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Single-molecule imaging of the biological events and their precise regulation using specific molecules
have been increasing importance in the field of nanotechnology. We created a method for selective
attachment of functional molecules to the DNA nanostructures, and constructed a transcription regulation
system controlled by programmed DNA sequences. Also, we designed a single-molecule observation
system for visualization of the transcription using high-speed atomic force microscopy.

First, we examined a strategy for visualizing sequence-selective alkylation of target double-stranded DNA
(dsDNA) using a synthetic pyrrole—imidazole (PI) polyamide in a designed DNA origami scaffold. Doubly
functionalized Pl polyamide was designed by introduction of an alkylating agent and biotin for
sequence-selective alkylation at the target sequence and subsequent streptavidin labeling, respectively. A
designed DNA origami scaffold carrying five different dsDNAs in its cavities was used for the detailed analysis
of the sequence-selectivity and alkylation. The Pl polyamide discriminated the one mismatched nucleotide at
the single-molecule level, and alkylation anchored the Pl polyamide to the target dsDNA.

Second, we designed and constructed a transcription regulation system initiated by DNA nanostructure
changes. Using the toehold system, specific DNA strands induced the opening of the tubular structure. A
transcription product from the purified tube-attached dsDNA template was observed by addition of DNA
strands that were specific for opening the tubular structure. This system can be used for the transcription
switch controlled by specific DNA strands.

Third, single-molecule movement of T7 RNA polymerase (RNAP) and its transcription were directly
visualized using a template dsDNA attached to the DNA origami scaffold. A 1.0 kbp template dsDNA
containing T7 promoter was attached to the designed observation scaffold at two positions. RNAP sliding
on the template dsDNA was imaged by high-speed AFM. In the presence of NTP, RNAP moved in one
direction from the promoter region, and the RNA synthesis occurred on this observation system.




