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Life emerges from biphase of biomolecules and chemical reaction networks thereof. Our
long-term research goal is to open a new paradigm of medicine, catalysis medicine: through
small-molecule synthetic catalysis surrogating or even surpassing enzymes under “living”
circumstances, we directly modulate or manipulate chemical reaction networks of life without
relying on enzymes, as a new therapeutic strategy. This research direction will in turn contribute
to the greener synthesis of functional molecules of high structural complexity including drugs,
in flasks and factories. Success of our research requires powerful chemical catalysts that can
target stable, multifunctional organic molecules ranging from small molecules to
biomacromolecules under mild conditions with synthetically valuable selectivity. To activate
stable molecules under physiological conditions, we prefer to drive reactions by earth’s
environmental energies, such as visible light and aerobic oxygen, instead of heat.

With this perspective, we are studying selective protein modifications,” artificial
epigenetics,” and chemical degradation of aberrant proteins, especially amyloids.” My talk will
focus on the third topic. The most advanced catalyst 1 for amyloid  (AP)
oxygenation/degradation is non-invasively effective in Alzheimer model mice brains through
intravenous injection and light irradiation from outside of the body.* It is intriguing to find that
this abiotic catalysis transformed aggregated AP into the products, which physiological
mechanisms (i.e., microglia cells) preferentially phagocytose.”
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