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Introduction. Elimination of misfolded proteins is critical for cell homeostasis maintenance. Eukaryotic cells employed a variety of protein quality control systems to degrade misfolded proteins via either the proteasome or lysosomes. Additionally, our recent studies have revealed an unconventional protein secretion mechanism termed Misfolding-associated protein secretion (MAPS), which serves as a supplemental quality control mechanism. How misfolded proteins are secreted is unclear.
Aims. We wish to dissect the molecular mechanism of the MAPS pathway and explore its physiological relevance in animal models.
Methods. We used a proteomic approach combined with gene knockdown to identify key players involved in MAPS and then used cell-based assays to confirm their role in the secretion of misfolded proteins. We used live cell 4D imaging to track the movement of MAPS cargos in genetically modified cells and set up in vivo assays to monitor the physiological role of MAPS using Drosophila as a model. We also used a mouse model to explore the potential involvement of MAPS in cell-to-cell spreading of alpha-synuclein (alpha-syn), which is a pathogenic hallmark of Parkinson’s disease.
Results. Our proteomic study identified an E3 ligase of ubiquitin fold modifier (UFM1), which interacts with alpha-syn, and causes alpha-syn to undergo mono-UFMylation. We showed that inhibition of alpha-syn UFMylation reduces its secretion from HEK293T cells and in Drosophila larvae. A proteomic approach further identified endogenous substrates that undergo UFM1-dependent secretion. Strikingly, many identified substrates are cytosolic proteins prone to misfolding and lacking signal sequence. Furthermore, we performed a pilot genetic screen in flies to identify additional players involved in the MAPS pathway. Finally, in collaboration with Dr. Simon Wing’s group, we demonstrated that genetic inactivation of a key MAPS regulator mitigates cell-to-cell spreading of alpha-syn in a mouse model.   
Discussion. Our study delineates a cellular pathway that can release misfolded proteins via an unconventional secretion pathway, which may be the last line of cellular defence against protein misfolding stress. The pathway may be deregulated under certain conditions, causing abnormal accumulation of misfolded proteins in the extracellular space and their subsequent transfer to other cells. 
