Investigating the Mechanisms of Phase Separation of the Yeast Sup35 Protein
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Background: Compartmentalization is a fundamental organizing principle of eukaryotic cells. In addition to canonical membrane-bound compartments – such as the nucleus, mitochondria, Golgi apparatus, endoplasmic reticulum, and lysosomes – cells contain a variety of membraneless compartments known as biomolecular condensates, which concentrate proteins and/or nucleic acids. Biomolecular condensates typically form by liquid-liquid phase separation (LLPS) of proteins containing intrinsically disordered regions, RNA-binding motifs, or modular interaction domains. An example is Sup35 protein, a yeast counterpart of the translation termination factor eRF3, which can assemble into both reversible condensates and irreversible amyloid fibrils in Saccharomyces cerevisiae. Sup35 consists of three domains: an N-terminal prion-forming (N) domain, a middle (M) domain enriched in charged residues, and a C-terminal catalytic GTPase domain. Sup35NM domains are intrinsically disordered. Sup35 undergoes LLPS in response to various stresses, including energy depletion or entry into the stationary phase [1,2], hyperosmotic shock [3], and protein overproduction [4]. Sup35 phase separation under energy depletion is pH-dependent [1,2]. While existing evidence points to an important role of either N, M, or C domain in Sup35 phase separation, the precise molecular mechanisms that govern its transition into condensates remain poorly understood.
Objective: This study aims to elucidate the molecular mechanisms driving Sup35 phase separation under osmotic shock and overproduction.
Methods: Fluorescently tagged Sup35 constructs (N, NM, and mutants lacking various regions within the N-domain) were overproduced in S. cerevisiae strains lacking endogenous prions. Hyperosmotic shock was induced by adding 1 M KCl, and phase separation was visualized by fluorescence microscopy. These data were compared with the ability of endogenous Sup35, expressed at physiological levels and tagged with a fluorophore, to undergo phase separation. Cytosolic pH was measured using sfpHluorin, a pH-sensitive fluorescent protein.
Results: Overproduced Sup35N and NM constructs rapidly formed condensates upon hyperosmotic shock via a pH-independent mechanism; and phase separation scaled with protein concentration. The intrinsically disordered N-terminal prion domain alone was sufficient to drive hyperosmotic stress-induced phase separation, whereas any extended deletion within the N-domain impeded condensate formation.
Conclusions: We propose that Sup35 can phase separate either through its N-terminal prion domain in a concentration-dependent, pH-independent manner, or through pH-induced conformational changes that alter interactions between C- and M-domains.
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