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Quantifying the interactions of non-polar solutes in water (i.e., the hydrophobic effect) is essential for developing a molecular understanding of several self-assembly processes in biology, including protein folding, membrane formation, and molecular recognition. Macroscopically, the hydrophobicity of a surface is characterized by a droplet contact angle. However, this approach is not feasible at the nanoscale (e.g., to characterize a protein surface), and molecular measures of hydrophobicity are needed. We have developed a novel technique that uses biased molecular simulations to quantify the ease with which water can be displaced from the vicinity of a surface, providing such a molecular measure. Since biomolecules are heterogeneous, rugged and occur in crowded cellular environments, using our molecular measure, we investigate how surface hydrophobicity responds to chemical patterning, curvature and proximity to other surfaces. Our results highlight the shortcomings of commonly used hydropathy-scale based methods and provide a computational tool for mapping the hydrophobicity of protein surfaces, with relevance to developing predictive strategies for biomolecular binding, recognition, and aggregation. Our results also shed light on the driving forces and barriers to hydrophobically driven binding and assembly in interfacial environments. Specifically, we show that hydrophobic surfaces nucleate a soft vapor-liquid like interface, and are thereby situated at the edge of a dewetting transition that can be triggered by small perturbations. This novel perspective provides unique insights into diverse phenomena ranging from the formation of amyloid fibrils catalyzed by interfaces, and the function of chaperonins, to the vapor-lock gating mechanism of ion channels.
