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Main Research
Projects

@® Bioinspired supramolecular materials

We have developed functional supramolecular nanostructures to achieve our
long-term goal “Creation of biofunctional materials based on chemical
synthesis”. More precisely, we synthesize molecular building blocks, which self-
assemble to form nanostructures having hierarchical levels of molecular
organization, and we evaluate them extensively to expand their applications.
Feynman said that one of the most significant scientific achievements of the20th
century is the understanding of atoms as ultimate constituents of substance. In
the latter half of the 20th century, it was revealed that biomolecules, such as
nucleic acids and proteins that function like a machine, play pivotal roles in a
variety of biological phenomena. Our research is based on chemistry

(specifically organic chemistry and supramolecular chemistry)




that enables synthesis of molecules having unique atom sequences and shapes.
We have been tackling the mechanisms underlying the amazing functions of
biomolecules and trying to synthesize biofunctional molecules, possibly for
practical applications. For example, inspired by the binding of oxygen to
hemoglobin, we have established a strategy for designing artificial host
molecules exhibiting allosteric guest binding on the basis of rotational motion of
the host molecules. More precisely, we introduced a guest-binding site into the
symmetric molecular rotor and successfully developed novel host molecules
bearing an allosteric binding site to carbohydrates, diamines, and dicarboxylic
acids. In addition, we proved that the molecular rotor controls the guest
molecules as chemical stimuli by altering the rotational speed.

We also found that supramolecular microfibers exhibiting fluidity; in other words,
constituent lipids exchange their position within the supramolecular fiber without
altering fiber structure. In addition, we found that, when lipid-based molecules
with a binding site are attached to the microfiber, proteins and nanoparticles
moved in a one-dimensional manner along the long-axis of the fiber. In
particular, the motion of individual nanobeads was successfully captured in a
microscopic study.

In addition, we conducted an extensive study to develop mechanically strong
supramolecular hydrogels with desirable processability. Using these hydrogels,
we have already succeeded in developing supramolecular hydrogel capsules
which release drugs in response to enzymes secreted from certain cancer cell
lines. Because this self-assembled nanostructure is biocompatible, we
demonstrated the possibility of culturing and differentiation of cells in the
microspaces between microchannels (a few hundred micrometers in diameter)
in the hydrogel fabricated with the aid of photo response.

@ Drug release and delivery materials

We have successfully developed molecular systems that enable controlled drug
release using bioinspired supramolecular materials. For example, we prepared
supramolecular hydrogels from peptide derivatives containing a responsive unit
to redox (H202 or NazS,04) or light stimuli, and demonstrated that the hydrogel
showed gel-to-sol phase transition in response to the corresponding stimuli.
Furthermore, we integrated the enzymatic reaction of glucose oxidase in the
glucose-responsive insulin-releasing system, wherein a hydrogel containing the
glucose oxidase and a drug (insulin) . Our current challenges include the
development of supramolecular materials and molecular devices that enable
efficient, targeted delivery of biopharmaceuticals.

Materials Chemistry Inspired by Cell Functions and Structures
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