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English	Summary

Cells can double themselves through cell division. To do this, cells will need information 
from their genome, which consists of DNA and is essential for a cell to live. The 
genome of a human cell contains more than 20.000 genes, which are codes for the 
proteins that a cell can make. These proteins are needed for many essential processes; 
like making energy or to repair damage to the DNA, but also for the process of cell 
division. Because the genome is essential for a cell to live, it will also need to be 
present in the two new cells that are formed during cell division. To arrange these 
steps, the cell follows a cell cycle program. First, the DNA is duplicated in S-phase. 
Later, in mitosis (M-phase), the duplicated genome is separated and distributed over 
the two cells that are formed during mitotic exit. Finally, the two new cells pinch off, 
each containing one copy of the DNA (see Figure 1, chapter	1). 

The main trigger for entry into mitosis is activity of the protein complex cyclin B1-
Cdk1. In chapter	2	we describe a single cell assay to analyse the activation of cyclin 
B1-Cdk1 complexes. Using this assay, we found that the activation of cyclin B1-Cdk1 
complexes in the cell is very robust once it is started, which helps to explain how cyclin 
B1-Cdk1 activity can promote structural rearrangements in different compartments 
of the cell, needed to perform mitosis. Furthermore, we found that activation of 
cyclin B1-Cdk1 complexes, which triggers mitotic entry, even continues in mitosis. 
Importantly, apart from mitotic entry, the progressive increase in cyclin B1-Cdk1 activity 
also appears to control mitotic exit, probably by promoting its own inactivation.

It is known that the mitotic cyclin-Cdk activity needs to be lost to allow mitotic 
cells to exit mitosis, separate and distribute the duplicated genomes and to form two 
cells. Apart from cyclin B1-Cdk1 complexes, also cyclin A-Cdk complexes need to 
become inactive. To make this happen, these cyclins are targeted for destruction by a 
large complex called the APC/C, which puts a destruction-signal on these proteins; a 
chain of so-called ubiquitin. This targets the cyclins for destruction and leaves the Cdk 
inactive, allowing mitotic exit.

In chapter	3	and	5 we show that there is a direct role for the small Cks subunit 
that is part of these cyclin-Cdk complexes, to target the cyclin-Cdk complexes to the 
APC/C, thus promoting destruction of these cyclins. However, cyclin A destruction 
precedes the destruction of cyclin B1, which may be explained by the direct binding 
of the APC/C activator Cdc20 to a specific region in cyclin A that is not found for cyclin 
B1. This difference between early and late APC/C dependent destruction is discussed 
in chapter	4.

To answer how the APC/C is provided with ubiquitin to process its substrates, we 
depleted all human ubiquitin-carriers (E2 enzymes) one by one, in combination with a 
known E2 enzyme for the APC/C; UbcH10. This revealed that UbcH10 works together 
with another E2 enzyme, UBE2S, to target APC/C substrates for destruction (chapter	
6). We also discovered that not only UBE2S uses a specific motif to bind the APC/C, 
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but that the same motif is used by the APC/C inhibitor Emi1. This APC/C binding motif 
is needed in Emi1 to prevent DNA rereplication (chapter	6).

Finally, in chapter	7 we discuss the evidence, also described in this thesis, for the 
model that poses that the progressive activation and inactivation of cyclin B1-Cdk1 
controls successive events during mitotic entry and exit.


