
Chapter 8      

 Identifying Residues in Antigenic Determinants 
by Chemical Modification       

     Howard M.   Reisner       and Roger L.   Lundblad      

  Summary 

 Chemical modification of the side chains of amino acid residues was one of the first methods developed 
to investigate epitopes in protein antigens. The principle of the method is that alteration of the structure 
of a key residue of an epitope by a chemical modification will alter reactivity with antibody by affecting 
either specificity or avidity or both. Chemical modification has the advantage that it can be applied to 
discontinuous as well as continuous epitopes and may be of value in identifying cryptic epitopes. We 
consider here the several recent studies that have applied site-specific chemical modification to the identi-
fication of epitopes on antigens, including the use of formaldehyde, glutaraldehyde, and acid anhydrides, 
to produce allergoids where determinants important to reaction with IgE are modified but the ability 
to elicit an IgG response is retained. It is noteworthy that modification of amino groups with charge 
reversal appears to be the most useful approach. The approach to the use of site-specific chemical modi-
fication as a tool for the study of protein function is discussed, and emphasis is placed on the necessity to 
(1) validate the specificity of modification and (2) assess potential conformational change that may occur 
secondary to modification. Finally, a list of chemical reagents used for protein modification is presented, 
together with properties and references to use.  

  Key words:   Chemical modification ,  Side chain modification ,  Antibody ,  Epitope mapping , 
 Conformational epitope ,  Discontinuous epitope ,  Linear epitope .    

    

 An antigenic determinant is that region of an antigen molecule, 
termed an epitope, that interacts with the specific antigen-bind-
ing site in the variable region of an antibody molecule which is 
known as a paratope  (1,   2) . There are a number of methods for 
identifying epitopes described throughout this volume, including 
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X-ray crystallography  (3–  5)  ( see  Chapter “Structural Basis of 
Antibody–Antigen Interactions”) and phage display  (6–  8)  ( see  
Chapters “Epitope Mapping Using Phage Display Peptide Librar-
ies,” “Humoral Response to Immunoselected Phage-Displayed 
Peptides by Microarray-Based Method,” and “Epitope Mapping 
Using Phage-Display Random Fragment Libraries”), within the 
developing field of structural immunology  (9,   10) . 

 Site-specific chemical modification has been useful in defin-
ing structure–function relationships in proteins  (11,   12) . Chemi-
cal modification of the side chains of residues in protein antigens 
was one of the first methods developed to investigate epitopes. 
Together with proteolytic fragmentation ( see  also Chapters 
“Proteolytic Fragmentation for Epitope Mapping” and “Epitope 
Mapping by Proteolysis of Antigen–Antibody Complexes”), it 
played a major role in the pioneering efforts of Atassi and others 
to assign antigenic determinants on the surfaces of lysozyme and 
myoglobin  (13,   14) . The principle of the method is that altera-
tion of the structure of a key residue of an epitope by a chemi-
cal modification reagent will greatly change its reactivity with an 
antibody to that epitope. Chemical modification has the advan-
tage that it can be applied to discontinuous as well as continuous 
epitopes  (15,   16) . Chemical modification can also be of value in 
identifying cryptic epitopes  (17) . Moreover, continuous epitopes 
can be conformationally constrained in the context of the folded 
protein and may not always adopt a recognizable conforma-
tion when removed from that context. It is usually necessary to 
combine chemical modification with other technologies to 
identify a particular residue antigen, rather than a residue type, 
as being a key epitope constituent. Hence, it is necessarily an 
adjunct to other tools that can locate the individual residue of the 
type being modified. The exception is when a particular type of 
residue occurs infrequently, i.e., only once, perhaps twice, in the 
protein. This is more common in smaller proteins and peptides or 
with residues that are infrequently expressed in proteins. Exam-
ples include an analysis of the roles of histidines in the expres-
sion of Gm allotypes on IgG  (18)  and investigation of a cysteine 
residue in HLA-B27  (19) . Generally, identification of the exact 
residue will not be achieved. Nevertheless, the range of chemical 
reactivities of residues has made it possible to prepare partially or 
even singly modified derivatives of some antigens  (20,   21) , which 
thus permits direct identification of key residues. 

 Neurath and others  (22)  used a variety of chemical reagents, 
including 1,2-cyclohexanedione (arginine), citraconic anhy-
dride (amino groups including lysine), tetranitromethane (tyro-
sine), and carbodiimide (carboxyl groups), to identify a hepatitis 
B surface antigenic determinant. These investigators also used 
cyanogen bromide cleavage at methionine residues and 2-nitro-
5-thiocyanobenzoic acid cleavage at cysteine residues. Subsequent 
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studies by Peterson and colleagues demonstrated that the modifi-
cation of lysine residues with reductive methylation did not affect 
monoclonal antibody binding by the surface antigen  (23) . Stud-
ies by Neurath and others  (24)  used a different set of mono-
clonal antibodies to study the effect of reductive methylation and 
modification by citraconylation on the hepatitis B surface anti-
gen. This study showed that reductive methylation had an effect 
on the surface antigenic determinant with this set of antibodies 
but the effect was less than that observed with citraconylation. It 
is important to note that modification with citraconic anhydride 
results in charge reversal (positive to negative) while the posi-
tive charge is maintained on reductive methylation. Neurath and 
co-workers have also used this technology to study the binding 
of a porphyrin,  meso -teta(4-carboxyphenylporphine), to HIV-1 
glycoprotein, gp120  (25,   26) . 

 Although not directed specifically at the issue of epitope 
identification by chemical modification, we would be remiss in 
not mentioning the use of chemical modification in the produc-
tion of allergoids. Allergoids are modified allergens that have 
decreased allergenicity but unchanged immunogenicity. Thus, 
the administration of allergoids would result in the production 
of IgG “blocking” antibodies preventing the type I hypersen-
sitive (allergic/anaphylactoid) response  (27) , characterized by a 
humoral IgE response  (28) . Marsh and co-workers introduced 
the concept of allergoids in 1970  (29) , when they demonstrated 
that the modification of allergens with formaldehyde resulted in 
the formation of allergoids. Subsequent studies have used car-
bamylation and modification with organic acid anhydrides  (30) . 
While recombinant allergens have been developed for this use, 
there is still interest in the classical chemical approach for the 
synthesis of allergoids  (31,   32) . 

 Site-specific chemical modification can be a powerful tool to 
study structure–function relationships in proteins. It is, however, 
necessary to determine whether there are gross structural changes 
that occur concomitantly with the chemical modification. This is 
of particular importance when there is more than a single residue 
modified. It is possible to make some independent assessment 
of the structural integrity of the protein after modification by 
various analytical methods, including size-exclusion chromatog-
raphy, reverse-phase high-performance liquid chromatography, 
analytical ultracentrifugation, differential scanning calorimetry, 
and circular dichroism. The development of surface plasmon 
resonance technology ( see  Chapter “Epitope Mapping by Surface 
Plasmon Resonance”) is of value for the study of the kinetics of 
antigen–antibody reactions  (33–  41)  and is useful for evaluating 
the effect of epitope modification on antigen–antibody interac-
tions in a quantitative manner. 

 A list of reagents for chemical modification is given in  Table   1 .       
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