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mine all of them or all of the residues 
within an individual antigenic site on a 
protein that are involved in binding an 
anti-protein antibody. Ultimate resolution 
will rely on more refined methods such as 
X-ray crystallographic studies of antigen
antibody complexes, as reported recent!/. 
Further data are required to determine 
whether the correlation observed between 
mobility and antigenic sites in proteins 1
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while significant, is also of immunological 
importance. 
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VAN REGENMORTEL AND ALTSCHUH 
REPL Y-Jemmerson and Paterson imply 
that Westhof et a/.1 have attempted to link 
the total antigenicity of proteins with 
regions of local mobility, and they suggest 
that such an attempt is bound to fail 
because anti-protein antibodies that bind 
pep tides may not represent all of the anti
bodies present in the antisera. We wish to 
point out that there is no mention of total 
antigenicity in our paper and that, on the 
contrary, we stated clearly that "segmental 
flexibility in proteins emphasizes only one 
type of antigenic determinant", namely 
the type of continuous epitope that can be 
mimicked with short peptides. We also 
suggested that continuous epitopes are 
probably less numerous than the discon
tinuous epitopes revealed in the studies 
with monoclonal antibodies. 

We agree that our study using short 
peptides was biased towards the detection 
of flexible epitopes. However, any experi
mental study of protein antigenicity will 
necessarily suffer from one operational 
bias or another. The monoclonal anti
bodies used in X-ray crystallographic 
studies of antigen-antibody complexes are 
selected for high binding affinity and are 
not representative of all the antibodies 
produced during the immune response; 
they will, therefore, present a biased view 
compared with the interactions that occur 
with low-affinity antibodies. A study of the 
antigenicity of related mammalian pro
teins that are subject to immunological 
tolerance can also be said to be biased 
compared with the study of antigens such 
as plant viruses, which are free from such 
restrictions. Each experimental approach 
used in the study of protein antigenicity 

will emphasize a particular aspect of the 
many types of interaction that constitute 
immunological recognition. 

In view of our ignorance regarding the 
total antibody repertoires relevant for 
different protein antigens, it seems to us 
pointless to argue about the relative 
importance of these different experimental 
approaches. However, present interest in 
mimicking protein epitopes by means of 
short synthetic peptides underlines the 
immunological relevance of any observa
tions that link mobility to the location of 
continuous epitopes in proteins. 
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TAINER ET AL. REPLY-Jemmerson and 
Paterson suggest a correlation between 
evolutionary variability and antigenicity, 
while noting that such variable regions are 
likely to be subject to fewer structural con
straints. Their point is well taken for the 
generalization of the relationship between 
local mobility and antigenicity of protein 
sites, as identified by Westhof et a/. for 
TMV1 and ourselves for myohaemeryth
rin2, to other proteins that are affected by 
tolerance. The influence of tolerance is 
undoubtedly crucial in the majority of pro
tein systems studied by immunologists. 
Currently, there appear to be a number of 
related structural parameters that bias 
antigenicity including sequence variabil
ity, hydrophilicity, solvent-accessibility, 
shape, and local mobilitl·4

, but it is 
difficult to determine which is the primary 
underlying correlate. The protein myo
haemerythrin is a good model for antigen
icity studies because it is not subject to 
tolerance, and it is unique in having highly 
accurate temperature factors corrected for 
the effects of crystal contacts5

• We desig
ned an experiment to address the specific 
question of why anti-peptide antibodies 
can recognize the native protein, and 
found a better relationship for local mobil
ity than for these other parameters. 

For anti-peptide antibodies, the para
meters of hydrophilicity, shape and varia
bility cannot explain what we term the 
order/ disorder paradox, that is, how can 
fin antibody raised against a presumably 
disordered peptide recognize the native, 
highly ordered protein? The results of our 
experiment help to resolve this paradox 
by suggesting that the antigenic sites of 
proteins should not be viewed as static, 
fixed conformations. Evidence from NMR 
and hydrogen/ deuterium exchange rates 
also blurs the order/ disorder distinction 
by revealing the differential mobility of 
protein sites3
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facilitating the interaction of antigen with 
antibody adds the dimension of time to 

understanding the thermodynamics of 
antigen-antibody union. The correlation 
of flexibility with sequence variability, 
hydrophilicity, solvent-accessibility, and 
shape could account for the correlation of 
these related parameters with antigenicity, 
while simultaneously explaining the suc
cess of anti-peptide antibodies in recog
nizing the parent protein. Finally, the 
knowledge that mobility is an intrinsic 
molecular parameter affecting antigen
antibody union has implications for any 
model of antigenic recognition in that it 
implies a multiple-step process rather than 
a single collision resulting in simple lock
and-key complementarity. 
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