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Investigation of molecular insight into genome editing tools by single-molecule
imaging
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In this study, we employed high-speed atomic force microscoEy (HS-AFM) to
examine various CRISPR/Cas genome editing tools, visualizing their interactions with RNA and their
binding and cleavage of target DNA in real space and time. Our aim was to achieve a comprehensive
understanding of the DNA cleavage mechanism of Cas proteins in action. We successfully visualized
the flexible structure of SaCas9 and FnCas9 in their nucleic acid-free states, the stable and rigid
two-lobe structure in their RNA-bound states, the fluctuations of the REC domain, and the
displacements of the nuclease domain in the RNA-DNA bound states. Additionally, by comparing these
results with previous data of SpCas9, we proposed a common structural framework and a distinct
molecular mechanism for the operation of Cas9 proteins. We believe that this research is expected to
serve as a fundamental basis for the further advancement of genome editing tools.
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