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Supplementary Figure 1: Asc-1 expression is enriched in a subpopulation of adolescent 

preadipocytes 

t-SNE of preadipocytes from adolescent SCF SVF (n=1,636) with (a) louvain cluster and (b) 

superimposed log1p, Asc-1, Dlk1, Fabp4, Dpp4, Cd34 and, Srr expression. (c) Violin plot of Asc-

1 and Srr. Cluster 0 is Asc-1 enriched and cluster 1 is Asc-1 low. (d) qPCR for Asc-1 from 

immortalized subcutaneous preadipocytes MACS sorted for ASC-1 (n=1). (e) Relative Asc-1 and 

Pparγ expression in ASC-1+ and ASC-1- cells before (day 0) or after 8 days of differentiation with 

either insulin alone, the normal differentiation protocol (Adipo) or the differentiation protocol plus 

1 µM rosiglitazone (n=4). Statistics were calculated using ordinary two-way ANOVA with Sidak’s 

multiple comparison test. Data are shown as mean ± SEM. 
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Supplementary Figure 2: Metabolic characterization of Asc-1 knockout mice 

(a) Relative Asc-1 expression in SCF of 2 week old Asc-1 wt, het and ko mice. (b) Body length 

and (c) weight of 2-week old Asc-1 wt, het and ko mice. (d) Liver triglyceride content of 2 week 

old Asc-1 wt, het and ko mice. (e) Blood glucose of 2-week old Asc-1 wt, het and ko mice. (f) 

Rectal body temperature of 2 week old Asc-1 wt, het and ko mice. (g) SCF weight of 2 week old 

Asc-1 wt, het and ko mice. (h) Relative expression of Pgc1α, Prdm16, Ucp1, P2rx5 and Tfam in 

BAT of 2-week old mice. (i) Histology (n=4 wt- 3 ko) of SCF and BAT and immunofluorescence 

staining of UCP1 (green), F-Actin (grey), Lipids (red) and DAPI (blue) (n=1) of SCF and DAB 

staining of UCP1 (n=1) in BAT of 2-week old mice. Size bar 100 µm. (j) Western blot of UCP1 

(33 kDa) and β-Actin (42 kDa) of 1-week old Asc-1 wt and ko mice. (k) Relative expression of 

Ucp1, Pgc1α, Prdm16, Pat2 and Tfam in SCF of 2-week old Asc-1 wt, het and ko mice. (l) Body 

weight of 21-week old Asc-1 wt and het mice during 13 weeks of CD or HFD feeding (m) Rectal 

body temperature of 9-week old Asc-1 wt and het mice. Liver triglyceride content of 21-week old 

(n) male and (o) female Asc-1 wt and het mice after 13 weeks of CD or HFD feeding. (p) Tissue 

weights of male and female Asc-1 wt and het mice after 13 weeks of CD or HFD feeding. (q) 

GTT of Asc-1 wt and het mice after 12 weeks of CD or HFD feeding. (r) ITT after 12 weeks of 

CD or HFD feeding. (s) Plasma insulin levels after 12 weeks of CD or HFD feeding. (t) Relative 

Ucp1 expression in SCF and BAT of Asc-1 wt and het mice after 12 weeks of CD or HFD 

feeding. Statistics were calculated using ordinary one-way ANOVA with Tukey’s multiple 

comparison post-hoc test. n values are shown in the statistics section. Data are shown as mean 

± SEM. 
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Supplementary Figure 3: Asc-1 regulates thermogenic gene expression in brown and 

white adipocytes 

(a) Western blot of ASC-1 (~45 kDa), PPARγ (54 kDa) and GAPDH (37 kDa) of differentiated 

shScr and shAsc-1 (n=3). shAsc-1 and shScr subcutaneous preadipocytes were grown to 100 

% confluence and RNA or protein was taken from the day of differentiation start (preadipocyte) 

and after 8 days of differentiation with (Rosi) or without rosiglitazone (adipocyte). (b) Relative 

expression of Ppary (n=7), P2rx5 (n=3), Pgc1α (n=9), Prdm16 (n=9) and Pat2 (n=3). (c) 

Western blot of mitochondrial respiratory chain complex subunits (CV alpha (53 kDa), CIII-core 2 

(47 kDa), CIV-I (39 kDa), CII-30 (30 kDa), NDUFB8 (20 kDa)), UCP1 (33 kDa), β -actin (42 kDa) 

(n=1). (d) Immunofluorescence staining of Asc-1-HA-2a-4F2HC or EGFP overexpressing brown 

preadipocytes before and after differentiation. Green: ASC-1-HA. Red: F-Actin. Blue: DAPI 

(n=1). Size bar 30 µm.  (e) Relative gene expression of Pat2, Tfam, Fabp4 and Adiponectin 

(n=3). Statistics were calculated using ordinary two-way ANOVA with Tukey’s or Sidak’s 

multiple comparison post-hoc test. Data are shown as mean ± SEM. 
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Supplementary Figure 4: Loss of Asc-1 alters intracellular amino acid levels 

(a) Immortalized subcutaneous preadipocytes differentiated with 10 µM Asc-1 inhibitor (BMS-

466442) or DMSO as control. Relative expression of of Ppary (n=10), Ucp1 (n=7), Prdm16 

(n=10) and Pgc1α (n=10) before (preadipocyte) or after 8 days of differentiation. (b) shAsc-1 

and shScr preadipocytes were grown to 100 % confluence and differentiated for 8 days. Intra- 

and extracellular free amino acid levels of confluent preadipocytes and differentiated adipocytes 

(technical n=2, biological n=2). (c) Cells were grown to 100 % confluence and differentiation 

was induced without the indicated amino acids. Gene expression of Ppary, Ucp1 and Pgc1α 

(n=3). (d) Extracellular D-serine levels of subconfluent (n=1 shScr-2 shAsc-1) and confluent 

(n=1) preadipocytes (e) Asc-1-HA-2a-4F2HC or GFP overexpressing brown preadipocytes were 

treated with no (control), 1, 10 or 100 µM D-serine from 2 days before (-28) or from the day of 

differentiation on (08). Relative gene expression of Ppary, Asc-1 and Ucp1 (n=3, only Ucp1 of 

Asc-1-HA-4F2hc preadipocyte with 100 µM D-ser n=2). (f) 4 week old C57Bl/6 mice were fed a 

CD or HFD and supplemented with or without 10 g/l D-serine in drinking water for 8 weeks. D-

serine concentrations in SCF (n=4 CD- 8 CD+Ser- 6 HFD- 8 HFD+D-Ser) and BAT (n=3 without 

D-Ser- 8 with D-Ser) after chronic D-serine supplementation. (g) Relative Ucp1 expression in 

SCF, PGF, PRF and BAT after 8 weeks of D-serine supplementation and CD or HFD feeding. n 

values are shown in the statistics section. (h) Sample NMR spectrum of cell extract with all 

metabolite assignments from Supplementary Table 3. The ppm area 9.5-5.0 ppm is enlarged 

x8. (i) Srr was knocked down using DsiSrr in proliferating shScr and shAsc-1 preadipocytes and 

differentiated upon confluency. Srr mRNA levels of shAsc-1 and shScr cells and Ucp1 and 

Ppary expression of shScr at day of induction (preadip) or cells differentiated following the 

regular differentiation protocol including rosiglitazone (adip+Rosi). A scrambled DsiRNA was 

used as negative Control (Control) for knockdown (n=4).  Statistics were calculated using 

ordinary one- or two-way (i) ANOVA with Tukey’s or Sidak´s multiple comparison post-hoc test. 

Data are shown as mean ± SEM.  



Supplementary Table 1
Overlap Results

Collection(s): BP

# overlaps shown: 100

# genesets in collections: 4436

# genes in comparison (n): 2169

# genes in universe (N): 45956

Gene Set Name # Genes in Gene Set (K) Description

GO_CELLULAR_RESPONSE_TO_ORGANIC_SUBSTANCE 1848 Any process that results in a change in state or activity of a cell (in terms of movement, secretion, enzyme production, gene expression, etc.) as a result of an organic substance stimulus.

GO_RESPONSE_TO_ENDOGENOUS_STIMULUS 1450 Any process that results in a change in state or activity of a cell or an organism (in terms of movement, secretion, enzyme production, gene expression, etc.) as a result of a stimulus arising within the organism.

GO_REGULATION_OF_CELL_PROLIFERATION 1496 Any process that modulates the frequency, rate or extent of cell proliferation.

GO_REGULATION_OF_MULTICELLULAR_ORGANISMAL_DEVELOPMENT 1672 Any process that modulates the frequency, rate or extent of multicellular organismal development.

GO_ORGANONITROGEN_COMPOUND_METABOLIC_PROCESS 1796 The chemical reactions and pathways involving organonitrogen compound.

GO_TISSUE_DEVELOPMENT 1518 The process whose specific outcome is the progression of a tissue over time, from its formation to the mature structure.

GO_RESPONSE_TO_OXYGEN_CONTAINING_COMPOUND 1381 Any process that results in a change in state or activity of a cell or an organism (in terms of movement, secretion, enzyme production, gene expression, etc.) as a result of an oxygen‐containing compound stimulus.

GO_POSITIVE_REGULATION_OF_RESPONSE_TO_STIMULUS 1929 Any process that activates, maintains or increases the rate of a response to a stimulus. Response to stimulus is a change in state or activity of a cell or an organism (in terms of movement, secretion, enzyme production, gene expression, etc.) as a res

GO_REGULATION_OF_CELL_DIFFERENTIATION 1492 Any process that modulates the frequency, rate or extent of cell differentiation, the process in which relatively unspecialized cells acquire specialized structural and functional features.

GO_RESPONSE_TO_EXTERNAL_STIMULUS 1821 Any process that results in a change in state or activity of a cell or an organism (in terms of movement, secretion, enzyme production, gene expression, etc.) as a result of an external stimulus.

GO_POSITIVE_REGULATION_OF_MULTICELLULAR_ORGANISMAL_PROCESS 1395 Any process that activates or increases the frequency, rate or extent of an organismal process, any of the processes pertinent to the function of an organism above the cellular level; includes the integrated processes of tissues and organs.

GO_NEGATIVE_REGULATION_OF_RESPONSE_TO_STIMULUS 1360 Any process that stops, prevents, or reduces the frequency, rate or extent of a response to a stimulus. Response to stimulus is a change in state or activity of a cell or an organism (in terms of movement, secretion, enzyme production, gene expressio

GO_REGULATION_OF_ANATOMICAL_STRUCTURE_MORPHOGENESIS 1021 Any process that modulates the frequency, rate or extent of anatomical structure morphogenesis.

GO_REGULATION_OF_CELL_DEATH 1472 Any process that modulates the rate or frequency of cell death. Cell death is the specific activation or halting of processes within a cell so that its vital functions markedly cease, rather than simply deteriorating gradually over time, which culminates 

GO_POSITIVE_REGULATION_OF_DEVELOPMENTAL_PROCESS 1142 Any process that activates or increases the rate or extent of development, the biological process whose specific outcome is the progression of an organism over time from an initial condition (e.g. a zygote, or a young adult) to a later condition (e.g. a

GO_PROTEIN_LOCALIZATION 1805 Any process in which a protein is transported to, or maintained in, a specific location.

GO_CELL_DEVELOPMENT 1426 The process whose specific outcome is the progression of the cell over time, from its formation to the mature structure. Cell development does not include the steps involved in committing a cell to a specific fate.

GO_POSITIVE_REGULATION_OF_CELL_COMMUNICATION 1532 Any process that increases the frequency, rate or extent of cell communication. Cell communication is the process that mediates interactions between a cell and its surroundings. Encompasses interactions such as signaling or attachment between o

GO_CIRCULATORY_SYSTEM_DEVELOPMENT 788 The process whose specific outcome is the progression of the circulatory system over time, from its formation to the mature structure. The circulatory system is the organ system that passes nutrients (such as amino acids and electrolytes), gases, ho

GO_SMALL_MOLECULE_METABOLIC_PROCESS 1767 The chemical reactions and pathways involving small molecules, any low molecular weight, monomeric, non‐encoded molecule.

GO_CATABOLIC_PROCESS 1773 The chemical reactions and pathways resulting in the breakdown of substances, including the breakdown of carbon compounds with the liberation of energy for use by the cell or organism.

GO_REGULATION_OF_PHOSPHORUS_METABOLIC_PROCESS 1618 Any process that modulates the frequency, rate or extent of the chemical reactions and pathways involving phosphorus or compounds containing phosphorus.

GO_REGULATION_OF_CELLULAR_COMPONENT_MOVEMENT 771 Any process that modulates the frequency, rate or extent of the movement of a cellular component.

GO_NEGATIVE_REGULATION_OF_MULTICELLULAR_ORGANISMAL_PROCESS 983 Any process that stops, prevents, or reduces the frequency, rate or extent of an organismal process, the processes pertinent to the function of an organism above the cellular level; includes the integrated processes of tissues and organs.

GO_CELLULAR_RESPONSE_TO_ENDOGENOUS_STIMULUS 1008 Any process that results in a change in state or activity of a cell (in terms of movement, secretion, enzyme production, gene expression, etc.) as a result of a stimulus arising within the organism.

GO_REGULATION_OF_PROTEIN_MODIFICATION_PROCESS 1710 Any process that modulates the frequency, rate or extent of the covalent alteration of one or more amino acid residues within a protein.

GO_REGULATION_OF_TRANSPORT 1804 Any process that modulates the frequency, rate or extent of the directed movement of substances (such as macromolecules, small molecules, ions) into, out of or within a cell, or between cells, by means of some agent such as a transporter or pore.

GO_NEUROGENESIS 1402 Generation of cells within the nervous system.

GO_REGULATION_OF_INTRACELLULAR_SIGNAL_TRANSDUCTION 1656 Any process that modulates the frequency, rate or extent of intracellular signal transduction.

GO_REGULATION_OF_RESPONSE_TO_STRESS 1468 Any process that modulates the frequency, rate or extent of a response to stress. Response to stress is a change in state or activity of a cell or an organism (in terms of movement, secretion, enzyme production, gene expression, etc.) as a result of a 

GO_POSITIVE_REGULATION_OF_MOLECULAR_FUNCTION 1791 Any process that activates or increases the rate or extent of a molecular function, an elemental biological activity occurring at the molecular level, such as catalysis or binding.

GO_LOCOMOTION 1114 Self‐propelled movement of a cell or organism from one location to another.

GO_NEGATIVE_REGULATION_OF_CELL_COMMUNICATION 1192 Any process that decreases the frequency, rate or extent of cell communication. Cell communication is the process that mediates interactions between a cell and its surroundings. Encompasses interactions such as signaling or attachment between o

GO_ESTABLISHMENT_OF_PROTEIN_LOCALIZATION 1423 The directed movement of a protein to a specific location.

GO_MOVEMENT_OF_CELL_OR_SUBCELLULAR_COMPONENT 1275 The directed, self‐propelled movement of a cell or subcellular component without the involvement of an external agent such as a transporter or a pore.

GO_IMMUNE_SYSTEM_PROCESS 1984 Any process involved in the development or functioning of the immune system, an organismal system for calibrated responses to potential internal or invasive threats.

GO_POSITIVE_REGULATION_OF_PROTEIN_METABOLIC_PROCESS 1492 Any process that activates or increases the frequency, rate or extent of the chemical reactions and pathways involving a protein.

GO_ESTABLISHMENT_OF_LOCALIZATION_IN_CELL 1676 The directed movement of a substance or cellular entity, such as a protein complex or organelle, to a specific location within, or in the membrane of, a cell.

GO_CELLULAR_MACROMOLECULE_LOCALIZATION 1234 Any process in which a macromolecule is transported to, and/or maintained in, a specific location at the level of a cell. Localization at the cellular level encompasses movement within the cell, from within the cell to the cell surface, or from one locat

GO_REGULATION_OF_TRANSCRIPTION_FROM_RNA_POLYMERASE_II_PROMOTER 1784 Any process that modulates the frequency, rate or extent of transcription from an RNA polymerase II promoter.

GO_RESPONSE_TO_HORMONE 893 Any process that results in a change in state or activity of a cell or an organism (in terms of movement, secretion, enzyme production, gene expression, etc.) as a result of a hormone stimulus.

GO_RESPONSE_TO_NITROGEN_COMPOUND 859 Any process that results in a change in state or activity of a cell or an organism (in terms of movement, secretion, enzyme production, gene expression, etc.) as a result of a nitrogen compound stimulus.

GO_RESPONSE_TO_ABIOTIC_STIMULUS 1024 Any process that results in a change in state or activity of a cell or an organism (in terms of movement, secretion, enzyme production, gene expression, etc.) as a result of an abiotic (non‐living) stimulus.

GO_RESPONSE_TO_LIPID 888 Any process that results in a change in state or activity of a cell or an organism (in terms of movement, secretion, enzyme production, gene expression, etc.) as a result of a lipid stimulus.

GO_POSITIVE_REGULATION_OF_BIOSYNTHETIC_PROCESS 1805 Any process that activates or increases the frequency, rate or extent of the chemical reactions and pathways resulting in the formation of substances.

GO_POSITIVE_REGULATION_OF_GENE_EXPRESSION 1733 Any process that increases the frequency, rate or extent of gene expression. Gene expression is the process in which a gene's coding sequence is converted into a mature gene product or products (proteins or RNA). This includes the production of an

GO_ORGANONITROGEN_COMPOUND_BIOSYNTHETIC_PROCESS 1024 The chemical reactions and pathways resulting in the formation of organonitrogen compound.

GO_INTRACELLULAR_SIGNAL_TRANSDUCTION 1572 The process in which a signal is passed on to downstream components within the cell, which become activated themselves to further propagate the signal and finally trigger a change in the function or state of the cell.

GO_POSITIVE_REGULATION_OF_CELL_DIFFERENTIATION 823 Any process that activates or increases the frequency, rate or extent of cell differentiation.

GO_NEGATIVE_REGULATION_OF_MOLECULAR_FUNCTION 1079 Any process that stops or reduces the rate or extent of a molecular function, an elemental biological activity occurring at the molecular level, such as catalysis or binding.

GO_BIOLOGICAL_ADHESION 1032 The attachment of a cell or organism to a substrate, another cell, or other organism. Biological adhesion includes intracellular attachment between membrane regions.

GO_VASCULATURE_DEVELOPMENT 469 The process whose specific outcome is the progression of the vasculature over time, from its formation to the mature structure. The vasculature is an interconnected tubular multi‐tissue structure that contains fluid that is actively transported aroun

GO_RESPONSE_TO_ORGANIC_CYCLIC_COMPOUND 917 Any process that results in a change in state or activity of a cell or an organism (in terms of movement, secretion, enzyme production, gene expression, etc.) as a result of an organic cyclic compound stimulus.

GO_EXTRACELLULAR_STRUCTURE_ORGANIZATION 304 A process that is carried out at the cellular level which results in the assembly, arrangement of constituent parts, or disassembly of structures in the space external to the outermost structure of a cell. For cells without external protective or external 

GO_ORGAN_MORPHOGENESIS 841 Morphogenesis of an organ. An organ is defined as a tissue or set of tissues that work together to perform a specific function or functions. Morphogenesis is the process in which anatomical structures are generated and organized. Organs are comm

GO_POSITIVE_REGULATION_OF_CELLULAR_COMPONENT_ORGANIZATION 1152 Any process that activates or increases the frequency, rate or extent of a process involved in the formation, arrangement of constituent parts, or disassembly of cell structures, including the plasma membrane and any external encapsulating structur

GO_POSITIVE_REGULATION_OF_CELL_PROLIFERATION 814 Any process that activates or increases the rate or extent of cell proliferation.

GO_INTERSPECIES_INTERACTION_BETWEEN_ORGANISMS 662 Any process in which an organism has an effect on an organism of a different species.

GO_CELLULAR_CATABOLIC_PROCESS 1322 The chemical reactions and pathways resulting in the breakdown of substances, carried out by individual cells.

GO_CELLULAR_RESPONSE_TO_OXYGEN_CONTAINING_COMPOUND 799 Any process that results in a change in state or activity of a cell (in terms of movement, secretion, enzyme production, gene expression, etc.) as a result of an oxygen‐containing compound stimulus.

GO_BLOOD_VESSEL_MORPHOGENESIS 364 The process in which the anatomical structures of blood vessels are generated and organized. The blood vessel is the vasculature carrying blood.

GO_PROTEIN_LOCALIZATION_TO_MEMBRANE 376 A process in which a protein is transported to, or maintained in, a specific location in a membrane.

GO_PROTEIN_TARGETING_TO_MEMBRANE 157 The process of directing proteins towards a membrane, usually using signals contained within the protein.

GO_REGULATION_OF_IMMUNE_SYSTEM_PROCESS 1403 Any process that modulates the frequency, rate, or extent of an immune system process.

GO_EPITHELIUM_DEVELOPMENT 945 The process whose specific outcome is the progression of an epithelium over time, from its formation to the mature structure. An epithelium is a tissue that covers the internal or external surfaces of an anatomical structure.

GO_ENZYME_LINKED_RECEPTOR_PROTEIN_SIGNALING_PATHWAY 689 Any series of molecular signals initiated by the binding of an extracellular ligand to a receptor on the surface of the target cell, where the receptor possesses catalytic activity or is closely associated with an enzyme such as a protein kinase, and endin

GO_NEGATIVE_REGULATION_OF_CELL_DEATH 872 Any process that decreases the rate or frequency of cell death. Cell death is the specific activation or halting of processes within a cell so that its vital functions markedly cease, rather than simply deteriorating gradually over time, which culminates i

GO_POSITIVE_REGULATION_OF_CATALYTIC_ACTIVITY 1518 Any process that activates or increases the activity of an enzyme.



GO_REGULATION_OF_HYDROLASE_ACTIVITY 1327 Any process that modulates the frequency, rate or extent of hydrolase activity, the catalysis of the hydrolysis of various bonds, e.g. C‐O, C‐N, C‐C, phosphoric anhydride bonds, etc. Hydrolase is the systematic name for any enzyme of EC class 3.

GO_REGULATION_OF_RESPONSE_TO_EXTERNAL_STIMULUS 926 Any process that modulates the frequency, rate or extent of a response to an external stimulus.

GO_MEMBRANE_ORGANIZATION 899 A process which results in the assembly, arrangement of constituent parts, or disassembly of a membrane. A membrane is a double layer of lipid molecules that encloses all cells, and, in eukaryotes, many organelles; may be a single or double lipid b

GO_ANATOMICAL_STRUCTURE_FORMATION_INVOLVED_IN_MORPHOGENESIS 957 The developmental process pertaining to the initial formation of an anatomical structure from unspecified parts. This process begins with the specific processes that contribute to the appearance of the discrete structure and ends when the structura

GO_POSITIVE_REGULATION_OF_PHOSPHORUS_METABOLIC_PROCESS 1036 Any process that increases the frequency, rate or extent of the chemical reactions and pathways involving phosphorus or compounds containing phosphorus.

GO_NEGATIVE_REGULATION_OF_DEVELOPMENTAL_PROCESS 801 Any process that stops, prevents or reduces the rate or extent of development, the biological process whose specific outcome is the progression of an organism over time from an initial condition (e.g. a zygote, or a young adult) to a later condition (

GO_ESTABLISHMENT_OF_PROTEIN_LOCALIZATION_TO_MEMBRANE 264 The directed movement of a protein to a specific location in a membrane.

GO_NEGATIVE_REGULATION_OF_PROTEIN_METABOLIC_PROCESS 1087 Any process that stops, prevents, or reduces the frequency, rate or extent of chemical reactions and pathways involving a protein.

GO_REGULATION_OF_CELLULAR_LOCALIZATION 1277 Any process that modulates the frequency, rate or extent of a process in which a cell, a substance, or a cellular entity is transported to, or maintained in a specific location within or in the membrane of a cell.

GO_PHOSPHATE_CONTAINING_COMPOUND_METABOLIC_PROCESS 1977 The chemical reactions and pathways involving the phosphate group, the anion or salt of any phosphoric acid.

GO_POSITIVE_REGULATION_OF_PROTEIN_MODIFICATION_PROCESS 1135 Any process that activates or increases the frequency, rate or extent of the covalent alteration of one or more amino acid residues within a protein.

GO_INTRACELLULAR_PROTEIN_TRANSPORT 781 The directed movement of proteins in a cell, including the movement of proteins between specific compartments or structures within a cell, such as organelles of a eukaryotic cell.

GO_NEGATIVE_REGULATION_OF_NITROGEN_COMPOUND_METABOLIC_PROCESS 1517 Any process that stops, prevents, or reduces the frequency, rate or extent of the chemical reactions and pathways involving nitrogen or nitrogenous compounds.

GO_HOMEOSTATIC_PROCESS 1337 Any biological process involved in the maintenance of an internal steady state.

GO_POSITIVE_REGULATION_OF_INTRACELLULAR_SIGNAL_TRANSDUCTION 876 Any process that activates or increases the frequency, rate or extent of intracellular signal transduction.

GO_ESTABLISHMENT_OF_PROTEIN_LOCALIZATION_TO_ENDOPLASMIC_RETICULUM 104 The directed movement of a protein to a specific location in the endoplasmic reticulum.

GO_TRANSLATIONAL_INITIATION 146 The process preceding formation of the peptide bond between the first two amino acids of a protein. This includes the formation of a complex of the ribosome, mRNA, and an initiation complex that contains the first aminoacyl‐tRNA.

GO_NEURON_DIFFERENTIATION 874 The process in which a relatively unspecialized cell acquires specialized features of a neuron.

GO_NEGATIVE_REGULATION_OF_CELL_PROLIFERATION 643 Any process that stops, prevents or reduces the rate or extent of cell proliferation.

GO_CELL_PROLIFERATION 672 The multiplication or reproduction of cells, resulting in the expansion of a cell population.

GO_SKELETAL_SYSTEM_DEVELOPMENT 455 The process whose specific outcome is the progression of the skeleton over time, from its formation to the mature structure. The skeleton is the bony framework of the body in vertebrates (endoskeleton) or the hard outer envelope of insects (exosk

GO_PROTEIN_LOCALIZATION_TO_ENDOPLASMIC_RETICULUM 123 A process in which a protein is transported to, or maintained in, a location within the endoplasmic reticulum.

GO_NEGATIVE_REGULATION_OF_GENE_EXPRESSION 1493 Any process that decreases the frequency, rate or extent of gene expression. Gene expression is the process in which a gene's coding sequence is converted into a mature gene product or products (proteins or RNA). This includes the production of a

GO_CELLULAR_COMPONENT_MORPHOGENESIS 900 The process in which cellular structures, including whole cells or cell parts, are generated and organized.

GO_CELL_MOTILITY 835 Any process involved in the controlled self‐propelled movement of a cell that results in translocation of the cell from one place to another.

GO_RESPONSE_TO_GROWTH_FACTOR 475 Any process that results in a change in state or activity of a cell or an organism (in terms of movement, secretion, enzyme production, gene expression, etc.) as a result of a growth factor stimulus.

GO_SINGLE_ORGANISM_CELLULAR_LOCALIZATION 898 A cellular localization which involves only one organism.

GO_PROTEIN_TARGETING 406 The process of targeting specific proteins to particular regions of the cell, typically membrane‐bounded subcellular organelles. Usually requires an organelle specific protein sequence motif.

GO_RESPONSE_TO_WOUNDING 563 Any process that results in a change in state or activity of a cell or an organism (in terms of movement, secretion, enzyme production, gene expression, etc.) as a result of a stimulus indicating damage to the organism.

GO_CELL_MORPHOGENESIS_INVOLVED_IN_DIFFERENTIATION 513 The change in form (cell shape and size) that occurs when relatively unspecialized cells, e.g. embryonic or regenerative cells, acquire specialized structural and/or functional features that characterize the cells, tissues, or organs of the mature organis

GO_REGULATION_OF_CELL_ADHESION 629 Any process that modulates the frequency, rate or extent of attachment of a cell to another cell or to the extracellular matrix.

GO_CELLULAR_AMIDE_METABOLIC_PROCESS 727 The chemical reactions and pathways involving an amide, any derivative of an oxoacid in which an acidic hydroxy group has been replaced by an amino or substituted amino group, as carried out by individual cells.



Supplementary Table 1: Gene set enrichment analysis (GSEA) of Asc-1 enriched cells of 

adolescent subcutaneous preadipocytes. 

GSEA was performed using 2,442 genes listed in Supplementary Table 2. A false-discovery 

corrected P-value for differential expression lower than 0.01. 

 

  



Supplementary Table 2

Gene Name

Sntg1

Adhfe1

Sulf1

Tram1

Gm9947

Msc

Rpl7

Eloc

Pi15

Crispld1

Gm28153

Ogfrl1

Smap1

Adgrb3

Rab23

Dst

Arid5a

Cnnm4

Lipt1

Map4k4

Il1r1

Col3a1

Col5a2

Slc40a1

Nabp1

Nab1

Inpp1

1700019D03Rik

Ankrd44

Sf3b1

Hspd1

Spats2l

Clk1

Tmem237

Fzd7

Gm973

Nop58

Raph1

Nrp2

Eef1b2

Gpr1

Myl1

Fn1

Xrcc5

Igfbp5

Tns1



Arpc2

Slc11a1

Cyp27a1

Dnpep

Speg

Chpf

Slc4a3

Epha4

Kcne4

Agfg1

Pid1

Sp100

Ptma

Eif4e2

Efhd1

Sh3bp4

Ackr3

Col6a3

Lrrfip1

Ramp1

Scly

Twist2

Hdac4

Gpc1

Sned1

Hdlbp

Bok

Thap4

Ppip5k2

Pam

Phlpp1

Bcl2

Dsel

Gli2

Dbi

Ccnt2

Gm15675

Cd55

Rab7b

Prelp

Btg2

Ppp1r12b

Nav1

Csrp1

Phlda3

Gm19705

Pla2g4a

Ptgs2

Ptgs2os2

Fam129a



1700025G04Rik

Lamc2

Lamc1

Rgs16

Ier5

Tor3a

Angptl1

Fmo1

Fmo2

Prrx1

Kifap3

Atp1b1

Dpt

Mpzl1

Ildr2

Aldh9a1

Mgst3

Rxrg

Hsd17b7

Ddr2

Uap1

Olfml2b

Apoa2

Adamts4

Pex19

Igsf8

Atp1a2

Tagln2

Ackr1

Cadm3

Ifi207

Ifi204

Mndal

Ifi203

Ifi205

Cep170

Hnrnpu

H3f3a

Sde2

Lefty1

Tmem63a

Ephx1

Degs1

Capn2

Disp1

Aida

Hlx

Tgfb2

Kcnk2

Nenf



Lpgat1

Gm15867

Lamb3

Hsd11b1

G0s2

Cd34

Frmd4a

Camk1d

Cdc123

Atp5c1

Itih5

Fbxo18

Vim

Plxdc2

Apbb1ip

Mrpl41

Tubb4b

Tmem203

Uap1l1

Entpd2

Npdc1

Paxx

Notch1

Agpat2

Surf4

Col5a1

Ralgds

Rapgef1

2600006K01Rik

Cercam

Ier5l

Prrx2

Ptges

Ncs1

Hmcn2

Ass1

Abl1

Aif1l

Dnm1

Ak1

Rpl12

Garnl3

Angptl2

Hspa5

Phf19

Gsn

Stom

Ptgs1

Nek6

Nr6a1



Olfml2a

Rpl35

Zeb2

Acvr2a

Lypd6

Cacnb4

Cd302

Rbms1

Dpp4

Fap

Scn7a

Stk39

Cers6

Cybrd1

Map3k20

Hoxd3os1

Hoxd8

Nfe2l2

Pde11a

Osbpl6

Sestd1

Pde1a

Nckap1

Zc3h15

Itgav

Fam171b

Calcrl

Serping1

Timm10

Slc43a3

Tnks1bp1

Ptprj

Psmc3

Mdk

Creb3l1

Chst1

Tspan18

Prr5l

Pamr1

Cd44

Cat

Rcn1

Mpped2

Lgr4

Ccdc34

Fibin

Ano3

Nop10

Ryr3

Thbs1



Chp1

Stard9

Lcmt2

Serf2

Casc4

B2m

Duoxa1

Duox1

Slc30a4

Sqor

Fbn1

Fgf7

Sppl2a

Gm14005

Fbln7

Sirpa

Stk35

Nop56

Cpxm1

Ptpra

4930402H24Rik

Adam33

Hspa12b

Cenpb

Rassf2

Tmem230

Crls1

Bmp2

Plcb4

Mkks

Jag1

Ism1

Macrod2

Rrbp1

Slc24a3

Rin2

Naa20

Thbd

Cst3

Fkbp1a

Trib3

Defb25

Rem1

Id1

Pofut1

Necab3

1700003F12Rik

E2f1

Dynlrb1

Map1lc3a



Edem2

Procr

Rbm39

Scand1

2900097C17Rik

Dlgap4

Tgif2

Rab5if

Samhd1

Rpn2

Lbp

Mafb

Top1

Fitm2

Pkig

Matn4

Pigt

Snx21

Ctsa

Pltp

Eya2

Sulf2

Ptgis

Snai1

Cebpb

Dpm1

Tshz2

Bmp7

Zbp1

Pmepa1

Npepl1

Gnas

Ctsz

Atp5e

Rps21

Helz2

Clcn5

Praf2

Rbm3

Srpx

Tspan7

Mid1ip1

Ddx3x

Cask

Chst7

Cdk16

Agtr2

Dock11

Il13ra1

Pgrmc1



Slc25a5

Rpl39

Lamp2

Dcaf12l1

Elf4

Igsf1

Gpc3

Mospd1

Fhl1

Map7d3

Mamld1

Bgn

Idh3g

Rpl10

Fundc2

Pls3

Prrg1

Tmem47

Amer1

Heph

Ar

Tmem28

Rps4x

Cited1

Slc16a2

Rlim

Rtl3

P2ry10b

Itm2a

Pcdh11x

Pcdh19

Srpx2

Rpl36a

Armcx3

Arxes2

Arxes1

Tceal8

Tceal9

Bex3

Tceal1

Nrk

Tsc22d3

Hsd17b10

Prdx4

Eif1ax

Adgrg2

Reps2

Rbbp7

Ap1s2

Vegfd



Mospd2

Gpm6b

Rab9

Tmsb4x

Gm15261

Gm8797

Mrps28

Fabp5

Fabp4

Car13

Car3

Cyp7b1

Cp

Tnik

Rpl22l1

Sec62

Prkci

Skil

Gnb4

Ndufb5

Fgf2

Spry1

Fat4

Jade1

Pcdh10

Setd7

Mgst2

Ufm1

Postn

Rnf13

Siah2

P2ry14

Igsf10

P2ry1

Mme

Ssr3

Veph1

Ptx3

B3galnt1

Golim4

Fam198b

Ctso

Gucy1b1

Gucy1a1

Dchs2

Sfrp2

Gm26771

Mnd1

Fhdc1

Rps3a1



Pear1

Pmf1

Lmna

Ssr2

Thbs3

Krtcap2

Adam15

Gm15417

Cks1b

Shc1

Kcnn3

Atp8b2

Ubap2l

Rps27

S100a13

S100a16

S100a6

S100a11

S100a10

Selenbp1

Ctsk

Mcl1

Adamtsl4

Ecm1

Plekho1

Mtmr11

Txnip

Prkab2

Notch2

Hmgcs2

Phgdh

Ptgfrn

Atp1a1

Vangl1

A230001M10Rik

Ngf

Olfml3

Slc16a1

Rhoc

Wnt2b

Rap1a

Gm5547

Alx3

Gstm2

Psma5

Tmem167b

Prpf38b

Slc25a24

Amy1

Vcam1



Snx7

Slc44a3

A530020G20Rik

F3

Arhgap29

Abca4

Bcar3

Prss12

Tram1l1

Ank2

Enpep

Pla2g12a

Mcub

Ostc

Rpl34

Hadh

Papss1

Dkk2

Cxxc4

Ppp3ca

Adh7

Adh1

Adh5

Tspan5

Pdlim5

Gbp2

Gtf2b

Lmo4

Sh3glb1

Cyr61

Ddah1

Gng5

Ptgfr

Acadm

Slc44a5

Lhx8

Negr1

Ptger3

Wls

Rps20

Gm11808

Penk

Fam110b

Tox

8430436N08Rik

Car8

Gem

Runx1t1

Ggh

Manea



Pnrc1

Aco1

Tmem215

Dnaja1

Bag1

Ube2r2

Ubap1

AI464131

Enho

Cntfr

Il11ra1

Gm13305

Gm2564

Ccl19

Ccdc107

Creb3

Hrct1

Spaar

Reck

Grhpr

Shb

Col15a1

Sec61b

Tmeff1

Cavin4

AI427809

Slc44a1

Tmem38b

Zfp462

Klf4

Tmem245

Svep1

Gng10

Ugcg

Slc31a2

Rgs3

Col27a1

Atp6v1g1

Pappa

Astn2

Megf9

Lurap1l

Mpdz

Nfib

Gm11266

Frem1

Adamtsl1

Plin2

Rps6

Hacd4



Mtap

Tek

Jun

Cyp2j6

Nfia

Pgm2

Cachd1

Jak1

Leprot

Fyb2

Plpp3

Usp24

Hspb11

Podn

Scp2

Echdc2

Gpx7

Nrd1

Cdkn2c

Trabd2b

Efcab14

Uqcrh

Nasp

Akr1a1

Prdx1

Ptch2

Rps8

Gm12840

B4galt2

Ybx1

Kcnq4

Heyl

Pabpc4

Bmp8a

Ndufs5

Rspo1

Eva1b

Tekt2

Sfpq

Azin2

Ak2

Rbbp4

Marcksl1

Khdrbs1

Ptp4a2

Col16a1

Snhg12

Atpif1

Slc9a1

Trnp1



Hmgn2

Cep85

Maco1

Rsrp1

Syf2

Clic4

Pnrc2

Rpl11

Id3

Asap3

Camk2n1

Nbl1

Capzb

Mrto4

Igsf21

Mfap2

Efhd2

Kazn

Pdpn

Dhrs3

Tnfrsf1b

Plod1

Draxin

Pgd

Kif1b

Spsb1

H6pd

Rere

Errfi1

Gpr153

Smim1

Ski

Faap20

Gnb1

Mmp23

Vwa1

C1qtnf12

Isg15

Fzd1

Gm8773

Steap4

Adam22

Sema3d

Sema3a

Sema3e

Sema3c

Cd36

Gnai1

Lrrc17

Fam126a



Chpf2

Wdr86

Il6

Ost4

Emilin1

Khk

Cgref1

Mrpl33

Spon2

Ctbp1

Mxd4

Lrpap1

Cpz

Htra3

Ablim2

Afap1

Msx1

Cd38

Ldb2

Qdpr

Lgi2

Pi4k2b

Sel1l3

Smim20

Rbpj

Stim2

Klf3

Fam114a1

Rpl9

Ugdh

Smim14

Apbb2

Uchl1

Limch1

Gabra2

Slain2

Sgcb

Pdgfra

Igfbp7

Slc4a4

Cxcl1

Btc

Parm1

Naaa

44085

Ccng2

Fras1

Anxa3

Bmp2k

Antxr2



Prdm8

Bmp3

Prkg2

Hnrnpdl

Plac8

Hpse

Arhgap24

Slc10a6

Hsd17b13

Sparcl1

Pkd2

Gbp6

Lrrc8b

Lrrc8c

Lrrc8d

Tgfbr3

Ephx4

Evi5

Fam69a

Mfsd7a

Fgfrl1

Miat

Tpst2

Asphd2

2900026A02Rik

Wscd2

Cmklr1

Iscu

Tmem119

Coro1c
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Notch3

Akap8l

Angptl4

Rps28

BC051226

Zbtb22

Gm19412

Pfdn6

Rps18

H2‐K1

Brd2

Psmb9

Psmb8

Tap2

Tnxb

C4b



Cfb

C2

Clic1

Ddah2

H2‐D1

H2‐Q4

H2‐Q6

H2‐Q7

H2‐Q10

Ppp1r10

H2‐T23

H2‐T22

H2‐M3

Gm42418

9130008F23Rik

Tnfrsf21

Rcan2

Enpp5

Enpp4

Tmem63b

Vegfa

Mad2l1bp

Gm26785

Cul7

Guca1a

AI661453

Ccnd3

Tomm6

Mdfi

Mocs1

Rftn1

Plcl2

Plin4

Ptprs

Rpl36

Tubb4a

Tnfsf9

C3

Efna5

Fer

Pja2

Ralbp1

Twsg1

Mtcl1

Epb41l3

Emilin2

Clip4

Ypel5

Ltbp1

Crim1



Vit

Qpct

Cyp1b1

Srsf7

Zfp36l2

Epas1

Rhoq

Svil

Zeb1

Fzd8

Colec12

Zfp521

Dtna

Ino80c

Galnt1

Slc39a6

Celf4

Lims2

Nrep

Srp19

Reep5

4933408B17Rik

Egr1

Hspa9

Ecscr

Cxxc5

Sra1

Taf7

BC037039

Diaph1

Spry4

Ppp2r2b

Dpysl3

Eif3j2

Mcc

Tmed7

Eif1a

Prr16

Sncaip

Ppic

Aldh7a1

Lmnb1

Isoc1

Adamts19

Gm4951

F830016B08Rik

Iigp1

Rps14

Arsi

Pdgfrb



Ppargc1b

Csnk1a1

Bvht

Ablim3

Txnl1

Tubb6

Tcf4

Ccdc68

Mbd2

Mex3c

Me2

Mbd1

Rpl17

Rnf165

Atp5a1

Tshz1

Cndp2

Cyb5a

Cbln2

Lrp5

1810055G02Rik

Cdk2ap2

Rhod

Rbm4b

Cd248

Yif1a

Efemp2

Malat1

Cdc42ep2

Capn1

Fau

Atg2a

Ehd1

Rasgrp2

Ppp1r14b

Fkbp2

Cox8a

Rtn3

Pla2g16

Nxf1

Lrrn4cl

Ubxn1

Eef1g

Ahnak

Fth1

Rab3il1

AW112010

Ms4a4d

Dtx4

Glyat



Ostf1

Rorb

Anxa1

Aldh1a1

Zfand5

Gda

Abhd17b

Klf9

Kank1

Vldlr

Ak3

Plgrkt

Il33

Rpl9‐ps6

Pten

Fas

Ifit2

Ifit3

Ppp1r3c

43895

Myof

Rbp4

Slc35g1

Plce1

Tbc1d12

Pdlim1

Ubtd1

Pyroxd2

Scd2

Scd1

Sfxn3

Npm3

Kcnip2

Nolc1

Sfxn2

As3mt

Sfr1

Gsto1

Add3

Bbip1

Tcf7l2

Ablim1

Atrnl1

Emx2os

Emx2

E330013P04Rik



Supplementary Table 2: List of differentially expressed genes used for GSEA analysis of 

Asc-1 enriched cells of adolescent subcutaneous preadipocytes. 

The list contains the names of the 2,442 genes used for GSEA analysis shown in 

Supplementary Table 1. 

 

  



Supplementary Table 3: Quantification of metabolites in shScr control and shAsc-1 cell 

extracts via NMR based metabolomics analysis. 

 

metabolites shScr shAsc-1  P-value 
Lipids 125.3±14.0 527.6±41.3 <0.001 
Myo-inositol 66.3±2.5 145.3±8.3 <0.001 
ATP and/or ADP 1.5±0.1 2.4±0.0 <0.01 
Leucine 51.3±1.0 32.3±0.9 <0.001 
Valine  28.9±0.6 16.4±0.3 <0.0001 
Isoleucine 26.6±0.5 16.1±0.3 <0.0001 
Aspartate 10.9±0.7 16.2±0.9 <0.01 
Threonine 36.5±0.3 23.2±0.5 <0.0001 
Alanine  130.3±13.8 75.8±1.9 <0.05 
Glutamate 113.4±11.7 77.7±2.5 <0.05 
Methionine 13.9±0.7 9.8±0.1 <0.01 
Tyrosine 11.5±0.4 4.5±0.3 <0.001 
Phenylalanine 12.1±0.5 5.0±0.1 <0.001 
Glycine 114.1±15.3 50.9±2.4 <0.05 
(Phospho)creatine 37.5±1.7 28.9±0.3 <0.01 
Choline 24.5±3.0 15.4±0.4 <0.05 
Phosphocholine 124.4±13.4 36.2±1.3 <0.01 
Glycerophosphocholine 53.7±4.6 55.8±1.1 n.s. 
Glutathione 23.5±1.4 11.4±1.7 <0.01 
UDP-glucose 11.6±0.2 9.2±0.3 <0.01 
Glucose 31.2±7.2 29.9±1.1 n.s. 
Lactate 74.8±6.7 30.7±2.3 <0.01 
Formate 3.3±0.1 2.7±0.1 <0.05 
Fumarate  2.1±0.0 1.4±0.2 <0.05 

 



Supplementary Table 3: Quantification of metabolites in shScr control and shAsc-1 cell 

extracts via NMR based metabolomics analysis. 

Metabolites were relatively quantified by AUC quantification of representative NMR peaks. Data 

are shown as mean ± SEM, statistics calculated using a two-tailed students t-test.  

 

  



Supplementary Table 4: Primer Sequences 

Gene Name Fwd sequence 5’-3’ Rev sequence 5’-3’ 
Fabp4 gatgcctttgtgggaacct ctgtcgtctgcggtgattt 
Asc-1 agtgttccaggacacccttg gggtggcactcaagaaagag 
P2rx5 ctgcagctcaccatcctgt cactctgcagggaagtgtca 
Pat2 gtgccaagaagctgcagag tgttgcctttgaccagatga 
Pgc1α agccgtgaccactgacaacgag gctgcatggttctgagtgctaag 
Ppary ccctggcaaagcatttgtat gaaactggcacccttgaaaa 
Prdm16 ccgctgtgatgagtgtgatg ggacgatcatgtgttgctcc 
Tbp acccttcaccaatgactcctatg tgactgcagcaaatcgcttgg 
Tfam caggaggcaaaggatgattc ccaagacttcatttcattgtcg 
Ucp1 ctgccaggacagtacccaag tcagctgttcaaagcacaca 
Srr ggcgcaatcttttcttcaaa aactacggctttgggcttct 
Adiponectin gatggcactcctggagagaa tctccaggctctcctttcct 
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