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Autophagy is an intracellular degradation system that involves de novo generation of autophagosomes, which sequester
cytoplasmic materials and deliver them to the lysosome/vacuole for degradation. When autophagy is induced by starvation,
autophagy-related (Atg) proteins gather to form the pre-autophagosomal structure (PAS), which functions as a place for
generating bulk autophagosomes that randomly sequester cytoplasmic materials. On the other hand, there exist selective types
of autophagy termed “selective autophagy”, during which autophagosome generation proceeds on the specific large cargo that
includes membrane-bound and membraneless organelles. Recently, we noticed that the PAS is a liquid droplet of Atg proteins
that is formed by liquid-liquid phase separation (LLPS) [1]. LLPS of the PAS is strictly regulated by the phosphorylation state of
Atg13, an intrinsically disordered protein. Upon starvation, Atg13 is dephosphorylated, which links Atg17 dimers to each other to
form a large assemblage [2]. In vitro mixing of Atg13 with Atg17 resulted in the formation of liquid droplets, and point mutations
in Atg13 or Atg17 that impaired the droplet formation in vitro also impaired the PAS formation in vivo, suggesting that the PAS is
formed by the LLPS of the Atg13-Atg17 complex. High-speed atomic force microscopy observation of the Atg13-Atg17 droplets
revealed randomly arranged, mobile Atg17 molecules inside the droplets, supporting the liquid-like feature of the droplets [1].
Aminopeptidase | (Ape1) is known to be a specific cargo for selective autophagy. We noticed that Ape undergoes LLPS to form
Ape droplets both in vitro and in vivo [3]. Mutations that impair LLPS or solidify the Ape1 droplets impaired the selective
autophagy of Ape1, suggesting that the liquid-like feature of Apel droplets is important for selective autophagy. In vitro
reconstitution experiments revealed that liquid-like Apel droplets formed by LLPS, but not Ape1 aggregates that lost the
liquidity by a mutation, were selectively sequestered by a membrane coated with Atg proteins. These data suggest that LLPS can
be a general mechanism for regulating both bulk and selective autophagy.
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