Supplementary Figure Legends

Figure S1. Monitoring of MAP1LC3B/LC3 with the autophagosome-lysosome fusion inhibitor bafilomycin A1. MAP1LC3B-II (LC3-II) levels were analyzed in the presence or the absence of bafilomycin A1 after inducing an ER-to-Golgi blockade or ER stress. (A and B) HEK293 cells were transfected with ARF1Q71L or SAR1T39N expression plasmids (24 h), or treated with starvation (2 h) or thapsigargin (1 µM, 6 h). Bafilomycin A1 (100 nM, 1 h) was used before harvesting the cells and whole cell lysates were immunoblotted with anti-MAP1LC3B antibodies. ALDOA/aldolase A was used as a loading control. (C and D) HEK293 cells were transfected with ARF1Q71L or SAR1T39N expression plasmids for a longer period (48 h). Other experimental conditions were the same as in panels (A and B). Representative immunoblots are shown in (A) and (C), and summaries of multiple experiments (n = 3) are given in (B) and (D), respectively. Note that bafilomycin A1 further increased LC3-II levels in cells treated with starvation for 2 h, or transfected with an ARF1Q71L or SAR1T39N plasmid for 24 h. Bar graph data are mean ± SEM. *P<0.05; **P<0.01; n.s., not significant; relative to each control. 

Figure S2. Effect of SAR1T39N on autophagy. MAP1LC3B-II (LC3-II) levels were analyzed in HEK293 cells transfected with SAR1 wild-type or T39N mutant plasmid (36 h). Some cells were additionally treated with starvation (2 h). Other experimental conditions are the same as in Figure S1. Representative immunoblots are shown in (A), and a summary of multiple experiments (n = 3) are given in (B). SAR1T39N partially reduced the LC3-II levels induced by starvation. However, SAR1T39N alone strongly increased LC3-II levels. Bar graph data are mean ± SEM. *P<0.05, **P<0.01, relative to each control. 

Figure S3. Effects of RBCC1 and ATG13 knockdown on ARF1Q71L-induced unconventional secretion of CFTR. (A-D) HEK293 cells were transfected with the indicated plasmids or siRNAs (36 h), and then CFTR on the cell surface was biotinylated and immunoblotted. Cells were treated with siRNA against RB1CC1/FIP200 (100 nM, 36 h; A and B) or ATG13 (100 nM, 36 h; C and D), then cell surface expression of CFTRΔF508 was analyzed by a surface biotinylation assay. Representative immunoblots (A and C) and a summary of 3 independent experiments (B and D) of CFTR, respectively, are shown. Individual siRNA information is given in Table S1. (E) Efficiency of each siRNA treatment was validated by quantitative real-time PCR. The fold-change in gene expression normalized to GAPDH and relative to the control sample was calculated using the 2-ΔΔCt method (n = 3). Knockdown of ATG13 or RB1CC1 strongly reduced ARF1Q71L-induced surface expression of CFTRΔF508. Bar graph data are mean ± SEM. *P<0.05, **P<0.01, relative to each control. 

Figure S4. Effects of STX17 and KIF5A knockdown on ARF1Q71L-induced unconventional secretion of CFTR. (A-D) HEK293 cells were transfected with the indicated plasmids or siRNAs (36 h), and then CFTR on the cell surface was biotinylated and immunoblotted. Cells were treated with siRNA against STX17 (100 nM, 36 h; A and B) or KIF5A (100 nM, 36 h; C and D), then cell surface expression of CFTRΔF508 was analyzed by a surface biotinylation assay. Representative immunoblots (A and C) and a summary of 3 independent experiments (B and D) of CFTR, respectively, are shown. Individual siRNA information is given in Table S1. (E) Efficiency of each siRNA treatment was validated by quantitative real-time PCR. The fold-change in gene expression normalized to GAPDH and relative to the control sample was calculated using the 2-ΔΔCt method (n = 3). Knockdown of KIF5A, but not STX17, reduced ARF1Q71L-induced surface expression of CFTRΔF508. Bar graph data are mean ± SEM. **P<0.01; n.s., not significant; relative to each control. 

Figure S5. Semi-quantification of immunogold EM images and monitoring of TSG101. (A) Transmission electron microscopy was conducted in HEK293 cells after immunogold labeling of GORASP2/GRASP55, as shown in Figure 6. The numbers of autophagosomes, MVBs, and GORASP2 labeling in the structures were counted for quantification of EM images. Low magnification (x1,500) EM fields were randomly chosen and the presences of autophagosomes, MVBs, and GORASP2 in the defined area were confirmed and counted by changing to higher magnifications (x20,000-30,000). The grading system represents that 0≤ (-) <5%, 5≤ (+) <10%, 10≤ (++) <20%, 20%≤ (+++) of cells are positive for each structure (n = 36 for Control and 56 for Thapsigargin). (B and C) Cellular levels of the MVB protein TSG101 were analyzed by immunoblotting. HEK293 cells were transfected with the indicated plasmids. Whole cell lysates were lysed in RIPA buffer and blotted with TSG101 antibodies. ALDOA was used as a loading control. Representative immunoblots are shown in (B) and a summary of multiple experiments (n = 3) is given in (C), respectively. Bar graph data are mean ± SEM. *P<0.05; **P<0.01; relative to CFTRΔF508 alone (1st lane). 

Figure S6. Colocalization analysis of GORASP2/GRASP55 with autophagosomes, lysosomes, and MVB12B. HeLa cells were cultured on coverslips and treated with thapsigargin (5 µM, 4 h) or not. After fixation with 4% paraformaldehyde for 10 min, cells were permeabilized with 0.2% Triton X-100 for 10 min. (A and B) Cells were transfected with a plasmid encoding GFP-LC3 and immunostained with anti-GORASP2 antibody. Representative immunofluorescence images are shown in (A). The results of multiple experiments using Manders’ colocalization coefficient (MCC; mean ± SEM, n = 3, each comprising analyses of 5–10 cells) are summarized in (B). (C and D) Cells were pretreated with LysoTracker Red before fixation and immunostained with anti-GORASP2 antibodies. Representative immunofluorescence images are shown in (C), and the results of multiple experiments are summarized in (D). (E and F) Cells were immunostained with anti-GORASP2 and anti-MVB12B antibodies. Representative immunofluorescence images are shown in (E), and the results of multiple experiments are summarized (F). Nuclei were counterstained with DAPI. Scale bar: 10 μm. Bar graph data are mean ± SEM. *P<0.05; n.s., not significant; relative to each control. 

Figure S7. Knockdown of MVB genes does not affect conventional trafficking of wild-type CFTR. HEK293 cells were transfected with wild-type (WT) CFTR expression plasmids and siRNAs against the indicated MVB genes (100 nM, 36 h). CFTR on the cell surface was biotinylated and immunoblotted. ALDOA was monitored as a loading control. Representative immunoblots (A) and a summary of 4 independent experiments (B) are shown. Bar graph data are mean ± SEM. 

Figure S8. GORASP2/GRASP55-induced unconventional trafficking of CFTRΔF508 requires MVB12B. HEK293 cells were transfected with the indicated plasmids and/or siRNA against MVB12B (100 nM, 36 h). Then, CFTRΔF508 on the cell surface was biotinylated, immunoblotted, and analyzed quantitatively. Representative immunoblots (A) and a summary of 3 independent experiments (B) are shown. Immunoblots using antibodies against MVB12B represent knockdown efficiency of siRNA. Bar graph data are mean ± SEM. *P<0.05. 

Figure S9. Effects of ATG5 and ATG7 knockdown on MVB12B-induced unconventional secretion of CFTR. HEK293 cells were transfected with the indicated plasmids and/or siRNA against ATG5 and ATG7 (each 50 nM, 36 h). Then, CFTRΔF508 on the cell surface was biotinylated, immunoblotted, and analyzed quantitatively. Representative immunoblots (A) and a summary of 3 independent experiments (B) are shown. Individual siRNA information is given in Table S1. Efficiency of each siRNA treatment was validated by immunoblotting of ATG5 and ATG7. MVB12B retains significant levels of ability for inducing unconventional trafficking of CFTRΔF508 in ATG5- and ATG7-depleted cells. Bar graph data are mean ± SEM. **P<0.01. 

Figure S10. A model of a vesicular trafficking pathway involved in unconventional secretion of CFTR. Under normal conditions, CFTR travels to the cell surface via a conventional Golgi-mediated route. Under ER stress or an ER-to-Golgi blockade, the core-glycosylated CFTR leaves the ER and is subsequently recruited to the autophagic vacuoles and MVBs. Although some CFTRs undergo degradation pathways, other CFTRs travel to recycling vesicles via MVB12B- and RAB8A-mediated mechanisms and eventually travel to the cell surface. 
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