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Abstract

Introduction: Mental health is a worldwide health problem. Antidepressants have therapeutic effects but after
prolonged use, they can cause unwanted side effects. Seeing the great potential of coastal plants such as sea pandanus
(Pandanus odorifer) attracts attention in creating a more effective and safe treatment. The aim of this study is to identify
the compounds contained in sea pandanus and elucidate the molecular mechanism in the target proteins of depressive
diseases. Materials and methods: LC-MS has been used to identify compounds in sea pandanus. The network
pharmacology approach used Cytoscape 3.9.1, OMIM, Disgenet, SEA, SwissTarget, STRING 2.0.0, Metascape, and
Kyoto Encyclopedia of Genes and Genomes (KEGG) to predict the molecular antidepressant mechanism of the metabolite
compounds. Validation was achieved using MOE with MAOA receptor (PDB ID: 2Y5Z). Molecular dynamics simulation
using Maestro Schrddinger 2020-1 software. Results and discussion: A total of 19 active compounds were identified
through LC-MS. Network pharmacology analysis showed that the MAOA target was the most influential protein target
in the network pharmacology study of antidepressants from metabolite compounds of sea pandanus methanol extract. The
results of in silico validation and molecular dynamics simulation support the network pharmacology findings.
Benzylcarbonyl-Lys-Dab-Arg-NH2 compound showed higher affinity to MAOA receptor target compared to standard
drug (fluoxetine) with S score —10.7455 kcal/mol and MMGBSA value —68.0669 kcal/mol. Conclusions: The compound
Benzylcarbonyl-Lys-Dab-Arg-NH2 showed higher binding affinity towards MAOA compared to the native ligand and
drug fluoxetine, also maintaining a s2interaction within the MAOA active site, indicating that Pandanus odorifer has
significant promise as a novel antidepressant agent. These findings provide a strong basis for further investigation into its
efficacy and safety in a clinical setting, potentially leading to the development of more effective and targeted treatments
for depression.
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Introduction

Mental health is a global health problem.
Depression is the 4" most common disease in the world
[1]. In Indonesia, the prevalence of depression cases is
3.7 % or around 9,162,886 people. Every year,
Indonesia’s population increases by more than
3,000,000 peoplefyear, so the number of depressed
people in the future will be much higher [2]. Some of
the consequences of depression are decreased work
productivity and the frequency of suicide which is
increasing from year to year [3]. Depression can be
treated with medication therapy that can improve mood
such as antidepressants that help reduce symptoms of
depression [2]. Antidepressants have therapeutic effects
but after prolonged use, they can cause unwanted side
effects. One class of antidepressant drugs that is often
used is selective serotonin reuptake inhibitors (SSRIs).
Among SSRIs, fluoxetine shows the least specific
binding to serotonin transporter (SERT) and at high
doses, can increase synaptic norepinephrine and
dopamine levels [4]. Fluoxetine tends to be associated
with potential cardiovascular side effects and worsen
heart failure in patients, especially geriatric patients,
because it can inhibit Ca?* channels, attenuate myogenic
constriction of resistance arterioles so as to increase
orthostatic hypotension and worsen microvascular
damage [5]. In addition, a side effect of using
antidepressant drugs is dependence because many drugs
in circulation are psychotropic groups [6]. Therefore,
the development of severe side effects limits the use for
the treatment of depressed patients. Hence, it is
necessary to develop new drugs, especially from natural
products.

Sea pandanus (Pandanus odorifer) is a wild plant
mainly vegetated in seminatural coastal habitats
throughout the tropics and subtropics of the Pacific
where it can withstand drought and strong winds [7]. Sea
pandanus grows in coastal areas, especially the coastal
area of Panceng Gresik Beach, but many local coastal
communities still do not know the benefits of these
plants. The existence of sea pandanus in Indonesia has
not been widely appreciated, in addition to the minimal
amount of research on the plant. Sometimes there are
still coastal communities who think that the plant is only
a nuisance because of its spiny leaves and damages the

beauty of the beach because the fruit produced falls and
rots and makes a pile of garbage.

Several studies have been conducted on Pandanus
odoratissimus, including the biological potential
reported to contain chemical compounds, antioxidant
activity [8-10], chemoprotective [8], antidepressant
[11], antidiabetic [9], anti-inflammatory [12], and
hepatoprotective [13,14]. However, there are few
reports on marine pandanus of the species Pandanus
odorifer, especially regarding its chemical content and
activities. Pandanus odorifer contains several secondary
metabolites including flavonoids, alkaloids, tannins,
saponins, and terpenoids [3]. Some flavonoid
compounds increase serotonin, norepinephrine, and
BDNF levels, and decrease monoamine oxidase activity
[15]. The mechanism of action of alkaloids is by
inhibiting the monoamine oxidase enzyme, increasing
serotonin levels, BDNF levels, and modulating the HPA
axis [16,17]. Tannin compounds increase monoamine
levels in the brain and provide neuroprotective effects.
Saponin compounds can affect the BDNF signalling
pathway, HPA axis, and increase monoamine levels.
Terpenoids act on dopamine receptors and increase
norepinephrine and serotonin levels in the brain [15].
The ability of Pandanus odoratissimus to reduce anxiety
and depression because it has anxiolytic effects [18].
Previous studies, conducted by Sathasivampillai et al.
[19]; Son et al. [20], have explored the pharmacological
activities and secondary metabolites of Pandanus
odorifer. However, these studies do not address the
molecular mechanisms underlying its antidepressant
effects. This research focuses on bridging this gap
through network pharmacology, molecular docking, and
molecular dynamics. Therefore, this research is aimed at
developing metabolite compounds from Pandanus
odorifer as potential drug candidates in depression
therapy.

Materials and methods

Materials and instrumentation

Computational study in this work was conducted
using Cytoscape 3.9.1, Molecular Operating
Environment (MOE) version 2020, Biovia Discovery
Studio 2017, ChemDraw 19.1, and Desmond integrated
in the Maestro Schrédinger 2020-1 on Dell Workstation
Linux Ubuntu 20.04.3 LTS OS, Intel Xeon W-2223
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CPU @ 3.60 GHz octacore, 16 GB RAM, and NVIDIA
RTX 4060 TI1 GPU.

Network pharmacology

Identification of Pandanus odorifer compound-
associated gene targets

The identification of potential gene targets
commenced with the analysis of active compounds
derived from Pandanus odorifer using LC-MS data in
Figure 1 and Table 1. These compounds were then
translated into SMILES (Simplified Molecular Input
Line Entry System) representations using ChemDraw.
Subsequently, the SMILES data were imported using
SEA (https://sea.bkslab.org/search), targetnet
(http://targetnet.schdd.com/), and SwissTarget
(http://www.swisstargetprediction.ch/)  databases to
predict potential gene targets. To maintain consistency
in gene nomenclature across these platforms, the
identified genetic targets were standardized following
the guidelines of the HUGO Gene Nomenclature
Committee (HGNC), facilitated via the UniProt
webserver (https://www.uniprot.org/id-mapping) [21-
23].

Identification of gene targets associated to
depression

identification of target proteins related to
depression involved a comprehensive search across
several genomic databases including Online Mendelian
Inheritance in Man (OMIM) (https://omim.org/) and
DisGeNET (https://www.disgenet.org/), employing the
keyword “Depression” to identify relevant genes target.
Subsequently, we standardized the target proteins
according to the Uniprot webserver
(https://www.uniprot.org/id-mapping), following a
similar approach as described in previous step [21-23].

Construction network of protein-protein
interaction (PPI)

The protein-protein interaction (PPI) network was
constructed to explore the connections between genes
derived from Pandanus odorifer active compounds and
target proteins associated with depression using the
STRING database (https://string-db.org/), stringent
parameters were applied, including a high confidence
level of 0.700 and a false discovery rate (FDR) of 5 %.
The interaction network of similar genes among the

targets was then visualized and analyzed using
Cytoscape 3.9.1. In this network, proteins are
represented as nodes, while the interactions between
genes or proteins are depicted as edges. The analysis
incorporated parameters, such as degree, betweenness,
and centrality (BC), to identify significant nodes within
the PPI network. Particularly, nodes with high degree
values, which correspond to the highest-ranked target
proteins, were considered crucial in understanding the
mechanisms of plant compounds in treating depression
[21-23].

Enrichment analysis

The enrichment analysis was employed to identify
bioactive compounds and their corresponding targets as
well as the mechanisms underlying depression treatment
utilizing Metascape (https://metascape.org/),
WebGestalt  (https://webgestalt.org/), and Enrichr
(https://maayanlab.cloud/Enrichr). These platforms
facilitated the identification of significantly enriched
biological processes, pathways, and gene ontology
terms, offering insights into the molecular mechanisms
involved in the therapeutic effects of the Pandanus
odorifer compounds as antidepressant [24,25].

Molecular docking

In this study, we focused on Monoamine Oxidase
A (MAOA) (PDB ID: 2Y5Z) as a potential target for
depression therapy, based on network pharmacology. To
investigate the interactions between ligands and
MAOA, we employed molecular docking procedures
using the Molecular Operating Environment (MOE)
software (version 2020). Initially, we refined the crystal
structures of MAOA by adding hydrogen atoms and
protonating the receptors. The AMBER 99 force field
was then applied to minimize the energy of the
macromolecules prior to docking simulations. Our test
compounds, initially constructed in 2 dimensions using
ChemDraw software (version 19.1, Perkin Elmer
Informatics), were imported into the MOE database. We
converted these 2D structures into 3-dimensional
conformations by appending hydrogen atoms (both
polar and nonpolar) and optimizing them using the
MMFF94x force field. The docking process allowed us
to analyze their potential interactions within the
receptor’s active site. We selected docking coordinates
based on the native ligand’s binding pose. To confirm
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our docking protocol, we evaluated the post-docking
results of the native ligand by calculating the Root Mean
Square Deviation (RMSD) compared to the original
conformation. A valid docking protocol showed an
RMSD value below 2 A. Additionally, we assessed the
stability of ligand-receptor interactions, including both
native ligands and test compounds, using a scoring
function that reflects binding energy (Score, S).

Molecular dynamics

In this work, the molecular dynamics (MD)
simulations were utilized to evaluate the stability of
ligand-protein complexes using Desmond. Initially, the
system is prepared by generating ligand-protein
complexes through a docking process. These complexes
are then immersed in a simple point charge (SPC) water
box, ensuring a 10 A distance between the solute and the
edges of the box. To replicate physiological conditions,
the system’s charges are neutralized by adding counter
ions and salts, specifically sodium and chloride, at a
concentration of 0.15 M. The simulation employs the
OPLS_2005 force field and is conducted under NPT
(constant Number of particles, Pressure, and
Temperature) conditions, maintaining a temperature of
310 K and a pressure of 1.63 bar. The MD simulation is
run for 100 ns, with energy measurements recorded
every 1.2 ps and trajectory data every 20 ps. This
approach allows for the detailed observation of the
dynamic behavior of the ligand-protein complexes and
the evaluation of their stability. The stability is assessed
through various parameters, including Root Mean
Square Deviation (RMSD), Root Mean Square
Fluctuation (RMSF) and the MMGBSA (Molecular
Mechanics Generalized Born Surface Area) value using
thermal_mmgbsa.py script.

Results and discussion

Protein-protein interaction (PPI) network

The monoamine hypothesis has been the
predominant framework for understanding the
neurobiological underpinnings of depression for several
decades, positing that the disorder is associated with
deficiencies in key neurotransmitters such as serotonin,
norepinephrine, and dopamine [26]. While this
hypothesis has garnered widespread acceptance, recent
research has questioned its comprehensiveness, as
studies have found a correlation between serotonin

levels and depression, suggesting the need to explore
alternative pathways involved in the disorder [27].
Previous studies have predominantly focused on the role
of impairments in central monoaminergic function in
mood disorders. However, a major limitation of these
studies is that they have not examined multiple
compounds within a pathway or multiple interconnected
pathways simultaneously. The application of
metabolomics technology has enabled researchers to
map biochemical pathways implicated in central
nervous system disorders, including depression,
schizophrenia, and Parkinson’s disease [28].

Interestingly, elevated levels of the enzyme
monoamine oxidase A have been observed in
individuals with major depressive disorder, leading to an
accelerated breakdown of these critical
neurotransmitters and a subsequent reduction in their
availability, which may exacerbate depressive
symptoms [28-30]. Given that MAOA plays a central
role in regulating the availability of these mood-
modulating neurotransmitters, this enzyme represents a
promising target for the development of novel
therapeutic interventions that could address the
underlying neurochemical imbalances associated with
depression [30,31]. Indeed, a growing body of evidence
supports the importance of MAOA in the
pathophysiology of depression. Elevated MAOA levels
have been linked to greater severity of depressive
episodes, as well as the presence of reversed
neurovegetative symptoms, such as increased appetite
and sleep disturbances. Moreover, metabolomic studies
have revealed distinct metabolic profiles associated with
the remission state of mood disorders, highlighting the
dynamic nature of the neurochemical systems involved
and the potential for targeted interventions [28]. As our
understanding of the complex interplay between various
neurotransmitter systems and associated enzymes, such
as MAOA, continues to evolve, the development of
more nuanced and personalized therapeutic approaches
for depression may become increasingly feasible [28-
31].

Although monoamine oxidase inhibitors have
proven effective in the treatment of depression, they are
hindered by substantial limitations that constrain their
broader clinical application [32], due to stringent
dietary, potential drug interactions, and risk of side
effects like xerostomia, dry mouth, nausea, and sexual
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dysfunction [33,34]. Consequently, these drawbacks
have driven research for safer and alternative treatments
for depression. To address these challenges, we have
conducted a research study that integrates network
pharmacology, molecular docking, and simulation
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techniques. This multifaceted approach enables us to
determine the molecular mechanisms of key targets,
predict their interactions, and simulate drug binding to
these targets under dynamic conditions to investigate
potential anti-depressive agents.
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Figure 1 Chromatogram of LC-MS results.
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Table 1 Metabolite compounds from Pandanus odorifer using the LC-MS instrument.

Molecular
RT % Area  Measured mass Calculated mass Compound name
formula
2,3,4,5-Tetra-O-acetyl-  d-gluconic
1.83 0.7864 % 365.1066 365.1084 C14H20011 acid
N,N-dimethyl-6-{[(1-methyl-1H-
251 0.1251 % 268.1056 268.1093 CgH13NoS tetrazol-5-yl)thio]methyl}-1,3,5-
triazine-2,4-diamine
2.86 0.2276 % 276.1457 276.1447 C12H21NOg Glutarylcarnitine
Methyl 5-oxopyrrolidine-2-
3.50 0.0973 % 144.0665 144.0661 CsHoNO3
carboxylate
4.00 0.1138 % 310.1300 310.1291 CisH1sNOs Domoate(2-)
2,5-Dimethoxy-4-
4.45 0.1818 % 240.1611 240.1600 Ci1sH21NO3 .
ethoxyamphetamine
5.04  0.4522% 595.1678 595.1663 C27H30015 Kaempferol-3-O-rutinoside
5.25 0.3777 % 565.1569 565.1557 Ca6H28014 Apigenin-7-apioglucoside (Apiin)
5.76 0.3092 % 433.1142 433.1135 C21H20010 Genistin
Thermopsoside (Chrysoeriol 7-O-
5.94 0.1135 % 463.1251 463.1240 C22H22011 .
glucoside)
6.86 0.0734 % 133.1023 133.1017 CioH12 1,2,3,4-Tetrahydronaphthalene
7.71 0.0875 % 478.3379 478.3380 C24H47NOsg Hexosylsphingosine
(3S)-4-[(2S)-2-[2-(1-
carbamimidoylpiperidin-4-
l)oxyethyl]piperidin-1-yl]-3-
7.81 0.1117 % 478.3380 478.3393 C25H43Ns04 yhoxyethyllpip vl
[cyclohept-4-en-1-
yl(methyl)amino]-4-oxobutanoic
acid
10.33  0.0883 % 181.1236 181.1229 C11H1602 2-tert-Butyl-4-methoxyphenol
1251  0.3760 % 300.2920 300.2903 CisH3z7NO2 D-Sphingosine
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Molecular
RT % Area Measured mass Calculated mass Compound name
formula

13.30 1.1674% 520.3400 520.3360 C24H41NgOs  Benzylcarbonyl-Lys-Dab-Arg-NH2
(2R,4S,5S,7S)-5-amino-N-(2-
carbamoylethyl)-4-hydroxy-7-{[4-

13.89  1.1745% 496.3406 496.3387 C2sHasN3Os ~ methoxy-3-(3-
methoxypropoxy)phenylmethyl}-
2,8-dimethylnonanamide
(3R)-N-[(1S,4S)-1-cyclohexyl-4-
[(5R,8S)-8-[(3R)-6-cyclopropyl-4-
hydroxy-5-oxo-3-propylhexanoyl]-
10,10-dimethyl-7-

1758 0.9723% 766.5738 766.5734 Cu6H75N306 azadispiro[3.0.45.14]decane-7-
carbonyl]-5,5-dimethyl-2-
oxohexyl]-1-ethylpiperidine-3-
carboxamide
N-[1-amino-6-[[2-[3-[4-[3-(3-tert-
butyl-2,5-dioxopyrrolidin-1-
yl)propanoylamino]-2-methylbutan-

18.00 1.3237% 766.5737 766.5694 Ca1H75Ns0g
2-ylJoxy-2,2-
dimethylpropoxy]Jacetyl]amino]-1-
oxohexan-2-ylldodecanamide

3500

3000 2886
wn
UZJ 2500
ol 2041
W 2000 Pandanus
& 1500 Depression odorifer
) 2041) compound
= 1000 (
= (2886)

500

0
Depression Pandanus odorifer

Size of each list

(A)

(B)

Figure 2 Number of predicted genes in each set (Pandanus odorifer and depression) (A). Venn diagram illustrating
overlapping and specific genes among Pandanus odorifer and depression (B).
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GLO1

HTR3A

Figure 3 Visualization of a protein-protein interaction (PPI) network comprising 13 target genes, constructed using the

STRING database.

Table 2 Topological analysis of the protein-protein interaction (PPI) network based on 13 shared target genes among

active compounds from Pandanus odorifer and gene related to depression. The data were sorted by degree value.

Name Degree Closeness centrality Betweenness centrality
MAOA 14 0.341463 0.061172
SLC6A4 14 0.310345 0.035888
SLC6A3 13 0.339623 0.074823
MAOB 12 0.324742 0.03598
HTR2A 9 0.307317 0.020081
TPH1 8 0.312655 0.012505
HTR3A 8 0.307317 0.042438
HTR1B 8 0.293706 0.004745
DRD4 8 0.293706 0.019097
HTR2C 6 0.283784 0.001619
IDO1 6 0.363112 0.082361
ALDH2 4 0.270968 0.019056
GLO1 2 0.256098 0

The network pharmacology approach employed in
this study successfully identified 13 target genes
(Figure 2), with monoamine oxidase A as the primary
target due to its highest degree making it prominent
within the interaction network (Figure 3 and Table 2),
signifying MAOA'’s central role in the target network
and its potential significance in the anti-depressive
mechanism of Pandanus odorifer compounds (Figure

3). The protein-protein interaction analysis was further
evaluated through enrichment analysis, which was
conducted using Metascape to elucidate the pathways
associated with depression for the 13 identified genes.
This analysis unveiled 3 primary functional activities of
the selected protein group; “amine binding”,
“serotonergic synapse”, and “ADHD and autism ASD
linked metabolic pathways and SNP” (Figure 4).
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G0:0043176: amine binding

hsa04726: Serotonergic synapse

WP5420: ADHD and autism ASD linked metabolic pathways and SNP
R-HSA-112311: Neurotransmitter clearance

hsa00380: Tryptophan metabolism

G0:0042053: regulation of dopamine metabolic process
G0:0014062: regulation of serotonin secretion

WP4220: Neurotransmitter disorders

G0:0007626: locomotory behavior

GO0:0045600: positive regulation of fat cell differentiation
G0:0005975: carbohydrate metabolic process

Figure 4 Pathway analysis of 13 shared genes using the Metascape database reveals significant biological processes in
depression. These processes include the ‘amine binding’, ‘Serotonergic synapse’, ‘ADHD and autism ASD linked
metabolic pathways and SNP’ and ‘Neurotransmitter clearance’.
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Figure 5 Gene Ontology (GO) analysis of target-disease gene interactions for Pandanus odorifer compounds reveals
correlations in key biological processes (BP), cellular components (CC), and molecular functions (MF). The numbers of
genes involved are indicated next to the horizontal bar graph.
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These findings corroborate the growing body of
evidence suggesting a significant overlap in the
neurobiological underpinnings of depression, attention
deficit hyperactivity disorder, and autism spectrum
disorders [35-38]. Furthermore, the gene ontology
analysis from WebGestalt provided additional insights
into the molecular underpinnings of depression. The
evaluation of Biological Processes (BP) revealed a triad
of predominant activities; “Biological regulation”,
“metabolic process”, and “response to stimulus”
(Figure 5(A)). These findings provide insight into the
intricate relationships between regulatory systems,
metabolic processes, and environmental responsiveness
underlying the pathophysiology of depression. Our
findings emphasize the prominence of metabolic
processes, which aligns with recent research identifying
metabolic dysregulation as a crucial factor in the
pathogenesis of mood disorders [39].

organic hydroxy compound catabolic process

dopamine transport

G protein-coupled receptor signaling pathway, coupled to cyclic nucleotide second messenger
serotonin secretion

response to cocaing

catecholamine catabolic process

dopamine catabolic process

catechol-containing compound catabolic process

organic hydroxy compound transport

regulation of amine metabolic process

G protein-coupled serotonin receptor signaling pathway

Pathway

regulation of catecholamine metabolic process
regulation of dopamine metabolic process
catechol-containing compound metabolic process
catecholamine metabolic process

amine metabolic process

phenol-containing compound metabolic process

dopamine metabolic process
biogenic amine metabolic process

monoamine transport

Subsequently, the cellular component analysis
identified “membrane”, “cell projection”, and “protein-
containing complex” as key components (Figure 5(B)).
The prominence of membrane-associated elements
highlights the essential function that membrane-bound
proteins, including neurotransmitter receptors and
transporters, play in regulating synaptic activity and
neurotransmission processes, and neuronal morphology
and also synaptic plasticity in mood regulation [40]. On
the other hand, Molecular Function analysis highlighted
“ion binding”, “protein binding”, and “molecular
transducer activity” (Figure 5(C)). These functions
represent the role of ion homeostasis, protein-protein
interactions, and signal transduction mechanisms in the
pathophysiology of depression, which aligns with the
notion that mood disorders involve dysregulation at
multiple levels, including genes, neurons, and brain
regions [41].

Dot Plot Enrichment Analysis (Top 20 Pathways)

© |
@ E
® :
. s
® i
- : Gene Count
* 3
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O -5
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o e
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008

6 4
-log10(Adjusted Q-value)

Figure 6 Twenty pathways enriched with identified target genes were determined using the ConsensusPathDB-human
database analysis. The bubble plot visually represents these statistically significant pathways, where the size of the
bubbles indicates the level of pathway enrichment, and the color intensity reflects the statistical significance.
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Figure 7 Detailed analysis of the serotonergic synapse signaling pathway and its role in depression prognosis.

Last but not least, pathway enrichment analysis
from the ConsensusPathDB-human database revealed
several significant pathways potentially implicated in
depression, with those related to ‘“monoamine
transport”, “biogenic amine metabolic processes”, and
“dopamine metabolic processes”, demonstrating the
strongest enrichment (Figure 6). Of particular
significance is the monoamine transport pathway, which
is directly linked to the serotonin transporter (SERT)
and regulates extracellular serotonin levels, aligning
with the well-established role of serotonin dysregulation
in depression and the efficacy of selective serotonin
reuptake inhibitors (SSRIs) [42,43]. The notable
enrichment of dopamine metabolic  processes
underscores the potential role of dopaminergic
dysfunction in depression, consistent with recent
research highlighting dopamine’s crucial role in
motivation, reward processing, and anhedonia [44].
Additionally, our results emphasized the activity of
monoamine oxidase A (MAO-A), which significantly
impacts serotonergic neurotransmission (Figure 7),
with higher MAO-A activity leading to increased

serotonin  breakdown, potentially contributing to
depressive symptoms [45,46]. These findings not only
reinforce the monoamine hypothesis of depression but
also provide a comprehensive molecular framework for
understanding the complex pathophysiology of
depressive disorders, potentially guiding future research
and therapeutic strategies toward more personalized and
effective treatments.

Molecular docking

According to our network pharmacology analysis,
MAOA is a crucial target for anti-depressive action.
This finding is consistent with previous research on
MAOA'’s role in the pathophysiology of depression,
given its responsibility for breaking down
neurotransmitters like serotonin, norepinephrine, and
dopamine [47]. Recognizing MAOA as a key target
justified the subsequent molecular docking studies. The
docking protocol showed high reliability, with a Root
Mean Square Deviation (RMSD) of 0.8173 A (Figure
8) [48,49]. The docking results of the sea pandan
metabolite compounds can be seen in Table 3.
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Figure 8 Molecular interactions of Harmine as native ligand with the MAOA receptor, showing an RMSD value 0of 0.8173
A. The structure is depicted in gray before docking and in green post docking.

Table 3 Docking result of co-crystallized ligand, Pandanus odorifer compound against MAOA receptor.

No. Compound S Score (kcal/mol)
Harmine (Native ligand) —6.4067
Fluoxetine —7.5107
2,3,4,5-Tetra-O-acetyl-d-gluconic acid —7.3871
" N,N-dimethyl-6-{[(1-methyl-1H-tetrazol-5-yl)thiolmethyl}-1,3,5-triazine-2,4- 7335
diamine
5. Glutarylcarnitine —7.4017
6. Methyl 5-oxopyrrolidine-2-carboxylate —5.0828
7. Domoate(2-) —7.5234
8. 2,5-Dimethoxy-4-ethoxyamphetamine —7.0972
9. Kaempferol-3-O-rutinoside —7.4814
10. Apigenin-7-apioglucoside (Apiin) —8.9045
11. Genistin —0.7436
12, Thermopsoside (Chrysoeriol 7-O-glucoside) —8.9292
13. 1,2,3,4-Tetrahydronaphthalene —-5.1383
14, Hexosylsphingosine —9.5296
15, (39)-4-[(2S)-2-[2-(1-carbamimidoylpiperidin-4-yl)oxyethyl]piperidin-1-yl]-3- _0.6649
[cyclohept-4-en-1-yl(methyl)amino]-4-oxobutanoic acid
16. 2-tert-Butyl-4-methoxyphenol —5.7954
17. D-Sphingosine —-9.079
18. Benzylcarbonyl-Lys-Dab-Arg-NH2 —10.7455
10, (2R,4S,5S,7S)-5-amino-N-(2-carbamoylethyl)-4-hydroxy-7-{[4-methoxy-3- _9.1419
(3-methoxypropoxy)phenylmethyl}-2,8-dimethylnonanamide
(3R)-N-[(1S,4S)-1-cyclohexyl-4-[(5R,8S)-8-[(3R)-6-cyclopropyl-4-hydroxy
20. -5-0x0-3-propylhexanoyl]-10,10-dimethyl-7-azadispiro[3.0.45.14]decane-7- 13.9
carbonyl]-5,5-dimethyl-2-oxohexyl]-1-ethylpiperidine-3-carboxamide
N-[1-amino-6-[[2-[3-[4-[3-(3-tert-butyl-2,5-dioxopyrrolidin-1-yl)propanoyla
21. mino]-2-methylbutan-2-yl]oxy-2,2-dimethylpropoxy]acetyl]amino]-1-oxche —5.6535

xan-2-yl]ldodecanamide
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The low RMSD value validates the reliability of
our molecular docking protocol, indicating its potential
to accurately predict the inhibitory activity of
compounds from Pandanus odorifer against the MAOA
target for antidepressant activity. The molecular
docking analysis demonstrated that Benzylcarbonyl-
Lys-Dab-Arg-NH2 exhibited a particularly potent
binding affinity to the MAOA target, with a binding
energy of —10.7455 kcal/mol. This binding energy
surpassed that of the native ligand Harmine as well as
the standard antidepressant drug fluoxetine. The
superior binding energy of Benzylcarbonyl-Lys-Dab-
Arg-NH2 suggests it may have a higher affinity for
MAOA and, consequently, a potentially greater anti-
depressive  activity. Moreover, the molecular
interactions between the ligands and the active site of
the target protein reveal intricate binding mechanisms
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that contribute to their potential therapeutic effects.
Figure 8 illustrates the interaction between hermaine
and the protein’s active site, where the ligand is
surrounded by various amino acid residues forming the
binding pocket. The primary interaction observed is a
hydrogen bond between the -OH group of hermaine and
the Cys323 residue, depicted by a green dashed line. The
binding site is predominantly composed of hydrophobic
residues such as 11e180, 11e207, 11e325, 11e335, Phe208,
Phe352, Leu97, Leu337, Val210 and Alalll, which
contribute to hydrophobic interactions. Polar residues
like Tyrd07, Tyrd44, Asnl81 and Thr336 are also
present, potentially forming electrostatic interactions. In
contrast, fluoxetine’s structure consists of 2 benzene
rings connected by an oxygen bridge, with 1 ring
bearing a trifluoromethyl (CF3) substituent and the
other end possessing a tertiary amino group.

181 Cys)
Gly = &
o Gy
67
( Vai'\
)
(e
()

Figure 9 Molecular interactions of fluoxetine (A) and benzylcarbonyl-Lys-Dab-Arg-NH2 (B) from Pandanus odorifer

with the MAOA receptor.

The benzylcarbonyl-Lys-Dab-Arg-NH2, which
has the best binding energy, exhibits a more complex
structure. It consists of a benzyl carbonyl group at the

N-terminal end, followed by lysine (Lys), aminobutyric
acid (Dab), and arginine (Arg) residues, with an amide
group at the C-terminal end. As shown in Figure 9(A),
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the main interaction observed is a hydrogen bond
between fluoxetine’s amino group and the Gly67
residue, indicated by a blue dashed line. The binding site
is similarly dominated by hydrophobic residues such as
Val65, Val303, 11e180, Trp397, Phe352 and Met445,
contributing to hydrophobic interactions. Polar residues,
including Tyr69, Tyr407, Tyr444, Asn181, GIn215 and
Cys406, are also present, potentially forming
electrostatic interactions. Basic residues Lys305 and
Arg51 are observed in the vicinity of the ligand. The
Benzylcarbonyl-Lys-Dab-Arg-NH2, which has the best
binding energy, exhibits a more complex structure. It
consists of a benzyl carbonyl group at the N-terminal
end, followed by lysine (Lys), aminobutyric acid (Dab),
and arginine (Arg) residues, with an amide group at the
C-terminal end. The primary interaction observed is a
hydrogen bond between the C-terminal amide group of
the ligand and the Gly67 residue, depicted by a blue
dashed line in Figure 9(B). The binding site is
characterized by a mix of hydrophobic residues (I11e23,
[1e180, 11e207, 11e335, Phe208, Phe352, Leu337,
Val210, Val303, Ala68, Alalll and Ala448) and polar
residues (Tyr69, Tyrd07, Tyr444, Asnl8l, GIn215,
Thr52, Thr336, Thr435 and Gly443). Charged residues
such as Lys305 and Arg51 are also present, potentially
contributing to ionic interactions. Additionally, Cys323
and Cys406 are also observed near the ligand, possibly
involved in sulfur-r interactions or hydrogen bonding.
Based on the molecular interaction results, the ligand
Benzylcarbonyl-Lys-Dab-Arg-NH2 interacts mainly
with the residues of the MAO-A active site. This

RMSD (A)

N

0 10 20 30 40

interaction enhances the specificity and affinity of the
ligand-enzyme binding, effectively inhibiting the
enzyme’s catalytic region [50,51].

Molecular dynamics

Since molecular docking is a computational
method widely used for predicting ligand-protein
interactions, including binding affinities and binding
orientations. However, it has inherent limitations that
can hinder its predictive performance. One major
drawback of docking is its treatment of the receptor as a
rigid state, which fails to capture the dynamic nature of
proteins in physiological conditions [52]. In reality,
proteins are flexible molecules that can undergo
conformational changes upon ligand binding, a crucial
aspect that is often neglected in docking simulations.
Moreover, the scoring functions used in docking are
based on approximations and may not accurately
account for key thermodynamic factors contributing to
the binding energy, such as entropic changes and
solvation effect. To overcome the limitations, we
combined it with molecular dynamics simulations. MD
simulations make both the ligand and the protein in a
flexible state, allowing the receptor binding site to adapt
around the ligand [53]. This dynamic representation can
simulate  the  time-dependent  motions  and
conformational changes of biomolecules, providing
valuable insights into the binding mechanism
dynamically [53,54]. The RMSD plot post 100 ns
simulation times revealed distinct stability profiles for
each ligand (Figure 10).

60 70 80 90 100

Simulation times (ns)

——— Harmine

—— Fluoxetine

Benzylcarbonyl-Lys-Dab-Arg-NH2

Figure 10 Root Mean Square Deviation (RMSD) over 100 ns of molecular dynamics simulations for native, Fluoxetine,
and Benzylcarbonyl-Lys-Dab-Arg-NH2 complexes with the MAOA receptor.
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Harmine demonstrated the most favorable RMSD
profile, with values predominantly ranging between 1 -
2 A, indicating a highly stable binding mode. However,
a slight increase to about 2.5 A was observed after 70
ns.  Benzylcarbonyl-Lys-Dab-Arg-NH2  exhibited
moderate stability, with RMSD values initially around 2
A, increasing to 2.5 - 3 A after 30 ns, and stabilizing
around 3 - 3.5 A for the remainder of the simulation.
Fluoxetine showed the highest RMSD values and most
significant changes, starting around 2.5 - 3 A, increasing
to 3.5 - 4 A between 20 - 40 ns, and then sharply rising

25

5 "
Vi
O N AR i PN A VAN L D
10 10

110 210

——— Harmine —— Fluoxetine

to 4.5 - 5 A after 50 ns. These results suggest that
Harmine maintains the most consistent and low RMSD,
indicating the most stable binding. Benzylcarbonyl-Lys-
Dab-Arg-NH2 demonstrates intermediate stability,
while Fluoxetine’s higher and more variable RMSD
values imply substantial conformational changes during
binding, particularly after the 50 ns. Besides RMSD
plot, the RMSF analysis provided crucial insights into
the flexibility of specific residues in the MAOA active
site (Figure 11).

310 4 510

Residue Index

Benzylcarbonyl-Lys-Dab-Arg-NH2

Figure 11 Root Mean Square Fluctuation (RMSF) over 100 ns of molecular dynamics simulations for native, Fluoxetine,
and Benzylcarbonyl-Lys-Dab-Arg-NH2 complexes with the MAOA receptor.

Benzylcarbonyl-Lys-Dab-Arg-NH2  consistently
demonstrated the lowest fluctuations across key
residues, indicating more stable interactions. The RMSF
values on several important residues were as follows:
[1e180 (Harmine: 1.013 A, Fluoxetine: 1.817 A,
Benzylcarbonyl-Lys-Dab-Arg-NH2: 0.812 A), 11e207
(1.048, 2.011 and 0.916 A), Phe208 (1.058, 2.162 and
1.03 A), Cys323 (1.023, 1.989 and 0.951 A), 11e335
(0.926, 2.142 and 0.766 A), Phe352 (0.793, 1.789 and
0.677 A), and Tyr407 (0.72, 1.367 and 0.649 A). These

results highlight the better affinity of Benzylcarbonyl-
Lys-Dab-Arg-NH2 in maintaining stable interactions
with crucial hydrophobic residues in the active site. The
MM-GBSA further analysis validated these findings,
providing binding free energy estimations that offer
insights into the thermodynamics of the protein-ligand
interactions. The binding free energies were —68.0669
kcal/mol  for  Benzylcarbonyl-Lys-Dab-Arg-NH2,
—56.9483 kcal/mol for Fluoxetine, and —41.7675
kcal/mol for Harmine (Figure 12).
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-68.0669

-41.7675

-80 -70 -60 -50

Benzylcarbonyl-Lys-Dab-Arg-NH2

-40 -30 -20 -10 0

m MMGBSA (kcal/mol)

Figure 12 The binding energy post molecular dynamic simulations presented in (Molecular Mechanics Generalized Born
Surface Area (MMGBSA) comparison for native, Fluoxetine, and Benzylcarbonyl-Lys-Dab-Arg-NH2 complexes with

the MAOA receptor.

Conclusions

This study successfully identified 13 target genes,
with monoamine oxidase A as the primary target in
antidepressant mechanism. Molecular docking and
dynamics simulations demonstrated that
Benzylcarbonyl-Lys-Dab-Arg-NH2, a compound from
Pandanus odorifer, exhibited superior binding affinity
to MAOA compared to the native ligand Harmine and
the standard antidepressant fluoxetine. It also
maintained stable interactions within the MAOA active
site, suggesting that Pandanus odorifer holds significant
promise as a novel antidepressant agent. The findings
provide a strong groundwork for further investigation
into its efficacy and safety in clinical settings,
potentially leading to the development of more effective
and targeted treatments for depression.
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