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Abstract

Obesity is a cause of comorbid diseases such as type 2 diabetes mellitus, dyslipidemia, hypertension which is based on low-level
chronic inflammation. The GPR-120 receptor plays a role in insulin sensitization which is related to diabetes mellitus which is a co-
morbid obesity. Omega-3 fatty acids are believed to possess anti-inflammatory properties, hence potentially serving as a preventive
measure against obesity-related comorbidities. The aim of this study is to do a stability analysis of the binding affinity between nine
specific chemicals derived from omega-3 and the active site of the human GPR120 receptor using molecular dynamics simulations.
Docking analysis was performed using Discovery Studio Visualizer, AutoDock Tools 1.5.6, and molecular dynamic simulation with
AMBER 16. In this study, we used neurotensin 8-13 as a natural ligand to bind with the neurotensin receptor. Based on the neu-
rotensin receptor docking results, the AG values for the following compounds are close to the values for neurotensin 8-13 -6.41 kcal/
mol; docosahexaenoic acid -8.96 kcal/mol; eicosapentaenoic acid -7.41 kcal/mol; and heneicosapentaenoic acid -6.34 kcal/mol. Neu-
rotensin 8-13 forms hydrogen bonds with TYR146, ARG213, and PHE344 of the neurotensin receptor, whereas docosahexaenoic
acid forms hydrogen bonds with TYR146. Meanwhile, the average RMSD fluctuations for each system, namely docosahexaenoic
acid, eicosapentaenoic acid, and heneicosapentaenoic acid, were 0.672, 0.437, and 0.650, respectively. The SASA of the neurotensin
receptor-ligand complex showed similar fluctuations, with the average values for docosahexaenoic acid, eicosapentaenoic acid, and
heneicosapentaenoic acid being 230.40, 229.89, and 230.20 nm?
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Introduction and a body mass index (BMI) equal to or greater than

30 kg/m? (Salam 2023). In the present era, obesity has
Obesity is a highly prevalent global health issue. The con-  emerged as a global health issue of significant concern.
dition under consideration is defined by the presence of =~ Obesity is considered a significant risk factor for the de-
an excessive amount of adipose tissue, accompanied byan  velopment of various health conditions, including heart
elevated quantity and enlarged size of white adipocytes, disease, stroke, diabetes mellitus, osteoarthritis (OA), and
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hypertension (Mohamed et al. 2014). There are a multi-
tude of potential interventions for the treatment of obesi-
ty, including but not limited to weight control strategies,
pharmaceutical interventions, and surgical procedures.
Various dietary interventions, including the ketogenic
diet, low-carbohydrate diet, high-protein diet, high-fat
diet, and low-energy diets, are employed in the manage-
ment of obesity. These interventions are implemented
alongside recognized behavior-change approaches and
social support, typically on a short-term basis (Huei et
al. 2020). Despite the presence of several adverse effects,
that have the potential to diminish one’s quality of life.
Given these circumstances, the utilization of natural sub-
stances emerges as the most feasible solution (Morgan et
al. 2017).

Omega-3, an indispensable nutrient, has demonstrat-
ed efficacy in facilitating weight loss through its capaci-
ty to reduce the buildup of adipose tissue. Omega-3 fatty
acids assume a crucial function in the regulation of lipid
metabolism and serve as sensors with anti-inflammatory
properties (Calder 2018). This is the preventive mecha-
nism for obesity. The relationship between comorbidity
and its impact on insulin resistance, a known contributor
to obesity-associated metabolic illnesses, is not yet fully
understood. However, there have been reports suggesting
that comorbidity may ameliorate insulin resistance by in-
teracting with proteins such as the peroxisome prolifer-
ator-activated receptor PPARy and GPR120 (Song et al.
2017). The GPR120 receptor is responsible for recognizing
and binding to long-chain fatty acids. It is found in vari-
ous locations within the body, including small intestine
endocrine cells, L cells, and adipose tissue. It has been
shown that turning on GPR120 makes the incretin hor-
mone GLP-1 come out more quickly. This has been linked
to good effects on anti-metabolic syndrome. Additionally,
the GPR120 receptor has been implicated in the regula-
tion of lipid metabolism (Psimadas et al. 2012; Halder et
al. 2013).

To date, the precise mechanism underlying the impact
of omega-3, particularly in relation to lipid and glucose
metabolism in individuals with obesity, remains an area
that warrants more investigation. The existing body of
published systematic studies has yielded inconclusive
findings on the efficacy of omega-3 supplementation in
the context of obesity. The findings from studies conduct-
ed on both experimental animals and humans have yield-
ed inconsistent results. As a result, the precise mechanism
by which omega-3 fatty acids impact obesity remains
uncertain. However, the administration of omega-3 sup-
plementation has promise in mitigating the development
of comorbidities associated with obesity. The presence of
chronic, subclinical inflammation has been recognized
as a significant contributing factor in the pathogene-
sis of metabolic syndrome in individuals who are obese.
Eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA), crucial constituents of omega-3, possess the abil-
ity to regulate insulin sensitivity and glucose utilization

in adipocytes (Huang et al. 2019). This pertains to the
capacity of the substance to induce GPR 120 activation.
Omega-3 fatty acids have the potential to serve as a viable
alternative for supplementation, offering a safe and effica-
cious means of reducing obesity.

Materials and methods

Materials

The hardware included a PC running Windows 7 Home
64-bit operating system, Intel Core (TM) i5- 3337U CPU
1.80GHz, NVIDIA Ge Force GTS 710M Graphic Card
and 4 GB CPU memory (RAM). Analysis was performed
with the following software: Discovery Studio Visualizer,
AutoDock Tools 1.5.6 and Molecular dynamic simulation
with AMBER 16.

The neurotensin receptor crystal structure (PDB code
4GRYV), obtained from the Protein Data Bank online data-
base (http://www.rcsb.org/pdb), at a resolution of 2.80 A.
Data and structures of Neurotensin 8-13 and compounds
from omega-3 fatty acids were obtained from the bind-
ing database (https://www.pubchem.org). A total of 9 test
compounds (test ligands) were obtained from research
journals. The structures are shown in Table 1.

Preparation of ligand structure

Test ligand structures of the 9 compounds from omega-3
fatty acids and natural ligand are shown in Table 1. Com-
pounds from omega-3 fatty acids and natural ligand were
made into two-dimensional (2D) structures that were
then converted into three-dimensional (3D) structures
using ChemDraw 8.0.

Table 1. Two-dimensional structures of Neurotensin 8-13 and
compounds from omega-3 fatty acids.
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Preparation of protein receptor

The crystal structure of the neurotensin receptor crystal
structure (PDB code 4GRV) was obtained from the PDB
database (http/www/pdbbeta.rscb.org/pdb) with 2.80 A
resolution. Neurotensin 8-13 is a natural ligand of the
neurotensin receptor. The crystal structure of the neu-
rotensin receptor used is neurotensin 8-13 and other res-
idues. Neurotensin is a 13 amino acid neuropeptide that
plays a role in the regulation of lutein hormone and pro-
lactin release and also has interactions with the dopami-
nergic system. Plasma neurotensin levels in the intestine
increase after fat digestion, we used neurotensin positions
8-13 in the neurotensin receptor crystal structure as posi-
tions for all docking analyses.

Validation of the molecular docking
method

Validation of the molecular docking method is performed
by redocking a neurotensin 8-13 to a target protein that
has been removed from the neurotensin receptor using
the AutoDock Tools 1.5.6 program. The method is deemed
successful if the root-mean-square deviation (RMSD) val-
ue returned is < 2 A (Ramirez and Caballero 2018).

Docking simulation of the Neurotensin
8-13 and Test Ligands (compounds from
omega-3 fatty acids)

The 3D structure of the Neurotensin 8-13 and Test Li-
gands were created and optimized using Chem3D Ultra
8.0. Structural optimization was carried out on the 3D
structure of the reference and test ligands using the MM2
semi-empirical computational method. Calculations
were carried out with geometry optimization on the
minimum energy of the 3D structure of the compound
to be used.

The structure of the neurotensin receptor (4GRV),
neurotensin 8-13 and test ligands in the pdb format were
converted into pdbqt format using the AutoDock Tools
1.5.6 program. The docking method was performed
by tethering each ligand to neurotensin receptors us-
ing the tether coordinates (Grid Center) x = 40, y = 40,
z = 40 A and the Grid Box size coordinates x = 90.024,
y=-11.196, and z = 68.538 A. Each ligand was in a stable
condition and interacted with biomacromolecules in a
rigid condition.

Docking results were assessed for binding energy and
chemical interactions such as hydrogen bonds, hydropho-
bic interactions and bond distances. These were visualized
using the Discovery Studio Visualizer program. Discov-
ery Studio is a comprehensive software suite for analyzing
and modeling molecular structures, sequences, and other
data of relevance to life science researchers. The product
includes functionality for viewing and editing data along
with tools for performing basic data analysis.

Molecular dynamic (MD) simulation

MD simulations to determine the ligand with the lowest
binding energy at the neurotensin receptor (Bowers 1989).
Ligand and topology parameters were determined using
ACPYPE (Essmann et al. 1995). To calculate the electrostatic
force at a certain distance, the Ewald particle mesh method is
used (Sousa Da Silva and Vranken 2012). Enter Cl- and Na+
ions to neutralize the system. The solution is constructed us-
ing the TIP3P water cube model (Mark and Nilsson 2001).
The minimization process, 310 K heating, temperature ac-
climatization, and pressure acclimatization are all part of the
simulation setup steps. A 2 fs time step MD stage is produced
in 100 ns. By estimating the binding free energy by using the
MM-PBSA method, solvent accessible surface area (SASA),
and RMSD root mean squared (RMSF) fluctuations from
the docking, a post-MD simulation analysis was completed.

Results and discussion

Preparation of protein receptor

The neurotensin receptor binds to natural ligands with
chemical bonds. Natural ligands that interact with the
neurotensin receptors (4GRV), namely neurotensin 8-13,
were separated using Discovery Studio Visualizer soft-
ware. The structure of the neurotensin receptor and neu-
rotensin 8-13 are depicted in Fig. 1.

Besides the Neurotensin receptor, exploration of the
docking process requires a ligand. Ligand selection used in
the process of tethering the target protein is based on ini-
tial screening results according to Lipinski’s Rule of Five.
Ligands that are considered to have binding potential can
enter the cell membrane to be absorbed by the body if they
meet the following criteria: (1) molecular weight < 500 g/
mol; (2) < 5 proton donor groups for hydrogen bonds;
(3) < 10 proton acceptor groups for hydrogen bonds; and
(4) alogarithmic value of the partition coefficient in water
and 1-octanol < 5 (Lipinski et al. 2012). The neurotensin
receptor (4GRV) forms a hydrogen bond of 2.14, 2.36
and 2.16 A with neurotensin 8-13. The -NH2 and -CO
group in neurotensin 8-13 forms a hydrogen bond with
TYR146, ARG213, and PHE344 of the neurotensin recep-
tor with a binding energy of -6.41 kcal/mol. A smaller AG
value indicates that the bonds are more balanced. Based
on Lipinski’s criteria, compounds from omega-3 fatty ac-
ids are predicted to have good bioavailability in the body.
Bioavailability is the ability of a drug to be absorbed and
circulated in the body (Veber et al. 2002).

Validation of molecular docking method

Analysis of the bonds formed between neurotensin 8-13
and the neurotensin receptor (4GRV) was performed us-
ing Discovery Studio Visualizer software. The analysis re-
sults of the bonds formed are shown in Table 2.
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Figure 1. A. Neurotensin receptor (4GRV) and B. Overlay of the docked pose of Neurotensin 8-13 with the co-crystallized ligand 4GRV.
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Figure 2. A. Visualization of interactions between Neurotensin 8-13 and receptors (4GRV) and B. Visualization of molecular dock-

ing between the receptor 4GRV and natural ligand.

Table 2. Validation results for the molecular docking method.

Protein Compound Binding RMSD Hydrogen Amino  Nearest
energy bond acids that  residues
(keal/mol) distance (A)  bind
4GRV  Neurotensin -6.41 0.31 2.14; 2.36; TYR146; VAL224
8-13 2.16 ARG213;
PHE344

Note: RMSD, root-mean-square deviation.

The molecular docking method is validated by redock-
ing neurotensin 8-13 to the target protein. In this study,
we redocked the neurotensin 8-13 to the neurotensin re-
ceptor (4GRV) at a resolution of 2.80 A. The redocking
results had an RMSD value of 0.31 A and a bond energy
of -6.41 kcal/mol. According to (Ramirez and Caballero
2018), an RMSD < 3A and a bond energy similar to what
we obtained with the redocking results indicates that the
interaction between the ligand and the receptor is at a low
energy condition; thus, the molecule will be more stable.
Hydrogen bonds that form between TYR146, ARG213,
and PHE344 and the functional group of neurotensin
8-13 showed a value of 2.14, 2.36, and 2.16 A. Interactions
that occur with VAL224 are predicted to play an important
role in the neurotensin receptor ligand binding domain.

Docking simulation of the Neurotensin
8-13 and Test Ligands (compounds from
omega-3 fatty acids

Docking simulation of neurotensin 8-13 and Test Ligands
(compounds from omega-3 fatty acids) was performed
with the AutoDock Tools 1.5.6 program. The same coor-
dinate settings at the site of the interaction between Neu-
rotensin 8-13 and the neurotensin receptor (4GRV) were
used for the docking simulation. This analysis was per-
formed for binding energy. There was a hydrogen bond
between the test/reference ligand and the neurotensin re-
ceptor. Docking simulation results are shown in Table 3.
Visualization of the docking interactions that occur be-
tween docosahexaenoic acid and receptors (4GRV) to the
neurotensin receptor (4GRV) are shown in Fig. 3. Com-
pound docosahexaenoic has the best binding energy to
the neurotensin receptor compared to other compounds.
Docking is a process of tethering interactions between
ligands and proteins; it allows one to predict the posi-
tion and orientation of ligands when bound to protein
receptors (Abdurrahman et al. 2021). The docking pro-
cess produces AG, which is the stability parameter of the
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Figure 3. A. Visualization of interactions between docosahexaenoic acid and receptors (GPR120 (4GRV)) and B. Visualization of
molecular docking between the receptor GPR120 (4GRV) and docosahexaenoic acid.

Table 3. Docking simulation results.

Compound Binding | Hydrogen | Hydrogen Nearest
energy bond bonds amino acid
(kcal/mol) | distance (A) residue(s)
alpha-linolenic acid -7.0 1.91;2.89; | ARG149; VAL224
1.99; 1.91 TYR251;
ARG327;
ARG328
Docosahexaenoic acid -8.96 2.15;2.15; | TYR351; PHE344;
2.18; 2.30; ARG149; TRY347;
2.00 TYR146; HIS348;
ARG327; TRP339
ARG328
Docosapentaenoic acid -7.08 1.69; 2.08 ARG327; PHEI128;
ARG328 PHE344;
TRY347;
TRP339
Eicosapentaenoic acid -7.41 1.71;2.03; | ARG327; HIS132;
2.56 ARG149; HIS348
TYR351
Eicosatetraenoic acid -7.63 1.95;1.78 ARG149; PHE128;
ARG328 HIS348
Eicosatrienoic acid -7.24 2.55; 1.96; ARG327;
1.96 TYRI146;
TYR351
heneicosapentaenoic acid|  -7.69 2.03;2.06 | ARG327; TRP339
ARG328
hexadecatrienoic acid -7.18 1.99; 2.01 ARG327; TRP339
ARG328
stearidonic acid -7.17 1.96; 2.09 TYR351; PHE331;
ARG149 TRP339

conformation between the ligand and the neurotensin
receptor. In this study, we used neurotensin 8-13 as nat-
ural ligands bind with neurotensin receptor. Based on the
neurotensin receptor docking results, the AG values for
the following compounds are close to the value for neu-
rotensin 8-13 (-6.41 kcal/mol; Table 2): docosahexaenoic
acid -8.96 kcal/mol, eicosapentaenoic acid -7.41 kcal/mol,
and heneicosapentaenoic acid -6.34 kcal/mol. Therefore,
compounds from omega-3 fatty acids of neurotensin re-
ceptor. Hydrogen bonding between neurotensin 8-13 and
the neurotensin receptor occurs at TYR146, ARG213,
and PHE344, with the other closest amino acid residues
being VAL224. Docosahexaenoic acid has lower binding
energy than neurotensin 8-13. This can be caused by the

presence of proximal amino acids of docosahexaenoic
acid that are also found in the neurotensin 8-13. Factors
that cause the binding energy for test compounds to be
higher than neurotensin 8-13 are different amino acid
residues forming a hydrogen bond with the neurotensin
receptor. Neurotensin 8-13 form hydrogen bonds with
TYR146, ARG213, and PHE344 of the neurotensin recep-
tor, whereas docosahexaenoic acid forms hydrogen bonds
with TYR146. Interactions between neurotensin 8-13 at
TYR146, ARG213, and PHE344, including the -NH2 side
chain with the -CO functional group, provide hydrogen
bonds that are in the mooring region of 2.14, 2.36, and
2.16 A. Additional hydrophobic interactions play a role
in determining ligand stability with the neurotensin re-
ceptor. Hydrophobic interactions, which repel liquid, are
more likely to group together in the globular structure of
proteins (Abdurrahman et al. 2023). This study fits with
previous research that shows that GPR120 has promising
agonistic activity when it interacts with certain amino
acid residues, such as ARG327 and TYR146. The fact that
Eicosapentaenoic acid, docosahexaenoic acid, and eicosa-
tetraenoic acid have binding energies of -9.4, -8.72, and
-8.15 kcal/mol shows that they have a lot of potential as
agonists. In comparison, the neurotensin ligand exhibits
a lower binding energy of -6.31 kcal/mol. All compounds
satisfy the absorption and distribution criteria, indicating
that the chosen compounds possess the capacity to miti-
gate obesity by targeting PPARy and GPR120 (Megawa-
ti et al. 2021). The formation of hydrophobic bonds can
minimize interactions with nonpolar residues in water.
This interaction is strengthened by the composition of
surrounding functional groups that play a role in the in-
teraction of the reference ligand, more specifically, the ba-
sic -NH and -CO groups, which contain the amino acids
PHE344. However, the hydrophobic interactions of the
natural ligands and neurotensin 8-13 involve the residues
VAL224. Hydrophobic interactions of docosahexaenoic
acid involve the residues PHE344 and TRP339. Residues
involved in hydrophobic interactions are nonpolar amino
acids, which form clusters towards the center of proteins.
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Molecular dynamic simulation

The MD simulation was carried out using the chemical
docosahexaenoic acid, eicosapentaenoic acid and hene-
icosapentaenoic acid, where the two test compounds had
the same AG value. The RMSD and RMSF analysis of the
receptor-ligand complex using GROMACS 2016 was
carried out by measuring the stability of the RMSD and
RMSEF values in the system during the simulation (Fig. 4).
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Figure 4. RMSD (a) and RMSF (b) value of docosahexaenoic
acid (blue), eicosapentaenoic acid (maroon), and heneicosapen-
taenoic acid (green).

RMSD analysis was used to assess the stability of the
complex over time, while RMSF analysis assessed the sta-
bility per amino acid.

Assessed the stability per amino acid. Docosahexaeno-
ic acid, eicosapentaenoic acid and heneicosapentaenoic
acid, with the best docking score of the metabolites, was
simulated with MD and its complex stability which are
neurotensin receptor blockers. Docosahexaenoic acid,
eicosapentaenoic acid and heneicosapentaenoic acid in
complex with the neurotensin receptor showed the same
high fluctuations. Meanwhile, the average RMSD fluctu-
ations for each system, namely Docosahexaenoic acid,
eicosapentaenoic acid, and heneicosapentaenoic acid,
were 0.672, 0.437 and 0.650, respectively. The average
RMSD showed that (eicosapentaenoic acid) had the low-
est fluctuation, which indicates that the ligand has reached
a stable conformation that binds to the protein (Abdu-
rrahman et al. 2022). This study aligns with other research
that has demonstrated the stability of omega-3 molecules,
including docosahexaenoic acid (DHA), docosapentae-
noic acid (DPA), and heneicosapentaenoic acid (HPA),
using the molecular dynamics modeling approach. Doco-
sahexaenoic acid (DHA), docosapentaenoic acid (DPA),
and heneicosapentaenoic acid (HPA) can be used as pri-
mary therapeutic agents to bind to PPAR- and GPR120
receptors in order to treat and prevent obesity (Musfiroh

et al. 2021, 2022). The amino acid fluctuations of the two
receptor complex systems calculated by RMSF showed
the same pattern in all regions. Residues 53, 93, 185, 215,
339, 1036, and 1048 on the neurotensin receptor showed
higher fluctuations than the other residues. These residues
are the amino acids responsible for the loop region in the
protein structure.

SASA was analyzed for 100 ns of simulated MD tra-
jectory, as shown in Fig. 5. The SASA of the neurotensin
receptor-ligand complex on the graph for (Docosahexae-
noic acid, eicosapentaenoic acid, and heneicosapentaeno-
ic acid) showed similar fluctuations; the average values for
Docosahexaenoic acid, eicosapentaenoic acid, and hene-
icosapentaenoic acid were 230.40, 229.89 and 230.20 nm?,
respectively. A low SASA value indicates an increasingly
stable complex system (Ramirez and Caballero 2018). This
analysis correlated with that of the RMSD value, which in-
dicated that (eicosapentaenoic acid) had better stability at
the neurotensin receptor.

To forecast the conformational changes in proteins that
make them accessible to water molecules, the SASA was
the result during simulations. Fig. 5 illustrates the results
of this investigation, which demonstrated that eicosapen-
taenoic acid was more stable at the neurotensin m accessi-
ble to water molecules, the make them accessible to water
molecules, the SASA was the result during simulations.
Fig. 5 illustrates the results of this investigation, which
demonstrated that eicosapentaenoic acid was more stable
at the neurotensin.

i
EZSO
f W y m'wMWl

20.000

docosahexaenoic acid

eicosapentaenoic acid

heneicosapentaenoic acid

40.000 60.000 100.000

Time (ps)

80.000

Figure 5. SASA plot of docosahexaenoic acid (blue), eicosapen-
taenoic acid (maroon), and heneicosapentaenoic acid (green).

SASA was analyzed for 100 ns of simulated MD tra-
jectory, as shown in Fig. 5. The SASA of the neurotensin
receptor-ligand complex on the graph for (Docosahex-
aenoic acid, eicosapentaenoic acid, and heneicosapen-
taenoic acid) showed similar fluctuations; the average
values for Docosahexaenoic acid, eicosapentaenoic acid,
and heneicosapentaenoic acid were 230.40, 229.89 and
230.20 nm2, respectively. A low SASA value indicates
an increasingly stable complex system [10]. This analysis
correlated with that of the RMSD value, which indicat-
ed that (eicosapentaenoic acid) had better stability at the
neurotensin receptor.

Polar solvation energy has a positive value while van
der Waals, electrostatic, and SASA energies have a neg-
ative value in both of these complex systems. The results
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Table 4. MM-PBSA energy summary ligand-neurotensin receptor during 100 ns simulation.

Ligand van der Waals energy  Electrostatic energy Polar solvation energy ~ SASA energy (KJ/mol) Total binding energy (KJ/mol)
(KJ/mol) (KJ/mol) (KJ/mol)
Docosahexaenoic acid -197.15 +/- 16.24 -46.94 +/- 9.48 148.64 +/-15.46 -24.075 +/- 1.27 -119.53+/-16.20

-169.71 +/- 17.07
-184.44 +/- 15.28

-36.34 +/- 23.89
-46.94 +/- 11.49

Eicosapentaenoic acid

Heneicosapentaenoic acid

132.306 +/-30.29
131.710 +/- 15.27

-20.088 +/- 1.43
-20.388 +/- 0.94

-93.83+/-16.61
-120.07 +/-14.41

show that van der Waals, electrostatic, and SASA energy
favor the binding while polar solvation energies oppose it
in both complex systems. The total binding free energy of
the ligands had varying values. Heneicosapentaenoic acid
provided the lowest binding free energy -120.065 kJ/mol,
while those for Docosahexaenoic acid, and eicosapentae-
noic acid were -119.530, and -93.826 kJ/mol, respectively.
The MM-PBSA analysis indicated that scopolin has bet-
ter affinity for the neurotensin receptor. The binding free
energy of the MD trajectories of the system complex was
calculated using the MM-PBSA method for a timestep of
0-100 ns (Table 4).

Conclusion

Based on the docking results, the AG values for omega-3
compounds of docosahexaenoic acid, eicosapentaenoic
acid, heneicosapentaenoic acid and neurotensin 8-13 as
native ligand were -8.96 ; -7.41 ; -6.34 and -6.41kcal/mol,
respectively. Neurotensin 8-13 forms hydrogen bonds
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