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1.5 outline of the thesis

In this thesis, optical tweezers, single-molecule fluorescence microscopy
and microfluidics are combined to obtain new insights in the physical
mechanisms of DNA repair.

Chapter 2 provides an extensive review of the existing literature on
single-molecule experiments addressing RecA and RAD51, the core com-
ponent of HR in prokaryotic and eukaryotic organisms. In HR, RecA and
RAD51 assembles on single stranded DNA, pair with the homologous se-
quence on the sister chromosome, perform the strand exchange reaction
and finally disassemble from the heteroduplex DNA. All these biochemi-
cal reactions are coordinated by ATP-binding, conformational transforma-
tions of the protein and ATP hydrolysis. Single-molecule approaches, such
as optical and magnetic tweezers, FRET spectroscopy and fluorescence mi-
croscopy have isolated and studied these molecular mechanisms. Despite
years of intense research on these topics many inconsistencies and open
questions, discussed in the chapter, still remain.

Chapter 3 describes the technology used in this thesis: a combination of
DNA-manipulation (optical tweezers), direct protein-visualization (single-
molecule fluorescence microscopy) and microfluidics technologies. First I
describe the benefits and the field of application of this technical approach
for the study of DNA-protein interaction. Also I describe some experi-
ments where I studied the limit of protein localization on a single DNA
molecule as a function of the applied tension

Chapter 4 describes the biochemical methods and procedures to gener-
ate single-stranded DNA molecules for single-molecule experiments using
optical tweezers. Many biochemical methods are available to modify ds-
DNA molecules, but protocols for the generation of ssDNA are much more
limited. I also discuss some of the practical difficulties in handling ssDNA
molecules using optical tweezers and methods to preserve their integrity
during the single-molecule experiment.

Chapter 5 is an in-depth single-molecule study of the mechanism of
RAD51-nucleoprotein filament assembly on both ssDNA and dsDNA. Fil-
ament assembly is shown to be highly selective, with a marked prefer-
ence for ssDNA over dsDNA. Using the capability of counting individual
RAD51 proteins we visualized and quantified the nucleation and growth
of RAD51 filaments. I revealed that RAD51 nuclei are heterogeneous in
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size, depending on their aggregation state in solution. A physical model
has been developed that quantitatively described our experimental obser-
vations. Moreover, the effect of BRC4, one the RAD51-binding subunit of
the breast cancer tumor suppressor BRCA2 on RAD51 filament assembly
has been studied.

Chapter 6 discusses several dynamic aspects of the RAD51 nucleopro-
tein filament. First I describe a striking difference in the behavior of RAD51

filament when comparing two naturally occurring variants of RAD51 (K313

and Q313). I observe that this biochemical modification triggers RAD51 to
slide on the ssDNA via a mixed diffusion-hopping mechanism. Using
dynamic force-spectroscopy we also investigated how tension affects the
structure of the RAD51 nucleoprotein filament. By performing out of equi-
librium measurements we were able to measure the free energy difference
between the conformations of RAD51.

Chapter 7 presents the DNA-binding and bridging mechanism of XRCC4

and XLF, two crucial component of the non-homologous end joining path-
way (NHEJ). I observed that the formation of XRCC4-XLF filaments does
not alter the mechanical properties of DNA, giving us hints on the strategy
that XRCC4 and XLF employs to engage DNA. The DNA-binding mode of
the XRCC4-XLF filament is highly complex and is characterized by sliding,
pausing and filament rearrangements. Finally, we developed an innovative
assay to study the DNA end-bridging activity of XRCC4-XLF.


