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Antibody Structure Analysis and Prediction for Computational Design
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Antibodies are the one of the most important therapeutic compounds. Recent clinical trials using
antibodies with the low toxicity and high efficiency have been raising expectations for the development of
more potent antibody drugs. However it remains difficult to obtain a suitable therapeutic antibody only
with experimental approaches. This thesis would contribute to the progresses in the field of computational
antibody drug discovery, mainly focusing on antibody structure modeling. Many attempts have been made
for modeling CDRs from the sequence, which had revealed the limited number of conformations of
antigen-binding site, called canonical structures (other than H3). Much more efforts have been made on
CDR-H3, which plays an important roll in antigen recognition. Knowledge-based rules were derived from
crystal structures in the Protein Data Bank to classify CDR-H3. Further computational methods could be
used in drug discovery based on the homology models, including epitope predictions, protein-protein
docking and energy calculations with approximate potential functions. These methods should guide
experimental studies to improve the affinities and physicochemical properties of antibodies.

My goal is to design antibodies using computer. Toward this end, the aim of this thesis is
twofold: 1) Understand the structural determinants and energetics of antigen-binding sites or canonical
structures and 2) develop the prediction method of antibody structures from the amino acid sequences.
Therefore, first, I have refined conventional classification rules for hypervariable loops in
antibodies. During the analyses and the classifications, I have developed an antibody structure database,
called Ig-Base, based on the Relational Database Management System (RDBMS). I also carried out
energy-based loop predictions, which suggests that the protein environment is the major determinant of
antibody canonical structures of CDR-L3 rather than the loop sequence itself. This implies that CDR-L3s
wouldn’t assume non-canonical conformations even when the conventional “key” residues are not
conserved, and the canonical structures are essentially stable conformations. Then, putting all of this
together, I have developed an antibody modeling system using fragment assembly, state-of-the-art
knowledge-based rules, and energy-based optimization. I showed that current PDB-based loop modeling
protocol is sufficiently accurate to construct a loop structure with less than 12 residues length and the
main problem of protein loop predictions is the scoring part rather than the sampling. Insight gained from
this thesis would be useful for computational antibody design and engineering.
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