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ABSTRACT 

 

Breast cancer is the cancerous condition that develops in breast tissues, which could be invasive or non-invasive 

cancer. Hormonal therapy is general practice to control the estrogen level in Estrogen Receptor – positive (ER+) 

condition of breast cancer. Phytoestrogens that have been hypothesized to reduce risk of breast cancer and Glycine 

max (Soya bean) is a primary source of isoflavones, which has structure similar to estrogen receptor molecule. 

Glycine max intake in the diet has been associated with low risk for developing breast cancer. The aim of the study 

was to identify anti-cancerous potentials from Glycine max with the help of docking studies and molecular orbital 

analysis. Insilico docking studies were carried out using computational methods, based on Lamarckian genetic 

algorithm and PM7. This theoretical analysis could lead to further improvement of potent estrogen receptor 

antagonists for treatment of cancerous conditions. 
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I. INTRODUCTION 

 
Breast cancer accounts for 22.9% of all cancers in 

women worldwide [1]. Breast cancer cells have 

estrogen receptors on their surface and in their 

cytoplasm and nucleus. Chemical messengers such as 

hormones bind to receptors, and this causes changes in 

the cell. Estrogen receptors are over-expressed in 

around 70% of breast cancer cases, referred to as "ER-

positive". Breast cells that are estrogen and 

progesterone receptor positive (i.e., ER+ and PR+) are 

more likely to respond hormonal therapy (e.g., 

Tamoxifen, Raloxifene, Toremifene) and have a better 

prognosis than cancers that are hormone receptor 

negative [2]. Natural  products  have  been  established  

to  exert  anti-cancer  activities  partially  based  on  

their  ability  to  quench  reactive  oxygen  species  and  

protect critical cellular components like DNA, proteins 

and lipids from oxidative damage [3]. Soybeans are the 

most common source of isoflavones in human food. 

Soybeans contain phytoestrogen that is considered by 

some dieticians and physicians to be useful in the 

prevention of cancer [4]. Intake of Soy isoflavones is 

associated with a significant reduced risk of breast 

cancer in Asian populations [5]. Several experimental 

studies have shown that soy or isoflavones have 

anticarcinogenic effects on hormone-related cancers 

and that these effects may be related to their estrogenic, 

antiestrogenic, or other activities [6-9]. Interestingly, 

the chemical structure of Isoflavones is similar to 

estrogen [10]. The compounds with structural similarity 

will possess functional similarity. 

 

The use of computers to predict the binding of libraries 

of small molecules to known target structures is an 

increasingly important component in the drug 

discovery process [11,12]. There is a wide range of 

software packages available for the conduct of 

molecular docking simulations like, Auto Dock, GOLD, 

and FlexX [13]. Auto Dock 4.2 is the most recent 

version which has been widely used for virtual 

screening, due to its enhanced docking speed [13]. In 

this study, among different phytochemicals, 

Stigmasterol and Daidzein showed promising binding 

with estrogen receptor due to the fact that structure of 

estrogen shares striking resemblance with these 

phytochemicals. Molecular docking determines the 

binding affinity between the protein and ligands, which 

aims to determine the 3D conformation and binding 

interactions. 

http://en.wikipedia.org/wiki/Breast_cancer_classification#Receptor_status
http://en.wikipedia.org/wiki/Cytoplasm
http://en.wikipedia.org/wiki/Cell_nucleus
http://en.wikipedia.org/wiki/Hormone
http://en.wikipedia.org/wiki/Receptor_%28biochemistry%29
http://en.wikipedia.org/wiki/Breast_cancer
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II.  METHODS AND MATERIAL 

A. Ligand preparation  

The structures of five phytochemicals namely 

Campesterol, Genistein, Stigmasterol, Sitosterol and 

Daidzein (Figure 1) used in this study were retrieved 

from Pubchem compound database. These 

phytochemicals satisfied Lipinski‟s rule of five and 

ADME properties. The structures were takes as input 

for docking program in Autodock 4.0. 

 

 
Figure1. Phytochemicals structures present in Glycine 

max 

B. Target  Selection  

The three dimensional structure of Human estrogen 

receptor was obtained from the protein data bank (PDB 

ID: 2IOK, Res: 2.40 A°) [14] (Figure 2). The water 

molecules were removed during molecular modeling. 

The energy minimized protein structure was included 

prior to docking to accommodate hydrogen atoms. 

C. Energy minimization  

Energy minimization were done to the protein using 

Swiss PDB viewer to compute energy and energy 

minimization process [15] 

 
 

Figure 2. Different schematic representation of 3D structure 

of Estrogen Receptor (PDB ID: 2IOK) 

D. Binding site 

The binding site in estrogen receptor was determined 

using Computer Atlas of Surface Topology of Proteins 

(CASTp). CASTp helps in identifying geometric 

properties of protein pockets, which are assumable 

positions on protein surface. The residues within the 

binding site were identified. CASTp (Figure 3) 

calculated potential active sites of protein. The analysis 

revealed there are several pockets, which fit in role of 

active site. 

 

Figure 3. Active sites predicted in the Estrogen 

Receptormolecule using CASTp server 

E. Molecular docking 

Molecular docking combined with a scoring function 

can be used to screen potential drugs insilico to identify 

molecules that are likely to bind to protein target of 

interest. To perform the docking model, the Auto Dock 

4.0 suite molecular-docking tool was used and 

http://www.ijsrcseit.com/
http://www.ugc.ac.in/journallist/ugc_admin_journal_report.aspx?eid=NjQ3MTg=
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methodology was followed [16]. Auto Dock 4.0 is 

widely distributed molecular docking software which 

performs flexible docking of ligands into a known 

protein structure. The default parameters of automatic 

settings were used. Each docking experiment consisted 

of 10 docking runs with 150 individuals and 500,000 

energy evaluations. The size of grid box is key 

parameter in Auto Dock. The volume of the box was 

fixed to 27000Å to have large search space. The Auto 

Dock results indicated the binding position and bound 

conformation of protein, as well as hydrogen bond 

interactions between protein and ligand molecule. The 

docked conformation, which had minimum binding 

energy, were selected to analyze mode of binding  

F. Molecular orbital analysis 

Electronic effects of drug like molecules play an 

important role in the pharmacological effects [17]. 

HOMO energy proposes the region of the small 

molecules, which can donate electron during the 

complex formation, while LUMO energy signifies the 

capacity of the molecule to accept the electrons from 

the target protein. The difference in HOMO and 

LUMO energy, known as energy gap, indicates the 

electronic excitation energy [18] that is necessary to 

compute the molecular reactivity and stability of the 

compounds [19]. Orbital analysis of compounds were 

computed using MOPAC2016 [20] and Arguslab [21] 

softwares. ESP (Electrostatic Potential) mapped density 

to identify region of electrophilic and nucleophilic 

attack 

 

III. RESULTS AND DISCUSSION 

A. Molecular docking  

 Molecular docking is key tool in drug modeling 

process. Docking is a novel method in which the ligand, 

binds on the pockets or active site of the receptor 

molecule. This method is regarded as one of the major 

innovation in drug discovery. 

 

The five phytochemicals were docked using Auto dock 

4.2 successfully. The interactions and binding energy 

of phytochemicals are listed in Table 1. Good 

interactions were observed between residues of protein 

and ligand molecules. The phytochemicals showed 

binding energy between -5.50 to -7.50 kcal/ mol. The 

results were analyzed based on binding energy of the 

complex. The number of H-bonds was calculated with 

bond length between atoms of protein-ligand docked 

complex.  Stigmasterol and Daidzein illustrate high 

affinity for the protein molecules with score of – 7.50 

and -7.36 (Figure 4 and 5). Both phytochemical 

showed two hydrogen bond interactions with estrogen 

receptor. Stigmasterol shows interactions with 

ARG515 residue of protein. Daidzein showed two 

hydrogen interactions with GLY521 and GLU 353 

residues of Estrogen Receptor molecule and bound to 

active sites. 

TABLE 1. 

DOCKING RESULTS OF GLYCINE MAX 

PHYTOCHEMICALS WITH ESTROGEN RECEPTOR 

PROTEIN 

Phytochemicals 

Binding 

energy 

 kcal/mol 

Hbonds 

Protein Ligand 

interactions 

(Hbonds) 

Stigmasterol -7.50 2 

LIG 1: O – 

A:ARG515:HE 

LIG 1: O – A:ARG 

515:HH21 

Daidzein -7.36 2 

LIG 1: H – 

A:GLY521:O 

LIG 1: H –

 :GLU353:OE1 

 

Genistein 

 

-7.11 2 

LIG 1: H – 

A:TRP393:NE1 

LIG 1: H – 

A:GLU353:O 

Campesterol -6.80 1 
LIG 1: H – 

A:GLU443:OE1 

Sitosterol -5.70 1 
LIG 1: H – 

A:HIS377:ND1 

 

 
 

Figure 4: Stigmasterol interacting with residue ARG515 of 

Estrogen Receptor and bound to the active site of protein 

molecule 

http://www.ijsrcseit.com/
http://www.ugc.ac.in/journallist/ugc_admin_journal_report.aspx?eid=NjQ3MTg=
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Figure 5: Daidzein interacting with residues GLY521 and 

GLU353 of Estrogen Receptor and bound to active site of 

Estrogen Receptor molecule 

 

The screening of phytochemicals from Glycine max 

against breast cancer target Estrogen Receptor was 

carried out using molecular docking methods. The 

docked five compounds demonstrated binding affinity 

towards estrogen receptor. Among the five, 

Stigmasterol and Daidzein were identified with least 

binding energy of -7.50 and -7.36. The molecular 

docking of the two compounds showed good binding 

mode and interaction energy. H-bond pattern was 

analyzed and confirmed inhibition of cancer target and 

showed that the phytochemicals possessed possible 

anticancer activity. 

B. Molecular orbital analysis 

HOMO-LUMO plays an important role in stabilizing 

the interactions between drug and receptor protein [19]. 

The orbital energy of HOMO, LUMO and Energy gap 

between them was calculated to estimate the chemical 

reactivity of the selected compounds using PM7 (Table 

2). Higher values of EHOMO, stronger is electron 

donating ability of molecule and lower values of ELUMO, 

more probable it is that molecule would accept 

electrons [22].  

 

The energy gap (∆E = ELUMO – EHOMO) is an important 

quantum chemical parameter that determines molecular 

electrical transport properties and is a measure of 

electron conductivity. A molecule with a small energy 

gap is more polarizable and is generally associated with 

high chemical reactivity, low kinetic stability and is 

also termed as a soft molecule [23]. The Energy gap for 

Daidzein (7.137) was lower compared to Stigmasterol 

(10.331), so Daidzein are more reactive than the latter. 

The  positive  and negative  phases  of  the  orbital  are  

represented  by  the  two  colors [Figure 6],  the  blue  

regions  represent  an increase in electron density and 

the red regions a decrease in electron density [24]. 

 

TABLE 2. 

MOLECULAR PARAMETERS OF STIGMASTEROL 

AND DAIDZEIN 

S. No. Chemical 

parameters 

Stigmasterol Daidzein 

1.  Homo eV -9.009 -8.652 

2.  Lumo eV 1.322 -1.515 

3.  Energy gap eV 10.331 7.137 

 

 

 
Figure 6. Molecular Orbitals of Daidzein and Stigmasterol 

http://www.ijsrcseit.com/
http://www.ugc.ac.in/journallist/ugc_admin_journal_report.aspx?eid=NjQ3MTg=
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Figure 7. ESP-mapped density of Daidzein and Stigmasterol 

 

ESP-mapped density surface (Figure 7) can be used to 

show the regions of a molecule that might be more 

favourable for nucleophilic or electrophilic attack [25]. 

A positive electric potential means that a positive 

charge will be repelled in that region of space. A 

negative electric potential means that a positive charge 

will be attracted. A portion of a molecule that has a 

negative electrostatic potential will be susceptible to 

electrophilic attack – the more negative the better [24]. 

 

IV.CONCLUSIONS 
 

The work based on Insilico studies showed that 

Stigmasterol and Daidzein possess better anticancer 

activity against Estrogen receptor. These compounds 

are ecofriendly and have fewer side effects.  

Theoretical analysis would be useful in both 

understanding triggering effect of Glycine max 

phytochemicals as well as prove useful in further drug 

discovery process. From the present study, it can be 

concluded that Stigmasterol and Daidzein can be used 

as an Estrogen receptor inhibitor in future. Further 

Invivo studies on these lead compounds can be done to 

confirm inhibition and used in treatment of Breast 

cancer. 

 

V. REFERENCES 

 
[1] "World Cancer Report". International Agency for 

Research on Cancer. 2008.  

[2] Mark A Espeland, Sally A Shumaker, Marian 

Limacher, Stephen R Rapp, Therese B Bevers, David 

H Barad, Laura H Coker, Sarah A Gaussoin, Marcia L 

Stefanick, Dorothy S Lane, et al. „Relative effects of 

tamoxifen, raloxifene, and conjugated equine 

estrogens on cognition”, Journal of Women‟s Health, 

Vol 19, No. 3, pp. 371–379, 2010. 

[3] F. M. Sacks, A. Lichtenstein, L. Van Horn, W. Harris, 

P. Kris-Etherton, M. Winston, "Soy Protein, 

Isoflavones, and Cardiovascular Health: An American 

Heart Association Science Advisory for Professionals 

from the Nutrition Committee". Circulation 

(American Heart Association Nutrition Committee), 

Vol. 113, No. 7, pp. 1034–1044, 2006.  

[4] Dong, Jia-Yi; Qin, Li-Qiang, "Soy Isoflavones 

Consumption and Risk of Breast Cancer Incidence or 

Recurrence: A Meta-analysis of Prospective Studies", 

Breast Cancer Research and Treatment (Springer), 

Vol 125, No. 2, pp. 315–323, 2011. 

[5] H. Adlercreutz, W. Mazur, “Phyto-oestrogens and 

Western diseases”, Ann Med, Vol. 29, pp. 95–120, 

1997. 

[6] SA Bingham, C Atkinson, J Liggins, L Bluck, and A 

Coward, “Phyto-oestrogens: where are we now?” Br 

J Nutr, Vol. 79, pp. 393–406, 1998. 

[7] C H Adlercreutz, B R Goldin, S L Gorbach, K A 

Höckerstedt, S Watanabe, EK Hämäläinen, et al, 

“Soybean phytoestrogen intake and cancer risk” 

[published erratum appears in J Nutr;125]. J Nutr 

1995;125:757S–70S, 1960. 

[8] M J Messina, V Persky, KD Setchell, S Barnes, “Soy 

intake and cancer risk: a review of the in vitro and in 

vivo data.” Nutr Cancer, Vol. 21, pp. 113–31, 1994. 

[9] Kenneth DR Setchell and Aedin Cassidy, “Dietary 

isoflavones: biological effects and relevance to human 

health”, the journal of nutrition, Vol. 129, No. 3, pp. 

758S–767S, 1999. 

[10]  B. K Schoichet, “Virtual screening of chemical 

libraries” Nature, Vol. 43, pp. 862-865, 2004. 

[11]  H Koppen, “Virtual screening – what does it give 

us?”, Curr. Opin. Drug Disc. Dev, Vol. 12, pp. 397-

407, 2009. 

[12]  B Collignon, R. Schulz, J. C. Smith, “Task-parallel 

message passing interface implementation of 

Autodock4 for docking of very large databases of 

compounds using high-performance super-

computers”, J. Comput. Chem., Vol. 32, pp. 1202-

1209, 2011. 

[13]  K. D. Dykstra, L. Guo, E. T. Birzin, W. Chan, Y. T. 

Yang, E. C. Hayes, C. A. DaSilva, L. Y. Pai, R. T. 

Mosley, B. Kraker, P. M. Fitzgerald, F. DiNinno, S. P. 

Rohrer, J. M. Schaeffer, and M. L. Hammond, “ 

Estrogen receptor ligands. Part 16: 2-Aryl indoles as 

highly subtype selective ligands for ERalpha” Bioorg. 

Med. Chem. Lett., Vol. 17, No. 8, pp. 2322–2328, 

2007. 

[14]  U Gowthaman, M. Jayakanthan, D. Sundar, 

“Molecular docking studies of dithionitrobenzoic acid 

and its related compounds to protein disulfide 

isomerase: computational screening of inhibitors to 

http://www.ijsrcseit.com/
http://www.ugc.ac.in/journallist/ugc_admin_journal_report.aspx?eid=NjQ3MTg=
http://globocan.iarc.fr/factsheets/populations/factsheet.asp?uno=900
http://en.wikipedia.org/wiki/International_Agency_for_Research_on_Cancer
http://en.wikipedia.org/wiki/International_Agency_for_Research_on_Cancer


Volume 2 | Issue 4 | July-August -2017  | www.ijsrcseit.com | UGC Approved Journal [ Journal No : 64718 ] 

 
 311 

HIV-1 entry”. BMC, Bioinformatics 9, Suppl 12:S14, 

2008. 

[15]  JJ Rafter, “Scientific basis of biomarkers and benefits 

of functional foods for reduction of disease risk: 

Cancer”, Br J Nutr, Vol. 88 Suppl 2:S219-24, 2002. 

[16]  N Guex, MC Peitsch, “SWISS-MODEL and the 

Swiss-Pdb Viewer:  An environment for comparative 

protein modeling”, Electrophoresis, Vol. 18, No. 15, 

pp. 2714-23, 1997. 

[17]  J. Matysiak, “Evaluation of electronic, lipophilic and 

membrane affinity effects on antiproliferative activity 

of 5-substituted-2-(2, 4-dihydroxyphenyl)-1, 3, 4-

thiadiazoles against various human cancer cells” Eur. 

J. Med. Chem. Vol  42, pp. 940–947, 2007. 

[18]  C.G Zhan, J. A. Nichols and D. A. Dixon, “Ionization 

Potential, Electron Affinity, Electronegativity, 

Hardness, and Electron Excitation Energy: Molecular 

Properties from Density Functional Theory Orbital 

Energies” J. Phys. Chem. A. Vol. 107, 4184–4195, 

2003. 

[19]  Zheng, Y. et al. “Design, synthesis, quantum 

chemical studies and biological activity evaluation of 

pyrazole-benzimidazole derivatives as potent Aurora 

A/B kinase inhibitors” Bioorg. Med. Chem. Lett.s. 

Vol. 23, pp. 3523–3530, 2013. 

[20]  D. M. Gil, M.E. Tuttolomondo and A.B. Altabef,     

Spectrochim. ActaA, Vol. 149 408-418, 2015. 

[21]  V. Kavitha and Dr. N. Gunavathy "Theoretical 

Studies on Corrosion Inhibition Effect of Coumarin 

and its Derivatives against Metals using 

Computational Methods", Vol. 2, No. 6, International 

Journal of Engineering and Techniques, 2016. 

[22]  J J. P. Stewart, Stewart Computational Chemistry, 

MOPAC2016, Colorado Springs, CO, USA 

[23]  M. A. Thompson, “Molecular docking using 

ArgusLab, an efficient shape-based search algorithm 

and AScore scoring function,” in Proceedings of the 

ACS Meeting, Philadelphia, Pa, USA,  172, CINF 42, 

2004. 

[24]  K. Laxmi, “Theoretical Approach on structural 

aspects of antiepileptic agent indoline-2, 3-dione-3-

oxime by arguslab 4 software,” J. Appl. Chem., Vol. 

2, No.1, pp. 92-101, 2014. 

[25]  Ambreen Hafeez, Afshan Naz, Sadaf Naeem, Khalida 

Bano and Naheed Akhtar, “Computational study on 

the geometry optimization and excited – State 

properties of Riboflavin by ArgusLab 4.0.1”, Pak J 

Pharm Sci., Vol. 26, No. 3, pp. 487-93, 2013. 

 

 

http://www.ijsrcseit.com/
http://www.ugc.ac.in/journallist/ugc_admin_journal_report.aspx?eid=NjQ3MTg=

