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Introduction
Structural studies of Bcl-2 family members have provided many 

insights into the molecular mechanism of apoptosis and how Bcl-2 
family members interact with one another. Bcl-2 and related proteins 
are key regulators of apoptosis or programmed cell death implicated 
in human disease including cancer [1]. Bcl-2 was originally identified 
at the chromosomal breakpoint of t(14;18)-bearing B-cell lymphomas. 
Although it is not fully understood how Bcl-2 family proteins regulate 
apoptotic pathways, one possible mechanism is that members of this 
family engage in various protein-protein interactions to form homo- 
and heterotypic dimers important for their biological functions. 
Bcl-2 belongs to a growing family of proteins that regulate apoptosis 
or programmed cell death. The Bcl-2 family includes both death 
antagonists such as Bcl-2 and Bcl-xL and death agonists such as Bax, 
Bak, Bid, and Bad. These related proteins share at least one of four 
homologous regions termed Bcl homology (BH) domains (BH1 to BH4) 
[2-4]. The antitumor drug Cisplatin with clinical and experimental 
efficiency is employed as a first-line chemotherapeutic modality in the 
treatment of epithelial malignancies, including lung, ovarian, testicular, 
cervix cancer and other cancers [5,6]. Gemcitabine hydrochloride 
is a deoxycytidine derivative that inhibits DNA elongation through 
intracellular phosphorylation of ribonucleotide reductase. Studies have 
proven that Gemcitabine is an anti neoplastic agent that inhibits DNA 
synthesis, resulting in apoptosis. In addition to its established uses in 
pancreatic and non-small-cell lung cancer, the drug has been shown in 
clinical trials to be active against a wide variety of solid tumors [7,8]. 
Vinorelbine (VNR), a semisynthetic vinca alkaloids derived from 
vinblastine, is a mitosis-phase specific antineoplastic agent. VNR binds 
to tubulin, thereby inhibiting tubulin polymerization into microtubules 
and spindle formation, resulting in apoptosis of susceptible cancer cells. 
Inhibition of mitotic microtubules correlates with antitumor activity 
[9]. 5-FU is a cell cycle–specific, S-phase–dependent fluorinated 
pyrimidine analogue with moderate activity in breast cancer, colon 
cancer, ovarian cancer, and oral squamous cell carcinoma [10,11]. 
Gefitinib (Iressa) is a quinazoline derivative that inhibits EGFR tyrosine 
kinase activity by binding to the adenosine triphosphate pocket within 
the EGFR catalytic domain [12-14]. In the present study we have 
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Abstract
B-Cell Lymphoma (Bcl) is an apoptosis regulator protein which plays an important role in many types of cancers. 

The Bcl-2 gene has been identified as over expressed in different cancers. In this study we identified the binding 
affinity of commonly used neoplastic drugs such as Gefitinib, Cisplatin, 5-FU, Gemcitabine and Vinorelbine on Bcl-2 
using insilico techniques. Bcl-2 structure (PDB: 1G5M) was used as a target for evaluating the binding efficacy of 
inhibitors (drugs) using GOLD software. The inhibitor binding positions and affinities were determined using GOLD 
scoring fitness functions. We identified that amino acid residues ASP10, GLU13, LYS17, GLU42, and SER49 in Bcl-2 
were important for inhibitor recognition via hydrogen bonding interactions. These hydrogen bonding interactions play 
an important role for stability of the target-ligand complex. This technique also determined the comparative efficacy 
of neoplastic drugs very elegantly using Bcl-2 as its target. The insilico docking techniques can be exploited to build 
targets and design inhibitors for novel therapeutic agents. Molecular docking helps in understanding the action of 
neoplastic drugs through affinity binding.
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attempted to dock the above mentioned neoplastic drugs with Bcl-2 to 
understand the interactions. 

Methodology
Obtaining the crystal structure of the target-Bcl-2

To prepare the Bcl-2 structure, the crystal structure was taken from 
the Protein Data Bank (PDB_ID: 1G5M) (Figure 1). Hetero atoms were 
removed from the binding site and the chain A was selected for docking 
studies. Hydrogen atoms were added to the enzyme. The molecular 
docking method was performed using the Gold version 3.0.1 program 
to study the binding orientation of compounds into the Bcl-2 structure. 
The docking experiments were performed using the binding site of Bcl-2. 

Active site identification

The binding site identification was carried out using CastP 
server (Figure 2). The new program CAST, for automatically locating 
and measuring protein pockets and cavities, is based on precise 
computational geometry methods, including alpha shape and discrete 
flow theory. CAST identifies and measures pockets and pocket mouth 
openings, as well as cavities. The program specifies the atoms lining 
pockets, pocket openings, and buried cavities; the volume and area 
of pockets and cavities; and the area and circumference of mouth 
openings.

Docking method

Docking studies of Gefitinib, Cisplatin, 5-FU, Gemcitabine and 
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Vinorelbine were performed. The structures of these compounds 
(Figure 3) were constructed and optimized using chemsketch software. 
Docking was carried out using GOLD (Genetic Optimization of Ligand 
Docking) software which is based on genetic algorithm (GA). This 
method allows as partial flexibility of protein and full flexibility of 
ligand [15]. The compounds are docked to the active site of the Bcl-
2. The interaction of these compounds with the active site residues 
are thoroughly studied using molecular mechanics calculations. The 
parameters used for GA were population size (100), selection pressure 
(1.1), number of operations (10,000), number of island (1) and niche 
size (2). Operator parameters for crossover, mutation and migration 
were set to 100, 100 and 10 respectively. Default cutoff values of 3.0Å 
(dH-X) for hydrogen bonds and 6.0Å for vanderwaals were employed. 
During docking, the default algorithm speed was selected and the 
ligand binding site in the alpha glucosidase was defined within a 10Å 
radius with the centroid as CA atom of GLU42. The number of poses for 

each inhibitor was set 100, and early termination was allowed if the top 
three bound conformations of a ligand were within 1.5Å RMSD. After 
docking, the individual binding poses of each ligand were observed 
and their interactions with the protein were studied. The best and most 
energetically favorable conformation of each ligand was selected. 

Gold score fitness function

Gold Score performs a force field based scoring function and is 
made up of four components:

 (i). Protein-ligand hydrogen bond energy (external H-bond); 

(ii). Protein-ligand vanderwaals energy (external vdw); 

(iii). Ligand internal vanderwaals energy (internal vdw); 

(iv). Ligand intramolecular hydrogen bond energy (internal- H- 
bond). 

The external vdw score is multiplied by a factor of 1.375 when 
the total fitness score is computed. This is an empirical correction to 
encourage protein-ligand hydrophobic contact. The fitness function has 
been optimized for the prediction of ligand binding positions.

GoldScore = S (hb_ext) + S (vdw_ext) + S (hb_int) + S (vdw_int)

Where S (hb_ext) is the protein-ligand hydrogen bond score, S 
(vdw_ext) is the protein-ligand van der Waals score, S (hb_int) is the 
score from intramolecular hydrogen bond in the ligand and S (vdw_int) 
is the score from intramolecular strain in the ligand.

Results and Discussion
The proteins of the Bcl-2 family are important regulators of 

apoptosis, or programmed cell death. These proteins regulate this 
fundamental biological process via the formation of hetero dimmers 
involving both pro- and anti-apoptotic family members [16]. After 
collecting the crystal structure, the possible binding sites of Bcl-2 were 
searched with CASTP server as shown in figure 2. The residues included 
in active site were TYR 18, TYR 21, LYS 22, GLN 25, ARG 26, ARG 98, 
GLY 101, ASP 102, PHE 104, SER 105, ARG 106, TYR 108, ARG 109, 
ASP 111, PHE 112, ALA 113, MET 115, SER 116, GLN 118, LEU 119, 
ARG 129, THR 132, VAL 133, GLU 136, LEU 137, ARG 146, VAL 148, 
ALA 149, GLU 152, PHE 153, GLY 155, VAL 156, MET 157, VAL 159, 
GLU 160. From the binding site analysis of Bcl-2 we identified that, the 
binding pockets are identical in all chains and the largest binding pocket 
was taken for further docking studies. The crystal structures of BCL-
2 was similar hence we have taken 3G5M (chain A) as representative 

Figure 2: Structure of Bcl-2.

Figure 3: Active site of Bcl-2.

  
       A: Structure of 5-FU                          B: Structure of Cisplatin  

 

  
C: Structure of Gemcitabine               D: Structure of Gefitinib 

 

    
                              E: Structure of Vinorelbine 

Figures 1A-E: Sowing the molecular structure of the neoplastic drugs.
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revealed that all ligands were located in the hydrophobic binding pocket. 
In this study, all docked drugs were found to have some interactions 
between an oxygen atom of the drugs and Bcl-2. Moreover, these docked 
conformations also formed an H-bonding interaction within the active 
site (Table 1). In the binding pocket, common H-bonding interactions 
were formed between all docked drugs and ASP10, GLU13, LYS17, 
GLU42, and SER49. The specific H-bonding interaction with SER49 was 
only found in the docked conformation of Cisplatin. In order to explain 
the binding of these compounds, the H-bonding interactions with the 
other surrounding residues in the hydrophobic binding pocket were also 
investigated. In figure 4A, two strong H-bonding interactions between 
the hydroxyl group (H12) of 5-FU and an oxygen atom of ASP10 and 
another hydrogen bond between (O7) and Hydroxyl group of ASP10. 
The docked conformations of other drugs are shown in figure 4B-4E. 
In the case of docked Cisplatin, three H-bonds with GLU13, LYS17 
and SER49 were formed. One Hydrogen bond was observed between 
hydroxyl group of Bcl-2 (LYS17) and Oxygen (O9) of Gefitinib was 
observed in figure 4C. A total of four hydrogen bonds were observed in 
the docking studies of Gemcitabine with Bcl-2 in residues GLU13, LYS17 
and GLU42 were involved. From the docking of Vinorelbine into the 
active site of Bcl-2, we observed total four hydrogen bonds, in which two 
bonds were formed between the Hydroxyl group (H61) of Vinorelbine 
and GLU13 of Bcl-2. The other two hydrogen bonds were seen between 
LYS17 of Bcl-2 and Oxygen atom of Vinorelbine. The atoms involved in 
bonding with Bcl-2 and their bond lengths along with docking energies 
were indicated in table 1. The docking results agreed well with the 
observed in vitro data, which showed that the Bcl-2 inhibitory activity 
of Gemcitabine (39.01 K.Cal/mol) was higher than those of other drugs. 
Our investigations shows that 5-FU and Cisplatin has good inhibitory 
activity on Bcl-2 and this can be helpful for further investigations. The 
docking results data supports the inhibitory activity of Vinorelbine.

structure for docking studies. The docking of drugs into the active site 
of Bcl-2 was performed using the GOLD software and the docking 
evaluations were made on the basis of GoldScore fitness functions. We 
preferred Gold fitness score than Chemscore fitness as Gold fitness 
score is marginally better than Chemscore fitness function.

Molecular docking study

Structure-based drug design begins with the identification of a 
molecular target such as a protein such as Bcl-2 in this study. This 
structure is then used as a blueprint for the drug design of a lead 
compound. The compounds are modelled for their fit in the active 
site of the target, considering both steric aspects (i.e., geometric 
shape) and functional group interactions, such as hydrogen bonding 
and hydrophobic interactions. The selected docked conformations of 
Gefitinib, Cisplatin, 5-FU, Gemcitabine and Vinorelbine into the Bcl-
2 binding site are shown in figure 4A-4E. The docked conformations 

Figure 4A: Docking studies of 5-FU with Bcl-2.

Figure 4B: Docking of Cisplatin with Bcl-2.

Figure 4C: Docking of Gefitinib with Bcl-2. 

 Figure 4D: Docking of Gemcitabine with Bcl-2.

Figure 4E: Docking of Vinorelbine with Bcl-2.
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Conclusion
In this simple and elegant studies we have shown the comparative 

efficacies of 5 neoplastic drugs which are targetted against Bcl-2 to 
reduce its expression in vivo and to induce the tumor cell to take the 
apoptotic pathway – which is inhibited by the over expression of Bcl-2. 
The docking results agreed well with the observed in vitro data, in which 
the anti-Bcl activity of the Gemcitabine was higher than other drugs and 
formed four hydrogen bonds. The docking study revealed the binding 
orientation of compounds in the Bcl-2 binding pocket surrounding the 
active site, which resulted in inhibition of enzyme activity. From these 
results we can conclude that Cisplatin is one of the good inhibitory 
compounds of Bcl-2. The application of computational sciences to 
pharmaceutical research is a discipline, which is phenomenal.
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Molecule No. of Hydrogen 
Bonds

Atoms Bond length
(Å)

Docking Score
(K.Cal/mol)

Protein Molecule
5-FU 2 ASP10(OD1) H(12) 1.761 21.22

ASP 10(H) O(7) 1.914
Cisplatin 3 SER 49(OG) H(7) 2.650 29.41

LYS 17(H21) N(3) 2.172
GLU13(OE2) H(8) 2.212

Gefitinib 1 LYS17(HZ1) O(9) 2.169 26.64
Gemcitabine 4 LYS17(HZ2) O(18) 2.413 39.01

GLU13(OE2) H(29) 1.756
GLU42(OE2) H(28) 2.705
GLU42(OE1) H(28) 2.336

Vinorelbine 4 LYS17(HZ3) O(45) 2.199 -9.34
LYS17(HZ2) O(57) 2.610
GLU13(OE2) H(61) 2.341
GLU13(OE1) H(61) 2.015

Table 1: Showing H-bonding interaction of the neoplastic drugs within the active 
site; and their bond lengths along with docking energies.
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