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Oxidative stress-induced mitophagy is suppressed by the miR-106b-93-25 cluster in a protective manner
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Supplementary Results

H2O2 induction modulates mitochondrial morphology in the CFTF cell line.
To further confirm the changes in mitochondrial morphology, EGFP-Parkin and EGFP-C1 were transfected into the CFTF cell line (stably expressing a cox8-flag-TALE-flag fusion protein), which can bind to mitochondrial DNA via transcription activator-like effectors (TALEs) (Supplementary Fig. 1B, C); CFTF cells were then stimulated with 100 μM H2O2 for 0-12 h. As expected, the mean branch length and mean network size decreased while the number of individual mitochondria increased in EGFP-C1-transfected cells. By contrast, in EGFP-Parkin-transfected cells, the number of individual and network mitochondria decreased and the mean network size was reduced (Supplementary Fig. 2A, B), suggesting that mild and sustained H2O2 stimulation can induce a change in mitochondrial morphology.

Analysis of discordant or concordant changes in mRNA and protein abundance of OPTN, NDP52 and MFN2.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]H2O2 treatment downregulated OPTN and MFN2 in both EGFP-Parkin-transfected and EGFP-C1-transfected cells, suggesting that the decreases in OPTN and MFN2 levels were not caused by Parkin-mediated mitophagy. The lack of changes in MFN1 levels suggested that the decreases in MFN2 levels were not caused by mitochondrial morphology changes. In addition, NDP52 was downregulated in EGFP-Parkin-transfected cells after 18 h of H2O2 induction. Furthermore, we measured the mRNA levels of these genes by real-time fluorescent quantitative PCR (RT-qPCR) and found that mRNA levels of NDP52 and p62 were almost unchanged after 12 h of H2O2 treatment in both EGFP-Parkin-transfected and EGFP-C1-transfected cells; OPTN mRNA levels were slightly decreased after H2O2 treatment only in EGFP-C1-transfected cells (Supplementary Fig. 5A), indicating that H2O2 induction had little effect on the transcription of these genes. Combined with a decrease in the protein levels of OPTN and NDP52, we speculate that the translation of OPTN and NDP52 is inhibited. The mRNA levels of MFN2 and MFN1 showed almost identical declines after 12 h of H2O2 treatment (Supplementary Fig. 5A), indicating that their transcription was inhibited. Considering that the protein levels of MFN2 were significantly lower than that of MFN1 upon H2O2-induction, we speculate that not only the transcription of MFN2 is inhibited, but also the translation is inhibited.

H2O2-induced cell death is due to intracellular autophagy rather than caspase-dependent apoptosis.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Autophagy and apoptosis can lead to cell death in distinct ways1. To investigate what caused the cell death, an autophagy marker LC3B was assessed by WB in H2O2-induced cells. LC3BII exhibited dramatic upregulation and the LC3BII/LC3BI ratio was obviously increased after 24 h of H2O2 treatment, suggesting that levels of autophagy were increased in both EGFP-Parkin-transfected and EGFP-C1-transfected cells (Fig. 6b). More importantly, LC3BII levels and the LC3BII/LC3BI ratio were more obviously increased in EGFP-C1-transfected control cells than in EGFP-Parkin-transfected cells (Fig. 6b); this indicated that, compared to EGFP-Parkin-transfected cells, the lower cell viability of EGFP-C1-transfected control cells under oxidative stress was due to more intense autophagy in these cells, and that appropriate mitophagy has a protective effect on cells. Moreover, there was little change in caspase-3 levels and cleaved caspase-3 (an apoptosis marker) levels remained low, with minimal change after 18-24 h of H2O2-treatment in both EGFP-Parkin-transfected cells and EGFP-C1-transfected control cells (Fig. 6c). These results suggest that H2O2-induced cell death is due to intracellular autophagy rather than caspase-dependent apoptosis.

OPTN deletion alters mitochondrial morphology but does not alter mitochondrial quality.
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]To date, five different autophagy receptors (NBR1, NDP52, OPTN, p62/SQSTM1 and TAX1BP1) have been shown to translocate to damaged mitochondria during PINK1/Parkin mitophagy2,3. Among these five autophagy receptors, OPTN acts as the primary mitophagy receptor4. Moreover, the lack of change in the expression of TOMM40 in OPTN-KO HeLa cells illustrated that OPTN deletion had no effect on mitochondrial quality (Supplementary Fig. 10A, D). One Parkin substrate is MFN2, which has been proven to be crucial for PINK1/Parkin-triggered mitophagy. After being phosphorylated by PINK1, MFN2 promotes Parkin recruitment to damaged mitochondria for MFN2 ubiquitination5. Mitochondrial dissociation from the endoplasmic reticulum (ER), which requires MFN2 ubiquitination, gives Parkin access to VDAC1 (another Parkin substrate) for its ubiquitination6. In the current study, MFN2 was upregulated while NDP52 was downregulated in OPTN-KO HeLa cells (Supplementary Fig. 10C, D). Furthermore, mitochondrial fragmentation occurred in OPTN-KO HeLa cells regardless of Parkin expression (Supplementary Fig. 10E, F), showing that OPTN deletion can cause mitochondrial fragmentation. It has been reported that increases in MFN2 levels damage ER-mitochondrial contacts immediately after inducing mitochondrial fragmentation via activation of Drp1 (ref. 7). Our results reveal that OPTN deletion elevates the levels of MFN2, which induces mitochondrial fragmentation. However, how OPTN deletion regulates MFN2 requires further study.

Accurate deletion of each specific miRNA in the miR-106b-93-25 cluster by CRISPR/Cas9 gene editing technology.
Initial reports demonstrated that CRISPR/Cas9 is a simple and efficient tool for silencing miRNA genes8,9. Further studies have applied the CRISPR/Cas9 system to plant miRNA silencing and deletion of the largest miRNA cluster in mice10-12. Recently, CRISPR/Cas9 was used to investigate clustered miRNA regulation13. We knocked out each individual miRNA in the miR-106b-93-25 cluster. We showed by northern blot miRNA analysis that the three miRNAs were successfully knocked out, and that the other two miRNAs were still expressed in the cells with KO of one miRNA (Supplementary Fig. 6E-G). To determine whether the levels of the other two miRNAs changed when each miRNA was knocked out individually, we used RT-qPCR to measure the expression of the other miRNAs. All results are shown in Supplementary Fig. 6H-J. The levels of miR-93, which is adjacent to miR-106b, were decreased to different extents in the miR-106b-KO cell lines, while the spacing miR-25 was changed irregularly. However, when the middle miRNA, miR-93, was knocked out, the levels of both of the adjacent miRNAs, miR-106b and miR-25, declined to varying degrees. As expected, the miR-25-KO cells had decreased miR-93 levels and irregular changes in miR-106b, with the exception of one of the cell lines, 25-186. In this cell line, the adjacent miRNA, miR-93, changed slightly; only 5 bases in the DNA sequence of the miR-25 gene were deleted, far fewer than the numbers deleted in the other cell lines (Supplementary Fig. 6D). Taken together, these findings extended the application of CRISPR/Cas9 methods to the accurate deletion of a single miRNA in a certain miRNA cluster. The following three important conclusions emerged: (1) each miRNA in a miRNA cluster can be entirely knocked out by CRISPR/Cas9; (2) knockout of a fringe miRNA in the miRNA cluster can reduce the levels of the adjacent miRNAs depending on the number of bases deleted, but the influence on spacing miRNAs is random (causing upregulation, downregulation or no change); and (3) knockout of the middle miRNA in the miRNA cluster can reduce the levels of adjacent miRNAs. Furthermore, we speculate that a larger distance between two miRNAs is associated with a smaller impact on one miRNA when the other miRNA is knocked out.
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