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Abstract

Autophagy is a key cellular quality control mechanism. Nutrient stress triggers bulk autophagy, which
nonselectively degrades cytoplasmic material upon formation and liquid–liquid phase separation of the
autophagy-related gene 1 (Atg1) complex. In contrast, selective autophagy eliminates protein aggregates,
damaged organelles and other cargoes that are targeted by an autophagy receptor. Phase separation of
cargo has been observed, but its regulation and impact on selective autophagy are poorly understood. Here,
we find that key autophagy biogenesis factors phase separate into initiation hubs at cargo surfaces in yeast,
subsequently maturing into sites that drive phagophore nucleation. This phase separation is dependent on
multivalent, low-affinity interactions between autophagy receptors and cargo, creating a dynamic cargo
surface. Notably, high-affinity interactions between autophagy receptors and cargo complexes block
initiation hub formation and autophagy progression. Using these principles, we converted the mammalian
reovirus nonstructural protein µNS, which accumulates as particles in the yeast cytoplasm that are not
degraded, into a neo-cargo that is degraded by selective autophagy. We show that initiation hubs also form
on the surface of different cargoes in human cells and are key to establish the connection to the endoplasmic
reticulum, where the phagophore assembly site is formed to initiate phagophore biogenesis. Overall, our
findings suggest that regulated phase separation underscores the initiation of both bulk and selective
autophagy in evolutionarily diverse organisms.
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