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Regulation of Autophagy by the p300 Acetyltransferase™

Received for publication, September 15, 2008, and in revised form, December 19,2008 Published, JBC Papers in Press, January 5, 2009, DOI 10.1074/jbc.M807135200

In Hye Lee and Toren Finkel'

From the Translational Medicine Branch, NHLBI, National Institutes of Health, Bethesda, Maryland 20892

Autophagy is a regulated process of intracellular catabolism
required for normal cellular maintenance, as well as serving as
an adaptive response under various stress conditions, including
starvation. The molecular regulation of autophagy in mamma-
lian cells remains incompletely understood. Here we demon-
strate a role for protein acetylation in the execution and regula-
tion of autophagy. In particular, we demonstrate that the p300
acetyltransferase can regulate the acetylation of various known
components of the autophagy machinery. Knockdown of p300
reduces acetylation of Atg5, Atg7, Atg8, and Atgl2, although
overexpressed p300 increases the acetylation of these same pro-
teins. Furthermore, p300 and Atg7 colocalize within cells, and
the two proteins physically interact. The interaction between
p300 and Atg7 is dependent on nutrient availability. Finally, we
demonstrate that knockdown of p300 can stimulate autophagy,
whereas overexpression of p300 inhibits starvation-induced
autophagy. These results demonstrate a role for protein acety-
lation and particularly p300 in the regulation of autophagy
under conditions of limited nutrient availability.

Macro-autophagy, herein referred to as autophagy, is an evo-
lutionary conserved process first characterized in lower orga-
nisms (1). In yeast, over 20 separate genes (designated ATGI,
ATG2, etc.) have been demonstrated to be essential to carry out
the autophagy program. This process is thought to provide a
mechanism for the efficient removal of both long lived proteins
and damaged cellular organelles. This regulated degradation
provides several essential functions for the cell. First, it allows
for the removal of damaged and potentially harmful cellular
contents. In addition, in breaking down various intracellular
components, the autophagy process provides essential building
blocks for the cell to use in the re-synthesis of necessary mac-
romolecules. To accomplish this recycling effort, the coordi-
nated actions of various Atg gene products are required. In
particular, the Atg gene products together orchestrate the for-
mation of a double membrane structure known as the autopha-
gosome that engulfs the intended cellular cargo targeted for
degradation. The autophagosome eventually fuses with the vac-
uole in yeast or the lysosome in mammals.
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In both yeast and mammalian cells, autophagy can be stim-
ulated by the withdrawal of nutrients. Under these conditions,
autophagic degradation of nonessential components may be
essential to meet ongoing energetic needs in the presence of
limited extracellular nutrients. This point was underscored by
the analysis of mice containing a targeted deletion of Atg5 (2).
In the absence of Atg5, there is a lack of both basal and starva-
tion-induced autophagy. Mice lacking Atg5 are born normally
but succumb within the 1st day of life. This post-natal lethality
is thought to be due in large part for the requirement of auto-
phagy to supply the energetic needs of neonates. These needs
are particularly critical during the small window of time where
the animal no longer has a placental circulation and before the
pup can begin to nurse and thus obtain external nutrients.

Relatively little is known regarding how signals such as nutri-
ent availability are able to be transduced to ultimately regulate
the level of cellular autophagy. One important pathway that
impinges on the process is signaling thorough the target of
rapamycin (TOR)? network (3). Evidence suggests that TOR
signaling inhibits autophagy, and indeed agents such as rapa-
mycin that can inhibit TOR are known to result in increased
autophagy. We recently have observed that in addition to this
mode of regulation, the NAD-dependent deacetylase Sirtl is
also a regulator of autophagy in mammalian cells and tissues
(4). In particular, we demonstrated that in the absence of Sirt1
levels of acetylation for various components of the autophagy
machinery are increased and that starvation-induced autoph-
agy is impaired. Interestingly, like the Atg5 knock-out animals,
Sirtl1 /" mice are also born normally but die within the few
hours to days after birth. Consistent with a defect in autophagy,
electron micrographs of hearts from Sirtl /~ mice demon-
strated an accumulation of abnormal appearing organelles,
including mitochondria, a phenotype previously observed in
Atg-deficient animals (5). Here we have further characterized
the role of acetylation in the regulation of autophagy, and in
particular, we demonstrate a role for the p300 acetyltransferase
in this process.

EXPERIMENTAL PROCEDURES

Cell Culture and DNA Constructs—HeLa cells (obtained
from ATCC) were cultured at 37 °C in Dulbecco’s modified
Eagle’s medium (Invitrogen) supplemented with 10% fetal
bovine serum, 100 units/ml penicillin, and 100 ug/ml strepto-
mycin (Invitrogen). The GFP-LC3 plasmid and the various
Myc-tagged Atg constructs have been described previously (4).

2 The abbreviations used are: TOR, target of rapamycin; PBS, phosphate-buff-
ered saline; siRNA, small interfering RNA; HA, hemagglutinin; CBP, CREB-
binding protein; RNAi, RNA interference; GFP, green fluorescent protein;
PCAF, p300/CBP-associated factor.
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FIGURE 1. Knockdown of protein acetyltransferases reduces acetylation of endogenous Atg7. A, siRNA-
mediated knockdown of p300 results in a reduction of endogenous Atg7 acetylation. Protein acetylation was
determined by immunoprecipitation (/P) with an antibody recognizing internal acetyl-lysine residues followed
by Western blotting (WB) for Atg7. Immunoprecipitation was performed with 2 mg of protein lysate from Hela
cells transfected with either a control (—) or p300-specific RNAI. Evaluation of the protein input (40 ng)
revealed that the change observed in Atg7 acetylation was not accompanied by changes in the level of Atg7
protein expression. B, similar analysis for RNAi-mediated knockdown of CBP. C, RNAi-mediated knockdown of
PCAF revealed no obvious change in Atg7 acetylation. Shown is one representative example of three similar

experiments.
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FIGURE 2. RNAi-mediated knockdown of p300 reduces acetylation of var-
ious Atg constructs. Hela cells were assessed after control or p300-specific
knockdown for the level of Atg acetylation. Various Myc-tagged Atg con-
structs were employed including the following: A, Atg5; B, Atg7; C, Atg8; and
D, Atg12. Level of acetylation was determined by immunoprecipitation (/P) of
transfected protein cell lysate (2 mg) with an acetyl-lysine antibody followed
by Western blotting (WB) employing the Myc epitope. In each case, p300
knockdown reduced the level of Atg acetylation without altering the level of
Atg expression.

The HA-tagged p300 expression vector was obtained from
Addgene. siRNA directed against p300, CBP, or PCAF was
obtained from Dharmacon.

GFP-LC3 Assays—Induction of autophagy was observed in
HelLa cells transfected with GFP-LC3 using confocal micros-
copy (LSM 510 Meta, Zeiss). The number of GFP-LC3 dots per
cell was assessed as described previously (4). A minimum of 30
random cells per condition were counted, and the data pre-
sented represent the results from three independent experi-
ments (mean * S.D.). For starvation conditions, HeLa cells
were switched from full growth medium to culture medium
consisting of Hanks’ balanced salt solution (Invitrogen) for 2 h
at 37 °C.

Immunoprecipitation and Immunoblotting—For immuno-
precipitation analysis of transfected cells, protein lysates (2 mg)
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were prepared from HeLa cells and
mixed with the indicated antibodies
(4 °C overnight) followed by addi-
tion of 60 ul of protein G-Sepharose
(Amersham Biosciences) for 2 h at
4°C. The endogenous interaction
between Atg proteins and p300 was
analyzed in a similar fashion; how-
ever, we employed 4 mg of protein
lysate. Immune complexes were
washed five times with Lysis buffer
(50 mm Tris, pH 7.4, 1% Triton
X-100, 0.5% Nonidet P-40, 150 mm
NaCl, protease and phosphatase
inhibitor mixture (Sigma) and 10%
glycerol). After boiling in 2X sam-
ple buffer, samples were subjected
to SDS-PAGE analysis. Following
transfer to nitrocellulose, mem-
branes were immunoblotted with
the indicated primary antibodies, including anti-HA (Roche
Applied Science, catalog number 11867423001); Atg7
(ProSci, catalog number XW-7984); actin (Sigma, catalog num-
ber A2103); c-Myc (Santa Cruz Biotechnology, catalog number
SC-40); Atg8/LC3 (Novus, catalog number NB100-2331, and
Sigma, catalog number 1L.8918); Atgl2 (Cell Signaling Technol-
ogy, catalog number 2010); p62 (Progen, catalog number GP62-
C); p300 (Upstate, catalog number 05-257); CBP and PCAF
(Santa Cruz Biotechnology, catalog numbers SC-369 and
SC-13124); and acetyl-Lys (Cell Signaling Technology, catalog
number 9441) followed by the appropriate horseradish peroxi-
dase-conjugated secondary antibodies (Santa Cruz Biotechnol-
ogy). Bands were visualized by enhanced chemiluminescence
(Pierce). Where indicated, cells were incubated with the lyso-
somal protease inhibitors pepstatin A (Sigma) and E-64d
(Sigma) for 30 min (10 ug/ml) prior to harvest (6).

Transfections and Immunofluorescence—HeLa cells were
routinely transfected with Effectene (Qiagen) according to the
manufacturer’s recommendations. For the GFP-LC3 assays,
cells were plated on chamber slides and then cotransfected
where indicated with 0.6 ug of a p300 expression construct or
the corresponding empty vector along with 0.4 ug of the pGFP-
LC3 construct. Cells were visualized 24 h after transfection. For
acetylation analysis of autophagy proteins, HeLa cells in 10-cm
dishes were transfected with 3 ug of the indicated epitope-
tagged Atg constructs and a similar amount of either the HA-
tagged p300 vector or the corresponding empty vector as a con-
trol. Protein lysates were analyzed for acetylation levels 24 h
after transfection.

To assess the requirement of acetyltransferase activity on
autophagy induction, HeLa cells were transfected with either
300 nm siRNA directed against p300 or PCAF (Dharmacon) or
a corresponding control nontargeting RNAi along with 0.8 ug
of pGFP-LC3. In these sets of experiments, cells were trans-
fected using Oligofectamine (Invitrogen) according to the man-
ufacturer’s protocol. Cells were analyzed 36 h after RNAi trans-
fection. For detection of endogenous Atg7 acetylation, 10-cm
dishes of HeLa cells were transfected with 300 nm of a control,
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p300, CBP, or PCAF siRNA. Protein acetylation was routinely
analyzed 48 h after transfection.

For immunofluorescence analysis of the subcellular localiza-
tion of both Atg7 and p300, HeLa cells were grown on Lab-Tek
I dishes (Nunc) and transfected with Myc-Atg7 and HA-p300.
Twenty four hours later, cells were washed with ice-cold PBS
and then fixed with 4% paraformaldehyde in PBS for 10 min at
room temperature. Cells were subsequently permeabilized in
0.5% Triton X-100. To detect transfected Atg7 and p300, non-
specific sites were first blocked by incubating cells with a solu-
tion of 5% bovine serum albumin and 0.05% Triton X-100 in
PBS for 1 h. The cells were then incubated with the primary
antibodies directed against either Atg7 (rabbit) or p300

A Atgs B Atg7
p300 - + p300 - +
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FIGURE 3. Increased expression of p300 augments acetylation of various
essential autophagy components. Hela cells were transiently transfected
with the indicated construct encoding for a Myc-tagged Atg family member
along with either a p300 expression vector or the empty vector alone (—).
Levels of Atg5 (A), Atg7 (B), Atg8 (C), or Atg12 (D) acetylation were determined
by immunoprecipitation (/P) of protein lysate (2 mg) using an antibody rec-
ognizing internal acetyl-lysine residues followed by Western blotting (WB)
employing the Myc epitope. Expression levels of the various transfected myc-
Atg constructs were assessed by Western blotting of the protein input
(40 pg).
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FIGURE 4. Interaction of Atg7 and p300. A, physical interaction between endogenous p300 and Atg7 is
demonstrated by coimmunoprecipitation. HelLa cell protein lysates (4 mg) were immunoprecipitated (IP) with
an Atg7-specific antibody or a nonspecific IgG isotype-matched control antibody, and the level of coimmuno-
precipitated p300 was determined. The reciprocal immunoprecipitation employing a p300-specific antibody
or IgG control is also demonstrated. Levels of p300 and Atg7 in the input lysate (40 ug) are also shown. WB,
Western blot. B, subcellular distribution in HelLa cells of transfected Atg7 (green), p300 (red), and their overlap

(yellow) are shown.
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(mouse), and both were used at a 1:100 dilution in 5% bovine
serum albumin. After an overnight incubation at 4 °C, cells
were washed with PBS and incubated with Alexa Fluor 594 goat
anti-mouse IgG (1:250; Molecular Probes) and with Alexa Fluor
488 goat anti-rabbit IgG (1:250, Molecular Probes) for 1 h at
room temperature. Images were recorded using a confocal laser
scanning microscope.

RESULTS

p300 Acetyltransferase Regulates Acetylation of Autophagy
Proteins—We recently demonstrated that Sirt1 can regulate the
deacetylation of multiple essential proteins involved in autoph-
agy and that Sirtl activity was required for the induction of
autophagy under starved conditions (4). These results sug-
gested that besides cellular deacetylases, additional regulation
of autophagy may be provided by cellular enzymes that catalyze
the forward acetylation reaction. To test whether such regula-
tion exists, we sought to identify the relevant acetyltransferases.
To accomplish this goal we first examined whether the acety-
lation of endogenous Atg7 was altered by RNAi-mediated
knockdown of three well characterized acetyltransferases as
follows: p300, CBP, and PCAF. As demonstrated in Fig. 1, A and
B, using an antibody-based detection strategy to identify inter-
nal acetyl-lysine residues, we noted that knockdown of p300,
and to a lesser extent CBP, reduced endogenous Atg7 acetyla-
tion. Although somewhat less efficient, knockdown of PCAF in
contrast appeared to have relatively little effect on the level of
Atg7 acetylation (Fig. 1C).

Given that Atg7 acetylation was most heavily influenced by
p300 knockdown, we concentrated our future experiments on
this enzyme. We next sought to assess whether the acetylation
of other Atg gene products was also regulated by p300. Because
antibodies are not readily available for all autophagy compo-
nents, in these experiments we relied on transfected epitope-
tagged constructs. Using Myc-tagged Atg5, -7, -8, and -12, we
analyzed the effect of p300 knockdown on levels of protein
acetylation. As noted in Fig. 2, A-D,
and as previously observed with
endogenous Atg7, knockdown of
p300 reduced the level of acetyla-
tion observed for these various Atg
constructs without affecting the
total level of Atg expression. Using a
similar approach, we also noted that
transient increased expression of
p300 augmented the level of Atg
protein acetylation, again without
affecting the total levels of Atg
expression (Fig. 3).

Atg7 Physically Associates with
p300 in a Nutrient-dependent
Fashion—We next asked whether
p300 could physically associate with
components of the autophagy
machinery. We prepared protein
HeLa cell lysates and assessed
whether we could coimmunopre-
cipitate endogenous Atg7 and p300

asEve
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in a complex. As demonstrated in Fig. 44, immunoprecipita-
tion of endogenous Atg7 readily coimmunoprecipitated endog-
enous p300. Similarly, the reciprocal immunoprecipitation of
p300 could coimmunoprecipitate Atg7. This interaction
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FIGURE 5. The interaction between p300 and Atg7 is regulated by exter-
nal nutrients. A, levels of Atg7 acetylation fall under starved conditions. Atg7
acetylation was assessed under fed (—) conditions or following 2 h of starva-
tion (+). Although total levels of Atg7 were unchanged, overall acetylation
was reduced following nutrient withdrawal. B, interaction between p300 and
Atg7 is reduced under starved conditions. Protein-protein interaction was
determined by immunoprecipitation (/P) of epitope-tagged p300 and assess-
ment of coimmunoprecipitated Atg7. Although levels of both p300 and Atg7
were unchanged under fed or starved conditions, the interaction between
p300 and Atg7 was routinely reduced ~40% (fed, 1.0 = 0.2; starved, 0.6 = 0.1;
n = 3 separate experiments; p < 0.05). WB, Western blot.
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appeared to be specific for Atg7 because under similar condi-
tions we could not detect an interaction between Atgl2 and
p300 (supplemental Fig. 1). In addition, when we transiently
transfected Atg7 and p300 into HeLa cells, we noted that a
substantial portion of Atg7 and p300 appeared to localize
within the same subcellular domains (Fig. 4B).

We had previously demonstrated that levels of acetylation
for various Atg proteins fell under nutrient-depleted conditions
(4). We also have described that although Sirt1 associates with
Atg7, this association is not apparently sensitive to nutrient
availability (4). As such, it remained unclear what mediates the
observed fall in Atg acetylation under starved conditions. Based
on the preceding observations, we wondered whether, as
opposed to our results involving Sirt1, the association between
p300 and Atg7 was in fact sensitive to nutrient status. To test
this, we observed the level of Atg7 acetylation under fed and
starved conditions, as well as the corresponding strength of
interaction between Atg7 and p300. As demonstrated in Fig.
5A, similar to what we had described previously, Atg7 acetyla-
tion decreased under starved conditions. Under these same
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FIGURE 6. Knockdown of p300 augments autophagy. Hela cells were assessed after either control or p300-specific RNAi knockdown. A, induction of
autophagy under fed conditions was monitored by the conversion of LC3-I to LC3-Il, whereas steady state rates of autophagy were analyzed by Western blot
(WB) analysis for p62 expression. Levels of p300 expression and actin (loading control) are also shown. B, quantification of LC3-Il to LC3-I ratio in control versus
the p300-specific knockdown cells. Shown are the results (mean = S.D.) of three separate experiments (¥, p < 0.05). C, representative confocal image of the
localization of GFP-LC3 in cells transfected with a control siRNA, or D, in cells transfected with an siRNA directed against p300. £, quantification of “LC3 dots”
using transient transfection of a construct encoding a GFP-LC3 chimeric protein along with the indicated RNAi. Knockdown of p300 appears to stimulate
autophagosome formation under both fed and starved conditions. In contrast, knockdown of PCAF, which appeared to have little effect on Atg acetylation,
also had little to no effect on autophagy.
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protein (GFP) fused to LC3 (GFP-
LC3). This additional assay of auto-
phagosome induction again sug-
gested that autophagy was
increased under both fed and
starved conditions in cells where
p300 had been knocked down (Fig.
6, Cand D). In contrast, knockdown
of another acetyltransferase PCAF
that we observed does not affect
acetylation of Atg7 (Fig. 1C) and had
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FIGURE 7.Increased expression of p300 inhibits autophagy. Hela cells were assessed following transfection
with either an empty vector (—) or a vector encoding the p300 acetyltransferase. A, induction of autophagy was
assessed by analyzing the conversion of LC3-1 to LC3-Il under starved conditions. Steady state autophagy was
monitored by assessing the level of p62 expression. Expression of the epitope-tagged p300 and actin (loading
control) is also demonstrated. Protein levels were assessed either in the absence or presence of lysosomal
protease inhibitors. WB, Western blot. B, autophagy induction as assessed by the ratio of LC3-Il to LC3-l is
demonstrated following p300 expression. Shown are the results (mean =+ S.D.) of three separate experiments
performed in the absence of lysosomal protease inhibitors (*, p < 0.05). C, expression of p300 suppresses

starvation-induced autophagy as assessed by the GFP-LC3 dot assay.

conditions, we noted that the interaction between the p300
acetyltransferase and Atg7 was also reduced (Fig. 5B). This
occurred even though the expression of both p300 and Atg7
remained unchanged during fed and starved conditions. Quan-
tification of these effects suggested that the interaction between
p300 and Atg7 was reduced ~40% after 2 h of starvation (fed,
1.0 = 0.2; starved, 0.6 = 0.1; n = 3; p < 0.05).

p300 Acetyltransferase Regulates Autophagy—Given the role
of p300 in modulating acetylation of autophagy components,
we next asked whether manipulating p300 levels affected the
induction and execution of autophagy. One useful marker for
autophagy induction is the conversion of LC3-I to LC3-IL
LC3-I, also known as Atg8, must be cleaved and post-transla-
tionally modified to a protein that migrates at an apparent
lower molecular mass (LC3-II) prior to insertion into the auto-
phagosome. Consistent with a role for p300 in regulating auto-
phagy, we observed an increase in the level of LC3-II in cells
where p300 was knocked down by siRNA (Fig. 6, A and B).
Although we observed that the addition of lysosomal protease
inhibitors increased LC3-II levels under basal fed conditions,
this treatment did not appreciably alter steady state levels of
LC3-II after p300 knockdown or in untransfected cells follow-
ing starvation (supplemental Fig. 2). In addition to the LC3
conversion assay, the level of autophagy is often assessed by the
steady state level of p62, a protein normally cleared through
autophagy (7). Again, consistent with increased autophagy in
p300 knockdown cells, levels of p62 expression were reduced
when p300 was targeted for knockdown. To further assess the
role of p300 in autophagy, we analyzed the incorporation of
LC3 into autophagosomes by analyzing the subcellular distri-
bution of a chimeric protein consisting of green fluorescent
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no significant effect on GFP-LC3
redistribution (Fig. 6E).

To complement these observa-
tions, we also analyzed the effects of
p300 overexpression on the induc-
tion of autophagy. As might be
expected, using the previously
described biochemical markers of
autophagy induction and execution,
we observed that under starved con-
ditions, increased expression of
p300 reduced the conversion of
LC3-1 to LC3-1I (Fig. 7, A and B).
Under these conditions, the addi-
tion of lysosomal protease inhibi-
tors augmented the steady state
level of LC3-II. Consistent with a role for p300 in regulating
autophagic flux and not autophagy induction, levels of p62 also
appeared to increase following p300 overexpression (Fig. 7A).
Finally, analysis of GFP-LC3 also revealed that expression of
p300 inhibited autophagosome formation under starved condi-
tion (Fig. 7C).

il

+ -

DISCUSSION

There is a growing interest in the role of autophagy in normal
health and in various disease states. Impairment of autophagy
has been suggested to contribute to numerous conditions,
including cancer and neurodegeneration (8). Surprisingly, rel-
atively little is known regarding the molecular regulation of
autophagy. Studies in yeast have implicated a role for both the
TOR pathway and protein kinase A as important regulators of
autophagy during starvation. These pathways appear to also be
operational in mammalian cells because rapamycin, a pharma-
cological inhibitor of mammalian TOR, is also a well known
activator of basal autophagy. In addition, a recent report has
demonstrated that patients with Carney syndrome, an inher-
ited disease caused by mutations in the regulatory subunit of
protein kinase A, also manifest evidence of impaired autophagy
(9).

We recently demonstrated that the NAD™-dependent
deacetylase Sirt1 represented another aspect of potential auto-
phagy regulation (4). In that study, we showed that in the
absence of Sirt1, levels of Atg protein acetylation increased. We
further noted a general similarity between Sirtl '~ mice and
previously reported mice lacking Atg5 (2, 5). Here we have
extended our observations by further exploring the role of pro-
tein acetylation. In particular, we have addressed what are the
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endogenous acetyltransferases that can regulate the autophagic
process.

Previously we had demonstrated that the level of acetylation
is reduced under starved conditions. Surprisingly, the associa-
tion between the Sirt1 deacetylase and the various Atg proteins
did not appear to be affected by nutrient availability (4). In
contrast, here we demonstrate that the association of p300 with
Atg7 is reduced under starved conditions. These results are
therefore consistent with the notion that the fall in Atg
acetylation seen with starvation is mostly dependent on a
decreased interaction with acetyltransferases, whereas the
interaction with deacetylases is less susceptible to nutrient
fluxes. In both studies, increased acetylation of the various
autophagy proteins, caused either by the absence of Sirtl or
the increased expression of p300, was associated with
impairment in the induction of autophagy. These data sug-
gest a model of nutrient control of autophagy wherein pro-
tein acetylation plays an important regulatory role. Further-
more, our results would suggest that the acetylation of the
various Atg proteins involves the coordinated but opposing
activity of the p300 acetyltransferase and the NAD™-de-
pendent deacetylase, Sirtl.

Assessment of autophagy in mammalian cells represents a
challenging task and an evolving science. Care must be used for
instance in the interpretation of increased LC3-1I levels or GFP-
LC3 “dots” that can represent either a block in the final stage of
autophagy or an indication of increased autophagic flux. One
strategy to distinguish these two disparate possibilities is the
use of lysosomal protease inhibitors that can increase LC3-1I
under conditions of decreased flux but would be predicted to
have little effect under conditions where the final stages of auto-
phagy are completely blocked (10). Similarly, levels of p62 are
often used as an independent measure to assess autophagic flux.
In our experimental conditions, lysosomal protease inhibitors
did not appear to augment the level of LC3-II during starved
conditions or following p300 knockdown (supplemental Fig. 2).
The reason for this is not entirely clear but may reflect a near
maximal rate of autophagic flux under these conditions. In con-
trast, we did observe a significant increase in the levels of LC3-1I
when lysosomal protease inhibitors were used in the setting of
p300 overexpression (Fig. 7A). In addition, we noted that p300
overexpression increased levels of p62, whereas knockdown of
p300 consistently reduced p62 levels. Thus, our results are most
consistent for a role of p300 acetyltransferase in the regulation
of autophagic flux.

Limited nutrients produce a number of physiological
responses that provide the organism with an enhanced capacity
to withstand starvation. Understanding these responses has
been spurred by observations that caloric restriction regimens
result in an increased life span for a wide range of organisms
from yeast to mammals (11). Increased autophagy is clearly one
of many important physiological responses to nutrient with-
drawal. Consistent with these observations, evidence suggests
that autophagy can regulate the life span of simple organisms
(12-15). Similarly, in mammals, conditional knockouts of
essential autophagy genes can sometimes reproduce patholo-
gies that occur as a consequence of normal aging (16, 17). As
such, there is a growing realization that there might be a con-
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vergence between nutrient availability, the induction of auto-
phagy, and the regulation of aging and age-related pathologies.
In this context, our results describing a Sirtl- and p300-de-
pendent regulation of starvation-induced autophagy provide a
further refinement of our understanding of the cellular and
physiological response to limited nutrient availability.
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