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Non-specific protein-protein interactions in aqueous solution play a crucial role on protein
crystallization and the protein-aggregation related diseases, such as cataracts, and sickle cell
anemia. The challenge of a comprehensive understanding is to tune and control the phase behavior
in protein solutions. We have studied the phase behavior of model globular proteins in solution in
the presence of multivalent counterions. It has been shown that negatively charged globular
proteins at neutral pH in the presence of multivalent counterions undergo a “reentrant condensation
(RC)” phase behavior [1,2], i.e. a phase-separated regime occurs in between two critical salt
concentrations, ¢* < ¢**, giving a meta-stable liquid-liquid phase separation (LLPS). This reentrant
phase behavior corresponds to an effective charge inversion of proteins as confirmed by zeta-
potential measurements and supported by Monte Carlo simulations [1,2]. Crystallization from the
condensed regime follows different mechanisms. Close to c*, crystals grow following a classic
nucleation and growth mechanism; close to c¢**, the crystallization follows a two-step mechanism,
i.e, crystals growth follows a meta-stable LLPS [3]. X-ray diffraction analyses on the high quality
single crystals provide direct evidence of the crystal structure and cation binding sites [3]. Our
discovery of the RC and LLPS induced by multivalent metal ions provides a new way to tune

protein interactions with predictable phase behavior as well as controlling protein crystallization.
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