
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Characterization of human Polycomb-group complexes and their interacting
proteins

Sewalt, R.G.A.B.

Publication date
2001

Link to publication

Citation for published version (APA):
Sewalt, R. G. A. B. (2001). Characterization of human Polycomb-group complexes and their
interacting proteins. [Thesis, fully internal, Universiteit van Amsterdam]. Ipskamp B.V.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/characterization-of-human-polycombgroup-complexes-and-their-interacting-proteins(3194a377-a188-41d6-8ddb-cd8d8a198d9c).html


Summary y 

Summary y 

Ann organism comprises many different cell 
types,, which originate from a single fertilized 
egg.. Once a cell obtained its specific 
differentiationn status during development, it 
hass to maintain its identity after each cell 
divisionn during its lifetime. What determines 
thee identity of a cell? An important, if not 
crucial,, parameter is which cell type specific 
geness are expressed or not. The on and off 
statee of genes defines a specific gene 
expressionn pattern, which is unique for each 
differentt cell type. A heart cell, for instance, is 
definedd by a different gene expression 
patternn than as skin cell. Importantly, when a 
particularr cell, like a skin cell, divides, a new 
skinn cell will arise. At the molecular level this 
meanss that the specific gene expression 
patternn of the skin cells must be transmitted 
properlyy to its progeny cells. To 'remember' 
whatt type of cell it is meant to be, the cell 
mustt thus possess a sort of cellular memory, 
inn order to maintain its specific gene 
expressionn pattern in a stable and heritable 
manner.. This is important, since failure or 
defectss in this cellular memory can have 
severee consequences for the cell's identity 
leadingg to disorders like cancer. 

Mechanismss underlying this cellular 
memoryy likely involve changes in chromatin 
structure.. Chromatin is a generic term for a 
complexx structure that comprises of DNA, 
histoness and non-histone proteins. Several 
classess of protein complexes have been 
identifiedd which are involved in the regulation 
off gene activity by changes of chromatin 
structure.. Among them are the Trithorax-
groupp (trxG) proteins and the Polycomb-
groupp (PcG) proteins. The trxG proteins are 
involvedd in the stable and heritable 
maintenancee of gene activation, whereas the 
PcGG proteins are involved in the stable and 
heritablee maintenance of gene repression. 
PcGG proteins have originally been identified 
inn the fly Drosophila melanogaster. At the 
beginningg of this study, only a few vertebrate 
PcGG proteins were known. The aim of this 
thesiss was the identification of additional 
humann PcG proteins as well as proteins that 

associatee with human PcG proteins in order 
too unravel mechanisms underlying PcG 
mediatedd gene repression. 

Inn Chapter 1, I describe the fundamental 
characteristicss of the different PcG proteins, 
theirr interacting partners and their role in the 
regulationn of gene expression. 

Inn Chapter 2, we employ the yeast two-
hybridd system to identify human proteins that 
aree able to interact with the mammalian PcG 
proteinn Enhancer of Zeste 2 (Ezh2). We 
describee the identification of a human 
homologg of the Drosophila PcG protein Extra 
sexx combs (Esc). Since the identified human 
PcGG gene is 93% identical with its mouse 
PcGG homolog Embryonic ectoderm 
developmentt (Eed) at the DNA level and 
100%% identical at the protein level, we term 
thiss novel human PcG protein EED. To 
examinee whether an in vivo interaction 
betweenn EZH2 and EED exists, we have 
performedd co-immunoprecipitation 
experiments.. Both EZH2 and EED co-
immunoprecipitatee with each other but not 
withh the human PcG proteins, BMI1 and 
HPC2,, which are part of a PcG complex that 
alsoo contains the PcG proteins HPH and 
RING1.. Using immunofluorescence we show 
thatt both EED and EZH2 are distributed in a 
finee granular pattern throughout the cell 
nucleus,, whereas the PcG proteins BMI1 and 
HPC22 co-localizes to large nuclear domains. 
Finally,, we show that EED, but not Ezh2, was 
ablee to repress gene activity. These findings 
suggestt that the EZH2 and EED proteins are 
partt of a PcG complex, which is distinct from 
aa PcG complex containing the PcG proteins 
HPH,, HPC, BMMandRINGL 

Inn Chapter 3, we describe two-hybrid 
screenss with vertebrate homologs of 
DrosophilaDrosophila Pc, XPc2 and HPC2. With XPc2 
wee have identified a novel protein Xenopus 
XCtBPI,, with homology to human C-terminal 
bindingg protein 1 (CtBP1), and with HPC2, 
wee have identified the human CtBP2 protein. 
Thee CtBP proteins interact with XPc2 and 
HPC22 through a conserved 6 amino acid 
sequencee that is also found in other CtBP 
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bindingg proteins. Another vertebrate Pc 
homolog,, M33/MPc1, is not able to interact 
withh CtBP proteins, since M33/MPc1 does 
nott possess the conserved 6 amino acid 
sequence.. This was the first indication that 
specificityy among vertebrate Pc homologs 
exists.. We further show that the CtBP 
proteinss are able to interact with each other. 
Thee interaction between the CtBP proteins 
andd the interacting Pc homologs has been 
verifiedd by co-immunoprecipitation and co-
localizationn studies. The CtBP proteins are 
repressorss of gene activity. The Drosophila 
homologg of dCtBP is able to repress gene 
activityy through binding with DNA binding 
proteins,, such as the developmentally active 
transcriptionall repressors knirps and snail. 
Thee interaction between CtBP and HPC2 is, 
however,, not essential for HPC2 to repress 
genee activity. A HPC2 mutant that lacks the 
CtBPP binding motif is still able to repress 
genee activity when targeted to a reporter 
gene.. We therefore speculate that the 
interactionn between the CtBP proteins and 
HPC22 is important for assembly of the human 
PcGG complex at target genes. 

Inn Chapter 4, we describe the 
characterizationn and the functional analysis 
off the interaction between HPC2 and the 
histonee methyltransferase SUV39H1. We 
showw that SUV39H1 is able to interact with a 
specificc class of vertebrate Pc homologs, 
similarr as observed for the CtBP proteins. 
SUV39H11 does not interact with the 
vertebratee Pc homolog M33/MPc1 or any 
otherr member of the PcG proteins. 
Overexpressionn of SUV39H1 redistributes 
proteinss of the HPC/HPH PcG complex, but 
nott proteins of the EED/EZH PcG complex, to 
largee PcG domains. Also the human homolog 
off M33/MPc1 is not redistributed to these 
domains.. The redistribution of the HPC/HPH 
PcGG proteins is due to SUV39H1's ability to 
methylatee histone H3. A SUV39H1 mutant 
thatt lacks histone methyltransferase activity 
iss not able to redistribute proteins of the 
HPC/HPHH PcG complex to PcG domains. We 
alsoo find methylated histone H3 to be present 
inn the PcG domains. In addition we show that 
thesee domains are associated with 
pericentromericc heterochromatin regions 

(1q12)) on chromosome 1. Finally, we show 
thatt histone methyltransferase activity is 
associatedd with the HPC/HPH PcG complex 
andd to a lesser extent with the EED/EZH PcG 
complex.. These findings suggest a role for 
SUV39H11 in targeting PcG proteins to 
modifiedd chromatin that includes methylated 
histonee H3. 

Inn Chapter 5, I discuss how PcG 
complexess form and what the relationship 
betweenn PcG proteins and the different 
histonee modifications is in order to help 
understandd how the PcG proteins achieve a 
stablee and heritable state of gene repression. 

Withh the finding that at least two distinct 
humann PcG complexes exist, this thesis has 
providedd more understanding of the nature of 
thee interactions between human PcG 
proteins.. We further show that differences 
betweenn PcG orthologs exist as exemplified 
byy differences between HPC2 and 
M33/MPC11 with respect to CtBP and 
SUV39H11 binding. We have gained more 
insightt in the origin and the nature of the 
largee nuclear PcG domains. Finally, the 
functionall relation between a histone 
methyltransferasee and PcG proteins may 
helpp us to understand how PcG proteins 
achievee a stable and heritable state of gene 
repression. . 
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