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Analysis of data from experimeotally determined antigenic sites on proteins has revealed that the hydrophobic residues Cys, Z_XU and Val, if they 
occur on the surface of a protein, are more likely to be a part of antigenic sites. A semi-empirical method which makes use of physicochemical 
properties of amino acid residues and their frequencies of occurrence in expe~ment~ly known segmental epitopes was developed to predict antigenic 
determinants on proteins. Application of this method to a large number of proteins has shown that our method can predict antigenic determinants 
with about 75% accuracy which is better than most of the known methods. This method is based on a single parameter and thus very simple to 

use. 
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1. INTRODUCTION 2. MATERIALS AND METHODS 

The delineation of B cell epitopes on protein antigens 
has attracted the attention of several scientists in recent 
years [l-S]. Identification of epitopes on proteins 
would be useful for diagnostic purposes and also in the 
development of peptide vaccines [6]. To aid experimen- 
tal workers, Hopp and Woods have developed a 
method for prediction of antigenic determinants [7]. 
The approach of Hopp and Woods has been modified 
to take into account the fact that antigenic sites are on 
the surface of the protein and most surface residues are 
antigenic. Recently, Parker et al., have used three 
parameters - hydrophilicity, accessibility and flexibility 

2.1. Calculation of antigenic propensity (ApI values 

- to predict B cell epitopes using a composite plot 181. 
This method has improved prediction of antigenic 
determinants as compared to Hopp and Woods’ 
method, but misses some of the experimentally observ- 
ed determinants. On the other hand, Welling et al. have 
calculated the antigenicity value for each amino acid 
from its frequency of occurrence in epitopes and used 
these values to predict epitopes [9]. The database used 
by these workers is very small and consists of only 606 
amino acids from 20 proteins. Therefore, frequency 
values calculated have large errors. We have derived a 
parameter using experimental antigenic determinant 
data and physicochemical properties of amino acids. 
Using this single parameter, a method has been 
developed to predict antigenic determinants which 
works with about 75% accuracy. 

169 antigenic determinants are experimentally determined in 34 dif- 
ferent proteins (see Table II for the list of proteins) (2-51. Out of these 
169 known antigenic determinants, 156 which have less than 20 amino 
acid residues per determinant, were used in this study. These 156 ex- 
perimentally determined antigenic determinants contained 2066 
amino acid residues. Using this data, frequency of occurrence of each 
type of amino acid in antigenic determinants (j&J was calculated. 
Residues on the surface of protein were predicted using the following 
procedure. HydrophiIicity (Pi,), accessibility (P,) and flexibility (Pr) 
values given in Table II of Parker et al. for 20 proteinous amino acids 
were used [S]. In a given protein using these parameter values, averag- 
ed, <Pi, > , <Pa > , and <Pr > were calculated for every overlapping 
heptapeptide from N-terminal to C-terminal. These values were 
assigned to the middle (i+ 3) residue in every segment. A residue ‘i’ 
was considered to be on the surface if: C Pai > >p, or <Phi > >& 

or < 9 > > &, where 4, P, and & are the average values for the 
protein. Using this data, the frequency of occurrence of amino acids 
on the surface (&) was calculated. The antigenic propensity (Ap) value 
for each of the amino acids was calculated using the relation - 

A, =fAg/fs 

2.2. Algorithm to predict antigenic deter~~na~t~ 
Step I: The average antigenic propensity values <A, > for each of 

the overlapping heptapeptides from N-terminal to C-terminal of the 
protein were calculated. These average values were assigned to the 
fourth, (i+ 3), residue in the segment. 

Step 2: the average antigenic propensity (A,) value for the protein 
was determined. 
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Step 3: if A, 2 1.0 then those residues having <A,> 3 1.0 were 
termed as potential antigenic residues. If A,< 1 .O then those residues 
having <A, > iiPp were termed as potential antigenic residues. 

Step 4: to pick up antigenic determinants a condition was set that 
six consecutive residues must satisfy step 3. 

This algorithm was used to predict antigenic determinants on 34 
proteins for which some experimental results are available. The com- 
puter program is available for PC compatibte systems. 
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Table I 

Occurrence of amino acids in epitopes, proteins and on the surface, and their an- 
tigenic propensity values 

Amino 
acid 

A 
C 
D 
E 
F 
G 
H 
I 

Occurrence of amino acids in 

Epitopes Surface Protein 

135 328 524 
53 97 186 

II8 352 414 
132 401 499 
76 180 365 

116 343 487 
59 138 I91 
86 193 437 

fa. A, 

0.065 I.064 
0.026 1.412 

0.057 0.866 
0.064 0.851 
0.037 I.091 
0.056 0.874 
0.029 I.105 
0.042 1.152 

K 158 
L 149 

M 23 
N 94 

: I35 99 
R 106 
S 168 

T 141 
V 128 
W 19 
Y 71 

439 
308 

72 
313 
328 
252 
314 
429 
401 
239 

55 
I58 

523 
684 
I52 
407 
411 
332 
394 
553 
522 
515 
103 
245 

0.076 
0.072 
0.01 I 
0.045 
0.065 
0.048 
0.051 
0.081 
0.068 
0.062 
0.009 
0.034 

0.930 
1.250 
0.826 
0.776 
1.064 
1.015 
0.873 
I.012 
0.909 
1.383 
0.893 
I.161 

Total 2066 5340 7944 

Table II 

Results of application of our method to predict antigenic deter- 
minants 

Protein N C M 

( I) IL-3 (mouse) 
( 2) Interferon-l (human) 
( 3) Interferon (human) 
( 4) Coat protein (TMV) 

( 5) M5 protein (S. pyogenes) 
( 6) Myohemerythrin 
( 7) HCWB 

( 8) Rotavirus sl l/VP6 
( 9) Erythropoietin 
(10) MBP (human) 
(11) MBP (bovine) 
(12) Myoglobin (sperm whale) 
(13) Myoglobin (bovine) 
(14) Poliovirus l/VP2 
(15) Poliovirus l/VP1 
(16) Cholera toxin/B 
(17) Labile toxin/B (E. co/i) 

(18) cu-Lactalbumin (bovine) 
(19) Serum albumin (human) 
(20) Thyroglobulin (human) 

(21) Apamine (honey bee) 
(22) Renin (human) 
(23) MS II protein 

(24) Ferredoxin (Clostridium) 
(25) Lysozyme (hen egg) 
(26) Delta antigen (HDV) 
(27) Rhinovirus/l4/VP3 
(28) Rhinovirus/ 14/VP 1 

(29) Cytochrome c (horse) 
(30) Cytochrome c (bovine) 
(31) AChR (Torpedo) LY 
(32) AChR (Torpedo) 6 
(33) AChR (human) (Y 
(34) Interferon y (mouse) 

Total 

9 6 3 ( 2) 
3 3 0( 0) 
1 0 1 ( 1) 
8 6 2 ( 4) 
3 2 1 ( 3) 
8 5 3 ( 3) 

10 7 3 ( 4) 
3 2 1 ( 2) 
6 6 0( 2) 
8 7 1 ( 2) 
8 7 1 ( 0) 
5 4 1( 1) 
3 2 1 ( 0) 
2 1 1 ( 1) 

15 9 6( 8) 
11 8 3 ( 6) 
2 2 0( 1) 
3 2 1 ( 0) 
3 3 0( 1) 
1 1 0( 1) 
1 1 0( 0) 
7 5 2( 4) 
7 6 1 ( 0) 
2 2 0( 1) 
4 3 1 ( 2) 

10 5 5( 3) 
1 1 0 ( 0) 
1 1 0 ( 0) 
1 0 1 ( 0) 
1 0 1 ( 0) 

12 8 4( 5) 
3 2 1 ( 1) 
3 2 1 ( 1) 
1 0 1( 1) 

169 122 41 (60) 

N= total number of sites determined experimentally; C= number of 
sites correctly predicted using our method; M= number of sites miss- 
ed (number of sites missed by the method of Parker et al. given in 

brackets). 

3. RESULTS AND DISCUSSION 

As can be seen from Table I, Ser, Lys, Thr, Glu and 
Ala occur with relatively high frequency in antigenic 
determinants. However, these frequency values can be 
misleading since it is known that several amino acids, 
among these, also occur with high frequency in total 
protein (this can be seen from Table I, which gives the 
occurrence of amino acids in 34 proteins considered). 
We are aware that complete antigenic structure of very 
few proteins is known today and thus fAg can change. 
Due to such changes, A, values given here are tentative. 
However, it is interesting to note that A, values are very 
large for Cys, Val and Leu which are hydrophobic 
amino acids. Thus, whenever these residues occur on 
the surface, they are likely to be a part of antigenic 
determinants. This we consider a very important obser- 
vation from our present analysis. Results of application 
of the algorithm to 34 proteins are given in Table II. 
Number of sites missed are fewer by our method than 
by the method of Parker et al. (see Table II). As seen 
from Table II, our of the 169 experimentally known an- 
tigenic determinants, our method has correctly picked 
up 122 antigenic determinants with average accuracy of 
about 75%. Thus our method can pick up antigenic 
determinants with good accuracy. Number of addi- 
tional sites predicted by our method are small in well- 
studied proteins such as IL-3, Coat protein/TMV, 
Erythropoietin and Myohemerythrin, in which the 
number of sites missed are 0,2,2 and 1, respectively. In 
the light of these results we feel that most of the addi- 
tional sites predicted by our method are likely to be an- 
tigenic determinants. Thus, in short, a single-parameter 
based semi-empirical method which judiciously makes 
use of physicochemical properties of amino acid 
residues and experimental data, is developed to predict 
antigenic determinants, and its accuracy has been tested 
by application to a large number of proteins. 
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