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Abstract

Entry into mitosis requires the coordinated activation of protein kinases and phosphatases that regulate key cell
cycle components allowing entry, progression and exit of mitosis. The limiting step is thought to be the activation of
both Cdk1-Cyclin B and Greatwall kinases. The former promoting phosphorylation of mitotic substrates when cells
enter into mitosis and the latter inhibiting PP2A-B55, responsible for dephosphorylation of these substrates. Here,
we summarize recent data on the regulation of Greatwall activity and reversal of mitotic substrates phosphorylation
required for mitotic exit.

Commentary
Entry and progression through mitosis are tightly controlled by

several protein kinases (Cdk-Cyclin, Wee1, Plk1, Aurora-A) and
phosphatases (PP1, PP2A, Cdc25), which play critical roles in
coordinating these processes [1]. Historically, protein
phosphorylation/dephosphorylation during mitotic entry, progression
and exit was thought to be the direct consequence of Cdk1-CyclinB
activation and inactivation [1]. However, during the last decade,
several results have indicated that besides control of Cdk1-CyclinB
activity, phosphatase regulation is also essential to promote correct cell
division. This hypothesis has emerged from pioneer studies showing
that inhibition of the phosphatase PP2A-B55 is essential to promote
mitotic entry [2-4]. Notably, a new signalling pathway has been
identified in the control of mitotic division involving the protein kinase
Greatwall and the phosphatase PP2AB55. However, Greatwall
indirectly inhibits PP2AB55. Greatwall phosphorylates Arpp19 and
ENSA proteins, which in turn bind and inhibit PP2AB55, allowing
stable phosphorylation of Cdk1-CyclinB substrates and mitotic entry
[5-8].

Greatwall activation is required to promote mitotic entry. Greatwall
is a unique AGC kinase since, unlike most AGCs, it is devoid of a
hydrophobic motif despite the presence of a functional hydrophobic
pocket. The AGC kinases subfamily includes PKA, PKC, PDK1 and
RSK. These kinases are involved in cell division, growth and
metabolism [9]. Greatwall contains a very long T-loop of about 500
amino acids that separates its N-and C-terminal catalytic domains.
Greatwall activation also requires phosphorylations on its N-terminal
part (Ser 90), on the T-loop (Thr 194 and Thr 207) and on the tail/
linker site or C-terminal part (Ser 875) [10,11]. Because Thr194 and
Thr207 lie within the minimal consensus site for Cdk1-CyclinB kinase
and both residues are phosphorylated in vitro by Cdk1-CyclinB kinase,
it has been proposed that Cdk1-CyclinB may be the primary kinase
responsible for the phosphorylation of these two sites. Phosphorylation
of Ser90 is observed when cells enter into mitosis and mutation of
Ser90 by alanine dramatically affects the activity of Greatwall in vitro

[11]. However, the kinase responsible for the phosphorylation on this
site is still unknown. Finally, phosphorylation of Ser875 is essential for
Greatwall activity but does not fit with any kinase consensus site
[10,11]. So, it has been suggested that Cdk1-CyclinB phosphorylates
Thr194 and/or Thr207 and that subsequently an intramolecular
Greatwall autophosphorylation occurs at Ser875 to promote its full
activity.

So, to date the mechanism underlying Greatwall activation and
PP2A-B55 inhibition at mitotic entry has been well characterized.
However, the inactivation of Greatwall and re-activation of PP2A-B55
during mitotic exit, which are essential for cell integrity, were less well
understood. Recently, results published by several independent groups
have shown that three protein phosphatases were involved in the
dephosphorylation and inactivation of Greatwall and in the re-
activation of PP2A-B55. In this line, OA (Okadaic Acid)-mediated
PP2A inhibition significantly blocked dephosphorylation of Greatwall
on its Thr194 site. Moreover, inhibition of PP2A-B55 by a
thiophosphorylated Arpp19 protein resulted in the delay in the
dephosphorylation of Greatwall on Thr194 and the maintenance of a
partial Greatwall activity and mitotic state [12,13]. On the other hand,
depletion of the protein phosphatase 1 (PP1) strongly affects the
dephosphorylation of Greatwall on the autophosphorylation site
Ser875 and delays the dephosphorylation of Thr194. These results are
consistent with data showing that removal of PP1 prevents the
dephosphorylation of mitotic substrates, thereby maintaining full
Greatwall activity upon Cdk1-CyclinB inactivation [13-15].
Interestingly, re-activation of PP2A -B55 by depletion of Arpp19
promoted dephosphorylation of Greatwall on Thr194 and S875 sites
and complete mitotic exit, suggesting that both critical sites are
dephosphorylated by PP2A-B55 when it is fully activated [13]. Finally,
the protein phosphatase Fcp-1 also known as CTDP1 (Carboxy-
Terminal Domain, RNA polymerase II Subunit 1) has been involved in
the dephosphorylation of Greatwall. Depletion of Fcp1 maintains
cyclin B stability and MPM-2 signals. Moreover, Fcp-1 and Greatwall
are transiently associated during mitotic exit and removal of Fcp-1
delayed the dephosphorylation of Greatwall at Ser90 [16].
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From these latest results we may propose that proteolysis of CyclinB
promotes inactivation of Cdk1 kinase, thereby inducing the re-
activation of PP1. Consequently, activation of PP1 initiates
dephosphorylation of Greatwall at Ser875 and partial inactivation of
Greatwall followed by the re-activation of PP2A-B55. Actually, PP1

and PP2A-B55 in concert with Fcp-1 and other phosphatases could be
necessary to complete the dephosphorylation and inactivation of
Greatwall thereby promoting mitotic substrates dephosphorylation
and efficient mitotic exit (Figure 1).

Figure 1: Regulation of mitotic entry and exit by phosphatases. (a)At the G2/M transition, Cdk1-cyclin B kinase regulates both activation of
Greatwall kinase and inactivation of PP1 phosphatase. Activation of Greatwall by phosphorylation on Thr194 and Ser875 promotes inhibition
of PP2A-B55. PP1 is kept inactive through phosphorylation of Thr320 by Cdk1-cyclin B kinase. (b) At the metaphase/anaphase transition,
activation of the APC/Cdc20 leads to the degradation of cyclin B and a decrease of Cdk1 kinase activity. (c) Cdk1-Cyclin B inactivation
prevents phosphorylation of PP1 on its inhibitory site. This allows the reactivation of PP1 through autodephosphorylation. Once activated,
PP1 phosphatase promotes the dephosphorylation of Greatwall on its Ser875 site. This induces a partial inactivation of Greatwall and
reactivation of PP2AB55. The latter phosphatase further dephosphorylates Greatwall at Thr194 which induce its complete inactivation.
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