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Ions at Surfaces of Hydrated Proteins and Other Interfaces

Sodium and potassium represent the two most abundant monovalent cations in living organisms. Despite the fact that they possess the same charge and differ only in size (Na+ having a smaller ionic radius but larger hydrated radius than K+), sodium vs. potassium ion specificity plays a crucial role in many biochemical processes. More than hundred years ago, Hofmeister discovered that Na+ destabilizes (salts out) hens’ egg white protein more efficiently than K+, analogous behaviour being later shown also for other proteins. In a similar way, sodium was found to be significantly more efficient than potassium, e.g., in enhancing polymerization of rat brain tubulin. The vital biological relevance of the difference between Na+ and K+ is exemplified by the low intracellular and high extra cellular sodium/potassium ratio maintained in living cells by ion pumps at a considerable energy cost. In our work, we quantify and rationalize the different affinities of sodium and potassium to protein surfaces by means of molecular dynamics simulations, quantum chemistry calculations, as well as conductivity and enzyme activity measurements for a series of proteins and protein fragments in aqueous solutions. In addition, we investigate specific affinities of other biologically relevant ions (choline, sulfate, etc.) for protein surfaces and effects on enzyme activities. Comparison to our previous results on ion segregation at aqueous surfaces allows us to formulate a general model for ion-protein interactions. Our effort, which is aimed at understanding the generic, thermodynamic ion specificity at protein surface, is thus complementary to recent studies of ion selectivity during active transport across the cellular membrane.
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