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accession number GSE166071 [https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE166071]. The proteomics data generated in this study have been
deposited in PRIDE under accession code PXD029722 [https://www.ebi.ac.uk/pride/archive/projects/PXD029722]. MS/MS data were searched against Mus
musculus in UniProt database (April 9, 2016, containing 160,566 sequences, http://www.uniprot.org/proteomes/UP000005640). All other data supporting the
findings of this study are available with the article, and can also be obtained from the authors. Source data are provided with this paper. There is no restrictions on
availability of data that support the finding of this study.

Sample sizes were indicated in the legend of each Figure and Supplementary Figure. No statistical tests were performed to pre-determine
sample size. Sample sizes for the skeletal muscle studies were selected due to more than 10 years previous experience demonstrating the
minimum number of animals necessary to achieve statistically significant and reproducible results (Gan Z et al. 2011. Genes Dev. PMID:
22135324; Gan Z et al. 2013. J Clin Invest. PMID: 23676496; Liu J et al. 2016. EMBO Mol Med. PMID:27506754; Fu T et al. 2018. Cell Rep.
PMID: 29719250; Liu L et al. 2020. J Clin Invest. PMID: 32544095; Xiao L et al. 2021. Plos Genet. PMID: 33780446; He S et al. 2021. J Clin
Invest. PMID: 34283807). For experiments involving cell cultures, at least 3 biological replicates per condition was used to enable statistical
analysis.

No data were excluded from the analysis.

The experimental findings were reliably reproduced, for representative data used for statistical analysis, the number of animals or
experiments is described in corresponding figure legends.

The muscle mass in LONP1 mKO mice were compared to WT littermate controls. For human supraspinatus muscle study, a previous study
have reported a reproducible and reliable method to define supraspinatus muscle atrophy with the help of MRI (Thomazeau H et al., 1996
PMID: 8686465). Specifically, by calculating the occupation ratio which is the ratio between the surface of the cross-section of the muscle
belly and that of the supraspinatus fossa, it allowed a reliable measurement of supraspinatus muscle atrophy, and the muscle with a ratio
greater than 0.60 can be considered as normal or non-atrophied, while values below 0.60 suggest muscle atrophy. We thus evaluated the
atrophy of the supraspinatus muscle using the MRI-based method. Briefly, MRI studies were carried out on all patients. The supraspinatus
muscles were assessed using the most lateral oblique-sagittal section, which appears as “Y-shaped view” and we calculated the occupation
ratio of the supraspinatus fossa by the muscle belly as previously described (Thomazeau H et al., 1996 PMID: 8686465). Details on subject
characteristics are provided in Supplementary Table 1. Based on the occupation ratio, we divided the patients into two groups (non-atrophy
group, mean ratio 0.76; atrophy group, mean ratio 0.50).

In many applications (the fluorescence imaging, RNA-seq, and histological analysis, Mass spectrometry analysis, confocal microscopy, exercise
stress test, muscle strength and tetanic contraction force measurements, X-ray, mitochondrial respiration studies, transmission electron
microscopy. etc.), acquisition of the data was performed in a blinded fashion.

Investigators were not blinded during allocating animal experiment, because the investigators need to conduct genotyping PCRs at the age of
2 weeks for the mice, therefore investigators were not blinded for group identification or genotype identification for the mouse models used
in this study. Blinding was not relevant to the other experiments in cells because the investigators needed to know what cell type they had to
culture and process the cells by themselves.
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Antibodies
Antibodies used

Validation

Antibodies directed against LONP1 (15440-1-AP, 1:2,500 dilution), CLPP (15698-1-AP, 1:2,500 dilution), NDUFB8 (14794-1-AP,
1:1,000 dilution), ND1 (19703-1-AP, :1,000 dilution), SDHA (14865-1-AP, 1:1,000 dilution), UQCRC2 (14742-1-AP, 1:1,000 dilution),
COX4 (11242-1-AP, 1:1,000 dilution), ATP5A (14676-1-AP, 1:1,000 dilution), MFN1 (13798-1-AP, 1:1,000 dilution), DRP1 (12957-1-AP,
1:1,000 dilution), PARK7 (11681-1-AP, 1:1,000 dilution), PINK1 (23274-1-AP, 1:1,000 dilution), GAPDH (60004-1-Ig, 1:1,000 dilution)
were all from Proteintech; antibodies directed against OPA1 (612606, 1:1,000 dilution) and Tim23 (#611222, 1:1,000 dilution) were
from BD Biosciences; antibodies directed against a-tubulin (bs1699, 1:5,000 dilution) were from Bioworld; antibodies directed against
GFP (sc-9996, 1:1,000 dilution), MFN2 (sc-100560, 1:500 dilution) and Ubiquitin (sc-8017, 1: 1,000 dilution) were from Santa Cruz;
anti-LC3 antibody (NB100-2331, 1:1,000 dilution) and P62 (NBP1-48320, 1:1,000 dilution) were from Novus Biologicals; anti-Flag
antibody (#F1804, 1: 1,000 dilution) and HA (H9658, 1:10,000 dilution) were from Sigma; anti-FOXO3A antibody (A0102, 1:1,000
dilution) was from Abconal, antibodies directed against p-FOXO3A Thr32 (#9464, 1:1,000 dilution), p-AKT Ser473 (#4060, 1:1,000
dilution), AKT (#9272, 1:1,000 dilution), p-mTOR Ser2448 (#5536, 1:1,000 dilution), p-mTOR Ser2481 (#2974, 1:1,000 dilution), mTOR
(#2983, 1:1,000 dilution), p-S6K Thr389 (#9234, 1:1,000 dilution), S6K (#2708, 1:1,000 dilution), p-4EBP1 Thr37/46 (#2855, 1:1,000
dilution) and 4EBP1 (#9644, 1:1,000 dilution), LAMP1 (# 3243, 1:1,000 dilution), p-AMPK" Thr172 (#2535, 1:1,000 dilution) and
AMPK" (#5831, 1:1,000 dilution) were from Cell Signaling Technology; anti-puromycin antibody (MABE343, clone 12D10, 1:5000
dilution) was from Sigma; anti-TFEB antibody (A303-673A, 1:200 dilution) was from Bethyl Laboratories; anti-MTCO1 antibody
(ab14705, 1:1000 dilution) was from abcam; antibodies directed against MHC1 (BA-D5) and MHC2b (BF-F3) were purchased from the
Developmental Studies Hybridoma Bank.

Antibodies are also listed in the Methods section under their respective experimental method.

All antibodies used in this study are commercial.

1. LONP1, reactivity: human, mouse, rat, application: IF, IHC, IP, WB, ELISA, manufacturer's website: https://www.ptgcn.com/
products/LONP1-Antibody-15440-1-AP.htm

Moreover, the specificity of anti-LONP1 (15440-1-AP, 1:2,500 dilution) was further evaluated using WT and LONP1 mKO muscles in
Supplementary Fig. 2b, Fig. 4e, 4h,4i. Specifically, we only detected a specific band corresponding to mouse LONP1 in WT but not in
LONP1 mKO muscles by immunoblotting using the anti-LONP1 antibodies.

2. CLPP, reactivity: human, mouse, rat, application: IF, WB, manufacturer's website: https://www.ptgcn.com/products/CLPP-
Antibody-15698-1-AP.htm

3. NDUFB8, reactivity: human, mouse, rat, application: IF, IHC, IP, WB, ELISA, manufacturer's website: https://www.ptgcn.com/
products/NDUFB8-Antibody-14794-1-AP.htm

4. ND1, reactivity: human, mouse, application: IF, IHC, IP, WB, ELISA, manufacturer's website: https://www.ptgcn.com/products/ND1-
Antibody-19703-1-AP.htm

5. SDHA, reactivity: human, mouse, rat, application: IF, IHC, IP, WB, ELISA, manufacturer's website: https://www.ptgcn.com/products/
SDHA-Antibody-14865-1-AP.htm

6. UQCRC2, reactivity: human, mouse, rat, application: IF, IHC, IP, WB, ELISA, manufacturer's website: https://www.ptgcn.com/
products/UQCRC2-Antibody-14742-1-AP.htm

7. COX4, reactivity: human, mouse, rat, application: IF, IHC, IP, WB, ELISA, manufacturer's website: https://www.ptgcn.com/products/
COX4I1-Antibody-11242-1-AP.htm

8. ATP5A, reactivity: human, mouse, rat, application: IF, IHC, WB, ELISA, manufacturer's website: https://www.ptgcn.com/products/
ATP5A1-Antibody-14676-1-AP.htm

9. MFN1, reactivity: human, mouse, rat, application: IHC, WB, ELISA, manufacturer's website: https://www.ptgcn.com/products/
MFN1-Antibody-13798-1-AP.htm, KD/KO validated by Proteintech.

10. DRP1, reactivity: human, mouse, rat, application: FC, IF, IHC, IP, WB, ELISA, manufacturer's website: https://www.ptgcn.com/
products/DNM1L,DLP1-Antibody-12957-1-AP.htm, KD/KO validated by Proteintech.

11. PARK7, reactivity: human, mouse, rat, application: IF, IHC, IP, WB, ELISA, manufacturer's website: https://www.ptgcn.com/
products/PARK7,DJ-1-Antibody-11681-1-AP.htm, KD/KO validated by Proteintech and our results

12. PINK1, reactivity: human, mouse, application: IF, IHC, WB, ELISA, manufacturer's website: https://www.ptgcn.com/products/
PINK1-Antibody-23274-1-AP.htm, KD/KO validated by Proteintech.

13. GAPDH, reactivity: human, mouse, rat, yeast, plant, zebrafish, application: FC, IF, IP, WB, ELISA, manufacturer's website: https://
www.ptgcn.com/products/GAPDH-Antibody-60004-1-Ig.htm

14. OPA1, reactivity: Human (QC Testing), Mouse, Rat, Dog, Chicken (Tested in Development), application: WB, IF, manufacturer's
website: https://www.bdbiosciences.com/en-us/search-results?searchKey=OPA1

15. TIM23, reactivity: Mouse (QC Testing), Human, Rat (Tested in Development), application: WB (Routinely Tested), IF (Tested during
Development), manufacturer's website: https://www.bdbiosciences.com/en-us/products/reagents/microscopy-imaging-reagents/
immunofluorescence-reagents/purified-mouse-anti-tim23.611222

16. Tubulin: reactivity: human, mouse, rat, application: IHC, WB, IF, manufacturer's website: https://www.bioworlde.com/index.php?
c=product&a=search&keyword=bs1699

17. GFP, application: WB, IP, IF, FCM, ELISA, manufacturer's website: https://www.scbt.com/p/gfp-antibody-b-2?requestFrom=search

18. MFN2, reactivity: human, mouse, rat, application: IF, IHC, IP,WB, ELISA, manufacturer's website: https://www.scbt.com/zh/p/
mfn2-antibody-xx-1?requestFrom=search

19. Ubiquitin, reactivity: human, mouse, rat, drosophila, application: IHC, WB, ELISA, manufacturer's website: https://www.scbt.com/
p/ubiquitin-antibody-p4d1?requestFrom=search

20. LC3, reactivity: human, mouse, rat, amphibian, canine, fish, plant, zebrafish, bovine, application: WB, CHIP, ELISA, FLOW, IF, IHC,
manufacturer's website: https://www.novusbio.com/products/lc3a-antibody_nb100-2331

21. P62, reactivity: human, mouse, rat, chicken, porcine, canine, application: WB, FLOW, IF, IHC, manufacturer's website: https://
www.novusbio.com/products/p62-sqstm1-antibody_nbp1-48320

22. FLAG, application: WB, IP, IHC, IF, manufacturer's website: https://www.sigmaaldrich.cn/CN/zh/product/sigma/f1804

23. HA, reactivity: mouse, application: WB, IP, ICC, ELISA, manufacturer's website: https://www.sigmaaldrich.cn/CN/en/product/
sigma/h9658

24. FOXO3A, reactivity: human, mouse, rat, application WB, IHC, IF, IP, ChIP, manufacturer's website: https://abclonal.com.cn/
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25. P-FOXO3A Thr32, reactivity: human, mouse, rat, monkey, application: WB, IHC, IF, IP, ChIP, F, E-P, manufacturer's website:
https://www.cellsignal.cn/products/primary-antibodies/phospho-foxo1-thr24-foxo3a-thr32-antibody/9464?site-search-
type=Products&N=4294956287&Ntt=%239464&fromPage=plp&_requestid=1886172

26. p-AKT Ser473, reactivity: human, mouse, rabbit, hamster, monkey, D. melanogaster, zebra fish, bovine, application: WB, IP, IHC,
IF, F, manufacturer's website: https://www.cellsignal.cn/products/primary-antibodies/phospho-akt-ser473-d9e-xp-rabbit-mab/4060?
site-searchtype=Products&N=4294956287&Ntt=%234060&fromPage=plp&_requestid=1887076

27. AKT, reactivity: human, mouse, rabbit, monkey, hamster, chicken, D. melanogaster, zebrafish, bovine, dog, pig, application: WB,
IP, IHC, IF, F, manufacturer's website: https://www.cellsignal.com/products/primary-antibodies/akt-antibody/9272?site-search-
type=Products&N=4294956287&Ntt=%239272&fromPage=plp&_requestid=1887544&country=USA

28. p-mTOR Ser2448, reactivity: human, mouse, rabbit, monkey, application: WB, IP, IF manufacturer's website: https://
www.cellsignal.com/products/primary-antibodies/phospho-mtor-ser2448-d9c2-xp-rabbit-mab/5536?site-search-
type=Products&N=4294956287&Ntt=%235536&fromPage=plp&_requestid=1888762

29. p-mTOR Ser2481, reactivity: human, mouse, rabbit, monkey, application: WB, manufacturer's website: https://
www.cellsignal.com/products/primary-antibodies/phospho-mtor-ser2481-antibody/2974?site-search-
type=Products&N=4294956287&Ntt=%232974&fromPage=plp&_requestid=1889354

30. mTOR, reactivity: human, mouse, rabbit, monkey, application: WB, IP, IHC, IF, F, manufacturer's website: https://
www.cellsignal.com/products/primary-antibodies/mtor-7c10-rabbit-mab/2983?site-search-type=Products&N=4294956287&Ntt=%
232983&fromPage=plp&_requestid=1869546

31. p-S6K Thr389, reactivity: human, mouse, rabbit, monkey, application: WB, manufacturer's website: https://www.cellsignal.com/
products/primary-antibodies/phospho-p70-s6-kinase-thr389-108d2-rabbit-mab/9234?site-search-
type=Products&N=4294956287&Ntt=%239234&fromPage=plp

32. S6K, reactivity: human, application: WB, manufacturer's website: https://www.cellsignal.com/products/primary-antibodies/p70-
s6-kinase-49d7-rabbit-mab/2708?site-search-type=Products&N=4294956287&Ntt=%232708&fromPage=plp

33. p-4EBP1 Thr37/46, reactivity: human, mouse, rabbit, monkey, D. melanogaster, application: WB, IHC, IF, F, manufacturer's
website: https://www.cellsignal.com/products/primary-antibodies/phospho-4e-bp1-thr37-46-236b4-rabbit-mab/2855?site-search-
type=Products&N=4294956287&Ntt=%232855%2C&fromPage=plp&_requestid=1870112

34. 4EBP1, reactivity: WB, IP, IHC, IF, F, application: human, mouse, rabbit, monkey, manufacturer's website: https://
www.cellsignal.com/products/primary-antibodies/4e-bp1-53h11-rabbit-mab/9644?site-search-type=Products&N=4294956287&Ntt=
%239644&fromPage=plp&_requestid=1870403

35. LAMP1, reactivity: human, mouse, monkey, application: WB, manufacturer's website: https://www.cellsignal.com/products/
primary-antibodies/lamp1-c54h11-rabbit-mab/3243?site-search-type=Products&N=4294956287&Ntt=%23
+3243&fromPage=plp&_requestid=1870582

36. p-AMPK" Thr172, reactivity: Human, Mouse, Rabbit, Monkey, Hamster, D. melanogaster, S. cerevisiae, application: WB, IP, IHC,
manufacturer's website: https://www.cellsignal.com/products/primary-antibodies/phospho-ampka-thr172-40h9-rabbit-mab/2535?
site-search-type=Products&N=4294956287&Ntt=%232535&fromPage=plp&_requestid=1870728

37. AMPK", reactivity: Human, Mouse, Rabbit, Monkey, Bovine, application: WB, IP, manufacturer's website: https://
www.cellsignal.com/products/primary-antibodies/ampka-d5a2-rabbit-mab/5831?site-searchtype=Products&N=4294956287&Ntt=%
235831&fromPage=plp&_requestid=1871041

38. Puromycin antibody, reactivity: all, application: FLOW, IHC, IF, IP, WB, manufacturer's website: https://www.sigmaaldrich.cn/CN/
zh/product/mm/mabe343

39. TFEB, reactivity: human, mouse, application: WB, IP, IHC, manufacturer's website: https://www.biomol.com/products/antibodies/
primary-antibodies/general/anti-tfeb-a303-673a-t?number=A303-673A

40. MTCO1, reactivity: human, mouse, cow, rat, application: IHC, WB, FLOW, manufacturer's website: https://www.abcam.cn/mtco1-
antibody-1d6e1a8-ab14705.html

41. MHC1(BA-D5): reactivity: bovine, canine, fish, goat, guinea pig, horse, human, lamb, llama, mouse, porcine, rabbit, rat, zebrafish,
application: IHC, WB, IF, manufacturer's website: https://dshb.biology.uiowa.edu/BA-D5

42. MHC2b(BF-F3): reactivity: bovine, mouse, porcine, rat, sheep, application: IHC, WB, IF, ELISA, manufacturer's website: https://
dshb.biology.uiowa.edu/BF-F3

HEK293T Cells were obtained from the American Type Culture Collection and were cultured at 37°C and 5% CO2 in
Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% FBS, 1,000 U/ml penicillin and 100 g /ml streptomycin.

The cell line was not authenticated.

Mycoplasma contamination was not tested in the study.

No commercial misidentified cells were used.

All animal studies were conducted in strict accordance with the institutional guidelines for the humane treatment of animals and
were approved by the IACUC committees at the Model Animal Research Center (MARC) of Nanjing University (Approval No. GZJ07).
Male C57BL/6J wild-type mice were from GemPharmatech Co., Ltd (Jiangsu, China). The LONP1 mKO, mt-Keima Tg, and CAG-CAT-




