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ABSTRACT

Obesity is considered a global crisis because of its increased risk factors triggered by lifestyle changes.
The prevalence of this condition is increasing at an alarming rate, giving rise to development of novel
drugs. Pancreatic lipase possesses higher efficacy in inhibiting this condition among the other drug
targets. In this study, virtual screening of 126 plant-derived anti-obesity compounds and 1110 marine
algal compounds from seaweed metabolite database were screened and targeted against pancreatic
lipase and ranked based on their binding affinity values. A total of 530 compounds that possessed
best docked scores of less than —6kcal/mol were checked for Lipinski's properties through Swiss
ADME. Furthermore, these compounds were subjected to toxicity prediction using PROTOX Il server.
As much as 38 compounds were found to be non-toxic and were subjected to molecular docking ana-
lysis. Based on the binding energy, the following compounds RG012 (-10.15 kcal/mol), LIG42 (-9.7 kcal/
mol), BCO10 (-8.47 kcal/mol), RLO73 (-8.2 kcal/mol), and LIG46 (-8.03 kcal/mol) were selected exhibiting
higher binding affinity when compared to the standard drug (Orlistat) and hence these compounds
were subjected to molecular dynamics simulation using GROMACS. BCO10 complex revealed a stable
interaction within the binding pocket and the binding free energy is —158.208 kJ/mol which is higher
when compared to other complexes in 100ns simulation. BCO10 ((7S,11S,12S,14R)-4',14-dimethoxya-
mentol) from brown algae Cystophora fibrosa could be considered as a potential drug candidate to
suppress obesity by inhibiting pancreatic lipase.

Abbreviations: BC010: (7S,11S,12S,14R)-4'-14-dimethoxyamentol; BMI: Body Mass Index; LD50: Lethal
Dose; MD: Molecular Dynamics; MM-PBSA: Molecular Mechanics/Poisson-Boltzmann Surface Area; NPT:
Number of Particles, Pressure and Temperature; NVT: Number of Particles, Volume and Temperature;
PL: Pancreatic Lipase; Ry: Radius of Gyration; RMSD: Root Mean Square Deviation; RMSF: Root Mean
Square Fluctuation; SASA: Solvent Accessible Surface Area; SWMD: Seaweed Metabolite Database; TGs:
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Introduction

With technology dependence and associated lifestyle
changes, the necessity to expend calories has become
imperative, especially with increased consumption of high
calorie rich diets. Owing to this underlying condition, inevit-
able changes have been observed in people characterized by
the deposition of fat which can be theoretically explained by
a body mass index value (BMI) of 30 or higher (Noor et al,
2019). Obesity is mainly instigated by conditions such as
imbalance between calories gained and calories expended
and also environmental changes and genetic factors (Alkan
et al,, 2019). These changes promote chronic illness such as
hyperlipidaemia, hypertension, type-2 Diabetes, and cardio-
vascular diseases. (Fu et al., 2016).

The inhibition of digestive enzyme activity is a significant
factor in reducing body weight and pancreatic lipase (PL) is

an essential enzyme that aids in the absorption of triglycer-
ides (TGs) serving as an effective target (Ahmed et al., 2018).
Lipase inhibitors decrease fat absorption by binding to the
lipase enzyme in the intestine and parallelly prevents the
hydrolysis of TGs to monoglycerides and fatty acids (Yun,
2010). This enzyme possesses a single chain glycoprotein
consisting of 449 amino acids which is further divided into
N-terminal and C-terminal domains. N-terminal being the
largest serves as the catalytic domain and thereby inhibits
the conversion of TGs (Bustanji et al., 2011).

The efficacy of drugs in targeting obesity was critically
studied wherein Orlistat is found to regulate intestinal
absorption of fat by inhibiting PL (Heck et al, 2000). It is
derived from lipstatin, a natural product of Streptomyces toxy-
tricini which binds covalently at the catalytic triad of PL
directed to the serine residue and aids in inhibition of PL
(Carrie, 2001). Intake of Orlistat leads to several side effects
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such as constipation, hypertension, insomnia, headache and
dryness in mouth (Yun, 2010) yet it is still being prescribed
and is considered acceptable. As a result of these ill effects,
there is an urge to explore the available natural resources to
curb obesity.

Seaweeds, belonging to the marine ecosystem, provides
necessary nutritional and dietary factors which may create a
revolutionary impact in the development of an effective and
safe alternate therapy for obesity. Marine organisms are
found to possess novel metabolites which are widely
explored in drug research development; of this 25% is exten-
sively contributed from algal source (Davis & Vasanthi, 2015).
The marine diversity has rich source of fucoxanthin, potas-
sium, dietary fibre and non-starch polysaccharides
(Carrageenan and Alginic acid) (Murai et al., 2021) thereby
providing functional benefits when compared to the other
available resources (Hu et al.,, 2016). Active components from
seaweeds may act against obesity by i) interfering with
digestive enzyme activity ii) enhancing expenditure of
energy and thereby decreasing adipogenesis iii) suppressing
appetite iv) increasing fat excretion by altering the compos-
ition of intestinal microbiota (Fu et al., 2016).

The current research is on data mining of compounds
having activity against PL from plant sources and com-
pounds in the Seaweed Metabolite Databases (SWMD). Based
on drug likeness and toxicity analysed, in silico molecular
docking analysis for the compounds was performed. In add-
ition to this, the identified potential compounds were sub-
jected to molecular dynamics (MD) simulation study to
understand the conformational changes and also to deter-
mine the binding stability with PL. Finally, the MM-PBSA
(molecular mechanics/Poisson-Boltzmann surface area) calcu-
lation estimated binding free energies of protein ligand
docked complexes.

Methodology
Protein preparation

The three-dimensional structure of PL with a resolution of
246 A (PDB ID: 1LPB) was retrieved from the Protein Data
Bank (Egloff et al, 1995). This 3D structure comprises two
chains: Chain A and chain B - of which chain B possesses
449 amino acid sequences from humans that was utilized as
a potential source of target in docking-simulation studies.
Protein preparation was carried out using UCSF Chimera;
water molecules, ligands, non-interacting ions and chain A
were removed from 1LPB protein structure prior to vir-
tual screening.

Preparation of ligand

The compounds mentioned in this work were retrieved from
two different sources: (i) extensive literature mining was
used to retrieve 126 compounds derived from plant-based
sources targeting against PL (Table S1, supplementary mater-
ial) and (ii) marine algae containing 1110 ligands were down-
loaded from Seaweed Metabolite Database in mol format

(Davis & Vasanthi, 2011). The 3D structures of these ligand
molecules were generated using Corina demo (https://www.
mn-am.com/online_demos/corina_demo_interactive)

Virtual screening

The structure based virtual screening was executed using
Autodock vina v1.1.2 (Trott & Olson, 2010) with PyRx v0.8 soft-
ware (Dallakyan & Olson, 2015). Generally, during the process
of docking, ligands were contemplated to be flexible and the
target molecule being rigid. The ligands were energy mini-
mized in PyRx software using the UFF force field. The optimiza-
tion was carried out using a conjugate gradient algorithm. The
docking site was defined by the methoxyundecylphosphinic
(MUP) acid from the same 1LPB structure data (Egloff et al.,
1995). Exhaustiveness was set on 8, wherein unique poses
were generated for each ligand. The binding energy corre-
sponding to RMSD/ub and RMSD/Ib of zero (least), was
selected as it possessed a good binding pose for further valid-
ation using Autodock 4.0. (Morris et al., 1998).

Analysis of drug likeness

Drug likeness is a pharmacokinetic property examined to
analyse the function of the compound within the human
framework by employing Swiss ADME (Daina et al., 2017).
Molecular mass, lipophilicity, sum of hydrogen bond donors/
acceptors and number of rotatable bonds were evaluated
based on Lipinski's rule of five (RO5) and those compounds
that does not fit well to this may not possess drug-like prop-
erties and also tend to have lesser bioavailability. (Lipinski
et al.,, 2001).

Toxicity prediction

The toxicity of selected compounds was evaluated to identify
the drugs that are least toxic for human consumption.
Protox Il, a virtual lab server, was used to predict median
lethal dose (LD50) values in mg/kg body weight (Banerjee
et al.,, 2018). Globally Harmonized System of classification of
labelling of chemicals (GHS, United Nations, first revised edi-
tion 2005) was employed wherein the toxicity class ranges
from | to VI and the input compound were classified based
on the toxicity level. The class 6 compounds which possess
LD50 values greater than 5000 were found to be non-toxic
and indicated the effectiveness based on their prediction
score (Drwal, 2014).

Molecular docking

Molecular docking approach for the chosen 38 natural com-
pounds along with a standard drug (Orlistat) against 1LPB
was validated using Autodock 4.2.6 with ADT tools of 1.5.6
version (Morris et al, 1998). Initially, water molecules and
hetero atoms were removed followed by addition of polar
hydrogen atoms. Kollaman charges were computed for the
receptor. Gasteiger charges were assigned to energy mini-
mized conformations of ligands. The torsion tree and the
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number of rotatable bonds were defined for the ligand. The
protein and ligand in the workspace were then saved in
PDBQT format. Lamarckian genetic algorithm parameters
were set to '2500000" for maximum number of energy evalu-
ation, ‘27000" for maximum number of generations, ‘1" for
maximum number of top individuals, ‘0.02' as mutation rate,
‘0.8’ as crossover rate, population size of 300 and 100 Long
GA runs. The results were analysed based on their binding
energies and interactions with amino acids PHE77, SER152,
and HIS263 for further validation. The output was built using
UCSF Chimera v1.15 software to render receptor ligand com-
plexes (Pettersen et al., 2004). The docked complexes were visual-
ized using BIOVIA Discovery studio client 2020 (DassaultSystemes
BIOVIA, Discovery Studio Modelling Environment, Release 2017,
San Diego: Dassault Systemes, 2016).

Molecular dynamics (MD) simulation study

The native/apo-enzyme of PL and its complexes with five
individual PL-ligands and one reference ligand docking com-
plex were selected for MD simulation using the software
GROMACS 5.1.4 (James, 2015) (Groningen Machine for
Chemical Simulations) in GROMOS96 54a7 force field
(Schmid et al., 2011) for 100 ns. PRODRG server (Schuttelkopf
& van Aalten, 2004) was used to generate the parameters
and topologies files for each ligand. Native protein, along
with its complex with the selected five most effective ligands
and reference ligand, were simulated with a
11.128 x 11.128 x 11.128 (nm)—cubic box and SPCE water-
filed model (Wu et al, 2006). A total of 43,714, 42,783,
42,787, 42,778, 42,784, 42,789, and 42,781 solvent molecules
were added to each system, i.e. BCO10, LIG46, RG012, LIG42,
RLO73, Orlistat and native protein, respectively. Neutralization
of the system was carried out by adding 3Na™ ions, and the
energy minimization was done by using the 50,000 steepest
descent method using a Fourier grid. The particle mesh
Ewald (PME) method was used with a 1.2nm cut-off and a
Fourier spacing of 0.16 nm for short-range electrostatic inter-
actions. After energy minimization of each complex of PL,
the NVT (at a constant number of particles, volume, and tem-
perature) with modified Berendsen thermostat with rescaling
of velocity (Bussi et al., 2007) 310K and with a time step of
0.1 ps, PME coulomb type for short-range electrostatic inter-
actions with Fourier spacing of 0.16 nm for 100 ps time scale.
The NPT (at a constant number of particles, pressure, and
temperature) Parrinello-Rahman pressure coupling (Martonak
et al, 2003) at 1bar with a 4.5 x 10>bar™' compressibility
equilibrations and with a time constant of 2ps were per-
formed for equilibrating the system for 100 ps time scale.
The final MD step for each of the equilibrated PL systems
was performed for a 100 ns time scale with time steps of 2 fs
and bond lengths were constrained by Linear Constraint
Solver (LINCS) algorithm (Hess et al., 2008).

MM/PBSA binding free energy calculation

The binding free energy calculation is another advanced
computational analysis to understand the contribution of the
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binding energy of each amino acid and dynamic behaviours
in the individual protein-ligand complex. The MM/PBSA-
based binding free energy (AGping) of each simulated
docking complex was calculated with the g_mmpbsav5.12
package in the GROMACS platform (Kumari et al., 2014).

Results and discussion
Virtual screening

The virtual screening of 1236 compounds against 1LPB target
protein was done using PyRx v0.8 software. The docked mol-
ecules with binding energy value less than —6kcal mol '
were selected for further assessment. Out of 1236 com-
pounds, 530 compounds showing binding energy less than
—6kcal mol™" is shown in Table S2 (supplementary material).
The docking protocol was validated by docking the co-crys-
talized ligand MUP into the active site of 1LPB. The superim-
posed pose of docked and co-crystallized ligand are given in
Figure S1 (supplementary material).

Drug likeness

Further 530 compounds that had good binding affinity were
subjected to ADME screening and it was observed that 443
compounds were Lipinski's complaint. The drug likeness
properties for 443 compounds are represented in Table S3
(supplementary material).

Toxicity prediction

The Canonical SMILES format of 443 compounds were incor-
porated as input file and tested using PROTOX Il server for
toxicity prediction. It was observed that only 38 compounds
were non-toxic based on the labelling of chemical classes
(Drwal, 2014). The toxicity level along with LD50 values in
mg/kg are listed in Table S4 (supplementary material).

Docking studies

Molecular docking study was carried out for 38 compounds
against PL (1LPB) and the interactions were given in Table S5
(supplementary material). Orlistat being a standard drug
serves as a suitable reference against PL which inhibits
hydrolysis of TGs. (Heck et al., 2000). Five lead compounds
showed best docked pose, of which two compounds (LIG46
and LIG42) were based out of plant origin and three com-
pounds (RG012, RLO73 and BCO10) were derived from algal
source. These compounds were found to possess higher
binding affinity when compared to the reference molecule
(Orlistat). The binding energies of the above-mentioned com-
pounds and also their energy interaction with the key resi-
dues are summarized in Table 1.

The docking results obtained pointed out that Orlistat
had three conventional hydrogen bonds with PHE77, SER152
and HIS263 and a single carbon hydrogen bond with
ALA259 (Figure 1(a)).
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Table 2. Energy contribution of protein-ligand complexes calculated using MM/PBSA method.

Energy parameter (kJ/mol) RG012 BCO10 RLO73 LIG42 LIG46 Orlistat

Binding energy -85.1+£11.9 -1582+114 -101.7£11.7 -71.6+25 -108.8+£17.6 -23.0+25
Electrostatic energy -22.1+£10.6 -10.2+4.0 -29.5+6.6 -84+0.3 -6.3+4.1 -6.8+0.5
Polar solvation energy 57.9+19.2 740+12.6 723+10.8 373+1.2 86.8+14.9 227+14
SASA energy -13.0+1.8 -200+14 -13.8+0.8 -10.0+0.2 -16.5+0.7 -3.8+0.3
Van der Waal energy -107.8+£14.5 -202.0+14.2 -113.6£10.7 -903+24 -172.8+9.1 -35.0+26

d)

Q ;Tw114
|

Interactions

B conventional Hydrogen Bond
[ ] carbon Hydrogen Bond

I Pi-cation

Hl #some B Fi-Fi Stacked
I Fi-Pi T-shaped
[ Akyt [ Picalkyl

Figure 1. 3D interactions of ligand and pancreatic lipase complexes. a) Orlistat, b) LIG46, c) LIG42, d) BC010, e) RL073 and f) RGO12.

LIG46 (Epicatechin), a flavonoid from Salacia reticulata,
has an inhibitory activity against PL (Nakai et al., 2005) by
slowing down the absorption of triacylglycerol which induces

suppression of postprandial hypertriacylglycerolemia (lkeda
et al, 2005; Sahib et al,, 2011). The docking results obtained
pointed out that LIG46 had a single carbon hydrogen bond
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with PRO180 and six conventional hydrogen bonds with
GLY76, ASP79, HIS151, SER152, PHE215 and HIS263 residues
(Figure 1(b)). LIG42 (Diosgenin) from Dioscorea nipponica
makino belongs to the class of terpenes reported potent
inhibitory activity against PL (Kwon et al, 2003). The con-
formational binding of LIG42 exhibited binding energy of
-9.7 kcal/mol which possessed hydrophobic interactions with
PHE77, ILE78, TYR114, PHE215, ARG256, ALA259, ALA260 and
LEU264 (Figure 1(c)).

BCO10 ((7S,115,12S,14R)-4’-14-dimethoxyamentol), a brown
alga from Cystophora fibrosa belonging to the tetraprenylto-
luguinols class of compounds (Laird & Van Altena, 2006)
exhibited binding energy of -8.47 kcal/mol and one conven-
tional hydrogen bond with HIS263 residue. It also exhibited
hydrophobic interactions with TYR 114, HIS 151, ALA 259,
ALA 260, LEU 264 residues (Figure 1(d)).

RMSD
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1 T T T T T T T T
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— RGO012
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Figure 2. RMSD of PL backbone associated with all PL-complexes.
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Red algae were found to possess anti-lipase activity as
reported by (Bitou et al., 1999) and (Kannan, 2014). RL073 (2-
hydroxyluzofuranone), a sesquiterpene from Laurencia saitoi
(red algae), (Su et al., 2009) possessed binding energy of
-8.2 kcal/mol (Figure 1(e)). RG012 (6p,24¢-Dihydroxycholesta-
4,25-dien-3-one) from Galaxaura marginata (red alga) classi-
fied under oxygenated desmosterols (Sheu et al, 1997)
showed highest binding energy of -10.15kcal/mol
(Figure 1(f)).

Overall docking results revealed that five selected com-
pounds along with Orlistat had hydrogen and hydrophobic
interactions with common residues such as PHE77, TYR114,

HIS151, SER152, PRO180, PHE215, ARG256, HIS263 and
T | T T T T
| - BCOI0
— Lig46
275 — RGO012
» Orlistat
— Lig42
27— — RLO73
2.65
£
E 26
o
o
2550
25
245
2'40 20 40 60 80 100
Time (ns)

Figure 4. Radius of gyration of PL in complexes.

Orlistat

Figure 3. a) RMSD of ligand molecules associated with all PL-complexes, overlay and tile conformation of b) PL-BCO10—blue colored circle are presenting the pos-
ition of BCO10, c) PL-orlistat complexes—pink colored circle are presenting the orlistat position at 0, 50 and 100 ns.
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b)

Figure 5. a) RMSF of PL associated with all PL-complexes and apoenzyme, b) highest peak near the binding site (no. 1, 2, 6, 7, 8) shown in different color.
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Figure 6. Hydrogen bond distribution of PL-complexes.

LEU264. It was noted that these residues were also found in
the active sites of PL. PHE 77, HIS 152, SER263 were the
most common residues which is similar to orlistat interaction
with PL. Although LIG42 and LIG46 were found to be potent
against PL, RG012 compound from marine seaweed exhib-
ited best affinity with target protein and also possessed
lower binding energy in comparison with plant derived and
a reference molecule.

Molecular dynamics (MD) simulation of docked protein-
ligand complexes

Molecular dynamics simulation was employed to assess sta-
bility and its interaction- dynamics of protein-ligand com-
plexes. The structural stability of the native protein PL with
the selected five protein-ligand docking complexes (RG012,
LIG46, LIG42, BCO10 and RL073) were analysed through the
RMSD-protein backbone, RMSF-C-alpha and Rg-score of pro-
tein by MD simulation.

Time (ns)

The RMSD of the protein backbone in all selected five
complexes at 100ns is represented in Figure 2. The ligand
RMSD plot elucidates stable dynamic profiles were observed
in an average of 0.9 A for marine compounds (BC010, RG102,
RLO73) and 1.35A for plant-based molecules (LIG46 and
LIG42). The RMSD plot for ligand Orlistat showed a greater
average deviation of 3.1A due to the presence of an ali-
phatic side chain, while both marine and plant-based com-
pounds were stable.

For further verifying the ligand stability at the binding
region of PL, PL-BC0O10 (best among all ligands) and PL-orli-
stat (FDA approved drug) complexes were extracted at 0, 50
and 100ns time frames (Figure 3(a,b)). It has been shown
that the change in position of the BC010 ligand in PL-BC010
is more stable at binding site of PL at these three-time
frames rather than of orlistat molecule in PL-orlistat complex.

The radius of gyration, Rg, plots exhibit the level of com-
pactness of PL-associated complexes and are depicted in
Figure 4. BCO10 possessed a lesser gyration value among all
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PL-BC010

Pre Simulation

Post Simulation

Figure 7. Pre and postsimulation interaction analysis of a) PL-BC010 and b) PL-orlistat.
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Figure 8. Energy contribution per residue of a) PL-BC010 complex b) PL-orlistat.

complexes which showed that BC010 had closed conform-
ation. Conversely, LIG42 had open conformation. The results
depicted that BCO10 had smaller Rg-value than other com-
plexes as shown in Figure 4. This lower Rg has shown in
BCO10 associated PL, which can form a narrow cavity (more
constraints) at the binding region thereby it reduced the lig-
and dynamism seen in BCO10. The higher Rg has shown in
LiG42 associated PL, which can form a broader cavity (less
constraint) at the binding region and hence showed the rela-
tively high dynamism in LIG42.

Root mean square fluctuation (RMSF) is calculated for Ca
atoms of protein residues to analyze the backbone structure
flexibility. The residues that fluctuate during the simulation
time for 100 ns are depicted by the peaks in the RMSF plot
(Figure 5(a)). RMSF analyzes showed that marine algal com-
pounds showed less residual fluctuation when compared to
plant-derived and reference complexes. Whereas BC0O10 com-
plex exhibited less residual fluctuation throughout the

simulation. Figure 5(b) includes the secondary structure ele-
ments that were showing higher fluctuations and were sur-
rounded by the binding regions.

The specific interaction between protein-ligand docked
complexes was analysed using H-bond interaction and is rep-
resented in Figure 6. H-bond analysis portrays that marine
algal compound have more H-bonds than plant-derived com-
pounds and Orlistat with PL. Apart from that, the BCO10 mol-
ecule exhibited a stable H-bond pattern compared to all
other natural compounds including Orlistat throughout the
MD-simulation periods. Also, to verify the post-simulation
interaction study of both PL-BC010—best among all ligands
(Figure 7(a)) and PL-orlistat—control (Figure 7(b)) complex,
the final time frame (100ns) structure of both complexes
was dumped and analysed the H-bond interactions pattern.
The post-simulation interaction analysis in PL-BCO10 reveals
that the H-bond between PHE 77 and BCO10 is intact with a
3A H-bond length and present at the binding site of PL.



Whereas in PL-orlistat complex, Orlistat is not intact with a
single H-bond with PL.

MM/PBSA and binding free energy per residue analysis

The MM/PBSA calculation for all protein-ligand complexes to
compute the binding energy during the MD simulation was
executed. Binding affinity with other energies such as Van
der Waal energy, electrostatic energy, polar solvation energy,
and solvent accessible surface area (SASA) energy were cal-
culated for each docking complex between 90 to 100ns at a
0.1ns time step (Table 2). Comparatively, Orlistat-PL pre-
sented the minimum binding energy, —23.028kJ/mol,
whereas the remaining compounds such as BC010-PL,
RGO012-PL, RLO73-PL, LIG42-PL, and LIG46-PL computed bind-
ing energies correspondingly -158.208, -85.179, -101.878,
-71.608, —108.873 kJ/mol (Table 2). The binding free energy
calculation of each complex in between 90 and 100ns was
represented in a graphical presentation (Figures S1-S6, sup-
plementary material) which implies the importance of the
binding of ligands towards the complex formation.

The total binding energy contribution in residue-wise for
protein-ligand complexes were subtracted using MM/PBSA
calculation and is depicted in Figures S7-S10 (supplementary
material). Overall, BCO10 and Orlistat potential against obes-
ity presented the energy per residues calculation in a graph
format (Figure 8(a,b)), from which BCO10 marine formed
more interaction than other ligand molecules within 100 ns.
There are two common residues (PHE 77 and GLY 216) in PL-
BC010 and PL-orlistat. But the residues PHE77 (-10.5) and
GLY216 (-3.6) show greater binding affinity in PL-BC010 com-
plex formation in comparison with PL-orlistat {PHE77 (-0.77)
and GLY216 (-1.8)}. Thus, marine products, especially BC010,
exhibited stronger binding energy with PL (PHE77) than
plant-based compounds and Orlistat within 100 ns confirms
from both pre- and post-simulation analysis.

Conclusion

Virtual screening of 126 plant derived anti-obesity com-
pounds and 1110 marine algal compounds from SWMD was
done against PL. Docking studies revealed that three marine-
based compounds (BC010, RGO12, RL0O73) and two plant-
derived compounds (LIG42 and LIG46) possessed the best
docked pose with least binding affinity towards active site
residues of PL. Furthermore, it was concluded that BCO10-PL
complex has shown significant binding energy in comparison
to plant-based compounds and Orlistat throughout the simu-
lation time of 100 ns. Owing to the bioavailability, drug like-
ness and toxicity prediction of this compound can be
explored further as a potential drug target to treat obesity.
In addition, it was noted that BC010 (7S,11S,125,14R)-4'-14-
dimethoxyamentol), the lead component belongs to the
group of tetraprenyltoluquinols isolated from brown algae
found to possess antioxidant activity. It was also reported
that marine algal compounds are responsible for the inhib-
ition of lipid oxidation (Seo et al., 2006). Thus, computational
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approach illustrates that BC010 (7S,11S,12S,14R)-4'-14-dime-
thoxyamentol) is a potent inhibitor against PL.
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