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ABSTRACT: Alzheimer’s disease (AD) is a neurodegenerative disorder that is linked to the presence of
amyloid �-peptides that can form insoluble fibrils or soluble oligomeric assemblies. Soluble forms are
present in the brains and tissues of Alzheimer’s patients, and their presence correlates with disease
progression. Long-lived soluble forms can be generated in vitro by using small amounts of aliphatic
hydrocarbon chains of detergents or fatty acids in preparations of amyloid �-peptides. Using NMR, we
have characterized soluble oligomers of A� preglobulomer and globulomer that are stable and alter synaptic
activity. The NMR data indicate that these soluble forms have a mixed parallel and antiparallel �-sheet
structure that is different from fibrils which contain only parallel �-sheets. Using the structural data, we
engineered a disulfide bond into the soluble A� globulomer to give a “new” soluble antigen that is stable,
homogeneous, and binds with the same affinity to selective antibodies as the parent wt globulomer.

Alzheimer’s disease (AD)1 is a neurodegenerative disorder
characterized by a progressive loss of cognitive abilities and
by characteristic neuropathological features such as amyloid
plaques, neurofibrillary tangles, and neuronal loss (1-3). The
major component of brain amyloid plaques of AD is a 39 to
42 residue peptide termed amyloid � (A�) peptide, resulting
from proteolytic processing of a larger amyloid precursor
protein (APP). The insoluble amyloid fibril deposits of A�
were thought to contribute to the progression of dementia
of AD (2). However, a poor correlation was obtained between
the insoluble deposits with the progression of AD (4, 5). In
contrast, soluble A� oligomers have been found in the brain
of AD patients (6), and the loss of synapses and cognitive
perception seems to correlate better with soluble oligomers
of A�(1-42) (7, 8). The cytotoxicity of A� has been
postulated to relate to the soluble protofibrils that cause
uncontrolled ion flux due to their pore-forming proper-
ties (9, 10). Moreover, soluble nonfibrillar oligomers of A�
including amyloid-�-derived diffusible ligands (ADDL) (11)
and globular �-amyloid species called globulomers (12) have

been found to be highly toxic. Increasing evidence suggests
that these early stage oligomers of A� may be important in
AD.

Under most conditions, amyloid �-peptides rapidly convert
into fibril forms. The fibril forms, which have been structur-
ally characterized (13-18), have a cross-� structure that
contains in-register parallel �-sheets (14, 18-20). Studies
of amyloid intermediates indicate that they also have an
ordered �-sheet structure (21). However, detailed structural
characterization of these intermediates has been difficult
because their levels are low and they are sensitive to solution
conditions and only partially homogeneous. Recently, it was
reported that the addition of detergent or fatty acid can result
in long-lived soluble forms that are potent antigens in mice
and rabbits for eliciting specific antibodies (12). These more
stable soluble forms may be more amenable to detailed
structural studies.

Here we have used solution NMR to study the soluble
forms of A� called preglobulomers and globulomers that are
more stable and alter synaptic activity (12). Our data are
consistent with a model where the soluble form contains a
mixed intermolecular parallel and intramolecular antiparallel
�-sheet that is different from the all parallel amyloid
�-peptides found in structural studies of fibrils (15, 17, 18).
On the basis of these structural data, we engineered a
disulfide bond into the soluble globulomer that locks the
peptide into the intramolecular antiparallel �-sheet conforma-
tion. This “new” soluble amyloid �-peptide oligomer is still
recognized by globulomer-selective antibodies with similar
affinity as the parent. The structural features of this soluble
form suggest that it can be targeted therapeutically indepen-
dent of fibrillar forms.
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EXPERIMENTAL PROCEDURES

Cloning and Expression. A� peptide (1-42) was cloned
and expressed in Escherichia coli BL21(DE3) cells using a
pET29 vector. The cells were grown in flasks in M9 labeled
media at 30 °C until the culture OD600nm reached 0.45 and
then expressed at 41 °C for 3 h by addition of 1 mM IPTG.
The expressed peptide is located in the insoluble fraction
after cell lysis. Purified amyloid �-peptide (MDAEFGHDS-
GFEVRHQKLVFFAEDVGSNKGAIIGLMVGGVVIA) ex-
hibited an observed mass of 4645-4648 Da. This is
consistent with the presence of N-terminal methionine as
expected from the DNA expression sequence employed.
Thus, compared with wt A�(1-42), this peptide expressed
in E. coli contains an additional N-Met residue. The purified
peptide was used to form globulomers (12). Details of
preglobulomer and globulomer generation are given in the
Supporting Information.

NMR. Labeled samples were prepared from cells grown
in minimal media (22) using standard protocols (23, 24) and
isotopes from Cambridge Isotope Laboratories. Uniformly
15N-labeled samples were grown with 1 g/L 15NH4Cl and 3
g/L glucose in H2O medium. Uniformly 15N,2H- and 14N,2H-
labeled samples were grown with 3 g/L D-glucose-d12 in D2O
medium and by using 1 g/L 15NH4Cl and 14NH4Cl, respec-
tively. The uniformly 15N,2H,13C-labeled sample was grown
with 1 g/L 15NH4Cl and 3 g/L [13C,2H]glucose-d12 in 100%
D2O medium. The uniformly 15N-labeled sample with
selectively 13C-labeled protonated methyl groups of Ile, Val,
and Leu residues in a 2H background was prepared by
growing cells in media that contained 100% D2O, D-glucose-
d12 (3 g/L), and 15NH4Cl (1 g/L) and by supplementing media
with [3-13C]-R-ketobutyrate (50 mg/L for labeling isoleucine
methyl groups) and [3,3-13C2]-R-ketoisovalerate (100 mg/
L, for labeling valine and leucine methyl groups simulta-
neously). NMR preglobulomer samples contained 16 mg/
mL peptide in ∼1.5% SDS-d25 and 1× phosphate-buffered
saline at pH 7.4 (GIBCO).

NMR spectra were collected at 25 °C on Bruker DRX600
or DRX800 spectrometers. Resonances were assigned using
a suite of backbone (23) and side chain 15N- and 13C-edited
NOESY and TOCSY spectra (25). Backbone amide NH-NH
NOEs were assigned from the 3D 15N-resolved NOESY
experiment by using a uniformly 15N-labeled sample with
selectively 13C-labeled protonated methyl groups of Ile, Val,
and Leu residues in a 2H background. The 15N-filtered and
15N-edited 3D NOESY experiment was conducted as previ-
ously described (26) by using a mixed sample in which
U-15N,2H-labeled and U-14N,2H-labeled samples were mixed
at a 1:1 ratio. Distance constraints were obtained from the
3D 15N- and 13C-resolved NOESY experiment with mixing
times from 80 to 200 ms.

Amide protection factors of N-Met-A�(1-42) globulomer
samples were measured by comparing the amide peak
intensities obtained for the sample in H2O and the sample
in D2O after a period of amide exchange. Specifically, the
N-Met-A�(1-42) globulomer samples were incubated in
D2O buffer at 4 °C, flash-frozen in liquid nitrogen to quench
the H/D exchange, lyophilized, and redissolved in acidified
DMSO-d6. Control samples in H2O buffer were subjected
to the same protocol. Amide exchange rates of these samples
were measured by collecting two-dimensional 15N/1H HSQC

spectra within 3 min after dissolving the samples in acidified
DMSO-d6 (13, 18) where the peptide exists as a monomer
and their NH cross-peaks can be easily assigned in the
standard backbone experiments.

Structure Calculations. Models of a dimer repeating unit
of the soluble N-Met-A�(1-42) preglobulomers were cal-
culated using a simulated annealing protocol with the
program CNX (27, 28). A total of 178 distance restraints
derived from the analysis of the NMR data were included
in the structure calculation. In addition, 44 φ angular
restraints in the �-sheet regions were included in the
structural calculations based on the analysis of CR and C�

chemical shifts (29).
Atomic Force Microscopy (AFM). Tapping mode AFM

images were collected on a Veeco/Digital Instruments
nanoscope IIIa (Veeco, Santa Barbara, CA) at 4, 2, and 1
nm in both height and amplitude modes. Heights were
determined using section analysis of the height mode image.
Twenty microliters of globulomer at 0.029 mg/mL was
deposited on 1/2 in. diameter freshly cleaved Mica disks
(Ruby Red Mica sheets; Electron Microscopy Sciences,
Hatfield, PA) placed in a closed Petri dish with a damp paper
towel, incubated for 7 min, and then rinsed with water and
allowed to dry.

ELISA. The amyloid globulomers were diluted to 1.0 µg/
mL in a coating buffer (100 mM NaHCO3, pH 8.2). One
hundred microliters of this solution was added to each well
to be coated, and the wells were sealed with plate sealing
film and left at 4 °C overnight. After the coating solution
was removed, the wells were washed two to three times with
150 µL of PBST (Sigma PBS (P-3813) made with 0.05%
Tween 20), and then 300 µL of blocking solution (3% nonfat
dry milk (NFDM) in PBST) was added. The wells were then
incubated for ∼2 h at room temperature with agitation. After
the blocking solution was removed by washing the wells with
150 µL of PBST, 100 µL of primary antibody solutions with
0.04-100 µg/mL globulomer selective antibody (12) was
added to the wells. The wells were then incubated for ∼2-3
h at room temperature with agitation. The primary antibody
solutions were removed, and the wells washed 2–3 times
with 150 µL of PBST. Then 200 µL of a 1:5000 dilution of
donkey anti-mouse HRPO conjugate (Jackson Immuno
Research) in 1% NFDM was added to each well. The wells
were then incubated for ∼1 h at room temperature with
agitation. Subsequently, the conjugate solution was removed,
and wells washed 3 times with 200 µL of PBST. At this
time 100 µL of HRPO substrate solution was added, and
allowed to develop for at least 10 min. The reaction was
stopped by the addition of 50 µL of 2 M H2SO4 and the
absorbance of each well read at 450 nm using a microtiter-
plate reader.

RESULTS AND DISCUSSION

Adding either fatty acid or hydrocarbon detergent to the
preparations of N-Met-A�(1-42) peptides leads to the
formation of stable and soluble aggregates whose oligomeric
state depends on the amount of residual detergent (SDS) or
lipid-like additive (12). In the presence of 0.2% SDS, the
amyloid �-peptide forms a small soluble aggregate (referred
to as N-Met-A�(1-42) preglobulomer) which can then be
converted into a higher MW soluble aggregate (referred to
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as N-Met-A�(1-42) globulomer) when the SDS concentra-
tion is diluted to 0.05% (12). Based on sedimentation studies
(Supporting Information Figure 1), the N-Met-A�(1-42)
preglobulomer has a MW of 16 kDa (corresponding to ∼4
peptides/soluble aggregate), while the N-Met-A�(1-42)
globulomer has a MW of ∼64 kDa (corresponding to
∼12-16 peptides/soluble aggregate). Small amounts of SDS,
between 0.5 and 1.5 molecules of SDS per molecule of
peptide, are bound or associated to the soluble globulomer
based on radiolabeled detergent and size exclusion chroma-
tography experiments (Supporting Information Figure 2).
AFM images of the soluble N-Met-A�(1-42) globulomer
preparation in Figure 1 show predominantly spherical oli-
gomeric species with sizes ranging from 1-2 to 4-5 nm,
consistent with the presence of both small N-Met-A�(1-42)
preglobulomer and larger globulomer species. For the
samples used in this study, we found that N-Met-A�(1-42)
peptide behaves the same as synthesized wt A�(1-42)
peptides. In particular, N-Met-A�(1-42) forms oligomers
that are hydrodynamically the same, based on sedimentation
velocity experiments, as the oligomers made from synthe-
sized wt A�(1-42) peptides. N-Met-A�(1-42) peptides also
form fibrils. Furthermore, samples made from the N-Met-
A�(1-42) peptide are recognized by antibodies that also
recognize wt A�(1-42). These antibodies include the
commercially available 6E10 and our own globulomer-
specific antibodies.

The soluble N-Met-A�(1-42) preglobulomer is amenable
to direct structural studies by solution NMR. Figure 2 shows
15N/1HN HSQC spectra for the N-Met-A�(1-42) preglobu-
lomer. The presence of a subset of strongly low-field-shifted
amides (Figure 2A) and the observed slow hydrogen
exchange of these amides (Figure 2B) indicate ordered
structure for this portion of the preglobulomer sample. The
C-terminal two residues may be important for the formation
of this low-field-shifted and amide exchange protected
species of preglobulomer since the shifted cross-peaks
(Figure 2A) are not observed in the preparations using
truncated N-Met-A�(1-40) (Figure 2C). The NMR spectra
of soluble N-Met-A�(1-42) preglobulomer (Figure 2) has
signals from both a well-structured segment and unstructured
segment of the peptide based on their random coil chemical
shifts. Our structural analysis is limited to peptide resonance
connected to the well-dispersed amide signals.

The well-resolved amide peaks of the N-Met-A�(1-42)
preglobulomer were assigned with a suite of backbone
experiments (23) using uniformly 15N,2H,13C-labeled N-Met-
A�(1-42) peptide. The side chain resonances were assigned

using 15N- and 13C-resolved 3D NOESY and TOCSY
experiments. Selectively labeled samples were used to
determine if NOE correlations were due to intramolecular
or intermolecular NOEs. We used a 15N-edited and 15N-
filtered NOE experiment (26) acquired on a sample of
U-15N,2H-labeled and U-14N,2H-labeled N-Met-A�(1-42)
peptides mixed at a 1:1 ratio before sample preparation to
assign interpeptide chain NOE contacts between amides of
a 15N-labeled and unlabeled peptide. The NOEs for (G33
NH, L34 NH), (M35 NH, V36 NH), and (G37 NH, G38
NH) were observed in this experiment, indicating that these
pairs of NH-NH NOEs are due to interchain contacts. In
Figure 2D we show examples of these data obtained for (G37
NH, G38 NH). The strong (F19 NH, I32 NH) NOE was only
observed in the regular 15N-resolved 3D NOESY, indicating
it is an intramolecular NOE. Additional interchain NH-CH3

NOEs were assigned by using another mixed isotopic-labeled
sample in which a U-15N,2H-labeled peptide was mixed at a
1:1 ratio with a U-14N,2H-labeled N-Met-A�(1-42) peptide
selectively 13C-labeled and protonated at methyl groups of
IVL residues. The interchain NH-CH3 NOEs between (G38
NH, V39 CH3), (V39 NH, V39 CH3), (M35 NH, V36 CH3),
and (L34 NH, L34 CH3) were obtained from 15N- and 13C-
resolved 3D NOESY experiments. In Figure 2E,F, we show
the data obtained for (G38 NH, V39 CH3) and (V39 NH,
V39 CH3). Additional intrachain NOEs were detected
between (I32 NH, F19 C�H2), (I32 NH, F19 CδH1,2), (F19
NH, I32 C�H), and (F19 NH, I32 CγH1,2) and between
residues A21 and A30.

The characteristic backbone atom chemical shifts, the
protected amides, and the NOE data are all consistent with
two �-strands from V18 to D23 and from K28 to V40 in the
N-Met-A�(1-42) preglobulomer. Residues V18-D23 form
one strand of an intrachain antiparallel �-sheet connected
by a �-hairpin to the other intrachain strand K28-G33, while
L34-V40 forms an interchain in-register parallel �-sheet.
The NOE and amide protection data supporting this second-
ary structure are summarized in Figure 3A. One model that
is consistent with our data is a peptide dimer repeating unit.
A model for the peptide dimer was generated using the NOE-
derived distance restraints, dihedral angle restraints based
on backbone chemical shifts (29), and hydrogen bonds
consistent with the amide protection data with the program
CNX (28) using a simulated annealing protocol (27). A
representative conformation of the peptide dimer is shown
in Figure 3B. The ensemble of structures generated with these
data resulted in a rmsd of 1.13 and 0.51 Å for the intrachain
antiparallel �-sheet (19-32) and interchain in-register parallel

FIGURE 1: AFM images of the globulomer preparation of N-Met-A�(1-42) peptide. (A) Full AFM image and (B) expanded section. The
globulomer preparation contains larger (4-5 nm high) species and smaller (1-2 nm high) species. The larger species are believed to be
globulomers, while the smaller species are likely the preglobulomers observed by solution-state NMR in ∼1.5% SDS. The sharpest features
in the edge image data are lighter.
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�-sheet (34-41), respectively. Our data do not constrain the
relative orientation of the two �-sheet segments, leading to
a backbone rmsd for the dimer ensemble (chains A, B
residues 19-41) of 2.44 Å. A superposition of the 10 low-
energy models consistent with the NMR data is given in
Supporting Information Figure 3.

NMR spectra of the larger N-Met-A�(1-42) globulomer
were not suitable for structural studies. However, we were able

to measure protection factors for amide exchange by exchanging
the globulomer sample into D2O buffer, quenching the ex-
change, and then monitoring the peptide in DMSO under acidic
conditions where the peptide is monomeric and able to be
assigned using standard backbone experiments (18, 30, 31).
Amide protection factors were measured from two-dimensional
15N/1H HSQC spectra collected within 3 min after dissolving
in acidified DMSO-d6 (pH 2.5). The amide protection data for

FIGURE 2: Panels A-C show 15N/1H HSQC spectra of the N-Met-A� peptide preglobulomer preparation. (A) N-Met-A�(1-42) peptide
samples in 90% H2O/10% D2O buffer showing the well-dispersed amides between 8.5 and 9.5 1HN ppm. (B) The same sample after 18 h
of amide exchange in 100% D2O buffer. Only the well-dispersed amides observed in panel A remain. (C) Spectrum of N-Met-A�(1-40)
peptides after preparation using the standard preglobulomer protocol. The low-field amides observed in panel A are completely absent in
panel C. Panels D-F show NOE spectra of the N-Met-A�(1-42) preglobulomer samples. Interchain NOEs were assigned by using mixed
isotopically labeled samples. (D) U-15N,2H-labeled and U-14N,2H-labeled peptides mixed at a 1:1 ratio. Left panel from 15N-edited NOE
experiment and right panel from 15N-edited and filtered NOE experiment for (G37 NH, G38 NH). (E, F) U-15N,2H-labeled sample mixed
at 1:1 ratio with U-14N,2H-labeled peptide selectively 13C-labeled and protonated at methyl groups of IVL residues. (E) shows the interchain
NH-CH3 NOEs between G38 NH and V39 CH3. (F) shows the interchain NH-CH3 NOEs between V39 NH and V39 CH3.
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the N-Met-A�(1-42) preglobulomer and globulomer are shown
in Figure 3D. For both preglobulomer and globulomer species,
only the amides of residues 31-40 are fully protected, while
rapid amide exchange is observed for all other measured amides
except for 17-18 in the preglobulomer and a few residues
whose cross-peaks are overlapped with the peaks for the
residues from the C-terminal region of the globulomer. This
exchange pattern is consistent with the hypothesis that both
preglobulomer and globulomer adopt a similar secondary
structure and that the N-Met-A�(1-42) globulomer is an

oligomer of preglobulomer units. However, the amide exchange
data (Figure 3D) of the N-Met-A�(1-42) preglobulomer and
globulomer are very different from the fibril form (13, 18). In
the fibril form, amides 11, 12, 15-22, 24, 25, and 28-30 are
fully protected (13), while in the globulomer form, only the
last 11 residues of the peptide are fully protected. The difference
in the exchange rates between the fibril and N-Met-A�(1-42)
globulomer form is consistent with the difference in the N-Met-
A�(1-42) preglobulomer secondary structure and the structure
reported for the fibril form.

FIGURE 3: (A) Summary of NOE constraints obtained on the N-Met-A�(1-42) samples. Dashed lines indicate observed NOEs. Circles
indicate the backbone amides that exhibit slow exchange in the NH/ND exchange experiments. (B) A representative low-energy structural
model (residues 15-42) prepared with PyMOL (Delano Scientific LLC) that is consistent with the NMR data on the repeating unit of the
�-amyloid peptide N-Met-A�(1-42) preglobulomer. The relative orientation of the two �-sheet segments is not well defined by the NMR
data. (C) Two strands from the structure of A�(1-42) fibrils (residues 17-42) (PDB ID code 2BEG) (18) prepared with PyMOL (Delano
Scientific LLC). (D) Comparison of backbone amide exchange protection for the (i) soluble N-Met-A�(1-42) preglobulomer, (ii) N-Met-
A�(1-42) globulomer, and (iii) A�(1-42) fibrillar form (13). The backbone amides that exhibited slow, moderate, and fast exchange are
indicated by black, gray, and white circles, respectively, below the sequence. The residues for which exchange rates could not be measured
(including either not assigned or overlapped) are indicated by dashes. The sequence positions of the three pairs of overlapping cross-peaks
of the amides in slow exchange in globulomer are indicated by green filled circles.
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To test the hypothesis that the quaternary structure of the
N-Met-A�(1-42) globulomer consists of repeats of the
preglobulomer dimer, we made a mutant peptide with an
engineered disulfide bond that would lock the peptide into
the antiparallel �-hairpin conformation that we have deter-
mined for the N-Met-A�(1-42) preglobulomer. Based on
the structural model (Figure 3A,B), a L17C/ L34C double
mutant amyloid �-peptide was made and used to form
N-Met-A�(1-42) L17C/L34C globulomers. The globulom-
ers of the mutant peptide were prepared by following the
normal protocol except for the addition of 5 mM DTT at
the beginning to prevent disulfide bond formation and a final
step to remove DTT to allow a disulfide bond to form in the
globulomer. The expected intrapeptide disulfide bond was
confirmed based on mass spectrometric analysis where a
nonreduced sample resulted in a 4622 Da mass which
increased to 4624 Da upon reduction, consistent with a single
intramolecular disulfide bond. The globulomers formed with
the mutant peptides have a homogeneous size distribution
in ultracentrifugation studies, similar to wild-type prepara-
tions. Furthermore, the mutant N-Met-A�(1-42) (L17C,
L34C) globulomer binds with similar affinity as wild type
to a globulomer-specific antibody (12, 32). As shown in
Figure 4, the binding of this globulomer-specific antibody
to the double mutant (L17C, L34C) and wild-type N-Met-
A�(1-42) globulomer preparations are almost identical,
indicating that the epitope is still properly displayed.
Antibody recognition of this constrained A� globulomer
analogue and the amide exchange data are both consistent
with the hypothesis that globulomers are built from pre-
globulomer modules.

A� fibrils are composed of two in-register interstrand
parallel �-sheets connected by a bend between residues 25
and 30 (14, 18, 19). In Figure 3B,C we compare the
preglobulomer repeating unit to two strands of the fibril form
of wt A�(1-42) (14, 16, 18, 19). Both structures exhibit an
interstrand parallel �-sheet for the C-terminal residues
(residues 34-42 in A� preglobulomers). However, in
contrast to the fibril structure, the preglobulomers have an
intrastrand antiparallel �-sheet connected by a �-hairpin
between D23 and K28. Residues 10-16, which are part of
the first �-sheet in fibrils (14, 19), are disordered in the
preglobulomer.

It is likely that a bend versus a turn between residues 23
and 30 is the trait that leads to fibrils versus soluble
globulomer. Residues in this region have been suggested to
be critical for determining alternative conformations for the
A�-peptide (33). Recent studies of truncated amyloid �-pep-
tide (residues 21-30) found that in solution a �-hairpin
structure is adopted (34). The stability of this �-structure
was found to decrease in known familial amyloid �-peptide
mutants, and it was hypothesized that the oligomerization
propensity of the full peptide correlated with the turn stability
of the model peptides (35).

The structural differences described here are consistent
with a model for two distinct pathways for the amyloid A�
soluble and insoluble peptides (12, 32). In this two-path
model as depicted in Figure 5, the amyloid A� peptides
derived from the cleavage of APP can form either soluble
oligomers or fibrils. The initial peptides proceed to higher
order oligomers to form fibrils or soluble globulomers based
on the relative kinetic and thermodynamic stability of the
bend (leading to fibrils) or the �-hairpin (leading to globu-
lomers). Conditions that promote either structural feature
(36), such as lipid composition (12, 37) or the effects of
familial mutations (38), may result in changes in the ratio
of soluble and insoluble forms of the peptide which may
then influence disease.

CONCLUSIONS

We have used NMR to study specific soluble forms of
amyloid �-peptide called preglobulomers and globulomers
that are more stable and alter synaptic activity (12). Our
structural characterization indicates that this class of soluble
oligomers contains a peptide dimer-repeating unit, which is
distinctly different from the fibril form. Using these data we
demonstrated that a disulfide bond could be engineered into
the soluble globulomer to give a “new” soluble antigen with
similar affinity to selective antibodies as the parent. This

FIGURE 4: Comparison of direct ELISA assay of the wild-type and
doubly mutated (L17C, L34C) N-Met-A�(1-42) peptide globu-
lomers against an antiglobulomer-specific mAB (12). FIGURE 5: A schematic representation of the two stable forms of

amyloid �-peptides (12, 32, 37). In both the soluble globulomer
form and the insoluble fibril form, two-strand repeating units are
shown, but the final forms are higher order oligomers (n-mers) of
these units. The parallel �-sheet involving the hydrophobic C-
terminus of the peptide and common to both forms is highlighted
in blue. The segment distinct between the two forms is highlighted
in red. The alternative starting and ending sequence numbers of
the fibril form are indicated in parentheses.
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demonstrated that structural data can help to generate stable
homogeneous soluble forms for further studies. Finally, the
hydrogen exchange profile of this class of soluble oligomers
can potentially be compared to that observed for different
soluble oligomers. These data would complement using
antibodies to structurally classify the various soluble oligomer
forms (39).

SUPPORTING INFORMATION AVAILABLE

Additional details on Experimental Procedures; Figure 1,
showing analytical ultracentrifugation sedimentation velocity
and dynamic light-scattering (DLS) data of globulomers
prepared from recombinant N-Met-A�(1-42); Figure 2,
showing quantitation of binding of SDS to N-Met-A�(1-42)
globulomers using 14C-SDS; Figure 3, showing a superposi-
tion of 10 low-energy dimer repeating units of preglobulomer
consistent with the NMR data. This material is available free
of charge via the Internet at http://pubs.acs.org.
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