OMA1 maintains the stemness of glioma stem cells by inducing mitochondrial fission/fusion imbalance
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Supplementary Methods
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Clinical samples 
Informed consent was provided by all patients, and the Ethics Committee of Tongji Medical College of Huazhong University of Science and Technology (S156) approved all aspects of this study. Each specimen was divided into three samples for: (i) formalin fixation and paraffin embedding, (ii) protein and RNA extraction, and (iii) primary glioma cell culture. 
Cell culture and treatment 
The glioma cell lines U-87MG (HTB-14) were obtained from the American Type Culture Collection (Manassas, VA, USA) cultured in Dulbecco’s modified Eagle’s medium (Gibco, Waltham, MA, USA) supplemented with 10% fetal bovine serum (Gibco), glutamine (Gibco), and 1% penicillin-streptomycin (Gibco) in 5% CO2 at 37 °C. All GBM primary cells cultures and glioma stem cells culture were established as described previously [1-2]. Briefly, tumor tissue was retrieved intraoperatively, suspended as single cells, which were cultured in Iscove’s modified Dulbecco’s medium supplemented with 20% fetal bovine serum (Gibco, Waltham, MA, USA), 1% penicillin-streptomycin (Gibco), and 1% sodium pyruvate in Iscove’s modified Dulbecco’s medium. Short tandem repeat (STR) analysis was done on all cells and they were regularly tested for mycoplasma contamination.
Plasmids, small interfering RNA (siRNA), and transfection
U-87MG, GBM primary cells and  glioma stem cells were transfected with siRNAs targeting OMA1, Pink1, and TBC1D15 using Lipofectamine 3000 (Invitrogen, Waltham, MA, USA) as per the manufacturer’s instructions. The full-length cDNA of OMA1, Pink1, and TBC1D15 were cloned from template-strand cDNA by PCR. OMA1, Pink1, and TBC1D15 vectors were constructed by cloning full-length cDNA into pcDNA3.1 vectors (Sigma-Aldrich, St Louis, MO, USA).
Real-time quantitative RT-PCR (qRT-PCR)
Total RNA was extracted from tissue samples using TRIzol (Invitrogen). cDNA was synthesized using the HiScript III 1st Strand cDNA Synthesis Kit (R312-01; Vazyme, Nanjing, China) according to the manufacturer’s instructions. RT-qPCR analysis was performed on a 7500 Fast Real-Time PCR system (Applied Biosystems, Foster City, CA, USA) using the AceQ qPCR SYBR Green Master Mix (Q111-C1; Vazyme). The primers used in the present study were chemically synthesized by GeneCreate (Wuhan, China).
Bioinformatic analysis
The fragments per kilobase of transcript per million mapped reads (FPKM) transcriptome RNA-sequencing data and clinical features of patients with glioma were extracted from The Cancer Genome Atlas (TCGA) (https://cancergenome.nih.gov/). FPKM transcriptome RNA-sequencing data of normal brain tissue were downloaded from the Genotype Tissue Expression (GTEx) database [3]. Survival curves were constructed using the Kaplan–Meier method and differences between groups were compared using the log-rank test. The results of the independent sample t-tests comparing the two groups were expressed as t-test values. P value < 0.05 was considered significant (ns: p 0.05, *: p ≤ 0.05, **: p ≤ 0.01, ***: p ≤ 0.001). Correlation analyses were performed using Pearson correlation. 
Lipid peroxidation
A fluorescent dye, BODIPY 581/ 591 C11 (lipid peroxidation sensor, Thermo Fisher), was added to cells. This dye allowed the assessment of oxidized versus non-oxidized lipids by fluorescing green in the presence of oxidized lipids. Prior to different treatment, cells were stained for 30 minutes with a 10 m solution of BODIPY-C11. Using the manufacturer's instructions, we extracted lipids. Extractions were followed by the addition of 0.9% NaCl solution and the collection of chloroform-containing phase. The spectrafluorometric measurements were conducted using SpectraMax Gemini XS microplate spectrofluorometer (Molecular Devices Corporation, USA) as soon as the chloroform and lipids were evaporated and the lipids dissolved in isopropanol, respectively. Data were analyzed with SPSS software (version 22, IBM, SPSS, Chicago, IL). The values are expressed as means ± SEM relative to the respective serum-free control (taken as 100%).
Statistical analysis
Data are presented as the mean ± standard deviation from multiple independent experiments, which were performed in triplicate. Student’s t-test was used to compare statistically significant differences between several pairs of subgroups based on clinical characteristics. P-value < 0.05 was considered statistically significant.

Supplementary Table S1: Clinical Characteristics of Primary GBM specimens.
	Specimen
	Diagnosis
	Age/Sex
	Pathology report

	GBM#1
	GBM
	62/F
	GFAP(+),S-100(+),Olig2(+), P53(60%+), ATRX(-),PCK(-),IDH-1(R132H)(-),Ki67(Li：20%）

	GBM#2
	GBM
	58/M
	GFAP(+),S-100(+),Olig2(+), P53(<5%),ATRX(+), IDH1(R132H)(-),H3K27Me3(+),H3K27M(-),Ki67(LI:30%）

	GBM#3
	GBM
	61/M
	GFAP(+),S-100(+),Olig2(+), ATRX(+), IDH-1(R132H)(-), P53(15%+),NF(-),CD34(-),Ki67(Li: 15%）

	GBM#4
	GBM
	69/F
	GFAP(+),S-100(+),Olig2(+), NF(-),EMA(+),SOX10(-),ATRX(+),IDH1(R132H)(-),P53(30%+),Ki67(Li:30%）

	GBM#5
	GBM
	35/F
	GFAP(+),S-100(+),ATRX(+),Olig2(-),P53(-),IDH-1(R132H)(-),Ki67(LI: 20%)

	GBM#6
	GBM
	66/M
	GFAP(+),S-100(+),Olig2(-),PCK(-),IDH-1(R132H)(-), ATRX(+), P53(+80%), BRAF(V600E)(-),H3K27M(-),H3K27Me3(+)，Ki67(LI:10%)

	GBM#7
	GBM
	61/M
	GFAP(+),S-100(+),Olig2(+),P53(15%+),ATRX(+),IDH-1(R132H)(-), Ki67(Li:20%),CD34(-)

	GBM#8
	GBM
	70/F
	GFAP(+),S-100(+),Olig2(+), P53(40%),ATRX(+),NF(-)，IDH-1(R132H)(-)，Ki67(Li:30%）

	GBM#9
	GBM
	47/M
	GFAP(+),S-100(+),Olig2(+), P53(-),ATRX(+),NF(-)，IDH-1(R132H)(-)，Ki67(Li:25%）



Supplementary Tables 2:
	Gene
	Primer
	Sequence(5′-3′)

	si-OMA1#1
	forward
	GTGGATTGCAGTCTGCTGCTA

	
	reverse
	CCCGTGAGGTGGATGCTAA

	si-OMA1#2
	forward
	TACTTCTCCACGGTTTCAAGC

	
	reverse
	GATTGGACTTACTTCCAGGTGAG

	si-Pink1#1
	forward
	GCCTCATCGAGGAAAAACAGG

	
	reverse
	GTCTCGTGTCCAACGGGTC

	si-Pink1#2
	forward
	CCCAAGCAACTAGCCCCTC

	
	reverse
	GGCAGCACATCAGGGTAGTC

	Si-TBC1D15#1
	forward
	TGGAAAGACCAATGACCAAGAC

	
	reverse
	TCCACTATTACTTCGGCATCCT

	Si-TBC1D15#2
	forward
	AAAAGGACCCTTATACGGCAAC

	
	reverse
	CGCTGCCTCTCAAACTGTCAA



Supplementary Tables 3:
	Name
	Description

	Anti-OMA1 antibody
	ab154949 (Abcam, Cambridge, USA)

	Anti-PINK1 antibody
	ab216144 (Abcam, Cambridge, USA)

	Anti-Parkin antibody
	ab77924 (Abcam, Cambridge, USA)

	Anti-LC3A/B antibody
	ab128025 (Abcam, Cambridge, USA)

	Anti-HK2 antibody
	ab209847 (Abcam, Cambridge, USA)

	Anti-PKM2 antibody
	ab85555 (Abcam, Cambridge, USA)

	Anti-ENO1 antibody
	ab227978 (Abcam, Cambridge, USA)

	Anti-PGK1 antibody
	ab199438 (Abcam, Cambridge, USA)

	Anti-Nestin antibody
	ab105389 (Abcam, Cambridge, USA)

	Anti-p62 antibody
	ab109012 (Abcam, Cambridge, USA)

	Anti-TOMM20 antibody
	ab186735 (Abcam, Cambridge, USA)

	Anti-LDHA antibody
	19987-1-AP (Proteintech, Wuhan, China )

	Anti-CD133 antibody 
	66666-1-lg (Proteintech, Wuhan, China )

	Anti-Sox2 antibody
	11064-1-AP (Proteintech, Wuhan, China )

	Anti-Nanog antibody
	14295-1-AP (Proteintech, Wuhan, China )

	Anti-α-Tubulin antibody
	11224-1-AP (Proteintech, Wuhan, China )

	Anti-PD-L1 antibody
	66248-1-lg (Proteintech, Wuhan, China )

	Anti-β-actin antibody
	#4970 (Cell Signaling Technology, Beverly, MA, USA)

	Anti-GAPDH antibody 
	60004-1-lg (Proteintech, Wuhan, China )



Supplementary Tables 4:
	Gene
	Primer
	Sequence (5′-3′)

	OMA1
	forward
	GAAGTTACAGCAGTCCCTAGTCT

	
	reverse
	TTGAAACCGTGGAGAAGTATGG

	GAPDH
	forward
	GAGTCAACGGATTTGGTCGT

	
	reverse
	TTGATTTTGGAGGGATCTCG




Supplementary Figure Legends
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Fig. S1 a Heatmaps showing differential genes across groups. b The GO enrichment analysis results based on differential genes. c Venn diagram representing overlapping candidate genes. d Both RNA-seq and qRT-PCR results showed that the gene expression of mitochondrial protease OMA1 increased most significantly. e The results of the TCGA database showed that OMA1 was highly expressed in tumor tissues, and the expression level was inversely proportional to the prognosis of patients. Data shown are mean±SD (n = 3). (***P < 0.001).
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Fig. S2 Laser confocal results displayed that GSCs had a distinctly more diffuse labeling pattern of mitochondria than non-GSCs
[image: ]
Fig. S3 a Overexpression efficiency of OMA1 was assessed by WB. b The expression level of Pink1 after knockdown of OMA1 was detected by WB under different treatment conditions. c Representative confocal images showing the mitochondrial morphology of U-87MG and primary GBM cells on day 5 after overexpression, with or without 8 µM Mdivi-1 treatment for 12 h. Arrows highlight distinct mitochondrial morphology. Mitochondrial to nuclear area ratio in U-87MG cells and primary GBM cells. The bar chart on the right shows the statistical results. Each dot represents an individual cell. Mean ± SD, two-tailed t-test. d Knockdown efficiency of Pink1 and TBC1D15 was assessed by WB. e Representative confocal images showing the mitochondrial morphology of U-87MG and primary GBM cells on day 5 after knockdown. Arrows highlight distinct mitochondrial morphology. Mitochondrial to nuclear area ratio in U-87MG cells and primary GBM cells. The bar chart above shows the statistical results. Each dot represents an individual cell. Mean ± SD, two-tailed t-test. (*P < 0.05 and **P < 0.01).

[image: ]
Fig. S4 a WB to detect the expression levels of LC3 II/I, p62, and Tomm20 under the conditions of Vector and OMA1-OE. The bar graph shows the results obtained after quantification (below). The experiment was repeated three times. Mean ± SD, two-tailed t-test.
b Spheroid formation assay to detect the spheroidization of U-87MG and primary GBM cells under the conditions of Vector, OMA1-OE, and OMA1-OE+Mdivi-1. Histogram statistics of the spheroid diameters of Vector, OMA1-OE, and OMA1-OE+Mdivi-1 (below). Each dot represents an individual cell. Mean ± SD, two-tailed t-test.
c Representative confocal images showing the mitochondrial morphology and autophagy of primary GBM cells treated with Vector, OMA1-OE, and OMA1-OE+Mdivi-1. Red represents mitochondria; green represents mitophagy; yellow represents the fusion of red and green. (*P < 0.05, **P < 0.01 and ***P < 0.001).


[image: ]
Fig. S5 a In vitro limiting dilution experiments to detect the spheroidizing ability of U-87MG and primary GBM cells under si-NC, si-OMA1#1 and si-OMA1#1+OP conditions. b WB to detect the expression levels of CD133, Nanog, Oct4, and Sox2 under si-NC, si-OMA1#1 and si-OMA1#1+OP or Vector, OMA1-OE, and OMA1-OE+Mdivi-1. The experiment was repeated three times. Mean ± SD, two-tailed t-test.
c In vitro limiting dilution experiments to detect the spheroidizing ability of U-87MG and primary GBM cells under Vector, OMA1-OE, and OMA1-OE+Mdivi-1 conditions. (**P < 0.01 and ***P < 0.001).
[bookmark: _GoBack]
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Fig. S6 a The MitoSOX indicator to detect changes in ROS levels in GSCs under the conditions of si-NC, si-Pink1#1, and si-Pink1#2. b The MitoSOX indicator to detect changes in ROS levels in GSCs under the conditions of Vector, OMA1-OE, and OMA1-OE+ si-Pink1#2. c The Seahorse cell energy detection system, ATP luminescence detection kit, and MitoSOX indicator to detect changes in energy metabolism and ATP and ROS levels in GSCs under the conditions of Vector, OMA1-OE, and OMA1-OE+ SEA0400. d The Seahorse cell energy detection system, ATP luminescence detection kit, and MitoSOX indicator to detect changes in energy metabolism and ATP and ROS levels in GSCs under the conditions of si-NC, si-OMA1#1 and si-OMA1#1+MitoQ10. e Relative fluorescence spot numbers per si-NC, si-OMA1#1 and si-OMA1#1+OP or Vector, OMA1-OE, and OMA1-OE+Mdivi-1 cell. A total of 100 cells were counted for each analysis.
All experiments were repeated three times. Mean ± SD, two-tailed t-test. (*P < 0.05, **P < 0.01 and ***P < 0.001).

[image: ]
Fig. S7 a Histogram statistics of the spheroid diameters of DMSO and Rotenone. Each dot represents an individual cell. Mean ± SD, two-tailed t-test. b Spheroid formation assay to detect the spheroidization of U-87MG and primary GBM cells under the conditions of PBS and Sodium oxamate. Histogram statistics of the spheroid diameters of PBS and Sodium oxamate (up). Each dot represents an individual cell. Mean ± SD, two-tailed t-test. c Western blotting (WB) results showing the relative expression of OMA1 in GBM, normoxic GSCs (N) and hypoxic GSCs (H). Mean ± SD (n = 3), two-tailed t-test. Ns: no significant; (**P < 0.01).
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