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Abstract

We explore how cells build and safeguard the nuclear envelope and the endoplasmic reticulum, focusing on how
disruptions in membrane organization and phase separation drive the formation of aberrant condensates that are
increasingly implicated in neurological disease. We tackle this by developing new tools to probe and modulate these
processes across scales, from the dynamics of individual proteins to genome-wide functional screens; and by
integrating cell biology, biochemistry, and computational approaches with patient-derived and animal model systems.
In this sense, we recently developed a high-content platform and computational pipeline that screen modulators of
nuclear condensates across chemical and genetic spaces, and which identified novel players in nuclear condensates
formation, along with small molecules that modulate proteotoxic condensates. Its application in a genome-wide CRISPR
knockout screen revealed strong enrichment of candidate genes linked to primary microcephaly and related
neurodevelopmental disorders, pointing to condensate dysregulation as a shared molecular axis across disease. A
complementary line of work asks how the nuclear pore complex itself contributes to protein quality control. Co-
translational folding allows nascent proteins to begin folding as they are synthesized, reducing the risk of aggregation
and avoiding energy-intensive unfolding steps. We propose that karyopherins and flexible FG-nucleoporins not only
safeguard the nuclear permeability barrier but also generate a supportive environment — a “folding phase” — that
promotes correct folding of proteins entering the nucleus. This offers new insight into how disruptions in nuclear
transport and protein quality control may contribute to neurological disease. Overall, we aim to uncover fundamental
principles of cellular organization that translate into novel therapeutic strategies for movement disorders and related
conditions.
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