Analysis of the function of Drosophila Cyclin E

isoforms and identification of interactors

A thesis submitted for the degree of Doctor of Philosophy

Donna Crack, B.Sc. (Hons.)

Department of Molecular Biosciences

The University of Adelaide

August 2002




Table of Contents

Table of Contents i
Table of Figures \
Table of Tables Vi
Abstract vii
Declaration iX
Acknowledgements X
Chapter 1 : Introduction I
11 T CELLCYCLE ottt bbb s et e st neas 1
1-1.1 Cell CycCle TEGUIALION ...cvivriciireiniiiierre et s vt sbes s sr et s sin s e e eseaes 1
1-2 The G1 o S phase transition........eiiciie e eressesassresnens 2
L=2.1 G1 CYCIMNS . cttriiuiiesrirririreiree st ereeriesresnereseessresssrassesanenssserassessesssessessnnesssarasannessons 2
1-3 Regulation of G1 Cyclin/CdK actiVity ......cccecevieiinveeininie e 3
1-3,1 Cyclin aDUNAANCE .....viiviiiriiriiireeiiee st ere et er s vae b e ra b erseennseesbesssesssannaens 3
1-3.2 PhoSPROTYIAtION. c.c.viiiiriiiiiireresiiirieteirt et resae b ese s s sresesese e ennesnassassassbessases 5
1-3.3 Cyclin-dependent kinase InhibitOrs. .......occirviverniiriirencinininninee et csvesionns 5
1-4 Targets of G1 Cyclin/CdK actiVity......coccvrniviniiiiciinneesse e s 7
1-5 Cell cycle regulation during Drosophila development...........ccccovvevviviireninnnne 8
1-5.1 Embryonic DeVeloPmEnt.........ccvvviiicrrerirecerniermnirininneieennissisisassseesessunesessssnne 9
1-5.2 Bye DeVELOPMENL ...evvrvieriicieerererensieeere et eeseses s seesmesmnssanesenes 9
1-6 Drosophila DICYCE ... es e nesresenas 11
1-6.1 DIMCYCE EXPIESSION ..cuveveevirrererieniiinrerreenerietaresresiesresrensssesessensssssnassuessessseessessone 11
1-6.2 DmcycE is rate-limiting for the G1 to S phase transition.......oececvverirevrenenen 15
1-7 Regulation of the G1 to S phase transition in the MF..........cccccoovviveiiriccnnnnn, 17
1-7.1 The role of Dacapo, a negative regulator of DmcycE in development.............. 17
1-7.2 The role of Roughex, a negative regulator of Cyclin A during development....19
1-8 Aims and approaches of this thesis. ... 19
Chapter 2 : Materials and Methods ___ 21
2-1 Abbreviations.................. OO OO OO OO 21
2-2 MATEHIALS oot e s 21
2-2.1 Chemical TEAZENLS 1vicviverveeiererrrrirererrsieresieseerraessessserestensesisssesessnssasessaesssnesinress 21
222 BIIZYINIES .veeveeiveeieiisieeteeeeeinsresretasse s asaesaesbeseeassee st ssassessaiaserebtesasasnsensvessnses suevns 21
2923 KIS toivereieicr it bbb b et 22
2-2.4 Molecular weight standards ........c.eeviviecnnimie e e s 22
2-2.5 ANLIDOGIES ..evveeivireiecri et 22
2-2.6 BaCterial STrAINS ...coivvivvveviiirieesiiiire sttt ettt s s seanran 23
2-2.7 Yeast SITAINS ....covviiriiieiiriiiniesiisies ittt sre s e n e et s 23



2-2.9 Buffers and SOIUIONS . ..vvverersssssssssesssseris sttt b s 24

92,10 Bacterial MEdia coeuuuassssrssersirsssieisisiies it 25
9211 YEASt MEAIA 1rrrrvvevveeesnsssrere st 25
2-2.12 DroSOPHila MEQIA ccvvvvvvvvveestessisssssississis it 26
222,13 PIASTIIAS. . vevoerssseeserersesssmsses st bbb s 26
2-2.14 OlGOMUCIEOtARS .vvvvvssserersessrsssssssssisis ittt 28
923 MELROMS ....ovveeoneevvessssesseesssesssses s bbb e 28
2-3.1 Generation of recombinant plasSmids..........coovviviiiimmienniiiiii s 28
9-3.2 Transformation 0f BaCETIa ..vvveeieieineiiiiiiiitceee e 29
2-3.3 Isolation of plasmid DNA ....ccoviiimiinrieiniiiiiin s 29
2-3.4 PCR amplification of DNA ..o 30
2-3.5 Automated SEQUENCING ...cvvrvivereririierieteniirt ittt 30
2-3.6 Protein gel electrophOTeSiS ..o v vvriirmrtnmnisistitiniii et 30
2-3.7 Protein purification for antibody production.............ccceviinininiiinicnnn 30
2-3.8 Western DIOtHNE ...vvvveeviiiiiisiie i ittt 31
2-3.9 Transfection 0F S2 CellS i iiiiiriierr e e s et eree s ecrtebareesaeaens 31
2-3.10 Co-ImmUNOPIECIPItALION c..vvviiiviiisiiiciiriiiesre s 31
2-3.11 Transformation Of YEASt......ccceevrirririerreierrrrierireessris e e s ssneeesresrerenbeesseaeaas 32
2-3.12 INtEraction MAtNE . cccveieeirerrrerrreesinreeesiensessnessresssssessesnsesssaressessesarsssesessaersens 32
2-3.13 Yeast plasmid DNA extraction protocol .....cccveieiioreeiviieiennnnieniesnneerenanns 33
2-3.14 Yeast protein extraction protoCol ......cecuvrereereiiiiriirineniennesene e 33
2-3.15 Yeast interaction screening proCeAUIE .....cvcvvrvrevieiiiceeieeseesrniiiscessineeresennens 33
2-3.16 Assay for B-galactosidase in liquid cultures .......cc.oceeveeeneevireinniiieiiesresnns 33
2-3.17 Heat shock induction of DmcycE contructs ......coccvviveerceenvenenecennenereenne 34
2-3.18 Drosophila protein EXITACES ........vereersierirseeaieicrereesiessrestescesieresssesesessessasesenns 34
2-3.19 Collection and fixation of Drosophila embryos........ccvevverrvieceienrnirennnrennenns 34
2-3.20 In situ hybridisation of Drosophila embIyos ...........ucceeerieeieirencecenrnnenenneceane 34
2-3.21 Whole mount immunolocalisation of Drosophila embryos.........c.ceceeeiennnn. 35
2-3.22 Immunolocalisation of Drosophila 1arval HiSSUES. ..........ccevereriiereniemersernana. 35
2-3.23 Immunolocalisation of Drosophila OVAries.........uveivecreeeriieseessiesse e, 36
2-3.24 BrdU incorporation into Drosophila €ye diSCS .....c.covviviriivinniiniincciinireseiins 36
2-3.25 Scanning electron MiCTOSCOPY..........cvv.iivurieeeeisessieeeeeesie s sessinsessessessessennons 37
2-3.26 DroSOPhiles CUULES ....couvnvevvvoiirs e ese st stsass s ssnsises 37
2-3.27 P-element mediated transformation of DFoSOPRIlA.........c...vcomeivererevenseerecrinnn, 37
2-3.28 Microscopy and photo BIAPNY Luveiivie it ce e e eb e ebene 38
2-3.29 Regulatory CONSIAEIAtIONS ...............oovvevveeerseeesseesse e eesseseseessseseeseseesens 38
224 GLOSSAMY....ovesvorrveecenvecssseenss st 38
Chapter 3 : Distribution of DmcycEll During Development 39
T INETOAUCHION ..o s seseseeereess s eecesenensees 39
3-2 Distribution and localisation of DmcycEll protein. ..., 39
3-2.1 Generation of a DmcycEIl-specific antibody......co.veerveecvieriioneeeresesins 39



3-2.2 Distribution of DmcycEIl during embryonic development............cccoevvvecneernnnns 40

3-2.3 Distribution of DmcycEIl in the eye-antennal and wing imaginal discs ........... 40
3-2.4 Distribution of DmcYCEIL during 00ZENESIS ...ecveverereverrermerresresiieresressrnsrasssesnns 41
3-3 DISCUSSION ..ottt ns st sttt e s 50
Chapter 4 : Analysis of DmcycEl and DmcycEll Function 53
-1 INEFOAUCTION ...ttt ss s bt e 53
4-2 Analysis of truncated forms of DMCYCE ......ccccoovevivivvire e, 53
4-2.1 Ectopic expression of N- and C-terminal DmcycE truncations........cceeerevvernnen 53
4-2.2 Generation and analysis of a 12 amino acid N-terminal DmcycEl truncation ..59
4-3 Examination of potential DmcycEl specific inhibitors.......c.coeovecvnvevennnnnn. 63
4-3.1 Is Dacapo the DmcycEI specific inhibitor? ........cceocveorviriineriiineisisasieseesnnn. 63
4-3.2 Is Roughex the DmcycEI specific inhibitor? ...........cocvevviiieniieinrnecnnreenonns 69
44 DISCUSSTON w.evevriietcierieieni s eseeiss s ebessee e eben e sss b erns e ebe bt srs et bsssesasssessnsasasesisons 77
Chapter 5 : A Genetic Screen for DmcycE Interactors. =~~~ 79
5-1 INEFOAUCTION ...ovviii e 79
5-2 Analysis of GMR>gcycEl as a system to identify DmcycE interactors............ 80
5-2.1 The GMR>gCycEI PRENOLYPE ...vvveevirisririiiiieiiiiciieiisssissreceseesessenens 80
5-2.2 Sensitivity of GMR>gcycEI phenotype in identifying dominant enhancers .....81
5-3 Identification of DmcycE interactors by screening for enhancement of the
GMR>gycycEl rough eye phenotype ... e 81
5-3.1 Tesﬁng candidates from Similar SCIEENS .......ouvveerrvrvermrericrnririceiresiesisneessaesiesens 81
5-3.2 Identification of novel negative regulators of DmcycEL..........cvveovmecririnrcreninnns 86
5-4 Analysis of P-element enhancers ... e 88
54T L3B)06734 ettt rses et b 89
S5BQ.21(3)05408 c.oovevirrrrirreiiieieiirtreiessssirens sttt 93
S5B3U(3)00720 c..ucuvcoviiiiiireisiietieierisrsaessssisssssscsssseseress s ss st sss s ere s sssnesaseserens 95
S84 OFB™ oo s R 97
S5aB.5 U3)PK344 coooviiirecceeririt ettt e 99
S5eQ.0 L(3)J2DS c.ooviririiiririinisie sttt s et r e bt 99
555 DISCUSSTON ..ocvivirriiieieieinit ettt rersb b e s tse bbb aresenesnssassbassssan 99
5-5.1 R0I& 0f 1{3)0S5408 .....ocvcvirriririinrirsenienrieesesneieneressseresesesrsssesrastsseressnenssennanes 104
5-5.2 ROIE OF OID.viviviviiiiciii ettt er e s b tenes 105
5-5.3 CONCIUSION. c1.vevreerireiieiescterssieeetsarase s s rese st s ere b be st beer s b e b s besesreas s e aebeesreses 107
Chapter 6 : Yeast Screen for DmcycE Interactors .~~~ 109
6-T1 INEFOAUCTION L.ovvvcrinicicce et e 109
6-2 Yeast 2-hybrid analysis to identify DmcycE interactors .........ccoeevnnvrnnnnnn. 109
6-2.1 LexA fusion system to identify N-terminal DmcycEI interactors .................... 109
6-2.2 Gal fusion system to identify N-terminal DmcycEI interactors.........ccocvvrereennn 113
6-3 Interactions with full length DmcycEl and DmcyCEll.........ccovvveieeiirninrinnnns 115
6-3.1 Yeast 2-hybrid analysis of candidates with DmcycEI and DmcycEllL............... 115
6-3.2 Assay for DmcycEl and DmcycEIl inhibition in the lethal yeast assay ............ 116

iii



6-4 Characterisation of interacting proteins ......ccccovreiiicnc s 116

6-4.1 Interactions between cabeza and DMCYCE ......c..coovvvvieriieicniniinniiesnsnesesieennaens 116
6-4.2 Interactions between Su(var)2-10 and DmCYCE........ccccccvmvveviiernieiieiicieiiiean, 117
6-4.3 Interactions between Demaguk and DmCycCE ......ooociieiviciiveciiiieneenee, 117
65 DISCUSSTION 1vviieiiiiecieecei sttt b s s bbbt s s bt snab bt ene e 125
6-5.1 ROIE OF CADEZA .....ccveeiirieeeiiiirniieereesere st esisssses e sie s sbesberesre st e e s s esasbsansersnnesnras 127
6-5.2 Role 0f SU{VAD) 2100 iiiiririe e eece st s e, 128
6-5.3 ROIE Of DCMAZUK.....ccuiiriiieiiniiciiniinininee e saesie s reereteseenessasessaresrasessenesue e 130
05,4 COMCIUSION ..veeiteertiurertestaresseearesisesseeseserreesssesbesseessasasaessereseasssshnbasssaressserassnsseans 131
Chapter 7 : Final Discussion . ... 133
7-1 INEFOAUCEION ..ttt e b st 133
7-2 SUMMALY OF FESUIES ...ovicrei ettt et 133
7-2.1 Distribution of DmcycEIl during development............cceccvvveviririireinieieierienans 133
7-2.2 Functional analysis of DmcycEl and DmcycEIL.....coioiiiinvreiiniisceieines 134
7-2.3 Genetic interactor screen using GMR>QCYCEL..........ccoovivcririivnniienicinenaeen, 134
7-2.4 Yeast two-hybrid screen using the N-terminus of DmcycEl ..o, 135
7-3 CONCLUSTON ..ottt ettt bt 136
7-3.1 What is the function of DmcycEIl during development?.............ccoee e, 136
7-3.2 Identification of novel DMCYCE INteractors ......vvveviveeiieviiiiinnresiininsisrenionnen 137
Appendices . e 139
Appendix 4.A : Lac Z assays with Dap and RUX ....cccccccininniinnmiionennne. 139
Appendix 5.A :Analysis of DmcycE™ suppressors for modification of GMR>gcycEl 140
Appendix 5.B : Regions of the third chromosome that suppress DmcycE” . ... 141
Appendix 5.C : Analysis of Sev-cycE enhancers. ......ccoccvveieierivnninireeioneiene oo 142
Appendix 5.D :Analysis of GMR-p21 suppressors for modification of GMR>gcycEl 142
Appendix S.E : Analysis of GMR-dE2FdDPp35 enhancers........ccocvevvevvvorveinierovennnenns 142
Appendix 5.F : Third chromosome P-elements screened against GMR>gcycEL. ......... 143
Appendix 6.A : LacZ assays with N- and C-terminal DmcycEl ............o.ccvvvvvviiiennnn, 152
Appendix 6.B : LacZ assays with full-length DmcycEIL II and PCL-C ..........c..ccoeun... 153
References .. . . . . 157

v




Abstract

Regulation of proliferation acts primarily during G1 phase of the cell cycle. The G1 to S

phase transition is regulated by the activity of Cdk2(cyclin dependent kinase)/Cyclin E. As in
mammals, Drosophila cyclin E (DmcycE) is essential and rate limiting for entry into S phase.
DmcycE gives rise to alternative transcripts encoding two proteins that differ at their N termini.
Both proteins are nuclear localised during interphase, and become distributed throughout the
cytoplasm during mitosis. During embryogenesis DmcycEIl is maternally supplied, while
DmcycEl is zygotically expressed. In this study, analysis of the expression of DmcycEIl
throughout development showed that DmcycEIl was present during larval development and

oogenesis. This implicates a role for DmcycEIl outside of early embryogenesis.

Drosophila eye development requires the synchronisation of cells in G1 phase within the
morphogenetic furrow (MF) of the eye imaginal disc. Ectopic expression of DmcycEl in the eye
imaginal disc has been previously shown to drive the anterior, but not the posterior, G1 phase
cells within the MF into S phase. In this study, ectopic expression analyses using full-length
DmcycE proteins as well as N- and C-terminal deletions of DmcycEl, revealed that DmcycEII
and N-terminal deletions were able to drive all G1 cells within the MF into S phase, while a C-
terminal deletion of DmcycEI could not, Taken together, these results show that DmcycEIl is
more potent than DmcycEl in driving cells into S phase and that the N-terminal region of
DmcycEI contains a negative regulatory domain. A model for this, is that an inhibitor is present

in the posterior MF that binds to DmcycEI N-terminus and inhibits DmcycElI function.

Two possible candidates for this inhibition, the Cdk inhibitors Dacapo and Roughex,
were examined. Both Dacapo and Roughex were shown by yeast 2-hybrid, co-
immunolocalization and in vivo functional studies not to be the mediator of the DmcycEI

inhibition in the posterior MF cells, suggesting that an unknown inhibitory mechanism exists.

To identify the DmcycEI specific inhibitor, genetic interaction and yeast 2-hybrid screens
were undertaken. The genetic interaction screen made use of overexpression of DmcycEl in the
eye imaginal disc to produce a dose-sensitive rough eye phenotype. This phenotype was then
used to screen a collection of P-element alleles, and identified dominant enhancers. One of the
enhancers, CG7394, encoding a Dnal homologue, appears to be specific for DmcycEl. The
yeast 2-hybrid screen isolated proteins that bind the N-terminal region of DmcycEI that were
then examined for their ability to inhibit DmcycE/DmCdk2 function and for an in vivo
interaction with DmcycE. This analysis revealed that CG9326, encoding a MAGUK homologue,
may be specific for DmcycEI in vivo. Further analysis of these and other interactors identified in
both the genetic interaction and yeast 2-hybrid screens, will reveal novel mechanisms for the

control of cell proliferation during development.
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