
SIRT1 stabilizes PML promoting its sumoylation
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SIRT1, the closest mammalian homolog of yeast Sir2, is an NADþ -dependent deacetylase with relevant functions in cancer,
aging, and metabolism among other processes. SIRT1 has a diffuse nuclear localization but is recruited to the PML nuclear
bodies (PML-NBs) after PML upregulation. However, the functions of SIRT1 in the PML-NBs are unknown. In this study we show
that primary mouse embryo fibroblasts lacking SIRT1 contain reduced PML protein levels that are increased after reintroduction
of SIRT1. In addition, overexpression of SIRT1 in HEK-293 cells increases the amount of PML protein whereas knockdown of
SIRT1 reduces the size and number of PML-NBs and the levels of PML protein in HeLa cells. SIRT1 stimulates PML sumoylation
in vitro and in vivo in a deacetylase-independent manner. Importantly, the absence of SIRT1 reduces the apoptotic response of
vesicular stomatitis virus-infected cells and favors the extent of this PML-sensitive virus replication. These results show a novel
function of SIRT1 in the control of PML and PML-NBs.
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The tumor suppressor PML is the main and essential com-
ponent of the nuclear bodies (NBs), the dynamic compart-
ments that participate in a number of cellular processes,
including apoptosis, transcriptional regulation, DNA repair,
and protection against viral infection.1,2 PML acts as a tumor
suppressor, antagonizing initiation, promotion, and progres-
sion of tumors of various histological origins.3 PML is also
implicated in the regulation of infection by a variety of RNA
viruses, adenoviruses, and human cytomegalovirus.4–7 Its
function is regulated by post-translational modifications such
as phosphorylation, sumoylation, ubiquitination, and acetyla-
tion. However, only the sumoylation of PML has been shown
as essential for the formation of the PML-NBs and a crucial
process for PML-dependent apoptosis and transcriptional
regulation.8 In addition to PML, PML-NBs contain several
other proteins, such as SP100, SUMO-1, pRB, p53, and
lately, the NADþ -dependent, type III, histone/protein deace-
tylase SIRT1.9,10

SIRT1 is the best-characterized class III histone deacety-
lase in mammalian cells and the closest homolog to yeast
Sir2. However, although most of SIRT1 functions are related
to its enzymatic activity, deacetylation-independent activities
of SIRT1 have also been proposed.11–14 SIRT1 is involved
in a wide spectrum of biological processes through diverse
substrates such as the tumor suppressor p53,9,15–17 the
transcription factor NF-kB,18 and the FOXO family of
transcription factors.12,14,19,20 Although SIRT1 has a diffuse
nuclear localization, it is recruited to the PML-NBs after PML
upregulation. However, the functional significance of this
PML–SIRT1 interaction has not been addressed.

In this report, we show that there is a correlation between
the levels of SIRT1 and PML present in both primary and
transfected cells. This positive regulation of PML levels
by SIRT1 is mediated by an increase in the sumoylation of
PML by SIRT1, in a deacetylation-independent manner.
Functional significance of this regulation is revealed by the
increased replication of the PML-sensitive vesicular stomatitis
virus (VSV) in mouse embryo fibroblasts (MEFs) derived from
SIRT1�/� mice. These results identify a new function of
SIRT1 regulating PML with consequences in the control of
virus infection, and that might also be crucial for other
PML-mediated activities.

Results

Regulation of PML levels by SIRT1. To study the relation-
ship between SIRT1 and PML, we examined the expression
of PML in MEFs derived from genetically modified mice
that lack expression of SIRT1 (SIRT1�/�),21 normal wild-type
animals (WT), and mice engineered to harbor extra copies
of the SIRT1 gene under the control of its own regulatory
genomic sequences (SIRT1-tg previously described in
Pfluger et al.22). Surprisingly, western blot analysis of cell
extracts from SIRT1�/�, WT, or SIRT1-tg MEFs revealed
a strong reduction in PML levels in cells lacking SIRT1 in
comparison with WT or SIRT1-tg cells (Figure 1a). Similarly,
lower PML staining in SIRT1�/� when compared with WT
or SIRT1-tg heart tissues was also detected in vivo by
immunohistochemical analysis (Figure 1b). PML localizes to
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specific nuclear subdomains called NBs. To test whether
endogenous SIRT1 also regulates PML-NB formation,
we analyzed these structures by immunofluorescence
using anti-PML antibody and confocal microscopy analysis
in SIRT1�/�, WT, and SIRT1-tg MEFs. Cells lacking SIRT1
showed a profound reduction in the number of the PML-NBs
relative to WT cells. More than 62% of SIRT1�/� cells
showed o15 PML dots per nucleus in comparison with 14%
of the WT or SIRT1-tg MEFs (Supplementary Figure 1). To
resolve whether SIRT1 absence was inducing PML protein
loss through reduction of PML RNA levels, we analyzed
PML mRNA from SIRT1�/�, WT, and SIRT1-tg MEFs by
quantitative RT-PCR. No differences in the relative PML
mRNA levels were found between the different cells (data not
shown). To determine whether there is a causal link between
the absence of SIRT1 and the lower levels of PML in human
cells, we transiently knocked down SIRT1 by siRNA in HeLa
cells. At 24 or 48 h after transfection with siRNA against
SIRT1, PML levels were analyzed by western blot.
As previously reported, transfection of siRNA against
SIRT1 efficiently knocked down the protein,23,24 leading to
almost undetectable levels of SIRT1 protein expression
(Figure 1c). In agreement with our observations using
genetically modified MEFs, we also detected an important
reduction in PML protein levels after knockdown of SIRT1
(approximately 50% of the amount detected in the control
cells; Figure 1c). Moreover, immunofluorescence analysis of
HeLa cells transfected with siRNA against SIRT1 revealed
that those cells showing lower SIRT1 staining showed
a profound reduction in the number of the PML-NBs
relative to cells containing normal SIRT1 levels (Figure 1d).
Finally, to further prove a positive correlation between SIRT1
and PML expression, HEK-293 cells were co-transfected
with a plasmid encoding for PML4 together with an empty
vector or two different doses of a plasmid encoding for
Flag-SIRT1 and a plasmid expressing GFP as a control for
transfection efficiency, and the levels of PML were analyzed
by western blot. As shown in Figure 1e, transfection of SIRT1
induced a clear increase in the PML protein levels in a dose–
response manner. Finally, to further corroborate these
results, SIRT1�/� MEFs were transfected with a plasmid
encoding for mouse HA-SIRT1 or a GFP expression plasmid
using the AMAXA nucleofector system, and the levels of
PML were analyzed by western blot. Transfection of MEFs
with a vector encoding GFP or a pCDNA empty vector
(data not shown) induced a clear increase in the PML levels,
as a consequence of the nucleofection-associated stress
(Figure 1f). However, and importantly, reintroduction of
SIRT1 in SIRT1�/� MEFs resulted in even higher levels of
PML protein. All together, these results indicate that SIRT1
controls PML protein levels in both mouse and human cells,
and its absence leads to a sharp decline in total PML protein
levels as well as to a disorganization of the PML-NBs.

Control of PML sumoylation by SIRT1. PML is functionally
regulated by post-translational modifications such as phos-
phorylation, sumoylation, ubiquitination, and acetylation.
Sumoylation of PML is necessary for the proper formation
of PML-NBs and the recruitment of NB-associated proteins,
highlighting the importance of this modification in PML

function (reviewed in Seeler and Dejean25). To determine
whether sumoylation of PML is also required for the PML
regulation by SIRT1, MCF-7 cells were transfected with a
plasmid encoding for PML4 or a PML sumoylation-defective
mutant (PML4-TKO) together with Flag-SIRT1 or an empty
vector and the levels of PML protein were analyzed by
western blot. Expression of SIRT1 induced an increase in the
PML protein but did not alter the PML4-TKO levels
(Figure 2a), indicating that SIRT1 regulates sumoylated
PML. To examine whether SIRT1 alters PML sumoylation,
we carried out in vitro sumoylation assays using PML as a
substrate, in the presence or absence of in vitro translated
SIRT1. As expected, incubation of PML with SUMO1 in
the sumoylation reaction induced the appearance of
high-molecular-weight PML forms that correspond to
PML–SUMO1 (Figure 2b). The PML–SUMO1 bands were
increased when SIRT1 was added to the reaction
(Figure 2b), indicating that SIRT1 promoted PML
sumoylation in vitro. To determine whether SIRT1 can also
promote PML sumoylation in vivo, and to analyze whether
the enzymatic activity of SIRT1 is required, we
co-transfected a His-tagged version of PML together with
pCDNA-SUMO1 and a Flag-tagged WT SIRT1 or H363Y
deacetylase mutant into HEK-293 cells. His-PML was then
purified in denaturing conditions using nickel-columns and
the purified SUMO1–PML protein was assessed by western
blot using anti-SUMO1 antibody. Co-transfection of either
SIRT1 WT or SIRT1 H363Y deacetylase mutant resulted
in increased accumulation of the SUMO1–PML-bands
(Figure 2c). Similar results were also observed after co-
transfection of a HA-tagged version of PML and a His-tagged
SUMO1 expression plasmid (Supplementary Figure 2).
In contrast, the SUMO modification of other PML-NB
components did not vary after SIRT1 overexpression.
In particular, no changes in the levels of Sp100-SUMO1 in
response to SIRT1 expression were detected using a similar
approach (Supplementary Figure 3). These results indicate
that SIRT1 favors sumoylation of PML in vivo and that the
catalytic activity of SIRT1 is dispensable for promoting PML
sumoylation. In addition, PML was also purified from
lysates of HeLa cells co-transfected with His-tagged PML,
pCDNA-SUMO1, and siRNA to SIRT1, and then analyzed for
sumoylation with anti-SUMO1 antibody. Silencing of SIRT1
resulted in decreased levels of PML–SUMO1 in the
transfected cells (Figure 2d). These results reinforce the
idea that SIRT1 favors PML sumoylation.

SIRT1 protects from viral infection in a gene dosage-
dependent manner. PML has a role in the control of virus
infection, and PML levels are crucial as revealed with
the well-characterized VSV.26 Hence, we decided to
analyze the effect of different SIRT1 gene dosages on viral
infection. For this purpose, MEFs derived from SIRT1�/�,
WT, and SIRT1-tg mice were infected with VSV at a
multiplicity of infection (MOI) of 5 and virus titers in the
supernatants, after all cells died as a result of the infection,
were determined. MEFs from SIRT1�/� produced
approximately 1 log higher number of infectious virus than
WT cells, whereas MEFs from SIRT1-tg produced 5 times
less infectious virus than their WT counterparts (Figure 3a),
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indicating a protective role for SIRT1. This notion was further
corroborated by direct inspection of viral protein synthesis
after infection of SIRT1�/�, WT, and SIRT1-tg MEFs with
VSV. Viral protein synthesis was reduced in a SIRT1 gene
dosage-dependent manner when the cells were infected at
an MOI of 0.5 (Figure 3b) and an MOI of 5 (Supplementary
Figure 4). All together, these results indicate that SIRT1

protects against VSV infection. The implication of PML
in antiviral defense was first suggested after the finding
that interferons activate PML gene transcription, induce PML
expression, and dramatically increase the number and
average size of PML NBs.27–29 To determine whether PML
is upregulated in response to VSV infection in the absence of
SIRT1, MEFs derived from SIRT1�/� and WT mice were

Figure 2 SIRT1 promotes sumoylation of PML in a deacetylase-independent manner. (a) MCF-7 cells were transfected with the indicated plasmids, and 48 h after
transfection cell extracts were analyzed by western blotting using anti-PML or anti-Flag antibodies. (b) Fluorography of dried SDS-PAGE gels after fractionation of in vitro
sumoylation assay products using in vitro translated [35S]-PML in the absence or presence of in vitro translated SIRT1. Incubation of the in vitro sumoylation reaction with
SUMO1 (þSUMO1) resulted in the appearance of slower migrating bands that correspond to SUMO1–PML. Addition of SIRT1 results in the increase of SUMO1–PML
conjugates (black arrowheads). (c) HEK-293 cells were co-transfected with the indicated plasmids and 36 h after transfection, His-PML proteins were purified by nickel affinity
chromatography. Purified extracts were analyzed by SDS-PAGE followed by anti-SUMO1 western blot. Cell extracts were also directly analyzed by western blotting using anti-
PML and anti-SIRT1 antibodies. (d) HeLa cells were transfected with pCDNA-His-PML4, pCDNA-SUMO1, and siRNA against SIRT1 or control siRNA, and 48 h
after transfection whole cell lysates were recovered, and purification of His-PML protein by nickel affinity chromatography was performed. Purified extracts were probed with
anti-SUMO1 antibodies as indicated. Input extracts were incubated with anti-SIRT1 and anti-PML antibodies

Figure 1 PML levels parallel those of SIRT1. (a) Extracts from SIRT1�/�, WT, or SIRT1-tg MEFs were prepared and analyzed by western blotting using anti-PML
antibodies. (b) Heart tissue derived from SIRT1�/�, WT, or SIRT1-tg mice was subjected to immunohistochemistry staining using anti-PML (Sigma, HPA008312) or
anti-SIRT1 (Sigma, S5196) antibodies. (c) HeLa cells were transfected with siRNA against SIRT1. At the indicated times after transfection, cells extracts were analyzed by
western blotting using anti-PML or anti-SIRT1 antibodies. (d) HeLa cells were transfected with siRNA against SIRT1 and at 48 h were subjected to immunostaining using anti-
PML or anti-SIRT1 antibodies followed by confocal microscopy. PML staining in a representative image of cells expressing different SIRT1 levels is shown. Arrows indicate
cells in which SIRT1 expression is diminished. (e) HEK-293 cells were transfected with the indicated expression plasmids, and 48 h after transfection cells extracts were
analyzed by western blotting using anti-PML or anti-SIRT1 antibodies. Cell extract from untransfected cells (NT) was used as a control. (f) SIRT1�/� MEFs were transfected
with the indicated expression plasmids, and 48 h after transfection cells extracts were analyzed by western blotting using anti-PML or anti-SIRT1 antibodies. Cell extract from
untransfected cells (NT) was used as a control. The numbers given under the panel show densitometric data after normalization to actin, and compared with control (set as 1)
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infected with VSV and, at different times after infection, levels
of PML protein were analyzed by western blot. As shown in
Figure 3c, VSV infection upregulated PML in both SIRT1�/�

and WT MEFs. However, the PML protein levels detected at
8 h after VSV infection in SIRT1�/� MEFs were even lower
than those observed at zero time in WT MEFs. In addition,
only the low-molecular-weight PML form, corresponding to
unmodified PML, and not high size PML-containing bands
(modified PMLs), were detected in SIRT1�/� cells. To prove
the importance of both PML and SIRT1 in the increased VSV
replication observed in the cells that do not express SIRT1,
MEFs derived from SIRT1�/� mice were transfected with
GFP, a plasmid encoding HA-SIRT1 or PML, and 36 h later,
cells were infected with VSV at an MOI of 10. Viral titers in
the supernatants of transfected cells were calculated
24 h after infection. As shown in Table 1, the titers in the
supernatant of the PML- or SIRT1-transfected cells were
reduced around 2 times compared with GFP-transfected
cells (Table 1). It has been well established that PML is a

proapoptotic factor required for the induction of apoptosis
by different stimuli, including type I and II interferons.30 To
determine whether the differences in PML protein levels
observed in the cells with different SIRT1 gene dosages
could result in a different degree of apoptosis induction in
response to VSV infection, MEFs derived from SIRT1�/�,
WT, and SIRT1-tg mice were infected with VSV at an MOI of
5, and 16 h after infection, cells were processed to measure

Figure 3 SIRT1-deficient MEFs are less protected from viral infection, accumulate less PML in response to VSV infection, and are more susceptible to VSV-induced
apoptosis. (a) MEFs derived from SIRT1�/�, WT, or SIRT1-tg mice were infected in triplicate with VSV at an MOI of 5, and quantification of the virus yield after total destruction
of the monolayer was assessed. The same results were obtained in at least three different experiments and using MEFs derived from three different WT or transgenic
embryos. Data represent means±S.E. for one experiment. *Po0.05 compared with WT cells, Student’s t-test. (b) SIRT1�/�, WT, or SIRT1-tg MEFs were infected with VSV
at an MOI of 0.5, and at the indicated times western blotting using antibodies against both the M and N protein from VSV was performed. (c) SIRT1�/� or WT MEFs were
infected with VSV at an MOI of 5, and at the indicated times after infection cells extracts were analyzed by western blotting using anti-PML or anti-SIRT1 antibodies.
*Nonspecific band. (d) MEFs derived from SIRT1�/�, WT, or SIRT1-tg mice were infected with VSV at an MOI of 5, and 16 h after infection propidium iodide staining and flow
cytometry analysis was carried out. The apoptotic response was measured by calculating the cell fraction with less than G1 DNA content. Results shown represent the average
of at least three independent experiments±S.E. *Po0.05, **Po0.005, compared with WT cells, Student’s t-test. (e) Activation of the proapoptotic promoter PIG3 in
response to VSV infection is impaired in SIRT1�/� MEFs. SIRT1�/�, WT, or SIRT1-tg MEFs were transfected in triplicate with the indicated reporter plasmids. At 24 h after
transfection, cells were infected with VSV at an MOI of 5, and at 15 h after infection luciferase activity was measured. Results shown represent means±S.E. for one
experiment. Similar results were observed in at least three independent experiments. *Po0.05, compared with WT cells, Student’s t-test

Table 1 Introduction of SIRT1 or PML into SIRT1�/� MEFs decreases virus
production

Transfected plasmid Virus production
(� 103PFU/ml)

GFP 1.0±0.07
SIRT1 0.57±0.1*
PML 0.6±0.1*

*Po0.05 compared with GFP-transfected cells, Student’s t-test.
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apoptosis induction. The analysis of cell death revealed that
MEFs derived from SIRT1�/� mice showed a clear reduction
in apoptosis induction in comparison with the levels of
apoptosis detected in infected WT cells (Figure 3d). Even
more, a higher number of apoptotic cells were observed
after VSV infection of MEFs derived from SIRT1-tg mice
compared with WT MEFs (Figure 3d). PML expression
contributes to apoptosis, among other mechanisms,
by enhancing p53-mediated apoptotic activity and, in
particular, it increases p53 transcriptional activity on the
promoter of the proapoptotic PIG3 gene.31 For this reason,
we transiently transfected the PIG3 promoter fused to the
luciferase gene (PIG3-luc) in MEFs with different SIRT1 gene
dosages, and the levels of transactivation in response to
VSV infection were measured. PIG3-luc reporter was clearly
transactivated by VSV infection in both WT and in SIRT1-tg
cells, but not in SIRT1�/� cells, which showed a slight
repression (Figure 3e). As a negative control, a mutant
version of the promoter that lacks p53-binding sites was used
(Figure 3e). Altogether, these results showed that the levels
of PML positively regulated by SIRT1 correlated with the
apoptosis levels triggered by VSV infection.

Discussion

In this study, we have provided evidence for the regulation of
PML protein levels as well as of the PML-NBs by SIRT1.
Analysis of PML in cells with different levels of expression of
SIRT1 gene dosage reveals that absence of SIRT1 expres-
sion caused a reduction in the number of the PML-NBs that
was accompanied by a decrease in PML protein levels. In
contrast, SIRT1 expression induced an increase in the PML
protein levels and the accumulation of SUMO-modified PML
forms. Consistent with these data, siRNA knockdown of
SIRT1 also induced a decrease in PML and PML–SUMO1
protein levels. Altogether, these data show that SIRT1 has an
important role in PML sumoylation and PML-NB formation and
that the loss of SIRT1 leads to a reduction in the sumoylation
and steady-state accumulation of PML. As this effect was also
observed after overexpression of a catalytically dead SIRT1,
these results indicate that this SIRT1 function is independent
of its deacetylase activity.

A regulation of PML by SIRT1 was already presented as
a hypothesis to explain the functional significance of the
interaction between PML and SIRT1.9 This interaction seems
to be independent of SIRT1 enzymatic activity as it can also
be verified using a catalytically dead SIRT1 (Supplementary
Figure 5). It is not clear exactly how SIRT1 positively regulates
the sumoylation levels of PML. One potential mechanism
could be that SIRT1 prevents the desumoylation of PML.
As SIRT1 is also a substrate for SUMO modification
(Supplementary Figure 6 and Yang et al.32) and the
sumoylation of both proteins, PML and SIRT1, is regulated
by the SUMO-specific protease SENP1,32–34 SIRT1 could
potentially compete with PML for the interaction with this
desumoylase. However, we could not detect a reduction in
SENP1-mediated desumoylation of PML in the presence of
SIRT1 (Supplementary Figure 7), pointing to alternative
explanations. A second explanation might be that the binding
of SIRT1 to PML acts as a scaffold for the interaction of PML

with components of the sumoylation system, thanks to a
putative zinc-binding domain that has been annotated in
SIRT1,35 or through the putative SUMO interaction motifs
(SIMs)36,37 that can be found in SIRT1. Other possibilities
may be that, being a transcriptional corepressor, SIRT1
could potentially affect expression of the genes encoding
the sumoylation machinery such as SUMO1. However, we
detected no variations in the relative SUMO1 mRNA levels
(data not shown) or in the amount of non-conjugated SUMO1
protein (Supplementary Figure 8) in cells expressing different
levels of SIRT1. Interestingly, it has been described that in
testis derived from SIRT1�/� mice there is an overrepresenta-
tion of genes involved in sumoylation, a finding that has been
proposed to represent a putative compensatory mechanism
to promote sumoylation of specific proteins.38

Regulation of PML by other HDACs has been reported.
Thus, class I HDACs interact with PML and this interaction
is required for the transcriptional repression function of
PML.39,40 In addition, class IIa HDACs – HDAC4, HDAC5,
and HDAC7 – increase PML sumoylation in an acetylation-
independent manner,41 and although it is not clear exactly
how HDAC4 and related members positively regulate the
sumoylation levels of PML, a putative SUMO E3 ligase activity
has been suggested.42

PML has an inhibitory effect on virus infections in vitro and
in vivo.5 Thus, overexpression of PML confers resistance
against VSV, influenza virus, human foamy virus (HFV), and
lymphocytic choriomeningitis virus (LMCV).26,43 Our results
show that SIRT1 can control VSV infection in a dosage-
dependent manner. Although we cannot discard that
SIRT1 controls virus infection by additional mechanisms, the
correlation between the levels of SIRT1 and PML showed
here suggests that PML may have a role as a mediator of the
antiviral activity exerted by SIRT1. In addition, our results
show that SIRT1 augments the apoptosis in response to VSV
infection. As PML is required for interferon-induced apopto-
sis,30 these results point to PML as a putative downstream
mediator of the proapoptotic activity observed for SIRT1.

In conclusion, in this study we show that SIRT1 is capable of
stimulating PML sumoylation in both a reconstituted extra-
cellular system and in mammalian cells, and that it is required
for a proper PML–SUMO conjugation, and consequently,
proper PML-NB formation. To our knowledge, this is the
first time that SIRT1 has been shown to stimulate PML
sumoylation, a new function of SIRT1 that is independent of its
deacetylase activity, which might explain some of the contra-
dictory results obtained while investigating the role of SIRT1 in
cancer and aging.

Materials and Methods
Mice, cell culture, virus, and transfections. SIRT1-tg and SIRT1�/�

mice have been previously described.21,22 MEFs were isolated and cultured as
described previously.44 All MEFs were used before spontaneous immortalization.
HeLa, MCF-7, and green African monkey BSC-40 cells were cultured following a
standard procedure. Infections were carried out using VSV of Indiana strain
and virus yields were measured by plaque assays in BSC-40 cells. Transfection of
MCF-7 was performed using FuGene (Roche, Barcelona, Spain) following the
manufacturer’s instructions. siRNAs were transfected into HeLa cells using
Lipofectamine 2000 (Invitrogen, Barcelona, Spain). MEFs were transfected using an
Amaxa nucleofector apparatus (program A-023) and Amaxa MEF nucleofector Kit 1
according to the manufacturer’s instructions (Amaxa, GmbH, Cologne, Germany).
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Plasmids and reagents. siRNA against SIRT1 (SiGenome Smartpool
M-003540-01) was purchased from Dharmacon (Thermo Scientific, Epson,
Surrey, UK). pcDNA-SIRT1 was kindly supplied by Tony Kouzarides (Gurdon
Institute, University of Cambridge). Flag-SIRT1 (1791Addgene) and Flag-SIRT1
H363Y (1792Addgene)19 were kindly supplied by Dr. Michael Greenberg (Children’s
Hospital Center for Life Sciences). HA-SIRT1 (10962 Addgene) was kindly supplied
by Dr. Toren Finkel (National Heart Lung and Blood Institute). pcDNA3-His-PML4
plasmid was provided by Dr. Kun-Sang Chang (MD Anderson Cancer Center,
Houston) and the pcDNA3-His-PML4-TKO has been previously described.45

pcDNA-SUMO1 plasmid was kindly supplied by Dr. Keith D Robertson (Shands
Cancer Center, University of Florida).

Western blot analysis and antibodies. Cells were washed in PBS,
scraped in SDS-gel loading buffer, and boiled for 5 min. Proteins of total extracts
were separated by SDS-PAGE, transferred to nitrocellulose, and incubated with
the corresponding antibodies. The following antibodies were used: anti-SIRT1
(Abcam, Cambridge, UK, AB12193), anti-VSV, anti-human PML (Chemicon,
Millipore, Madrid, Spain, AB-1370), anti-mouse PML (Upstate, Millipore, Madrid,
Spain, 05-718), anti-Flag (Sigma, M2), anti-SUMO1 (Abcam, AB11672), anti-actin
(MP Biomedicals, Illkirch, France), and anti-a-tubulin (Serotec, Kidlington, Oxford, UK).

Immunofluorescence and confocal microscopy. Cells were seeded
onto glass coverslips, fixed, and stained as described previously.46 Antibodies
against PML (Chemicon, AB-1370 or Upstate, 05-718), or anti-SIRT1 (Abcam,
AB12193) were used, followed by Alexa 488-conjugated anti-rabbit and Alexa
594-conjugated anti-mouse immunoglobulins (Molecular Probes, Leiden,
The Netherlands). Analysis of the samples was carried out on a Leica TCS SP5
confocal laser microscope (Leica Microsystems, Heidelberg, Mannheim, Germany)
using simultaneous scans to avoid shift between the optical channels. Images were
exported using Adobe Photoshop (Adobe Systems Inc, San Jose, CA, USA).

Immunohistochemistry. Heart tissue derived from PML�/�, SIRT1�/�, WT,
or SIRT1-tg mice was subjected to immunohistochemistry staining using anti-PML
(Sigma, HPA008312) or anti-SIRT1 (Sigma, S5196) antibodies.

In vitro SUMO1 conjugation assay. In vitro transcribed/translated,
[35S]methionine-labelled, PML proteins were incubated with E1 in a 10 ml
reaction including an ATP regenerating system (50 mM Tris pH 7.6, 5 mM MgCl2,
2 mM ATP, 10 mM creatine phosphate, 3.5 U/ml of creatine kinase, and 0.6 U/ml of
inorganic pyrophosphatase), 10 mg SUMO1, and 600 ng Ubc9. Reactions were
incubated at 301C for 45 min. After terminating the reactions with SDS sample buffer
containing b-mercaptoethanol, reaction products were fractionated by SDS-PAGE
(8%) and detected by fluorography.

In vitro expression of proteins. In vitro transcription/translation of proteins
was performed using 1mg of pCDNA-SIRT1 or pCDNA3-His-PML4 plasmid DNA
and rabbit reticulocyte coupled transcription/translation system according to the
instructions provided by the manufacturer (TNT-coupled reticulocyte lysate system;
Promega, Madrid, Spain). [35S]methionine was used in some reactions to generate
radiolabelled proteins.

Reporter assay. MEFs derived from SIRT1�/�, WT, or SIRT1-tg mice were
transfected in 24-well plates with the PIG3-luc or PIG3-luc mutant plasmids.47

pCMV-b-gal plasmid was co-transfected to determine transfection efficiencies.
At 24 h after transfection, cells were infected with VSV at an MOI of 5, and 15 h
after infection, cells were harvested and luciferase activity was measured using the
Luciferase Reporter Gene Assay (Roche) according to the manufacturer’s
instructions. Triplicate measurements were performed for all experiments and
each experiment was repeated at least three times.

Purification of His-tagged PML conjugates. HEK-293 cells were
transfected with pCDNA3-His-PML4 plasmid and pCDNA-SUMO1 in combination
with the plasmids Flag-SIRT1, Flag-SIRT1 H363Y, or empty vector. At 36 h after
transfection, cells were lysed in 4 ml of 6 M guanidinium-HCl, 0.1 M Na2HPO4/
NaH2PO4, 0.01 M Tris-HCl pH 8.0 plus 5 mM imidazole, and 10 mM
b-mercaptoethanol per 75-cm2 flask. Lysates were then mixed with 50 ml of
Ni2þ -NTA-agarose beads prewashed with lysis buffer and incubated for 2 h at room
temperature. The beads were successively washed with the following: 6 M
guanidinium-HCl, 0.1 M Na2HPO4/NaH2PO4, 0.01 M Tris-HCl pH 8.0 plus 10 mM

b-mercaptoethanol; 8 M urea, 0.1 M Na2HPO4/NaH2PO4, 0.01 M Tris-HCl pH 8.0,
10 mM b-mercaptoethanol; 8 M urea, 0.1 M Na2HPO4/NaH2PO4, 0.01 M Tris-HCl
pH 6.3, 10 mM b-mercaptoethanol (buffer A) plus 0.2% Triton X-100; buffer A; and
then buffer A plus 0.1% Triton X-100. After the last wash with buffer A the beads
were eluted with 200 mM imidazole in 5% SDS, 0.15 M Tris-HCl pH 6.7, 30%
glycerol, and 0.72 M b-mercaptoethanol. The eluates were subjected to SDS-PAGE
(8%), and western blot was performed as indicated above.
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