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Artificially controllable nanodevices constructed by DNA origami
technology: photofunctionalization and single molecule analysis
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DNA molecules act as building blocks for assembling nanoscale biometerials by exploiting
high specific recognition and excellent biocompatibility. DNA nanotechnology has already
achieved great progress since the emergence of DNA origami technology. Based on this
convenient method, various kinds of DNA nanodevices have been developed for multiple
applications. In this thesis, it was mainly discussed about the photofunctionalization of DNA
nanostructures in programmed patterns and direct observation single molecule behaviors in
real time based on DNA nanoscaffolds system by high-speed AFM.

(1) Single-molecule visualization of switching behaviors in the DNA nanoframe system by
using different kinds of molecular switches.

Here DNA based molecular switches: photoresponsive oligonucleotides and K*-regulated G-
telomeric repeats were introduced separately into frame-shaped DNA nanostructures. First a
pair of azobenzene modified pseudocomplementary oligonucleotides (Azo-ODNSs) were
tethered into two parallel dsDNAs by disulfide coupling and then hybridized with a vacant
DNA frame. As a result, the two parallel dSDNAs were associated at the central position in an
X-shape because of the trans-form of azobenzene molecules. After the UV light irradiation,
the two dsDNAs were dissociated back to the parallel-shape because of the trans- to cis-
photoisomerization of azobenzene moieties. The hybridization and dissociation of Azo-ODNSs
was directly visualized using high-speed AFM by observing the movement and global change
of two dsDNAs placed in the DNA frame. Using UV and visible light irradiation, the
performance of hybridization/dissociation were reversibly confirmed both in solution and mica
surface.

Furthermore, Azo-ODNs and two G-telomeric repeats were introduced together into another
similar nanoframe system separately in which carrying three parallel dsDNAs. A nanoframe-
shaped platform was constructed for visualization dual-switching behaviors corresponding to
“State-transition” in real time by high-speed AFM. Photoirradiation and K* were used as input
stimuli to switch the interaction among three dsDNAs in a logical manner. Three states were
resulted and summarized: Association State-1 (Azo-ODNSs associated), Relaxation State (both
Az0-ODNs and G-telemeric moieties were free) and Association State-2 (G-quadruplex
formed). As a result, a two-step cascading tranformation reaction was successfully performed
from photoinduced dissociation and G-quadruplex formation in bulk solution and furthermore
a series of dual-switching logical behaviors indicated by conformational change were




reversibly observed using high-speed AFM.

(2) Construction of photocontrollable DNA nanostructures in programmed patterns and
direct visualization of dynamic assembling/disassembling process.

A hexagon-shaped DNA origami was designed and constructed as assembling unit. Azo-
ODNs here were employed as photoresponsive linkers to control the assembly and disassembly
of programmed hexagonal oligomers in various patterns. It was demonstrated that a distinctive
photo-regulated self-assembly method for organizing defined regular or irregular DNA
architectures composed of different numbers of hexagon units. Here the assembly and
disassembly of the oligomers can be regulated reversibly under photoirradiation in a
wavelength-dependent manner. Taking hexagonal dimer as model, the reversible assembling
was confirmed by agarose gel electrophoresis. And also from fluorescence on/off results of
dimers, the assembling/disassembling can be regulated reversibly over ten cycles by switching
between UV and visible light. By using different patterns of assembling units, linear and
curved hexagon-oligomers without facing control was obtained. Moreover, by adjusting the
numbers and the positions of Azo-ODNs in the hexagonal units, the specific nanostructures
such as curved and ring-shaped structures with face controlling were successfully constructed.

To realize the direct visualization of assembling/disassembling between DNA origami
structures, a predesigned hexagonal dimer using same Azo-ODNs as linkers were investigated
here. The observation relies on controlled interactions between the lipid bilayer on mica
surface and cholesterol moieties introduced to the hexagonal unit. The hexagonal dimers
absorbed on the bilayer surface were dissociated into two monomer units after introducing the
UV irradiation. And then the dimer was formed again by switching to the visible light
irradiation. These reversible dynamic processes were directly monitored using high-speed
AFM.

In summary, combining precise manipulation with various kinds of functionalization of
different molecules, DNA origami has gradually become a useful tool for the investigation of
chemical/biochemical interactions in defined nanospace. Moreover, it is also shows the
possibility of DNA nanostructures acting as nanodevices for the applications in various
nanosystems.
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