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Reduced caloric intake decreases arterial blood pressure in healthy
individuals and improves endothelium-dependent vasodilation in
obese and overweight individuals. The SIRT1 protein deacetylase
mediates many of the effects of calorie restriction (CR) on organ-
ismal lifespan and metabolic pathways. However, the role of
SIRT1 in regulating endothelium-dependent vasomotor tone is
not known. Here we show that SIRT1 promotes endothelium-
dependent vasodilation by targeting endothelial nitric oxide syn-
thase (eNOS) for deacetylation. SIRT1 and eNOS colocalize and
coprecipitate in endothelial cells, and SIRT1 deacetylates eNOS,
stimulating eNOS activity and increasing endothelial nitric oxide
(NO). SIRT1-induced increase in endothelial NO is mediated
through lysines 496 and 506 in the calmodulin-binding domain of
eNOS. Inhibition of SIRT1 in the endothelium of arteries inhibits
endothelium-dependent vasodilation and decreases bioavailable
NO. Finally, CR of mice leads to deacetylation of eNOS. Our results
demonstrate that SIRT1 plays a fundamental role in regulating
endothelial NO and endothelium-dependent vascular tone by
deacetylating eNOS. Furthermore, our results provide a possible
molecular mechanism connecting the effects of CR on the endo-
thelium and vascular tone to SIRT1-mediated deacetylation of
eNOS.

calorie restriction � vasorelaxation � silent information regulator 2 �
resveratrol � deacetylation

Caloric restriction (CR) is a well recognized nonpharmaco-
logical approach to reducing arterial blood pressure. CR not

only is capable of independently controlling blood pressure of
patients with mild hypertension, but also allows a reduction in
the number and dosage of medications used to treat hyperten-
sion (1, 2). CR and weight loss resulting from CR also improve
endothelium-dependent vascular relaxation in obese and over-
weight individuals with hypertension (3, 4).

In addition, CR prolongs organismal lifespan. In the budding
yeast, Saccharomyces cerevisiae, aging of replicating cells is
determined by the SIR2 gene (5). Retardation of yeast aging by
CR depends on the product of this gene, Sir2 (silent information
regulator 2), a class III NAD-dependent histone deacetylase.
The mammalian ortholog of Sir2, SIRTUIN 1 (SIRT1), targets
histones and many nonhistone proteins (6–10). Resveratrol, a
plant polyphenol that stimulates SIRT1 activity (11), activates
endothelial nitric oxide synthase (eNOS) (12), improves endo-
thelial function, prevents elevation in blood pressure, and re-
stores vascular eNOS activity in animal models of endothelial
dysfunction (13). Hypothesizing that the effects of CR and
resveratrol on vascular function are mediated, in part, by SIRT1,
we investigated the role of SIRT1 in regulating eNOS activity
and endothelium-dependent vascular tone.

Results and Discussion
To determine whether SIRT1 plays an important role in regu-
lating endothelium-dependent vascular tone, vasomotor func-

tion of rat aortic rings, in which wild-type SIRT1 or a dominant
negative SIRT1 mutant (to inhibit endogenous SIRT1) was
adenovirally expressed in the endothelium (Fig. 1A), was mea-
sured. Control rings were infected with an adenovirus encoding
the inert Escherichia coli lacZ gene. Compared with control
rings, rings with inhibition of endogenous SIRT1 had impaired
acetylcholine-induced, endothelium-dependent vasorelaxation
(Fig. 1B) and lower bioavailable NO (Fig. 1C). In contrast,
endothelium-independent vasodilation induced by the NO do-
nor sodium nitroprusside was similar in control rings and rings
in which SIRT1 was inhibited (Fig. 1D). Moreover, similar to
control rings, rings in which wild-type SIRT1 was overexpressed
did not show acetylcholine-induced vasodilation in the presence
of the NOS inhibitor NG-nitro-L-arginine methyl ester (L-
NAME) (Fig. 1E), suggesting that SIRT1 does not activate
NOS-independent mechanisms of endothelium-dependent va-
sorelaxation. Thus, endothelial SIRT1 promotes endothelium-
dependent vasodilation and vascular bioavailability of NO
through a NOS-dependent mechanism.

SIRT1 deacetylates �-acetyllysine residues in proteins. To
investigate whether SIRT1 deacetylates eNOS in cells, we de-
termined the acetylation of eNOS in endothelial cells in which
endogenous SIRT1 expression was knocked down with RNAi.
Decrease in SIRT1 expression increased acetylation of endog-
enous eNOS on lysine residues (Fig. 2A). Similarly, inhibition of
endogenous SIRT1 activity with nicotinamide increased acetyl-
lysine-eNOS (Fig. 2 A). Conversely, stimulation of endogenous
SIRT1 activity with resveratrol decreased acetylation of eNOS
on lysine residues (Fig. 2B). Furthermore, SIRT1 overexpression
decreased [3H]acetate incorporation into eNOS expressed in
COS7 cells (Fig. 2C), whereas inhibition of endogenous SIRT1
with nicotinamide increased [3H]acetate incorporation into
eNOS (Fig. 2C). Finally, to verify that eNOS is a bona fide
substrate of SIRT1, we examined whether SIRT1 can deacetylate
acetylated eNOS in vitro. Recombinant eNOS was acetylated in
vitro with the p300 acetyltransferase and the acetyl group donor
acetyl-CoA, and then treated with active SIRT1, in the presence
or absence of the SIRT1 cofactor NAD. SIRT1 deacetylated
acetylated eNOS in a NAD-dependent fashion (Fig. 2D). Thus,
SIRT1 deacetylates eNOS in vitro, and acetylation of eNOS in
cells inversely correlates with the activity and/or expression of
SIRT1.
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Next, we probed whether acetylation of eNOS is altered during
conditions that change SIRT1 expression or activity in vivo. CR
stimulates SIRT1 expression in mammals (6). Therefore, we inves-
tigated the possibility that the acetylation status of eNOS is
modulated by the change in SIRT1 expression in response to caloric
intake. We compared acetylation of eNOS on lysine residues in
livers of mice that were placed on a calorie-restricted diet with those
that were fed ad libitum. CR for a period of 3 weeks led to a
decrease in the acetylation of eNOS on lysine residues (Fig. 2E),
such that the fraction of eNOS that was acetylated was significantly
lower than in the mice that were not on a calorie-restricted diet.

To determine whether SIRT1 regulates eNOS activity, we per-
formed NOS activity assays in lysates of eNOS-expressing COS7
cells in which we overexpressed SIRT1. Increasing SIRT1 expres-
sion increased eNOS catalytic activity (Fig. 3A). To show that eNOS
activity is subject to direct regulation by acetylation–deacetylation,
we also examined NOS catalytic activity in vitro (Fig. 3B). The
catalytic activity of recombinant eNOS in vitro was decreased after
acetylation with the p300 acetyltransferase. Deacetylation of acety-
lated eNOS with SIRT1 rescued the decline in NOS catalytic
activity in a NAD-dependent fashion. In parallel with an increase
in NOS activity, SIRT1 overexpression increased eNOS-derived

Fig. 1. Endothelial SIRT1 regulates endothelium-dependent vasodilation and bioavailable NO through NOS. (A) A replication-deficient adenovirus encoding the
myc-tagged catalytically inactive dominant negative mutant of SIRT1 (AdSIRT1(H363Y)) (a and c) was used to inhibit endogenous SIRT1 in the endothelium of rat aortic
rings ex vivo. Control rings were infected with an adenovirus encoding the inert E. coli lacZ gene (AdLacZ) (b and d). Rings were fixed and immunostained with anti-myc
antibody 24 h after adenoviral infection. Photomicrographs of representative rings at �100 (a and b) and �400 (c and d) are shown. (B) Endothelium-dependent
vasodilation was determined by measuring relaxation of rings preconstricted with phenylephrine to the vasodilator acetylcholine. AdSIRT1(H363Y) (■ ) and AdLacZ (})
are shown. *, P � 0.001 compared with AdLacZ (n � 7). (C) Bioavailable NO was determined by measuring the difference in phenylephrine-induced vasoconstriction
in the presence and absence of the NOS inhibitor L-NAME. AdSIRT1(H363Y) (■ ) and AdLacZ (}) are shown. *, P � 0.01 compared with AdSIRT1(H363Y) (n � 7). (D)
Endothelium-independent vasodilation was determined by measuring relaxation of rings preconstricted with phenylephrine to the NO donor sodium nitroprusside.
AdSIRT1(H363Y) (‚) and AdLacZ (■ ) (n � 4) are shown. (E) Rat aortic rings were infected ex vivo with AdLacZ (■ and �) or AdSIRT1 (‚ and Œ). AdSIRT1 encodes wild-type
SIRT1. Endothelium-dependent vasodilation, in the presence (� and ‚) and absence (■ and Œ) of the NOS inhibitor L-NAME, was determined by measuring relaxation
of rings preconstricted with phenylephrine, to the vasodilator acetylcholine. n � 4 rings in each group.
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NO produced by COS7 cells (Fig. 3C). A similar degree of
expression of the catalytically inactive dominant negative SIRT1
mutant did not increase NO levels. Moreover, in endothelial cells,
resveratrol increased NO levels, an effect that was largely mitigated
by knockdown of endogenous SIRT1 (Fig. 3D). To determine the
acetyllysine residues in eNOS that are targeted by SIRT1, we
performed a structure–function analysis of eNOS. We targeted two
lysine residues: lysine 496 and 506 in bovine eNOS (corresponding

to lysines 494 and 504 in human eNOS). These residues are in the
calmodulin-binding domain (CBD) of eNOS. We chose the CBD
because threonine 497 in this domain is phosphorylated by protein
kinase C, and dephosphorylation of this residue stimulates eNOS
activity (14). We reasoned that because of similar steric and/or
charge effects, addition of acetyl moieties to lysine residues in the
CBD would have an impact on eNOS activity in a manner similar
to addition of a phosphate group to phosphoacceptor residues in

Fig. 2. SIRT1 deacetylates eNOS in cells and in vitro, and calorie restriction is associated with deacetylation of eNOS in mice livers. (A) Acetylation of endogenous
eNOS on lysine residues, with and without RNAi-mediated knockdown of endogenous SIRT1, and with and without treatment of cells with the SIRT1 inhibitor
nicotinamide. Rat aortic endothelial cells were transfected with SIRT1 RNAi or control RNAi, or treated with nicotinamide. Immunoprecipitates of eNOS from
whole-cell lysates were immunoblotted with anti-eNOS and anti-acetyllysine antibodies (top two panels). Immunoprecipitates by using nonimmune IgG were
used as a control. Whole-cell lysates were immunoblotted with anti-eNOS, anti-SIRT1, and anti-�-actin antibodies (bottom three panels). (B) Acetylation of
endogenous eNOS on lysine residues, with and without treatment with the SIRT1 activator resveratrol. Immunoprecipitated eNOS from whole-cell lysates of rat
aortic endothelial cells, with and without treatment with resveratrol, was immunoblotted with anti-acetyllysine and anti-eNOS antibodies. The whole-cell lysates
were also immunoblotted with anti-eNOS, anti-SIRT1, and anti-�-actin antibodies. (C) Incorporation of [3H]acetate into eNOS expressed in COS7 cells. Cells
transfected with eNOS, with and without SIRT1 overexpression, or treated with nicotinamide, were incubated in medium containing sodium [3H]acetate.
Immunoprecipitated eNOS from cell lysates was autoradiographed, and immunoblotted with anti-eNOS antibody. Whole-cell lysates were immunoblotted with
anti-eNOS and anti-SIRT1 antibodies. (D) Deacetylation of acetylated eNOS by SIRT1 in vitro. Purified full-length GST-eNOS and GST-eNOS acetylated with the
p300 acetyltransferase in the presence of the acetyl group donor acetyl-CoA (Ac-CoA) were incubated with active SIRT1 enzyme, in the presence or absence of
the SIRT1 cofactor NAD. Reaction mixes were immunoblotted with anti-acetyllysine and anti-eNOS antibodies. (E) Deacetylation of eNOS in mice livers by CR.
Male and female mice were fed ad libitum or a calorie-restricted diet (57.4 kcal/week) for 3 weeks. Immunoprecipitates of eNOS from liver homogenates were
immunoblotted with anti-acetyllysine and anti-eNOS antibodies (top two panels), and homogenates immunoblotted with anti-SIRT1 and anti-�-actin antibodies
(bottom two panels). The bar graph shows the calculated acetylated/total eNOS ratio, expressed relative to the mouse fed ad libitum in each gender group. The
weight of the mice at the end of 3 weeks (as a percentage of starting weight) is shown. AL, ad libitum.
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the CBD. Therefore, lysine 496 and lysine 506 were changed to
nonacetylatable arginine (K496R and K506R). Compared with
wild-type eNOS, expression of eNOS(K496R) or eNOS(K506R) in
COS7 cells resulted in significantly greater NO levels (Fig. 3E).
Moreover, in contrast to wild-type eNOS, overexpression of SIRT1
did not stimulate NO derived from eNOS(K496R) or
eNOS(K506R). These findings suggest that both K496 and K506 in
wild-type eNOS play important roles in modulating NO production,
and the stimulatory effect of SIRT1 on eNOS requires the integrity
of these residues.

SIRT1 has been described to shuttle between the cytoplasm and
nucleus (15). To determine whether SIRT1 associates with eNOS,
which is present mostly in the cytoplasm, the localization of eNOS
and SIRT1 in endothelial cells was assessed. Double immunoflu-
orescence showed that endogenous SIRT1 and eNOS colocalize in
the perinuclear cytoplasm (Fig. 4A). In addition, coimmunopre-
cipitation showed that SIRT1 and eNOS associate with each other
in endothelial cells (Fig. 4B). Thus, a fraction of SIRT1 colocalizes
and binds to eNOS in the cytoplasm of endothelial cells.

Four lysine residues are within the CBD of eNOS. The identi-
fication of two of these residues as putative sites of acetylation
suggests that SIRT1 may target more than a single residue within
this domain, stimulating enzymatic activity by coordinating
deacetylation of these residues. Furthermore, taken in the context
of the known role of phosphorylation in eNOS regulation, it
suggests that, as for other proteins, acetylation and phosphorylation
may occur in an interdependent fashion to modulate eNOS activity
(16, 17).

SIRT1 deacetylates members of the FOXO family of transcrip-
tion factors (18, 19). The LXXLL motif (where L is leucine and X
is any amino acid) is conserved in FOXO proteins of different
species (20). This motif mediates the interaction of murine FOXO1
with SIRT1 and is essential for SIRT1-induced deacetylation of
FOXO1 (20). The LXXLL motif is also found in other established
targets of SIRT1, including p53, PGC-1�, and p300/CBP. eNOS of
different species contains at least one LXXLL motif, supporting our
claim that SIRT1 binds to and targets eNOS for deacetylation.

Amelioration of endothelial dysfunction in obese and over-
weight subjects by short-term CR (3, 4) may be mediated by

Fig. 3. SIRT1 stimulates eNOS activity and increases endothelial NO. (A) NOS catalytic activity (conversion of arginine to citrulline) in lysates of COS7 cells
expressing eNOS, with and without SIRT1 overexpression, was measured. Lysates were immunoblotted with anti-SIRT1 and anti-eNOS antibodies. *, P � 0.05
compared with eNOS without SIRT1. (B) NOS catalytic activity in vitro, in the absence and presence of p300, SIRT1, and NAD. Total and acetyllysine eNOS is shown
at bottom. *, P � 0.05 compared with eNOS � p300. (C) Metabolites of NO (nitrite and nitrate) were measured in media of COS7 cells expressing eNOS, with and
without overexpression of SIRT1, or inactive SIRT1 (H363Y). Whole-cell lysates were immunoblotted with anti-eNOS and anti-SIRT1 antibodies. Endogenous SIRT1
is not seen in the lysates because of underexposure of the blots. *, P � 0.05 compared with eNOS without SIRT1. (D) Nitrite and nitrate were measured in media
of rat aortic endothelial cells that were transfected with SIRT1 RNAi or control RNAi, or treated with the SIRT1 activator resveratrol. *, P � 0.05 compared with
control RNAi. **, P � 0.01 compared with control RNAi. #, P � 0.05 compared with SIRT1 RNAi. (E) Nitrite and nitrate were measured in COS7 cells expressing
eNOS (WT), eNOS (K496R), or eNOS(K506R), with and without SIRT1 overexpression. *, P � 0.05 compared with eNOS (WT).
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corrections in metabolic abnormalities that adversely affect
endothelial function. However, in healthy nonobese individuals
as well, long-term CR reduces both systolic and diastolic blood
pressure (21), suggesting that CR may activate physiological
mechanisms of vasorelaxation that are independent of correction
of metabolic disorders. Intriguing as these studies may be, it is
difficult to attribute the beneficial effect of CR on vascular tone
solely to SIRT1. CR also stimulates eNOS expression (22);
therefore, its salutary effects on endothelial function may be
independent of SIRT1-induced deacetylation of eNOS. Never-
theless, the identification of eNOS as a substrate of SIRT1,
combined with the findings that inhibition of endogenous SIRT1
promotes endothelial dysfunction and that CR results in deacety-
lation of eNOS, suggests an important role for SIRT1 in
endothelium-dependent eNOS-mediated vascular homeostasis:
a role that may become more prominent during times of low
calorie intake.

Materials and Methods
Cells and Cell Transfections. Human umbilical vein and rat aortic
endothelial cells were purchased from Clonetics (San Diego,
CA) and Cell Applications (San Diego, CA). COS7 cells were
purchased from American Type Culture Collection (Manassas,
VA). Cells were transfected with cDNA or RNAi by using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA) according to
manufacturer’s recommendations.

Antibodies, Immunoprecipitations, and Immunoblotting. Immuno-
precipitations of eNOS and SIRT1 were typically carried out by
incubating 2 �g of antibody (rabbit polyclonal anti-eNOS and
anti-SIRT1 from Santa Cruz Biotechnology, Santa Cruz, CA) with
1 mg of cell lysate overnight, followed by 40 �l of protein A-
Sepharose slurry (Amersham, Piscataway, NJ) for 4 h. After
washing, immunoprecipitates were boiled in SDS/PAGE gel load-
ing buffer, subjected to SDS/PAGE, transferred to nitrocellulose
filter, and probed with the specified primary antibody and the
appropriate peroxidase-conjugated secondary antibody (Santa
Cruz Biotechnology). Western blotting of 50 �g of whole-cell
lysates was similarly performed by using appropriate primary and
secondary antibodies. Chemiluminescent signal was developed by
using SuperSignal West Pico or Femto substrate (Pierce, Rockford,
IL), and blots were imaged with a Gel Doc 2000 Chemi Doc system
(Bio-Rad, Hercules, CA).

RNA Interference. Validated Stealth siRNA for SIRT1 (5�-
GCAACAGCAUCUUGCCUGAUUUGUA-3�, nucleotides
1152–1175 of human SIRT1 mRNA) and the appropriate control
RNAi were purchased from Invitrogen. This siRNA were trans-
fected into endothelial cells according to the protocols provided by
the manufacturer.

Nitrite � Nitrate Measurements. COS7 or endothelial cells trans-
fected with the indicated plasmid or RNAi were incubated in
phenol red-free complete growth medium for 48 h. Medium was
deproteinized by using a 10-kDa cutoff filter (Microcon YM10;
Millipore, Billerica, MA). The medium was then processed for the
measurement of the NO metabolites nitrite (NO2

�) and nitrate
(NO3

�), the stable breakdown product of NO, using a commercially
available kit (Nitrate/Nitrite Fluorometric Assay kit; Cayman
Chemicals, Ann Arbor, MI) according to the manufacturer’s rec-
ommendations. After subtraction of background fluorescence,
values were normalized for total cell number (protein amounts).

NOS Catalytic Activity. NOS activity was measured with a commer-
cially available kit. In brief, the conversion of L-[14C]arginine to
L-[14C]citrulline was used to determine NOS activity in whole-cell
lysates or recombinant purified GST-eNOS, according to the
manufacturer’s recommendations (NOS Detect Assay kit; Strat-
agene, La Jolla, CA). Values were normalized for cell number (total
protein).

Recombinant Proteins. The cDNA of full-length bovine eNOS was
cloned into pGEX4T-2 (Amersham) bacterial expression plasmid.
Protein was expressed and induced with isopropyl �-D-
thiogalactoside (IPTG) (0.1 mM) in BL21-Gold (DE3) pLysS
(Stratagene) bacterial host strain. Expressed eNOS was purified by
using glutathione Sepharose beads (Amersham Biosciences) fol-
lowing the batch purification protocol recommended by the man-
ufacturer. Purity of the eluted fractions was determined by SDS/
PAGE and Coomassie staining.

Dual Immunofluorescence Staining. Endothelial cells seeded on
coverslips were fixed in 4% paraformaldehyde in 1� PBS (pH
7.2–7.4) for 30 min at room temperature. After permeabilization
with 10% goat serum, 0.4% Triton X-100, and 10 mM glycine, they
were incubated in blocking solution (10% goat serum at room
temperature for 1 h), followed by application of the first primary
antibody (rabbit polyclonal anti-eNOS at 1:200 dilution) for 1 h at
37°C. Texas red-tagged fluorescent secondary antibody (at 1:50
dilution; Jackson ImmunoResearch Laboratories, West Grove, PA)
was then applied for 1 h at 37°C in the dark. The second primary
antibody (mouse monoclonal anti-SIRT1 at 1:200 dilution) was
then applied for 1 h at 37°C in the dark. FITC-tagged green
fluorescent secondary antibody (at 1:50 dilution; Jackson Immuno-
Research Laboratories) was then added for 1 h at 37°C in the dark.

Fig. 4. SIRT1 and eNOS localize and associate with each other in endothelial
cells. (A) Double immunofluorescence for endogenous eNOS (red) and SIRT1
(green) in human umbilical vein endothelial cells. Fixed, permeabilized cells
were stained with anti-eNOS antibody and Texas Red-labeled (red) secondary
antibody, followed by staining with anti-SIRT1 antibody and FITC-labeled
(green) secondary antibody (c–e). Control cells were stained with the Texas
Red-labeled (a) and FITC-labeled (b) secondary antibodies without the anti-
eNOS and anti-SIRT1 primary antibodies. Representative red, green, and
merged images (�40) captured on a fluorescence microscope are shown.
Arrow points to colocalization (yellow) of eNOS and SIRT1 in merged image.
(B) Coimmunoprecipitation of endogenous eNOS and SIRT1 from rat aortic
endothelial cells. Whole-cell lysates were immunoprecipitated with anti-eNOS
or anti-SIRT1 antibodies. Immunoprecipitates were immunoblotted with anti-
eNOS and anti-SIRT1 antibodies. Immunoprecipitates with nonimmune IgG
were used as controls.
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After each step, coverslips were washed three times for 5 min in PBS
containing 10 mM glycine. The coverslips were then mounted by
using ProLong Gold Antifade Reagent (Invitrogen) and analyzed
under a dual fluorescence Axiovert microscope (Zeiss, Jena, Ger-
many). Control coverslips were processed the same way, except for
omission of the primary antibodies.

Site-Directed Mutagenesis. Mutagenesis was performed with com-
mercially available QuikChange kits (Stratagene). All mutations
were verified by sequencing.

In Vitro Acetylation and Deacetylation. Purified GST-tagged recom-
binant eNOS was desalted and buffer exchanged with acetylation
buffer (50 mM Tris�HCl, pH 8.0/137 mM NaCl/0.1 mM EDTA, pH
8.0/10% glycerol/1 mM DTT/0.1 mM PMSF/2 �M trichostatin A)
by using Zeba spin columns (Pierce). Five micrograms of GST-
eNOS was used per acetylation reaction. It was incubated with
acetyl-CoA (20 �M) and p300 acetyltransferase (60 units, Active
Motif) at 30°C for 40 min with shaking. The acetylation reaction was
immediately followed by the deacetylation reaction by adding
deacetylation buffer (25 mM Tris�HCl, pH 8.0/137 mM NaCl/2.7
mM KCl/1 mM MgCl2/1 mg/ml BSA), 1 mM NAD�, and active
recombinant SIRT1 (10 units; Biomol, Plymouth Meeting, PA) and
incubated at 37°C for 1 h with shaking. The reaction mixture was
subjected to SDS/PAGE and immunoblotting.

In Vivo Radiolabeling with [3H]Acetate. COS7 cells were cotrans-
fected with eNOS and SIRT1 plasmids. Cells were grown overnight
in acetate-free medium containing 5 mM nicotinamide and 300
�Ci/ml sodium [3H]acetate for 5 h before harvesting. Cells were
harvested and lysed in a buffer containing 10 mM nicotinamide and
5 �M trichostatin A. One milligram of protein was immunopre-
cipitated by using eNOS antibody with an IgG control, solubilized
in SDS/PAGE sample buffer, and resolved on 8% SDS/PAGE. The
gel was fixed in a solution containing 10% glacial acetic acid and
40% methanol for 1 h and then incubated in a commercial
autoradiography enhancing solution (Amplify; Amersham) for
another 30 min. The gel was dried and exposed to film at �80°C for
5 days.

CR in Mice. Six 8-week-old male and female C57BL6 mice were
either maintained on a 57.4 kcal/week diet or allowed to feed ad
libitum for 3 weeks. Prolab Isopro RMH 3000 rodent chow was
used. Mice were weighed weekly. Mice were killed after 3 weeks,

and their livers were homogenized. SIRT1 expression was assessed
in the homogenates by immunoblotting. Lysine acetylation of eNOS
in homogenates was determined by immunoblotting immunopre-
cipitated eNOS with acetyllysine antibody.

Vascular Reactivity. Young (3–4 months old) Wistar–Kyoto rats
were killed with an overdose of sodium pentobarbital. A midsternal
split was quickly performed, and the descending thoracic aorta was
carefully excised and placed in ice-cold Krebs buffer (118.3
mM NaCl/4.7 mM KCl/2.5 mM CaCl2/1.2 mM KH2PO4/25
mM NaHCO3/1.2 mM MgSO4/11 mM glucose/0.0026 mM
CaNa2EDTA). The aorta was cleaned of excess fat, cut transversely
into 5–10 rings (2.0–3.0 mm), each of which was infected with 6 �
1011 viral particles per ml of the AdLacZ, AdSIRT1(H363Y), or
AdSIRT1 adenoviral stocks, and incubated at 37°C for 24 h. The
next day the vessels were placed in oxygenated chambers (95%
O2/5% CO2) superfused with Krebs buffer solution and maintained
at 37°C and pH 7.4. Each ring was suspended between two wire
stirrups in a 5-ml organ chamber of a four-chamber myograph
system (DMT). One stirrup was connected to a three-dimensional
micromanipulator and the other to a force transducer. The con-
tractile force was recorded electronically. All rings were stretched
to 2,000 mg in 500-mg increments over a 1-h period to optimize the
contractile response to KCl. One dose of KCl (60 mM) was
administered to verify vascular smooth muscle viability. Cumulative
dose–response curve for phenylephrine (10�9 to 10�5 M) was
obtained by administering the drug in one-half log doses. Endo-
thelium-dependent vasodilation was determined by generating
dose–response curves to acetylcholine. Vasorelaxation evoked by
acetylcholine was expressed as percent contraction determined by
the percentage of inhibition to the preconstricted tension. Endo-
thelium-dependent NOS-independent vasorelaxation was assessed
by generating dose–response curves to acetylcholine in rings pre-
treated with the NOS inhibitor L-NAME (10�4 M). NO bioavail-
ability was measured physiologically by determining the increase in
contractile response to inhibitor L-NAME in rings preconstricted
with phenylephrine (10�6 M). Endothelium-independent vasodila-
tion was measured by the vasorelaxation evoked by cumulative
sodium nitroprusside in rings preconstricted with phenylephrine
(10�6 M).
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