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Abstract: Dengue virus (DENV) has spread throughout the world, especially mn tropical climates. Effective
treatment of DENV infection is not yet available although several candidate vaccines have been developed.
Treatment at this time 1s only to reduce symptoms and reduce the risk of death. Therefore, antiviral treatment
1s much needed. Envelope protein 1s one of the structural proteins of DENV which is known and could be a
target of antiviral intlubitors and plays a special role n the fusion process. The aim of this research is to screen
the commercial cyclic peptides which are used as inhibitors of envelope protein DENV through molecular
docking and molecular dynamics at 310 and 312 K. Screeming of commercial cyclic peptides through molecular
docking ligands obtained best 10 ligands then examined the interaction between hydrogen bonding and residue
contacts of the cavity envelope protein and obtaned best three ligands which could enter the cavity of
envelope protein overall. The three ligands were predicted through the ADME-Tox and the best ligand obtained
was BNP (7-32), porcine. The results of molecular dynamics simulations at 310 and 312 K revealed that ligand
can maintain interaction with the cavity of the target.
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INTRODUCTION

Dengue fever is caused by infection of Dengue virus
(DENV), which 1s one of the dangerous pathogens faced
in the world and can represent a global pandemic
(Tomlinson et al., 2009). The World Health Orgamzation
estimates that 100 million cases occur each year and as
many as 2.5 billion people or 40% of the world's
population are at risk of being infected with DENV
(Lee et al., 2007).

DENV is a virus of the genus Flavivirus, family
Flaviviridae and consisted of four serotype (Farias et al.,
2013). The four serotypes are DENV-1, DENV-2, DENV-3
and DENV-4. The classification is based on the type of
antibody produced in the human body after infection. All
four serotypes have the same morphology and genome
but show different antigens so that a person can be
infected with this virus more than once due to lack of
complete cross protection (Lindenbach et al, 2007).

DENV contains three structural proteins; they are
protein capsid (C), membrane proteins (prM) and the
envelope protein (E) (Samsa et al., 2009). The entry of
enveloped viruses into the host cell begins with the
attachment of the virus to the receptors followed by
fusion of wviral envelope with the cell membrane
(Teissier et al., 2011). Viral particles penetrated into the

cell by endocytosis and decreasing acidity in the
endosom which triggers conformational changes of DENV
envelope protein dimers into monomers, followed by
changes to homotrimer (Teissier et al., 2011; Kielian et af.,
2010). During the transition from dimer to trimer, residues
83-100 acts as a hinge region that allows the rotation and
movement of the protein E (Kielian et al., 2010). As a
result of these changes, "fusion peptide” mteract with the
target membrane, initiating the fusion process and led to
the incorporation of both host and viral cell bilayer
(Dubey et al, 2011; Yennamalli et al., 2009). Various
antiviral have been studied extensively and some that
have bheen reported include wviral RNA synthesis
inhibitors, protemn mhibitors of N33 helicase and protease
inhibitors that inhibit the maturation of DENV and
poliamoen moeneclonal antibody that prevents binding to
host cell receptors (Nable et al., 2010). Research on cyclic
peptides as antiviral disulfide DENV also has been done
(Tambunan and Alamudi, 2010). Some targets of antiviral
drugs 1s necessary to inhibit enzyme activity i the DENV
life cycle such as protease, helicase and RNA polymerase
(Sampath and Padmanabhan, 2009).

The method used in this experiment is molecular
docking, as a means to predict the formation of peptide
bonds between the inhibitor to be developed with the
DENV envelope protein cavity. Moreover, molecular
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dynamics were performed to examine the interaction
between proteins and cyclic peptides temperature and
time. Previous research has shown that the design of the
cyclic peptides as inhibitors via disulfide bridge 1s
considered good enough to inhibit the activity of DENV
protein (Tambunan et al., 201la, b). Therefore, the
screening will be focused to the developed cyclic
peptides that have been sold in the market as an intubitor
of DENV envelope protein. The objective of this study
was to see if commercial cyclic peptides can be used as
mhibitors of DENV  envelope protem  duning
molecular docking and molecular dynamics sunulation.
The purpose of this study was to screen commercial
cyclic peptides that can be used as an inhibitor of DENV
envelope protein through the method of molecular
docking and molecular dynamic.

MATERIALS AND METHODS

DENYV envelope protein sequences and multiple sequence
alignment: The search for the data of DENV envelope
protein sequences in the human host, was done through
the server at the NCBIL site at the address:
http:/mebinlm nih.gov. DENV  envelope  protein
sequences of the human host in FASTA format was
included as input to the server Clustal W2, at the address
http://www.ebrac.uk/Tools/clustalw2. The alignment 1s
performed on the server agamst any DENV envelope
protein. Envelope protein sequence with the highest score
will be used as input to subsequent analysis.

Search of 3D envelope protein structure and the PDB
data: The search of the 3D structure of the envelope
protein was done by software Protein Model Portal
(http:/~www proteinmodelportal.org) provided from the
multiple sequence alignment. 3D structure of the envelope
protein can be downloaded from the PDB database
contained in the Research Collaboratory for Structural
Biommformatics ~ Protein  Data  Bank  through
http:/fwww.rsch.org/pdb address.

Geometry optimization and energy minimization of the
envelope protein: Before the geometry optimization and
energy minimization using software MOE2008.10, the
water molecules and metal molecules on the DENV
envelope protein needs to be omitted. The next steps is
to meclude the protonation of protein by selecting
protonate 3D option, the addition of hydrogen atoms in
the protein structure and the settings of fixed hydrogen
using partial charge option. The parameters used are
AMBER99 forcefield (Chen and Pappu, 2007). Energy
mimmization 18 then performed with the AMBER9S9

forcefield and solvation of the gas phase, as well as fixed
charge carried by the RMS gradient 0.05 keal/mol A. Other
parameters are using the standard default.

Search of cyclical peptide ligands and the design of their
3D structure: The search of the cyclic peptide ligands
was done through the database of the chemical company
like bachem, Mimotopes and American Peptide. Peptide
ligands to be used as an inhibitor of the protein envelope
was drawn using Chem Sketch ACDLabs (Blondelle and
Lohner, 2010). Peptides are made from a combination of
the three polar amino acids each end attached to the
amino acid cysteine to form disulfide bridges. Ligands are
drawn then converted into 3D shapes through VegaZZ
software.

Geometry optimization and energy minimization of the
ligand 3D structures: Ligand geometry optimization
process begins by mmporting all the ligands mnto a
database viewer of MOE 2008.10 and then do the wash.
The goal is to improve the structure of the ligand and the
position of hydrogen atoms that are present in the ligand.
Furthermore, the optinization of peptide ligands 1s
performed using AMBER99 forcefield and solvation of the
gas phase. Repair of hydrogen atoms and fixed hydrogen
by partial charge is also performed. Peptide ligand energy
minimization was done by RMS gradient 0.001 kcal/A
{(Homeyer and Gohlke, 2013).

Protein ligand docking with envelope: Docking process
was started by using MOE 2008.10. The selected option
for simulation-dock placement and setting method used 1s
the triangle with 100 rounds matcher. Scoring function is
used to display 100 best data of London dG. Furthermore,
of the 100 best displayed data, the repeated measurements
(refinement) was performed based on forcefield
parameters. The displayed overall results of the selected
docking process is the best data, in accordance
with the default parameters of the software MOE 2008.10
(Vilar et al., 2008, Tambunan et @l., 2010; Majeux et al.,
2001).

Determinationofprotein-ligand complexesconformation
docking results: The results of docking calculations were
shown in the output in notepad format. Determination of
protein-ligand conformation docking results was done by
selecting ligand conformations with the lowest binding
enIergy.

Energy association and the inhibition constant (Ki): Bond
energies and inhibition constants docking results can be
seen 1n the output of notepad format. The protem-ligand
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complex was selected, it has the smallest value of binding
energy and inhibition constants to do further analysis.

Hydrogen bonding and contact residues: The best results
of the hydrogen bonding and contact residues of
protein-ligand complexes docking results was identified
by using software MOE2008.10.

ADME-tox prediction of the cyclical peptide ligands:
Prediction of ADME-Tox properties (absorption,
distribution, metabolism, excretion and toxicity) of
disulfide cyclic peptide ligands were done online using
the ACD I-labs/Percepta that was accessed through the
site of https:/ilab.acdlabs.com/il.ab2/index.php and by
offline means through Toxtree-v2.5.0 (Berugmi et af., 2008).

Molecular dynamics simulation: Preparation of
protein-ligand complex was required before performing
molecular dynamics simulations. Geometry optimization
and energy minimization was done by using the software
MOE 2008.10. Setting partial charge of protein
complexes-ligand was done with cwrent forcefield
parameters. Then the system uses the setting of the
solvation energy minimization born and done with RMS
gradient 0.05 keal / mol A (Karplus and McCammon, 2002;
Shu et of., 2011; Adcock and McCammon, 2006).

Initialization timing: The molecular dynamics simulations
was performed for protein-ligand complexes at 100 ps to
determine the initialization before running the main
simulation.

Molecular dynamics simulation on temperature 310 K:
The molecular dynamics simulations was performed for
protein-ligand complexes with a temperature of 310 K with
a time of major simulation during the 5000 ps and cooling
for 10 ps to a temperature up to 1 K. The results of
position, velocity and acceleration were saved every
0.5 ps. The other parameters were in accordance with the
default-dynamic MOE.

Molecular dynamics simulation on temperature
312 K: Performed molecular dynamics simulations for
protein-ligand complexes at a temperature of 312 K with
heating time during 10 ps, was the main simulation during
the 5000 ps and cooling for 10 ps to a temperature up to
1 K. The results of the position, velocity and acceleration
are saved every 0.5 ps. The other parameters were in
accordance with the default of the dynamic MOE.

Analysis of molecular dynamics simulation data: The
results of molecular dynamics simulation can be seen in

the output database of the viewer MOE2008.10.
Interactions between protein ligands for molecular
dynamics process can be viewed using LigX-Interaction.

RESULTS

Search of DENV envelope protein sequence data and
multiple sequence alignment: FEnvelope protein
sequences were obtained from the NCBI database
(http:/Aararw . nebi.nlm.nih.gov/ ) by entering the code from
the GenBank AAY34763.1 and the results of the search
code were downloaded in FASTA format. After obtaining
the data from NCBI databases, multiple sequence
alignment was performed m order to find the
representative envelope protemn sequences to represent
the entire population of DENV envelope protemn data
based on the similarity among sequences. This operation
was executed using Clustal W2 software online via the
website http://www .ebi.ac.uk/Tools/services
fweb clustalw2/toolform.ebi. Out of the alignments, the
10OKE as GenBank code of the envelope protein, was
pointed to the same structure and the researchers decided
to take it as a representative. The structure gives Protein
Model Portal code.

Protein model portal and protein data bank: PMP (Protein
Model Portal) provides access to a variety of protein
models that are computed by comparative modeling
methods from different partner websites and it provide
access to 1nteractive services models and quality
assessment as well. PMP was used to provide mformation
about the sequence similarities. Protein models portal can
be accessed via the website (www proteinmodelportal.org
/query/umport/Q2XRR3 ). PMP provides a structure that
is similar to the GenBank protein envelope of AAY34763.1
with 10KE and 10KE as the PDB code structures. By
entering the code 10K& PDB, the results showed
similarities with other structures, namely 10AN and
10AM. The FASTA files of the three DENV envelope
protein structure was taken to be re-aligned back by
multiple sequence alignment with accessing the site
http://www.ebl.ac.uk/Tools/services/web_clustalw2/too
lform.ebi . The results from the alignments indicated that
the sequence similarity of the envelope protein PDB code
10KE have more than 50% similarity with 10AM, 10K8
and 10AN. Determination of the structure using multiple
sequence alignment was done afterter math. PDB code for
a protein of the inhibition of ligand is 10OAN, because it
has the same shape and cavity with 10KE. While 10AM
was lastly used m the 1970s, according to the graph
(http://www.rcsb.org/pdb ) and 1OKS only have 1 cavity.

1838



FPak. J. Biol. Sci., 16 (24): 1836-1848, 2013

Cavity on DENV envelope protein: Tdentifying binding
sites or residues that form a cavity in the target structure
15 important 1 structure-based drug  design
(Kalyaanamoorthy and Chen, 2011). Research of
(Yennamalli et al., 2009) shows the existence of a gap
(cavity) that can be occupied by the ligand and affect the
conformation of the DENV envelope protein. Cavity 33 1s
formed by these following aminoe acid residues: residues
1-8, 28, 30, 44, 151-155 and 316 of the peptide chain A,
residues 97-109 and 244-247 of the peptide chain B.

Geometry optimization and energy minimization of the
3D structure of DENV envelope protein: The parameters
were using  default  settings of MOE2008.10
(Tambunan et @f., 2012). Mimimization process aims for a
conformational change m the structure of the envelope
protemn of DENV. Energy mimmization was performed until
the RMS gradient of 0.05 kecal / A corresponding to
protein (Vilar et al., 2008) .

Search of cyclical peptide ligands and the design of their
3D structure: The search of commercial cyclic peptide
ligands was done online by accessing the website of the
Peptide Company http:/farww.
americanpeptide.com/commerce/products services/cata

American

log/products.jsp, peptide company Mimotopes through
http://www.mimotopes.com/ and the Bachem peptides
company which can also be accessed online through the
website http://shop.bachem.com
fep6sfisearch.ep?gm=1andkeyWords=cyclot+peptide&e
ategoryld=4750 and submit = Search. The search towards
the three compames found 301 commercial cyclic peptides
that can be used for inhibiting the envelope protein. The
three comparmes also provide information about the amino
acid sequence, molecular formula and molecular weight.

Depiction of 3D structure cyclic peptide ligands: The
depiction of a cyclic peptide ligands was done after the
search of commercial cyclic peptide ligands of American
Peptide, Mimotopes and bachem which gives the
molecular formula ligand that can be performed using
ACD / ChemSketch which then modeled in the form of 3D
structures. The model peptide was stored with MDL
molfile storage format. MDLmol file must be converted
using the offline software MDLmol VegaZZ to be
accessible in the MOE2008.10.

Geometry optimization and energy minimization of the
ligand 3D structures: For the partial charge, the
parameters used are AMBER99 method. It can be used for
the validation of the position of the hydrogen atom in the

ligand. Energy minimization process was done with RMS
gradient 0.001 keal / A. Furthermore, now, the peptide
ligands have been prepared for the next process, the
molecular docking and molecular dynamics.

Molecular docking: The docking process of 301
commercial cyclic peptides as ligands and protein
envelope was performed using MOE 2008.10. Based on
the literature, to perform docking, the protein is rigid while
the ligand is allowed to rotate (the so-called flexible
docking). This 15 done so that the docking process goes
like lock and key mechamsm (Tambunan et al., 2011b;
Ortigoza et al., 2012). Total pose used in the method of
placement is 2,500,000.

Stages of refinement was performed for correcting the
conformation of the ligand. Refinement forcefield is
appropriate to the default configuration. Forcefield was
chosen because it has a more accurate calculation. This is
because the forcefield was using Generalized Born
Solvation Model (GB/VI) at the stage of final energy
evaluation gridmin while using electrostatic calculations
on the minimization (Vilar et al., 2008; Moesa et al., 2012).
The default setting of refinement force field was using a
pocket cut off 67, the distance receptors are being
included in the process of docking. Retain is the final step
in the process of docking. Retain set shows only one
conformation of the most appropriate and the best of each
ligand (Tambunan et al., 201 1a).

Analysis of docking results: The next stage is the
screening performed on 301 commercial cyclic peptides.
Screemng was done to see the best ligand of 301 higands
and compared with standard ligands. Ligand standard
used 1s NITD448 Poh (Poh et al., 2009), KAMPMANN
AS, A4 KAMPMANN (Kampmam et a«f., 2009), Rl
Yemnamali (Yemmamalli et al, 2009) and C6 Wang
(Wang et al., 2009). Screening was conducted in duplicate
so that the first screening ligands obtained 50 best and
the second screening also obtained 50 best ligands. The
second screemung of the data was also obtained with the
same rank as much as 20 ligands and the remaining
60 ligands with different rank. Therefore, a third screening
conducted at 80 ligand screening results from the first and
second screening. The third screeming resulted in 10 best
ligands out of 80. Then, the best of 10 ligands was
screened to the fowrth to get the three best ligands by
observing at MOE2008.10 ligand mteractions. Of the three
best ligands, ADME-Tox analysis was performed to
obtain the best ligand.

Free energy association (AG): From the results of the
301 ligand screening with a standard for comparison,
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10 best ligands were obtained as a fusion inhibitor
candidates DENV envelope protem. The energy data can
be seenn m Table 1.

Table 1 shows that the 10 best ligand has AG, values
lower or negative than the standard so that the affinity of
the top 10 commercial cyclic peptide ligands with DENV
envelope protein are better when compared with standard
ligands. Tn software MOE2008.10, Ki value is displayed as
the value pKi with micromolar scale. The value of pKi can
be used to determine the level of the formation stability of
protemn complexes and ligands. Indirectly, the value of pKi
also related to the number of hydrogen bonds formed with

Table 1: The 10 best Ligands AG°dan pKi Values

residues. Thus, more and stronger hydrogen bonds
formed between the ligand with the protein, then value of
the pKi will mcrease.

Commercial cyclic peptide ligand interactions with
envelope protein: In addition to observing the value
{AGy40). Interactions between ligands to proteins was
also observed. There are other non-covalent interactions
that can increase the affinity of the protein inhibitor.
Hydrogen bonds are bonds that have a greater influence
on the bond of the complex than others (Nwbaiti et af.,
2010).

Table 2 shows that there are two out of 10 best

ligands that can not be analyzed due to the big ligand

i -t i . . . .
Ligand AG (keal mol ™) phi size. The eight other ligands has more envelope protein
BNP (1-32), rat -44.9002 32709 _ _ . .

[Tyr0]-[alpha]-CGRP, human 43,2055 31 489 interaction with the cavity than the standard ones.
BNP (7-32), porcine -42.2298 30.764 However, there are only three ligands can enter the cavity
gziiﬁfjiﬁgk;mm ji?ﬁéi gggg? envelope protemn as a whole. They are BNP (7-32) porcine,
Big Endothelin-1 (1-38), human -40.8596 20773 Big Endhotelin (1-38) human and Amylin human.
BNP (1-45), rat -40.8560 29.763 Visualization of the eight ligands and the standards is
Calcitonin Gene Related Peptide, rat -40.5099 29.511 : : : :

Calcitonin Gene Related Peptide IT, rat  -40.3571 29.399 described using MOE2008.10 in Fig. 1.

Antylin, human -39.7079 28920

Standard ADME-Tox prediction results of the commercial cyclic
AS Kampmann -18.5166 13.489 . . . . Y .
NITDA448 POLL 18,0061 13183 peptide llgands with envelope protein: The utilized online
R1 Yennamali -16.8063 12243 software is ACD-Labs and Toxtree-v2.5.0. In ACD-Labs,
C6 Standar Wang -16.3713 11926 the ligands could be observed on their effects upon
A4 Kampmann -13.1994 9.616

health of the organs, such as the liver, blood,

Table 2: Top 10 ligand interactions based on AGy with envelope proteing of molecular docking results

Ligand

Hydrogen Interaction

BNP (1-32), rat

[Tyr0]-[alpha]-CGRP, hurman

BNP (7-32), porcine

CART (55-102), human
Calcitonin, chicken

Big Endothelin-1 (1-38), human

BNP (1-45), rat
Calcitonin Gene Related
Peptide, rat

Calcitonin Gene Related
Peptide I, rat
Anmylin, human

Standar

A5 Kampmann
NITD448 POH
R1 Yennamali
C6 Standar Wang
A4 Kampmann

MET 1, ASP 42 (2), GLU 44, PRO75, GLY 104 (2), VAL 140, ASN 153, GLU 314, THR 315, HIS 317, ILE 320, VAL
321, ILE 367, GLU 368, ASN 390, ARG 2, ARG 9(2), THR 76, GLN 77, GLY 106, LYS 310, ILE 312, THR 319

VAL 31, THR 33, ASP 42 (2), LEU 107, ASP 154, THR 155, GLY 159, GLU 161 (4), L'YS 163, GLU 174, ASN 242
(3), ASP 249 (2),GLU 269, GLN 316, THR 33 (2), LEU 41, LYS 93, MET 96, LEU 107, LYS 110, LYS 160, LYS 163
(2), TYR 178, LYS 241 (2), HIS 244 (2), ALA 245 (2), LYS 246, ASP 249, L'YS 295

GLU 44, ILE 46, GLY 104, VAL 139, GLU 147 (3), GLU 148, ASN 153, GLY 156, HIS 158, THR 176, ASP 249, GLU
269 (3), THR 280, MET 1, ASN 103, ILE 141, THR 142, S8ER 145, HIS 149 (2), ALA 150, L'YS 160, GLU 174, LYS
241, LYS 246, LYS 247, ARG 323

Mo interaction due to the large size of the ligand

THR 70, GLU 71, SER 95, VAL 97, ASP 98 (2), VAL 114, ILE 141, GLU 147 (3), GLU 148, ASP 154, TYR 178, ALA
245, LYS 246, SER 363 (3), PRO 364, SER 95, ASN 103, LYS 110, HIS 144, SER 145, GLY 146, GLU 147, HIS 149
(2), LYS 157, GLN 248 (2), LYS 295, LYS 310, ASN 366

ASN 8 (2), VAL 24 (3), SER 29 (2), LEU 41, HIS 158, THR 176, GLN 316, VAL 31, THR 33 (2), PHE 43, HIS 144,
GLY 146, LYS 157, LYS 160 (2), THR 176, HI$ 244, THR 280, THR 359

Mo interaction due to the large size of the ligand

GLU 71, SER 72 (2), GLN 77, GLY 78, ASP 98, VAL 114, SER 145, GLU 147 (3), ASP 154, ASP 203 (2), THR 239,
ALA 245 LYS 246, LYS 247 (2), GLN 248 (2), ASP 249 (2), VAL 250, GLN 316, THR 70, SER 72, ARG 73, ARG
99, GLY 112, ASN 153, HIS 158, ASP 249, GLN 293, LYS 295 (3), GLY 296, THR 359

GLY 104 (2), LEU 107 (2), VAL 250, GLU 269 (3), GLU 311, GLU 314, GLN 316, THR 319, GLU 368, LEU 107, LYS
110(2), LYS 241 (2),LYS 247, THR 315

SER 29, ILE 46 (2), LYS 47, ASN 103, GLY 104 (2), GLY 190, PRO 243, GLU 269 (2), GLU 311, GLY 28, SER 29,
ARG 99, HIS 244, HIS 282, LYS 310(2)

CYS 30, ARG 2

LYS 241, HIS 244, LYS 247

GLY 102

No H-acceptor and H-donor between standard ligand the envelope protein.
LYS 246
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(b)

Fig. 1(a-h): Continue
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(d)

Fig. 1(a-h): Continue
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Fig. 1(a-h): (a) Visualization of BNP (1-32), rat ligand interaction with protein envelope, (b) [ TyrO]{ Alpha]-CGRP, human
ligand with protein envelope, (¢) BNP (7-32), porcine ligand with protein envelope, (d) Calcitonin, chicken
ligand with protein envelope, (e) Big endothelin-1 (1-38), Human ligand with protein envelope, (f) Calcitonin
Gene Related Peptide, Rat Ligand with Protein Envelope, (g) Caleitonin gene related peptide II, rat ligand
with protein envelope, (h) Amylin, human ligand with protemn envelope

gastrointestinal, cardiovascular, kidney and Iungs.
Additionally, the bicavailability, active transport, toxicity
were also observed in ACD-Labs. Ligands can also be
observed on their negativity toward genotoxic or
nongenotoxic carcinogenicity by using Toxtree-v2.5.0.
This software can also be used to observe the potential of
S. typhimurim TA100 mutagen and carcinogen based on
Quantitative Structure Activity Relationship (QSAR). In
ADME-Tox prediction of the ACD-Labs, it can be seen
that the best ligands have little value oral bioavailability
of less than 30%. Oral bicavailibility is the extent to wlich
a drug or other materials will be available to the target
tissue after administration of the drug or substance.
Moreover, oligopeptides transporter 1 (PepT1) and apical
sodium-dependent bile acid transporter (ASBT) 1s part of

active transport in intestinal absorption. The results of
active transport prediction of all commercial cyclic peptide
ligands showed negative results and do not hinder the
performance of PepT1 and ASBT so it can be excreted
from the body. Ligand also can not penetrate the
blood-brain barrier and does not cause interference with
the central nervous system (Moroy et al, 2012;
Bahadduri et al., 2010, Kortagere et al., 2008). On the
probability of side effects, they show that the three best
ligands have a large probability value of side effects and
very potent to harm the blood, kidneys and liver. While in
the cardiovascular, the best three ligands does not have
significant probability of side effects. The ligands that
has the least significant probability of side effects are
BNP (7-32), porcine.
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Table 3: The results of the ligand prediction through Toxtree-v2.5.0

Potential 8 typhimurium

TA100 mutagen Potential carcinogen
Ligand Negative for genotoxic carcinogenity Nongenotoxic carcinogenity based on Q8AR based on QSAR
BNP (7-32), porcine Yes Yes No No
Big Endothelin-1 (1-38), human Yes Yes No No
Ay lin, human Yes Yes No No
A4 Kampmann Yes Yes No No
A5 Kampmann No No No No
NITD448 POH No Yes No No
R1 Yennamali Yes No No No
Co Wang Yes No No No

The three best ligands, namely BNP (7-32) porcine,
Big endothelin-1 (1-38) human, human Amyln and
standard ligand, were calculated for their properties of
toxicity using the set-Toxtree software v2.5.0. Toxtree is
open source software that is able to estimate the
molecular toxicology by computational means. In
determining the toxicity level of a compound, the
Toxtree-rules was based on the presence of a potentially
mutagenic and carcinogenic properties in the test
compound. Toxicity testing through Toxtree-v2.5.0 can be
seen in Table 3.

From the results of predictive toxicity through
Toxtree-v2.5.0, it was seen that the three ligands are n a
negative parameter for nongenotoxic carcinogenity,
S. typhiurium TA 100 mutagenic potential based on
QSAR and a potential carcinogen based on QSAR
properties in accordance with the expected toxicity.
Prediction with Toxtree-v2.5.0 was conducted to analyze
the nature of toxicity based on their carcinogenicity and
mutagenicity properties, because both these properties
have a direct impact on human health. After the prediction
of the three ligands using ADME-Tox and o -v2.5.10
Toxtree, it was concluded that BNP (7-32), porcine is the
best ligand. Thus, it will be evaluated using the method of
molecular dynamics sinulations with the condition of the
hydrated molecules i a solvent.

Molecular dynamics: There are 3 stages in the molecular
dynamics simulations, the imtialization, equilibration and
production. The mitial stages are crucial to determine the
initial state of the system such as atomic coordinates,
speed and potential energy systems. After that, the
simulation 1s run until the system reaches equilibration as
indicated by the decline i potential energy of the
systems. Equilibration is the position of atom density
distribution in all parts of the system while providing a
relaxed condition on the restrained molecule when the
system 1s heated (Nurbaiti et al, 2010). The new atom
positions are determined as a result in the production
stage where the system has reached equilibrium
(Vilar et al., 2008). Stages production yield trajectory of a
simulation. The trajectory coordinates was formed by

taking a snapshot of the changes over time that shows
the state of each atom in the simulation period
(Sharma et al., 2009).

Initialization timing: Molecular dynamics sumulations
carried out at a temperature of 300 K, for 100 ps. After
molecular dynamics simulations, the determination of the
correlation plot between the total potential energy versus
simulation system, could be done. Determination of
initialization was based on the duration in which the total
potential energy of the system began to enter the
equilibrium. After 30 ps, the envelope protein complex and
the best ligand conformation was able to be adjusted with
the solvent.

Molecular dynamics simulation at 310 K: Molecular
dynamics simulation at a temperature of 310 K continued
after the results of the mitial phase for the envelope
protein complex and the best ligand. The main simulation
run during 5000 ps, then performed during the cooling
stage for 10 ps. The room temperature of 300 K 1s usually
used to perform molecular dynamics simulations. The next
process is the cooling stage that was performed after the
main simulations in order to find the lowest energy
conformation of the molecule. The results of position,
velocity and acceleration are saved every 0.5 ps.
Molecular dynamics simulations was performed on the
nanosecond time scale. It was due to the relative
movement of the rigid body motion, 1e mecluding
movement of c-helical strands and the protein domains
(Nurbaiti et al., 2010) .

The observed ligand interactions are contact residues
and hydrogen bonding. Analysis of the residue contacts
was conducted to determine the types of amino acid
residues in proteins that interact with ligands. That’s
because of non-covalent interactions that occur between
proteins with ligand. It can increase the activity of the
ligand to the protein. Residues cavity of the envelope
protein interaction with the ligand are indicated by red
text. During the simulation 3000 ps, BNP (7-32), porcine
ligand consistently interacts with the fusion peptide
segments and it can be seen that the higand BNP (7-32),
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porcine also still interacts with residues cavity of the
envelope protein n the cooling stage, 1.e. with residues
Glu 44, Gly 104, Asp 154, Val 151, Lys 246 and Lys 247.
The residues of Ligand BNP (7-32), porcine that actively
interact with the envelope protein are Glu 44, Gly 104, Asn
103, Lys 246 and Lys 247, at the time of docking
simulations and dynamics simulation.

Molecular dynamics simulation at 312 K: Molecular
dynamics simulations at 312 K temperature also showed
changes in protein-ligand interactions. It shows that the
residues from cavity of envelope protein, namely Val 151,
Asp 154 and Lys 246, interact with the ligand BNP (7-32),
porcine from initial stage to stage cooling.

Comparison of the interaction between the ligand
BNP (7-32), porcine with the cavity of DENV envelope
protein in a state of rigid molecular docking in a protein-
ligand interactions in molecular dynamics simulations at
a temperatwe of 312 K shows that the influence of
solvation on the dynamic movement of the molecules will
affect the affinity and stability of the bond between the
ligand with the target protein.

Analysis of molecular dynamics simulations: The next
step 18 to look at RMSD cuves for observing the
conformational changes of envelope protein and ligand
BNP (7-32), porcine. It 1s shown at Fig. 2. RMSD values
are useful to describe the magnitude of the conformational
changes between the two coordinates of the atoms. It
shows that the RMSD plot of simulation time that states
the conformational changes between the envelope protein
and ligand complexes BNP (7-32), porcine, during the
molecular dynamics simulations at the moment.

Tt shows that protein-ligand interaction at a
temperature of 310 and 312 K do not undergo sigmificant
changes. If the temperature rises, the interactions between
proteins and ligands will be amended. Protein-ligand
interactions will change if the structure of the protein
changed as well. Complex BNP (7-32), porcine did not
experience much conformational change. RMSD values at
310 and 312 K sinulations also did not much differ,
because there is a common protein structural changes in
both temperature. However, ligand BNP (7-32), porcine
is more interactive at 312 K than the temperatwre of
310K.

0
T TRAR: st i st ot oo s s e B
S S - AN T T N (N -
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Fig. 2(a-b). Production Cwve during molecular dynamics simulation at 310K (a) Correlation plot d:/
penelitian/kinanty/dynamics/danamics 2-pred. melb R: -0.5769 R% 0.3329 (U): -0.13801 5 time-4722.59 and (b)
Correlation plot d:/penelitian/kinanty/dynamics/danamics 2-prod.mclb R: 0.4594 R* 0.2111 (U): -0.10957
time-1302.39 312K
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The results of the molecular dynamics simulation
visualization for 5000 ps at the temperatures 310 K and
312 K shows that there are similarities of ligand
mnteractions BNP (7-32), porcine with the binding on the
envelope protein. Tt can also be seen with the curve
overlapping at 5000 ps. During 2500-4500 ps, the RMSD
value was changing at temperatures 310 and 312 K,
indicating larger conformational structures-changes which
occurred at 312 K more than 310 K. Overall it can be said
that there is no significant difference in the structure of
the conformational changes during molecular dynamics
simulations at temperatures 310 and 312 K.

DISCUSSION

The in silico research that previously only deals with
non-commercial agents, are now indeed immersed with the
commercial  compounds.  Previously,
show that the computational design for Dengue Drug was
mdeed feasible (Tambunan and  Alamudi, 2010,
Tambunan et al, 2009; Tambunan et al, 2011a, b).
However, as the development of molecular virology are

our works

progressing forward, the existing target for dengue
mhibitor must be updated, with our current research in the
envelope protein of the Dengue virus itself.

The cyclic peptides have been proven as a stable
lead compound for drugs (Bogdanowich-Knipp et al,
1999; Gudmundsson et al., 1999). In this end, it 1s indeed
interesting for focusing on the development of cyclic
peptides for Dengue virus inhibitors (Tambunan et al.,
2011b). The potential of the cyclic peptide stability for
drugs 1s our driving force for developmg this m silico
pipeline.

The recent availability of the commercial cyclic
peptide databases are crucial for the completion of this
research. The databases would eventually assist us n
finding the right compounds in the screening process.
Both Molecular Docking and Dynamics pipelines from
MOE software have successfully providing us with the
lead compound as drug candidate. The ADMET 1n silico
determination has made this screening process much more
rigid.

CONCLUSION

The commercial cyclic peptides were derived from the
company's online site peptide. Then, the cyclic peptides
were filtered to obtam the best ligands as inlibitors of
envelope protein. The screening was conducted through
molecular docking processes that produced 10 of the best
ligands. They have AG,,, values lower than standard
ligands. Moreover, the extensive screening were done

among the best 10 ligand interaction analysis with
envelope proteins through MOE2008.10 and produced
three of the best ligands that can enter the cavity of the
envelope protem. ADME-Tox analysis was done to
observe the value of the toxicity of the three best ligands
and obtained the best ligand, namely BNP (7-32), porcine.
In the molecular dynamic simulatior, during temperatures
310 and 312 K, Ligand BNP (7-32), porcine can maintain
interaction with the active site residues of the protein
envelope until the end of the simulation at 5000 ps. From
the analysis of the conformational changes at 310 and
312K, it appears that the ligand BNP (7-32), porcine can
maintain the stability of the protein-ligand complex
conformations. Ligand BNP (7-32), porcine is more
reactive at temperatures of 312 K compared to 310 K.

It 13 suggested to perform molecular dynamic
simulations at temperatures 309K to study ligand-protein
interactions in the healthy human body and to consider
the possibility of a mutation m the protein due to the
binding of the ligand. The wet lab experiments are
necessary to further examine the influence of commercial
cyclic peptide ligand inhibition against DENV infection
levels both in vitro and ir vivo.
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