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Abstract. 
There is always a constant need to develop alternative or synergistic anticancer drugs with minimal side effects. One important strategy to develop effective anticancer agents is to investigate potent derived compounds from natural sources. The present study was designed to determine antiproliferative activity of Kaempferol using in silico as well as in vitro study. Docking was performed using human GCN5 (hGCN5) protein involved with cell cycle, apoptosis, and glucose metabolism. Cell viability and cytotoxicity on Daudi cells were evaluated by trypan blue and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assays in a dose and time dependent manner, respectively. The compound inhibited the proliferation and growth of the Daudi cells, through induced cell death. The pure compound proved lead inhibitors of cell proliferation, thus manifesting significant antiproliferative activity. The docking results revealed that Kaempferol exhibited binding interaction to hGCN5 protein. Further, molecular dynamics using the dock pose of hGCN5-Kaempferol complex were performed to understand the basic structural unit which lead to inefficiency in binding and, therefore, pronounced instability and its possible consequences of reduced binding affinity. The data obtained in this study indicates that Kaempferol is a promising compound leading to inhibition of Daudi cell growth and proliferation.



1. Introduction 
Cancer, also called malignant tumor or malignant neoplasm, is characterized by uncontrolled proliferation of the cells with the potential to invade or spread to other parts of the body [1, 2]. The continuous multiplication of cancer cells spreads into tumor and travels through the circulatory system to other organs of the body resulting in metastasis. Cancer is caused by external and internal factors, which may act together or in a sequence to cause cancer [3]. Cancer is a leading cause of disease worldwide. In 2012 about 14.1 million new cancer cases occurred with 8.2 million deaths [4]. Treatment for cancer involves surgery, chemotherapy, radiation therapy, immunotherapy, targeted therapy, hormonal therapy, and so forth which depends on type, location, and grade of cancer. Under normal physiological conditions, the uncontrolled growth of damaged cells is restricted by apoptosis. However, these cells can escape the regulatory mechanisms of apoptosis as a result of secondary mutations in genes that regulate apoptosis. Cancer chemoprevention is defined as pharmacological interference with synthetic or naturally occurring compounds that may prevent, inhibit, or reverse carcinogenesis or prevent development of invasive cancer.
In this investigation the target molecule selected for docking studies is the hGCN5 protein, which plays a key role in cell cycle and apoptotic regulatory mechanism in a cell. It has been established that hGCN5 protein, which catalyzes the transfer of the acetyl group from the cofactor acetyl coenzyme A (acetyl-coA) to the side chain amino group of lysine residues in the N-terminus of core histone proteins, is classified as a HAT enzyme [5, 6]. hGCN5 is also known to carry out the acetylation of nonhistone proteins, such as p53—the tumor suppressor molecule [7], the oncoprotein (c-MYC) [8], and the metabolic coactivator (PGC-lα) [9]. The evolutionary links investigated reveal that it was part of the ancestral form of metazoan GCN5 since it shows the presence of the N-terminal domain in human homologs [10]. The first human homolog of yGCN5 is hGCN5 (called hGCN5-L), which is highly homologous to yeast GCN5 but contains an extended amino-terminal domain [6, 10]. These researchers have also explained that hGCN5 exists in two forms resulting from alternative splicing [6, 10]. The longer form (813 amino acids) shares strong homologies with P/CAF. The shorter form (476 amino acids) exhibits a size similar to yeast GCN5 and corresponds to the C-terminal part of the long hGCN5. Less theoretical studies have been performed on the structure and function of hGCN5 which reflects its significance on disease related researches. In addition, crystallographic structure analysis of hGCN5 reveals that this protein has strategically oriented units that work to facilitate a continuous proton transfer mechanism. The location of glutamic residue is beyond the proton transfer distance, while one strictly conserved water molecule among different GCN5 structures could form a continuous proton transfer pathway by hydrogen bonds called as proton wire, which has been also demonstrated in certain other biological systems [11–15]. These basic structural details of the target molecule form the fundamental basis for the docking studies carried out.
Flavonoids, a large group of low molecular weight naturally occurring polyphenolic compounds found in a large variety of fruits and vegetables [16], have numerous biological properties. Flavonoids are commonly used to prevent cardiovascular disease. Moreover, previous studies have suggested that dietary flavonoids are considered to have anticancer potential against various human cancers, such as breast cancer [17], prostate cancer [18], and colorectal cancer [19]. Furthermore, there is evidence that flavonoids inhibit cell growth and proliferation and induces cellular toxicity in cancer cells. Kaempferol, (3,4′,5,7-tetrahydroxyflavone) a natural polyphenol belonging to the flavonoid group, is synthesized at high levels in fruits and vegetables and possesses various important biological properties including antioxidant, antimicrobial, cardiovascular, and antitumor activities. It promotes apoptosis and cell cycle arrest in various cancer cell lines, including lung cancer cells [20], breast cancer cells [21], and colon cancer cells [22]. Moreover, it also inhibits the migration and invasiveness of glioma cells [23]. Kaempferol is therefore selected in this study due to its immense potential.
The present study consequently employs molecular docking which is a frequently used bioinformatic tool, used here specifically to evaluate how micromolecules called ligands (flavonoids) and the target macromolecules (protein) bind and interact together [24, 25]. Such in silico modalities help to identify drug targets via computer-based tools, which aid in evaluation of target structures to visualize relative active sites, generate possible molecules which recognize the target, assess their relative binding affinities, and further optimize molecules to improve binding characteristics. One such program employed is autodock tools (ADT), a package of automated docking tools and design to predict how small molecules bind to a target protein of known 3D structure. In this investigation therefore, our focus was mainly to determine optimum binding energies of the docked molecules and in addition visualize the position of the ligand in the protein binding site [26]. The outcome would provide important leads for identifying and generating potential candidates for drug interactions and also understand the molecular details of such binding. The objective of the present work is to study the in silico inhibitory activity of commercially available flavonoid Kaempferol against the hGCN5 protein.
In the present study, we have explored molecular interaction of Kaempferol into hGCN5 by molecular docking as well as molecular dynamics simulation (in silico) and assayed the cytotoxic activity of Kaempferol on Daudi lymphoma cells by MTT method (in vitro). This research has its focus directed towards developing Kaempferol as a lead compound.
2. Materials and Methods
2.1. Chemicals
Kaempferol was purchased from MP Biomedicals (France) whereas all other chemicals were purchased from Hi-Media Laboratories (India).
2.2. Culture of Lymphoma Cells
For cancer cell culture, Daudi cell line was obtained from the National Centre for Cell Science (NCCS), Pune. Cells were cultured in RPMI 1640 medium with 10% fetal bovine serum (FBS) and antibiotic antimycotic solution. Cell cultures were maintained in a CO2 incubator at 5% CO2 and 37°C for this investigation.
2.3. Cell Viability Assay by Trypan Blue Dye Exclusion Technique
Any compound, which is cytotoxic to cells, inhibits the cell growth proliferation and kills the cells. Trypan blue is a supravital dye, used to estimate the number of cells present in the population [27]. It has the ability to penetrate dead cells and give it a blue color. This method gives a score of dead and viable cells [28].
Cellular cytotoxicity induced by the Kaempferol was measured with trypan blue exclusion assay. Sterility was maintained throughout the procedure. For this study 2 × 106 cells were seeded into 24-well plates and treated with or without (as control) compound (12.5–400 μM) for 24, 48, and 72 h. After the incubation period, the cultures were harvested and washed twice with Phosphate Buffered Saline (PBS). The cell pellet was then resuspended with 0.5 mL PBS. Then, 20 μL of cells was mixed with equal volume of 0.4% trypan blue and was counted using a Neubauer haemocytometer by clear field microscopy. Viable and nonviable cells were counted. The percentage cytotoxicity was calculated using the equation shown below: 
2.4. In Vitro Cytotoxicity Determination by MTT Assay
The ability of cells to survive a toxic insult is the basis of most cytotoxic assays. This assay is based on the assumption that dead cells or their products do not reduce tetrazolium. It is described by the modified method of Mosmann and Wilson [29, 30].
The assay detects the reduction of MTT [3-(4,5-dimethylthiazolyl)-2,5-diphenyl-tetrazolium bromide] by mitochondrial dehydrogenase to blue formazan product, which reflects the normal function of mitochondria. 2 × 106 viable cells/mL were plated into the 96-well cell culture plate. The compound was added with the concentrations with 12.5–400 μM, respectively, for 24, 48, and 72 h and incubated at 37°C. After incubation, the supernatants were removed and incubated with MTT (0.5 v/v) in RPMI 1640 without FBS for 4 h in a humidified atmosphere at 37°C and 5% CO2 incubator. The absorbance () of the colored solution was quantified at 540 nm wavelengths by an enzyme linked immunoabsorbent assay reader (ELISA READER). Kaempferol and control were assayed in triplicate in three independent experiments. Percent growth inhibition of cells exposed to treatments was calculated as follows: 
2.5. Preparation of Protein Target Structure and Ligand
The X-ray crystal structure of Daudi cell protein hGCN5 was retrieved from the RCSB (Research Collaboratory for Structural Bioinformatics) (http://www.pdb.org/) protein data bank under the PDB ID: 1Z4R. The structure was subjected to energy minimization with root mean square deviation (RMSD) value of 1.4795 . Ligand structure of Kaempferol (3D structure) was retrieved in structure data format (SDF) from PubChem (CID-5280863).
2.6. Molecular Docking
YASARA Structure 31 is used for the molecular docking simulations through the Autodock Vina 1.0. 32. The preparation of receptor and ligand files contains the removal of waters, addition of polar hydrogens, and authentication of active site residues for the docking simulations using YASARA Structure 31. Three-dimensional crystal structure of hGCN5 having resolution 1.74  includes 168-amino-acid chain length. The active side amino acid residues were decisive which is being used to dock molecules for automated docking and scoring. The active site residues of the hGCN5 are Cys 579, Ala 580, Val 581, Gln 586, Val 587, Lys 588, Gly 589, Tyr 590, Gly 591, Thr 592, Ala 681, Tyr 621, Phe 622, and Lys 624. According to the YASARA energy parameters assembled through docking poses, docking energy (kcal/mol), and root mean squared deviation (RMSD). The optimum docked pose was identified with relative lower binding energy for further analysis. Better binding of ligands shows better binding affinity through higher positive energies whereas no binding is recognized by negative energies mean. The docking energy was calculated by the following equation:where  is van der Waals term for docking energy,  is H bonding term for docking energy,  is electrostatic term for docking energy,  is transitional free energy term for ligand when the ligand transits from unbounded to bounded state,  is desolvation term for docking energy.
The crystallographic protein structure of hGCN5 with Kaempferol was selected for docking procedure validation by redocking approach and also to know the standard docking energy and binding site. The native ligand of cocrystalized complex was first extracted and redocked to its corresponding binding site. The docking of the ligand with the protein was performed for two times and the average of consecutive result was taken as final binding/docking energy. Docking studies on compound prepared through LigPrep were carried out in the active site of protein.
2.7. Molecular Dynamics Simulations
Molecular dynamics simulations have been carried out for the conformational changes and binding stability of the designed ligand in complex with hGCN5 protein. The removal of water molecules and optimization have been performed using (Y) AMBER force field [31], acid dissociation constant (pKa), and density 0.997 g L−1 set as per the YASARA Structure software to neutralize the system and subjected to energy minimization using steepest gradient approach (100 cycles). As per the software parameters force constant has been kept at 1000 kJ mol−1 nm−2, while number of atoms , pressure , and temperature  were stored to standard level including temperature of 298 K (physiological condition, pH = 7.4) and pressure of 1 bar using Berendsen thermostat [32] and barostat [33], respectively. The selected complex was simulated for 10000 ps (production period) with frame capture at every 2500 ps step to analyze the trajectory by various evaluative quantities including root mean squared deviation (RMSD) and root mean squared fluctuation (RMSF). The protein-ligand interaction patterns obtained from the averaged conformations were graphically illustrated using Protein-Ligand Interaction Profiler 1.2.0 program.
2.8. Statistical Analysis
Each parameter was performed in triplicate and the results were expressed as mean ± standard error. The data was statistically analyzed by Student’s “-” test and the values of  were considered statistically significant.
3. Results
3.1. Cell Viability Assay
The cell viability assay conducted by trypan blue dye exclusion method showed that there was a highly significant () decrease in viability with an increase in time and concentration in compound treated Daudi cells as compared to untreated controlled cells (Figure 1).




	
	
		
			
		
		
			
		
		
			
				
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
		
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
		
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
				
		
		
			
			
		
		
			
				
		
		
			
			
		
		
			
				
		
		
			
			
		
		
			
		
			
		
			
		
			
	


Figure 1: Effect of Kaempferol on percentage viability on Daudi cells. Values are mean ± S.E. for three individual experiments.


3.2. MTT Assay
Daudi cells were grown in 96 well plates for 24, 48, and 72 h along with different concentrations (12.5–400 μM) of Kaempferol. The formazan crystals were formed, following the reduction of MTT by metabolically active (viable) cells. The percentage decrease of proliferation after treatment with the pure compound is given in Figure 2 compared to control. The IC50 value was calculated by plotting the logarithmic graph in Microsoft Excel and was found to be 53.18 μM at 72 h. There was a significant increase in percentage of inhibition of growth proliferation with increased dose and time duration as compared to untreated control cells ().




	
	
		
			
				
		
		
			
		
		
			
				
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
		
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
		
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
				
		
		
			
			
		
		
			
				
		
		
			
			
		
		
			
				
		
		
			
			
		
		
			
		
			
		
			
		
			
	


Figure 2: Effect of Kaempferol on the percentage decrease of growth proliferation in Daudi cells. Values are mean ± S.E. for three individual experiments. Highly significant () increase in growth inhibition was observed in all the treated samples.


3.3. Docking Analysis
In the molecular docking study native ligand-acetyl-CoA of hGCN5 protein has been redocked for the docking conformation [Figures 3(a) and 3(b)]. The native ligand shows the binding affinity of 8.54 kcal/mol with representing various types of interactions including hydrogen bonding interactions, hydrophobic interaction, water bridge, halogen bonds, and π-π interactions; and Gln 530, Leu 531, Met 534, Val 577, Phe 578, Cys 579, Ala 580, Val 581, Glu 585, Gln 586, Val 587, Lys 588, Gly 589, Tyr 590, Gly 591, Thr 592, Tyr 613, Ala 614, Asp 615, Tyr 617, Ala 618, Gly 620, Tyr 621, Phe 622, Lys 624, and Tyr 645 were found as responsible key residues. After the conformation the selected phytochemical, Kaempferol, has been taken for the docking analysis [Figures 4(a) and 4(b)]. It has shown 7.62 kcal/mol binding affinity with hGCN5 protein which is nearby the native ligand binding energy. There were 7 hydrogen bonds found with 1 hydrophobic interaction and π-stacking. The contacting amino acids residues were Cys 579, Ala 580, Val 581, Gln 586, Val 587, Lys 588, Gly 589, Tyr 590, Gly 591, Thr 592, Ala 681, Tyr 621, Phe 622, and Lys 624. The hydrophobic interaction and π-stacking were observed on Tyr 621 with 3.65  and 4.38 , respectively [Table 1].
Table 1: Docking score, binding energy, hydrogen bonds, dissociation constant, and contacting receptor.
	

	Ligand	Binding energy
Kcal/mol	Number of hydrogen bonds	Dissoc.
constant	Contacting receptor residues
	

	Control 
(native ligand-acetyl-CoA)	8.544	15	545965.187	Gln 530, Leu 531, Met 534, Val 577, Phe 578, Cys 579, Ala 580, Val 581, Glu 585, Gln 586, Val 587, Lys 588, Gly 589, Tyr 590, Gly 591, Thr 592, Tyr 613, Ala 614, Asp 615, Tyr 617, Ala 618, Gly 620, Tyr 621, Phe 622, Lys 624, Tyr 645
	Kaempferol	7.6290	7	2557813.25	Cys 579, Ala 580, Val 581, Gln 586, Val 587, Lys 588, Gly 589, Tyr 590, Gly 591, Thr 592, Ala 681, Tyr 621, Phe 622, Lys 624
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(b)
Figure 3: (a) Redock pose of hGCN5 with native ligand-acetyl-CoA in 2D form. (b) Protein-ligand interaction from Protein-Ligand Interaction Profiler.






	
	
		
			
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
	


(a)




	
	
		
			
		
	


(b)
Figure 4: (a) Dock pose of hGCN5 with ligand-Kaempferol in 2D form. (b) Protein-ligand interaction from Protein-Ligand Interaction Profiler (hydrogen: blue color, hydrophobic interactions: gray color with dotted spots, and π-stacking: green color with dashed line).


3.4. Molecular Dynamics
To understand the stability of the modeled hGCN5-Kaempferol complex with the aim to reveal its ability to penetrate through the biomembrane, we have carried out 10 ns of molecular dynamics simulations including various parameters which have been analyzed throughout the MD trajectory, especially root mean square deviation (RMSD), energy parameters [Figure 5], and total number of intra- and intermolecular hydrogen bonds with steepest descent function of MD simulation. Statistically significant results of the simulation are presented in Table 2. The average energy of the protein-ligand complex calculated over the simulation trajectory showed that hGCN5 developed effective interactions with the complete ligand dataset as their energies were in the range of −110407.838 kJ mol−1 to −83345.139 kJ mol−1. Various energy results were measured during molecular dynamics simulations: −110407.838 mol−1 retrieved at initial start and −83345.139 kJ mol−1 at 10 ns time trajectory, and the average has been recognized with −83761.006 kJ mol−1. Different types of interactions were formed after the end of the dynamics simulation.
Table 2: Protein-Ligand Interaction Profiler results of different time intervals of MD simulation of hGCN5-Kaempferol complex.
	

	Time intervals (ps)	Hydrophobic interactions	Hydrogen bonds	Water bridges	π-stacking
	Amino acids residue	Distance	Amino acids residue	Distance	Amino acids residue	Distance	Amino acids residue	Distance
	

	0	Tyr 621	3.65	Cys 579	1.80	Val 581	3.76	Tyr 621	3.95
	Val 587	1.89	Val 518	3.00	Tyr 621	4.81	 	 
	Gly 589	2.11	 	 	 	 	 	 
	

	100	Leu 531	3.72	Asp 615	2.16	Gly 591	3.72	Tyr 621	3.74
	Tyr 617	3.89	Asp 615	1.59	 	 	 	 
	Ala 618	3.58	 	 	 	 	 	 
	Phe 622	3.68	 	 	 	 	 	 
	

	200	Leu 531	3.21	Asp 615	2.11	Val 581	3.17	Tyr 621	4.02
	Tyr 617	3.94	Asp 615	2.54	Gln 586	2.76	 	 
	Ala 618	3.67	Tyr 617	3.30	 	 	 	 
	Phe 622	3.94	 	 	 	 	 
	

	300	Ala 618	3.36	Cys 579	1.75	Arg 533	3.42	Tyr 621	6.39
	Tyr 617	3.70	Asp 615	2.00	Cys 579	3.43	Phe 622	5.30
	Phe 622	3.65	Asp 615	1.56	Val 581	3.71	 	 
	 	 	 	Val 581	3.59	 	 
	

	400	Asp 615	3.90	Cys 579	3.30	Val 581	3.66	Tyr 621	3.85
	Ala 618	3.36	Cys 579	1.65	 	 	 	 
	Phe 622	3.58	Asp 615	2.72	 	 	 	 
	 	Asp 615	1.60	 	 	 	 
	

	Average	Ala 618	3.26	Asp 615	3.16	 	 	Tyr 621	3.78
	Tyr 621	3.63	Asp 615	2.13	 	 	Tyr 621	3.73
	Phe 622	3.75	Asp 615	2.25	 	 	 	 
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(b)
Figure 5: (a) Energy plots and (b) RMSD produced from MD trajectories of prioritized target: hGCN5-Kaempferol complex.


The simulation was analyzed from initial (0 ns) to final (10 ns) conformations; RMSD of common target trajectories highlighted the importance of H bonds and hydrophobic interactions conferred by hot spot residues [Figures 6–11]. The protein-ligand interaction maps generated using Protein-Ligand Interaction Profiler showed that the dominance of the Val 587, Gly 589, and Tyr 621 exhibited less structural motions and acted as anchoring sites for ligand binding at initial level of dynamics simulation. The diverse patterns of H bonding with main and side chains of experimental hot spot residues (Val 518 and Cys 579) were obtained after the completion of the 10 ns target trajectories. The corresponding RMSD values for the Val 518, Cys 579, Gly 589, and Tyr 621 residues represent large fluctuations with more than 2 Å and may act as ligand binding determinants. Similarly we have analyzed the results for the various time intervals periods as shown in Table 1.




	
	
		
			
		
	


Figure 6: The protein-ligand interaction maps developed from initial molecular dynamics (MD) conformations of prioritized common protein target: hGCN5-Kaempferol complex (hydrogen: blue color, hydrophobic interactions: gray color with dotted spots, and π-stacking: green color with dashed line) developed from Protein-Ligand Interaction Profiler server.






	
	
		
			
		
	


Figure 7: The protein-ligand interaction maps developed from 2.5 ns molecular dynamics (MD) conformations of prioritized common protein target: hGCN5-Kaempferol complex (hydrogen: blue color, hydrophobic interactions: gray color with dotted spots, and π-stacking: green color with dashed line) developed from Protein-Ligand Interaction Profiler server.






	
	
		
			
		
	


Figure 8: The protein-ligand interaction maps developed from 5 ns molecular dynamics (MD) conformations of prioritized common protein target: hGCN5-Kaempferol complex (hydrogen: blue color, hydrophobic interactions: gray color with dotted spots, and π-stacking: green color with dashed line) developed from Protein-Ligand Interaction Profiler server.






	
	
		
			
		
	


Figure 9: The protein-ligand interaction maps developed from 7.5 ns molecular dynamics (MD) conformations of prioritized common protein target: hGCN5-Kaempferol complex (hydrogen: blue color, hydrophobic interactions: gray color with dotted spots, and π-stacking: green color with dashed line) developed from Protein-Ligand Interaction Profiler server.






	
	
		
			
		
	


Figure 10: The protein-ligand interaction maps developed from 10 ns molecular dynamics (MD) conformations of prioritized common protein target: hGCN5-Kaempferol complex (hydrogen: blue color, hydrophobic interactions: gray color with dotted spots, and π-stacking: green color with dashed line) developed from Protein-Ligand Interaction Profiler server.






	
	
		
			
		
	


Figure 11: The protein-ligand interaction maps developed from average molecular dynamics (MD) conformations of prioritized common protein target: hGCN5-Kaempferol complex (hydrogen: blue color, hydrophobic interactions: gray color with dotted spots, and π-stacking: green color with dashed line) developed from Protein-Ligand Interaction Profiler server.


4. Discussion 
The greatest challenge for phytochemical and pharmacological studies involves the identification of the specific compounds that are responsible for the beneficial effects and their modes of action, thereby delineating their useful functions as therapeutic drugs [34]. Flavonoids, commonly found in fruits and vegetables, are well known for their outstanding anticarcinogenic properties [35]. Kaempferol is a member of the flavonoid family and exhibits potent antiproliferative activity. Previous studies have demonstrated that Kaempferol inhibits growth and proliferation of cancer cells by various mechanisms including apoptosis [36], cell cycle arrest [37], and inhibition of tyrosine phosphorylation [38].
hGCN5 is also known as histone acetyltransferase GCN5. The protein is classified as a HAT enzyme. Kikuchi et al. [39] had mentioned that hGCN5 act as a supervisor in the normal cell cycle progression having comprehensive control over expressions of the cell cycle related genes as well as apoptosis related genes. Xu et al. [40] reported that loss of the GCN5 gene leads to increased apoptosis during mouse development. According to Inche and La Thangue [41] GCN5 is a critical regulator of cell cycle and it has potential role in cancer.
Currently the used synthetic drugs, which are known to protect against cancer, have their adverse side effects. Molecular simulation study is considered to be an important vehicle to investigate the mode of interaction of ligands against its target protein that also makes us understand their binding or inhibition mechanism. Our in silico investigation is a novel approach to identify the molecular target involved in inhibition of hGCN5 activity by Kaempferol. Further, molecular dynamics studies exhibiting interaction energy estimates of Kaempferol within the active site of the hGCN5 protein showed that compound is more selective towards hGCN5.
In this study Kaempferol was the lead compound in inhibiting the proliferation of Daudi cells. This effect was dose and time dependent with IC50 value of 53.18 μM. To assess the efficacy of Kaempferol in the Burkitt lymphoma malignancy progression, Daudi cells were treated with different concentrations of Kaempferol for 24, 48, and 72 hours. Kaempferol treatment caused a significant loss of viability of cells as measured by this assay in a dose and time dependent manner, respectively. In this study, Kaempferol was used to evaluate their possible anticancer activity. Kaempferol could suppress the proliferation of Daudi cells effectively, which might be related with induction of apoptosis in a dose dependent manner. Docking simulation was carried out to confirm the confirmations of low energy and favorable binding with Kaempferol showed good binding compatibility against hGCN5 protein. Finally the docked result and MD simulations proved that Kaempferol proved to have better binding orientation, RMSD, and potential energy and manifested vital pharmacological properties. Therefore, based on our in vitro and in silico results, we suggest that the inhibitory activity of Daudi cells might be because of the synergistic effect of this compound. It therefore displays a lead compound for designing a drug molecule against Daudi cells.
5. Conclusion
Treatment with Kaempferol showed antiproliferative effects against Daudi lymphoma cell line which lead to antiproliferation and loss of cell viability. Docking simulation technique was used for preliminary investigation of the potential molecular target for the reported anticancer agent. The analysis of the docked ligand permitted us to establish the binding mode of compound involved in this study and confirm the role as anticancer agent. Though further role of the compound and its exact mechanism of action remain to be explored, it can be suggested that compound can be considered as a possible therapeutic agent against human lymphoma. Hence from the molecular docking through in silico analysis of Kaempferol against hGCN5 protein and in vitro study, it was concluded that Kaempferol could be considered as a lead compound for the proliferation of Daudi cells. Further investigations are necessary to develop chemical entity for the prevention and treatment of lymphoma malignancy.
Competing Interests
The authors have declared no conflict of interests.
References
	 WHO, Cancer Fact Sheet N° 297, World Health Organization, Geneva, Switzerland, 2014.
	National Cancer Institute, February 2015
	Cancer Fact sheet, American cancer society, 2015, http://www.cancer.org/
	World Cancer Report 2014.
	P. A. Grant, L. Duggan, J. Côté et al., “Yeast GCN5 functions in two multisubunit complexes to acetylate nucleosomal histones: characterization of an ADA complex and the SAGA (SPT/ADA) complex,” Genes and Development, vol. 11, no. 13, pp. 1640–1650, 1997.
	E. R. Smith, J. M. Belote, R. L. Schiltz et al., “Cloning of drosophila GCN5: conserved features among metazoan GCN5 family members,” Nucleic Acids Research, vol. 26, no. 12, pp. 2948–2954, 1998.
	N. A. Barlev, L. Liu, N. H. Chehab et al., “Acetylation of p53 activates transcription through recruitment of coactivators/histone acetyltransferases,” Molecular Cell, vol. 8, no. 6, pp. 1243–1254, 2001.
	J. H. Patel, Y. Du, P. G. Ard et al., “The c-MYC oncoprotein is a substrate of the acetyltransferases hGCN5/PCAF and TIP60,” Molecular and Cellular Biology, vol. 24, no. 24, pp. 10826–10834, 2004.
	C. Lerin, J. T. Rodgers, D. E. Kalume, S.-H. Kim, A. Pandey, and P. Puigserver, “GCN5 acetyltransferase complex controls glucose metabolism through transcriptional repression of PGC-1α,” Cell Metabolism, vol. 3, no. 6, pp. 429–438, 2006.
	W. Xu, D. G. Edmondson, and S. Y. Roth, “Mammalian GCN5 and P/CAF acetyltransferases have homologous amino- terminal domains important for recognition of nucleosomal substrates,” Molecular and Cellular Biology, vol. 18, no. 10, pp. 5659–5669, 1998.
	E. Meyer, “Internal water molecules and H-bonding in biological macromolecules: a review of structural features with functional implications,” Protein Science, vol. 1, no. 12, pp. 1543–1562, 1992.
	R. Wu, S. Wang, N. Zhou, Z. Cao, and Y. Zhang, “A proton-shuttle reaction mechanism for histone deacetylase 8 and the catalytic role of metal ions,” Journal of the American Chemical Society, vol. 132, no. 27, pp. 9471–9479, 2010.
	O. Vendrell, R. Gelabert, M. Moreno, and J. M. Lluch, “Operation of the proton wire in green fluorescent protein. A quantum dynamics simulation,” Journal of Physical Chemistry B, vol. 112, no. 17, pp. 5500–5511, 2008.
	N. Agmon, “Kinetics of switchable proton escape from a proton-wire within green fluorescence protein,” Journal of Physical Chemistry B, vol. 111, no. 27, pp. 7870–7878, 2007.
	X. Zhang and T. C. Bruice, “Catalytic mechanism and product specificity of Rubisco large subunit methyltransferase: QM/MM and MB investigations,” Biochemistry, vol. 46, no. 18, pp. 5505–5514, 2007.
	P. Hodek, P. Trefil, and M. Stiborová, “Flavonoids-potent and versatile biologically active compounds interacting with cytochromes P450,” Chemico-Biological Interactions, vol. 139, no. 1, pp. 1–21, 2002.
	C. Bosetti, L. Spertini, M. Parpinel et al., “Flavonoids and breast cancer risk in Italy,” Cancer Epidemiology Biomarkers and Prevention, vol. 14, no. 4, pp. 805–808, 2005.
	C. Bosetti, F. Bravi, R. Talamini et al., “Flavonoids and prostate cancer risk: a study in Italy,” Nutrition and Cancer, vol. 56, no. 2, pp. 123–127, 2006.
	M. Rossi, E. Negri, R. Talamini et al., “Flavonoids and colorectal cancer in Italy,” Cancer Epidemiology Biomarkers and Prevention, vol. 15, no. 8, pp. 1555–1558, 2006.
	T. T. T. Nguyen, E. Tran, C. K. Ong et al., “Kaempferol-induced growth inhibition and apoptosis in A549 lung cancer cells is mediated by activation of MEK-MAPK,” Journal of Cellular Physiology, vol. 197, no. 1, pp. 110–121, 2003.
	J. W. Kang, J. H. Kim, K. Song, S. H. Kim, J. H. Yoon, and K. S. Kim, “Kaempferol and quercetin, components of Ginkgo biloba extract (EGb 761), induce caspase-3-dependent apoptosis in oral cavity cancer cells,” Phytotherapy Research, vol. 24, supplement 1, pp. 577–582, 2010.
	W. Li, B. Du, T. Wang, S. Wang, and J. Zhang, “Kaempferol induces apoptosis in human HCT116 colon cancer cells via the ataxia-telangiectasia mutated-p53 pathway with the involvement of p53 upregulated modulator of apoptosis,” Chemico-Biological Interactions, vol. 177, no. 2, pp. 121–127, 2009.
	S. C. Shen, C. W. Lin, H. M. Lee, L. L. Chien, and Y. C. Chen, “Lipopolysaccharide plus 12-o-tetradecanoylphorbol 13-acetate induction of migration and invasion of glioma cells in vitro and in vivo: differential inhibitory effects of flavonoids,” Neuroscience, vol. 140, no. 2, pp. 477–489, 2006.
	A. P. Norgan, P. K. Coffman, J.-P. A. Kocher, D. J. Katzmann, and C. P. Sosa, “Multilevel parallelization of AutoDock 4.2,” Journal of Cheminformatics, vol. 3, no. 1, article 12, 2011.
	D. Seeliger and B. L. De Groot, “Ligand docking and binding site analysis with PyMOL and Autodock/Vina,” Journal of Computer-Aided Molecular Design, vol. 24, no. 5, pp. 417–422, 2010.
	S. Zhang, K. Kumar, X. Jiang, A. Wallqvist, and J. Reifman, “DOVIS: an implementation for high-throughput virtual screening using AutoDock,” BMC Bioinformatics, vol. 9, article 126, 2008.
	H. J. Phillips and J. E. Terryberry, “Counting actively metabolizing tissue cultured cells,” Experimental Cell Research, vol. 13, no. 2, pp. 341–347, 1957.
	R. Kuttan, P. Bhanumathy, K. Nirmala, and M. C. George, “Potential anticancer activity of turmeric (Curcuma longa),” Cancer Letters, vol. 29, no. 2, pp. 197–202, 1985.
	T. Mosmann, “Rapid colorimetric assay for cellular growth and survival: application to proliferation and cytotoxicity assays,” Journal of Immunological Methods, vol. 65, no. 1-2, pp. 55–63, 1983.
	A. P. Wilson, Cytotoxic and Viability Assay in Animal Cell Culture, A Practical Approach, Oxford University Press, New York, NY, USA, 3rd edition, 2000.
	YASARA Structure, YASARA Biosciences GmbH, Vienna, Austria, 2016, http://www.yasara.org/.
	H. J. C. Berendsen, J. P. M. Postma, W. F. van Gunsteren, A. DiNola, and J. R. Haak, “Molecular dynamics with coupling to an external bath,” The Journal of Chemical Physics, vol. 81, no. 8, pp. 3684–3690, 1984.
	M. P. Allen and D. J. Tildesley, Computer Simulation of Liquids, Clarendon Press, Oxford, UK, 1987.
	F. Parmar, N. Kushawaha, H. Highland, and L.-B. George, “In vitro antioxidant and anticancer activity of Mimosa pudica linn extract and L-Mimosine on lymphoma daudi cells,” International Journal of Pharmacy and Pharmaceutical Sciences, vol. 7, no. 12, pp. 100–104, 2015.
	H. P. Hoensch and W. Kirch, “Potential role of flavonoids in the prevention of intestinal neoplasia: a review of their mode of action and their clinical perspectives,” International Journal of Gastrointestinal Cancer, vol. 35, no. 3, pp. 187–196, 2005.
	V. Sharma, C. Joseph, S. Ghosh, A. Agarwal, M. K. Mishra, and E. Sen, “Kaempferol induces apoptosis in glioblastoma cells through oxidative stress,” Molecular Cancer Therapeutics, vol. 6, no. 9, pp. 2544–2553, 2007.
	H. J. Cho, J. Han, and Y. Park, “Kaempferol induces cell cycle arrest in HT-29 human colon cancer cells,” Journal of Cancer Prevention, vol. 18, pp. 257–263, 2013.
	S.-C. Lee, C.-Y. Kuan, C.-C. Yang, and S.-D. Yang, “Bioflavonoids commonly and potently induce tyrosine dephosphorylation/inactivation of oncogenic proline-directed protein kinase FA in human prostate carcinoma cells,” Anticancer Research, vol. 18, no. 2, pp. 1117–1121, 1998.
	H. Kikuchi, Y. Takami, and T. Nakayama, “GCN5: a supervisor in all-inclusive control of vertebrate cell cycle progression through transcription regulation of various cell cycle-related genes,” Gene, vol. 347, no. 1, pp. 83–97, 2005.
	W. Xu, D. G. Edmondson, Y. A. Evrard, M. Wakamiya, R. R. Behringer, and S. Y. Roth, “Loss of Gcn5l2 leads to increased apoptosis and mesodermal defects during mouse development,” Nature Genetics, vol. 26, pp. 229–232, 2000.
	A. G. Inche and N. B. La Thangue, “Keynote review: chromatin control and cancer-drug discovery: realizing the promise,” Drug Discovery Today, vol. 11, no. 3-4, pp. 97–109, 2006.


EPUB/Navigation/nav.xhtml


		

			

		  1. Introduction 

		  2. Materials and Methods

		  3. Results

		  4. Discussion 

		  5. Conclusion

		  References 





EPUB/Content/page-template.xpgt
 

   


     
	 
    

     
	 
    


     
	 
    


     
         
             
             
             
        
    

  




