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Abstract: The deacetylase SIRT1 regulates multiple biological processes including cellular metabolism and aging. 
Importantly, SIRT1 can also inactivate the p53 tumor suppressor via deacetylation, suggesting a role in oncogen-
esis. Recently, SIRT1 was shown to be released from its endogenous inhibitor DBC1 by a process requiring AMPK 
and the phosphorylation of SIRT1 by yet undefined kinase(s). Here we provide further evidence that AMPK directly 
phosphorylates SIRT1 on T344, releasing it from DBC1. Furthermore, a phospho-mimetic SIRT1 (T334E) showed de-
creased binding to DBC1, supporting the importance of this phosphorylation in AMPK-mediated regulation of SIRT1 
activity. In addition, inhibition of AMPK by Compound C led to increased p53 acetylation, suggesting a role for the 
AMPK/SIRT1 pathway in regulating p53 signaling. Together, our results support a hypothesis that AMPK negatively 
regulates p53 acetylation via phosphorylation of SIRT1 on T344. Furthermore, our findings also define the AMPK/
SIRT1 axis as a possible targetable pathway to regulate p53 function.
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Introduction

SIRT1, a mammalian ortholog of the yeast Sir2, 
is a NAD+-dependent deacetylase that plays a 
critical role in multiple biological processes 
including apoptosis [1], aging [2], metabolism 
[3] and various stress responses [4]. It does so 
by deacetylating a diverse group of substrates 
such as NF-ĸB [5], PGC-1α [3], Ku70 [1], MyoD 
[6], FOXO [7] and histones [8]. Interestingly, it 
was recently shown by two independent groups 
that SIRT1 could also deacetylate the p53 
tumor suppressor in vitro, inhibiting p53 func-
tion and promoting cell survival under various 
stresses [9, 10]. SIRT1 regulation of p53 was 
further corroborated in vivo as SIRT1-deficient 
thymocytes, harvested from SIRT1 knockout 
mice, displayed enhanced apoptosis upon 
γ-irradiation [11]. Based on these findings, 
SIRT1 function could have important implica-
tions in cancer development and progression. 

As SIRT1 can regulate a wide range of cellular 
pathways, and may further play an intricate role 
in tumorigenesis, fully understanding the mech-

anisms of SIRT1 regulation is of extreme impor-
tance. Despite the extensive studies of SIRT1 
downstream effectors, the upstream regulatory 
network is relatively less understood. To date, 
some work has examined the various inhibitors 
and activators of SIRT1 at both the transcrip-
tional and translational levels. Transcriptionally, 
SIRT1 is under the control of at least two nega-
tive feedback loops. While the transcription fac-
tor E2F1 can induce SIRT1 expression, deacety-
lation of E2F1 by SIRT1 can also inhibit its 
activity [12]. Furthermore, while being a well-
characterized target of SIRT1 deacetylation, 
p53 can also binds the SIRT1 promoter region 
to repress SIRT1 transcription [4]. Trans- 
lationally, the microRNA miR-34a can bind 
SIRT1 mRNA preventing its translation [13], 
while the tumor suppressor HUR can similarly 
interact with SIRT1 mRNA but rather stabilizing 
the transcript [14]. While these previous stud-
ies have clearly begun to elucidate the multi-
layered regulation of SIRT1 function, more 
recent studies have examined post-translation-
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al regulation of this deactylase by various pro-
tein-protein interactions.

Activate Regulator of SIRT1 (AROS, #123) is 
one such protein that is known to directly inter-
act and regulate SIRT1 activity. AROS was ini-
tially indicated to stimulate SIRT1 function and 
attenuate p53-dependent transcriptional acti-
vation. Furthermore, depletion of AROS, using 
anti-sense technology, increased cell suscepti-
bility to apoptosis following DNA damage, con-
sistent with the capacity of SIRT1 to regulate 
p53 [15]. Another molecule that can be found 
in complex with SIRT1 is the neuronal protein 
Necdin. Located primarily in post-mitotic neu-
rons, Necdin can negatively control p53 activity 
by potentiating SIRT1-mediated deacetylation 
of p53 [16]. The Necdin-SIRT1-p53 signaling 
axis was further identified to prevent p53-medi-
ated apoptosis in response to DNA damage 
[16]. Finally, multiple studies have recently 
reported that Deleted in Breast Cancer 1 
(DBC1) can bind SIRT1 in an inhibitory complex 
to prevent the activation of SIRT1 [17, 18]. 
Mechanistically, DBC1 and SIRT1 form a 
dynamic inhibitory complex both in vitro and in 
vivo [19]. Furthermore, the binding between 
these two proteins is dependent on the ener-
getic state of the cell [19]. Consistent with met-
abolic stresses mediating the dynamic interac-
tion between DBC1 and SIRT1, activation of 
AMP-activated Protein Kinase (AMPK), a crucial 
cellular energy sensor, was recently identified 
to promote SIRT1-DBC1 dissociation, leading to 
activation of SIRT1 [20]. Interestingly, while this 
group indicated that AMPK activity was crucial 
for SIRT1 to detach from DBC1, they were 
unable to identify a direct molecular mecha-
nism from AMPK activation to subsequent 
SIRT1 activation. Furthermore, while phosphor-
ylation of SIRT1 was shown to be important for 
its dissociation from DBC1, the kinase directly 
involved in this regulatory axis remains uncha- 
racterized.

Here, we report that AMPK can directly phos-
phorylate both SIRT1 and DBC1 in vitro. We 
also identify T344 as the critical phosphoryla-
tion site on human SIRT1 required for AMPK 
regulation of DBC1-SIRT1 dissociation. Unfor- 
tunately, we currently do not understand the 
significance of DBC1 phosphorylation by AMPK. 

It may suggest that the upstream signaling 
pathways regulating DBC1-SIRT1 dissociation 
are far more complicated than previously 
thought, and that multi-subunit phosphoryla-
tion events may have a role in the integrity of 
this inhibitory complex.

Materials and methods

Cell culture

Cell culture was performed as previously des- 
cribed [21, 22]. Lenti-viral shRNA packaging 
and infection were also performed as previous-
ly described [23]. The AMPK inhibitor Compound 
C (Calbiochem) and the AMPK activator AICAR 
(Cell Signaling Technology) were used as 
instructed by the manufacturers. 

Plasmids

HA-DBC1 was a kind gift from Dr. Zhenkun Lou. 
Flag-SIRT1-7 was obtained from Addgene. To 
generate HA-SIRT1, pGEX-DBC1 and pGEX-
SIRT1, DBC1 and SIRT1 cDNA were amplified by 
PCR from HA-DBC1 and Flag-SIRT1, respective-
ly, and then the PCR product was subcloned 
into HA-pcDNA and pGEX-4T-1. Various ver-
sions of HA-SIRT1 and HA-DBC1 mutation con-
structs were generated using the QuikChange 
XL Site-Directed Mutagenesis Kit (Stratagene) 
according to the manufacturer’s instructions, 
with specific primer sequences available upon 
request. 

Antibodies and reagents

Anti-K382-p53 (2525), anti-SIRT1 (9475), anti-
pT172-AMPK (2535), anti-pS79-ACC1 (3661), 
anti-AMPKα (2603), and anti-AMPKβ (4150) 
were purchased from Cell Signaling Technology. 
Anti-DBC1 (A300-432A) was purchased from 
Bethyl Laboratories. Anti-Tubulin (T-5168), anti-
Vinculin (V-4504), polyclonal anti-Flag (F-2425), 
monoclonal anti-Flag (F-3165), anti-HA agarose 
beads (A-2095), peroxidase-conjugated anti-
mouse secondary (A-4416), and peroxidase-
conjugated anti-rabbit-secondary antibodies 
(A4914) were purchased from Sigma. Mono- 
clonal anti-HA antibody (MMS-101P) was pur-
chased from Covance. Polyclonal anti-HA anti-
body (SC-805) and monoclonal anti-p53 (SC-
126) was purchased from Santa Cruz Biote- 
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chnology. Lipofectamine and Plus reagents 
were purchased from Invitrogen.

Immunoblots and immunoprecipitation

Cells were lysed in EBC buffer (50 mM Tris pH 
7.5, 120 mM NaCl, 0.5% NP-40) supplemented 
with protease inhibitors (Complete Mini, Roche) 
and phosphatase inhibitors (phosphatase 
inhibitor cocktail set I and II, Calbiochem). 
Protein concentrations were then measured 
using a Bio-Rad protein assay reagent on a 
Beckman Coulter DU-800 spectrophotometer. 
Finally, the lysates were resolved by SDS-PAGE 

and immunoblotted with the indicated antibod-
ies. For immunoprecipitation experiments, 1 
mg of lysate was incubated with either anti-HA 
or anti-Flag conjugated agarose beads over-
night at 4°C. Immuno-complexes were then 
washed five times with NETN buffer (20 mM 
Tris pH 8.0, 100 mM NaCl, 1 mM EDTA, and 
0.5% NP-40) and resolved by SDS-PAGE and 
immunoblotted with the indicated antibodies.

In vitro kinase assay

For use in in vitro kinase assays, active AMPK 
was purchased from Millipore. The protocol fol-
lowed was previously described by Inuzuka et 

Figure 1. AMPK regulates p53 acetylation via SIRT1. A. Immunoblot (IB) analysis of whole cell lysates harvested 
from U2OS cells treated with the AMPK inhibitor Compound C (20 μM). B. Immunoblot (IB) analysis of whole cell 
lysates harvested from AMPK-α-/- MEFs either treated with the AMPK inhibitor Compound C (20 μM) or vehicle. C. 
U2OS cells were infected with multiple shRNA constructs targeting Sirt1, or GFP as a control, followed by selection 
with 1 μg/ml puromycin for three days to eliminate non-infected cells. The cells were then harvested and the whole 
cell lysate was subjected to immunoblot (IB) analysis as indicated. D. Immunoblot (IB) analysis of whole cell lysates 
harvested from Sirt1-/- MEFs either treated with the AMPK inhibitor Compound C (20 μM), the AMPK activator AICAR 
(1 mM), or vehicle. E. Schematic of how AMPK may directly affect p53 acetylation via direct regulation of SIRT1 
activity.
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al. [24]. Briefly, 2.5 μg of the indicated GST 
fusion proteins were incubated with active 
AMPK in the presence of 0.5 μCi [γ-32P] ATP and 

200 μM cold ATP in AMPK kinase buffer supple-
mented with 1 mM AMP. The reaction was 
allowed to proceed for 30 minutes before being 

Figure 2. AMPK directly phosphorylates the Sirt1 inhibitory molecule, DBC1. A. Schematic illustrating the location of 
possible putative AMPK phosphorylation sites on human DBC1 (h-DBC1) as well as truncation mutants used in Fig-
ure 2C. B. Alignment of candidate AMPK sequences, both general and stringent, in human DBC1 across several spe-
cies. C. Purified AMPK was incubated with the indicated GST-DBC1 truncation mutants in the presence of γ-32P-ATP. 
The kinase reaction products were resolved by SDS-PAGE and phosphorylation was detected by autoradiography. 
D. Schematic representation of S808 phosphorylation identified in human DBC1 via an in vitro AMPK kinase assay 
followed by mass spectrometry analysis. E. Schematic representation of in vivo phosphorylation sites identified in 
human DBC1 via immunoprecipitation of DBC1 from 293T cells treated with the AMPK activator AICAR (1 mM) fol-
lowed by mass spectrometry analysis. F. Purified AMPK was incubated with the indicated GST-DBC1 phosphorylation 
mutants, or WT-DBC1, in the presence of γ-32P-ATP. The kinase reaction products were resolved by SDS-PAGE and 
phosphorylation was detected by autoradiography.
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stopped by the addition of SDS-containing 
loading buffer. The samples were then resolved 
by SDS-PAGE.

Mass spectrometry analysis

Mass spectrometry analysis to identify novel 
phosphorylation sites on both SIRT1 and DBC1 
was performed similarly as previously described 
[25].

Results

AMPK regulates p53 acetylation via SIRT1

It was previously shown that AMPK could acti-
vate SIRT1 by promoting its phosphorylation 
and subsequent dissociation from the inhibito-
ry molecule, DBC1 [20]. Active SIRT1 has also 
been identified to deacetylate p53, attenuating 

p53 transcriptional activity [9, 10]. Therefore, 
we first explored whether AMPK regulation of 
SIRT1 function was capable of affecting p53 
acetylation on Lysine 382 (K382). K382 was 
examined as readout of p53 activity as p300 
was previously shown to acetylate this residue, 
enhancing the ability of p53 to bind DNA [26, 
27]. Interestingly, in U2OS cells treated with the 
AMPK inhibitor Compound C [28], we observed 
that p53 displayed elevated acetylation levels 
on K382 compared to control treatment (Figure 
1A). Furthermore, in support of a regulatory 
role for AMPK in p53 acetylation, deletion of 
AMPK-α in MEFs also led to increased acety-
lated p53, while Compound C was unable to 
further elevate K382 acetylation (Figure 1B). 
Next, we wanted to examine whether AMPK 
was functioning via SIRT1 to affect p53 acetyla-
tion. Consistent with SIRT1 deacylating p53, 

Figure 3. AMPK directly phosphorylates Sirt1. A. Schematic illustrating the location of a possible putative AMPK 
phosphorylation site on human SIRT1 (h-SIRT1). B. Alignment of the candidate AMPK sequence in human SIRT1 
across several species. C. Purified AMPK was incubated with GST-SIRT1 or GST-DBC1 in the presence of γ-32P-ATP. 
The kinase reaction products were resolved by SDS-PAGE and phosphorylation was detected by autoradiography. 
D. Schematic representation of T344 phosphorylation identified in human SIRT1 via an in vitro AMPK kinase assay 
followed by mass spectrometry analysis. E. Purified AMPK was incubated with the indicated GST-SIRT1 phosphory-
lation mutant (GST-SIRT1-344A), or WT-SIRT1, in the presence of γ-32P-ATP. The kinase reaction products were re-
solved by SDS-PAGE and phosphorylation was detected by autoradiography.
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depletion of SIRT1 led to elevated levels of 
acetylated p53 (Figure 1C). More importantly, 
to insure that the p53 acetylation phenotype 
was indeed occurring through the AMPK-SIRT1 
signaling axis, we treated SIRT1-depleted cells 
with either Compound C or the AMPK activator 
AICAR [29]. Notably, while WT-SIRT1 cells were 
sensitive to both Compound C and AICAR treat-
ments, with Compound C promoting p53 acety-
lation and AICAR causing a subtle decrease, 

cells depleted of SIRT1 showed no changes in 
p53 acetylation status with either treatment 
(Figure 1D). Together, these findings support 
the notion that AMPK might regulate p53 acety-
lation largely via SIRT1 (Figure 1E).

AMPK phosphorylates DBC1 in vitro and in 
vivo 

We next wanted to further characterize the 
molecular mechanism(s) by which AMPK may 

Figure 4. Phosphorylation of SIRT1 by AMPK disrupts the interaction between SIRT1 and its inhibitor molecule 
DBC1. A. Immunoblot (IB) analysis of whole cell lysate (WCL) and immunoprecipitates (IP) derived from 293T cells 
transfected with HA-DBC1 and the indicated Flag-SIRT constructs. B. Immunoblot (IB) analysis of whole cell lysate 
(WCL) and immunoprecipitates (IP) derived from U2OS cells transfected with a Flag-tagged phospho-mimetic SIRT1 
mutant (Flag-Sirt1-344E) or wild-type SIRT1 (Flag-Sirt1-WT). C. Immunoblot (IB) analysis of whole cell lysate (WCL) 
and immunoprecipitates (IP) derived from U2OS cells transfected with the indicated HA-tagged phospho-mimetic 
DBC1 mutants or wild-type DBC1. D. Immunoblot (IB) analysis of whole cell lysate (WCL) and immunoprecipitates 
(IP) derived from U2OS cells co-transfected with the indicated HA-tagged phospho-mimetic DBC1 mutants and Flag-
tagged phopho-mimetic SIRT1 mutant.
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be regulating p53 acetylation via SIRT1. As 
SIRT1 binds DBC1 in an inhibitory complex [17, 
18], and SIRT1 phosphorylation could promote 
its dissociation from DBC1 [20], we were curi-
ous to explore whether DBC1 could similarly be 
phosphorylated by AMPK. Interestingly, there 
are two putative AMPK sites, S808 and T897, 
present within DBC1 (Figure 2A and 2B). 
Consistent with these sites being possible 
AMPK phosphorylation acceptors, only a 
C-terminal truncation mutant, containing S808 
and T897, was phosphorylated by recombinant 
AMPK in vitro (Figure 2A and 2C). Furthermore, 
mass spectrometry analysis identified only 
S808 phosphorylation on DBC1 treated with 
recombinant AMPK in vitro (Figure 2D). This 
phosphorylation was further confirmed in vivo 
with mass spectrometry analysis on DBC1 iso-
lated from cells treated with the AMPK activa-
tor AICAR (Figure 2E). In order to test the impor-
tance of this site to AMPK-mediated pho- 
sphorylation of DBC1, we mutated S808 to an 
alanine and performed an in vitro kinase assay. 
As seen in Figure 2F, mutation of S808, but not 
T897, was capable of abolishing DBC1 phos-
phorylation by AMPK. In summary, DBC1 can 
be directly phosphorylated by AMPK on S808 
both in vivo and in vitro.

AMPK phosphorylates SIRT1 in vitro 

While a previous study had shown that AMPK 
activation could promote the phosphorylation 

and 3B) that was previously identified [30]. 
Furthermore, consistent with SIRT1 being a 
direct substrate of AMPK, we were able to 
observe phosphorylation of GST-SIRT1 upon 
treatment with AMPK using an in vitro kinase 
assay (Figure 3C). Moreover, mass spectrome-
try analysis confirmed that T344 was phos-
phorylated upon recombinant AMPK treatment 
in vitro (Figure 3D). To further identify the 
importance of T344 in AMPK-mediated phos-
phorylation of SIRT1, we next mutated T344 to 
an alanine and performed an in vitro kinase 
assay. As illustrated in Figure 3E, GST-SIRT1-
344A was no longer phosphorylated by AMPK, 
further supporting T344 is the major AMPK site 
present in SIRT1. In summary, these findings 
further support that AMPK can directly phos-
phorylate SIRT1 on T344.

AMPK phosphorylation of SIRT1, but not 
DBC1, is crucial for AMPK-mediated dissocia-
tion of the SIRT1-DBC1 inhibitory complex

After identifying an AMPK phosphorylation site 
on DBC1, as well reconfirming T344 as an 
AMPK site on SIRT1, we next attempted to 
determine the physiological significance of 
these modifications. Consistent with SIRT1 
forming an inhibitory complex with DBC1 [17, 
18], we observed that DBC1 bound only SIRT1 
but not other members of the Sirtuin family 
(Figure 4A). As this inhibitory complex is mainly 
regulated through phosphorylation, we first 

Figure 5. Proposed model for how AMPK directly affects the acetylation sta-
tus of p53 by phosphorylating SIRT1, leading to its dissociation from the 
inhibitory protein DBC1 and subsequent activation.

of SIRT1, leading to its dissoci-
ation from DBC1, the kinase 
directly responsible for this 
phosphorylation-dependent 
mechanism remains elusive 
[20]. Furthermore, while this 
group was able to ascertain 
sites involved in this regulation 
(S47, S605, and S615), they 
were unable to provide evi-
dence showing that these sites 
were indeed phosphorylated 
upon AMPK activation [20]. As 
we were able to use multiple 
methods to identify DBC1 as a 
substrate of AMPK (Figure 2), 
we continued to examine if 
direct phosphorylation of SIRT1 
by AMPK could also be playing 
a role. Interestingly, human 
SIRT1 contains a putative 
AMPK site at T344 (Figure 3A 
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examined whether a phospho-mimetic mutant 
of SIRT1 (T344E) had differential binding to 
DBC1. Surprisingly, we observed that SIRT1-
T344E could no longer bind DBC1, suggesting 
that the direct phosphorylation of SIRT1 by 
AMPK could regulate the dissociation of SIRT1 
from DBC1 (Figure 4B). On the other hand, the 
phospho-mimetic mutant of DBC1 (S808E and 
S897E) showed no depreciation of binding to 
SIRT1 (Figure 4C). These results suggest that 
AMPK-mediated phosphorylation of SIRT1, but 
not DBC1, might signal the “OFF” switch to dis-
sociate DBC1, thereby activating SIRT1. 

Notably, previous work has also shown that 
phosphorylation of DBC1 by ATM/ATR could 
promote the formation of the SIRT1-DBC1 
inhibitory complex, which serves to further 
inactivate SIRT1 [31]. To determine the poten-
tial significance of AMPK-mediated phosphory-
lation of both SIRT1 and DBC1 in regulating 
SIRT1-DBC1 binding, we performed binding 
assays utilizing the various generated phospho-
mimetic mutants of SIRT1 and DBC1. In- 
terestingly, regardless of which DBC1 construct 
used (WT or S808E), SIRT1 (T344E) always 
exhibited depreciated binding (Figure 4D). 
These results would suggest that AMPK-
mediated phosphorylation of SIRT1 is the major 
regulatory modification which mediates binding 
of SIRT1 to its inhibitory protein DBC1. 

Discussion

In the present study, we provide further bio-
chemical evidence showing that both SIRT1 
and DBC1 are direct substrates for AMPK phos-
phorylation. Furthermore, we also offer evi-
dence that AMPK may regulate p53 acetylation 
via this direct SIRT1 phosphorylation mecha-
nism involving DBC1 dissociation. In support of 
these claims, we observed that pharmacologi-
cal inhibition of AMPK activity by Compound C 
led to a marked increase in acetylated p53 
(Figure 1A). Furthermore, this regulation by 
AMPK was largely dependent on SIRT1, as 
depletion of this deacetylase could adversely 
affect the ability of AMPK to mediate p53 acet-
ylation (Figure 1C and 1D). More importantly, 
our results also gave further insight into the 
molecular mechanism by which AMPK could 
possibly trigger changes in SIRT1 activity. In 
particular, we identified T344 as the residue 
directly phosphorylated by AMPK (Figure 3). In 
support of T344 mediating the ability of AMPK 

to regulate SIRT1, we showed that a phospho-
mimetic version of SIRT1 (T344E) was no lon-
ger capable of binding DBC1 (Figure 4B and 
4D), a protein well documented to inhibit SIRT1 
activity [17]. 

It is important to further discuss that while it 
has already been shown that AMPK can regu-
late SIRT1 activity by promoting its phosphory-
lation and dissociation from DBC1, this work 
did not completely verify the molecular mecha-
nism [20]. It was identified by Nin et al. that 
AMPK activation was required for PKA-
mediated SIRT1 activation. This group went on 
to surmise that phosphorylation of SIRT1 was 
also critical, and further identified that three 
residues on SIRT1 seemed to play an important 
role in this regulatory mechanism (S47, S605, 
and S615) [20]. However, only phosphorylation 
of S47 has been previously described [32, 33] 
and it remains unknown whether S605 or S615 
are actually modified. Therefore, the work pre-
sented here brings new light to the molecular 
mechanism by which AMPK mediates SIRT1 
phosphorylation via DBC1 dissociation. Briefly, 
our work supports a hypothesis that AMPK can 
directly phosphorylate SIRT1 at T344. Pho- 
sphorylation of this residue may stimulate 
SIRT1 dissociation from its inhibitory subunit 
DBC1, subsequently promoting the deacety-
lation of SIRT1 downstream substrates such as 
p53 (Figure 5). While our mass spectrometry 
analysis did not identify S47, S605 and S615 
as AMPK sites, it is still possible that these resi-
dues may play crucial roles in regulating SIRT1 
activity. Consistent with this notion, S47 had 
been shown to be a target of JNK1 [33]. More 
importantly, JNK1 activation led to SIRT1 phos-
phorylation and an increase in SIRT1 activity 
[34]. In addition to JNK1, multiple other kinases 
have also been identified to target SIRT1 includ-
ing CK2 [35], DYRK1A [36] and DYRK3 [36]. 
Therefore, multiple kinases may feed into SIRT1 
regulation and we are only beginning to under-
stand the intricate regulatory mechanisms 
behind this deacetylase. It is also important to 
note that it was recently reported that AMPK 
directly phosphorylates SIRT1 on T344 leading 
to changes in p53 acetylation status [30]. 
However, contrary to our findings, this group 
showed that AMPK phosphorylation of SIRT1 
actually led to its inactivation in liver cancer 
cells. Furthermore, this group did not deter-
mine if DBC1 was involved. We, on the other 
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hand, showed that AMPK inactivation increased 
p53 acetylation in bone tumor cells (Figure 1A) 
and the mechanism most likely involves DBC1 
dissociation (Figure 5). While it would require 
further in-depth studies to truly identify the dif-
ferences between our work and the work from 
Lee et al [30], one possible explanation may 
stem from the different cancers examined. It is 
possible that AMPK may have differing roles in 
regulating SIRT1 activity in liver cancer cells 
versus bone tumor cells. It is also possible that 
SIRT1 phosphorylation on T344 may lead to the 
dissociation of DBC1 in both cancer types, but 
may subsequently lead to the binding of SIRT1 
to a yet unidentified inhibitor in liver cancer 
cells that is not present in bone tumors.

Interestingly, in addition to identifying T344 as 
a key regulatory phosphorylation site on SIRT1, 
we also uncovered a novel AMPK site on DBC1 
as well (Figure 2). While we did not see any 
decrease in binding between a phospho-mimet-
ic mutant of DBC1 (S808E) and SIRT1 (Figure 
4C and 4D), this may simply have been due to 
our experimental conditions. It is also possible 
that phosphorylation of DBC1 by AMPK may 
stabilize the DBC1/SIRT1 complex. As such, we 
would not expect to see any change in binding 
between DBC1 (S808E) and wild type SIRT1. As 
a matter of fact, it was recently shown that 
ATM/ATR phosphorylation of DBC1 after DNA 
damage led to increased binding of DBC1 to 
SIRT1 [31]. Such a possibility would suggest 
that the integrity of the DBC1/SIRT1 complex is 
regulated by multiple upstream phosphoryla-
tion signals such that SIRT1 activity may be 
dependent on the net, rather than single, phos-
phorylation status of the complex. With greater 
DBC1 phosphorylation, SIRT1 would stay bound 
to DBC1, effectively inhibiting its deacetylase 
activity. On the other hand, with greater SIRT1 
phosphorylation, SIRT1 would dissociate with 
DBC1 and thus be more active. Nevertheless, 
this is mere speculation and additional experi-
ments are still required to fully elucidate the 
functional significance of AMPK-mediated 
phosphorylation of DBC1.

In summary, our study expands on the recent 
observations that AMPK can regulate SIRT1 
deacetylase activity [20]. It further suggests 
that targeting AMPK may be a novel means to 
regulate p53 activity in tumorigenic situations.
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