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Abstract 
 
     Antibodies use a limited set of germ-line gene segments to construct antigen combining sites, yet 
are capable of both recognizing a broad range of common epitopes and eliciting an adaptive 
response to newly encountered pathogens. Carbohydrate antigens generally do not draw T cell help 
and concomitant affinity maturation in the humoral response. Therefore anti-carbohydrate responses 
must rely more heavily on the primary germ-line gene repertoire. Antibodies are usually thought of as 
highly specific. It has been suggested that polyspecificity and cross-reactivity in germ-line antibodies 
is necessary to provide the protective mechanisms required to broaden the potential number of 
antigens recognized; however, the molecular mechanism underlying polyspecificity is poorly 
understood. To investigate the phenomena of specificity, cross-reactivity and polyspecificity in germ-
line antibodies this work focused first on the unique LPS inner core oligosaccharide of 
Chlamydiaceae, which contains variations about the conserved inner core trisaccharide 
Kdo(2→8)Kdo(2→4)Kdo (3-deoxy-D-manno-oct-2-ulosonic acid). Studies with antibodies raised 
against this family-specific trisaccharide showed strong V-region restriction with two sets of heavy 
and light chain V genes accounting for almost all clones isolated. These groups were named after 
their prototypic clones as the ‘S25-2 type’ and the ‘S25-23 type’. In contrast to the cross-reactive S25-
2 and related antibodies, the S25-23 family of antibodies are all specific for the Chlamydiaceae-
specific trisaccharide antigen with no cross-reactivity to Kdo mono or disaccharides or to the 
Kdo(2→4)Kdo(2→4)Kdo trisaccharide antigen. Interest in S25-23 was sparked by its rare high μM 
affinity and strict specificity for the family-specific trisaccharide antigen.  
     The structure of the antigen binding fragment of four S25-23-type mAbs have been determined to 
high resolution in complex with the Chlamydiaceae-specific epitope, revealing the molecular basis for 
their binding behaviour. The germ-line-coded paratopes of these antibodies differ significantly from 
previously characterized S25-2-type mAbs. Unlike the terminal Kdo recognition pocket that promotes 
cross-reactivity in S25-2-type antibodies, S25-26 and the closely related S25-23 utilize a groove 
composed of germ-line residues to recognize the length of the trisaccharide antigen. Further S25-23-
type antibodies are glycosylated on the variable heavy chain. Analysis of the glycan reveals a 
heterogeneous mixture with a common root structure that contains an unusually high number of 
terminal αGal-Gal moieties. One of the unliganded structures in S25-26 shows significant order in the 
glycan with appropriate electron density for nine residues. The elucidation of the three-dimensional 
structure of a Gal(α1→3)Gal containing N-linked glycan on a mAb variable heavy chain has potential 
clinical interest, as it has been implicated in allergic response in patients receiving therapeutic 
antibodies.  
     The second focus is the lipid A moiety of LPS, which is the endotoxic principle of septic shock. 
Though the lipid A epitope appears to be cryptic during infection with Gram-negative bacteria, there 
has been several reported instances of lipid A specific antibodies isolated from human sera. While 
these antibodies are strictly selective for lipid A over other carbohydrates, there are reports of 
polyspecificity of some anti-lipid A antibodies for single stranded DNA. In such cases, the breakdown 
of negative selection through polyspecificity has been reported to result in the unfortunate 
consequences of autoimmune disease. This thesis reports the first crystal structures of antibodies in 
complex with lipid A and single stranded nucleic acids, elucidating their mechanism for polyspecificity; 
but more importantly the structures may yield clues to the genesis of autoimmune diseases such as 
lupus, thyroid, and rheumatic diseases. 


