H/D substitution large effect on protein phase behaviour and the ELCS
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Understanding protein stability and behaviour is of central importance in biology, medicine, and chemistry.
While solvent isotope effects have already provided important clues about the structural and thermal
stability of disparate proteins, the effects of H/D substitution on protein phase behaviour and interactions
remain to be elucidated. Here, we report the large effect of solvent isotope substitution on the phase
behaviour and interactions of yB-crystallin, a globular eye lens protein interacting via a short-range
attractive interaction potential. Using a combination of scattering techniques (small-angle X-ray scattering
and static light scattering), we show that the liquid-liquid phase separation critical temperature T, increases
linearly from 276 K in H,0 to 292 K in D,0O (Figure 1).[1] Furthermore, we demonstrate that the phase
boundaries and the osmotic compressibility of yB-crystallin scale with the reduced second virial coefficient
b,, quantifying protein—protein interactions, through the extended law of corresponding states (ELCS). This
thermodynamic scaling confirms the applicability of the ELCS to the equilibrium properties of colloids with
short-range attractions and provides an extension of its predictive power to systems with varying hydrogen
isotope content.
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Figure 1. Spinodal of yB-crystallin solutions in solvents with varying hydrogen isotope content. The critical
temperature T increases by 16 K upon replacing H,0 by D,0, while the critical volume fraction ¢, remains constant.
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