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ABSTRACT

Objective: In this paper, docking study is presented to use these phytocompounds for their prospective role in various types of cancers.

Methods: A group of the different set of phytocompounds (aloesin, barbaloin, curcumin, and emodin) were taken and docked into the active sites
of Topoisomerase I, a 91-kDa monomer (having 765 amino acids), is encoded by a single copy gene (Top 1) located on chromosome 20q12-13.2
using Autodock4 Software. The docking studies of the selected proteins were also docked to study the anticancerous property of the selected
phytocompounds.

Result: These studies were based on binding energy, docking energy and other relevant scores that revealed emodin could be the potential lead
molecule for the inhibition of signal potent for different types of cancer. Furthermore, the important residues for potential drug target were identified.

Conclusion: This paper is an initial step toward a rational design of novel selective and potent phytocompounds inhibitors for the treatment of deadly

disease cancer.
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INTRODUCTION

Plants and their extracts have been used to treat human diseases since
ancient time. Among the many medicinal and therapeutic properties,
plants such as Andrographis paniculata, Arachis hypogaea, Datura inoxia,
Aloe vera, and Curcuma longa have also been explored for their cancer
chemotherapeutic potential [1-5]. In C. longa (Indian spice turmeric)
the most active component is curcumin, the yellow substance belonging
to polyphenols superfamily. It has been extensively used in Ayurvedic
medicine for centuries, as it is nontoxic and has a variety of therapeutic
properties including antioxidant, analgesic, anti-inflammatory, and
antiseptic activity [6,7]. Recently, curcumin has also been found
to possess anticancer activities because of its effect on a variety of
biological pathways involved in mutagenesis, oncogene expression, cell
cycle regulation, apoptosis, tumorigenesis, and metastasis [7-9].

The herb A. vera is widely used in Ayurveda, homoeopathy as well as
allopathy for its wide medicinal properties. The most active plant part
extract is leaf gel which has more than 200 different biologically active
substances having antimicrobial, anti-inflammatory, anthelmintic,
wound healing, and also anticancer activities [10-12]. The most
significant anthraquinones in aloe gel are aloesin, aloe-emodin
(AE), and barbaloin. Aloesin is a potent and selective inhibitor of
tyrosinase and exhibits direct inhibitory effects on melanogenesis [13].
However, little is known about the role of aloesin in anticancer activity.
Barbaloin is C-glucoside of AE anthrone, and has strong inhibitory
effect on histamine release, cathartic, and anticancer activity. AE, the
hydroxyanthraquinone has been studied to possess in vitro and in vivo
anti-neuroectodermal tumor activity [14].

Many cell cycle molecules and genes have been studied to be
involved in cancer pathogenesis. Targeting such proteins and

molecules may be a good strategy for anticancer therapy. In the
current study, molecular docking was performed to find out the
target protein for these four potential anticancer compounds
(aloesin, barbaloin, curcumin, and emodin), their respective
binding energies along with the number of hydrogen bonds and
other hydrophobic interactions.

METHODS

Structure retrieval

Selection of the target proteins has been done through literature
search [15-18]. Proteins who have anticancer properties been selected
for the study. The three-dimensional crystal structures of all 14 target
proteins were retrieved from the protein data bank (PDB) (https://
www.rcsb.org/pdb/home/home.do) (Table 1).

C. longa and A. vera are very well known for their therapeutic properties,
so it was decided to check their anticancerous effect in silico. The
two-dimensional structures of ligand molecules (aloesin, barbaloin,
curcumin, and emodin) were downloaded from PubChem database
(https://pubchem.ncbinlm.nih.gov) (Table 2).

Docking studies

The docking studies were performed by AutoDock 4 Software.
AutoDock 4 Software serves as a valid and acceptable docking
application to study the interactions of small compounds with proteins.
All protein structures and ligands were prepared for docking studies
using various parameters such as addition of polar hydrogen atoms,
merging of non-polar hydrogen atoms and defining the rotatable
bonds for each ligand. Finally, Kollman united atom charge, and atom
type parameter was added. The grid parameters (60* 60* 60) for all
proteins were set in such a way that it includes the active site. The
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Lamarckian genetic search algorithm was employed, and docking was
set to 20 runs. All other parameters were set to the default values such
as maximum number of energy evaluation was set as 25,00,000 per
run and maximum number of generations in the genetic algorithm was
increased to 2,70,000 (Fig. 1).

RESULTS

The results obtained after docking aloesin, barbaloin, curcumin, and
emodin (Table 2) with 14 different proteins (Table 1) were evaluated
on the basis of energy. The binding energy obtained from docking
interactions, ligand efficiency and inhibition constant values calculated by
AutoDock 4 were considered as the primary parameters for studying the
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docking behavior of ligands with our proteins (Table 3). Binding energy
is a measure of the affinity of ligand-protein complex or is the difference
between the energy of complex and the sum of energies of each molecule
separately. Inhibition constant is an indication of how potent an inhibitor
is, it is concentration required to produce half maximum inhibition. The
ligand efficiency is binding energy per atom of ligand to protein and is
defined as the calculated pKi divided by the number of heavy atoms in
the ligand; the smaller is the ligand efficiency, the more promising is the
docking. Optimal parameters were used as criteria to interpret the best
pose among the 10 conformations generated by the software AutoDock
4. The molecular docking studies provide valuable information about the
residues involved in the enzyme-substrate interaction.

Table 1: Proteins used as target for docking studies

S.No Name PDB ID Length Experimental info Resolution
1 Topo I 1k4t 592 X-ray diffraction 214
2 NF-KB 1nfk 312 X-ray diffraction 234
3 Caspase 3 1pau 504 X-ray diffraction 254
4 Caspase 8 1qtn 479 X-ray diffraction 1.24
5 PKC lyrk 13 X-ray diffraction 1.74
6 CDK2 2bhh 298 X-ray diffraction 2.6A
7 EGFR 2itx 324 X-ray diffraction 298 A
8 MMP-9 20vX 159 X-ray diffraction 204
9 CFLIP 3h13 271 X-ray diffraction 224
10 COX-2 3In1 552 X-ray diffraction 244
11 mTOR 3o0aw 951 X-ray diffraction 2.75A
12 HER2 Protein 3pp0 308 X-ray diffraction 2254
13 Topo I1 B 3qx3 12 X-ray diffraction 216 A
14 MPO 4clm 467 X-ray diffraction 204

PDB: Protein data bank, EGFR: Epidermal growth factor receptor

Table 2: Ligand molecules used for docking studies

S.No Name PubChem CID Chemical formula Molecular weight (g/mol) 2D structure
1 Aloesin 160190 C,,H,,0, 394.376 g/mol
2 Barbaloin 12305761 C,,H,,0, 418.398 g/mol
3 Curcumin 969516 IC, H,,0,/C, H, 0, 368.385 g/mol
4 Emodin 3220 C,H,,0, 270.24
g/mol

2D: Two-dimensional
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Aloesin showed the lowest binding energy of -3.16 kcal/mol, ligand
efficiency of -0.11, and inhibition constant of 4.79uM, with Protein
kinase C (1yrk) out of the 14 proteins. The best-docked conformation
of aloesin showed hydrogen-binding interactions with the active
residues Lys96, Leu3, and Leul22 of 1yrk with a binding free energy
-3.16 kcal/mol (Fig. 2).

Barbaloin showed the lowest binding energy of -2.9 kcal/mol and
-2.93 kcal/mol with protein 1qtn and 3oaw, respectively, out of 14 proteins
selected as a receptor for docking. Both proteins were found to have same
ligand efficiency (-0.1) and inhibition constant (7.16 uM) with barbaloin
inferring equal affinity of binding. The best-docked conformation of
barbaloin showed hydrogen-binding interactions with the active residues
Asn452, Ser451, Tyr412, Thr503, Gly368, and Arg413 of 1qtn (Fig. 3).

When barbaloin was docked with protein 3oaw, hydrogen bonds are
formed with Asn452, Ser451, Tyr412, Thr503, Gly368, and Arg413
residues (Fig. 4).

Curcumin binds best with epidermal growth factor receptor (2itx)
getting the binding energy of -4.0 kcal/mol. The ligand efficiency
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and inhibition constant of curcumin with 2itx are 1.18 and -0.15 pM
respectively. The best-docked conformation of curcumin showed
hydrogen-binding interactions with the active residues Asn700,
Pro999, GIn701, Glu697, and Pro1019 of 2itx (Fig. 5).

Emodin binds best with topo I (1k4t) getting the binding energy of
-5.71 kcal/mol. The measured ligand efficiency and inhibition constant
with 1k4t observed are 65.38 and -0.29 uM, respectively. The best-
docked confirmation of emodin showed hydrogen-binding interactions
with active residues Trp416, Glu356, and lle377 active residues of 1k4t

(Fig. 6).

The H-bonding stabilizes the ligand and the target site and helps alter
binding affinity and drug efficacy. The result presented in this paper
provides a novel in silico based approach to design drug lead at the
hydrophobic core of ligand and protein interphase. The weak hydrogen
bonds can be broken and exchanged for another kind of bond depending
on the chemical environment at the target, ligand, and target-ligand
interphase. The summarized details of the hydrogen bonds studied are
listed in Table 4.

Table 3: Describes the data obtained from docking log file for every ligand-receptor docking

Ligand Docking Proteins
molecules  parameters 1k4t 1Infk 1pau 1qtn 1yrk 2bhh 2itx 2ovx 3h13 3In1 3oaw 3pp0  3qx3 4clm
Aloesin Binding -1.14 -0.88 -1.15 -2.02 -3.16 -22 -2.79 -259 -128 -135 -0.88 -1.46 -09 -1.17
energy (kcal/mol)
Inhibition 146.5 2248 1429 328 479 2451 9.04 1262 115.7 1019 224.6 84.37 2182 1394
constant*(uM)
Ligand efficiency ~ -0.04 -0.03 -0.03 -0.07 -0.11 -0.08 -0.1 -0.09 -0.05 -0.05 -0.07 -0.05 -0.03 -0.04
Barbaloin Binding -2.06 -1.01 -0.26 -29 -1.15 -2.15 -139 -2.04 -096 -1.06 -293 -0.6 -1.33 -1.14
energy (kcal/mol)
Inhibition 30.73 180.7 640.6 7.47 1441 2648 9574 32.22 197.5 1659 7.16 363.9 105.2 146.9
constant*(uM)
Ligand efficiency =~ -0.07 -0.03 -0.01 -0.1 -0.04 -0.07 -0.05 -0.07 -0.03 -0.04 -0.1 -0.02 -0.04 -0.04
Curcumin Binding -3.21 -239 -2.01 -293 -198 -338 -4 -2.58 -149 -251 -1.6 -1.59 -1.77 -2.53
energy (kcal/mol)
Inhibition 447 17.61 3349 7.06 3513 336 118 1294 8098 1442 66.7 68.54 50.31 13.96
constant*(uM)
Ligand efficiency = -0.12 -0.09 -0.07 -0.11 -0.07 -0.13 -0.15 -0.1 -0.06 -0.09 -0.06 -0.06 -0.07 -0.09
Emodin Binding -5.71 -4.68 -336 -3.8 -3.33 -3.68 -371 -5 -3.6 -439 -393 -411 -3.89 -3.83
energy (kcal/mol)
Inhibition 6538 370.5 342 165 361 201 191 217 231 6099 1.1 996 1.4 1.55
constant*(uM)
Ligand efficiency = -0.29 -0.23 -0.17 -0.19 -0.17 -0.18 -0.19 -0.25 -0.18 -0.22 -0.2 -0.21 -0.19 -0.19

*The change in binding free energy is related to the inhibition constant using the equation: AG=RT in Ki, where R is the gas constant 1.987 cal K-1 mol-1, and T is the
absolute temperature assumed to be 298.15 K

Table 4: Summarized hydrogen bonding interactions for all the proteins and their ligands

S.No Protein name Compound Interaction Amino acid involved in interaction

1 Aloesin Protein kinase C (1yrk) Hydrogen bond Lys96, Leu3, Leul122

2 Barbaloin Caspase 8 (1qtn) Hydrogen bond Asn452, Ser451, Tyr412, Thr503, Gly368, Arg413
3 Barbaloin mTOR (3o0aw) Hydrogen bond Asn452, Ser451, Tyr412, Thr503, Gly368, Arg413
4 Curcumin EGFR (2itx) Hydrogen bond Asn700, Pro999, GIn701, Glu697, Pro1019

5 Emodin Topo I (1k4t) Hydrogen bond Trp416, Glu356, 11e377

EGFR: Epidermal growth factor receptor

Table 5: Energy in KJ/mol for ligand complex with top scoring proteins

S.No Ligand (zinc IDs/name) Protein (PDB ID) VDW (kcal/mol) Electrostatic energy (KJ/mol)
1 Aloesin lyrk 6.82 -0.1
2 Barbaloin a) 1qtn -8.53 -0.64
b) 3oaw -8.99 -0.22
3 Curcumin 2itx -9.32 -0.19
4 Emodin 1k4t -8.44 -0.09

PDB: Protein data bank, VDW: Van der Waals
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Target proteins were retrieved from PDB (PDB IDs: 1k4t, Infk, 1pau, 1qtn, 1yrk, 2bhh, 2itx,
2o0vx, 3h13, 3Inl, 3o0aw, 3pp0, 3gx3, 4c1m)

Ligand molecules were selected and 2D structure was downloaded from PubChem database

(PUBCHEM IDs: 160190, 12305761, 969516, 3220)
Docking analysis was done using AutoDock version 4

Lowest Binding energy was calculated

Identification of Lead compound

Fig. 1: Flowchart for methodology

Fig. 2: Docked complex of aloesin (160190) with protein kinase
C (1yrk) in ribbon representation and their interacting residues;
dotted lines showing the hydrogen bond interaction

Fig. 3: Docked complex of barbaloin (12305761) with caspase 8
(1qtn) in ribbon representation and their interacting residues;
dotted lines showing the hydrogen bond interaction

Ligands and best-docked proteins along with their van der Waals value
and electrostatic energy (KJ/mol) are shown in Table 5.

CONCLUSION

The protein-ligand interaction plays a significant role in structure-
based drug designing. The data suggest that emodin and curcumin
have potential therapeutic value in cancer. Since the compounds do
not exhibit side effects, it has been designated for several clinical trials
as a treatment of human cancer, yet its mechanism of action remains
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Fig. 4: Docked complex of barbaloin (12305761) with mTOR

(30aw) in ribbon representation and their interacting residues;

dotted lines showing the hydrogen bond interaction

Fig. 5: Docked complex of curcumin (969516) with epidermal
growth factor receptor (2itx) in ribbon representation and their
interacting residues; dotted lines showing the hydrogen bond
interaction

Fig. 6: Docked complex of emodin (3220) with topo I (1k4t) in
ribbon representation and their interacting residues; dotted lines
showing the hydrogen bond interaction

unknown. The ligand emodin showed the lowest binding affinity
(=5.71 kcal/mol) against Topoisomerase I (PDB ID: 1k4t). Human
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deoxyribonucleic acid (DNA) Topoisomerase I catalyze single-strand
breaking and rejoining in a DNA double helix in an ATP-independent
manner [19].

Therefore, this study states the importance of compounds from C. longa
and A. vera and their use to enhance protein-ligand studies, in silico.
From the docking results, it is possible to conclude that emodin could
be a potential Topo I inhibitor. In this study, the molecular docking was
applied to explore the binding mechanism and to correlate its docking
score with the activity of plant-derived compounds. The results of our
present study can be useful for the design and development of novel
compounds having better inhibitory activity against several types of
cancers. This potential agent will be a promising candidate and can
further be validated in wet lab studies for its proper function and can
proceed for clinical trials [20].
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