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The N-degron pathway modulates autophagosome biogenesis in selective autophagy via the p62-TRAF6-VPS34 circuit
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Supplementary Figures and Figure Legends

Figure S1. Proteomic analyses of bulk autophagy and chemically-induced selective autophagy. a KEGG pathway analysis of dynamically downregulated proteins between vehicle control and serum starvation (6 h). b KEGG pathway analysis of dynamically upregulated proteins between vehicle control and serum starvation (6 h). c KEGG pathway analysis of dynamically downregulated proteins between vehicle control and treatment of MG132 (1 μM, 24 h). d KEGG pathway analysis of dynamically upregulated proteins between vehicle control and treatment of MG132 (1 μM, 24 h). e Reactome pathway analysis of dynamically downregulated proteins between vehicle control and serum starvation (6 h). f Reactome pathway analysis of dynamically upregulated proteins between vehicle control and serum starvation (6 h). g Reactome pathway analysis of dynamically downregulated proteins between vehicle control and treatment of MG132 (1 μM, 24 h). h Reactome pathway analysis of dynamically upregulated proteins between vehicle control and treatment of MG132 (1 μM, 24 h). 
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Figure S2. p62 condensates near the ER recruit ubiquitinated cargoes during selective autophagy. a Immunostaining of analysis in HeLa cells under siRNA-mediated interference of autophagic cargo adapters (NDP52, p62, NBR1, or TAXBP1) and treated with poly(dA:dT) (1 μg, 8 h) and MG132 (5 mM, 6 h). Scale bar: 10 μm. b Quantification of a (150 cells/group). c Immunostaining of analysis in HeLa cells with amino acids starvation (6 h), glucose starvation (6 h), serum starvation (6 h), MG132 (5 mM, 6 h), poly(dA:dT) (1 μg, 8 h), or tBHP (250 mM, 6 h). Scale bar: 10 μm. d Quantification of c (150 cells/group). Error bars represent SEM (n=3 replicates). *p<0.05, **p<0.01, ***p<0.001 using the paired t-test.
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Figure S3. p62 condensates are generated in an ATE1-dependent manner during selective autophagy. a Immunostaining of analysis in HeLa cells under siRNA-mediated interference of p62 or ATE1 (40 nM, 48 h) and treated with poly(dA:dT) (1 μg, 8 h) and MG132 (5 mM, 6 h). Scale bar: 10 μm. b Quantification of a (150 cells/group). c Immunostaining of analysis in HeLa cells under siRNA mediated-interference of ATE1 treated with glucose starvation (6 h), serum starvation (6 h), MG132 (1 μM, 24 h) or poly(dA:dT) (1 μg, 8 h). Scale bar: 10 μm. d Quantification of c (150 cells/group). e In vivo filter trap assay of p62 in HeLa cells under siRNA-mediated interference (40 nM, 48 h) and treated with poly(dA:dT) (1 μg, 24 h). Error bars represent SEM (n=3 replicates). *p<0.05, **p<0.01, ***p<0.001 using the paired t-test.
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Figure S4. The Arg/N-degron pathway induces autophagy targeting of G3BP1. a In vivo filter trap assay of R-ERP44, R-GRP94, R-BiP, R-CRT, and R-PDI in HeLa cells with R-peptide or D-peptide. b Immunoblotting analysis in HeLa cells transiently overexpressed with Ub-R-ERP44, Ub-V-ERP44, Ub-R-GRP94, Ub-V-GRP94, Ub-R-BiP, Ub-V-BiP, Ub-R-CRT, Ub-V-CRT, Ub-R-PDI, or Ub-V-PDI. c Same as b but overexpressed with Ub-R-ERP44-EGFP, Ub-V-ERP44-EGFP, Ub-R-CRT-EGFP, Ub-V-CRT-EGFP, and treated with MG132 (1 mM, 18 h) and HCQ (25 mM, 24 h). d Immunostaining of analysis in HeLa cells treated with sodium arsenite (0.5 mM, 30 min). Scale bar: 5 μm. e Quantification of d (150 cells/group). f Immunostaining analysis in wild-type and ATE1-/- HeLa cells treated with sodium arsenite (0.5 mM, 30 min). Scale bar: 5 μm. g Quantification of f (50 cells/group). h Immunostaining in HeLa cells transiently overexpressing WIPI2-GFP and under p62 siRNA interference with treatment of sodium arsenite (0.5 mM, 30 min). i Quantification of h (150 cells/group). Error bars represent SEM (n=3 replicates). *p<0.05, **p<0.01, ***p<0.001 using the paired t-test.
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Figure S5. Activation of p62 using model N-degrons induces its liquid-liquid phase separation as oligomeric bodies. a In vitro p62 peptide condensation assay using 1 μM p62 with dipeptides (Ala-Ala, Asp-Ala, and Glu-Ala). Scale bar, 100 μm. b Chemical crystallography of YOK-82. C Docking model of p62 with YTK1105. d In vitro p62 peptide condensation assay using 1 μM p62 with dipeptide (Arg-Ala) and chemical N-degrons (YTK-71 and YOK-82; 5 min). Scale bar, 100 μm. e Same as d but using 1 μM p62-D129A. Scale bar, 100 μm. 
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Figure S6. Chemical N-degrons mimicking Nt-Arg induce selective autophagy independent of the mTOR pathway. a Immunostaining analysis in HeLa cells treated with YTK2205 (5 μM). Scale bar = 10 μm. b Quantification of a (20 cells/group). c Immunostaining analysis in HeLa cells under siRNA-mediated interference of p62 treated with YTK2205 (5 μM, 6 h). Scale bar = 10 μm. d Quantification of c (150 cells/group). e Workflow of proteomic analysis of HeLa cells treated with vehicle control, amino acids starvation (3 h), and YTK2205 (5 μM, 6 h). f SsGSEA effect heatmap of proteins expressed in HeLa cells treated with vehicle control, amino acids starvation (3 h), and YTK2205 (5 μM, 6 h). g Immunoblotting analysis in HEK293 cells treated with YOK1104 or rapamycin in a concentration-dependent manner. h Immunoblotting analysis in HEK293 cells treated with YTK2205 or rapamycin in a time-dependent manner at a concentration of 5 μM. i Same as f but treated with YTK2205, rapamycin, and 2DG (5 μM, 6 h). Error bars represent SEM (n=3 replicates). *p<0.05, **p<0.01, ***p<0.001 using the paired t-test.
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Figure S7. P62-mediated selective autophagy stabilizes VPS34 but is independent of ATG14L and Beclin1. a Immunostaining analysis in HeLa cells treated with amino acids starvation (6 h), or tBHP (250 μM, 6 h). Scale bar = 10 μm. b Quantification of a (70 cells/group). c Immunoblotting analysis in HeLa cells treated with MG132 (1 μM, 24 h). d Relative mRNA level of PIK3C3 in HeLa cells treated with serum starvation (6 h), amino acids starvation (6 h), and glucose starvation (6 h), MG132 (5 μM, 6 h), poly(dA:dT) (1 μg, 8 h), or tBHP (250 μM, 6 h). e Immunoblotting analysis in HeLa cells treated with YTK2205 (5 μM, 6 h). f IP assay in HEK293 cells transfected with ATG14L-GFP and treated with YTK2205 (5 μM, 6 h). g Same as f but with BECN1-GFP. h Immunostaining analysis in HeLa cells under siRNA-mediated interference of BECN1 treated with YTK2205 (5 μM, 6 h). Scale bar = 10 μm. i Quantification of h (150 cells/group). j Immunoblotting analysis in HEK293 cells under siRNA-mediated interference of FIP200 treated with YTK1105 (5 μM, 6 h), YOK1104 (5 μM, 6 h), or Rapamycin (5 μM, 6 h). Error bars represent SEM (n=3 replicates). *p<0.05, **p<0.01, ***p<0.001 using the paired t-test. 
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