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The effect of a membrane mimicking detergent on amyloid B aggregation

CHAPTER 2

THE EFFECT OF A MEMBRANE
MIMICKING DETERGENT ON
AMYLOID B AGGREGATION

OVERVIEW AND THE REGIME OF HIGH
DETERGENT CONCENTRATION

The aggregation of amyloid B (AB) peptide into fibrils and plaques is the chief
indicator of Alzheimer's disease. Specific interest in oligomers stems from the
suggestion that small, oligomeric aggregates and protofibrils, rather than the fully
formed fibrils could be responsible for the toxicity of the AP peptide. We
investigate the potential of Electron Paramagnetic Resonance (EPR) spectroscopy
to detect early stages of AP peptide aggregation in the presence of the sodium
dodecyl sulfate (SDS) detergent as a membrane mimicking agent. We have labeled
the AB40 peptide variant, which contains an N-terminal cysteine with the MTS spin
label ((1-oxyl-2,2,5,5-tetramethylpyrroline-3-methyl) methanethiosulfonate) and
monitor the effect of different concentrations of SDS on the aggregation of the Ap
peptide. Continuous wave, 9 GHz EPR reveals that upon increasing the SDS
concentration a transition from oligomers to a state in which a monomeric peptide
binds to a micelle occurs. In the hitherto difficult to access area of low SDS
concentrations we postulate a change from AP oligomers to AB-SDS complexes.
The EPR approach enables us to monitor the changes occurring in the reaction
mixture in the presence of different amounts of SDS on the time scale of
aggregation.

M. Hashemi Shabestari, N.J. Meeuwenoord, D.V. Filippov, M. Huber.
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Chapter 2

2.1 Introduction

The amyloid B (AP) peptide is important in the context of Alzheimer’s disease,
where it is one of the major components of the fibrils forming amyloid plaques .
The peptide derives from misprocessing of the amyloid precursor protein (APP) and
comprises a part of the presumed transmambrane section of APP B*9. |n solution,
the peptide is disordered and, especially at high concentration its tendency to
aggregate into fibrils is high ™. In the fibrils it adopts a parallel, B-sheet structure
[3,11]

In vitro studies of the properties of AP are essential to understand its behavior at a
molecular level. Such studies should also address the aggregation process, in
particular, since early aggregates such as oligomers, rather than fully formed
plaques, are discussed as toxic agents ®'81 Furthermore, agents that can
influence aggregation are important, and of those, membrane mimics are
particularly relevant, because the hydrophobic part of AP suggests a possible
membrane activity of the peptide. One such agent is the sodium dodecyl sulfate
(SDS) detergent 721,

The aggregation of AP under the influence of SDS, and with respect to the SDS
concentration has identified two regimes . At low concentrations of SDS or low
SDS to peptide ratios (D/P), evidence for aggregates was found. These aggregates
appeared to have a B-sheet component %% suggesting aggregates which posses
the secondary structure element of AP in the fibrils. In this regime, solution NMR
methods are plagued by the absence of signals “°!, which together with the known
heterogenic character of AP samples has precluded further structural
characterization. At higher SDS concentrations, the picture becomes clearer. In the
concentration range around the critical micelle concentration (CMC) of SDS in
water %% and above, AB is found to have an a-helical conformation. A detailed
study, using solution NMR %! revealed that AP could be monomeric and
embedded in an SDS micelle, a model that is supported also by small-angle X-ray
and neutron scattering, FTIR, and CD spectroscopy 161720234,

In the present study, we use spin-label EPR to learn more about the aggregation
process in the presence of SDS. There are several reports about the use of spin-label
EPR in AP research ®**"). The most relevant in the present context is that signatures
of the oligomeric AP peptide can be detected by the spin-label EPR methodology
381 suggesting this technique as a possible tool to detect the effect of SDS on the
aggregation of AP peptide. We employ spin-label EPR in combination with
diamagnetic dilution to avoid line broadening by spin-spin interactions 3%,
Diamagnetic dilution refers to diluting the spin-labeled AP peptide (SL-AB) with
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The effect of a membrane mimicking detergent on amyloid B aggregation

unlabeled AP peptide (wild type AB). We monitor the effect of SDS on the
aggregation of the AP peptide at different D/P ratios. The ratios cover the entire
range of SDS concentrations and were chosen to overlap with those employed by
Wahlstrom et al. ?%. The present study shows that by EPR information about Ap
aggregation at a wide range of SDS concentrations can be obtained. We propose
that AP aggregates, present in the absence of SDS, are successively replaced by
peptide-detergent aggregates at low SDS concentrations. At SDS concentrations
above the CMC only one species is present, which we assign to a monomeric,
micelle bound form of Ap.

2.2 Materials and methods

The AP40 peptide and its cysteine-Af variant (H-Cys-Asp-Ala-...-Val-OH) were
purchased from AnaSpec (purity > 95 %), the solvent DMSO was purchased from
Biosolve (purity 99.8 %). The MTS spin label ((1-oxyl-2,2,5,5-tetramethylpyrrolin-
e-3-methyl) methanethiosulfonate) was purchased from Toronto Research Chemica-
Is Inc. (Brisbane Rd., NorthYork, Ontario, Canada, M3J 2J8). Spin labeling was
performed and the purified spin-labeled Af was analyzed by liquid chromatography
as described previously ®®. The peptide was lyophilized and stored in the freezer
(-20°C) until used.

2.2.1 Sample preparation protocol

Seven different AB sample conditions, differing in SDS concentrations were
investigated. The total concentration of peptide was kept constant at 0.55 mM. The
peptide was a mixture of wild type AP and SL-AP that contained 14 % SL-ApR,
resulting in diamagnetically diluted samples as reported before 2. In contrast to the
previous protocol P8 we prepared the AP samples using a procedure, which
involves predissolution of the peptide in dilute base solution ?*#®*2 This procedure
was designed to avoid peptide aggregation in the starting solution.

Accordingly, the AP peptides were predissolved in NaOH solution (10 mM, pH 11)
with sonication for one minute in an ice bath at twice the desired final
concentration, i.e., at 1.1 mM total AP concentration. The desired amount of SDS
was dissolved in potassium phosphate buffer (20 mM, pH 7.4). The basic solution
of AP peptides (1.1 mM) was combined with the potassium phosphate buffer
solution (20 mM, pH 7.4) to reach the final desired peptide concentration and the
proper D/P molar ratio for each sample (for D/P ratios see table 2.1). This step was
followed by another one minute sonication in an ice bath. The final pH was adjusted
to pH 7.4. The entire sample preparation was performed on ice. All samples were
prepared and measured at least twice.
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Chapter 2

Table 2.1 Correspondence of SDS content of samples. Ratio of SDS detergent to A peptide
(D/P) and absolute SDS concentrations investigated.

D/P ratio SDS [mMM]

0 0

2.7 1.5
5.4 3
7.3 4
12.7 7
65.4 36
130.9 72

2.2.2 EPR experiments

For room temperature measurements, samples of 10-15 pl peptide solution were
drawn into Blaubrand 50 pl capillaries. Often, a white precipitate was observed,
indicating aggregation. In cases where a white precipitate was observed, the sample
height was carefully adjusted in order to be sensitive to that part of the solution. The
X-band continuous-wave (cw) EPR measurements have been performed using an
ELEXSYS E680 spectrometer (Bruker, Rheinstetten, Germany) equipped with a
rectangular cavity. A modulation frequency of 100 kHz was used. Measurements
were done at temperature of 20°C, using 6.331 mW of microwave power and a
modulation amplitude of 1.4 G. The large modulation amplitude helps to obtain a
better signal-to-noise ratio for broad lines. The accumulation time for the spectra
was 40 minutes per spectrum.

2.2.3 The amount of spin label in different samples

For a quantitative comparison of samples, we need to investigate the actual amount
of spin label in each sample. This amount was determined by double integration of
the first-derivative EPR spectrum, with the SL-AP stock solution as a reference.
The amount of spin label for the samples with different concentrations of SDS was
at least 86 % compared to the stock solution. The uncertainties of this method,
determined by multiple independent analyses of the same data, are around 20 % due
to difficulties with the base-line correction of the spectra. Within this error margin,
the amount of spin-labeled peptides in all samples is identical.

2.2.4 Simulations of EPR spectra, interpretation of the rotation-correlation
time

The spectra were simulated using Matlab (version 7.11.0.584, Natick, Massachuset-
ts, U.S.A) and the EasySpin package **!. The following tensor values were used for
all simulations: g = [2.00906, 2.00687, 2.00300] ***!! and A = A,y = 13 MHz in

22
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buffer. For the fast and medium components, different A, values were used than for
the slow component, as discussed before ¥8. For each fraction over-modulation
effects were taken into account in EasySpin. Usually a superposition of one to three
components was required to simulate the spectra. In all cases, isotropic rotation of
the spin label was sufficient to reproduce the line-shape observed. From the
simulation of the EPR line-shape, the rotation-correlation time, t,, of the spin-
labeled peptide as well as the corresponding amount of each spectral component
was obtained [*°],

We interpreted t, with the Stokes-Einstein equation, which implies a spherical
approximation for the volume B&:

47[77053 n
T =———=-"V
" 3kT kT R

The Boltzman constant, k, and solvent viscosity, n, at a specified temperature, T,

2.1)

are required to obtain the hydrodynamic radius, o. According to equation (2.1), the
volume, Vepg, of the particle is linearly correlated with the 1, of the spin-labeled
peptide. The volumes derived are referred to as Vepr in the text. The volume Vepr
derived from =, is strongly affected by the mobility of the nitroxide group of the
spin label and the rotation of the spin label around the linker bond can make this
correlation time significantly smaller than that of the aggregate.

2.3 Results

We have applied X-band cw EPR to monitor the effects of the presence of SDS on
the AP peptide. The main observable is the line-shape of the EPR spectra, which,
under the conditions employed (diamagnetic dilution), reflects the mobility of the
spin label attached to the cysteine variant of AB. Figure 2.1 shows the spectra of the
monomeric SL-APB and of diamagnetically diluted SL-AP in three samples with
different amounts of SDS measured at room temperature. In the following we refer
to the diamagnetically diluted SL-ApB as SL-Ap unless otherwise stated.
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a “ “
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Figure 2.1 Room temperature EPR spectra of monomeric pure SL-Ap in a: DMSO, and SL-
AP obtained from samples with three different D/P ratios: b: D/P =0, ¢: D/P = 12.7 and, d:
D/P = 65.4. Black line: experiment, red line: simulation.

——sum
fast
—medium
slow

334 336 338 340 342

Figure 2.2 Simulation of the EPR spectrum of SL-Ap at D/P = 0 with three components: red
line fast, green line medium, and blue line slow component.
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The EPR spectrum of monomeric AP (figure 2.1.a) has three narrow lines.
Comparison of figure 2.1.a and b shows that in the absence of SDS (D/P = 0), the
lines are broadened and additional lines are observed compared to the spectra of the
monomeric peptide (figure 2.1.a), which suggests a superposition of different
spectral components. Figure 2.2 shows these components as obtained from a
simulation of the EPR spectrum that is shown in figure 2.1.b. The spectrum can be
simulated by three components ®®, which, in the remainder of the text, we refer to
as fast, medium and slow. The relative amount of these components (table 2.2) is
similar to that obtained before 8 except for an increase in the amount of the fast
fraction from 5 % to 10 % (see Discussion). Each component is characterized by a
rotation-correlation time and the amount by which this component contributes to the
spectrum (table 2.2).

Table 2.2 EPR parameters obtained from the simulation of cw EPR spectra of SL-AB
samples. Given are: T, rotation-correlation time, A, the hyperfine splitting along the z-
direction, lw, the component line-width of the simulation, and % stands for the contribution
of the component to the total spectrum.

fast medium slow
D/P T A, lw % T, A, lw % T A, lw o
(ns) (MH2)|(mT) (ns) (MH2)|(mT) (ns) [(MHZ2)|(mT) °

0 0.19+0.02 110 | 014 | 10%20 255+0.35 110 | 032 | 51+2]|>50] 95 050 ] 39.0+£20

2.7 0.43+0.02 110 | 014 | 2505 4.80+0.40 110 |1 032 |64+4]>50] 95 050 | 335+25

54 | 043+0.02 110 | 014 | 2505 4.65+ 0.55 110 |1 032 | 75£3]>50] 95 050 | 225+25

73 | 019%0.02 110 | 014] 10.0+£20 | 1.76+0.16 110 | 0.14 | 902

12.7 1 0.19+0.02 110 | 014 | 70+20 1.55+0.08 110 | 014|923

65.4 - - - - 0.93+0.03 109 | 0.06 | 100

130.9 - - - - 0.93+0.03 109 | 0.06 | 100

Figure 2.1.c shows the spectrum of a sample with an intermediate ratio of D/P (D/P
= 12.7). This spectrum was simulated using two components (fast and medium)
with the parameters given in table 2.2. The slow component disappears gradually in
the range of SDS concentrations from 3 to 7 mM, D/P = 5.4 to 12.7. At even higher
concentrations of SDS (above 36 mM, D/P = 65.4) the simulation shows that the
line-shape (figure 2.1.d) is fully described by a single species. The corresponding T,
of this species is the same for the D/P ratios 65.4 and 130.9. The rotation-
correlation time of the single species observed at high SDS concentrations (t, = 0.93
ns) is larger than the 1, of the fast component (t, = 0.19 ns) and smaller than that of
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the medium component in the absence of SDS (D/P = 0, t, = 2.55 ns). In the
following we refer to this species as the high-SDS species.

To test for spin-spin interaction we measured the high-SDS species in a pure SL-AB
sample. The result is shown in figure 2.3. There is no difference between the
diamagnetically diluted and the non-diluted sample, showing the absence of spin-
spin interaction of Ap in the high SDS regime.

——non-dd SL-Ap
--- dd-SL-Ap

342 344 346 348 350 352
B, mT

Figure 2.3 Room temperature EPR spectra of high-SDS-AB samples measured at a D/P
ratio of 130.9. Black line: non-diluted AB sample: non-dd SL-AP. Red line: diamagnetically
diluted AP sample: dd-SL-Ap.

2.3.1 Effect of SDS on the amount of different components

An important parameter in the spectral simulation is the contribution of different
components to each spectrum. In figure 2.4, the amount of different mobility
components is plotted versus the D/P ratios ranging from 0 to 130.9. In the absence
of SDS, at D/P = 0, the spectrum is composed of almost equal amounts of the slow
and the medium component, and a small fraction (10 %) of the fast component. At
low D/P ratios (between D/P = 0 and 12.7), the amount of the fast component
fluctuates but never reaches more than 12 %. At D/P ratios larger than 12.7 the fast
component disappears. There is a gradual increase in the amount of the medium
component between D/P = 0 and 12.7. Above D/P = 12.7 (i.e., 7 mM SDS) which is
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close to the critical micelle concentration of SDS %2l the medium component
increases to its final value of 100 %. As shown in figure 2.4, upon increasing the
D/P ratio to about D/P = 7.3, there is a drop in the amount of the slow component.
At D/P ratios larger than 7.3 the slow component has disappeared.

dammnns T —rrrrrerg T T rrrrr

(L N P /l—- i
- | , n—8
=—Ml— medium /

80 I | —A—glow /. i
60 | /. 1
% - -
40 -
20 |- A -
0l O—0 ) A 4 4 -

,I’J....I i i et s aaal i i s s aaal

0.000 1 10 100

DI/P ratio

Figure 2.4 Amount of the spectral components as a function of the D/P ratios.

2.3.2 The size of aggregates at different concentrations of SDS

According to the Stokes-Einstein equation, equation (2.1), the volume of the
particle has a linear dependence on 7, (See materials and methods). From t, we can
determine the EPR derived volume of the aggregates, Vepr, (See materials and
methods). For the volume of the slow component (t, > 50 ns), only a lower limit of
5*10* A% could be given because this component is immobile on the time scale of
the EPR experiment. For the fast rotating fraction of the sample with D/P =0, a t,
of 0.19 ns is obtained. Using the viscosity of water of n = 1.002*10° (N-s-m™) at
20° C 8 3 volume of 180 A?® results, which is close to the volume of 126 A®
obtained from the t, of Ap in DMSO (n = 1.996*10° N-.s-m? I ¢, = 0.26 ns) in
which the peptide is in the monomeric form. Following Sepkhanova et al., the fast
component is assigned to the monomeric peptide 1.
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2.4 Discussion

In the present study we have used spin-label EPR to investigate the effect of SDS
on the aggregation process of the AP peptide. In the absence of SDS, three
components are found, which, according to their mobility characteristics, are
referred to as the fast, medium, and slow components. We attribute the fast
component to monomeric AP and the two others to aggregated forms of AP, as
described before 8. We ascribe the larger amount of monomeric AB (10 % vs 5 %
in the previous study) observed in the present study to the different preparation
protocol 2°%°#2 3 protocol that was designed to increase the amount of monomeric
AP. The fraction of monomertic A never reaches values higher than 12 %, even
considering the sample-to-sample variation. From this observation, we conclude
that the largest portion of the sample is aggregated. This observation is in good
agreement with previous reports #02
used here aggregates are present.

, which shows that at the AP concentrations

2.4.1 The high SDS concentration species of Ap

At high concentrations of SDS, well above CMC 22!, the sample is composed of a
single species, referred to as the high-SDS-species. This species makes up at least
80 % of the total peptide in the sample (see materials and methods) and is the only
species we observe. In that state, the Ap must be monomeric because of the absence
of spin-spin interaction in the spectra of pure SL-AB samples (figure 2.3 and
appendix A). This species has a molecular volume Vepr that is larger than the Vepr
of the monomeric AP. The Vepr Of the high-SDS species is much smaller than the
volume of an SDS micelle **"!. Previously, it was proposed that the species
predominant at high SDS concentrations is a monomeric AP, solubilized in an SDS
micelle [1720.282931.323448] ‘This nroposal is consistent with the data obtained by EPR.
The finding that the size of the high-SDS species is larger than that of the
monomeric AP is consistent with micelle binding, because the volume increases by
the attachment of AP to the micelle. The fact that Vgpg is smaller than the volume of
the SDS micelle is attributed to the local mobility of the spin label. Also, owing to
the local mobility of the spin label, Vgpr is significantly smaller than the volume of
the high-SDS species (23 — 132*10° A®) derived from NMR results 2%%234%] The
last issue to be resolved for the high-SDS species is that EPR suggests the sample to
be homogenous, whereas the NMR-titration data show that at similar D/P ratios, the
sample is heterogeneous, and only a fraction of about 20 % of the sample is visible
to the NMR, which shows that only that fraction is in the monomeric SDS-micelle
bound form %, Several explanations are offered for the absence of NMR signals
for the remaining 80 % of the peptide, amongst which peptide aggregates ®°!. For
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the EPR sample we can exclude a mixture of aggregates and monomers because
only a single species is observed and AB-Ap interaction is not detected (figure 2.3
and appendix A). Besides other explanations given for the heterogeneity of the
high-SDS NMR samples ®°!, differences between the EPR and NMR results could
be caused by the respective measurement conditions. It has been shown that the
absolute concentrations of SDS and AP could influence the formation of the AB-
micelle complex or peptide aggregation, because apparently there is competition
between the association of Ap with micelles and AP with AP to form aggregated
peptide ™. The peptide concentration in the EPR experiments is higher than in
NMR. Consequently, the critical micelle concentration of SDS is reached at lower
D/P ratios than in the NMR experiments. This could help to favorably influence the
equilibrium between AB-AP and AB-SDS interaction and result in a larger fraction
of monomeric AP bound to the micelle in the EPR experiment. Furthermore, in the
EPR sample preparation the total amount of SDS is added directly to the peptide,
rather than in titrating steps as in NMR ! Perhaps the presence of high
concentrations of SDS under the conditions of the EPR measurement is more
efficient to prevent peptide aggregation.

2.4.2 Ap at intermediate SDS concentrations

In contrast to the interpretation of the high-SDS-species, much less is known so far
about the state of peptide at intermediate concentrations of SDS. The disappearance
of NMR signals and the B-sheet signatures found in CD and FTIR spectra were
attributed to an aggregated form of AP . By EPR, in the intermediate SDS
concentration regime (D/P = 2.7), 1, of the medium component (table 2.2) is larger
than in the absence of SDS, which could be due to an increase in the size of existing
aggregates or to detergent molecules that bind to AB. In the former case, such
aggregates are most likely formed at the expense of the very large aggregates
present in the slow mobility fraction. Such a redistribution would explain the
decreasing amount of AP in the slow fraction with increasing SDS concentration, a
fraction that at D/P ratios of 7.3, corresponding to 4 mM SDS, completely
disappears. But concomitantly, also the character of the aggregate must change, as
also suggested by the decrease in the PB-sheet component observed by CD
spectroscopy “°!. The rotation-correlation time of the medium-mobility fraction
changes significantly at D/P ratios between 7.3 and 12.7 to 1/3 of its initial value,
which indicates a change in the size of the aggregate and/or the local mobility of the
spin label. We speculate that the aggregate changes from an AB-oligomer to a
species in which AP interacts with several SDS molecules. The component
observed is likely not the micelle bound species, because the transition occurs well
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below the CMC of SDS. Almost coinciding with the CMC, at D/P ratios above 12.7
the high-SDS species prevails.

Overall, the present EPR investigation suggests that, starting from low SDS
concentrations, a transition from an AB-oligomer to an AB-SDS complex seems to
take place. Since this change is accompanied by a loss in B-sheet signature and an
increase in a-helix character ®3 we propose that this is the first step towards the
micelle-bound state of AP, in which the peptide is supposed to have an a-heilcal
structure.

The present investigation shows that because of the high sensitivity of EPR to the
aggregation state of AP, we can monitor the changes occurring in the reaction
mixture in the presence of different amounts of SDS on the time scale of
aggregation. We propose an AB-SDS complex at SDS concentrations below the
CMC and a micelle-bound monomeric AP state at higher SDS concentrations.
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