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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, Zhou)

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 matix.

(2) Nucleic acid sensing in living cells (Ito, Abe)

DNA probes ligate in the presence of target oligonucleotide without any enzymes or reagent, where
probes have reactive functional groups. We developed a new long-lived fluorescence probe based on
lantanide elements complex and reported the results as discussion. A new chemical probe showing high
signal detection by efficient template reaction was reported.
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The probe underwent a rapid templated reaction without any of the undesired background reactions.
The fluorogenic reaction conducted in the presence of a template provided a 223-fold increase in
fluorescence after 30 s compared with the nontemplated reaction.

2. Therapy by nano medical engineering

(1) Preparation of stem cells for regenerative medicine (Wada, Joddar, 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 as shown in Figure 2. It was
also indicated that chemaically fixed feeder cells supported the growth of human iPS cells with keeping

undifferentiated state.
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Figure 2 Cytosol fusion between donor and recipient cells through narrow microslit which inhibits
nucleus movement.

(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.
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Figure 3 Proposed mechanism of the intracellular buildup reaction of active siRNA (IBR).

(3) RNA interference method using chemically modified RNA molecule (Ito, Abe)

Dumbbell-shape or branched RNA molecules were synthesized to enhance the tolerance against
enzymatic degradation. Truncated siRNA with high cell permeability was synthesized and the
reconstruction in cell was evaluated.

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

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. In addition, mesenchymal stem cells were encapsulated and
implanted with the photo-reactive polymer in the presence of collagen binding bone morphogenetic
protein.

(5) Drug delivery system (Tada, He, Kobayashi, Hagiwara, Ito)

Drug delivery using carbonate apatite nanoparticle was developed. The system was applied for DNA
vaccine delivery. Gold nanoparticles modified with functional organic molecules were prepared and
cellular uptakes of these particles were investigated.

3. Creation of functional molecules by synthetic biology

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

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. The mechanism was investigated in detail.

(2) Development of catalysis for organic synthesis (Onizuka, Ito, Abe)

We report a novel method to form a pseudorotaxane architecture using only a pair of reactive
oligodeoxyribonucleotides (ODNs), which we designed and synthesized, and then performed the
pseudorotaxane formation reaction with both unmodified DNA and RNA oligonucleotides. The reaction
proceeded smoothly at 37°C and pH 7.2, leading to the formation of a stable complex on a denaturing
polyacrylamide gel. Interestingly, the pseudorotaxane was formed with the cyclized ODN reversibly by
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the slipping process.

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

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) Ribosomal synthesis of polymers (Ito, Tada, Abe)

PEG was site-specifically incorporated into peptide or proteins by cell-free translation system. The
incorporation ratio was significantly dependent of the molecular weight of PEG. Small circular RNA
molecules containing an infinite open reading frame were synthesized and tested in an E. coli cell-free
translation system. A circular RNA 126 nucleotides in length was found to produce more product than
its linear counterpart by two orders of magnitude, because a ribosome can work more effectively
towards the elongation on circular RNA than it can on linear RNA in this continuous peptide synthesis.

Ribosome

Repeating peptide sequence

Circular RNA

Figure 4 ribosome bound the small cyclic RNA and translated the codon to repeating peptide sequence
without stopping

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,
and it was found that polarity and magnitude of molecular orientation can be controlled by molecular
structure. “Asymmetric dice model” has been proposed to elucidate this spontaneous polar molecular
orientation.

Two-dimensional optical bistable devices were investigated in terms of propagation of state-transition
area, and it was shown that pulse, oscillation, and chaotic behaviors can be realized by external
feedback on the device.

(2) Development of semiconducting porous organic polymer networks (Kawamoto, Ito)

Synthesis and characterization of semiconducting porous organic polymer networks were investigated.
The resultant materials exhibited porous structures showing visible-light harvesting properties. The
porous structure was evaluated by nitrogen sorption isotherm measurement at 77K. The
Brunauer-Emmertt-Teller surface area was estimated to be 722 m2gl. Furthermore,
Thermogravimetric analysis showed the polymer networks were stable over 500 °C with 10% weight
loss.
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