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Overview
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Protein self-assembly, or aggregation, is a common biological process associated with everyday bodily function
and, in most cases, is considered harmless if not vital. However, aggregation of the β−amyloid protein (Aβ) has been
associated with various diseases such as Huntington’s disease, Parkinson’s disease, and most notably Alzheimer’s
disease (AD).1 In specific, the hallmark symptoms of AD are neurofibrillary tangles (composed mostly of the tau protein)
and dense, insoluble senile plaques (composed mostly of Aβ ), discovered by Alois Alzheimer over a century ago. The
amyloid plaques have since been implicated in the progressive eradication of neuronal cells that is characteristic of AD,
manifesting itself into noticeable and continual loss of memory and cognitive function. 2
The challenge with studying Aβ resides in the variety of structures it is capable of forming. The most common
biological form is a 40 amino acid residue peptide (Aβ40) that is twice cleaved from a larger amyloid precursor protein
(APP) by the enzymatic complexes: β-secretase and γ-secretase. As such, γ-secretase is ultimately responsible for the
final length of the peptide, usually forming the aforementioned Aβ40 or a 42 amino acid variety, Aβ42. Each of these
peptides is capable of forming amyloid fibrils, stranded aggregative complexes that compose the bulk of senile plaques.
However, Aβ42 has also shown to readily form a soluble oligomeric species that many now believe to be more indicative
of AD progression.3
Recent research has begun to suggest the existence of multiple energetically-similar pathways that govern
amyloid self-assembly.4,5 Given this information, we hypothesize that there must exist a disease-specific
microenvironment that promotes some type of toxic Aβ aggregation. In testing this hypothesis, we aim to structurally
characterize both traditional amyloid species and Aβ oligomers.
We have synthesized our own Aβ40 and purified using high performance liquid chromatography (HPLC). A
common impurity, oxidation of methionine, was found in our sample and also reported in the literature.6 We subsequently
reduced the raw product to form an Aβ40 sample above 95 % purity, corroborated by mass spectrometry. Negativestaining transmission electron microscopy (TEM) of the product indicated a mostly homogenous fibrillar mixture with little
signs of monomeric or oligomeric fragments; much different from the predominantly oligomeric sample provided by Aβ42.
Solid state nuclear magnetic resonance (ssNMR) has served as our main tool for probing protein structure. We
performed various one-pulse experiments on Aβ42 in order to deduce structural stability. In specific, we examined a
monomeric and oligomeric sample and also examined the effect of hydration. We found that synthesized Aβ42 oligomers
can be stable and exhibit structural similarities to fibrils in that addition of water tends to render more stability.
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A simplified depiction of Alzheimer’s pathology.7 The
cleavage of Aβ from APP by γ-secretase is shown at
the membrane surface of a neuron. Aggregation into
amyloid plaques is associated with neuronal
dysfunction and synaptic disruption.
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Mass spectrometry of synthesized Aβ40. (a) HPLCpurified Aβ40 spectrum with three distinct product peaks.
(b) Close-up of a purified product peak, noting the
presence of a significant impurity at 1086.5 due to
oxidation of methionine. (c) Close-up of a purified product
peak after reduction reaction. Note the significant
reduction in magnitude of the impurity peak.
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NMR spectra of AB42 in a 600 MHz magnetic field. (a) Depicts the stability of AB42 oligomers as
determined by performing identical 1 pulse experiments on the same sample 1 month apart. The
traces of each exhibit nearly identical resolution and relative peak magnitude, suggesting that they
remained oligomeric. A monomer spectrum is also overlaid to distinguish oligomer/monomer spectral
differences. (b) Establishes the stability of AB42 oligomers with addition of water. The hydrated
sample shows increased resolution in the methyl region (0-50 ppm), relative to the dry sample. This
suggests that water has a stabilizing effect not dissimilar from AB40 fibrils.
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Principles of nuclear magnetic resonance

Future work

A typical NMR experiment consists of three
main steps. (a) Apply a strong magnetic field
to orient the individual atoms of the molecule.
(b) Send a radio frequency pulse to the
sample, which creates a torque due to the
intrinsic angular momentum of the system. (c)
Observe the results of the torque manifested
in a precession about the magnetic field until
the signal decays. (d) Manipulate the resulting
free induction decay (FID) by performing a
Fourier transform to produce the familiar
spectrum.
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New breakthroughs in Alzheimer’s treatment has
led to the development of γ-secretase modulators
(GSMs), drugs that selectively bind to the Aβ
region of APP.9 These drugs may prove useful in
the effective control of toxic Aβ formation, as they
may modify the γ-secretase cleavage procedure.
We wish to characterize this relationship by
performing 2D Total Correlation Spectroscopy
(TOCSY) liquid state NMR on an Aβ solution with
and without the addition of GSMs. In addition, we
aim to further pursue Aβ42 structural
characterization with ssNMR measurements on
isotopically labeled oligomers.
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2D 13C NMR spectra of Aβ40 fibrils. These
measurements can aid in determining
internuclear distances, thereby offering spatial
information crucial for structural characterization.
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Amyloid fibril geometric structure resembles a
twisted fiber. However, complete amyloid 3D
structure is still in its infancy and the structure of
oligomers is largely unknown.

Theoretical amyloid assembly pathways. (a) Suggests that
oligomers are intermediates to fibril formation while (b)
implies that oligomers and fibrils arise from independent
pathways. Novel research is focused on elucidating which
pathway is active in vivo.
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SPINEVOLUTION simulation of the resolution increase offered by magic angle spinning (MAS).8 ssNMR is unique in its
reliance on MAS to reduce anisotropic interactions arising from non-homogenous samples. Spinning a sample at high
speeds (up to 25 kHz) and at the magic angle (54.74°) tends to average out resolution-hindering differences in
orientation.
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Amyloid structure

Transmission electron microscopy of (a) Aβ40 fibrils and (b)
Aβ42 oligomers. Aβ40 exhibits a relatively homogenous fibrillar
network while Aβ42 shows no sign of fibril formation, but does
yield differentially sized conglomerates on the 10-50 nm scale.
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Why ssNMR? Anisotropy and magic angle spinning
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Aβ40 synthesis results from AB 433A Peptide
Synthesizer using 9H-fluoren-9-ylmethoxycarbonyl
(FMOC) protected amino acids. Magnitude of
absorbance reflects addition success. The differential
coloring represents separate de-protection/addition
attempts.

CO

Aromatic Aliphatic

Example 13C NMR spectrum of Aβ fibrils. An NMR spectrum
is essentially a histogram of nuclear spin frequencies, which
differ based on bond type and chemical environment. For
instance, the carbon/hydrogen portion of the protein can be
represented by the aliphatic and methyl peaks from 0-60
ppm. Note that although we can distinguish the type of
carbon, it is not possible to identify exact spatial positioning
with this type of spectrum. In addition, resolution increase
could be markedly increased with isotopic labels.

