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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.  

 

Key words: Greatwall (Gwl), CyclinB-Cdk1, PP2A-B55, Cell cycle, Mitosis. 

 

 



iii

Table of Contents 
Résumé ............................................................................................................................................ i 

Abstract .......................................................................................................................................... ii  

Figures list .................................................................................................................................. viii 

Tables list ...................................................................................................................................... xi 

Abbreviations list ........................................................................................................................ xii 

Acknowledgements .................................................................................................................... xiv 

Chapter 1: Introduction  ...............................................................................................................1 

        Backgrounds and general organization of chapters ...........................................................2 

        1.1 The cell cycle .....................................................................................................................4 

1.1.1 Interphase ....................................................................................................................4 

1.1.2 M phase .......................................................................................................................6 

1.1.3 Cytokinesis ..................................................................................................................8 

1.2 Cell cycle regulation .........................................................................................................8 

1.2.1 The cyclins and cyclin-dependent kinases (Cdks) are the central components of the     
cell cycle control system ......................................................................................................9 

1.2.1.1 Cdks and cyclins ..........................................................................................9 

1.2.1.2 Cyclins regulate the substrate specificity of cyclin-Cdk1 complexes .......11 

1.2.1.3 Compensatory mechanisms among cyclins and Cdks  ..............................12 

1.2.1.4 Reversible phosphorylation is an important mechanism which regulates 
Cdk1 activity ..........................................................................................................13 

1.2.1.5 Other mechanisms regulating Cdks activity  .............................................15 

1.2.2 The cell cycle control system is cyclical proteolysis dependent ...............................16 

1.2.3 Cell cycle checkpoints ..............................................................................................19 

1.2.3.1 G1/S checkpoint .........................................................................................20 

1.2.3.2 Intra-S phase checkpoint ............................................................................20 

1.2.3.3 G2/M checkpoint .......................................................................................21

1.2.3.4 M phase checkpoint ...................................................................................22

1.3 Drosophila melanogaster as a model..............................................................................23 

1.4 Mitotic progression is tightly regulated by reversible phosphorylations ..................27 



iv

1.5 Greatwall kinase  PP2A-B55 phosphatase axis in mitotic progression control .....31 

1.5.1 PP2A-B55, a multifunctional phosphatase, is implicated in a broad variety of 
cellular processes ...............................................................................................................31 

1.5.1.1 PP2A structure ...........................................................................................31

1.5.1.2 PP2A-B55 assembly regulation and substrate recruitment ........................32 

1.5.1.3 PP2A-B55 and cancers ..............................................................................34 

1.5.1.4 PP2A-B55 and cytoskeleton stability ........................................................34 

1.5.1.5 PP2A-B55 and centrosome maturation ......................................................35 

1.5.1.6 PP2A-B55, as a major opponent of cyclin B-Cdk1 in higher eukaryotes, 
must be inhibited at mitotic onset and reactivated upon mitotic exit ....................36 

1.5.2 The Greatwall kinase, a defense system, is set up by Cdk1 upon mitotic entry and 
disabled during M phase exit .............................................................................................38 

1.5.2.1 The role of Greatwall in mitotic progression .............................................38

1.5.2.2 Greatwall substrates and non-mitotic functions .........................................39

1.5.2.3 The regulation of Greatwall .......................................................................40

1.6 References ........................................................................................................................45 

Chapter 2: PP2A-Tws Is Antagonized by Greatwall and Collaborates with Polo for Cell 
Cycle Progression and Centrosome Attachment to Nuclei in Drosophila Embryos  .............57 

2.1 Abstract ...........................................................................................................................58 

2.2 Author summary.............................................................................................................59 

2.3 Introduction ....................................................................................................................59 

2.4 Results ..............................................................................................................................61 

2.4.1 Polo function is required for proper cohesion between centrosomes and nuclei ......61 

2.4.2 Transiently detached centrosomes are recaptured by mitotic spindles .....................64 

2.4.3 A genetic screen identifies PP2A-Tws as a strong functional interactor of Polo and 
Gwl in the syncytial embryo ..............................................................................................66 

2.4.4 Greatwall antagonizes PP2A-Tws in M-phase .........................................................69

2.4.5 PP2A-Tws collaborates with Polo to ensure centrosome cohesion to nuclei and 
nuclear divisions in the syncytial embryo ..........................................................................73



v

2.5 Discussions .......................................................................................................................74 

2.5.1 Regulation of mitosis and centrosome attachment in the rapid embryonic cell cycles
............................................................................................................................................74

2.5.2 A conserved pathway controls M-phase entry and exit ............................................76

2.6 Materials and methods ...................................................................................................77 

2.6.1 Fly husbandry, genetic screen and fertility tests .......................................................77

2.6.2 Immunofluorescence and confocal microscopy ........................................................78

2.6.3 Time-lapse microscopy .............................................................................................78

2.6.4 Chemical inhibition of Polo ......................................................................................78

2.7 Acknowledgements .........................................................................................................79 

2.8 References ........................................................................................................................79 

Chapter 3: Cell Cycle Regulation of Greatwall Kinase Nuclear Localization Facilitates 
Mitotic Progression  .....................................................................................................................83 

3.1 Abstract ...........................................................................................................................85 

3.2 Introduction ....................................................................................................................85 

3.3 Results ..............................................................................................................................87 

3.3.1 The localization of Gwl is cell-cycle regulated ........................................................87

3.3.2 Gwl contains two functional NLS motifs in its central region .................................89

3.3.3 Nuclear localization of Greatwall is required for its function ..................................90

3.3.4 Polo kinase interacts with and phosphorylates Gwl .................................................93

3.3.5 Polo activity promotes the cytoplasmic localization of Gwl in prophase .................96

3.3.6 14-3-3  collaborates with Polo promote the cytoplasmic localization of Gwl .......100

3.3.7 Cdk1 may contribute to regulate Gwl localization .................................................102

3.3.8 Failure to exclude Gwl from the nucleus leads to delays in mitosis .......................102 

3.3.9 Excessive Polo activity in Gwl-compromised embryos leads to defective mitotic 
entry .................................................................................................................................103

3.4 Discussion ......................................................................................................................105 

3.4.1 A new level of regulation of Gwl in the cell cycle .................................................105



vi

3.4.2 A mechanism directly linking Gwl and Polo ..........................................................107

3.4.3 A mode of regulation that could be generally conserved .......................................108

3.5 Materials and methods .................................................................................................109 

3.5.1 Fly culture and transgenesis ....................................................................................109

3.5.2 DNA constructs .......................................................................................................109

3.5.3 Cell culture ..............................................................................................................110

3.5.4 Immunofluorescence and Western blotting ............................................................110

3.5.5 Microscopy .............................................................................................................110

3.5.6 Affinity purifications ..............................................................................................111

3.5.7 Kinase assays ..........................................................................................................111

3.5.8 Phosphorylation site mapping .................................................................................112

3.5.9 RNA interference ....................................................................................................112

3.5.10 Preparation of GST-fusion proteins ......................................................................112 

3.5.11 GST-pulldown assay .............................................................................................113

3.5.12 Online supplemental Materials .............................................................................113

3.6 Acknowledgements .......................................................................................................114 

3.7 Supplementary figures .................................................................................................115 

3.8 References ......................................................................................................................123

Chapter 4: Discussion and perspectives  ..................................................................................126 

4.1 Do PP2A-Tws and Polo function in the same or parallel pathway ..........................127 

4.2 Do Gwl and Polo collaborate with or antagonize each other ...................................128 

4.3 How important is Gwl for mitotic progression ..........................................................131 

4.4 Spatiotemporal regulation of kinases and phosphatases is required for mitotic 
progression ..........................................................................................................................133 

4.5 The regulation of Gwl, Endos/Arpp19, and PP2A-B55 at mitotic exit ....................137 

4.6 Perspectives ...................................................................................................................140 



vii

4.7 References  .....................................................................................................................140 

 

 

  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



viii

FIGURES LIST 

Figure 1.1.  The cell cycle phases. 

Figure 1.2.  Different stages of mitosis followed by cytokinesis. 

Figure 1.3.  Cyclin and cyclin-dependent kinase. 

Figure 1.4. Each of the main phases of the cell cycle  G1, S (when DNA synthesis occurs), 

G2 and mitosis  is controlled by a cyclin  cyclin-dependent kinase (CDK) complex. 

Figure 1.5. The main reversible phosphorylation mechanisms required for Cdk1 activation 

upon mitotic entry. 

Figure 1.6.  The ubiquitination pathway. 

Figure 1.7.  Global roles for APC/C and SCF1 in the core cell cycle. 

Figure 1.8.  A screen for the interacting genes with polo identified PP2A regulatory subunit 

twins.

Figure 1.9. The principle of PrA affinity purification coupled to mass spectrometry (MS) of 

protein complex from Drosophila cultured cells and syncytial embryos. 

Figure 1.10. Theoretical prediction of the modes of Cdk1 activation controlled by different 

mechanisms. 

Figure 1.11. Overall structure of the PP2A holoenzyme involving the B  subunit. 

Figure 1.12. Mechanisms of activation of the Gwl kinase. 

Figure 1.13. A model for Gwl activation. 

Figure 1.14. Spatial model for the Gwl-PP2A axis in the control of mitotic entry. 

Figure 2.1. The Polo kinase is required for proper centrosome attachment to nuclei in 

syncytial embryos. 

Figure 2.2.  Detached centrosomes from nuclei can be recaptured by the mitotic spindles. 



ix

Figure 2.3. A screen for genes functioning with polo identifies the PP2A subunit genes twins 

and microtubule star. 

Figure 2.4. Greatwall antagonizes PP2A-Tws in meiosis and mitosis. 

Figure 2.5. PP2A-Tws collaborates with Polo to promote cell cycle progression and 

centrosome cohesion to nuclei. 

Figure 3.1. The localization of Gwl is cell-cycle regulated. 

Figure 3.2. Gwl contains two essential NLS motifs in its central region. 

Figure 3.3. Nuclear localization of Greatwall is required for its function. 

Figure 3.4. Polo interacts with and phosphorylates Gwl. 

Figure 3.5. Polo activity promotes the cytoplasmic localization of Gwl in prophase. 

Figure 3.6. Exclusion of Gwl from the nucleus in prophase requires Polo and Cdk 

consensus sites and is required for timely mitotic progression. 

Figure 3.7. 14-3-3  collaborates with Polo to promote the cytoplasmic localization of Gwl. 

Figure 3.8. Misregulation of Gwl by Polo interferes with cell cycle progression. 

Figure 3.9. An integrative model for the spatial regulation of Gwl. 

Figure S3.1. The localization of Gwl is cell cycle regulated (complement to Fig.1). 

Figure S3.2. Sequence alignment between Gwl orthologues from Drosophila and mosquito 

species. 

Figure S3.3. Phosphorylation site mapping. 

Figure S3.4. Polo phosphorylation of Gwl promotes its cytoplasmic localization 

(complement to Fig.3.5). 

Figure S3.5. Cyclin B is imported in the nucleus while Gwl is still in the nucleus (red 

arrowhead). 



x

Figure 4.1. A model for spatiotemporal regulation of the Gwl  PP2A axis in the control of 

mitotic entry and exit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xi

TABLE LIST 

Table 1.1. The major cyclins and Cdks in vertebrates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xii

ABBREVIATIONS LIST 
Arpp: cAMP-regulated phosphoprotein 

APC/C: Anaphase Promoting Complex/Cyclosome 

ATM: Ataxia Telangiectasia Mutated 

ATP: Adenosine Triphosphate 

ATR: Ataxia Telangiectasia Related 

CAK: Cdk Activating Kinase 

cAMP: cyclic Adenosine MonoPhosphate 

Cdc: Cell division cycle 

Cdh1: Cdc20 homolog 1 

Cdk: Cyclin dependent kinase 

Chk: Checkpoint Protein Kinase 

CKI: Cdk Inhibitor 

DNA: DeoxyriboNucleic Acid 

Endos/Ensa: -Endosulfine/Endosulfine alpha 

FEAR: Cdc Fourteen Early Anaphase Release 

GFP: Green fluorescent protein 

Gwl: Greatwall 

kD: kiloDalton 

MEN: Mitotic Exit Network 

MPF: Maturation Promoting Factor 

MTOC: Micro Tubule Organizing Center 

NEBD: Nuclear Envelop BreakDown 

NES: Nuclear Export Signal 

NLS: Nuclear Localization Signal 

OA: Okadaic Acid 

PLK: Polo-Like Kinase 



xiii

PP2A: Protein Phosphatase 2A 

PP1: Protein Phosphatase 1 

pRb: Retinoblastoma Protein 

RNA: RiboNucleic Acid 

SAC: Spindle Assembly Checkpoint 

SCF: Skp/Cullin/F-Box 

TORC1: Tor complex 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xiv

ACKNOWLEDGEMENTS 

First, I would like to thank Dr Vincent Archambault, not just because he gave me the 

opportunity to perform my PhD training in his laboratory, he also helped me so much throughout 

the course of my PhD projects. He not only taught me almost all the techniques frequently used 

during my PhD training but also guided me in my fellowship applications, my postdoctoral 

application, my English, my French, writing techniques…… Without his generous help, I need 

certainly several years more to complete this thesis. 

I am also thankful to all the past and present members of the Archambault’s laboratory. 

Especially, I want to thank to very kind Xavier Pinson and adorable Karine Normandin, they 

helped me so much and it is always very enjoyable to talk with them. I want to thank to very 

talented David Kachaner, nice Maxime Cormier, hard-working Haytham Mehsen, and young 

elites Myreille Larouche, Élizabeth Michaud and Guillaume Lépine. It is very agreeable to work 

with all these wonderful people and I am grateful for their support and friendship. Thanks 

Haytham for his very helpful advices for my English writing.  

I would like to thank the members of my thesis committee, Dr Gerardo Ferbeyre, Dr Eric 

Lécuyer, Dr Philip Branton, for taking time to evaluate my work. I would like to thank to Dr 

Jacques Montagne, Dr Jean-Philippe Parvy, Dr Annie Sainsard-Chanet, Dr Christian Vélot, 

without their help and support I couldn’t get the chance to continue my PhD study. I would like 

to thank Dr Marc Therrien, Dr Sébastien Carréno, Dr Gregory Emery, Dr Benjamin Kwok, Dr 

Damien D’Amours and all fly-lab members, for their constructive advices and guidance for my 

research projects. 

Finally, I would like to thank to my loving wife Haijin, she encouraged me to continue 

my study in biology. I am so sorry to have left her alone for numerous weekends and evenings 

because of lab work, her support and consideration have been essential in the last five years. I 

also want to thank my lovely daughter Emma Lujia for her sweet smile what’s her special 

encouragement to me. I thank my father Chuanfa and my mother Guizhi for their selfless love 

and support.  

 



1



2

Xenopus

Drosophila

Drosophila

Drosophila C.elegans



3

Drosophila



4



5

Drosophila Xenopus



6



7



8

Drosophila



9



10



11



12



13

in vitro



14

in vivo



15



16

Xenopus



S.cerevia

17

ae



18



19



20



21



22



23

Drosophila melanogaster 

Drosophila

Drosophila melanogaster

Drosophila Drosophila

Drosophila



24

Drosophila melanogaster

Drosophila

twinsp gwl6a

Drosophila

in vivo

Drosophila

twins

polo scant

polo

twins  polo11 gwlScant

polo 

 gwlScant Df  ED5474 polo

Df ED5474

 polo11

twins



25

Drosophila



26

Drosophila



27

Drosophila 

polo polo11 twins 

twinsp



28



29



30



31



32

in vitro



33

et al. 



34



35

Drosophila

Drosophila

Drosophila

C.elegans

Drosophila 

Drosophila Drosophila



36

in vitro 

Drosophila

in vivo

Drosophila Xenopus

Xenopus

Xenopus 

Xenopus



37

Xenopus Drosophila  

Xenopus

Drosophila

tws



38

in vitro

greatwall Drosophila scant 

 

Scant greatwall 

Drosophila Xenopus

gwl 

greatwall gwl



39

gwl

Drosophila  

Xenopus

Xenopus

Xenopus



40

Xenopus

Xenopus

Xenopus



41



42

et al.

Xenopus



43

in vitro

Drosophila

Drosophila

Drosophila



44

et al.

Drosophila 

 Drosophila 



45

gwl 

1. Bianconi, E., et al., An estimation of the number of cells in the human body. Ann Hum Biol, 2013.
40(6): p. 463 71.

2. Pardee, A.B., A restriction point for control of normal animal cell proliferation. Proc Natl Acad Sci
U S A, 1974. 71(4): p. 1286 90.

3. Blagosklonny, M.V. and A.B. Pardee, The restriction point of the cell cycle. Cell Cycle, 2002. 1(2):
p. 103 10.

4. van der Meijden, C.M., et al., Gene profiling of cell cycle progression through S phase reveals
sequential expression of genes required for DNA replication and nucleosome assembly. Cancer
Res, 2002. 62(11): p. 3233 43.

5. Leguy, R., et al.,Monomeric gamma tubulin nucleates microtubules. J Biol Chem, 2000. 275(29):
p. 21975 80.

6. Delattre, M. and P. Gonczy, The arithmetic of centrosome biogenesis. J Cell Sci, 2004. 117(Pt 9):
p. 1619 30.

7. O'Farrell, P.H., J. Stumpff, and T.T. Su, Embryonic cleavage cycles: how is a mouse like a fly? Curr
Biol, 2004. 14(1): p. R35 45.

8. Walczak, C.E., S. Cai, and A. Khodjakov, Mechanisms of chromosome behaviour during mitosis.
Nat Rev Mol Cell Biol, 2010. 11(2): p. 91 102.

9. Bolhy, S., et al., A Nup133 dependent NPC anchored network tethers centrosomes to the nuclear
envelope in prophase. J Cell Biol, 2011. 192(5): p. 855 71.

10. Beaudouin, J., et al., Nuclear envelope breakdown proceeds by microtubule induced tearing of
the lamina. Cell, 2002. 108(1): p. 83 96.

11. Ellenberg, J., et al., Nuclear membrane dynamics and reassembly in living cells: targeting of an
inner nuclear membrane protein in interphase and mitosis. J Cell Biol, 1997. 138(6): p. 1193 206.

12. Rosenblatt, J., et al., Myosin II dependent cortical movement is required for centrosome
separation and positioning during mitotic spindle assembly. Cell, 2004. 117(3): p. 361 72.

13. Pearson, C.G. and K. Bloom, Dynamic microtubules lead the way for spindle positioning. Nat Rev
Mol Cell Biol, 2004. 5(6): p. 481 92.

14. De Bondt, H.L., et al., Crystal structure of cyclin dependent kinase 2. Nature, 1993. 363(6430): p.
595 602.

15. Morgan, D.O., Principles of CDK regulation. Nature, 1995. 374(6518): p. 131 4.
16. Goodsell, D.S., The molecular perspective: cyclins. Stem Cells, 2004. 22(6): p. 1121 2.
17. Pines, J., Cubism and the cell cycle: the many faces of the APC/C. Nat Rev Mol Cell Biol, 2011.

12(7): p. 427 38.



46

18. Roberts, J.M., Evolving ideas about cyclins. Cell, 1999. 98(2): p. 129 32.
19. Fisher, D.L. and P. Nurse, A single fission yeast mitotic cyclin B p34cdc2 kinase promotes both S

phase and mitosis in the absence of G1 cyclins. Embo j, 1996. 15(4): p. 850 60.
20. Sherr, C.J.,Mammalian G1 cyclins. Cell, 1993. 73(6): p. 1059 65.
21. Sherr, C.J., Principles of tumor suppression. Cell, 2004. 116(2): p. 235 46.
22. Strausfeld, U.P., et al., Both cyclin A and cyclin E have S phase promoting (SPF) activity in

Xenopus egg extracts. J Cell Sci, 1996. 109 ( Pt 6): p. 1555 63.
23. Ohtsubo, M., et al., Human cyclin E, a nuclear protein essential for the G1 to S phase transition.

Mol Cell Biol, 1995. 15(5): p. 2612 24.
24. Pines, J. and T. Hunter, Human cyclins A and B1 are differentially located in the cell and undergo

cell cycle dependent nuclear transport. J Cell Biol, 1991. 115(1): p. 1 17.
25. Moore, J.D., J.A. Kirk, and T. Hunt, Unmasking the S phase promoting potential of cyclin B1.

Science, 2003. 300(5621): p. 987 90.
26. Murray, A.W., Recycling the cell cycle: cyclins revisited. Cell, 2004. 116(2): p. 221 34.
27. Echalier, A., J.A. Endicott, and M.E. Noble, Recent developments in cyclin dependent kinase

biochemical and structural studies. Biochim Biophys Acta, 2010. 1804(3): p. 511 9.
28. Manning, G., et al., The protein kinase complement of the human genome. Science, 2002.

298(5600): p. 1912 34.
29. Caenepeel, S., et al., The mouse kinome: discovery and comparative genomics of all mouse

protein kinases. Proc Natl Acad Sci U S A, 2004. 101(32): p. 11707 12.
30. Sherr, C.J., The Pezcoller lecture: cancer cell cycles revisited. Cancer Res, 2000. 60(14): p. 3689 95.
31. Draviam, V.M., et al., The localization of human cyclins B1 and B2 determines CDK1 substrate

specificity and neither enzyme requires MEK to disassemble the Golgi apparatus. J Cell Biol, 2001.
152(5): p. 945 58.

32. Brandeis, M., et al., Cyclin B2 null mice develop normally and are fertile whereas cyclin B1 null
mice die in utero. Proc Natl Acad Sci U S A, 1998. 95(8): p. 4344 9.

33. van den Heuvel, S. and E. Harlow, Distinct roles for cyclin dependent kinases in cell cycle control.
Science, 1993. 262(5142): p. 2050 4.

34. Berthet, C., et al., Cdk2 knockout mice are viable. Curr Biol, 2003. 13(20): p. 1775 85.
35. Ortega, S., et al., Cyclin dependent kinase 2 is essential for meiosis but not for mitotic cell division

in mice. Nat Genet, 2003. 35(1): p. 25 31.
36. Aleem, E., H. Kiyokawa, and P. Kaldis, Cdc2 cyclin E complexes regulate the G1/S phase transition.

Nat Cell Biol, 2005. 7(8): p. 831 6.
37. Moore, J.D., et al., Nuclear import of Cdk/cyclin complexes: identification of distinct mechanisms

for import of Cdk2/cyclin E and Cdc2/cyclin B1. J Cell Biol, 1999. 144(2): p. 213 24.
38. Satyanarayana, A., M.B. Hilton, and P. Kaldis, p21 Inhibits Cdk1 in the absence of Cdk2 to

maintain the G1/S phase DNA damage checkpoint.Mol Biol Cell, 2008. 19(1): p. 65 77.
39. Satyanarayana, A. and P. Kaldis,Mammalian cell cycle regulation: several Cdks, numerous cyclins

and diverse compensatory mechanisms. Oncogene, 2009. 28(33): p. 2925 39.
40. Sherr, C.J. and J.M. Roberts, Living with or without cyclins and cyclin dependent kinases. Genes

Dev, 2004. 18(22): p. 2699 711.
41. Jeffrey, P.D., et al., Mechanism of CDK activation revealed by the structure of a cyclinA CDK2

complex. Nature, 1995. 376(6538): p. 313 20.
42. Kaldis, P., The cdk activating kinase (CAK): from yeast to mammals. Cell Mol Life Sci, 1999. 55(2):

p. 284 96.
43. Cheng, A., P. Kaldis, and M.J. Solomon, Dephosphorylation of human cyclin dependent kinases by

protein phosphatase type 2C alpha and beta 2 isoforms. J Biol Chem, 2000. 275(44): p. 34744 9.



47

44. Russo, A.A., P.D. Jeffrey, and N.P. Pavletich, Structural basis of cyclin dependent kinase
activation by phosphorylation. Nat Struct Biol, 1996. 3(8): p. 696 700.

45. Kaldis, P., A. Sutton, and M.J. Solomon, The Cdk activating kinase (CAK) from budding yeast. Cell,
1996. 86(4): p. 553 64.

46. Schulman, B.A., D.L. Lindstrom, and E. Harlow, Substrate recruitment to cyclin dependent kinase
2 by a multipurpose docking site on cyclin A. Proc Natl Acad Sci U S A, 1998. 95(18): p. 10453 8.

47. Parker, L.L. and H. Piwnica Worms, Inactivation of the p34cdc2 cyclin B complex by the human
WEE1 tyrosine kinase. Science, 1992. 257(5078): p. 1955 7.

48. Kornbluth, S., et al., Membrane localization of the kinase which phosphorylates p34cdc2 on
threonine 14.Mol Biol Cell, 1994. 5(3): p. 273 82.

49. Mueller, P.R., et al., Myt1: a membrane associated inhibitory kinase that phosphorylates Cdc2
on both threonine 14 and tyrosine 15. Science, 1995. 270(5233): p. 86 90.

50. Welburn, J.P., et al., How tyrosine 15 phosphorylation inhibits the activity of cyclin dependent
kinase 2 cyclin A. J Biol Chem, 2007. 282(5): p. 3173 81.

51. Strausfeld, U., et al., Dephosphorylation and activation of a p34cdc2/cyclin B complex in vitro by
human CDC25 protein. Nature, 1991. 351(6323): p. 242 5.

52. Honda, R., et al., Dephosphorylation of human p34cdc2 kinase on both Thr 14 and Tyr 15 by
human cdc25B phosphatase. FEBS Lett, 1993. 318(3): p. 331 4.

53. Sebastian, B., A. Kakizuka, and T. Hunter, Cdc25M2 activation of cyclin dependent kinases by
dephosphorylation of threonine 14 and tyrosine 15. Proc Natl Acad Sci U S A, 1993. 90(8): p.
3521 4.

54. Heald, R., M. McLoughlin, and F. McKeon, Human wee1 maintains mitotic timing by protecting
the nucleus from cytoplasmically activated Cdc2 kinase. Cell, 1993. 74(3): p. 463 74.

55. Baldin, V. and B. Ducommun, Subcellular localisation of human wee1 kinase is regulated during
the cell cycle. J Cell Sci, 1995. 108 ( Pt 6): p. 2425 32.

56. Watanabe, N., et al., Cyclin dependent kinase (CDK) phosphorylation destabilizes somatic Wee1
via multiple pathways. Proc Natl Acad Sci U S A, 2005. 102(33): p. 11663 8.

57. Hoffmann, I., et al., Phosphorylation and activation of human cdc25 C by cdc2 cyclin B and its
involvement in the self amplification of MPF at mitosis. Embo j, 1993. 12(1): p. 53 63.

58. Seki, T., et al., Chromosome condensation caused by loss of RCC1 function requires the cdc25C
protein that is located in the cytoplasm.Mol Biol Cell, 1992. 3(12): p. 1373 88.

59. Kumagai, A. and W.G. Dunphy, Binding of 14 3 3 proteins and nuclear export control the
intracellular localization of the mitotic inducer Cdc25. Genes Dev, 1999. 13(9): p. 1067 72.

60. Patra, D., et al., The xenopus Suc1/Cks protein promotes the phosphorylation of G(2)/M
regulators. J Biol Chem, 1999. 274(52): p. 36839 42.

61. Pomerening, J.R., S.Y. Kim, and J.E. Ferrell, Jr., Systems level dissection of the cell cycle oscillator:
bypassing positive feedback produces damped oscillations. Cell, 2005. 122(4): p. 565 78.

62. Sherr, C.J. and J.M. Roberts, CDK inhibitors: positive and negative regulators of G1 phase
progression. Genes Dev, 1999. 13(12): p. 1501 12.

63. Lenormand, J.L., et al., Speedy: a novel cell cycle regulator of the G2/M transition. Embo j, 1999.
18(7): p. 1869 77.

64. Ferby, I., et al., A novel p34(cdc2) binding and activating protein that is necessary and sufficient
to trigger G(2)/M progression in Xenopus oocytes. Genes Dev, 1999. 13(16): p. 2177 89.

65. Porter, L.A., et al., Human Speedy: a novel cell cycle regulator that enhances proliferation
through activation of Cdk2. J Cell Biol, 2002. 157(3): p. 357 66.

66. Karaiskou, A., et al., Differential regulation of Cdc2 and Cdk2 by RINGO and cyclins. J Biol Chem,
2001. 276(38): p. 36028 34.



48

67. Porter, L.A., M. Kong Beltran, and D.J. Donoghue, Spy1 interacts with p27Kip1 to allow G1/S
progression.Mol Biol Cell, 2003. 14(9): p. 3664 74.

68. Gastwirt, R.F., C.W. McAndrew, and D.J. Donoghue, Speedy/RINGO regulation of CDKs in cell
cycle, checkpoint activation and apoptosis. Cell Cycle, 2007. 6(10): p. 1188 93.

69. Cheng, A., et al., Identification and comparative analysis of multiple mammalian Speedy/Ringo
proteins. Cell Cycle, 2005. 4(1): p. 155 65.

70. Hershko, A. and A. Ciechanover, The ubiquitin system. Annu Rev Biochem, 1998. 67: p. 425 79.
71. Li, W., et al., Genome wide and functional annotation of human E3 ubiquitin ligases identifies

MULAN, a mitochondrial E3 that regulates the organelle's dynamics and signaling. PLoS One,
2008. 3(1): p. e1487.

72. Nash, P., et al.,Multisite phosphorylation of a CDK inhibitor sets a threshold for the onset of DNA
replication. Nature, 2001. 414(6863): p. 514 21.

73. Nakayama, K.I. and K. Nakayama, Ubiquitin ligases: cell cycle control and cancer. Nat Rev Cancer,
2006. 6(5): p. 369 81.

74. Deshaies, R.J., SCF and Cullin/Ring H2 based ubiquitin ligases. Annu Rev Cell Dev Biol, 1999. 15:
p. 435 67.

75. Watanabe, N., et al., M phase kinases induce phospho dependent ubiquitination of somatic
Wee1 by SCFbeta TrCP. Proc Natl Acad Sci U S A, 2004. 101(13): p. 4419 24.

76. Shteinberg, M., et al., Phosphorylation of the cyclosome is required for its stimulation by
Fizzy/cdc20. Biochem Biophys Res Commun, 1999. 260(1): p. 193 8.

77. Rudner, A.D. and A.W. Murray, Phosphorylation by Cdc28 activates the Cdc20 dependent activity
of the anaphase promoting complex. J Cell Biol, 2000. 149(7): p. 1377 90.

78. Golan, A., Y. Yudkovsky, and A. Hershko, The cyclin ubiquitin ligase activity of cyclosome/APC is
jointly activated by protein kinases Cdk1 cyclin B and Plk. J Biol Chem, 2002. 277(18): p. 15552 7.

79. Kramer, E.R., et al., Mitotic regulation of the APC activator proteins CDC20 and CDH1. Mol Biol
Cell, 2000. 11(5): p. 1555 69.

80. Hagting, A., et al., Human securin proteolysis is controlled by the spindle checkpoint and reveals
when the APC/C switches from activation by Cdc20 to Cdh1. J Cell Biol, 2002. 157(7): p. 1125 37.

81. Harper, J.W., J.L. Burton, and M.J. Solomon, The anaphase promoting complex: it's not just for
mitosis any more. Genes Dev, 2002. 16(17): p. 2179 206.

82. Zachariae, W. and K. Nasmyth, Whose end is destruction: cell division and the anaphase
promoting complex. Genes Dev, 1999. 13(16): p. 2039 58.

83. Bembenek, J. and H. Yu, Regulation of the anaphase promoting complex by the dual specificity
phosphatase human Cdc14a. J Biol Chem, 2001. 276(51): p. 48237 42.

84. Glotzer, M., A.W. Murray, and M.W. Kirschner, Cyclin is degraded by the ubiquitin pathway.
Nature, 1991. 349(6305): p. 132 8.

85. Pfleger, C.M. and M.W. Kirschner, The KEN box: an APC recognition signal distinct from the D
box targeted by Cdh1. Genes Dev, 2000. 14(6): p. 655 65.

86. Peters, J.M., The anaphase promoting complex: proteolysis in mitosis and beyond. Mol Cell,
2002. 9(5): p. 931 43.

87. Bashir, T., et al., Control of the SCF(Skp2 Cks1) ubiquitin ligase by the APC/C(Cdh1) ubiquitin
ligase. Nature, 2004. 428(6979): p. 190 3.

88. Wei, W., et al., Degradation of the SCF component Skp2 in cell cycle phase G1 by the anaphase
promoting complex. Nature, 2004. 428(6979): p. 194 8.

89. Vodermaier, H.C., APC/C and SCF: controlling each other and the cell cycle. Curr Biol, 2004.
14(18): p. R787 96.

90. Vermeulen, K., D.R. Van Bockstaele, and Z.N. Berneman, The cell cycle: a review of regulation,
deregulation and therapeutic targets in cancer. Cell Prolif, 2003. 36(3): p. 131 49.



49

91. Abraham, R.T., Cell cycle checkpoint signaling through the ATM and ATR kinases. Genes Dev,
2001. 15(17): p. 2177 96.

92. Bartek, J. and J. Lukas, Chk1 and Chk2 kinases in checkpoint control and cancer. Cancer Cell, 2003.
3(5): p. 421 9.

93. Sorensen, C.S., et al., Chk1 regulates the S phase checkpoint by coupling the physiological
turnover and ionizing radiation induced accelerated proteolysis of Cdc25A. Cancer Cell, 2003.
3(3): p. 247 58.

94. Busino, L., et al., Degradation of Cdc25A by beta TrCP during S phase and in response to DNA
damage. Nature, 2003. 426(6962): p. 87 91.

95. Houtgraaf, J.H., J. Versmissen, and W.J. van der Giessen, A concise review of DNA damage
checkpoints and repair in mammalian cells. Cardiovasc Revasc Med, 2006. 7(3): p. 165 72.

96. Mailand, N., et al., Rapid destruction of human Cdc25A in response to DNA damage. Science,
2000. 288(5470): p. 1425 9.

97. Falck, J., et al., The ATM Chk2 Cdc25A checkpoint pathway guards against radioresistant DNA
synthesis. Nature, 2001. 410(6830): p. 842 7.

98. Bartek, J. and J. Lukas, Mammalian G1 and S phase checkpoints in response to DNA damage.
Curr Opin Cell Biol, 2001. 13(6): p. 738 47.

99. Shiloh, Y., ATM and related protein kinases: safeguarding genome integrity. Nat Rev Cancer,
2003. 3(3): p. 155 68.

100. Khosravi, R., et al., Rapid ATM dependent phosphorylation of MDM2 precedes p53 accumulation
in response to DNA damage. Proc Natl Acad Sci U S A, 1999. 96(26): p. 14973 7.

101. Maya, R., et al., ATM dependent phosphorylation of Mdm2 on serine 395: role in p53 activation
by DNA damage. Genes Dev, 2001. 15(9): p. 1067 77.

102. Petrini, J.H., The Mre11 complex and ATM: collaborating to navigate S phase. Curr Opin Cell Biol,
2000. 12(3): p. 293 6.

103. Lindqvist, A., et al., Cdc25B cooperates with Cdc25A to induce mitosis but has a unique role in
activating cyclin B1 Cdk1 at the centrosome. J Cell Biol, 2005. 171(1): p. 35 45.

104. Chen, M.S., C.E. Ryan, and H. Piwnica Worms, Chk1 kinase negatively regulates mitotic function
of Cdc25A phosphatase through 14 3 3 binding.Mol Cell Biol, 2003. 23(21): p. 7488 97.

105. Bulavin, D.V., et al., Initiation of a G2/M checkpoint after ultraviolet radiation requires p38
kinase. Nature, 2001. 411(6833): p. 102 7.

106. Forrest, A. and B. Gabrielli, Cdc25B activity is regulated by 14 3 3. Oncogene, 2001. 20(32): p.
4393 401.

107. Sanchez, Y., et al., Conservation of the Chk1 checkpoint pathway in mammals: linkage of DNA
damage to Cdk regulation through Cdc25. Science, 1997. 277(5331): p. 1497 501.

108. Peng, C.Y., et al., Mitotic and G2 checkpoint control: regulation of 14 3 3 protein binding by
phosphorylation of Cdc25C on serine 216. Science, 1997. 277(5331): p. 1501 5.

109. Matsuoka, S., M. Huang, and S.J. Elledge, Linkage of ATM to cell cycle regulation by the Chk2
protein kinase. Science, 1998. 282(5395): p. 1893 7.

110. Raleigh, J.M. and M.J. O'Connell, The G(2) DNA damage checkpoint targets both Wee1 and
Cdc25. J Cell Sci, 2000. 113 ( Pt 10): p. 1727 36.

111. Lukas, J., C. Lukas, and J. Bartek, Mammalian cell cycle checkpoints: signalling pathways and
their organization in space and time. DNA Repair (Amst), 2004. 3(8 9): p. 997 1007.

112. Musacchio, A. and E.D. Salmon, The spindle assembly checkpoint in space and time. Nat Rev Mol
Cell Biol, 2007. 8(5): p. 379 93.

113. Lara Gonzalez, P., F.G. Westhorpe, and S.S. Taylor, The spindle assembly checkpoint. Curr Biol,
2012. 22(22): p. R966 80.



50

114. Sudakin, V., G.K. Chan, and T.J. Yen, Checkpoint inhibition of the APC/C in HeLa cells is mediated
by a complex of BUBR1, BUB3, CDC20, and MAD2. J Cell Biol, 2001. 154(5): p. 925 36.

115. Burton, J.L. and M.J. Solomon, Mad3p, a pseudosubstrate inhibitor of APCCdc20 in the spindle
assembly checkpoint. Genes Dev, 2007. 21(6): p. 655 67.

116. Howell, B.J., et al., Cytoplasmic dynein/dynactin drives kinetochore protein transport to the
spindle poles and has a role in mitotic spindle checkpoint inactivation. J Cell Biol, 2001. 155(7): p.
1159 72.

117. Westhorpe, F.G., et al., p31comet mediated extraction of Mad2 from the MCC promotes efficient
mitotic exit. J Cell Sci, 2011. 124(Pt 22): p. 3905 16.

118. Mansfeld, J., et al., APC15 drives the turnover of MCC CDC20 to make the spindle assembly
checkpoint responsive to kinetochore attachment. Nat Cell Biol, 2011. 13(10): p. 1234 43.

119. Uzunova, K., et al., APC15 mediates CDC20 autoubiquitylation by APC/C(MCC) and disassembly
of the mitotic checkpoint complex. Nat Struct Mol Biol, 2012. 19(11): p. 1116 23.

120. Ahonen, L.J., et al., Polo like kinase 1 creates the tension sensing 3F3/2 phosphoepitope and
modulates the association of spindle checkpoint proteins at kinetochores. Curr Biol, 2005. 15(12):
p. 1078 89.

121. Salimian, K.J., et al., Feedback control in sensing chromosome biorientation by the Aurora B
kinase. Curr Biol, 2011. 21(13): p. 1158 65.

122. Lampson, M.A., et al., Correcting improper chromosome spindle attachments during cell division.
Nat Cell Biol, 2004. 6(3): p. 232 7.

123. Pinsky, B.A., et al., The Ipl1 Aurora protein kinase activates the spindle checkpoint by creating
unattached kinetochores. Nat Cell Biol, 2006. 8(1): p. 78 83.

124. Foley, E.A., M. Maldonado, and T.M. Kapoor, Formation of stable attachments between
kinetochores and microtubules depends on the B56 PP2A phosphatase. Nat Cell Biol, 2011.
13(10): p. 1265 71.

125. Lesage, B., J. Qian, and M. Bollen, Spindle checkpoint silencing: PP1 tips the balance. Curr Biol,
2011. 21(21): p. R898 903.

126. Liu, D., et al., Regulated targeting of protein phosphatase 1 to the outer kinetochore by KNL1
opposes Aurora B kinase. J Cell Biol, 2010. 188(6): p. 809 20.

127. Mikule, K., et al., Loss of centrosome integrity induces p38 p53 p21 dependent G1 S arrest. Nat
Cell Biol, 2007. 9(2): p. 160 70.

128. Branzei, D. and M. Foiani, The checkpoint response to replication stress. DNA Repair (Amst),
2009. 8(9): p. 1038 46.

129. Foster, D.A., et al., Regulation of G1 Cell Cycle Progression: Distinguishing the Restriction Point
from a Nutrient Sensing Cell Growth Checkpoint(s). Genes Cancer, 2010. 1(11): p. 1124 31.

130. Chin, C.F. and F.M. Yeong, Safeguarding entry into mitosis: the antephase checkpoint. Mol Cell
Biol, 2010. 30(1): p. 22 32.

131. Reiter, L.T. and E. Bier, Using Drosophila melanogaster to uncover human disease gene function
and potential drug target proteins. Expert Opin Ther Targets, 2002. 6(3): p. 387 99.

132. Rubin, G.M. and A.C. Spradling, Genetic transformation of Drosophila with transposable element
vectors. Science, 1982. 218(4570): p. 348 53.

133. Spradling, A.C., et al., The Berkeley Drosophila Genome Project gene disruption project: Single P
element insertions mutating 25% of vital Drosophila genes. Genetics, 1999. 153(1): p. 135 77.

134. Uemura, T., et al., Mutation of twins encoding a regulator of protein phosphatase 2A leads to
pattern duplication in Drosophila imaginal discs. Genes Dev, 1993. 7(3): p. 429 40.

135. Archambault, V., et al., Mutations in Drosophila Greatwall/Scant reveal its roles in mitosis and
meiosis and interdependence with Polo kinase. PLoS Genet, 2007. 3(11): p. e200.



51

136. Brand, A.H. and N. Perrimon, Targeted gene expression as a means of altering cell fates and
generating dominant phenotypes. Development, 1993. 118(2): p. 401 15.

137. Cook, R.K., et al., The generation of chromosomal deletions to provide extensive coverage and
subdivision of the Drosophila melanogaster genome. Genome Biol, 2012. 13(3): p. R21.

138. Wang, P., X. Pinson, and V. Archambault, PP2A twins is antagonized by greatwall and
collaborates with polo for cell cycle progression and centrosome attachment to nuclei in
drosophila embryos. PLoS Genet, 2011. 7(8): p. e1002227.

139. Lipinszki, Z., et al., Affinity purification of protein complexes from Drosophila embryos in cell
cycle studies.Methods Mol Biol, 2014. 1170: p. 571 88.

140. Novak, B. and J.J. Tyson, Numerical analysis of a comprehensive model of M phase control in
Xenopus oocyte extracts and intact embryos. J Cell Sci, 1993. 106 ( Pt 4): p. 1153 68.

141. Tyson, J.J. and B. Novak, Regulation of the eukaryotic cell cycle: molecular antagonism,
hysteresis, and irreversible transitions. J Theor Biol, 2001. 210(2): p. 249 63.

142. Trunnell, N.B., et al., Ultrasensitivity in the Regulation of Cdc25C by Cdk1. Mol Cell, 2011. 41(3):
p. 263 74.

143. Kim, S.Y. and J.E. Ferrell, Jr., Substrate competition as a source of ultrasensitivity in the
inactivation of Wee1. Cell, 2007. 128(6): p. 1133 45.

144. Fisher, D., et al., Phosphorylation network dynamics in the control of cell cycle transitions. J Cell
Sci, 2012. 125(Pt 20): p. 4703 11.

145. O'Farrell, P.H., Triggering the all or nothing switch into mitosis. Trends Cell Biol, 2001. 11(12): p.
512 9.

146. Pomerening, J.R., E.D. Sontag, and J.E. Ferrell, Jr., Building a cell cycle oscillator: hysteresis and
bistability in the activation of Cdc2. Nat Cell Biol, 2003. 5(4): p. 346 51.

147. Solomon, M.J., et al., Cyclin activation of p34cdc2. Cell, 1990. 63(5): p. 1013 24.
148. Sha, W., et al., Hysteresis drives cell cycle transitions in Xenopus laevis egg extracts. Proc Natl

Acad Sci U S A, 2003. 100(3): p. 975 80.
149. Potapova, T.A., et al., Mitotic progression becomes irreversible in prometaphase and collapses

when Wee1 and Cdc25 are inhibited.Mol Biol Cell, 2011. 22(8): p. 1191 206.
150. Gavet, O. and J. Pines, Progressive activation of CyclinB1 Cdk1 coordinates entry to mitosis. Dev

Cell, 2010. 18(4): p. 533 43.
151. Lee, T.H., et al., INH, a negative regulator of MPF, is a form of protein phosphatase 2A. Cell, 1991.

64(2): p. 415 23.
152. Clarke, P.R., et al., Dephosphorylation of cdc25 C by a type 2A protein phosphatase: specific

regulation during the cell cycle in Xenopus egg extracts.Mol Biol Cell, 1993. 4(4): p. 397 411.
153. Castilho, P.V., et al., The M phase kinase Greatwall (Gwl) promotes inactivation of

PP2A/B55delta, a phosphatase directed against CDK phosphosites.Mol Biol Cell, 2009. 20(22): p.
4777 89.

154. Manchado, E., et al., Targeting mitotic exit leads to tumor regression in vivo: Modulation by Cdk1,
Mastl, and the PP2A/B55alpha,delta phosphatase. Cancer Cell, 2010. 18(6): p. 641 54.

155. Schmitz, M.H., et al., Live cell imaging RNAi screen identifies PP2A B55alpha and importin beta1
as key mitotic exit regulators in human cells. Nat Cell Biol, 2010. 12(9): p. 886 93.

156. Vigneron, S., et al., Greatwall maintains mitosis through regulation of PP2A. EMBO J, 2009.
28(18): p. 2786 93.

157. Burgess, A., et al., Loss of human Greatwall results in G2 arrest and multiple mitotic defects due
to deregulation of the cyclin B Cdc2/PP2A balance. Proc Natl Acad Sci U S A, 2010. 107(28): p.
12564 9.

158. Gharbi Ayachi, A., et al., The substrate of Greatwall kinase, Arpp19, controls mitosis by inhibiting
protein phosphatase 2A. Science, 2010. 330(6011): p. 1673 7.



52

159. Mochida, S., et al., Greatwall phosphorylates an inhibitor of protein phosphatase 2A that is
essential for mitosis. Science, 2010. 330(6011): p. 1670 3.

160. Krasinska, L., et al., Protein phosphatase 2A controls the order and dynamics of cell cycle
transitions.Mol Cell, 2011. 44(3): p. 437 50.

161. Bollen, M., D.W. Gerlich, and B. Lesage, Mitotic phosphatases: from entry guards to exit guides.
Trends Cell Biol, 2009. 19(10): p. 531 41.

162. Ferrari, S., Protein kinases controlling the onset of mitosis. Cell Mol Life Sci, 2006. 63(7 8): p.
781 95.

163. Margolis, S.S., et al., A role for PP1 in the Cdc2/Cyclin B mediated positive feedback activation of
Cdc25.Mol Biol Cell, 2006. 17(4): p. 1779 89.

164. Margolis, S.S., et al., PP1 control of M phase entry exerted through 14 3 3 regulated Cdc25
dephosphorylation. Embo j, 2003. 22(21): p. 5734 45.

165. Qian, Y.W., et al., Activated polo like kinase Plx1 is required at multiple points during mitosis in
Xenopus laevis.Mol Cell Biol, 1998. 18(7): p. 4262 71.

166. Abrieu, A., et al., The Polo like kinase Plx1 is a component of the MPF amplification loop at the
G2/M phase transition of the cell cycle in Xenopus eggs. J Cell Sci, 1998. 111 ( Pt 12): p. 1751 7.

167. Janssens, V. and J. Goris, Protein phosphatase 2A: a highly regulated family of serine/threonine
phosphatases implicated in cell growth and signalling. Biochem J, 2001. 353(Pt 3): p. 417 39.

168. Virshup, D.M. and S. Shenolikar, From promiscuity to precision: protein phosphatases get a
makeover.Mol Cell, 2009. 33(5): p. 537 45.

169. Janssens, V., J. Goris, and C. Van Hoof, PP2A: the expected tumor suppressor. Curr Opin Genet
Dev, 2005. 15(1): p. 34 41.

170. Longin, S., et al., Selection of protein phosphatase 2A regulatory subunits is mediated by the C
terminus of the catalytic Subunit. J Biol Chem, 2007. 282(37): p. 26971 80.

171. Turowski, P., et al., Differential methylation and altered conformation of cytoplasmic and
nuclear forms of protein phosphatase 2A during cell cycle progression. J Cell Biol, 1995. 129(2): p.
397 410.

172. Ikehara, T., et al., Methylation of the C terminal leucine residue of the PP2A catalytic subunit is
unnecessary for the catalytic activity and the binding of regulatory subunit (PR55/B). Biochem
Biophys Res Commun, 2007. 354(4): p. 1052 7.

173. Xu, Y., et al., Structure of the protein phosphatase 2A holoenzyme. Cell, 2006. 127(6): p. 1239 51.
174. Xu, Y., et al., Structure of a protein phosphatase 2A holoenzyme: insights into B55 mediated Tau

dephosphorylation.Mol Cell, 2008. 31(6): p. 873 85.
175. Reid, M.A., et al., The B55alpha subunit of PP2A drives a p53 dependent metabolic adaptation to

glutamine deprivation.Mol Cell, 2013. 50(2): p. 200 11.
176. Guo, C.Y., D.L. Brautigan, and J.M. Larner, ATM dependent dissociation of B55 regulatory subunit

from nuclear PP2A in response to ionizing radiation. J Biol Chem, 2002. 277(7): p. 4839 44.
177. Arroyo, J.D. and W.C. Hahn, Involvement of PP2A in viral and cellular transformation. Oncogene,

2005. 24(52): p. 7746 55.
178. Nunbhakdi Craig, V., et al., Simian virus 40 small tumor antigen induces deregulation of the actin

cytoskeleton and tight junctions in kidney epithelial cells. J Virol, 2003. 77(5): p. 2807 18.
179. Williams, B.C., et al., Greatwall phosphorylated Endosulfine is both an inhibitor and a substrate

of PP2A B55 heterotrimers. Elife, 2014. 3: p. e01695.
180. Kleinberger, T. and T. Shenk, Adenovirus E4orf4 protein binds to protein phosphatase 2A, and the

complex down regulates E1A enhanced junB transcription. J Virol, 1993. 67(12): p. 7556 60.
181. Shtrichman, R., et al., Induction of apoptosis by adenovirus E4orf4 protein is specific to

transformed cells and requires an interaction with protein phosphatase 2A. Proc Natl Acad Sci U
S A, 1999. 96(18): p. 10080 5.



53

182. Shtrichman, R., R. Sharf, and T. Kleinberger, Adenovirus E4orf4 protein interacts with both
Balpha and B' subunits of protein phosphatase 2A, but E4orf4 induced apoptosis is mediated
only by the interaction with Balpha. Oncogene, 2000. 19(33): p. 3757 65.

183. Mui, M.Z., et al., Identification of the adenovirus E4orf4 protein binding site on the B55alpha and
Cdc55 regulatory subunits of PP2A: Implications for PP2A function, tumor cell killing and viral
replication. PLoS Pathog, 2013. 9(11): p. e1003742.

184. Kurimchak, A., et al., Activation of p107 by fibroblast growth factor, which is essential for
chondrocyte cell cycle exit, is mediated by the protein phosphatase 2A/B55alpha holoenzyme.
Mol Cell Biol, 2013. 33(16): p. 3330 42.

185. Zolnierowicz, S., et al., Diversity in the regulatory B subunits of protein phosphatase 2A:
identification of a novel isoform highly expressed in brain. Biochemistry, 1994. 33(39): p. 11858
67.

186. Ruvolo, P.P., et al., Low expression of PP2A regulatory subunit B55alpha is associated with T308
phosphorylation of AKT and shorter complete remission duration in acute myeloid leukemia
patients. Leukemia, 2011. 25(11): p. 1711 7.

187. Kuo, Y.C., et al., Regulation of phosphorylation of Thr 308 of Akt, cell proliferation, and survival
by the B55alpha regulatory subunit targeting of the protein phosphatase 2A holoenzyme to Akt.
J Biol Chem, 2008. 283(4): p. 1882 92.

188. Yang, Y., et al., Reactivating PP2A by FTY720 as a novel therapy for AML with C KIT tyrosine
kinase domain mutation. J Cell Biochem, 2012. 113(4): p. 1314 22.

189. Cheng, Y., et al., Evaluation of PPP2R2A as a prostate cancer susceptibility gene: a
comprehensive germline and somatic study. Cancer Genet, 2011. 204(7): p. 375 81.

190. Curtis, C., et al., The genomic and transcriptomic architecture of 2,000 breast tumours reveals
novel subgroups. Nature, 2012. 486(7403): p. 346 52.

191. Integrated genomic analyses of ovarian carcinoma. Nature, 2011. 474(7353): p. 609 15.
192. Drewes, G., et al., Dephosphorylation of tau protein and Alzheimer paired helical filaments by

calcineurin and phosphatase 2A. FEBS Lett, 1993. 336(3): p. 425 32.
193. Gong, C.X., I. Grundke Iqbal, and K. Iqbal, Dephosphorylation of Alzheimer's disease abnormally

phosphorylated tau by protein phosphatase 2A. Neuroscience, 1994. 61(4): p. 765 72.
194. Pallas, D.C., et al., Polyoma small and middle T antigens and SV40 small t antigen form stable

complexes with protein phosphatase 2A. Cell, 1990. 60(1): p. 167 76.
195. Yang, S.I., et al., Control of protein phosphatase 2A by simian virus 40 small t antigen. Mol Cell

Biol, 1991. 11(4): p. 1988 95.
196. Sontag, E., et al., The interaction of SV40 small tumor antigen with protein phosphatase 2A

stimulates the map kinase pathway and induces cell proliferation. Cell, 1993. 75(5): p. 887 97.
197. Turowski, P., et al., Vimentin dephosphorylation by protein phosphatase 2A is modulated by the

targeting subunit B55.Mol Biol Cell, 1999. 10(6): p. 1997 2015.
198. Sontag, E., et al., Regulation of the phosphorylation state and microtubule binding activity of Tau

by protein phosphatase 2A. Neuron, 1996. 17(6): p. 1201 7.
199. Sontag, E., et al., Molecular interactions among protein phosphatase 2A, tau, and microtubules.

Implications for the regulation of tau phosphorylation and the development of tauopathies. J Biol
Chem, 1999. 274(36): p. 25490 8.

200. Cundell, M.J., et al., The BEG (PP2A B55/ENSA/Greatwall) pathway ensures cytokinesis follows
chromosome separation.Mol Cell, 2013. 52(3): p. 393 405.

201. Sontag, E., et al., A novel pool of protein phosphatase 2A is associated with microtubules and is
regulated during the cell cycle. J Cell Biol, 1995. 128(6): p. 1131 44.

202. Dobbelaere, J., et al., A genome wide RNAi screen to dissect centriole duplication and
centrosome maturation in Drosophila. PLoS Biol, 2008. 6(9): p. e224.



54

203. Brownlee, C.W., et al., The Protein Phosphatase 2A regulatory subunit Twins stabilizes Plk4 to
induce centriole amplification. J Cell Biol, 2011. 195(2): p. 231 43.

204. Song, M.H., et al., Protein phosphatase 2A SUR 6/B55 regulates centriole duplication in C.
elegans by controlling the levels of centriole assembly factors. Dev Cell, 2011. 20(4): p. 563 71.

205. Zhang, W., et al., PR55 alpha, a regulatory subunit of PP2A, specifically regulates PP2A mediated
beta catenin dephosphorylation. J Biol Chem, 2009. 284(34): p. 22649 56.

206. Sathyanarayanan, S., et al., Posttranslational regulation of Drosophila PERIOD protein by protein
phosphatase 2A. Cell, 2004. 116(4): p. 603 15.

207. Wang, C., et al., Protein phosphatase 2A regulates self renewal of Drosophila neural stem cells.
Development, 2009. 136(13): p. 2287 96.

208. Li, S., et al., The adenovirus E4orf4 protein induces G2/M arrest and cell death by blocking
protein phosphatase 2A activity regulated by the B55 subunit. J Virol, 2009. 83(17): p. 8340 52.

209. Agostinis, P., et al., Specificity of the polycation stimulated (type 2A) and ATP,Mg dependent
(type 1) protein phosphatases toward substrates phosphorylated by P34cdc2 kinase. Eur J
Biochem, 1992. 205(1): p. 241 8.

210. Ferrigno, P., T.A. Langan, and P. Cohen, Protein phosphatase 2A1 is the major enzyme in
vertebrate cell extracts that dephosphorylates several physiological substrates for cyclin
dependent protein kinases.Mol Biol Cell, 1993. 4(7): p. 669 77.

211. Mayer Jaekel, R.E., et al., The 55 kd regulatory subunit of Drosophila protein phosphatase 2A is
required for anaphase. Cell, 1993. 72(4): p. 621 33.

212. Mayer Jaekel, R.E., et al., Drosophila mutants in the 55 kDa regulatory subunit of protein
phosphatase 2A show strongly reduced ability to dephosphorylate substrates of p34cdc2. J Cell
Sci, 1994. 107 ( Pt 9): p. 2609 16.

213. Mochida, S., et al., Regulated activity of PP2A B55 delta is crucial for controlling entry into and
exit from mitosis in Xenopus egg extracts. EMBO J, 2009. 28(18): p. 2777 85.

214. Rangone, H., et al., Suppression of scant identifies Endos as a substrate of greatwall kinase and a
negative regulator of protein phosphatase 2A in mitosis. PLoS Genet, 2011. 7(8): p. e1002225.

215. Mochida, S. and T. Hunt, Calcineurin is required to release Xenopus egg extracts from meiotic M
phase. Nature, 2007. 449(7160): p. 336 40.

216. Hegarat, N., et al., PP2A/B55 and Fcp1 Regulate Greatwall and Ensa Dephosphorylation during
Mitotic Exit. PLoS Genet, 2014. 10(1): p. e1004004.

217. Visintin, R., et al., The phosphatase Cdc14 triggers mitotic exit by reversal of Cdk dependent
phosphorylation.Mol Cell, 1998. 2(6): p. 709 18.

218. Traverso, E.E., et al., Characterization of the Net1 cell cycle dependent regulator of the Cdc14
phosphatase from budding yeast. J Biol Chem, 2001. 276(24): p. 21924 31.

219. Visintin, R., E.S. Hwang, and A. Amon, Cfi1 prevents premature exit from mitosis by anchoring
Cdc14 phosphatase in the nucleolus. Nature, 1999. 398(6730): p. 818 23.

220. Stegmeier, F. and A. Amon, Closing mitosis: the functions of the Cdc14 phosphatase and its
regulation. Annu Rev Genet, 2004. 38: p. 203 32.

221. Jiang, Y., Regulation of the cell cycle by protein phosphatase 2A in Saccharomyces cerevisiae.
Microbiol Mol Biol Rev, 2006. 70(2): p. 440 9.

222. Baro, B., et al., Dual Regulation of the mitotic exit network (MEN) by PP2A Cdc55 phosphatase.
PLoS Genet, 2013. 9(12): p. e1003966.

223. Healy, A.M., et al., CDC55, a Saccharomyces cerevisiae gene involved in cellular morphogenesis:
identification, characterization, and homology to the B subunit of mammalian type 2A protein
phosphatase.Mol Cell Biol, 1991. 11(11): p. 5767 80.

224. Wicky, S., et al., The Zds proteins control entry into mitosis and target protein phosphatase 2A to
the Cdc25 phosphatase.Mol Biol Cell, 2011. 22(1): p. 20 32.



55

225. Rossio, V. and S. Yoshida, Spatial regulation of Cdc55 PP2A by Zds1/Zds2 controls mitotic entry
and mitotic exit in budding yeast. J Cell Biol, 2011. 193(3): p. 445 54.

226. Bontron, S., et al., Yeast endosulfines control entry into quiescence and chronological life span by
inhibiting protein phosphatase 2A. Cell Rep, 2013. 3(1): p. 16 22.

227. Juanes, M.A., et al., Budding yeast greatwall and endosulfines control activity and spatial
regulation of PP2A(Cdc55) for timely mitotic progression. PLoS Genet, 2013. 9(7): p. e1003575.

228. Rossio, V., et al., Comparative genetic analysis of PP2A Cdc55 regulators in budding yeast. Cell
Cycle, 2014. 13(13): p. 2073 83.

229. White Cooper, H., et al., Mutations in new cell cycle genes that fail to complement a multiply
mutant third chromosome of Drosophila. Genetics, 1996. 144(3): p. 1097 111.

230. Yamamoto, T.M., et al., Regulation of Greatwall kinase during Xenopus oocyte maturation. Mol
Biol Cell, 2011. 22(13): p. 2157 64.

231. Yu, J., et al., Greatwall kinase: a nuclear protein required for proper chromosome condensation
and mitotic progression in Drosophila. J Cell Biol, 2004. 164(4): p. 487 92.

232. Bettencourt Dias, M., et al., Genome wide survey of protein kinases required for cell cycle
progression. Nature, 2004. 432(7020): p. 980 7.

233. Yu, J., et al., Greatwall kinase participates in the Cdc2 autoregulatory loop in Xenopus egg
extracts.Mol Cell, 2006. 22(1): p. 83 91.

234. Zhao, Y., et al., Roles of Greatwall kinase in the regulation of cdc25 phosphatase. Mol Biol Cell,
2008. 19(4): p. 1317 27.

235. Lorca, T., et al., Constant regulation of both the MPF amplification loop and the Greatwall PP2A
pathway is required for metaphase II arrest and correct entry into the first embryonic cell cycle. J
Cell Sci, 2010. 123(Pt 13): p. 2281 91.

236. Haccard, O. and C. Jessus, Greatwall kinase, ARPP 19 and protein phosphatase 2A: shifting the
mitosis paradigm. Results Probl Cell Differ, 2011. 53: p. 219 34.

237. Peng, A., et al., A novel role for greatwall kinase in recovery from DNA damage. Cell Cycle, 2010.
9(21): p. 4364 9.

238. Talarek, N., et al., Initiation of the TORC1 regulated G0 program requires Igo1/2, which license
specific mRNAs to evade degradation via the 5' 3' mRNA decay pathway.Mol Cell, 2010. 38(3): p.
345 55.

239. Lee, P., et al., Rim15 dependent activation of Hsf1 and Msn2/4 transcription factors by direct
phosphorylation in Saccharomyces cerevisiae. FEBS Lett, 2013. 587(22): p. 3648 55.

240. Peng, A., L. Wang, and L.A. Fisher, Greatwall and Polo like kinase 1 coordinate to promote
checkpoint recovery. J Biol Chem, 2011. 286(33): p. 28996 9004.

241. Blake Hodek, K.A., et al., Determinants for activation of the atypical AGC kinase Greatwall during
M phase entry.Mol Cell Biol, 2012. 32(8): p. 1337 53.

242. Vigneron, S., et al., Characterization of the mechanisms controlling Greatwall activity. Mol Cell
Biol, 2011. 31(11): p. 2262 75.

243. Lorca, T. and A. Castro, The Greatwall kinase: a new pathway in the control of the cell cycle.
Oncogene, 2013. 32(5): p. 537 43.

244. Hara, M., et al., Greatwall kinase and cyclin B Cdk1 are both critical constituents of M phase
promoting factor. Nat Commun, 2012. 3: p. 1059.

245. Wang, P., et al., Cell cycle regulation of Greatwall kinase nuclear localization facilitates mitotic
progression. J Cell Biol, 2013.

246. Alvarez Fernandez, M., et al., Greatwall is essential to prevent mitotic collapse after nuclear
envelope breakdown in mammals. Proc Natl Acad Sci U S A, 2013. 110(43): p. 17374 9.

247. Wang, P., M. Malumbres, and V. Archambault, The Greatwall PP2A axis in cell cycle control.
Methods Mol Biol, 2014. 1170: p. 99 111.



56

248. Pedruzzi, I., et al., TOR and PKA signaling pathways converge on the protein kinase Rim15 to
control entry into G0.Mol Cell, 2003. 12(6): p. 1607 13.

249. Urban, J., et al., Sch9 is a major target of TORC1 in Saccharomyces cerevisiae. Mol Cell, 2007.
26(5): p. 663 74.

250. Wanke, V., et al., Regulation of G0 entry by the Pho80 Pho85 cyclin CDK complex. Embo j, 2005.
24(24): p. 4271 8.



57



58

Drosophila

Drosophila

Drosophila

polo gwl



59

PLoS Genetics

polo  greatwall



60

Drosophila

Drosophila

Drosophila

Drosophila

Xenopus



61

chk2

polo

gwl

microtubule star/mts twins/tws

Xenopus Drosophila

polo

polo11

polo9



62

Drosophila



63

polo11/+ polo11/+



64

a b c

d

polo

polo11/+

WT 

polo



65

polo11/+



66

WT

Drosophila

polo

polo

polo

polo11

polo11

gwlScant gwl

polo

 polo11 gwlScant

polo11 or 



67

gwlScant polo11

gwlScant

polo gwl

polo

gwl Df(3R)ED5474

twins tws

twsP

polo11

twsaar-1

polo.

polo tws



68

polo twins

microtubule star

polo11

gwlScant

polo11

polo11 gwlScant

twins tws

Df(3R)ED5474

polo11/+

twins polo

tws mts

Drosophila

polo

tws, widerborst, PP2A-B’ tws 

polo11 CG4733 PP2A-B’’ polo11 

microtubule star mts

polo9



69

 tws mts mts Df(2L)ED12527

Pp2A-

29B polo11

widerborst PP2A-B’ Pp2A-29B

gwlScant tws mts

mts/+ gwlScant /+ gwlScant +/+ twsP

Df(2L)ED1315 polo11 gwlScant

Df(2L)ED1315

gwlScant tws mts 

gwlScant gwl

UASp-GWL 

twsP 

 

a



70

WT

Xenopus



71

WT 

a

b

c

b, c

OE GWL UASp-GWL

polo11 mts XE-2258

 

b



72

b c

mts
 XE-2258/+; 

polo11/+ 

gwl6a gwlSr18

gwl  

in vivo



73

 

polo

polo tws mts

 tws mts

polo



74

polo11 mtsXE-2258

polo11 twsP

polo11-Scant

Drosophila

Xenopus



75

Drosophila

polo tws

gwlScant/+ tws/+



76

Xenopus

Drosophila tws

tws

mts 

polo gwl

 Xenopus 

Xenopus



77

Drosophila endosulfine endos

gwlScant polo

endos

Xenopus endos

endos

Drosophila

endos gwlScant

Xenopus



78

 Fly husbandry, genetic screen and fertility tests 

polo11 gwlScant gwlSr18 twsP twsJ11C8  and twsaar-1 

mtsXE-2258 Pp2A-29BEP2332 PP2A-B'A131 wdb07

 GFP-D-TACC H2A-RFP

UASp-GWL-MYC UASp-GWL-KD-MYC

Drosophila

UASp-GWL

 Immunofluorescence and confocal microscopy 

Time-lapse microscopy 

WT polo11/+ GFP-D-TACC H2A-RFP



79

Chemical inhibition of Polo 

Drosophila

Xenopus

The Development of 
Drosophila melanogaster



80



81



82



83



84

Drosophila



85

Drosophila

in vivo

Drosophila

Drosophila

gwl

Xenopus



86

Drosophila Xenopus

Drosophila endos

Xenopus

Xenopus

Xenopus

in vivo

Xenopus

Xenopus

in vitro 

in vivo 

in lieu 

in vitro

Drosophila



87

in vivo

Drosophila

Drosophila



88



89



90



91



92

KAN

p

in vivo

UASp-Myc-Gwl gwl 

UASp-Myc-Gwl Maternal -Tubulin-Gal4-VP16 

in 

vivo Drosophila



93

UASp-Myc-Gwl Actin-Gal4

gwlSr3/gwlSr6 

UASp-Myc-Gwl-NLSmut 

gwl

gwlSr18

UASp-Myc-Gwl Maternal -Tubulin-Gal4-VP16

UASp-Myc-Gwl-NLSmut

gwl

in vivo



94



95

in vitro



96

Xenopus

Xenopus Xenopus in vitro

Drosophila

Drosophila in vitro 

in vivo

in vivo

in vitro 



97

in vitro

in vitro



98

p



99



100

p

Drosophila

Drosophila



101



102

p

in vitro



103

 gwl gwl6a

gwl

gwl

gwl

gwl6a/+



104

gwl  

UASp-Polo-Myc Maternal -Tub Gal4-VP16 



105

gwl6a

Xenopus

Drosophila



106



107

S. cerevisiae



108

gwl

gwl gwlScant polo

polo

polo

Drosophila



109

Drosophila Xenopus

in vivo

w1118 UASp-GWL-GFP



110



111



112

Drosophila melanogaster

 GWL

E. Coli



113

Drosophila



114



115



116



117



118



119

Drosophila



In vivoo

 in vitro

120

In vitrro

 in vitro



121



122



123

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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