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The tumor suppressor p53 is a transcription factor that regulates the expression of dozens of target genes and

diverse physiological processes. To precisely regulate the p53 network, p53 undergoes various post-translational

modifications and alters the selectivity of target genes. Acetylation plays an essential role in cell fate determination

through the activation of p53. p53 acts as a transcriptional factor that regulates more than 200 target genes and

exerts a number of biological effects. Post-translational modifications play an essential role in the precise

regulation of the selectivity of different target genes and subsequent physiological outcomes.

p53  post-translational modification  acetylation  deacetylation

1. p53: Guardian of the Genome

p53 is the most well-known tumor suppressor in the human genome. The gene encoding p53 (also known as

TP53) is frequently mutated in human cancers, including colorectal, lung, brain, liver, bladder, and esophageal

cancers . Germ-line mutations in TP53 have been reported in Li–Fraumeni syndrome, an inherited disorder that

increases the risk of developing certain cancers. Furthermore, a dysfunctional p53 pathway has also been detected

in cancers that retain wild-type p53 due to various causes .

p53 is a transcription factor that regulates the expression of dozens of target genes with diverse biological

functions, including cell cycle arrest, apoptosis, senescence, DNA repair, cellular metabolism, and autophagy 

. p53 and its downstream genes consist of a complex gene network, and post-translational modifications in

specific p53 residues may regulate its fine-tuned responses . Approximately 50 different amino acids of p53 may

be modified, and many different forms of post-translational modifications have been reported, including

phosphorylation, ubiquitination, acetylation, methylation, sumoylation, neddylation, glycosylation, and poly-

ribosylation .

2. p53 Acetylation

p53 is a nuclear protein that comprises 393 amino acids and has the domain structure shown in Figure 1. It

contains an N-terminal transactivation domain, proline-rich domain, a centrally located sequence-specific DNA-

binding domain (DBD), and a C-terminal tetramerization domain followed by the extreme C-terminal domain (CTD).

p53 was the first non-histone protein reported to be acetylated . The acetylation site on p53 has been detected in

the following three regions: CTD, DBD, and between these two domains.
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Figure 1. Schematic of p53 domains and acetylation sites. The domain structure of p53 and major p53 acetylation

sites are shown above. They are: TAD, transactivation domain; PRD, proline-rich domain; DBD, DNA-binding

domain; TD, tetramerization domain; CTD, C-terminal domain. The corresponding modifying enzymes are also

indicated.

The lysine residues K370, K372, K373, K381, K382, and K386 in CTD may be acetylated, which promotes the

DNA binding of p53 and enhances its transcriptional activity. Mechanistically, acetylation in CTD forms antagonistic

crosstalk with ubiquitination. In unstressed cells, low p53 levels are maintained by a feedback interaction with

mouse double minute 2 homolog (MDM2), an E3 ubiquitin ligase. MDM2 binds and ubiquitinates p53, leading to its

degradation via the ubiquitin–proteasome system. The major residues for p53 ubiquitination by MDM2 are located

in CTD and, thus, the acetylation of these sites blocks the degradation of p53 and induces its accumulation.

DBD also has the acetylation sites K101, K120, K139, and K164. The acetylation of these sites is responsible for

the target selectivity of p53. K101 acetylation is essential for the regulation of p53 metabolic targets. Mutations in

K101 result in the failure of p53-mediated ferroptosis . K139 was recently revealed as a novel acetylated site;

however, its contribution to the selectivity of p53 target genes remains unknown . K120 acetylation is crucial for

the selective induction of apoptosis. The acetylation of this site up-regulates the expression of pro-apoptotic genes

such as BCL2 binding component 3 (also known as PUMA), but it is dispensable for the induction of Cyclin

Dependent Kinase Inhibitor 1A (also known as p21), a cell cycle arrest gene . K164 acetylation is critical for the

induction of p53-mediated cell cycle arrest . K120 and K164 are located in DBD, and both of these lysine

residues are highly mutated in human cancer . Mutations in K120 and K164 along with six C-terminal lysine

residues (p53-8KR) were previously shown to completely suppress the p53-dependent induction of p21 .

Importantly, the p53-8KR mutant retains its DNA-binding ability and may induce a p53-MDM2 feedback loop. The

p53-8KR mutant is unable to promote cell cycle and apoptotic regulators, suggesting that K120 and K164 are

essential for the tumor suppressor function of p53.

The acetylation of the lysine residues K305, K319, K320, and K357 has been detected between CTD and DBD.

The acetylation of K320 was found to suppress p53 pro-apoptotic activities after DNA damage . K305, K319,
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and K357 may also be acetylated ; however, the characteristics of these residues remain unknown and the

enzymes catalyzing the acetylation of K319 and K357 have not yet been identified.

3. Regulators of p53 Acetyltransferase

As shown in Figure 2, multiple factors are involved in the modulation of p53 acetyltransferases. Researchers

herein list regulators that affect the p53 network through their effects on HAT activity.

Figure 2. Regulators of p53 acetyltransferase. The acetyltransferase activity towards p53 is affected by various

factors, including viral oncoproteins, E3 ubiquitin ligases, phosphatases, lncRNAs, and other proteins. Arrows and

perpendicular bars indicate enhancing and suppressive effects towards p53 acetyltransferases, respectively.

3.1. p300/CBP

Various regulatory modes of p300/CBP activity towards p53 have been reported. Several viral proteins are known

to regulate p300/CBP. The E6 protein is one of the oncoproteins encoded by oncogenic human papillomavirus 16
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and 18 . E6 stimulates the degradation of p53 via a well-known mechanism in which E6 interacts with p53 and

promotes its degradation via the ubiquitin–proteasome system. E6 also binds to p300 and CBP and inhibits their

co-activation, which blocks p300/CBP-mediated p53 acetylation and down-regulates p53 transcriptional activity 

. E1A inhibits p300-mediated p53 acetylation . It also directly interacts with the HAT domain of p300 and

suppresses its HAT activity. In addition, E1A reportedly reduced the p53-dependent transactivation of p21 and Bcl-

2-associated X (BAX), leading to the disruption of p53-mediated cell cycle arrest and apoptosis .

Some proteins related to E3 ubiquitin ligases have been suggested to inhibit p300/CBP activity. MDM2 directly

binds to p300/CBP and suppresses its acetyltransferase activity. It was also shown to attenuate p53 acetylation by

p300/CBP, which impaired p53 transcriptional activity . MDMX, a homolog of MDM2, was found to inhibit the

acetylation of p53 by p300/CBP . S phase kinase-associated protein 2 (Skp2), a substrate recognition factor in

the SKP-cullin-F-box (SCF) ubiquitin ligase complex, inhibits p300 and suppresses the transcriptional activity of

p53 . Skp2 directly binds to p300 via the cysteine–histidine-rich regions, CH1 and CH3, which are also p53-

binding regions. As Skp2 antagonizes p300-p53 binding, it represses p300-mediated p53 acetylation at K382 as

well as the p53-dependent transactivation of both cell cycle arrest genes and pro-apoptotic genes.

Some members of the inhibitor of growth proteins (ING) family have also been shown to modulate p300/CBP.

p29ING4 and p28ING5 both interact with p300 and promote p53 acetylation at K382, resulting in the p53-mediated

transactivation of the p21 gene . p33ING2 and p300 form a complex with p53, which enhances p53 acetylation

at K382 . p33ING2 suppresses cell proliferation through the activation of p53 via p300-mediated acetylation.

Multiple nucleolar proteins, including Myb-binding protein 1a (MYBBP1A), ribosomal protein L11 (RPL11), and

ribosomal protein S26 (RPS26), are involved in the regulation of p300/CBP. MYBBP1A directly binds to p53 and

strengthens the p53-p300 interaction to promote p53 acetylation in response to ribosomal stress, thereby

enhancing p53-mediated transcription . RPL11 plays a crucial role in the enhancement of p53-p300 binding and

subsequent p300-mediated p53 acetylation at K382 upon nucleolar stress . RPS26 forms a complex with p53

and p300 in response to DNA damage and may facilitate p300-mediated p53 acetylation .

The involvement of long non-coding RNA (lncRNA) in the regulation of p300/CBP has been suggested. lncRNA

induced by p53 (lnc-Ip53) interacts with p300 and suppresses p300 activity, leading to the abrogation of p53

acetylation . Since lnc-Ip53 is a direct transcriptional target of p53, p53/lnc-Ip53/p300 may form a negative

feedback loop in the regulation of p53 activity.

Other proteins are also known to positively regulate p300/CBP. Homeodomain interacting protein-kinase 2 (HIPK2),

a nuclear serine/threonine kinase, directly binds to p300 and phosphorylates p300, which enhances its HAT activity

. Moreover, HIPK2 promotes p300-mediated p53 acetylation at K382 and influences the selective transactivation

of pro-apoptotic p53 target genes . To trigger the HIPK2-mediated induction of p53 pro-apoptotic genes, p53

needs to be modified by both S46 phosphorylation and K382 acetylation. Interferon regulatory factor 1 (IRF-1)

binds to p300 and strengthens the interaction between p300 and the LXXLL transactivation domain of p53 . IRF-

1 enhances p300-mediated p53 acetylation at K373 and K382, and stimulates the transactivation of p21.
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Promyelocytic leukemia (PML), a nuclear protein, forms a complex with p53-CBP and promotes p53 acetylation at

K382 . Moreover, PML inhibits the SCF -mediated degradation of p300 . The PML protein localizes to

discrete nuclear speckles called PML nuclear bodies (PML-NBs) . When p300 is located within PML-NBs, it is

stabilized by PML. However, when p300 is located outside of PML-NBs, it is degraded via the ubiquitin–

proteasome pathway. Sex Determining Region Y-Box Transcription Factor 4 (SOX4), a transcriptional factor

involved in the regulation of embryonic development and cell fate determination, enhances p53 acetylation at K373

and K382 by interacting with p300/CBP and promoting the formation of the p300/CBP/p53 complex . SOX4 may

also interact with p53, which inhibits MDM2-dependent p53 ubiquitination and degradation. p85α, a regulatory

subunit of phosphatidylinositol-3-kinase, interacts with p300 and augments p300-p53 binding, which leads to p53

transactivation under UVB exposure . p85α is required for the induction of mouse p53 acetylation at K370,

followed by K373 of human p53. Wilms tumor gene on X chromosome (WTX), which is frequently inactivated in

Wilms tumors, augments p53-CBP binding, thereby promoting CBP-mediated p53 acetylation at K373 and K382

and its transcriptional activation . HLA-B-associated transcript 3 (BAT3), a nucleo-cytoplasmic shuttling protein,

regulates the p300-mediated acetylation of p53 during autophagy . During starvation, BAT3 facilitates the

nuclear translocation of p300 and promotes p300-dependent p53 acetylation at K373, which leads to the

transactivation of pro-autophagic p53 target genes such as SESTRIN1.

Several proteins have been reported to function as negative regulators of p300/CBP. Scaffold/matrix attachment

region-binding protein 1 (SMAR1), a chromatin remodeling protein, was found to repress p300 expression and

inhibit p53 acetylation . SMAR1 may associate with the p53-p300 complex and antagonize the interaction of

p300 with p53. DEAD (Asp-Glu-Ala-Asp) box RNA helicase 24 (DDX24), a family member of DEAD-box RNA

helicases, negatively regulated the transcriptional ability of p53 by suppressing the HAT activity of p300 . DDX24

competes with p53 in its interaction with p300 and inhibits the p300-mediated acetylation of p53 at K164 and K382.

DDX24 suppresses p53-dependent cell cycle arrest and senescence. Transcriptional coactivator with a PDZ-

binding motif (TAZ), a transcriptional coactivator of the Hippo pathway, inhibits p300-mediated p53 acetylation at

K382, resulting in the attenuation of p53 transcriptional activity . TAZ also interacts with p53 to inhibit the p53-

p300 interaction and subsequent p53 acetylation. The knockdown of TAZ has been shown to promote p53-

mediated cellular senescence.

3.2. PCAF

Multiple viral oncoproteins have been implicated in the regulation of PCAF and the subsequent inactivation of p53.

E1A directly binds to PCAF via its HAT domain and diminishes its acetyltransferase activity towards p53 . E1A

was previously shown to repress p53-induced cell cycle arrest and apoptosis . Furthermore, E1B interacted with

PCAF and competed for PCAF-p53 binding . It also inhibited PCAF-mediated p53 acetylation both in vitro and in

vivo and reduced the sequence-specific DNA-binding activity of p53.

Some E3 ubiquitin ligases also contribute to the suppression of PCAF. MDM2 was previously shown to inhibit

PCAF-mediated p53 acetylation at K320 . MDM2 directly bound to PCAF and promoted its degradation via

the ubiquitin–proteasome pathway, which repressed the PCAF-mediated transactivation of p53 target genes.
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Seven in absentia homolog 2 (SIAH2), which is a member of the SIAH E3 ubiquitin ligases family, also reportedly

binds to PCAF and promotes its degradation via the ubiquitin–proteasome pathway . The ubiquitination ability of

SIAH2 is needed for the attenuation of p53 acetylation and its transcriptional activity. Since SIAH2 is p53 target

genes, p53 and SIAH2 may form a feedback loop for the regulation of p53 activity .

As an example of a positive regulator of PCAF, HIPK2 cooperates with PCAF and drives p53 to selectively

transactivate the p21 gene . Under apoptotic conditions, HIPK2 is activated in response to severe DNA damage

and directly phosphorylates p53 at S46, which induces the expression of pro-apoptotic genes . On the other

hand, under non-apoptotic conditions, HIPK2 enhances PCAF-mediated p53 acetylation at K320 by promoting the

nuclear localization of PCAF, leading to p53 activation and the selective induction of the p21 gene, but not other

pro-apoptotic target genes.

3.3. Tip60

p53 acetylation activity of Tip60 is mainly regulated by post-translational modifications, including ubiquitination,

phosphorylation, and sumoylation. Regarding ubiquitination, various E3 ubiquitin ligases are involved in the

inhibition of Tip60. Tripartite motif 29 (TRIM29) interacts with Tip60 and induces its ubiquitination, resulting in the

proteasome-mediated degradation of Tip60 . TRIM29 reduces Tip60-mediated acetylation of p53 at K120.

SIAH2 binds to Tip60 and promotes its degradation via the ubiquitin–proteasome pathway, which abrogates Tip60-

mediated p53 acetylation . Ubiquitin-like with PHD and RING finger domains 1 (UHRF1) have also been

reported to negatively regulate p53 acetylation activity of Tip60 . UHRF1 interacts with Tip60 and promotes its

proteasomal degradation. UHRF1 suppresses TIP60-mediated p53 acetylation at K120. Furthermore, the

deubiquitinase participates in the regulation of Tip60. Ubiquitin-specific protease 7 (USP7) directly interacts with

Tip60 and removes its ubiquitin chains. USP7 enhances Tip60 acetyltransferase activity towards p53 at K120 and

promotes p53-mediated pro-apoptotic gene expression .

Phosphatases act as regulators of Tip60. A previous study demonstrated that glycogen synthase kinase-3 (GSK-3)

phosphorylated Tip60 on S86 and enhanced its p53K120 acetyltransferase activity. Moreover, the phosphorylation

of S86 promoted the induction of p53-mediated PUMA and apoptosis .

Sumoylation is associated with Tip60 activity. PIASy, a member of the PIAS family of SUMO E3 ligases, positively

regulates Tip60. PIASy induced Tip60 sumoylation and promoted the acetylation of p53 at K120, thereby

stimulating p53-mediated apoptosis .

Other factors related to the regulation of Tip60 are as follows. Programmed cell death 5 (PDCD5), an apoptosis-

related protein, interacts with Tip60 and promotes its stabilization. PDCD5 enhances the p53 acetylation activity of

Tip60, thereby inducing pro-apoptotic gene expression in a p53-dependent manner . Moreover, p90, ING5, and

nuclear interactor of ARF and Mdm2 (NIAM) regulate Tip60-mediated p53 acetylation at K120 .

3.4. MOZ
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The mode of regulation of MOZ activity towards p53 remains unclear. PML directly binds to MOZ, which is then

recruited into PML-NBs . Under cellular stress conditions, MOZ colocalizes with p53 in PML-NBs and promotes

p53 acetylation at K120 and K382. These modifications stimulate the p53-mediated transactivation of p21. In

contrast, Akt, a serine/threonine kinase, phosphorylates MOZ at T369 and suppresses the interaction between

PML and MOZ . The phosphorylation of T369 is essential for the negative regulation of MOZ-mediated p53

acetylation.

3.5. MOF

Regarding the p53 acetylation activity of MOF, its regulatory mode has not yet been examined in as much detail as

those of other p53 acetyltransferases. Male-specific lethal 1v1 (MSL1v1) may form a complex with MOF and

markedly enhance p53-dependent transcriptional activity . MOF-MSL1v1 is recruited to the promoter region

through interactions with p53 and other cofactors and then acetylates p53 at K120, which enhances the p53-

mediated transcription of PUMA and BAX.

3.6. NAT10

Limited information is currently available on the regulatory mode of the acetylation activity of NAT10 towards p53.

Acetyltransferases generally regulate enzymatic activity by autoacetylation . NAT10 also appears to be

regulated by autoacetylation . Several enzymes have been reported to deacetylate NAT10. For example, SIRT1

deacetylates NAT10 and inhibits its rRNA biogenesis function . It currently remains unclear whether SIRT1

affects the p53 acetylation activity of NAT10 and, thus, further studies are needed.
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