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Abstract

According to estimates, 30% of Indonesia's urban population has NAFLD, with obesity being the
leading risk factor. Being a maritime nation, ours has a sizable ocean region. The benefits of
properly utilizing marine resources will be immense, especially when components from the marine
biota are easily obtainable.

Due to its high fiber content, particularly its soluble dietary fiber, seaweed is a good source of
dietary fiber. It's also critical to understand and evaluate Sargassum's cholesterol-lowering
mechanism. As per the research strategy plan document of Hang Tuah University, this study
focuses on the technology of self-reliant medicinal raw materials. Specifically, it explores marine
biota, which includes brown seaweed (Sargassum duplicatum), and evaluates its potential for

treating Non-Alcoholic Fatty Liver Disease (NAFLD) through insilico testing.

Based on the Structure Activity Relationship (SAR) docking data, what is the role of Sargassum
in NAFLD? Based on the Structure Activity Relationship (SAR) docking outcomes, Sargassum
duplicatum has a role in NAFLD through Fukosterol and Fallahydroquinone.
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Introduction

People's lifestyles are becoming more
sedentary, not exercising, and consuming high-
fat and low-fiber foods. These changes are
causing an increase in disease, with heart
disease being the most common type that is
becoming more common every year: Diabetes
mellitus, cancer, hypertension, and coronary
disease. Heart disease is the leading cause of
death from heart disease in adults, with coronary
heart disease (CHD) accounting for most of
these deaths. Cardiovascular illnesses, including
heart disease, stroke, and hypertension, are
becoming more common and are now
Indonesia's leading cause of mortality,
particularly for those in economically active
populations. The World Health Organization
(WHO) said in 2017 that blood vessel disease is
the leading cause of death globally. 17.7 million
deaths worldwide 2015 were attributed to
coronary heart disease, accounting for 31% of all
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deaths. An estimated 7.4 million deaths were
attributed to coronary heart disease and 6.7
million to stroke.

According to the 2021 health survey
results, 3 out of 1000 Indonesians had CHD.?
Because most CHD patients are in productive
age, the economic burden on the nation is
growing.® One of the risk factors for coronary
heart disease is hypercholesterolemia.
Hypercholesterolemia also raises the risk of this
condition. Simple fatty liver (steatosis), fatty liver
with inflammation (steatohepatitis), and fibrosis to
cirrhosis are the different forms of non-alcoholic
fatty liver disease (NAFLD). * It is impossible to
overlook the growing public health issue of
obesity, type 2 diabetes mellitus, hyperlipidemia,
and non-alcoholic fatty liver disease (NAFLD). In
industrialized countries, a study on obese people
revealed that 60% had simple fatty liver
(steatosis). Additionally, patients with type 2
diabetes mellitus were found to have 70% of
them to have fatty liver, compared to around 60%
in patients with dyslipidemia. Compared to
people without insulin resistance, those with
metabolic syndrome have a 4-11-fold increased
risk of developing non-alcoholic fatty liver
disease (NAFLD). According to estimates,
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obesity is the leading risk factor for NAFLD in
Indonesia's urban population, accounting for 30%

of cases.’ This is because obesity lowers
adiponectin levels, which weakens the liver's
ability to fend off fat and leads to insulin
resistance. Fat liver develops due to increased
triglyceride lipolysis and free fatty acid release
caused by insulin resistance. Since obesity is a
crucial contributing factor to the development of
fatty liver, weight loss strategies involving diet
control, physical activity, supplements, and
medical intervention are required.®
Hypercholesterolemia is also a significant factor
When using platelet-rich plasma (PRP) to treat
periodontal disease. ’

Extensive studies conducted on humans
and animals have demonstrated the potential
benefits of brown seaweed as an anti-
inflammatory, antioxidant, weight-loss aid, and
liver, heart, and nerve protector. Drugs that lower
cholesterol levels can be used to prevent CHD
and fatty liver disease (NAFLD) but are highly
expensive. As a result, it is necessary to find
alternatives to using natural ingredients that can
reduce the risk of contracting these diseases.®

Being a maritime nation, ours has a
sizable ocean region. The benefits of properly
utilizing marine resources will be immense,
especially when components from the marine
biota are easily obtainable. Due to its high fiber
content, particularly its soluble dietary fiber,
seaweed is a good source of dietary fiber. Agar,
carrageenan, and alginate components found in
seaweed have been demonstrated in multiple
studies to potently reduce serum cholesterol. & °
Understanding and examining Sargassum's
cholesterol-lowering process is also critical.

Hopefully, this research will help us
determine the mechanism of Sargassum
duplicatum, a natural component  with

antihypercholesterolemic characteristics similar
to Acalypha Indica, whose mechanism is
uncertain. "

As per the research strategy plan document of
Hang Tuah University, this study focuses on the
technology of self-reliant medicinal raw materials.

Specifically, it explores marine biota, which
includes brown seaweed (Sargassum
duplicatum), and evaluates its potential for

treating Non-Alcoholic Fatty Liver Disease
(NAFLD) through insilico testing. Based on the
Structure Activity Relationship (SAR) docking
data, what is the role of Sargassum in NAFLD?

Materials and methods

The 3D structures of the Sargassum
bioactive compounds, namely Fukosterol and
Fallahydroquinone, were downloaded from the
PubChem NCBI database. The access code for
the 3D structure of the Fukosterol compound is
CID 5281328, while the access code for the
structure of Fallahydroquinone is CID 42603805.
The structure of the bioactive compound is
downloaded in pdf file format and imported into
the Molegro virtual docker version 5.0.0. target
protein structures of MAPK1, TP53, and AKT1
were downloaded from the Protein Data Bank
(PDB) database with access codes in Table 1.
The 3D structures of the proteins were imported
into Molegro virtual docker version 5.0.0, and the
active sites of each protein used for docking were
predicted ''( Table 1).

PDB

No | Proteins access X Y zZ Radius | Reference
code

1 | MAPK1 4ZZN -12.91 | 14.98 42,61 9 2

2 | TP53 3DCY 28,83 30,28 -8,14 1

3 | AKT1 30CB 10.01 2.45 19.57 11 13

Table 1. Protein targets, protein structure access
codes, and protein grids.

Fukosterol Compounds and
Fallahydroquinone interact with the target protein
by docking the application with Molegro virtual
docker version 5.0.0". Docking parameters with
Molegro virtual docker are Score Function
Moldock Score [Grid]; grid resolution 0.30;
algorithm MolDock SE; Number of Runs 10, Max
iterations 1500; max population size 50; pose
generation energy threshold 100, tries 10 — 30;
simplex evolution max steps 300; neighbor
distance factor 1.00; multiple poses number of
poses 5; energy threshold 0.00; cluster similar
poses RMSD threshold 1. Docking results were
visualized with pymol version 2.3, and the
interaction was analyzed with Discovery Studio
program version 21.1.1."

Results

Based on the three-dimensional view, the
interaction of Fukosterol Compounds and
Fallahydroquinone with the MAPK1 protein
shows the same area. Fucosterol generates a
bond energy of -298 kJ/mol to form a complex
with the MAPK1 protein. Active site residues that
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were bound included GLUG69,
LYS52, LEU154, and CYS164. Meanwhile, the
Fallahydroquinone compound produces a bond
energy of -389.8 kJ/mol, lower than the fucosterol
compound. The active site residues bound by

ILE29, VAL37,

fallahydroquinone include LYS52, GLN103,
ASP104, ALA33, ALA50, LEU154, ILE29, VAL37,
TYR34, and MET106 (Figure 1, Table 1). Amino
acid residues ILE29, VAL37, LYS52, and
LEU154 were identified in the two bioactive
compounds of sargassum and were inhibitory
regions of the MAPK1 protein. The binding of the
two bioactive compounds to MAPK1 in the
inhibitory region causes MAPK1 inactivation. '°

Compound E::rdgy Interaction Distance | bond type bond type
(kJ/mol)
HOHIT-AGLUBSOE2 | 16045 | HydrogenBonds | pererione
AILE29 -:10 5.17662 Hydrophobic Alkyl
AVAL37 - :10 4.60902 Hydrophobic Alkyl
AVAL3T - :10 5.46821 Hydrophobic Alkyl
AVAL37 -:10 4.91006 Hydrophobic Alkyl
Fukosterol -298 ALYS52-:10 4.85058 | Hydrophobic Alkyl
ALLEU154 -:10 5.31724 Hydrophobic Alkyl
A:CYS164 -:10 4.75742 Hydrophobic Alkyl
:10:C25 - ALLEU154 4.5191 Hydrophobic Alkyl
:10:C29 - A:ILE29 4.46059 Hydrophobic Alkyl
ALYS52:NZ - :110:H37 248167 Unfavorable Unfavorable Donors
ALYS52:NZ - 110:01 29923 | Hydrogen Bonds ﬁ;g;’:g';":’éﬂm
10:H26 - AGLN103:0E1 | 2.0617 | Hydrogen Bonds ﬁ%‘;z’:f’;ﬂnds
10:H29 - AGLN103:0E1 | 2.03167 | Hydrogen Bonds ﬁ;g;’:g';‘:’éﬂm
:10:H40 - A:ASP104:0 1,746 Hydrogen Bonds ﬁ‘;::’:ge'if"’é"’;nds
AALA3S - :10:C25 4.13147 Hydrophobic Alkyl
AALA3S - :10:C26 4.18196 Hydrophobic Alkyl
AALASQ - :10:C27 3.54241 Hydrophobic Alkyl
110 - A: LEU154 4.59103 Hydrophobic Alkyl
110-A: ILE29 5.13901 Hydrophobic Alkyl
Fallahydroquinone| -389.8 110 - A: LEU154 4.66736 Hydrophobic Alkyl
10:C15 - AILE29 4.63554 Hydrophobic Alkyl
:10:C15 - A:IVAL37 4.39506 Hydrophobic Alkyl
:10:.C18 - A:ILE29 5.0435 Hydrophobic Alkyl
:10:C27 - A:VAL37 3.50378 Hydrophobic Alkyl
:10:C27 - A:LYS52 3.67914 Hydrophobic Alkyl
ATYR34 -:10:C26 4.42699 Hydrophobic Pi-Alkyl
:10 - A: ALASO 3.25979 Hydrophobic Pi-Alkyl
10 - A: MET106 5.38921 Hydrophobic Pi-Alkyl
110 - A: LEU154 5.16032 Hydrophobic Pi-Alkyl
:10:H26 - :110:H29 1.44628 Unfavorable Unfavorable Donors
Table 1. Interaction between Fucosterol and

Fallahydroquinone with MAPK1 protein.

The fucosterol and fallahydroquinone
compounds also show binding activity against the
TPS53 protein in the TP53 binding site with MDM2.
The active site residues of p53 include Arg10,
His11, Asn17, Lys20, lle21, lle22, GIn23, Arg61,
Glu89, Arg90, Tyr92, Leu100, Leu103, Arg104,
Cys114, Pro115, Phe117, Pro119, Leu125,
His198, Gly199, Ala200, Arg203 , Ser228,
Ser204, Val229, Thr230, and Asn232. Fucosterol
forms a complex with TP53 protein with a bond
energy of -248.8 kJ/mol (Table 2). The residues

of the active fucosterol sites on the TP53 protein
include ILE22, LEU100, LEU103, CYS114,
PRO115, TYR92, and ILE21. All of these
fucosterol residues are the active site of TP53.
Fallahydroquinone also shows binding at the
same site as fukosterol. Fallahydroquinone active
site residues on TP53 include GLN23, ASN17,
ILE21, LYS20, ALA200, ILE22, LEU100 (Figure
2). The binding energy of the fallahydroquinone —
TP53 complex is -359.4 kJ/mol, lower than that of
fukosterol — TP53. The binding of fukosterol and
Fallahydroquinone to the active site of MDM2 on
the TP53 protein causes TP53 to be free and
induces  transcription, and triggers cell
apoptosis.16

Fukosterol
Fallahydroquinone

i [ EASS—

Figure 1. 3D and 2D structures of the Fukosterol
complex andFallahydroquinone with TP3 protein,
a. superimposed ligand with protein, bc 3D and
2D structure of the fukosterol complex — MAPK1,
de. 3D and 2D structures of the
fallahydroquinone -MAPK1 complex.
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Figure 2. 3D and 2D structures of the Fukosterol
complex andFallahydroquinone with TP3 protein,
a. superimposed ligand with protein, bc 3D and
2D structure of the fucosterol complex — TP53,
de. 3D and 2D structures of the
fallahydroquinone — TP53 complex.
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Bond i i i
—— o —— U U, P—— active sites of fallahydroquinone on AKT1 are
kJ/mol) —— T T vy v GLY162, ASP292, GLU198, GLU191, GLY294,
: - . lydrophobic | Alkyl .
ALEU100-:10 5.15935_| Hydrophobic | Alkyl LYS179, LEU295, and PHE161 (Figure 3, Table
ALEU103-:10 541616 | Hydrophobic | Alky 3). The active sites of fucosterol and
A:CYS114 - :10 4.71089 | Hydrophobic | Alkyl . .
ACYS114-10 502227 | Hydrophobic | Ayl fallahydroquinone towards AKT1 protein were
APRO115 -:10 4.50287_| Hydrophobic | Alkyl identified as AKT1 inhibitory sites.15
:10:C17 -APRO115 | 4.13457 | Hydrophobic | Alkyl
Fukosterol 2488 [ ATYR92-:10 455114 | Hydrophobic | Pi-Alkyl
. PR Unfavorable Bond
AILE21:0-10:C26 | 221243 | Unfavorable | g1 Compound anergy |1 ! o bondtype | bond type
. .0 - 10 Unfavorable kJ/mol)
AILE21:0-:10:C29 | 247157 | Unfavorable | g ALYS179-:10 4.29252_| Hydrophobic | Alkyl
AILE21:0- 10H39 | 176248 | Unfavorable | phiavorable ALEU181-:10 | 4.78653 | Hydrophobic | Alkyl
U”fp = ALEU181-:10 534506 | Hydrophobic | Alkyl
AILE21:0 - 10:H47 | 1.59613 | Unfavorable B:ma;"'a e 110 - A: LEU295 5.21605_| Hydrophobic | Alkyl
drogen | Conventonal :10:C17 - A:LLYS179 | 4.36529 | Hydrophobic | Alkyl
110:H26 - A:GLN23:0 | 1.75383 Bonds Hydrogen :110:C25 - AILEU295 | 4.36625 | Hydrophobic | Alkyl
Bonds _ Fukosterol -305.8 | :10:C29 - A:ILEU295 | 4.45318 | Hydrophobic | Alkyl
10:H40 -| 169308 | Hydrogen gogl‘_’:n;':"m A:PHE161 - :10 4.51233 | Hydrophobic | Pi-Alkyl
AASN17:0D1 : Bonds Bonde APHE161 - :10 4.98755 | Hydrophobic | Pi-Alkyl
" Pi-Donor AHIS194 - 10 4.29554 | Hydrophobic | Pi-Alkyl
. N~ yarogen an. 0. Unfavorable
AILE2T:N -:10 415923 | B s gmosgen A10:C13-:10:H33 | 1.58386 | Unfavorable | g\
ALYS20.C,O;ILE2TN | Amide-Pi A0H16 - 10:H33 | 0.922957 | Unfavorable | Unfavorable
Fallahydroquinone | -359.4 | -:10 4.15703 | Hydrophobic | g4z cyeq Bump _
A:ALA200 - :10:C26 | 4.47716 | Hydrophobic | Alkyl :10:H26 -| 207033 | Hydrogen ﬁ‘;g;’;;;‘:“a'
10:C18-A:LLYS20 | 5.15498 | Hydrophobic | Alkyl AGLY162:0 . Bonds Bonds
:110:C27 - A:ILE22 4.39008 | Hydrophobic | Alkyl . R Conventional
10:C27 - ALEU100 | 34388 | Hydrophobic | Alkyl 23\'25292:002 2.25127 gﬁ;‘fe” Hydrogen
10-A: LYS20 4.93082_| Hydrophobic | Pi-Alkyl gz:s:mional
A:ILE22:CD1:B - Unfavorable 110:H39 - Hydrogen
10:02 1.98899 | Unfavorable | g,y A:GLU198:0E1 22129 | gonds gz:g’sge"
ﬁ:{l)lﬁ%g:CDtB "| 1.45983 | Unfavorable gnrf;lvorable Fallahydroquinone | -368.8 | .10.140 _ Hydrogen Conventional
10 ume . 1.83562 | HYArog Hydrogen
. A:GLU191:0E1 Bonds Bonds
Table 2. Interaction betweenFucosterol and —f o
. . . A:GLY294:CA-:10 | 3.42786 | Hydrophobic | Pi-Sigma
Fallahydroquinone with TP53 protein. ALYS179-:10 439926 | Hydrophobic | Alkyl
110:C18 - ALEU295 | 4.72164 | Hydrophobic | Alkyl
. . APHE161-:10 5.26062 | Hydrophobic | Pi-Alkyl
e APHE161-:10 5.1846 | Hydrophobic | Pi-Alkyl
10 - A: LEU295 4.96781_| Hydrophobic | Pi-Alkyl
Table 3. Interaction between Fucosterol and

Fukosterol
Fallahydroguinone o

Figure 3. 3D and
complex and Fallahydroquinone with TP3 protein,
a. superimposed ligand with protein, bc 3D and
2D structure of the fukosterol —AKT1 complex, de.
3D and 2D structures of the fallahydroquinone —
AKT1 complex.

Based on the three-dimensional and two-
dimensional appearance of the fucosterol —AKT1
complex, Fucosterol shows AKT1 binding at the
same site as fallahydroquinone. The resulting
bond energy is -305.8 kd/mol. The active site
residues of the fukosterol — AKT1 complex are
LYS179, LEU181, LEU295, PHE161, and
HIS194. Meanwhile, fallahydroquinone produces
a lower bond energy, namely -368.8 kdJ/mol. The

Fallahydroquinone with AKT1 protein.
Conclusions

Sargassum has a role in NAFLD through
Fukosterol and Fallahydroquinone based on the
results of the Structure Activity Relationship
(SAR) docking.
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