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Supplemental Figure 1. Natural variation of Lsd1 expression in the hybrid mouse 
diversity panel (HMDP) database. (A) Distribution of hepatic expression of Lsd1 across 
106 mouse strains in the hybrid mouse diversity panel. Plot shows average +/-SEM.  (B) 
Pathway enrichments (All pathways FDR<0.01) for HMDP liver genes correlated with 
Lsd1 expression. (C) Metabolic gene expression (x-axis) and corresponding correlation 
coefficients with either liver Lsd1 (top row) or relevant clinical traits in the HMDP.   
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Supplemental Figure 2. Lsd1 regulates mitochondrial gene expression. (A) LSD2 
expression in liver of LSD1-LKO mice. (B) Panther Ontology analysis of RNA-seq data 
from liver of LSD1-LKO and control mice. (C) Mitochondrial gene expression in liver of 
female LSD1-LKO mice (n=4 per group). (D) Mitochondrial gene expression in liver of 
chow-fed LSD1-LKO mice (n=6 per group). (E) A diagram showing that LSD1 regulates 
mitochondrial genes involved in mitochondrial DNA (mtDNA) replication, transcription, 
translation, oxidative phosphorylation (OXPHOS) and protein transport. Data are mean ± 
SEM. #p=0.059,*p<0.05. 
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Supplemental Figure 3. Epigenetic regulation of mitochondrial genes by LSD1. (A) 
Panther Ontology analysis of altered genes in liver of LSD1-LKO that also have LSD1 
binding. (B) DAVID functional annotation analysis of 1,616 genes altered in RNA-seq of 
LSD1-LKO liver, but without LSD1 binding. (C) ChIP-qPCR analysis of H3K9me2 binding 
to mitochondrial Polg2, Tfg2m and Bcdkhb genes (n=3 per group). Data are mean ± SEM. 
*p<0.05. 
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Supplemental Figure 4. Mitochondrial transcription factor activity in LSD1-LKO 
liver. (A) TRANSFAC analysis of genes downregulated in LSD1-LKO liver. (B) LSD1 co-

immunoprecipitation (IP) followed by Western blot of NRF1, ERR, and GABP. (C) Pgc-
1a mRNA levels in liver of LSD1-LKO and control mice (n=8 per group). (D) Venn diagram 

of overlapped mitochondrial ribosomal protein genes (Mrp) from GABP ChIP-seq 
(obtained from PMID 20019798) and RNA-seq analysis of LSD1-LKO liver.   
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Supplemental Figure 5. LSD1 regulates NMNAT expression and activity. (A) 
NMNAT2 and NMNAT3 expression in liver of LSD1-LKO and control mice (n=6 per group). 
(B) qPCR cycles of NMNAT1-3 (n=6 per group). (C-D) LC-MS/MS chromatography of 
lysine 45 acetylation (K45Ac) (C) and serine 136 phosphorylation (S136phos) (D) of 
mouse NMNAT1. (E) Total summed areas of NMNAT1-K45Ac in Hepa1.6 hepatoma cells 
with LSD1 siRNA knockdown (representative of three repeats). Data are mean ± SEM. 
*p<0.05.  
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Supplemental Figure 6. LSD1 regulates NMNAT1 activity. (A) NMNAT1 protein half-
life. Flag-tagged NMNAT1 was stably transfected in Hepa1.6 hepatoma cells.  
Cycloheximide was added to the cells treated with LSD1 or control siRNA, and nuclear 
proteins were extracted for Western blot at the indicated times. (B) NMNAT1-K56me2 is 
necessary for impaired NMNAT1-Sirt7 interaction. Flag-tagged wild type (WT) NMNAT1 
or mutant NMNAT1 (lysine to arginine, K56R) from Hepa1.6 cells with LSD1 siRNA (#2) 
or control siRNA treatment was immunoprecipitated and subjected to LSD1 and Sirt7 
Western blot. 
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Supplemental Figure 7.  Liver function in LSD1-LKO mice. (A) Oxygen consumption 
normalized to lean body mass in LSD1-LKO and control mice (n=8 per group).  (B) mRNA 
levels of bile acid synthetic enzymes Cyp7a1 and Cyp8b1 in liver of LSD1-LKO and 
control mice (n=8 per group). (C) Diagram illustrating the mechanisms for the 
development of hepatic steatosis. Hepatic steatosis may be caused by increased lipid 
inputs (fatty acid uptake and de novo lipogenesis) and/or reduced outputs (fatty acid 
oxidation and VLDL secretion).  (D-E) Liver enzyme ALT (D) and apoptotic gene (E) levels 
in LSD1-LKO and control mice.  Data are mean ± SEM. *p<0.05. 
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Supplemental Figure 8.  LSD1 regulates genes involved in glucose metabolism. (A-
B) Expression of genes regulating gluconeogenesis (A) and glycolysis (B) in liver of 
LSD1-LKO and control mice (n=6-8 per group). Data are mean ± SEM.  *p<0.05. 
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Supplemental Figure 9. Effects of LSD1 on FGF21 regulation (A) Protein levels of 
transcription factors that are known to regulate FGF21 expression in liver of LSD1-LKO 
and control mice. (B) mRNA levels of FGF21 receptors in adipose tissue of LSD1-LKO 
and control mice (n=6 per group). Data are mean ± SEM. 
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Supplemental Figure 10. Effects of FGF21 on LSD1-regulated glucose and energy 
metabolism.  (A) Glycolytic gene expression in liver of LSD1-LKO, FL-LDKO and control 
mice (n=6 per group).  (B-D) Perigonadal white adipose tissue (pgWAT) weight (B),  
oxygen consumption in the metabolic cage studies (C), and mRNA expression of 
browning markers in inguinal white adipose tissue (D) of LSD1-LKO, FL-LDKO and 
control mice (n=6-11 per group). Data are mean ± SEM.  *p<0.05. 
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