Supplementary Materials and Methods

Cell culture and reagents
Human melanoma cell lines WM35, A375, A2058 and 451LU were obtained from American Type Culture Collection (ATCC). WM35 and 451LU cell lines were routinely cultured in RPMI-1640 medium (Thermo Fisher Scientific, 61870127) supplemented with 10% fetal bovine serum (FBS, Thermo Fisher Scientific, 10099141) and penicillin-streptomycin (Sigma-Aldrich, V900929100). A2058 and A375 cell lines were maintained in Dulbecco’s Modified Eagle Medium (DMEM, Thermo Fisher Scientific, 12800017) supplemented with 10% FBS and penicillin-streptomycin. All these melanoma cell lines were authenticated by short-tandem repeat (STR) fingerprinting in center of DNA typing in Fourth Military Medical University in 2016 and tested for mycoplasma contamination. All these cells were maintained at 37°C with 5% CO2. 4-Phenylbutyric acid (4-PBA, SML0309), chloroquine (CQ, C6628), tunicamycin (TM, T7765) and thapsigargin (TG, T9033) were purchased from Sigma-Aldrich. The mitochondrial fission inhibitor mdivi-1(S7162) and the proteasome inhibitor MG132 (S2619) were obtained from Selleck. CQ (20 μM), TM (3 μM), TG (1 μM), together with mdivi-1 (10 μM) and MG132 (10 μM) were used as indicated treatment.

Knockdown and forced expression of target genes
For the overexpression of MFN2, the lentiviral vector encoding MFN2 (HanBio, Shanghai, China) was used to infect melanoma cells according to the manufacture’s protocol. After infection for 72 h, puromycin (abcam, ab141453) was used to obtain stably infected clones. All small interference RNAs were synthesized by GenePharma (Shanghai, China). The sequences of siRNAs for EIF2A, ERN1, XBP1, ATF6, MARCH5, HUWE1 and MUL1 were listed in Supplementary Table S1. The siRNAs were transfected with Lipofectamine 3000 (Invitrogen, L3000-015) reagent according to the manufacturer’s protocol.

RNA isolation and real-time PCR
Total RNA was extracted using TRIzol reagent (Invitrogen, 15596018), and then reversely transcribed to cDNA using the PrimeScriptTM RT Master Mix kit (TaKaRa, RR036A) according to the manufacturer’s instructions. qRT-PCR was performed using SYBR Premix Ex TaqTM II kit (TaKaRa, RR820A) with a Bio-Rad Multicolor Real-time PCR Detection System (Bio-Rad, iQTM5). The primers were listed in Supplementary Table S1. Threshold cycle (CT) values were used to calculate the fold change by the 2-ΔΔCT method, and β-actin mRNA was used as an internal control.

Apoptosis assay
Melanoma cells were seeded at 4-5 × 105 cells per well in 6-well plates overnight followed by the desired treatment, and then cells were collected and resuspended with 400 μl binding buffer containing 5 μl Annexin V-FITC and 10 μl PI (7Seabiotech, A005-4). The stained samples were analyzed with a flow cytometer (Beckman Coulter). 

Cell viability assay
Cell viability was determined by the CCK-8 assay (7Seabiotech, C008-2) according to the manufacturer’s instructions. Briefly, 5000 cells seeded in each well of 96-well plates were allowed to grown overnight followed by the indicated treatment. After 48 h, cells were then incubated with CCK-8 reagents for 1.5 h and the absorbance was measured at 450 nm in a Microplate Reader (Bio-Rad, Model 680).

Evaluation of mitochondrial ROS
For detection of mitochondrial ROS, cells were harvested and washed twice with PBS, followed by staining with 5 μM MitoSoxRed (Invitrogen, M36008) for 20 min at 37°C. Stained samples were analyzed by a flow cytometer (Beckman Coulter).

Measurement of ATP level
Intracellular ATP levels were determined using the ATP Bioluminescence Assay Kit (Beyotime, S0026) according to the manufacturer’s instructions. Briefly, cells were collected after the treatment and lysed, followed by dilution with reaction buffer. The level of ATP was measured by mixing 20 μl supernatant with 100 μl luciferase reagent, catalyzing the light production from ATP and luciferin. The emitted light was linearly related to the ATP concentration and measured by a microplate reader (Bio-Rad, Model 680). Protein concentration was determined using BCA protein assay kit (Beyotime, P0011) and the ATP level was normalized to total cellular protein. 

Tumor tissue microarray and immunohistochemistry staining
Melanoma tissue microarray (M1004e) was purchased from US Biomax Inc. (Rockville, MD, USA). Detailed information can be accessed via http://www.biomax.us/tissue-arrays/Melanoma/ME1004e. For the immunohistochemistry analysis, the TMA sections were de-paraffinized, incubated with 3% hydrogen peroxide and then subjected to antigen retrieval in citrate or EDTA antigen retrieval buffer. The sections were incubated with incubated with primary antibodies overnight overnight at 4°C followed by incubating with HRP-conjugated goat-anti rabbit/mouse IgG (1:200, Earthox, Millbrae, USA) for 40 min at room temperature. Subsequently, the bound antibody was detected using 3, 3-diaminobenzidine and the sections were then counterstained with hematoxylin, dehydrated and mounted. Primary antibodies used were listed in Supplementary Table S2. The staining samples were quantified by Image J Proplus software.

Protein preparation, immunoblotting and co-immunoprecipitation
Total protein extracts were lysed with RIPA lysis buffer (Beyotime, P0013B) containing protease inhibitor phenylmethylsulfonyl fluoride (PMSF, Sigma-Aldrich, PMSF-RO) and phosphatase inhibitor cocktail (Roche, 04906845001) on ice and were then centrifuged at 12000 rpm for 15 min. The total protein was quantified with a BCA Protein Assay kit (Beyotime, P0012). Equal amounts of protein samples were separated by SDS-PAGE (Beyotime, P0012A) and were then transferred to polyvinylidene difluoride (PVDF) membranes (Millipore, IPVH00010). Spectra™ Multicolor Broad Range Protein Ladder (Fermentas, 26617) was used to confirm protein electrophoresis and transferring. Then the membranes were blocked for 1 h in 1 × TBST containing 5% non-fat milk and incubated with primary antibodies overnight at 4°C. After washing with 1 × TBST, the membranes were incubated with HRP-conjugated goat anti-mouse or anti-rabbit IgG (1:5000, Jackson ImmunoResearch, 115-035-003) for 2 h at room temperature. The bands were detected with Western ECL substrate (Thermo Scientific, 35055). β-actin was used as a loading control. Primary antibodies used were listed in Table S2. For co-IP, cells were lysed in IP lysis buffer (0.025 M Tris, 0.15 M NaCl, 0.001 M EDTA, 1% NP-40, 5% glycerol; pH 7.4) supplemented with a protease inhibitor cocktail. Cell lysates were mixed with antibodies at 4℃ for 1 h. After the addition of protein A/G PLUS-Agarose (Santa Cruz, sc-2003) into the lysates, the mixture was incubated at 4℃ overnight. The immunoprecipitate was collected and washed extensively 4 times with PBS buffer and subjected to western blot. Primary antibodies used were listed in Supplementary Table S2.

Mitochondrial network imaging and immunofluorescence staining analysis
The fluorescent dye MitoTracker Green FM (Invitrogen, M7514) was used to monitor mitochondrial morphology in living cells according to the manufacturer’s instructions. Briefly, living cells with indicated treatment were incubated with 20 nM MitoTracker Green FM at 37 ℃ for 30 min. Then images were obtained with confocal laser scanning microscopy (Zesis, LSM880). Image J ProPlus software was used to analyze the morphology of mitochondrial. For the detection of co-localization of mitochondrial and autophagosome, cells incubated with 50 nM MitoTacker Red CMXRos (Invitrogen, M7512) were fixed with 4% paraformaldehyde, incubated with LC3 antibody (xxxxx) at 4 ℃ overnight, washed and probed with the secondary antibody conjugated to Alexa Fluor 488 (anti-rabbit IgG, CST, 4412) for 1 h and stained with DAPI (CST, 4083). Images were obtained using an inverted confocal laser scanning microscope (Zeiss).

Gene set enrichment analysis
To perform the gene set enrichment analysis, GSEA software was used to derive the absolute enrichment scores using C2 curated subset (experimentally validated gene sets) of the Molecular Signature Database version 6.0 [1,2], based on KEGG pathways [3].

ChIP assay
ChIP assays were performed according to the manufacturer’s recommended procedures of SimpleChIP® Plus Sonication Chromatin IP Kit (CST, 56383). Briefly, 3-5  107 cells were crosslinked with 1% paraformaldehyde at room temperature for 15 min and lysed. The chromatin was sonicated to generate chromatin fragments of 200-1000 bp. The recovered supernatant fraction was incubated with XBP1s antibody (CST, 27901) overnight at 4 °C, and mouse IgG1 (CST, 5415) was used as an isotype. After washing, the precipitated XBP1s protein-DNA complexes were recovered by using Protein G Magnetic Beads at 4 °C for 16 h. DNA was then purified with phenol/chloroform. The purified DNA and input genomic DNA were analyzed by PCR. The MARCH5 primers used were: Forward: 5’-AACATATTTCAAAAATTGGAGGCCA-3’, Reverse: 5’-GCGAAGTATATTTGAACTAGAGTGT-3’. The enrichment (100% input) was calculated using 100% × 2(adjusted Input - Ct(IP)), where adjusted Input = Ct(Input) - 6.644.

Xenograft mice model
Four to six-week-old female NOD/SCID nude mice with the average body weight of 18 to 22 g were randomly divided into the indicated groups. For investigating the effect of combined mitophagy inhibition and ER stress inducer on melanoma growth, TM at the dose of 1 mg/kg, CQ at the dose of 50 mg/kg and Mdivi-1 at the dose of 20 mg/kg was injected i.p. twice a week when tumors reached 2 to 3 mm diameter in each group of mice which were subcutaneously implanted with 8 × 106 A2058 cells. Equivalent volumes of DMSO (Sigma-Aldrich, D2650) were used as a control therapy. Thirty days later, the mice were sacrificed and the tumor were harvested and photographed. After the examination of their volumes, tumors were fixed in 4% paraformaldehyde overnight. Paraffin-embedded sections were processed to immunofluorescence staining analysis. All animal experiments complied with ethical regulations and were approved by the Subcommittee on Research Animal Care of the Fourth Military Medical University.
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