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Abstract 

Recent studies in Xenopus have identified a new checkpoint protein called Claspin 

that is believed to transduce the checkpoint DNA damage signals to Chk1 kinase.  Here we 

show that the human Claspin homolog is a chromatin bound protein either in absence or in 

the presence of damaged DNA, independently of its association with ATR. Furthermore, 

we show that human Claspin is found in complex with PCNA, an essential component of 

the DNA replication machinery, and is released upon DNA replication arrest. Interfering 

with PCNA function by overexpression of p21 mutant, impaired in its interaction with 

Cdks but not with PCNA, leads to ATR-dependent Chk1 activation. These findings suggest 

that the dissociation of Claspin-PCNA could be part of the signal leading to Chk1 

activation. 
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INTRODUCTION 

 

 

Entry into mitosis (M) is actively coupled to the completion of DNA synthesis (S) through 

the intermediate of Checkpoints. These mechanisms, conserved from yeast to humans and known 

as DNA structure checkpoints, are survey pathways that delay cell cycle progression to allow 

DNA repair in response to any type of DNA damage. Thus, defects in these checkpoint functions 

can result in genetic instability and ultimately cancer. 

Genetic studies in yeast and metazoans uncovered a group of proteins required for the 

DNA structure checkpoint. Thus, two PI-3-like kinase family members, ATM (ataxia 

telangiectasia [AT] mutated) and ATR (ATM and rad3 related), are essential checkpoint 

transducers. Cells from AT patients are hypersensitive to DNA damage involving double strand 

breaks such as those induced by ionizing radiation or radiomimetic agents like bleomycin (BL). 

On the other hand, ATR seems to be involved mainly in the response to DNA replication blocks 

caused by Hydroxyurea (HU) or UV-induced DNA damage. ATM and ATR associated with 

several others sensors checkpoint proteins transmit DNA damage signals to at least two effector 

kinases, Chk1 and Chk2 [22]. These kinases regulate proteins that control Cdks, the cyclin-

dependent kinases that catalyze specific cell cycle events. Both checkpoint kinases are required 

to increase the abundance of p53, a tumor suppressor protein that performs inhibitory functions 

by transcriptionally inducing p21, a cyclin-dependent kinase inhibitor. In addition, Chk1 and 
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Chk2 phosphorylate, at least in vitro, and thereby inhibit Cdc25A, B and C, the dual specificity 

phosphatases that activate Cdks. In response to HU or UV, Chk1 is activated by phosphorylation 

on at least two residues, Ser317 and Ser345 in an ATR-dependent manner [1], while Chk2 is 

phosphorylated on Thr68 residue in response to double strand breaks in an ATM-dependent 

manner [2]. 

Recent work has identified a new protein, Claspin, involved in ATR-dependent activation 

of Chk1. In Xenopus extracts and human cells, Claspin interacts weakly with the activated 

/phosphorylated form of Chk1 in response to DNA replication arrest [3] [4]. Moreover, immuno-

depletion of Claspin from frog egg extracts or Claspin gene ablation by expression small-

interfering RNA in human cells, leads to a DNA replication checkpoint deficiency without 

detectable Chk1 activation/ or phosphorylation [3] [4]. Although Xenopus Claspin is believed to 

be a chaperone protein allowing Chk1 phosphorylation [5], its role as part of the sensor of DNA 

replication block remains under investigation. 

Here we show that human Claspin protein is an chromatin bound protein. We found that a 

fraction of human Claspin interacts with ATR and with PCNA, a essential DNA replication 

protein associated with DNA polymerase delta and epsilon. Interestingly, these two interactions 

are released upon DNA damage although Claspin remains associated with DNA. Finally, we 

show that functionnal knock out of PCNA leads to ATR-dependent Chk1 activation. Taken 

together, these data support that Claspin protein is an adapator protein binding ATR and 

involved as link between DNA structure checkpoint components and the replication machinery 

itself. 
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Results 

 

Chromatin association of human claspin independently of DNA damage 

 

In order to follow human Claspin protein expression, we raised rabbit polyclonal 

antibodies (CLN#24) against a 20 amino acid peptide (AA16-36). Affinity purified serum was 

tested by western blot on asynchronously growing Hela cell extracts. As shown in figure 1A, 

CLN#24 recognizes one major band migrating around 170 kDa, which was competed by the 

immunogenic peptide, and gives a pattern identical to a commercially available antibody directed 

against the C-terminal region of human Claspin protein (Figure 1A). Unfortunatly, none of these 

available antibodies were able to immunoprecipitate human Claspin from cell extracts. 

In Xenopus extracts, Claspin protein has been found associated with chromatin [6]. To 

determine if this was also the case for human Claspin, we used cell fractionation approaches 

followed by western blotting. Human Claspin is barely detectable in the detergent soluble 

fraction of proliferating Hela extracts, while more than 90% of the protein is present in the Triton 

insoluble fraction (Figure. 1B). As fractionation controls, we used a cytosolic kinase, PRK [7] 

and a partialy chromatin bound protein, MCM2,  involved in DNA replication process. As shown 

in Figure 1B, PRK is present in the soluble fraction whereas MCM2 is found in both insoluble 

and soluble fractions, as described previously [8]. As expected for a chromatin bound protein, 

human Claspin was released from its Triton-insoluble fraction after micrococcal nuclease 

treatment (Figure. 1B) [8].  
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To assess whether DNA replication inhibition could change the solubility of human 

Claspin as described in Xenopus extracts [6], we followed its presence in Triton soluble and 

insoluble fractions of cells mock treated or treated with HU. We did not detect any changes in 

human Claspin solubility in response to DNA replication arrest by HU (Figure 1D). Thus, it 

seems that chromatin association of the human claspin is not modulated by DNA replication 

arrest in contrast to Xenopus Claspin. 

 

A fraction of human Claspin immunoprecipitates with ATR and PCNA  

 

It has been suggested that human Claspin could play a role similar to Xenopus Claspin in 

regulating the Chk1-dependent DNA damage checkpoint. Claspin has been shown to weakly 

interact with Chk1 after DNA damage [4] and to be required for ATR-dependent Chk1 

phosphorylation in response to DNA damage [9]. In response to DNA replication arrest, a 

phosphorylated form of Claspin associates with the catalytic domain of Chk1, allowing Chk1 

recognizion and therefore phosphorylation by ATR [5]. Surprisingly in xenopus extract, ATR 

was not been described to associate with Claspin.  

We thus investigated whether human Claspin interacts not only with Chk1 as previously 

shown or also with chk1’s direct activator namely ATR. ATR is a member of the PI3-like kinase 

family with ATM and DNA-PK, and is mainly involved in the DNA replication checkpoint 

response [10]. ATR phosphorylates Chk1 in vitro and in vivo on at least two SQ residues (ser317 

and ser 345) in response to HU or UV treatment [1]. ATR was immunoprepicipated from Hela 

cell lysates from respectively mock treated, treated with HU or treated with  BL. By western 

blot, both ATR and human Claspin were present in whole cell extracts. While ATR was 
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immunoprecipitated under all conditions (Figure. 2A upper panel), associated human Claspin 

was only seen in proliferating cells and this interaction was dramatically reduced in response to 

DNA damage (Figure. 2A lower panel). Thus, human Claspin and ATR interactions exist in 

proliferating cells without detectable activation of the DNA structure checkpoint. Although 

reciprocal immunoprecipitation was not possible due to lack of immunoprecipitating claspin 

antibodies, this association further supports the role of adaptator/template protein for Claspin in 

the ATR-dependent pathway. Human Claspin helps to bring together ATR and its substrates such 

as Chk1 or BRCA1 in order to facilitate their phosphorylation [5] [9]. 

In Xenopus extracts, it has been shown that Claspin is associated with the chromatin 

during ongoing DNA replication and seems to relay replication and checkpoint signals [6]. 

Interestingly, PCNA, the auxiliary sub-unit of DNA polymerase delta during DNA replication 

[11] [12] has its functions impaired during DNA damage response [23]. We next wanted to 

determine whether there was a link between PCNA-dependent on going replication and 

ATR/claspin-dependent signaling pathway. For that, we look in PCNA-associated complexes for 

the presence of human Claspin in proliferating or HU treated cells. Both human Claspin and 

PCNA were present in whole crude extracts analysed by immunoblot in cells mock treated or 

treated with HU. When PCNA was immunoprepicitated with specific monoclonal antibodies, a 

fraction of human Claspin co-immunoprecipitated with PCNA (Figure. 2B) but not in control 

immunoprecipitates. Importantly, this interaction was abolished in cells challenged with HU 

(Figure 2B right panel). Taken together these data show that a fraction of human Claspin is 

found not only with ATR complex, a checkpoint sensor kinase but also with PCNA, a central 

replication protein. Futhermore, upon activation of the S phase checkpoint the PCNA-Claspin 

and Claspin-ATR interactions are no longer seen. 
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Inhibition of PCNA function leads to Chk1 activation  

 

If the DNA replication checkpoint monitors PCNA-dependent ongoing DNA replication through 

a complex including claspin protein, we anticipated that interfering with PCNA function in cells 

would lead to the activation of the ATR/claspin/Chk1 pathway. In response to DNA replication 

perturbation, ATR activates Chk1 by phosphorylation on ser317 and ser 345 in a absolute 

Claspin-dependent manner [4] leading to cell cycle arrest and recovery. We used phospho 

specific antibodies (serine 317) of Chk1, to monitor its ATR/Claspin-dependent activation in 

response to HU by indirect immunofluorescence. Cells were treated or not with 2 mM of HU for 

24 hours, fixed and stained for immunofluorescence with anti phospho Ser317Chk1 (Figure 3A). 

Whereas only basal phosphorylation of Chk1 on Ser317 was detected in asynchronously growing 

cells, this phosphorylation dramatically increased in response to HU (Figure. 4A) thus validating 

that we could monitor ATR-dependent Chk1 activation via this approach. 

In order to block PCNA function in vivo, we used a mutant form of p21 protein (W49R, 

F51S, D52A) previously described to no longer bind Cdks while still specifically inhibiting 

PCNA function by direct interaction [13]. This mutant when overexpressed in cells, blocks the 

capability of PCNA to interact with DNA polymerases thus inducing a cell cycle arrest [13] and 

no detectable DNA replication [13]. This epitope-tagged form of p21 mutant (W49R, F51S, 

D52A) was transiently transfected in Hela cells. Three days after transfection, cells were fixed 

and stained with anti HA to detect p21 expression and checked for ATR-dependent Chk1 

phosphorylation. As shown on figure 4B, cells that express the HA-p21 mutant were strongly 

positive for the phospho active form of Chk1. Finally, stable cell lines expressing this p21 
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mutant under control of a tetracycline promoter, display under inducible conditions a high level 

of HA-p21, concomitent with an accumulation of Chk1 phospho-Ser345 and Chk1 shift up 

(Figure 3C) [4].  

Thus, inhibition of PCNA function induces an ATR/Claspin-dependent Chk1 

phosphorylation. This result is similar to the observation made in yeast. Indeed, PCNA inhibition 

in fission yeast by p21 heterologous overexpression leads to strong Chk1-dependent cell cycle 

arrest [14].  

 

 

Discussion 

 

We report here that human Claspin is a chromatin bound protein in normally proliferating 

cells independently of its interaction with ATR or PCNA. In response to DNA damage, 

phosphorylated Xenopus Claspin bound to Chk1 and consequently allows its phosphorylation by 

ATR [15]. We found with others that ATR associates with human Claspin before DNA damage, 

favoring the hypothesis that this checkpoint protein is an adaptor between ATR and its substrates 

such as Chk1 or BRCA1 [4] [9]. 

 One of the key issues in understanding the DNA structure checkpoint is how a 

replication arrest is detected. ATR like Chk1 is required for cell survival, arguing strongly that 

these kinases are essential for normal cell cycle [16] [17] in absence of detectable DNA damage. 

Recent work shows also that in human cells, ATR associates during S phase with chromatin, 

suggesting its involment in monitoring ongoing replication [18]. In proliferating cells, we show 

here that Claspin is found in complex with ATR and associated with chromatin. Interestingly, as 
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observed in Xenopus extracts, Claspin chromatin binding is independent of its association with 

ATR (Figures 1 and 2) [6].  

Human claspin interacts also with PCNA complex (Figure 2). In a normal cell cycle, 

PCNA is believed to be a sliding clamp that acts as a processivity factor for DNA polymerases (δ 

and ε) and also interacts with FEN-1 endonuclease during Okasaki fragment processing [19] 

[12]. Because human Claspin is a constituvely chromatin bound protein that interacts with PCNA 

in absence of detectable DNA damage, we speculate that a fraction of human Claspin is part of 

the DNA replication machinery and could participate in the ATR-dependent DNA replication 

monitoring. A yeast functional homolog of the Claspin protein, namely MRC1, is found 

associated with a replication machinery element, namely Cdc45 [20], that helps a loading of 

DNA polymerase/PCNA onto DNA [21]. Furthermore, MRC1 is also involved in the recovery 

from DNA replication stress through the stabilization of the stalled replication forks (review in 

[22]) arguying in favor of its localization onto DNA [23]. It would be interesting in the future to 

determine whether Claspin protein is found in complex with other replication proteins such as 

Cdc45 in humans. 

Thus, it seems that Claspin protein in higher Eukaryotes allow both fork stabilisation and 

the ATR/Chk1 Checkpoint-dependent pathway to monitor proper ongoing PCNA-dependent 

replication. According to this proposed model, inhibition of PCNA function by p21 

overexpression leads to ATR/Chk1-dependent checkpoint response (Figure3B-C). Recent 

evidence proposes that xenopus PCNA functions are impaired [23] in response to DNA damage 

leading to Xenopus Chk1 activation. We could here observe that direct inhibition of PCNA 

function induces an ATR/Claspin-dependent Chk1 activation. In the future, it would be 

interesting to elucidate whether a dissociation of human claspin from PCNA complex in 
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response to DNA damage could be part of the normal response to allow proper DNA replication 

recovery after fork stalling. 
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Materiels and methods 
 
 
Cells and Culture Conditions, synchronization and drugs 

Hela S3, U2OS cells (American Type Culture Collection), Hela S3 Tet on cells (from promega, 

France) and p21 mutant expressing DLD1 cell lines [13] were cultivated in Dulbecco's modified 
Eagle's medium (DMEM; Invitrogen.) containing 10% fetal calf serum, 50 units/ml penicillin, 

and 50 µg/ml streptomycin sulfate. Cells were treated 24 hours with 2mM of hydroxyurea or 10 

hours with bleomycin (5 mU/ml) (Calbiochem (CA, USA)). For p21 expression experiment, 
Hela Tet on cells were transiently transfected with a plasmid encoding the HA tagged form of the 

p21 mutant (W49R, F51S, D52A) [13] by using lipofectamine2000 agent (according to the 
manufacturer, Invitrogen, UK).  

 

Preparation of Polyclonal Antisera against Human Claspin, immunodetection of phospho-

Ser317 of Chk1. 

A synthetic peptide corresponding to the 20 amino acids of human Claspin protein conjugated to 
keyhole limpet hemocyanin was used for rabbit immunization. These antibodies are referred to 

here as CL#24. The specificity of CL#24 was tested by Western blotting using cell lysates from 
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hela cells in the presence or absence of 10 mg/ml of immunogenic peptide. The commercially 

antibodies against Human Claspin were purchased from Abcam, UK. The polyclonal antibodies 
against ATR were purchased from Affinity bioreagents, INC, UK). Mouse monoclonal 

Antibodies (PC10) against PCNA was from Santa Cruz biotech, (Santa Cruz, USA). Rabbit 

polyclonal Anti PRK was from BD (UK). For Chk1 activation and p21 expression, cells were 
fixed as previously described [24] stained with anti-phosphoser317 of Chk1 (Upstate, UK) and 

anti HA monoclonal antibody (12CA5) and revealed with anti rabbit alexa555 and anti mouse 
alexa488 (Molecular probe, Neth) respectively. Chk1 monoclonal antibodies (8408 from Santa 

Cruz, USA), anti phosphoSer345 Chk1 (Upstate, UK) and anti HA (12CA5) were used for 

western-blotting 50 µg of DLD1 extracts. 

 

Preparation of cells extracts, immunoprecipitation and Western Blot Analysis  

Cell fractionation was performed as previously described [8]. Each fraction was separated on 
SDS-PAGE, gel and western blotted for Claspin, PRK and MCM2. For the immunoprecipitation 

experiment, cells were lysed as previously described ([26]. The concentration of proteins was 

determined using the bicinchoninic acid protein assay kit (Pierce, USA) with bovine serum 
albumin as standard. Proteins were immunoprecipitated overnight with specific antibodies and 1 

mg of total proteins. Atfer washes immunoprecipitates or whole proteins from cell lysates 
(100 µg) were separated by 7.5% SDS-PAGE and electrophoretically transferred to 

Nitrocellulose. Membranes were blocked in Tris-buffered saline (25 mM Tris-HCl, pH 7.5, and 

137 mM NaCl) containing 5% nonfat dry milk and 0.2% Tween 20. The blots were then 
incubated with CLN#24 (1:300) or anti ATR (1:200) or anti PCNA (1:200) or anti Claspin 

(1:250) in blocking solution for 14 h at 4 °C. After washing in Tris-buffered saline and 0.2% 
Tween 20, blots were incubated with horseradish peroxidase-conjugated goat anti-rabbit IgG 

(1:3000) or horseradish peroxidase-conjugated protein AG (1:5000) in blocking solution for 1 h 

and revealed with ECL.  
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Figures legends: 
 
Figure 1:  chromatin binding of human Claspin 
 (A) Characterization of the polyclonal antibodies against human Claspin. Hela cells were 

treated or not with HU (2mM from Sigma), Human Claspin is detected as a major single 
band around 170 kDa with both CLN#24 (left panel) and commercially available 
antibodies (from Abcam, UK) (right panel). Signal is removed in presence of 
immunogenic peptide (10 µg/ml) (middle panel) (B) Extractability of human Claspin 
protein. Subcellular fractionation was performed as described. Total (T), Triton soluble 
(S) and Triton insoluble fractions (I) were separed on SDS PAGE and western blotted 
with anti Claspin, anti PRK and anti MCM2. (C) human claspin solubilization by DNAse 
treatment. Previously described Triton insoluble fraction (I) were treated with 
micrococcal nuclease as described by manufacturer (USB, UK), then washed and 
separared by SDS PAGE. Human claspin was revealed by immunoblot. (D) Extractability 
of human Claspin in DNA damage treated cells. Cells were treated (HU) or not (AS) with 
2mM HU, and cell fractionation experiment was performed as described. T, S and I 
fractions were separated and immunoblotted with anti-Claspin. PCNA was used as 
control. 

 
Figure 2: Association of human Claspin with ATR and PCNA. (A) ATR 

immunoprecipitates contain Claspin protein. Cells were treated or not (AS) with HU or 
Bleomycin (Bl), lysed and ATR was immunoprecipitated then western blotted for ATR 
and for a presence of human Claspin. (B) PCNA immunoprecipitates contain Claspin. 
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Cells were treated (HU) or not (AS) with HU, lysed, PCNA was immunoprecipated and 
revealed by western blotting. Human Claspin was observed with PCNA in proliferative 
cell extracts. Anti HA monoclonal antibody was used as negative control for PCNA 
immunoprecipitation (con). 

 
Figure 3: Inhibition of PCNA leads to Chk1 phosphorylation. (A) U2OS cells were treated 

or not with 2mM of HU, fixed and stained with phospho-Ser317 Chk1 antibodies in red 
or with Hoescht for DNA in blue. (B) p21 mutant (W49R, F51S, D52A) overexpression 
induces Chk1 phosphorylation on Ser317 in vivo. Hela Tet on cells were transiently 
tranfected with p21 expressing vector. 24 hours after transfection, deoxycycline 
(10µg/ml) was added for 48 more hours. Cells were fixed and stained with anti HA 
antibody for p21 expression (in green), with phospho-Ser317 Chk1 antibodies in red, and 
with Hoechst for DNA in blue. (C) DLD1 cell lines expressing p21 mutant were left in 
presence or in absence of doxycline for 72 hours. Cell extracts were separated on SDS-
PAGE and westernblotted with  anti Chk1, anti phospho-Ser345 Chk1 or with  anti HA. 
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