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Development of rabbit VH with high affinity and improved stabilities
rvH

The single domain antibody (sdAb) consisting of a single variable region is one of the very
promising next-generation antibodies, however, there could be rooms for improvement on its generating
sources. The antibodies with natural single variable regions produced by camels and cartilaginous
fishes are considered to be suitable for sdAb production, while most researchers would be difficult to
utilize such uncommon animals for sdAb obtainment. sdAbs have also been generated from general 1gG-
type antibodies of human and mouse. Such sdAbs would be highly convenient, however have been shown to
be difficult to have strong binding activities (e.g. A values of single-digit nM). In addition, sdAbs
prepared from general 1gG-type antibodies have a concern of reduced conformational and colloidal
stabilities. To solve such a problem on sdAb generation, the author focused on rabbit which is
commonly used for immunization like mouse and known to produce general IgG-type antibodies with very
strong binding affinities (e.g. 4 value in the pM order).

In chapter 2, based on the hypothesis that a single variable region of IgG-type antibody having very
strong binding affinity can possess strong binding affinity, antigen-specific variable region of heavy
chain of rabbit antibody (rVH) were obtained followed by investigation of physico-chemical properties.
In obtainment, interruption of efficient obtainment of antigen-specific rVHs due to their decreased
conformational stabilities was avoided by producing phage at low temperature. Some of the obtained
rVHs showed a strong binding affinity (4 values less than nM order) that may be comparable to camel
variable regions (VHHS).

In chapter 3, after structural validation of additional disulfide (S-S) bond introduction to rVHs
using a modeled structure, rVH mutants with Cys mutations were prepared. Introduced Cys formed S-S
bond with dramatic improvement of the thermal stabilities without significant change of the antigen
binding affinity. Thermal stability improvement by the additional S-S bond in the rVH was much larger
than the previously reported thermal stabilization of VHH (increase of unfolding temperature; 24.0<=C
for rVHs and 9.0=C for VHHs). Thermodynamic analysis suggested that large thermal stabilization of
rVHs was attributed to the entropic contribution greatly exceeding the enthalpic loss.

In chapter 4, the amino acid residues at the VL-interaction interface of rVH were thus replaced with
amino acid residues conserved in VHH, a camel-derived sdAb, and their impacts on the physical
stabilities were examined. Some substitutions were found to contribute for enhancing structural
stability or lowering hydrophobicity of the molecular surface. By combining these substitutions, rVH
mutants were improved their both structural stability and hydrophilicity of molecular surface. One of
the rVH mutants with enhanced hydrophilicity showed improved colloidal stability and disappearance of
non-specific binding. Moreover, for this mutant, the purification yield in the £. coli expression
system finally increased to 40 times that of the wild type.

Through this thesis, rVHs with high affinities and improved stabilities were developed. By utilizing
rVHs, further brisk of sdAb research and development, and eventually creation of innovative
pharmaceuticals contributing to the healthy and prosperous lives of people around the world could be
expected.
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