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Abstract 

DNA is emerging as a powerful and versatile nanoscale building block for the construction 
of precisely self-assembled nanostructures due to its desirable molecular recognition property, 
precise nucleobase sequence control, ease of chemical functionalization, and sensitive stimuli 
responsiveness. Light is the most promising non-invasive regulating input because it enables 
remote control of reaction systems with high spatial and temporal precision and without causing 
pollution. However, the synthesis of many reported photon photoactive groups does not allow 
for oligonucleotide conjugation, as they are often restricted to mono-functionalization. 
Moreover, these groups face limitations due to experimental and synthetic complexities. In this 
talk, I will present my research divided into three parts: (1) Redesigning the synthetic pathways 
of these photoactive molecules and synthesizing a series of bi-functional two-photon 
photocleavable phosphoramidite molecules using typical chemical reactions. (2) Effectively 
introducing these molecules to DNA strands at any sequence position through standard solid-
phase synthesis using well-established cyanoethylphosphoramidite chemistry. This will allow the 
formation of light-activatable nucleic acids. (3) Utilizing these photocleavable nucleic acids as 
building scaffolds for the construction of DNA-based nanocarriers, which can be used for light-
triggered cargo release. Additionally, they can serve as light-cleavable linkers in the construction 
of DNA devices that mimic the functions of Boolean logic gates. These devices can perform logic 
operations such as AND, OR, NOR, and NAND gates in response to different wavelengths of light 
inputs. 
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