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Precise arrangement and functionalization of target molecules at the single-molecule level and their
imaging have been increasing importance in the nanotechnology in recent years. In this study, we
constructed DNA nanostructures by using a DNA origami method to assemble them into two-dimension
according to the sequence program. In addition, we designed an observation system for visualization of
the dynamic behavior of the single molecules using high-speed atomic force microscopy.

We examined the design and construction of a system that can be programmed with a set of DNA
structures, which can be extended to two dimensions. By combination of complementarity of the DNA
sequence, complementary of the shapes, and Tr-interactions, we designed a DNA nanostructure, whose
double helix axes of four edges oriented outside. Using this nanostructure, we built a cross-shaped
structure and a hollow square structure by self-assembly. This method can realize the various
arrangements of the functionalized components into two-dimensional structures in accordance with a DNA
sequence program.

We next constructed a single molecule observation system for the dynamic DNA structural changes
induced by the formation of guanine quadruplex in the nanoscale structure. G-quadruplex has a critical
role in the genetic control in vivo. Two double-stranded DNAs (dsDNA) having [3+1] divided G-quadruplex
sequences in the center were introduced into the DNA frame structure. The X-shaped structure of dsDNAs
bound in the center was observed by the addition of potassium ions to the DNA nanostructure. Then, the
formation of G-quadruplex was observed in real time by high-speed AFM. When the sample was observed
in a solution containing potassium ions, the two separated dsDNAs contacted in the middle to form the
X-shape structure during AFM scanning. We have succeeded in building an observation system using a
designed DNA nanostructure, in which G-quadruplex formation was directly observed by detecting the
dynamic structural change of two dsDNAs.




