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ABSTRACT 

Background: Muricin J, Muricin K and Muricin L are isolated novel compounds present in A. muricata, which are polyphenolic in nature. 
Polyphenols are a good natural resource for combating cancer. Objective: The present study was planned to explore the molecular docking 
interaction between these compounds with apoptotic proteins (Caspase-3, Caspase-3, and β-Actin). Materials and Methods: Databases and tools 
such as SwissProt, Protein Data Bank and RasMol, ChemSketch, PatchDock, and PyMol Viewer were used. Results: The docking interaction as 
Geometrical Shape Complementary Score was predicted for Muricin J  with Caspase-3 (5096), Muricin K with Caspase-3 (5068), Muricin L with 
Caspase-3 (5348); Muricin J with Caspase-9 (5130), Muricin K with Caspase-9 (5474), Muricin L with Caspase-9 (No Interaction); Muricin J with β-
Actin (No Interaction), Muricin K with β-Actin (5646), Muricin L with β-Actin (5706). Among the three ligands, Muricin K docked well with Caspase-
3, Caspase-9 and β-Actin. Muricin J docked with Caspaes-3 and Caspase-9, Muricin L docked with Caspase-3 and β-Actin. . Among the three ligands, 
Muricin K recorded a good Geometrical Shape Complementarity Score with Caspase-3, Caspase-9 and β-Actin. The result of Lipinski rule suggests 
Muricin K as best therapeutic drug. Conclusion: Docking study and in silico toxicity results proves the application of this compound as potential and 
natural therapeutic agent to treat diseases. 
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INTRODUCTION 

Computational biology and bioinformatics have the potential not 
only of speeding up drug discovery process, thus reducing the costs, 
but also of changing the way that drugs are designed. Rational Drug 
Design (RDD) helps to facilitate and speed up drug designing 
process, which involves a variety of methods to identify novel 
compounds. [1-5] One such method is the docking of the drug 
molecule with the receptor (target). The site of drug action, which is 
ultimately responsible for the pharmaceutical effect, is a receptor. 
[6]  

A. muricatais a well-known medicinal tree with diuretic properties, 
[7] anti-bacterial, [8] anti-viral, [9] and antioxidative stress. [10] 
The newly isolated and elucidated Muricins J, K, and L were 
evaluated for anti-proliferative activity against human prostate 
cancer PC-3 cells. [11] In view of this, as there is no evidence of 
molecular docking studies in Muricin J, Muricin K, and Muricin L 
against cancer apoptotic proteins, the present study was designed 
to explore the docking interaction of Muricin J, Muricin K, and 
Muricin L from A. muricata with apoptotic proteins such as Caspase-
3, Caspase-9 and β-Actin, which will pave a way for anticancer 
treatments by natural resources. 

MATERIALS AND METHODS 

In silico docking studies 

Muricin J, Muricin K and Muricin L in graviola fruit were docked 
against Caspase-3, Caspase-9 and β-Actin protein using in silico 
molecular docking studies. Following databases and tools are used 
such as SwissProt, Protein Data Bank and RasMol, ChemSketch, 
PatchDock, and PyMol Viewer, respectively. 

 

 

 

Retrieval of protein sequence from Swiss-Prot 

The proteins of Caspase-3, Caspase-9 and β-Actin were retrieved 
from Swiss-Prot database. The accession numbers are: P42574, 
P55211 and P60709. 

Retrieval of protein structure from PDB 

The structure of Caspase-3, Caspase-9 and β-Actin were 
downloaded from PDBSum database and the PDB IDs are: 1CP3, 
1JXQ and 3BYH and viewed using RasMol tool. 

Retrieval of ligands from ACD/ChemSketch 

2-D structure of ligands Muricin J, Muricin K and Muricin L were 
downloaded. The 3-D structures of Muricin J, Muricin K and Muricin 
Lwere drawn using ACD/ChemSketch software. 

Docking: PatchDock 

Docking of ligands and apoptotic proteins was carried out using 
PatchDock docking software.  

Visualization of Protein using PyMol Viewer 

The docked structures were then visualized using the PyMol Viewer 
software and the results were predicted. 

RESULTS 

Molecular Docking Studies 

For molecular docking studies, the ligands Muricin J, Muricin K and 
Muricin L were docked against apoptotic proteins viz., Caspase-3, 
Caspase-9 and β-Actin..  
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Retrieval of Protein Sequences 

The sequences of proteins Caspase-3, Caspase-9 and β-Actin were 
downloaded from Swiss-Prot database. 

 

Retrieval of Protein Structures  

The 3-D structures of Caspase-3 (PDB ID-1CP3), Caspase-9 (PDB ID-
1JXQ) and β-Actin (PDB ID-3BYH) were downloaded from PDB 
database and are given in Fig. 1. 

 

Fig. 1: 3-D Structure of Proteins 

A - Caspase-3, B - Caspase-9, C - β-Actin 

Retrival of Ligands 

3-D structures of Muricin J, Muricin K and Muricin L were drawn using ACD/ChemSketch software after downloading the 2-D structures of 
respective ligands (Fig. 2). 

 

Fig. 2: Structure of Compounds 

A – 2-D structure of Muricin J B – 3-D structure of Muricin J     :   C – 2-D structure of MuricinK  :D – 3-D structure of Muricin K : E – 2-D 
structure of Muricin L : F – 3-D structure of Muricin L 

Docking 

The 3-D structure of the three inhibitors viz., Muricin J, Muricin K 
and Muricin L were docked against the apoptotic proteins Caspase-
3, Caspase-9 and β-Actin using PatchDock tool. The docking results 

were visualized and analyzed using PyMol visualization tool (Fig. 3-
5) 

Caspase-3 docked with Muricin J 
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Fig. 3: Visualization of docked complex in PyMol tool 

A - Caspase-3 docked with Muricin J : B - Caspase-3 docked with Muricin K : C - Caspase-3 docked with Muricin L 

 

 

Fig. 4: Visualization of docked complex in PyMol tool 

A - Caspase-9 docked with Muricin J : B - Caspase-9 docked with Muricin K : C - Caspase-9 docked with Muricin L  

 

Fig. 5: Visualization of docked complex in PyMol tool 

A - β-Actin docked with Muricin J : B - β-Actin docked with Muricin K : C - β-Actin docked with Muricin L 

In silico docking study revealed that the interactions between 
ligands viz. Muricin J, Muricin K, Muricin L and Caspase-3, Caspase-
9, β-Actin proteins when analysed by in silico molecular docking 

method exhibited the following Geometrical Shape Complementary 
Score between them as given in Table 1: 

Table 1: Docking interactions between ligands, Muricin J, Muricin K and Muricin L and proteins Caspase-3, Caspase-9 and β-Actin  

Protein Ligand Geometrical Shape Complementary Score No.  of H-Bond 
Caspase-3 Muricin J 5096 3 
Caspase-3 Muricin K 5068 6 
Caspase-3 Muricin L 5348 1 
Caspase-9 Muricin J 5130 2 
Caspase-9 Muricin K 5474 5 
Caspase-9 Muricin L                                 No Interaction                                              - 

β-Actin Muricin J                                No Interaction                                               - 
β-Actin Muricin K 5646 2 
β-Actin Muricin L 5706 3 
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Table 1 shows that the interaction of Muricin J with Caspase-3 forms 
3 hydrogen bond with Geometrical Shape Complementary Score of 
5096; Muricin K with Caspase-3 forms 6 hydrogen bond with 
Geometrical Shape Complementary Score of 5068; Muricin L with 
Caspase-3 forms 1 hydrogen bond with Geometrical Shape 
Complementary Score of 5348. 

Likewise, the interaction of Muricin J with Caspase-9 forms 2 
hydrogen bond with Geometrical Shape Complementary Score of 
5130; Muricin K with Caspase-9 forms 5 hydrogen bond with 
Geometrical Shape Complementary Score of 5474, while Muricin L 
with Caspase-9 has no interaction. 

Similarly, the interaction of Muricin J with β-Actin has no 
interaction; Muricin K with β-Actin forms 2 hydrogen bond with 
Geometrical Shape Complementary Score of 5646; Muricin L with β-
Actin forms 3 hydrogen bond with Geometrical Shape 
Complementary Score of 5706. 

This result shows that there is a presence of binding site between 
these three proteins and three ligands. The docking is also valid by 
the formation of hydrogen bond between them. From the above 
docking results, it is pragmatic that the ligands docks well to these 
proteins responsible for disease. Among the three ligands, Muricin K 
recorded a good Geometrical Shape Complementarity Score with 
Caspase-3, Caspase-9 and β-Actin.  

Hence, Muricin K can be taken as the best ligand among the three. 
The result of Lipinski rule suggests the analysed Muricin K 
compound as best therapeutic drug. Docking study and in silico 
toxicity results proves the application of Muricin K compound as 
potential and natural therapeutic agent to treat disease.  

DISCUSSION 

In silico docking study revealed the interactions between ligands 
viz., Muricin J, Muricin K and Muricin L and Caspase-3, Caspase-9, β-
Actin protein, respectively and also the minimum binding energy 
(kcal/mol) between them. This result showed that there was a 
presence of binding site between these three proteins and three 
ligands. The docking was also valid by the formation of hydrogen 
bond between them. Similar docking results were also done by 
several authors. [1-5, 12-14] In addition to in vitro and in vivo 
methods, [15-16] in silico approach has also been used to predict 
molecules with anticancer activity. [17-18]  

Likewise, 62 compounds from 9 species of Begonia were docked to 
the pocket of erlotinib binding site in EGFR-TK protein. [19] The 
docking result showed that the compound type of alkaloid, steroidal 
glycoside, triterpenoid glycoside and flavonoid glycoside 
(polyphenol) have higher chemPLP docking score than other 
compounds and co-crystallized ligand erlotinib. This result 
suggested the high potential anticancer activity of alkaloid and 
glycoside type compounds from Begonia species that led them to 
identify and isolate these types of compounds from Begonia sp. [19] 
Similar findings from other works [19-21] support the results of our 
study, that the phytocompoundsviz., Muricin J, Muricin K and 
Muricin L present in graviola fruit might play a protective role in 
fighting against apoptotic proteins.   

In the present investigation, from the above docking results, the 
ligands docked well to these proteins responsible for disease and 
among the three ligands, Muricin K recorded a less docking score 
with Caspase-3, Caspase-9 and β-Actin. Hence, Muricin K can be 
taken as the best ligand among the three. The result of Lipinski rule 
suggests that the analysed Muricin K compound as best therapeutic 
drug. Docking study and in silico toxicity results proves the 
application of Muricin K compound as potential and natural 
therapeutic agent to treat disease.  

In toto, our study docking studies revealed that even though there is 
a presence of binding site between the ligands Muricin J, Muricin K 
and Muricin L, and proteins like Caspase-3, Caspase-9 and β-Actin, 
Muricin K shows best docking potential. The result of Lipinski rule 
suggests that the analysed Muricin K compound as best therapeutic 
drug. The docking is also valid by the formation of hydrogen bond 
between them. The results reveal that the methanol fruit extract of 

A. muricata is a promising potential anticancer agent for cancer 
therapy. The exact mechanism should be further investigated in 
future studies and to elucidate the medicinal properties of A. 
muricata, especially the active components viz., Muricin J, Muricin K 
and Muricin L, there is a need for further investigation that will pave 
a way for finding this herbal resource as a medicine to control 
different types of cancers in future. 

CONCLUSION 

Increasing awareness, promotion and utilization of this fruit for 
public benefits are highly encouraged and identification of active 
phyto-constituents in the fruit pulp will serve as a natural cytotoxic 
agent against various cancers. 

CONFLICT OF INTEREST  

There are no conflict of interest declared 

REFERENCES 

1. Rajesh S et al. In silico docking of selected compound from 
Cardiospermum halicacabum Linn. leaf against human 
hepatocellular carcinoma (HepG-2) cell line. Int. J. Comp. 
Bioin. In Silico Model. 2016; 5(2): 780-786. 

2. Flora Priyadarshini J et al. GC-MS analysis for identification of 
active compounds in propolis and molecular docking studies 
of selected compounds against apoptotic proteins (Caspase- 
3, Caspase-9 and Β-Actin). J. Biol. Chem. Res. 2018; 35(2): 
349-358. 

3. Jayameena P et al. In silico molecular docking studies of rutin 
compound against apoptotic proteins (Tumor Necrosis 
Factor, Caspase-3, NF Kappa-B, P53, Collagenase, Nitric Oxide 
Synthase and Cytochrome C). J. Cancer Res. Treat. 2018; 6(2): 
28-33. 

4. Jayaprakash P et al. In silico molecular docking of alginic acid 
and fucoidan compound present in S. wightii against apoptotic 
proteins (caspase-3, caspase-9 and β-actin). IJBPAS. 2018; 
7(8): 1551-1565.  

5. Karthika S et al. In silico molecular prediction of ascorbic acid, 
betalain and gallic acid from Hylocereus undatus against 
apoptotic proteins (caspase-3, caspase-9 and β -actin). J. 
Pharm. Sci. Innov. 2018;7(6): 215-220. 

6. Baskaran C, Ramachandran M. Computational molecular 
docking studies on anticancer drugs. Asia. Pac. J. Trop. Dis. 
2012; 2: 734-738.  

7. Quisumbing E. In: Medicinal Plants of the Philippines. Manila: 
Katha Publishing, 1951: 1-1234. 

8. Oberlies NH et al. Structure-activity relationships of diverse 
Annonaceous acetogenins against multidrug resistant human 
mammary adenocarcinoma (MCF-7/Adr) cells. J. Med. Chem. 
1997; 40(13): 2102-2106. (doi: 10.1021/jm9700169). 

9. Betancur-Galvis L et al. Antitumor and antiviral activity of 
Colombian medicinal plant extracts. Mem Inst Oswaldo Cruz. 
1999; 94(4): 531-535. (doi: 10.1590/s0074-
02761999000400019). 

10. Adewole SO, Caxton-Martins EA. Morphological changes and 
hypoglycemic effects of Annona muricata Linn. (Annonaceae) 
leaf aqueous extract on pancreatic B-cells of streptozotocin-
treated diabetic rats. Afr. J. Biomed. Res. 2006; 9: 173-187. 

11. Sun S et al. Three new anti-proliferative Annonacous 
acetogenins with mono-tetrahydrofuran ring from graviola 
Fruit (Annona muricata). Bioorg. Med. Chem. Lett.  2014; 1-
7.(doi.org/10.1016/j.bmcl.2014.03.099). 

12. Wellington CL, Hayden MR. Caspases and neurodegeneration: 
on the cutting edge of new therapeutic approaches. Clin. 
Genet. 2000; 57(1): 1-10. (doi: 10.1034/j.1399-
0004.2000.570101.x.). 

13. Mohr A, Zwacka RM. In situ trapping of initiator caspases 
reveals intermediate surprises. Cell Biol. Int. 2007; 31(5): 
526-530. (doi: 10.1016/j.cellbi.2006.11.016). 

14. Jhansi Lakshmi P et al. Design, synthesis, and discovery of 
novel non-peptide inhibitor of Caspase-3 using ligand based 
and structure based virtual screening approach. Bioorg. Med. 
Chem. 2009; 17(16): 6040-6047. (doi: 
10.1016/j.bmc.2009.06.069). 



Innoriginal International Journal of Sciences | Volume 7 | Issue 5 | Sep-Oct 2020 | 1-4 

 

3 

15. Paul S et al. In vitro and in vivo studies demonstrate 
anticancer property of root extract of Polygala senega. J. 
Acupunct. Meridian Stud. 2010;3(3): 188-196. 
(doi.org/10.1016/S2005-2901(10)60035-0). 

16. Boyle GM et al. Intra-lesional injection of the novel PKC 
activator EBC-46 rapidly ablates tumors in mouse models. 
PLoS One. 2014;9(10): 1-12. (doi: 
10.1371/journal.pone.0108887). 

17. Adawiyah R et al. Histone acetyltransferase P300/CBP-
associated factor inhibition by quercetin as anticancer drug 
candidate with in silico and in vitro approach. Int. J. Pharm. 
Pharm. Sci. 2016; 8(5): 211-215. 

18. Dai S et al. In silico identification of anti-cancer compounds 
and plants from traditional Chinese medicine database. Sci. 
Rep., 2016;6: 1-9. (doi.org/10.1038/srep25462). 

19. Zubair MS et al. Molecular docking approach to identify 
potential anticancer compounds from Begonia (Begonia sp). 
Am. Ins. Phys. 2016; 1755: 080005-080011. 
(doi.org/10.1063/1.4958513). 

20. Madeswaran A et al. In silico docking studies of lipoxygenase 
inhibitory activity of commercially available flavonoids. J. 
Comput. Method. Mol. Design. 2011; 1(4): 65-72. 

21. Gowri Shankar K et al. In-silico molecular docking analysis of 
cancer biomarkers with bioactive compounds of Tribulus 
terrestris using AutoDock4. Int. J. Novel trends Pharm. Sci.   
2013; 3(5): 111-117. 

 

https://doi.org/10.1016/S2005-2901(10)60035-0
https://doi.org/10.1063/1.4958513

