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The biological H, activation is an important process to modulate the redox balance of energy
metabolism in living cells by H,-oxidation and H,-production. [NiFe]hydrogenases catalyze the
reversible reaction of the cleavage and production of H,, harboring a NiFe center for H, activation in a
large subunit and iron-sulfur clusters for electron transfer in a small subunit. Due to its high catalytic
ability for Hy-activation, [NiFe]hydrogenases have received much attention as their potential catalysts
in many H,-based technologies. However, most hydrogenases found in microorganisms are highly
sensitive to O,, leading to inactivation of catalytic activity after air oxidation.

Within the course of research projects, we have found a number of new O,-tolerant
[NiFe]hydrogenases from Knallgas bacteria'®, such as membrane-bound [NiFe] hydrogenase (MBH)
and soluble NAD -reducing [NiFe]hydrogenase (SH). The structural analysis of the newly found
species reveals the special features of a proximal iron-sulfur cluster to protect the [NiFe]-active site
against oxidative stress. The O,-tolerant MBH from hydrogen-oxidizing bacteria contains a novel
iron-sulfur cluster in a small subunit, which plays an essential role in the O,-tolerant mechanism. On
the other hand, SH localized in the cytosol has a unique intra-molecular system of protein complex,
which functions as a redox sensor to protect the NiFe center by attacking O, molecule. However, the
catalytic activity of O,-tolerant [NiFe]hydrogenases is lower than those of O,-sensitive
[NiFe]hydrogenases. In our studies in I'CNER, we explored other distinct hydrogenase possessing
both abilities of high O,-tolerance and
Ho-activation™®. A newly discovered
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