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Abstract

At a critical stage of the fossil fuel crisis and global warming, hydrogen is drawing increased attention as an energy carrier with great potential to become an environment-friendly fuel in the future. Using hydrogenases, biological hydrogen production from renewable sources can replace the expensive Pt-based catalysts presently used to transform fossil fuels. Hydrogenases can also be used in bioelectrical devices for the direct conversion of hydrogen into electricity.
The most studied hydrogenases are of the [NiFe] type, and while most [NiFe] hydrogenases are inactivated by oxygen, the few known O2-tolerant enzymes are hydrogen-uptake enzymes, unsuitable for hydrogen production, due to strong product inhibition. In contrast, the [NiFeSe] hydrogenases, where a selenocysteine is bound to the nickel, are very attractive alternatives because of their high hydrogen production activity and fast reactivation after O2 exposure. 
High-resolution crystallographic 3D structures of the soluble form of the [NiFeSe] hydrogenase from D. vulgaris Hildenborough in three different redox states (oxidized as-isolated, H2-reduced and air re-oxidized) have revealed the structural changes that take place at the active site during enzyme reduction and re-oxidation. These results provide new insights into the pathways of O2 inactivation in [NiFeSe] hydrogenases, different from those found in [NiFe] hydrogenases. This knowledge is essential to understand their properties and for the correct design of devices using the [NiFeSe] enzymes for H2 production.
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