Chaperone-mediated autophagy controls the turnover of E3 ubiquitin ligase MARCHF5 and regulates mitochondrial dynamics
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[bookmark: _GoBack]Figure S1. MARCHF5 interacts with key CMA regulators and is a CMA substrate. (A) The purified lysosomes are HSPA8-enriched. Rat liver homogenates were ultracentrifuged via the discontinuous density OptiPrep gradient. Different layers from up to bottom were collected and quantified via the BCA assay. Then equal amount of protein from each layer were resolved by SDS-PAGE and blotted with the indicated proteins. VDAC1 is a marker of mitochondria. (B) The lysosomes remain intact during the in vitro binding-uptake assay. In the assay, extralysosomal HEX/β-hexosaminidase activity was measured before and after in vitro incubation, and calculated as a % of the HEX activity obtained with the total lysosome fraction. (C) A schematic presentation of the four KFERQ motifs and one “+1 mismatch motif” in the amino acids sequence of MARCHF5 (RLISK, QRTIL, KVYFK and VYFKQ are KFERQ motifs, and QRWVD is the +1 mismatch motif). (D) Identification of the element required for MARCHF5 and HSPA8 interaction. SN4741 cells were transfected with EV or different MARCHF5-Flag constructs. Co-immunoprecipitation was carried out to determine the interaction between HSPA8 and different MARCHF5 constructs. (E) The effect of Q48A R49A mutation on serum deprivation-induced degradation of MARCHF5. SN4741 cells stably expressing WT or MARCHF5Q48A,R49A (see Fig.S3) were serum-starved (SS) for indicated time points (12 h, 18 h, 24 h). Total cell lysates were then collected and blotted. Right panel shows the relative level of MARCHF5 normalized to ACTB. Data are expressed as mean ± S.E.M. (n = 3 independent experiments. Two-tailed Student’s t-test, **P < 0.01, N.S., not significant)  

Figure S2. CMA negatively regulates mitochondrial translocation of DNM1L via degradation of MARCHF5. SN4741 cells were treated with different dose of 6-OHDA (A, 40 ; B, 80 ) for the indicated time points and the level of LAMP2A was determined. (C) SN4741 cells were treated with different dose of 6-OHDA for 24 h and the relative level of LAMP2A mRNA was determined (normalized to the level of ACTB mRNA). (D) Q48A R49A mutation does not affect the E3 ubiquitin ligase activity of MARCHF5. SN4741 cells were transfected with the EV or the indicated MARCHF5-Flag constructs for 24 h. Mitochondria were enriched and blotted for MARCHF5-Flag (top panel) and the previously identified MARCHF5 substrate MIEF2 (middle panel). HSPD1 was taken as the loading control of mitochondria (bottom panel). (E) Impaired cellular CMA activity under a higher dose of 6-OHDA treatment. SN4741 cells were treated with 6-OHDA (80 for 24 h and then were collected for lysosome isolation and in vitro uptake assay to determine the CMA activity. Intact lysosomes were pre-incubated with IgG or a specific antibody that recognize the cytosolic tail of LAMP2A. Then co-incubated the lysosomes, GST-HSPA8, equal amounts of RNASE/RNaseA (a well-defined CMA substrate) or purified MARCHF5-Flag in the MOPS reaction buffer at 37℃ (lane 1-4or 10℃ (lane 5-6for 20 min. Protease inhibitors (P.I.) and protease K (Prot K) were added to measure the lysosomal uptake of RNaseA and MARCHF5-Flag. Right panels show the relative level of uptaken MARCHF5-Flag and RNASE by lysosomes. Data are expressed as mean ± S.E.M. (n = 3 independent experiments)  

Figure S3. Generation of SN4741 cell lines that stably express WT or MARCHF5Q48A,R49A. SN4741 cells with endogenous MARCHF5 stably knocked down were re-expressed the sh-resistant (Res) MARCHF5 (WT or Q48A R49A mutant). The protein level of MARCHF5 in the indicated cell lines was determined. 

Figure S4. CMA activity was enhanced in the SNc region of the TH-Cre::Stopf-Lamp2a mouse. An in vitro binding and uptake assay was carried out to determine the CMA activity, similar to the procedures described in Figure 2C. Lysosomes were enriched from SNc regions isolated from Stopf-Lamp2a or TH-Cre::Stopf-Lamp2a mouse. The lysosomal binding and uptake of RNaseA was then determined. 

