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Fe, Zn, Mn, and Co-binding protein fold families (FF) within the proteomes of Archaea,
Bacteria, and Eukaryotes are demonstrated to scale to proteome size as a power law with
clear stoichiometries. Differences in the power law slopes for each Superkingdom of Life
are remarkably consistent with the changes in metal concentrations that occurred with the
shift from an anoxic to an oxic ocean, and suggest that Eukaryotes diversified in the
latter. Contrasting structural features and functions of the abundant Fe-binding domains
further indicate that Prokaryotes and Eukaryotes evolved separately in low and high
oxygen environments, respectively. To our knowledge this is the first time that protein
structural data has been used to study how environmental pressure shapes evolution.

Grand scale perturbations in environmental conditions can be prompted by
biology (e.g. the rise in oxygen due to photosynthesis), but shifts in environmental
conditions can influence biology in an equally profound fashion, via changes in proteome
content. The curves in Fig. 1 show that metal-binding structural domains within a
proteome adhere to a simple formula, or stoichiometry (30). Studies of ecological
stoichiometry have shown that the concentrations of both major and minor elements
within living organisms conform to predictable trends (39, 40), and this study extends
these principles to proteomes, completing a circle between the environment, genetic
information, and the biochemistry of organisms.
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