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(1) Long-term goal of laboratory and research background
This laboratory aims to create new functional materials by a new method which will be developed by
combination of chemical and biotechnological methodology. We use organic synthetic chemistry,
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, molecular imaging, biochips, bioelectronics, artificial enzymes and artificial
antibodies.
(2) Current research activities (FY2019) and plan (until Mar. 2025)
i) Development of biomaterials having biological activities
Biomaterials having biological activities such as cell adhesion, mobility, growth, and
differentiation have been developed by immobilization of growth factors. In 2019, on silicone
rubber micropatterned adhesion regions were prepared by using prepared photo-reactive
gelatins. Cell morphology on the micropatterned rubber was investigated under mechanical
stress. Micropatterned immobilization of nerve growth factor and vascular endothelial
growth factor were carried out using the photoreactive gelatin, and neurocyte formation and
growth and mobility regulation were investigated, respectively. In future, immobilization of
bone morphogenic protein will be immobilized on metal and investigated as an artificial bone.
ii) Development of diagnostic and therapeutic peptides by molecular evolutionary
engineering
Peptide aptamers containing functional groups as non-natural amino acids have been
developed by molecular evolutionary engineering. Fluorescent group which is sensitive to
environmental conditions was connected to amino acid and the amino acid was acylated with
tRAN for incorporation into random sequence library of peptide through in vitro translation.
From the prepared peptide library, peptide aptamer which binds to target substance has
been in vitro selected. In 2019, allergens in food were chosen as the target and fluorogenic
peptide were selected. The selected peptide emitted fluorescence only after mixing with
target allergen without bound/free separation. In addition, peptide containing a low
molecular weight inhibitor against an immune checkpoint pathway interaction PD-1/PD-L1
was designed by in silico selection and the activity was investigated.
In future, for diagnostic peptide probe, pathogen virus will be chosen as the target for
clinical applications. For therapeutic peptide, targeting cancer cell will be designed and
synthesized. In vitro selection of peptide inhibitor of PD-1/PD-L1 interaction is also planned.
iii) Nanostructure by self-assembled polypeptide conjugates
Various nanostructures have been developed by self-assembly of block-copolypetides and
they were applied for drug delivery carriers. The coplypetides are composed of α-helix
forming peptide segment and hydrophilic one and they form tubular and sphere structures.
By mixing of different structures-forming copolypeptides, drug incorporated torpedo shape
was formed. In 2019, lipid molecules were co-assembled with the copolypeptide and the
shape control was performed by changing the hydrophilic segment. In addition, it was
demonstrated that the immunological problem induced by hydrophilic poly(ethylene glycol)
was reduced by using polysarcosine as the hydrophilic segment.

In future, conjugation with other components such as DNA origami and fusogenic lipid
will be performed for various shape control or cytological drug delivery.
iv) Development of cell control systems
For regenerative medicine, stem cell technologies are investigated. Microfabricate devices
or nanotube formation protein is used for development of cell fusion system to prepare stem
cell. Large scale production of human iPS cells are also investigated. In 2019, some efficient
cell fusion systems were investigated and a new component for efficient iPS cell culture
was found. In future, new cell fusion for stem cell production and cell culture bioreactior
for stem cells will be developed.
v) Development of biochip for diagnosis
Photo-reactive polymer is used for development of microarray biochip system. Since the
polymer can stably immobilized various biological components by covalent bonding,
various allergens were immobilized on one chip and applied for assay of IgE antibodies. In
2019, the allergy diagnosis system was approved as a medical insurance. A new type of
photo-reactive polymer is also developed. In future, this system will further developed with
artificial intelligence.
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