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 Background: Hydroxylated benzophenones exhibited estrogenic activity in human breast 

cancer cell, but their activities varied markedly. Previous studies showed that some 
benzophenones (BPs) and their hydroxylated derivatives behaved as weak estrogens (E2) 

in the environment. However, the available reported data is insufficient to describe 

structure-modification relationship of these molecules that can be developed as potential 
breast cancer drug. Objective: The present study aims to design and propose new 

morpholine ether BPs (1-4)c and p-benzoyl-L-phenylalanine derivatives (1-4)b. The 

molecular docking approach was carried out to study the potential interactions between 
newly designed BPs with human estrogen receptor α (hERα) and to predict the active sites 

and the correct binding geometries for each ligand. In addition, a 10-ns molecular 

dynamics simulation was conducted to further explore the stability and the dynamics 
behavior of the hERα-4c complex. Results: Our docking results show that the hydroxyl 

derivative of benzophenone morpholine ether 4c exhibited lowest binding affinity ∆Gb 

towards the protein estrogen receptor with the highest cluster docked in the same 
orientation compared to the p-benzoyl-L-phenylalanine derivatives. To determine the 

stability between hydroxyl derivative of benzophenone morpholine ether 4c and apo 

conformation of hERα, we performed a 10 ns molecular dynamics simulation using 
AMBER FF99SB force field available in Gromacs 5.0.7, sampling the conformational 

changes of Helix 12 upon binding with 4c. The overall results from the simulation of the 
complex did not show any transition between an unfolded conformation to either an 

agonist or an antagonist state. MD analysis of the hERα-4c complex system reported a 0.39 

± 0.06 nm root mean square deviation values. RMSF profiles of the complex system also 
show the flexibility of residues 330-340, 460-470, 498 and 525-544. Our results indicate 

that amino acids Arg394, Glu353, Thr347, Asp351, Lys529, Gly521 and His524 

participate in the hydrogen bonds network throughout the simulation. Conclusion: This 
study lays the groundwork for studying the interactions of the new estrogenic BPs with 

hERα and to assess the estrogenicity of new BPs which will be synthesized. Based on the 

molecular docking and molecular dynamics simulation, we found  that ligand 4c has the 
potential for application as inhibitor for breast cancer cell.  

 

INTRODUCTION 

 

Breast cancer is a type of cancer which originates in the tissues of the breast, mostly from the inner lining of 

the lobules or the milk ducts which supply milk (Izumori et al., 2010). This kind of cancer responds to hormonal 

therapy and the presence of human estrogen receptor α (hERα). Estrogen receptor is associated with a more 

favorable response and short-term prognosis (Hunt, 1994).  

http://www.ajbasweb.com/
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The estrogen receptors (ERs) are steroid receptors located in the cytoplasm and on the nuclear membrane 

and they are a member of the nuclear receptor (NR) superfamily (Germain et al., 2003). They regulate an 

enormity of processes starting in early life and continue through sexual reproduction, development and end of 

life (Hui et al., 2014; Paris et al., 2008). ER is a ligand-activated transcription factor that has important 

functions in many tissues and plays a critical role in the etiology of breast cancer (Hunt, 1994; Couse and 

Korach, 1999; McGuire, 1978). Because ER is an important target for breast cancer treatment and prevention, 

numerous molecules and herbs have been evaluated for their binding towards ER and elicit their inhibitory 

activity (Gong et al., 2016; Telang et al., 2016). More than 20 different 3D protein structures have been solved 

of the hERα LBD of NRs and divided into at least to three different structural conformations. The major 

different between the three conformations of the ERα LBD are the position of Helix12 (H12), which confers the 

specific activity; an apo conformation (Tanenbaum et al., 1998), where H12 is extending away from the core of 

the LBD, an agonist conformation (Warnmark et al., 2002), which becomes the transcriptional active 

conformation of the protein upon the binding of co-activators, H12 closed over the binding site which is called a 

"mouse trap", and finally an antagonist conformation with H12 resting in the co-activator binding pocket (Shiau 

et al., 1998). Frativ (2015) have proposed an ERα activation-deactivation pathway as well as the sequence of the 

binding events during receptor activity modulation. The author reported that H12 in ERα switched from apo to 

agonist or even antagonist conformation and presumed that the conformational change during MD simulation 

was related to stabilization-destabilization of the substructural parts of the receptor. 

Estrogens such as 17β-Estradiol (Figure 1a), are one among the five steroidal hormones occur naturally as 

female reproductive hormone. Even before the hormone estrogen is used up by the body, it has to bind to the 

estrogen receptor proteins. Breast cancers tend to be sensitive to estrogens which will enhance the growth of the 

tumor. The cancerous cells with estrogen receptor on their surface are called estrogen receptor-positive cancer 

or ER-positive cancer (Taioli et al., 2010; Maynadier et al., 2008). 

Benzophenone (BP), an aromatic ketone or diphenyl ketone, is a well known and an important intermediate 

in the preparation of many commercial and industrial materials such as cosmetics and medicines. Ongoing 

research and clinical trials provide ample evidence that BP-compounds possess diverse pharmacological 

potencies which include anti-inflammatory (Chen et al., 2009; Venu et al., 2007), antimalarial (Kohring et al., 

2008), antianaphylactic (Neves et al., 2007), antitubercular (Chen et al., 2008), antiviral (Ferris et al., 2005), 

antiandrogenic (Suzuki et al., 2005), antimitotic (Liou et al., 2002), anti-cancer (Wang et al., 2009; Zabiullaa et 

al., 2016) properties in vitro and in vivo. The effects of 10 BPs on the proliferation of breast cancer cells and on 

structurally different ER-target gene transcription in MCF-7 breast cancer cells have been investigated (Kerdivel 

et al., 2013). The docking experiments for the BPs with ligand binding pocket of ERα highlighted the necessity 

of a hydroxyl group to permit proper interaction of the BPs in the ERα ligand-binding pocket. Moreover, the 

study have shown the interactions of BPs with the ERα is not similar to the interactions between ERα with β-

estradiol, as BPs do not interact directly with His524, but only form H-bond interaction with Arg394 and 

Glu353 and π-π interaction with Phe404 (Kerdivel et al., 2013). 

Estrogenic and anti-estrogenic activity as well as ERα and ERβ selectivity of some BP derivatives have 

been reported (Kunz et al., 2006; Molina-Molina et al., 2008; Cosnefroy et al., 2012). The results have shown 

that the estrogenic potencies of these compounds are much lower compared to β-estradiol or the potent 

pharmaceutical estrogen, ethynylestradiol. Competitive ER binding assays have shown that BPs compete with 

β-estradiol binding at the ER ligand binding site. Although the findings confirmed the relatively low affinity of 

BPs for ERs, which was estimated to be 100-1,000 times lower than that of the natural estrogens, the analysis 

suggested the direct actions of BPs via ERs. Similarly, Akahori and the co-workers (2005) have reported 

multilinear regression (MLR) analysis of the quantitative prediction of binding affinity followed by docking 

simulation in order to predict the binding potency of alkylphenols, phthalates, diphenylethanes and 

benzophenones to human ERα and found that the binding of BPs and phthalates to the estrogen receptor (ER) 

are weak and in a narrow range. On the other hand, docking simulations of imidazolylmethylbenzophenones 

showed high inhibition with respect to aromatase active site (Gobbi et al., 2007). Thus, the assessment of 

estrogenic potencies of BPs in breast cancer cells in relation to the ER interaction requires further analysis.  

The present study aims to design and propose new morpholine ether BPs (1-4)c and p-benzoyl-L- 

phenylalanine derivatives (1-4)b, Figure 1. The molecular docking was carried out to predict the active sites and 

the correct binding geometries for each ligand and the results were compared to β-estradiol. In addition, a 10-ns 

molecular dynamics simulation was conducted to further explore the stability and the dynamics behavior of the 

hERα dimer-4c complex as well as to investigate the flexibility of apo ERα Helix 12 (H12) conformational 

change in dimer form to reproduce the H12 transformation from an unfolded conformation to an agonist or an 

antagonist form. The molecular dynamics simulation of  hERα forming complex with the newly designed 

morpholine ether BP was performed to determine the stability and to describe the transition path of the extended 

H12 in the PDB id: 1A52 structure. It is expected that such findings will provide helpful insights into the design 

of novel and selective estrogen receptor modulators (SERMs) molecules. 

 

http://www.sciencedirect.com/science/article/pii/S0223523416302227
http://www.sciencedirect.com/science/article/pii/S0223523416302227
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Fig. 1: Structures of (a): 17β-Estradiol (E2), (1-4)b: p-benzoyl-L-phenylalanine derivatives, (1-4)c: 

morpholine ether BP derivatives. 

 

Experimental: 

Preparation of Protein –Ligand structures: 

The three-dimensional structural coordinates for hER-LBD dimer was obtained from the Protein Data 

Bank with the ID code 1A52. This apo structure was employed to study the H12 transformation from an 

unfolded conformation to an agonist or an antagonist form with the newly designed morpholine ether BPs. 

Initial coordinates for estradiol and all water molecules were deleted. The protein structure was energy-

minimized using steepest descent algorithm method for 200 steps to remove bad contacts using GROMACS, 

version 5.0.7. The optimized ER structure was then used as receptor in all docking process. The input 

structures for the ligands were generated and optimized using a semi empirical PM3 method (Stewart, 1989) 

available in Gaussian 03 software (Frisch et al., 2004). The resulting ligand coordinate files were saved in 

PDBQT format in AutoDockTools. 

 

Molecular docking: 

The docking studies of the ligands with the protein have been carried out using AutoDock 4.2 software 

(Morris et al., 1998; Morris et al., 2009). Grid maps were calculated using AutoGrid 4 and AutoDockTools 

based on the coordinates of estradiol in the crystal structure (PDB: 1A52). Grid maps were centred on x, y, and z 

coordinates (107.27, 13.94, 96.38) with the default grid box size of 70 × 70 × 65 A
ͦ
 and grid spacing of 0.375 A

ͦ
 

for chain A, while chain B in the homo dimer ER LBD was empty. 

The initial ligand position, orientation and dihedral offset were set as random. The number of torsional 

degrees of freedom for each ligand was determined using AutoDockTools. Docking was conducted using the 

Lamarckian genetic algorithm. Each docked compound was derived from 100 independent docking runs that 

were set to terminate after a maximum of 25 × 106 energy evaluations, the population size was set to use 300 

randomly placed individual. The best and the lowest binding energy conformation between ER-BPs as well as 

ER-estradiol was selected to be analyzed using Chimera (http://www.cgl.ucsf.edu/chimera) (Pettersen et al., 

2004), LigPlot (Wallace et al., 1995). 

 

Molecular dynamics simulation: 

The Gromacs 5.0.7 program (Berendsen et al., 1995; Lindahl et al., 2001) with the AMBER FF99SB force 

field (Lindorff-Larsen et al., 2010; Shaw et al., 2010; Yang et al., 2006) was used for the simulation. The 

topology of 4c structure was generated using ACPYPE available in the Amber-Tools package. The atomic 

coordinates of the protein-ligand was obtained from the lowest binding energy which corresponds to the most 

stable conformation from the previous hER-4c complex docking calculation. The TIP3P model (Mark and 

Nilson, 2001) was used for the water molecules in a cubic box volume with 1.2 nm spacing distance around the 

surface of the system. To neutralize the system, counter ions were added to balance the charge of the protein. 

The complex was minimized using steepest descent method for 6000 steps to remove bad contacts. The complex 

was first equilibrated for 200-ps MD equilibration under NVT condition with restraints on the protein. A 200-ps 

MD equilibration under NPT condition at 300 K and 1 bar were then carried out to ensure the whole system was 

at equilibrium. Finally, a 10 ns MD simulation was carried out at 1 bar and 300 K. The cutoff radii for Coulomb 

and van der Waals interactions were set to 12 Å and were updated every 2 fs. The particle mesh Ewald (Darden 

et al., 1993; Essmann et al., 1995) method was used for correcting electrostatic interaction. The LINCS (Hess et 

al., 1997; Hess and Lincs, 2008) algorithm was used to constrain the bonds with hydrogen atoms. The 

temperature and pressure were kept at 300 K and 1 atm. A Berendsen thermostat and Parrinello–Rahman 

barostat were used to maintain the constant temperature and pressure, respectively. 

http://www.cgl.ucsf.edu/chimera
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RESULTS AND DISCUSSION 

 

Docking Studies: 

Molecular docking experiments was conducted for β-estradiol, (1-4)c and (1-4)b, Figure 1, against the X-

ray crystal structure of β-estradiol-bound hERα receptor ligand binding domain (ERα-LBD, PDB Code 1A52) 

(Tanenbaum et al., 1998) using  AutoDock 4.2.6 software (Morris et al., 1998). To evaluate the validity of the 

docking system, the bound substrate, β-estradiol, was removed from the crystallized structure of ERα, PDB: 

1A52 and re-docked to the estrogen receptor. Results indicate that the X-ray crystallography conformer was 

identical to the docked conformer. Moreover, the superimposed binding pose of estradiol shown in (Figure 2a) 

are similar to those reported previously for both X-ray crystallographic structure and docking homology model 

(Tanenbaum et al., 1998; Katarina et al., 2013) . 

Binding pose with the lowest docked energy belonging to the top-ranked cluster was selected as the final 

model for post-docking analysis with AutoDock Tools (Morris et al., 1998; Morris et al., 2009), Chimera 

(Pettersen et al., 2004) and LigPlot (Wallace et al., 1995). The free energies of binding (∆Gb) and calculated 

inhibition constants (Ki) using AutoDock are summarized in Table 1. The docking poses for β-estradiol 

displayed a single mode of ligand-receptor interaction, with the binding energy of -9.67 kcal/mol, which is in 

agreement with the previous study by Katarina et al. (2013). On the other hand, the docking poses for other 

ligands display multiple frequency and the most populated ones with the lowest energy in each derivatives, 4b 

and 4c, were selected for further investigation. 

The first group of BP is composed of p-benzoyl-L-phenylalanine and its derivatives, (1-4)b, Figure 1. Table 

1 shows the hydroxyl derivatives of benzophenone morpholine ether (1-4)c,  display multiple clusters docking 

conformation. It is observed that the hydroxyl derivative of p-benzoyl-L-phenylalanine 4b displays highest 

cluster of 91 conformations docked in the same orientation. The phenolic ring B on 4b forms contacts that are 

similar to that of  ring A on β-estradiol with human ERα sharing residues Glu353 and Arg394 through 

hydrogen- 

 

      
(a)                                                                       (b) 

        
    (c)                                                                                    (d) 

 

Fig. 2: The docking poses of ligands. (a) Autodock4 docking results obtained for β-estradiol (green) 

superimpose with the crystal structure of β-estradiol (orange), (b) hydroxyl derivative of p-benzoyl-L-

phenylalanine 4b, and (c) hydroxyl derivative benzophenone morpholine ether 4c. (d) cluster of 97 

conformations out of 100 docked in the same orientation in hERα-4c complex. 
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(a)                                                                   (b)   

 

 

 
                                                                                     (c) 

Fig. 3: Schematic diagrams of the protein-ligand interactions using Ligplot. (a) Estradiol E2, (b) hydroxyl 

derivative of p-benzoyl-L-phenylalanine 4b, and (c) hydroxyl derivative benzophenone morpholine 

ether 4c.  

 
Table 1: The approximate free energies of binding (∆Gb) and inhibition constants (Ki) calculated using AutoDock. 

Ligands 
Binding Energy  
(∆Gb)(kcal/mol) 

                Cluster         Energy 

Inhibition constant (Ki)(nM) 

(a)β-Estradiol  100 -9. 67 81.36 
1b 

2b 

3b 
4b 

90 

86 

82 
91 

-9.38 

-9.00 

-9.44 
-9. 46 

134.20 

254.74 

120.97 
116.93 

1c 

2c 
3c 

4c 

90  

92 
96 

97  

-10.83 

-10.60 
-11.14 

-11.35 

11.51 

17.06 
6.77 

4.80 

 

bond interactions. This is in keeping with the previous reports on the interaction of aromatic group in BPs 

insecticides and bisphenol (Celik et al., 2008; Baker et al., 2012). The authors reported that the interaction took 

placed in the cavity in close proximity with Glu353 and Arg394. Meanwhile, the tail from  alanine group which 
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is in contact with ring A in 4b (Figure 2b) is engaged in hydrophobic interaction with the ER binding site as 

well as  making hydrogen bond formations with Asp351 and Lys529, Figure 3b.  

The hydrophobic and hydrogen bond formations following the interactions between the BP derivatives with 

human ERα are summarized in Table 2. The most populated cluster of hERα-4c has the lowest binding energy 

of -11.35 kcal/mol and engages more predominantly in hydrophobic interactions with ERα binding site 

compared to 4b (Figure 3c). This can be attributed to the fact that 4c grabs onto ER-LBD with two “hands” 

through the morpholine and hydroxyl groups thus forming stronger interactions compared to just one hydroxyl 

group for 4b. The alanine group which forms contact to ring A in 4c (Figure 2c) takes part in both hydrophobic 

interactions and hydrogen bond formations with the backbone amine group of Lys529 and with carboxylic acid 

of Thr347. Besides, the phenolic ring B on 4c forms hydrogen-bond interaction with Glu353.  

 
Table 2: Summary of amino acid residues of hERα interacting with BP derivatives inhibitors. 

 

Ligands 

  H-bond Formation 

Residues       Distance, A
ͦ
 

Hydrophobic Interaction 

β-Estradiol 
 

 

Glu353 
Arg394 
His524 

1.86 
2.48 

2.31 

Phe404, Met388, Ile424, Gly521 Leu384 

Leu387, Leu391,     Leu428      Leu525 

4b 

 

 

Glu353 
Arg394 

Asp351 

Lys529 

1.76 
1.89 

1.83 

1.99 

Phe404, Glu353, Ala350, Thr347 Trp383, 
Leu346, Leu384, Leu387 Leu391, Leu394,      

Leu525 

 
4c 

 
 

Arg394 
Thr347 
Lys529 

2.20 

1.81 
1.93 

Phe404, Gly521, His524, Glu353 Ala350, 

Asp351, Met343 Met388 Met421, Ile424,       
Leu346,     Leu525 

 

Comparing the two derivatives of BPs (1-4)b,c, we found that the core BP molecule with the addition of 

alanine group on ring A is essential for a maximum estrogenic activity because it takes part in both hydrophobic 

interaction and hydrogen bond formation with the backbone amine group of Lys529 and with carboxylic acid of 

Asp351 and Thr347 for all derivatives. The hydroxyl group on ring B in 4b is ideal because it allows the BP 

derivatives to interact with the Arg394 and Glu353 thus enhancing the stability between the benzophenones and 

hERα and confirm the observations made by previous researchers (Kerdivel et al., 2013). Meanwhile, 4c with 

the two “hands” through the morpholine and hydroxyl groups, takes part in both hydrophobic interactions and 

hydrogen bond formations and this results in lower binding energy. 

 

Molecular dynamics simulation: 

MD simulations were performed for the hERα-4c complex and the RMSD and radius of gyration (Rg) of 

the complex during the simulation were recorded in Figure 4. The RMSD value of backbone atoms over 

simulation time is 0.39 ± 0.06 nm, Figure 4a. It can be seen that the RMSD value increases for hERα-4c 

complex system until 5000 ps before it was slightly reduced and the value remains constant for the rest of the 

simulation time. The initial large variation is expected to occur due to the orientational difference of H12 in both 

chains and this may indicate unstable simulations of the apo complex. However, it is not surprising and it is also 

not the first time such high RMSD value especially for the apo estrogen receptor model was observed (Ng, 

2016). Recently, Celik and co-workers (2007) reported that the apo model of estrogen receptor was more 

dynamic and has the RMSD values between 0.2-0.5 nm in comparison to the antagonist model which has the 

RMSDs values between 0.2-0.4 nm while the agonist model has lower values ie between 0.18-0.2 nm.  

Radius of gyration, Rg, defines the overall shape and dimensions of the protein by calculating the mass-

weighted root mean square distance of a collection of atoms from their common center of mass. The plot of the 

variation of radius of gyration of the hERα-4c complex with time is shown in Figure 4b. The Rg values for 

hERα-4c complex system started to stabilize around 8000 ps and remains so until the end of simulation, 

indicating that the equilibrium has been achieved. Initially the Rg value for the hERα-4c complex system was 

2.4 nm and then stabilized at 2.35 ± 0.01 nm.  

To understand the structural basis for the observed differences in RMSD fluctuations between the 4c ligand 

bound apo hERα-LBD conformation during MD simulation, we have analyzed the RMSF (root mean square 

fluctuations) per residue to identify the regions of high fluctuations and the results are summarized in Figure 5a. 

The high RMSD fluctuations of the 4c bound to the hERα are mainly due to the long loop region between Helix 

8, Helix 9 and N-terminal region of Helix 9 (from residues 460 to 470). In contrast, H12 has been found to be 

highly flexible with the fluctuation involving residues 525 to 544.  

The average LJ interaction energy during the simulation is shown in Figure 5b, it can be seen that the 

average LJ energy is -225 kJ/mol along the simulation time which increases slightly at around 5400 ps. The 

analysis of the hydrogen bonds formation of hERα-4c complex during the last 1000 ps is shown in Figure 6. The 

results revealed that 4c forms three hydrogen bonds with Arg394, Glu353 and Thr347, which may contribute to 

the enhance stability of the complex. It was previously shown by Celik et al. (2008), that BPs such as 

insecticides DDT and its metabolites bound particularly well to hERα LBD. They tend to bind in one or two 
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different orientations with both the phenyl rings pointing towards Glu353 and Arg394 in agreement with the 

hERα-4c complex formation.  

 

     
                               (a)                                                                                             (b) 

Fig. 4: Molecular dynamics simulations results for (a) The RMSD of all backbone atoms of hERα-4c complex.  

(b) The RMSF of all backbone atoms of ERα-4c complex during 10 ns. 

 

 
                                 (a)                                                                                              (b) 

Fig. 5: Analysis of molecular dynamics simulations (a) RMSF profile of all backbone atoms of hERα-4c 

complex (b) LJ energy variation of apo hERα-4c complex.   

 

 
 

Fig. 6: Snapshot of apo hERα–4c complex at 9 ns showing the hydrogen bond formation (blue lines) of 4c with 

Arg394, Glu353 and Thr347. 

 

  The MD simulation was conducted in order to obtain more information about the dynamic behavior of 

H12 in dimer hERα with a single 4c. The results shown in Figure 7 reveal that H12 in chain B, ie the monomer 



56                                                                        Amneh Shtaiwi et al, 2016 

Australian Journal of Basic and Applied Sciences, 10(18) December 2016, Pages: 49-59 

 

with the ligand, forms stable conformation starting from 3 ns until the end of the simulation time. Meanwhile, 

H12 in chain A is more dynamic but no transition from the unfolded conformation to either an agonist or an 

antagonist state was observed. It is anticipated that longer simulation time may produce a slightly different 

results and the study is currently in progress.    

 

 
 

Fig. 7: Snapshots of the conformational dynamics of dimer hERα with single ligand, 4c complex during 10 ns 

simulation. The X-ray structure (PDB ID 1A52) for chain A is shown in green, chain B in cyan, H12 in 

red for both chains and the 4c ligand in magenta. 

 

Conclusions: 

Insights into the interaction of human estrogen receptor, hERα, with its benzophenone derivatives the 

morpholine ether and p-benzoyl-L-phenylalanine BPs, (1-4)b,c, were elucidated through molecular docking and 

molecular dynamics study. Docking study using 17β-estradiol as ligand was able to reproduce the binding 

orientation observed in the crystal structure of hERα obtained from the Protein Data Bank with the ID code 

1A52, thus supporting the validity of our docking protocol. The docking studies of benzophenone derivatives 

revealed that polar (Arg394, Glu353, His524, Asp351 and Lys529), aromatic (Phe404, Trp383) and non-polar 

(Ala350, Met421, Leu346, Leu354, Leu384, Leu387, Leu391, Leu394, Leu428, Leu525, Ile424) amino acid 

residues play important roles in the stabilization of  hERα-BPs complex. The structure-modification relationship 

of these BP molecules can be used in the developing new and potential breast cancer drug. The results are 

indicating that hERα-4c exhibited lowest binding energy, (∆Gb = -11.35 kcal/mol) compared to p-benzoyl-L-

phenylalanine BPs (1-4)b and the value is comparatively lower compare to the natural estrogen, 17β-estradiol, 

(∆Gb = -9.67 kcal/mol). Docking experiments for the BPs with the hERα binding pocket  highlighted the 

necessity of having a hydroxyl group to permit proper interaction between BPs and hERα while the  addition of 

alanine group on  ring A is essential for  maximum estrogenic activity and this further lower the binding energy 

of the hER-BP complex.  To further understand the structural effects of the ligand binding, we performed a 10 

ns molecular dynamic simulation study on 4c bound to hER dimer using AMBER FF99SB force field  

available in Gromacs 5.0.7 program. The results confirms the previous docking results that the amino acid 

residues of hER participated in hydrogen bonding formation with the ligand. The flexibility of Helix 12 (H12) 

in the 4c bound hER dimer which is responsible for the structural change is in keeping with the large change in 

the root mean square deviations (RMSDs), the average of 0.18-0.2 nm and the high value of  radius of gyration, 

Rg, 2.35 ± 0.01 nm. The simulation results also reveal that H12 in chain B, which is the hER monomer with 

the ligand, is stable while H12 in chain A ie. the hER monomer without the ligand, is more dynamic. However, 

no sign of conformational change towards an agonist or antagonist structure was detected probably due to short 

simulation time. In order to elucidate the mechanism of inhibition by 4c, longer simulation time is required. We 

are also considering two 4c ligands with dimer hER and currently the MD simulation with longer simulation 

time is being carried out. The structure-activity relationship of the designed BP should be helpful for the search 

of a new potent BP derivative and this could lead to the discovery of a better human estrogen receptor (the 

human ERα inhibitor) with different modes of action. In addition to that, the future works to be conducted 

include the synthesis of the hydroxyl derivative of benzophenone morpholine ether, 4c. Investigation on its 
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anticancer property and its ability to suppress cancer cell in vitro will be conducted and compared against the 

natural estrogen and other anticancer drugs. 

 

ACKNOWLEDGMENT 
 

The authors gratefully acknowledge the financial support from USM through the USM Fellowship Scheme 

under the Institute of Postgraduate Studies, Universiti Sains Malaysia. 

 

REFERENCES 

 

Akahori, Y., M. Nakai, Y. Yakabe, M. Takatsuki, M. Mizutani, M. Matsuo and Y. Shimohigashi, 2005. 

Two-step models to predict binding affinity of chemicals to the human estrogen receptor α by three dimensional 

quantitative structure–activity relationships (3DQSARs) using receptor-ligand docking simulation. SAR and 

QSAR in Environmental Research, 16: 323-337. 

Baker, M.E. and C. Chandsawangbhuwana, 2012. 3D Models of MBP, a biologically active metabolite of 

bisphenol A, in human estrogen receptor α and estrogen receptor β.  PLoS ONE, 7(10). 

Berendsen, H.J.C., D. van der Spoel and R. van Drunen, 1995. GROMACS: A message-passing parallel 

molecular dynamics implementation. Computer Physics Communications, 91: 43-56. 

Celik, L., J.D. Lund and B. Schiott, 2007. Conformational dynamics of the estrogen α: Molecular dynamics 

simulations of the influence of binding site structure on protein dynamics. Biochemistry, 46: 1743-1758. 

Celik, L., J.D. Lund and B. Schiøtt, 2008. Exploring interactions of endocrine-disrupting compounds with 

different conformations of the human estrogen receptor alpha ligand binding domain: A molecular docking 

study. Chemical Research in Toxicology, 21: 2195-2206. 

Chen, J.J., C.W. Ting, I.S. Chen, C.F. Peng, W.T. Huang, Y.C. Su and S.C. Lin, 2008. New polyisoprenyl 

benzophenone derivatives and antitubercular constituents from Garcinia multiflora. Planta Medica, 74: 1042. 

Chen, J.J., C.W. Ting, T.L. Hwang and L.S. Chen, 2009. Benzophenone derivatives from the fruits of 

Garcinia multiflora and their anti-inflammatory activity. Journal of Natural Products, 72: 253-258. 

Cosnefroy, A., F. Brion, E. Maillot-Mare´chal, J.M. Porcher, F. Pakdel, P. Balaguer and S. Aït-Aïssa, 2012. 

Selective activation of zebrafish estrogen receptor subtypes by chemicals by using stable reporter gene assay 

developed in a zebrafish liver cell line. Toxicological Sciences, 125: 439-449. 

Couse, J.F. and K.S. Korach, 1999. Estrogen receptor null mice: What have we learned and where will they 

lead us? Endocrine Reviews, 20: 358-417. 

Darden, T.Y., Y. Darrin and L. Pedersen, 1993. Particle mesh Ewald: An N•Log(N) method for Ewald 

sums in large systems. Journal of Chemical Physics, 98: 10089-10092. 

Essmann, U., L. Perera, M.L. Berkowitz, T. Darden, H. Lee and L.G. Pedersen, 1995. A smooth particle 

mesh Ewald method. Journal of Chemical Physics, 103: 8577-8593. 

Ferris, R.G., R.G. Hazen, G.B. Roberts, M.S. Clair, J.H. Chan, K.R. Romines, G.A. Freeman, J.H. Tidwell, 

L.T. Schaller, J.R. Cowan, S.A. Short, K.L. Weaver, D.W. Selleseth, K.R. Moniri and L.R. Boone, 2005. 

Antiviral activity of GW678248, a novel benzophenone nonnucleoside reverse transcriptase inhibitor. 

Antimicrobial Agents and Chemotherapy, 203: 4046-4051. 

Fratev, F., 2015. Helix 12 orientation in Estrogen receptor is mediated by receptor dimerization: Evidence 

from molecular dynamics simulations, Physical Chemistry Chemical Physics, 17: 1303-1320. 

Frisch, M.J., G.W. Trucks, H.B. Schlegel, G.E. Scuseria, M.A. Robb, J.R. Cheeseman, J.A. Montgomery, 

Jr., T. Vreven, K.N. Kudin, J.C. Burant, J.M. Millam, S.S. Iyengar, J. Tomasi, V. Barone, B. Mennucci, M. 

Cossi, G. Scalmani, N. Rega, G.A. Petersson, H. Nakatsuji, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J. 

Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, M. Klene, X. Li, J.E. Knox, H.P. Hratchian, 

J.B. Cross, V. Bakken, C. Adamo, J. Jaramillo, R. Gomperts, R.E. Stratmann, O. Yazyev, A.J. Austin, R. 

Cammi, C. Pomelli, J.W. Ochterski, P.Y. Ayala, K. Morokuma, G.A. Voth, P. Salvador, J.J. Dannenberg, V.G. 

Zakrzewski, S. Dapprich, A.D. Daniels, M.C. Strain, O. Farkas, D.K. Malick, A.D. Rabuck, K. Raghavachari, 

J.B. Foresman, J.V. Ortiz, Q. Cui, A.G. Baboul, S. Clifford, J. Cioslowski, B.B. Stefanov, G. Liu, A. Liashenko, 

P. Piskorz, I. Komaromi, R.L. Martin, D.J. Fox, T. Keith, M.A. Al-Laham, C.Y. Peng, A. Nanayakkara, M. 

Challacombe, P.M.W. Gill, B. Johnson, W. Chen, M.W. Wong, C. Gonzalez, J.A. Pople, 2004. Gaussian 03, 

revision C.02, Gaussian, Inc., Wallingford. 

Germain, P., L. Altucci, W. Bourguet, C. Rochette-Egly and H. Gronemeyer, 2003. Nuclear receptor 

superfamily: Principles of signaling. Pure and Applied Chemistry, 75: 1619-1664. 

Gobbi, S., A. Cavalli, M. Negri, K.E. Schewe, F. Belluti, L. Piazzi, R.W. Hartmann, M. Recanatini and A. 

Bisi, 2007. Imidazolylmethylbenzophenones as highly potent aromatase inhibitors. Journal of Medicinal 

Chemistry, 50: 3420-3422. 

https://www.researchgate.net/profile/Filip_Fratev2


58                                                                        Amneh Shtaiwi et al, 2016 

Australian Journal of Basic and Applied Sciences, 10(18) December 2016, Pages: 49-59 

 

Gong, P., Z. Madak-Erdogan, J.A. Flaws, D.J. Shapiro, J.A. Katzenellenbogen and  B.S. Katzenellenbogen, 

2016. Estrogen receptor-α and aryl hydrocarbon receptor involvement in the actions of botanical estrogens in 

target cells. Molecular and Cellular Endocrinology, 437: 190-200. 

Hess, B. and P. Lincs, 2008. A parallel linear constraint solver for molecular simulation. Journal of 

Chemical Theory and Computational., 4: 116-122. 

Hess, B., H. Bekker, H.J. Berendsen and J.G. Fraaije, 1997. Lincs: A linear constraint solver for molecular 

simulations. Journal of Computational Chemistry, 18: 1463-1472. 

Hui, W.N., P. Roger, T. Weida and H. Huixiao, 2014. Versatility or promiscuity: The estrogen receptors, 

control of ligand selectivity and an update on subtype selective ligands. International Journal of Environmental 

Research and Public Health, 11: 8709-8742. 

Hunt, K., 1994. Breast cancer risk and hormone replacement therapy: A review of the epidemiology. 

International Journal of Fertility and Menopausal Studies, 39: 67-74. 

Izumori, A., T. Koji and T. Akira, 2010. Ultrasound findings and histological features of ductal carcinoma 

in situ detected by ultrasound examination alone. Breast Cancer, 17: 136-141. 

Katarina, M.P., M.O. Aleksandar, T.P. Edward, S.C. Andjelka, A.D. Evgenija, R.K. Olivera, J.C. Janos, B. 

Gyula, R.N. Andrea, S.J. Dimitar and N.S. Marija, 2013. Selective antitumour activity and ERα molecular 

docking studies of newly synthesized D-homo fused steroidal tetrazoles. Medicinal Chemistry Communications, 

4: 317-323. 

Kerdivel, G., R. Guevel, D. Habauzit, F. Brion, S. Ait-Aissa and F. Pakdel, 2013. Estrogenic potency of 

benzophenone UV filters in breast cancer cells: Proliferative and transcriptional activity substantiated by 

docking analysis. PLoS ONE, 8: 60567. 

Kohring, K., J. Wiesner, M. Altenkamper, J. Sakowski, K. Silber, A. Hillebrecht, P. Haebel, H.M. Dahse, 

R. Ortmann, H.J. Priv-Doz, G. Klebe and M. Schlitzer, 2008. Development of benzophenone-based 

farnesyltransferase inhibitors as novel antimalarials. ChemMedChem, 3: 1217-1231. 

Kunz, P.Y., H.F. Galicia and K. Fent, 2006. Comparison of in vitro and in vivo estrogenic activity of UV 

filters in fish. Toxicological Sciences, 90: 349-361. 

Lindahl, E., B. Hess and D. van der Spoel, 2001. GROMACS 3.0: A package for molecular simulation and 

trajectory analysis. Journal of Molecular Modeling, 7: 306-317. 

Lindorff-Larsen, K., S. Piana, K. Palmo, P. Maragakis, J.L. Klepeis, R.O. Dror and D.E. Shaw, 2010. 

Improved side-chain torsion potentials for the Amber FF99sb protein force field. Proteins, 78: 1950-1958. 

Liou, J.P., C.W. Chang, J.S. Song, Y.N. Yang, C.F. Yeh, H.Y. Tseng, Y.K. Lo, Y.L. Chang, C.M. Chang, 

and H.P. Hsieh, 2002. Synthesis and structure–activity relationship of 2-aminobenzophenone derivatives as 

antimitotic agents. Journal of Medicinal Chemistry, 45: 2556-2662. 

Mark, P., and L. Nilsson, 2001. Structure and dynamics of the TIP3P, SPC, and SPC/E water models at 298 

K. Journal of Physical Chemistry A, 105(43): 9954-9960. 

Maynadier, M., P. Nirdé, J.M. Ramirez, A.M. Cathiard and N. Platet, 2008. Role of estrogens and their 

receptors in adhesion and invasiveness of breast cancer cells. Advances in Experimental Medicine and Biology, 

617: 485-91. 

McGuire, W.L., 1978. Hormone receptors: Their role in predicting prognosis and response to endocrine 

therapy. Seminars in Oncology, 5: 428-433. 

Molina-Molina, J.M., A. Escande, A. Pillon, E. Gomez, F. Pakdel, V. Cavaillès, N. Olea, S. Aït-Aïssa and 

P. Balaguer, 2008. Profiling of benzophenone derivatives using fish and human estrogen receptor specific in 

vitro bioassays. Toxicology and Applied Pharmacology, 232: 384-395. 

Morris, G.M., D.S. Goodsell, R.S. Halliday, R. Huey, W.E. Hart, R.K. Belew and A.J. Olson, 1998. 

Automated docking using a Lamarckian genetic algorithm and empirical binding free energy function. Journal 

of Computational Chemistry, 19: 1639-1662. 

Morris, G.M., R. Huey, W. Lindstrom, M.F. Sanner, R.K. Belew, D.S. Goodsell and A.J. Olson, 2009. 

AutoDock4 and AutoDockTools4: Automated docking with selective receptor flexibility. Journal of 

Computational Chemistry, 30: 2785-2791. 

Neves, J.S., L.P. Coelho, R.B. Cordeiro, M.P. Veloso, P. Silva, M.H. Dos Santos and M.A. Martins, 2007. 

Antianaphylactic properties of 7-epiclusianone, a tetraprenylated benzophenone isolated from Garcinia 

brasiliensis. Planta Medica, 73: 644-649. 

Ng H.L., 2016. Simulations reveal increased fluctuations in estrogen receptor-alpha conformation upon 

antagonist binding. Journal of Molecular Graphics and Modelling, 69: 72-77. 

Paris, M., K. Pettersson, M. Schubert, S. Bertrand, I. Pongratz, H. Escriva and V. Laudet, 2008. An 

amphioxus orthologue of the estrogen receptor that does not bind estradiol: Insights into estrogen receptor 

evolution. BMC Evolutionary Biology, 8: 219. 

Pettersen, E.F., T.D. Goddard, C.C. Huang, G.S. Couch, D.M. Greenblatt, E.C. Meng and T.E. Ferrin, 

2004. UCSF Chimera--a visualization system for exploratory research and analysis. Journal of Computational 

Chemistry, 25: 1605-1612. 

https://www.scopus.com/authid/detail.uri?authorId=55916652700&amp;eid=2-s2.0-84983607497
https://www.scopus.com/authid/detail.uri?authorId=12647630000&amp;eid=2-s2.0-84983607497
https://www.scopus.com/authid/detail.uri?authorId=34770769200&amp;eid=2-s2.0-84983607497
https://www.scopus.com/authid/detail.uri?authorId=7402062905&amp;eid=2-s2.0-84983607497
https://www.scopus.com/authid/detail.uri?authorId=56818629200&amp;eid=2-s2.0-84983607497
https://www.scopus.com/authid/detail.uri?authorId=7103123927&amp;eid=2-s2.0-84983607497
http://www.sciencedirect.com/science/journal/10933263


59                                                                        Amneh Shtaiwi et al, 2016 

Australian Journal of Basic and Applied Sciences, 10(18) December 2016, Pages: 49-59 

 

Shaw, D.E., P. Maragakis, P. Lindorff-Larsen, S. Piana, R.O. Dror, M.P. Eastwood, J.A. Bank, J.M. 

Jumper, J.K. Salmon, Y. Shan and W. Wriggers, 2010. Atomic-level characterization of the structural dynamics 

of proteins. Science, 330: 341-346. 

Shiau, A.K., D. Barstad, P.M. Loria, L. Cheng, P.J. Kushner, D.A. Agard and G.L. Greene, 1998. The 

structural basis of estrogen receptor/coactivator recognition and the antagonism of this interaction by tamoxifen. 

Cell, 95: 927-937. 

Stewart, J.P., 1989. Optimization of parameters for semiempirical methods II. Applications. Journal of 

Computational Chemistry, 10: 221-264. 

Suzuki, T., S. Kitamura, R. Khota, K. Sugihara, N. Fujimotob and S. Ohta, 2005. Estrogenic and 

antiandrogenic activities of 17 benzophenone derivatives used as UV stabilizers and sunscreens. Toxicology and 

Applied Pharmacology, 203: 9-17. 

Taioli, E., A. Im, X. Xu, T.D. Veenstra, G. Ahrendt and S. Garte, 2010. Comparison of estrogens and 

estrogen metabolites inhuman breast tissue and urine. Reproductive Biology and Endocrinology, 8: 93. 

Tanenbaum, D.M., Y. Wang, S.P. Williams and P.B. Sigler, 1998. Crystallographic comparison of the 

estrogen and progesterone receptor’s ligand binding domains. Proceedings of the National Academy of  

Sciences of the United States of America, 95: 5998-6003. 

Telang, N., G. Li, M. Katdare, D. Sepkovic, L. Bradlow and G. Wong, 2016. Inhibitory effects of Chinese 

nutritional herbs in isogenic breast carcinoma cells with modulated estrogen receptor function. Oncology Letters 

12: 3949-3957.  

Venu, T.D., S. Shashikanth, S.A. Khanum, S. Naveen, A. Firdouse, M.A. Sridhar and J.S. Prasad, 2007. 

Synthesis and crystallographic analysis of benzophenone derivatives-the potential anti-inflammatory agents. 

Bioorganic and Medicinal Chemistry, 15: 3505-3514. 

Wallace, A.C., R.A. Laskowski and J.M. Thornton, 1995. LIGPLOT: A program to generate schematic 

diagrams of protein-ligand interactions. Protein Engineering, 8: 127-134. 

Wang,  Z., H.J. Lee and L. Wang, 2009. Anti-androgen receptor signaling and prostate cancer inhibitory 

effects of sucrose- and benzophenone-compounds. Pharmaceutical Researche, 26: 1140-1148. 

Warnmark, A., E. Treuter, J.A. Gustafsson, R.E. Hubbard, A.M. Brozozowski and A.C. Pike, 2002. 

Interaction of transcriptional intermediary factor 2 nuclear receptor box peptides with the coactivator binding 

site of estrogen receptor α. Journal of Biological Chemistry, 277: 21862-21868. 

Yang, L., C.H. Tan, M.J. Hsieh, J. Wang, Y. Duan, P. Cieplak, J. Caldwell, P.A. Kollman and R. Luo, 

2006. New-generation Amber united-atom force field. Journal of Physical Chemistry B, 110: 13166-13176. 

Zabiullaa, H.G., Shamanth-Neralagundi, A.B. Begum, B.T. Prabhakar and S.A. Khanum, 2016. Design and 

synthesis of diamide-coupled benzophenones as potential anticancer agents. European Journal of Medicinal 

Chemistry, 115: 342-351. 

 

https://www.scopus.com/authid/detail.uri?authorId=7005536359&amp;eid=2-s2.0-84990061208
https://www.scopus.com/authid/detail.uri?authorId=55713665700&amp;eid=2-s2.0-84990061208
https://www.scopus.com/authid/detail.uri?authorId=6701362076&amp;eid=2-s2.0-84990061208
https://www.scopus.com/authid/detail.uri?authorId=7004189744&amp;eid=2-s2.0-84990061208
https://www.scopus.com/authid/detail.uri?authorId=6506182893&amp;eid=2-s2.0-84990061208
https://www.scopus.com/authid/detail.uri?authorId=57191429232&amp;eid=2-s2.0-84990061208
https://www.scopus.com/source/sourceInfo.uri?sourceId=19700176021&origin=recordpage
http://www.sciencedirect.com/science/article/pii/S0223523416302227
http://www.sciencedirect.com/science/article/pii/S0223523416302227
http://www.sciencedirect.com/science/article/pii/S0223523416302227
http://www.sciencedirect.com/science/article/pii/S0223523416302227
http://www.sciencedirect.com/science/article/pii/S0223523416302227
http://www.sciencedirect.com/science/article/pii/S0223523416302227
http://www.sciencedirect.com/science/journal/02235234
http://www.sciencedirect.com/science/journal/02235234
http://www.sciencedirect.com/science/journal/02235234/115/supp/C

