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The principal investigator developed the technique of NRVS
(Nuclear Resonance Vibrational Spectroscopy) to study
vibrational modes of an iron atom in proteins. His group
focused on Fe-S proteins in this project. They worked on
intermediate states in enzymatic reactions of hydrogenase and
nitrogenase which play important roles in hydrogen catalysis

and nitrogen fixation, respectively. DFT models were used to
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analyze the NRVS spectra to discuss the mechanisms of
enzymatic reactions. This is undoubtedly a leading-edge
biochemistry as shown by more than ten publications since
2013 in high-profile journals such as J. Am. Chem. Soc., Angew.
Chem. Int. Ed.,and Nature Comm.. Thus, the commiittee judges
that this project was completed successfully. There are some
unresolved technical issues in the experimental techniques,

which should be considered in the next Long-Term project.
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The Long-Term project aims at understanding the molecular
mechanism of non-heme iron (NHFe) enzyme intermediates
and related model complexes using nuclear resonance
vibrational spectroscopy (NRVS) and density functional theory
(DFT) calculations. In 2013B through 2016A oxygen-activated
intermediates have been investigated, which include the
selective halogenation of Fe(IV)=0 NHFe intermediate, the
low/high-spin chemistry of NHFe Fe"™-OOH intermediates, the
oxidative chemistry of extradiol dioxygenases, and the
geometric and electronic structures of peroxy intermediates and
high valent intermediates. The qualities of these results are high

because of its unique approach to the local structure around iron

ions in biologically relevant materials.

Besides for the results, the Long-Term project also has
contributed to the development of a new methodology for
investigating molecular systems with iron atoms, based on a
combination of NRVS experiment and DFT computation. The
series of studies have shown that the NRVS data are well
reproduced by experimentally-calibrated DFT calculations,
indicating that the methodology can provide reliable
information on the reaction coordinate for catalysis and other
molecular systems.

Therefore, the committee evaluates the Long-Term project
as a successful one, although their publications are delayed. The
results should be published in major journals as early as

possible.
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