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CHAPTER 1 
 

INTRODUCTION 
 

 

 

 

This chapter is a general introduction to the work presented in this thesis. A brief 

overview of the techniques used and the proteins investigated is provided. At the 

end, the outline of the chapters of the thesis is given. 
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1 Introduction 

Proteins are essential for organisms and participate in virtually every process within 

cells 
[1]

. Knowledge about the structure of proteins provides crucial information 

about their function in biological mechanisms. In determining the structure of 

proteins with biophysical approaches, electron paramagnetic resonance (EPR) is 

rapidly gaining ground 
[2-13]

. The aim of this thesis is to provide insight in how 

broad the application of EPR can be to study proteins, in particular those which are 

difficult if not impossible to study with other approaches. The focus of this thesis is 

to investigate the aggregation and misfolding of intrinsically disordered proteins 

and to determine the structure of disordered parts of proteins with EPR. 

Specifically, the amyloid β (Aβ) peptide, the α-synuclein (αS) protein, and the light-

harvesting protein CP29 are studied. In the present chapter, the basic theory of EPR 

spectroscopy is described and an overview of the proteins studied is provided. 

1.1 Introduction to EPR spectroscopy 

1.1.1 Zeeman interaction and hyperfine interaction 

In EPR spectroscopy, transitions between the spin levels of a paramagnetic system 

are induced by electromagnetic radiation in a static magnetic field 
[14,15]

. The 

interaction between the electron spin, S , and the external magnetic field is called 

the electron Zeeman interaction (HEZ). In the presence of the external magnetic 

field, the electron spin occupies one of two states, which can be thought of as the 

electron spin aligned with or against the magnetic field.  

In addition to the Zeeman interaction, the electron spin experiences a small local 

magnetic field produced by nearby nuclei. This interaction is known as the 

hyperfine interaction (HHF), and may counter or enhance the externally applied 

field. Taking into account the Zeeman interaction and the hyperfine interaction with 

one nuclear spin, I , the spin Hamiltonian can be written as:  

0EZ HF e eH H H B g S S AI                                                                  (1.1) 

Here βe is the Bohr magneton, 0B  is the external magnetic field, eg  is the g-tensor, 

and A  the hyperfine tensor. Figure 1.1 shows the corresponding energy level 

scheme for a nitroxide spin label, which contains an electron spin (S = 1/2) and a 

nitrogen (
14

N, I = 1) nuclear spin. In the magnetic field the degenerate Ms = 1/2, -

1/2 magnetic sublevels of the electron spin split up by the Zeeman interaction and a 

further splitting into three MI = 1, 0, -1 nuclear spin magnetic sublevels results from 

the hyperfine interaction. The EPR transitions correspond to transitions between 

http://en.wikipedia.org/wiki/Cell_%28biology%29
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levels for which |ΔMs| = 1 and ΔMI = 0. For an isotropic g-tensor and an isotropic 

hyperfine tensor, the energy difference between the levels involved in the three 

transitions can be written as: 
e e iso IE g A M      with MI = 1, 0, -1. The 

isotropic 
eg has the value of 2.00551 

[16]
 and Aiso of a nitrogen (

14
N, I = 1) nuclear 

spin of a nitroxide spin label has the typical value of about 1.63 mT 
[16]

. The 

transitions show up in the EPR spectrum at magnetic fields such that the resonance 

condition E h    is fulfilled, where h is Planck’s constant (h = 6.626   10
-34

 Js) 

and ν the frequency of the electromagnetic radiation.  

 

Figure 1.1 Energy level scheme and allowed EPR transitions for an electron spin (S = ½) in 

interaction with a 14N nitrogen nuclear spin (I = 1). The hyperfine interaction leads to a 

splitting into 2I + 1 = 3 transitions, each corresponding to a 14N nuclear spin state (MI = −1, 

0, +1).  

 

For anisotropic g and hyperfine tensors, the orientation of the magnetic field with 

respect to the molecular system has to be taken into account 
[11]

. The principal 

components of the hyperfine interaction tensor ( A ) are defined as Axx, Ayy, and Azz, 

those of the g-tensor as gxx, gyy, and gzz. For nitroxide spin labels typical values of 

the hyperfine interaction of the nitrogen (
14

N, I = 1) nuclear spin are Axx ≈ Ayy ≈ 0.7 

mT and Azz ≈ 3.5 mT. The isotropic hyperfine-coupling Aiso = (Axx + Ayy + Azz)/3. 

The difference between Axx and Ayy is small and often the hyperfine tensor is 
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assumed to be axially symmetric. The magnitude of Azz gives an indication of the 

polarity of the environment. In contrast to the hyperfine tensor, the g-tensor is 

rhombic with typical values of gxx ≈ 2.00800, gyy ≈ 2.00586, and gzz ≈ 2.00199 
[11]

. 

The anisotropy of the Zeeman and the hyperfine interactions determines the 

sensitivity of the EPR spectrum to the orientation and rotational motion of the spin 

label. 

1.1.2 Spin labels for protein EPR 

Spin labels are extrinsic paramagnetic probes, which are commonly nitroxide 

derivatives with a stable unpaired electron and a functional group that allows its 

site-specific attachment to a protein, site-directed spin labeling 
[11,17]

. The nitroxide 

radicals are stable due to the presence of methyl groups adjacent to the nitroxide. 

Figure 1.2 shows the structure of the two nitroxide spin labels, which are used in 

this thesis: the MTS spin label ((1-oxyl-2,2,5,5-tetramethylpyrroline-3-methyl) 

methanethiosulfonate), and the non-coded nitroxyl-containing -amino acid, TOAC 

(2,2,6,6-tetramethylpipe-ridine-1-oxyl-4-amino-4-carboxylic acid). The TOAC spin 

label serves as a rigidly attached spin label 
[18,19]

 compared to the rotationally 

flexible MTS spin label.  

 

Figure 1.2 The chemical structure of two nitroxide radicals. a: The MTS spin label. The NO 

group of the MTS spin label is part of a five-membered pyrrole ring. b: The TOAC spin 
label. The NO group of the TOAC spin label is part of a six-membered piperidine ring. The 

black dot represents the unpaired electron. 

 
Rotational motions of the nitroxide lead to partial averaging of the anisotropy 

between the elements of the g-tensor and the hyperfine tensor, and give rise to 

variations in the observed cw-EPR spectrum. The cw-EPR spectrum of a nitroxide 

spin label can be used to infer information about the local environment of the 

labeling site. Through EPR analysis, it is possible to determine the local structure 

and dynamics, to map inter-residue distances, and to reconstruct the three-

dimensional structure of proteins. 
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1.1.3 Dynamics by EPR: the rotation-correlation time  

The shape of the EPR spectrum depends not only on the static interactions in the 

paramagnetic molecule, but also on the dynamic processes on the timescale of the 

EPR experiment. The EPR timescale is determined by the anisotropy of the g and A 

tensors of the molecule. These cause the spectral anisotropy, i.e., the maximum 

difference between resonance line positions when the orientation of the molecule is 

varied 
[17]

. Any dynamic process on the timescale determined by the g and A tensor 

anisotropy will affect the shape of the EPR spectrum. The most important dynamic 

process in solution is the tumbling of the molecules, which is characterized by the 

rotation-correlation time τr. Figure 1.3 shows the four dynamic regimes that are 

distinguishable 
[17,20]

. 

 

 

Figure 1.3 Simulation of the effect of the rotation-correlation time on the line-shape of the 

EPR spectrum of a nitroxide spin label. In the isotropic limit the three lines have equal 

intensities. a: liquid solution EPR spectrum of the nitroxide spin label with τr = 0.1 ns. b: 

liquid solution EPR spectrum of the nitroxide spin label with τr = 0.4 ns. c: liquid solution 

EPR spectrum of the nitroxide spin label with τr = 2.2 ns. d: frozen solution EPR spectrum 

of the nitroxide spin label. 
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In the isotropic limit, the anisotropy is completely averaged due to the extremely 

fast tumbling of the molecules. The lines are symmetric and have an equal width 

and heights. In the fast-motion regime the rotation is fast enough to average the 

anisotropy, but the lines have different widths and heights. In the slow-motion 

regime, the rotation of the molecules is not fast enough to fully average the 

anisotropy. Therefore, the lines broaden and shift with respect to the isotropic limit. 

From the amount of spectral change, the rotation-correlation time can be obtained 

by simulation 
[20]

. In the rigid limit, the molecules are randomly oriented with 

respect to the magnetic field and immobilized, and the EPR spectrum shows the full 

anisotropy. Line-shape analysis of EPR spectra reveals information about the local 

dynamics and possibly about the local structure elements of proteins 
[3,4,6]

.  

1.1.4 Spin-spin interaction  

Distance determination in biological molecules can be done by introducing spin 

labels at two positions and measuring the distance between the labels by EPR. The 

two labels can interact via two mechanisms: the exchange interaction, the 

magnitude of which is J, and the dipole-dipole interaction. The exchange interaction 

is related to the overlap of the orbitals that contain the two unpaired electrons. 

Depending on the magnitude of this orbital overlap, which is determined by the 

separation between the orbitals, the exchange interaction can cause multiplet spectra 

or line broadening. When the overlap is large, the two electron spins can be in two 

states: a singlet and a triplet state (S = 0, 1). The triplet state is lower in energy, thus 

we consider the two electron spins to be in the triplet state. In the presence of an 

external magnetic field the three Ms = 1, 0, -1 magnetic sublevels of the triplet state 

split up by the Zeeman interaction. In the case of two nitroxides, owing to the 

presence of two nuclear spins: 
1

IM = 1, 0, -1, and 
2

IM  = 1, 0, -1, a further splitting 

results from the hyperfine interaction (figure 1.4). Considering the allowed 

transitions (|ΔMs| = 1 and ΔMI = 0), in the strong exchange limit, where the ratio of 

AN/J is small, the spectrum contains five lines with intensities 1:2:3:2:1 with a 

spacing of one-half of the hyperfine coupling constant for the nitroxide spin label 

(figure 1.4). When the ratio of AN/J is one-half, the transitions between the singlet 

and the triplet state can be observed as satellite lines. When the ratio of AN/J 

increases, the transitions arrange into three groups of lines, and finally when the 

exchange interaction is weak, the three-line spectrum results, which is characteristic 

of a nitroxide spin label. Exchange interactions are usually negligible at distances 

beyond 1.5 nm. 
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Figure 1.4 Energy level scheme for the two electron spins (S = ½) and two nitrogen (14N, I 

= 1) nuclear spins for J >> AN. The spectrum contains five lines with intensities 1:2:3:2:1 

with a spacing of one-half of the hyperfine coupling constant for the nitroxide spin label. 

 

The dipole-dipole interaction is inversely proportional to the cube of the distance. 

The dipole-dipole interaction in frequency units, νdd, between two spins A and B is 

given by: 

νdd  
2

20

2 3
3cos 1

8

e A B

AB

g g

r

 



                                                                        (1.2) 

Here gA and gB are the isotropic g factors of the two electron spins, rAB is the 

magnitude of the vector that joins the two electrons, and θ is the angle between the 

magnetic field and the vector that joins the two electrons (figure 1.5). The dipole-

dipole interaction causes line splitting or line broadening in cw EPR, which are 

resolved in nitroxides at spin-spin distances shorter than 1.5 nm 
[13,21]

. 
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Figure 1.5 Schematic representation of the dipole-dipole interaction in a magnetic field 

between two electrons A and B represented as black circles. 

 

For nitroxide spin labels at distances larger than 2 nm the dipole-dipole interaction 

is not resolved in the cw EPR spectra. Long-range distances (2 to 8 nm) can be 

measured with pulsed double electron-electron resonance spectroscopy (DEER), 

also called PELDOR 
[22]

. This technique is based on the detection of the modulation 

of the echo amplitude, caused by the dipolar interaction of two spins. Microwave 

pulses of two different microwave frequencies are used, where the two frequencies 

select different orientations or different spin states of the 
14

N nucleus in the two 

radicals. The pulse sequence of the four-pulse DEER is shown in figure 1.6. At the 

observer frequency (mw1), a refocused echo with a fixed position in time is detected 

for spins in resonance (spins A). Between the second and third pulse, an inversion 

pulse is applied at the pump frequency (mw2), which flips the spins that are in 

resonance with the second frequency (spins B). Dipolar interaction between spins A 

and spins B results in the modulation of the amplitude of the refocused echo as a 

function of time, t (figure 1.7). The modulation frequency is given by equation 1.2. 

To determine the distance distribution for two sites within the same macromolecule, 

the contribution of the interactions of spins within the same molecule should be 

separated from the background contribution due to the interactions with spins in 

neighboring macromolecules. The echo signal is a multiplication of these two 

contributions. 

Due to the flexibility of the macromolecules and conformational freedom of the 

spin label, the spin-spin distance is not always as sharply defined as in the rigid 

biradical shown in figure 1.7. In the case of proteins often broad distance 

distributions result, which will be addressed in chapters 5 and 6 of this thesis. The 

overall signal shows the superposition of modulations at different frequencies, 

rather than a single frequency. In that case separation of the background 

contribution from the modulation is improved by using an experimental background 



Introduction

 

9 

function from the corresponding singly labeled protein (chapter 5). By means of 

regularization methods or model-based approaches, it is then possible to extract the 

distance distributions from the DEER time traces 
[23,24]

.  

 

Figure 1.6 The principle of double electron-electron resonance (DEER) spectroscopy. a: 

Right: absorption type EPR spectrum showing resonances of observed and pumped spins. 

Left: a macromolecule with two nitroxide spin labels, A and B. The two spin label N-O 

groups have different orientations with respect to the magnetic field, B0. b: Pulse sequence 

of the DEER experiment consisting of the refocused echo sequence at frequency mw1 that 
excites exclusively spins A and a pump pulse at frequency mw2 that excites exclusively 

spins B. Delays τ1 and τ2 are fixed, and the amplitude of the echo is monitored while the 

time delay t is varied.  

 

 

Figure 1.7 Analysis steps of DEER distance measurement on a rigid biradical. a: Raw 

DEER time trace. The dashed line is the background fit. b: The background corrected DEER 

time trace. The modulation depth, λ is related to the fraction of coupled spins. c: Distance 
distribution obtained by the Tikhonov regularization method [25]. Small features are probably 

artifacts of the regularization at distances longer than 5 nm. 
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1.2 The proteins and their properties 

1.2.1 Structure of proteins 

Proteins are composed of amino-acid residues. Each amino-acid residue is 

connected to the next one by a peptide bond and forms the polypeptide chain. The 

order of the amino-acid residues in the polypeptide chain determines the primary 

structure of the protein. The secondary structure of the protein refers to the 

polypeptide folding patterns, which are classified as α-helices, β-sheets, turns and 

random coils (figure 1.7).  

 

Figure 1.8 Secondary structure elements of proteins. a: α-helix, b: turn (the black-filled 

circles represent the Cα atoms in the turn) c: anti-parallel β-sheet, and d: parallel β-sheet. 

The dotted lines depict the hydrogen bonds. The N in a box corresponds to the N-terminus 

and the C in a box corresponds to the C- terminus of the proteins. Arrows show the direction 

of the β-strands in the β-sheets. 

 

A typical α-helix is a right-handed helix with 3.6 amino-acid residues per turn, and 

a pitch (the distance the helix rises along its axis per turn) of 5.4 Å. In an α-helical 

structure the backbone hydrogen bonds are arranged such that the C=O bond of the 

ith amino-acid residue points along the helix axis towards the N-H group of the (i + 

http://en.wikipedia.org/wiki/Beta_sheet
http://en.wikipedia.org/wiki/Beta_sheet
http://en.wikipedia.org/wiki/Beta_sheet
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4)th amino-acid residue, which results in a strong hydrogen bond. The amino-acid 

side chains in an α-helix project either outward or downward from the helix. Like 

the α-helix, the β-sheet uses the full hydrogen-bonding capacity of the polypeptide 

backbone. However, in β-sheets hydrogen bonding occurs between neighboring 

polypeptide chains rather than within one chain (compare figure 1.8.a with c and/or 

d). The β-sheets can be grouped into two different classes: anti-parallel β-sheets, in 

which neighboring hydrogen-bonded polypeptide chains run in opposite directions 

(figure 1.8.c) and parallel β-sheets, in which polypeptide chains run in the same 

direction (figure 1.8.d). Turns are typically stretches of polypeptide chains that can 

easily change direction (figure 1.8.b). Turns join different α-helices and/or strands 

of β-sheets in proteins. 

1.2.2 Misfolding and aggregation of proteins 

Protein misfolding and aggregation occurs in biological processes, both in vital and 

disruptive processes 
[26]

. In contrast to most of the protein aggregates, which are 

amorphous, some of the protein aggregates generate amyloid fibrils. Amyloid fibrils 

are about 10 nm in diameter, and are composed typically of 2 to 6 protofilaments 
[26-

28]
. Amyloid fibrils of all proteins share a common cross-β structure, wherein the β-

strands (figure 1.9.a) are oriented perpendicular to the fibril axis. The β-sheets grow 

in the direction of the fibril axis by attaching proteins at the ends of the β-sheets 

(figure 1.9.b). Due to the large size, low solubility, and the noncrystalline nature of 

fibrils 
[29]

, understanding the molecular details of amyloid fibrils has remained a 

challenge. Amyloid fibrils play a role in neurodegenerative diseases, like 

Alzheimer’s disease and Parkinson’s disease 
[30]

.  

 

Figure 1.9 Schematic representation of the structure elements of amyloid fibrils. a: the black 

arrows show a β-strand and the grey dot shows the direction of the fibril axis, which is 

pointing out of the page. b: the grey arrow shows the direction of the fibril axis. The grey 

sheets are representative of β-sheets which are parallel to the fibril axis. 
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1.2.3 Diseases that involve protein misfolding and aggregation  

1.2.3.1 Alzheimer’s disease: the amyloid β peptide  

Alzheimer’s disease is the most common neurodegenerative disease in the aging 

population. Alzheimer’s disease is associated with confusion, irritability, 

aggression, mood swings, trouble with language, progressive cognitive decline, and 

profound neuronal loss 
[31-35]

. It is characterized by accumulation of intraneuronal 

neurofibrillary tangles and extracellular senile plaques in the brain tissue and 

ultimately neuronal and synaptic degeneration 
[31,33,36,37]

. The senile plaques are 

formed from deposition of the amyloid β (Aβ) peptide in an aggregated fibrillar 

form. 

The Aβ peptide is the product of sequential proteolytic cleavage of the amyloid 

precursor protein (APP), a transmembrane protein located in the neuronal 

membrane 
[38,38,39]

. The cleavage of APP is done by α-, β-, and γ-secretases via two 

distinct pathways: amyloidogenic and non-amyloidogenic 
[30]

 (figure 1.10). In the 

non-amyloidogenic pathway, APP is cleaved by α-secretases and subsequently 

cleaved by γ-secretases, whereas in the amyloidogenic pathway β-secretase cuts 

first, followed by γ-secretase cleavage resulting in the amyloid peptides with 

sequence length ranging from 38 to 43 amino-acid residues. There is evidence for 

other pathways, involving cleavage of the N-terminus of the Aβ by both α- and β-

secretases, which result in the production of several soluble, shorter Aβ fragments 

in the cerebrospinal fluid 
[34,38,40,41]

. Some of these fragments are up-regulated in 

Alzheimeer’s disease. The aggregation potential of two of these shorter peptides 

and their influence on the full-length A peptide is investigated in chapter 4.  

Soluble A oligomers, rather than fully formed A fibrils and plaques are currently 

considered as the more likely culprits in cellular toxicity and play an essential role 

in the pathogenesis of Alzheimer’s disease 
[29,42,43]

. The potent pathologic effects of 

Aβ oligomers provide a compelling reason for elucidating the mechanism(s) leading 

to the transformation of monomeric Aβ into toxic oligomers and ultimately larger 

aggregates 
[44-46]

. The hydrophobic part of Aβ suggests a possible membrane activity 

of the peptide. In chapters 2 and 3 we study and monitor the aggregation process of 

A on the time scale of EPR in the presence of a membrane mimetic agent. 

http://en.wikipedia.org/wiki/Mental_confusion
http://en.wikipedia.org/wiki/Mood_swing
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Figure 1.10 Schematic overview of processing of the amyloid precursor protein (APP). The 

top panel shows the non-amyloidogenic -secretase pathway, in which soluble APP-

cleaved (sAPP) and C83 are generated. Subsequent hydrolysis by the -secretase produces 
a p3 peptide that does not form amyloid deposits. The bottom panel represents the 

amyloidogenic pathway, in which cleavage of APP by the -secretase followed by -

secretase, liberates sAPP and C99 and A peptides (A39 to A42) that are found in 
plaque deposits. Italics: sequence numbers of APP protein. 

 

1.2.3.2 Parkinson’s disease: the α-synuclein protein 

Parkinson’s disease is the second-most frequent neurodegenerative disorder, which 

affects more than 1 % of the population above 60 years of age 
[47]

. The most 

obvious symptoms in Parkinson’s disease include tremor, stiffness, slowness of 

movement, difficulty with walking, and a specific gait. Parkinson’s disease is 

characterized by the accumulation of a neuronal protein, α-synuclein (αS), in Lewy 

bodies, which are the pathological hallmark of Parkinson’s disease. Misfolding and 

aggregation of the αS protein is accompanied by the loss of dopaminergic neurons 

in the substantia nigra, a region in the midbrain, and insufficient formation of 

dopamine, which is important for movement 
[30,48-50]

. The name synuclein arises 

from the evidence that this protein localizes to synaptic vesicles and portions of the 

neuronal nucleus 
[30]

, but it has also been observed in the cytosol 
[51,52]

. 

The αS protein (40 kDa) consists of 140 amino-acid residues, of which the N-

terminus has a propensity to acquire α-helical structure 
[53,54]

. The central region, 

http://en.wikipedia.org/wiki/Alpha-synuclein
http://en.wikipedia.org/wiki/Tremor
http://en.wikipedia.org/wiki/Bradykinesia
http://en.wikipedia.org/wiki/Bradykinesia
http://en.wikipedia.org/wiki/Gait
http://en.wikipedia.org/wiki/Alpha-synuclein
http://en.wikipedia.org/wiki/Lewy_bodies
http://en.wikipedia.org/wiki/Lewy_bodies
http://en.wikipedia.org/wiki/Dopamine
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enclosed by amino-acid residues 61 to 95, the so-called NAC region, is 

hydrophobic and is crucial in the aggregation of αS 
[55,56]

 (figure 1.11). The C-

terminus of αS is negatively charged and mostly remains unstructured (amino-acid 

residues 100 to 140). When exposed to phospholipids, detergents or vesicles, αS 

forms an α11/3 helix, which has 3.67 amino-acid residues per turn instead of 3.6 

amino-acid residues per turn of an ideal α-helix 
[57-60]

. This amphiphatic helix allows 

the αS protein to associate with the surface of membranes 
[57]

. 

 

 

 

Figure 1.11 A schematic view of the α-synuclein protein. The highlighted region, amino-

acid residues 61 to 95, is reported as the main part involved in the aggregation. The N in a 

box corresponds to the N-terminus and the C in a box corresponds to the C-terminus of the 

protein. 

 
Under certain conditions in vitro 

[58,60]
 (see chapter 5 of this thesis), αS forms 

oligomers and ultimately fibrils. The β-sheet core of the fibril starts at amino-acid 

residues 35-38 and ends around amino-acid residues 89-96 
[21,61-64]

. The fibrils have 

a cross-β-sheet structure, which is characterized by x-ray and electron diffraction, in 

which individual β-strands stack perpendicular to the fibril axis. However, the 

details of folding and arrangement of aS monomers in the fibrils are still 

unresolved. In chapter 5 we investigate the fold of αS in the fibril, using distance 

determination with pulsed EPR. 

1.2.4 Proteins with disordered regions: the light-harvesting protein CP29 

In plants, oxygenic photosynthesis, a process in which solar energy is converted 

into chemical energy, occurs in the membrane of thylakoids in chloroplasts (figure 

1.12). The light-driven charge separation occurs in two chlorophyll-binding protein 

complexes, photosystem I and photosystem II. The light-harvesting protein CP29 is 

a member of the photosystem II protein complex machinery. It is located between 

the major light-harvesting complex LHCII and the core complex 
[65]

. Besides light-

harvesting and energy transfer it has a photoprotective function. For light-

regulation, CP29 seems to make use of its N-terminus, a stretch of about 100 

amino-acid residues. In the recently solved crystal structure of CP29 
[65]

, the N-

terminus has no defined electron density. Site-directed spin labeling combined with 

http://en.wikipedia.org/wiki/Alpha-synuclein
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EPR enables us to investigate the structure of the disordered N-terminus of CP29. 

Our study involves two approaches: exploring the mobility of the spin label with 

continuous wave EPR and distance determination with pulsed EPR. From the 

present EPR investigation the presence of multiple conformations of the N-terminus 

is concluded. 

 

Figure 1.12 Schematic representation of the location of CP29 in a plant cell, chloroplast. 

 

1.3 Thesis outline 

This thesis is organized as follows. In chapters 2 and 3 continuous wave (cw) EPR 

is employed to examine the influence of a membrane-mimetic agent on the 

aggregation of the Aβ peptide. In chapter 4 the influence of shorter fragments of the 

Aβ peptide on the aggregation of the full-length Aβ is investigated. In chapter 5 we 

investigate the fibril fold of the αS protein with pulsed EPR. Chapter 6 describes the 

structure of the long flexible N-terminus of the light-harvesting antenna protein 

CP29. In the final chapter we present the EPR characterization of peptides with one 

or two rigidly-attached spin labels as  models for studying spin-spin interaction in 

distance measurements.  
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