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Abstract:
Nature has evolved diverse systems to carry out energy conversion reactions. Metalloenzymes such as hydrogenase, carbon monoxide dehydrogenase (CODH), acetyl coenzyme A synthase (ACS), and methyl coenzyme M reductase use earth-abundant transition metals such as nickel and iron to generate and oxidize small-molecule fuels such as hydrogen, carbon monoxide, acetate, and methane. These reactions are highly valuable in the context of the impending global energy and climate crisis. However, due to substantial challenges associated with studies of these native enzymes, much remains unknown about the basic catalytic mechanisms, hindering efforts to harness this chemistry for anthropogenic purposes. To address these limitations and develop a molecular-level understanding of these systems, we have developed robust, protein-derived models as structural, functional, and mechanistic mimics of hydrogenase, CODH and ACS. In this presentation, our recent efforts to install and modulate novel reactivity in rubredoxin, ferredoxin, and azurin scaffolds will be discussed. along with findings from multiple complementary spectroscopic techniques used to probe the catalytic mechanisms. These engineered metalloenzymes provide direct insight into the fundamental chemical principles driving the natural systems.
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