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Amyloid deposits, composed primarily of the amyloid-␤ (A␤)1
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The abbreviations used are: A␤, amyloid-␤; AD, Alzheimer’s dis-

peptide, are associated with the neuropathology of Alzheimer’s
disease (AD). Although the precise nature of the relationship
between this 39 – 43-residue peptide and neurodegeneration is
still under investigation, a growing body of evidence supports
the idea that A␤ plays a primary causal role in the progression
of the disease (1–3).
A␤ is a proteolytic product of the ␤-amyloid precursor protein. ␤-Amyloid precursor protein is a large type-1 transmembrane protein, is encoded on chromosome 21, and is constitutively expressed in many cell types (4 – 6). A␤ assembles in a
nucleation-dependent process to form intermediate protofibrils
and ultimately fibrils 60 –90 Å in diameter (7–9). Staining with
Congo red and examination under polarized light produces
green birefringence (10) indicating that amyloid deposits are
composed of peptide polymers with ␤-sheet structure. This
conformational characteristic of A␤ fibrils is confirmed by x-ray
diffraction analysis, which shows a cross-␤-fiber diffraction
pattern with a distance between polypeptide chains of 4.76 Å
and a distance between sheets of 10.6 Å (11).
Fibrils are the main component of amyloid deposits known as
senile plaques. Senile plaques are lesions 10 –200 m in diameter with a dense core of fibrillar amyloid. These plaques are
surrounded by degenerating and swollen nerve terminals (12).
A second type of A␤ deposit found in AD brains is known as
diffuse plaques. Unlike senile plaques, diffuse plaques contain
little or no fibrillar A␤ and are instead composed of amorphous
A␤ (13). Amorphous A␤ is noncongophillic and is only visible by
immunocytochemical methods, suggesting that these deposits
lack the ordered ␤-sheet secondary structure responsible for
tinctoral and optical properties of fibrillar amyloid. Diffuse
plaques are not surrounded by dystrophic neurites and are not
associated with neurodegeneration. It has been postulated that
diffuse plaques are precursors to senile plaques and hence
amorphous A␤ has also been called “preamyloid.” Support for
this idea comes from studies with Down’s syndrome. Patients
with this disorder have three copies of chromosome 21 and
exhibit extensive A␤ deposition in their brains (14). There
appears to be an age-dependent progression from the amorphous A␤ deposits found in the brains of young Down’s syndrome subjects to the formation of senile plaques by adulthood
(15, 16).
If amorphous A␤ is the progenitor of A␤ fibrils, then it would
be of particular usefulness to know what factors drive the
conversion from the benign amorphous A␤ of diffuse plaques to
the toxic fibrillar amyloid of senile plaques. An important early
step in gaining this information would be the establishment of

ease; HPLC, high performance liquid chromatography; NBD, 6-(N-(7nitrobenz-2-oxa-1,3-diazol-4-yl)amino)hexanoic acid.

36436

This paper is available on line at http://www.jbc.org

Downloaded from www.jbc.org at NATHAN S KLINE INSTITUTE, on December 6, 2012

Deposition of amyloid-␤ (A␤) aggregates in the brain is
a defining characteristic of Alzheimer’s disease (AD).
Fibrillar amyloid, found in the cores of senile plaques, is
surrounded by dystrophic neurites. In contrast, the
amorphous A␤ (also called preamyloid) in diffuse
plaques is not associated with neurodegeneration. Depending on the conditions, A␤ will also form fibrillar or
amorphous aggregates in vitro. In this present study, we
sought to characterize the properties of the amorphous
aggregate and determine whether we could establish an
in vitro model for amorphous A␤. CD data indicated that
A␤40 assembled to form either a ␤-structured aggregate
or an unfolded aggregate with the structured aggregate
forming at high peptide concentrations and the unstructured aggregate forming at low A␤40 levels. The critical
concentration separating these two pathways was 10
M. Fluorescence emission and polarization showed the
structured aggregate was tightly packed containing
peptides that were not accessible to water. Peptides in
the unstructured aggregate were loosely packed, mobile, and accessible to water. When examined by electron microscopy, the structured aggregate appeared as
protofibrillar structures and formed classic amyloid
fibrils over a period of several weeks. The unstructured
aggregate was not visible by electron microscopy and
did not generate fibrils. These findings suggest that the
unstructured aggregate shares many properties with
the amorphous A␤ of AD and that conditions can be
established to form amorphous A␤ in vitro. This would
allow for investigations to better understand the relationship between fibrillar and amorphous A␤ and could
have significant impact upon efforts to find therapies
for AD.
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EXPERIMENTAL PROCEDURES

Peptide Synthesis—Peptides were prepared by solid phase synthesis
on a PerSeptive Biosystems 9050 Plus peptide synthesizer, as peptide
amides using PAL-PEG-PS resin (PerSeptive Biosystems). An active
ester coupling procedure, employing O-(7-azabenzotriazol-1-yl)-1,1,3,3tetramethyluronium hexafluorophosphate of 9-fluorenylmethoxycarbonyl amino acids was used. The peptides were cleaved from the resin
with 81:13:1:5 trifluoroacetic acid:thioanisole:m-cresol: ethanedithiol
mixture. After incubation for 1 h at 25 °C, the resin was removed by
filtration, and bromotrimethylsilane was added to a final concentration
of 12.5% (v/v). After incubation for 5 h at 0 °C, the peptides were
precipitated and washed in cold ether and purified by HPLC. Peptide
purity and identity was confirmed by electrospray mass spectrometry.
Fluorescent Labeling—Prior to fluorescent labeling, a glycine residue
was added to the N terminus of A␤40 to act as a flexible linker between
the fluorophore and peptide. 6-(N-(7-Nitrobenz-2-oxa-1,3-diazol-4yl)amino)hexanoic acid (NBD) (Molecular Probes) was then coupled to
this extended A␤40 sequence during peptide synthesis to create NBDA␤40. Peptide purity and identity was confirmed by electrospray mass
spectrometry.
Preparation of Stock Peptide Solutions and Concentration Determination—A␤40 and NBD-A␤40 preparations were lyophilized then dissolved in 10% hexafluoro-2-propanol. Peptide concentration was determined by tyrosine absorbance at 275 nm (⑀ ⫽ 1390 cm⫺1 M⫺1) (20) for
A␤40 and by NBD absorbance at 480 nm (⑀ ⫽ 23,000 cm⫺1 M⫺1) (21).
Absorbance measurements were made on a PerkinElmer Life Sciences
Lambda 3B spectrophotometer. The stock solutions were stored at
⫺20 °C until required. During the course of the experiments, stock
peptide solutions were stored for several weeks; no changes in the
behavior of these peptides were observed over this time.
Electron Microscopy—Negatively stained fibrils were prepared by
floating charged pioloform, carbon-coated grids on peptide solutions.
These solutions were incubated for 8 weeks. To control pH, the peptide
solutions were made using a 25 mM phosphate buffer. After the grids
were blotted and air-dried, the samples were stained with 1% (w/v)
phosphotungstic acid.
Platinum/carbon shadowing was performed using the glycerol spray

method (19). Solutions containing A␤40 were brought to 30 –50% (v/v)
glycerol, sprayed onto freshly cleaved mica, and freeze-dried. The preparations were shadowed on an Edwards E12E4 coater with platinum/
carbon (15–20 Å) at an angle of 5–7° followed by an additional 30 – 40 Å
of carbon-coating applied at an angle of 90°. Film deposition was measured with a Balzers QSE201 quartz crystal monitor. The platinum/
carbon replicants were floated off in distilled water and placed onto
300-mesh copper grids. Representative electron microscopy images of
the peptide assemblies were acquired on a Hitachi H-7000 TEM operated with an accelerating voltage of 75 kV.
Fluorescence Emission Spectroscopy—Steady-state fluorescence was
measured at room temperature using a Photon Technology International QM-1 fluorescence spectrophotometer equipped with excitation
intensity correction and a magnetic stirrer. For measurements of NBD
fluorescence, emission spectra from 500 to 600 nm were collected (ex ⫽
470 nm, averaging time ⫽ 0.1 or 1 s, 1-nm steps, bandpass ⫽ 4 nm for
excitation and emission). A quartz cuvette with 1-cm path length and
0.5-ml volume was used. Spectra of samples containing only unlabeled
A␤40 were used to correct for light scattering.
Samples were prepared with a fixed concentration of 0.1 M NBDA␤40 as a tracer. Stock peptides were mixed then diluted to the desired
final concentrations and pH using buffer (25 mM borate, 25 mM citrate,
and 25 mM phosphate). After dilution, the pH was again measured and
readjusted, if necessary, and then all samples were incubated 18 –24 h
prior to spectral acquisition.
Fluorescence Depolarization Spectroscopy—For steady-state polarization experiments, the fluorescence spectrophotometer was configured in the L format, and samples of NBD-A␤40 and free NBD were
excited at 478 nm. The intensities (I) of the vertical (v) and horizontal
(h) components of emission at 530 nm were measured. Fluorescence
polarization (p) was calculated according to the equation, p ⫽ (Ivv ⫺
GIvh)/(Ivv ⫹ GIvh) where first and second subscripts refer to the positions of the excitation and emission polarizers, respectively, and G ⫽
Ihv/Ihh. G is the factor used to correct for detection differences between
vertically and horizontally polarized light. A concentration series of
A␤40 was prepared (0.75, 1.5, 3, 6, 12, 24, and 48 mM A␤40 with 0.1 M
NBD-A␤40, 25 mM phosphate, pH 7.0), and the fluorescence polarization of the samples was measured.
Circular Dichroism Spectroscopy—CD spectra were recorded on an
Aviv Circular Dichroism Spectrometer model 62DS at 25 °C. Spectra
were obtained from 200 to 300 nm (0.5-cm path length, 0.5-nm steps,
and 1-nm bandwidth) on a sample containing 20 M A␤40 in buffer (7.5
mM borate, 7.5 mM citrate, and 7.5 mM phosphate).
RESULTS

For the experiments we chose to use the 40-residue form of
A␤ (A␤40). This synthetic peptide was HPLC purified, but no
attempt was made to remove aggregates or fibril seeds that
may have been present. A␤40 contains no intrinsic fluorophores; thus, it was necessary to introduce an extrinsic fluorescent molecule. This was accomplished by attaching the environment-sensitive fluorophore, NBD, to the N terminus of
A␤40 via two glycine residues. These glycines act as a flexible
linker to prevent any adverse steric effects that may have been
exerted by NBD. This labeled molecule, NBD-A␤40, was then
added as a tracer to samples made with A␤40. This approach
has the distinct advantage that most of the peptide would be
wild type, whereas only a tiny component would be the engineered molecule.
Concentration Effect on A␤40 Aggregation—Samples with
fixed tracer amounts of labeled peptide (0.1 M NBD-A␤40) and
increasing concentrations of unlabeled peptide (were prepared
at pH 7 and allowed to incubate overnight. Sedimentation by
centrifugation was used to test for the formation of A␤40
aggregates.
The absorbance of NBD at 490 nm was measured before
centrifugation (Fig. 1). The samples were then centrifuged, and
the NBD absorbance was measured again. After centrifugation
little if any NBD absorbance remained at all concentrations.
Thus, sedimentable aggregates formed at all peptide concentrations. It was possible to pellet the aggregate in a table top
centrifuge set at 15,600 ⫻ g, a relatively slow speed. This
suggested that the aggregates were large. Furthermore, be-
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in vitro conditions to form amorphous A␤ aggregates. A␤ fibrillogenesis is a nucleation-dependent process that can be significantly affected by the presence of small peptide aggregates
acting as “seeds” (17). In our work we have observed that A␤
preparations in which no special precautions have been taken
to eliminate these seeds would form nonspecific aggregates
visible by atomic force microscopy (18). We ask the question:
could these in vitro aggregates be the amorphous A␤ in diffuse
plaques?
To answer this question it was important to identify the
means by which amorphous A␤ could be recognized. What
characteristics distinguish amorphous A␤ from fibrillar amyloid? Although the conformation of A␤ in diffuse plaques is not
known, it is likely unstructured. This provides a basis for
devising an experimental plan to study amorphous A␤ in vitro.
In the present study, we have developed a systematic methodology for identifying diffuse amyloid. Sedimentation was
used to determine the aggregation state of A␤. Subsequently,
CD spectroscopy, fluorescence emission, and fluorescence polarization were employed to elucidate the intramolecular and
intermolecular structural characteristics of peptides within the
aggregates. Finally, the gross morphology of the aggregates
was visualized using electron microscopy.
Aggregation is a multi-molecular association reaction and is
therefore concentration-dependent. In these experiments, concentration was varied to see how peptide concentration influences A␤ self-association.
If we are able to establish in vitro conditions for amorphous
A␤ formation, then the methods used here will allow for investigation into the aggregational and secondary structural characteristics of the alternate aggregation pathways of A␤. These
findings will provide a better understanding of the fibril formation process and may have implications in understanding
the relationship between diffuse amyloid and amyloid fibrils.
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cause nearly all absorbance was lost, most of the A␤40 had
aggregated into an insoluble form, and only a small fraction of
the peptide remained in solution.
Secondary Structure of A␤40 Aggregates—The tinctoral
properties of amyloid suggest that fibrillar amyloid has ordered
structure, whereas amorphous A␤ does not. To see whether
there were any differences in secondary structure among the
amyloid preparations, CD spectroscopy was used (Fig. 2). The
spectrum at lowest peptide concentration (8.7 M) was representative of an unfolded conformation. Because the sedimentation data showed that most of the A␤40 is aggregated at this
concentration, this suggested that it is the aggregates which
were unstructured. At 17.1 M the spectrum showed characteristics that were representative of ␤-structure: a positive
band around 200 nm and a negative band at 218 nm. By 25.2
M these bands were quite pronounced. The amount of ␤-structure content of A␤40 aggregates reached a maximum by 40.8
M. Thus, ␤-structure evolved as the total peptide concentration increased. Light scattering because of the presence of
aggregated material can often confound the interpretation of
CD spectra. Because most of the peptide in these samples was
aggregated, this could have been a significant problem. However, the spectra here closely resembled CD spectra of unfolded
and ␤-sheet conformations. In this case, we are confident light
scattering effects have not adversely influenced the results.
Thus, A␤40 formed aggregates at all concentrations tested and
there were two distinct types; at low concentration, A␤40 associated to form unstructured aggregates, whereas at high concentrations, A␤40 associated to form ␤-structure aggregates.
In diffuse plaques, amyloid appears wispy and noncompacted, whereas senile plaques appear dense and fibrillar.
These morphological characteristics suggest that constituent
peptides may have different solvent accessibility depending on
whether they are present in diffuse amyloid or fibrillar amyloid. To see whether similar situation existed with our in vitro
amyloid, we looked at solvent accessibility using NBD as our
representative side chain. NBD, having a similar size and shape
to Trp, could be accepted into the aggregate/fibril like other
aromatic amino acids. Once introduced into A␤40, any effects of
solvent accessibility will act on NBD as with other residues in the
sequence with the advantage that any changes would be reported
by the fluorescence characteristics of the fluorophore.
Side Chain Environment of A␤40 Aggregates—The fluores-

FIG. 3. The NBD fluorescence of A␤40 samples (0 –50 M A␤40,
0.1 M NBD-A␤40, 25 mM phosphate, pH 7.0) was measured before (E) and after (●) centrifugation for 30 min at 15,600 ⴛ g. The
fluorescence measurements showed a concentration dependence with
the intensity of NBD fluorescence emission increasing with higher total
peptide concentrations. After centrifugation, little fluorescence remained in the sample supernatant, confirming the conclusion from the
absorbance experiments that most of the A␤40 is in the form of large
sedimentable aggregates.

cence of NBD is quenched by water. When NBD-A␤40 is not
assembled, NBD is accessible to water. NBD fluorescence
would be quenched, and fluorescence emission in the sample
would be low. When A␤40 assembles, water would be excluded
and quenching would be reduced so fluorescence increases. If
there were a further conformational change that results in a
more compact structure and further sequesters NBD from water, then fluorescence would be further enhanced.
Again a fixed tracer amount of NBD-A␤40 was used in conjunction with an increasing amount of unlabeled A␤40. With
more A␤40 there was increased fluorescence emission, suggesting that solvent accessibility decreased with increasing concentration (Fig. 3). This change indicated that the aggregate at low
concentration was different from the aggregate that formed at
high concentration or, specifically, that A␤40 aggregates condensed with increasing concentration to form more compact
structures that effectively sequestered NBD from quenching by
water. If there were no change in structure, then the fluorescence would have remained flat throughout the concentrations.
Centrifugation of the samples and measurement of fluorescence produced results identical to those from the absorbance
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FIG. 1. The NBD absorbances of A␤40 samples (0 –50 M A␤40,
0.1 M NBD-A␤40, 25 mM phosphate, pH 7.0) were measured
before (●) and after (E) centrifugation for 30 min at 15,600 ⴛ g.
Prior to centrifugation, absorbance at 490 nm remained relatively constant around 0.08 for concentrations up to 15 M. By 20 M A␤40,
absorbance increased with increasing concentration. After centrifugation, nearly all of the absorbance at every concentration was lost, indicating that most of the A␤40 was sedimentable.

FIG. 2. Samples of A␤40 were prepared and incubated overnight (8.7, 17.1, 25.2, 33.1, 40.8, 48.2, and 55.4 M A␤40, 5 mM
phosphate, pH 7.0). The CD spectra also showed a concentration-dependent change. The shape of the spectrum at 8.7 M suggested that the
A␤40 in the sample contained little, if any, secondary structure. In
contrast, the spectrum of the 55.4 M A␤40 sample had a negative band
at 218 nm and a positive band at around 200 nm, features that indicate
␤-structure. The extent of ␤-sheet adopted by A␤40 evolved as total
peptide concentration increased.
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FIG. 4. A concentration series of A␤40 was prepared (0.75, 1.5,
3, 6, 12, 24, and 48 M A␤40 with 0.1, 0.2, 0.4, 0.8, 1.6, 3.2, and 6.4
M NBD-A␤40, 25 mM phosphate, pH 7.0), and the fluorescence
polarization of the samples were measured. Fluorescence polarization was 0.49 at the lowest peptide concentration tested. Polarization
increased to a maximum value of 0.54 at 13.6 M and leveled off up to
the highest concentration of 54.4 M. The polarization of the free NBD
fluorophore is shown as a reference (dotted line).

information on the aggregation state of NBD-A␤40, whereas
changes in local motions would provide information on the
packing state of our representative side chain NBD
The polarization of free NBD was first measured (Fig. 4).
This value was relatively low, 0.32, because it is a small molecule and has a short rotational relaxation time. However, once
attached to A␤40, a much larger molecule, its movement was
more restricted, and the measured polarization was higher.
Polarization increased up to 10 M then stabilized. The 10 M
A␤40 concentration may mark a transition between two states.
We knew that large aggregates formed at all concentrations; it
was unlikely then that the change in polarization was due to
global motion changes. Rather, it was more likely that the local
motions of NBD were the cause. Thus, above 10 M, NBD was
contained within the ␤-structure aggregate and was tightly
packed and not free to move. 10 M seems to be critical concentration dividing the conversion between two aggregate types.
A␤ formed two distinct aggregate types: an unstructured
aggregate and the ␤-structured aggregate. Not only is the unstructured aggregate lacking regular secondary structure, but
also its conformation is looser, solvent exposed, and its constituent peptides are not as tightly associated. On the other hand,
the peptides in the ␤-structured aggregate showed ␤-sheet
secondary structure, were tightly packed, and excluded water
from their side chain environments. These in vitro aggregates
appeared to share many properties with in vivo amyloid forms.
As a final step, we attempted to visualize the morphology of the
aggregates by employing electron microscopy.
Ultrastructure of A␤40 Aggregates—A␤40 preparations were
examined by either platinum/carbon shadowing electron microscopy or negative stain electron microscopy. At 0.1 M NBDA␤40 and 5 M A␤40 (Fig. 5A), a concentration that exhibited
aggregate formation but no ordered secondary structure, only a
few small spherical structures were present. Although we know
that the unstructured aggregate was forming at this concentration, they were not visible by this technique. As the peptide
concentration was raised (0.1 M NBD-A␤40 and 50 M A␤40;
Fig. 5B), these structures became abundant; moreover, the
spherical aggregates seemed to assemble into clusters and
elongated aggregates similar to protofibrils. Because CD
showed that ␤-structure evolved with concentration, we concluded that these protofibrils were the ␤-structure aggregate.
After 8 weeks of incubation, the high concentration A␤40 sample (0.1 M NBD-A␤40 and 48 M A␤40, Fig. 5C) had taken on
the morphology of classic amyloid fibrils.
DISCUSSION

In the search to identify the neurotoxic species of A␤ in AD,
amorphous A␤ has been ignored as a subject of investigation
because diffuse plaques are not associated with neurodegen-

FIG. 5. Platinum/carbon shadow electron microscopy was performed on samples of A␤40 at varying concentrations after overnight incubation. Negative stain electron microscopy was performed on a 48 M sample that had been incubating for 8 weeks. All samples
contained 25 mM phosphate and had a pH of 7.0. Bars indicate 100 nm. Some spherical structures were visualized at 0.1 M NBD-A␤40 (A). As
the amount of peptide was increased (B; 0.1 M NBD-A␤40, 50 M A␤40), the number of structures increased. The structures at the higher
concentration appeared to be aggregates of the spherical structures that predominated at the lower concentrations and resembled protofibrils. The
micrograph of the 8-week-old 0.1 M NBD-A␤40, 48 M A␤40 sample (C) showed that our synthetic peptides formed classic amyloid fibrils under
the in vitro conditions employed in the experiments.
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measurements. Nearly all the fluorescence in each sample was
lost after centrifugation. This confirmed that large sedimentable aggregates formed at all concentrations. Furthermore,
that most fluorescence was lost indicated the majority of peptide aggregated, and only a small fraction of A␤40 comprised
the soluble component.
The evidence accumulated thus far supported the idea that
we were producing in vitro versions of diffuse and fibrillar
amyloid as these aggregates shared properties with in vivo AD
amyloid. The increase in fluorescence was consistent with formation of noncompact structures at low peptide concentration
and evolution of tightly packed water excluding structures as
protofibrils or fibrils formed with increasing peptide amounts.
The mobility of side chains would be further information as to
how tightly packed the peptides are in one aggregate type
versus another. Another property of fluorescence, fluorescence
polarization, can be used to investigate this.
Side Chain Mobility of A␤40 Aggregates—If a fluorophore is
excited by polarized light, then the emitted light will also be
polarized. The fluorophore will move during the time delay
between excitation and emission, and this movement will result in the depolarization of the emitted light relative to the
excitation light. The degree of depolarization is dependent on
the rotational relaxation time; the greater the rate of rotation,
the lower its polarization. In our system, two motions will affect
the polarization of the fluorescence emission: global motions
and local motions. Any changes in global motions would give
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formed does it convert to fibrillar amyloid? Solid to solid transitions are rare and require extreme conditions such as high
pressure in the case of coal-graphite-diamond conversion. It is
unlikely that a such a transition is taking place in vivo. A more
plausible mechanism is that A␤ monomers are the intermediate between these two aggregates. An understanding of this
interconversion would be necessary to evaluate whether reducing peptide concentration to control the aggregation pathway
would be sufficient to prevent AD pathogenesis.
Alternatively, the aggregation of A␤ into amorphous may
generate, by chance, nucleation sites from which structured
fibrils can grow with the addition of monomeric A␤. The present study indicates that concentration is an important factor
influencing amyloid morphology; however, the precise mechanisms driving conversion will have to be determined in future
experiments.
The methodology used in this study can be deployed to test
drugs. Fluorescence techniques can be utilized as a preliminary
screen for potential drugs that prevent formation of ␤-structured aggregates. Subsequently, CD spectroscopy can be applied for confirmation.
Acknowledgment—We thank Sandy Go for technical assistance in
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eration. However, it is clear that amorphous A␤ is an important
component of the total amyloid load in the AD brain, and
therefore, its properties should be better understood. Previous
studies have emphasized the importance of ensuring that preparations of A␤ are seed-free in generating A␤ fibrils rather
than nonspecific aggregates (17). We reported previously that
peptide stocks that have been carefully pretreated to remove
seeds generated soluble oligomeric structures that formed prior
to fibrillar amyloid (19). We also observed that A␤40 preparations where seeds have not been removed formed amorphous
aggregates (18). In the present study, we have found that these
samples may provide a useful in vitro system for studying in
vivo amorphous A␤.
Many of the experiments make use of A␤40 labeled with the
fluorescent probe NBD. The behavior of NBD-A␤40 appears to
be comparable with that of A␤40 itself. We have reported
previously that NBD-A␤40 has similar solubility characteristics (18). Furthermore, under defined conditions, A␤40 labeled
with NBD as well as other fluorescent probes, Trp or 5-acetylethyldiaminonaphthalene-1-sulfonic acid,, self-associates to
form oligomeric structures like unlabeled A␤40 (19). As a final
precaution, to reduce the possibility of the fluorophore affecting
the behavior of A␤40, labeled peptide has been used in tracer
amounts.
There are at least two different aggregation pathways for
A␤40: one leading to a ␤-structure aggregate and the other to
an unstructured aggregate. The ␤-structured aggregate is composed of tightly packed A␤40 peptides that have ␤-sheet secondary structure and may be the protofibril precursor to A␤
fibrils. The unstructured aggregate lacks regular secondary
structure, its constituent peptides are not tightly associated,
and its conformation is looser with the side chain solvent exposed. The unstructured aggregate shares many properties
with the diffuse amyloid in AD. Whether A␤40 associates to
form the unstructured aggregate or fibrils is determined by the
total peptide concentration. The critical concentration separating these two pathways is 10 M. A possible explanation for
why the more compact and ordered fibrils form at higher concentration is that the nucleus for fibril formation is stable only
at peptide concentrations above 10 M.
It has been suggested that there is a time-dependent relationship between amorphous A␤ and fibrillar amyloid where
diffuse amyloid is the precursor to fibril formation. Our results
show this relationship may not only be one of time but rather
one that is also based on concentration. Some mutations associated with AD increase A␤ concentration. This would have the
effect of shifting the aggregation pathway to favor formation of
␤-structured aggregate and hence A␤ fibrils. If fibrils are toxic
it would be critical to prevent this step from taking place. A
treatment strategy is to reduce A␤ concentration below the
critical concentration for conversion to fibrils and thereby
maintain amyloid in the non-neurotoxic amorphous form making it unnecessary to completely eliminate A␤.
It would be useful to examine whether amorphous and fibrillar A␤ directly interconvert, that is, once amorphous A␤ is

