




Nature Cell Biology

Article https://doi.org/10.1038/s41556-025-01829-0

Extended Data Fig. 9 | See next page for caption.
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Extended Data Fig. 9 | IMM stress stabilizes MISO to promote SMEM 
formation. a. CHX chase assay assessing MISO protein stability in U2OS cells 
treated in the presence or absence of EB. b. Quantification of indicated protein 
levels from (a). n = three biological replicates. c. Representative images of 
the Drosophila larval fat body harbouring GFP-marked somatic clones of the 
indicated genotypes, immunostained for HA-tagged endogenous dMISO. Scale 
bars: 50 μm. d. Quantification of relative MISO fluorescence intensity from (c). 
n = 20, 25, 22, 23, 25, 20, 20, 20, 21, 23, 28 cell clones for Luc-i, NP15.6-i, ND-49-i, 
ND-23-i, SdhC-i, UQCR-Q-i, RFeSP-i, COX6C-i, COX5A-i, ATPsyn-beta-i-1 and 
ATPsyn-beta-i-2, respectively. Three biological replicates. e. Representative 
confocal images of the Drosophila larval fat body harbouring GFP-marked 
somatic clones of dMISO knockdown. Scale bars: 50 μm. f. Quantification of 
relative MISO fluorescence intensity from (e). n = 20, 20 cell clones for Luc-i 
and dMISO-i from three biological replicates. g-h. Immunoblots (g) and 
corresponding quantifications (h) of MISO protein levels in U2OS cells treated 
for 24 h with the indicated compounds (1 µM Rotenone, 5 mM NaN3, 2 µM 
Oligomycin and 2 µM CCCP), except for EB, which was applied at 50 ng/mL for 
3 days. Relatively low dosages of the compounds were used to avoid triggering 
significant mitophagy. n = three biological replicates. i-j. Representative images 
(i) and corresponding quantifications (j) of PHB2-enriched microdomains (white 

arrows) in WT and MISO-KO U2OS cells treated with the indicated compounds 
as described in (g-h). Scale bars: main panels 10 μm, magnified insets 5 μm. n = 
three biological replicates. k-l. Representative images (k) and corresponding 
quantification (l) of mitochondrial phenotype in WT and MISO-KO U2OS cells 
expressing mCherry-Parkin, treated with DMSO or 10 μM CCCP for 12 h. Scale 
bars: main panels 20 μm, magnified insets 5 μm. n = three biological replicates. 
m-n. Representative images (m) and corresponding quantifications (n) of PHB2-
enriched microdomains (white arrows) in WT and MISO-KO U2OS cells treated 
with indicated shRNAs. Scale bars: main panels 10 μm, magnified insets 5 μm.  
n = three biological replicates. o. Immunoblots showing the knockdown 
efficiency of MIC60 and ATP5A in U2OS cells. p. CHX chase assay assessing MISO 
protein stability in U2OS cells stably expressing MISO and treated with  
the indicated shRNAs. q. Quantification of indicated protein levels from  
(p). n = three biological replicates. r. qPCR analysis of MISO mRNA levels in U2OS 
cells transduced with the indicated shRNAs. n = three biological replicates. Data 
are presented as mean ± SD. (b) and (f): two-tailed unpaired Student’s t-test;  
(d): ordinary one-way ANOVA with Dunnett’s multiple comparisons;  
(h), (j), (n), (q) and (r): ordinary one-way ANOVA with Tukey’s multiple 
comparisons test; (l): two-way ANOVA with Tukey’s multiple comparisons test.
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Extended Data Fig. 10 | SMEM arise from collapsed and condensed inner 
mitochondrial membranes through MISO oligomerization. a. Representative 
TEM images of mitochondria in U2OS cells expressing APEX2-MISO. Scale bar: 
500 nm. b. Representative images of U2OS cells expressing PHB1-mCherry 
and MISO–Flag, incubated with nonyl acridine orange (NAO). White arrows 
indicate subdomains. Scale bars: main panels 10 μm, magnified insets 2 μm. 
c-d. Representative immunoblots (c) and corresponding quantification (d) of 
proteins involved in the maintenance of mitochondrial cristae structure and 
morphology from U2OS cells expressing an empty vector (pLenti) or MISO–Flag. 
n = three biological replicates. e. Crosslinking analysis of the oligomerization 
of two MISO isoforms in U2OS cells using disuccinimidyl glutarate (DSG). 
Arrowheads point to the MISO dimers. Asterisks denote non-specific bands. 
f. Crosslinking analysis of MISO oligomerization using DSG in U2OS cells 
expressing MISO–Flag and treated with the indicated shRNAs. Red arrowheads 
point to the MISO dimers and trimers. g. Crosslinking analysis of oligomerization 

of MISO and corresponding truncation variants in U2OS cells. h-i. Representative 
images (h) and corresponding quantification (i) of mitochondrial morphology 
in HEK293T cells expressing OMM-GFP or OMM-MISO. Scale bars: main panels 
10 μm, magnified insets 2 μm. n = three biological replicates. j-k. Representative 
images (j) and corresponding quantification (k) of mitochondrial morphology in 
U2OS cells expressing OMM-MISO truncation mutants. Scale bars: main panels 
10 μm, magnified insets 5 μm. n = three biological replicates. l. Representative 
images showing the localization of IMM-MISO and IMM-MISO-M in U2OS 
cells. m-n. Representative images (m) and corresponding quantification (n) 
of mitochondrial morphology in U2OS cells expressing IMM-MISO truncation 
mutants. Scale bars: main panels 10 μm, magnified insets 5 μm. n = three 
biological replicates. Data are presented as mean ± SD. (d) and (i): two-tailed 
unpaired Student’s t-test; (k) and (n): ordinary one-way with Tukey’s multiple 
comparisons.
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Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided 
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) 
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code
Policy information about availability of computer code

Data collection Fluorescence images were acquired using a Leica DMi8 equipped with a THUNDER imager, a Leica STELLARIS STED microscope, or a Zeiss LSM 
980 with Airyscan 2. Image acquisition was performed using Leica Application Suite X (LAS X; versions 3.7.4.23463 and 4.5.0.25531) and ZEN 
Blue (version 3.3). 
Transmission electron microscopy (TEM) imaging was performed using an FEI Tecnai T12 instrument operating at 120kV (FEI). 
Western blot imaging were performed using a Tanon 5200 chemiluminescence detection system. 
Quantitative PCR (qPCR) data were acquired using a QuantStudio 1 real-time PCR system (Applied Biosystems). 
Proteomics data were collected using an Easy-nLC 1000 coupled with a Q Exactive Orbitrap mass spectrometer (Thermo Fisher). 
Oxygen consumption rate (OCR) data were acquired using an XFe96 Extracellular Flux Analyzer (Agilent). 
Flow cytometry data were collected using a CytoFLEX flow cytometer (Beckman).

Data analysis The imaging data were processed using FIJI v1.54. 
Flow cytometry data were analyzed using FlowJo v10. 
Statistical analysis and visualization of the data were performed using FIJI v1.54, GraphPad Prism v9, Microsoft Powerpiont v2509 and 
Microsoft Excel v2509.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and 
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 
- Accession codes, unique identifiers, or web links for publicly available datasets 
- A description of any restrictions on data availability 
- For clinical datasets or third party data, please ensure that the statement adheres to our policy 

 

The protein mass spectrometry data has been deposited on the ProteomeXchange PRIDE database with the identifier: PXD057461. All other data generated or 
analyzed during this study are available in the article and supplementary information.

Research involving human participants, their data, or biological material
Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation), 
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender N/A

Reporting on race, ethnicity, or 
other socially relevant 
groupings

N/A

Population characteristics N/A

Recruitment N/A

Ethics oversight N/A

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences  Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size No statistical methods were employed to predetermine the sample size. Sample size was chosen based on published literature or determined 
by a power calculation. The specific number of events analyzed in each experiment is indicated in the figure legends and described in the 
methods section.

Data exclusions No data were excluded from analysis.

Replication All experiments in this study, except for the proteomics mass spectrometry analysis (which was performed once), were conducted with at 
least three independent biological replicates.

Randomization Randomization was not relevant to flies and mouse studies due to genotype-dependent analyses. To ensure unbiased results for analysis and 
quantification, cells were chosen randomly.

Blinding No blinding was performed in this study. Blinding was not not applicable in this study, as cells were cultured under consistent conditions, and 
most quantifications were predominantly performed by software using standardized settings, thereby minimizing potential bias.

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 
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Materials & experimental systems
n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Clinical data

Dual use research of concern

Plants

Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used Antibody, Company, Catalog number, Clonality, Clone name, Dilution(WB/IF) 

mouse anti-Actin, Proteintech, 66009-1-Ig, Monoclonal, 2D4H5, 1:2000  
rabbit anti-ATP5A, Proteintech 14676-1-AP, Polyclonal, \,  1:200 
rabbit anti-COX5B, Proteintech, 11418-2-AP, Polyclonal, \,  1:200 
rabbit anti-Cyto c, Proteintech, 10993-1-AP, Polyclonal, \, 1:2000/1:200 
rabbit anti-FASTKD2, Proteintech, 17464-1-AP, Polyclonal \,  1:200 
mouse anti-Flag, Proteintech, 66008-4-Ig, Monoclonal, 8H6A10,  1:200 
rabbit anti-FIS1, Proteintech, 10956-1-AP, Polyclonal, \, 1:2000  
rabbit anti-GADPH, Proteintech, 60004-1-Ig, Polyclonal, \, 1:5000  
rabbit anti-GM130, Proteintech, 11308-1-AP, Polyclonal, \,  1:200 
rabbit anti-HSP60, Proteintech, 15282-1-AP, Polyclonal, \, 1:5000 1:500 
rabbit anti-MFF, Proteintech, 17090-1-AP, Polyclonal, \, 1:1000  
rabbit anti-MFN2, Proteintech, 12186-1-AP, Polyclonal, \, 1:2000 1:100 
rabbit anti-MIC60, Proteintech, 10179-1-AP, Polyclonal, \, 1:2000 1:200 
rabbit anti-MID49, Proteintech, 16413-1-AP, Polyclonal, \, 1:1000  
rabbit anti-MID51, Proteintech,  20164-1-AP, Polyclonal, \, 1:1000  
rabbit anti-MTCO2, Proteintech, 55070-1-AP, Polyclonal, \, 1:1000  
rabbit anti-MTFP1, Proteintech, 14257-1-AP, Polyclonal, \, 1:1000  
rabbit anti-NDUFS3, Proteintech, 15066-1-AP, Polyclonal, \, 1:2000  
rabbit anti-OXPHOS Cocktail, Proteintech, PK30006, Polyclonal, \, 1:2000  
rabbit anti-SDHA, Proteintech, 14865-1-AP, Polyclonal, \, 1:2000  
rabbit anti-SSBP1, Proteintech, 12212-1-AP, Polyclonal, \, 1:2000 1:200 
 rabbit anti-STOML2, Proteintech, 10348-1-AP, Polyclonal, \, 1:2000 1:200 
rabbit anti-TFAM,  Proteintech, 22586-1-AP, Polyclonal, \, 1:2000 1:200 
rabbit anti-TIMM23, Proteintech, 11123-1-AP, Polyclonal, \, 1:2000 1:200 
rabbit anti-TOMM20, Proteintech, 11802-1-AP, Polyclonal, \, 1:5000 1:500 
rabbit anti-TOMM40, Proteintech, 18409-1-AP, Polyclonal, \,  1:200 
 rabbit anti-TOMM70, Proteintech, 14528-1-AP, Polyclonal, \, 1:2000 1:200 
 rabbit anti-Tubulin, Proteintech, 11224-1-AP, Polyclonal \, 1:2000  
rabbit anti-UQCRC2, Proteintech, 14742-1-AP, Polyclonal, \, 1:2000  
rabbit anti-DRP1, Cell Signaling Technology, 8570, Polyclonal, \, 1:1000 1:200 
rabbit anti-HA, Cell Signaling Technology, 3724, Polyclonal, \, 1:1000 1:200 
rabbit anti-LAMP1, Cell Signaling Technology, 9091, Polyclonal, \,  1:200 
rabbit anti-LC3B, Cell Signaling Technology, 2775, Polyclonal, \,  1:200 
rabbit anti-MFN1, Cell Signaling Technology, 14739, Polyclonal, \, 1:1000 1:200 
rabbit anti-OPA1, Cell Signaling Technology, 80471, Polyclonal, \, 1:1000 1:100 
rabbit anti-PHB2, Cell Signaling Technology, 14085, Polyclonal, \, 1:1000 1:200 
mouse anti-ATP5A, Abcam, ab14748, Monoclonal, 15H4C4, 1:5000  
mouse anti-MTCO1, Abcam, ab14705, Monoclonal, 1D6E1A8, 1:2000  
rabbit anti-PHB, Abcam, ab28172, Polyclonal, \, 1:1000  
rabbit anti-SDHB, Abcam, ab175225, Polyclonal, \,  1:100 
mouse anti-Delta, Developmental Studies Hybridoma Bank, C594.9B, Monoclonal, C594.9B,  1:50 
mouse anti-LacZ, Developmental Studies Hybridoma Bank, 40-1a, Monoclonal, 40-1a,  1:200 
mouse anti-Myc, Santa Cruz sc-40, Monoclonal,  9E10,   1:200 
mouse anti-TOMM20, Santa Cruz, sc-17764, Monoclonal, F-10,  1:500 
rabbit anti-Myc, Sigma-Aldrich, C3956, Polyclonal, \, 1:1000 1:200 
mouse anti-Flag, Sigma-Aldrich, F3165, Monoclonal, M2, 1:5000 1:500 
chicken anti-GFP, Aves Labs, GFP-1020, Polyclonal, \,  1:500 
mouse anti-HA, Biolegend, MMS-101P, Monoclonal, 16B12,  1:200 
rabbit anti-PMP70, Invitrogen, PA1-650, Polyclonal, \  1:5000 
mouse anti-DNA, Progen, 690014, Monoclonal, AC-30-10,  1:200 
HRP-conjugated Goat Anti-Mouse IgG(H+L), Proteintech, SA00001-1, Polyclonal, \, 1:5000  
HRP-conjugated Goat Anti-Rabbit IgG(H+L), Proteintech, SA00001-2, Polyclonal, \, 1:5000  
Goat anti-Mouse IgG (H+L) Cross-Adsorbed Secondary Antibody, Alexa Fluor™ 488,  Invitrogen, A-11001, Polyclonal, \,  1:1000 
Goat anti-Mouse IgG (H+L) Cross-Adsorbed Secondary Antibody, Alexa Fluor™ 555, Invitrogen, A-21422, Polyclonal, \,  1:1000 
Goat anti-Rabbit IgG (H+L) Cross-Adsorbed Secondary Antibody, Alexa Fluor™ 555, Invitrogen, A-21428, Polyclonal, \,  1:1000 
Goat anti-Rabbit IgG (H+L) Highly Cross-Adsorbed Secondary Antibody, Alexa Fluor™ 647, Invitrogen A-21245 Polyclonal, \,  1:1000 
Goat anti-Chicken IgY (H+L) Secondary Antibody, Alexa Fluor™ 488,  Invitrogen A-11039, Polyclonal, \,  1:1000 
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Goat anti-Mouse IgG2b Cross-Adsorbed Secondary Antibody, Alexa Fluor™ 488,  Invitrogen A-21141, Polyclonal, \,  1:500 
Goat anti-Mouse IgM (Heavy chain) Cross-Adsorbed Secondary Antibody, Alexa Fluor™ 546, Invitrogen, A-21045, Polyclonal, \,  1:500

Validation All commercially available antibodies used in this study have been validated in multiple prior publications, and detailed validation 
data are available on the respective manufacturers’ websites. 
anti-Actin (Proteintech, 66009-1-Ig) https://www.ptgcn.com/products/Pan-Actin-Antibody-66009-1-Ig.htm 
anti-ATP5A (Proteintech, 14676-1-AP) https://www.ptgcn.com/products/ATP5A1-Antibody-14676-1-AP.htm 
anti-COX5B (Proteintech, 11418-2-AP) https://www.ptgcn.com/products/COX5B-Antibody-11418-2-AP.htm 
anti-Cyto c (Proteintech, 10993-1-AP) https://www.ptgcn.com/products/CYCS-Antibody-10993-1-AP.htm 
anti-Flag (Proteintech, 66008-4-Ig) https://www.ptgcn.com/products/Flag-tag-Antibody-66008-4-Ig.htm 
anti-FASTKD2 (Proteintech, 17464-1-AP) https://www.ptgcn.com/products/FASTKD2-Antibody-17464-1-AP.htm 
anti-FIS1 (Proteintech, 10956-1-AP) https://www.ptgcn.com/products/FIS1-Antibody-10956-1-AP.htm 
anti-GADPH (Proteintech, 60004-1-Ig) https://www.ptgcn.com/products/GAPDH-Antibody-60004-1-Ig.htm 
anti-GM130 (Proteintech, 11308-1-AP) https://www.ptgcn.com/products/GOLGA2,GM130-Antibody-11308-1-AP.htm 
anti-HSP60 (Proteintech, 15282-1-AP) https://www.ptgcn.com/products/HSPD1-Antibody-15282-1-AP.htm 
anti-MFF (Proteintech, 17090-1-AP) https://www.ptgcn.com/products/MFF-Antibody-17090-1-AP.htm 
anti-MFN2 (Proteintech, 12186-1-AP) https://www.ptgcn.com/products/MFN2-Antibody-12186-1-AP.htm 
anti-MIC60 (Proteintech, 10179-1-AP) https://www.ptgcn.com/products/IMMT-Antibody-10179-1-AP.htm 
anti-MID49 (Proteintech, 16413-1-AP) https://www.ptgcn.com/products/SMCR7-Antibody-16413-1-AP.htm 
anti-MID51 (Proteintech, 20164-1-AP) https://www.ptgcn.com/products/SMCR7L-Antibody-20164-1-AP.htm 
anto-MTCO2 (Proteintech, 55070-1-AP) https://www.ptgcn.com/products/COX2-Antibody-55070-1-AP.htm 
anti-MTFP1 (Proteintech, 14257-1-AP) https://www.ptgcn.com/products/MTP18-Antibody-14257-1-AP.htm 
anto-NUDFS3 (Proteintech, 15066-1-AP) https://www.ptgcn.com/products/NDUFS3-Antibody-15066-1-AP.htm 
anti-OXPHOS Cocktail (Proteintech, PK30006) https://www.ptgcn.com/products/OXPHOS-Cocktail-Human-recommended-
PK30006.htm 
anti-SDHA (Proteintech, 14865-1-AP) https://www.ptgcn.com/products/SDHA-Antibody-14865-1-AP.htm 
anti-SSBP1 (Proteintech, 12212-1-AP) https://www.ptgcn.com/products/SSBP1-Antibody-12212-1-AP.htm 
anti-STOML2 (Proteintech, 10348-1-AP) https://www.ptgcn.com/products/STOML2-Antibody-10348-1-AP.htm 
anti-TFAM (Proteintech, 22586-1-AP) https://www.ptgcn.com/products/TFAM-Antibody-22586-1-AP.htm 
anti-TIMM23 (Proteintech, 11123-1-AP) https://www.ptgcn.com/products/TIMM23-Antibody-11123-1-AP.htm 
anti-TOMM20 (Proteintech, 11802-1-AP) https://www.ptgcn.com/products/TOM20-Antibody-11802-1-AP.htm 
anti-TOMM40 (Proteintech, 18409-1-AP) https://www.ptgcn.com/products/TOMM40-Antibody-18409-1-AP.htm 
anti-TOMM70 (Proteintech, 14528-1-AP) https://www.ptgcn.com/products/TOM70-Antibody-14528-1-AP.htm 
anti-Tubulin (Proteintech, 11224-1-AP) https://www.ptgcn.com/products/TUBA1B-Antibody-11224-1-AP.htm 
anti-UQCRC2 (Proteintech, 14742-1-AP) https://www.ptgcn.com/products/UQCRC2-Antibody-14742-1-AP.htm 
anti-DRP1 (Cell Signaling Technology, 8570) https://www.cellsignal.cn/products/primary-antibodies/drp1-d6c7-rabbit-mab/8570 
anti-HA (Cell Signaling Technology, 3724) https://www.cellsignal.cn/products/primary-antibodies/ha-tag-c29f4-rabbit-mab/3724 
anti-LAMP1 (Cell Signaling Technology, 9091) https://www.cellsignal.cn/products/primary-antibodies/lamp1-d2d11-xp-rabbit-
mab/9091 
anti-LC3B (Cell Signaling Technology, 2775) https://www.cellsignal.cn/products/primary-antibodies/lc3b-antibody/2775 
anti-MFN1 (Cell Signaling Technology, 14739) https://www.cellsignal.cn/products/primary-antibodies/mitofusin-1-d6e2s-rabbit-
mab/14739 
anti-OPA1 (Cell Signaling Technology, 80471) https://www.cellsignal.cn/products/primary-antibodies/opa1-d6u6n-rabbit-mab/80471 
anti-PHB2 (Cell Signaling Technology, 14085) https://www.cellsignal.cn/products/primary-antibodies/phb2-e1z5a-rabbit-mab/14085 
anti-ATP5A (Abcam, ab14748) https://www.abcam.cn/products/primary-antibodies/atp5a-antibody-15h4c4-mitochondrial-marker-
ab14748.html 
anti-MTCO1 (Abcam, ab14705) https://www.abcam.cn/products/primary-antibodies/mtco1-antibody-1d6e1a8-ab14705.html 
anti-PHB (Abcam, ab28172) https://www.abcam.cn/products/primary-antibodies/prohibitin-antibody-mitochondrial-marker-
ab28172.html 
anti-SDHB (Abcam, ab14714) https://www.abcam.cn/products/primary-antibodies/sdhb-antibody-21a11ae7-ab14714.html 
mouse anti-Delta (DSHB, C594.9B) https://dshb.biology.uiowa.edu/C594-9B 
mouse anti-LacZ (DSHB, 40-1a) https://dshb.biology.uiowa.edu/40-1a 
mouse anti-Myc (Santa Cruz, sc-40) https://www.scbt.com/zh/p/c-myc-antibody-9e10 
mouse anti-TOMM20 (Santa Cruz, sc-17764) https://www.scbt.com/zh/p/tom20-antibody-f-10 
rabbit anti-Myc (Sigma, C3956) https://www.sigmaaldrich.cn/CN/zh/product/sigma/c3956 
mouse anti-Flag (Sigma, F3165) https://www.sigmaaldrich.cn/CN/zh/product/sigma/f3165 
chicken anti-GFP (Aves Labs, GFP-1020) http://www.aveslab.cn/?list_2/30.html 
mouse anti-HA (Biolegend, MMS-101P) https://www.biolegend.com/en-gb/products/purified-anti-ha-11-epitope-tag-antibody-11374 
rabbit anti-PMP70 (Invitrogen, PA1-650) https://www.thermofisher.cn/cn/zh/antibody/product/PMP70-Antibody-Polyclonal/PA1-650 
mouse anti-DNA (Progen, 690014) https://us.progen.com//anti-DNA-mouse-monoclonal-AC-30-10-liquid-purified-sample/690014S 
HRP-conjugated Goat Anti-Mouse IgG(H+L) (Proteintech, SA00001-1)  https://www.ptgcn.com/products/HRP-conjugated-Affinipure-
Goat-Anti-Mouse-IgG-H-L-secondary-antibody.htm 
HRP-conjugated Goat Anti-Rabbit IgG(H+L) (Proteintech, SA00001-2) https://www.ptgcn.com/products/HRP-conjugated-Affinipure-
Goat-Anti-Rabbit-IgG-H-L-secondary-antibody.htm 
Goat anti-Mouse IgG (H+L) Cross-Adsorbed Secondary Antibody, Alexa Fluor™ 488  (Invitrogen, A-11001) https://
www.thermofisher.cn/cn/zh/antibody/product/Goat-anti-Mouse-IgG-H-L-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-11001 
Goat anti-Mouse IgG (H+L) Cross-Adsorbed Secondary Antibody, Alexa Fluor™ 555 (Invitrogen, A-21422) https://
www.thermofisher.cn/cn/zh/antibody/product/Goat-anti-Mouse-IgG-H-L-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-21422 
Goat anti-Rabbit IgG (H+L) Cross-Adsorbed Secondary Antibody, Alexa Fluor™ 555 (Invitrogen, A-21428) https://
www.thermofisher.cn/cn/zh/antibody/product/Goat-anti-Rabbit-IgG-H-L-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-21428 
Goat anti-Rabbit IgG (H+L) Highly Cross-Adsorbed Secondary Antibody, Alexa Fluor™ 647 (Invitrogen, A-21245) https://
www.thermofisher.cn/cn/zh/antibody/product/Goat-anti-Rabbit-IgG-H-L-Highly-Cross-Adsorbed-Secondary-Antibody-Polyclonal/
A-21245 
Goat anti-Chicken IgY (H+L) Secondary Antibody, Alexa Fluor™ 488 (Invitrogen, A-11039) https://www.thermofisher.cn/cn/zh/
antibody/product/Goat-anti-Chicken-IgY-H-L-Secondary-Antibody-Polyclonal/A-11039 
Goat anti-Mouse IgG2b Cross-Adsorbed Secondary Antibody, Alexa Fluor™ 488 (Invitrogen, A-21141) https://www.thermofisher.cn/
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cn/zh/antibody/product/Goat-anti-Mouse-IgG2b-Cross-Adsorbed-Secondary-Antibody-Polyclonal/A-21141 
Goat anti-Mouse IgM (Heavy chain) Cross-Adsorbed Secondary Antibody, Alexa Fluor™ 546 (Invitrogen, A-21045) https://
www.thermofisher.cn/cn/zh/antibody/product/Goat-anti-Mouse-IgM-Heavy-chain-Cross-Adsorbed-Secondary-Antibody-Polyclonal/
A-21045

Eukaryotic cell lines
Policy information about cell lines and Sex and Gender in Research

Cell line source(s) U2OS (TCHu88), HeLa (TCHu187), HEK293T (GNHu44) and HuH-7 (TCHu182) cells were obtained from the Shanghai Cell Bank 
Type Culture Collection Committee (Shanghai, China). HCT116, A549 and PLC/PRF/5 cells were provided by HuaFeng Zhang 
(USTC). S2 cells were gifted from Linfeng Sun (USTC). Mouse hepatocytes and mouse embryonic fibroblasts (MEFs) were 
generated for this study following the procedures detailed in the methods section.

Authentication All cell lines (except primary isolates) were authenticated by STR fingerprinting.

Mycoplasma contamination All cell lines are routinely tested to ensure the absence of mycoplasma contamination.

Commonly misidentified lines
(See ICLAC register)

No commonly misidentified cell lines were used.

Animals and other research organisms
Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in 
Research

Laboratory animals C57BL/6J male and female mice were used in this study. The sex, number, and age of mice used in each experiment are provided in 
the source data. 5-10 day old adults of Drosophila melanogaster flies were used in this study. Details of all fly lines utilized are 
provided in the methods section.

Wild animals No wild animals were used in this study.

Reporting on sex Mouse hepatocytes were isolated from male mice, whereas mouse embryonic fibroblasts (MEFs)  were isolated from E13.5 embryos 
of female mice. Drosophila studies were conducted on female adult flies.

Field-collected samples No field-collected samples were used in this study.

Ethics oversight All mouse experiments were performed according to procedures approved by the Animal Research Ethics Committee of the 
University of Science and Technology of China, as well as the Animal Ethics Committee of Jinan University. Ethical approval was not 
required for the Drosophila studies.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Novel plant genotypes N/A

Seed stocks N/A

Authentication N/A

Plants

Flow Cytometry

Plots
Confirm that:

The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).

All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.
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Methodology

Sample preparation U2OS cells were incubated with 50 nM TMRM at 37 °C for 30 minutes. After incubation, the cells were washed three times 
with PBS, subjected to trypsin digestion, and then suspended in HBSS for subsequent analysis.

Instrument CytoFLEX flow cytometer (Beckman Coulter)

Software CyExpert v2.4 and FlowJo v10 Software 

Cell population abundance At least 20,000 cells were analyzed for each sample.

Gating strategy Gating was conducted according to TMRM fluorescence intensity, as exemplified in Extended Data Fig. 7m.

Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.




