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ABSTRACT

Structure-Based Virtual Screening (SBVS) protocols to identify cyclooxygenase-1 (COX-1) inhibitors have been
constructed and optimized based on their Root Mean Square Deviation (RMSD) values of the docked pose and the
crystal structure pose of the reference ligand. Employing a COX-1 structure obtained from the Protein Data Bank
(pdb) with code 2OYE as the reference protein and PLANTS1.2 as the molecular docking simulation program, the
SBVS protocols were mainly built. The preparation steps involved SPORES and Open Babel, while the results
analysis involved PyMOL to calculate the RMSD and R computational statistics software to perform the statistics
calculations. The results show that these construction and optimization processes could provide an SBVS protocol to
identify COX-1 inhibitors that is accurately able to redock the reference ligand with the RMSD value of 0.633 Å.

Keywords: Structure-Based Virtual Screening; molecular docking; cyclooxygenase-1; Open Babel; SPORES;
PLANTS1.2; root mean square deviation

ABSTRAK

Protokol penapisan virtual berbasis struktur (PVBS) untuk mengidentifikasi inhibitor enzim siklooksigenase-1
(COX-1) telah dikembangkan dan dioptimasi berdasarkan nilai Root Mean Square Deviation (RMSD) pose ligan
referensi hasil penambatan molekul dengan pose pada struktur kristal. Batang tubuh protokol PVBS yang
dikembangkan mengunakan struktur COX-1 yang diperoleh dari Protein Data Bank (pdb) dengan kode 2OYE
sebagai struktur protein referensi dan aplikasi PLANTS1.2 sebagai program untuk menjalankan simulasi
penambatan molekul. Pada tahap preparasi, aplikasi SPORES dan Open Babel diperlukan, sementara untuk
perhitungan nilai RMSD dan proses analisis hasil digunakan aplikasi PyMOL dan program statistik komputasi R.
Hasil penelitian menunjukkan bahwa pengembangan dan optimasi proses dalam konstruksi protokol PVBS untuk
identifikasi inhibitor enzim COX-1 berhasil secara akurat mereprodusi pose ligan referensi dari struktur kristal
dengan nilai RMSD sebesar 0,633 Å.

Kata Kunci: Penapisan virtual berbasis struktur; penambatan molekul; siklooksigenase-1; Open Babel; SPORES;
PLANTS1.2; root mean square deviation

INTRODUCTION

In 1970’s, Vane [1] unraveled the mechanism of
non-steroidal anti-inflammatory drugs (NSAIDs), e.g.
aspirin, indomethacin, and diclofenac. Those NSAIDs
are inhibiting cyclooxygenase (COX) enzyme from
converting arachidonic acid (AA) to prostaglandin (PG) H
and in turn inhibiting the inflammation processes [1, 2].
In early 90’s, Masferrer et al. [2-3] discovered that COX
consists of two isoforms, which were subsequently
called cyclooxygenase-1 (COX-1) and cyclooxygenase-2
(COX-2). COX-1 is constitutively expressed and it is
believed that inhibiting the constitutive enzyme COX-1

can lead to gastrointestinal (GI) toxicities [2,4].
Moreover, COX-2 is induced when inflammation
processes occurred [2,4]. This has led to the
hypothesis that COX-1 is involved in the anti-
inflammatory processes while COX-2 in the pro-
inflammatory processes [2,4]. Designing compounds
that selectively inhibit COX-2 has then become
attractive to academia and pharmaceutical industries
and led to blockbuster drugs (celecoxib (Celebrex

TM
)

and rofecoxib (Vioxx
TM

)) that achieve sales more than
one billion US dollars within 15 months post launch [2].
Notably, after 5 years from its launch, rofecoxib (and
followed by valdecoxib (Bextra

TM
) has been withdrawn
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from the market due to its adverse cardiovascular events
[2]. Although celecoxib still remains in the market [2],
these withdrawals highlight the association of selective
COX-2 inhibitors with the cardiovascular side effects. To
avoid both the GI toxicities and the cardiovascular side
effects of the anti-inflammatory agents, a new strategy
involving discovery and development dual COX-1/COX-2
inhibitors instead of highly selective inhibitors either for
COX-1 or COX-2 has been proposed [5-6].

The structure-based virtual screening (SBVS)
protocols to identify either COX-1 or COX-2 inhibitors
are essentials to virtually screen compounds in order to
design dual COX-1/COX-2 inhibitors. The availability of
the directory of useful decoys (DUD) which has provided
libraries to benchmark the SBVSs for both COX-1 and
COX-2 are very beneficial to retrospectively validated
the developed SBVS protocols [7]. Some efforts to
develop SBVS tools to identify COX-2 inhibitors have
been performed and resulted in SBVS protocols with
good quality [7-10]. The availability of some new COX-2
crystal structures has also opened more opportunities to
increase the quality of the available SBVS protocols in
identifying COX-2 inhibitors [11]. However, a comparable
SBVS protocol to identify COX-1 inhibitors is still lacking
although some high resolution COX-1 crystal structures
are publicly available [12-15]. The available SBVS
protocol to identify COX-1 inhibitors was constructed
using the docking software DOCK 3.5.54 and gave
results that were considered as poor [7].

The construction of SBVS protocol to identify
COX-1 inhibitors using PLANTS docking software
version 1.2 (PLANTS1.2) [16] is presented in this article.
Iterative procedures were employed to optimize the
protocol in order to obtain a protocol that can redock the
reference ligand accurately compared to the pose of the
reference crystal structure. The docking protocol is
considered acceptable to be used in the SBVS protocol
if the root mean square distances (RMSD) value of the
docked pose and the crystal structure pose of the
reference ligand is lower than 2 Å [17]. The iterative
optimization procedures enable us to obtain a docking
protocol with an RMSD value as low as 0.633 Å. This is
the first step in the development of a good quality SBVS
protocol to identify COX-1 inhibitors.

METHODS

Materials

Structure of 2-(1-[(4-chlorophenyl)carbonyl]-5-me
thoxy-2-methyl-1H-indol-3-yl)-N-[(1R)-1-(hydroxymethyl)
propyl]acetamide (IMM; Fig. 1) bound to COX-1
submitted by Harman et al. to the protein data bank
website (http://www.pdb.org/; PDB code: 2P8S) [12] was
obtained and employed as the virtual target.

Fig 1. Structure of 2-(1-[(4-chlorophenyl)carbonyl]-5-
methoxy-2-methyl-1H-indol-3-yl)-N-[(1R)-1-(hydroxyme
thyl)propyl]acetamide (IMM)

Computation details

PLANTS1.2, which uses stochastic optimization
algorithms called Ant Colony Optimization (ACO) [16]
was employed to perform the docking simulations.
Structure Protonation and Recognition System
(SPORES) software (http://www.tcd.uni-
konstanz.de/research/spores.php), which assigns atom
and bond type according to TRIPOS force field
convention [18] was employed to virtually prepare the
COX-1 structure as the protein target in the docking
simulations using PLANTS. Together with Open Babel
version 2.2.3 (http://openbabel.org/) [19], which
employs Monte Carlo search with MMFF94 as the force
field, SPORES was also used to prepare the ligand to
be docked using PLANTS1.2. The RMSD values
calculations and pictures generations were performed
using PyMol (http://www.pymol.org/) [20-21]. The
Shapiro-Wilk normality test and the one tailed unpaired
Mann-Whitney-Wilcoxon test were done in R statistical
software version 2.14.0 (R-2.14.0; http://www.r-
project.org/) [22]. As long as no further explanation, the
default settings of each application were used. All
calculations and computational simulations were
performed on a Linux (Ubuntu 10.04 LTS Lucid Lynx)
machine with Intel

®
Xeon

®
Duo 5150 (@ 2.66 GHz) as

the processors and 1.00 GB of RAM. Only a single
processor was employed in this research.

Procedure

The pdb file (code: 2OYE) [12] was downloaded
from the protein data bank website
(http://www.pdb.org/pdb/files/2OYE.pdb.gz) and
extracted as is. SPORES was employed to split the
pdb file to protein and ligands using the splitpdb
module. The protein was recognized, protonated and
stored as protein.mol2, while the reference ligand was
also recognized, protonated and stored as
ligand_IM8700_0.mol2. The reference ligand
subsequently underwent conformational search to find
the most stable conformer from 10 seeds, which
subsequently followed by 1000 steps energy
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minimization using obconformer module in Open Babel.
This minimized structure was subjected to SPORES
before submitted to the docking simulations using
PLANTS1.2. The binding site in the docking
configuration file was defined as 5 Å from the
coordinates of the location where the reference ligand
was located in the reference crystal structure. The bind
module of PLANTS1.2 was used to automatically identify
the binding site. The RMSD value between the docked
pose and the crystal structure pose was calculated using
rms_cur module in PyMol. This construction procedure
was performed iteratively 1000 times.

RESULT AND DISCUSSION

PLANTS docking software has proven to be useful
as the backbone of the SBVS protocols to identify COX-
2 inhibitors. The software was used by Yuniarti et al. [10]
to perform retrospective validation and discover an
important protein-ligand interaction that determines the
quality of the SBVS protocol. The similar protocol was
subsequently employed by Hayun et al. [8] to design
some COX-2 inhibitors. Recently, the same research
group (http://www.tcd.uni-konstanz.de/index.php) that
developed PLANTS docking software has launched
SPORES to automatically perform proteins and ligands
preparations before being submitted to PLANTS to
undergo molecular docking simulations [18]. Previously,
Yuniarti et al. [6] and Hayun et al. [8] employed
MarvinSketch (http://www.chemaxon.com/products/
marvin/marvinsketch/) [23] and YASARA
(http://www.yasara.org/) [24] to perform the preparations
manually which need some careful checking to avoid
error according to the incompatibility atom types with
PLANTS. This article describes the construction and
optimization SBVS protocol to discover COX-1 inhibitor
by using Open Babel, SPORES and PLANTS1.2.

In this research, stochastic conformational
searches followed by energy minimizations using Open
Babel were performed subsequently after atom and
bond type assignments by SPORES. This stochastic
nature during the protein and ligand preparations,
followed by the stochastic algorithm from the docking
simulations using PLANTS1.2 resulted in a completely
non-deterministic docked pose of the reference ligand
IMM. With 1000 times iterations, the best docking poses
of each constructed protocol have RMSD values ranging
from 0.633 Å to 7.795 Å (Fig. 2-4).

The RMSD values over iterations are presented in
Fig. 2 while the sorted ones are presented in Fig. 3. To
have a clearer picture about the distribution of the RMSD
values, the histogram depicting the frequency of the
RMSD values was generated and presented here in Fig.
4. In Fig. 2, an erratic curve was observed. By sorting
the RMSD values (Fig. 3), we can see the range of the

Fig 2. The RMSD values over iterations of the re-
docking simulations

Fig 3. The inverse-sorted RMSD values over iterations
of the re-docking simulations

Fig 4. The frequency distribution of the RMSD values
presented in a histogram

values and also some hints that the RMSD values are
distributed in two possible values. The hints were
confirmed in Fig. 3 when the histogram showed that the
RMSD values were distributed into two possible values,
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Fig 5. The two plausible docking poses of the reference
ligand MIM identified in this SBVS contruction in the
COX-1 binding site: The docking poses resulted in the
protocol that have the lowest RMSD value of 0.633 Å (a)
and the docking poses resulted in the protocol that have
the highest RMSD value of 7.95 Å (b). Carbon and
hydrogen atoms are presented in white, chlorine atoms
are presented in light grey, nitrogen atoms are presented
in dark grey, and oxygen atoms are presented in grey

Fig 6. The two plausible docking poses of the reference
ligand MIM identified in this SBVS contruction aligned to
the crystal structure pose: The docking poses resulted in
the protocol that have the lowest RMSD value of 0.633 Å
(a) and the docking poses resulted in the protocol that
have the highest RMSD value of 7.95 Å (b). The docked
poses are presented in the stick mode, while the crystal
structure pose is presented in the lines mode.
Hydrogens are not shown, carbon atoms are presented
in white, chlorine atoms are presented in light grey,
nitrogen atoms are presented in dark grey, and oxygen
atoms are presented in grey

i.e. around 1.5 Å (50%) and 7.5 Å (50%). Therefore, it is
worth to visually analysis how the reference compound
was redocked by the protocol resulted in RMSD value of
0.633 Å (the lowest value) and by the protocol resulted
in RMSD value of 7.795 Å (the highest value). The
pictures are presented in Fig. 5a and 5b, respectively.

Two possible binding poses, which were observed
in these molecular docking simulations, are presented in
Fig. 6. The binding mode in Fig. 6a is in line with the
binding mode observed in the crystal structure used in
this research, while another binding mode which is
presented in Fig. 6b is not. These two binding modes

might be occurred since the Y-shape of the ligand can
be properly located in the COX-1 binding pocket in
these two possible ways (Fig. 6). Similar phenomena
were also observed in the study of histamine H4

receptor (H4R) when most of ligands have two possible
hydrogen bond donors while the receptor provides two
possible hydrogen bond acceptors [25]. Fortunately,
the crystal structure of the protein-ligand system
subjected in this research has already been solved and
published [12]. Moreover, Harman, et al. [12] in the
article describing the crystal structure has also
suggested that the reference ligand prefers to be in the
binding mode similar to the one depicted in Fig. 6a than
the other one. This suggestion was drawn from the
activity differences between the R- and the S-
conformation of the reference ligand [12]. Interestingly,
the docking score of the pose from the protocol
resulting an RMSD value of 0.633 Å was observed
energetically favorable (-92.51) compared to the
protocol resulting an RMSD value of 7.795 Å (-87.49).
Hence, statistical approaches were performed to
examine the overall docking score differences between
the docking poses similar to Fig. 6a (1

st
group) and the

docking poses similar to Fig. 6b (2
nd

group). The mean
of the docking scores of the 1

st
group was -91.46

(SD = 3.36) while the 2
nd

group was -88.45 (SD =
2.97). Since the Shapiro-Wilk normality test of both
groups showed that the both data were not normally
distributed, one tailed unpaired Mann-Whitney-
Wilcoxon test was performed. The results showed that,
with 95% level of confidence, the docking score of the
1

st
group was energetically more favorable compared

to the 2
nd

group, statistically. The suggestions of
Harman, et al. [12] and the results described in this
article indicated that the best protocol from the 1

st

group, i.e. the one reproducing the crystal structure
pose most accurately with an RMSD value of 0.633 Å,
was promising to be developed further as SBVS
protocol to identify COX-1 inhibitors. However, to use
the SBVS tool more confidently, robust retrospective
validations have to be performed to examine the
capability of the selected protocol in the identification of
COX-1 inhibitors amongst well-curated decoys [7,26].

CONCLUSION

The combination of Open Babel, SPORES and
PLANTS1.2 has led to a promising protocol to be
developed as an SBVS protocol to identify COX-1
inhibitors. The combined methods could sample two
distinct binding modes of the reference ligand in the
COX-1 binding site. Remarkably, by comparing the
docking scores, the most plausible binding mode could
be identified and this binding mode was in line with the
previously observed in the crystal structure [12].
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Further robust validations to challenge the selected
protocol have to be performed in order to be more
confident in using the protocol to identify, design and
optimize COX-1 inhibitors.
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