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Figure 1. ADGAT DKO mice have reduced fat mass and triglycerides in adipose tissue. (A) Chow-diet-fed ADGAT DKO mice appear normal. 
Representative photographs of control and ADGAT DKO female mice fed a chow diet. (B) Fat depots were decreased in ADGAT DKO mice. Nuclear 
magnetic resonance imaging of chow-diet-fed male mice. mWAT, mesenteric white adipose tissue; Sub.Q WAT, subcutaneous white adipose tissue. 
(C) ADGAT DKO mice have decreased fat mass. Dual-energy X-ray absorptiometry (DEXA) analysis of lean mass and fat mass of chow-diet-fed male 
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mice (n=8). (D) Fat depots were atrophied in ADGAT DKO mice. Representative photographs of inguinal white adipose tissue (iWAT) and gonadal white 
adipose tissue (gWAT) from male mice (n=8). (E) gWAT and iWAT of ADGAT DKO mice contain multi-locular lipid droplets in adipocytes. H&E-stained 
sections of gWAT and iWAT from chow-diet-fed male mice (n=6). Scale bars, 50 µm. (F) WAT and brown adipose tissue (BAT) of ADGAT DKO mice 
were denser than controls and sink in an aqueous buffer with fixative (1.25% formaldehyde, 2.5% glutaraldehyde, and 0.03% picric acid in 0.1 M sodium 
cacodylate buffer, pH 7.4, density = 1.01 g/ml) used to fix tissue for electron microscopy. (G) Lipid droplets (LDs) in iWAT of ADGAT DKO mice stain with 
BODIPY. Confocal fluorescence microscopy images of adipose tissue. LDs were stained by BODIPY 493/503. Scale bar, 25 µm. (H) WAT of ADGAT DKO 
mice contain triglycerides. Thin layer chromatography analysis of lipids from iWAT of male mice (n=4). TGs, triglycerides; CE, cholesterol esters, FFA, 
free fatty acids; DAG, diacylglycerol. (I) Increased phospholipid levels in iWAT of ADGAT DKO mice. Lipids in iWAT were extracted and quantified by 
mass spectrometry (n=8). Data are presented as mean ± SD. *p<0.05, ***p<0.001.

Figure 1 continued
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Figure 1—figure supplement 1. ADGAT DKO mice have reduced DGAT1 and DGAT2 expression in adipose tissue. (A) Dgat1 and Dgat2 transcripts 
levels were decreased in inguinal white adipose tissue (iWAT) and brown adipose tissue (BAT) of ADGAT DKO mice. Relative mRNA levels in iWAT and 
BAT of male mice fed a chow diet (n=6). (B) DGAT1 and DGAT2 proteins were absent in iWAT and BAT of ADGAT DKO mice. Western blot analysis 
of DGAT1 and DGAT2 in iWAT and BAT of male mice fed a chow diet (n=4). (C) In vitro DGAT activity was decreased in lysates of iWAT and BAT of 

Figure 1—figure supplement 1 continued on next page
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ADGAT DKO male mice (n=4). (D) In vitro DGAT activity was decreased in isolated adipocytes from iWAT of ADGAT DKO male mice (n=4). (E) Body 
weights, lean mass, and fat mass analysis of 1-year-old male mice fed a chow diet (n=10). (F) Gross appearance of WAT depots in male mice. **p<0.01, 
***p<0.001. (G) Relative mRNA levels of MGAT enzymes in iWAT of male mice fed a chow diet (n=6).

Figure 1—figure supplement 1 continued

https://doi.org/10.7554/eLife.88049
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Figure 1—figure supplement 2. ADGAT DKO mice have reduced triglycerides in brown adipose tissue (BAT). (A) Gross appearance of brown 
adipose tissue (BAT). (B) H&E-stained sections of inguinal BAT (iBAT) (n=6). Scale bars, 50 µm. (C) Triglycerides and total cholesterol levels in BAT (n=6). 
(D) [18F]-FDG-PET/CT scans of male mice administered CL 316,243. (E) Glycogen levels in iBAT of male mice (n=6). Data are presented as mean ± SD. 
***p<0.001.
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Figure 1—figure supplement 3. Most of the triglyceride molecular species were decreased in adipose tissue of ADGAT DKO mice. (A) Triglycerides 
were decreased in inguinal white adipose tissue (iWAT) of ADGAT DKO male mice (n=6). Triglyceride levels were measured using Infinity Triglyceride 
Reagent. (B) Diacylglycerol and mono alkyl-diacylglycerol were decreased in iWAT of ADGAT DKO mice (n=6). Lipids were quantified by mass 
spectrometry. (C) Triglyceride molecular species were decreased in iWAT of ADGAT DKO mice (n=6). Lipids were quantified by mass spectrometry. Data 
are presented as mean ± SD. *p<0.05, **p<0.01, ***p<0.001.
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Figure 2. Adipose tissue triglyceride (TG) stores are required to prevent a torpor-like state during fasting. (A) Body weights of male mice fed ad libitum 
or fasted 14 hr (n=10). Ad lib., ad libitum fed. (B) Core body temperature of male mice housed at room temperature and fed ad libitum or fasted for 
14 hr (n=10). (C) Blood glucose levels in male and female mice fed ad libitum or fasted for 14 hr (n=8). (D) Levels of plasma ketone bodies in male 
mice fed ad libitum or fasted for 14 hr (n=8). (E and F) Core body temperature of male mice housed in cold (5°C) with or without food (n=10). Data are 
presented as mean ± SD. *p<0.05, **p<0.01, ***p<0.001.
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Figure 3. Lipodystrophy is uncoupled from detrimental metabolic effects in ADGAT DKO mice. (A) Adiponectin and leptin mRNA levels were 
moderately increased in inguinal white adipose tissue (iWAT) of ADGAT DKO mice. Relative mRNA levels of leptin and adiponectin in iWAT of chow-
diet-fed male mice (n=6). (B) Plasma levels of adiponectin were normal, and leptin levels were moderately decreased in ad libitum chow-diet-fed male 
mice (n=8). (C). Plasma leptin levels normalized per gram of WAT mass (n=8). (D) ADGAT DKO mice had normal glucose and insulin levels. Glucose and 
insulin levels in ad libitum chow-diet-fed male mice (n=8). (E) Decreased free fatty acids in ADGAT DKO mice. Levels of plasma metabolites in ad libitum 
chow-diet-fed male mice (n=8). (F) Decreased ketones in ad libitum chow-diet-fed ADGAT DKO male mice (n=8). TG, triglycerides; CHOL, cholesterol; 
NEFA, non esterified fatty acids (G and H) Glucose and insulin tolerance tests were normal in chow-diet-fed male mice (n=10). (I) ADGAT DKO mice 
had non-steatotic livers. Representative photographs of livers from chow-diet-fed mice. (J) Triglycerides were moderately increased in livers of ADGAT 
DKO mice. Triglyceride levels in livers and skeletal muscle of chow-diet-fed male mice (n=6). Data are presented as mean ± SD. *p<0.05, **p<0.01, 
***p<0.001.
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Figure 4. ADGAT DKO mice are resistant to diet-induced obesity and glucose intolerance. (A) ADGAT DKO mice stay lean on a high-fat diet (HFD). 
Representative photographs of male mice fed on HFD for 12 weeks. (B) Both male and female ADGAT DKO mice gained ~40% less body weight than 
control mice. Body weights of mice fed on a chow-diet or HFD (n=15 for males, n=12 for females). (C) ADGAT DKO mice had decreased fat mass 
on HFD feeding. Dual-energy X-ray absorptiometry (DEXA) analysis of lean mass and fat mass of HFD fed male mice (n=10). (D) ADGAT DKO male 

Figure 4 continued on next page
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mice had normal food intake during HFD feeding (n=5). (E and F) ADGAT DKO mice had increased energy expenditures. Energy expenditure and 
respiratory quotient on HFD-fed male mice measured by indirect calorimetry. Values were normalized to lean mass (n=4). (G and H) ADGAT DKO mice 
were protected from HFD-induced glucose intolerance and insulin resistance. Glucose- and insulin-tolerance tests were performed on HFD-fed (for 9 
or 10 weeks, respectively) male mice (n=10). AUC, area under the curve. (I) Liver weights and triglyceride levels were moderately increased in HFD-fed 
ADGAT DKO male mice (n=6). Data are presented as mean ± SD. *p<0.05, **p<0.01, ***p<0.001.

Figure 4 continued

https://doi.org/10.7554/eLife.88049
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Figure 4—figure supplement 1. ADGAT DKO mice gradually activate an alternative mechanism to synthesize triglycerides. (A) Lipid droplets (LDs) 
isolated from inguinal white adipose tissue (iWAT) of mice fed a high-fat diet (HFD). (B) Blood glucose levels in HFD-fed male mice (n=8). (C) Insulin 
levels in HFD-fed male mice (n=8). (D) Relative mRNA levels in livers of HFD mice (n=6). Data are presented as mean ± SD. *p<0.05, **p<0.01, 
***p<0.001.
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Figure 5. Beiging of white adipose tissue (WAT) in ADGAT DKO mice. (A) ADGAT DKO mice contain multi-locular lipid droplets (LDs) in adipocytes 
of inguinal WAT (iWAT). H&E-stained sections of iWAT from male mice fed a chow diet and housed at room temperature (n=6). Scale bars, 50 µm. 
(B) Increased expression of thermogenic marker genes in iWAT of ADGAT DKO mice. Relative mRNA levels of thermogenic genes in iWAT of male 
mice fed a chow diet and housed at room temperature (n=6). (C) ADGAT DKO mice contain multi-locular LDs in adipocytes of gonadal white adipose 
tissue (gWAT). H&E-stained sections of gWAT from male mice fed a chow diet and housed at room temperature (n=6). Scale bars, 50 µm. (D) Increased 
expression of thermogenic marker genes in gWAT of ADGAT DKO mice. Relative mRNA levels of thermogenic genes in gWAT of male mice fed a chow 
diet and housed at room temperature (n=6). (E) High-fat diet (HFD) feeding increases levels of UCP1 in iWAT of ADGAT DKO mice. Immunoblot analysis 
of UCP1 and OXPHOS proteins in iWAT of male mice fed either a chow diet or an HFD (n=3). Mice were housed at room temperature. (F) Beiging was 
intact in iWAT of thermoneutral-housed ADGAT DKO mice. Relative mRNA levels of thermogenic genes in iWAT of chow-diet-fed male mice housed at 
thermoneutral temperature for 6 weeks (n=6). (G) Blood glucose levels were normal in thermoneutral-housed ADGAT DKO mice. Glucose levels in male 
mice fed a chow diet and housed at thermoneutral temperature for 6 weeks (n=8). Data are presented as mean ± SD. *p<0.05, **p<0.01, ***p<0.001.
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Figure 5—figure supplement 1. Analysis of metabolites in inguinal white adipose tissue (iWAT) of ADGAT DKO 
mice. (A) Volcano plot showing differentially abundant metabolites in inguinal white adipose tissue (iWAT) of chow-
diet-fed male mice (n=8). (B) Volcano plot showing differentially abundant metabolites in inguinal brown adipose 
tissue (iBAT) of chow-diet-fed male mice (n=8). Orange dots represent metabolites with more than twofold change 

Figure 5—figure supplement 1 continued on next page
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(adjusted p values or q<0.05). Blue dots represent metabolites with more than twofold change but not statistically 
significant. Gray dots represent metabolites that were unchanged between control and ADGAT DKO mice.

Figure 5—figure supplement 1 continued
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Figure 5—figure supplement 2. Primary adipocytes cultured from inguinal white adipose tissue (iWAT) of ADGAT DKO mice contain lipid droplets. 
(A) Primary adipocytes differentiated from stromal vascular fraction of inguinal white adipose tissue (iWAT) from ADGAT DKO male mice contain lipid 
droplets (LDs). LDs were stained by BODIPY 493/503. (B and C) Western blot analysis of DGATs and UCP1 in primary adipocytes (n=3). (D) Relative 
mRNA levels in day 8 primary adipocytes loaded with oleic acid for 16 hr (n=3). Data are presented as mean ± SD. *p<0.05, **p<0.01, ***p<0.001.
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Figure 5—figure supplement 3. Fibroblast growth factor 21 (FGF21) levels were increased in ADGAT DKO mice. (A) FGF21 transcript levels were 
increased in inguinal white adipose tissue (iWAT) and livers of ADGAT DKO mice. Relative mRNA levels of FGF21 in iWAT and livers of chow-diet-fed 
male mice (n=6). (B) FGF21 levels were increased in ADGAT DKO mice. Plasma levels of FGF21 in chow-diet-fed (ad libitum fed or 14 hr fasted) or 
high-fat diet (HFD)-fed male mice (n=8). (C) FGF21 transcript levels in livers of chow-diet- or HFD-fed male mice (n=6). (D) Triglyceride levels in livers of 
chow-diet- or HFD-fed male mice (n=6). Data are presented as mean ± SD. *p<0.05, **p<0.01, ***p<0.001.
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