyostatin -6.73 £ 0.06
183 [Halichondrin B 960
184 |Arenastatin A -7.37£0.12
185 |Latrunculin A -7.57 £ 0.06
186 |Neoamphimedine -7.63 £ 0.06
187 |Agosterol A -6.9+0
188 |Salicylihalamide A -8.23 £ 0.06
189 |Discorhabdin D -7x0
190 |Callystatin A -7.13+£0.06
191 |Tedanolide -7.43 £ 0.06
192 |Makaluvamines -7.53 £ 0.06
193 |iotrochamides B -7.67 £0.12
194  |kalihinol A -6.13 £ 0.06
195 |8-hydroxymanzamine A -8.37 £ 0.12
196 |stelletin B -7.73 £ 0.06
197 |stelliferin A 60
198 |Carteramine A -8.17 £0.12
199 |Pyrazin-2(1H)-one -4.53 £ 0.06
200 |[Cacospongionolide B -7.37£0.12
201 |Petrosaspongiolide M -8.13 £ 0.06
202 |Hyrtiosal -7.13+£0.06
Sc"jfrr;- Semagacestat 6.6+0.1

Protein-ligand interactions are reinforced by hydrogen bonding (27-28), while stability is
facilitated by hydrophobic interactions such as 1-alkyl and alkyl interactions. Hydrophobic residues
within enzyme active site pockets enhance binding energy (29-31). Salt bridges form through elec-
trostatic attraction between oppositely charged residues, contributing significantly to interaction
specificity (32).
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B-secretase, also known as BACE-1,
is a membrane-bound aspartate protease. It
has five key domains viz cytoplasmic domain,
a transmembrane domain, pro-catalytic domain,
catalytic domain, and a signal peptide. It has a
large proteolytic pocket accommodating about
11 amino acids (26, 33). Within B-secretase, the
amino acid residues Asp32 and Asp228 consti-
tute the catalytic diad within the enzyme’s active
site, playing a vital role in APP cleavage (25,
34). The enzyme comprises the N-terminal side
encompassing P4, P3, P2, and P1 residues
and the C-terminal side containing P4’, P3’,
P2’, and P1’ residues, situated on both sides of
the cleavage site. The N-terminal site, crucial
for activities, possesses the addition of residu-
al due to the expansive catalytic pocket of the
-secretase enzyme (35).

From the findings, it was evident that
Octaphlorethol A exhibited binding to 3-secre-
tase binding energy was approximately - 9.43
kcal/mol (Fig. 2 (a) & (b)), while the standard,
Semagacestat, demonstrated as binding en-
ergy around - 6.6 kcal/mol (Fig. 3 (a) & (b)).
Similarly, the findings in Table 2 interactions
suggest that both ligands and standards were
bound within the catalytic pocket of their en-

zyme. Octaphlorethol A engaged with 3-secre-
tase through hydrophobic interaction, hydro-
gen bond, and Tr-cation interaction, whereas
Semagacestat primarily interacted via hydro-
phobic interaction and hydrogen bond (Table
2). Octaphlorethol A has been found to inhibit
beta-secretase activity, potentially reducing the
formation of amyloid-beta peptides and their
subsequent aggregation into plaques. This sug-
gests that Octaphlorethol A from Ishige folia-
cea may have therapeutic potential in treating
or preventing AD. Octaphlorethol A is one type
of phlorotannin isolated via brown algae, Ishige
foliacea. Studies show that Octaphlorethol A ex-
hibits antidiabetic effects by increasing glucose
uptake via glucose transporter -4. It has also
shown that they possess antioxidant activities
(36-37). Octaphlorethol A inhibits melanin syn-
thesis and tyrosinase activity, thereby exerting
a whitening effect that can potentially be used
in the cosmetic therapy industry (38-39). It has
also been shown to promote hair growth (40).
Studies have demonstrated that Octaphlorethol
A lowered high blood pressure by inhibiting the
Angiotensin |-convert enzyme and promoting
nitric oxide formation (41).

Table 2: Molecular Docking Interaction Analysis: Comparison of Ligand-Target Protein Interactions

with Standard Drugs

Ligand Hydrogen-bond

Hydrophobic- inter-

. mr-cation interactions
actions

Octaphlorethol A

Asp3, Phe7, Arg194, Arg195,
Asp223, Lys224, Asn233,
Arg235, Ser325, Ser328,

Thr72, Arg195,
Trp197

Arg194, Arg195,
Arg235

Thr329
Semagacestat Asn233, Arg235, Ser325,
(Standard) Ser328

Thr72, Glu265,
GIn326
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Figure 2 (a) & (b): Interaction of the ligand Octa-
phlorethol-A with the enzyme B-secretase

%gm
%Sws

Glu265

e
Gly264§

an32§
Ser327l<%

Asp3

Figure 3 (a) & (b): Interaction of the Semagaces-
tat with the enzyme [3-secretase

MD simulations analysis

The MD simulation studies give an in-
depth understanding of protein-ligand interac-

tions and their role in stabilizing ligand-bound
states (42-43). This study analyzed the B secre-
tase protein in complex with semagacestat
(standard) and octaphlorethol (lead molecule)
using 100 ns MD simulations. Trajectory files
were analyzed using various GROMACS utili-
ties to assess parameters including root mean
square deviation (RMSD), root mean square
fluctuation (RMSF), dynamics, radius of gyra-
tion, hydrogen bond, and solvent-accessible
surface area.

Root mean square deviation (RMSD) analy-
sis

The RMSD plot scrutinized the back-
bone deviations in the protein-ligand interaction
complexes during simulation (44). Fig. 4 reveals
the RMSD values of the protein-semagacestat
and protein-octaphlorethol complexes. It can
be observed that both the complexes exhibited
an increase in RMSD deviation with the simula-
tion time range of 0-20 ns. Similarly, between
30 ns and 70 ns, minor variations in the RMSD
pattern were seen. Towards the end of the 100
ns simulating, the standard (semagacestat) and
the lead molecule (octaphlorethol) had RMSD
values of 0.35 nm and 0.41 nm, respectively.
Moreover, the standard and the lead molecule
exhibited nearly identical RMSD fluctuation pat-
terns. Hence, we suggest that the screened oc-
taphlorethol compound may possess compara-
ble inhibitory potential as semagacestat against
[ secretase protein.

Root mean square fluctuation (RMSF) anal-
ysis

Root means square fluctuation (RMSF)
determines protein residue flexibility within the
protein-ligand complex. Fig. 5 illustrates the
residue-wise fluctuations in the standard and
hit complexes during 100 ns simulation. Peaks
in the figure signify regions of heightened flexi-
bility within the protein-ligand complex. Notably,
residues Asp32, Gly34, Pro70, Thr72, GIn73,
Arg128, Tyr198, Asp228, Gly230, and Thr232,
which constitute the active site of B secretase,
showed minimal fluctuation of ~0.03 nm upon
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binding of semagacestat and octaphlorethol.
Overall, the standard (semagacestat) and the
lead (octaphlorethol) complex exhibited an av-
erage RMSF value around ~0.04 nm, indicating
stable binding for the molecules within their ac-
tive site of the [3 secretase protein.

0.5 Standard
Octaphiorethol

RMSDNnm])

0.0 . T T v T T
] 5 50 T8 100

existence of a hydrogen bond between 3 secre-
tase - ligand complex was evaluated using the
MD trajectory. According to the hydrogen bond
plotin Fig. 6, the semagacestat (standard) com-
plex generated an average of around four hy-
drogen bonds during their 100 ns simulation. In
contrast, the octaphlorethol complexes generat-
ed 12 hydrogen bonds with the B secretase pro-
tein. Based on the outcome of the H-Bonding
analysis, it can be inferred that octaphlorethol
forms a more stable interaction with B secretase
protein than semagacestat.

Tima{ns}

Figure 4. RMSD Plot of Protein-Ligand Com-
plexes
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Figure 5: RMSF plot of protein-ligand complex-
es

Analysis of hydrogen bonds

Assessing hydrogen bond interactions
is essential in determining the stabilization of a
protein-ligand complex, which is crucial for pro-
tein foldage and molecule recognition (45). The

13- Standard

12 ] Octaphlorethal |

11+

10 -
a
'y
T4
64
5 -

Ty

0 100

Number of Hydrogen bonds

Time(ns)

Figure 6: Hydrogen bond interactions of f
secretase with ligand complexes

Radius of gyration (Rg)

The radius of gyration (R)) sheds light
on the stabilization and compaction of the pro-
tein-ligand complex. The R is computed based
on the weight of root mean square distanc-
es among the C_ atoms within the specified
time frame (45). Simultaneously, from Fig. 7.,
it is observed that the average R of B secre-
tase-semagacestat and 3 secretase-octaphlore-
thol were found to be 2.11 nm and 2.17 nm. It
is observed that though the binding of their hit
compound imparts minimal modifications to the
B secretase protein, it exhibits a nearly identical
Rg pattern as semagacestat.

Venkatesh et al



Current Trends in Biotechnology and Pharmacy

2457

Vol. 19(3) 2444-2461, July 2025, ISSN 0973-8916 (Print), 2230-7303 (Online)

DOI: 10.5530/ctbp.2025.3.29

Standard
Octaphiorethol

Rg(nm)

2.05

2.00 T T T T
o 25 50 75 100

Time({na)
Figure 7: Radius of Gyration Plot of Protein-Li-
gand Complexes

Solvent accessible surface area (SASA)

The solvent-accessible surface area
(SASA) generally measures the protein’s sur-
face area and its interaction with the solvent
through van der Waal’s forces of attraction (46).
Figure 5 shows the SASA plot for the complex-
es. The average SASA values for semagaces-
tat and octaphlorethol were approximately
226.77 nm? and 228.58 nm?, respectively. As
evident from Figure 8, the SASA values for both
semagacestat and octaphlorethol remained
relatively stable throughout the 100 ns simula-
tion. Therefore, the SASA plot indicates that the
binding interactions of their hit molecule do not
significantly affect the overall conformation of
B-secretase.

240

Standard
Octaphlorathol

hrn(nmzj

0 2 50 75 100
Time(ns)
Figure 8: Solvent Accessible Surface Area Plot
of Protein-Ligand Complexes

ADMET analysis

Octaphlorethol A has a molecular weight of
approx. 994.77 g/mol, with 14 rotatable bonds,
17 hydrogen bond donors, and 24 hydrogen
bond acceptors. Its molar refractivity was about
246.44, and its topological polar surface area
(TPSA) was around 408.52 A2. The Log Po/w
(MLOGP) is approximately -0.59, indicating that
the molecules were lipophilic and insoluble in
water. The pharmacokinetic property reveals
that Octaphlorethol A has low absorption in the
gastrointestinal tract and does not permit blood-
brain barriers. It acts as a substrate for P-glyco-
proteins and does not inhibit cytochrome P450
enzyme (1A2, 2C19, 2D6, 3A4), except for CY-
P2C9. Further, with a skin permeation Log Kp
value of about -7.69 cm/s, it was a perfect skin
permeable. The bio-availability score was 0.17.
Toxicity predictions indicate that Octaphlorethol
A is not hepatotoxic, carcinogenic, cytotoxic,
mutagenic, or immunotoxic, with a predicted
LD50 of 866 mg/kg.

Conclusion

Secondary metabolites obtained from
marine organisms exhibited a range of biolog-
ical activity compared to their synthetic coun-
terpart. In this study, 202 compounds derived
using bacteria, actinomycetes, fungi, and algae
were mined from the literature to assess their
potential to inhibit B-secretase. The activities
of these compounds were compared with the
Semagacestat. Surprisingly, we could observe
that the compound Octaphlorethol A demon-
strates superior performance compared to the
standard drug. Preliminary computational stud-
ies, including docking and molecular dynamic
simulations, provided insights into the binding
nature of these compounds to their target pro-
teins. Additionally, the ADMET analysis indicat-
ed that these compounds possess the neces-
sary pharmacokinetics and pharmacodynamics
to be considered potential drug candidates. Fur-
ther in-vitro and vivo studies are required to val-
idate the potential of Octaphlorethol A against
the B-secretase enzyme.
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