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ABSTRACT 

Docking of tiny molecule compounds into the binding site of a receptor and estimating the 

binding affinity of the complex structure is a crucial part of the structure-based drug design 
process. In three dimensional structure of VEGF protein the molecular binding site was found 
and the binding affinity was analyzed by computational approach using “Accelrys Discovery 

studio”. Here we present an interface the Ligand Fit algorithm that uses an internal scoring 
function. An attempt was made to find whether there would be any significant functional 

changes in the VEGF molecule due to altered residues in the VEGF sequence. The sequence 
analysis of VEGF done, appropriate 3D model of VEGF developed and molecular docking was 
performed to analyze functional and structural relationship of VEGF molecule. 

Key words:   Docking, VEGF, drug design, Scoring, Binding affinity, Discovery Studio. 

Corresponding Author: Deepalakshmi. R 

 

1.INTRODUCTION 

Vascular endothelial growth factor (VEGF) is a chemical signal created by cells that stimulates 
the enlargement of recent blood vessels. It‟s a part of the system that restores the oxygen supply 

to tissues when blood circulation is poor. Creation of new blood vessels after injury is the 
function of VEGF [1]. When VEGF is over expressed, it will contribute to disease. Solid cancers 
cannot grow beyond a restricted size without an adequate blood supply. Over expression of 

VEGF will cause vascular disease within the retina of the eye and different parts of the body. 
VEGF‟s are vital signaling proteins concerned in both vasculogenesis (the ''de novo'' formation 

of the embryonic circulatory system) and angiogenesis (the growth of blood vessels from pre-
existing vasculature) in Vascular Endothelial Growth Factor (VEGF) molecule   with impact to 
residues. VEGF Protein sequences with respect to Canine are taken, because it is already told 

that amino acid sequences are identical between human and dog in the loop regions that are 
responsible for receptor binding [2]. An attempt is made in this paper to find whether there are 

any significant functional changes in the VEGF molecule due to alteration in residues. Proteins 
bind to several types of molecules employing a big variety of binding sites. The complexity of 
protein–ligand interactions makes the complete characterization of binding sites on proteins by 

computational means a demanding problem. It is also an important issue because computational 
methods to identify and characterize binding sites are needed, not solely to grasp molecular 
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interactions in natural and disease states, but also to exploit information on protein structures for 
the design of compounds with application in the pharmaceutical and biotechnological domains.  

Emil Fischer‟s observation quite 100 years past that “Binding of a substrate to an enzyme is just 
like the insertion of a key into a lock”  provides the idea of the bulk of strategies accustomed  to 

identify protein binding sites today [3].  Here we discuss computational methods to analyze 
protein shape to detect such pockets. Proteins are dynamic and their shape is constantly 
changing. So the rigid lock and key model has been „„softened‟‟ over time resulting in a range of 

models that account for protein conformational variation including the zipp er model, the hand-
in-glove induced fit model, and the conformational selection model [4]. Binding is set by the 

total of many contributions, several of which are large opposing energy terms. Moreover, the 
binding free energy is commonly a result of enthalpy–entropy compensation. Computational 
characterization of the physicochemical properties of protein binding sites makes use of 

knowledge-based, statistical approaches or energetic models. The difficulty is to develop 
procedures that are generally applicable across all protein binding sites because protein binding 

sites vary in the relative importance of the different interactions contributing to binding. In drug 
design projects, one usually aims to discover ligands that bind with high affinity and specificity 
to a given protein target. It‟s clear that some proteins are easier targets for drug design than 

others: they have a better „„druggability.‟‟ It would be very useful to be able to computationally 
estimate a target‟s druggability before embarking on experimental work in the drug discovery 

process.  
The development of tools for this purpose is currently an area of very active research. In this 
paper molecular docking process was performed using commercial software “Accelrys discovery 

studio” with VEGF as dataset. J. Mol.v drug for a new indication, via action on a so far 
unrecognized target [5]. 
 

2. METHODS 

The amino acid sequence of VEGF of Canis lupus familiaris (dogs) was collected from NCBI as 

a test data. The sequence was analyzed using numerous Bioinformatics tools. BLAST which 
compares a query with library of databases, it also helps to identify the identical sequences. For 

aligning multiple sequences CLUSTALW tool is used. Pair wise sequence alignment was done 
with Emboss Needle tool. Molecular modeling of the VEGF sequence was done by automated 
homology modeling using SPdbV software. Further Ramachandranplot analysis was also done 

using online RAMPAGE tool. Among many types of software available for predicting the 
binding site, Discovery studio was picked for analyzing and this software was used to view the 

position and binding site. Standard protocols of Discovery studio were followed to dock the 
molecule.  

 

 

3.  RESULTS & DISCUSSIONS 

3.1 Test - Query sequence of VEGF  

 
Isoforms of VEGF sequences were analyzed for its sequence length and its homology. Accession 
number 

>gi|160358860|ref|NP_001003175.2| vascular endothelial growth factor a isoform 1 precursor 

[Canis lupus familiaris] 
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MNFLLSWVHWSLALLLYLHHAKWSQAAPMAGGEHKPHEVVKFMDVYQRSYCRPIETL

VDIFQEYPDEIEYIFKPSCVPLMRCGGCCNDEGLECVPTEEFNITMQIMRIKPHQGQHIGE

MSFLQHSKCECRPKKDRARQEKKSIRGKGKGQKRKRKKSRYKPWSVPCGPCSERRKHL

FVQDPQTCKCSCKNTDSRCKARQLELNERTCRCDKPRR [1] 

 

3.2 Homologous sequences using BLAST & Phylogenetic analysis 

 

BLAST is a heuristic and faster search tool compared to Smith Waterman [6]. Mega blast 
performs large number of query sequences. For example if there is a unknown gene in the 
mouse, scientist will perform BLAST to see if the human is carrying a similar gene. Here we 

have performed the VEGF sequence analysis to identify the homologous sequences. 
Phylogenetic tree analysis as presented in.Fig1. below is used for identifying ancestral 

relationship.  
 

 
 

Fig1: Phylogenetic tree showing the ancestral relationship of VEGF affected species 

 

 

 

3.3 Aligning VEGF data using CLUSTALW 

 

ClustalW is a more recent version of CLUSTAL with the W standing for “weighting” to 
represent the ability of the program to provide weights to the sequence and program parameters  

[7]. Clustal performs a global-multiple sequence alignment. It also uses alignment scores to 
produce a phylogenetic tree. ClustalW calculate gaps in a novel way designed to place them 
between conserved domains. Fig. 2 shows the alignment of VEGF sequence showing the 

variations only from the residues 159 to 164 and all others are identical.  
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gi|4768931|gb|AAD29684.1|AF133      MNFLLSWVHWSLALLLYLHHAKWSQAAPMAGGEHKPHEVVKFMDVYQRSY 50 
gi|4768929|gb|AAD29683.1|AF133      MNFLLSWVHWSLALLLYLHHAKWSQAAPMAGGEHKPHEVVKFMDVYQRSY 50 

gi|17369273|sp|Q9MYV3.1|VEGFAMNFLLSWVHWSLALLLYLHHAKWSQAAPMAGGEHKPHEVVKFMDVYQRSY 50 
gi|7327845|emb|CAB82426.1|        MNFLLSWVHWSLALLLYLHHAKWSQAAPMAGGEHKPHEVVKFMDVYQRSY 50 

************************************************** 
gi|4768931|gb|AAD29684.1|AF133      CRPIETLVDIFQEYPDEIEYIFKPSCVPLMRCGGCCNDEGLECVPTEEFN 100 
gi|4768929|gb|AAD29683.1|AF133      CRPIETLVDIFQEYPDEIEYIFKPSCVPLMRCGGCCNDEGLECVPTEEFN 100 
gi|17369273|sp|Q9MYV3.1|VEGFA_   CRPIETLVDIFQEYPDEIEYIFKPSCVPLMRCGGCCNDEGLECVPTEEFN 100 

gi|7327845|emb|CAB82426.1|          CRPIETLVDIFQEYPDEIEYIFKPSCVPLMRCGGCCNDEGLECVPTEEFN 100 

************************************************** 
gi|4768931|gb|AAD29684.1|AF133      ITMQIMRIKPHQGQHIGEMSFLQHSKCECRPKKDRARQEKKSVRGKGKGQ 150 
gi|4768929|gb|AAD29683.1|AF133      ITMQIMRIKPHQGQHIGEMSFLQHSKCECRPKKDRARQEKKSVRGKGKGQ 150 

gi|17369273|sp|Q9MYV3.1|VEGFAITMQIMRIKPHQGQHIGEMSFLQHSKCECRPKKDRARQEKKSIRGKGKGQ 150 
gi|7327845|emb|CAB82426.1|        ITMQIMRIKPHQGQHIGEMSFLQHSKCECRPKKDRARQEKKSIRGKGKGQ 150 

******************************************:******* 
gi|4768931|gb|AAD29684.1|AF133      KRKRKKSRYKSWSVPCGPCSERRKHLFVQDPQTCKCSCKNTDSRCKARQL 200  

gi|4768929|gb|AAD29683.1|AF133      KRKRKKSR------PCGPCSERRKHLFVQDPQTCKCSCKNTDSRCKARQL 194 
gi|17369273|sp|Q9MYV3.1|VEGFA_  KRKRKKSRYKPWSVPCGPCSERRKHLFVQDPQTCKCSCKNTDSRCKARQL 200 
gi|7327845|emb|CAB82426.1|          KRKRKKSRYKPWSVPCGPCSERRKHLFVQDPQTCKCSCKNTDSRCKARQL 200 

********      ********************************** 
gi|4768931|gb|AAD29684.1|AF133      ELNERTCRCDKPRR 214 
gi|4768929|gb|AAD29683.1|AF133      ELNERTCRCDKPRR 208 

gi|17369273|sp|Q9MYV3.1|VEGFA_      ELNERTCRCDKPRR 214 
gi|7327845|emb|CAB82426.1|          ELNERTCRCDKPRR 214 

************** 

Fig2: CLUSTALW alignment showing the variations from sequence 159 to 164.  

 

3.4 Ramachandran Plot Analysis 

 

Fig3: RAMPAGE analysis showing valid amino acids 
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The Ramachandran plot is that the two dimensional plot of the φ-ψ torsion angles of the protein 
structure. It provides an easy read of the conformation of a protein. Within the Ramachandran 

plot wherever every region corresponds to a specific secondary structure pertaining to φ-ψ. 
These clusters have currently been explained in terms of backbone dipole-dipole interactions. A 

Ramachandran plot is often utilized in two somewhat alternative ways. One is to indicate in 
theory that values, or conformations, of the ψ associate degreed φ angles square 
measure attainable for an amino-acid residue in a protein (as at top right). A second is to 

indicate the empirical distribution of data points observed in a very single structure (right) in 
usage for structure validation, instead in a very info of the many structures as shown in Fig. 3. 

Either case is sometimes shown against outlines for the most favored regions. This tells amino 
acid is efficacious or not relies on the region [8]. 
 

Evaluation of residues 
Residue [A 174 :LYS] (67.53, -76.35) in Allowed region 

Residue [A 180 :ASP] ( -71.43, 101.72) in Allowed region 
Residue [A 207 :CYS] (  75.16,  21.41) in Allowed region 
Residue [B 173 :ARG] (-168.59, 103.21) in Allowed region 

Residue [B 207 :CYS] ( -70.17,  75.75) in Allowed region 
Residue [A  25 :SER] (-170.54,-172.77) in Allowed region 

Residue [A  40 :ASN] (  59.31,-164.55) in Allowed region 
Residue [A 103 :ASN] (-140.80,  40.88) in Allowed region 
Residue [A 140 :THR] (  67.20, -58.60) in Allowed region 

Residue [A 158 :ASP] (  71.99,-157.37) in Allowed region 
Residue [A 174 :LYS] (  60.78, -71.12) in Allowed region 

Residue [A 180 :ASP] ( -73.58, 102.47) in Allowed region 
Residue [B   7 :GLY] ( 162.71, -23.08) in Allowed region 
Residue [B  28 :TRP] (-133.24,  47.65) in Allowed region 

Residue [B  33 :SER] ( -77.22,  14.53) in Allowed region 
Residue [B  40 :ASN] (  60.64,-158.01) in Allowed region 

Residue [B  47 :ASP] (-116.48,  82.23) in Allowed region 
Residue [B 102 :GLY] (  86.34, -82.57) in Allowed region 
Residue [B 140 :THR] (  63.03, -46.52) in Allowed region 

Residue [B 158 :ASP] (  75.30,-141.92) in Allowed region 
Residue [B 173 :ARG] (-160.68, 104.15) in Allowed region 

Residue [B 207 :CYS] ( -73.36,  77.27) in Allowed region 
Number of residues in favoured region    (~98.0% expected)  :  502 ( 95.8%) 
Number of residues in allowed region     ( ~2.0% expected)  :   22 (  4.2%) 

 
3.5  Binding site structure and Prediction:  

Prediction of Binding site is important in drug discovery Analysis. Number of studies have been 

conducted in recent times as explained by Kunt2, ID., 1992; Greer,et.al., 1994; Vertonde and 
Hol, 1994; Basine and Bender, 1997; Gare and Dean, 2000. The studies found that good ligand 
molecule binds tightly to its target. “With its flexibility and improved visualization 

capabilities, Discovery Studio 3.1 enables computational experts to develop sophisticated 
predictive models and communicate them clearly to scientists who need them to identify leads 

and optimize candidates,” [9] quoted by Frank Brown. The structure is saved in PDB format. 
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Binding site and position can be easily viewed by this pattern. Molecules are interacted by 
applying force field. Molecules that bind with minimum energy will produce the best interaction.  

. 

    

Fig4: Discovery studio software showing the binding site in green colour 
 

 

 

 

Fig5: The above snapshots show the change in residues in yellow colour. The amino acid 

residues from 159 to 164 (Yellow colour) is depicted above (Fig A ). It is not coming under any 

of the 11 binding sites located in the VEGF (Fig. B). So there may not be any significant 

functional \alteration in the VEGF molecule due to changes in the residues 159 to 164.  

A B 
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3.6 Docking Algorithms 

Docking procedures aim to identify correct poses of ligands in the binding pocket of a protein 

and to predict the affinity between the ligand and the protein. In other words, docking describes a 

process by which two molecules fit together in three-dimensional space. Molecular docking has 

contributed important proceedings to drug discovery for many years. One main motivation in 

drug discovery is the identification of innovative small molecular scaffolds exhibiting high 

binding affinity and selectivity for the target together with a reasonable ADME (absorption, 

distribution, metabolism, excretion) profile, lead and/or drug likeness[10]. Molecular docking is 

quick and best method for computer- intensive approach to view new compounds. The crystalline 

structure of ligands bound to their target receptor is one of the most important sources to gain 

information about the basic mechanisms of interaction between the parts constituting the three-

dimensional complex structure. The interactions result in a cascade of events, e.g. a catalytic 

reaction, like the cleavage of the substrate, or the stabilization of a transition state, e.g. by 

peptidomimetic enzyme inhibitors, or the blockage of the protein's active site due to the tight 

binding of an inhibitor. The behaviour of small molecules in the binding pockets of target 

proteins can be described by molecular docking. This technique is widely used in lead discovery 

and optimization.  

 

3.7 Ligand fit score 

Docking was separated from general ligand scoring. Internal Scoring function is very popular 

which is used by LigandFit algorithm. Dock Score, to select and return a maximum of 10 

dissimilar poses for each compound. Dock Score is a simple force field based scoring function 

[10]. It is the sum of the ligand/protein interaction energy and the internal energy of the ligand, 

which is used in grading the energy [11]. Though 10 poses were returned by Ligand Fit, the 

highest Dock Score pose was used for post docking scoring. Scoring was performed employing a 

set of scoring functions as implemented in Discovery studio software.  

  A total number of five different drug molecules which could act upon VEGF were 

selected as ligand compounds based literature review to analyze the binding site and molecular 
interaction properties of VEGF. The molecular 3D structure of the Drugs were down loaded 
from Drug Bank and KEGG databases in SDF format and the molecular docking process was 

performed using commercial software “Accelrys discovery studio”. “The target molecule was 
prepared for interaction by energy minimization and binding sites were analyzed” [12]. There 

were 11 binding sites found on the target molecule in different positions. Further the drug 
compound was prepared and adjusted flexibility by geometry cleaning programme. Each binding 
site was interacted with the all the drug molecule and the No. of poses, dpmi value, pmf value 

and highest dock scores were recorded as shown in table below. 
 
Docking is evaluated using Root Mean Square Deviation 

 

RMSD = sqrt (∑di2)                     [13] 

                   Sqrt (n) 
n – no. of atoms 
di  is the distance between two corresponding atoms i in two structures  
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PMF calculation 

The G(R) was calculated by integrating the average force acting on the landmark atom as  
follows: where <F(r)> is the average force acting on the landmark atom. The average force was 

calculated from the MD trajectories.  
 
G (R) =0 ∫ r  <F( r). d r                  [13] 

 
  

Table1: Showing No. of poses, dpmi value, pmf value and highest dock scores 

PDB I/D Drug Name 

and Uses 

Binding site No. of 

Poses 

Dock 

Score 

dpmi PMF 

 
 
       

DB00195 
 

Betascolol 
BP, heart 
diseases 

2 10 23.48 1.21 13.98 

3 10 44.77 1.79 106.63 

6 10 31.98 1.77 34.78 

7 10 52.49 1.77 27.26 

9 10 30.02 1.85 33.15 

10 10 24.34 1.88 52.42 

 
 

DB00215 

Citaloproum 
Treatment 

for 
depression 

1 10 52.54 1.79 38.66 

2 10 43.01 1.40 85.2 

3 10 21.96 1.53 39.07 

4 10 48.87 1.51 52.16 

9 10 33.24 1.86 59.39 

10 10 32.32 0.95 -2.07 

 

 
 

 
 
DB00300 

Tenofir 

Treatment 
for HIV 

infection 

2 10 43.69 1.88 114.94 

3 10 36.94 0.84 33.71 

4 10 42.41 1.29 44.39 

6 10 44.21 1.45 27.84 

8 1 20.26 1.35 7.13 

9 10 37.47 1.84 47.58 

10 10 48.15 1.89 11.39 

11 9 19.54 1.40 12.36 

 
 

 
DB00640 

Adenosire 
Initial 

treatment 
for stress 

2 10 40.00 1.76 108.72 

3 10 33.34 1.50 50.0 

4 10 38.65 1.93 66.47 

6 10 30.03 1.55 20.84 

8 1 8.61 1.95 37.26 

9 10 32.95 0.99 61.61 

10 10 42.40 1.09 18.07 

11 10 9.21 1.92 10.24 

 

 
DB01016 

Glyburide 

Lower 
blood 

glucose 

1 10 71.86 1.93 74.05 

2 10 47.69 1.98 112.5 

3 10 28.90 1.79 45.99 

4 10 40.65 1.96 76.44 
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The highest dock score (71.86) on molecular interaction with VEGF of canine was found with 

the  drug molecule DB01016 at the binding site 1, though the drug molecule was interacting with 

only four binding sites the other dock score against binding sites 2 and 4 were also  >40 ( 

average highest dock score in this analysis).  Hence the drug molecule DB01016 may be 

recommended to act upon the target molecule.  

 Similarly the other compounds viz.DB00215 and DB00195 has also shown good 

interaction with a dock score of 52.54 and 52.49 against site 1 and 7.Almost all the drugs were 

found to act upon binding sites 2,3,4,9 and 10. The drugs DB0300 and DB00640 were found to 

act on 8 binding sites except 1,5 and 7. The Binding site No. 5 was inactive to any of the drug 

molecule analyzed. 

 

 

4.  Future Directions and Conclusions 

 

Nevertheless, the review shows that there are many powerful computational tools available to the 
scientist interested in identifying binding pockets and designing ligands for protein targets. Some 

of these, such as the tools for identifying and comparing binding sites on the basis of geometry, 
are quick and easy to use. Energy- and simulation-based approaches require more user expertise 
and time. The event of binding site identification and characterization is a crucial task that is 

being actively pursued of the binding site identification and characterization. It is the integration 
of these methods with other methods for high-throughput functional annotation of proteins, drug 

target identification and drug discovery. Molecular docking process which was performed using 
“Accelrys discovery studio” was used for analyzing binding site and depending upon the dock 
score the drug molecule is selected. Future directions would involve in testing probable  drug 

molecules in huge numbers on target receptors of VEGF using molecular interaction studies, 
simulation of drug components on VEGF and its inter related cell and the ADMET properties of 

the ligand component identified.   
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