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Abstract (500 words maximum)

The hydration shell is an integral part of proteins since it plays key roles in folding,
conformational transitions, and molecular recognition. These effects are particularly
important for intrinsically disordered proteins and misfolded states, where extended and
heterogeneous conformations expose large surface areas to solvent and couple conformational



equilibria to hydration. While the dynamics of the hydration shell have been described in
detail by spectroscopic techniques, its structure remains less understood due to the lack of
hydration shell-sensitive structural probes with high spatial resolution. Whether MD
simulations correctly reproduce hydration shell structure is not well established. Small-angle
scattering (SAS) with X-rays or neutrons (SAXS/SANS) is sensitive to the hydration shell;
however, hydration effects have traditionally been treated as nuisance parameters rather than
as structural observables. Here, we combine SAS data with MD simulations and explicit-
solvent SAS predictions to reveal how surface properties, temperature, and force fields
influence protein hydration. We find that (i) MD simulations with certain force fields yield
excellent agreement with SAS data, while others do not; (ii) chemical characteristics of
exposed surface regions strongly modulate hydration shell structure; and (iii) temperature-
dependent SAXS and MD consistently show that the hydration shell is remarkably
temperature-sensitive. Our results establish the combination of SAS and explicit-solvent MD
simulations as a quantitative structural probe of protein hydration.



