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ABSTRACT  

Cancer is one of the leading causes of death in both developed and developing countries 

and is therefore of worldwide concern. The Prorein – Ligand interaction plays a 

significant role in structural based drug designing. In our research work the liver extract 

of Puffer fish Arothron hispidus showed anticancer activity against COLO 320 cell line 

was employed for docking studies with the target Bcl2 PDB ID: 4LVT. Ligands were 

created and prepared for the docking procedure using Chemsketch. The ligands 

Heptadecanoic acid, Tetradecanoic acid, Uric acid, Pentadecanoic acid, Oleic acid, 

Semioxamazide, Tetradecanamide and n-Hexadecanoic acid with scoring values 38.4, 

42.77, 16.61, 39.74, 46.88, 14.88, 35. 23 and 44.07 respectively.  The H-bond distance 

between protein 4LVT and the ligand Oleic acid was found to be 2.962. The ligand 

interacts with amino acid Arg 143 with high docking score value 46.88. 

 

 

 

INTRODUCTION 

Cancer is a complex disease that is characterized by aberrant cell division. It is caused by 

genetic variations and many environmental factors. It can invade vital organs and is a major 

harbinger of imminent patient death throughout the world. [1] The dead list part of the cancer 

process, metastasis appears to rely on the help from macrophages, potent immune system 

cells that usually defend vigorously against this disease. Metastatic tumour growth is 

inhibited if these unusual macrophages are killed. In addition, metastatic disease is the major 

cause of cancer mortality. [2] Hence development of new anticancer drugs represents today’s 

one of the most important research areas. An analysis of the number of chemotherapeutic 

agents and their sources indicate over 74.8% of the approved drugs are derived from natural 

compounds. [3] Chemoprevention entails the use of specific natural dietary or synthetic 

agents to thwart cancer development and progression. [4] Many potent natural products have 

display the effective anticancer activities from the marine environment. Nature derived 

pharmaceuticals including marine-derived bioactive products have been draw a great deal 

of attention from both the scientific community and the general public due to their 

demonstrated ability to suppress cancers. [5] Several anticancer agents are derived from 

marine sources, which are entered preclinical and clinical trials to display cytotoxic activity 
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against various tumour types. [6] A special attention is pay to this disease is based upon the 

fact that cancer ruins one of the chief causes of death in developing countries causing around 

two million deaths annually. [7] Therefore, the investigation of alternative treatments for this 

disease is much needed. Tetrodotoxin (TTX) is one of the most potent marine neurotoxins, 

named after the order of fish where it is most commonly associated, the Tetraodontiformes. 

The Tetraodontidae family has been mainly distributed in tropical and subtropical areas of 

Indian and Pacific regional waters. There are 189 species of puffer   fishes and 28 genera in 

the family Tetraodontidae. [8] This fish is known to carry tetrodotoxin (TTX) [9,10,11] which is 

known a non-protein organic compound (amino perhydroquinazoline) and one of the 

strongest marine paralytic toxins today.  Tetrodotoxin is a low molecular weight with 319 

small molecules with a unique cage structure. The basic molecule for TTX consists of a 

positively charged Guanidium group. The amount of TTX in the puffer fish is species 

specific and varies among different organs in different seasons. [12]           

Computational Biology and bioinformatics have the potential not only of speeding up the 

drug discovery process thus reducing the costs, but also of changing the way of drugs are 

designed. Rational Drug Design (RDD) helps to facilitate and speed up the drug designing 

process, which involves variety of methods to identify novel compounds. 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.[13] Molecular docking 

is protein – ligand interaction study and is a particularly vibrant research area because of its 

importance to structure-based drug design. The field of molecular docking has emerged 

during the last three decades and now is becoming an integral aspect in drug discovery and 

development area.  

Docking is frequently used to predict the binding orientation of small molecule drug 

candidates to their protein targets in order to predict the affinity and activity of the small 

molecule.[14] Molecular docking can be thought of as a problem of “lock – and –key”, where 

one is interested in finding the correct relative orientation of the “key” which will open up 

the “lock”. Here, the protein can be thought of as the “lock” and the ligand can be thought 

of as a “key”. However, since both the ligand and the protein are flexible, a “hand – in –

glove” analogy is more appropriate than “lock and key”.[15] 

Scoring functions are fast approximate mathematical methods used to predict the strength 

of the non-covalent interaction between two molecules after they have been docked. Most 

commonly one of the molecules is a small organic compound such as a drug and the second 

is the drug’s biological target such as a protein receptor.[16] Scoring functions have also been 

developed to predict the strength of other types of intermolecular interactions, for example 

between two proteins [17] or between protein and DNA.[18, 19] Charifson et al., [20] reported a 

method for obtaining improved hit rates from docking databases of three – dimensional 

structures in to proteins. Automated docking using a Lamarckian genetic algorithm and an 

empirical binding free energy function was analysed by.[21] Taylor et al., [22] reported a 

review of protein – small molecule docking methods. Microwave assisted synthesis of some 

novel Benzimidazole substituted Fluoroquinalones and their antimicrobial evaluation was 

reported by.[23] Kahraman et al., [24] investigated the shape and variation in protein binding 

pockets and their ligands. Reproducing the conformations of protein bound ligands, a critical 

evaluation of several popular conformational searching tools was reported by.[25] Pan Wang 

and Bao – Ting Zhu [26] carried out an investigation on usefulness of Molecular Modelling 

Approach in Characterizing the Ligand – Binding Sites of Protein. The present study focused 

on the molecular docking studies of potent anticancer agents from liver extract of marine 

puffer fish Arothron hispidus. 

 

MATERIALS AND METHODS 

http://www.thebioscan.com/
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For our present study we used ACD/ Chem Sketch Freeware, version 11.[27]   

2.1. GOLD - Protein- Ligand Docking. 

2.2 Target Selection - The X-ray Crystal Structure of Bcl2 (PDBID: 4LVT) complexed with 

an inhibitor [28] was retrieved from protein Data Bank.[29]  

2.3 Ligand selection.[30]  

           A total of 8 compounds were selected based on the review of literature. The selected 

compounds were obtained by drawing their 2D Structures in ACD – Chemsketch (Version 

12) (ACD/ Chem Sketch Freeware.[27]   

          2.4 Binding site prediction.[31]  

2.5 Virtual Screening.[32]  

2.6 Docking interactions.[33]  

2.7 Protein Setup      

2.8 Selecting Ligands  

2.9 Selecting a Fitness Function   

2.10 Specifying GA Setting 

2.11 Run the Docking 

 

RESULTS 

 

The crystal structure of the Bcl2 protein derived from PDB ID: 4LVT (Figure 1) was used 

as a target for docking simulations. Ligands were created and prepared for the docking 

procedure using Chemsketch. The ligands Heptadecanoic acid, Tetradecanoic acid, Uric 

acid, Pentadecanoic acid, Oleic acid, Semioxamazide, Tetradecanamide and n-

Hexadecanoic acid with scoring values 38.4, 42.77, 16.61,  39.74,  46.88,  14.88,  35.23 and  

44.07  respectively  (Table 1). The H-bond distance between protein 4LVT and the ligand 

oleic acid was found to be 2.962. The ligand interact with amino acid Arg 143 with high 

docking score value 46.88. The structures of the ligand obtained from the Chemsketch are 

shown in Figure 2 – 9.   

 

DISCUSSION   

 

Cancer is spreading in the whole world and it takes away more than 6 million lives each 

year.[34] Among the fishes, puffer fish showed strong anticancer activity. Although TTX is 

one of the most dangerous marine natural products, its distinctive action mode draws great 

attention from researchers. Anticancer molecules isolated from marine organisms belong to 

diverse structural classes including polypeptides, terpenes, steroids and peptides. [35] A large 

number of studies confirm that almost all apoptosis stimulating factors can cause structural 

damage and mitochondrial dysfunction.[36] The identification of oncogenes involved in the 

initiation and progression of tumors has generated targets for the development of new 

anticancer drugs. Molecular Docking study helps to predict the intermolecular complex 

formed between two constituent molecules. It is an extensively used computational 

technique for the study of molecular identification. In our study, the bioactive compounds 

present in the liver extract of marine Puffer fish A.hispidus showed potent anticancer activity 

against COLO 320 cell line. Hence the anticancer activity of the compounds present in the 

liver extract was further supported by molecular docking studies. The target protein Bcl2 

was obtained from PDB ID: 4LVT using Chemsketch. In the present investigation the ligand 

Oleic acid showed best ligand binding interaction with score value of 46.88.  The findings 

of [37,14,38,39] lended support to our results. The results clearly indicate that the toxins present 

in the fish having bioactive compounds that may be used for therapeutic needs.  
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Melanny et al., [37] developed a potential anticancer drug by synthesizing some of p-

methoxycinnamoyl hidrazides. The compounds were synthesized from the ethyl p-

methoxycinnamate (EPMC), isolated from rhizome of Kaemferia galanga. The structures 

of the compounds were confirmed by UV-vis spectrophotometry, 1H-NMR, 13C-NMR, FT-

IR, and MS spectroscopic methods. The study was followed by anticancer activity 

evaluation of the compounds by insilico study using Molegro® ver. 5.5 and by in vitro assay 

against human breast cancer cells (T47D) by 3-(4,5-Dimethylthiazol-2-yl)-2-5-

Diphenyltetrazolium Bromide (MTT) method. The result showed that 3- (4-

methoxyphenyl)- N - (3- (4-methoxyphenyl) acryloyl) acrylohydrazide has the highest value 

of rerank score (-124.81).  

Sanghani et al.,[14] performed insilico screening of natural polytriterpene phytochemical that 

are thought to have potential to inhibit mutated IG11. Out of the two triterpenes bosewellic 

acid and ursolic acid, boswellic acid showed inhibition activity with IG11. Igwe et al., [38] 

performed molecular docking using Patchdock and firedock online docking server. 

Molecular docking result showed the global energies and their ranks. The global binding 

energy value – 26.85 kcal/ mol was ranked first because it had the least energy. The most 

feasible position for anastrozole to inhibit promyelocytic leukemia protein was found to be 

-26.85 kcal/ mol. Rather et al., [39] revealed molecular dynamic simulation. The results 

indicated that complex 2 (N-ethyl-50-carboxamido adenosine and kiss2r protein) is better 

than complex 1 (2-(4-(2-Carboxyethyl) phenethylamino)-50-N-ethylcarboxamidoadenosine 

and kiss2r protein) and its implication in drug designing. Agu et al.,[40] reported that 

molecular docking as a tool for the discovery of molecular targets of nutraceuticals in 

diseases management. The results specified that molecular docking is a useful tool for 

identifying the molecular targets of nutraceuticals in the management of diseases. It may 

offer information about how nutraceuticals work and support the creation of new 

therapeutics. 

 

CONCLUSION 

  

Molecular docking was applied to explore the binding mechanism and to correlate its 

docking score with the activity of anticancer compounds. The protein ligand interaction 

plays a significant role in structural based drug designing. From the molecular docking 

study, it was concluded that, among the ligands, Oleic acid are probable lead molecules than 

the rest of the ligands for anticancer owing to their high score values. This infers that the 

lead molecule is one with maximum interaction having high score value. Thus the concept 

of protein - ligand interaction helps in designing new drugs for cancer. 
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Table 1   GOLD Score for anti-cancer activity with Bcl2 of Human 

 

Ligand 
Atom in  

Ligand 

Atom in 

Protein 

H-Bond 

Distance 
Score 

Heptadecanoic acid 

O Asn140 2.914 

38.4 
O Arg143 

2.566, 

2.430 
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Tetradecanoic acid O Arg104 3.018 42.77 

Uric acid N Phe101 2.998 16.61 

Pentadecanoic acid - - - 39.74 

Oleic acid O Arg143 2.962 46.88 

Semioxamazide - - - 14.88 

Tetradecanamide - - - 35.23 

n-Hexadecanoic acid - - - 44.07 

 

 

 

 

                           
       Fig 1                                           Fig 2                                           Fig 3  

 

 

                   
 

               Fig 4                                      Fig 5                                       Fig 6 

   

                                                   

 

 

 

 

 

 

 

      Fig 7                                                     Fig 8                                                   Fig 9 

 Fig 1 :  Structure of Bcl2  (PDB ID: 4LVT)                       Fig 2 : Interaction of Heptadecanoic acid with Bcl2    

 Fig 3 :  Interaction of Tetradecanoic acid with Bcl2       Fig 4 : Interaction of Uric acid with Bcl2          

 Fig 5 :  Interaction of Pentadecanoic acid with Bcl2       Fig 6 : Interaction of Oleic acid with Bcl2    

 Fig 7 :  Interaction of  Semioxamazide with Bcl2            Fig 8 : Interaction of Tetradecanamide with Bcl2      

 Fig 9 :  Interaction of n-Hexadecanoic acid with Bcl2 
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