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ABSTRACT: Initially BCL-6 (B Cell Lymphoma-6) was discovered as an oncogene in B-cell 

lymphomas, where it drives the malignant phenotype by repressing cell proliferation, DNA 

damage checkpoints and blocking B-cell terminal differentiation. BCL-6 brings about its 

effects by binding to several of target genes and then repressing these genes by recruiting 

several different chromatin-modifying corepressor complexes. Structural characterization of 

BCL6- corepressor complexes suggested that BCL-6 might be a druggable target. A number of 

compounds have been designed to bind to BCL-6 and block corepressor recruitment. These 

compounds, based on peptide or small-molecule scaffolds, can potently block BCL-6 

repression of target genes and kill lymphoma cells. The present investigation was an attempt 

to elucidate efficacy analysis of phytocompounds selected from three plants Phyllanthus 

fraternus, Mimosa pudica and Alstonia scholaris as antiproliferative agents. 
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1. INTRODUCTION 

Development of a drug is a costly, labourious and protracted, where several years are required 

for a drug to reach the market [1]. Computational techniques have been applied in various drug 

development studies to attenuate time and costs. By employing computational techniques, 

many studies have successfully discovered novel therapeutic compounds [2-5]. Natural 

products are produced by living organisms, such as bacteria, molds, plants and animals, and 

have been optimized to bind numerous biological macromolecules [6]. Therefore, natural 

products often prove to be good precursors for selection of lead compounds [7, 8] and for 

designing good drug candidates [9]. Compared to synthetic compounds, natural products have 

favorable absorption and metabolism in human body with low toxicity [10]. Natural products 

are today, choice sources for new drugs [11]. In this study, we aimed to explore the interaction 

between natural products and protein targets to identify potential ligand-protein inhibition. In 

drug discovery, computational methods are classified as structure-based drug discovery 

(SBDD) [12] or ligand-based drug discovery (LBDD) [13, 14]. The SBDD method generally 

requires target structure information, such as X-ray structure data. In contrast, the LBDD 

method requires ligand structure information with experimental results. Molecular dynamics 

(MD) simulation, which can capture the intracellular dynamics of biomolecules at atomic scale 

resolution, is a powerful computation tool for investigating protein-inhibitor interactions in 

SBDD. This simulation accounts for protein flexibility using Newtonian principles and has 

been applied to various biomolecules, such as nucleic acid, biomembranes and proteins [15-

24]. B-cell lymphoma 6 (BCL6) protein, is a transcriptional factor, that belongs to the bric-a-

brac, tramtrack, broad complex/poxvirus zinc finger (BTB/POZ) family proteins. It possesses 

BTB, RD2 and zinc finger domains and interacts with three corepressors, i.e., BCoR, SMRT 

and NCoR. It expresses in lymphocytes and regulates the differentiation and proliferation of 

lymphocytes [25]. BCL6 controls B cell activation, differentiation, susceptibility to DNA 

damage, and apoptosis during the proliferative phase of the germinal centers (GC) reaction. 

BCL6 is expressed in all GC-derived malignancies, including Burkitt’s lymphoma (BL), 

Follicular lymphoma (FL), Diffuse large B-cell lymphomas (DLBCL), and a subset of Hodgkin 

lymphoma [26]. Direct targeting of BCL6 [27] may represent a strategy to complement other 

therapeutic approaches aiming to the induction of apoptosis, activation, and/ or differentiation. 

2. MATERIALS AND METHODS 

2.1 Molecular Dynamics: 

2.1.1 Preparation of protein target structure and ligands: 

Total 80 phytocompounds were selected from three plants, Mimosa pudica, Phyllanthus 

fraternus and Alstonia scholaris and retrieved from PubChem database (Table 1). The X-ray 
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crystal structure of B cell lymphoma proteins were retrieved from the Research Collaboratory 

for Structural Bio-informatics (RCSB) (http://www.pdb.org/) protein data bank under the PDB 

ID: 1R29, 5N1X, 5N1Z, 5N20, 5N21, 5X4M, 5X4N and 5X4Q. The 3D structure of selected 

ligands, Cassiaoccidentalin B, Kaempferol and L-Mimosine, were retrieved in structure data 

format (SDF) from PubChem (CID- 44257724, 5280863, and 5280863 respectively). 

YASARA software was used to evaluate molecular docking. For molecular docking study, 

certain parameters like removal of water, chain selection, and energy minimization were 

performed by Amber03 force field [28]. Dock poses, docking energy and interacting amino 

acid residues were analyzed for the prediction of binding affinity and it relies on below 

equation: 

ΔG = ΔGvdW + ΔGHbond + ΔGelec + ΔGtor + ΔGdesolv 

Where, 

ΔGvdW = van der Waals term for docking energy 

ΔGHbond = H bonding term for docking energy 

ΔGelec = electrostatic term for docking energy 

ΔGtor = torsional free energy term for ligand when the ligand transits from unbound to bound 

state 

ΔGdesolv = desolvation term for docking energy 

Table 1: Phytocompounds selected from the three plants 

Ascorbic acid  Mimosine Scholaricine 

Niranthin Luteolin Rhazimanine 

Hinokinin Isoquercitin 19-Epischolaricine 

Hypophyllanthin Avicularin N-methylscholaricine 

Phyllanthin  Apigenin-7-O-glucoside N-methylburnamine 

Urinatetralin Cassiaoccidentalin Beta Vallesamine N-oxide 

Catechin Orientin Scholarine N-oxide 

Catechin-3-O-gallate  Isoorientin Picrinine 

Gallocatechin Citric acid Angustilobine B 

Gallocatechin-3-O-gallate Clorogenic acid Losbanine  

Astragalin Cafeic acid Tubotaiwine 

Nirurin Genistein Lagunamine 

Nirurinetin Naringenin Ursolic acid 

Quercitrin Vitamin E Cycloeucalenol 

Quercetin Myo-inositol Alpha-amyrin acetate  

Rutin Squalene Beta –sitosterol 
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Kaempferol 8,11,14-Eicosatrienoic acid alpha-tocopherol  

Dotriacontanoic acid 9,12-Octadecadienoic acid Dibutylphthalate 

Heptacosanoic acid Hexadecadienoic acid Isorhamnetin 

Linoleic acid  alpha-Spinasterol Xylobovide 

Linolenic acid  Gallic acid Fusaric acid 

Ricinoleic acid Ellagic acid Alschomine 

Cholesterol Lupeol E-alstoscholarine 

Phyllanthine Phytol Lauric acid 

Securinine  Behinic acid Myristic acid 

Triacontanol Arachidic acid Palmitic acid 

Niruriside  Linolenic acid 

Table 2: Different forms of B-Cell Lymphoma 6 (BCL6) BTB Domain 

1. 1R29-  Crystal Structure of the B-

Cell Lymphoma 6 (BCL6) BTB 

Domain to 1.3 Angstrom 

 

The crystal structure of B-Cell Lymphoma 

6 (BCL6) BTB Domain was retrieved from 

PDB database with the PDB ID 1R29 

which belongs to Alpha and Beta proteins, 

contains one chain having 1.3 Ǻ with 127 

amino acids and extracted by X-ray 

diffraction method.   

2. 5N1X- Crystal structure of the BCL6 

BTB domain in complex with 

pyrazolo-pyrimidine ligand 

 

 

The crystal structure of B-Cell Lymphoma 

6 (BCL6) BTB Domain was retrieved from 

PDB database with the PDB ID 5N1X 

which contains one chain having 1.72 Ǻ 

with 121 amino acids and extracted by X-

ray diffraction method. 
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3. 5N1Z- Crystal structure of the BCL6 

BTB domain in complex with 

pyrazolo-pyrimidine macrocyclic 

ligand 

 

The crystal structure of B-Cell Lymphoma 

6 (BCL6) BTB Domain was retrieved from 

PDB database with the PDB ID 5N1Z 

which contains one chain having 1.81 Ǻ 

with 123 amino acids and extracted by X-

ray diffraction method. 

 

 

 

4. 5N20- Crystal structure of the BCL6 

BTB domain in complex with 

pyrazolo-pyrimidine ligand 

 

The crystal structure of B-Cell lymphoma 6 

(BCL-6) BTB Domain was retrieved from 

PDB database with the PDB ID 5N20 

which contain one chain having 1.38 Ǻ 

with 123 amino acids and extracted by X-

ray diffraction method.   

5. 5N21 - Crystal structure of the BCL6 

BTB domain in complex with 

pyrazolo-pyrimidine ligand 

 

The crystal structure of B-Cell Lymphoma 

6 (BCL6) BTB Domain was retrieved from 

PDB database with the PDB ID 5N21 

which belongs to Alpha and beta proteins, 

contains one chain having 1.58 Ǻ with 122 

amino acids and extracted by X-ray 

diffraction method.  
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6. 5X4M- Crystal structure of the BCL6 

BTB domain in complex with 

Compound 1 

 

The crystal structure of B-Cell Lymphoma 

6 (BCL6) BTB Domain was retrieved from 

PDB database with the PDB ID 5X4M 

which belongs to Alpha protein, contains 

one chain having 1.65 Ǻ with 141 amino 

acids and extracted by X-ray diffraction 

method.   

7. 5X4N- Crystal structure of the BCL6 

BTB domain in complex with 

Compound 4 

 

The crystal structure of B-Cell Lymphoma 

6 (BCL6) BTB Domain was retrieved from 

PDB database with the PDB ID 5X4N 

which belongs to Alpha protein, contains a 

chain having 1.94 Ǻ with 141 amino acids 

and extracted by X-ray diffraction method.  

8. 5X4Q - Crystal structure of the BCL6 

BTB domain in complex with 

Compound 7 

 

The crystal structure of B-Cell Lymphoma 

6 (BCL6) BTB Domain was retrieved from 

PDB database with the PDB ID 5X4Q 

which belongs to Alpha protein, contains a 

chain having 2.0 Ǻ with 141 amino acids 

and extracted by X-ray diffraction method. 

 

 

 

 

 

 

 

http://www.rjlbpcs.com/


Parmar et al  RJLBPCS 2018         www.rjlbpcs.com     Life Science Informatics Publications 

© 2018 Life Science Informatics Publication All rights reserved 

Peer review under responsibility of Life Science Informatics Publications 

2018 July - August RJLBPCS 4(4) Page No.7 

 

 

2.2 Molecular Dynamics Simulations:  

Molecular dynamics simulation has been performed for conformational changes as well as for 

the binding stability of the designed ligand in complex with BCL-6 protein. Molecular docking 

was performed for 3 protein-ligand docked complexes. In addition, we have also carried out 

molecular dynamics simulation to check the structural change and stability of ligand, whether 

it retains stability with all proteins or not. The removal of water molecules and optimization 

have been carried out by using (Y) AMBER force field [29], acid dissociation constant (pKa), 

and density 0.997g L-1 set as per the YASARA structure software to neutralize the system. Then 

it was subjected to energy minimization by using steepest gradient approach (100 cycles). 

According to the software parameters force constant has been kept at 1000 KJ mol-1 nm-2, 

while number of atoms N, pressure P, and temperature T were stored to standard level including 

temperature of 1 bar using Berendsen thermosat [30] and barostat [31] respectively. By using 

Protein-Ligand Interaction Profiler 1.2.0 program, the protein ligand interaction patterns 

obtained from the averaged conformations, were graphically illustrated.   

3. RESULTS AND DISCUSSION 

Table 3: Docking result analysis of Cassiaoccidentalin B compound with all the selected 

BCL-6 protein structures 

Proteins Binding 

Energy 

[kcal/mol] 

Contacting receptor residues 

1R29 7.494 LEU A 19 MET A 51 ALA A 52 CYS A 53 SER A 54 GLY A 55 

TYR A 58 PHE A 89 MET A 90 SER A 93 GLN A 113 MET A 

114 GLU A 115 HIS A 116 VAL A 117 

5N1X 8.683 ASN A 21 ARG A 24 ARG A 28 MET B 51 ALA B 52 CYS B 53 

SER B 54 GLY B 55 TYR B 58 GLU C 41 PHE C 43 PRO C 80 

GLU C 81 ASN C 84 ILE C 85 ARG C 98 ASN C 101 

5N1Z 6.953 ALA A 52 CYS A 53 GLY A 55 TYR A 58 SER A 59 PHE A 89 

MET A 90 GLN A 113 MET A 114 GLU A 115 HIS A 116 VAL A 

117 

5N20 7.348 ASN A 23 ARG A 26 SER A 27 ASP A 29 THR A 32 ARG A 40 

GLU A 41 GLN A 42 PHE A 43 ARG A 44 ASN A 84 LEU A 87 

ASP A 88 

5N21 8.053 ASP A 29 LEU A 31 THR A 32 ASP A 33 ARG A 44 LYS A 47 

ASN A 68 SER A 70 LEU B 31 ASP B 33 LYS B 47 ARG B 67 

ASN B 68 SER B 70 
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5X4M 7.432 LEU A 19 MET A 51 ALA A 52 CYS A 53 SER A 54 GLY A 55 

TYR A 58 PHE A 89 MET A 90 SER A 93 GLN A 113 MET A 

114 GLU A 115 HIS A 116 VAL A 117 

5X4N 6.316 ARG A 26 SER A 27 ARG A 28 ASP A 29 VAL A 35 GLU A 41 

GLN A 42 PHE A 43 ARG A 44 PRO A 80 GLU A 81 CYS A 84 

ASP A 88 ARG A 98 

5X4Q 7.669 LEU A 19 MET A 51 ALA A 52 CYS A 53 SER A 54 GLY A 55 

TYR A 58 PHE A 89 MET A 90 SER A 93 GLN A 113 MET A 

114 GLU A 115 HIS A 116 VAL A 117 

 

 

(a) Dock pose of 1R29 with ligand- Cassiaoccidentalin 

B in 2-D form. 

 

(b) Dock pose of 5N1X with ligand- 

Cassiaoccidentalin B in 2-D form. 

 

 (c) Dock pose of 5N1Z with ligand- 

Cassiaoccidentalin B in 2-D form. 

  

(d) Dock pose of 5N20 with ligand- 

Cassiaoccidentalin B in 2-D form. 
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(e) Dock pose of 5N21 with ligand- Cassiaoccidentalin 

B in 2-D form. 

 

(f) Dock pose of 5X4M with ligand- 

Cassiaoccidentalin B in 2-D form. 

 

(g) Dock pose of 5X4N with ligand- Cassiaoccidentalin 

B in 2-D form. 

 

(h) Dock pose of 5X4Q with ligand- 

Cassiaoccidentalin B in 2-D form. 

Figure 1: Dock poses of different forms of BCL-6 protein with Cassiaoccidentalin B in 2-D 

form 
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(a): The protein-ligand interaction maps developed 

from initial molecular dynamics (MD) conformations 

of prioritized protein target: 1R29-Cassiaoccidentalin 

B complex. 

(b): The protein-ligand interaction maps developed 

from initial molecular dynamics (MD) 

conformations of prioritized protein target: 5N1X-

Cassiaoccidentalin B complex. 

 

(c): The protein-ligand interaction maps developed 

from initial molecular dynamics (MD) conformations 

of prioritized protein target: 5N1Z-Cassiaoccidentalin 

B complex. 

 

(d): The protein-ligand interaction maps developed 

from initial molecular dynamics (MD) 

conformations of prioritized protein target: 5N20-

Cassiaoccidentalin B complex. 

 

(e): The protein-ligand interaction maps developed 

from initial molecular dynamics (MD) conformations 

of prioritized protein target: 5N21-Cassiaoccidentalin 

 

(f): The protein-ligand interaction maps developed 

from initial molecular dynamics (MD) 

conformations of prioritized protein target: 5X4M-
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B complex. Cassiaoccidentalin B complex. 

 

(g): The protein-ligand interaction maps developed 

from initial molecular dynamics (MD) conformations 

of prioritized protein target: 5X4N-Cassiaoccidentalin 

B complex. 

 

(h): The protein-ligand interaction maps developed 

from initial molecular dynamics (MD) 

conformations of prioritized protein target: 5X4Q-

Cassiaoccidentalin B complex. 

Figure 2: The protein-ligand interaction maps developed from initial molecular dynamics 

(MD) conformation of different forms of BCL-6 protein with Cassiaoccidentalin B  

Table 4: Docking result analysis of L-Mimosine and Kaempferol with all proteins 

Protein Ligands MolDock 

Score 

Steric Interaction 

1R29 

L-Mimosine 6.092 
MET A 51 ALA A 52 CYS A 53 SER A 54 GLY A 55 TYR 

A 58 GLN A 113 MET A 114 GLU A 115 HIS A 116 

Kaempferol 4.296 

MET A 51 ALA A 52 CYS A 53 SER A 54 GLY A 55 TYR 

A 58 GLN A 113 MET A 114 GLU A 115 HIS A 116 VAL 

A 117 

5N1X 

L-Mimosine  7.021 

MET A 51 ALA A 52 CYS A 53 SER A 54 GLY A 55 TYR 

A 58 PHE A 89 GLN A 113 MET A 114 GLU A 115 HIS A 

116 VAL A 117 PHE B 11 ARG B 13 HIS B 14 ASP B 17 

ASN B 21 

Kaempferol 4.67 

ALA C 52 CYS C 53 SER C 54 GLY C 55 PHE C 89 GLN 

C 113 MET C 114 GLU C 115 HIS C 116 VAL C 117 HIS 

D 14 ASP D 17 ASN D 21 ARG D 24 

5N1Z L-Mimosine 6.206 LEU A 19 ALA A 52 CYS A 53 SER A 54 GLY A 55 PHE 
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A 89 MET A 90 SER A 93 GLN A 113 MET A 114 GLU A 

115 HIS A 116 VAL A 117 

Kaempferol 4.423 
MET A 51 ALA A 52 CYS A 53 SER A 54 GLY A 55 TYR 

A 58 SER A 59 GLN A 113 MET A 114 GLU A 115 

5N20 

L-Mimosine 6.3 

MET A 51 ALA A 52 CYS A 53 SER A 54 GLY A 55 TYR 

A 58 PHE A 89 GLN A 113 MET A 114 GLU A 115 HIS A 

116 VAL A 117 

Kaempferol 4.208 
MET A 51 ALA A 52 CYS A 53 SER A 54 GLY A 55 TYR 

A 58 GLN A 113 MET A 114 GLU A 115 HIS A 116 

5N21 

L-Mimosine 7.376 

MET A 51 ALA A 52 CYS A 53 SER A 54 GLY A 55 TYR 

A 58 PHE A 89 GLN A 113 MET A 114 GLU A 115 HIS A 

116 VAL A 117 HIS B 14 ASP B 17 ASN B 21 

Kaempferol 5.552 

MET A 51 ALA A 52 CYS A 53 SER A 54 GLY A 55 TYR 

A 58 PHE A 89 GLN A 113 MET A 114 GLU A 115 HIS A 

116 VAL A 117 HIS B 14 ASP B 17 ASN B 21 

5X4M 

L-Mimosine 6.509 

MET A 51 ALA A 52 CYS A 53 SER A 54 GLY A 55 TYR 

A 58 PHE A 89 GLN A 113 MET A 114 GLU A 115 HIS A 

116 VAL A 117 

Kaempferol 4.708 
ASN A 23 ARG A 26 SER A 27 ASP A 29 GLN A 42 PHE 

A 43 ARG A 44 LEU A 87 ASP A 88 

5X4N 

L-Mimosine 6.004 

MET A 51 ALA A 52 CYS A 53 SER A 54 GLY A 55 TYR 

A 58 PHE A 89 GLN A 113 MET A 114 GLU A 115 HIS A 

116 VAL A 117 

Kaempferol 4.29 
MET A 51 ALA A 52 CYS A 53 SER A 54 GLY A 55 TYR 

A 58 GLN A 113 MET A 114 GLU A 115 HIS A 116 

5X4Q 

L-Mimosine 5.987 

MET A 51 ALA A 52 CYS A 53 SER A 54 GLY A 55 TYR 

A 58 PHE A 89 GLN A 113 MET A 114 GLU A 115 HIS A 

116 VAL A 117 

Kaempferol 4.815 

MET A 51 ALA A 52 CYS A 53 SER A 54 GLY A 55 TYR 

A 58 GLN A 113 MET A 114 GLU A 115 HIS A 116 VAL 

A 117 
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(a): Dock pose of 1R29 with ligand- L-Mimosine in 

2-D form. 

 

(b): Dock pose of 5N1X with ligand- L-Mimosine 

in 2-D form. 

 

(c): Dock pose of 5N1Z with ligand- L-Mimosine in 

2-D form. 

 

(d): Dock pose of 5N20 with ligand- L-Mimosine 

in 2-D form. 

 

(e): Dock pose of 5N21 with ligand- L-Mimosine in 

2-D form. 

 

 

 

 

(f): Dock pose of 5X4M with ligand- L-Mimosine 

in 2-D form. 
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(g): Dock pose of 5X4N with ligand- L-Mimosine in 

2-D form. 

 

(h): Dock pose of 5X4Q with ligand- L-Mimosine 

in 2-D form. 

 

Figure 3: Dock poses of different forms of BCL-6 protein with L-Mimosine in 2-D form 

 

 

(a): Dock pose of 1R29 with ligand- Kaempferol in 

2-D form. 

 

(b): Dock pose of 5N1X with ligand- Kaempferol 

in 2-D form. 

 

(c): Dock pose of 5N1Z with ligand- Kaempferol in 

2-D form. 

 

 

 

(d): Dock pose of 5N20 with ligand- Kaempferol 

in 2-D form. 
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(e): Dock pose of 5N21 with ligand- Kaempferol in 

2-D form. 

 

 

(f): Dock pose of 5X4M with ligand- Kaempferol 

in 2-D form. 

 

(g): Dock pose of 5X4N with ligand- Kaempferol in 

2-D form. 

 

(h): Dock pose of 5X4Q with ligand- Kaempferol 

in 2-D form. 

Figure 4: Dock poses of different forms of BCL-6 protein with Kaempferol in 2-D form 

 

(a): The protein-ligand interaction maps developed 

 

(b): The protein-ligand interaction maps 
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from initial molecular dynamics (MD) conformations 

of prioritized protein target: 1R29-L-Mimosine 

complex. 

developed from initial molecular dynamics (MD) 

conformations of prioritized protein target: 5N1X-

L-Mimosine complex. 

 

(c): The protein-ligand interaction maps developed 

from initial molecular dynamics (MD) conformations 

of prioritized protein target: 5N1Z ‒ L-Mimosine 

complex. 

 

(d): The protein-ligand interaction maps 

developed from initial molecular dynamics (MD) 

conformations of prioritized protein target: 5N20-

L-Mimosine complex. 

 

(e): The protein-ligand interaction maps developed 

from initial molecular dynamics (MD) conformations 

of prioritized protein target: 5N21-L-Mimosine 

complex. 

 

(f): The protein-ligand interaction maps developed 

from initial molecular dynamics (MD) 

conformations of prioritized protein target: 5X4M-

L-Mimosine complex. 
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(g): The protein-ligand interaction maps developed 

from initial molecular dynamics (MD) conformations 

of prioritized protein target: 5X4N-L-Mimosine 

complex 

 

(h): The protein-ligand interaction maps 

developed from initial molecular dynamics (MD) 

conformations of prioritized protein target: 5X4Q-

L-Mimosine complex. 

Figure 5: The protein-ligand interaction maps developed from initial molecular dynamics 

(MD) conformation of different forms of BCL-6 protein with L-Mimosine 

3. RESULTS AND DISCUSSION 

3.1 Molecular Docking: 

Molecular docking was carried out on protein, B cell lymphoma 6 (BCL-6) BTB Domain with 

selected phytocompounds (Table-1). Among the different forms of BCL-6 protein (Table 2), 

5N1X with Cassiaoccidentalin B and 5N21 was found to be best docked with Kaempferol and 

L-Mimosine. To study ligand-protein interactions of these phytocompounds, docking study 

was performed on all the compounds against BCL-6 protein which include hydrogen bonding 

interactions, hydrophobic interactions, Van der Waals interactions and pi-pi interactions with 

selected inhibitors. Among all different phytocompounds selected in the present study, 

Cassiaoccidentalin B, L-Mimosine and Kaempferol were selected for the further analysis of 

docking studies. According to the results from the molecular docking simulation performed 

through the YASARA, Cassiaoccidentalin B compound present in Mimosa pudica was found 

as best ligand. It possessed potential binding affinity 8.683 kcal/mol with 5N1X protein. ASN 

A 21 ARG A 24 ARG A 28 MET B 51 ALA B 52 CYS B 53 SER B 54 GLY B 55 TYR B 58 

GLU C 41 PHE C 43 PRO C 80 GLU C 81 ASN C 84 ILE C 85 ARG C 98 ASN C 101 were 

found as a responsible key residues which revealed the perfect binding of selected protein-

ligand complex (Table-3). Along with Cassiaoccidentalin B, L-Mimosine and Kaempferol 
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molecular docking simulation was performed through the YASARA. L-Mimosine was found 

to have better docking score as compared to Kaempferol with all the forms of BCL-6 protein. 

It possessed potential molecular docking score 7.376 kcal/mol with 5N21 protein. Observations 

indicated that MET A 51 ALA A 52 CYS A 53 SER A 54 GLY A 55 TYR A 58 PHE A 89 GLN 

A 113 MET A 114 GLU A 115 HIS A 116 VAL A 117 HIS B 14 ASP B 17 ASN B 21 were 

found as responsible key residues which suggest the perfect binding of selected protein-ligand 

complex. Kaempferol possessed molecular docking score 5.552 kcal/mol with 5N21 protein. 

The key residues identified include MET A 51 ALA A 52 CYS A 53 SER A 54 GLY A 55 TYR 

A 58 PHE A 89 GLN A 113 MET A 114 GLU A 115 HIS A 116 VAL A 117 HIS B 14 ASP B 

17 ASN B 21 which indicated  the optimum binding of selected protein-ligand complex 

(Table-4). The docking results of Cassiaoccidentalin B, L-Mimosine and Kaempferol are 

presented in figures (Figure 1, Figure 3 and Figure 4) respectively. 

3.2 Molecular Dynamics (MD): 

To understand the stability of BCL-6 - Cassiaoccidentalin B complex and BCL-6 -L-Mimosine 

complex, we have performed the MD simulations for 1 ns for Cassiaoccidentalin B and L-

Mimosine, with the aim to reveal its ability to penetrate through the biomembarne. The MD 

results of Cassiaoccidentalin B and L-Mimosine are presented in figures (Figure 2 and Figure 

5) respectively. The energy of protein ligand complexes calculated over the simulation 

trajectory showed that BCL-6 developed effective interaction with ligands.      

Discussion: 

4.1 Molecular Docking 

In pharmaceutical research, computational strategies are of great value as they help in the 

identification and development of novel promising compounds especially by molecular 

docking methods [32, 33]. Various research groups have applied these methods to screen 

potential novel compounds against a variety of diseases [34] (Ferreira et al., 2015). Plants have 

long been a very important source of drug and many plants have been screened whether they 

contain compounds with therapeutic activity [35]. In our present study, we tried to see the 

interaction of selected phytoconstituents with B cell lymphoma 6 (BCL 6) to inhibit cancer. 

Docking simulation technique was used for primary analysis of the potential molecular target 

for the reported anticancer agent. The investigation of the docked ligand permitted us to 

establish the binding mode of compound involved in this study and confirmed the role as 

anticancer agent.  

4.2 Molecular Dynamics Simulation 

BCL6 is a therapeutic target for auto-immune diseases and cancer treatment [36]. Our in silico 

studies had given very promising and interesting results on the effect of B-cell lymphoma 6 
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(BCL6) protein. Our previous studies have indicated L-Mimosine and Kaempferol both 

compounds, exhibits antiproliferative activity. Treatment with both the compounds showed 

antiproliferative effects against Daudi lymphoma cell line [37, 38]. It could be concluded that 

Cassiaoccidentalin B, L-Mimosine and Kaempferol could be a potential inhibitor of lymphoma 

cell. Even though, further role of these compounds and their exact mechanism of action remain 

to be explored. 

4. CONCLUSION 

Understanding of protein-ligand interactions is important for designing target-selective ligands. 

In this study, we applied an approach that combined Molecular docking and MD simulation to 

improve the current understanding of the selectivity of cassioaccidentalin, L-Mimosine and 

Kaempferol for BCL-6. In this study the docking simulation technique was used preliminarily 

to investigate the potential molecular target(s) for the reported anticancer agents from natural 

plant products. The analysis of the best docked ligands permitted us to know the binding mode 

of compounds involved in this study and confirm the role as anticancer agent. Binding energies 

of the protein-ligand interactions are important to describe how fit the ligand binds to the 

macromolecule. The obtained results are useful to understand the structural features required 

to enhance the inhibitory activities. Without X-ray structures, it is difficult to compare 

interactions between protein-ligand complexes of interest. Protein-ligand complex modeling, 

as applied in this study, at least enables comparison of interaction; it does not explain selectivity, 

stable interaction between protein and ligand could be clarified. Therefore, MD simulation is 

a powerful tool for elucidating the dynamics of protein-ligand interactions and to support drug 

design. The insights obtained from the MD simulations may be useful for designing new 

selective BCL-6 ligands. 
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