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Summary

We generated mice that overexpress the sirtuin, SIRT1.
Transgenic mice have been generated by knocking in
SIRT1 cDNA into the B-actin locus. Mice that are hemizygous
for this transgene express normal levels of B-actin and
higher levels of SIRT1 protein in several tissues. Transgenic
mice display some phenotypes similar to mice on a calorie-
restricted diet: they are leaner than littermate controls;
are more metabolically active; display reductions in blood
cholesterol, adipokines, insulin and fasted glucose; and
are more glucose tolerant. Furthermore, transgenic mice
perform better on a rotarod challenge and also show a
delay in reproduction. Our findings suggest that increased
expression of SIRT1 in mice elicits beneficial phenotypes
that may be relevant to human health and longevity.
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Introduction

The Sir2 gene promotes longevity in yeast, Caenorhabditis elegans
and Drosophila (Kaeberlein et al., 1999; Tissenbaum & Guarente,
2001; Rogina & Helfand, 2004). Sir2 protein and its mammalian
ortholog, SIRT1, are nicotinamide adenine dinucleotide
(NAD)-dependent deacetylases that may function to connect
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metabolism to lifespan (Bordone & Guarente, 2005). Indeed, at
least some of the effects of moderate calorie restriction (CR)
require Sir2-related genes in yeast, Drosophila and mice (Lin
etal., 2002, 2004; Wood et al., 2004; Chen et al., 2005).

Several links between SIRT1 and metabolic processes affected
by CR have been reported, and the levels of SIRT1 are induced
in several tissues in CR mice or rats (Cohen et al., 2004). First,
SIRT1 inhibits adipogenesis in white adipose tissue by repressing
activity of the proadipogenic nuclear receptor, peroxisome
proliferator-activated receptor y (PPARy) (Picard et al., 2004).
Second, SIRT1 regulates insulin secretion by pancreatic  cells
by regulating expression of the UCP2 uncoupling protein in
those cells (Moynihan et al., 2005; Bordone et al., 2006). Third,
SIRT1 deacetylates and activates the transcriptional coactivator
PGC-1a to drive expression of genes for gluconeogenesis in the
liver (Rodgers et al., 2005).

The putative small molecule activator of SIRT1, resveratrol,
extends lifespan in yeast, C. elegans and Drosophila (Lamming,
et al., 2004; Wood et al., 2004), and opposes effects of a high-
fat diet in mice (Baur et al., 2006; Lagouge et al., 2006). More
specifically, this compound increases metabolism and glucose
tolerance in these mice and improves their physical performance
in response to a rotarod challenge. Resveratrol may act by
promoting deacetylation of PGC-1a to activate mitochondrial
gene expression and function in muscle and brown fat (Lagouge
et al., 2006).

Interestingly, SIRT1 —/— mice are not viable in inbred strain
backgrounds and show pleiotropic phenotypes in outcrossed
strains, including small size, developmental defects and sterility
(McBurney et al., 2003). Because of the pleiotropy of the SIRT1
—/— mice, it has been challenging to use these mice to study
the effects of SIRT1 on physiology. Thus, we report here the
construction and initial characterization of SIRT1 transgenic
mice that express the protein from the SIRT1 ¢cDNA knocked
into the B-actin locus. Transgenic mice show increased SIRT1
protein levels in several tissues and display multiple physio-
logical phenotypes that help to demonstrate the role of this sir-
tuin in mammalian physiology.

Results

Construction and characterization of
SIRT1 transgenic mice

To generate SIRT1 transgenic mice, SIRT1 cDNA adjacent to
loxP-Neo-loxP and an internal ribosome expression sequence
(IRES) was knocked into the ubiquitously expressed B-actin
locus (wild-type; WT) in embryonic stem cells to generate the
preknockin allele, pre-KI (Fig. 1A). These targeted embryonic
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Fig. 1 Generation of SIRT1 transgenic mice. (A) The top diagram shows the genomic organization of the mouse B-actin locus (wild-type; WT), the middle

diagram is the preknockin allele in embryonic stem cells (pre-Kl) and the bottom diagram is the SIRT1 expressing allele in mice after removal of neo by Cre
recombinase (SIRT1-KI). Also shown is the location of three primers used in genotyping. (B) Southern blot analysis of targeted embryonic stem cells using the
5" external probe shown in (A). Genomic DNA from embryonic stem clones was digested by £coRIl and Pacl. The size of the WT band is 11.5 kb and of the
pre-Kl band is 8.2 kb. (C) Southern blot confirmation of the deletion of neomycin resistance gene by Cre recombinase. Mouse tail DNA was digested by EcoRI
and Pacl and probed with the probe in (A). The size of the WT band is 11.5 kb, the embryonic stem cell-targeted band is 8.2 kb, and the neo deleted band

is 6.8 kb. SIRT1-KI: mouse with Cre-mediated recombination.

stem cells were injected into blastocysts to generate chimeras
and germline transmission was achieved. The neo gene was
then floxed out by crossing to Cre-expressing mice, placing the
IRES in position to direct expression of the SIRT1 coding sequence
fused to the B-actin mRNA (Fig. 1A). Targeting and Cre-mediated
recombination were confirmed by Southern blotting (Fig. 1B,C).
We term this knock-in allele SIRT1-KI. Note that the mRNA
encoded by SIRT1-KI should also express normal B-actin as part
of a bicistronic message.

In order to judge whether the transgene was expressed and
functional, we crossed the SIRT1-KI mice to SIRT1 —/— mice, as
schematized in Fig. 2A. The SIRT1 —/— mice without SIRT1-KI
displayed phenotypes characteristic of this knockout strain
(Cheng et al., 2003; McBurney et al., 2003), including small size
and closed eye lids (Fig. 2B,C). Both of these phenotypes
were suppressed in SIRT1 —/— mice with SIRT1-KI (8/8 scored)
compared to mice without the transgene (0/8 scored). Another
phenotype of SIRTT —/~ mice is sterility in both males and
females, and this was also suppressed in mice with SIRT1-KI
(3/3 males and 3/3 females) compared to mice without the
transgene (0/3 males and 0/3 females). Expression of the SIRT1

protein from SIRT1-KI was observed by Western blotting lysates
of white adipose tissue (WAT) of SIRT1 —/— mice with the
transgene (Fig. 2D). We conclude that SIRT1 is expressed from
the SIRT1-KI allele and is functional in mice.

Next, SIRT1-KI was crossed into a SIRT1 +/+ background and
littermates with and without the transgene were compared
(see Experimental procedures for a description of this colony).
We noted a significant under-representation of SIRT1-KI mice
in the F, progeny of this colony (Supplementary Fig. S1). This
deviation from the expected outcome was observed whether the
transgene was passed from male or female parents, suggesting
that the SIRT1-KI transgene may confer a selective disadvantage
during embryonic development. Consistent with this idea, in a
separate cross in which both parents were heterozygous for
SIRT1-KI, mice homozygous for SIRT1-KI were never detected
(in 68 F, progeny of heterozygous parents, P < 0.005).

SIRT1 mice overexpress the protein in WAT, brown adipose
tissue (BAT), brain and mouse embryonic fibroblasts (MEF)
(Fig. 3) and also in calvaria cells of the skull (not shown). However,
overexpression was not apparent by Western blot in two other
important metabolic tissues: liver and muscle (Supplementary
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Fig. 2 The SIRT1-KI allele can rescue the SIRT1
knockout mice phenotypes and expresses SIRT1 C
protein. (A) Schematic representation of crossing
strategy between mice carrying the SIRT1-Kl allele
(+/SIRT1-KI; +/+) and mice heterozygous at the
SIRT1 locus (+/+; +/-). SIRT1+/+ homozygotes and
+/- heterozygotes generated in the F, are not
indicated. (B) Weight of males wild-type (WT) and
males SIRT1 knockout mice (n = 5) with the
indicated genotypes. (C) Photographs of typical
littermates of SIRT1 knockout mice with the
indicated genotypes. (D) Western blot for SIRT1 in
mice of the indicated genotypes. White adipose
tissues (WAT) of two mice (males) of each
genotype are shown with actin used as a loading
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Fig. 3 Overexpression of SIRT1 protein SIRT1-KI mice. Mice with a wild-type
(WT) SIRT1 locus and with or without the SIRT1-KI allele were generated as
described in Experimental procedures. Western blot of SIRT1 in white adipose
tissue (WAT), brown adipose tissue (BAT), brain and mouse embryonic
fibroblasts (MEF) in WT and SIRT1-KI littermates. Each lane represents an
individual mouse.

Fig. S2A). The B-actin—=SIRT1 fusion mRNA was also evident
after Northern blotting of RNA isolated from WAT (not shown).
To ensure that transgenic mice expressed WT levels of B-actin
protein from the SIRT1-KI allele, we compared B-actin protein
levels in several tissues of transgenic mice compared to WT.
Expression of B-actin protein was equivalent in SIRT1-KI and WT
mice (Supplementary Fig. S2B), indicating that any phenotypes
in transgenic animals must not result from an underproduction
of this protein.

Physiological phenotypes of SIRT1-KI mice

We observed several phenotypes in SIRT1 +/+ mice that were
hemizygous for the SIRT1-KI allele. First, the body weight of

© 2007 The Authors
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SIRT1-Kls was lower than that of controls (Fig. 4A,B). The dif-
ference in body weights grew larger as the animals aged over
a 10-month period. Because mice are known to gain WAT
over this time, it seemed possible that this increasing weight
difference was due to a lack of accumulation of fat in the SIRT1-
KI mice. Indeed, measurements of visceral epididymal depots
of WAT in 3-month-old animals showed a large reduction in
fat mass in SIRT1-KI mice (Fig. 4C). In humans, this fat depot is
associated with glucose intolerance and metabolic syndrome
(Despres & Lemieux, 2006). The SIRT1-KI mice also displayed
lower levels of circulating free fatty acids, leptin and adiponectin
(Table 1). The reduction in leptin is consistent with the reduced
fat mass in SIRT1-KI mice, while the reduction in adiponectin
is consistent with the recent finding that SIRT1 represses
adiponectin secretion (Qiang et al., 2007). The relative mass of
other tissues, such as gastrocnemius muscle, was indistinguishable
in SIRT1-KI and WT mice (Fig. 4D).

Second, SIRT1-KI mice showed significantly lower levels of
total blood cholesterol than controls (Table 1). This reduction
was also reflected in individual measurements of both low-
density lipoprotein (LDL) and high-density lipoprotein (HDL)
(Table 1). Because we failed to detect SIRT1 overexpression in
liver, it is possible that these effects reflect altered cholesterol
uptake in peripheral tissues in SIRT1-KI mice. Alternatively, the
SIRT1 protein determination assay in liver may be a less sensitive
assay than blood cholesterol assays. No differences were
observed in levels of circulating triglycerides or glycerol in
transgenic mice (Table 1), nor did we observe any significant
changes in the circulating levels of the insulin-like growth factor
(IGF), IGF-1, lactate, hydroxybutyrate or corticosterone in SIRT1-
Kl (Table 1).

Third, SIRT1-KI mice evinced improved glucose homeostasis.
This difference was exemplified by a reduction in blood insulin
levels in fed animals and in fasted glucose levels in 6-month-

Journal compilation © Blackwell Publishing Ltd/Anatomical Society of Great Britain and Ireland 2007



762 SIRT1 transgenic mice, L. Bordone et al.

A

F SIRT1-KI

(@

0.125 +
% 0.100 A
S *
2 0.075
>
©
[o]
2 0.050 -
|_
<
= 0.025 -

0.000
E .-

4.0
T, 385
©
= 3.0
c 2.5
=
"E’ 2.0
© _| *
€ 15
(7]
© 1.0
o
0.0 -
Fed

Fasted

Weight (g)

10 A

o T T T T T T T T T

153 4 5 6 7 8 9 10
Age (months)

O

0.005

o

o

o

g
1

0.003 -

0.002

Muscle/body weight

0.001 +

0.000

-

200

150

100

50 -

Plasma glucose (ng dL™")

Fed Fasted

Fig. 4 Body weight, leptin and adiponectin in males SIRT1-KI mice. (A) Photograph of typical wild-type (WT) and SIRT1-KI littermates. (B) Body weight of WT
(black line) and SIRT1-KI mice (red line). At all time-points the transgenic mice weigh significantly less than the WT mice (*P < 0.05, ANovA; n = 10-20 mice).
(C) Mass of white adipose tissue (WAT) and (D) muscle of WT and SIRT1-KI mice (n = 4-6) as percentage of body weight. *P < 0.05 (aNovA). In this and all

subsequent panels and figures, open bars are WT and black bars are SIRT1-KI mice. (E) Plasma insulin and (F) glucose levels were determined in blood of WT
and SIRT1-KI mice (n = 10) at 6 months of age under fed or fasted conditions, as indicated. *P < 0.05 (ANOVA).

old mice (Fig. 4E,F). Similar results were observed in 1.5- and
3-month-old mice (data not shown). Moreover, SIRT1-K| mice
showed an increase in glucose tolerance (the ability to clear a
bolus of glucose from the blood) (Fig. 5A).

Fourth, SIRT1-KI mice showed an increase in metabolic rate.
We observed a significant increase in food consumption
normalized to body weight in transgenic mice (Fig. 5B), consistent
with the possibility that the SIRT1-KI mice are more metabolically
active than controls. Measurements of oxygen consumption
provide further support for this idea by showing higher values

in the SIRT1-KI mice at 7 months of age compared to controls
(Fig. 5C). A trend toward higher oxygen consumption was also
noted in 3-month-old mice (not shown).

Organismal phenotypes of SIRT1-KI mice

The physiological phenotypes described above are changes also
observed in WT mice during CR (Weindruch & Walford, 1988;
Nisoli et al., 2005; Baur et al., 2006). In addition to longevity,
two critical organismal hallmarks of CR in mice are improved
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Table 1 Serum levels of different hormones,
adipokines and fatty acids

3 months

12 months

FFA (nmol L™ WT 1.8+0.04 (n=6) 1.99+0.07 (n=5)
SIRT1-KI 1.74+0.15 (n = 6) 1.62£0.12* (n=5)
Leptin (pg mL™) WT 0.46 + 0.08 (n =6) 0.86 +0.02 (n=5)
SIRT1-KI 0.28 + 0.06* (n = 6) 0.53 +0.06* (n=5)
Adiponectin (ngmL”) WT 14310+ 373 (n=6) 15320 + 755 (h = 5)
SIRT1-KI 12430+ 785 (n=6) 10250 = 715* (n = 5)
Total cholesterol (mg darh WT 131+ 10 (n=6) 184 +9.6 (n=5)
SIRT1-KI 104 + 4.6* (n=6) 129 +12* (n=5)
LDL (mg dar™h WT 10.8+1.08 (n=6) 16.3+1.1(n=5)
SIRT1-KI 11.75+£0.75 (n = 5) 11.2+0.86* (n=5)
HDL (mg dL’1) WT 71.7+£59(n=6) 94.5+88 (n=4)
SIRT1-KI 583+ 54 (n=5) 712+80(n=05)
Triglycerides (mg dar™h WT 273+35(n=6) 263+ 9 (n=5)
SIRT1-KI 288 + 37 (n=6) 252 +45 (n=5)
Glycerol (mg dar™h WT 7.05+0.54 (n=6) 8.05+0.51(n=5)
SIRT1-KI 6.4+ 1.04(n=06) 7.04+09 (n=5)
Lactate (mg dL™") WT 41+£1.8(n=6) ND
SIRT1-KI 48 + 10.5 (n=4)
B-hydroxybutyrate (mm) WT 0.122 £ 0.04 (n = 6) ND
SIRT1-KI 0.186 + 0.07 (n = 4)
Corticosterone (ng mL™") WT 263+042(n=5) ND
SIRT1-KI 2.39+0.61(n=4)
IGF-1 (ng mL™") WT 352+ 11.8 (n=5) ND
SIRT1-KI 324+ 142 (n=4)

Total cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL), adiponectin, leptin, free
fatty acids (FFA), triglycerides, and glycerol, IGF-1 were measured in males wild-type (WT) and SIRT1-KI
mice at 3, 6 and 12 months of age; and lactate, hydroxybuterate, and corticosterone were measured in
3-month-old males mice. The number of mice used for each determination is shown in parenthesis.
*P < 0.05 or less (anova; ND, not determined).

physical function and decreased reproduction (Weindruch &
Walford, 1988). One way to assess physical ability is a rotarod
test, which is a measure of balance and coordination. CR
improves the performance of mice on a rotarod (Weindruch &
Walford, 1988), as does the putative SIRT1 activator resveratrol
(Baur et al., 2006). We tested SIRT1-KI and littermate controls
using an accelerating rotarod assay and found that the SIRT1-
KI mice displayed a strikingly improved performance (Fig. 5D).

One possible explanation for the improved physiological and
physical functions of SIRT1-KI mice is that they are more active
than WT, thereby improving their conditioning. To test this idea,
we monitored several parameters of physical activity of WT and
SIRT1-KI mice in their home cages. WT and transgenic mice
showed no significant difference in six parameters of physical
activity, including distance traveled and rearing (Fig. 5E,F and
Supplementary Fig. S3). Thus, phenotypes of SIRT1-KI mice
cannot be attributed to increased baseline physical activity.

Although SIRT1-KI mice are not sterile, we wished to gauge
whether a more subtle effect on mating was caused by the
transgene. Thus, we measured the time of first reproduction in
WT and SIRT1-KI mice. To maximize the sensitivity of this assay,
we first mated the transgene into the C57/B6J background so
a comparison could be made in genetically matched animals.
Reproduction was significantly delayed in SIRT1-KI transgenic
mice compared to WT littermate controls (Fig. 5G).

© 2007 The Authors

Discussion

We have generated SIRT1 transgenic mice in which the SIRT1
cDNA has been knocked into the B-actin locus (SIRT1-KI).
Interestingly, although this transgene should be ubiquitously
expressed, we observed overexpression only in WAT, BAT, brain
and MEFs in SIRT1-KI mice compared to WT littermate controls.
Overexpression was not observed in muscle and liver, suggest-
ing that the SIRT1-KI allele is not ubiquitously expressed, or
SIRT1 protein levels are tightly controlled in certain tissues.

The presence of the SIRT1-KI allele results in several interesting
phenotypes, which are robust even in a mixed genetic back-
ground. First, transgenic mice are leaner and also have lower
levels of adipokines produced by WAT. Second, they display
lower levels of blood cholesterol. Third, they show improved
glucose homeostasis, as indicated by a reduction in blood
insulin and glucose levels. The reduction in insulin is unlikely to
be an effect mediated by SIRT1 in B cells, because this sirtuin
is a positive regulator of insulin in these cells (Moynihan et al.,
2005; Bordone et al., 2006). Moreover, SIRT1-KI mice are more
glucose tolerant, further suggesting that their low insulin levels
may arise from an increase in insulin sensitivity. Fourth, SIRT1-KI
mice are more metabolically active, that is, they eat more and
display higher oxygen consumption normalized per body
weight.
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Fig. 5 Metabolic and behavioral analyses of males SIRT1-KI mice. (A) Glucose tolerance test in wild-type (WT) (black line) and SIRT1-KI mice (red line) (n = 6).
*P < 0.05 at 25, 40 60 and 120 min (anovA). (B) Food intake is expressed per body weight in WT mice (black line; n = 6) and transgenic mice (red line; n = 6)
as monitored over a 17-day period. (C) Oxygen consumption in WT (white bars) and transgenic mice (black bars) (*P < 0.02, ANovA; n = 5). (D) Time to fall
from an accelerating rotarod was measured in 8- and 10-week-old mice (n = 3 per group; *P < 0.001, t-test). Each bar indicates the average of all measurements
taken for each genotype group during a given test week, error bar indicates one standard deviation. *P < 0.001 by two-tailed homoschedastic Student’s
t-test. (E) Distance traveled was measured over a 24-h period (n = 7 per group). (F) Percentage of rearing time over a 24-h period (n = 7 per group).

White bar represents WT mice, black bar represents SIRT1-KI mice. (G) C57BL/6J SIRT1-KI animals show a delay in reproductive maturity with respect to
WT mice. The difference between groups was found significant, with the P < 0.0001 in a one-tailed t-test. SIRT1-KI mice were backcrossed to C57BL/6J four

or five generations and littermates were chosen for comparison.

Overexpression of Sir2 extends lifespan in yeast, C. elegans
and Drosophila by a mechanism overlapping moderate CR
(Kaeberlein et al., 1999; Tissenbaum & Guarente, 2001; Rogina
& Helfand, 2004). In mice, CR not only engenders longevity,
but also triggers two important organismal phenotypes,
improved physical function and decreased reproduction
(Holehan & Merry, 1985a,b). Both of these phenotypes are
evident in the SIRT1-KI mice: transgenic mice outperform WT
in a rotarod challenge and also show a delay in the age at
which they first reproduce. Along with the metabolic changes
described above, these findings indicate overlap in the phenotypes
of the SIRT1-KI mice and CR.

The fact that some SIRT1-KI metabolic and organismal pheno-
types recapitulate some aspects of CR is consistent with the idea
that SIRT1 is an important mediator of CR and activation of this
sirtuin, which is observed in several tissues of CR animals, is causally
associated with at least some of the induced physiological changes.

Experimental procedures

Generation of SIRT1 transgenic mice

The targeting strategy was previously described in Politi et al.
(2004). The knockin targeting construct was made using mouse
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B-actin genomic DNA from Sall-EcoRIl. An IRES-loxP-neo-loxP
cassette was inserted into the Fspl site located in the 3" untrans-
lated region (UTR) of mouse B-actin gene. Mouse SIRT1 cDNA
along with bovine growth hormone polyA was subsequently
inserted 3" to the IRES-loxP-neo-loxP cassette. Thus, the expression
of Sir2 is driven by B-actin promoter and only occurs after the
deletion of neomycin resistance gene by Cre recombinase. The
targeting construct was electroporated into embryonic stem
cells and neomycin resistant clones were selected and screened
by Southern blot using genomic DNA digested by EcoRl and Pacl
(WT band, 11.5 kb; mutant band, 8.2 kb). Properly targeted
clones were transferred into blastocysts to derive chimeras.
Germline transmission was achieved and the heterozygote
mice were crossed with Cre-expressing mice to obtain germline
deletion of neomycin cassette in the targeted allele. The deletion
of neo was confirmed by Southern blot using mouse tail DNA
digested with EcoRl and Pacl (WT band, 11.5 kb; mutant band,
6.8 kb). The resulting SIRT1-KI mice in a C57BL/6 and 129/Sv
mixed genetic background were bred to generate SIRT1-KI
transgenic heterozygotes and their WT littermate controls.
Genotypes were routinely determined by polymerase chain
reaction (PCR) using primers: actb 5’ primer, 5'-tatggaatcctgt-
ggcatccatga-3'; actb 3’ primer, 5'-caaagccatgccaatgttgtctct-3’;
SIRT1 specific primer, 5'-ggcacatgccagagtccaagttta-3'.

Laboratory animals

Mice were housed in groups of three to five in filter-top cages
and were given free access to water and normal chow food.
The mice were housed under controlled conditions: temperature
(25 £ 1 °C) and light cycle (7:00-19:00 hours). Animals were
cared for in accordance to the MIT Committee on Animal Care
and males were used, unless otherwise noted. All the mice used
for the studies were males.

Measurement of protein levels by Western blot

Tissue samples and cells were homogenized on ice in radio-
immunoprecipitation assay (RIPA) buffer with a tissue homogenizer
(Brinkmann Instruments, Westbury, NY, USA). The RIPA
buffer had a final concentration of 50 mm Tris-HCI pH 7.4, 1%
NP-40, 0.25% Na-deoxycholate, 150 mm NaCl, 1 mm ethylen-
ediaminetetraacetic acid (EDTA), 1 mm phenylmethylsulfonyl
fluoride (PMSF), 1 mm NasVO,, 1 mm NaF, and contained a
1: 1000 dilution of a protease inhibitor cocktail (CalBiochem,
San Diego, CA, USA). The homogenate was centrifuged at
16 000 g for 10 min and lysates were transferred to fresh
tubes. Protein concentrations were determined by the Bradford
method. The lysates were electrophoresed in a 10-15% or 4—
12% acrylamide sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS-PAGE) gel and proteins transferred to
polyvinylidene difluoride (PVDF) membranes (Invitrogen, Carlsbad,
CA, USA). The membranes were then blocked in bovine serum
albumin (BSA) (Zymed, San Francisco, CA, USA) and probed
with polyclonal antibody against SIRT1 (Upstate, New York, NY,
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USA), monoclonal antiactin antibody (Chemicon, Temecula, CA,
USA), monoclonal B-actin (Abcam, Cambridge, MA, USA), UCP1
(Santa Cruz Biotechnology, Santa Cruz, CA, USA), sarco actin
(Sigma-Aldrich, St. Louis, MO, USA) and tubulin (Abcam)
overnight at 4 °C. After washing, membranes were probed with
secondary antibody labeled with horseradish peroxidase at
room temperature for 1 h. Immunolabeled proteins were then
detected by using ECL Plus (GE Healthcare, Piscataway, NJ, USA).

Body weight and food intake

Six-month-old male mice were weighed once a month up to
10 months of age. Food intake and weight were monitored and
recorded every day for 17 days.

Body lean mass

Whole body weight of male mice (3 months old) was recorded.
Visceral epididymal fat pads and gastrocnemius muscles were
carefully removed and weighed.

Oxygen consumption measurement

Animals (males) were acclimated to the respiratory chambers
for 1 day before the gas exchange measurement. Mice were
individually housed in the home cages, which were put in the
metabolic chamber (Kent Scientific, Litchfield, CT, USA). Data on
oxygen (O,) exchange was collected for 24 h. The O, sensor is
directly connected to an amplifier for recording. The chamber is
equipped with a water bottle and a food tray. Air reference values
were measured before every measurement. The data are expressed
as percentage of oxygen consumed * vol of chamber/kg/min.

Glucose tolerance test

Six-month-old fasted male mice (14 h) were given an intra-
peritoneal glucose load (1 g glucose kg™ body weight using a
solution of 10% glucose in physiological saline). Blood was
collected at 0, 5, 10, 25, 40, 60 and 120 min and used for glucose
measurement (Onetouch, Milpitas, CA, USA). Insulin (Ultra-
sensitive Mouse Insulin EIA; ALPCO Diagnostic, Windham, NH,
USA) measurements were done the night before the food was
removed and the day before the glucose injection. Access to
food was denied during the course of the study.

In vivo insulin measurement

Six-month-old males mice were subjected to overnight fast
followed by intraperitoneal glucose injection (1 g kg™ body
weight). Blood samples were collected from the tail vein the night
before the experiment (fed), and right before the injection
(fasted). Plasma glucose was measured using OneTouch
according to manufacturer’s specifications. Insulin levels were
measured using the Ultrasensitive Mouse Insulin EIA accord-
ingly to manufacturer’s specifications (ALPCO Diagnostic).
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Hormone determination

Fluorescent assays were used to measure total cholesterol,
total triglycerides, glycerol and free fatty acid concentrations in
the mouse plasma (Amano Enzymes, Inc., Elgin, IL, USA). HEPES
[4-(2-hydroxyethyl)-1-piperazineethanesulfonic  acid], ATP
(adenosine 5'-triphosphate), hydrogen peroxide and MgCl,
were purchased from Sigma-Aldrich, while Amplex Red was
purchased from Molecular Probes (Invitrogen). Adiponectin
(detecting all forms except the monomer) was measured using
the single plex kit from LINCO Research (Billerica, MA, USA).
Lactate, LDL and HDL cholesterol were measured according
to manufacturer’s directions following National Commmittee
for Clinical Laboratory Standards guidelines using an AU400e®
Chemistry Immuno Analyzer (Olympus America Inc., Center
Valley, PA, USA). Leptin, IGF-1 and corticosterone were
measured using an enzyme immunoassay from LINCO accord-
ingly to manufacturer’s specifications. For all experiments, blood
was collected in the morning from male mice at the indicated
ages.

Rotarod analysis

Rotarod training and testing were performed based on
established protocols (Hockly et al., 2003). After acclimat-
ization to the rotarod apparatus (Columbus Instruments,
Columbus, OH, USA) at the age of 6 weeks, three mice per
genotype group were tested twice per test day each week. The
rotarod accelerated from 4 to 40 r.p.m. over the course of
each 600-s test. Mice were allowed to rest 10 min between
trials.

Behavioral analysis

Home cage behavioral analysis was performed essentially as
described in (Steele et al., 2007). Briefly, 8-week-old male mice
were singly housed for at least 1 week prior to being video
recorded in a normal home cage for 24 h (a complete light-dark
cycle). Analysis of the videos was performed by HomeCageScan
software 2.0 (Clever Sys, Reston, VA, USA) and data are
represented as averages + standard error of the mean across
SIRT1-KI or WT control mice (n = 7 per group).

Mating analysis

Six-week-old SIRT1-KI or WT animals (two males and four
females) were mated to 8- to 10-week-old C57BL/6J partners
and the number of days between mating to the birth of first
litter was recorded.

Statistical analysis

Results are shown as the mean + SEM. Statistical analysis was
performed by Anova using GraphPad Prism. The threshold for
statistical significance was set at P < 0.05.
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Supplementary material

The following supplementary material is available for this article:

Fig. S1 Genotypes of progeny of SIRT1-Kl/+ X +/+ mice are
tabulated. Significant deviation from the expected 1: 1 ratio
was observed, as indicated.

Fig. S2 (A) Western blot of SIRT1 in liver and skeletal muscle
in wild-type (WT) and SIRT1-Kl littermates. Each lane represents
an individual mouse. (B) Western blot for B-actin, total actin and
tubulin in liver, skeletal muscle and white adipose tissue (WAT)
of wild-type (WT) and transgenic littermates. Sarco-actin was
also blotted in muscle.

Fig. S3 Hanging, jumping and walking was measured in 8-
and 10-week-old mice over a 24-h period (n =7 per group).
White bar represents wild-type (WT) mice, black bar represents
SIRT1-KI mice.

This material is available as part of the online article from:
http://www.blackwell-synergy.com/doi/abs/10.1111/
j.1474-9726.2007.00335.x

(This link will take you to the article abstract).

Please note: Blackwell Publishing are not responsible for the
content or functionality of any supplementary materials supplied
by the authors. Any queries (other than missing material) should
be directed to the corresponding author for the article.
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