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1. Development of Nano Diagnostic System
2. Development of Nano Therapeutic System
3. Methodology for Advanced Bio-Fabrication
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Purpose of Research

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. Diagnosis by nano medical engineering

(1) Development of microarray biochip (Ito, Tashiro, and Matsushita)
In order to develop a new diagnostic system using micro-array biochip, we devised a
pho-immobilization method. By using this technology, auto-antigens were micro-arrayed for diagnosis
of auto-immuno diseases. Automated measurement machine was also developed for the micro-array
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chips. For utilization in clinical analysis, the quality of chip and machine, such as reproductivity and
stability, was investigated.
(2) Development of molecular sensors working in living cells (Ito, Abe, and Shibata)

DNA probes ligate in the presence of target oligonucleotide without any enzymes or reagent, where
probes have reactive functional groups. DNA chemical ligation method for sensing and amplifying
target oligonucleotide were developed. New fluorogenic compounds were designed and synthesized for
imaging gene expression in living cells. In addition, thiol detection in living cells was also developed
and the investigation is now collaborated with Kalorinska Institute of Sweden.

2. Therapy by nano medical engineering

(1) Preparation of stem cells for regenerative medicine (Ito, Gong, and Fujishiro)

In order to prepare stem cells derived from somatic cells, some methods were investigated using cell
fusion of embryonic stem cells with somatic cells, without the nuclear transfer or gene transfection.

2 ngnthesis of fusion protein for regenerative medicine (Ito, Abe, Wada, Kitajima, Sakuragi, and
Shirai
Extracellular matrix-adhesive or inorganic materials-adhesive growth factor proteins or cytokines
were prepared by combination of protein engineering and organic synthesis. The activities of prepared
proteins were investigated in vitro and in vivo.

(3) RNA interference method using chemically modified RNA molecule (Ito, Abe, Shibata, and N. Abe)

Dumbell-shape RNA molecule was synthesized to enhance the tolerance against enzymatic
degradation. Some chemical modifications of the RNA molecules were investigated for enhancing the
activity. Pro-drug sensing gene expression was also designed and investigated.

(4)Bio-adhesive derived from biopolymers (Ito)

Bio-adhesives were investigated by chemical modification of proteins or polysaccharides.

3. Creation of functional molecules by synthetic biology

(1) Synthesis of photo-responsive aptamers (Ito, Abe, and Liu)
A nucleotide carrying azobenzene moiety was synthesized and it was employed for in vitro selection
method. By this methodology, some oligonucleotides which bound to a target molecule in response to
photo-irradiation were developed.

(2) Development of catalysis for organic synthesis (Ito, Abe, Wada, Liu, and N. Abe)
By using the combinatorial bioengineering tailor-made catalysis for site-specific or optically active
organic synthesis was aimed. It was found that oligonucleotide conjugated with polyethyelene glycol
(PEG) was soluble in organic media and have a specific conformation, which is different from that in
water. It was also found that PEG-modified antibody was soluble in organic media and recognized the
corresponding antigen.

(3) Development of novel in vitro selection system for creation of functional peptides (Ito, Wada, Abe,
Liu, and Shirai)
In vitro selection system of functional peptides was investigated by ribosome display technology and
combinatorial peptide libraries containing non-natural amino acids.

4. Fundamental investigation on soft nanotechnoogy

(1) Synthesis of polymer carrying zwitterions for anti-biofouling surface (Ito and Sakuragi)
By copolymerization of vinyl monomers containing zwitterion residues and photo-reactive moiety,
photo-immobilizable polymers were synthesized. Photo-immobilization of the polymers reduced protein
adsorption or cell adhesion onto modified materials.

(2) Thermo-responsive surface (Ito)
Poly(N-isopropylacrylamide) having LCST around 30 °C was incorporated into a block copolymer which
adsorbable onto various types of surfaces. The polymer-coated materials were used for stem cell
cultures.
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