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Karolinska Institutet and Dainippon Sumitomo Pharma Alzheimer Center (KASPAC), Neurotec, NoVum, and Department of
Laboratory Medicine, Huddinge UniVersity Hospital, SE-141 57 Huddinge, Sweden

ReceiVed February 16, 2006; ReVised Manuscript ReceiVed June 19, 2006

ABSTRACT: Aggregation of the 40-42 residue amyloidâ-peptide (Aâ) into amyloid plaques is a central
event in Alzheimer’s disease (AD) pathogenesis. Many proteins have by immunohistochemical techniques
been shown to codeposit with Aâ in AD plaques. It is possible that some of these could seed Aâ aggregation
and therefore be found in the actual core of the plaque. Here, we present a highly sensitive method for
unbiased biochemical analysis of plaque cores. A mild purification protocol based on centrifugation and
filtration was used to purify intact plaque cores from human AD brain. The purified plaques were dispensed
on a glass slide and viewed in a laser capture microscope, and plaque cores were catapulted into a tube
cap by a laser beam. After dissolution in formic acid, plaques were digested and analyzed by liquid
chromatography coupled online to electrospray/tandem mass spectrometry. One single plaque was found
to be sufficient for positive identification of the main amyloid component. Remarkably, Aâ was the only
protein identified when 200 plaques were isolated and analyzed with the present method. Thus, it is possible
that no proteins copolymerize with Aâ in the plaque cores and that Aâ alone is sufficient for formation
of plaque cores. In support of this notion, core-like structures were observed after incubation of synthetic
Aâ for 2 weeks. We suggest that the method described here could be used for the general analysis of
amyloid aggregates and inclusion bodies found in other neurodegenerative disorders and that plaque cores
in AD brain are molecularly homogeneous structures.

The aggregation of proteins into insoluble fibrillar deposits,
amyloid plaques, is an important pathogenic event in several
different diseases (1). Alzheimer’s disease (AD)1 is charac-
terized by the occurrence of plaques where the amyloid
â-peptide (Aâ) is the main component (2). The 40-42
residue Aâ peptide is derived from theâ-amyloid precursor
protein (â-APP) through sequential proteolytic processing
by theâ- andγ-secretase enzymes (3). Aâ deposition in AD
brain tissue results in the formation of morphologically
distinct categories of plaques that to a varying degree provoke
the occurrence of neurofibrillary tangles, the other major
neuropathological lesion in AD. Among these are the cored,
diffuse, and cotton wool-like plaques. The cored plaques are
characterized by the maltese cross-like appearance of the
plaque core after staining with the histological dye Congo
red, whereas the latter two categories appear to be devoid
of a core. Immunohistochemical studies have shown that all
plaque types are positive for the Aâ40 and Aâ42 peptides
but that the relative abundance of these species may vary
between plaques (4). For instance, it has been hypothesized
that peptides ending at Ala-42 are the main constituents of

diffuse plaques and that these are the earliest lesions seen in
AD brain (5). Cotton wool-like plaques, which were recently
shown to be associated with rare forms of AD, are also
predominantly Aâ42-positive (6). In addition, various plaque
types may also be immunohistochemically distinguished by
their relative content of amino-terminally truncated and
posttranslationally modified Aâ peptides (7, 8). Plaques are
notoriously difficult structures to isolate and biochemically
characterize; however, seminal work provided by Roher et
al. (9, 10) and others (2, 11) is consistent with the immuno-
histochemical findings described above. Notably, a very
recent study showed that amino-terminally truncated Aâ
species are the main constituents of cotton wool-like plaques
(12), although the role of these and other modified Aâ
peptides in AD pathogenesis remains to be determined.

Many studies have shown that Aâ becomes neurotoxic
upon aggregation (reviewed in ref13). Discrete intermediate
oligomeric forms of Aâ can be detected during the aggrega-
tion process (14, 15), and it is not fully known whether the
mature fibrils, the intermediate protofibrils, or smaller
diffusible aggregates mediate the toxicity (16, 17). In
addition, where and how the aggregation process is initiated
is also unresolved (18). The concentration of Aâ in cere-
brospinal fluid (CSF) and plasma is lower than the concen-
tration required for in vitro aggregation of synthetic peptide
(19). It is possible that aggregation in vivo is induced by
high local concentrations of Aâ, metal ions, low pH, or
pathological chaperones (20). In the latter case, it is
hypothesized that the pathological chaperone protein interacts
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with Aâ and induces aggregation. If a pathological chaperone
binds to Aâ and initiates the aggregation, it may be
codeposited with Aâ in the plaque core. Identifying these
proteins and preventing them from interacting with Aâ could
thus be a possible therapeutic approach for prevention and
treatment of AD. Many proteins have been suggested to be
associated with Aâ in amyloid plaques (21). Although most
of these proteins appear to surround the plaque core, some
could be directly involved in the aggregation process. For
instance,R1-antichymotrypsin (ACT) and apolipoprotein E
(ApoE) affect Aâ aggregation and plaque density in mouse
models (22-24). Interestingly, there is also a strong genetic
linkage between one ApoE isoform, ApoE4, and AD (25).
Other proteins, such as serum amyloid component P (SAP),
seem to impede plaque turnover without being directly
involved in the initial aggregation events (26, 27).

It is worth noting that the majority of the plaque-associated
proteins have been observed exclusively with immunochemi-
cal methods, and biochemical detail is lacking. Saitoh and
co-workers (28) reported the first biochemical evidence
suggesting the presence of a peptide other than Aâ in purified
plaques. The peptide was initially termed NAC (non-Aâ
component of AD amyloid) and was later found to be
identical to a fragment of the presynaptic proteinR-synuclein
(29). R-Synuclein is the main component of Lewy bodies,
aggregate inclusions found in many neurodegenerative
diseases, e.g., AD, Parkinson’s disease, and dementia with
Lewy bodies. The colocalization ofR-synuclein with Aâ in
AD amyloid plaques has in subsequent studies been ques-
tioned (30, 31). To discriminate between colocalization and
localization in spatially separate aggregates, the ideal regime
would be to analyze single aggregates. Technical limitations
have thus far precluded this type of analysis.

Laser pressure catapulting (LPC) is a recently developed
technique that has been used in the isolation of single cells
(32). Briefly, a microscope is equipped with a laser, a
precision mechanical table, and a digital camera. The system
is computer-controlled, and the sample is observed both
through the microscope objective and on the computer screen.
The sample is placed on a microscopy slide and inserted
into the microscope. Cells or other material to be isolated
are located and labeled on the computer screen with the
cursor. The labeled material is automatically positioned above
the laser, and the selected material is catapulted by laser
pressure. LPC uses the extremely high energy levels gener-
ated at the point of laser focus. By delivering a pulse of laser
energy just below the focal plane of the specimen, the energy
pulse drives the specimen up and into a tube cap placed
above the sample. The high precision allows isolation of
components as small as 1µm, and there is no mechanical
contact with the sample during transfer. Sensitive methods
are necessary for analysis of the minute amounts of material
isolated by LPC. Fortunately, technical advancements in
high-performance liquid chromatography (HPLC) and tan-
dem mass spectrometry (MS/MS) enable reliable identifica-
tion of peptides at the high attomole to low femtomole level.
Recently, laser capture microdissection in combination with
mass spectrometry was used for identifying plaque-associated
proteins (33, 34) and for quantification of Aâ in plaques.

In the present paper we focus on the plaque cores and
report a highly selective and sensitive method for the
isolation and analysis of these from human AD brain. To

purify the plaque cores, we performed various centrifugation
and filtration steps. To further purify the plaques cores and
exclude contaminants, we used LPC. The purified plaques
were dissolved, digested, and analyzed by nano-flow HPLC-
MS/MS. The current approach resulted in the isolation of
pure plaques and was also very sensitive: one single plaque
was sufficient for unbiased identification of Aâ. Interestingly,
even when a large amount of plaque cores were analyzed,
no other proteins except for Aâ were observed. When
synthetic Aâ was incubated in vitro, structures indistinguish-
able from plaque cores were formed. Thus, plaque cores may
form from Aâ only.

Also amyloid structures morphologically different from
plaque cores were isolated from AD brain, analyzed, and
demonstrated to be composed of Aâ. We suggest that the
approach described here also could be applied for biochemi-
cal analysis of amyloid deposits and aggregates found in
other neurodegenerative diseases.

EXPERIMENTAL PROCEDURES

Post-Mortem Material.Brain tissue was obtained from an
83-year-old man suffering from clinical Alzheimer disease
8 years prior to death. The cause of death was a heart attack,
and the autopsy was performed 13 h post-mortem according
to the protocol used in Huddinge Brain Bank, Huddinge
Hospital, Sweden. The neuropathological investigation de-
finitively confirmed the clinical AD diagnosis. Abundant
senile plaques (neuritic, cored, and diffuse) in cortex and
tangle formation in hippocampus and cortex, as well as
extensive cortical congophilic angiopathy, were found in the
tissue blocks taken from frontal, parietal, temporal, and
limbic areas. For the biochemical study, the frontal cortical
tissue was frozen and further processed.

Preparation of Plaque Cores.Two grams of tissue in 7
mL of Tris-buffered saline (TBS), pH 7.4, supplemented with
protease inhibitor cocktail (Roche Diagnostics) was homog-
enized in a Potter-Elvehjem pestle homogenizer. TBS was
added to a final volume of 25 mL, and the sample was vortex
mixed. The homogenate was centrifuged in a fixed angle
rotor at 50000g for 30 min, and the pellet was triturated in
3 mL of TBS, diluted to 25 mL in TBS, and centrifuged
again at 50000g for 30 min. The resulting pellet was triturated
as above, layered on top of a 30% sucrose cushion, and
centrifuged at 50000g in an SW 41 rotor (Beckman Instru-
ments) for 1 h. The tube was cut with a tube slicer at five
positions. The fractions were stained overnight with Congo
red (50% saturated in TBS) and viewed under polarized light.
The pellet was layered on top of a 60% sucrose cushion and
centrifuged for 3 h at166000g in a TLS-55 rotor (Beckman
Instruments). The pellet was suspended in TBS and filtered
through a 40µm nylon mesh (Millipore) in a 25 mm syringe
filter holder. The filter was washed twice with 1.5 mL of
TBS. The filtrate was centrifuged at 16000g for 10 min. The
resulting pellet was washed twice with 1% sodium dodecyl
sulfate (SDS) in TBS and put on top of 12 mL of 10%
sucrose in a 15 mL falcon tube and centrifuged for 30 min
at 4000g. One milliliter fractions (13 in total) were aspirated
and viewed under polarized light. The disk on top of the
60% sucrose cushion was filtered through a 40µm nylon
mesh and washed with 1% SDS in TBS, as described above.

Immunostaining. The pellet from the 60% sucrose cen-
trifugation was immunostained on coated slides (Super Frost
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Plus; Menzel-Gla¨ser). Nonspecific sites were blocked with
DAKO Protein Block (DAKO Corp.) for 30 min. The slides
were incubated with monoclonal antibody 6E10 (Signet
Laboratories Inc.) in 50 mM TBS at 4°C overnight.
Thereafter, the slides were incubated with secondary anti-
mouse antibody followed by the avidin-biotin method using
the Vectastatin ABC kit (Vector Laboratories). Finally,
visualization was made by the use of a DAB (Sigma)
dehydrated and mounted in DPX (BDH Laboratory Sup-
plies). The specificity of the immunostaining procedure was
determined by omitting the primary antibody.

Laser Capture Microscopy.The plaques from fractions
8-12 from the final centrifugation step described above were
pooled, washed with H2O, and dispensed on a microscope
slide. The slide was air-dried and placed in the laser capture
microscope (PALM Microlaser Technologies). The laser
pulse energy was adjusted to 80 (where 100 is maximum),
and the 40× objective was used. Plaque cores that were not
close to any contaminating material were marked and
captured (in a 0.6 mL tube cap with 30µL of H2O) by laser
pressure catapulting. Birefringent aggregates from the disk
at the top of the 60% cushion were localized in polarized
light and isolated as described above.

Dissolution and Digestion of Purified Plaques.The
purified plaques were dissolved in 90% formic acid (FA), 6
M guanidine thiocyanate (GdnSCN), or 0.1 M NaOH for
24 h with stirring. The aggregates from the disk were
dissolved in 90% FA. The FA solution was frozen at-80
°C and lyophilized overnight, and 50µL of 180 mM
ammonium bicarbonate buffer (AmBic) containing 2 mM
CaCl2 and 0.5µg trypsin (sequencing grade modified porcine
trypsin; Promega Corp.) was added. The GdnSCN solution
was diluted 10 times in the AmBic/CaCl2/trypsin buffer. The
pH of the NaOH solution was adjusted to 7 with HCl, and
AmBic/CaCl2/trypsin buffer was added. The samples were
incubated at 37°C overnight. The digested samples were
desalted using ZipTips (Millipore) following the manufac-
turer’s instructions. Bound peptides were eluted with 6µL
of 70% acetonitrile (ACN)/30% water/0.2% acetic acid. The
eluent was evaporated in a vacuum centrifuge (Heto Lab
Equipment A/S) for 5 min. About 1-2 µL of solvent was
left after this procedure.

HPLC-MS/MS.The sample was injected onto a 0.1× 150
mm C18 column (YMC Co., Ltd.) using a nano-LC injector

(Valco Instruments) with a 1µL loop. Peptides were eluted
using a water/acetonitrile gradient supplemented with 0.2%
FA: from 10% to 20% ACN in 10 min and 20-50% ACN
in 60 min. The flow rate was 400 nL/min delivered by an
Agilent 1100 nanopump (Agilent Technologies), and the
column was coupled to an Agilent ion trap mass spectrometer
(Agilent) fitted with a nanospray interface. Mass spectra were
recorded fromm/z 240 to m/z 2000, and the three most
abundant peaks in each spectrum were automatically sub-
jected to MS/MS analysis. The cycle time was 12 s.

Data Analysis.MS/MS spectra were analyzed using the
NCBInr protein data bank and the Mascot software (Matrix
Sciences). The scoring algorithm is probability based and
takes into account the number of expected peaks that are
found in the MS/MS spectrum in relation to the total number
of peaks. Oxidation of methionine was included as a variable
modification for samples dissolved in FA and guanidination
for samples dissolved in GdnSCN. The search was restricted
to fragments with at least one terminus corresponding to
cleavage after lysine or arginine (trypsin or semitrypsin as
the selected enzyme in MASCOT), and a maximum of one
missed cleavage site was allowed.

Comparison of Detection LeVels. Recombinant human
ApoE3 (Sigma), ACT from human plasma (Sigma), and
synthetic Aâ (Bachem) were diluted in AmBic/CaCl2/trypsin
buffer and digested with trypsin. In one case, Aâ was mixed
with ApoE3 and ACT at a ratio of 60:1:1. The sample was
incubated overnight at room temperature before digestion
with trypsin.

Incubation of Synthetic Aâ. Synthetic Aâ1-40 (Bachem)
was dissolved in DMSO (Sigma) to a concentration of 2 mg/
mL, diluted to a final concentration of 25µM in TBS, and
incubated at room temperature (shaking 600 rpm) for 1 week.
The samples were stained overnight with Congo red (50%
saturated in TBS) and viewed under polarized light in a
microscope.

RESULTS

Sample Preparation.Amyloid plaque cores were prepared
from human brain using a protocol separating the brain
material according to solubility, density, size, and sedimenta-
tion velocity (Figure 1). Homogenized human brain was
fractionated and stained as described in Experimental
Procedures. Birefringent spherical particles with a diameter

FIGURE 1: Scheme for purification of AD plaque cores. The pestle-homogenized material was centrifuged and washed repeatedly to remove
soluble components (I). The pellet was placed on top of a 30% sucrose cushion and centrifuged at 50000g for 1 h. Congo red staining
overnight showed that the plaque cores were present in the pellet. The pellet was placed on a 60% sucrose cushion and centrifuged at
166000g for 3 h (II). The disk (light gray) on top of the cushion contained some birefringent material but no plaque cores. Plaque cores and
nuclei were found in the pellet, which was subsequently dissolved in TBS/1% SDS and filtered through a 40µm nylon mesh (III). The
filtrate was washed in TBS and centrifuged through 10% sucrose for 30 min at 4000g (IV). The pellet contained plaques and contaminating
material. The fractions close to the pellet contained plaques and were less contaminated. These fractions were pooled and further purified
by laser pressure catapulting (V).
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of 10-20 µm were exclusively found in the pellet fraction
from the centrifugation in 30% sucrose (Figure 2A). These
particles were also possible to stain using theΑâ antibody
6E10 (Figure 2B), and it was therefore concluded that they
were authentic amyloid plaque cores. The pellet was mixed
with 60% sucrose and centrifuged at 50000g for 3 h. The
supernatant including a brown disk on top of the cushion,
the sucrose fraction, and the pellet fraction were assayed for
the presence of birefringent material. Most plaques were
found in the pellet, which also contained cellular nuclei. The
pellet was washed with 1% SDS and filtered through a 40
µm nylon mesh. By counting the Congo-stained plaques in
the filtrate and on the filter disk, the recovery of plaques in
the filtrate was estimated to be higher than 80%. The pellet
was layered on top of a 10% sucrose cushion and centrifuged
at 4000g for 30 min, whereafter 12 fractions were aspirated
from the top and examined under polarized light. Fractions
8-12 and the pellet contained plaques, but the pellet
contained more contaminating material than fractions 8-12.
Therefore, fractions 8-12 were pooled and used for further
studies.

Laser Capture Microscopy.As a final purification step,
the purified plaque cores were isolated by laser capture
microscopy. The pooled fractions were dispensed on a glass
slide and viewed in the laser capture microscope. Red
spherical particles with a diameter of 10-20 µm were
selected and catapulted with a pulse from the laser (Figure
3). The catapulted material was collected in a test tube cap
containing 30µL of H2O. Also, the material from the disk

was viewed under polarized light, and birefringent aggregates
were catapulted as described above (Figure 4).

The cap was attached to a test tube before centrifugation
for 20 s. Formic acid (FA, 170µL) and a small magnetic
stirring bar were added to the tube. Other samples were
treated with 6 M guanidine thiocyanate (GdnSCN) or 0.1 M
NaOH. Samples were dissolved overnight at 25°C with
stirring. No plaques could be observed after treatment with
either of the solvents. FA was the most efficient solvent as
estimated by theΑâ17-28 fragment peak height (see below),
followed by GdnSCN and NaOH. Samples dissolved in FA
were lyophilized before digestion with trypsin. Trypsin is
used for digestion since it generates fragments of suitable
length and charge (usually 2+) for HPLC-MS/MS analysis.
The GdnSCN-treated samples were diluted with digestion
buffer, and the pH of the NaOH samples was adjusted before
the addition of trypsin. Samples were digested overnight at
37 °C. ZipTips were used for concentration and desalting
of the samples. The eluent was concentrated in a vacuum
centrifuge to a final volume of 1-2 µL prior to injection
into the HPLC-MS/MS system.

HPLC-MS/MS.One microliter of sample (corresponding
to 50-100% of the total sample) was injected onto a 100
µm i.d. C18 column at a flow rate of 400 nL/min using an
acetonitrile (ACN)/H2O gradient for elution of the peptides.
Not only does the final evaporation step concentrate the
sample, it also lowers the ACN/H2O ratio, making it possible
to inject relatively large sample volumes without significant
band broadening. The threshold for activation of MS/MS was
set below the noise level in order to identify as many peptides
as possible, and the three largest peaks in each MS scan were
automatically subjected to MS/MS analysis. Thus, around
900 MS/MS spectra were recorded for each sample. The MS/
MS spectra were searched against the NCBInr database using
the MASCOT software. The charge of the mother ion was
set to 2+ and 3+ (raw data were used in the database search
since deconvolution of the spectra did not improve analysis).
By using this approachΑâ17-28 was identified in a tryptic
digest from one single catapulted plaque core (Figures 5A
and 6). In addition to Aâ, different forms of human keratin
(and porcine trypsin used for digestion) were identified (not
shown). Injection of a digest from 20 catapulted plaque cores
gave a proportionally higher signal-to-noise ratio (Figure 5B).
Even when using this larger scale analysis, the peptides
identified were exclusively derived from Aâ or from keratins.
Keratin is a common contaminant, and the amount of keratin
was not increased in the sample from 20 plaques compared
to the single plaque analysis; therefore, we conclude that
keratin is a contaminant and not a constituent of the plaque
cores. The birefringent structures (Figure 4A,C) found in the
disk on top of the 60% cushion were analyzed as above.
Also in this case,Αâ17-28 as well as keratin was identified.
The MS/MS from the structure in Figure 4C is shown in
Figure 7. The quality of this spectrum is higher than the
spectrum shown in Figure 6, possibly due to the larger
amount of material injected (compare the size of the
aggregates in Figures 3A and 4C).

The success of this protocol prompted us to perform a
larger scale analysis to see whether any proteins other than
Aâ were present in the plaque cores. Two hundred plaque
cores were catapulted from one microscope slide and
analyzed as above. Interestingly, no other proteins except

FIGURE 2: Purified plaque cores. (A) A purified AD plaque, 20
µm in diameter, stained with Congo red and viewed under polarized
light at 400× magnification. Plaques were purified as described in
Figure 1 and in Experimental Porcedures. (B) A plaque core stained
with Congo red followed by immunostaining with monoclonal
antibody 6E10 directed against Aâ. Note the brownish color of
DAB-enhanced immunoreactivity as well as the brightness of Congo
red staining under polarized filter. Bar) 20 µm.

FIGURE 3: Laser pressure catapulting of purified plaques. (A) An
aliquot of purified plaque cores was dispensed on a microscopy
slide, and a selected plaque was marked on the computer screen.
(B) The same slide after laser pressure catapulting of the marked
plaque. The catapulted material was collected in a tube cap. Bar)
20 µm.
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for Aâ were identified. Thus, provided that the detection
levels for potential plaque core proteins are similar as for
Aâ, they would be present at a level less than 0.5%. We
chose to compare the detection level of Aâ with two of the
most well studied plaque-associated proteins, ACT and
ApoE. The detection levels for Aâ and ApoE were similar,
around 3 fmol, while ACT could be identified at a lower
level (0.8 fmol) (data not shown). To mimic the conditions
for plaque analysis, we incubated ACT and ApoE with an
excess of Aâ (1:1:60) overnight before trypsin digestion.
Also, in this case ACT could be detected at 0.8 fmol, while
ApoE could be observed at 8 fmol (data not shown). Thus,
at least the two most common plaque-associated proteins
could be detected at similar levels as Aâ, and it is possible
that Aâ could be the only protein in the plaque core.

Therefore, we asked the question whether Aâ alone could
form plaque core structures in the absence of pathological
chaperones and tested this hypothesis in vitro.

Incubation of Synthetic Aâ. To investigate whether syn-
thetic Aâ1-40 could form aggregates with morphology
similar to the plaque cores isolated from brain, Aâ1-40 (25
µM) was incubated with stirring for 1 week. The Aâ solution

FIGURE 4: Laser pressure catapulting of amyloid aggregates. An aliquot of the disk from the top of a 60% sucrose cushion was dispensed
on a microscopy slide and viewed under polarized light, and a large birefringent aggregate was labeled (A) and catapulted (B). The procedure
was repeated with another birefringent aggregate (C, D).

FIGURE 5: Extracted ion chromatograms from digests of (A) 1 and
(B) 20 catapulted plaques. The plaques were dissolved in 90% FA
overnight, lyophilized, and digested with trypsin. The sample was
desalted and concentrated with ZipTips. One microliter of sample
was injected into the LC-MS system. An ACN/H2O gradient was
used for elution of the peptides, and spectra were recorded from
m/z 240 to m/z 1800. The chromatograms showm/z ) 663.3,
corresponding toΑâ17-28 + 2H+.

FIGURE 6: MS/MS spectrum ofm/z ) 663.3 eluting at 28.6 min in
the chromatogram shown in Figure 5A. The three most abundant
ions in each mass spectrum were automatically selected for MS/
MS analysis. In total around 900 MS/MS spectra were generated
from one sample. All MS/MS spectra were subjected to protein
database search (NCBInr) using the Mascot software. The peptide
yielding the present spectrum was identified asΑâ17-28. The masses
in bold indicate fragments found in the mass spectrum. The
probability score, 45, was above the threshold for a significant hit.
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was mixed with Congo red and viewed under polarized light.
Birefringent spherical particles, similar to the plaque cores
isolated from human brain, were visualized (Figure 8). The
diameter of the core-like structures formed in vitro was
slightly smaller than the cores isolated from human brain
and were estimated to have a diameter of around 10µm.

DISCUSSION

Here we show that it is possible to purify and analyze
single plaque cores from human AD brain. The purification
protocol is mild, and no proteases are used during the
purification process; thus the risk of introducing protease-
related artifacts is minimized. The final purification step, laser
pressure catapulting, results in a virtually pure plaque
preparation. A few very recent studies have also reported
the use of the laser capture microdissection and catapulting
technique to obtain more information on the biochemical
makeup of AD plaques (12, 33, 34). In these studies, plaques

were directly laser dissected from AD brain tissue sections.
In principle, this experimental paradigm allows identification
of proteins that are surrounding the plaque cores. In an
extensive study, Liao and co-workers (34) have shown that
many proteins of different nature and function can be
identified in this way. However, careful interpretation and
secondary analysis of the results are warranted, since many
of the proteins may be components of the tissue surrounding
the plaque, with little or no effect on the plaque genesis or
turnover per se. Here we chose to focus on the cores of AD
plaques and use laser catapulting as a final instead of a first
purification step. The relatively uniform size and density of
AD plaque cores allow for a stringent purification regimen
and subsequent biochemical analysis of core protein com-
ponents, while minimizing possible confounding results due
to nonrelevant copurifying proteins. Further studies are
required to determine whether the experimental protocol
described here can be applied in the molecular analysis of
diffuse and cotton wool-like AD plaques.

In our study, one single amyloid plaque core was sufficient
for positive identification ofΑâ17-28, a tryptic fragment
derived fromΑâ. The present approach opens new pos-
sibilities for the analysis of amyloid deposits. Many previous
studies on AD plaque biochemistry have depended on bulk
analysis of large quantities of plaques (11, 35, 36). If plaque-
associated proteins are found in such bulk analyses, it is not
possible to discriminate between the following two pos-
sibilities: (i) the identified protein is present in all plaques,
or (ii) the identified protein is present only in a subset of
the plaques. As mentioned above, it can also be envisioned
that proteins from the tissue surrounding the plaques copurify
with plaques when purified in bulk and confound subsequent
biochemical analysis. In this context it should be noted that
it is possible to use the present method for the analysis of a
large number of plaques in order to identify plaque compo-
nents that are present at low levels. Assuming that the amount
needed for identification of a potential plaque protein is the
same as for Aâ, the analysis of 200 catapulted plaques as
presented here would be sufficient for identification of a
protein at the 0.5% (mol/mol of Aâ) level. We showed that
the identification levels were similar for Aâ and ApoE and
even lower for ACT. Thus, at least these two so-called
plaque-associated proteins are not present in the cores at
levels above 0.5%. There are, however, several possibilities
for a protein to escape identification using the present
purification protocol: (i) the recovery is much lower than
for Aâ; (ii) the sequence is not present in the database used
for the MS/MS search; or (iii) the putative protein has
undergone modifications generating fragments undetectable
in the database search. In exploratory experiments where we
analyzed proteins in the less dense disk fraction, we found
sequences corresponding to the canonical plaque-associated
proteins ApoE and ACT and also the recently identified
CLAC protein (37) (results not shown). It is therefore
possible that these proteins are associated with plaques
without being bona fide components of the plaque core.
Tandem mass spectrometry allows identification of a protein
based on the MS/MS spectrum from a single unique tryptic
peptide. The lack of identified Aâ fragments other than
Aâ17-28 could be explained by their chromatographic or mass
spectrometric properties, as for instance in the case of the
extremely hydrophobic C-terminal fragments (Aâ29-40 and

FIGURE 7: MS/MS spectrum generated from the single aggregate
shown in Figure 4C. The catapulted aggregate was analyzed as
described in Figure 6. The MS/MS fromm/z ) 663.3 is shown.
The peptide yielding the present spectrum was identified asΑâ17-28

(probability score) 90).

FIGURE 8: In vitro plaque core. Synthetic Aâ1-40 (25µM) was
incubated in TBS, stained with Congo red, and viewed under
polarized filter. Plaque cores around 10µm in diameter was
visualized. Bar) 15 µm.
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Aâ29-42). Also, highly polar peptides such as Aâ1-5 and
Aâ6-16 could be lost in the desalting procedure or result in
low-quality MS/MS spectra. Accordingly, when synthetic
Aâ1-42 was digested and analyzed using the same experi-
mental approach as for plaque core-extracted Aâ, the Aâ17-28

fragment was conspicuously the most abundant fragment.
The relative peak areas were found to be 10% for Aâ6-16,
5% for Aâ29-42, and 0.5% for Aâ1-5 (Aâ17-28 was set to
100%; results not shown). Moreover, deposited Aâ is a
heterogeneous mixture of N-terminally truncated and some-
times modified variants, starting at residues ranging from 1
to 11. Thus, the concentration of a specific N-terminal species
will be relatively low. Similar differences in response as
described above will occur also for tryptic peptides generated
from other proteins, and it is possible that in extreme cases
none of the fragments would yield a high-quality spectrum.

The present study does not address the possible codepo-
sition of nonprotein compounds known to affect Aâ ag-
gregation in vitro, such as lipids, carbohydrates, or metal
ions. Interestingly, a very recent study demonstrated that laser
capture microdissection can be used to determine the
presence of metal ions in plaque-like deposits in a mouse
model of AD (38), thus opening avenues for future research
aimed at probing the content of nonprotein components of
AD plaques.

Studies using transgenic mice that overexpress either ApoE
or ACT have demonstrated that both proteins affect Aâ
deposition in vivo (22, 23), although the mechanism underly-
ing this phenomenon remains unknown. It has been specu-
lated that a C-terminal fibril-forming fragment of ApoE can
serve as a nidus for further Aâ aggregation (39). We could
not detect proteins other than Aâ in AD plaque cores,
indicating that Aâ alone can form these structures. This is
supported by the finding that synthetic Aâ1-40 after
incubation for a prolonged time in a physiological buffer
can form maltese cross-like cores seemingly indistinguishable
from the cores isolated from AD brain (cf. Figures 2A and
8). While additional studies are clearly needed, we hypoth-
esize that the plaque-associated proteins play a more
important role at a later stage in the plaque formation process,
affecting turnover and clearance, rather than acting as
pathological chaperones.

We suggest that the general outline of the present method
could be used for detailed biochemical analysis of AD
plaques and other protein aggregates, such as the inclusions
seen in neurodegenerative tauopathies and Lewy body
dementia.
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