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Preface

The HALALSTECH+ 2012, “International Conference On Halal Science & Technology:
Current issues on Food, Pharmaceutical & Health Products 2012’ took place in Sanur
Paradise Plasa Hotel, Denpasar Bali Indonesia on 4-6 July 2012. This conference has been
hosted by the Faculty of Pharmacy, University of Jember (UNEJ), Indonesia, in collaboration
with the Faculty of Science & Technology Universiti Kebangsaan Malaysia (UKM), and the
Faculty of Science & Technology, Universiti Sains Islam Malalaysia (USIM).

This proceeding contains papers that have been presented at the HALALSTECH+ 2012 as
plenary lectures, keynote, oral and poster presentations. About 100 participants attended the
conference, with 11 plenary lectures, 1 keynote lectures and 22 oral and 14 poster
presentations. The proceeding of HALALSTECH+ 2012 has been published in electronic
form as *.pdf file for simple and easy publication and to avoid heavy book of proceeding. We
hope that this publication can be easily read, handled and transferred to other form.
Furthermore, this paperless proceeding can be fruitful for all participants of the conference.

My sincerely thanks go to all the members of Scientific Committee for their valuable help in
the review of the submitted papers, and also to the authors for their collaborative attitude. A
special mention must go to our organizing committee, who has put in a terrific amount of
effort not only in general conference matter but also in the assembly of the papers for this
proceeding. Finally, I congratulate the authors of all papers for producing the new and novel
idea in areas of food, pharmaceutical and health products related to halal issues as well as
other related fields.

Jember, July 2012

S Yoy

B. Kuswandi
Editor
HALALSTECH+ 2012 Proceeding
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Docking Studies on Flavonoid Anticancer Agents
With DNA Methyl Transferase

Ayik R Puspaningtyas, Dwi Koko Pratoko
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J1. Kalimantan 1 No. 2 Kampus Tegal Boto Jember 68121
Corresponding author : aixrose pee@yahoo.co.id

Abstract

Flavonoid is a group of polyphenolic compounds that widely found in fruits and
vegetables. Based on early research, some flavonoid had higher antioxidant effect than the
others. Those were kaempferol, galangin, quercetin, robinetin, fisetin, kaempferide, 3-
hydroxy-flavone, morin, naringin, coumestrol and daidzein. In some studies, antioxidant
drugs are able to act as anticancer drugs by inhibiting reactive oxygen species (ROS) in
cancer cells.

Molecular docking of some flavonoid compound against DNA-methyltransferase
receptor using Molegro Virtual Docker (MVD) has been done to compare binding energy
with native ligand. The results showed that naringin had better bond with DNA-
methyltransferase receptor than other flavonoid compounds but not native ligand. Moldock
score was -157,031 and Rerank score was -109,658, means that the energy was lower and
binding was more stable. Naringin compounds performed hydrogen bonds with amino acids
Gln 301, Phe 18, Asp 16, Cys 76, Arg 165, Glu 119 and Glu 40 of DNA-methyl transferase
receptor.

Key words: flavonoid compounds, anticancer, DNA-methyl transferase, Molegro Virtual

Docker

1. INTRODUCTION
Flavonoids is a group of

antioxidant  activities are  generally
associated with reported pharmacological

polyphenolic compounds, can widely be
found in fruits and vegetables. Flavonoids
are a class of plant secondary metabolites.
Numerous positive health effects of
flavonoids have been described. They have
been reported to exhibited anticancer,
antiviral, antiinflammatory effects and to
reduce the risk of cardiovascular diseases
[1,2].

Flavonoids are most commonly
known of their antioxidant activity in vitro.
At high experimental concentrations that
would not exist in vivo, the antioxidant
abilities of flavonoids in vitro may be
stronger than those of ascorbic acid and
alpha tocopherol, depending on
concentrations tested [3]. These

effect.

The number of  flavonoid
derivatives is more than 4000 and their
antioxidant properties are very different.
Antioxidant and antiradical activities of
some flavonoids have been reported. Some
flavonoid had higher antioxidant effect
than the others. Those were kaempferol,
galangin, quercetin, robinetin, fisetin,
kaempferide, 3-hydroxy-flavone, morin,
naringin, coumestrol and daidzein [4].
These antioxidant activities associated
with anticancer mechanism by inhibiting
reactive oxygen species (ROS) in cancer
cells.

The DNA methyltransferase (DNA
MTase) is a type of transferase enzyme
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that transfer of a methyl group to DNA.
DNA methylation serves a wide variety of
biological functions. DNA
methyltransferase use a reactive methyl
group bound to sulfur in S-adenosyl
methionine (SAM) as the methyl donor.
DNA methylation may also be linked to
cancer development, as a methylation of
tumor  supressor ~ genes  promotes
tumorigenesis and metastasis [5].
Computational Biology and
bioinformatics have the potential not only
of speeding up the drug discovery process
thus reducing the costs, but also of
changing the way drugs are designed.
Rational Drug Design (RDD) helps to
facilitate and speedup the drug designing
process, which involves variety of
methods to identify novel compounds. One
such method is the docking of the drug
molecule with the receptor (target).
Docking is a method which predicts the
preferred orientation of one molecule
(ligand) to a protein receptor when bound
to each other to form a stable complex.
The focus of molecular docking is to
computationally simulate the molecular
regognition process. The aim of molecular
docking 1is to achieve an optimized
conformation for both the protein and
ligand and relative orientation between
protein and ligand such that the free
energy of the overall system is minimized

[6].
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According to the above review, to
estimate the most stable binding between
flavonoids compound and DNA MTase
receptor that associated with anticancer
activity, molecular docking approach can
be done.

2. METHODOLOGY

DNA Metyltransferase (DNA MTase)
catalityc structural analysis

The 3D structures of DNA
Methyltransferase (PDBID: 1THMY) with
S-adenosyl methionine (SAM) was
obtained from protein data bank
(www.pdb.org). The ligand binding
domain of DNA Methyltransferase consist
of 327 residues with 15 a-helices and 16
strands -sheet.

Flavonoid compounds and antioxidant
activity

Based on early research, some
flavonoid had higher antioxidant effect
than the others. Those were kaempferol,
galangin, quercetin, robinetin, fisetin,
kaempferide, 3-hydroxy-flavone, morin,
naringin, coumestrol and daidzein. The
antioxidant activity data of 11 flavonoids
has been taken from reference [4]. Their
antioxidant  activities  have  been
characterized by the ability to inhibit heat-
induced oxydation in B-carotene linoleic
acid-model-system-carotene-linoleic  [4].
Structures of flavonoids and antioxidant
acitivity values are shown in Table 1.

Table 1. Structures and antioxidant activity of tested flavonoids
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Compounds R1 R2 R3 R4 R5 R6 R7 R8 [Antioxidant
activity (%)
Kaempferol (A) OH OH OH H H H OH H 65,3
Galangin (A) OH OH OH H H H H H 64,9
Quercetin (A) OH OH OH H H OH OH H 63,6
Robinetin (A) OH H OH H H OH OH OH 61,7
Fisetin (A) OH H OH H H OH OH H 61,6
Kaempferide (A) OH OH OH H H H OMe H 60,0
3-hydroxy-flavone (A) OH H H H H H H H 59,4
Morin (A) OH OH OH H OH H OH H 63,5
Naringin (B) H OH 0O-Neo H OH - - - 474
hesperidin
Coumestrol (C) H OH OH - - - 38,7
Daidzein (D) H OH OH - - 32,9

The 2D and 3D structures were
represented using ChemBioDraw Ultra
11.0 and ChemBio3D Ultra 11.0 (trial
version). Those software used to draw 2D,

3D structure  and
physicochemical properties.

analyze

Molecular Docking

of

Molegro Virtual Docker (MVD) 5.0

(www.molegro.com) 1S a

docking

programme, used to investigate the best

ligand binding affinity with DNA MTase
using a grid parameter file [6]. MVD is an
integrated platform for predicting protein -
ligand interactions. MVD handles all
aspects of the docking process from
preparation  of the molecules to
determination of the potential binding sites
of the target protein, and prediction of the
binding modes of the ligands. The

identification of ligand binding modes is
done by iteratively evaluating a number of
candidate solutions (ligand conformations)
and estimating the energy of their
interactions with the macromolecule. The
highest scoring solutions are returned for
further analysis.

MVD requires a three-dimensional
structure of both protein and ligand
(usually derived from  X-ray/NMR
experiments or homology modeling).
MVD supports the following file formats,
Protein Data Bank (pdb), Sybyl Mol2
(mol2) and MDL (sdf/mol/mdl). Potential
binding sites (cavities or active sites) can
be identified using the built-in cavity
detection algorithm. MVD performs
flexible ligand docking, so the optimal
geometry of the ligand will be determined
during the docking.

Docking parameter that used to find best binding affinity among flavonoid molecules,

Score

Grid resolution

Algorithm

Number of run algorithm

Max iterations

Max population size

Energy treshold pose generation

: MolDock Score [GRID]
10,30 A

: MolDock SE

: 10
: 1500
: 50
: 100
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3. RESULTS AND DISCUSSION

Among all the structural hits

obtained from the PDB, 1HMY i.e DNA
Methyltransferase (DNA MTase) with S-
adenosylmethionin (SAM) was taken as a
role model for the generation of the best
inhibitor of cancer development.
Native ligand extracted and put in active
site for binding to determine of ligand
ability to reproduce of inhibitor orientation
and position where was observed in cavity
of crystal structure. Ligand energy has
been minimized with MM2, put again in
cavity (volume 217.6) and performed
docking with receptor. The results
included MolDockScore Rerank Score and
HBond  parameters as functions
assessments. MolDockScore shows energy
that used during docking process.

We have been analyzed active side
residues of DNA MTase through
molecules visualization, and obtained
SAM that was supported eight hydrogen

SIS Sy .
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bonding interactions with Tyr 285, Gly 23,
Gly 78, Leu 21, Ser 305, Glu 40, Trp 41
and Ile 61.

Cavity with volume of 217.6 in this
study was used as place of flavonoid
compounds as ligand in docking process.
Flavonoid compunds that have been drawn
and energy minimized by MM?2, saved in
Sybil2 (mol2) file. Finally docking
procedure of flavonoid compunds was
used as same as with native ligand. Based
on analysis of docking of flavonoids with
DNA MTase 1HMY receptors (see Table
2), it was found that naringin compound
has docking energy lower than that of
other flavonoid compounds, but not lower
than native ligand where stability and
harmonization in DNAMTase receptor
binding compared with other flavonoid
compounds. Energy in docking process
connect with ligand binding affinity of
receptor.

Table 2. Docking result of flavonoid compounds with DNA Methyltransferase (1IHMY)

Flavonoid Compound MolDock Score Rerank Score HBond

Native Ligand -157,906 -131,934 -14,1278
Kaempferol -123,548 -99,0448 -4,65066
Galangin -103,300 -53,1705 -9,36522
Quercetin -111,735 -80,8936 -11,9046
Robinetin -122,348 -109,913 -13,1239
Fisetin -114,754 -98,0172 -9,09377
Kaempferide -112,95 -99,3147 -3,32405
3-hydroxyflavone -97,6971 -84,7012 -1,77837
Morin -121,537 -104,846 -8,42676
Naringin -157,031 -109,658 -8,21617
Coumestrol -123,571 -99,0955 -4,65014
Daidzein -119,48 -100,43 -4,34122

Based on docking results, hydrogen
bonding, hydrophobicity and electrostatic
properties above can be concluded that
naringin has stable binding affinity better
than other flavonoids, but if compared

with native ligand of 1HMY receptor,
naringin stability is not better. This shows
that anticancer activity of naringin has the
largest contribution of other flavonoid
compounds.
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(a)

(b)

Figure 1. HBond interaction of DNA MTase receptor with SAM (a) dan Naringin (b)

Based on hydrogen bonding
interactions native ligand SAM with
receptor shows interaction of eight
hydrogen bonds with Tyr 285, Gly 23, Gly
78, Leu 21, Ser 305, Glu 40, Trp 41 and
Ile 61. While on naringin, this interaction

(a)

(a) SAM

Figure 2 shows hydrophobicity
surface of protein (residue), where blue
color in surface shows hydrophobic
residue and red color indicates hydrophilic
residue. Ligand binding should have
similar properties with residue. SAM
ligand binding shows hydrophilic groups

is supported by seven hydrogen bonds
with residues : Cys 76, Asp 16, Glu 119,
Glu 40, Arg 165, Phe 18 and GIn 30.
Hydrogen bonds with residues was high so
influence stability bonds between receptor
with SAM.

(b)
Figure 2. Hydrophobicity visualization of DNA MTase complexed with ligand

(b) Naringin

that bound hydrophilic surface, and there
are some hydrophobic groups that bound
in hydrophilic surface. In contrast to with
naringin, which only a small groups
corresponding to hydrophobicity. This
suitability — give stability interaction
between receptor with ligand.

149



INTERNATIONAL CONFERENCE ON HALAL SCIENCE & TECHNOLOGY 2012
DENPASAR, BALI INDONESIA JULY 4-6, 2012

ST Sy N N
S \ Unnrrsm #
| & KCEBANGEAAN
. U Macwsin

(a) (b)

Figure 3. Electrostatic visualization of DNA Mtae complexed with ligands

(a) SAM  (b) Naringin

Figure 3 shows electrostatic surface
that was associated with partial charge of
protein  (residue), where blue color
indicates positive partial charge residue so

If they analyzed both of them where have
electrostatic interactions not good, because
in both of groups have negative partial
charge residue on negative partial surface

so that the interaction did not contribute to
stability of ligand and receptor.

that presence of negative partial charge of
ligand will lead to partial stability of
ligand and receptor binding and vice versa.

Table 3. Molecular physicochemical properties of SAM and flavonoid compounds

Compound Log P ClogP MR CMR
Native Ligand - -5,50603 - 10,0026
Kaempferol 0,74 2,09989 74,7 7,2866
Galangin 1,13 2,76403 72,88 7,1335
Quercetin 0,35 1,50375 76,51 7,4397
Robinetin 0,35 0,57751 76,51 7,4397
Fisetin 0,74 1,24365 74,7 7,2866
Kaempferide 0,74 2,09989 74,7 7,2866
3-hydroxyflavone 1,91 3,043 69,26 6,8273
Morin 0,35 1,13375 76,51 7,4397
Naringin -1,1 -0,0905768 | 137,52 13,6506
Coumestrol 2,05 3,13683 69,3 7,0591
Daidzein 2,13 2,0753 69,93 6,9804

4. CONCLUSION
The main aim of molecular
docking studies on DNA
Methyltransferase (DNA MTase) receptor
flavonoid, but has higher mean
docked energy when compared with native
ligand. The result shows that naringin has
good inhibiting affinity compared to other

and flavonoid compounds selects active
inhibitor for cancer. Docking result
illustrated naringin has less mean docked
energy when compared to other test
flavonoid compounds. With application of
bioinformatics tools we conclude that
naringin compound has the best of binding
affinity than other flavonoid compounds
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which has higher activity of antioxidant.
Thus compound can be designed by
approved drug design methods to produce
naringin derivates that has higher activity
than other flavonoids.

1.
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