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Summary 

DNA has become a well-known term. DNA technology helps to solve crimes, modify 
micro-organisms to produce drugs and make crop resistant to various infectious dis
eases. One would expect that all is known about DNA. However, there are still many 
mysteries, among others, the way DNA is organized in its natural environment, the cell 
nucleus. 

In the nucleus of eukaryotes, DNA is carefully packed with proteins. This pack
age is called 'chromatin'. Chromatin in a nucleus is divided over a number of chromo
somes. Human cells contain 46 chromosomes each. Before a cell can divide, it has to 
replicate its DNA and divide its chromosomes equally over the two daughter cells, so 
that both receive a complete set of chromosomes. The genetic information is encoded 
on small pieces of chromosomes, the genes. Chromosomes contain more genes than are 
utilized by an individual cell in the body. Therefore, there is a necessity to regulate 
which genes are copied for protein production and which genes are silenced. It is only 
partly known how these processes are regulated, but there are indications that the way 
chromatin is organized in the nucleus plays an important role. Therefore, a better in
sight in these essential processes can be obtained when the organization of chromatin in 
chromosomes is known. 

Chromosomes are not distributed throughout the cell nucleus. Each chromosome 
occupies its own territory. Chromosome territories can be visualized by applying a so-
called FISH-technique. With this method individual chromosomes are labeled with fluo
rescent markers which are then detected with a fluorescence light microscope. The overall 
image of a chromosome that is obtained in this way can be compared to a wet natural 
sponge: a compact shape with diffuse surfaces. 

The studies described in this thesis focussed on the spatial organization of chro
mosome territories. We were inspired by a model formulated by Thomas and Christoph 
Cremer and Peter Lichter. They postulated a space between chromosome territories in 
which activating factors and building blocks for nuclear processes are transported, fa
cilitating nuclear processes near the surface of chromosome territories. We tested this 
concept by labeling simultaneously the process of DNA replication and specific chro
mosome territories. The results showed that DNA replication was not limited to the 
periphery, but occurred also throughout chromosome territories. This suggests that if 
the concept of an interchromosomal domain space that facilitates nuclear processes is 
valid, interchromatin channels have to penetrate chromosome territories. This possibil
ity has been suggested in a second version of the model. 

Next, we focussed on the surface area of chromosome territories. Is there indeed 
a space between chromosome territories? FISH-painted chromosomes show a diffuse 
surface, thus one could imagine that chromatin of different chromosomes intermingles 
at territory surfaces. The diffuse impression may, however, also be a result of the FISH 
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procedure itself. To study surface regions of chromosome territories in detail, we devel
oped a new method using the incorporation of differently labeled nucleotides to label 
chromosomes in red and green. In cells that contained both red and green labeled chro
mosomes, we observed almost no intermingling of chromatin. Similar experiments in 
which parts of chromosomes were labeled red or green, showed that these parts formed 
discrete domains within chromosome territories that did not intermingle either. These 
findings indicate that chromosome territories, as well as chromosomal subdomains, are 
distinct units. 

More details cannot be obtained by light microscopy. To further investigate the 
spatial organization of chromosome territories, we developed a method to detect la
beled nucleotides by electron microscopy. Again, chromosomes were labeled by the 
incorporation of labeled nucleotides and now were analyzed at a higher resolution. Elec
tron microscopic images showed that often a non-chromatin space is present in between 
chromosome territories, but also, that at other locations chromosomes may be so closely 
associated that no physical separation is visible. Areas in which chromosomes may 
intermingle appear to be very small, indicating that chromosomes are discrete entities. 
Furthermore, we observed that there are non-chromatin spaces within chromosome 
territories as well. Previous electron microscopic studies had demonstrated that chro
matin adjacent to non-chromatin spaces is often involved in processes such as DNA 
replication or copying of genes for protein production. These findings confirmed our 
previous conclusion that DNA replication can take place throughout chromosome terri
tories. 

Our studies and the studies of others on chromosomal organization have sharp
ened the initial unclear view of chromosome territories. Chromosome territories are 
discrete structural entities with an irregular shape in which chromatin-free regions pen
etrate. Nuclear processes occur throughout chromosome territories, specifically near 
the surface of these chromatin-free channels. Therefore, the spatial organization of chro
mosome territories in toto does not appear to be a crucial factor for the functional orga
nization of these processes. The low degree of intermingling between chromosome ter
ritories does, however, limit the probability of coincidental chromatin interactions be
tween chromosomes. Furthermore, we conclude that chromosome territories consist of 
a sequence of distinct domains, each of which, probably, forms a functional unit. Future 
investigations are needed to determine how chromatin organization in these domains 
plays a role in the functional organization of DNA-dependent processes in the cell nucleus. 
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