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Tohoku University successfully installed two high-throughput screening (HTS) systems that provide a setup for
academia scientists, both intramural and extramural, to conduct efficient HTS screening of chemical libraries and
established an original chemical library, referred to as the “Tohoku School of Pharmacy Library”, through the support
of the predecessor project during 2010-2016. Through the support of the Platform for Drug Discovery, Informatics, and
Structural Life Sciences by AMED during 2017-2021, we have updated the “Tohoku University Library” bearing a wide
chemical space by not only integrating chemicals that were dissipated on our campus but also adding original chemicals,
especially focusing on natural product analogs synthesized by newly developed synthetic methods. In this project, the
“diversity-enhanced extracts” methodology, which constitutes an approach for increasing the chemical diversity of
natural-product-like compounds by combining natural product chemistry and diversity-oriented synthesis, can provide
various compounds based on natural products, such as meroterpenoids, monoterpene-indole alkaloids, and biaryl
compounds. Additionally, we also achieved syntheses of N,O-methylene acetal connected peptide compounds,
meroterpenoide-like compounds, indole-alkaloid compounds, and natural product like-aza-paracyclophanes. Analog
synthesis of natural products, such as spiro ring-containing natural products, peptides possessing unnatural amino acids,
and compounds possessing an aza-paracyclophane skeleton, enabled the construction of a library of various compounds.
We finally established the chemical library of 7,335 compounds, accompanying structural data that are feasible for use
in in silico screening. We also installed a high-end cryo-electro microscope (EM) system that interlines with
supercomputer systems in Tohoku Medical Megabank Organization (ToMMo), which enables the recorded images to
automatically be transferred into the supercomputer. We further updated the cryo-EM system to enable researchers to
externally access the supercomputer for the users’ convenience.

To develop a high-quality evaluation analysis system, we developed a cAMP biosensor assay system as a method for
the detection of G-protein-coupled receptor activation signals and licensed it to a company. Furthermore, we advanced
the method of mass spectrometry imaging to determine the tissue distribution of glutathione (GSH) and applied for a
patent of the method. We also established a strategy of spectrometry imaging to visualize GSH synthesis-related
metabolites. Using the advanced technology of spectrometry imaging, we successfully determined that phospholipids,
such as plasmalogen ethanolamines, are biomarkers for brain senescence. We also established an imaging mass
spectrometry strategy to detect tissue distributions of chemical activators of hypoxia-inducible factors (HIFs) in mice
and successfully found differences in pharmacokinetics in mice among 5 types of commercially available HIF activators.
Through this strategy, we further found that the cell-membrane permeability of HIF activators is ameliorated by
esterification. Thus, these newly developed imaging systems are considered to be beneficial for evaluating the
pharmacokinetics of chemicals with high accuracy. Moreover, genetically modified mouse lines suffering from
erythropoietin deficiency anemia were generated and used to estimate the efficacies of HIF activators and erythropoietin
reagents in collaboration with 3 pharmaceutical companies.

We also identified the protein—protein interaction (PPI) mechanism of NRF2 and KEAP1 molecules; the former is
important for prophylaxis and immune systems by comprehensive regulation of a group of cytoprotective genes, and
the latter directly interacts with NRF2 molecules and adjusts NRF2 function. Since NRF2 activators are expected to
improve the pathology of chronic diseases, such as diabetes mellitus, chronic kidney disease, Alzheimer’s disease,
rheumatoid arthritis and chronic obstructive pulmonary disease, developing novel drugs targeting the PPI has the
potential to be an innovative area of next-generation NRF2 activator discovery for various types of chronic diseases.
There is an interesting contrast; however, inhibitors targeting NRF2 function are predicted to be “cancer drugs” since
mutations in NRF2 activation lead to poor prognosis in cancer-bearing humans. Through the support of the Platform for
Drug Discovery, Informatics, and Structural Life Sciences, we generated a synthetic lethal assay method to identify
NFR2 inhibitors that specifically work on NRF2-activating malignant cells but not on NRF2-normal cells and
successfully found that geldanamycin derivatives and mitomycin C were candidate chemicals for NRF2-activating
malignancies.



