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1.3 Outline	of	this	thesis	
In	this	thesis	novel	single	molecule	methods	are	described	and	used	to	obtain	new	
insights	in	the	physical	mechanisms	of	various	protein	DNA	interactions.		

Chapter	 2	 introduces	 a	 novel	 method	 that	 combines	 optical	 tweezers	 with	 STED	
nanoscopy.	This	approach	enables	us	 to	bridge	 the	gap	between	 idealized	 in	vitro	
experiments	 with	 the	 in	 vivo	 situation.	 So	 far	 optical	 tweezers	 combined	 with	
fluorescence	 experiments	 were	 subjected	 to	 restrictive	 experimental	 conditions,	
such	as	a	low	protein	density	environment,	to	obtain	a	high	enough	sensitivity	and	
resolution.	 Combining	 optical	 tweezers	 with	 STED	 nanoscopy	 helps	 us	 overcome	
these	restrictions,	making	 it	possible	to	perform	single-molecule	measurements	 in	
conditions	similar	to	those	in	living	cells.	

Chapter	3	compares	different	imaging	techniques	and	parameters	used	to	analyze	
the	mobility	of	proteins	on	optically	stretched	DNA.	The	benefits	and	drawbacks	of	
different	fluorescent	imaging	techniques,	namely	wide-field,	confocal	and	STED,	are	
evaluated	 in	 this	 Chapter.	 Furthermore	 we	 quantified	 the	 effect	 of	 imaging	
conditions	on	 the	accuracy	of	1D	diffusion	analysis	using	 simulated	data.	We	also	
consider	 the	 case	 of	 confined	 diffusion	 due	 to	 roadblocks,	 which	 is	 particularly	
interesting	 for	DNA	bound	proteins.	The	 results	 in	 this	chapter	 form	guidelines	 to	
optimize	experimental	conditions	for	the	analysis	of	protein	mobility	on	DNA.	

Chapter	4	presents	the	study	of	the	binding	and	bridging	mechanisms	of	XRCC4	and	
XLF,	 two	 crucial	 proteins	 in	 the	 non-homologous	 end	 joining	 repair	 pathway	 of	
DNA.	These	measurements	are	performed	using	a	dual	optical	trap	combined	with	
confocal	 fluorescence	 in	order	to	measure	real	 time	binding	of	the	proteins	and	a	
quadruple	 optical	 trap	 with	 wide-field	 fluorescence	 to	 measure	 the	 bridging	
between	two	different	DNA	molecules.	We	show	that	XLF	facilitates	the	binding	of	
XRCC4	 and	 that	 XLF-XRCC4	 complexes	 have	 the	 ability	 to	 form	 extremely	 stable	
DNA	bridges.	We	 furthermore	 observe	 that	 XRCC4-XLF	 filaments	 do	 not	 alter	 the	
mechanical	properties	of	DNA	and	that	they	are	highly	mobile,	giving	us	hints	how	
XRCC4	and	XLF	perform	their	tasks	on	the	DNA.			

Chapter	 5	 describes	 a	 Brownian	 dynamics	 simulation	 of	 DNA	 tethered	
microspheres.	 In	 a	 lot	 of	 single	 molecule	 measurement	 techniques,	 such	 as	
tethered	particle	motion	 (TPM),	magnetic	 tweezers	 (MT)	and	 flow	stretching	 (FS),	
DNA	 molecules	 are	 attached	 between	 a	 surface	 and	 a	 microsphere.	 The	
microsphere	can	be	tracked	in	time	and	acts	as	a	reporter	for	the	state	of	the	DNA.	
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Understanding	 the	 three	 dimensional	 motion	 of	 this	 microsphere	 is	 therefore	 of	
crucial	 importance	 to	 interpret	measured	data	 correctly.	A	 theoretical	 framework	
that	is	able	to	describe	all	different	techniques	that	use	DNA	tethered	microspheres	
is	therefore	highly	desirable.	In	this	chapter	I	introduce	a	simulation	method	that	is	
able	to	describe	measured	TPM,	MT	and	FS	data	with	high	accuracy.	This	simulation	
program	 provides	 insights	 on	 the	 effect	 of	 different	 physical	 influences	 on	 the	
motion	of	tethered	particles,	making	it	a	useful	calibration	tool	for	biophysicists	to	
create	a	better	understanding	of	their	measured	data.	

Chapter	6	introduces	a	novel	method,	optical	pushing,	that	uses	a	collimated	beam	
to	 manipulate	 surface	 tethered	 microspheres.	 The	 great	 benefit	 of	 using	 a	
collimated	laser	 is	that	 it	enables	us	to	manipulate	multiple	microspheres	that	are	
placed	 in	 the	 laser	 beam.	 On	 the	 single-molecule	 level,	 discriminating	
heterogeneous	 behavior	 and	 rare	 events	 from	 intrinsic	 stochasticity	 requires	
obtaining	 many	 independent	 measurements.	 It	 is	 therefore	 highly	 desirable	 to	
manipulate	and	measure	on	multiple	DNA	molecules	simultaneously.	A	drawback	of	
this	 method	 we	 found	 is	 that	 one	 needs	 a	 lot	 of	 laser	 power	 to	 achieve	 a	
biophysical	 relevant	 force	 regime.	 This	 requires	 an	 expensive	 laser	 and	 causes	
unwanted	heating	effects	in	the	sample.	

Chapter	 7	 describes	 a	 novel	 single	molecule	method,	 acoustic	 force	 spectroscopy	
(AFS),	 that	 uses	 acoustic	 manipulation	 to	 perform	 force-spectroscopy	
measurements	 on	DNA	molecules.	 I	 show	 that	 this	 approach	 enables	 us	 to	 exert	
forces	 from	 sub	 piconewtons	 to	 hundreds	 of	 piconewtons	 on	 thousands	 of	
biomolecules	in	parallel,	with	sub	millisecond	response	time	and	inherent	stability.	
It	 is	 furthermore	 a	 simple	 and	 cheap	 method	 with	 a	 small	 footprint	 and	 can	
therefore	 be	 readily	 integrated	 in	 lab-on-a-chip	 devices.	 In	 this	 chapter	 I	 show	 a	
proof	of	principle	by	performing	a	variety	of	experiments	using	AFS,	including	force	
extension,	constant-force	and	dynamic	force	spectroscopy	measurements.	

	


