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ABSTRACT

Limonoid is a class of natural compounds that are originated from lemon and other citrus fruits. However, derivatives
of limonoids are also produced in other plants, such as Chisocheton sp. Limonoids from Chisocheton sp. showed
various biological activities, including anticancer. Nevertheless, the molecular target for anticancer activity of these
compounds is still unclear. Many studies suggested nuclear receptors (NR) as the protein target for limonoids. In this
study, we investigated the possible NR as a molecular target for limonoids from Chisocheton sp. using molecular
docking and molecular dynamics (MD) simulation. The docking study was done on AutoDock Vina. Two out of 11
NR expressed in breast tissue, i.e., progesterone receptor (PR) and glucocorticoid receptor, was used as the most
potential target for limonoids. The docking pose was further observed by MD simulation. Both receptors showed
stable molecular interactions with limonoids, indicated with a low deviation of binding site residues. Interestingly,

Key words:

Limonoids, chisocheton,
anticancer, nuclear receptor,
molecular dynamics

simulation. simulations of PR showed the alteration of Helix-12, which is one of the key factors to the antagonist action of the
ligand. It is hoped that the findings could shed insight into the further molecular assay development of anticancer
agents based on limonoids.
INTRODUCTION Limonoids are the modified triterpenes with diverse

structures and several bioactivities, including anticancer (Guthrie
et al., 2000; Sophia et al., 2016; Tan and Luo, 2011; Zhang and
Xu, 2017). Moreover, in vivo studies resulted that limonoids from
Azadirachta indica (Neem) showed promising anticancer activity.
Many pieces of evidence indicated that limonoid modulates
various signaling molecules and networks in cancer cells (Kowshik
et al., 2017; Sophia et al., 2016). Azadirachtin, a limonoid from
neem, showed a good inhibition toward NR (Thoh ef al., 2013).
In addition, limonoid from Chisocheton (Meliaceae) also has
potential anticancer activity (Awang et al., 2007; Nagoor et al.,
2011). Nevertheless, the mechanism of action of these limonoids
as the anticancer agents remained unclear.

Many studies suggested that limonoids inhibited NR.
However, the expression of NRs is specific in every tissue and
type of cancer. There are 12 NRs expressed in breast cancer,
and their role in cancer cells has been reviewed (Conzen, 2008;
Dhiman et al., 2017).

Previously, four limonoids from Chisocheton sp. showed
a good inhibition to the MCF-7 breast cancer cell line. These

Breast cancer is one of the main causes of death
worldwide (Plummer ez al., 2016). Some studies showed that breast
cancer is associated with steroid hormones as the agonist ligand of
the nuclear receptor (NR) (Conzen, 2008; Dhiman et al., 2017).
NR plays a vital role in many physiological processes, including
immunity and cell proliferation (Choi and Bothwell, 2012). NR
can directly bind ligands such as steroids and bile acid. Agonist
ligands can induce the structural changes within the NR protein,
leading to the activation of DNA targets (Danielian et al., 1992;
Makishima et al., 1999). On the other hand, antagonist ligand
could have anticancer activities by inhibiting cell proliferation
through the inactivation of NR.
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compounds, namely, compounds 5-8, were further explored by
computational methods to predict their mechanism of action at the
atomic-level. This work aimed to investigate the possible NR as
the molecular target of the antibreast cancer activity of limonoids
from Chisocheton sp. using molecular docking and molecular
dynamics (MD) simulation.

METHODS

Molecular docking

The crystal structure of NR that expressed in breast
tissue was retrieved from Protein Data Bank with PDB ID: 1A28
(Progesterone Receptor, PR), 1HOU (Retinoid X Receptor Beta,
RXRp), SMKU (Retinoid X Receptor Alpha, RXRa), 1SJO
(Estrogen Receptor Alpha, ERa), 1QKM (Estrogen Receptor
Beta, ERB), 2LBD (Retinoic Acid Receptor Gamma, RARY),
1T7R (Androgen Receptor, AR), 3IPQ (Liver X Receptor Alpha,
LXR), 4P6W (Glucocorticoid Receptor, GR), SUNJ (Liver
Receptor Homolog 1, LRH1), and SHJS (Liver X Receptor Alpha,
LXRa). The structure of the co-crystal ligand was separated from
the receptor using BIOVIA Discovery Studio Visualizer 2017
(Accelrys), including the removal of water molecules and hetero-
atoms.

The 3D structures of compounds 5-8 were modeled
by Biovia Draw 2018 and geometrically optimized by BIOVIA
Discovery Studio Visualizer 2017. The Polar Surface Area (PSA)
and LogP were calculated by Biovia Draw 2018. Furthermore, the
3D structures were converted into the PDBQT format by adding
the atom type and Gasteiger charges using AutoDock Tools 1.5.6.
Docking of all ligands was performed with AutoDock Vina using
24 exhaustiveness of processor. The grid box was centered in
the binding site of each NR in size of 25 A x 25 A x 28 A. The
docking process was automatized by the PaDEL-ADV program.
The free energy of binding from each docking pose was further
rescored by AutoDock 4.2.

Molecular dynamics simulation

The docking pose was further refined by MD simulations.
The simulations were performed using AMBER16. The temperature
was controlled by a Langevin thermostat, and the pressure was
preserved using the Berendsen coupling method. Periodic boundary
conditions and the particle mesh Ewald method were applied with
a nonbonded interaction cut-off of 10 A. The MD system was
gradually heated to 300K for 150 ps in constant volume condition
using harmonic restraints of 5kcal/molA? on the backbone atoms.
Furthermore, 6 ns of constant pressure equilibration was performed,
where harmonic restraints on the backbone were slowly decreased
by 1kcal/molA? until it reached 0. Then, 10 ns of the production
run in the constant pressure ensemble was performed.

RESULTS AND DISCUSSION

Eleven NRs were selected as the candidate of the
receptor of limonoid since they are specifically expressed in
breast tissue (Conzen, 2008; Dhiman et al., 2017). The docking
method was validated with the positive control docking, by re-
docking the co-crystal ligand of each receptor into the binding
site using AutoDock Vina. The positive control docking of all
complex showed a successful prediction, indicated by the low

root-mean-square deviation (RMSD) value between the docking-
and co-crystal poses of ligand (<2 A). Furthermore, compounds
5-8 from Chisocheton were docked to all of the NRs using
the same parameter with that of positive control docking. The
docking result was filtered based on the similarity of poses with
the respective co-crystal ligand. It is shown that the docking pose
of Chisocheton limonoids to theRXRfp, RXRa, ERa, ERB, RARY,
AR, LXR, LRH1, and LXRa were different from that of the co-
crystal ligand. Interestingly, the docking pose of Chicocheton
limonoids was similar to that of PR and GR co-crystal ligands
(Fig. 2). For this reason, the docking complex of Chisocheton
limonoid with PR and GR was selected for further investigation
using MD simulation.

The docking result showed that the carbonyl group
at C-3 of all the limonoid compounds formed hydrogen bonds
with Arg776 and Arg611 of PR and GR, respectively, similar
to that of the co-crystal ligand. The Phe778 and Phe623 of PR
and GR stabilized the A- and B-rings of limonoids and formed
the hydrophobic interactions with a methyl group at C-4 of the
compounds. Moreover, the C-ring of limonoids was stabilized by
Leu718 of PR and Leu563 of GR. Met801 of PR formed hydrogen
bond with the OH-group at the C-6 of compound 7. However,
the ester group at C-6 and C-7 of compounds 5 and 6 formed
weak interactions with the receptor. The ester group of limonoids
sterically interacted with Leu797 of PR and GIn647 of GR. To
improve the binding prediction, the docking score resulting from
AutoDock Vina was re-scored using AutoDock 4.2 (Table 1).

Figure 1. Structure of compounds 5-8 isolated from Chisocheton. The
numbering of the atom and the labeling of the ring are provided. (Laphookieo
et al., 2008; Maneerat et al., 2008)
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PR is one of the oncogenic proteins, which modulate
cancer cells to proliferate, whereas GR utilizes endocrine hormones
as their endogenous ligands that play as a tumor suppressor. The
GR has been shown to contribute to the progression and survival
of breast cancer by activating proliferative and resistance genes
(Conzen, 2008; Dhiman et al., 2017). Since both PR and GR are
expressed in the breast cancer cell, then these NR share necessary
for initiating transcription of certain oncogenes. The structure and
sequence of PR and GR are homologs with 55.2% of identity and
83.3% of similarity.

Moreover, the ligand-binding domain (LBD) of PR shares
a similarity with that of GR. There are two distinct conformations

Figure 2. Binding mode of all compounds in (A) PR and (B) GR. The docking
pose of all compounds showed a similar orientation with the co-crystal ligand
(gray color).
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related to their function, which are agonist- and antagonist-form.
In the antagonist-form, Helix-12 of PR and GR shows high
flexibility, preventing the helix from covering the LBD. On the
other hand, Helix-12 in agonist-form covers the LBD (Kauppi
et al.,2003; Lusher et al., 2011; Williams and Sigler, 1998; Zheng
et al., 2016). It is noted that both PR and GR structures (1A28
and 4P6W) used in this study were complexed with agonist ligand
(Williams and Sigler, 1998; Zhang and Xu, 2017).

In the MD simulations of the PR system, the backbone
RMSD of the receptor of all the systems increased quickly in the
first nanosecond and then went stable at 0.5-2.0 A. This result
indicated that the initial phase of the system was still looking
for its relaxed conformation by decreasing the steric constraint
between residues. The plot of RMSD also suggested no major
changes in the flexibility of the protein structure, whereas the
root-mean-square fluctuation (RMSF) plot suggested only a slight
movement of Thr706 at the loop-1 in the complex system of PR
with compound 8.

It is worth noting that the increasing fluctuation of
Helix-12 and its previous loop was observed (Fig. 3). A sterical
clash between ligand and Met909 at Helix-12 of PR was one of
the key factors in initiating the antagonist response (Lusher ef al.,
2011; Zheng et al., 2016). However, unlike the RU-482, a well-
known antagonist compound for PR and GR that can interact with
Helix-12, all the limonoids (compounds 5 and 8) do not have
bulky groups at C-11 to drive away from the Met909 of Helix-12.
Nevertheless, compounds 5 and 6 have ester group at C-7, which is
large enough to force the movement of limonoids toward Helix-12
(Fig. 5).

Different from the PR, Helix-12 in GR does not have a
bulky side chain like methionine. Therefore, there are no sterical
clashes observed between Helix-12 of GR and the limonoids. This
observation was supported by the RMSF plot of the GR system,
i.e., low fluctuation of the Helix-12 region. The RMSD plot of GR
showed that in compound 7, the structural changes of the receptor
were high (Fig. 4), whereas in compound 5 system, the ligand was
not formed a hydrogen bond with Arg776 (Fig. 6).

The substituents of compounds 5 and 6 are less
hydrophobic than that of compounds 7 and 8. Their hydrophobicity
was indicated by the PSA and LogP values. Since the binding site
of PR and GR was hydrophobic, then compounds 7 and 8 were
predicted to have better activity than the others (Williams and
Sigler, 1998).

The conformational change throughout simulation was
visually inspected. There was no major change in the conformation
of PR and GR complexes. In the PR system, compound 7 slightly

Table 1. Docking and MD binding affinity.

molecular mechanics-generalized

Compound PSA ALogP AD4 (keal/mol) Born surface area (kcal/mol)
PR GR PR GR

Compound 5 82.81 4.36 —-11.76 —7.44 —54.78 —52.01
Compound 6 123.27 2.69 —6.97 —11.25 —49.97 —51.04
Compound 7 76.74 3.98 —13.03 —10.45 —54.76 —49.58
Compound 8 50.44 4.50 -12.09 —11.88 —52.87 —49.50
Control 1 93.80 4.61 —13.15 —61.54
Control 2 34.14 3.86 —11.44 —52.22
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Figure 5. The sterical clashes between Met909 of PR and limonoids. (A) Compound 5 showed a smaller gap with Met909 (part of Helix-12) than

(B) compound 7.
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Figure 6. The average structures from 50 ns of MD trajectory. The average structure of co-crystal ligand in (A) GR
and (B) PR showed no difference between the initial structure (orange color) and the last structure (dark blue color)
from MD simulation. (C) GR simulations showed no major deviation of binding residues, except Arg611 in compound
5 system (green color). (D) PR simulations showed the movement of binding residues closer to compound 7 (cyan).

Figure 7. The average structure of all simulations visualized in carbon alpha stick representation. (A) Compound 7
shrank the volume of PR binding site (cyan). (B) GR system is not affected by limonoid binding.

makes the receptor structure smaller than the other systems (Fig. 7).
While in the GR system, compound 7 increased the fluctuations of
the receptor compared to the other compounds.

From the MD simulations, all limonoids were observed
to form a direct hydrogen bond with Asn719 and Asn564 of PR and
GR via an oxygen atom of furan. Previously, it is known that the
inhibitor of PR always requires the presence of a water molecule
to mediate the interaction with Asn719. This result suggested that
the water molecule around Asn719 is not always needed for the
inhibition of PR. In addition, Asn564 of GR, which is equivalent
to Asn719 of PR, was appeared to be an important residue in
mediating the agonist response (Lusher et al., 2011; Williams and
Sigler, 1998; Zheng et al., 2016). This study should be further

verified by the cell-based assay with T47D that expressed PR at a
high level (Dhiman et al., 2017).

CONCLUSION

This study proposes a novel hypothesis on the molecular
target of limonoids from Chisocheton sp., which are PR and
GR. These compounds formed similar docking poses with the
co-crystal ligands of PR and GR within a range of free energy
of binding from —6.97 to —13.03 kcal/mol. Interestingly, MD
simulations indicated a slight fluctuation of Helix-12 only on
the PR system. Therefore, within the limitation of this study, it
is suggested that the ligand antagonist activity was specifically
only on PR, not GR. This finding warrants further development
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of limonoids as antibreast cancer, including a future work with a
cell-based assay using a T47D cancer cell line, which expressed a
high level of PR.
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