Polymers as Vaccine Adjuvants and Vaccine Agents against Tuberculosis
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Abstract
Multivalency bindings are a key feature of interactions in biological systems. The
interactions between carbohydrates and proteins are not as strong as typical protein-protein
interactions. Thus, the interactions rely essentially on the multivalency bindings. The unique
biopolymers – polysaccharides found on the surfaces of pathogenic bacteria are fruitful sources
of antigenic compounds that may potentially be used as immune modulators to serve as vaccine
agents and/or vaccine adjuvants. The extracted polysaccharides found on the outer surface of
Mycobacterium tuberculosis (Mtb) are strong immune modulators. However, the applications
of these biopolymers as a vaccine or vaccine adjuvant are limited by tedious polysaccharide
isolation methods from Mtb culture, low extraction yields, and uncertain chemical identities.
Genetic engineering to overexpress the polysaccharide is difficult because saccharide
biosyntheses are post-translation. A traditional stepwise synthesis for the polysaccharide is
almost impossible because of the macromolecular nature of the polysaccharides. The
development of controlled polymerization is critically essential to practically prepare such
polysaccharides. Therefore, we have aimed to develop a rapid synthetic protocol to fill up this
knowledge gap. In turn, these biopolymers would be available for immunological studies and
we will be able to elucidate the profound interactions between these molecules and the human
immune system. Here, we report the development of controlled polymerization to practically
synthesize the biopolymers. The synthetic polymers were evaluated for its immunological
properties in vitro and in vivo. Systemic inflammation and the promotion of innate immune
response were observed in macrophages treated with the synthetic polysaccharides. In vivo
evaluation of IFN-γ, IL-2, and TNF-α production in mice pre-immunized with the synthetic
glycan protein conjugate also indicated the enhancements of the immunological responses.
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