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Outline

In this laboratory the aim is to create new functional materials by a new method which will be
developed by combination of chemical and biotechnological methodology. We use combinatorial
chemistry, molecular engineering, polymer engineering, hybrid materials engineering, gene and
protein engineering, micro-fabrication technology, and nanotechnology to synthesize new materials
and the systems for development of regenerative medicine, artificial organs, drug delivery systems,
nano-medicine, biochips, bioelectronics, artificial enzymes, and artificial antibodies.

1. Medical Engineering for Diagnosis

(1) Development of microarray biochip (Ito)

In order to develop a new diagnostic system using micro-array biochip, we synthesized new
photo-immobilizable polymers and evaluated the performance as an immobilizing matrix. This year
we focused on the reproducible manufacturing the photo-immobilization system.

(2) Nucleic acid sensing in living cells (Uzawa)

Aiming for harnessing the photo-induced electron transfer from a ruthenium complex to
rhodamine derivative to detect a specific gene at certain position and time in vivo, we selected RNA
aptamers for a ruthenium complex and a rhodamine derivative using in vitro selection method.

(3) Protein sensing (Uzawa)

Using in vitro selection technique, we developed probes which change the emission intensities
upon binding to their specific targets; the calmodulin binding probe enhances its fluorescence upon
binding to calmodulin (Figure 1), whereas the verotoxin binding probe decreases its fluorescence
upon binding to verotoxin.
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Figure 1 The complex structure of the
developed peptide and calcium-bound
calmodulin was simulated by MD. The
developed peptide containing a fluorogenic
molecule emits fluorescence upon the binding
to the calcium-bound calmodulin.

2. Therapy by nano medical engineering

(1) Preparation of stem cells for regenerative medicine (Wada, Ito)

In order to prepare reprogrammed cells derived from somatic cells, some methods were
investigated using cell fusion of embryonic stem cells with somatic cells. Microfluid system was
developed for cell fusion with Drs. K. Hosokawa at Bioengineering Laboratory of RIKEN. We found
that the fusion efficiency was enhanced by a cell-regulating inhibitor. It was also indicated that
chemically fixed feeder cells supported the growth of mouse and human iPS cells with keeping
undifferentiated state. We found the fixed cell activity depended on the cell membrane fluidity.

(2) Synthesis of fusion protein for regenerative medicine (Tada)

Surface-binding growth factors and cytokines were designed and characterized by measuring
binding affinity to the surface and cell proliferation activity. Phosphorylated peptide sequence
derived from statherin protein, known for its high affinity to hydroxyapatite surface, was
conjugated with epidermal growth factor (EGF). This modified EGF showed high binding property
to hydroxyapatite and titanium surfaces and induced cell growth in in vitro culture. Another
binding EGF, selected by evolutionary molecular engineering method, also bound to titanium
surface without severe activity loss.
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Figure 2 The Design of surface-binding growth factors. (A) Immobilization of epidermal growth
factor (EGF) with phosphorylated peptide derived from statherin protein. (B) In vitro selection of
binding growth factors based on evolutionary molecular engineering.

“Fusion protein library”

(3) Drug delivery system (Ueda, Kobayashi)

The hollow molecular assembly is a promising tool for a nanocarrier of hydrophilic drugs in a
drug delivery system. We prepared various peptidic molecular assemblies having complex
morphologies by preparing from a combination of some amphiphilic polypeptides. In addition, gold
nanoparticles bearing amphiphilic surface modification ligands were prepared and the level of
cellular uptake was examined. Cellular delivery of siRNA and apparent gene suppression of
luciferase was achieved with the aid of amphiphilic gold nanoparticles as carrier of siRNA. (Figure
3)
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Figure 3 Hollow peptide carrier and gold nanoparticle carrier

3. Creation of functional molecules by synthetic biology

(1) Synthesis of photo-responsive aptamers (Ito, Tada)

Nobel peptide aptamers with photoresponsive molecular recognition were successfully selected
with evolutionary molecular engineering using azobenzene-aminophenylalanyl tRNA. The selected
peptides showed different binding affinity to each target based on photo-irradiation.

(2) Development of novel in vitro selection system for creation of functional peptides (Uzawa, Tada)
In vitro selection system of functional peptides was investigated by ribosome display technology

and combinatorial peptide libraries containing non-natural amino acids. By this method, new

super-inhibitor, sensing molecular probe, and molecular catalyst were being developed.

(3) Ribosomal synthesis of polymers (Tada)

Genetic PEGylation method using cell-free translation system and polyethylene glycol
(PEG)-conjugated aminoacyl tRNA was investigated. This method realized site-specific modification
of proteins with PEG. PEG chains with different length were successfully incorporated in single
peptide by using aminoacyl tRNAs recognizing different codons.

4, Fundamental investigation on soft nanotechnology

(1) Self-organization phenomena in organic molecular films and optical devices (Isoshima, Ito)
Spontaneous polar molecular orientation in vacuum-evaporated organic thin films was investigated.
Based on the simple geometrical “Asymmetric dice model” , numerical simulation was performed
and the results semi-quantitatively agreed with the experimental results.

Two-dimensional optical bistable devices were investigated in terms of propagation of
state-transition area ( “wavefront” ). Numerical simulation was performed and it was shown that
the wavefront propagation is experimentally achievable with ordinary light source and video

camera.
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Figure 4: (left) Schematic cross-sectional diagram of an opto-thermal bistable device, in which the
front of high-transmission (“On”) area propagates along with thermal diffusion. (right)
Superimposed snapshots of optical transmission distribution in the device by 1 sec interval.
Turn-on wavefront propagation can be observed.

(2) Development of a peptide aptamer showing well-dispersion of single-walled carbon nanotubes
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(SWCNTSs) in water (Li, Isoshima, Ito, Kawamoto)

The peptide aptamer with high binding affinity to SWCNTs was obtained by a ribosome display.
The resultant aptamer exhibited dispersion behavior below the critical micelle concentration. The
dispersion of aqueous solution was essentially unchanged for several months. Stable dispersion
under the low concentration was due to strong -1 interaction between aromatic amino acids in the
peptide aptamer and SWCNTs.

( 3) Self-assembled formation of ternary nanocomposites with pn heterojunction (Li, Ito,
Kawamoto)
The ternary nanocomposites were formed in water when the water-soluble polythiophene was
added to the binary composites of fullerenes and SWCNTs. The resultant nanocomposites showed
the uniform size with a good dispersive ability in water. The drop-casting film of the ternary
composites exhibited photocurrent response using a solar simulator.

Fullzrene-3WCNTs Falythiophenes-fullerens- SWCNTs
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Figure 5 Formation of the ternary nanocomposites composed of polythiophene, fullerene, and
SWCNTs.

(4) Development of multichromic nanoparticles (Salikolimi, Ito, Kawamoto)
We investigated multichromic behavior of nanoparticles composed of the conducting polymer in
organic solvent-water mixtures. Change in color of the nanoparticles occurred from yellow to purple
if amount of water increased. The resultant purple solution also exhibited reversible change in color
by heat. Furthermore, the nanoparticles in the solution showed change in color, resulting from acid
and base reactions of the conducting polymer.

(5) Development of conducting polymers showing thermal cleavage reactions in the solid state
(He, Ito, Kawamoto)
Synthesis of hydrophilic and hydrophobic conducting polymers containing thermal cleavage
segments was investigated. The polymers exhibited good solubility in common solvents and
film-formation properties on substrates. When the polymer films were heated, the resultant film
was insoluble in any solvents. From the results of thermogravimetric analysis and infrared
spectroscopy, origin of change in the solubility was due to removal of the terminal groups by the
thermal cleavage reaction in the solid state.
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