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PROTEIN-LIGAND DOCKING TO IDENTIFY POTENTIAL PHYTOCHEMICALS 

AGAINST BREAST CANCER PROTEIN RECEPTOR USING AUTODOCK 

Humaid Luthufi, Heshani Mudalige, Ominda perera 

School of Science, BMS, Sri Lanka 

ABSTRACT 

Breast cancer is the most common 

cancer diagnosed among women 

worldwide with more than 2 million new 

cases estimated in 2021. Both hormone-

dependent and hormone-independent 

breast cancers have a strong relationship 

with the estrogen receptor α (ERα). This 

study has been performed based on current 

therapy to target the hormone receptor Erα 

using phytochemicals. The 3D structure of 

Erα (PDB ID: 3ERT) was retrieved from 

Protein Data Bank and docked with 3D 

structures of phytochemicals retrieved 

from PubChem. Drug-likeness property 

was analyzed by applying the Lipinski’s 

rule of five using ADMETlab 2.0. 

Receptor-Ligand site-specific docking 

was performed using Autodock 4.2.6. In 

site-specific docking, grid box parameters 

were set by targeting the common active 

amino acid residues in the binding pocket 

retrieved using CASTp (LEU346, 

ARG394, ALA350, LEU384, LEU387, 

PHE404, ILE424, HIS524) of the receptor 

with center grid box value; X= 31.371, Y= 

-1.046, Z=20.174 and spacing= 0.375Å. 

Docking poses and interactions were 

generated using UCSF Chimera and 

BIOVIA DS respectively. Then validation 

was carried out by performing redocking 

and obtained a value of -10.17 kcal/mol. 

This study based on binding energy, 

docking energy, drug likeness and other 

scores confirm that Daidzein has the best 

binding energy of -8.58kcal/mol and 

inhibition constant of 0.509uM out of the 

20 phytochemicals used in this study. 

Other potential lead phytochemicals such 

as glycitein, genistein, curcumin, 

bergamottin, kaempferol and lignans (-

8.55, -8.51, -8.48, -8.28, -8.04, -8.03 

kcal/mol respectively) can be used to 

develop anti-therapeutic drugs for the 

treatment of breast cancer with lesser 

adverse effects.  

Keywords: Erα, Site-specific, 

Lipinski’s rule, Daidzein 

 

INTRODUCTION 

More than one in ten new cancer 

diagnoses in women each year is due to 

breast cancer, which is the most prevalent 

cancer among women. It is the second-

leading global cause of cancer death in 

women. Naturally, the breast possesses 

mammary glands in front of the chest wall. 

The ligaments that support and connect the 

chest to the chest wall are found on the 

pectoralis major muscle. The chest is made 

up of 15 to 20 lobes organized in a 

circular. The breast's size and morphology 

are defined by the fat that covers the lobes. 

Each lobe is made up of lobules that 

contain glands that produce milk when 

they are stimulated by hormones 

(Łukasiewicz et al.,2021). Breast cancer 

always develops insidiously. It is caused 

due to malignant proliferation of epithelial 

cells that line up the lobules and ducts of 

the breast. Regular screenings are how 

most patients learn about their condition.  

Perhaps others have an occasional 

swelling in the breast, a change in the 

breast's size or shape, the breast's skin is 

scaly or red, and fluid discharge from the 

nipples that is either clear or bloody when 

comes to symptoms (Feng et al., 2018). 
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However, mastalgia is not uncommon. 

Diagnosis of breast cancer requires an 

inspection of the body, imaging, 

particularly mammography, and tissue 

biopsy. With early diagnosis, survival 

rises. With a propensity for lymphatic and 

hematological dissemination, the tumour 

has a poor prognosis and may develop 

distant metastases (Moo et al., 2018). 

Breast cancer incidence rises with age, 

reaching a peak of 421 cases per 100,000 

in women aged 75 to 79. Women over the 

age of 40 account for 95% of newly 

diagnosed cases. Incidence rates in the 20 

to 24 age group women is reported to be 

1.5 cases per 100,000.  61 years is the 

average age of women at the time of breast 

cancer. Breast cancer accounts for 11.7% 

of all cancer cases worldwide as of 2021. 

In 2020, 25.7% of the total cancer cases 

diagnosed in Sri Lanka is also due to 

breast cancer (Sung et al., 2021).  

 
 
 
 
 
 

Figure 1:A- Estimated number of 

cancer cases in 2020, worldwide. B- 

Number of breast cancer cases in 2020, 

females in Sri Lanka (Sung et al., 2021) 

 
Breast cancer occurs as a result of 

genetic mutations and DNA damage that 

may be affected by estrogen exposure. 

Inheritance is a possibility for some DNA 

defects or precancerous genes like 

BRCA1 and BRCA2. Therefore, having 

ovarian or breast cancer in the family 

increases the likelihood of getting breast 

cancer. In a healthy individual, cells with 

abnormal DNA or abnormal development 

are attacked by the immune system. In 

breast cancer patients, this fails, which 

promotes the growth and spread of the 

tumor (Shah, 2014). 

A crucial tool in structural molecular 

biology and computer-aided drug creation 

is protein-ligand docking. This method 

aims to identify the predominant manner 

in which ligands will bind to three-

dimensional proteins.  The 2 docking 

techniques are blind and site-specific 

docking. Blind docking is done to identify 

an unknown binding site and site-specific 

docking is done by binding to the known 

binding site of the protein and site-specific 

docking targets the active amino acid 

residues (Hassan, 2017). Effective 

docking strategies efficiently search for 

high-dimensional spaces and using a 

scoring method that accurately rates 

potential dockings. Docking is a helpful 

tool for lead optimization since it can be 

used to virtually screen huge libraries of 

compounds, rank results, and develop 

structural ideas about how ligands inhibit 

a target (Gluterres and Im, 2020). 

A wild type of protein receptor should 

be selected, not a mutated conformation. 

The resolution of the receptor should be 

less than 2Å. In presence of various 

conformation in a protein, the one with 

actives site is considered as a potential 

conformation and the active site amino 

acids in the protein receptor should be 

intact (Guedes., 2014). 

 
Table 1: Receptor used in this study 

 
 
 
 
 

Depending on the target, different 

ligands will be chosen for the docking 

procedure. It can be drawn using the 

Chemsketch tool or retrieved from a 

variety of databases, including ZINC or 

PubChem (Meng et al., 2011). It is often 

necessary to apply filters in order to reduce 

the number of docked molecules by 

analyzing the ADMET properties.  Net 



ISSN 2659-2193 | Volume: 08 | Issue: 04 | 31-12-2022 | www.research.lk 
 

charge, molecular weight, polar surface 

area, solubility, commercial viability, 

similarity thresholds, pharmacophores, 

synthetic viability, absorption, 

distribution, metabolism, toxicological 

characteristics and excretion are a few 

examples (Guan et al., 2019). 

 

 

Table 2: Phytochemicals used in this study 

Phytochemicals Source PubChem CID Reference 

Xanthotoxol Clausena lansium 65090 (Acharya et al., 

2019) Bergapten Rhadinothamnus 

anceps 

2355 

Psolaren Citrus aurantiifolia 101626750 

Angelicin Bituminaria 

bituminosa 

10658 

Marmesin Rhadinothamnus 

anceps 

334704 (Ahmed et al., 

2020) 

Methoxsalen Ammi majus 4114 

Bergamottin Hansenia 

weberbaueriana 

5471349 

Phellopterin Zanthoxylum 

rhoifolium 

98608 (Han et al., 2018) 

Visnagin Musineon divaricatum 6716 (Jeengar et al., 

2016) 

Catechins Camellia sinensis 1203 (Ahmed et al., 

2020) 

Curcumin Curcuma longa 969516 (Jeengar et al., 

2016) 

Daidzein Glycine max 5281708 (Sankaran and 

Mirunalini, 2022) 

Genistein Glycine max 5280961 (Pan et al., 2001) 

(Pan et al., 2001) Glycitein Glycine max 5317750 

Glabridin Glycyrrhiza glabra 124052 (Wahab et al., 

2021) 

Kaempferol Spinacia oleracea 5280863 (Chen et al., 

2013) 

Lignans Cucurbita moschata 443013 (Mondaca et al., 

2019) 

Quercetin Malus pumila 5280343 (Singh et al., 

2010) 

Shogaol Zingiber officinale 5281794 (Bischoff and 

Furst, 2021) 

Trioxsalen Psoralea corylifolia 5585 (Husain et al., 

2018) 
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Table 3: FDA approved drugs used in this study

 
FDA 

approved 

drugs 

PubChe

m CID 

Reference 

Tamoxifen 2733526 (Acharya et 

al., 2019) Trastuzum

ab 

1461609

02 

Lapatinib 208908 (Schwartzb

erg et al., 

2010) 
Letrozole 3902 

Gemcitabi

ne 

60750 (Zhang et 

al., 2020) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: 2D structures of 

phytochemicals used in this study 

 
 
 
 

Figure 3: 2D structures of FDA 

approved drugs used in this study 

 
Autodock suite 4.2.6 is an open-source 

computational software used to perform 

docking, analyze and to visualize results. 

PyMOL can be used as a molecular 

visualization software used to visualize 

3D macromolecules (Rigsby et al., 2016). 

BIOVIA Discovery Studio 2021 is a free 

software used to view, analyze and 

visualize molecule data (Sharma, 2019). 

Ligplot is used to generate 2D schematic 

diagrams of protein ligand complexes 

(Caboche, 2013). ADMETlab 2.0 is a web 

tool used to analyze ADME parameters, 

identify drug nature and properties and to 

predict pharmacokinetic properties (Meng 

et al., 2011). UCSF Chimera is used to 

analyze and visualize molecular structural 

data and generate density maps (Huang et 

al., 2014). 

Validation is performed to check the 

accuracy of docking. Validation can be 

performed using redocking or by 

generating Ramachandran plot. 

Ramachandran plot helps to generate a 

graph of amino residues present in the 

receptor before and after docking and 

thereby comparing the result helps in 

validating the result (Wlodawer, 2017). 

Redocking is performed by removing the 

ligand and docking it again to the receptor. 

It is done to ensure that the ligand is 

properly positioned and oriented to get a 

better result (Uchikoga et al., 2013) 

 

Significance 

Significance of breast cancer is that it is 

a disease without a natural cure. The 

treatments are based on removing, 

shrinking or inhibiting the growth of 

tumours. And the available treatments at 

present have various side effects such as 

hair loss, nausea, muscle pain, vaginal 

discharge, diarrhoea and nerve damage 

(Odle, 2014). Advancement in 

bioinformatics helps to do research on 

various phytochemicals and to discover a 

potential drug to treat breast cancer and 

other types of cancer with a better rate of 

recovery and less side effects (Hassan, 

2017). 
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Objectives 

Objective of this study is to identify best 

ligands and their binding sites against 

human ERα receptor for treatment of 

Breast Cancer disease. Some of the other 

specific objectives are to familiarize with 

software such as AutoDock Suite 4.2.6, 

UCSF Chimera, PyMOL, Open Babel 

GUI and BIOVIA DS, to identify best 

ligand binding site of FDA approved drugs 

for breast cancer using site-specific 

docking and to identify potent 

phytochemicals and FDA approved drugs 

and their binding site against human ERα 

receptor using site-specific docking. 

 
Materials 

The hardware consisted of a HP laptop 

Intel(R) Core (TM) i5-1035G1 CPU @ 

1.00GHz   1.19 GHz, 64-bit operating 

system, x64-based processor, 8GB RAM, 

10th generation and Windows 11. The 

software used were Autodock suite 4.2.6, 

BIOVIA Discovery Studio (DS), Open 

Babel GUI 2.4.1, PyMOL 2.5 and UCSF 

Chimera 1.1.6. Python 3.10.2 and 

Mgltools 1.5.7 were used as supporting 

softwares. Websites and webtools 

consisted of NCBI PubChem, CASTp 3.0, 

ADMET lab 2.0, Saves -PROcheck and 

Ramachandran plot analysis. Samples 

used were FDA approved drugs and 

phytochemicals. 

 

METHODOLOGY 

Protein receptor preparation 

The three-dimensional structures of the 

protein receptor involved in breast cancer, 

Erα was retrieved from the RCSB PDB 

with PDB IDs 3ERT. No chains were 

deleted during the modification of the 

receptor as there was only one chain. 

Modifications were done to the receptor 

by deletion of water molecules and 

selected atoms, addition of hydrogen and 

Kollman charges, assigning AD4 type to 

atoms and finally the file was saved as 

.pdbqt file to make it compatible with the 

ligand using Autodock suite 4.2.6. 

 

Ligand preparation 

The 3D structures of FDA approved 

drugs and phytochemicals were retrieved 

from NCBI PubChem in .sdf format. They 

were converted to .pdb using Open Babel 

GUI 2.4.1. Modifications were done to the 

ligand by setting torsions and the file was 

saved as pdbqt file to make it compatible 

to the receptor using Autodock 4.2.6. 

 

Site-specific docking using Autodock 

suite 4.2.6 

The receptor and ligands were modified 

to make them compatible to each other as 

mentioned in 3.1 and 3.2. To generate grid 

box, the macromolecule and ligand was 

opened, and the grid box parameter values 

were set as x, y, z dimensions 82, 50 and 

90 respectively and x, y, z center values 

31.371, -1.046 and 20.174 respectively 

(Figure 4) based on the active sites as 

mentioned in CASTp web tool. Finally, 

Autogrid and Autodock were run to obtain 

the docking log file which consists of the 

RMSD table along with the binding 

energies. Then the .dlg file was analyzed 

for best docking poses. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Grid box parameter used in 

Site-specific docking 
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Analysis of docking parameters 

The DLG file and receptor file was 

opened using Autodock. Binding energy, 

inhibition constant and ligand efficiency 

were analyzed. The best phytochemical 

was determined based on the best binding 

energy. 

 

Visualization of poses and interactions 

Poses and interactions of docked 

protein-ligands, hydrogen bonds and 

hydrophobic bonds were visualized by 

opening the docked complex files and 

setting up parameters. 3D structures of 

docked complex files were also visualized 

to obtain the poses. Poses and interactions 

were obtained using following software 

such as Autodock suite 4.2.6, UCSF 

Chimera and BIOVIA Discovery Studio. 

The DLG file and receptor file was opened 

using Autodock suite 4.2.6. Binding 

information such as lowest binding 

energy, inhibition constant and ligand 

efficiency were analyzed. Finally, the 

complex file was saved as pdbqt file. 

UCSF Chimera was used to visualize and 

analyze the best docked poses. 

Background colour, quality and ribbons 

were adjusted to fit in. Then the file was 

saved as PDB. Dock complex.pdb file was 

opened in BIOVIA. Hydrogen bonds, 

hydrophobic interactions and other protein 

ligand interactions were obtained and 

analyzed using a 2D map. The 3D pose 

was also obtained by changing the 

background to white. PyMOL was used to 

generate poses and for superimposition. 

 

Validation 

Validation was done by generating a 

Ramachandran plot and by redocking. 

Redocking was performed by redocking 

its natural ligand OHT by the same method 

used in 3.1 and 3.2. Based on the results, 

stability of the protein-ligand complex 

was validated. Ramachandran plot was 

generated by uploading the PDB files for 

the receptor molecule before and after 

docking. Validation is done to make sure 

there is very less changes in the residues 

of the favoured regions of both complexes. 

 

Drug likeness analysis 

Drug likeness was identified using 

ADMETlab 2.0 web tool and potential 

phytochemicals were selected. Isomeric 

smiles were retrieved from PubChem and 

loaded into ADMETlab 2.0 to obtain the 

pharmacological properties of the ligands 

 

RESULTS 

Site-specific docking parameters

 

Table 4: Site-specific docking parameters retrieved using Autodock 4.2.6 

 
Ligands Binding Energy 

(kcal/mol) 

Inhibition constant 

(µM) 

FDA Approved Drugs 

Tamoxifen -9.80 0.0655 

Trastuzumab -8.82 0.344 

Lapatinib -8.42 0.669 

Letrozole -8.25 0.891 

Gemcitabine -4.82 0.291 

Phytochemicals 

Daidzein -8.58 0.509 

Glycitein -8.55 0.540 
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Genistein -8.51 0.577 

Curcumin -8.48 0.610 

Bergamottin -8.28 0.854 

Kaempferol -8.04 1.27 

Lignans -8.03 1.30 

Glabridin -7.88 1.67 

Catechins -7.75 2.80 

Marmesin -7.72 2.20 

Quercetin -7.70 2.25 

Phellopterin -7.62 2.58 

Trioxsalen -7.44 3.53 

Visnagin -6.87 9.19 

Psolaren -6.85 9.59 

Shogaol -6.58 15.05 

Xanthotoxol -6.55 15.78 

Methoxsalen -6.53 16.39 

Angelicin -6.41 20.02 

Bergapten -6.29 24.50 

Out of the FDA approved drugs, 

Tamoxifen had the best binding energy 

value of -9.80 kcal/mol and inhibition 

constant value of 0.0655 µM. Out of the 

phytochemicals, Daidzein obtained the 

best BE value of -8.58 kcal/mol and Ki 

value of 0.509 µM. 

 
Site-specific docking poses 

 
 
 
 
 
 
 
 
 
 

Figure 5: Site-specific docking poses of 

FDA drugs retrieved using UCSF 

Chimera 
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Figure 6: Site-specific docking poses of 

phytochemicals retrieved using UCSF 

Chimera   

 
Site-specific docking interactions 

 

 
 
 
 
 

Figure 8: Site-specific interactions of 

phytochemicals retrieved using BIOVIA 

DS 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 7: Site-specific interactions of 

FDA drugs retrieved using BIOVIA DS 

 

 
 
 

Table 5: Site specific interactions retrieved using BIOVIA DS 

 
Ligands H bond-Amino acid 

residues 

Hydrophobic bond-Amino acid 

residues 

FDA Approved Drugs 

Tamoxifen  GLU419, GLY420, HIS524, GLY521, 

LEU384, LEU354, TRP383, 

ARG394, LEU349, LEU428, 

MET388, ILE424, MET343, 

MET421, LEU525, ALA350, 

LEU387, LEU391, LEU346, PHE404, 

GLU353 

Trastuzumab LEU536, MET522, 

TYR526, CYS530, VAL533 

GLU523, THR347, LYS531, 

ASN532, TRP383, MET528, 

LEU525, PRO535 

Lapatinib CYS530 THR347, PHE404, MET343, 

MET528, VAL533, LEU536, 

GLU523, TYR526, MET522, 

ASP351, LEU384, LEU346, ALA350, 

TRP383, LEU525 
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Letrozole ARG394 GLU353, LEU391, MET343, 

LEU384, HIS524, GLY420, ILE424, 

TRP383, PHE404, LEU349, LEU387, 

ALA350, LEU346, LAU525 

Gemcitabine ARG394, GLU353 ALA350, LEU349, PHE404, 

LEU525, GLY521, ILE424, LEU384, 

LEU428, LEU391, MET421, 

LEU346, MET388, LEU387 

Phytochemicals 

Daidzein ARG394, GLU353, 

GLY521, HIS524 

LEU349, PHE404, LEU391, 

MET388, LEU384, MET343, ILE424, 

GLY420, LEU387, LEU346, 

ALA350, LEU525 

Glycitein GLU353, GLY521, 

HIS524 

ARG394, PHE404, MET388, 

LEU384, LYS520, MET522, 

GLY420, ILE424, MET343, LEU349, 

LEU391, ALA350, LEU346, LEU525 

Genistein ARG394, GLU353, 

LEU346, HIS524, GLY521 

PHE404, LEU349, THR347, 

MET343, MET421, ILE424, 

GLY420, LEU525, LEU391, 

LEU387, ALA350, LEU384 

Curcumin CYS530, THR347, 

GLU353 

MET343, LEU384, ARG394, 

TRP383, TYR526, MET388, 

LEU391, LEU387, ALA350, 

LEU346, LEU349, LEU525, MET528 

Bergamottin  GLU353, ARG394, TRP383, 

HIS524, GLY420, GLY521, 

MET421, LEU428, PHE404, 

LEU349, LEU391, LEU387, LEU384, 

ALA350, LEU346, ILE424, MET388, 

MET343, LEU525 

Kaempferol LEU387, GLU353, 

HIS524, GLY521 

MET522, MET421, ILE424, 

LEU428, ARG394, PHE404, 

LEU349, MET343, GLY420, 

LEU525, LEU391, LEU346, 

ALA350, LEU384, MET388, LEU525 

Lignans LEU536 TYR526, GLU380, LEU387, 

ASP351, THR347, LEU539, 

VAL533, VAL534, PRO535, 

MET528, LEU525, ALA350, 

LEU354, TRP383 

Glabridin ASP351, ALA350 GLU353, THR347, LEU539, 

VAL534, CYS530, MET357, 

LEU387, VAL533, LEU536, 

LEU354, TRP383 

Catechins LEU387, GLU419, 

HIS524, GLU353 

ARG394, LEU428, PHE404, 

VAL418, MET343, GLY420, ILE424, 
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GLY521, LEU384, LEU349, 

LEU346, ALA350, LEU391, 

MET388, MET421, LEU525 

Marmesin LEU346, HIS524 GLY521, GLY420, ILE424, 

ALA350, GLU353, ARG394, 

MET343, LEU525, PHE404, 

LEU349, LEU387, MET421 

Quercetin HIS524, GLU419, 

GLU353 

GLY521, LEU525, LEU384, 

LEU428, PHE404, ARG394, 

LEU349, VAL418, MET343, 

GLY420, MET388, LEU346, 

ALA350, LEU387, LEU391, 

MET421, ILE424 

Phellopterin HIS524 MET388, ILE424, ASP351, 

MET343, GLY521, GLY420, 

ALA350, TRP383, LEU525, LEU428, 

LEU391, PHE404, MET421, LEU346 

Trioxsalen ARG394, LEU391 MET343, GLU353, LEU384, 

ALA350, LEU349, LEU387, 

LEU346, MET388, LEU428, 

MET421, ILE424, PHE404 

Visnagin  GLY390, PHE445, HIS356, 

PRO325, TRP393, ILE326, LEU387, 

MET357, PRO324, LEU327, 

GLU353, ARG394, LYS449 

Psolaren HIS524, LEU525 GLY420, GLU419, MET343, 

LEU346, PHE404, LEU391, LEU384, 

LEU428, MET388, ILE424 

Shogaol LEU346 HIS524, GLY521, MET343, 

LEU428, LEU402, PHE404, LEU387, 

LEU349, THR347, ARG394, 

MET388, ALA350, ILE424, 

lLEU391, MET421, LEU525, 

LEU384, GLU353 

Xanthotoxol MET522 TYR526, TRP383, LEU536, 

LEU525 

Methoxsalen HIS524 GLU419, GLY420, MET343, 

LEU346ala, PHE404, LEU428, 

LEU391, MET388, LEU384, 

LEU525, TRP383, ILE424, MET421, 

GLY521 

Angelicin LEU327 ARG394, PRO325, HIS356, 

ILE386, ILE326, PRO324, MET357, 

GLU353, LYS449 

Bergapten HIS524, LEU525 ILE424, GLY420, GLY521, 

MET343, PHE404 VAL418, LEU391, 

ALA350, LEU428, LEU346, MET421 
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ARG394, HIS524, LEU346, LEU387 

and LEU525 were identified as common 

amino acid residues in both hydrogen and 

hydrophobic bonds. ALA350, MET4231, 

PHE404, ILE424 and LEU384 were 

identified as common amino acid residues 

in hydrophobic bonds of the binding 

pocket region. 

 
ADMET analysis of phytochemicals 

 

Table 6: ADMET analysis of phytochemicals using ADMETLAB 2.0 

 
Phytochemicals BBB 

Penetration 

HIA Lipinski 

Rule 

P-

glycoprotein 

substrate 

Cytochrome 

P (CYP2C9) 

inhibitory 

promiscuity 

Daidzein ✖ ✖ ✔ ✔ ✔ 

Glycitein ✖ ✖ ✔ ✔ ✔ 

Genistein ✖ ✖ ✔ ✔ ✔ 

Curcumin ✖ ✖ ✔ ✖ ✔ 

Bergamottin ✖ ✖ ✔ ✖ ✔ 

Kaempferol ✖ ✖ ✔ ✖ ✔ 

Lignans ✖ ✖ ✔ ✖ ✖ 

Glabridin ✖ ✖ ✔ ✖ ✔ 

Catechins ✖ ✖ ✔ ✖ ✖ 

Marmesin ✖ ✖ ✔ ✖ ✖ 

Quercetin ✖ ✖ ✔ ✖ ✔ 

Phellopterin ✖ ✖ ✔ ✖ ✔ 

Trioxsalen ✖ ✖ ✔ ✔ ✖ 

Visnagin ✖ ✖ ✔ ✔ ✔ 

Psolaren ✖ ✖ ✔ ✖ ✔ 

Shogaol ✖ ✖ ✔ ✖ ✔ 

Xanthotoxol ✖ ✖ ✔ ✖ ✖ 

Methoxsalen ✖ ✖ ✔ ✖ ✖ 

Angelicin ✖ ✖ ✔ ✔ ✔ 

Bergapten ✖ ✖ ✔ ✔ ✖ 

Based on the above 5 ADMET 

parameters, Lipinski’s rule which is based 

on drug-ability was considered as the 

prime parameter. The rule of 5 include 

molecular weight >500 Da, H-bond 

donors <5, H-bond acceptors <10, CLog P 

value <5. Blood Brain Barrier (BBB) 

penetration and Human Intestinal 

Absorption were negative. 

Phytochemicals that didn’t fulfil these 

parameters were ruled out. When two or 

more of these requirements were broken, a 

molecule is likely to be a non-orally 

available drug (Benet et al., 2016). 

Validation by redocking and 

Ramachandran plot 
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Table 7: Redocking values for site-

specific docking 

 
 Binding 

Energy 

(kcal/ 

mol) 

Inhibition 

constant/ 

Ki (µM) 

Site-

specific 

docking 

-10.17 0.0394 

 
Site-specific redocking had the best 

redocking value of -10.17 kcal/ mol and 

0.0394 µM. 

 
 
 
 
 
 

Figure 9: Superimposed diagram of 

redocked receptor complex/ 3ERT and 

natural ligand OHT600 using PyMOL 

Superimposition was performed for the 

best redock value (-10.17 kcal/mol) which 

was obtained from the site-specific 

redocking. 3ERT receptor redocked to its 

natural ligand/ OHT600 had a good 

RMSD score of 1.695 Å. As the value is 

<2.0 Å, it can be concluded saying that this 

procedure is valid (Liu et al., 2009). 

 
 
 
 
 
 
 
 

Figure 10: Ramachandran plot 

validation of the receptor 3ERT 

As shown in figure 10, in both before 

and after docking the receptor, the residue 

in the most favourable region is 91.2%. 

Therefore, protein receptor structure is not 

affected by the docking procedure. 

 
DISCUSSION 

Breast cancer is still a major public 

health concern and is given top priority in 

medical research despite advances in 

medical technology and significant study. 

This study primarily focuses on using 

various computational approaches to 

identify possible inhibitors of breast 

cancer. It was aimed to explore several 

phytochemicals against ER alpha proteins 

thought to be potential therapeutic targets 

and involved in the progression of breast 

cancer (Jha et al., 2022).  

In Autodock suite 4.2.6, during the 

preparation of protein receptor 3ERT, the 

water molecule was deleted as they’re not 

involved in binding, and they are 

eliminated to ease computations and get 

rid of any potential water molecules that 

would cause the pose search to be distorted 

in the binding pocket. No chains were 

deleted as the macromolecule had only 

one chain. Polar hydrogen addition makes 

it easier to discover hydrogen bond 

interactions and more favourable for 

anyone to discover ligand binding affinity 

against protein. Additionally, to stabilize 

the receptor by bridging the gaps. Kollman 

charges were added to the receptor to 

make sure it has a similar environment as 

in the body and to calculate the net atomic 

charge of the receptor molecule. 

Heteroatom (OHT600) was deleted to 

make room for the new ligand of interest 

as it can disrupt the binding of ligand with 

the receptor. Addition of missing atoms 

minimizes the effects on binding pocket 

and enhances protein preparation 

(Madhavi et al., 2013). Genetic algorithm 

was used to adjust one protein’s surface in 

relation to the other and to determine the 

best complementary surface between the 2 

molecules (Gardiner et al., 2001). 
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The ADMET characteristics of the 

filtered compounds were predicted using 

ADMETlab 2.0 web tool in order to 

determine the possible adverse effects of 

these phytochemicals in humans. ADMET 

parameters include the BBB, HIA, P-

glycoprotein substrates and inhibitors, 

Lipinski’s rule, renal organic cation 

transporter (ROCT), cytochrome P (CYP) 

inhibitory promiscuity, and toxicity risks. 

The phytochemicals that did not fulfill 

these parameters were not taken into 

consideration (Yousuf et al., 2017). 

Stronger the ligand is bound to the 

receptor, the smaller the value of the 

inhibition constant indicates, and vice 

versa, higher the inhibition constant, the 

weaker the ligand is bound to the receptor. 

The decrease in the value of the inhibition 

constant is inversely proportional to the 

increase in the binding energy of the 

ligand. (Shivashankar and Sangeetha, 

2022). Ramachandran plot analysis 

confirmed that the protein receptor 

structure was not affected by the docking 

procedure and redocking procedure 

obtained a value of 1.695 Å, which is less 

than <2 Å. Therefore, it can be confirmed 

that the docking procedure was accurate 

and valid (Liu et al., 2009). 

Phytochemicals docked using site specific 

docking using Autodock Suite 4.2.6 

obtained higher binding energies and 

inhibition constants compared to the 

reference article as shown in Table 8. 

Other phytochemicals such as glycitein, 

curcumin, bergamottin and kaempferol 

also had binding energies above -7 

kcal/mol and inhibition constant less than 

1.30 µM. 

 

Table 8: Comparison of binding energy and inhibition constant from reference article and 

this study 

 
Ligand BE 

from this 

study 

(kcal/mol) 

BE 

from 

reference 

article 

(kcal/mol) 

References 

Daidzein -8.58 -7.72 Ferdous et al., 

(2013) Genistein -8.51 -7.62 

Quercetin -7.70 -7.13 

Ligand Ki from 

this study 

(µM) 

Ki from 

reference 

article 

(µM) 

References 

Daidzein 0.509 2.21 Ferdous et al., 

(2013) Genistein 0.577 2.69 

Quercetin 2.25 5.55 

 
Daidzein had the best binding energy 

and inhibition constant values (-8.58 

kcal/mol and 0.509 µM) for site-specific 

docking. Out of the FDA approved drugs, 

Tamoxifen had the best result for site-

specific docking (BE= -9.80 kcal/mol and 

Ki= 0.0655 µM). Hence it can be proved 

that site-specific docking using Autodock 

suite 4.2.6 had the best results for the 

docking procedure. 
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In a study conducted by Kumar and 

Chauhan, Daidzein which obtained the 

highest value for site-specific docking in 

this study had a value of -9.30 kcal/mol for 

blind docking, reason for this can be due 

to the difference in software used for the 

docking procedure. 

The experimental analysis in the 

research article shows that LEU346, 

ARG394 ALA350, LEU384, LEU387, 

PHE404, VAL418, MET421, ILE424, 

HIS524 and LEU525 act as catalytic site 

residues present in the 3D structure of 

Human estrogen receptor. And these 

residues were evaluated using QSiteFinder 

and CASTp.   

 

 

Table 9: Common amino acid residues from reference article and this study 

 
Common amino acid 

residues in this study 

Common amino acids 

from article 

References 

LEU346, ALA350, 

LEU384, LEU387, 

PHE404, MET421, 

ILE424, HIS524, LEU525, 

VAL418 

LEU346, ALA350, 

LEU384, LEU387, 

PHE404, MET421, 

ILE424, HIS524, LEU525, 

ARG394, TRP383 

Ferdous et al., 2013 

Most common amino acids present in 

the binding pocket regions as per the 

article were 95% similar to the amino 

acids present in this study (Table 9). The 

ligands are stabilized at the target site by 

hydrogen bonding and hydrophobic 

interactions, which also contribute to 

change binding affinity and therapeutic 

efficacy (Patil et al., 2010). 

In this study, LYS529 amino acid was 

identified as an ‘Unfavourable bump’, 

they are not classified as interactions 

present in hydrogen or hydrophobic bond 

region. Unfavourable bump can be formed 

due to steric interactions therefore, it can 

be tested by performing wet lab 

experiments like enzymatic assays (Fu et 

al., 2018). In this study, Daidzein which 

exhibited the best values in site-specific 

docking too showed the above interactions 

LEU346, ARG394 ALA350, LEU384, 

LEU387, PHE404, ILE424, HIS524 and 

LEU525. CASTp web tool was used to 

evaluate the residues in the binding 

pocket. HIS524 and ARG394 was 

obtained as the most repeated amino acid 

residues in Hydrogen bonds. Therefore, it 

can be proved that these amino acid 

interaction residues are important for 

estrogen receptor alpha targeted drug 

designing (Ferdous.S et al., 2013). 

 

CONCLUSION 

In conclusion, the protein-ligand 

interaction plays a major role in structural 

based drug designing. The phytochemicals 

sorted based on ADMET analysis can be 

used as potential inhibitors for breast 

cancer disease with an efficient result. 

Best binding energies for both FDA and 

phytochemicals were obtained using 

Autodock suite 4.2.6. The most common 

acids identified in the binding pocket 

region (LEU346, ARG394 ALA350, 

LEU384, LEU387, PHE404, ILE424, 

HIS524 and LEU525) were crucial for the 

identification of binding pocket. In this 

study, phytochemicals such as daidzein, 

glycitein, genistein, curcumin, 

bergamottin, kaempferol, and lignans 

obtained very good results for binding 

energy and inhibition constant in site 

specific docking. Therefore, it can be 
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concluded that these phytochemicals can 

be used for further analysis to develop 

potent therapeutic target drugs for 

estrogen receptor alpha breast cancer. 

As some of the phytochemicals had 

promising results against the estrogen 

receptor (3ERT), it can be analyzed and 

developed for the treatment of breast 

cancer. To obtain high throughput results 

for molecular docking simulations, 

computational tools such as DOCK, 

GOLD, FLEXX and ICM can be used 

(Dar and Mir, 2017). Schrodinger’s 

GLIDE is a robust software which can be 

used for prediction of poses with an 

accuracy rate >90%. It is optimized for 

screening millions of compounds with full 

spectrum of speed (David, 2018). The 

Quantitative Structure-Activity 

Relationship (QSAR) is a mathematical 

tool that uses a compound's chemical 

structure to predict its physicochemical, 

biological, and environmental outcomes 

(Cherkasov, 2014). Traditional extraction 

methods have a significant drawback as 

they require a lot of time and energy. 

Therefore, techniques such as ultrasound-

assisted extraction, microwave-assisted 

extraction or supercritical fluid extraction 

can be performed. Microwave-assisted 

extraction can be performed as it is 

possible to extract target molecules in 20 

times less time than reflux extraction. 

Additionally, compared to the traditional 

two-step vacuum process, the microwave-

vacuum method is ten times faster. 

Furthermore, it has been shown that the 

structure and composition of iso-

flavonoids are unaffected by the extraction 

processes of ultrasonic disruption and 

microwave-vacuum drying. Extracted 

compounds can be isolated by High 

Pressure Liquid Chromatography (HPLC) 

as it accelerates the process of purification 

of the phytochemicals. UV-visible 

spectroscopy can be performed for 

qualitative analysis and purification. 

Finally, cytotoxicity assay can be carried 

out to determine the cytotoxicity of the 

phytochemical compound (Blicharski and 

Oniszczuk, 2017). 
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