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Metalloenzymes containing transition metal elements are essential for organisms on earth, and their active
centers regulate the highly efficient/selective chemical transformations under mild condition. An important
and pressing mission of chemists has been to synthesize the model active-sites in vitro and to elucidate the
mechanism of biological functions, which would eventually lead to artificial enzymes superior to nature.
Although the study on metalloenzymes has long been centered on oxidases and oxygenases, the investigation of
reductases has made a rapid progress in recent years, unfolding novel structures and functions, which often
exploded our established knowledge of metalloenzymes. Newly-discovered reductases share common features
in that the active sites consist of unprecedented metal/sulfide/thiolate clusters, and in that they catalyze
organometallic-type reduction reactions. Their remarkable activities are exemplified by CO-dehydrogenases
generating CO,/H'/e” from CO/H,0, hydrogenases converting H, into H'/e” reversibly, and nitrogenases
catalyzing reduction of N, into NHs;. The active sites of these enzymes have been thought impossible to
synthesize by existing concepts, and are widely noticed as key target molecules in chemistry.

In this project, we will expand the scope of organometallic chemistry and cluster chemistry in close
cooperation with biochemistry, and will challenge the ingenious functions of reductases by synthesizing the
cluster active sites. The study is expected not only to bring about new bases for our understanding of
enzymatic systems, but also to create new chemistry concepts and environmentally-benign catalysts.



