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Neuraminidase (NA) plays an important role in replication and the release of a new avian influenza virion. In
consequence, NA has been considered as a valid target in drug design against influenza virus. The aim of this
study was to identify the new neuraminidase inhibitors using molecular docking simulation based on virtual
screening from natural products compounds. The X-ray crystal structure of neuraminidase type N1 (PDB id:
3B7E) and N1 mutant (PDB id: 3NNS) using Autodock 4.2 program. Zanamivir was used as the control ligand
and docked against neuraminidase type N1, further plotted between log 1Csy value experiments of sialic acid
derivatives compound versus log of K; value of molecular docking. Molecular docking simulation was performed
on 113 herb compounds along with zanamivir and oseltamivir as the control ligands. The result showed that the
best interaction against of neuraminidase N1 and N1 mutant from herbs compound is katsumadain-A withfree
energy value -7,54 kcal/mol and -7,46 kkal/mol, respectively. Katsumadain-Aformed hydrogen bond with amino
acid residue Argl18 and Arg371 on neuraminidase and neuraminidase N1 mutant Katsumadain-A was also
connected with Arg118 through hydrogen binding interaction. This in silico results also was proved by in vitro

MUNANA assay.

INTRODUCTION

Various types of the influenza virus have infected
nearly 20% of the world’s population (De Filette et al., 2005).
Based on the antigenic variation on nucleoprotein (NP) and
protein matrix, the influenza virus is divided into three types: A,
B, and C(Scholtissek, 1994). Type A is the most harmful
influenza virus and has become an epidemic and pandemic in
animals and humans. Type A influenza virus has 15 HA subtypes
and 9 NA subtypes. Some subtypes that have caused a worldwide
pandemic were H2N2 in 1957, H1IN1 in 1918, also known as
Spanish flu and H3N2 in 1968(Fanning et al., 2002; Ma et al.,
2008). Prevention and cure of influenza virus infection
can be carried out by inhibiting or terminating the functions of
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glicoproteinhemaglutinin (HA) and neuraminidase (NA)(Stoll et
al., 2003). The amino acid composition in the active side of HA is
easily changed or prone to mutation, while the amino acid
composition in the active side of NA is relatively unchanged or not
prone to mutation. This stability of the active side of NA is the
determinant factor in the activity of those viruses in infecting other
cells, because it is able to break the sialic acid bond with virus cell
wall upon completion of virus synthesis. This piqued attracts the
researchers to formulate an anti-influenza drug that can function as
a NA inhibitor(von Itzstein et al., 1996). The failure of enzyme
protein NA function causes new viruses to remain bonded with
sialic acid, thus other viruses are constrained from infecting other
cells.

It causes the body’s immune system to recognize the virus
and destroy it (Russell et al., 2006). This physiological function of
NA is inhabitable by a sialic acid analog inhibitor(Xu et al., 2008).
According to previous research,osetamivir is obtained from a
synthetic process between aquinic acid natural products compound
and active shikimic acid on NA in influenza virus types A and B.

© 2015 Muchtaridi Muchtaridi et al. This is an open access article distributed under the terms of the Creative Commons Attribution License -NonCommercial-

ShareAlikeUnported License (http://creativecommons.org/licenses/by-nc-sa/3.0/).
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However, the rise of NA resistance cases causes a decline
in NA-inhibiting drugs, for example in NA type N1 that mutates
thereby resulting in a resistance to oseltamivir (Collins et al.,
2008). Therefore, it is necessary to find a new NA-inhibiting
compound that responds well to both unmutated and mutated NAs.

Natural products plants contain many biosynthetic
compounds with a high variety of chemical compounds to help
find a new NA-inhibitor. In general, the compounds from these
natural products plants are highly flexible to protein targets, hence
the resistance is kept to a minimum(Grienke et al., 2012).

The potential for antivirus activities from natural
products compounds is very promising, but their high variety will
prolong the search for drug candidates and increase the cost. To
avoid the matters, the search for NA-inhibiting drugs from natural
products compounds based on the research conducted by Grienke
(2012) is carried out by using virtual screening method assisted by
computerized modeling. Molecular docking simulation is one of
the computerized modelling methods that is able to efficiently
predict non-covalent macromolecules: a large molecule (receptor)
and a small molecule (ligand) (Yanuar, 2012). The molecular
docking principle, which is the placement of ligand in the active
side of receptors, is supplemented by evaluation of molecules
based on matching form and traits(Kroemer, 2003).

METHODS

The 3D-chemical structures of the compounds were built
using Hyperchem 7.0 (Ref) and energy minimization using MM+,
Subsequently, the compound conformations were generated using
the Discovery Studio 2.5 with CATALYST best conformation
module. CHARMM forced field was adopted for energy
optimization. The generated compounds which had higher than 20
kcal/mol as compared to the global minimum for conformation |
minimum were rejected. The maximum number of conformations
was set to 255 (Li et al., 2000). The neuraminidase protein of
subtype N1 binding with zanamivir and oseltamivir complex (PDB
code : 3B7E (Xu et al., 2008) and 3NNS (Li et al., 2010)) were
used as the target. Molecular docking simulations were performed
with AutoDock 4.2 (Morris et al., 2009). The AutoDockTools
(ADT) script was used to convert the ligand PDB to the pdbq
format by adding Gasteiger charges, checking polar hydrogens and
assigning ligand flexibility. In addition, the ADT was also
performed to prepare the protein targets for the simulations. Using
ADT interface, the Kollman charges were added for the
macromolecule and a grid box of 60 x 60 x 60 points, with a
spacing of 0.375 A, centered on the binding site for the co-
crystallized ligand (x=-29,793; y=12,515; and z=-21,927 for 3B7E
and x=32,563; y=14,201; and z=19,027 for 3NNS) was setup for
AutoGrid and AutoDock calculations.

MUNANA Assay

Catechin, epicatechin, gallocatechin, and gallic acid were
utilized in assay as neuraminidase inhibitors that purchased from
Sigma-Aldrich St. Louis, USA. The assays were carried out on the

bacterial neuraminidase. Neuraminidase from bacteria Clostridium
perfingens (Sigma®) were diluted in 2-(N-morpholino)
ethanesulfonic acid (MES) buffer (Sigma®) followed by dilution
of the substrate MUNANA (Sigma®), and the inhibitors. Due to
solubility problems, all the compounds were diluted in 2.5%
DMSO (Merck®). NA activity towards inhibitors was measured
via fluorogenic substrate, MUNANA (2’2-(4-Methylumbelliferyl)-
a-D-N-acetylneuraminic acid sodium salt hydrate) excitation at
365 nm and fluorescence emission at 450(Hurt, 2007). The data
results was analysed by GraphPad Prism 5.0.

RESULTS AND DISCUSSION

Receptor structure of neuraminidase enzyme used in the
research was obtained from Protein Data Bank (PDB), with the
code PDB 3B7E(Xu et al., 2008) for type N1 neuraminidase
enzyme and 3NSS for its mutant counterpart. The completeness of
amino acid conserved was further examined of amino acid in
neuraminidase enzyme structure by using Discovery Studio 2.5
Client software. The choosing of neuraminidase structure is
preferred towards neuraminidase of A-H1N1 influenza virus and
contains less missing amino acids, especially the amino acid in its
active side. Neuraminidase has an active side in amino acids
Argl18, Argl18, Arg292, Arg 371, Glu227, Glul19, Trpl78,
11222, Argl52, Ala246, Arg224, and Glu276 (von ltzstein, 2007).
Amino acid residues in this active side tend to have positive and
polar charge, thereby preferring negative-charged ligand
residues(Xu et al., 2008). Wild-type N1 neuraminidase is isolated
from HIN1 virus that caused the 1918 influenza(Xu et al., 2008).
The chosen N1 neuraminidase mutant (PDB 3NSS) is a
neuraminidase isolated from the HIN1 virus that caused the 2009
influenza virus pandemic (HIN1/09). This influenza virus mutates
in amino acid number 149. It means that there is a change from
amino acid Val149 to lle149(Li et al., 2010).

The Autodock 4.2 software was capable of pointing out
the amino acid coordinate in the active side of neuraminidase, as
well as in the molecular docking simulation phase Therefore, the
central coordinate of grid box could be determined. Grid box had
to be able to cover all amino acid of the active side of
neuraminidase. In neuraminidase code PDB 3B7E, zanamivir
ligand was crystallized in the active side of neuraminidase in
coordinate x=-29,793; y=12,515; and z=-21,927, while in
neuraminidase code PDB 3NSS, acetate ion ligand is crystallized
in the active side of neuraminidase in coordinate x=32,563;
y=14,201; dan z=19,027.

After determining the central coordinate of the grid box,
the water molecule in neuraminidase enzyme was removed by
using Discover Studio 2.5 Client software. Generally, the protein
from the result of X-ray crystallography contains water, both as a
dissolver and interacting water in the ligand—receptor bond(Morris
et al., 2009). In the molecular docking simulation method, the
water molecules was not used, thus it is removed from
neuraminidase enzyme file. The protein from the result of X-ray
crystallography did not include hydrogen atom or partial load
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(Morris et al., 1998). At this point, to carry out the molecular
docking simulation, it was necessary to add polar hydrogen atom
and Kollman load using Autodock 4.2 software(Morris and Lim-
Wilby, 2008). This hydrogen atom addition was essential in the
interaction between ligand and a receptor. The considered
hydrogen atom had a polar trait, because this atom was involved in
a hydrogen bond (Morris et al., 2008). The .pdb file format of
neuraminidase enzyme was further converted into pdbqt using the
Autodock 4.2 software(Morris et al., 2009).

Ligand Preparation

The natural products compound used in the research
consisted of kumarin, coumestan, diarylheptanoid, flavonoid,
stilbenes, sesquiterpen, and phenylpropanoid derivatives(Grienke
et al., 2009). The structure of that natural product compounds
molecule were drawn using ChemDraw Ultra 8.0 which is then
saved as a ‘mol’ file thus it could be opened in other software
without converting it into other formats. In the molecule modeling
process, geometry optimization was carried out. This geometry
optimization caused molecules to have a lower energy than a
system and the geometry structure of compounds to have a low
model structure total energy. In addition, it was expected to mirror
the real-life counterpart, such as the condition of human body by
producing a more stable conformation.

Validation of Molecular Docking Simulation Methods
Validation software used was carried out by calculating
the value of Root Mean Square Deviation (RMSD) from the result
of zanamivirmodel ligand docked against zanamivir ligand co-
crystallized with neuraminidase type N1 receptor and comparing
the value of log ICs, of sialic acid compound derivation that
functions as neuraminidase inhibitor type N1 with the value of K;
from the result of molecular docking simulation. The crystallized
ligand compound was re-docked with the active side of
neuraminidase type N1. Afterwards, the free energy (AG) was
scored and the interaction with amino acid residue is examined.

Re-docking of Co-crystallized Ligand with Neuraminidase N1
and N1 Mutant Bond Pocket

In the re-docking process of zanamivir ligand and acetic
ion against neuraminidase N1 and N1 mutant receptor bond
pocket, the parameter used was the default grid size, which is 40 x
40 x 40, with the spacing of 0.375 A. The amount of runs was 100.
The central position of grid box was in the coordinate x=-29,793;
y=12,515; z=-21,927 inneuraminidase N1 dan x=32,563;
y=14,201; z=19,027 in neuraminidase N1 mutant. Following the
re-docking process, the zanamivir ligand and acetic ion with the
best conformation that produce the smallest free energy value were
isolated. The co-crystallized zanamivir and
redockedzanamivirwere overlaid using DS 2.5 Client software,
and an RMSD value of 0.528 A was obtained. Another overlaying
of crystallized acetic ion from the redockingwas carried outas an
RMSD value of 0.137 A was obtained. The RMSD value from the
crystallized ligand overlay and ligand value from the re-docking

were less than 2 A. In this regards,it could be concluded that the
use of molecular docking simulation method and Autodock 4.2
software might be satisfactorily valid (Kontoyianni et al., 2004).
Based on the acetic ion re-docking result, the ligand was able to
bond with amino acid residues Glu276, Glu277, Arg292, Tyr406
and Asn294, and had one hydrogen bond with Glu276(Stoll et al.,
2003).

In crystallized acetic ion, the interaction occurred only
with amino acid residues Glu276, Glu277, Arg292, and Tyr406
and had the same hydrogen bond with Glu276. Zanamivir ligand
re-dockedagainst the active side of neuraminidase had a free
energy of -9.04 kcal/mol and K; of 234.75 nM. It also had seven
hydrogen bonds with amino acid residues Argll8, Argl52,
Arg292, Arg371, Trpl78, Aspl51, and Glu276. Moreover, re-
docked zanamivir did not bond with only three amino acid
residues, Arg224, Glu227, and Ser246. The interaction between
co-crystallized zanamivir ligand interaction and
redockedzanamiviragainst the active side of neuraminidase was

shown in Figure 1.
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Re-docking result showed that some essential amino acid
residues were able to interact with neuraminidase receptor in the
predetermined grid dimension. Zanamivirwas able to bond with
important amino acids were Argl18, Arg292, Arg371, Argl56,
Argl152, Glul19, Glu276, Glu277, Aspl51. In particular, Tyr406
became the benchmark in determining the appropriate grid
dimension and the central coordinate of the grid box for further
docking simulations on some natural products compounds.

Comparing the Values of 1Cs, and Ki based on Molecular
Docking Simulation

This method was carried out to test the validity of a
program and used for virtual screening. The parameter for
comparing the values of log ICs and log Ki was correlation
coefficient value. Correlation coefficient value (r’) was a value
applied to measure the strength of linear bond between two
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variables. The closer correlation coefficient value wasthe better
regression model will appear.Therefore, the program and method
used for this molecular docking simulation was satisfactorily valid.

Regarding to a literary review, the activity data (ICs;) as
a result of in vitro experiment of eleven sialic acid derivative
compounds on neuraminidase type N1 as was retrieved from
www.bindingdb.org(Liu et al., 2007; Chen et al., 2002). This sialic
acid derivative compoundswas chosen, since sialic acid is the
natural ligand of neuraminidase and functions as neuraminidase
inhibitor as shown in Tablel.

Table 1: Alkyls substitution in Sialic Acid Derivative Compounds.
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This sialic acid derivativeswere used for validation
method process and Autodock 4.2 software by plotting the values
of ICsy and Ki obtained from molecular docking simulation result.
The sialic acid derivative compound log ICs, data was plotted with
the value of log K; obtained from the molecular docking

simulation result, thus linearity curve is obtained as shown in
Table 2 and Fig. 2.

Log IC50
-
(8)]

y = 0.6545x + 0.9496
R?=0.8618

0 0.5 1 15 2 25 3
Log Ki
Fig. 2: Plot graph of ICs, experiment (literature) of sialic acid derivative
compound versus log Kj.based on molecular docking simulation result.

Table 2: Correlation of ICso experiment versus Ki of molecular docking
results.

Ki (Docking) 1Cso(experiment)

No M) ) Log K; Log ICso
1 63.77 200 1.804 2.301
2 29.32 130 1.467 2.113
3 203.37 100 2.308 2
4 94.29 225 1.974 2.352
5 262.11 450 2.418 2.653
6 37.49 100 1.573 2
7 525 25 0.720 1.397
8 5.34 26 0.727 1.414
9 4.74 22 0.675 1.342
10 34 15 0.531 1.176
11 8.64 40 0.936 1.602

Based on the linear equation result obtained, the correlation
coefficient value (r?) was 0.861 It means that 86.1% of the value of
Ki from the docking result had a linear correlation and parallel
with the value of ICs, from the in vitro experiment. From this
result, it can be summarized that the Autodock 4.2 software and
the molecular docking simulation method was satisfactorily valid.

Result of Molecular Docking Simulation of Natural products
Compounds on Neuraminidase N1 and N1 Mutant

In this study, molecular docking simulation was
examined insome natural product compounds on neuraminidase
N1 and N1 mutant. The natural products compound used in this
molecular docking simulation was a natural product compounds
that has been tested in vitro and has a good activity as influenza
virus neuraminidase inhibitor (Grienke et al., 2012). Details on
each natural products compound was shown in Supplementary
Table 1. Besides natural products compounds, molecular docking
simulation wasalso examined inoseltamivir and zanamivir— used
as the control, since both compounds have been used as anti-
influenza drugs. In the natural products compound molecular
docking process against neuraminidase N1 and N1 mutant, the
parameter used was the default grid size, which is 40 x 40 x 40
point, with the spacing of 0,375 A. This size was able to include
every essential amino acid residues. The amount of runs was 100.
The coordinate for the central position in the grid box is
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x=29,793; y=12,515; dan z=-21,927 for N1 and x=32,563;
y=14,201; dan z=19,027 for N1 mutant. This docking simulation
used the Lamarckian Genetic Algorithm (LGA) search method
with evaluation energy up to 250.000(Morris et al., 1998). In the
docking process, the receptor was set as a rigid while the ligand
was set in a flexible state, thus it can move and rotate freely. The
molecular docking simulation was carried out in order to find a
precise bond conformation between a ligand and a receptor. This
process was aimed at screening some natural product compound
candidates; hence a compound with the best affinity that could
bond with its receptor’s active side was obtained. The PyRx
software was employed for virtual screening.

Interpretation Result and Data Analysis

The parameters that could be analyzed from the ligand-
protein interaction include free energy bond (AG), inhibition
constant (Ki) and hydrogen bond. The chosen protein-ligand
complex was the one with the smallest bond energy value and
inhibition constant. It was further compared with neuraminidase
inhibitor standard, which werezanamivir and oseltamivir.

The value of bond free energy showed the bond strength
of ligand and receptor. There was a connection between the values
of bond free energy with inhibitor constant (Ki) which value
corresponds with thermodynamic equation(Morris and Lim-Wilby,
2008; Kroemer, 2003).

AG’=-RTIn Ky

_ il [EI]
Ka= K™= 100

Some natural product compounds used in the research
were 117 compounds isolated from various plants. Data analysis
was carried out in the first-rank molecular docking simulation
result in its population with the grid dimension 40 x 40 x 40 point
and the spacing of 0,375 A. Based on this molecular docking
simulation result, the natural products compound that has a lower
free energy value was katsumadain A (9), both in neuraminidase
type N1 and N1 mutant, consecutively —7.54 kcal/mol and -7.46
kcal/mol.

The negative sign in the free energy value shows the
possibility of a spontaneous interaction between a ligand and a
receptor (Morris et al., 2008). This result showed the strongest
bond on neuraminidase as compared to other natural products
compounds. Katsumadain A had an inhibition constant of 2.98 uM
on neuraminidase N1 and 3.38 UM on neuraminidase N1 mutant.
Inhibition constant (Ki) shows the concentration that is required by
the ligand in inhibiting macromolecules (protein) (Morris et al.,
1998). The smaller value of Ki is the better result due to the
smaller ligand concentration was required to inhibit the spread of
newly-formed influenza viruses.

Katsumadain A is a compound of diarylheptanoid class
which is isolated from the plant Alpinia kasumadai Hayata
(Grienke et al., 2012). Generally, diarylheptanoid-class compound
has two phenyl groups that are connected with seven carbons.
Other Alpinia katsumadai Hayata-isolated diarylheptanoid
compounds include (3S)-1,7-diphenyl-(6E)-6-hepten-3-ol  (5),

(E,E)-5-hydroxy-1,7-diphenyl-4,6 heptadien3-one (7), (3S,5S)-
trans-3,5-dihydroxy-1,7-diphenyl1-heptene (6), and alnustone (8).
They have free energy values of over —7 kcal/mol in both
neuraminidase N1 and N1 mutant. This means that a poor affinity
is in contrast tokatsumadain A. As shown in Figure 3, katsumadain
A carbonyl group accepts hydrogen atom from Argll8 amino
group with a distance of 2.306 A. The hydrogen bond in between
katsumadain A and neuraminidase N1 also occurs in amino acid
residue Arg371 with a distance of 1.680 A.

TYR4

LU119 QY- - oz
ARG118

A\§P1 51 o

Fig. 3: Molecule interaction between katsumadain A and neuraminidase types
N1 (a) and N1 mutant (b). Ligand is depicted in green. Hydrogen bond is
depicted in red dashes. Amino acid residue is depicted in cyan in which
showing hydrophobic interaction. Pi-cation interaction is depicted in orange.

In neuraminidase N1 mutant, katsumadain A had only a
single hydrogen bond with Arg118, with a distance of 1.822 A.
Hydrogen bond could affect the chemical-physical properties of
compounds, such as boiling point, melting point, water-solubility,
the formation of chelates and acidity. The more hydrogen bonds
were formed, the stronger complex stability between proteins and
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ligand are. This change of properties affects the biological
activities of a compound. However, interaction katsumadain A-N1
was stabilized by pi-pi cation interaction between ring aromatic of
katsumadain A and the both amino acid residue of Arg 118 and
Arg 152. The interaction between katsumadain A and
neuraminidase types N1 and N1 mutant could be seen in Figure 3.

In comparison with oseltamivir (116) and zanamivir
(117) standards, katsumadain A had a larger free energy value on
neuraminidase type N1. This result showed a better affinity on
oseltamivir and zanamivir standards to bond with neuraminidase
type N1 as compared with katsumadain A.

In neuraminidase type N1 mutant, katsumadain A has a
higher free energy value in comparison to zanamivir with only —
7.43 kcal/mol and oseltamivir with-7.37 kcal/mol. This showed
that katsumadain A has a better affinity to bond with
neuraminidase type N1 mutant than zanamivir and oseltamivir.
Katsumadain A was able to form ligand-enzyme complex in a
more stable conformation than standard drugs (zanamivir and
oseltamivir) and to better inhibit neuraminidase N1 mutant
enzyme.

Zanamivir and oseltamivir have a more larger free energy
value on neuraminidase N1 mutant than N1 mutant; hence it is less
capable of inhibiting neuraminidase as compared to neuraminidase
N1. The interaction between hydrogen bonded with katsumadain
A, zanamivir, and oseltamivir, and other best natural products
compounds with neuraminidase types N1 and N1 mutant could be
seen in Table S1 (Supplementary File).

In addition to katsumadain A, two other natural products
compounds that had the lowest free energy value are 1-(5-
hydroxy-2,2-dimethyl-2H-1-benzopyran-6-yl)-2-phenyl-ethanone
(103) andliquiritin (38), with free energy values of —7.36 kcal/mol
and -7.23 kcal/mol, consecutively, on neuraminidase type N1.
(103) is a flavonoid-derived compound that has the best affinity to
bond with neuraminidase N1 while (38) is a flavonon-group
compound isolated from the plant Glycyrrhiza uralensis
Fisch(Grienke et al., 2012).

Based on Figure 4, compound no. 103 had two hydrogen

bonded with amino acids Arg152 and Arg292, while in (38), it had
six hydrogen bonded with amino acid residues Argl52, Argl56,
Arg292, Asn347, Arg371, and Tyr406.
In neuraminidase type N1 mutant, two natural products
compounds with the lowest free energy value following
katsumadain A are chlorogenicacid (117) and ferulic acid (115)
that obtained free energy values of —7.37 kcal/mol and -7.31
kcal/mol, consecutively.

Chlorogenic acid ispresent in many plants. This
compound is found in fruits and seeds of plants and is also widely
distributed as conjugates including many foods and beverages
(Clifford, 2003). Currently, this compound significantly enhances
the inhibitory effect on NA but less than oseltamivir(Yang et al.,
2011), even it is one of the neuraminidase inhibitory components
in sweet potato against influenza virus which was patented by Koji
et al.(Koji et al., 2011). Ferulic acid had five hydrogens bonded
with amino acids: Argl118, Argl152, Arg292, Arg371, Tyr406 and

Arg 371 as shown in Table 3. To be specific, the amino acids
were on the active side of neuraminidase N1 mutant.

R2

o }\1\
ARG118
19 LU

g

/ i
= "C‘::_-, .‘,_./ =
~ARG224 b
\ r,
\ = |
ASpi51 ARG152) \\t o
Loop 15 \ be
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Fig. 4: Molecule interaction between 1-(5-hydroxy-2.2-dimethyl-2H-1-
benzopyran-6-yl)-2-phenyl-ethanone (103) (a) andliquiritin (38) (b) with
neuraminidase type N1. Ligand is depicted in green. Hydrogen bond is
depicted in red dashes. Amino acid residue is depicted in cyan in
whichshowing hydrophobic interaction. Pi-cation interaction is depicted in
orange.

Table 3: Neuraminidase amino acid residues that form hydrogen bonded with
potential natural products compounds and neuraminidase inhibitor standard.

Ligand  Amino acid residue

NA N1 NA N1 mutant
(9) Argl118. Arg371 Argl18
17 Glul19, Arg 152, Tyr 406 Glul19, Arg 152, Tyr 406

(38) Argl52. Argl56. Arg292.
Asn347. Arg371. Tyr406

(103) Arg118. Arg371. Glu119

(79) Arg292. Asn347. Arg371

(115) Argl18. Argl52. Arg292.
Arg371. Tyr406

(116) Argl18. Argl52. Arg292.
Arg371. Trpl78. Aspl51.
Glu276

(117) Argl18. Argl52. Arg292.
Arg371. Aspl51. Glul1l9

Argl152. Argl56. Ser179.
Arg292. Arg371. Tyr406

Arg118. Arg371. Glu119

Asn221

Argl18. Argl52. Arg292.
Arg371. Tyr406

Argl18. Argl52. Arg292.
Arg371. Tyrd06

Argl18. Argl52. Arg292.
Arg371. Aspl51. Glull9

Based on Table 6, the result of geometric optimization
and QSAR calculation was obtained by using HyperChem 8.0.7
software. The partition coefficient (log P) of katsumadain A (9),
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liquiritin (38), 1-(5-hydroxy-2,2-dimethyl-2H-1-benzopyran-6-yl)-
2-phenyl-ethanone (103), catechin(17), chlorogenic acid (115)and
ferulic acid (117) are, consecutively, 3.18; -2.00; 1.03; -0.,56; -
0.60 and -0.63.

This means that katsumadain A is the most lipophilic
ligand as compared to other ligands with the better affinities.
There was a significant difference between the values of log P
katsumadain A with log P liquiritin. In the case of liquiritin, there
were five hydroxyl groups that caused the liquiritin to have a
higher polarity than katsumadain A that has no hydroxyl group. In
addition, four natural products compounds had log P value and
molecule mass that correspond with Lipinski’s Rules of Five,
which have the log P value of between -2to5 and molecule mass of
less than 500 Da as shown in Table S2(Lipinski et al., 2001).
There was a natural product compound which had a small enough
ICxq based on in vitro tests, but satisfactorily has a lower affinity
based on in silico tests by using molecular docking simulation
method.

An example of such natural product compound was
artocarpin (46). Based on in vitro tests, artocarpin has an ICs
value of 0.18 uM (Grienke et al., 2012).In contrast to the docking
result, it only had a free energy value of -5.83 kcal/mol; Ki of
53.22 UM on neuraminidase type N1, and -5.49 kcal/mol; 94.19
MM on neuraminidase N1 mutant.

Catechin natural product compound (17) has free energy
value of -5.69 on neuraminidase N1 and —5.64 on neuraminidase
N1 mutant. This free energy value is larger than the best natural
products compound—Kkatsumadain A. Catechin has been reported
to be present in some Garcinia sp such as G. kola (Ejele et al.,
2012) and G. penangiana (Lim, 2005) but have not been reported
in Garcinia celebica. Catechin has been evaluated as anti-
influenza by inhibiting influenza virus replication in cell culture
(Song et al., 2005; Song and Seong, 2013).

In addition, herbal tea consisted catechin have the
capability to halt influenza virus infection in elderly nursing home
residents (Yamada et al., 2006). Kuzuhara et al. (2009) explained
that catechin inhibited the endonuclease activity of influenza A
virus RNA polymerase, thus potential to be an anti-influenza A
drug (Kuzuhara et al., 2009). The mechanism of catechin as an
anti-influenza also corresponded to the antioxidant activity. The
study of anti-influenza virus activity of catechin against
neuraminidase has been discussed by Liu et al (2008); nevertheless
they did not conduct molecular docking studies of catechin against
NA.

Catechin favorably docked against neuraminidase. 2-
catechol (ring C) of catechin interacted well with the arginine triad
through hydrogen bond and pi-cation interactions. As shown in
Figure 5c, it appeared that the compound lost interaction with
hydrophobic pocket (lleu222, Arg224, and Ser246), but formed
hydrogen bond with Glu276. 3-OH of catechin formed hydrogen
bond with Trp178 (2.3 A). 3-OH in catechin linked to 3-gallocyl to
form epicatechingallate (ECG). Uchide and Toyoda (2011)
discussed that the activity of ECG as anti-influenza virus is
contributed mainly by 3-gallloyl moiety of this compound,

whereas the 5'-OH at the trihydroxybenzyl moiety at the 2-position
plays a minor role.

This molecular mechanism is related to the capability as
antioxidant that scavenge for superoxide anion and hydroxyl
radicals (Uchide and Toyoda, 2011). Catechin has an IC50 value
of more than 100 uM on neuraminidase N1, based on in vitro test
(Grienke et al., 2012).

Fig. 5: Molecule interaction between chlorogenic acid (117) (a) and
catechin(17) with neuraminidase N1 mutant. Ligand is depicted in green.
Hydrogen bond is depicted in red dashes. Amino acid residue is depicted in
cyanin which showing hydrophobic interaction. Pi-cation interaction is
depicted in orange.

In vitro Assay for Some Natural Compounds

Based on the results mention above, the some natural
compounds screened were assayed by MUNANA assay to prove
the in silico concept as mention above. Catechin, epicatechin,
galocatechin and gallic acid were tested against N1 of
neuraminidase (C. perpringens) as shown in Figure 6, the ICs,
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value of catechin was 93.92uM. Epicatechin (18), galocatechin
(19), and gallic acid (20) had137.1uM, 165.1 uM, and 205.7 uM,
respectively. It was higher than catechin which is in line with the
results of in silico methods that K;catechin (67.16 puM) has smaller
than epicatehcin (71.52 uM), galocatechin (80.87 uM) and gallic
acid (84.02uM) as shown in Fig. 6.

% ACTIVITY

0 1 2
Log conc. (Hg/mL)
=@ Catechin (IC57=93.92 uM) =#= Galocatechin (IC5;=165.1 uM)

<@~ Epicatechin (IC;;=137.1 uM) @ Gallic Acid (IC50=205.70 uM)

Fig. 6: Neuraminidase Activity of Catechin (pink). Epicatechin (green).
Galocatechin (blue).and Gallic Acid (purple).

CONCLUSION

In conclusion, the research on molecular docking
simulation was able to examine amino acid residue’s interaction
on the active side of neuraminidase enzyme types N1 and N1
mutant with a number of natural product compounds. The result of
the research showed that katsumadain A had the best affinity to
bond with neuraminidase types N1 and N1 mutant. This is based
on the lowest free energy value of -7.46 kcal/mol on
neuraminidase N1 mutant. Furthermore, katsumadain A has two
hydrogen bonds to the active side of neuraminidase N1, namely
amino acids Argl18 and Arg371. While on neuraminidase N1
mutant, it only has one hydrogen bond to Arg118.
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