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Formation mechanism and physiological significance of proteasome speckle
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The proteasome is the primary proteolytic machinery in cells and thus is a
central regulator of the proteostasis network, but protein quality control (PQC) in the nucleus is
largely unknown. Using EGFP knock-in cell lines of the proteasome subunit, we find that hyperosmotic

stress induces rapid formation of nuclear foci of proteasomes within a few seconds. The foci are
reversible structure that contains K48-linked ubiquitylated proteins, p97, and multiple
proteasome-interacting proteins. The foci formation is dependent on ubiquitylation and their
clearance requires active proteasomes, p97, and RAD23B, suggesting that this structure is a novel
nuclear proteolytic center for adapting to nuclear stress. We identified ribosomal proteins as major
ubiquitylated substrates that degraded in the foci, suggesting that the assembly process of the
ribosome is vulnerable to hyperosmotic stress. Collectively, we identified the p97-RAD23B axis and
the proteasome as a nuclear PQC pathway.
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