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Supplementary Figure 1: In silico analyses of stomatin mRNA and proteins in different human tissues. 
a. The bar charts were reproduced based on the NCBI database: “https://www.ncbi.nlm.nih.gov/gene/2040?report=expres-
sion&bioproject=PRJEB4337”, containing RNA sequencing of total RNA from 95 human tissues. Adipose tissues express the 
highest amount of mRNA among all tissues examined. Mean ± s.d. is shown. Each dot represents one person. b. The bar 
charts were reproduced using ProteomicsDB: "https://www.proteomicsdb.org/proteomicsdb/#protein/proteinDe-
tails/54374/expressiqqon". Mean with error bar. The error bars indicate the lowest and highest abundance level for stomatin 
proteins in different human tissues. Source data are provided as a Source data file.



Supplemental Figure 2: Proteomic analyses of stomatin-associated proteins in 3T3-L1 adipocyte-like cells. 
Mouse 3T3-L1 cells over-expressing Flag-tagged human stomatin (hSTOM-Flag) were induced to differentiate into adipocyte-like 
cells and subjected to immunoprecipitation assays using anti-Flag antibody as baits. The pull-down proteins could be separated 
into 6 fragments by gradient gels, and analyzed after in-gel digestion by LC-MS/MS. A total of 885 potentials “stomatin-interacting 
proteins” were identified. Proteins that shared significant peptide evidence were classified via using Functional Annotation Tool 
from DAVID Bioinformatics Resources. Source data are provided as a Source data file.
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UNIPROT_ACCESSION GENE NAME UNIPROT_ACCESSION GENE NAME

27403 ATP-binding cassette, sub-family A (ABC1), member 7(Abca7) 27403 ATP-binding cassette, sub-family A (ABC1), member 7(Abca7)
19299 ATP-binding cassette, sub-family D (ALD), member 3(Abcd3) CD36 molecule(Cd36)
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11770 fatty acid binding protein 4, adipocyte(Fabp4) 20655 superoxide dismutase 1, soluble(Sod1)
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223722 malonyl CoA:ACP acyltransferase (mitochondrial)(Mcat)
17918 myosin VA(Myo5a)
28000 pre-mRNA processing factor 19(Prpf19)
18563 pyruvate carboxylase(Pcx)
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Supplementary Figure 3: Stomatin mutants and their functional characterizations. 
a. Flag-tagged full-length human stomatin (FL-hSTOM:1-288aa), C-terminal truncated (∆C-hSTOM: 1-263aa) and N-terminal 
truncated (∆N-hSTOM: 54-288aa) mutants were constructed. Bar = 20 µm. b. The numbers and sizes of LD in adipocyte-like 
cells over-expressing stomatin mutant proteins were measured. Percentages of large LDs (>70 µm2) among all LDs were calcu-
lated. Cells over-expressing FL-hSTOM, ∆C-hSTOM, and ∆N-hSTOM contained larger LDs than the control cells. Mean ± s.e.m. 
for three independent experiments.  c. Adipocyte-like cells expressing Flag-tagged FL-hSTOM, ∆C-hSTOM, ∆N-hSTOM, or 
vector control (Ctl) were treated with 0.2 µM fluorescently-labeled fatty acid (Bodipy-FL-C16) to measure uptake of extracellular 
fatty acid into the cells. Intracellular accumulations of fluorescence over time were recorded and plotted as a function of time. 
Each dot shows a mean for three independent experiments. d. Cells were co-transfected with CD36 and Flag-conjugated ∆
C-hSTOM or ∆N-hSTOM. Total cell lysates were immunoprecipitated with anti-Flag antibody-mediated conjugated beads, and 
analyzed by immunoblotting assays using antibodies against Flag, or CD36. Source data are provided as a Source data file.
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Supplementary Figure 4: Regulations of free cholesterol or caveolin-1 distribution and cholesterol uptake efficiency by 
stomatin.  
a-b. 3T3-L1 adipocyte-like cells were over-expressed with full-length human stomatin (FL-hSTOM), mutants ∆C-hSTOM, or 
mutant ∆N-hSTOM. LDs were labeled by adding Bodipy-FL to the medium Bar = 20 µm. a.The cells were subjected to filipin 
staining that revealed distribution of free cholesterol inside the cell , or b.treated with 1 µM fluorescently-labeled CholEsteryl 
(CholEsteryl Bodipy 542/563 C11) that measured uptake of extracellular cholesterol into the cell. Mean ± s.d. for three indepen-
dent experiments. c-d. Knockdown of stomatin in 3T3-L1 adipocyte-like cells was done by shRNA method Bar = 20 µm. c. 
Decreased stomatin was noted to down-regulate free cholesterol content of the cell , and d. reduce uptake of extracellular 
cholesterol into the cell. Mean ± s.d. for three independent experiments. e. Immunostaining using anti-CAV-1 antibody was done 
shSTOM adipocyte-like cells and control cells (Ctl).  LDs were labeled with Bodipy-FL. Abundant CAV-1 was found on the plasma 
membrane of the control cells, however, such cell surface presence was reduced by stomatin knockdown (insets). Bar = 50 µm. 
Source data are provided as a Source data file.
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Supplementary Figure 5: Over-expressions of stomatin in mice exhibited little functional impairments in lipid metabo-
lisms 
a. The protein amounts of stomatin, perilipin, hormone-sensitive lipase (HSL), and its various phospho-HSL forms (ser563, ser565, 
and ser660) were analyzed by Western blotting in adipocyte-like 3T3-L1 cells over-expressing human stomatin. There is no signifi-
cant difference between cells over-expressing stomatin and the control cells. b. Energy expenditure and c. thermogenesis of 
STOM Tg mice and WT littermate mice, after HFD feeding for 20 weeks, were determined. Both measurements showed no 
significant difference in respiratory exchange ratio (RER) and heat production comparing STOM Tg mice with the controls. Each 
dot represents one mouse. Mean ± s.d. is shown. *P<0.05 by multiple unpaired t test. d. Serum concentrations of triglyceride and 
cholesterol in HFD-fed STOM Tg mice were not significantly different compared to the WT littermates. Each dot represents one 
mouse. Each dot represents one mouse. Mean ± s.d. is shown. Source data are provided as a Source data file.
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Supplementary Figure 6: Local knockdown of stomatin in subcutaneous adipose tissue reduced high-fat diet-induced 
adipocytic hypertrophy. 
a. AAV virus-carrying shSTOM/GFP knockdown construct or GFP vector alone was injected into a subcutaneous fat pad (SAT).  
The animals were fed with CD (Mean ± s.d. for five mice /each group) or HFD (Mean ± s.d. for four mice/ each group) for 20 
weeks. The GFP signals were used to identify the AAV injection site. The infected SAT pads were dissected, b. imaged using 
Biospace Lab PhotonIMAGER Optima , and c. weighed . d. Immunofluorescence staining for Na-K-ATPase was employed to 
identify cell periphery in the tissue section. The size distributions of adipocytes are shown by histogram analyses. Mean ± s.d. 
for three mice. **P<0.01 and ***P<0.001 by two-way ANOVA analysis. Source data are provided as a Source data file.
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Supplementary Figure 7: Differential expressions of shSTOM-1 and control cells after induction of adipogenic differen-
tiation. 
a. Scatter plots of the normalized signal intensities of 1,478 genes that exhibited differential expressions between shSTOM-1 and 
control cells. Log2 intensities for each spot on the microarray were plotted on the x and y axes with signals from root tips stressed 
for control and shSTOM-1. The diagonal lines represent fold change cutoffs of ±3. The red spots represent up-regulated genes 
and the green spots indicate down-regulated genes. b. Hierarchical cluster analyses of the 1,478 genes shown in a. Data were 
collected from three independent cell clones. Relative expression levels of genes are illustrated by the color gradient (Z-score). 
Source data are provided as a Source data file.
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Supplementary Figure 8: Depletion of Stom in mice by knock-out experiments exhibited no discernible phenotype. 
a. The Cre-loxP-based chromosome engineering strategy was used here. b. Growth curves of Stom-/- mice and Stom+/- litter-
mates fed with regular chow diet (CD) or high-fat diet (HFD) for 20 weeks are shown. There were only transient less bodyweight 
gains in Stom-/- mice than Stom+/- littermates in the first four weeks of HFD feeding. c. No significant difference was noted 
between knock-out and control mice fed with CD or HFD for 20 weeks in body weight gain. d. The masses of SAT, VAT, and BAT 
were also similar. c-d Each dot represents one mouse. Mean ± s.d. of individual mouse. n.s = non-significant, *P<0.05 by multiple 
unpaired t test analysis. Source data are provided as a Source data file. e. Representative H&E stained histopathologic sections 
of SAT, and BAT prepared from HFD-fed Stom-/- mice and Stom+/- littermates. Histogram analyses also revealed little difference 
in sizes of adipocytes. Mean ± s.d. for two independent mice. Scale bar = 250 µm. f. Western blotting analyses of proteins collect-
ed from adipose tissues of Stom-/- and Stom+/- littermate mice. Source data are provided as a Source data file.



Supplementary Table 1: Primer list for qPCR assay 

Gene Species Forward Revered 

Pparg Mus musculus 5’AGGCCGAGAAGGAGAAGCTGTTG3’ 5’TGGCCACCTCTTTGCTCTGCTC3’ 

Cebpa Mus musculus 5’GACATCAGCGCCTACATCGA3’ 5’TCGGCTGTGCTGGAAGAG3’ 

Cebpb Mus musculus 5’ATTTCTATGAGAAAAGAGGCGTATGT3’ 5’AAATGTCTTCACTTTAATGCTCGAA3’ 

Cebpd Mus musculus 5’TTCCAACCCCTTCCCTGAT3’ 5’CTGGAGGGTTTGTGTTTTCTGT3’ 

Stom Mus musculus 5’GTGCACTGACAGCCTCATCAA3’ 5’AGCGCATTCCTGAGGGTAGTT3’ 

Nono Mus musculus 5’TGCTCCTGTGCCACCTGGTACTC3’ 5’CCGGAGCTGGACGGTTGAATGC3’ 

Dlk1 Mus musculus 5’ACAATGTCTGCAGGTGCCAT3’ 5’AGGTCCACGCAAGTTCCATT3’ 

Fabp4 Mus musculus 5’TGAAATCACCGCAGACGACAGG3' 5’GCTTGTCACCATCTCGTTTTCTC3’ 

Cfd Mus musculus 5’ACCTGACAGCCTTGAGGACGAC3’ 5’GGGTTCCACTTCTTTGTCCTCG3’ 

 

 

 


