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Not all roads lead to Cdk1
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In response to DNA damage or replication stress, DNA damage
and replication checkpoints are activated and play critical roles
in preventing entry into mitosis. The checkpoint-mediated G2
delay is orchestrated by the apical kinases ATR and ATM, and
their critical effector kinases, Chkl and Chk2, respectively.'
The ATR-Chk1 branch is predominantly activated by high lev-
els of RPA-coated single stranded DNA (ssDNA), and the
ATM-Chk2 branch by double strand breaks (DSBs). The main
underlying mechanism of the damage checkpoint-mediated G2
arrest in response to DNA damage cues involves suppression of
mitotic cyclin-dependent kinase (CDK1), which is critical for
driving cells into and through mitosis. Downregulation of
mitotic CDK1 by the damage checkpoint is compounded by
inhibitory phosphorylation of CDK1 mediated by WEEI and
MYT1 kinases, and downregulation of the phosphatase
CDC25, which can remove the above-mentioned inhibitory
phosphorylation and thereby reactivate CDK1."!

In the CDK-centric view of mitosis, the above-mentioned
mechanisms are sufficient to explain why and how G2 check-
point activation by DNA damage incurred during DNA repli-
cation prevents the onset of mitosis, and particularly
chromosome condensation, to allow for DNA damage repair.
However, the situation may be more complex than that. The
checkpoint may additionally down-regulate effectors with roles
in the onset of mitosis and/or factors that interfere with DNA
repair processes scheduled to take place in the prolonged G2
phase. This question has been recently investigated by the Sur-
ana and Hudson laboratories who reported that in response to
DNA damage, the Chk2 kinase is critical to prevent recruit-
ment of condensin complexes to chromatin and, subsequently,
chromosome condensation, independently from CDKI inhibi-
tion (Fig. 1.2

To observe a direct effect of DNA damage on chromo-
some condensation, Zhang et al. forced cells with activated
G2 damage checkpoint to enter mitosis by expressing a con-
stitutively active form of CDK1 (CDKIAF) — containing
mutations at Thr14 and Tyr15 that prevent inhibitory phos-
phorylation by WEE1 and MYT1 — from a conditional
Tet-ON promoter.” They inflicted DNA damage using a
Topoisomerase II inhibitor, Adryamycin, which causes for-
mation of DSBs. As predicted, the authors found that
CDKI1AF drives entry into mitosis also when cells have an

activated G2 checkpoint, but interestingly, those cells dis-
play abnormal mitoses with largely decondensed chromo-
somes. Inhibiting the G2 checkpoint with caffeine or using
individual or combinatorial inhibition of the checkpoint
kinases with small inhibitors could largely alleviate the con-
densation defect,” suggesting a direct link between G2 dam-
age checkpoint activation and suppression of chromosome
condensation.

How does G2 checkpoint activation suppress con-
densation? Zhang et al. find that checkpoint activation trig-
gered by topoisomerase II inhibition correlates with
impaired recruitment of condensin complexes to chromo-
somes, in spite of unrestrained CDKI1 activity.” The conden-
sation defect could be largely alleviated by siRNA against
Chk2, but much less so using siRNA against Chkl or ATR.
Moreover, the authors found that Chk2 alters the status of
phosphorylation of 2 subunits of the condensin complexes.’
As CDKI1-mediates phosphorylation of condensins in mito-
sis and this is essential for chromosome condensation,>*
one possibility is that activation of the Chk2 damage check-
point axis counteracts CDKI-mediated phosphorylation/
activation of condensins. It is also possible, however, that
Chk2 targets condensins and this affects their phosphoryla-
tion by CDK1. Regardless of the exact mechanism involved,
which at the moment remains unknown, this recent study
highlights that independently of promoting CDK1 inactiva-
tion in response to DNA damage, the G2 damage check-
point prevents the recruitment of condensins to
chromosomes and thus, actively prevents chromosome
condensation.”

The above-mentioned findings expand on the multi-
pronged effects of the G2 damage checkpoint activation in
halting the onset of mitosis and highlight novel, physiologi-
cally important targets of the G2 checkpoint. The work also
opens new lines for future research with potential to distin-
guish how different types of DNA lesions causing ATR/
Chkl or ATM/Chk2 checkpoint activation affect the func-
tion of condensins in mitosis. Notably, Topoisomerase II,
inhibited by Adryamycin, is required for chromosome con-
densation in vivo and mitotic chromatids reconstitution in
vitro.”® It remains formally possible that the effects of
Adryamycin observed in this recent study are different
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Figure 1. DNA damage (yellow star) activates the DNA damage checkpoint, which
negatively regulates DNA condensation both directly, via CDK1 inhibition, and indi-
rectly, predominantly through Chk2.

from the effects of other drugs, endogenous types of lesions,
or replication problems that also trigger G2 delay. These
alternative situations may also be easier to study in molecu-
lar detail with respect to condensin function, as Topoisom-
erase II is itself a critical player in mitotic chromosome
condensation.” Interestingly, earlier studies in budding yeast
indicate that Topoisomerase II and condensin are responsi-
ble for fragility of late replicating regions when the function
of the ATR checkpoint is impaired.”

In conclusion, the recent study of Zhang et al > opens the
door toward understanding how different branches of the repli-
cation and damage checkpoint may be critical in preventing the
action of condensins early in mitosis, to prevent replication-
associated fragility or to ensure efficient repair of genomic
damage.
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