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Summary
finger protein 8 and 168) play essential roles. 
RNF8 and RNF168 are required to coordinate 
repair of DNA double strand breaks and cell cycle 
arrest upon ionizing radiation.

Ubiquitination is reversible - deubiquitination is 
catalyzed by deubiquitinating enzymes (DUBs). 
In chapter 3, we identify a DUB targeting 
ubiquitinated H2A and H2B, USP3 (Ubiquitin-
Specific Protease 3). USP3 contains 2 domains, an 
N-terminal Zinc finger domain and a C-terminal 
catalytic domain. We show that the integrity 
of both domains is required for USP3 catalytic 
activity. To address the function of USP3 in 
mammalian cells, we perform knockdown 
experiments and show that USP3 is required 
for proper progression through S phase of the 
cell cycle. USP3 knockdown results in DNA 
replication stress and spontaneous DNA breaks. 
USP3 is also required for the response to DNA 
damage imposed from an exogenous source. In 
particular, knockdown of USP3 interferes with 
resolution of ionizing radiation-induced foci of 
phosphorylated H2AX and ubiquitinated H2A. 
Moreover, knockdown of USP3 leads to a delay 
in cell cycle arrest recovery upon IR. Thus, USP3 
is a candidate DUB required for termination of 
the H2A ubiquitination signal and restoration 
of chromatin structure in the DNA damage 
response.

In chapter 4, we examine the function of USP3 
in the prevention of spontaneous DNA breaks 
in further detail. We generate mice with a 
genetic Usp3 deficiency and show that cells 
isolated from these mice harbor spontaneous 
DNA double strand breaks. These cells also 
show enhanced sister chromatid exchanges, 
suggesting that these breaks are at least in part 
repaired by homologous recombination. To 
elucidate the mechanism by which Usp3 loss 
results in spontaneous DNA damage, we examine 
the levels of two endogenous agents that are 
known to cause DNA breaks: RNA expression 
of repetitive sequences such as microsatellite 
repeats, and radical oxygen species. We find that 
levels of these agents are unaffected by Usp3 
loss. In another set of experiments, we show that 

The length of all chromosomal DNA of a 
normal diploid human cell together amounts to 
approximately 2 meters. To fit this long string of 
base pairs in the microscopically small volume of 
a cell nucleus, DNA is wrapped into a compact 
structure, chromatin. Chromatin roughly consists 
of DNA and proteins, the latter being responsible 
for the compaction. The majority of the 
chromatin proteins are histones. Two copies each 
of 4 main histone types, histone H2A, H2B, H3 
and H4 form globular structures with DNA coiled 
around them, which are called nucleosomes. 
Finally, nucleosomes are arranged in additional 
layers of organization.  

Although chromatin allows DNA to fit in the 
nucleus, a potential drawback of the packaging 
of DNA is that it hinders the access of enzymes 
that act on DNA, such as those involved in 
DNA replication, transcription and repair. To 
nevertheless allow these processes to occur, 
chromatin accessibility is regulated by chromatin 
remodeling and posttranslational modifications 
of the histones. 

One such modification is ubiquitination of 
histone H2A. Ubiquitination is the coupling of 
the small protein Ubiquitin to target substrates. 
Ubiquitination occurs via the concerted action of 
3 classes of enzymes: an E1 activating enzyme, 
an E2 conjugating enzyme and an E3 ligase. 
E3 ligases provide the reaction with substrate 
specificity. 

The work described in this thesis is aimed at 
elucidating the function of ubiquitinated H2A 
through functional studies of enzymes that 
regulate levels of this modification. As reviewed 
in chapter 1 and 2, H2A ubiquitination has 
been implicated in several processes. Mono-
ubiquitination of H2A by the Polycomb group 
proteins and E3 ligases RING1a and RING1b 
(Really interesting new gene 1a and b) plays a 
role in the repression of transcription and has 
recently also been described in the response to 
DNA damage. Furthermore, polyubiquitination of 
H2A is involved in the response to DNA damage, 
and here the E3 ligases RNF8 and RNF168 (RING 
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so efficiently. Moreover, RNF8 efficiently extends 
lysine 63 linked ubiquitin chains on mono-
ubiquitinated H2A in vitro, suggesting that the 
order of activity of RNF8 and RNF168 on the 
H2A substrate does not follow the order of their 
recruitment to sites of DSBs. We identify the 
target residue of RNF168 on H2A: lysine 13 or 15. 
Finally, we identify a target recognition site in the 
RNF168 RING domain, which is required for H2A 
ubiquitination, but not chain formation. 

In the general discussion in chapter 6, we discuss 
the findings presented in this thesis in the 
context of each other and the field. Maintenance 
of the stability of our genome is essential in the 
prevention of human disease in general and 
cancer in particular. We end with an outlook 
on potential implications of our findings for the 
etiology of cancer and the development of new 
treatment options.

Usp3 knockout cells are not abnormally sensitive 
to a range of DNA damaging agents, suggesting 
that loss of Usp3 does not result in a deficiency 
in DNA repair. In summary, chapter 4 narrows 
the range of possible mechanisms responsible 
for spontaneous DNA damage in Usp3-deficient 
cells.  
 
In chapter 5 we turn our attention to the 
RNF8 and RNF168 Ubiquitin E3 ligases that 
are responsible for ubiquitination of H2A and 
likely other substrates at the sites of DNA 
double strand breaks. At sites of DSBs, RNF8 is 
recruited first, followed by RNF168. A previously 
published and widely accepted model proposed 
that RNF8 is the first E3 ligase to ubiquitinate 
H2A at DSBs, followed by extension to ubiquitin 
chains by RNF168. In contrast to this model 
we show that RNF8 is unable to ubiquitinate 
histone in nucleosomes, whereas RNF168 does 




