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Résumé 
 Le cycle cellulaire est hautement régulé par la phosphorylation réversible de plusieurs 

effecteurs. La kinase dépendante des cyclines Cdk1 déclenche la mitose en induisant le bris de 

l’enveloppe nucléaire, la condensation des chromosomes et la formation du fuseau mitotique. 

Chez les animaux métazoaires, ces évènements sont contrés par la protéine phosphatase PP2A-

B55, qui déphosphoryle plusieurs substrats de Cdk1. La kinase Greatwall (Gwl) est activée par le 

complexe cycline B-Cdk1 en début de mitose et induit ensuite l’inhibition de PP2A-B55 via 

Endos/Arpp19. Toutefois, les mécanismes moléculaires qui régulent Gwl sont encore peu connus.  

Nous avons montré que Gwl a une activité s’opposant à PP2A-B55, qui collabore avec la 

kinase Polo pour assurer l’attachement du centrosome au noyau et la progression du cycle 

cellulaire dans le syncytium de l’embryon de la drosophile. Ensuite, nous avons trouvé dans des 

cellules de drosophile que Gwl est localisée au noyau pendant l’interphase, mais qu’elle se 

relocalise au cytoplasme dès la prophase, avant le bris de l’enveloppe nucléaire. Nous avons 

montré que cette translocation de Gwl est cruciale pour sa fonction et qu’elle dépend de la 

phosphorylation de plusieurs résidus de la région centrale de Gwl par les kinases Polo et Cdk1. 

Cette région centrale contient également deux séquences de localisation nucléaire 

(respectivement NLS1 et NLS2). De plus, nos résultats suggèrent que la phosphorylation de Gwl 

par la kinase Polo promeut sa liaison avec la protéine 14-3-3 , ce qui favorise la rétention 

cytoplasmique de Gwl. Le rôle de Cdk1 dans cette translocation reste quant à lui inconnu. De 

plus, nous avons montré que le complexe cycline B-Cdk1 entre dans le noyau avant que Gwl ne 

soit transportée dans le cytoplasme. Cdk1 pourrait donc activer Gwl et phosphoryler ses substrats 

nucléaires, à l’abri de PP2A-B55 qui est largement cytoplasmique. Gwl est ensuite exclue du 

noyau et relocalisée dans le cytoplasme afin d’induire l’inhibition de PP2A-B55. Cela permet de 

synchroniser les événements de phosphorylation se produisant dans le noyau et dans le 

cytoplasme. Fait intéressant, un mécanisme de régulation de la localisation de Gwl similaire à 

cela a été découvert chez l’humain et chez la levure, suggérant que ce mécanisme est conservé 

entre différentes espèces.   

 

Mots clés: Greatwall (Gwl), Cycline B-Cdk1, PP2A-B55, Cycle cellulaire, Mitose. 
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Abstract: 

Reversible phosphorylation of proteins, triggered by cyclically activated kinases and 

phosphatases, is a key mechanism to control cell cycle progression. CyclinB-Cdk1 is a crucial 

kinase phosphorylating a large number of substrates to trigger mitotic entry. However, in 

metazoans, it is counteracted mainly by a Protein Phosphatase 2A carrying the B55 regulatory 

subunit (PP2A-B55). On the other hand, the Greatwall (Gwl) kinase is activated by CyclinB-

Cdk1 upon mitotic entry and subsequently induces the inhibition of PP2A-B55 by Endos/Arpp19, 

thus promoting mitotic entry and maintenance. Nonetheless, the regulatory mechanisms of Gwl 

are less clear.  

We demonstrated that in Drosophila syncytial embryos, PP2A-B55 is negatively 

regulated by Gwl, but collaborates with Polo kinase to ensure both nucleus attachment of 

centrosome and faithful cell cycle progression.  Later, we discovered that in Drosophila, the 

subcellular localization of Gwl changes dramatically throughout the cell cycle. Gwl is nuclear in 

interphase but suddenly becomes mostly cytoplasmic in prophase before nuclear envelope 

breakdown. Such translocation is important for Gwl’s function and requires the phosphorylation 

of Gwl by both Polo kinase and Cdk1 in the region containing two Nuclear Localization Signals 

(NLSs). Phosphorylation of Gwl by Polo likely promotes its association with14-3-3  thereby 

promoting Gwl cytoplasmic retention, whereas Cdk1’s role in this translocation remains elusive. 

Moreover, I found that most cyclin B is imported into the nucleus before Gwl translocates to the 

cytoplasm. Therefore, Cdk1 can activate Gwl and phosphorylate its nuclear substrates without 

the perturbation of PP2A-B55 which is largely cytoplasmic. Subsequently, Gwl translocates into 

cytoplasm to mediate the inhibition of PP2A-B55 so that the phosphorylation events can be 

synchronized between the nucleus and the cytoplasm. Interestingly, similar spatial regulation of 

Gwl was also uncovered in mammal cells and in yeast, implying a conserved regulatory 

mechanism across species.  
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The Cell Cycle: Principles of Control

Regulated activity of PP2A-B55 delta is crucial for controlling entry 
into and exit from mitosis in Xenopus egg extracts.

Live-cell imaging RNAi screen identifies PP2A-B55alpha and 
importin-beta1 as key mitotic exit regulators in human cells.

Drosophila mutants in the 55 kDa regulatory subunit of 
protein phosphatase 2A show strongly reduced ability to dephosphorylate substrates of 
p34cdc2.

Polo-like kinases: conservation and divergence in 
their functions and regulation.

Making the Auroras glow: regulation of 
Aurora A and B kinase function by interacting proteins.

Greatwall kinase: a nuclear protein required for proper chromosome 
condensation and mitotic progression in Drosophila.

Mutations in Drosophila Greatwall/Scant reveal its roles in 
mitosis and meiosis and interdependence with Polo kinase.

The overlooked greatwall: a new perspective on mitotic control.

Genome-wide survey of protein kinases required for cell 
cycle progression.

Greatwall kinase participates in the Cdc2 autoregulatory loop in Xenopus 
egg extracts.

The M phase kinase Greatwall (Gwl) promotes inactivation of 
PP2A/B55delta, a phosphatase directed against CDK phosphosites.

Greatwall maintains mitosis through regulation of PP2A.

Loss of human Greatwall results in G2 arrest and multiple mitotic 
defects due to deregulation of the cyclin B-Cdc2/PP2A balance.

PP2A-twins is antagonized by greatwall and 
collaborates with polo for cell cycle progression and centrosome attachment to nuclei in 
drosophila embryos.

Suppression of scant identifies Endos as a substrate of greatwall 
kinase and a negative regulator of protein phosphatase 2A in mitosis.

The substrate of Greatwall kinase, Arpp19, controls mitosis by 
inhibiting protein phosphatase 2A.
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Greatwall phosphorylates an inhibitor of protein phosphatase 2A that 
is essential for mitosis.

The Greatwall kinase: a new pathway in the control of the cell 
cycle.

Characterization of the mechanisms controlling Greatwall activity.

Determinants for activation of the atypical AGC kinase 
Greatwall during M phase entry.

Greatwall and Polo-like kinase 1 coordinate to 
promote checkpoint recovery.

MASTL is the human orthologue of Greatwall kinase that 
facilitates mitotic entry, anaphase and cytokinesis.

Classical nuclear localization signals: definition, function, and 
interaction with importin alpha.

A short amino acid sequence able to specify nuclear location.

The molecular basis for phosphodependent substrate targeting and 
regulation of Plks by the Polo-box domain.

Polo-box domain: a versatile mediator of polo-like kinase function.

Sequestration of Polo kinase to microtubules by phosphopriming-
independent binding to Map205 is relieved by phosphorylation at a CDK site in mitosis.

Binding of Drosophila Polo kinase to its regulator Matrimony is 
noncanonical and involves two separate functional domains.

The Plk1-dependent phosphoproteome of the early mitotic spindle.

14-3-3 proteins as signaling integration points for cell 
cycle control and apoptosis.

Raf-1 kinase and exoenzyme S interact with 14-3-3zeta through a 
common site involving lysine 49.

Switches and latches: a biochemical tug-of-war between 
the kinases and phosphatases that control mitosis.

Influence of cyclin type and dose on 
mitotic entry and progression in the early Drosophila embryo.

Spatial positive feedback at the onset of mitosis.

The decision to enter mitosis: 
feedback and redundancy in the mitotic entry network.

Activation of cyclin B1-Cdk1 synchronizes events in the nucleus 
and the cytoplasm at mitosis.
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Progressive activation of CyclinB1-Cdk1 coordinates entry to 
mitosis.

Greatwall kinase and cyclin B-Cdk1 are both critical constituents of M-
phase-promoting factor.

Separase biosensor reveals that cohesin 
cleavage timing depends on phosphatase PP2A(Cdc55) regulation.

Polo-like kinase-1 is activated by aurora A to promote checkpoint 
recovery.

Phosphorylation meets nuclear import: a 
review.

The role of phosphorylation and the CDC28 protein kinase in cell cycle-
regulated nuclear import of the S. cerevisiae transcription factor SWI5.

Localization of human Cdc25C is regulated both by nuclear export 
and 14-3-3 protein binding.

14-3-3 proteins act as negative 
regulators of the mitotic inducer Cdc25 in Xenopus egg extracts.

Binding of 14-3-3 proteins and nuclear export control 
the intracellular localization of the mitotic inducer Cdc25.

Tuning bulk electrostatics to regulate protein function.

Global analysis of Cdk1 substrate phosphorylation sites provides 
insights into evolution.

TOR and PKA signaling pathways converge on the protein kinase 
Rim15 to control entry into G0.

Initiation of the TORC1-regulated G0 program requires Igo1/2, which 
license specific mRNAs to evade degradation via the 5'-3' mRNA decay pathway.

Isolation of protein complexes involved in mitosis and cytokinesis 
from Drosophila cultured cells.
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