OAPH
O\old

A0k
Y %%%‘/

4 jiw

Functional characterisation of the Polycomblike protein of
Drosophila melanogaster

A thesis submitted for the degree of Doctor of Philosophy

by
Sinead O’Connell, B.Sc (Hons)

Department of Genetics,
University of Adelaide,
Adelaide, SA, 5005,

Australia December, 1999



Table of Contents

Abstract
Statement
Acknowledgments
CHAPTER 1: INTRODUCTION....... e e bt e ea b et r e her e et h b b s ke et s tan e et e v e e er et eanaean 1
1-1 THE REGULATION OF HOMEOTIC GENE EXPRESSION .. ..ottt e l
F-2 THE POLYCOMB GROUP .....oiiii et e 2
1-2.1 Molecular characterisation of the PeG proteins. ..o 3
Drosophila PeG Profeins.. . .o 3
PeG ROMOIOEUES. .. 4
1-2.2 PcG proteins interact to forn a multimeric complex.......................... 4
1-3 KEY QUESTIONS IN PCG RESEARCH ...00oivitiiii et e, 6
1-3.1 Recrnitment of the PcG 1o target 1oCi...........cooiiiiiiiiiii 7
PeG targeting 10 the UDX ome. . oo 7
The role of esc in initiating PcG-mediated gene silencing ... 9
The role of Pleiochomeotic in rccruiting PcG complexes to target Toci..........c 10
1-3.2 Maintenance of PcG SIencing.........coooi i 11
1-3.3 Mechanism Of represSion. ... .....cccocouiiiiiiiini i 1]
(1) Compaction MOUC] ... o e 11
(it) Nuclear compartmentalisation model.. ... 16
F-4 POLYCOMBLIKE ...ttt ieiiiiii et e 18
F-5 AIMS OF THIS STUDY Lottt e e 19
CHAPTER 2: MATERIALS AND METHODS......... eeeneri e ettt e r et aaanas 21
2-1 ABBREVIATIONS .. oottt e e e 21
A G U 1 =1 3 N PO 22
2-2.00 EHZYIMES. oo 22
22202 KIES e 22
2:2.3 ARBBOICS. oo 22
2-2.4 Radiolabelled cOMPOUNS. ..o e e 22
22,5 ANHDIOHICS cooiiii e e e e 22
2-2.6 Molecular weight Standards .................cccciiiiiiiiii 23
2-2.7 Bacterial STEQINS c..cooiiiiiii e 23
2228 YOUSE SHFAIIS. ..o.viiiinieie e e e e e e 23
2-2.9 Drosophila strains.................c.....ocoi OO P PP P 23
2-2,10 Buffers and SOIMTIONS. ... .. i 23
2201 MeEdith ..o.ooivieiei e 24
22202 PLASIUAS. ..o 25
2-2.13 OUigonucleOtides. ........oo.voiiii e 28
223 MIETHODS ¢ e 31
2-3.1 Generation and transformation of recombinant plasmids ... 31
2-3.2 Trunsformation procedure for recombinant plasnids into E.coli................................... 31
2-3.3 PCR amplification of DNA ... 32
2-3.4 Isolation of plasmid DNA ... ... 32
2-3.5 AUTomoQled SEQUEIICING. ... .. ... .ot e e 33
2-3.0 111 VIO MUIAZEIESIS. ...t 33
2-3.7 Expression of bacterial fusion proteing............c.c..ccciiiiiiiiiiiiiii 34
2-3.8 Protein gel eleCtropROreSis. ... ...t 34
2-3.9 WesSternn DIOMRG. ..o e 34
2-3.10 Radiolabelling proteins.. ... ... ..o 34
2-3.11 Far-western protocol...........ooi i 35
2-3.12 Yeast Transformation protocol . ... ... 35
2-3.13 Yeast protein extraction protoCOL............. ...l 35
2-3.14 Yeast interaction screening procedure .. .. ... 36
2-3.15 Co-immunoprecipit@lions [ VIVO...... ... 36



2-3.16 Collection and fixation of Drosoplila embryos.............cociii i 37

2-3.17 Whole mount immuno-staining of Drosophila embryvos................c.cocoi i 37
2-318 Fly MaAintenace ... 38
2-3.19 P-element mediated transformation of Drosophila................................... .o 38
2-3.20 - Regulatory conSiderations ... ... 39
CHAPTER 3: CHARACTERISATION OF THE INTERACTION BETWEEN PCIL. AND E(Z).40
BT INTRODUCTION (Lo e e e e 40
3-2 PCL AND E(Z) ASSOCIATE IN VIVO..... it e e e e e e e 40
3-3 THE INTERACTION BETWEEN PCL AND Ii(Z) IS MEDIATED THROUGH THE PHD WINGERS OF PCL......... 41
3-4 A SINGLE PHD FINGER IS ABLE TO INTERACT WITH E(Z). ..o e 43
3-5 THE INTERACTION BETWEEN PCL AND E(Z) 1S CONSERVED IN THEIR HUMAN HOMOLOGUES............... 44
3-6 THE PHD FINGERS OF TRITHORAX DO NOT INTERACT WITH BE(Z). ..., 45
BT IS CUS SION . ettt e 46
3-7.1 E(Z) and PCL interact through the PHD fingers of PCL.............................................. 46
3-7.2 Interaction between human homologues of PCL and E(Z). ..................coooiiiiiii 48
3-7.3 The PHD fingers of PCL and TRX do not mediate the funciion of E(Z) as a PcG or traG
FHOID O, oo e e e e e 49

CHAPTER 4: IN VIVO CHARACTERISATION OF THE FUNCTIONAL DOMAINS OF PCL.53

Aol INTRODUCTION et e e e e e e e e 51
A THE TETHERING AS S AY ottt ittt e e e e e 51
4-3 THE AMINO TERMINUS OF PCL 1S RESPONSIBLE FOR MEDIATING REPRESSION OF THE L.ACZ REPORTER GENE
IN THE TETHERING ASSAY Lttt ittt ettt ettt e e e et e e b et e e e e e e e et e e 52
4-4 THE HERITABLE SILENCING CONFERRED BY GAL-PCL AND GAL-AMINO 1S PCG DEPENDANT............. 53
4-5 THE AMINO TERMINUS OF PCL INTERACTS WITH FULL LENGTH PCL ..., 54
4-6 POLYCOMB INTERACTS WITH THE AMINO TERMINUS OF PCL IN THE TWO HYBRID ASSAY ....ooveninnn.. 55
L A B Nl (6] N S RS 57
4-7.1 The amino terminus of PCI is sufficient to establish heritable repression........................... 57
4-7.2 The PHD fingers are unable to initiate heritable repression ...................c..cccoiii i 59
CHAPTER 5: IDENTIFICATION AND CHARACTERISATION OF INTERACTORS OF THE
CARBOXY TERMINUS OF PClL....uiiiiiiiiiiirirreeeneiriesieisiesssnensiseientasrartasestarnsnctstosarsesesrennns 62
Sl INTRODUCTION 1ttt ettt et e e e e e e e e e e e e e e e e e e e e 62
5-2 IDENTIFICATION OF PCL CARBOXY TERMINUS INTERACTORS ..ottt et et e e 62
5-3 CHARACTERISATION OF THE INTERACTION BETWEEN PCL ANDPHO ... 64
5-3.1 Identification of the PCL domain required for the interaction with PHO. ........................... 64
5-3.2 The PHO InIeraction FEGIOM. ... .....couuiii et et e 65
5-4 CHARACTERISATION OF THE INTERACTION BETWEEN PCL AND SU(Z)2........... 66
S-4.1 The PCL (nteraction dOmain.. ... ..o e e 66
5-4.2 The SU(Z)2 INCTACHON TEGION ... 0o ittt e e e 67
T B 0 ) (0] N P PP PP PP 67
5-5.1 The PCL/PHQO [RIEFACHON........... oo e e 68
5-5.2 The interaction with SU(Z)2 ... e 68
CHAPTIER 6: DISCUSSION. .t iiinciiaeiirieietrtareeusncnanteraseseresssssssaearsnsasssacarasessostonacssonsasasnsonsass 71
oI I N N Yo o1 S e 1 (0] PP 71
-2 SUMMARY OF RESULT S 1ttt et ettt ettt et s et et e e et ettt et et e ettt e eean 71
6-2.1 PCL/E(Z) IREEPACHON oo iieie i e e e e 71
6-2.2 The function of the Qmino TerMINIIS. ..o 72
6-2.3 Carboxy 1erminus IHIEPACIOTS. .. ..o i e 72
03 POGT VS PO M. oottt 73
O-4 WIHERE DOES PO FIT IN ot e e e e e e e e e et a s 74
R E R EIN CE S .ot itiettentraeteeesresssrsssssarsenssrssasssssssssnsssssnssssssrsnssscetesassnsaraasasminetasasanreasssonrencnss 75



Abstract

The Polycomb Group (PcG) of genes are responsible for the epigenetic silencing of genes
during Drosophila development. To date 14 members have been identified on the basis of a
similar mutant phenotype. Epistasis experiments suggest that the encoded proteins are going
to act in a multimeric complex to heritably repress gene transcription. Overlapping polytene
binding patterns for some PcG proteins, co-immunoprecipitation experiments from
embryonic extracts, and direct interactions between some members of the PcG further
support the theory of a multimeric complex. However, it is not yet clear what the mechanism

of PcG repression is, and an important first step in resolving this is to characterise the role of
each PcG member and identify intra-complex interactions.

Polycomblike (Pcl) has been shown to be a key member of the PcG. Molecular
characterisation of Pcl revealed the presence of two PHD fingers, a Cys,-His-Cys, motif in
the protein product. The region surrounding and including the PHD fingers is highly
conserved with two mammalian homologues, and is termed the conserved domain (cDOM).
Yeast two hybrid analysis has demonstrated an interaction between the cDOM of PCL and
Enhancer of zeste (E(Z)), another key member of the PcG. Further characterisation of the
interaction between the cDOM of PCL and E(Z) using co-immunoprecipitations from
embryonic extracts, confirmed their association in vivo. In vitro mutagenesis was used to

demonstrate that the interaction between PCL and E(Z) is mediated through the PHD finger
motifs of PCL.

Using an in vivo tethering assay, PCL has been shown to be able to initiate heritable
silencing of a reporter gene when tethered to DNA via a GAL4 DNA binding domain. This
assay was used to identify functionally important regions of PCL. The amino terminus of
PCL was sufficient to initiate heritable repression and the repression conferred by both the
GAL-PCL fusion protein and the GAL-Amino fusion protein was dependent on the
endogenous PcG. The amino terminus was shown by far WeStern analysis to be capable of

homotypic interactions. Yeast two hybrid analysis identified a possible interaction between
the amino terminus of PCL and a fragment of PC.

The C-terminus of PCL was shown to interact with PHO and SU(Z)2 in a yeast two hybrid
assay.

The work described in this thesis has identified key interactions between PCL and other
members of the PcG and suggested a model for the role of PCL within the PcG.



