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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, microfabrication technology, and nanotechnology to synthesize
new materials and the systems for development of regenerative medicine, artificial organs, drug delivery systems,
nanomedicine, biochips, bioelectronics, aritifical enzymes, and artificial antibodies.

1. Biomaterials for regenerative medicine and nano-medicine

(1) Development of biomaterials for ex vivo expansion of stem cells for regenerative medicine.
Materials for expansion of mouse and monkey embryonic stem (ES) cells without differentiation were developed. Mouse
fibrobast cell and human amnionic epithelial cell, which was immortalized by telomerase, were chemically fixed by
formaldehyde or glutaraldehyde and they were freeze-dried. The treated cells enhanced the growth of mouse or monkey ES
cells without differentiation. The treated cells will contribute a new convenient culture system of ES cells.

(2) Synthesis of fusion protein for regenerative medicine.
Cell-adhesive growth factor proteins or cytokines were prepared by protein engineering and they were complexed with artificial
matrix. The binging and growth enhancement activities were investigated. In this year fibrin-adhesive growth factor was
newly developed and it was demonstrated that the new growth factor bound to the substrate and enhance the growth of around
cells.

(3) Development of photo-immobilized microarray chip
Various types of auto-antigen were covalently micro-arrayed on a chip by using photo-immobilization technique for diagnosis of
auto-immuno diseases. Automated measurement machine was developed and patient sera was measured by this machine. The
measurement time was also investigated.

2. Creation of functional oligonucleotides

In this issue, development of new types of tailor-made biofunctional oligonucleotides was aimed by organic synthesis and

combinatorial bioengineering method.

(1) Synthesis of photo-responsive molecular recognition oligonucleotides
Nucleotide containing azobenzene in the side chain was synthesized. Now olidonucleotide synthesis using the synthesized
nucleotide was investigated by transcription reaction of enzymes. If this is possible, the nucleotide will be applied for in vitro
selection.

(2) Development of catalysis for organic synthesis
By using the combinatorial bioengineering tailor-made catalysis for site-specific or optically active organic synthesis was aimed.
For this purpose oligonucleotide binding to transition state analogue is now being in vitro selected.

(3) DNA chemical ligation method for sensing nucleic acids living cells
DNA probes ligate in the presence of target oligonucleotide without any enzymes or reagent, where probes have reactive
functional groups. We successively applied the DNA chemical ligation method for sensing and amplifying target oligonucleotide.
Recently, we developed new fluorescent compound for imaging gene expression in living cells.
(4) RNA interference method using chemically modified RNA molecule

Chemically modified RNA molecule showed good tolerance against enzymatic degradation. The RNA molecule is quiet useful
for clinical applications.

3. Fundamental investigation on soft nanotechnoogy

(1) Self-oscillating polymer material
Poly(N-isoprpylacrylamide) containing ruthenium complex was synthesized and the nano-level of oscillation in the solution
was investigated by physical chemical methods. By micro-fabrication techniques a new self-oscillating system was developed.

(2) Synthesis of polyzwitterion for bioinert surface
By copolymerization of vinyl monomers containing histidine residue and hydrophobic moiety, a polymer adhesive to
hydrophobic surfaces were synthesized. The adsorption of synthesized polymer to various materials and protein adsorption
onto polymer-coated materials were investigated.

(3) Nano surface modification of various materials
Polyethylene glycol derivative containing photo-reactive residue was synthesized and the polymer was photo-immobilized onto
titan, glass, and plastic surfaces. The immobilized surface reduced the adhesion of cells and adsorption of proteins.

(4) Surface gradient material
Glass surface was treated with alkyl silane and irradiated with eximer ultraviolet light to be surface hydrolyzed. By adjusting
irradiation time, the gradient surface was prepared. A water droplet moved on the gradient surface from hydrophobic to
hydrophilic and the movement was quantitatively investigated.

(5) Development of novel in vitro selection system for creation of functional peptides
In vitro selection system of functional peptides was newly developed by cell-free display technology and combinatorial peptide
libraries. By use of this system, we selected artificial peptides that could bind to transition metal ions with specific affinities
and tried to characterize the functionalities of their peptides.
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