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Abstract
Autophagy is a highly conserved process that allows cells, tissues and organs to survive
onslaughts such as nutrient deprivation, inflammation, hypoxia and other stresses. The core
component proteins that regulate autophagy are well known, and the formation of a double-
membrane structure that encompasses cytosolic cargo, including protein aggregates and
organelles, has been intensively studied. However, less is known about the inputs that specifically
alter recruitment of these components and how post-translational modifications can influence
autophagy flux, or the rate at which autophagy substrates are turned over. We propose that three
types of post-translational modifications – phosphorylation, ubiquitylation and acetylation – are
crucial for autophagy induction, regulation and fine-tuning, and are influenced by a variety of
stimuli. Understanding these novel mechanisms of autophagy regulation will give us deeper
insights into this process and potentially open up therapeutic avenues.

Autophagy
Macroautophagy (henceforth, autophagy) is the catabolic process of delivering cytosolic
cargo to the lysosome for degradation [1]. In this paper, we will refer primarily to ‘selective’
autophagy, which describes the removal of specific cargo, including protein aggregates,
mitochondria, peroxisomes and intracellular pathogens. In general, selective autophagy acts
as a quality-control mechanism for proteins and organelles. Non-selective autophagy is
rapidly induced upon nutrient deprivation (amino acid removal, but not growth factor
removal), and the contents of the induced autophagosomes include any protein or organelle
that is in the vicinity of the expanding phagophore. This form of ‘garbage removal’ starts
with the formation of an isolation membrane, the origin of which has been reported to be the
endoplasmic reticulum [2], Golgi [3,4] and the mitochondria [5], all of which can
independently produce autophagosomes. The double membrane structure then encapsulates,
seals and eventually fuses with the lysosome, where the cargo is broken down into its
constituent components and recycled to fuel the growth and proliferation of the cell [1] This
process is highly conserved from yeast to mammals, and is essential for the proper
development of the organism [1]. This is exemplified by the genetic knockout of either Atg5
or Atg7 in mice, which leads to neonatal lethality [6,7], and knockout of Beclin1
(mammalian Atg6) which is early embryonic lethal [8,9].

In yeast (Saccharomyces cerevisiae), the current total of autophagy (Atg) proteins is 34
(with more likely), all of which regulate aspects of autophagosome initiation, elongation,
closure and fusion. However, the process in higher eukaryotes is even more complex,
because of the presence of multiple isoforms of core autophagy components. In addition, the
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mammalian equivalents of several yeast Atg proteins have yet to be identified. For example,
Atg1 in yeast has two mammalian isoforms (ULK1 and ULK2), and Atg8, a small ubiquitin-
like protein that is conjugated to the autophagosomal membrane, has six mammalian
isoforms [microtubule-associated proteins 1A/1B light chain 3A (MAP1LC3A), LC3B,
LC3C, gamma-aminobutyric acid receptor-associated protein (GABARAP), GABARAP-L1,
and GABARAP-L2], all of which appear to play crucial roles in the formation of
autophagosomes [10,11]. In addition, the protease that systematically primes Atg8 proteins
for conjugation, and removes Atg8 proteins from the outer autophagosomal membrane
before fusion with the lysosome, has four isoforms in mammalian cells: Atg4A, B, C and D
[12,13]. Therefore, the additional components present in the mammalian system add further
layers of intricacy to a system that we are only just beginning to understand in yeast.

It has long been established that phosphorylation events are crucial for the initiation of
autophagy, and that ubiquitylation of cargo proteins is required for their degradation.
However, we believe that there is more finetuning involved throughout the autophagy
process, including regulation by kinases, E3 ligases, acetylases and deacetylases that are not
thought of as ‘classic’ autophagy regulators. Understanding this fine-tuning of autophagy
might provide novel nodes for therapeutic intervention strategies for diseases that are
refractory to conventional therapies, and deepen our insight into a fundamental cellular
process.

Phosphorylation
Autophagy has evolved in yeast as a mechanism to cope with various cellular stresses and it
allows both yeast and mammalian cells to survive in conditions of low nutrient availability.
The ability to sense low levels of nutrients and initiate autophagy is ultimately regulated by
the primordial kinase target of rapamycin (Tor). Tor was identified in yeast and mammalian
cells, where its inhibition is sufficient to induce cell cycle and growth arrest and autophagy,
even in the presence of amino acids [14–16]. The ability of Tor to inhibit autophagy occurs
via the phosphorylation of Atg13, which, in turn, reduces its affinity for Atg1 kinase and
prevents formation of the Atg1–Atg13–Atg17 core complex [17] (Figure 1a).

Interestingly, Tor is not the only kinase that can regulate the Atg1 complex in S. cerevisiae.
Recent evidence points to the cAMP-activated protein kinase A (PKA), as a novel regulator
of autophagy [18]. Under nutrient-rich conditions, PKA phosphorylates Atg13 at
phosphorylation sites distinct from those of Tor (Figure 1a). Importantly, PKA
phosphorylation is sufficient to inhibit autophagy by preventing association of Atg13 with
the pre-autophagosomal structure (PAS) [18]. Currently, there is no evidence of mammalian
Atg13 (mAtg13) being similarly regulated by PKA phosphorylation.

Mammalian systems have mammalian TOR complex (mTORC) 1 and 2, which are distinct
and characterized by the presence or absence of various subunits, the main components
being raptor (in mTORC1) and rictor (in mTORC2). These complexes differ in their
sensitivity to rapamycin; only mTORC1 is inhibited by the drug [19]. The mammalian
equivalent of the Atg1–Atg13–Atg17 complex contains ULK1–mAtg13–FIP200, and
mTORC1 is incorporated directly into the complex, where it mediates phosphorylation of
ULK1 (unc51-like kinase) and mAtg13 (Figure 1b), thereby preventing the initiation of
autophagy [20,21]. The phosphorylation of ULK1 by mTORC1 is inhibitory; and rapamycin
treatment releases ULK1 to phosphorylate FIP200 (family-interacting protein of 200 kDa),
and subsequently autophagy is induced [20] (Figure 1b). However, the precise mechanism
by which ULK1 kinase activity is inhibited is not known. For more details of Atg1(ULK1)
regulation, please consult the extensive reviews covering such topics [22,23].
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As mentioned previously, there is no known role for PKA in the regulation of mAtg13 but
other kinases have recently been shown to circumvent the need for mTOR and activate
mammalian Atg6 (Beclin1). One mechanism of autophagy induction is via phosphorylation
of the Beclin1 inhibitor protein Bcl-2 by the stress-activated c-Jun aminoterminal kinase 1
(JNK1) on three distinct sites [24] (Figure 1c). In addition to JNK1, death-associated protein
kinase (DAPK) also causes dissociation of the Bcl-2–Beclin1 complex, in this case via
direct phosphorylation of Beclin1 [25] (Figure 1c). It would be interesting to analyze the
phosphorylation state of both Beclin1 and Bcl-2 at the identified sites, which might clarify
whether organisms have developed a safety mechanism requiring both Beclin1 and Bcl-2
proteins to be phosphorylated to induce autophagy in this manner. Thus, key events in the
genesis of autophagosomes are regulated by phosphorylation, highlighting the importance of
this particular posttranslational modification in autophagy.

Another kinase involved in autophagy is I kappa B (IκB) kinase (IKK), which is best known
for its role in nuclear factor kappa B (NF-κB) signaling pathways. Expression of a
constitutively active form of IKK is sufficient to stimulate autophagy via phosphorylation of
JNK1 and AMP kinase 1 (AMPK1) [26]. In addition, suppression of IKK expression via
knockout or knockdown mechanisms is sufficient to inhibit autophagy under various stimuli
[26].

One theme that has been cropping up recently with regard to the involvement of
phosphorylation in autophagy is the modification of the small ubiquitin-like Atg8 proteins.
This in itself is interesting, as there are no known post-translational modifications of
ubiquitin other than conjugation to target proteins or incorporation into ubiquitin chains. The
question is: why would Atg8 proteins require modification other than conjugation to
phosphatidylethanolamine (PE)? Recent work has identified specific phosphorylation sites
for members of the ABC kinase families, (PKA [27] and PKC [28]) in the N-terminal region
of MAP1LC3 (LC3, a mammalian homologue of Atg8) (Figure 1c). In the case of PKC
phosphorylation sites (Thr6 and Thr29), these appear to be specific for the LC3B isoform,
and are not found in other members of the LC3 family [28].

It is interesting to note that the PKA site (Ser12 in MAP1LC3 proteins) is highly conserved
in all LC3 (but not GABARAP, another mammalian homologue of Atg8) isoforms in
human, mouse, rat and zebrafish, but is not present in yeast Atg8 or Drosophila
melanogaster Atg8. Because PKA has not yet been shown to phosphorylate mAtg13, this
regulation of LC3 proteins might be a way for PKA to ‘get in on the act’ of controlling
autophagy in a mammalian system. Ser12 phosphorylation in MAP1LC3B (LC3B) inhibits
its recruitment into autophagosomes [27]; however, the mechanism of this inhibition is
unknown, and key questions remain. Does Ser12 phosphorylation inhibit interaction with
conjugation/lipidation machinery at the autophagosomal membrane? Does this
phosphorylation alter interaction with LC3-interacting proteins? The implications of
phosphorylation of these sites by both PKA and PKC might include direct interference of
the interaction of LC3 proteins with (LC3 interaction region) LIR-containing proteins, such
as p62, and therefore exclusion of LC3 from autophagosomes. Two of the three
phosphorylation sites (Thr6 and Ser12) lie directly in, or in the vicinity of, the N-terminal
extension of LC3, which is essential for the binding of LC3-interacting proteins via their
classic LIR motif [29]. These reports leave us with more questions than answers as to the
role of both PKA- and PKC-mediated regulation of autophagy in mammalian systems.
Further studies are required to fully understand this important modification and its role in
autophagy.

It is interesting to speculate whether there are perhaps other points at which phosphorylation
can specifically intervene in the autophagic process. For example, serine and threonine
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residues are often found in the proximity of the LIR motif of Atg8 interacting proteins, and a
mechanism can be invisaged by which a kinase could phosphorylate these proteins and
thereby regulate their interaction with Atg8/LC3/GABARAPs. This would be similar to
phosphorylation-dependent regulation of small ubiquitin-like modifier (SUMO)-interacting
motif (SIM) binding to SUMO [30], and again would offer an interesting node for regulating
autophagic flux.

Ubiquitylation
As the name suggests, ubiquitin (Ub) is ubiquitous in both its expression and function. Ub is
a small 8 kDa protein containing seven lysine residues that can be conjugated via the action
of E1 (Ub-activating enzyme), E2 (Ub-conjugating enzyme) and E3 (Ub ligase, which
dictates substrate specificity) enzymes into poly-lysine chains with various conformations
and monoubiquitinate and multi-monoubiquitinate target proteins (reviewed in [31]).
Ubiquitylation of target proteins results in their degradation, alteration of signaling
properties and differential trafficking within the cell [31].

Autophagy has its own take on the same system. The autophagy proteins Atg8 (LC3,
GABARAP in mammalian cells), Atg5 and Atg12 all undergo their own Ub-like
conjugation reactions that are essential for expansion of the autophagosomal membrane.
Both Atg8 and Atg12 proteins are activated by the E1-like enzyme Atg7, Atg12 is
conjugated to Atg5 by the E2-like Atg10, and Atg8 is conjugated to PE by Atg3. Despite the
presence of obvious E1- and E2-like proteins in this conjugation system, there are no
obvious E3-like homologues. However, the Atg12–Atg5 conjugate forms a complex with
Atg16 and this hierarchical assembly of proteins can drive the formation of Atg8–PE in an
E3-like manner [32] (Figure 2a). Interestingly, a new complex of autophagy Ub-like
proteins has been identified as a novel regulator of mitochondrial expansion and cell-death
pathways, but has no role in the removal of depolarized mitochondria by autophagy
(mitophagy) [33]. A single conjugation site within Atg3 is used by Atg7, and via the
autocatalytic E2-like activity of Atg3, forms an Atg12–Atg3 complex [33]. The existence of
this complex raises several questions, including whether other Atg12-based complexes exist
in nature, whether there are other Atg-based complexes that have autophagy-independent
roles and, if so, what exactly are these novel functions?

The role of Ub in autophagy is best known for the removal of protein aggregates. The
identification of p62/SQSTM1 and NBR1 (neighbour of BRCA1) as adaptor proteins that
simultaneously bind LC3 (by means of an LIR) and ubiquitylated cargo (via their Ub
binding domains) indicated that these could allow inclusion of ubiquitylated cargo into
autophagosomes and their subsequent degradation by the lysosome [34–36]. In fact, despite
reports of p62 and NBR1 binding to several Ub chains (K63 and K27) [35–37], there might
be a case for monoubiquitin being sufficient for inclusion of ubiquitylated cargo into
autophagosomes in a p62-dependent manner [38]. However, the in vivo specificity of p62/
NBR1 toward Ub signals remains to be established under different physiological conditions.
Furthermore, there are potentially many more Ub receptors implicated in regulation of
autophagy processes. For example, NDP52 binds to ubiquitylated Salmonella upon their
cytosolic infiltration [39]. Ubiquitylation might have a ubiquitous role in trafficking and
signaling in autophagy.

The crosstalk between ubiquitylation and removal of damaged organelles is clearly depicted
in the case of clearance of depolarized mitochondria mediated by Parkin, an E3 ligase
[37,40]. Upon loss of mitochondrial membrane potential, Parkin is recruited and mediates
the ubiquitylation of voltage-dependent anion channel 1 (VDAC1) in a K63- and K27-
dependent manner. p62 is then recruited, and depolarized mitochondria are cleared by
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autophagy (mitophagy) [37]. However, a recent publication suggests that the picture is not
as clear as once thought. Evidence has now surfaced that suggests p62 is responsible for
mitochondrial clustering after the Parkin has ubiquitylated mitochondrial-anchored
substrates [41]. Using VDAC1/3-deficient mouse embryonic fibroblasts, VDAC1 and
VDAC3 were shown to be dispensable for Parkin-mediated p62 recruitment and subsequent
mitochondrial clearance [41]. This is in stark contrast to data identifying ubiquitylated
VDAC1 as an essential component for p62 recruitment and subsequent mitochondrial
clearance [37]. The process of mitophagy is complex, and is both cell type- and context-
specific. There are probably multiple targets for ubiquitylation on the outer mitochondrial
membrane, and the presence of proteins that can specifically interact with the autophagy
machinery can contribute to the clearance of damaged mitochondria. Indeed, Nix has been
identified as a mitochondrial localized protein that directly interacts with the mammalian
GABARAP and LC3 proteins, and is required for the clearance of mitochondria in
reticulocytes in an autophagy- and LC3 interaction-dependent manner [42,43]. Nix is
upstream of both Parkin- and p62-mediated mitochondrial clearance in cells treated with a
chemical inducer of hypoxia, and is required for autophagy induction and subsequent
clearance of mitochondria [44] (Figure 2b).

The initial recruitment of Parkin, which is distributed throughout the cytosol, to damaged
mitochondria is dependent upon phosphatase and tensin homolog-induced putative kinase 1
(PINK1). Upon mitochondrial damage or depolarization, PINK1 recruits Parkin. The two
proteins can be found in close proximity to each other on the mitochondria but PINK1 does
not appear to phosphorylate Parkin and is not a substrate of Parkin [45]. Indeed, there is very
little known about physiological substrates of PINK1, and it is interesting to speculate
whether PINK1 might mediate phosphorylation and perhaps activation of autophagy.
However, one recent study showed that PINK1 can bind to Beclin1 and enhance autophagy,
but that this enhancement is not dependent upon PINK1 kinase activity, indicating that it
might have more of an adaptor function [46].

From the evidence present in the literature, it appears that ubiquitylation serves as a signal
for the degradation of protein aggregates, organelles, intracellular pathogens and a variety of
other structures [47]. However, what is not clear is whether ubiquitylation of proteins
directly involved in autophagy occurs, and whether this in some way alters autophagic flux.
In addition, we have seen that monoubiquitylation, K63-linked and, more recently, K27-
linked Ub chains all function in the removal of proteins and organelles via autophagy. This
is strongly analogous to the endocytic pathway, where EGF-receptor trafficking is induced
via monoubiquitylation, and signaling via K63-linked polyubiquitin chains is involved in
NF-κB and DNA damage response pathways (reviewed in [48]). Could there be an E3 ligase
that specifically targets autophagy components, and if so, what type of linkages might be
used for this specialized pathway? Interestingly, at present it appears that Ub is a novel
evolutionary signal in metazoan autophagy; in yeast there are currently no identified roles
for ubiquitylation in autophagy [49].

Acetylation
Acetylation (the addition of an acetyl group onto lysine or N-termini of target proteins) is an
important post-translational modification for the alteration of protein function, gene
transcription and receptor trafficking within the cell [50]. However, one area that has had
limited exposure to the acetylome, until recently, is autophagy. Perhaps the best-known
regulator of acetylation implicated in autophagy is histone de-acetylase 6 (HDAC6), which
can regulate, in a selective autophagy-dependent manner, the retrograde transport of
aggregate-containing inclusion bodies that are to be degraded [51] (Figure 3a). In addition,
recent evidence indicates that HDAC6 is required for autophagosome maturation through
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induction of the filamentous actin (F-actin) network, and subsequent fusion of
autophagosomes and lysosomes [52]. HDAC6 is also needed for Parkin/p62-mediated
clearance of damaged mitochondria [53]. In D. melanogaster, impairment of the Ub
proteasome system leads to an increase in the activity of autophagy degradation pathways,
and the latter is dependent upon HDAC6 catalytic activity [54]. The evidence suggests that
deacetylatase activity is essential for the degradation of protein aggregates via autophagy.

In addition to HDAC6, there is now accumulating evidence for roles for other deacetylases
and acetyltransferases in the regulation of core autophagy components. For example, the
acetyltransferase p300 can acetylate Atg5, Atg7, Atg8 and Atg12 proteins when transfected
into HeLa cells, and p300 can directly interact with Atg7 [55]. Acetylation by p300 inhibits
autophagy, and silencing of p300 increases autophagy flux [55] (Figure 3b). In addition,
acetylation of mutant Huntingtin protein at Lys9 and Lys444 promotes clearance of the
mutant protein by autophagy, whereas a mutant version of Huntingtin that cannot be
acetylated accumulates and leads to neurodegeneration [56]. However, the acetyltransferase
that is involved in this process has not yet been identified.

Under starvation conditions, the microtubule network can recruit autophagy marker proteins,
including PI3 kinase (phosphoinositide 3-kinase), WIPI (WD repeat domain
phosphoinositide-interacting protein), and the Atg12–Atg5 conjugate, in a manner that is
dependent upon tubulin acetylation, specifically on Lys40 [57]. This leads to the activation
of kinesin and JNK1, which serves to release the Bcl-2–Beclin1 inhibitory complex and
stimulate autophagy [57]. The acetylation of tubulin affects autophagosomal binding
proteins that mediate the transport and eventual fusion of autophagosomes with the
lysosomes. For example, HDAC6 controls the acetylation status of tubulin, and therefore the
epidermal growth factor receptor [58,59], and autophagosome trafficking along
microtubules [51] (Figure 3a).

In another link between autophagy and acetylation, the NAD-dependent deacetylase Sirt1
increases basal autophagy when transiently overexpressed, and can also form a complex
with Atg5, Atg7 and Atg8 [59] (Figure 3b). In tissues from Sirt1 knockout mice, basal
acetylation of autophagy component proteins is increased, and the phenotype of Sirt1
knockout mice partially resembles that of Atg5 knockout mice, indicating that Sirt1-
dependent deacetylation is important for basal autophagy and neonatal survival [59]. Using
high-resolution mass spectrometry (MS) to analyze global lysine acetylation in human acute
myeloid leukemia cells, 3600 acetylated lysines on 1750 proteins were identified and
quantified in response to deacetylase inhibitors. Interestingly, the small Ub-like modifier
GABARAP-L2 and Atg7 were found in this screen (Supplemental table S1 in [60]),
providing further evidence that acetylation of core proteins might play a key role in the
regulation of autophagy. The emerging role of acetylation of key components of the
autophagy pathway is an emerging field that we believe will play a crucial role in both the
initiation and selective degradation of autophagy and its substrates.

Concluding remarks
To date, the study of autophagy has been dominated by the role of the primary kinase Tor/
mTOR, considered the master regulator of autophagy both in yeast and in mammalian
systems. However, a large and growing body of evidence points to other kinases, acetylases,
deacetylases, and potentially even phosphatases having roles in regulating autophagy. We
believe that these post-translational modifications, which can occur at multiple stages of
autophagosome formation, lead to the induction, inhibition or finetuning of the autophagic
response under a variety of conditions. For example, the phosphorylation of Beclin1 by
either JNK1 or DAPK induces autophagy [24,25], PKA or PKC phosphorylation of LC3
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proteins inhibits autophagy [27,28], and acetylation of Atg5, Atg7, Atg8 and Atg12 proteins
by p300 also inhibits autophagy [55]. The future direction of this emerging area of
autophagy research should be focused on developing new ways in which to identify
modifications of autophagic proteins and monitoring them in real time, as well as studying
their effect on autophagy flux. Use of high-resolution MS and the identification of
interaction partners of modified autophagy proteins (and the consequences of such
interactions) are crucial to increasing our understanding of this strongly dynamic process.
Perhaps the biggest challenge will be integrating the growing number of modifications into a
dynamic network that can be studied and, hopefully, exploited under both physiological and
pathophysiological conditions, such as in Alzheimer’s disease, Parkinson’s disease and
cancer.
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Figure 1.
Regulation of autophagy by phosphorylation. (a) Under nutrient-rich conditions in yeast,
autophagy is inhibited by phosphorylation of Atg13 by target of rapamycin (TOR),
preventing Atg1–Atg13–Atg17 complex formation. Phosphorylation of Atg13 by PKA
inhibits Atg1–Atg13–Atg17 association with the pre-autophagosomal structure (PAS). Upon
amino acid starvation or rapamycin treatment these inhibitory phosphorylations are
removed, Atg1–Atg13–Atg17 complex forms and autophagy can proceed with isolation
membrane, phagophore and eventually autophagosome formation. (b) In mammals,
phosphorylation by mammalian-TOR (mTOR) complex 1 (mTORC1) of ULK1 inhibits
ULK1 and initiation of autophagy. Amino acid starvation or rapamycin treatment causes
dissociation of mTORC1 and ULK1 can phosphorylate and activate FIP200 allowing
autophagy to proceed. (b) Phosphorylation of either Beclin1 or Bcl-2 by DAPK and JNK1,
respectively, cause the dissociation of the Bcl-2/Beclin complex and is sufficient for
autophagy induction and isolation membrane formation. (c) Phosphorylation of LC3 by
either PKA or PKC is sufficient to inhibit LC3 incorporation into autophagosomes by an
undefined mechanism. Hypothetical mechanisms include inhibition of the interaction of LC3
with LC3 interacting proteins or with the conjugation/lipidation machinery.
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Figure 2.
Regulation of autophagy by ubiquitylation. (a) The Ub-like proteins Atg8 (LC3/GABARAP
in higher eukaryotes), Atg5 and Atg12 all undergo a Ub-like conjugation via the action of
E1-(Atg7) and E2 (Atg10, Atg3)-like enzymes. Atg8 is primed by C-terminal cleavage by
the protease Atg4, which exposes a C-terminal glycine and is then conjugated to PE. Atg12
is conjugated directly to Atg5 and forms a complex with Atg16 that possesses E3-like
activity, driving Atg8-PE incorporation into expanding autophagosomes. An alternative
conjugation is reported between the E2-like enzyme Atg3 and Atg12, which requires Atg7
(red broken line). (b) The E3-ligase Parkin is recruited to damaged mitochondria via the
serine/threonine kinase PINK1 where it can ubiquitylate the target substrate VDAC1
(voltage dependent anion channel 1) with K27- and K63-linked polyUb chains. These chains
serve to recruit p62/SQSTM1 and incorporate damaged mitochondria into autophagosomes.
However, recent evidence suggests that VDAC1 is dispensable for Parkin mediated-
mitochondrial clearance and that there might be other ubiquitylated proteins (Protein X) that
recruit p62 (PB1, Phox and Bem1p domain; Znf, Zinc Finger domain; UBA, Ubiquitin-
associated domain).
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Figure 3.
Regulation of autophagy by acetylation. (a) Adaptor proteins such as HDAC6 can interact
with acetylated tubulin and transport protein aggregates along microtubules towards the
microtubule organizing centre (MTOC) and the lysosomes (LY). (b) Under nutrient-rich
conditions, the acetyltransferase p300 interacts with Atg7, acetylates the key autophagy
proteins Atg7, Atg8, Atg12 and Atg5, and inhibits autophagy. During starvation, p300
dissociates and Sirt1 deacetylase exerts its activity, removing acetyl groups from Atg7,
Atg5, Atg12 and Atg8 proteins, and allowing autophagy to proceed.
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