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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. Diagnosis by nano medical engineering

(1) Development of microarray biochip (Ito, Tashiro)

In order to develop a new diagnostic system using micro-array biochip, we devised a
pho-immobilization method. By using this technology, allergens and auto-antigens were micro-arrayed
for diagnosis of allergy and auto-immuno diseases, respectively. Automated measurement machine was
also developed for the micro-array chips. For utilization in clinical analysis, the quality of chip and
machine, such as reproducibility and stability, was investigated using human sera.

(2) Development of molecular sensors working in living cells (Ito, Abe, Shibata, Saneyoshi, Kimura)
Several proves for detection of glutathione-S-transferase in living cells was synthesized (Figure 1). And
these compounds turned out to be good substrates for GSTs, especially for GSTA1-1, by collaboration

research with Kalorinska Institute of Sweden.
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Figure 1 Several proves for detection of glutathione-S-tarnsferases.

(3) Nucleic acid sensing in living cells (Ito, Abe, Shibata, Saneyoshi)
DNA probes ligate in the presence of target oligonucleotide without any enzymes or reagent, where
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probes have reactive functional groups. We developed new fluorescence probe based on nucleophilic
aromatic substitution reaction. The probe showed a rapid turn-on fluorescence signal. In addition,
probes were successfully applied to detection of lariat RNA originated from RNA splicing reaction
(Figure 2).

RETF probe Fluorescent light

Lariat RNA

Figure 2 Detection of Lariat RNA using RETF probe system

2. Therapy by nano medical engineering

(1) Preparation of stem cells for regenerative medicine (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 Dr. K. Hosokawa at Bioengineering Laboratory of RIKEN Advanced Science Institute.

(2) Synthesis of fusion protein for regenerative medicine (Ito, Tada , Kitajima)

Extracellular matrix-adhesive or inorganic materials-adhesive growth factor proteins or cytokines
were prepared by combination of protein engineering and organic synthesis. Surface modification
method on titanium and stainless steel was investigated and epidermal growth factor or bone
morphogenic protein was immobilized on the modified surface for preparation of bioactive surface on
the metals. In addition, chimera proteins which has binding affinity to hydroxyapatite or titanium was
prepared by combination method using gene technology and enzymatic treatment.

(3) RNA interference method using chemically modified RNA molecule (Ito, Abe, Shibata, Saneyoshi, N.
Abe, Nishihara)
Dumbell-shape RNA molecule was synthesized to enhance the tolerance against enzymatic degradation
(Figure 3). Double-stranded nanocircular RNA were synthesized for the first time. In addition, brached
RNAs were synthesized. We found that it has potent RNAIi activity. This is a chief achievement of RNA
nanotechnology.

Figure 3 Synthetic nanostructured RNA for RNA interferecence.
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(4)Bio-adhesive derived from biopolymers (Ito, Obuse)

New bio-adhesives were developed by chemical modification of proteins or polysaccharides and the
properties were investigated in detail. First furan was coupled to gelatin. The modified gelatin was
mixed with Rose Bengal which is employed as a food additive. The mixture was solidified by visible
light irradiation. The material was investigated as a medical adhesive. In addition, it was
demonstrated that by modification of preparation method the crosslinking time was shorten. The
properties were characterized in detail.

(5) Drug delivery system (Ito, Abe)

Modification of gelatin was performed for development of vaccine or siRNA carriers. Recombinant
human gelatin was modified with cholesterol and the derivatives formed polymeric micelle. It was
demonstrated that the micelle efficiently delivered protein and induced immugenic reaction in mice.

3. Creation of functional molecules by synthetic biology

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

A peptide aptamer carrying azobenzene moiety was obtained by in vitro selection method using
ribosomal display. The selected and prepared peptide aptamers actually bound to a target molecule in
response to photo-irradiation.

(2) Development of catalysis for organic synthesis (Ito, 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 polyethylene glycol
(PEG) was soluble in organic media and have a specific conformation, which is different from that in
water. In addition, the PEG-modified oligonucleotides had catalytic activity in organic media.

(3) Development of novel in vitro selection system for creation of functional peptides (Ito, 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.

4. Fundamental investigation on soft nanotechnology
(1) Synthesis of new photo-reactive biopolymers (Ito, Kitajima, and Joddar)

Carboxylated low molecular weight chitosan, human gelatin, or hyaluronic acid was modified with
phenylazido groups and thus photo-reactive biopolymers were synthesized. The synthesized products
can be covalently immobilized on various types materials and photo-lithography was possible by using
them (Figure 4).Using the micropatterning method, gradient surfaces were prepared and the behavior
of neural cells on the gradient surface was investigated.
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Figure 4 Micropatterning of protein by photo-lithography and cells on the surface
Above: photo-mask; middle: micropatterned protein (CBB staining); below: cell culture
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