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ABSTRACT 
 
Peptide based vaccine designing and immunodiagnosis is the most important field in the diagnosis and therapy of 
various infectious and noninfectious diseases. It does critically require identification of regions in the pathogen 
native protein sequences, which are recognized by either B-cell or T-cell receptors. The antigenic regions of protein 
recognized by the binding sites of immunoglobulin molecules are called B-cell epitopes. The experimental 
identification of epitopes binding specifically to anti-peptide antibodies requires the binding assay of each peptide in 
an antigenic protein sequence which are very laborious and time consuming . A bioinformatics approach to predict 
linear B cell epitope in a protein sequence can be the best alternative to reduce the number of peptides to be 
synthesized for wet lab experimentation. The aim of this study is to develop a Python based software with graphical 
user interface for predicting the antigenic properties of protein. Hence the tool was named as Analysis of protein 
sequence and antigenicity prediction (ASAP). ASAP predicts the antigenicity of the protein sequence from its amino 
acid sequence, based on Chou Fasman turns and Antigenic index.  
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INTRODUCTION  
 

The B cell epitopes are exposed parts of pathogenic protein molecules, which are recognized by the antigen binding 
sites of antibodies or B cell receptors. They are consisting of atoms in a specific spatial arrangement. Protein B-cell 
epitopes are classified into linear and discontinuous epitopes and ~90% of epitopes in globular proteins are 
discontinuous [1]. Identified B cell epitopes are very useful because they can further be developed into diagnostics, 
therapeutics and vaccines [2].  Therefore, it's only natural that B cell epitope mapping has been a major field of 
immunology research. As identifying B cell epitopes experimentally is time-consuming and expensive, techniques to 
predict B cell epitopes have been developed for almost 30 years [3]. Most of these techniques are sliding window 
based sequence profiling methods. In brief, a window slides from the N-terminal to C-terminal of the query protein 
sequence.  
 
Several linear B-cell epitopes in B-cell epitope databases fail to produce neutralizing antibodies (and hence fail to 
offer protective immunity). This has led to efforts to compile well-characterized datasets of protective linear B-cell 
epitopes, i.e., those that offer protective immunity [4]. A crucial step in designing of peptide vaccines involves the 
identification of B-cell epitopes. In past, numerous methods have been developed for predicting continuous B-cell 
epitopes, most of these methods are based on physico-chemical properties of amino acids [2,3]. Presently, it is 
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difficult to say which residue property or method is better than the others because there is no independent evaluation 
or benchmarking of existing methods.  
 
The inherent complexity of immune presentation and recognition processes complicates epitope prediction. Number 
of methods has been developed for predicting B cell epitopes, which are based on physico-chemical properties of the 
amino acids [5]. Classical methods of identifying potential linear B-cell epitopes from antigenic sequences typically 
rely on the use of amino acid propensity scales [6,7]. Several methods based on machine learning and statistical 
approaches have been recently proposed for predicting linear B-cell epitopes [8]. Hopps and Woods [9] used 
hydrophilic analysis (on twelve proteins) to investigate the possibility that at least some antigenic determinants 
might be associated with stretches of amino acids sequence that contain charged and polar residue and lack large 
hydrophobic residue. Parker et al, used the modified hydrophilic scale based on peptide retention times during high-
performance liquid chromatography (HPLC) on a reversed-phase column [10]. A link between antigenicity and 
segmental mobility was developed for predicting mobility of protein segments on the basis of the known 
temperature B factors of the a-carbons of 31 proteins of known structure. They utilize the flexibility scale for 
predicting the B-cell epitopes. Methods were also developed for predicting epitopes based on surface accessibility of 
the amino acids [9,10]. Hopps and Parker derived their own scale of antigenicity based on frequency of residues in 
169 experimentally known epitopes [9]. Pellequer et al., derived turn scales based on the occurrence of amino acids 
at each of the four positions of a turn using a structural database comprised of 87 proteins [7]. The turn scales 
correctly predicted 70% of the known epitopes. 
 
The original hydrophilicity plotting procedure of Hopp and Woods remain most useful for locating the portions of 
protein sequences that are involved in interactions at the molecular surface [11]. The choice of an averaging group 
length or window is an important factor in determining any of the methods. a window of six residues performs 
optimally in locating protein antigenic sites [9]. Mapping B-cell epitopes plays an important role in vaccine design, 
immunodiagnostic tests, and antibody production. Because the experimental determination of B-cell epitopes is 
time-consuming and expensive, there is an urgent need for computational methods for reliable identification of 
putative B-cell epitopes from antigenic sequences [12]. 
 
A bioinformatics approach to predict linear B cell epitope in a protein sequence can be the best alternative to reduce 
the number of peptides to be synthesized for wet lab experimentation. In the past, numbers of computational 
methods and programs have been developed for predicting linear B-cell epitopes, which are based on hydrophilicity, 
accessibility, flexibility, or secondary structure propensities scales of the 20 natural amino acids [13]. In this study 
the performance of various residue properties commonly used in B-cell epitope prediction has been evaluated. The 
aim of the study is to develop a python based tool that will calculate the physiochemical properties of the protein 
from the primary sequence of the protein and predict the secondary elements of the protein using python, therefore 
identified antigenic sites in the protein could be used as a B-Cell epitope from the amino acid sequence. 
 

EXPERIMENTAL SECTION 
 
Python programme 
Python is an easy to learn, powerful multi-paradigm programming language, which has efficient high-level data 
structures and a simple but effective approach to object-oriented programming. Python’s elegant syntax and 
dynamic typing, together with its interpreted nature, make it an ideal language for scripting and rapid application 
development in many areas on most platforms. It permits several styles: object oriented and structured programming 
is fully supported, and there are a number of language features which support functional programming and aspect-
oriented programming. It uses dynamic typing and a combination of reference counting and a cycle detecting 
garbage collector for memory management. An important feature of Python is dynamic name resolution (late 
binding), which binds method and variable names during program execution.  
 
Molecular weight determination of proteins using Algorithm : 
The molecular mass can be calculated as the sum of the individual isotopic masses of all the atoms in any molecule. 
The weight of a molecule is the sum of the weights of the atoms of which it is made. The unit of weight is the 
Dalton, one-twelfth the weight of an atom of 12C. Thus the molecular weight (MW) of water is 18 Daltons.  The 
masses for the amino acids in the protein are first summed, and then the mass of water is subtracted (for parameters 
see appendix). 
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Mw=∑ molecular weight of each amino acid – (n-1) molecular mass of water. 
 
GRAVY refers to grand average of hydropathy. The hydropathy index of an amino acid is a number representing the 
hydrophobic or hydrophilic properties of its side-chain (for parameters see appendix). 
 
                              ∑( hydropathy of individual amino acids) 
         GRAVY=    ------------------------------------------------------------ 
                                         Total number of residues 
 
The first element of the program is a calling function, designed to count the numbers of copies of the amino acids 
which play a role in determining pI and to propose pH values for the other functions. The charge determination 
function determines the expected charge on the protein for a particular pH value. It, in turn, makes use of the charge 
ratio determination functions, which determine the expected proportion of charged and uncharged side chains for a 
particular amino acid, which are assessed from the supplied pK values. 
 
Secondary structure prediction 
The Chou-Fasman method of secondary structure prediction depends on assigning a set of prediction values to a 
residue and then applying a simple algorithm to the conformational parameters and positional frequencies. The 
Chou-Fasman algorithm is simple in principle, which is based on incidence of b turns. The calculation was based on 
a turn scale and there were three scales for describing turns instead of a single one. A window of seven residues is 
used for analyzing epitope region. The corresponding value of the scale was introduced for each of the seven 
residues and the arithmetical mean of the seven residue value is assigned to the fourth, (i+3), residue in the segment. 
Each property scale consists of 20 values assigned to each of the amino acid types on the basis of their relative 
propensity as described by the scale. In order to compare the profiles obtained by different methods, normalization 
of the various scales is done. We calculated the average of seven maximum and seven minimum values of a given 
physico-chemical scale and then calculated the difference between the two. The original values of the each scale are 
set between +3 to -3 by using the formulae  
 
Normalization Score =AMS/DS * 6 
 
Where AMS refer to Average of seven maximum/minimum values from the physico-chemical scale and DS refer to 
difference between the maximum and minimum score. Normalization score are set to +3 (Maximum) and -3 
(Minimum) by subtracting or adding additional values.  
 

RESULTS 
 

Python can be executed in two modes, interactive mode and command mode (Fig 1). The above snapshot reveals the 
command mode of python.  Kyte and Dootile values were used to calculate the hydropathic index of the protein. The 
hydropathic index refers to the hydrophobicity nature of the protein. The program will assign the parameter value 
for each amino acid and calculates the GRAVY value of the protein. The above snapshot shows that the tool has 
been started and it is ready to execute all the commands in the backend. The Figure 1 shows the front end of the tool 
created using the kinker module, which is the one of the frequently used module in python for creating the graphical 
user interface. 
 
In protein analysis tools raw protein sequence can be given as an input. The protein sequence should be in the 
ordinary format, which does not accept the Fasta format. Analysis of protein sequence and antigenicity prediction 
(ASAP) can calculate the physiochemical properties of the protein, turns prediction and antigenicity of the protein. 
(Fig 2). The protein sequence is pasted in the area provided by clicking the primary structure icon, the tool will 
calculate all the physiochemical properties of the protein and the output is displayed in the separate window. The 
properties include the total no of amino acids, their composition, molecular weight, isoelectric point, instability 
index, aliphatic index, extinction coefficient, GRAVY value. Further the program can be extended to determine the 
tertiary structure of the protein. As the protein sequence is submitted, the tool will predict the regions that are turns, 
which predicts the turns based on the Chou Fasman algorithm based on the propensity values of each amino acid. 
The propensity values are referred as the conformational parameter. Therefore, it is possible to predict the antigenic 
sites in the protein from its primary structure. There are several algorithms for identifying the antigenic sites, most 
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of them uses the window size of seven. The regions with index value greater than one can be used as a B- cell 
epitope.  

 

 
Figure 1 :  Python Command Prompt 

 

 
Figure 2 : Protein analysis data tool 



Polani B Ramesh Babu et al                J. Chem. Pharm. Res., 2012, 4(12):5071-5075             
______________________________________________________________________________ 

5075 

DISCUSSION 
 

Proteins are the major interest in drug designing as a target for variety of diseases. Hence, there is a need to analyze 
the various properties of protein. Hydropathy is a dominant force in protein folding. Complementaries in hydropathy 
is an important for several protein interaction [14]. Hydropathy index represent the hydrophobic or hydrophilic 
properties of the side chain. Larger the number is the more hydrophobic the amino acid. The most hydrophobic 
amino acids are isoleucine and valine [15]. It is necessary to measure the extinction co-efficient of proteins when it 
is purified [16]. Extinction co-efficient output in ASAP helped to calculate the absorbance of the protein. ASAP 
provides the pI value for the input sequence at a general pH. Most of the proteins are unstable in in vitro conditions. 
Hence before extracting a protein, the stability of the proteins must be known [17]. In ASAP a statistical procedure 
was applied to calculate the dipeptide instability weight which is an index for a predicting whether a particular 
protein would be instable or stable. In case of globular protein, thermostability is a important property [18,19,20]. 
Aliphatic index is directly proportional to thermostability factor [21]. In the present study a bioinformatics approach 
was to used to identify the antigenic sites in the protein primary structure that would reduce the experimental task. 
ASAP identifies the antigenic sites using three methods, hydrophilic, turns and antigenic index of the protein. To 
conclude, Python based ASAP will be a better proteomic tool to characterize a protein from the amino acid 
sequence. The tool has a user friendly interface with the convenient input format. It doesn’t require fasta format and 
works in an offline mode. Hence, ASAP will act as good prediction tool for proteome analysis in identifying 
epitopes for immunogenicity in manufacturing vaccines. 
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