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Abstract 
 

Subunit vaccine designing is an integral part of vaccine design strategy 
which requires the identification of T and B-cell epitopes in an antigenic 
protein sequence. Although conformational aspects of antibody binding 
complicates the problem of experimental B-cell epitope identification, the 
prediction of linear B-cell epitopes is useful in the development of peptide 
based vaccine and immunodiagnostics. Available computational methods for 
prediction of linear- B cell epitope are bound to use for a fixed window size 
(epitope length) and they are not evaluated comprehensively on the dataset of 
experimental B cell epitopes.  

The present work is related to analyze length of B cell epitopes found in 
Bcipep database which ranges from 5-20 amino acids. In this study effort has 
been made to benchmark propensity scales of six physico-chemical properties 
viz. hydrophilicity, flexibility, polarity, turns, exposed surface and antigenic 
propensity, which are being used to predict linear B cell epitopes in protein 
sequence. The prediction accuracy of the individual propensity scale for these 
six physico-chemical properties varies from 51.00% to 58.37%. Their 
performances are also evaluated by ROC curve for the thresholds ranging 
from -3.0 to + 3.0. Out of six physico-chemical properties, flexibility is the 
most accurate scale because of its maximum Aroc value (0.60). In order to 
improve the prediction accuracy a combined scale is used taking in to account 
the flexibility (Karplus et.al) with hydrophilicity (Parker et. al.), Polarity 
(Grantham) and Exposed surface (Jenin) which shows better accuracy 
(59.74%) at a threshold 0.65 to the other possible combinations.  
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Introduction 
In the era of genomics and proteomics, peptide based vaccine designing and 
immunodiagnosis is the most effective for diseases ranging from malaria to cancer 
(De Groot et al. 2002). It does critically require identification of regions in the 
pathogen native protein sequences, which are recognized by either B-cell or T-cell 
receptors (Schirle et al. 2001). The antigenic regions of protein recognized by the 
binding sites of immunoglobulin molecules are called B-cell epitopes (Van 
Regenmortel 1993). B-cell  epitopes can be classified into two categories; 
i)conformational/discontinuous epitope, where residues are distantly separated in the 
sequence and brought into physical proximity by protein folding and ii) 
linear/continuous epitope, comprised of a single continuous stretch of amino acids 
(a.a) within a protein sequence that can react with anti-protein anti-bodies 
(Barlow,D.J. et. al. 1986). Most of the B-cell epitopes were thought to be 
discontinuous. However, in late 1980s it was shown that this conformational 
restriction is not a necessary condition for the production of protein-reactive anti-
peptide antibodies (Walter G, 1986-88). The designing of the conformational epitopes 
is difficult and so experimental B-cell epitopes largely include linear epitopes. These 
linear epitopes can be exploited in the development of synthetic vaccines or disease 
diagnosis. These epitopes are also important for allergy research and in determining 
cross-reactivity of IgE-type epitopes of allergens (Selo et al. 1999). A number of 
vaccines based on B-cell epitopes are currently under clinical phase trials against 
viruses (El Kasmi K.C. and Muller, C.P 2001), bacteria (Sabhanini et al. 2003) and 
cancer (Kieber-Emmons et al. 1999). 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. 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 (Pellequer JL and Westhof, 1993; Alix AJ, 1999). Recently 
BEPITOPE program has been developed to predict continuous B cell epitopes and 
searching for patterns in either a single protein or a complete translated genome 
(Odorico M. and Pellequer JL, 2003). An Alternative strategy for predicting linear B-
cell epitope is ABCpred (http://www.imtech.res.in/raghava/abcpred/) which uses a 
neural network trained and tested on the Bcipep, B-cell epitope database (GPS 
Raghava et al., 2004).  

Presently, it is difficult to analyze that particularly which propensity scale or 
method is better than the other in order to predict B cell epitope, because there is no 
benchmarking of existing methods on the same dataset and normalized scales. 
Raghava GPS et al. (2004) evaluated the various residue properties like 
hydrophilicity, flexibility, polarity, exposed surface, turns, antigenic propensity and 
surface accessibility which are commonly used in these existing methods and a web 
server BcePred has been developed for predicting B cell epitopes in an antigenic 
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sequence (http://www.imtech.res.in/raghava/bcepred/). Blythe and Flower (2005) also 
performed an exhaustive assessment of amino acid propensity scale using B-cell 
epitope database AntiJen. Practically it is not possible to evaluate all these methods 
and programs in their original form because many of these programs are not freely 
available, while some provides only qualitative information (visualization etc.) rather 
than quantitative. Most of these programs are not automatic server where you can 
give the query sequence and get the predicted epitopes.  

The aim of present work is to provide a detail analysis of B epitope length in the 
database Bcipep (GPS Raghava et al., 2004) and benchmark the six propensity scales 
of two different methods using threshold independent parameter area under ROC 
curve.  
 
 
Materials and Methods 
Dataset of B-cell epitopes and non epitopes 
The dataset of experimental linear B-cell epitopes were downloaded from the Bcipep 
database for epitopes length analysis and evaluation of scales/methods used in the 
study [http://www.imtech.res.in/raghava/bcipep/].The non B-cell epitope datasets 
were randomly generated from Swiss-Port protein sequence database (Bairoch, A and 
Apweiler, R; 2000). 
 
Normalization of Protscale scales 
The physico-chemical properties of amino acid scale were taken from Protscale, 
which allow the computational representation of the motif produced by any amino 
acid scale on a selected protein [http://www.expasy.org/tools/protscale.html]. The 
profile consists of 20 values assigned to each of amino acids on the basis of their 
relative propensity, as described by the scale. The original values of each scale were 
set between +3 to -3 using the formula;  

Normalization Score = [(score-min)/ (max-min) – 0.5]*6  
Where,  
Score- value of residue in the given scale, 
Max - maximum value 
Min - minimum value    
Algorithm: The following steps were used to predict the linear B-cell epitopes in 

amino acid sequence of protein, 
1. The input amino acid sequence of a protein/peptide(s) was parsed into 

overlapping peptide fragments of selected window size (5-20). For example, if 
window size is seven, then the input sequence would be parsed into (n-7+1) 
number of overlapping peptides, where n is the number of a. a in the input 
sequence. 

2. Scoring of each peptide fragment using specific profile score of scale/ method 
and if score of a peptide is greater than the selected threshold value, then the 
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peptide is predicted as a linear B-cell epitope . 
3. In order to benchmark the selected scales/methods followings threshold 

dependent parameters were used: 
Sensitivity (SE): Sensitivity is defined as the fraction of experimentally identified 

epitopes that are correctly predicted as an epitope. Higher sensitivity means that 
almost all of the potential epitopes shall be included in the predicted result. 

SE= TP/ (TP+FN) 

Where, TP and FN refer to the true positives and false negatives respectively. 
Specificity (SP): Specificity is defined as the fraction of experimentally identified 
non-epitopes that are correctly predicted as a non-epitopes.  

SP=TN/ (TN+FP)  

Where, TN and FP refers to true negatives and false positives respectively. 
Accuracy: A commonly used parameter to measure the prediction performance is 
accuracy, defined as  

Acc= (TP+TN)/ (AP+AN) 

Where, AP and AN refers to actual positives and actual negatives respectively. 
The major problem with the threshold dependent parameter is that they only 

measure the performance at a given threshold and it is also found that the prediction 
results varies with thresholds, so a ROC curve was plotted between sensitivity (true 
positive fraction) on the y-axis against (1- specificity) values (false positive fraction) 
on the x-axis for all available thresholds. A single threshold independent parameter, 
area under the ROC curve (Aroc) measures the discrimination ability of a method to 
correctly classify epitopes and non-epitopes in a given dataset. As a condition, if 
Aroc> 0.5, the method/scale has the ability to predict the epitopes. 
 
 
Results and Discussions 
The Bcipep database analysis shows that the maximum numbers of epitopes are found 
in the range 5-20 amino acids (figure1.0). In the benchmark analysis of propensity 
scales to predict the linear B-cell epitopes we have used twelve scales of six physico-
chemical properties (Hydrophilicity, flexibility, polarity, turns, exposed surface and 
antigenic propensity), i.e. two methods for each physico-chemical property scales. 
The sensitivity and specificity of different scales/methods were calculated on the B 
cell epitope datasets of Bcipep database (data not shown) and it is also found that the 
prediction results varies with thresholds, so it is very difficult to know which 
particular scale/method is better for the prediction of linear B-cell epitopes. From the 
ROC curves plotted (not shown) for the selected scales/methods, it was observed that 
Parker et al. method for hydrophilicity scale, Karplus and Schulz method for 
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flexibility scale, Grantham method for polarity scale, Levitt method for turns scale, 
Jenin method for exposed surface scale and Kolaskar method for antigenic propensity 
scale are better suited for the prediction of linear B-cell epitopes.  

 
 

Frequency of occurence of epitope lengths in Bcipep database

0

20

40

60

80

100

120

140

160

1 6 11 16 21 26 31 36 41 46

Length of epitope

N
o

. o
f e

p
ito

p
es

 
 

Figure 1.0 Frequency of occurrence of epitope lengths in Bcipep database 
 
 

In order to improve the prediction accuracy, different combinations of scales have 
been used in group and it is found that combination of scales flexibility(Karplus et.al) 
with hydrophilicity(Parker et. al.), Polarity(Grantham) and Exposed surface(Jenin) 
shown better accuracy (59.74%) than the other combinations at a threshold of 0.65. 
The predictive performances of individual as well as combined method/scale are 
shown in Table 1.0. A ROC curve area is plotted (figure 2.0) for Karplus method of 
flexibility scale (Aroc=0.60) which has comparatively much better prediction than 
others scale/method.  
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ROC curve for flexibility (Karplus et al)
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Figure 2.0 ROC curve for the best amino acid propensity scale 
 
 
 

Table 1.0 The predictive performance of individual and combined propensity scales 
 

 
Propensity scale Method Optimized 

Threshold 
Sensitivity 

(%) 
Specificity 

(%) 
Accuracy 

(%) 
Parker et al (1) 0.75 36.07 75.06 55.58 Hydrophilicity 
Hopp & Wood (1a) 0.65 36.00 74.21 55.11 
Karplus et al (2) 0.65 46.82 69.91 58.37 Flexibility 
Ponnuswamy et al. (2a) 0.65 45.60 70.60 58.11 
Ponnuswamy et al. (3) 0.65 30.00 77.00 53.50 Polarity 
Grantham (3a) 0.70 35.01 76.62 55.81 
Janin J. (4) 0.75 35.00 74.00 54.50 Exposed Surface 
Radzicka et al. (4a) 0.70 30.05 72.00 51.00 
Pellequer et al. (5) 0.70 26.62 78.00 52.31 Turns 
Levitt M. (5a) 0.70 30.52 76.00 53.26 
Kolaskar et al. (6) 0.60 55.00 57.00 56.00 Antigenic 

Propensity Welling et al. (6a) 0.65 53.05 57.79 55.42 
Combined methods/scales (2+1+3a+4) 0.65 55.52 62.52 59.74 

 
 

Conclusions 
The accurate prediction of linear B-cell epitopes is crucial in the peptide based 
vaccine and immunodiagnostics development for diseases ranging from malaria to 
cancer. Presently, it is difficult to analyze which scale/method is better than the others 
because there is no benchmarking of existing methods on the same dataset and 
normalized scale.  
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In order to benchmark, we have used two scales for six physico-chemical 
properties (Hydrophilicity, flexibility, polarity, turns, exposed surface and antigenic 
propensity) which have been frequently used for predicting continuous B-cell 
epitopes. The performances of propensity scales are tested on the same dataset of 
Bcipep database which accuracy is varying with 51.00% to 58.37% at optimized 
threshold. Out of these selected scales/methods, flexibility (Karplus et.al) is the most 
accurate because of maximum area under ROC curve (Aroc=0.60). The combined 
scales flexibility (Karplus et.al) with hydrophilicity (Parker et. al.), Polarity 
(Grantham) and Exposed surface (Jenin) shows better accuracy (59.74%) at a 
threshold 0.65 compared to the other combinations.  

The major limitation on accuracy of the existing tool to predict linear B cell 
epitope is the lack of more B cell epitope dataset for training the algorithms. Given 
the weak predictive performance of the profiling (propensity scales) method 
demonstrated here, the development of more sophisticated approaches like machine 
learning (ANN, SVM etc.) algorithm is required to address this need and should be an 
obtainable goal comparable to T cell epitope prediction accuracy ~90%.  
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