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Gas-processing metalloenzymes (GPMs) catalyse challenging reactions exploiting abundant
transition metal ions like iron, nickel, or molybdenum. Understanding the structure and
molecular mechanism of GPMs inspires the design of synthetic catalysts for H, production, N,
fixation, and the removal of CO, from the atmosphere.

Based on insight from structural biology and in situ vibrational spectroscopy @ will discuss
GPMs like hydrogenase @ and nitrogenase 3 Both enzymes bind specialised iron-sulphur
clusters that catalyse proton-coupled electron transfer (PCET) processes. Second and outer
coordination sphere effects critically promote metal-hydride species that are key to H,
production with zero electric overpotential and N, fixation under ambient conditions @ Similar
concepts help understanding the enzymatic conversion of CO, by carbonic anhydrase that
exploits metal-hydroxide species in catalysis(5).

Beyond a microscopic understanding of enzymatic turnover, vibrational spectroscopy on
[FeFe]- and [NiFe]-hydrogenase complexes allows demonstrating catalytic coupling with CO,

reduction ©, O, reduction ) and electron bifurcation (8).
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