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Ultraviolet-Induced DNA Damage
Promotes Methylation of the
Cell-Cycle Checkpoint Kinase CHK1
Abstract
Background: Checkpoint kinase 1 (CHK1) is a serine/threonine-protein kinase which
plays a major role during checkpoint-mediated cell cycle arrest and activation of
DNA repair in response to DNA damage. Ultraviolet (UV) irradiation induces DNA
damage triggering the cell cycle arrest and the cell may be forced into apoptosis
if damage is not repaired. Through phosphorylation mediated activation CHK1,
as an effector kinase, responds to this damage by targeting downstream effector
proteins.
Objective: The objective of the present study was to demonstrate CHK1
methylation in response to UV induced DNA damage.
Methods: Expression of CHK1 was detected in a cancer cell line Hct-116. Hct-116
cells, cultured in RPMI-1640 medium supplemented with serum and antibiotics,
were transfected with HA-Chk1 plasmid, exposed to UV radiation and incubated
for different time intervals. Cell lysis followed by immunoblotting was performed
to visualize the signals of methylated CHK1.
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Result: Methylated CHK1 signals were observed in response to UV induced
DNA damage in a cancer cell line Hct-116. Expectedly, it was found that with
the increased duration of post UV exposure, methylation level of CHK1 was also
amplified.
Discussion and Conclusion: Here, for the first time, it is reported that DNA
damage induced by UV radiation was associated with elevated methylation of
CHK1. This new finding might indicate that cells may have evolved mechanisms
to promote CHK1 methylation for reasons not yet known. This study reveals novel
modification of CHK1 as a component of the cellular response to DNA damage
which may help us understand the importance of such modifications.  
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Introduction
To counter DNA damage, cells initiate repair mechanism by
means of cell cycle checkpoints. Checkpoint kinase 1 (CHK1), as a
key regulator of checkpoint signalling, is one of the vital protein
kinases of this repair pathway. CHK1 has an important role in
normal cell cycle checkpoints, cell proliferation, and viability
in all eukaryotes [1,2]. In response to DNA damage, CHK1 is
phosphorylated and activated by ataxia telangiectasia and Rad3
related (ATR) [1,3]. CHK1 is composed of a highly conserved

kinase domain at the amino (N)-terminal half and a regulatory
region at the carboxyl (C)-terminal half, and primarily responds
to replication fork interference in the S phase and DNA damage
at the G2 phase [4,5]. Exposure to ultra-violet (UV) irradiation
triggers the formation of DNA lesions in the cells in the form of
DNA intra-strand cross-links in genomic DNA [6]. These lesions
can be both cytotoxic and mutagenic and can trigger cell death
or accelerated ageing and can lead to the onset of skin cancer
[7]. The induction of DNA damage by UV irradiation triggers
the dissociation of CHK1 from chromatin, followed by the de-
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phosphorylation of H3T11P by phosphatase PP1g, which results
in the DNA damage-induced repression of genes such as cyclin B1
and Cdk1 [8,9]. DNA methylation is a vital epigenetic modification
necessary for normal regulation of genes which gets frequently
decontrolled in cancer [10]. The discovery of lysine and arginine
methylation in histones and other proteins and the enzymes that
carry out these posttranslational modifications has added a new
dimension to the signal transduction field [11]. Phosphorylation
of CHK1 at two conserved ATR sites, Ser-317 and Ser-345, has
now been known for the activation of replication checkpoints.
However, CHK1 methylation has never been studied in response
to DNA damage. In this study, it was uncovered that exposure
of UV irradiation leads to elevated methylation of CHK1 as
a component of the cellular response to DNA damage. Such
modification, discovery of Methylated form of CHK1 in response
to DNA damage after UV treatment, is thought provoking and will
lead to further studies to understand the precise mechanism of
CHK1 methylation.

Materials and Methods
Cell culture and treatments
Hct-116 cells were maintained in RPMI-1640 media supplemented
with 10% FBS, 100 U/mL penicillin and 100 μg/mL streptomycin.
Hct-116 cells were transfected with HA-CHK1 plasmid,
transfection was performed by calcium phosphate precipitation
method. The construct was kindly provided by Dr. Sheau-Yann
Shieh, IBMS, Academia Sinica. The cells were exposed to 20 J/m2
UV irradiation and incubated for different time intervals (0, 0.5, 1
and 2 hrs) for DNA damage experiments.

Cell lysis and immunoblotting
To examine the methylation level of CHK1 after DNA damage, cell
lysates were prepared in TEGN buffer (10 mM Tris at pH 7.5, 1
mM EDTA, 420 mM NaCl, 10% glycerol, and 0.5% Nonidet P-40)
containing 10 mM NaF, 10 mM glycerophosphate, 1 mM sodium
orthovanadate, 1 mM DTT, and protease inhibitor mixture
(Roche). The antibodies used for immunoblotting were as follows:
rabbit anti-actin (Sigma), mouse anti-methylated lysine (Sigma),
and mouse anti-HA (Sigma). Anti-mouse HRP (Roche) and antirabbit HRP (Roche) were used as secondary antibody. The bands
were resolved by 8-10% SDS/PAGE followed by western blot. The
membrane was probed with either methylation specific (antimethylated lysine) antibody or CHK1 specific (anti-HA) antibody
and signals were detected.

Result
CHK1 was methylated in response to UV induced
DNA damage
To evaluate whether CHK1 can be methylated in response to
DNA damage, first the blot was probed with methylation specific
antibody (anti-methylated lysine) and signals of methylated lysine
(Met Lysine) were detected. It was found that in response to UV
induced DNA damage methylated CHK1 signals (~55kDa) could
be observed (recognized by Met Lysine - proteins methylated
on lysine residues) (Figure 1). CHK1 methylation level was nil in
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Figure 1 CHK1 methylation after DNA damage. HCT116 cells were
transfected with indicated HA-CHK1, and the levels of
CHK1 Methylation (Met Lysine) after UV damage (20 J/
m2) were examined by immunoblotting.

the 0hr treatment but as the duration of incubation increased
post UV treatment, methylation level of CHK1 was also increased
(Figure 1). Middle panel in the Figure 1 is showing the presence
of CHK1 after having stripped the blot and re-probed it with antiHA antibody.

Discussion and Conclusion
In this study, methylated form of CHK1 was identified. For the
first time, it was discovered that CHK1 is methylated in response
to UV induced DNA damage. Most importantly, CHK1 is a vital
checkpoint protein which plays a major role during DNA damage.
DNA methylation, as a vital epigenetic modification, is involved
at many levels of gene regulation and signal transduction [11].
Post translational modifications of CHK1 are known for example
Cheng et al., [12] demonstrated the functional interplay among
BTG3, CHK1, and CRL4Cdt2 and suggested that genotoxic stress
promotes the interaction and K63-linked ubiquitination of CHK1.
In another study by the same author, it was demonstrated that
BTG3 overexpression and CHK1 methylation are linked [13].
CHK1 has been shown to be active even in unperturbed cell
cycles [14,15], and although it is further activated in response
to DNA damage or stalled replication, this may not require
CHK1 dimerization or auto-phosphorylation [16]. Present study
explored the methylation status of CHK1 in response to genotoxic
stress and increased methylation of CHK1 was observed. This
discovery indicates that cells may have evolved mechanisms
to promote CHK1 methylation for reasons not yet known.
Many protein kinases possess an integral regulatory domain
that mediates a variety of functions including interactions with
other proteins, activation, or inhibition of the kinase domain
[13,17]. One of the limitations of this study was not exploring
the methylation level of CHK1 mutants such as Kinase dead or
N-terminal deleted mutants in response to genotoxic stress
which leads to an interesting question ‘what region/domain of
CHK1 was methylated?’ In a previous work, it was observed that
This article is available in: www.acanceresearch.com
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only wild type CHK1, but not the CHK1 kinase domain impaired
mutants, was modified for methylation when co-expressed with
candidate tumor suppressor BTG3 gene, suggesting the important
role of kinase domain for such modification [13]. Another
question is what are the important residues of CHK1 which sit at
the key interface between the N-terminal kinase domain and the
C-terminal domain and if one of them is mutated then does it lead
to methylation of CHK1 in the absence of DNA damage? Clearly,
in-depth structural studies are needed to respond to these
questions. The exploration of CHK1 methylation, as described in

this study, may lead to further studies to understand methylated
CHK1-regulated signal transduction.
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