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Abstract— Efforts to explore new sources of antivirals for coronavirus-2 from abundant marine natural materials are highly
encouraged. The study aimed to explore the potential compounds of brown seaweed Padina sp. from Morotai Island extracted using
three solvents, i.e., n-hexane, ethyl acetate, and acetone, as an antiviral against coronavirus-2 through an entry inhibitor mechanism
using bioinformatics tools. The target protein was Angiotensin-Converting Enzyme-related carboxypeptidase (ACE2) receptor. Protein
structure was downloaded from PDB and prepared using Chimera. The interaction of compounds to ACE2 was predicted using
AutoDock4 and AutoDockTools. MLN-4760 was used as a standard compound. Results showed that 15 selected compounds were
potential as ACE2 inhibitors, resulting in negative binding energies, low inhibition constant, and varying binding modes. The
conformation structure of all compounds was occupied on the ACE-2 active site. Four compounds were highly potential as ACE2
inhibitors with binding energy lower than a standard compound, comprised of Neophytadiene (diterpene); 6,9,12,15-Docosatetraenoic
acid, methyl ester (fatty acid); N-Dimethylaminomethyl-tert-butyl-isopropylphosphine (alkaloid) and 8,11-Octadecadienoic acid,
methyl ester (fatty acid). Ethyl acetate and acetone are suggested to be used as solvents for the extraction to produce compounds as
ACE2 inhibitors, but ethyl acetate was found to be the most effective. Brown seaweed of Padina sp. is recommended to be developed as
a pharmaceutical and nutraceutical preparation for COVID-19. Further in vivo and in vitro studies are suggested to confirm this study's
results and provide stronger evidence.
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extent [2]. Therefore, it is still necessary and essential to
I. INTRODUCTION continue efforts to explore new drugs or medicinal ingredients
with antiviral potential that can provide immunization against

The coronavirus-2 outbreak that causes severe acute hi us-2 13
respiratory syndrome of COVID-19 disease has been declared this coronavirus-2 [3].

: : . The coronavirus-2 particle comprises a positive single
a global pandemic and public health emergency that received . v
international concern during 2019-2022. The COVID-19 strand of ribonucleic acid (+RNA) surrounded by a membrane

disease causes a variety of symptoms, ranging from mild to protein (M) and an epvelope protein (E)' ft al.so has a spike
severe respiratory distress associated with sepsis, multi-organ envelope (S) protein capable of interacting with the
dysfunction, and death [1]. As of 31 May 2023, confirmed Angiotensin-Converting Enzyme-related carboxypeptidase
cases of ’COVID-19 reported to the Wo}l d Health (ACE2) receptor on host cells. This spike protein comprises

Organization (WHO) have reached 766 million worldwide, gubunits 1,(51) and 2 (S2), where the S1 spi.ke protein Wi,u
including 6.9 million deaths. Even recently, on 11 May 2023, interact with .the host cell membrane protein ACE2. This
WHO declared the end of Covid-19 as a global health interaction will change the conformation of the host cell

membrane and bring coronavirus-2 particles into the

. Covid-19 conti t d, the vi ti
CHICTEENCY. -OVI conuiies o spread, the VIrus contiues cytoplasm [4], [5], [6]. Several studies have been employed

to evolve and remains a global health threat, but to a lesser
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to understand the virulence mechanism of coronavirus-2. It
has been reported that coronavirus-2 can recognize human
ACE2 more efficiently than the previous coronavirus-1,
increasing the capacity for human-to-human transmission [7],
[8]. Therefore, the contagion prevention efforts of
coronavirus-2 recommended the search for new
pharmaceutical preparations, both from various classes of
chemicals and natural ingredients, to focus on their
pharmacologically active components as ACE2 inhibitors.

About one-third of marketed drug products are derived
from natural ingredients, directly or indirectly [9]. Natural
products in secondary metabolites show positive signs for
antiviral treatment and immunotherapy through in silico
docking genomic studies [10]. In particular, seaweed or
macroalgae have certain bioactive constituents with
pharmacological activity, which are not present in terrestrial
organisms [3]. The bioactive components in seaweed, such as
phenolic  compounds, natural pigments, sulfated
polysaccharides, fibers, or halogen compounds, are very
broad [11], [12]. Various pharmacological applications have
been reported from seaweeds, including antibacterial,
antifungal, anti-inflammatory, neuroprotective, anti-tumor,
immunomodulator, anti-cancer, anti-allergy, anti-oxidants,
etc., [13], [14]. Seaweeds are generally classified into three
classes, namely  brown  (Phaeophyceae),  green
(Chlorophyceae) and red (Rhodophyceae). Brown seaweeds
showed higher anti-oxidant activity than red and green [15],
[16].

North Maluku is a group of islands in the eastern part of
Indonesia with abundant marine biological resources and high
potential to be explored. In particular, the brown seaweed of
Padina sp. grows well in a range of habitats from the intertidal
to subtidal zones in clear waters at a depth of 15 to 20 m. It
grows attached to the substrates or as epiphytes and is easily
recognized due to its structural resemblance to a peacock’s tail
[16]. This brown seaweed is widely distributed in the coastal
waters from the north (Morotai Island), central (Ternate
Island), and south (Kayoa Island) of North Maluku.
Differences in locations where seaweed grows greatly affect
the content of bioactive compounds [15]. Brown seaweed in
tropical countries is reported to produce better secondary
metabolites as a protection system against high ultraviolet
radiation [17].

Previous study reports on the phytochemical profiling of
brown seaweed Padina sp. samples from marine waters in
Morotai Islands using three solvents comprised of n-hexane,
ethyl acetate, and acetone showed the presence groups of
alkanes and fatty acids, a small number of terpenoids,
steroids, alkaloids, aromatics, and carboxylic acids [18], [19].
Therefore, this research was a follow-up study that aims to
explore and screen the potential pharmacological activity of
selected compounds of that brown seaweed sample as
antiviral against coronavirus-2 through ACE2 inhibitor
mechanism using a bioinformatics approach of in silico
docking. In silico molecular docking studies can provide
initial results quickly and economically before standard
experimental techniques. This method can predict the
experimental binding modes and the affinity of small
molecules within a specific receptor target binding site [20].
The results of this research are significant in providing
essential information for further development and utilization
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of brown seaweed of Padina sp. abundant marine resources
in tropical waters as antiviral pharmaceutical and
nutraceutical preparations for COVID-19.

II. MATERIALS AND METHOD

A. Preparation of Target Protein and Standard Ligand

The target protein structure used was Angiotensin-
Converting Enzyme-related carboxypeptidase (ACE2). The
protein's three-dimensional structure was downloaded via the
protein data bank (PDB) website
https://www.rcsb.org/structure/ IR4L with PDB code: 1R4L
[21]. Protein structure was downloaded in PDB format and
then prepared using the Chimera program [22]. Protein
preparation was carried out by removing other residues to
obtain a single protein structure, subsequently continued by
adding hydrogen atoms and atomic charges. In the structure
of this protein, there was a compound that binds directly and
is used as a positive standard, namely MLN-4760. The
standard compound of MLN-4760 is proven to be a highly
potent and selective ACE2 inhibitor, including its interaction
with the coronavirus-2 spike receptor binding domain in
humans by bioinformatics simulation [23], [24]. This
compound was then optimized using the AM1-BCC method
in Chimera and saved in PDB format.

B. Preparation of Ligand

The bioactive compounds of Padina sp. from Morotai
Islands extracted using three solvents (n-hexane, ethyl
acetate, and acetone) retrieved from previous reports [18],
[19] served as ligands. Five compounds of each solvent
extract were selected. Thus, in total, the preparation was
carried out on 15 ligands. All compounds were modeled three-
dimensionally and saved in PDB format. The standard ligand
(AM1-BCC in Chimera) also optimized all compounds using
the same method. After optimizing the structure, all ligands
were ready for docking to the target protein.

C. Re-docking of Standard Ligand

Before molecular docking, standard ligands were re-
docked using the AutoDock4 and AutoDockTools programs
[25] to validate the subsequent procedure to be used. Re-
docking analysis was performed by re-attaching the standard
lig-and compound to the active side of the protein, with a grid
box size of 30 x 25 x 30 A and a spacing of 0.375 A. The
algorithm used was the Lamarckian [26], which set the
number of conformations produced at 10. The best
conformation (high validity) was the one with an RMSD
value of less than 2 A [27].

D. Molecular Docking Analysis

The docking process was conducted on 15 selected
compounds as ligands and the ACE2 target protein as a
macromolecule. The in silico molecular docking method used
was the same as the re-docking, with a grid box size of 30 x
25 x 30 A and a spacing of 0.375 A. The algorithm used is
Lamarckian, with 10 conformations and a maximum number
of evaluations of 2,500,000. The best conformation is chosen
based on the binding energy. The lowest binding energy is the
best conformation for stability reasons [28]. Visualization of



the interaction of ligands and target proteins was carried out
using the Discovery Studio Visualizer program.

III. RESULTS AND DISCUSSION

A. Re-docking of MLN-4760 to ACE2

The results of the re-docking analysis of the standard
compound (MLN-4760) to target protein ACE2 are shown in
Table 1. The conformation number 8 shows the lowest RMSD
value of 1.70 A, indicating that the conformational
overlapping before and after molecular docking has a high
similarity [26], [27]. Therefore, this re-docking analysis result
of number 8 was used as a standard to validate further
molecular docking of the target compounds. The visual
interaction results of MLN-4760 to ACE2 are shown in Fig.
1. There were two interactions of H-bond from the amino acid
residue His345 and other interactions in electron stacking and
van der Waals.

TABLEI
RE-DOCKING RESULTS OF MLN-4760 TO ACE2
Conformatio Binding energy RMSD
n (kcal/mol) A)
1 -2.58 4.67
2 -2.57 5.10
3 -2.92 2.20
4 -3.27 4.92
5 -5.23 1.85
6 -3.85 4.93
7 -1.70 4.66
8* -5.07% 1.70%
9 -3.88 4.92
10 -2.36 2.07
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Fig. 1 Visualization 2D interaction of MLN-4760 to ACE2

B. Molecular docking of bioactive compounds of Padina sp.
from Morotai Island to ACE?2

The results of the molecular docking of 15 bioactive
compounds of Padina sp. from Morotai Island are shown in
Table 2. The selected compounds from the n-hexane extract
were fatty acids, ester, and alkane. There was only one
compound, namely Diisobutyl cellosolve (3a), that did not
show any H-bond interaction with ACE2. The binding energy
of cis-Vaccenic acid (2a) was the lowest, although the value
was still higher than that of the standard compound (Table 1
& 2). The interaction visualization of the compound Vaccenic
acid with ACE2 is shown in Fig. 2A. It can be seen that the
carboxylic acid group plays an important role because it can
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form H-bond interactions, which contributes to binding
energy. Further, the conformation of all compounds can bind
to the active site of the ACE2 target protein, as shown in Fig.
2B.
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Fig. 2 Visualization 2D interaction of A. Vaccenic acid with ACE2 and B.
The conformation structure of compounds la-5a (n-hexane extract) on the
active site of ACE2

In the ethyl acetate extract, two compounds have lower
binding energy than the standard compound, i.e.,
Neophytadiene (3b) and 6,9,12,15-Docosatetraenoic acid,
methyl ester (4b) (Table 2). Visualization of the interaction of
these two compounds can be seen in Fig. 3A-B. Specifically,
in the compound Neophytadiene, H-bond interaction was not
found. However, van der Waals and electron stacking several
amino acids contributed to its low binding energy. Whilst, in
compound 6,9,12,15-Docosatetraenoic acid, methyl ester,
there was one H-bond interaction with the Arg273 residue,
also identified some other additional interactions. All
compounds in the ethyl acetate extract had negative energy
binding values, indicating their ability to bind with ACE2. It
can be seen in the conformation structure of the molecular

docking, which shows that all compounds were on the active
site of the ACE2 (Fig. 3C).
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Fig. 3 Visualization 2D interaction of A. Neophytadiene and B. 6,9,12,15-
Docosatetraenoic acid, methyl ester with ACE2, and C. The conformation
structure of all compounds 1b-5b (Ethyl acetate extract) on the active site of
ACE2.

Likewise, the acetone extract showed 2 compounds that
had lower binding energy than the standard compound, i.e.,
N-Dimethylaminomethyl-tert-butyl-isopropylphosphine (1c)
and 8,11-Octadecadienoic acid, methyl ester (5¢). However,
the binding energies of these two compounds were still higher
than those of the two compounds (3b and 4b) from ethyl
acetate extract (Table 2). Visualization of the interactions



between these two compounds with ACE2 was shown in Fig.
4A-B, respectively. In compound N-Dimethylaminomethyl-
tert-butyl-isopropylphosphine, there were pi-sigma and van
der Waals interactions instead of H-bond. In compound 8,11-
Octadecadienoic acid, methyl ester, there was one H-bond
interaction with the His345 amino acid residue. The
conformation structure of the molecular docking showed that
all compounds were occupied on the active site of the ACE2
(Fig. 4C).
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Fig. 4 Visualization 2D interaction of A. N-Dimethylaminomethyl-tert-
butyl-isopropylphosphine and B. 8,11-Octadecadienoic acid, methyl ester
with ACE2, and C. The conformation of compounds 1f-5f (Acetone extract)
on the active site of ACE2.

B. Comparison of Binding Energies to ACE2 of all
Compounds with MLN-4760

A comparison of the binding energies of all compounds
from different solvent extracts with MLN-4760 as a standard
compound is shown in Fig. 5. It can be seen that all
compounds produced negative binding energies. However, all
compounds from n-hexane extract showed higher binding
energies than MLN-4760 (>-5.07 kcal/mol), so it is not
recommended. Meanwhile, there were four promising
compounds from ethyl acetate and acetone extracts which
have lower binding energies than MLN-4760 (<-5.07
kcal/mol) comprised of Neophytadiene (3e); 6,9,12,15-
Docosatetraenoic ~ acid, methyl ester (4e); N-
Dimethylaminomethyl-tert-butyl-isopropylphosphine  (1c)
and 8,11-Octadecadienoic acid, methyl ester (5c).
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Fig. 5 Comparison of the binding energies to ACE2 of all compounds from
different extracts with MLN-4760 (a standard compound)

TABLE I
MOLECULAR DOCKING RESULTS OF BIOACTIVE COMPOUNDS OF BROWN SEAWEED PA4DINA SP. FROM MOROTAI ISLAND

Compound Binding energy Inhibition constant . .

Code Name Class (keal/mol) (M) H-bond interaction (4)

n-hexane extract

la 2-Ethyl-oxetane Alkane -3.08 5520 Arg273 (2.218), His345
(1.975)

2a cis-Vaccenic acid Fatty acid -4.87 269.58 Arg273 (2.124 & 1.699),
His345 (2.182)

3a Diisobutyl cellosolve Ester -4.13 939.4 Not available

4a cis-5,8,11,14,17-Eicosapentaenoic acid Fatty acid -4.82 293.53 Arg273 (1.957), His345
(2.210)

Sa [1,1'-Bicyclopropyl]-2-octanoic acid, 2'-hexyl-, Fatty acid -4.86 276.08 His374 (1.960)

methyl ester

Ethyl acetate extract

1b Hexadecanoic acid, methyl ester Fatty acid -4.54 467.55 Arg273 (2.188), His345
(2.046)

2b 10-Octadecenoic acid, methyl ester Fatty acid -4.62 411.21 His345 (1.779)

3b Neophytadiene Diterpene -6.35* 21.98 Not available

4b 6,9,12,15-Docosatetraenoic acid, methyl ester Fatty -5.85% 51.77 Arg273 (1.878)

acid
5b 17-Octadecynoic acid Fatty acid -4.4 5593 Arg273 (2.158 & 1.983)
Acetone extract
1c N-Dimethylaminomethyl-tert-butyl- Alkaloid -5.66 71.24 Not available
isopropylphosphine

2c 2-Pentanone, 4-hydroxy-4-methyl- Terpenoid -4.23 787.06 Cys344 (2.054)

3c Cyclobutanone, 2-methyl-4-hydroxy- Fatty acid -4.43 564.90 His345 (2.128), Ser128 (1.779)

4c 1-Nonanol, 4,8-dimethyl- Alcohol -4.97 227.67 Lys363 (2.098), Asp368
(1.920)

5c 8,11-Octadecadienoic acid, methyl ester Fatty -5.11 180.15 His345 (2.177)

acid

Note: *Binding energy lower than standard compound MLN-4760 (<-5.07 kcal/mol)

C. General Discussions

Interestingly, the molecular docking analysis showed that
selected bioactive compounds of brown seaweed Padina sp.
from Morotai Island indicated positive results as ACE2
inhibitors for coronavirus-2. Of the three different solvents
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used for extraction, the interaction of 15 compounds to ACE2
resulted in negative binding energies and low inhibition
constant, also with some varying number and type of binding
modes (Table 1 & Fig. 5). The conformation structure of the
molecular docking also showed that all compounds were
occupied on the active site of the ACE2 (Fig. 2, Fig. 3, Fig. 4).



Four compounds were highly potential as ACE2 inhibitors
for coronavirus-2 with lower binding energy than the standard
compound MLN-4760 as shown in Table 2 and Fig. 5. They
were extracted using ethyl acetate and acetone solvents,
comprised of Neophytadiene (-6.35) and 6,9,12,15-
Docosatetraenoic  acid, methyl ester (-5.85); N-
Dimethylaminomethyl-tert-butyl-isopropylphosphine (-5.66)
and 8,11-Octadecadienoic acid, methyl ester (-5.11). The
ability to bind (affinity) indicates the drug candidate's strength
to bind to the receptor. The lower the binding energy indicates
the higher the affinity between the receptor and the ligand and
the more stable the interaction between the ligand and the
receptor [28]. In molecular docking research, the H-bond
generally acts as a facilitator to increase ligand binding
affinity by moving water molecules bound to proteins into
large volumes of solvent [29].

In terms of bioactive compound class with ACE2 inhibitor
potentials in brown seaweed Padina sp. from Morotai Island
are mostly categorized as fatty acids, i.e., 6,9,12,15-
Docosatetraenoic  acid, methyl ester, and 8§,11-
Octadecadienoic acid, methyl ester (Table 2). Many previous
studies have reported that naturally occurring lipids have been
shown to possess health benefits in several disease states,
including as antiviral for COVID-19. Fatty acids, particularly
polyunsaturated (PUFA), have a main role in decreasing
inflammation, reducing oxidative stress, and mitigating
coagulopathy in the cardiovascular system [29], [30]. It is
considered adequate to inhibit ACE2-controlled coronavirus-
2 binding and cellular entry and stabilize the spike protein in
a closed conformation, thus hindering its interaction with
ACE2 [30], [31]. Several fatty acids and essential oils from
functional foods have also been identified as ACE2
modulators, such as in geranium and lemon [32], black seed
[33], olive [34], garlic [35], etc.

Neophytadiene is a compound from the diterpene class
with high potential as an ACE2 inhibitor (Table 2). The low
binding energy was contributed by van der Waals and electron
stacking on several amino acids instead of H-bond (Fig. 3A).
Neophytadiene has an essential role as an anti-inflammatory,
antimicrobial, and antifungal, also with anti-oxidant
properties [36]. This study is the first to report the promising
potential of Neophytadiene from brown seaweed Padina sp.
as an ACE2 inhibitor.

N-Dimethylaminomethyl-tert-butyl-isopropylphosphine
was a compound from the alkaloid class with high potential
as an ACE?2 inhibitor (Table 2). In this compound, there were
pi-sigma and van der Waals interactions instead of H-bond
(Fig. 4A). Alkaloids have demonstrated potential anti-
coronavirus activity through inhibition of pathogenesis-
related targets from the Coronaviridae family, which are
important for the virus life cycle [37]. It is also associated with
anti-inflammatory, immunomodulatory, and antiviral
activities by inhibiting the release of coronavirus infectious
particles and reducing viral-induced cytopathic effects in the
cellular lineage Vero E6 [38].

Ethyl acetate and acetone were suggested to be used as
solvents for the extraction to produce bioactive compounds as
ACE2 inhibitors in the brown seaweed Padina sp. However,
ethyl acetate was the most effective (Table 2, Fig. 5). The
extraction of a compound by a solvent is highly dependent on
the solubility of the compound in the solvent [39]. Ethyl
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acetate is a semi-polar solvent that can attract both polar and
nonpolar compounds. In addition, it has low toxicity and is
easy to volatilize [40]. Acetone is a polar solvent that only
attracts polar compounds. However, using an acetone solvent
gave the best pigment quality in seaweed [41]. Whilst n-
hexane is often used as an inert organic solvent due to its non-
polarity. It is widely used to extract lipids from seeds such as
nuts and flax [42].

This study finding showed that brown seaweed Padina sp.
from North Maluku has high potential as a coronavirus-2
ACE?2 inhibitor mostly due to its fatty acids, as an in silico
study predicted. Further in vivo and in vitro studies are
required to confirm this study's results and provide stronger
evidence. Brown seaweed Padina sp. is recommended for
development as a pharmaceutical and nutraceutical
preparation for COVID-19. Nutraceuticals, also known as
functional foods, are foods or parts of foods that play an
important role in modifying and maintaining normal
physiological functions for human health. It is consumed as
part of a regular diet that provides high nutrition and is
associated with several health benefits, including reducing the
risk of chronic diseases [43]. Brown seaweed of Padina sp.
can be considered a potential nutraceutical since it is already
used as food, has essential fatty acids for the nutrition of
mammals, does not cause toxicity, and has anti-oxidant
activity [44]. Previous reports showed that countries with high
intakes of PUFA, particularly from marine origin, have lower
fatality rates of COVID-19 in their diets [31], [45].

IV. CONCLUSION

This in silico study has predicted that brown seaweed
Padina sp. from the Morotai Islands has the potential as an
antiviral for COVID-19. It is recommended to be developed
as a pharmaceutical and nutraceutical preparation for
COVID-19. Four compounds had high potential as ACE2
inhibitors with binding energies lower than standard MLN-
4760, composed of 2 fatty acids, 1 diterpene, and 1 alkaloid.
Ethyl acetate and acetone were suggested to be used as
solvents for the extraction to produce bioactive compounds as
ACE?2 inhibitors, but ethyl acetate was found to be the most
effective. Further in vitro and in vivo studies are necessary to
confirm this study's results and to provide more substantial
evidence.
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