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English summary

Probing biological interactions one molecule at a time
An optical tweezers analysis of protein-mediated membrane fusion

and DNA repair

This thesis is written in the field of single-molecule biophysics. That means
that a physics approach is used to study the individual building blocks of life.
The physics approach that I have used here is optical trapping or optical tweez-
ers. The basic principle of this technique is that, if a laser beam is tightly
focused, it is possible to keep or trap a small object within the focus. Typically,
the objects that can be trapped in this way are a few micrometers in size. Here,
I have used small plastic spheres or beads as trapped objects. By moving the
laser beam, the beads can be moved around. At the same time, the bead in the
trap slightly deflects the laser light that passes through the bead. From this
deflection, it can be determined what force is acting on the bead. To use optical
trapping to study biological interactions, the beads are attached to biomolecules.
The beads then serve as handles such that individual biomolecules can be ma-
nipulated while their response is measured. An example of such a molecule is
DNA. We can attach a bead to both ends of the DNA molecule and then use
2 independent optical traps to manipulate its ends. Chapter 2 of this thesis
provides a step-by-step guide of how to perform such an experiment with four
individual optical traps, allowing manipulation of two DNA molecules through
their four ends.

At the same time, optical trapping is combined with a technique called
fluorescence microscopy. Here, an individual molecule absorbs light of a very
specific color and subsequently emits light of a slightly different color. This
emitted light can then be detected and used to localize this particular molecule.
Most biomolecules by themselves do not fluoresce. Therefore, specific fluorescent
labels can be attached to them to give them fluorescent properties.

I have used these techniques to study two different biological processes: mem-
brane fusion and DNA repair. Biological membranes are the outer layer of cells,
separating the inside of the cell from the outside. These membranes are made
out of two layers of lipid molecules called a lipid bilayer. In brain cells, signal-
ing takes place by the transport of so-called neurotransmitters. These are small
molecules that are packaged in small vesicles. These vesicles are small spheres
made out of a lipid bilayer. To transport neurotransmitters to the cell, these
vesicles then need to fuse with the cell membrane, forming a new continuous
membrane and allowing the contents of the vesicles to be delivered into the cell.
The fusion between the vesicle and the membrane is triggered by an increase in
calcium concentration. In chapter 3 of this thesis, this process is studied. To
this extent, beads were coated with membranes to mimic the membrane and
the vesicle during the fusion process. Specifically, we have looked at the role of
Doc2b, a calcium sensing membrane fusion protein. The results show that, in
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the presence of calcium, Doc2b is able to remodel the membranes into a struc-
ture in which the outer lipid layer of the membranes are fused together but the
inner layer is still intact on the beads. This situation is a key intermediate step
in the fusion process and is referred to as membrane hemifusion.

The other biological topic that I have studied is DNA repair. DNA is the
biomolecule that carries genetic information. DNA molecules are damaged reg-
ularly, for example by chemicals in the cell or by radiation (such as from the
light of the sun). To maintain the integrity of the DNA, these damages need
to be repaired quickly and efficiently. Probably the most serious type of DNA
damage is a double-strand break. Here, both strands of the DNA are broken
and the DNA thus falls apart into two fragments. There are two main pathways
for repairing these double-strand breaks.

The first pathway is non-homologous end-joining (NHEJ), which we have
studied in chapter 4. This is the pathway used to repair most double-strand
breaks. The basic mechanism is that the two broken ends are located and
directly glued back together. Key factors in this process are the proteins XRCC4
and XLF, which together bind to the DNA and are able to form strong bridges
which hold the two fragments of DNA after a break.

The second pathway for repairing double-strand breaks is homologous re-
combination (HR). Compared to NHEJ, HR is a more complex, multistep and
multiprotein repair pathway. It makes use of a second copy of the DNA to pre-
vent mistakes such as joining together the wrong ends or missing bases that can
occur in NHEJ. After a double-strand break occurs, one of the two strands of
one of the broken strands is exchanged with an intact strand of the other DNA
molecule. Both molecules then consist of one intact and one broken strand,
such that both can be repaired using the genetic information stored in the in-
tact strand. Important proteins in this process are RAD52 and RAD51. Their
exact roles and mechanisms are subject of study in chapter 5 and 6 respectively.
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