The importance of measuring the solvent quality of unfolded proteins.
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The conformational properties of unfolded and intrinsically disordered proteins are relevant to folding
and biothermodynamics as well as biological processes including transport, turn-over and liquid-liquied
phase separation. However, the characterization of disordered states is challenging, in part due to a
lack of accurate models and the difficulty of interpreting experimental results. We developed a method

to extract the dimensions of disordered states and the solvent quality (v in Rg « Nresv) from a single
SAXS measurement.’? We find that even relatively hydrophobic IDPs can remain nearly as expanded
as the chemically denatured ensemble with v value between 0.52-0.55, above the random walk value
of ¥2. Hence, water should be considered to be a good solvent for unfolded states of foldable
sequences and an early collapse step is not obligatory in the folding process. While advances in SAXS
and FRET analysis has narrowed the difference in their views of the dimensions of unfolded states, we
show that fluorophore-based interactions along with improved analysis procedures can explain the
preponderance of existing data.® We examine the robustness of these results and find that a slight
reshuffling of the sequence to create local hydrophobic or charge regions can induce collapse and
aggregation, and affect protein secretion. These results suggest that sequence patterns are under
selection to be well-mixed with v>'% in part to minimize protein misfolding, aggregation and other
undesired associations. The requirement to be well-mixed also puts constraints on allowed protein
architectures.
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