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Abstract 

Messenger RNA has emerged as a powerful therapeutic modality, yet its key properties - 

translation efficiency, stability, and immunogenicity - remain difficult to control precisely. Our 

laboratory develops chemistry-based tools to design and synthesize mRNA bearing defined, 

position-specific modifications. In this talk, I will present our methods for the complete chemical 

synthesis of mRNA and for efficient chemical capping, together with the PureCap approach, which 

uses a hydrophobic photocleavable tag to isolate fully capped mRNA and thereby enables reliable 

evaluation of cap structures. Building on these tools, we have systematically examined how the 

cap structure, the 5'-UTR, the poly(A) tail, and position-specific nucleoside and backbone 

modifications govern translation and stability. I will also describe internal cap-initiated translation 

(ICIT), a molecular design that endows circular mRNA with cap-dependent, highly efficient, and 

potentially cell-type-selective protein production. Together, these chemical strategies expand the 

design space of linear and circular mRNA and offer a versatile platform for next-generation RNA 

therapeutics. 
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In addition, chemically modified nucleoside analogs are applied to siRNA and antisense 

oligonucleotides to enhance the knockdown efficiency and durability of the effect. 


