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DNA is well known as the career of genetic information. Nucleic acid molecules can be
utilized as excellent pieces for constructing nano-size structures and devices by using their
unique structural motifs, physical robustness and self-assembling features. For constructing
desired structure, DNA nano-technologies require elaborate designs and oligonucleotides. The
establishment of DNA solid phase synthesis method enables us to readily prepare
oligonucleotides which have desired sequences and dramatically advanced DNA-
nanotechnologies. In this study, we have constructed a DNA origami tubular structure using
a novel method, observed DNA-protein complex formation at single molecule-level using

DNA origami template, synthesized and utilized a new emissive nucleoside analogue.

Helical DNA Origami Tubular Structures with Various Sizes and Arrangements

We developed a novel method to design various helical tubular structures using the DNA
origami method. The size-controlled tubular structures which have 192, 256, and 320 base
pairs for one turn of the tube were designed and prepared. We observed the formation of the
expected short tubes and unexpected long ones. Detailed analyses of the surface patterns of the
tubes showed that the short tubes had mainly a left handed helical structure. The long tubes
mainly formed a right handed helical structure and extended to the directions of the double
helical axes as structural isomers of the short tubes. The folding pathways of the tubes were
estimated by analyzing the proportions of short and long tubes obtained at different annealing
conditions. Depending on the number of base pairs involved in one turn of the tube, the
population of left-/right handed and short/long tubes changed. The bending stress caused by
the stiffness of the bundled double helices and the non-natural helical pitch determine the

structural variety of the tubes.




Single Molecule Visualization and Characterization of Sox2—Pax6 Complex Formation on a

Regqulatory DNA Element Using a DNA Origami Frame

We report the use of atomic force microscopy (AFM) to study Sox2—Pax6 complex formation
on the regulatory DNA element at a single molecule level. Using an origami DNA scaffold
containing two DNA strands with different levels of tensile force, we confirmed that DNA
bending is necessary for Sox2 binding. We also demonstrated that two transcription factors
bind cooperatively by observing the increased occupancy of Sox2—Pax6 on the DNA element

compared to that of Sox2 alone.

Development of a Visible Nanothermometer with a Highly Emissive 2’-O-Methylated

Guanosine Analogue

We have synthesized a fluorescent base analogue, 2-aminothieno[3,4-d]pyrimidine based G-
mimic deoxyribonucleoside, 2’-OMe-"G, and investigated its photophysical properties and
DNA incorporation. The 2’ methoxy group of 2’-OMe-"G effectively induces the Z-form
DNA. Finally we have achieved to construct nanothermometer based on the B-Z transition of
DNA using 2°-OMe-"G.

Development of Distance and Orientation Controlled FRET System Using Emissive dG-dC

Analogue Pair
We report the new type of Forster Resonance Energy Transfer (FRET)-pair using

isomorphic nucleobase analogues. This FRET-pair consists of "dG*? as an energy donor and
the tC* 1,3-diaza-2-oxophenothiazine, as an energy acceptor. The designed FRET-pair
successfully shows distances of one turn of the DNA duplex as the difference in color. A
combination of oligonucleotides containing the "G-tC FRET-pair at chosen positions enables
to accurately distinguish the distance between donor and acceptor by using fluorescent spectra.
In addition, this FRET-pair could form Watson-Crick base pair between "G and tC. This new
FRET-pair based on emissive nucleobase analogues will have a great advantage in the study of

DNA super organizations.




(Bifk 2 )

R XEEDOREROER)

DNA (X, A—T &. G—C L9 Watson-Crick ¥itExtZ Bz X - T, fHir 72
TARD DNA B b5 T EBEREE A & o TV D, T4, DNA R E MR
BoAIRF SME LIS K 5 B CAERRERE D3 EH S 4, DNA # U 7 k% M7z DNA % M
WTe T ISR, F ) T RAOREENE AN LTS, DNA 4V HIIET
IZ. BV —A$H DNA(template) & FHHHI 728 — A8 DNA(staple) & —EHEK =&
HZ LR, [EBEO#EZFE o7 DNA /B ERE2B2 LN AETH D, %
T2 EREER Y 12, BRI TO DNA DIELZE WA RS ETRIHATHZ LT
. £7- DNA OHEEELEZRHA LIZT ) T Z20MELE LTHLEHATH S,

HEE#H 13X DNA 4V 7 J3EE AW, #7272 DNA J/ #iE R & L CTERBEIR DNA F
)T a—T OREEITV, TOFEMRBEIC OV TRFEITo 72, Fo— 7 Rk
FHMTHLINLRTH D Z N OEEMEE L TEN, 72N ez F
HLIEWEERHED R THY, T/ HERE L THERINTWD, FFEHITK L 22
MRHER DNA F /) Fa—T 28K T2 EICED, wo D LiET=—VU 7%
HTITEMNE T HEEE OBIEEENINELISERTE L Z EEH LN L,

X 52 DNA 7 L— A EIEEIL S DNA T/ #&E IR %2 ¢, 35K 1 SOX2 B &
Y Pax6 @ DNA ~DifEE % w7 BRI L 0 Bl L7, & Of5E SOX2 73
DNA IZHEE T HBE. DNA " HIgERE O 2 #hlF, £ 72 SOX2 & Pax6 1T ZE1ic
DNA IZHEAT A L 2 — 0T L-ULTHID TBIERTAZ LIk L,

FlHEM T T ) VU ERIETH D 2>-OMe-F = ) T ) v Vi DNA @
B-Z RO At L O'DNA 7V IREFF OB EITo 7z, EkOT AT ) J
7 7 (MdG) DA TIL syn a2V E A= arEEDICKWEDRLNIZEHETL
WP BRI o T B-Z BBORRIGICEII LTc, EHICF /7T a2 Hni
Hi=72 FRET xR b 1T -7-, FRET 30+ OEE2mA57-0n 7o —7L L
TEZLHWBLNTWD, HiEET "G 2 FF—L LT, ¥ M rod it xikTH
LHH ATV I v (O T VT H—E L THWEHIT-72 FRET Xf 24 L,
Z® FRET RO EEER L O F HRIEEIC O OW TS 21T - 72, Z O 7= 72 "dG-tC
STENZENTT 2, v MU OEEBRIR Th D729 Watson-Crick M Kkt & 2 Ak
T 5 LN TE, BWHESTERATREZ: FRET xHX Z @ "dG-AC N &I OF Th 5, £
T-ERERIR TH DI DRI A zflEd 2 2 ENaRE L 7o 72,

PLE, AESCEDNA AU H I EEHWEB7- 72T 7 SR OREEE & DNA-Z %
7 B OAAERO—4r FATEORE, S BICHB S EEIREZIKIZ L 5 DNA
ERIEEDEB O AL, BRELIC O W TR TE Y M THAIM AR LD TH D,
TV DOHIFEE ORKEIT DNA F / fEE IR OREEE & fifbT . BEREMEEZ R AR DA 9T
ICBWTIHERICEERLOTHL EE2LND, Lo T, AmtidE+t (Bl%) o
FAER L E LTIMES 2 b0 LBO LD, £z, Y2 81 H 1 2 H, @
REZNICEELZAERB Z21To72, TOME. G RO BN,

EERAKHREH : 4E A H DL




