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(Construction of a novel vaccine platform based on cholera toxin B subunit)
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Immune responses mounted against the soluble recombinant antigens are often extremely low when the
antigéns are administered without the help of adjuvant, and therefore, a strategy to augment the immune
response is necessary to develop effective component vaccines against infectious diseases. The B subunit of
cholera toxin (CTB) is one of the most efficient antigen delivery molecules known to date. In this study, we
exploited the CTB’s antigen delivery function to develop a new vaccine platform. To this end, we first
investigate the feasibility of developing recombinant subunit vaccines against Japanese encephalitis virus
(JEV). The viral surface E protein was genetically coupled to the CTB and the recombinant protein was
expressed in Escherichia coli. The expressed chimeric protein was found to be effective for the induétion of
virus neutralizing antibody when administered systemically and also somewhat effective When administered
intranasally without any extraneous adjuvants. However, the expression levels of biologically active pentameric
CTB fusion protein were dramatically reduced as the size of the fusion partner increases. This reduction in the
expression level s presumably due to the steric hindrance generated by the fused antigen, and hence we
developed a new conjugation strategy in which the fusion gene was simultaneously expressed within the same
cell compartment with the unfused CTB gene. The integration of the unfused CTB, i.e., “molecular buffer”, into
the chimeric pentamer significantly reduced the steric hindrance, becoming able to tolerate the fusion of larger
antigens, and it consequently increased the expression levels of biologically active pentameric form. This
heteropentameric protein conjugated to the E protein was designed to be expressed in a multi-gene
expression-competent yeast Pichia pastoris expression system, and the expressed protein was found to be
efficacious to induce virus-specific immune response with virus neutralization capacity when administered
subcutaneously or intransally. Next, we exploited the oligosaccharide chains attached to the P. pastoris
(PpCTBH)- but not to the E. coli (EcCTBH)-expressed CTB as an anchor scaffold for foreign antigen fusion.
This unique N-linked oligosaccharide chains was located at the circumference of “donut-shaped” pentameric
PpCTBH molecule, and hence is considered ideal for site-specific chemical coupling to foreign antigens for
construction of fusion molecules with increased molecular uniformity as compared to the primary amine-based
relatively random chemical coupling method. Foreign antigen (in this case chicken ovalubumin (OVA)) was
sife-spécifically conjugated via chemical crosslinker to the N-linked oligosaccharide chains of the PpCTBH,
and the resultant chimeric molecule was found to be biologically indistinguishable from bacterially produced
EcCTBH pentamer iﬁ terms of its specific binding affinity for the receptor. Mucosal as well as systemic
administration of the chimeric protein induced strong OVA specific antibody response in serum and mucosal
secretions. Taken together, these results demonstrate that CI'B, either expressed as homo- or pentameric fusion
protein, or as a pariner molecule chemically coupled to foreign antigens, is capable of inducing specific
immune response when administered via the systemic as well as mucosal routes. We expect our results broaden

the application field of recombinant CTB-based vaccination strategy for construction of recombinant

component vaccines against infectious disease.
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