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Abstract

Several options exist for molecular docking with good performance and free availability. AutoDock Vina is a
popular choice, and it is known for its accuracy and speed. LeDock 1.0 is another option known for its speed and accuracy,
particularly in pose prediction. This study compares the performance of LeDock 1.0 and PyRx 0.8 docking programs with
AutoDock Vina as the docking engine, focusing on redocking accuracy and correlation with experimental data. Redocking
experiments revealed RMSD values ranging from 0.158 to 0.283 A for LeDock 1.0 and 0.116 to 0.166 A for PyRx 0.8.
Subsequent docking of a set of COX-2 inhibitors demonstrated a superior linear correlation coefficient for LeDock 1.0
(r* = 0.8244) compared to PyRx 0.8 (2 = 0.5227). Analysis of ligand-binding site interactions, benchmarked against the
co-crystallized inhibitor SC-558 in the 1CX2 structure, provided further insights into the docking poses. While these
initial results suggest a higher performance of LeDock 1.0 in this context, further evaluation across diverse systems is
warranted. This work serves as a reintroduction of LeDock 1.0, a freely available docking program characterized by its
efficiency, ease of use, and user-friendly graphical interface, highlighting its potential as a valuable tool for molecular
docking studies.
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1. Introduction

Cyclooxygenase-2 (COX-2), also known as prostaglandin-endoperoxide synthase 2 (PTGS2), is an
enzyme that plays a crucial role in the inflammatory response. It catalyzes the conversion of arachidonic acid
to prostaglandin H2 (PGH2), a precursor for various pro-inflammatory mediators, including prostaglandins,
thromboxanes, and prostacyclin (Berbecka et al., 2021; Funk, 2001). Unlike cyclooxygenase-1 (COX-1),
which is constitutively expressed in most tissues and involved in maintaining physiological functions such as
gastric mucosal protection and platelet aggregation, COX-2 is primarily induced in response to inflammatory
stimuli (Stiller, & Hjemdahl, 2022; FitzGerald, 1991). These stimuli include cytokines (e.g., interleukin-1f,
tumor necrosis factor-a), growth factors, lipopolysaccharides (LPS), and tumor promoters. The induction of
COX-2 leads to a rapid increase in prostaglandin synthesis at sites of inflammation, contributing to the
cardinal signs of inflammation: pain, heat, redness, and swelling (Zarghi, & Arfaei, 2011).

The regulation of COX-2 expression is complex and involves multiple signaling pathways. Nuclear
factor-kappa B (NF-xB) is a key transcription factor that regulates COX-2 gene expression. Inflammatory
stimuli activate NF-kB, which then translocates to the nucleus and binds to the COX-2 promoter, enhancing
its transcription. The expression of COX-2 is also regulated by a wide array of mediators implicated in
inflammation. Generally, lipopolysaccharides and proinflammatory cytokines, including interleukin-1p (IL-
1B), tumor necrosis factor (TNF), and growth factors, promote COX-2 induction; conversely, IL-4, IL-13,
and the anti-inflammatory cytokine IL-10 suppress the enzyme’s production (Huang et al., 2000).
Furthermore, post-transcriptional mechanisms, including mRNA stability and translation efficiency, can
modulate COX-2 expression. The role of COX-2 in inflammation extends beyond acute responses. Chronic
overexpression of COX-2 has been implicated in the pathogenesis of various diseases, including arthritis,
cardiovascular diseases, neurodegenerative disorders, and cancer (Vane, & Botting, 1998).
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Given the limitations and potential adverse effects of synthetic COX-2 inhibitors, there has been
increasing interest in identifying natural compounds from plant sources that can selectively inhibit COX-2
activity. Plant-derived compounds, also known as phytochemicals, offer diverse chemical structures and
biological activities, making them promising candidates for drug discovery and development (Aggarwal et
al., 2009). Numerous phytochemicals, including flavonoids, terpenoids, phenolic acids, alkaloids, and
lignans, have demonstrated significant COX-2 inhibitory activity in vitro and in vivo. These compounds exert
their anti-inflammatory effects through various mechanisms, including direct inhibition of the COX-2
enzyme, modulation of upstream signaling pathways, and antioxidant activity (Jurenka, 2009). Curcumin, a
major component of turmeric (Curcuma longa), is one of the most extensively studied plant-derived COX-2
inhibitors. Curcumin inhibits COX-2 expression by interfering with NF-«B signaling, reducing the production
of pro-inflammatory cytokines and prostaglandins. Resveratrol, found in grapes (Vitis vinifera) and red wine,
also exhibits COX-2 inhibitory activity. It suppresses COX-2 expression by modulating NF-xB and AP-1
signaling pathways. Gingerols, present in ginger (Zingiber officinale), have been shown to inhibit COX-2
activity and reduce inflammation in various experimental models. Other plant-derived COX-2 inhibitors
include quercetin (found in onions and apples), epigallocatechin-3-gallate (EGCG) (found in green tea), and
boswellic acids (found in Boswellia serrata). These compounds have demonstrated anti-inflammatory,
antioxidant, and anticancer properties.

LeDock is a freely available molecular docking program (https://www.lephar.com/software) known
for its accuracy and speed in predicting the binding modes of ligands to proteins (Wang et al., 2016). It
employs a hybrid scoring function that combines physics-based and knowledge-based terms, aiming to
provide a balance between computational efficiency and accuracy. LeDock’s algorithm is based on a
combination of simulated annealing and evolutionary optimization techniques to explore the conformational
space of the ligand within the protein’s binding site (Kamal, & Chakrabarti, 2023). This involves iteratively
adjusting the ligand’s position, orientation, and rotatable bonds to minimize the overall binding energy. One
of the key features of LeDock is its ability to perform flexible ligand docking, allowing for conformational
changes in the ligand during the docking process (Liu, & Xu, 2019). This is crucial for accurately modeling
the induced-fit phenomenon, where the ligand and protein adjust their shapes upon binding. LeDock has
demonstrated high accuracy in pose prediction and virtual screening, making it a valuable tool for
computational drug design. A comprehensive evaluation of ten docking programs showed that LeDock had
high accuracy and good speed, slightly faster than AutoDock Vina, making it a recommended program for
virtual screening tasks (Wang et al., 2016).

Various research studies have used LeDock, including the prediction of ligand binding modes to
dopamine D3 receptors (Liu, & Xu, 2019). Xu and his team studied 195 high-quality protein-ligand
complexes and tested how well LeDock worked, along with three different scoring methods. The study
showed that the best position of the free docking tool, LeDock, had a success rate of 89.20%, indicating it is
very effective at sampling (Xu et al., 2021). Wang and his team used LeDock to see how flavonoids attach to
the estrogen receptor alpha and checked how well they bind using a method called molecular dynamics
simulation (Wang et al., 2022). Another study looks for possible inhibitors of the S6K 1 protein using LeDock
and other docking programs. It also analyzes how these inhibitors bind and their strength using molecular
dynamics simulations (Zhang et al., 2023). However, the number of research reports on using LeDock is far
less than PyRx 0.8, a molecular docking program using AutoDock Vina as a docking engine. Our study wants
to evaluate the LeDock program, which is free and straightforward to use, to see the performance and accuracy
of docking compared to PyRx 0.8.

2. Objective

This research focused on evaluating the binding affinity performance of the LeDock 1.0 program by
docking with COX-2 inhibitors (compounds 1-5) against the cyclooxygenase-2 protein (1CX2) and comparing
them with docking results from the PyRx 0.8 program.
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3. Materials and Methods
3.1 Cyclooxygenase-2 Protein for Docking

COX-2 (PDB ID: 1CX2) was obtained from the Protein Data Bank (www.rcsb.org). The proteins were
checked by using PROCHECK (https://www.ebi.ac.uk/thornton-srv/software/PROCHECK/) to assess the
stereochemical quality of the protein structure. Protein preparation involves adding hydrogen atoms or filling
in missing parts, removing water, and adjusting the pH to about 7.0, give or take 0.5, for the other atoms
involved. The x-ray ligand (SC-558) was put back into the protein, and the difference in position between the
redock ligand and the x-ray ligand was measured as the RMSD using the VEGA-ZZ program
(https://www.ddl.unimi.it/). The binding site position for docking of both programs to 1CX2 is X =23.96, Y
=21.51, and Z = 15.24. The box dimensions were in the range of £7.5, £10.0, £12.5, and £15.0 A of each
coordinate of the binding site above. For PyRx 0.8, the box dimensions were performed in the same box size
as the LeDock 1.0 experiment.

3.2 Compounds for Docking Study and Docking Process

We obtained the structure of compounds 1-5 and ICso (nM) from the review of COX-2 inhibitors by
Ju et al., (2022) and Riendeau et al., (1997). First, the structure was drawn by using ChemSketch and saved
as mol files. Next, the 2D structures were converted to 3D structures with Avogrado software using MMFF94
force field. The 3D structure was save as mol2 format. Molecular docking studies were performed using
LeDock 1.0 to evaluate and validate the binding interactions between ligands and the target protein. In
LeDock 1.0, ligands are required to be converted to mol2 format. The binding site position is in the middle
of the grid box, which has lengths that are plus and minus the specific length to make a box that can cover
the part of the protein's binding pocket, as discussed in Section 3.1. The parameters for PyRx 0.8 (AutoDock
Vina) were configured to their default settings, with an exhaustiveness level of 8, resulting in the generation
of the top 9 poses for each ligand.
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Figure 1 Structures of COX-2 inhibitors (compound 1-5)
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Normally, it is simple to dock with LeDock 1.0 on the Windows operating system. However, the
special part of LeDock is the output file. It sent a .dok file that composed all pose results of one docking.
There are three methods for extracting a .dok file from a pdb file. The first one involves using Python to parse
the .dok file and extract the required information; a Python script needs to be written to convert the file. Next,
Windows 11 has the ability to run a Linux environment directly on Windows, called the Windows Subsystem
for Linux (WSL). Users need to install the Linux version of LeDock 1.0 within the WSL environment and
use the LeDock command- line tools within the WSL environment to extract the . pdb file from the . dok file.
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The third way is to use LeDock 1.0 in the Linux version in the Linux OS, which can directly extract the PDB
file from the .dok file.

The binding energy and the ICsy value were plotted by using the GraphPad Prism 10 program, which
includes statistical analysis, and the plotted graph.

4. Results and Discussion
4.1 Docking Accuracy: Redocking Study

The x-ray ligands of the 1CX2 protein were returned to their binding sites under the different box size
conditions, and we used VEGA-ZZ (Italy) software to calculate RMSD; the results can be seen in Table 1.

Figure 2 Structures of SC 558 (1CX2 inhibitor)

Table 1 The RMSD of redock results

X-ray ligjand of Box size (A) RMSD (A) RMSD (A)
proteins LeDock 1.0 PyRx 0.8
1CX2 £7.5 0.179 0.141
£10.0 0.283 0.166
£12.5 0.225 0.116
£15.0 0.158 0.165

From the redock results in Table 1, the RMSD of four box sizes is below 2 A, and the LeDock 1.0
gives the RMSD range from 0.158 to 0.283 A, while the PyRx 0.8 gives the RMSD range from 0.116 to 0.166
A. These findings indicate that both LeDock 1.0 and PyRx 0.8 provide reliable docking results, with PyRx
demonstrating slightly better precision in RMSD values. On the other hand, a paired t-test of both sets of data
showed no significant difference in RMSD between the two programs, with a p-value of 0.1188 and the test
was performed at a significant level of o = 0.05. Redocking refers to the process of re-evaluating a ligand’s
binding pose to a target protein using molecular docking software, typically after the initial docking has been
performed. The accuracy of redocking is crucial for validating docking predictions and improving drug
discovery processes (Agarwal, 2023). An RMSD value below 2 A signifies a good docking procedure and
demonstrates the effectiveness of the utilized docking approach.

The SC 558 overlay with the redock structure in different box sizes from LeDock 1.0 is shown in
Figure 3, showing that the best box size for the next step docking with LeDock 1.0 is £15.0 A.
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Figure 3 Redock X-ray ligand (SC 558) structure of 1CX2 protein by LeDock 1.0 (A) Box size £7.5 A,
(B) Box size £10.0 A, (C) Box size +12.5 A, and (D) Box size £15.0 A

4.2 Docking with LeDock 1.0 and PyRx 0.8

4.2.1 Docking COX2 inhibitors with cyclooxygenase-2 (1CX2)

It was found that compounds 1-5 bind to 1CX2 with an energy range of -5.58 to -6.57 kcal/mol in
the LeDock 1.0 program, but the same set of compounds bind with a lower energy range of -7.1 to -10.1
kcal/mol in PyRx 0.8. The different docking programs have different algorithms and scoring functions that
make the binding energy different. When we plot the binding energy with ICsg values, the LeDock 1.0 docking
gives the linear correlation with a correlation coefficient (?) equal to 0.8244, while the PyRx 0.8 gives the
linear correlation with 7 equal to 0.5227.

There are several reasons why a less popular molecular docking program like LeDock might
outperform a more popular one (PyRx) in terms of correlation coefficient. LeDock employs a hybrid
algorithm that combines systematic search and stochastic sampling to explore the conformational space of
the ligand (Wang et al., 2016). LeDock might have a scoring function that is better parameterized or, more
specifically, optimized for the particular target protein or ligand set that we are using. The scoring functions
themselves can differ significantly. One program might emphasize certain energy terms (e.g., electrostatics,
van der Waals) more than another. If the one program’s scoring function places more weight on the
interactions that are truly important for binding in this docking system, it could lead to better correlation.

Similar to scoring functions, the search algorithm in the less popular program might be better suited
to finding the correct binding pose for a specific system. Different algorithms (e.g., genetic algorithms, Monte
Carlo, simulated annealing) explore the conformational space differently (Kitchen et al., 2004).

Table 2 The LeDock 1.0 and PyRx 0.8 docking results

Ligand Binding energy (kcal/mol) Binding energy (kcal/mol) ICso
LeDock 1.0 PyRx 0.8 (M)
Compound 1 -6.40 -10.1 1.1
Compound 2 -6.57 -7.7 9.2
Compound 3 -5.58 -7.1 92.0
Compound 4 -6.24 -8.7 10.0
Compound 5 -6.31 -8.3 41.0
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COX-2 Inhibitors (ICso) vs Binding Energy COX-2 Inhibitors (IC5p) vs Binding Energy
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Figure 4 Linear correlation between binding energy (kcal/mol) and COX-2 inhibition (IC50, nM).
LeDock with 2 = 0.8244 (Y = 0.009159*X - 6.801) and PyRx with 72 = 0.5227 (Y = 0.02118*X - 9.009)

Figure 5 Overlay structure of docking compounds from LeDock 1.0 superimpose with SC558 (1) compound-1, (2)
compound-2, (3) compound-3 and (4) compound-4
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When compound 1-5 is docked, it can be seen that one of its side chains has been inserted into the
COX-2 enzyme’s selective cavity, which interacts with VAL523, ARG513, and HIS90. The PyRx 0.8
docking pose in Figure 6 looks quite similar to the LeDock docking; however, for compound 2, the molecule
poses differently compared to the same molecule in Figure 5. Five compounds have interactions with amino
acids in the binding pocket, which are shown in Table 3. All of them have some specific, similar amino acid
interactions when compared to SC 558, which the 3D interaction structure depicts in Figure 7 (A), and the
2D interaction map is shown in Figure 7 (B).

Figure 6 Overlay structure of docking compounds from PyRx 0.8 superimpose with SC558 (1) compound-1,
and (2) compound-2
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Figure 7 Ligand SC-558 of 1CX2 interacts with amino acids in 1CX2 binding site (A) 3D structure (B) 2D map
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Table 3 Amino acid residues in 1CX2 interacted with ligands in LeDock docking
Ligand Amino acids
SC-558 HIS90, ARG120, VAL349, LEU352, SER353, TYR355, PHE381, LEU384, TYR385,
TRP387, ARG513, ALAS516, VAL523, ALA527

Compound 1 HIS90, ARG120, VAL349, LEU352, SER353, ALAS516, PHES18, MET522, VALS23,
ALAS527

Compound 2 HIS90, GLN192, LEU352, TYR385, ARG513, ASP515, ALA516, VAL523, TYR355

Compound 3 HIS90, VAL349, SER353, PHE381, TYR385, ARG513, ALAS516, PHES18, MET522,

VALS23, ALAS27, LEUS31

Compound 4 HIS90, ARG120, VAL116, VAL349, SER353, TYR355, ALAS16, ILE517, MET522,
VALS523, ALAS27, LEUS31

Compound 5 HIS90, VAL349, LEU352, SER353, TYR355, LEU359, TYR385, ARG513, ALAS527,
VAL523, GLYS526

From the experimental survey during this research, LeDock 1.0 has some limitations on
metalloproteins that contain zinc or copper atoms, such as carbonic anhydrase or superoxide dismutase. There
are some explanations for this phenomenon, such as metal ions having a high positive charge (e.g., Zn?,
Cu?"), which can polarize nearby atoms in the ligand or protein. The docking program typically models
interactions using non-covalent force fields, so it may not accurately represent the strength or directionality
of metal-ligand bonds. Nonetheless, the scarcity of accessible software for the straightforward docking of
metal compounds to established proteins has now impeded the clinical advancement of these compounds.
Indeed, a primary impediment to the advancement of metallodrugs is the scarcity of computational tools for
in silico metallodrug screening (Hakkennes et al., 2023).

5. Conclusion

In conclusion, while LeDock 1.0 demonstrated superior performance in this specific experiment
compared to PyRx 0.8 (which utilizes AutoDock Vina), it is essential to acknowledge that these results may
be context- dependent. Further validation across a diverse range of enzyme-ligand systems is necessary to
establish the robustness and general applicability of LeDock 1.0. Despite this, the potential of LeDock 1.0 as
a freely available docking program with an efficient algorithm, user- friendly graphical interface, and
promising performance warrants further investigation and consideration within the scientific community. The
reintroduction of such a tool could provide researchers with a valuable alternative for molecular docking
studies.
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