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Development of Programmable DNA- and RNA-guided proteins via click reaction and their

application for RNA imaging in live cells
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The CRISPR-Cas system, a groundbreaking genome editing tool, has transformed molecular biology by
leveraging programmable guide RNAs to direct Cas proteins to specific nucleic acid sequences. Prior to
CRISPR-Cas, genome editing relied on engineering complex DNA-binding proteins to achieve target
specificity. In contrast, CRISPR-Cas system simplifies the process by employing complementary RNA for
target recognition, offering unmatched speed and design flexibility. Building on this technological
revolution, I developed RNA-guided GFP (RGG) and DNA-guided GPF (DGG), a versatile and programmable
platform for nucleic acid targeting. These tools were created using a click chemistry strategy renowned
for its efficiency and precision, conjugating azide—exposed engineered proteins with dibenzocyclooctyne
(DBCO) -modified guide nucleic acids tailored to complement specific sequence. RGG and DGG, produced in
vitro, demonstrated high conjugation efficiency selective binding to single-stranded nucleic acids in
gel shift assays. Notably, RGG enables precise visualization of intercellular RNAs, such as NEATI and
Satellite III RNA, within living cells, whereas DGG does not. Further optimization of the system revealed
that 3’ -DBCO-modified 30-nt RNA is the most effective guide structure for RGG in cellular experiments
RGG outperforms existing RNA imaging tools in both specificity and efficiency, offering a customizable
and robust system for RNA imaging and molecular analysis. These results highlight the power of direct
conjugation between guide nucleic acids and proteins in achieving targeted functionality within living
cells. This work paves the way for the development of new—generation tools capable of precise nucleic
acid recognition and dynamic molecular modification, advancing our ability to interrogate and manipulate

complex biological processes.
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