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Precis : Invalidation of Sirt3 gene causes abnormal expression of thermogenesis-related genes 

and lipid catabolism genes in brown fat and liver, respectively, in the perinatal period. 
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Abstract 

SIRT3 is a member of the sirtuin family of deacetylases present mainly in mitochondria from 

tissues such as brown adipose tissue, liver, muscle and heart. It has been suggested to play a role 

in energy metabolism. To gain insight in the role of SIRT3 in thermogenesis, we determined the 

alterations in mice with targeted invalidation of the SIRT3 gene (SIRT3-/- mice) in two 

conditions of enhanced thermogenesis: the fetal-to-neonatal transition and chronic exposure of 

adult mice to cold, an in fasting of adult mice, a condition of depressed thermogenesis. 

Assessment of overall metabolic disturbances and a transcritomic analysis of the expression of 

marker genes of distinct metabolic pathways were performed in brown fat and other tissues 

from SIRT3-/- mice in these conditions. Results indicated significant alterations in the perinatal 

period but not in adulthood. Impaired expression of specific genes of thermogenesis 

(uncoupling protein-1, 5’-deiodinase, PRDM16) in perinatal brown fat, and of genes encoding 

components of the fatty acid oxidation machinery (enoyl-CoA, hydratase/3-hydroxyacyl CoA 

dehydrogenase, acyl-CoA oxidase) in perinatal liver were observed in SIRT3-/- mice. Results 

highlight the potential role of SIRT3 in these pathways and evidence the appearance of 

homeostatic mechanisms during  post-natal development capable to compensate for the absence 

of SIRT3 in the adulthood.  
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Introduction 

Sirt3 is a member of the sirtuin family of protein deacetylases present in mitochondria and 

probably also in nuclei (1;2).  In liver, several mitochondrial protein that are targets of SIRT3-

mediated deacetylation have been identified, among them enzymes involved in lipid oxidative 

pathways, such as HMG-CoA synthase or long chain acyl-CoA dehydrogenase (3;4)  ,  

components of the mitochondrial respiratory complexes, such as Complex I subunit NDUFA9  

(5) and  Complex II subunit succinate dehydrogenase flavoprotein (SdhA), (6) . In general, it 

appears the SIRT3-dependent deacetylation promotes an active conformation of these proteins 

leading to enhanced lipid catabolism.  On the other hand, Sirt3 is highly expressed in brown 

adipose tissue, in contrast with a low expression in white fat. It has been proposed that Sirt3 

may be involved in brown aft thermogenic function (7) . In heart, Sirt3 has been recently been 

reported to be protective against cardiac hypertrophy (8;9). 

In the present study we used the Sirt3 -/- mouse in order to explore the role of Sirt3 in the 

physiological adaptations to challenges in energy metabolism elicited by enhanced thermogenic 

needs. For this purpose we specifically analyzed the alterations in Sirt3 -/- mice in response to 

the fetal-to-neonatal transition as well as in the adaptation of adult mice to a long-term exposure 

to a cold environment. In parallel, we explored the response of Sirt3 -/- mice to starvation, a 

typical situation of repression of adaptive thermogenesis.  

The transition from fetal no neonatal life constitutes one of the major metabolic challenges to be 

accomplished in life. Fetal energy metabolism is maintained by the supply of glucose to fetal 

circulation though the placenta.  Thus, fetal tissues are adapted to use carbohydrates as their 

major source of energy. After birth, glucose supply is interrupted and most of the energy 

requirements of neonatal tissue should be covered by milk, a lipid-rich source of metabolic 

energy (10). Accordingly, a rapid adaptation in gene expression takes place in most neonatal 

tissues to enhance the capacity to deal with fat as metabolic substrate and to save glucose to 
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maintain glycemia.  There are evidences that fatty acids themselves induce the pattern of gene 

expression adaptive to this novel situation via activation of PPARs (11;12).  Hormones such as  

glucocorticoids or glucagon, that rise in neonatal circulation, also act in eliciting the induction  

of genes encoding hepatic enzymes involved in the maintenance of glucose levels, such as 

Phosphoenolpyruvate carboxykinase (PEPCK) (13). However, the mechanisms that provide 

most of these metabolic adaptations and changes in gene expression are not fully understood.  

Moreover, the neonatal life constitute a major challenge to energy metabolism because of the 

dramatic need of thermogenesis due to the sudden shift from thermoneutral environment of 

fetuses maintained by dam’s metabolism to the strong extrauterine environment thermal stress. 

Brown adipose tissue is the main site of neonatal thermogenesis and, accordingly, adaptive 

metabolism and gene expression for lipid oxidation and mitochondrial oxidative function 

machinery is strongly activated in the neonate (14). Here we investigated the role of Sirt3 in the 

transition from fetal to neonatal life by determining the alterations caused by Sirt3 gene 

invalidation in mice. Moreover, we also analyzed how Sirt3 -/- adult mice respond to adaptation 

to a low environment temperature. In this conditions, mice are known to increase heat 

production by increasing food intake, recruiting brown adipose mass and enhancing the 

expression of thermogenic genes, as well as by adapting systemic metabolism to enhanced 

provision of lipid fuels to brown fat in order to sustain thermogenic, uncoupled, mitochondrial 

oxidation (14).  For comparison, we also studied how Sirt3 -/- mice respond to starvation, a 

condition associated with an opposite adaptation: reduction of energy expenditure (15).

Materials and Methods 

SIRT3 -/- mice (Strain name: B6; 129S5-SIRT3 Gt (neo) 218Lex) were obtained from MMRRC 

(Mutant Mouse Regional Resource Center, USA) and had been backcrossed into the 

C57BL/6JOla Hsd strain (Harlan) for six generations. For the experimental design involving 

perinatal studies, heterozygous Sirt3 -/- mice were mated and homozygous Sirt3 -/-  neonates 

were analyzed with respect to their littermates wild-type controls. Mice at early stages of 

development were studied at the following conditions:  fetuses at term (obtained after caesarian 
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sections of dams at day 19 of pregnancy), pups 12 h after birth, either fed by lactating mothers 

or fasted (not allowed to initiate suckling), and 36h-old fed pups maintained with lactating 

dams. Fetuses and pups were killed by decapitation. Chronic treatment of adult mice was 

performed by exposing male 3 month-old Sirt3-/- mice and wild-type controls to a 4ºC 

environment temperature for 3 weeks. Body weight was recorded and mice were also killed by 

decapitation. For starvation studies, adult Sirt3 -/- mice and the corresponding wild-type 

controls were fasted for 24 hours before sacrifice.  

After decapitation, blood was obtained and tissues were dissected and frozen immediately.  

When indicated, blood was collected in heparinized tubes. Blood was used for assessment of 

glucose and triglycerides (Accutrend; Roche). Plasma FFA levels were quantified using a 

colorimetric acyl-CoA synthase and acyl-CoA oxidase-based method (NEFA C; Wako 

Chemicals, Neuss, Germany). Plasma ß-hydroxybutyrate   and acetoacetate levels were 

quantified using a spectrophotometric assay (Sigma). Leptin, total plasminogen activator 

inhibitor type-1 (PAI-1) and resistin, were quantified in 20 �l of plasma using a multiplex 

system (Linco Research/Millipore, Saint Charles, MO, USA) and a Luminex100ISv2 

equipment. Adiponectin was quantified by ELISA (Linco Research/Millipore).

Tissue extracts for western blot were prepared by homogenization in a buffer containing 20 mM 

NaHepes, pH 8.5,  25 mM MgCl2, 1% Igepal CA-630 (Sigma), 1 mM EDTA, a mixture of 

protease inhibitors (Complete-Mini, Roche Diagnostics), 500 mM TSA  (SIGMA) and 10 mM 

NAM (SIGMA), and 0.1% phenylmethylsulfonyl fluoride, essentially as reported (16). Proteins 

(30 µg/lane) were separated by 12% SDS-PAGE and transferred to Immobilon-P membranes 

(Millipore). Immunological detection was performed with specific antibodies against acetylated 

lysines (Cell Signaling  #9441). For detection, an enhanced chemiluminiscence system (ECL, 

Amersham Biotech, UK) was employed.  

Total RNA was extracted using NucleoSpin (Macherey Nagel). Reverse transcription was 

performed in a total volume of 20 �l using random hexamer primers (Applied Biosystems) and 
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0.5 �g of RNA. Real-time quantitative PCR was conducted in 20-�l reaction mixtures 

containing 1 �l of cDNA, 10 �l of TaqMan Universal PCR Master Mix (Applied Biosystems), 

probes from Assays-on-Demand Gene Expression Assay Mix (Applied Biosystems). TaqMan 

Gene Expression Assays  : Phosphoenolpyruvate carboxykinase (PEPCK) Mm00440636_m1, 

PPAR �   Mm00440939_m1, Peroxisome proliferator-activated receptor � (PPAR� ) 

Mm00440945_m1, Peroxisome proliferator-activated receptor-� coactivator 1 � (PGC-1�) 

Mm00447183_m1, Superoxide Dismutase 2 (SOD2)  Mm00449726_m1, SIRT3  

Mm00452129_m1, Type II iodothyronine deiodinase (DIO2)   Mm00515664_m1, HMG CoA 

sintase 2 (HMGS2)   Mm00550050_m1, Enoyl-CoA hydratase/3-hydroxyacyl CoA 

dehydrogenase (EHHADH)  Mm00619688_m1, Peroxisomal acyl-coenzyme A oxidase 1 

(Acox1)   Mm00443579_m1, Ubiquinol-cytochrome-c reductase complex 1 (Uqcrc1)   

Mm00445911_m1, PR domain containing 16 (Prdm16)   Mm00712556_m1, Carnitine 

palmitoyltransferase II (Cpt2) Mm00487202_m1, Glucose 6-phosphatase (G6pc) 

Mm00616234_m1, Pyruvate dehydrogenase kinase 4 (Pdk4) Mm00443325_m1, Uncopling 

protein 1(UCP1) Mm00494069_m1, UCP2 Mm00627598_m1, UCP3 Mm00494074_m1, 

cytochrome b (cit b) CYT-bmm001-cj1, Medium Chain acyl CoA Dehydrogenase (MCAD) 

Mm00431611_m1, Atrial natriuretic factor (ANF) Mm 012557g1.  Acetyl-CoA synthetase 2 

(ACeCS2) (made to order), Glucose Transporter 1 (Glut1) Mm00441480_m1. Each assay was 

performed in duplicate, and the mean value was used to calculate mRNA expression for the 

gene of interest and the housekeeping reference gene (18S rRNA; Hs99999901). The amount of 

the gene of interest in each sample was normalized to that of the reference control using the 

comparative (2−�C
T) method following the manufacturer's instructions. 

Statistical comparisons were performed using Student’s t test. 
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Results 

Altered pattern of tissue protein acetylation due in Sirt3 gene  invalidation. First we assessed 

whether Sirt3 invalidation in mice resulted in the changes in the protein acetylation pattern 

expected from the deacetylating role of Sirt3. Fig 1 shows an example of electrophoretic 

analysis of liver protein extracts from Sirt3 -/- and wild-type mice immunoblotted with anti 

Acetyl-Lys antibody. Arrows indicate the main bands with a differential pattern of 

hyperacetylation status in Sirt3 -/- mice.  In parentheses, candidate proteins in accordance with 

available data of protein targets of Sirt3-dependent deacetylation are shown. This assay 

establishes the impact of Sirt3 invalidation of the deacetylation status of discrete protein, 

compatible with the reported targets. 

Effects of Sirt3 invalidation in perinatal gene expression: tissue- and development-specific 

alterations. First, we determined developmental regulation of Sirt3 gene expression in the 

perinatal period. A significant increase in liver SIRT3 mRNA levels after birth (12 or 36 hours) 

was observed.  The induction of expression of SIRT3 in liver was independent from the feeding 

state. On the other hand, we also observed an increased expression of SIRT3 mRNA in brown 

adipose tissue after birth, but only in fed conditions. (Fig 2)

Sirt3-invalidation did not cause any significant change in total body weight fetuses at birth 

respect to wild-type littermates (Fig 3).  Concerning circulating parameters, no significant 

changes were observed in glycemia or plasma ß-hydroxybutyrate levels. (Fig 3). 

The effects of Sirt3 invalidation on gene expression in liver, brown adipose tissue and heart 

from fetuses was analyzed.  In liver, no changes were observed in the expression of marker 

genes of lipid oxidation (Ehhad, Acox1, Cpt2b), ketogenesis (HMG-CoA synthase) and 

gluconeogenesis (PEPCK, Glucose-6-Pase) (Fig 4A). After birth, if pups were not allowed to 

initiate suckling (12h-old, fasted pups), no changes in gene expression were observed in liver 

(Fig 4B). In contrast, if pups were allowed to initiate milk intake (12h-old, fed pups), an 

impaired expression of marker genes of lipid catabolism (Ehhad, Acox1) was found in Sirt3 -/- 
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mice (Fig 4C). These changes in liver from Sirt3 -/- mice were not present when pups were 36h 

old  (Fig4D). 

A marked impairment in gene expression for several specific functions of brown adipose tissue 

was found in fetal brown fat (Fig 5A). The expression of marker genes of specific brown fat 

function ( Dio2, PRDM16, PGC-1�) were significantly reduced, and UCP1 expression was also 

lowered although in this case  it didn’t achieve statistical significance. Lipid catabolism genes 

(Ehhad) and overall adipogenic marker genes (PPAR�) expression was also significantly 

lowered, whereas no significant changes were found for the expression of PEPCK gene and 

genes encoding mitochondrial proteins (UQCRC1 and cytochrome b). After birth (12h-old), if 

pups were not allowed to suckle, expression of brown fat thermogenesis-related genes (UCP1, 

Dio2, PRDM16)  remained significantly impaired in Sirt3-null neonates (Fig 5B). However, if 

pups were allowed to suckle, either 12h after birth or 36h after birth, they did not show 

statistically significant changes in the expression of the marker genes studied as a consequence 

of Sirt3 invalidation (Fig 5C and 5D). In heart, no significant changes on the pattern of gene 

expression due to Sirt3 invalidation was found at any of the perinatal conditions studied (Fig6). 

Effects of Sirt3 invalidation on the metabolic adaptations of liver and brown adipose tissue 

gene expression to  chronic cold exposure. Chronic cold exposure of mice did not cause any 

differential effect on body weight of Sirt3-/- mice respect to wild-type controls, but this  was 

associated with enhanced food intake in Sirt3-/- mice in response to cold (Fig 7A).  Rectal 

temperature was also unaltered as they were also the metabolic (glucose, �-OH-butyrate) and 

hormonal (insulin, leptin, PAI-I) parameters determined in blood (Fig 7B). Interscapular brown 

adipose tissue weight in Sirt3 -/- mice was unaltered respect to wild-type controls (153,33 +

7,16 g  in wild type mice and  159,55 + 6,94 g in Sirt3 -/- mice).   Concerning gene expression,  

we also observed no differences in the expression of genes encoding proteins involved in 

thermogenesis and brown fat recruitment (UCP1, PRDM16, PGC-1�, Dio2), lipid catabolism 

(Ehhad, PPAR�) and glucose uptake (Glut1) (Fig 8A). The hepatic expression of marker genes 
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of lipid oxidation (Ehhad), ketogenesis (HMG-CoA synthase) and gluconeogenesis (PEPCK) 

were unaltered between cold-exposed Sirt3 -/-  and wild-type mice (Fig 8B).   

Effects of Sirt3 invalidation on the metabolic adaptations of liver and  brown adipose tissue 

gene expression to  starvation.  The analysis of the impact of Sirt3 invalidation on the 

metabolic (glucose, triacylglycerides, free fatty acids, total ketone bodies, �-OH-butyrate) and 

hormonal (adiponectin, leptin, PAI-I, resistin) levels in plasma revealed no significant changes 

in response to starvation when fasted Sirt3 -/- and fasted wild-type mice were compared (Fig 

9A). Concerning gene expression in liver, it was also not significantly modified for genes 

involved in lipid oxidation (Ehhad), ketogenesis (HMG-CoA synthase) or gluconeogenesis 

(PEPCK) (Fig 9B). The same happened for brown fat, with no changes in gene expression of 

UCP1, PPAR�, Ehhad and PEPCK (Fig 9C).  
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Discussion 

The present study indicated that conditions of altered metabolic activity and opposite challenges 

to energy expenditure such as cold exposure or starvation did not cause relevant metabolic and 

gene expression changes associated with the lack of Sirt3 in adult mice.  Mice exposed to long-

term cold maintain unaltered body temperature, circulating parameters and gene expression 

profiles, much likely due to adaptive mechanisms of compensation of the loss of Sirt3 function. 

The significant increase in food intake, not associated with any change in body weight, in cold 

exposed mice is undoubtedly a relevant observation that may account for some of these 

adaptations. The significance of this phenomenon is unclear. Enhanced energy expenditure due 

to increased thermogenesis is unlikely, as there are no signs of increased BAT recruitment and 

activity due to the lack of Sirt3, and, in fact, such a role for Sirt3 would be contradictory with 

previous observations indicating a positive role of Sirt3 in BAT thermogenic activity (7) .  

Further research will be needed for a careful assessment of energy expenditure in this mouse 

model when placed in cold, including the possibility of altered excretory output of metabolic 

energy or altered mouse activity, although this last possibility was not evident just from the 

simple observation of the behavior of Sirt3-null mice. 

Another remarkable finding in this model concerns the recently reported role of Sirt3 as 

required for appropriate activity of fatty acid oxidation pathways through the control of the 

acetylation of Long-chain acyl-CoA dehydrogenase (LCAD) (4). Enhanced oxidation of fatty 

acids in BAT is essential to sustain thermogenesis during cold exposure, and our findings 

indicate that Sirt3 is not an absolute requirement to attain a rate of lipid oxidation in BAT 

compatible with a sufficiently active thermogenesis capable of maintaining body temperature 

when Sirt3-null mice are living at 4ºC. Maybe this may be related to previous observation of 

enhanced food intake in Sirt3 -/- mice placed in cold. A relatively inefficient process of fatty 

acid oxidation and deficient transformation of the metabolic energy present in fat foodstuff into 

heat may explain enhanced food intake to compensate such inefficiency and to produce as much 

heat as in wild-type animals. 
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In the second model used, response to fasting, our results were also negative as we could not 

observe significant alterations due to the invalidation of Sirt3 gene. In addition to the reported 

impairment in fatty acid oxidation when Sirt3 is not functional (4) during the elaboration of the 

present studies, Verdin et al. reported that Sirt3 in required for the control of hepatic ketogenesis 

via the control of HMG-CoA synthase activity  through deacetylation of the enzyme (3). When 

we exposed Sirt3 -/- mice to starvation during 24 h, a condition of enhanced ketogenesis, we 

observed systematically  reduced levels of ketone bodies in Sirt3-/- mice respect to wild-type 

ones, but the difference did not achieved statistical significance. However, Verdin et al 

described a significant decrease in ketone bodies production in mice exposed to 24 hours of 

starvation (3). Maybe differences in mice strain or the specific targeting of the Sirt3 gene to 

achieve invalidation could explain that our Sirt3-/- mice had a much moderate impairment of 

ketogenesis than those in Verdin’s lab. In any case, our results point towards the same trend.  

In contrast with studies in adult mice, our analysis of the impact of Sirt3 gene invalidation in the 

perinatal period provided more clues on the role of Sirt3 in metabolic homeostasis. The strong 

impairment in gene expression of marker genes of thermogenesis in BAT from fetuses and 

neonates early after birth strongly suggests an important role for Sirt3 in specific thermogenic 

recruitment of BAT, considering the importance of pre-natal recruitment of BAT and sudden 

activation of BAT activity after birth (17;18). However, the fast compensation of these 

alterations just after few days of  regular feeding indicates, as noted above, the high capacity of 

homeostatic mechanisms present in vivo to compensate the specific metabolic deficiencies 

arising from Sirt3 invalidation.  

Similarly, alterations in hepatic gene expression were only observed in mice during the perinatal 

period, in this case specifically in response to the initiation of milk intake.  The initiation of 

milk intake is a strong metabolic challenge to neonatal liver that should be associated with the 

induction of genes encoding enzymes of fatty acid oxidation and ketogenesis (10). This process 

is mediated by the induction of these genes by intracellular derivatives of fatty acids from the 

high fat content of milk, and ligand-dependent activation of PPAR� by these derivatives of fatty 
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acids appears as a major mechanism in this process (11;12) . In light to the reported role of Sirt3 

in activating Long-chain acyl-CoA dehydrogenase (LCAD), it may happen that the observed 

impairment in the expression of lipid catabolism, PPAR�-regulated genes in Sirt3 -/- neonatal 

liver after milk intake could be related to abnormal production of the intracellular fatty acid 

oxidation intermediates behaving as ligands of PPAR�. 

It is worth to mention that the analysis of neonatal metabolic adaptations using gene 

invalidation rodent models is a powerful tool to investigate the primary role of a given gene, in 

this case Sirt3, in metabolism (19). Frequently, the powerful homeostatic mechanisms 

regulating metabolism compensate primary alterations elicited by the invalidation of a given 

gene in adult rodents. However, the sudden appearance for the first time in life of the challenge 

to adapt metabolism just after birth is not compatible with the progressive compensatory 

adaptations appearing in adults, and the perinatal period appears as an optimal model to 

visualize the primary impact of a given gene.  An example of this would by the PPAR�-

knockout mice, that exhibit almost no metabolic phenotype in the adulthood in basal conditions 

but a markedly altered gene expression profile in neonatal life (11;12) (20).   In this case, Sirt3-

/- mice have a very mild metabolic phenotype in adulthood. In contrast, our current analysis of 

Sit3-/- neonates allowed us to identify brown adipose tissue and liver as potential targets of 

Sirt3 action. Cellular “in vitro” approaches based on Sirt3 gene invalidation might be envisaged 

to better delineate the specific role of Sirt3 in brown adipocyte and hepatocyte specific roles in 

thermogenesis and metabolism, respectively.   

.
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Abbreviation List 

ACeCS2                 Acetyl-CoA synthetase 2 

Acox1                     Peroxisomal acyl-coenzyme A oxidase 1 

ANF                        Atrial natriuretic factor 

Cit b                        Cytochrome b 

CPT2                       Carnitine palmitoyltransferase II 

DIO2                        Type II  iodothyronine deiodinase 

EHHADH                Enoyl-CoA hydratase/3-hydroxyacyl CoA dehydrogenase 

G6pc                        Glucose 6-phosphatase 

Glut1                        Glucose Transporter 1 

HMGS2                    HMG CoA sintase 2 

LCAD                       Long Chain acyl CoA Dehydrogenase 

MCAD                      Medium Chain acyl CoA Dehydrogenase 

PDK4                        Pyruvate dehydrogenase kinase 4 

PEPCK                     Phosphoenolpyruvate carboxykinase 

PGC-1�                     Peroxisome proliferator-activated receptor-� coactivator 1 �

PPAR                        Peroxisome proliferator-activated receptor 

PRDM16                   PR domain containing 16 

SIRT3                       Sirtuin 3 

SOD2                        Superoxide Dismutase 2 
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UCP                        Uncopling protein 

UQCRC1                Ubiquinol-cytochrome-c reductase complex 1 
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Fig 1

WT SIRT3 -/-

~  74 kD ACCS2?

~ 47 kD LCAD?
~  56 kD HMGCoAS?  

Fig 1. Immunoblot of acetylated proteins in liver extracts from adult wild-type (WT) and 
SIRT3-/- mice. Arrows indicate the bands specifically hyperacetylated in SIRT3-/- extracts, and
putative identity in accordance with mobility (3) (4) (21). 
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Fig 2
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Fig 2. SIRT3 mRNA expression in liver and brown adipose tissue (BAT) in the perinatal period.
Bars are means � SEM of 5-6 mice from independent litters for each condition. Statistical significance
(p < 0.05) of comparisons respect to values in fetuses at term are shown as *.
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Fig 3
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Fig 3. Body weight, blood glucose and plasma �-OH-butyrate levels in wild-type (WT) and SIRT3-/-
fetuses at term. Bars are means � SEM of  6-9 fetuses from 4-5 independent litters of  WT (empty bars)
and SIRT3 -/- mice (filled bars)
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Fig 4

C, 12 h-old fed neonates

D, 36-h old neonates

A, Fetuses

B, 12 h-old fasted neonates

Ehhad

1

2

3

Acox1

1

2
CPT2B

0.5

1.0

1.5

HMGCoAS

1

2

PEPCK

0.5

1.0

1.5

Glc-6-Pase

0.5

1.0

1.5

Ehhad

0.5

1.0

1.5
Acox1

1

2

CPT2B

0.5

1.0

1.5

HMGCoAS

0.5

1.0

1.5

PEPCK

0.5

1.0

1.5

Glc-6-Pase

0.5

1.0

1.5

Ehhad

0.5

1.0

1.5

*

Acox1

0.5

1.0

1.5

*

CPT2B

0.5

1.0

1.5

HMGCoAS

0.5

1.0

1.5

PEPCK

0.5

1.0

1.5

Glc-6-Pase

0.5

1.0

1.5

Ehhad

0.5

1.0

1.5

Acox1

0.5

1.0

1.5

CPT2B

0.5

1.0

1.5

HMGCoAS

0.5

1.0

1.5

PEPCK

0.5

1.0

1.5

Glc-6-Pase

0.5

1.0

1.5

Fig 4. Gene expression in liver  from wild-type (WT) and SIRT3-/- mice in the perinatal period. 
Bars are means � SEM of  relative transcript levels of the indicated genes from  fetuses (A) 12h-old 
neonates either fasted (B) or fed (C) and 36h-old neonates (D) from 6-8 independent litters. Statistical 
Significance  (p < 0.05) of the values between WT (empty bars) and SIRT3-/- mice (filled bars)  is shown
as *.
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Fig 5 A
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Fig 5. Gene expression in brown adipose tissue from wild-type (WT) and SIRT3-/- mice in the 
perinatal period. Bars are means � SEM of  relative transcript levels of the indicated genes from fetuses 
and 12h-old fasted neonates (A), and 12h-old fed and 36h-old fed neonates (B) from 6-8 independent 

litters. Statistical significance (p < 0.05) of the values between WT (empty bars) and SIRT3-/- mice 
(filled bars) is shown as *.
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Fig 5 B
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Fig 6
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Fig 6. Gene expression in heart from wild-type (WT) and SIRT3-/- mice in the perinatal period. 
Bars are means � SEM of  relative transcript levels of the indicated genes from 12h-old fed neonates (A) 
and 36h-old fed neonates (B) from 6-8 independent litters. Statistical significance (p < 0.05) of the values
between WT (empty bars) and SIRT3-/- mice (filled bars) is shown as *.
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Fig 7
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Fig 7. Physiological and circulating parameters in adult wild-type (WT) and SIRT3-/- mice 
exposed to 4ºC environment temperature for 3 weeks. Bars are means � SEM of  body weight, 
food intake and rectal temperature (A), blood glucose, plasma �-OH-butyrate, insulin, leptin and 
plasminogen activation inhibitor-I (PAI-I) levels (B) from 6-8 mice/group.. Statistical significance 
(p < 0.05) of the values between WT (empty bars) and SIRT3-/- mice (filled bars) is shown as *.
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Fig 8

A) Brown adipose tissue

B) Liver
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Fig 8. Gene expression in brown adipose tissue and liver from adult wild-type (WT) and SIRT3-/-
mice exposed to 4ºC environment temperature for 3 weeks. Bars are means � SEM of  transcript 

levels in brown adipose tissue (A) and liver (B) from 6-8 mice/group. Statistical significance (p < 0.05)
of the values between WT (empty bars) and SIRT3-/- mice (filled bars) is shown as *.
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Fig 9
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Fig 9. Circulating parameters and gene expression in liver and brown adipose tissue from adult
wild-type (WT) and SIRT3-/- mice fasted during 24h. Bars are means � SEM of  the blood glucose
and triglyceride levels, and plasma free fatty acid (FFA), total ketone bodies , �-OH-butyrate, adipoectin,
leptin, PAI-I and resistin levels (A), and transcript levels in liver (B) and brown adipose tissue (C) from 

6-8 mice/group. Statistical significance (p < 0.05) of the values between WT (empty bars) and SIRT3-/- mice
(filled bars)  is shown as *.
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