Nano-scale Science and Technology

1) Pt(111)
STM
2
NH:C¢H+COO
/ STM/STS
SPring8-BL17SU X
((CéH5)2S2)
3
Ag(100)
300 nm SWCNT

Si(100)-(2x1)-H

Action spectroscopy

Cu(111)
STM
Cu(110)
NCCsH4COO
Cu(110)
STM
SWCNT
SWCNT

Si(100)-(2x1)-H

KAWAI, Maki
(NEREREHARE )
(Surface Chemistry Laboratory)

3 4 5 5
6 7
STM
CHsS CS
CeH5COO"
XCsH4COO; X =F, Cl, Br
(C6H5S)
STS
/ STM/STS
SWCNT



FET
FET
FET
FET
FET
X X XAS
Au(788) Mn
STM Mn 1x1  2x1 V3xV3-R30°
(XMCD) Au(788) Mn  high spin
V3xV3-R30° Mn Au
Mn Mn Fe Ni
3d Au(788)
Mn
1
nm
Green Fluorescent Protein (GFP)
GFP
GFP Photoactive Yellow Protein (PYP) Azurin

+

SVC-FCS (Anomalous Diffusion)

19



16THz

120nm

50nm 20nm

Kerr 50

LSI

FDTD

10nm 1 3

14132
Kerr

50nm

S

*1

*1

FT-IR

*2



(Ez)

Ez
65nm
47nm Ez
(Ex)
1 BE
3.
Building Block
SWNT SET
SWNT 1 SWNT
SWNT
(Carboxy Methyl Cellulose; CMC) SWNT 80K
CMC SWNT SWNT CMC CMC
SET
SWNT SWNT
SWNT-SET 120K
SWNT
CVD

1K

100nm

19



! (

(1) DNA

DNA

>GG>GT>TT~TC

2

3)

(4

(5) DNA

100

DNA

DNA
DNA

RNA

1,000

DNA
DNA

DNA
GC>TA>>GA

RNA
RNA

S/N



20 100 DNA

sulfo-NHS
5nm ( 585 nm) 8 nm
( 655 nm) DNA

AFM 3 nm 20 nm
(6)
(epidermal growth factor; EGF) Bmecmoc EGF

GFP-ERK2 PC12 EGF GFP-ERK2
EGF
EGF 1/30~1/100 uv

1/10~1/3 uv

*1

1. Electronic functions at Nano-scale

(1) Single molecule chemistry: Elemental excitation in relation to vibronic coupling and its application to molecular
manipulation.

By injecting tunneling electrons into the adsorbed molecules using a low-temperature STM, we have achieved controlled
excitation of vibrational modes and to manipulate individual adsorbed molecules, e.g., 1) investigation of single water
monomers and dimers on Pt(111) and elucidation of precise adsorption structure of a water dimer by analyzing action spectra
obtained from its lateral hopping motion by vibrational excitation, 2) controlled manipulation of mtethylthiolate on a Cu(111)
surfaces at a vibrationally excited state with the aid of the electric field in an STM junction, and 3) elucidating microscopic
mechanism of CO hopping on Cu(110) by means of measuring hopping yield as a function of electron energy at various
substrate temperatures.

(2) Conductivity of single molecule systems

One of the objectives of this research is to make clear the “contact state” that plays a crucial role in electron transport through a
single molecule anchored to metal electrodes. Using scanning tunneling microscopy (STM) and scanning tunneling
spectroscopy (STS) we have investigated the contact state is ruled by the position of the functional group in the case of
aminobenzoate (NH2CsH4sCOO") on Cu(110). In this year, we have started a combined study of STM/STS investigation with
element selective spectroscopy by use of X-ray absorption and emission spectroscopy using SPring-8 (BL17SU). In addition, We
have investigated the change in electronic structures of functionalized benzenethiolate (C¢HsS) and diphenyldisulfide
((CeH5)2S2) molecules with electron-donating amino group at the para position of the benzene ring on the Cu(110) surface.

(3) Electronic structures of isolated single-walled carbon nanotubes on various metal surfaces

We observed a long-ranged periodic oscillating electronic structure over the entire length of a tube longer than 300 nm.
Spatially resolved STS revealed that the modulation of the band structure is caused by different degrees of charge-transfer
arising from an epitaxial relationship between the tube and the substrate.

(4) Formation and properties of 1D Molecular lines on Silicon

Dangling bond (BD) initiated radical chain reactions of alkene molecules, such as styrene, on the Si(100)-(2x1)-H surface has
drawn much attention to fabricate one-dimensional molecular line on the surface. Although we reported that allylmercaptan
forms a single molecular line perpendicular to the styrene molecular lines in the same reaction manner, the two molecular lines
did not grow continuously, each other. Because the styrene molecular lines formed by radical chain reaction on the
Si(100)-(2x1)-H surface have a [stacking structure of phenyl end groups, it is expected to be conductive along the lines and to
utilize them as nano-wires on silicon substrates. While formation of functionalized styrene lines by substitution of groups is
also anticipated, influence of the substituent on single molecular line growth has not been understood. In this year, we have
found: 1) By the high reactivity of carbonyl, especially acetone, at the chain reaction, in contrast, the continuous growth from
an end of the allylmercaptan line to the acetone line was observed. This clearly shows that the mutually perpendicular line
growth of single molecular lines is available by only reactant gas exchange in the radical chain reactions. 2) We performed the
study of molecular line growth using several types of styrene derivatives that are substituted hydrogen for methyl group.
Consequently, it has been made clear that the substitution at vinyl group, that is the anchor part in the reaction, strongly affect
on the arrangement in a molecular line structure, whereas the substitution at phenyl group affects a little. In particular, the
substitution at the [ site of vinyl group influence over the reaction scheme of molecular line growth and forms a zigzag line.

(5) Nano-scale fablication of orgnic systems at Silicon surfaces
The chemical reactivity of Si wafer surfaces was found to vary depending on the dopant polarity (n-type/p-type). It was
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recognized that the electronic structure of substrate is expressed as a novel physical phenomenon. The precursor molecules
for adsorption, such as bromomethane and so on, were recognized to coordinate on the dangling bonds, which is the reactive
site on Si surfaces, by means of structural optimization simulation by molecular-orbital calculation. A synchrotron radiation
X-ray sources was utilized to perform photoemission spectroscopy and near-edge absorption spectroscopy of the hydrocarbon
adsorbates. For methyl adsorbate, the symmetry and the lifetimes of electrons at unocuppied molecular orbitals were
estimated orbital by orbital.

(6) FET of Organic thin films: High sensitivity for moisture

The organic field effect transistor (OFET) of dihydrodiazapentacene, having capability of forming hydrogen bond at the position
of imido group, shows extremely highly sensitivity to the partial pressure of moisture. It is considered that the water molecules
attaching the surface or grain boundaries of the organic thin films contribute to reduce the electric field at the vicinity and
suppress the efficiency of charge migration.

(7) Property Control over Organic Thin layers by Charge Injection

Organic field effect transistor (OFET) is an electronic device that controls of electric conductivity by injection of carriers into
the organic molecular thin-film under the applied electric field. Based on the knowledge of inorganic semiconductor transistors,
the conductive mechanism have been generally understood with a scheme of band bending of electronic states. However, the
energy diagram may not be the same between inorganic and organic materials, because of more localized orbital of the
molecules. It is, therefore, important to elucidate the difference of electronic states for using the peculiar functionality of
organic molecular materials for the future advanced devices. In this study, we have exerted ourselves to establish an
experimental method, i.e., Fluorescence-yield X-ray absorption spectroscopy (XAS), that can directly observe the electronic
state change at deep part of organic thin films in OFET. As a result, we succeed to observe the electronic states of inner organic
thin films, even though the organic film is fully covered by a gold electrode with the electric field applied.

(8) Physical properties of low dimensional metal systems

We investigate the crystallographic features and magnetism of one-dimensional (1D) structures of Mn fabricated by the
step-decoration method on Au(788) surfaces, where parallel steps are arranged periodically. STM observations reveal that the
1D Mn adlayers exhibit 1x1 or 2x1 structures in the vicinity of the steps, while V3xV3-R30° structure appears on the terraces.
The x-ray magnetic circular dichroism (XMCD) measurements indicate that the Mn on Au(788) is in a high spin state, which
yields magnetic moment showing out-of-plane anisotropy, and that the magnetic behavior of the system at low temperature
varies from superparamagnetism to paramagnetism as the Mn coverage is increased. These results are well understood if we
assume that the 1D Mn structures near the steps are superparamagnetic while those on the terraces are paramagnetic. The
shapes of obtained M-H curves suggest that the interaction between Mn atoms and the Au substrate and the ferromagnetic
coupling between Mn atoms are both relatively weak. The conclusions of the observations on Mn/Au(788) are completely
different from those on Fe/Au(788) and Ni/Au(788), which implies that the electron configuration of the 3d orbital plays a
dominant role for the magnetism of the low dimensional system at the surface. It should be also noted that the magnetism of
Mn nanostructures on the same substrate depends on the crystallographic feature. Further investigations are necessary to
reveal the mechanism.

(9) Surface Chemistry of bio-materials

This project was started under our motivation to seek for novel quantitative knowledge on biochemically interesting entities by
applying the modern physical techniques of observation. We specifically used nanometer-scale techniques of observation, such
as STM, AFM or tunneling light emission to detect the microscopic structure of cell membranes and single protein molecules.
The examples of attempts have been rare, and also as for ourselves, intense efforts were needed from obtaining the apparatus
and materials to the actual process of observation. 1) STM imaging of model cell membranes and proteins: Continued from the
last fiscal year, phospholipid membranes were examined by STM in aqueous media. Composite membranes of phosphatidyl
acetyl choline and phospatidyl ethanolamine were constructed on Au substrate, and according to the mixing ratio, the structure
of membranes varied characteristically. Furthermore, “duramicin”, a protein that specifically binds with phosphatidy
ethanolamine, was added to the mixed membranes to obtain molecular images as well as the effects for the phospholipids.

The vescicles (cellular particles usually formed in mixed lipids, with a minimum diameter of 40 nm) were rapidly decomposed
by the effect of duramicin. It is extraordinary that an apparent nanometer-scale observation was realized for the effect of
duramicin, similar molecules of which are known as toxic proteins to erode cellular surfaces. 2) Attempts to observe
tunnel-current-induced light emission by STM: It was recently recognized that a fluorescent light emission was promoted by
excitation of molecular electronic states by tunneling current fro the STM tip. On the other hand, Green fluorescent protein
(GFP) is an excellent kind of molecules used in biochemical research. GFP maintains strong fluorescence even in aqueous
solutions in which rapid de-excitation usually takes place. We recognized that solution-cast GFP layers dried in air maintain
fluorescence activity. Moreover, the layers were fluorescence active even after evacuation in a vacuum chamber. It is
possible to detect fluorescence from protein not only in aqueous media but also in vacuum, leading to the detailed studies of
energy transfer. In addition to GFP, we developed methods to fix photoactive yellow protein (PYP) and azurin firmly on the
substrate surfaces. For the unprecedented challenge of fluorescence excitation by STM, we are preparing highly sensitive
spectrometers and so on. 3) Observation of molecular forces generated on charged adsorbates by means of atomic force



mocroscopy (AFM): It is anticipated that phospholipids and proteins adsorbed on metallic substrates within aqueous solutions
are ionized depending on the environment with various charging states. The charging state can be controlled by applying
electrochemical potential by redox reactions. This year we performed an unprecedented force-curve measurement for mixed
thiol self-assembled monolayers (alkane thiol + ferrocenyl thiol), of which oxidation state was controlled electrochemically, on
the substrate as well as the AFM tip surface. The force curve greatly changed according to the oxidation state of substrate and
tip, indicating that AFM is sensitive to the oxidation state of adsrobate. This method is expected to be applied on phospholipid
membranes and proteins close to the real biochemical entities.

(10) Investigation on nanostructure of extracellular substances.

Using a bland new method of fluorescence correlation spectroscopy (FCS), i.e. sampling volume controlled FCS, we investigate
on anomalous diffusion phenomena occurring in extracellular substances. We still continue to analyze the results with
theoretical consideration based on nanometer scale mesh model and percolation theory. In order to improve this observation to
a new diagnosis method for osteoarthritis (OA), the extracellular matrices extracted from the cartilage of porcine legs were
studied. We constructed a model system which consist of damaged and normal cartilage a using protease treatment and
observed the change in the mesh structure of nanometer scale by FCS, expecting that these methods can be sophisticated to be
a diagnosis for the early stage of OA. As a novel extracellular substance, we succeeded to extract a new glycoprotein, a kind of
mucin, which is a main component of mucus, as a bland new substance from jellyfish. This new mucin was proved to have an
appropriate structure as a natural surfactant forming nanoparticles and effecting as a dispersant.

2. Nano-functional photonics

1. Plasmonic Metamaterials

We fabricated plasmonic metamaterial by using two-photon induced metal-ion reduction method. The metamaterial structure
was an array of pairs of silver nano-rod, and it was fabricated on the quartz substrate. The electro-magnetic properties of the
metamaterial was examined by using far-infrared FT-IR spectroscopy. In the experiment, we have successfully confirmed
that the fabricated metamaterial interacted directly with the magnetic component of the far-infrared waves of 16THz in
frequency.

2. Two-photon reduction for fabricating three-dimensional micro/nano metal structures

We tried to improve the spatial resolution of the two-photon reduction technique which uses a femto-second ultra-short pulse
laser as a light source. In the conventional system, when a high-intensity Ti:Sapphire laser is focused into a silver nitrate
aqueous solution, nano-scale silver crystals are created in the focused laser beam spot. Even after stopping the laser
irradiation, the created silver nano-crystals grow and become sub-micron size silver particles. The size of silver particles
determines the final spatial resolution. We tried to decrease the size of the silver crystals by inhibiting their growing process
in order to improve the spatial resolution. We added the surfactant molecules which adhere to the silver surface to silver
nitrate aqueous solution. From the experimental results, we succeeded in realizing 120nm resolution which exceeds the
spatial resolution calculated by Rayleigh criterion.

3. Three-dimensional optical storage

We developed multilayered optical disk which has 5 recording layers stacked on the glass substrate. As the recording
material, rhodamine-B and Au(II)-ions doped PMMA material was used. We recorded bit-data onto the multi-layered 3D
disk by using two-photon techniques and readout them by confocal readout techniques. We tried dynamic recording/reading
test using rotating disk and examined the cross-talks between adjacent recording layers, three-dimensional recording densities,
and signal intensity dependences to the recording layer position.

4. Plasmonic devices

We have analysed dispersion relation of 1-D plasmonic crystal slabs, which are metallic thin films whose both surfaces are
periodically corrugated, using the rigorous coupling wave analysis method. Additionally, we have calculated the radiation
property of the same plasmonic crystals using the same method. From these results, we have deduced a unified explanation for
the dispersion relation and the radiation property of 1-D plasmonic crystal slabs with arbitrary corrugations. We have
developed an automatic measurement system both for the dispersion relation and the radiation property of 2-D plasmonic
crystal slabs.

5. Two-dimensional nano imaging using metal nanorod array

Magnification in image transfer using metallic nanorod array has been demonstrated by FDTD (finite-difference time-domain)
algorithm. The magnification is determined by the ratio between array pitch at the entrance and the exit. The nanorod array
is arranged in cascade with nanogap to transfer image with high efficiency and with long distance. Plasmon resonance on
individual metallic nanorods at each layer and gap effect between the rods contribute to the imaging in multi-layered structure.
We found that the odd number of layer enables a broadband spectrum transfer without shift of resonant frequency.

6. Chiral Nanophotoincs
We have evaluated the photonic-band structure and the electro-optic response of polymer-stabilized blue phase with the aim to
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utilize single crystallized technique, which was developed in last year, as optical devices. The sample formed a body- centered
cubic lattice (I4132) reflecting the structure of the blue phase (I), the corresponding dispersion relation of which was
experimentally observed. We have also confirmed that light amplitude modulation in proportion to the square of the applied
electric field was induced by the electro-optic Kerr effect. The Kerr constant was found to be 50 times larger than that of
nitrobenzene, and the response speed to be sub-millisecond.

7. Characterization of nano-scale strain of crystals by near-field Raman spectroscopy

Reflection-mode tip-enhanced Raman scattering (TERS) has the advantage to characterize any samples, particularly opaque,
bulk and multilayered samples. However, the background signal in reflection-mode TERS is huge due to large focus spots
associated with objective lens that has long working distance. Moreover, for a multilayered and bulk sample, the Raman signal
from the bulk layer interferes with the Raman signal on a thin surface layer. This unwanted bulk background signal reduces
the sensitivity of the measurement and makes it difficult to get high-contrast TERS image in reflection-mode. We used Raman
tensor analysis to quantify the far-field Raman intensity at different polarization states of the polarizer and analyzer at
varying sample azimuth. The polarizer, analyzer and sample azimuth combination that gives minimum far-field background
signals with high contrast in SERS was utilized in TERS experiment to obtain high contrast near-field Raman signal. Both the
field enhancement effect and depolarized detection were considered to obtain a high signal-to-noise TERS signal. We found out
that for Raman active and thin crystalline samples assembled in bulk materials, depolarization effect outweighs the field
enhancement effect in getting high-contrast Raman signal.

8. Higher sensitivity in near-field Raman spectroscopy

We developed a method to achieve higher sensitivity in near-field Raman spectroscopy by using a gap-mode plasmon excitation.
Illuminating a 50nm-thick silver thin film by radially polarized beam can excite focused surface plasmon polaritons, which
result in an enhanced electric field. When a metallic tip is adjusted onto the enhanced electric field, gap-mode plasmon is
excited, which can further boost the Raman signals of the molecules at the gap.

9. Nanomovement of azo polymers induced by metal tip enhanced near-field irradiation

A nano protrusion was optically induced on the surface of an azo polymer film by metal tip enhanced near-filed illumination via
light induced mass transport of the polymer A nano protrusion with 47 nm full width of half maximum and 7 nm height was
induced with a resolution beyond the diffraction limit of the light. The protrusion occurs because the film is attracted towards
the tip end during irradiation by optical gradient force. At the top of the protrusion, an anisotropic nanomovement of the
polymer occurs in a direction nearly parallel to the polarization of the incident light, and suggests the existence at the tip end of
not only a longitudinal, i.e., along the tip long axis, but also a lateral component of the electric field of light.

3. Functional nano-spin research
1. Fabrication process of nanostructures (Ishibashi, Shiokawa, Yamaguchi)

To realize nanostructures with a size of several nm is difficult only with conventional lithography techniques (top-down
technology). A bottom-up technology in which the nanostructures with several nm are easily formed in a self-assemble manner
is a attractive technique for the aim. However, to merge the two technology is needed to really fabricate extremely
nanostructures that can be applied for nanodevices. To do that, we are interested in carbon nanotubes and Si nanowires that
have a diameter of several nm and a length longer than micron, as building blocks of spin-related nanodevices.

(1) Fabrication of the SET with the SWNTs coiled around by polymer molecules

Tunnel barriers in the SWNT single electron transistor (SET) fabricated in a standard method is not satisfactory in terms of
the controllability and the quality of the barrier, so that the method to fabricate more controllable tunnel barrier is required for
the practical application of nanodevices. Using carboxymetylcellulose (CMC) as a dispersant of the SWNT suspension, the CMC
molecules coil around SWNTs. The SETs fabricated with the suspension have operated up to about 80K. This improvement of
the temperature characteristics is due to the improvement of the interface property between metal electrode and SWNT. The
coiled CMC makes electric dipoles at the interface and modulates the work function of the metal electrode. As a result, the
barrier height becomes higher than the generally simplest SWNT-SET.

(2) Fabrication of the SWNT-SET using ion beam irradiation technique

The irradiation of low energy ion beam can induce defects on the SWNTs and the defects induced SWNTs have higher electric
resistivity. If we irradiate the ion beam partly on the individual SWNT, the higher resistivity parts can work as the barriers for
the SET. We achieved the SET operation using this technique up to 120K. Now the mechanism of the higher temperature
operation is under consideration, however, we expect the much better improvement in the future.

(3) Aligned growth of carbon nanotubes

To control positions and orientations of carbon nanotubes on a substrate is important to realize the integration of nanotube
devices such as SET and FET and to assemble the functional devices consist of several nanotubes. Lately, we have succeeded in
controlling the positions of carbon nanotube by a CVD-growth of nanotubes directly on the substrate with a patterned catalyst.
However, it was not enough for our purpose, because the grown nanotubes have random orientations. Therefore, we are trying
to control the orientation of growth of nanotubes. It is known that CVD-growth nanotubes can be aligned along a specific
atomic arrangement or atomic steps of substrate surface when specific substrate such as a sapphire and quartz are used. Based
on this nature, we will fabricate carbon nanotube array in which all nanotubes hollizontally align to the substrate, and use it as



a template for nanotube devices. Until now, we have succeeded in the aligned growth of nanotubes using quartz substrate and
ferritin as a catalyst. We have also succeeded in the aligned growth of nanotube in local position with catalysts patterned by a
photography technique. We are now working on the optimization of the catalyst density and the CVD conditions in order to
match the length and tube density of growth nanotubes to the fabrication process of nanotube devices.
(4) Fabrication of quantum dots with Si nanowires

Si nanowires could be attractive for spin based-nanodevices, because they have a small spin-orbit coupling and a Si atom
with a nuclear spin is not dominant, which is also the case for carbon nanotubes. This indicates that the spin is stable in Si.
Because of this, we have started fabricating quantum dot with Si nanowires. Si nanowires with a diameter of several nm and a
length longer than micron can be formed with a catalytic chemical vapor deposition (CVD) method. We have developed a
fabrication process of the SET from a single Si nanowire, and have succeeded in observing a single electron transport at low
temperature for the sample with a diameter of 100nm. By using the narrower nanowire, the operation temperature can
increase, and a variety of nanodevices could be fabricated with the material.

2. Spin-related physics in nanostructures (Kono, Ono)

(1) Fast manipulation of potential energy of quantum dots and transient current

When a spin blockade state of a double barrier vertical quantum dots is quickly brought into Coulomb blockade state for a time
period on the order of nano second, a transient current flows through the dots. This current is due to the singlet electron state
in the dots. Once the triplet state forms the current stops and spin blockade state recovers. We found that the observed
transient current has a consistent property with the above-mentioned picture.

(2) Transport properties of quantum dots under strong magnetic fields

We fabricated vertical double dots with split double gates and investigated the transport properties under strong magnetic
fields. We observed the Zeeman splitting of energy levels of an artificial atom, so that we obtained the information about the
electron g-factor inside dots.

(3) Photoconductive properties of quantum dots

We studied the influence of light irradiation to quantum dots. Irradiation of light produces electron-hole pair when the light
wavelength is enough short. The electron produced inside the dot will escape into a drain and only the hole remains inside the
dots. The accumulation of holes works as if a gate bias is positively applied. By lowering the light intensity we found the
regime where individual photon absorption event results in a step of the transport property.

(4) Electric transport properties of single fine particles

We fabricate nano-gapped electrode on the order of 10nm by employing electro-migration effect. We succeeded in catching a
semiconductor fine particles in the gap and measured the transport properties. We observed a characteristic structure
reflecting charging effect of fine particles.

(5) Low dimensional electron systems on He film and capillary condensed channel

We fabricated a nano-gapped electrode and a trench structure on the order of microns to investigate surface state electrons on
He film and capillary condensed He channels. The solidification transition of electrons on the channel showed a clear size
effect. We are developing basic techniques to manipulate single electrons.

(6) Quantum excitation dynamics of surface state electrons on liquid He surface

We studied a millimeter wave absorption of surface state electrons on liquid helium and found a prominent hot-electron effect.
The observed phenomena were successfully explained by the relaxation mechanism of the excited state. Nonlinear effect was
observed and it is due to strong Coulomb interaction between electrons, which is another important issue to understand the
quantum dynamics of millimeter wave absorption.

4. Nano Bio-Functional Molecular Systems

(1) Study of nano-interaction between DNA-modified surfaces

We previously discovered that nanoparitcles modified with short double-stranded DNA aggregate together depending on the
terminal base pairs. To elucidate the mechanism of this phenomenon, we have studied adsorption of DNA-modified gold
nanoparticles onto DNA-modified flat gold surface using surface plasmon resonance. We observed the following ranking of
attraction forces unique to terminal base pairs: GC > TA >> GA > GG > GT > TT ~ TC. This ranking suggests the importance of
base-stacking interaction to the phenomenon.

(2) Chemistry and engineering of formation of protein nano-size structure

A number of proteins and peptides have been found to aggregate into nano-size fibrils or oligomer structures that cause various
diseases. Amyloid B peptide (AB) forms typical fibrils and is known to cause Alzheimer’s disease (AD). However, the
pathological mechanism is still unknown. We have found that molecular chaperone prefoldin induces a formation of highly
toxic soluble AB oligomer. Our studies using single molecule imaging technique suggest that this oligomers are formed by the
specific binding of prefoldin to soluble oligomers. Now we are investigating its molecular mechanism in vivo.

Insulin is a small protein hormone and also known to form amyloid fibrils under destabilizing conditions. We have found that
insulin forms thin and flexible filaments in a presence of a reducing agent, Tris (2-carboxyethyl) phosphine hydrochloride
(TCEP). Cell toxicity of the novel insulin filaments was much lower than that of insulin fibrils. Now we are investigating its
application for cell culture matrix.

(3) Nucleic acid nano structure

RNA interference mechanism is explained that RNA double strand introduced into cells causes gene silence. Therefore, RNA
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interference is gaining the attention for making new drug. However, natural RNA strand quickly decompose in vivo and the
gene silencing effect is not continued for a long period. To solve this instability problem, we designed new RNA nano structure
which is called as dumbbell-shaped nanocircular RNA. Dumbbell RNA showed strong resistance to enzymatic degradation and
potent gene silencing effect.
(4) Design of Nano-Interface of Microarray Chip
In order to simultaneously detect various protein-protein interactions, we are developing a new type of microarray chip. Here
we investigated the nano-interface between artificial chip surface and immobilized proteins. We found that polymers carrying
zwitterions inhibited non-specific interactions with bio-components including proteins. Therefore coating of the polymers made
the microchip surface non-biofouling and the coated materials enhanced the signal/noise ratio of proteins interacted with
immobilized proteins. The fundamental properties of polymer were also characterized.
(5) Fabrication of DNA-Templated Two Color Semiconductor Quantum Dots Wire
DNA-directed arrangement of Q-dot was developed toward the fabrication of molecular devices. A template DNA more than
1,000 bases of length with a repeat unit of 100 bases was synthesized by enzymatic reaction. Alternating Q-dots alignment
were fabricated using complementarity between the template DNA and short fragments of DNA. Two different sequences of
DNA were modified with two different colors of Q-dots by avidin-biotin reaction and a reaction between amino group and
sulfo-NHS group, respectively. These Q-dots possess 5 and 8 nm in diameter, respectively. Alignment of Q-dots on the template
DNA was confirmed using fluorescence microscopy. In AFM images, Q-dots were aligned at about 20 nm spacing and this
extended DNA-(Q-dot) complexes had the height of 3 nm on average. (Observed Q-dot in AFM image was commonly lower than
the actual Q-dot due to tip stress.)

(6) Synthesis of Caged Cell Signaling Molecules
Photo-sensitive epidermal growth factor (caged EGF) was developed by modification of amino acid residues with a
photo-sensitive caged compound Bmcmoc. Activity of the synthesized caged EGF was assayed by observing transport of
GFP-ERK2 from the cytoplasm to the nucleus in PC12 cells. Upon activation of EGF receptor by association with EGF,
cytoplasmic ERK2 is phosphorylated and moved into the nucleus to stimulate newly gene expression. Activity of crude fraction
of caged EGF was reduced by a factor of 1/30-1/100 compared to native EGF. Releasing of caged compound by UV irradiation
recovered the activity to 1/10-1/3 of the native molecule. To improve the function of caged EGF, procedures for analysis and
purification of caged and un-caged EGF molecules were established using reversed phase column chromatography.



