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ABSTRACT

Microalgae have the potential to accumulate high amounts of neutral lipids, specifically triacylglycerol
(TAG), which can serve as a feedstock for biofuel production. In Chlorella sp., TAG synthesis is initiated
by the rate-limiting enzyme Glycerol-3-Phosphate Acyltransferase (GPAT), playing a critical role in the
first step of acylation using Glycerol-3-Phosphate (G3P) and acetyl-CoA. However, compared to higher
plants and other eukaryotes, the lipid synthesis pathway in microalgae is not as thoroughly studied. To
effectively apply genetic engineering in improving algal biofuel, a deep understanding of the molecular
behaviour of GPAT and its potential binding partners is crucial for comprehending the GPAT mechanism
of action. In this study, molecular dynamics simulations were conducted to investigate the complexes of
GPAT, GPAT-G3P and GPAT-oleoyl-CoA. Our results revealed that G3P formed nine hydrogen bonds
and six hydrophobic bonds with GPAT, while oleoyl-CoA formed seven hydrogen bonds and nine
hydrophobic bonds. Analysis of the MD simulation trajectory indicated that both G3P and oleoyl-CoA
were predicted to be positioned synergistically to facilitate acylation of the fatty acyl moiety to the snl
position of G3P. Moreover, the protein-ligand complexes remained stable throughout the MD simulation,
suggesting that synergistic interactions between G3P and oleoyl-CoA may occur in the bound state with
GPAT, promoting the formation of lysophosphatidic acid (LPA).
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ABSTRAK

Mikroalga mempunyai potensi untuk mengumpul jumlah lipid neutral yang tinggi, Khusushya
triasilgliserol (TAG), yang boleh berfungsi sebagai bahan mentah untuk pengeluaran bio-bahan api. Dalam
Chlorella sp., sintesis TAG diawali oleh enzim pengehad GPAT (Glycerol-3-Phosphate Acyltransferase),
yang memainkan peranan penting dalam langkah pertama pengasilan menggunakan Glycerol-3-Phosphate
(G3P) dan asetil-CoA. Walau bagaimanapun, berbanding dengan tumbuhan tinggi dan eukariota lain,
laluan sintesis lipid dalam mikroalga tidak dikaji sepenuhnya. Untuk mengaplikasikan kejuruteraan
genetik secara berkesan dalam meningkatkan bio-bahan api berasaskan alga, pemahaman yang mendalam
tentang tingkah laku molekul GPAT dan molekul yang bergabung dengannya adalah penting untuk
memahami mekanisme tindakan GPAT. Dalam kajian ini, simulasi dinamik molekul telah dijalankan
untuk menyiasat kompleks GPAT, GPAT-G3P dan GPAT-oleoil-CoA. Keputusan kami mendedahkan
bahawa G3P membentuk sembilan ikatan hidrogen dan enam ikatan hidrofobik dengan GPAT, sementara
oleoil-CoA membentuk tujuh ikatan hidrogen dan sembilan ikatan hidrofobik. Analisis lintasan simulasi
MD menunjukkan bahawa kedua-dua G3P dan oleoil-CoA diramalkan berada secara sinergistik untuk
memudahkan asilasi moieti asil lemak ke posisi sn1 G3P. Selain itu, kompleks protein-ligand tetap stabil
sepanjang simulasi MD, menunjukkan bahawa interaksi sinergistik antara G3P dan oleoil-CoA mungkin
berlaku dalam keadaan terikat dengan GPAT, menggalakkan pembentukan asid lisofosfatidik (LPA).
Kata Kunci: Simulasi dinamik molekul, protein GPAT, Chlorella sorokiniana, sintesis TAG
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1.0 INTRODUCTION

According to the World Population
Prospects 2019 by the United Nations (UN),
Department of Economic and Social Affairs
(DESA), the global population is projected to
increase from 7.7 billion people in 2019 to
10.9 billion in 2100. This significant growth
is accompanied by various challenges,
including energy crisis, increased emissions
of toxic gases, drastic climate changes,
global warming, and greenhouse effects
(Alishan  Aratboni et al.,, 2019).
Consequently, addressing these concerns and
developing renewable energy sources to
meet the rising global energy demand while
mitigating environmental impacts is crucial
(Arora et al, 2018). Therefore, the
development of alternative fuels derived
from renewable sources has become
essential. These fuels include biomethane
from algal biomass through anaerobic
digestion (Bohutskyi et al., 2019), biodiesel
from algal oil, bioethanol  from
carbohydrates (Tiwari & Kiran, 2018), and
marine microalgae sugars, such as seaweed
(Moshood et al., 2021).

Microalgae, which are  single-celled
photosynthetic ~ organisms, have the
capability to convert carbon dioxide and light
into biomass and possess a high lipid content
(Alishah Aratboni et al., 2019). Their rapid
growth rates allow them to thrive without
arable land and with reduced amounts of
freshwater, making them an attractive option
for biofuel production (Alishah Aratboni et
al., 2019; Arora et al., 2018; Mulgund,
2022).  Heterotrophic  cultivation  of
microalgae can result in the accumulation of
high levels of fatty acids (FAs), which are
essential for lipid production for biodiesel
(Patel et al., 2022). Under stress conditions
such as excessive carbon sources and
nutrient  deficiencies,  microorganisms

convert carbon into fatty acids and store
them as triacylglycerols (TAGs) for energy
(Younes et al., 2020). Previous research has
shown that TAGs are the primary form of
energy storage in microalgae, constituting
60-70% of their dry cell weight (Hu et al.,
2008; Scott et al., 2010). TAG biosynthesis in
microalgae occurs within the endoplasmic
reticulum (ER) through two pathways: the
acyl-CoA dependent pathway and the acyl-
CoA-independent pathway. The primary
pathway for TAG biosynthesis in microalgae
is the acyl-CoA dependent pathway, known
as the Kennedy pathway. This pathway
begins with the acylation of glycerol-3-
phosphate (G3P) by acyl-CoA:glycerol-3-
phosphate acyltransferase (GPAT)to
produce lysophosphatidic acid (LPA). The
LPA is further acylated by acyl-CoA-
dependent acyl-CoA: LPA acyltransferase
(LPAAT) to form phosphatidic acid (PA).
Phosphatidic acid phosphatase (PAP)
dephosphorylates the PA, resulting in the
formation of diacylglycerol (DAG). Finally,
diacylglycerol (DAG) is converted to TAG
through a catalytic process by acyl-
CoA:DAG acyltransferase (DGAT). In the
acyl-CoA-independent pathway,
phospholipid:DAG acyltransferases
(PDATS) utilize phosphatidylcholine (PC) as
an acyl donor to produce TAG from DAG.
Once TAG synthesis is complete, it is
sequestered into lipid droplets (LDs), which
consist of a phospholipid monolayer and a
hydrophobic core that stores neutral lipids,
primarily TAGs (Chen and Wang, 2021) see
Figure 1.
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Figure 1 Glycerol phosphate pathway for de novo triacylglycerol (TAG) and
glycerophospholipid synthesis. GPAT, glycerol-3-phosphate acyltransferase; LPA,
lysophosphatidic acid; PA, phosphatidic acid; DAG, diacylglycerol; DGAT, diacylglycerol
acyltransferase

The GPAT enzyme holds a crucial role in the
synthesis of TAGs and determines the lipid
content in microalgal cells (Chen and Wang,
2021). A study found that when the GPAT
gene from Lobosphaera incisa was
expressed in Chlamydomonas reinhardtii,
TAG biosynthesis increased by 50%
(Iskandarov et al., 2016). The GPAT protein
is involved in the initial step of TAG
biosynthesis, catalyzing the formation of PA
from acyl-CoA. Consequently, suppressing
GPAT expression may lead to a reduction in
lipid content in microalgal cells (Wang et al.,
2018). Given its role in initiating TAG
biosynthesis, the GPAT protein shows
promise as a target for gene manipulation in
microalgae to enhance oil production (Misra
and Panda, 2013). Additional studies have
explored the impact of altering gene
expression levels in the lipid biosynthesis
pathway on lipid accumulation in microalgal
cells (Rawat et al.,, 2022). Furthermore,
research has demonstrated that reduced
expression of GPAT9 in Arabidopsis
thaliana affects the composition and quantity
of TAGs in seeds (Shockey et al., 2016).
Hence, the GPAT protein is crucial for
optimizing lipid productivity in microalgal
cells. While extensive research has been
conducted on the GPAT enzyme in
mammalian and plant species, limited
attention has been given to the GPAT
structure in microalgal species, specifically
Chlorella sp. (Misra and Panda, 2013).
Multiple genome-wide analyses have been
performed on the GPAT enzyme in seven
microalgae, including diatoms
(Phaeodactylum tricornutum and

Thalassiosira pseudonana), green algae

(Chlamydomonas  reinhardtii,  Volvox
carteri, Ostreococcus lucimarinus, and
Ostreococcus  tauri), and red algae

(Cyanidioschyzon merolae) (Misra and
Panda, 2013; Waschburger et al., 2018).
Nevertheless, the GPAT protein from
Chlorella sp. has not been structurally
characterized thus far. Consequently,
computational studies are indispensable for
comprehending lipid biosynthesis and
augmenting oil yield from Chlorella sp.

In this study we focused on Chlorella
sorokiniana, a microalgal species commonly
found in Malaysia freshwater. C.
sorokiniana possesses favorable fatty acid
profiles for biodiesel production, including
palmitic acid (C16:0), stearic acid (C18:0),
oleic acid (C18:1), linoleic acid (C18:2), and
a-linolenic acid (C18:3n3) (Chaet al., 2011).
Following the findings of Cha et al. (2011),
oleic acid was selected as the suitable fatty
acid for this study. Our research aim was to
explore the potential mechanism underlying
the acylation of glycerol-3-phosphate (G3P)
and the production of lysophosphatidic acid
(LPA) by acyl-CoA: glycerol-3-phosphate
acyltransferase  (GPAT) in  Chlorella
sorokiniana , utilizing a molecular dynamics
simulation  approach. We  conducted
molecular dynamics simulations of the
previously docked complex involving GPAT
with G3P and GPAT with oleyl-CoA (an
acyl-CoA with the acyl group derived from
oleic acid).
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2. MATERIAL AND METHOD
2.1 Structure Preparation

The 3D structures of the GPAT-G3P and
GPAT-oleoyl-CoA complexes were
obtained from a previous study (Mohd Fuzi,
2021). In the study, the 3D structure of the
GPAT protein were obtained using
homology modelling technique using
Cucurbita moshata structure (PDB 1D :1K30
and 11UQ, with 1.9 A and 1.5 A resolution
respectively).

2.2 Molecular dynamics (MD) simulations
2.2.1 GPAT-G3P system

The molecular dynamics (MD) simulations
were conducted to evaluate the stability and
conformation of the docked protein-ligand
complexes. The MD simulations were
conducted on three separate systems: (1)
GPAT and G3P complex, and (2) GPAT and
oleoyl-CoA complex. MD simulation and
energy minimization were performed using
GROMACS 2018.8 (Abraham et al., 2015)
by adopting the GROMOS 53a7 force field
and analyze using built-in GROMACS
utilities. Meanwhile, Automated Topology
Build (ATB) Repository, a web-accessible
server used to generate ligand topology file
(https://atb.ug.edu.au/) (Malde et al., 2011).
The protein-ligand complex was maintained
under a boundary environment using a 10 A
distance from the box edges to the protein,
and a single point charge (SPC) solvent
model was utilized to solvate the system
individually. Next, the overall charge of the
system was neutralized by individually
adding counter ions to the system (Mandal et
al.,2019).

Subsequently, an energy minimization phase
with the steepest descent algorithm of 50,000
steps was conducted to relax the system. For
the equilibration phase, the ligand and
protein were restrained, and the temperature
was set constant at 300 K along with a
pressure of 1 atm for 25,000 steps over 50
picoseconds (ps) of time-step integration.

After the equilibration steps were completed
for each system at the desired pressure and
temperature, MD production was performed
for 100 nanoseconds (ns) at 310 K and 1 atm
pressure. The MD run parameters had two
femtoseconds (fs) of time-step integration.
The simulation was conducted in triplicate.
For analysis, the trajectories were saved
every 100 ps (Mandal et al., 2019). These
procedures were conducted using both the
GPAT in apo form and GPAT-G3P systems.

2.2.2 GPAT-oleyl-CoA

For GPAT-oleoyl-CoA, the CHARMM-GUI
online server (https://mwww.charmm-
gui.org/) was utilized to set up the MD
simulation parameter file. In CHARMM-
GUI, a solution builder generator is used to
generate the input files for the MD
simulation of our desired molecule in an
aqueous environment. This generator
solvates, adds ions, and neutralizes the
system, thus producing the input files for
MD simulations (Jo et al., 2008; Lee et al.,
2016; Lee et al.,, 2020). Then, the MD
simulation on GROMACS was performed
after CHARMM-GUI generated the input
files. An energy minimization phase of 5,000
steps was conducted using the steepest
descent algorithm. Next, the equilibration
phase of 125,000 steps was conducted with 1
fs time step integration. MD was run for 100
ns with constant temperature and pressure
values of 303.15 K and 1 atm, respectively.
Furthermore, the MD trajectories were saved
every 100 ps for analysis. Different program
was used to setup the MD simulation system
for GPAT-G3P and GPAT-oleoyl-CoA
complexes due to the difficulty in getting the
correct parameter for the ligand. The
simulation were performed at constant
temperature for both system.

2.3 Trajectory Analysis

For the analysis, the protein-ligand complex
stability was evaluated by the changes in the
radius of gyration, pair distance, hydrogen
bond (hbond), and by computing the root-
mean-square deviation (RMSD) and root-
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mean-square fluctuation (RMSF) for the
atom groups in the protein complex. The
structures and trajectories obtained during
the simulation were visualized using the
PyMol (Schrodinger and DeLano, 2020) tool
package (Justino et al., 2021). The binding
interactions within protein complexes were
viewed and obtained using the BIOVIA
Discovery Studio Visualizer (Discovery
Studio  Visualizer v21.1.0.20298) and
LigPlot+ v.2.2.7 (Laskowski and Swindells,
2011).

3. RESULT AND DISCUSSION
Protein-ligand complex stability

Molecular dynamics simulation is a valuable
tool for understanding the binding manner
and interatomic interactions between the
GPAT protein and both G3P and oleoyl-
CoA. The Root Mean Square Deviation
(RMSD) was computed to monitor the
stability of the system during the simulation.
A smaller deviation indicates a higher
potential for the protein conformational
structure to become more stable during the
simulation process (Singh, 2020). Overall,
all three replicates of the protein complexes
reached a plateau phase with small
deviations at some point in the MD
simulation, indicating that the protein
conformational structures were stabilized
throughout the MD simulations. The RMSD
graphs in Figure 2(b) showed that the GPAT-

G3P complex reached stability early in the
MD simulation. All three replicates of the
GPAT-G3P complex exhibited smaller
fluctuations from the initial state and reached
stability with an average RMSD value of
0.3567 nm (3.567 A ) and standard deviation
(SD) of 0.0297 nm (0.2 A) . Meanwhile, for
the GPAT-oleoyl-CoA complex, two of the
replicates reached equilibrium at around 15
ns, while one replicate reached equilibrium
at around 30 ns with an average RMSD of
0.5787 nm (5.787 A) and SD = 0.0900847
nm (0.9 A) for the triplicates (Figure 2 (c)).

The ligand's root mean square deviation
(RMSD) was calculated to assess changes in
its binding pose during the simulation. This
assessment helps determine the quality of the
ligand topology and indicates the stability of
protein-ligand interactions. Additionally,
poor ligand topology can disrupt native
interactions, leading to distortions in binding
positions (Lemkul, 2019). As shown in
Figure 3, the RMSD graphs for both G3P and
oleoyl-CoA ligands show how their
conformational structures reached stability
early on in the MD simulation. The G3P
structure has smaller fluctuations from their
initial stage and reached stability at RMSD
values below 2 A in all triplicates. On the
other hand, the oleoyl-CoA ligand
conformational structures reached stability at
RMSD of ~1 A after 40 ns

94|Revelation and Science / Vol. 14, No. 02 (1446H/2024)



f | L | N | ' | f | L | L | 1 1
0 10 20 30 40 50 60 70 80 90 100
Time (ns)

P Y [ S ISy S BN B |
0 10 20 30 40 50 60 70 80 90 100
Time (ns)

(b)

RN NS SR N TR T S Y T SO Y S ST I —
0 10 20 30 40 50 60 70 80 90 100
Time (ns)

Figure 2 RMSD graph of systems for (a) GPAT protein(apo-form), (b) GPAT-G3P complex,
and (c) GPAT-Oleoyl-CoA complex in triplicate manner. Black — first run, Red — second run
and Green —third run. 1 nm =10 A
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Figure 3 The RMSD graphs of ligands for (a) G3P and (b) oleoyl-CoA in triplicates.

Molecular Binding Interactions of GPAT
Protein Complex with G3P and Oleoyl-CoA

Hydrogen bonds play a crucial role in the
non-covalent interactions that contribute to
the formation of protein-ligand complexes.

The analysis of hydrogen bonding revealed
that, on average, G3P formed 2 to 10
hydrogen bonds, while oleoyl-CoA formed 1
to 8 hydrogen bonds during the 100 ns
simulation. The pair distance profiles were
generated using the GROMACS pairdist
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module, which calculated the minimum or
maximum distances between a reference
selection and one or more other selections. In
this study, we determined the distances
between the active site of the GPAT protein
and the ligands (G3P and oleoyl-CoA). The
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results showed that G3P remained closer to
the active site, with a value of approximately
1.5 A, compared to Oleoyl-CoA, which was
approximately 1.8 A. Furthermore, neither
ligand moved more than 2.3 A away from the
active site throughout the simulation.
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Figure 4 H-bond profile for (a) GPAT-G3P complex and (b) GPAT-Oleoyl-CoA complex in
triplicate manner. Black — first run, Red — second run and Green — third run.

The number of hydrogen bonds formed by
the complexes can serve as an indication of
the driving forces behind the binding process
(Bitencourt-Ferreira and de Azevedo, 2019).
G3P exhibited hydrogen bond interactions
with GPAT residues Glul44, Glul44,
His141, His141, Alal45, Aspl46, Aspl46,
Val168, and Gly170, as summarized in Table
1. In addition, oleoyl-CoA demonstrated
hydrogen bond interactions with Aspl71,
Aspl71, Argl72, Argl72, Serl93, Gly235,
and Gly235. The hydrogen bond involving
Vall68 is at a distance of 3.31 A, which

could suggest that the bond is relatively weak
since its distance exceeds 3.0 A. Only two
residues, His141 and Asp146, were found in
the conserved region of GPAT that were
involved in hydrogen bond interactions with
both ligands. The characteristics of the
hydrogen bonds formed between GPAT,
G3P, and oleoyl-CoA are summarized and
presented in Table 1. Furthermore, visual
representations of the interactions between
G3P and oleoyl-CoA with GPAT are
depicted in Figure 5.

96|Revelation and Science / Vol. 14, No. 02 (1446H/2024)



ALA
A:169

GLY

oss A:170

Al
A:168 S

A:145
SER
A:143

GLU
A:144

SER
B\ BEF

(b) 1

.

. >

\ V4

SER
838

Interactions

D ven der Wasls

I: Conventional Hydrogen Bond
l:] Carbon Hydrogen Bond
ﬁ Unfavorable Positive-Positive

AP

4y
B 8170

Al
8169

7

Unfavorable Acceptor-Acceptor
i ~

1 Pi-akyl

A
8257 8261

8231

8260

Ly
8264 ASN

8211

Figure 5 (a) Two-dimensional (2D) schematic diagram of the hydrogen bond interactions of
the GPAT-G3P complex obtained from BIOVIA Discovery Studio. (b) The 2D schematic
diagram of hydrogen bond interactions of the GPAT-oleoyl-CoA complex obtained from
BIOVIA Discovery Studio.

Hydrogen bonds are the second
most common bond interactions within
protein-ligand complexes, which
strengthen the establishment of the
protein-ligand  binding  interactions
(Ferreira De Freitas and Schapira, 2017).
Moreover, hydrogen bonds play a major
role in providing mechanical and
structural stability to protein systems and
protein-ligand complexes. The role of
hydrogen bonds includes the exchange of
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protein-water interactions for protein-
protein and water-water interactions
(Ferenczy and Kellermayer, 2022).
Additionally, the heavy atoms found in
hydrogen bonds are separated by a
similar median distance of 3.0 A thus
making the bond stronger when it is less
than 3.0 A (Ferreira De Freitas and
Schapira, 2017).



Table 1 Number of hydrogen bonds, binding energies, and amino acid consensus of
GPAT with G3P and oleoyl-CoA.

GPAT Protein
Ligands ggrr]rcmjber of Hydrogen H-bond Interacting
Distance Residues
1.45 A Glu144
1.70A Glu144
1.76 A His141
3.75A His141
G3P 9 2.48 A Ala145
1.63 A Aspl46
201 A Aspl46
3.31A Val168
1.65 A Gly170
2.89 A Aspl71
2.66 A Aspl71
211 A Argl72
Oleoyl- CoA . 263 A ,3\3119732
1.80 A
1.73 A Gly235
2.94 A Gly235

98|Revelation and Science / Vol. 14, No. 02 (1446H/2024)



LigPlot+ was utilized to determine the
hydrophobic interactions among GPAT,
G3P, and oleoyl-CoA. The hydrophobic
interactions within the protein complexes
are visualized in 2D schematic diagrams in
Figure 6 and presented in tabular form in
Table 2. G3P exhibited six interacting
residues (Alal45, Tyrl67, Val168, Alal69,
Trp230, and Pro233), while oleoyl-CoA
displayed nine interacting  residues
(Alal69, Aspl7l, Lys195, Hsd196,
Thr214, Leu215, Ala232, Arg237, and
Leu260). Of these hydrophobic interactions
observed in both ligands, only three are
involved in the conserved region of GPAT:
Lys195, Hsd196, and Arg237.

Hydrophobic  interactions are  the
predominant interactions in the protein-
ligand complex (Ferreira De Freitas and
Schapira, 2017). Optimized hydrophobic
interactions contribute to the stabilization
of ligands at their target sites, thereby
enhancing binding affinity and drug
efficacy. These interactions, such as m-
stacking, alkyl, and n-r alkyl interactions,
play a vital role in protein folding by
maintaining stability, exhibiting biological
activity, and minimizing interactions with
water (Patil et al., 2010). Additionally, the
hydrophobic surface of proteins is typically
situated within the hydrophobic core,
serving as a major driving force for protein
folding due to the substantial gain in free
energy resulting from these interactions
(Ferenczy and Kellermayer, 2022).
Furthermore, hydrophobic interactions are
recognized as the main factor in increasing
ligand efficiency (Ferreira De Freitas and
Schapira, 2017). This suggests that oleoyl-
CoA may be a more efficient ligand
compared to G3P, as it possesses nine
hydrophobic interacting residues, whereas
G3P has only six.

Synergistic interactions between glycerol-
3-phosphate (G3P) and oleoyl-CoA in
glycerol-3-phosphate acyltransferase
(GPAT).

The representative structure obtained from
molecular dynamics trajectories using
cluster analysis was utilized to compare the
binding mode and binding orientation of the
ligand in both GPAT-G3P and GPAT-
oleoyl-CoA complexes (Figure 7). It was
observed that G3P and oleoyl-CoA stably
bound in close proximity to each other,
while positioning themselves in their most
favourable positions for mutual interaction,
as depicted in Figure 8
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Figure 6 Ligplot+ analysis results. 2D schematic of the hydrophobic interactions of GPAT
with ligands (a) G3P and (b) oleoyl-CoA. The interacting residues are shown in red spiked
arcs, making hydrophobic contact with the ligands, which are shown in purple

Table 2 Hydrophobic Interacting residues of G3P and oleoyl-CoA with GPAT.

Ligands Number of Residues Interacting
Residues
G3P 6 Alal45, Tyrl67,
Val168, Alal69,
Trp230, and Pro233
Oleoyl-CoA 9

Alal69, Aspl7l,

Lys195, Hsd196,

Thr214, Leu215,
Ala232, Arg237, and

Leu260
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complexes. Cyan — G3P and Pink — Oleoyl-CoA.
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Figure 9 (a) A general mechanism of LPA formation by Acyl-CoA:GPAT and PA formation
by LPAAT. (b) 2D schematic diagram of LPA formation via acylation of the fatty acid
moiety in oleoyl-CoA to the sn-1 position in G3P by oleoyl-CoA:GPAT (Cho et al. 2019) as

indicated by the red dotted line.

A closer inspection of the protein-ligand
complex revelaed that the C!-hydroxyl
group of G3P (sn-1) interacts with the O2
of coenzyme A from oleoyl-CoA, which is
located near the oleate side of acyl-CoA.
The synthesis of lysophosphatidic acid
(LPA) and phosphatidic acid (PA) occurs
when GPAT catalyzes the esterification of
the fatty acid moiety from oleoyl-CoA to

the sn-1 position of G3P, resulting in the
formation of LPA. Subsequently, further
acylation may takes place through the
action of oleoyl-CoA:LPA acyltransferase
(LPAAT), which transfers the acyl moiety
to the sn-2 position of G3P and generates
PA (Cho et al., 2019). Figure 9 presents a
2D schematic illustrating the initial
acylation of G3P to form LPA.
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CONCLUSION

Our study suggests that G3P and oleoyl-
CoA did not complete for the same binding
site on GPAT as they form VDW and
hydrogen bond interactions with different
residues. In addition, the most frequently
occurring structures obtained from the
clustering analysis of the MD trajectories
for both GPAT-G3P and GPAT-oleoyl-
CoA revealed that G3P and oleoyl-CoA
were positioned in proximity for mutual
interaction. Overall, our results suggest that
G3P and oleoyl-CoA may interact
synergistically to promote the acylation of
G3P, leading to the formation of LPA.
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