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Introduction

Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway annotations 
are authored by expert biologists, in collaboration with Reactome editorial staff and cross-referenced to many 
bioinformatics databases. A system of evidence tracking ensures that all assertions are backed up by the primary 
literature. Reactome is used by clinicians, geneticists, genomics researchers, and molecular biologists to interpret the 
results of high-throughput experimental studies, by bioinformaticians seeking to develop novel algorithms for mining 
knowledge from genomic studies, and by systems biologists building predictive models of normal and disease 
variant pathways. 
The development of Reactome is supported by grants from the US National Institutes of Health (P41 HG003751), 
University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and the European 
Molecular Biology Laboratory (EBI Industry program).
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p53-Dependent G1 DNA Damage Response ↗

Stable identifier: R-HSA-69563

Most of the damage-induced modifications of p53 are dependent on the ATM kinase. The first link between ATM 
and p53 was predicted based on the earlier studies that showed that AT cells exhibit a reduced and delayed induction 
of p53 following exposure to IR (Kastan et al, 1992 and Khanna and Lavin, 1993).

Under normal conditions, p53 is a short-lived protein. The MDM2 protein, usually interacts with p53 (Haupt et al, 
1997 and Kubbutat et al, 1997), and by virtue of its E3 ubiquitin ligase activity, shuttles p53 to the cytoplasm and 
mediates its degradation by the ubiquitin-proteasome machinery. Upon detection of DNA damage, the ATM kinase 
mediates the phosphorylation of the Mdm2 protein to block its interaction with p53. Also, phosphorylation of p53 at 
multiple loci, by the ATM kinase and by other kinases activated by the ATM kinase, stabilizes and activates the p53 
protein.

The p53 protein activates the transcription of cyclin-dependent kinase inhibitor, p21. p21 inactivates the 
CyclinE:Cdk2 complexes, and prevent entry of the cell into S phase, leading to G1 arrest. Under severe conditions, 
the cell may undergo apoptosis.
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Stabilization of p53 ↗

Location: p53-Dependent G1 DNA Damage Response

Stable identifier: R-HSA-69541

Later studies pin-pointed that a single serine (Ser-15) was phosphorylated by ATM and phosphorylation of Ser-15 
was rapidly-induced in IR-treated cells and this response was ATM-dependent (Canman et al, 1998; Banin et al, 
1998 and Khanna et al, 1998). ATM also regulates the phosphorylation of p53 at other sites, especially Ser-20, by 
activating other serine/threonine kinases in response to IR (Chehab et al, 2000; Shieh et al, 2000; Hirao et al 2000). 
Phosphorylation of p53 at Ser-20 interferes with p53-MDM2 interaction. MDM2 is transcriptionally activated by 
p53 and is a negative regulator of p53 that targets it for degradation (Haupt et al, 1997; Kubbutat et al, 1997). In 
addition modification of MDM2 by ATM also affects p53 stabilization (Maya et al, 2001).
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Transcriptional activation of p53 responsive genes   ↗

Location: p53-Dependent G1 DNA Damage Response

Stable identifier: R-HSA-69560

p53 causes G1 arrest by inducing the expression of a cell cycle inhibitor, p21 (El-Deiry et al, 1993; Harper et al, 
1993; Xiong et al, 1993). P21 binds and inactivates Cyclin-Cdk complexes that mediate G1/S progression, resulting 
in lack of phosphorylation of Rb, E2F sequestration and cell cycle arrest at the G1/S transition. Mice with a 
homozygous deletion of p21 gene are deficient in their ability to undergo a G1/S arrest in response to DNA damage 
(Deng et al, 1995).
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Inactivation of Cyclin E:Cdk2 complexes by p27/p21 ↗

Location: p53-Dependent G1 DNA Damage Response

Stable identifier: R-HSA-69562

Type: transition

Compartments: nucleoplasm

During G1, the activity of cyclin-dependent kinases (CDKs) is controlled by the CDK inhibitors (CKIs) CDKN1A 
(p21) and CDKN1B (p27), thereby preventing premature entry into S phase (see Guardavaccaro and Pagano, 2006). 
The efficient recognition and ubiquitination of p27 by the SCF (Skp2) complex requires the formation of a trimeric 
complex containing p27 and cyclin E/A:Cdk2.
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Inactivation of Cyclin A:Cdk2 complexes by p27/p21 ↗

Location: p53-Dependent G1 DNA Damage Response

Stable identifier: R-HSA-187934

Type: transition

Compartments: nucleoplasm

During G1, the activity of cyclin-dependent kinases (CDKs) is controlled by the CDK inhibitors (CKIs) CDKN1A 
(p21) and CDKN1B (p27), thereby preventing premature entry into S phase (Guardavaccaro and Pagano, 2006).
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