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Main Research
Projects

@ Study on three-dimensional (3D) structures and conformational
fluctuations of proteins

The presence of low-lying excited states and conformational fluctuations
between different states are important for the protein function, stability, and
turnover. We elucidated the structures, stabilities, and emergency mechanisms
of the low-lying excited states by using various physical techniques such as
high-pressure nuclear magnetic resonance (NMR) spectroscopy and NMR
relaxation (Kamatari et al., Biophys Chem. 156, 24, 2011; Shida et a., Nat
Chem Biol. 16, 756, 2020, etc.).

@ Protein aggregation and regulation
Prion disease is a fatal neurodegenerative disease involving prion protein. Using
the NMR relaxation method, we found that normal prion protein also undergo




slow conformational fluctuations and can be exist in the low-lying excited
states. We found compounds (e.g., GN8) that suppress such fluctuations, and
optimized the compounds (Kuwata et al., Proc Natl Acad Sci U S A. 104, 11921,
2007; Yamaguchi et al., Nat Biomed Eng., 3, 206, 2019; etc.) Furthermore, we
revealed the mechanisms of action of anti-prion compounds from information
about their structures and interactions, (Kamatari et al., Protein Sci., 22, 22,
2013 etc.). We also discovered that oxyindole compounds, GIF compound,
suppresses the aggregation of multiple amyloidogenic proteins (Kimura et al.,
Biochim Biophys Acta Gen Subj. 1866, 130114, 2022; etc.).
3 Drug discovery based on information about the 3D structures and
conformational fluctuations of proteins
We used biophysical approaches to conduct logical drug design. We desigh new
drugs based on the target protein structure, and use various biophysical
methods (DSF, ITC, NMR etc.) for drug screening, understanding the
mechanism of action, and feeding back to the drug design. Our research targets
a wide range of modalities from low molecular weight compounds to antibodies.
@ Elucidation of the mechanisms of antigen recognition by antibodies

We discovered antibody G2 (Kamatari et al., Protein Sci. 23, 1050, 2014 etc.),
whose ability to “specifically recognize multiple antigens,” deviates from the
principle concept of antibody specificity described in immunology textbooks. We
therefore proposed that such a unique antigen-recognition mechanism could be
explained by a model in which conformational fluctuations of the protein give
rise to two metastable structures that recognizes different antigens. We also
found that a single mutation in the variable region of the antibody led to its
ability to recognize multiple antigens (Usui et al., Biochem Biophys Res
Commun., 490, 1205, 2017).
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