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1. INTRODUCTION  

Antigenic sites are residues of a native protein that are 

those recognized by antibodies. It is most probab

these sites are accessible or on the surface of

proteins. Furthermore these regions are possibly 

mobile than interior regions. Since these sites are on the 

surface, they are probably hydrophilic. Indeed, 

hydrophilicity, flexibility, and accessibility have been used 

to predict antigenicity.  

 

At least for the past three decades, new tools are emerged 

to predict the Antigenic sites, which are called epitopes of 

antigenic proteins. Prediction of immunogenic epitopes 

using bioinformatics tools is a challenging task because of 

the inherent complexity of antigen recognition[1].

beginning, to predict continuous B-cell epitopes, a number 

of algorithms have been developed based on physico
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ABSTRACT: Antigenic sites of a protein are those recognized by 

antibodies. Therefore it is most likely that these sites are accessible or on 

the surface of the protein, and these regions are probably more mobile 

than interior regions. Since these sites are on the su

probably hydrophilic. Indeed, algorithms for hydrophilicity and 

accessibility have been used to predict antigenicity. In this research, the 

hydrophilicity by Parker’s scale, and hydrophobicity

Doolittle scales of linear b-rpitopes is studied on 344121

downloaded from iedb epitope database. Descriptive statistical analyses 

revealed that average hydrophilicity of these b-epitopes distributes 

normally with mean µ=2.1993, standard deviation σ=1.9303, skewness s= 

- 0.2681, and kurtosis κ=3.1826. It is seen that mean hydrophobicit

also distribute normally. A detailed review is performed to scan available 

hydrophophilicity/hydrophobicity scales.  Altogether 24 scales are listed.
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chemical properties of amino acids [2],

were very low. The commonly used properties are 

hydrophilicity [3]flexibility [4], accessibility [5], and turns 

[6]alongside Levitt secondary structure, accessibility, 

flexibility, beta turns, polarity, Amino Acid Pair (AAP) 

antigenicity scale, Amino acid triplet (AAT), Relative 

position specific amino acid propensity of a

Hydropathy, dipeptide, tripeptide and tetrapeptide 

antigenicity as seen in Table 1.

calculations are based on the propensity tables for each of 

the 20 amino acids. Since hydroph
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Table 1: Comparison of machine learning approaches in epitope prediction [7]. 

Method  Features used  MLearning Technique  

BepiPred  [8] Parker hydrophilicity scale and Levitt secondary structure  Hidden Markov model  

ABCPred  [9] Hydrophilicity, accessibility, flexibility, turns, antigenicity, polarity  FF and recurrent NN  

 

Cheng et.al  [10] 

Hydrophilicity, accessibility, flexibility, turns, antigenicity, Amino Acid 

Pair (AAP) antigenicity scale  

Support Vector 

Machine(SVM)  

 

BCPred  [11] 

Hydrophilicity, accessibility, flexibility, turns, antigenicity, Amino Acid 

Pair(AAP) antigenicity scale  

Subsequence kernel 

based SVM  

AAT-fs  [12] Amino acid triplet (AAT) antigenicity scale  Kernel based SVM  

BayesB  [13] Relative position specific amino acid propensity of a dipeptide  SVM  

 

LEPS  [14] 

Hydropathy, accessibility, flexibility, turns, antigenicity, polarity, 

dipeptide, tripeptide and tetrapeptide antigenicity  

Radial Basis Kernel 

based SVM  

 

 

2. HYDROPHOBICITY SCALES 

Several hydrophobicity scales have been published for 

various uses. Many of the commonly used hydrophobicity 

scales are described below. A larger list is given in Tables 

3-5. 

Kyte-Doolittle scale [15].The Kyte-Doolittle scale is 

widely used for detecting hydrophobic regions in proteins. 

Regions with a positive value are hydrophobic. This scale 

can be used for identifying both surface-exposed regions 

as well as transmembrane regions, depending on the 

window size used. Short window sizes of 5-7 generally 

work well for predicting putative surface-exposed regions. 

Large window sizes of 19-21 are well suited for finding 

transmembrane domains if the values calculated are above 

1.6. These values should be used as a rule of thumb and 

deviations from the rule may occur. 

 

Engelman scale [16]. The Engelman hydrophobicity scale, 

also known as the GES-scale, is another scale which can 

be used for prediction of protein hydrophobicity. As the 

Kyte-Doolittle scale, this scale is useful for predicting 

transmembrane regions in proteins. 

 

Eisenberg scale [17]. The Eisenberg scale is a normalized 

consensus hydrophobicity scale which shares many 

features with the other hydrophobicity scales. 

Hopp-Woods scale [18]. Hopp and Woods developed their 

hydrophobicity scale for identification of potentially 

antigenic sites in proteins. This scale is basically a 

hydrophilic index where apolar residues have been 

assigned negative values. Antigenic sites are likely to be 

predicted when using a window size of 7. 

Cornette scale [19]. Cornette et al. computed an optimal 

hydrophobicity scale based on 28 published scales. This 

optimized scale is also suitable for prediction of alpha-

helices in proteins. 

Rose scale [20]. The hydrophobicity scale by Rose et al. is 

correlated to the average area of buried amino acids in 

globular proteins. This results in a scale which is not 

showing the helices of a protein, but rather the surface 

accessibility. 

 

 

To standardize hydrophobicity scale tables let us adopt 

amino acid names, their three letters, and one letter 

abbreviations as in the Table 2. 

 

Table 2. Amino Acid names, their three letters, and one 

letter abbreviations 

No Full Name  3 Letter 1 Letter 

1 Alanine Ala A 

2 Arginine Arg R 

3 Asparagine Asn N 

4 Aspartate Asp D 

5 Cysteine Cys C 

6 Glutamate Glu E 

7 Glutamine Gln Q 

8 Glycine Gly G 

9 Histidine His H 

10 Isoleucine Ile I 

11 Leucine Leu L 

12 Lysine Lys K 

13 Methionine Met M 

14 Phenylalanine Phe F 

15 Proline Pro P 

16 Serine Ser S 

17 Threonine Thr T 

18 Tryptophan Trp W 

19 Tyrosine Tyr Y 

20 Valine Val V 

 

Janin scale [21]. This scale also provides information 

about the accessible and buried amino acid residues of 

globular proteins. 

Welling scale [22].Welling et al. used information on the 

relative occurrence of amino acids in antigenic regions to 

make a scale which is useful for prediction of antigenic 

regions. This method is better than the Hopp-Woods scale 

of hydrophobicity which is also used to identify antigenic 

regions. 

Kolaskar-Tongaonkar [23]. A semi-empirical method for 

prediction of antigenic regions has been developed. This 

method also includes information of surface accessibility 

and flexibility and at the time of publication the method 

was able to predict antigenic determinants with an 

accuracy of 75%. 
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Surface Probability [24]. Display of surface probability 

based on the algorithm by [Emini et al., 1985]. This 

algorithm has been used to identify antigenic determinants 

on the surface of proteins. 

Chain Flexibility [25]. Display of backbone chain 

flexibility based on the algorithm by Karplus and Schulz,  

 

 

(1985). It is known that chain flexibility is an indication of  

a putative antigenic determinant. Many more scales have 

been published throughout the last three decades. Even 

though more advanced methods have been developed for 

prediction of membrane spanning regions, the simple and 

very fast calculations are still highly used. 

 

 

Table 3 Hydrophobicity scales

No a 

Hessa  

[26] 

Doolittle 

[15] 

Hopp-W 

[18] 

Cornette 

[19] 

Eisenberg 

[17] 

Rose 

[20] 

Janin 

[21] 

Engelman 

[16] 

1 A 0.11 1.8 -0.5 0.2 0.62 0.74 0.3 1.6 

2 R 2.58 -4.5 3 1.4 -2.53 0.64 -1.4 -12.3 

3 N 2.05 -3.5 0.2 -0.5 -0.78 0.63 -0.5 -4.8 

4 D 3.49 -3.5 3 -3.1 -0.9 0.62 -0.6 -9.2 

5 C -0.13 2.5 -1 4.1 0.29 0.91 0.9 2 

7 E 2.36 -3.5 3 -1.8 -0.74 0.62 -0.7 -8.2 

7 Q 2.68 -3.5 0.2 -2.8 -0.85 0.62 -0.7 -4.1 

8 G 0.74 -0.4 0 0 0.48 0.72 0.3 1 

9 H 2.06 -3.2 -0.5 0.5 -0.4 0.78 -0.1 -3 

10 I -0.6 4.5 -1.8 4.8 1.38 0.88 0.7 3.1 

11 L -0.55 3.8 -1.8 5.7 1.06 0.85 0.5 2.8 

12 K 2.71 -3.9 3 -3.1 -1.5 0.52 -1.8 -8.8 

13 M -0.1 1.9 -1.3 4.2 0.64 0.85 0.4 3.4 

14 F -0.32 2.8 -2.5 4.4 1.19 0.88 0.5 3.7 

15 P 2.23 -1.6 0 -2.2 0.12 0.64 -0.3 -0.2 

16 S 0.84 -0.8 0.3 -0.5 -0.18 0.66 -0.1 0.6 

17 T 0.52 -0.7 -0.4 -1.9 -0.05 0.7 -0.2 1.2 

18 W 0.3 -0.9 -3.4 1 0.81 0.85 0.3 1.9 

19 Y 0.68 -1.3 -2.3 3.2 0.26 0.76 -0.4 -0.7 

20 V -0.31 4.2 -1.5 4.7 1.08 0.86 0.6 2.6 

 

Table 4 Hydrophobicity scales continued.

No a 

Bull 

[27 

Sweet 

[28] 

Abraham 

[29] 

Parker* 

[30] 

Guy 

[31] 

Myazava 

[32] 

Roseman 

[33] 

Wolfenden 

[34] 

1 A 0.61 -0.4 0.44   2.100   0.1 5.33 0.39 1.94 

2 R 0.69 -0.59 -2.42 4.200   1.91 4.18 -3.95 -19.92 

3 N 0.89 -0.92 -1.32 7.000   0.48 3.71 -1.91 -9.68 

4 D 0.61 -1.31 -0.31 10.000   0.78 3.59 -3.81 -10.95 

5 C 0.36 0.17 0.58 1.400   -1.42 7.93 0.25 -1.24 

7 E 0.97 -0.91 -0.71 6.000   0.95 3.87 -1.3 -9.38 

7 Q 0.51 -1.22 -0.34 7.800   0.83 3.65 -2.91 -10.2 

8 G 0.81 -0.67 0 5.700   0.33 4.48 0 2.39 

9 H 0.69 -0.64 -0.01 2.100   -0.5 5.1 -0.64 -10.27 

10 I -1.45 1.25 2.46 -8.000   -1.13 8.83 1.82 2.15 

11 L -1.65 1.22 2.46 -9.200   -1.18 8.47 1.82 2.28 

12 K 0.46 -0.67 -2.45 5.700   1.4 2.95 -2.77 -9.52 

13 M -0.66 1.02 1.1 -4.200   -1.59 8.95 0.96 -1.48 

14 F -1.52 1.92 2.54 -9.200   -2.12 9.03 2.27 -0.76 

15 P -0.17 -0.49 1.29 2.100   0.73 3.87 0.99 0 

16 S 0.42 -0.55 -0.84 6.500   0.52 4.09 -1.24 -5.06 

17 T 0.29 -0.28 -0.41 5.200   0.07 4.49 -1 -4.88 

18 W -1.2 0.5 2.56 -10.000   -0.51 7.66 2.13 -5.88 

19 Y -1.43 1.67 1.63 -1.900   -0.21 5.89 1.47 -6.11 

20 V 0.61 0.91 1.73 -3.700   -1.27 7.63 1.3 1.99 

*Parker’s scale is the hydrophilicity scale. 
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Table 5 Hydrophobicity scales continued.

 

No a 

Wilson 

[35] 

Cowan 

[36] 

Aboderin 

[37] 

Fauchere 

[38] 

Cowan-

W [39] 

Tanford 

[40] 

Wimley 

[41] 

Moon 

[42] 

1 A -0.3 0.42 5.1 0.31 0.35 0.62 -0.17 0 

2 R -1.1 -1.56 2 -1.01 -1.5 -2.53 -0.81 3.71 

3 N -0.2 -1.03 0.6 -0.6 -0.99 -0.78 -0.42 3.47 

4 D -1.4 -0.51 0.7 -0.77 -2.15 -0.09 -1.23 2.95 

5 C 6.3 0.84 0 1.54 0.76 0.29 0.24 0.49 

7 E -0.2 -0.96 1.4 -0.22 -0.93 -0.85 -0.58 3.01 

7 Q 0 -0.37 1.8 -0.64 -1.95 -0.74 -2.02 1.64 

8 G 1.2 0 4.1 0 0 0.48 -0.01 1.72 

9 H -1.3 -2.28 1.6 0.13 -0.65 -0.4 -0.96 4.76 

10 I 4.3 1.81 9.3 1.8 1.83 1.38 0.31 -1.56 

11 L 6.6 1.8 10 1.7 1.8 1.53 0.56 -1.81 

12 K -3.6 -2.03 1.3 -0.99 -1.54 -1.5 -0.99 5.39 

13 M 2.5 1.18 8.7 1.23 1.1 0.64 0.23 -0.76 

14 F 7.5 1.74 9.6 1.79 1.69 1.19 1.13 -2.2 

15 P 2.2 0.86 4.9 0.72 0.84 0.12 -0.45 -1.52 

16 S -0.6 -0.64 3.1 -0.04 -0.63 -0.18 -0.13 1.83 

17 T -2.2 -0.26 3.5 0.26 -0.27 -0.05 -0.14 1.78 

18 W 7.9 1.46 9.2 2.25 1.35 0.81 1.85 -0.38 

19 Y 7.1 0.51 8 0.96 0.39 0.26 0.94 -1.09 

20 V 5.9 1.34 8.5 1.22 1.32 1.8 -0.07 -0.78 

 

 

3.  METHODS 

To search the hydrophilicity of linear b-epitopes, a sample 

of five antigenic peptidesESAT6, PFAL, Menengitis, Poli, 

and P Vıva, are considered.  

3.1 The Five Antigens with Known Linear B-Epitopes 

To have an idea about the hydrophilicities of b-epitopes, 

we have chosen five antigens, whose linear b-epitopes are 

known through wet lab experiments. Plasmodium 

Falciparum, Human Polio Virus [43-44], Sabin Strain, 

Meningitis [46], Plasmodium Vivax [47] and 

Mycobacterium Tuberculosis [45].  

The hydrophilicity of their wet lab reported b-epitopes  are 

computed using Parker, Doolittle, Cornette, and Abraham 

scores. Results are shown in Table 6. 

Table 6 The hydrophilicity of wet lab reported b-epitopes  

of five antigenic peptides as computed using four different 

scores. 

Anti Parker DoolittleCornetteAbraham 

ESAT 2.38 -0.26 0.28 0.19 

PFAL 2.96 -1.12 0.18 -0.01 

MEN 2.17 -0.71 0.51 0.06 

POLI 1.11 -0.26 0.90 0.35 

PVIV 1.32 -0.14 0.78 0.26 

AVER 1.99 -0.50 0.53 0.17 

 

 

 

 

 

 

To support the claim that linear b-epitopes are essentially 

hydrophilic, a large scale statistical research is performed 

on the 344,121 linear b-epitopes of idb database using 

Parker’s hydrophilicity score. 

 

3.1 The Data Set 

B-cell epitopes are downloaded from IEDB database1 that 

contains 365 076 continuous B-epitopes.  After elimination 

of identical peptides, a data with 344.121 non-redundant 

entries resulted. The distribution of frequencies of epitopes 

in their lengths is shown in Table 7. 

Table 7. Frequencies of B-Epitopes of given lengths 

W Size Freq W Size Freq 

6 6862 16 6868 

7 5652 17 3462 

8 14567 18 3621 

9 7953 19 4249 

10 19257 20 5914 

11 3197 21 2446 

12 14128 22 1428 

13 5401 23 1454 

14 7590 24 1719 

15 226459 25 1894 

 

                                                
1
http://www.iedb.org/database_export_v3.php 
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3.2 Descriptive Statistical Parameters of Hydrophilicity 

Hydrophilicity of 344.121 of linear b-epitopes are 

computed according to Parker, Cornette, and Doolittle 

hydrophilicity scores. Mean, skewness , kurtosis, and 

standard deviations are shown in Table 8. 

Table 8. Mean hydrophilicity of 344.121 linear b-epitopes 

according to three different scores all distributes normally 

 Parker Cornette Doolittle 

Mean 2.1993 0.4135 -0.5634 

STDV 1.9303 1.0102 0.9696 

Skewness -0.2861 0.1306 0.1609 

Kurtosis 3.1826 3.0541 3.6182 

 

It is seen that average hydrophilicity of b-epitopes 

distribute almost normally with a mean of 2.1993. 

 

Figure 1. Normal distribution curve with a mean of 2.1993, 

and standard deviation 1.9303 for Parker’s 

hydrophilicityscale. 

 

Figure 2. Histogram for average hydrophilicity of 

randomly chosen 10,000 b-epitopes computed by Parker’s 

hydrophilicityscale. 

 

 

 

 

Figure 3. Normal distribution curve with a mean of 0.4135, 

and standard deviation 1.0102for Cornette’s hydrophob-

icity scale. 

 

 

 

Figure 4. Histogram for average hydrophobicity of 

randomly chosen 10,000 b-epitopes computed by 

Cornette’s scale. 

 

 

Figure 5. Normal distribution curve with a mean of --

0.5634, and standard deviation 0.9696for Doolittle’s 

hydrophobicity scale. 
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Figure 6. Histogram for average hydrophobicity of 

randomly chosen 10,000 b-epitopes computed by 

doolittle’s scale. 

 

4. CONCLUSION 

For 344.121 B-cell epitopes downloaded from IEDB 

database. The average hydrophilicities are seen distributed 

normally with a mean of 2.1993, and standard deviation 

1.9303 for Parker’s hydrophilicity scale. This result sows 

that although 25% of b-epitopes are average hydrophobic, 

they are essentially hydrophilic. Hydrophobicity test 

performed by Cornette and Doolittle scales showed that b-

epitopes are essentially not hydrophobic. However there is 

a difficulty in using hydrophilicity or hydrophobicity as a 

validation feature to distinguish epitopes among peptides 

predicted by insiliko techniques. 
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