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ABSTRACT. Cardiovascular disease (CVD) is one of the most important health problems that emerge in the last decade.
The major factor of the disease is by the high level of cholesterol in blood. Several ways can be used to reduce the amount
of cholesterol in blood, as using HMGR treatment. This enzyme acts as catalyst in the initial step and limits the cholesterol
biosynthesis. Pectin is a polysaccharide compound that used as an agent to reduce the total cholesterol in bloods. In this
research, we aim to analyze the function of methoxyl pectin in inhibiting excessive cholesterols in blood by binding with
the HMGR. The method we used in this research, first step searching data mining from database and preparation of
protein and ligands using discovery studio. Molecular docking analyzed via HEX software. The result of molecular
docking is visualized using discovery studio to analyze the energy binding level, also the bonds that formed and the impact
that comes from the bonds. The results show that HMGR binding energy for native ligand (HMGCoA) as control ligand
was -450.2 kJ/mol, methoxyl pectin was -177.3 kJ/mol and atorvastatin, a group of drugs commonly used for CVD
treatment was -386.6 kJ/mol. HMGR binds to HMGCoA with 7 hydrogen bonds and a hydrophobic bond. Methoxyl pectin
binds to HMGR with residue Glu700 and His625. Atorvastatin binds to HMGR with residue Lys633 and Leu634. It is
known that native ligands bind to HMGR when cholesterol goes down. Based on research, methoxyl pectin bond with
HMGR is the same as the HMGCoA native ligand with HMGR, namely His635. This shows that methoxyl pectin is
predicted to inhibit HMGR and resulting LDL cholesterol decrease. Methoxyl pectin is indicated to be an alternative
drug for cardiovascular disease considering that atorvastatin has several side effects. Methoxyl pectin is derived from
natural ingredients with minimum side effect.
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INTRODUCTION transcription level and post-transcription level. High
level of cholesterols is caused by some of factors,

Cardiovascular disease or CVD is a disease that including reduction in the transcription process of the

becomes the important health problem in the Asia
Pacific region. Emergence of this disease including
rapid urbanization, disorganized dietary habit, high
level of smoking rates, and reduced physical activity.
In 2008, 17.3 billion people are predicted died because
of CVD, including 30% of the population. Some of
researcher already predicted that, in 2030 this disease
would take lives up to 23.4 billion people, including
35% of the population in the world. Cholesterol is the
main factor of this disease and furthermore will
impact the heart. High level of cholesterols has higher
risks, including coronary heart and stroke [1].
Scientists have been studied this disease and the
main reason is to find the cure for this disease. Many
studies examined the methods to reduce cholesterol
levels throughout the treatment within the HMG-
CoA-Reductase. This enzyme is regulated at
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HMGR genes and leading to the reduction of HMGR
MRNA [2]. Transcription regulation is controlled by
SREBP protein, which forms a complex in the
endoplasmic reticulum membrane with Scap protein
that acts as an integral protein. High levels of
cholesterol in cell, the SREBP-Scap complex is
located on the RE membrane. When the level of
cholesterol is lower, the complex will be transported
to the Golgi apparatus in COPII vesicle. SREBP is
activated by protolithic activity which breakdown
the NH2 terminal domain on the membrane, which
HMGR will activate its transcription [3].

Pectin is a polysaccharide compounds, usually
contained in plants. Some of scientist believes that
pectin can be used to reduce total of cholesterol,
including LDL, apolipoprotein A, and apolipoprotein
B. [4]. Pectin can be found in banana flesh and banana
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peel [5]. In this work, analysis of in silico was carried
out on the compound of methoxyl pectin to prevent
the excessive production of cholesterol. We used
pectin from banana peels and we hope that pectin from
this banana peels can be used as an alternative
medicine to reduce excess LDL cholesterol in blood.

METHODS

Data Mining

HMG-CoA Reductase structure was downloaded
from RCSB PDB (www.rcsh.org) as PDB format,
whereas the ligands structure were downloaded from
PubChem (www.pubchem.ncbi.nlm.nih.gov) as SDF
format, included Methoxyl Pectin, HMG CoA, and
Atorvastatin. The protein and ligands used and their
ID is listed in Table 1.

Protein and Ligand Preparation

HMG-CoA Reductase was prepared using
Biovia Discovery Studio Visualizer 2019 software to
remove water molecules and native ligands. After
that, protein saved in PDB format. Ligands that have
been obtained from searches using PubChem were
then prepared using PyRx software to minimize
energy and saved in PDB format (.pdb).

Molecular Docking

Molecular docking between protein and ligands
were simulating using HEX 8.0.0 software for
docking and the Shape + Electro correlation type in
docking controls. The results were saved in format
(.pdb) with information about the energy stored in the
format (.txt).

Visualization

Protein-ligand interaction was visualized using
Biovia Discovery Studio Visualizer 2019. Then,
results were analyzed by determining the energy
level and the binding area. In addition, the type of
bonds formed and the effects of these bonds were
analyzed.

Table 1. The identity of proteins and ligands

PNrg:ﬁL” PDBID Ligand Name PubChem ID
HMGR 1DQ8 Methoxyl Pectin 854
HMG CoA 87642
Atorvastatin 60823

RESULTS AND DISCUSSION

Native Ligand and HGMR

Binding Energy of Native Ligand and HMGR is
-450.2 kJ/mol, shows that the interaction stronger
than the interaction HMGR with atorvastatin or
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methoxyl pectin. Based on the interaction between
HMGR with native ligand (HMG-CoA) as control,
there are 7 hydrogen bonds and a hydrophobic bond
(Figure 1).

The analysis results show that the validation
process carried out from the docking results has
several parameters such as binding energy, inhibition
constants, and amino acid bonds. The binding energy
value of methoxyl pectin and HMGR complex
compound is -177.3 kd/mol (Table 2). This binding
energy value can affects the dissociation constant of
the phenolic hydroxyl group so that the molecule is
hydrophobic. Lipophilic or non-polar compounds
will more easily penetrate the membrane because the
similarity of lipophilicity with the lipid phase [6].
The bonds formed between the methoxyl pectin
compound and HMGR are shown in the Table 2,
which shows that there are 2 amino acid residues that
interact and forming hydrogen bonds. They are
His635 and Glu700 (Figure 2).

Methoxyl Pectin and HGMR

His635 forms hydrogen bonds with carbon
hydrogen bonds types and Glu700, which forms
hydrogen bonds with conventional hydrogen bond
types. Based on the bonds formed, the interaction
between the methoxyl pectin compound and HMGR
is on the active site, ligands are said to be on the
active site of HMGR if the amino acid residue bonds
are formed E (glutamic acid), D (aspartic acid), and
K (lysine) [7]. The amino acid His635 binds to the
active site of the small domain and Glu700 binds to
the active site of the large domain, where the active
site of the small domain consists of amino acid
residues 592-582, while the large domain consists of
amino acid residues 694-872 [8].

Atorvastatin and HGMR

The analysis result between HMGR and
Atorvastatin (Figure 3) which is one of the statin
drugs group showed an interaction and formed a
bond, with the binding energy value of the complex
compound atorvastatin and HMGR s -386.6 kJ/mol
(Table 2). This interaction occurs between domains
A and D of the HMGR protein. The bonds formed
between the atorvastatin compounds and HMGR are
shown in the Table 2 that shows that there are 2
amino acid residues that interact and forming
hydrogen bonds. The two amino acid residues are
Leu634 and Lis633. Leu634 forms hydrogen bonds
with conventional hydrogen bonds types and Lis633,
which form hydrophobic, bonds with Pi-Alkyl types.
Based on literature, the amino acid sequence
numbers 633 and 634 are in the S-terminal (small)
domain. It is known that the active site location of
HMGR is between the S (small) and L (large)
domains [8].

a7


http://www.rcsb.org/
http://www.pubchem.ncbi.nlm.nih.gov/

Tapiory, A.A., Pertiwi, K.O., Fadilla, K., Reyhanditya, D., Fatchiyah, F. - In Silico Analysis of Methoxyl Pectin Compound from

DGR O g 7f
. B )’/_';"/:‘
LR USRS Mg 77 Dl
; XaomTfd~ 3
VR fre

Figure 1. Docking result between native ligand (HMG-CoA): A) overall interaction; B) with magnification; C) methoxyl
pectin ligand; and D) 2D structure (energy = -450.2 kJ/ mol).
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Figure 2. Docking result between methoxyl pectin and HMGR: A) overall interaction; B) with magnification; C)
methoxyl pectin ligand; and D) 2D structure (energy = -177.3 kJ/ mol).
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Figure 3. Docking result between atorvastatin and HMGR: A) overall interaction; B) with magnification; C) atorvastatin
ligand; and D) 2D structure (energy: -386.6 kJ/mol).

Based on its structure, it is known that the
methoxyl pectin compound does not have a benzene
group such as HMG-CoA while the Atorvastatin has
a benzene group such as HMG COA [9], produces a
stronger bond characterized by its binding energy of
-386.6 kJ/mol. Methoxyl pectin compounds
generally contain more carboxyl groups [10]. Pectin
showed no post-consumptive side effects in the
research conducted. No statistically significant
differences were observed for headache, nausea,
stomach bloating, diarrhea, constipation, stomach
complaint before after consumption [11].

Based on Table 2, it shows that the native ligand
(HMGCoA) binds to HMGR protein with hydrogen
bond type and the residue are Ser705, Glu610,
Leu634, Thr636, and His635 also hydrophobic bond
type with residue Lys633. Methoxyl pectin binds to
HMGR protein with hydrogen bond type and the
residue are Glu700 with conventional hydrogen bond
and His635 with carbon hydrogen bond. Interaction
between HMGR and atovastatin involved 2 amino
acid residues Leu634 and Lys633. Leu634 forms
hydrogen bonds with conventional hydrogen bonds
types and Lys633 form hydrophobic bonds with Pi-
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Alkyl types. Atorvastatin and native ligand as
control, has two same interacted residues with the
same type of interaction. While, methoxyl pectin and
native ligand has one same interacted residue with
the same type of interaction namely His635, it is
hydrogen bond with carbon hydrogen bond type [7].

The result shows that interaction between
Atorvastatin and HMGR stronger than methoxyl
pectin and HMGR (Figure 5). On the other hand,
Atorvastatin is synthetic compounds that cause
several side effects to the patient, while methoxyl
pectin as derived from natural ingredient did not
cause any side effects, metabolites of atorvastatin
agents have anti-HMG-CoA reductase properties.
Although the interaction between pectin and HMGR
is less good compared to the interaction of
atorvastatin with HMGR, however pectin can be
used as an alternative drug with minimal side effects
[11, 13, 14].

Based on Ramachandran plot for HMGR protein,
percentage of favored region is 95.4%, allowed region
is 3.8%, and outlier region is 0.7%. Based on this
percentage, it shows that HMGR protein has a decent
structure because this protein has high percentage of

jsmartech.ub.ac.id



Tapiory, A.A., Pertiwi, K.O., Fadilla, K., Reyhanditya, D., Fatchiyah, F. - In Silico Analysis of Methoxyl Pectin Compound from

favored region. A suitable structure is characterized
by favored region percentage that exceeds 50%. High

percentage of amino acid residue in favoured region
indicates better quality of the structure [12].

Table 2. Interacted residues and the number of interaction formed by HMGR complexes with their respective ligands

used in this study.

Interaction Interaction Distance From To Type Chemistry E?lr:(jrl%
Point A) Chemistry Chemistry Bond (kJ/mol)
A:SER705:HG - Conventional
LIG1:0 2,43 H-Donor  H-Acceptor Hydrogen Bond Hydrogen Bond
:LIGL:H - Conventional
A:GLU610:0 2,85 H-Donor  H-Acceptor Hydrogen Bond Hydrogen Bond
:LIGL:H - Conventional
D:LEU634:0 2,61 H-Donor  H-Acceptor Hydrogen Bond Hydrogen Bond
HMGCoA .
. :LIG1:H - Conventional
(Natlve D THR636:0 2,65 H-Donor  H-Acceptor Hydrogen Bond Hydrogen Bond  -450.2
Ligand)
A:HIS635:CA - Carbon
LIGL:O 3,66 H-Donor  H-Acceptor Hydrogen Bond Hydrogen Bond
:LIGL:H - Carbon
A:LEU634:0 2,30 H-Donor  H-Acceptor Hydrogen Bond Hydrogen Bond
:LIGL - . . . Hydrophobic
D-LYS633 5,40  Pi-Orbitals Alkyl Pi-Alkyl Bond
:LIGL:H - Conventional
HMGR + C:GLU700:0 2,10 H-Donor  H-Acceptor Hydrogen Bond Hydrogen Bond
Methoxyl -177.3
Pectin B:HIS635:CE1 - ) ) Carbon
LIG1:0 3,78 H-Donor  H-Acceptor Hydrogen Bond Hydrogen Bond
:LIGL:H - Conventional
D:LEU634:0 1,84 H-Donor  H-Acceptor Hydrogen Bond Hydrogen Bond
HMGR + 3866
Atorvastatin . ; '
:LIG1- . . . Hydrophobic
D:LYS633 4,78 Pi-Orbitals Alkyl Pi-Alkyl Bond

Figure 4. Docking result between HMGR-CoA complex with: A) methoxyl pectin; B) atorvastatin.

CONCLUSION

Native ligand binds to HMGR when cholesterol
goes down. Based on the current research, it is
suggested that the methoxyl pectin bond with HMGR
is the same as the HMGCoA native ligand with
HMGR, namely His635. This shows that methoxyl
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pectin is predicted to inhibit HMGR because of the
formation of the same bonds with native ligand to
HMGR. In the previous study has shown that uses of
methoxyl pectin in enriched semi-synthetic diet
known to reduces the total of cholesterol and
tryglyceride plasma. Because of the reduction of total
cholesterol, the LDL rasio tend to decrease, followed
by pectin administration.
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