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Supplemental Figure S1
(a) Immunoblot showing Ufmylation in aged heads expressing UAS-Ddrgk1RNAi and UAS-Uba5RNAi, UAS-Ufl1RNAi with elav-Gal4. Anti-β-actin was used as loading control. (b) Immunoblot showing Ufmylation in 3rd instar larva expressing UAS-Uba5RNAi, UAS-Ufl1RNAi and UAS-Ddrgk1RNAi under ubiquitous Tubulin (Tub)-Gal4 control. Anti-β-actin was used as loading control. (c) Histogram showing the level of Ddrgk1 mRNAs measured by quantitative RT-PCR. RNA was isolated from 3rd instar larvae expressing UAS-Ddrgk1RNAi under Tub-Gal4 control. Data were normalized to kinesin mRNA. Values are average ± SD for 3 biological replicates. **p<0.01. (d) Histogram showing the level of Ufl1 mRNAs in 3rd instar larvae expressing UAS-Ufl1RNAi under Tub-Gal4. Values represent average ± SD for 3 biological replicates. **p<0.01. (e) Left panel: TUNEL staining in aged brains. elav-Gal4 was used to drive UAS-RNAi transgenes for Uba5 and Ufl1. Nuclei were labeled with DAPI (blue). Right panel: normalized ratio of TUNEL dots in each brain (n ≥ 6). ***p<0.001. (f) Left panel: neuropil vacuolization (arrowhead) in HE-stained brain sections of aged flies. Right panel: quantification of vacuoles in each brain (n ≥ 4). *p<0.05.
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Supplemental Figure S2
(a) Histogram showing the levels of Bip and Ddrgk1 mRNAs. RNA was isolated from young and aged brains of elav-Gal4 control and Ddrgk1 knockdown flies. Data were normalized to kinesin mRNA. Values represent average ± SD for 3 biological replicates. **p<0.01. (b) Histogram showing the levels of Bip, Uba5 and Ufl1 mRNAs from aged brains of elav control and Uba5, Ufl1 knockdown flies. Values represent average ± SD for 3 biological replicates. *p<0.05, **p<0.01. (c) Immunoblots to detect eIF2α phosphorylation in young and aged brains of flies expressing UAS-Ddrgk1RNAi and UAS-Uba5RNAi, UAS-Ufl1RNAi under elav-Gal4 control. Antibody to total eIF2α protein and β-actin were used as loading controls.




[image: ]Supplemental Figure S3
(a) S2 cells were transfected to express Flag-Atg9 with or without Ddrgk1-V5. Ddrgk1-V5 proteins were recovered using V5 antibody. No Atg9 protein was co-immunoprecipitated with Ddrgk1-V5 when blot was probed with anti-Flag. (b) Correlation of Ddrgk1 versus Atg9B in the same human samples analyzed in Figure 3c. Pearson correlation coefficient rho = 0.19 (p<0.001).




[image: ]Supplemental Figure S4
Climbing assays performed on Atg9 knockdown (a), Atg9 and Patj overexpression (c), Uba5 knockdown with and without Atg9 co-expression (e) flies under elav-Gal4 driver. ns: not significant, **p<0.01, ***p<0.001. (b) Adult lifespan of Atg9 knockdown flies calculated by day at 29℃. n ≥ 200 flies per genotype; Log-rank test, p<0.001. (d) Adult lifespan of Atg9 and Patj overexpression flies driven by elav-Gal4. n ≥ 200; ns: not significant when comparing Atg9 overexpression with elav control; p<0.001 when comparing Patj overexpression with control. (f) Adult lifespan of Uba5 knockdown flies with and without co-expressed Atg9. n ≥ 240 flies per genotype; p<0.001 when comparing Uba5 knockdown with Atg9 co-expression.
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Supplemental Figure S5
(a) Immunoblot to detect S6K phosphorylation. S2 cells were treated with dsRNA to deplete Atg9. Anti-β-actin was used as loading control. (b) Quantitative real time PCR to monitor the efficacy of Atg9 depletion in S2 cells. RNA levels were normalized to kinesin mRNA. Error bars represent SD from 3 independent experiments. **p<0.01. (c and e) Climbing assays performed on S6K knockdown and 4EBP overexpression (c), and Patj knockdown (e) flies under elav-Gal4 control. ns: not significant, ***p<0.001. (d) Adult lifespan by day at 29℃. n ≥ 220 flies per genotype; p<0.001 (in red) when comparing S6K knockdown with elav control; p<0.001 (in blue) when comparing 4EBP overexpression with control. (f) Adult lifespan of Patj knockdown flies. n ≥ 220, p<0.001.
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