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ABSTRACT: The solution structure of Aâ(1-40)Met(O), the methionine-oxidized form of amyloidâ-peptide
Aâ(1-40), has been investigated by CD and NMR spectroscopy. Oxidation of Met35 may have
implications in the aetiology of Alzheimer’s disease. Circular dichroism experiments showed that whereas
Aâ(1-40) and Aâ(1-40)Met(O) both adopt essentially random coil structures in water (pH 4) at
micromolar concentrations, the former aggregates within several days while the latter is stable for at least
7 days under these conditions. This remarkable difference led us to determine the solution structure of
Aâ(1-40)Met(O) using1H NMR spectroscopy. In a water-SDS micelle medium needed to solubilize
both peptides at the millimolar concentrations required to measure NMR spectra, chemical shift and NOE
data for Aâ(1-40)Met(O) strongly suggest the presence of a helical region between residues 16 and 24.
This is supported by slow H-D exchange of amide protons in this region and by structure calculations
using simulated annealing with the program XPLOR. The remainder of the structure is relatively disordered.
Our previously reported NMR data for Aâ(1-40) in the same solvent shows that helices are present over
residues 15-24 (helix 1) and 28-36 (helix 2). Oxidation of Met35 thus causes a local and selective
disruption of helix 2. In addition to this helix-coil rearrangement in aqueous micelles, the CD data
show that oxidation inhibits a coil-to-â-sheet transition in water. These significant structural rearrangements
in the C-terminal region of Aâ may be important clues to the chemistry and biology of Aâ(1-40) and
Aâ(1-42).

The underlying aetiology of Alzheimer’s disease (AD)1

is unknown. One theory is that AD is the result of oxidative
stress (1) associated with inflammation in the brain, generat-
ing noxious free radicals and reactive oxygen species that
cause cellular damage (2). The 39-43 residue amyloid
â-peptide (Aâ), which is known to produce free radicals and
induce hydrogen peroxide production in clonal cell lines (2-
8), is present as the major component of the neuritic plaques
that are diagnostic for AD (9). The mechanism for Aâ-
associated radical production and inducement of hydrogen
peroxide production is unknown. Methionine 35 of Aâ is
the most susceptible residue to oxidation in vitro, undergoing
preferential oxidation to the methionine sulfoxide [Met(O)],
and this is also likely in vivo under conditions of oxidative
stress (10).

A number of studies have been focused on possible roles
of Met35 in AD, particularly its influence in small fragments
of Aâ on aggregation, fibril formation, radical formation,
and cellular toxicity. The peptide Aâ(25-35) shows some
of the same biological properties as full-length Aâ, including
the formation of fibrils (11), free radicals, and neurotoxicity
(4). Residues 33-35 are thought to be particularly crucial
for aggregation and neurotoxicity of Aâ peptides (11).
Oxidation of Met35 to methionine sulfoxide in the fragment
Aâ(25-35) can be arrested by a radical scavenger (5), and
Met35 is proposed to be a key residue for Aâ radicalization,
aggregation, and neurotoxicity (4). While low concentrations
of Aâ(25-35) (10 nM) and the mutant Aâ(25-35)M35L
(g1 µM) inhibit lipid peroxidation (12), the former (but not
the latter) has been found to stimulate lipid peroxidation with
oxidation of methionine at higher concentrations (g100µM).

However, substitution of Met35 (11) in Aâ(25-35) by
Asp, Ala (13), Ser, and Cys still results in aggregation and
neurotoxicity, suggesting that this residue is not essential for
these properties (2). The mutants of M35S and M35E in
Aâ(1-42) are reported (14) to cause cellular toxicity similar
to, but fiber morphology different from, that of Aâ(1-42),
while the M35Nle mutant forms neurotoxic aggregates that
are smaller or less stable (11). Lorenzo et al. (15) claim
that oxidation is not required for aggregation or neurotoxicity
of Aâ(1-40), and Esler et al. (16) report that no significant
oxidation of peptides occurred in studies of deposition of
Aâ(1-40) or Aâ(10-35)NH2 onto AD plaques. Some of
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these results cast some doubt on the importance of Met35
in AD and about a redox role for Met35.

Recently, Seilheimer et al. (14) reported an extensive study
of a range of Aâ peptides, some containing the methionine
sulfoxide, in which there were distinct morphological changes
associated with the formation of mature fibrils from mon-
omeric Aâ and there was a strong correlation between the
Aâ sequence, aggregation rate, fiber morphology, density
of fibers, and biological effect. Aâ(1-40) and its oxidized
form Aâ(1-40)Met(O) had low propensities to aggregate
to mature fibrils and low cellular toxicity, consistent with
other reports that Aâ(1-40) has a low propensity for
fibrilgenesis (17). In contrast, Aâ(1-42) and Aâ(1-42)-
Met(O) showed higher rates of fiber formation which
correlated well with higher rates of aggregation and higher
cellular toxicity. Aâ fibrils are characterized by an antipar-
allel â-pleated sheet conformational structure compared with
the random coil conformation of freshly generated mono-
meric Aâ. Increased production of Aâ(1-42) is implicated
in the early onset familial forms of AD (18) and is the main
form of Aâ found in neuritic plaques.

Despite the many structural studies on fragments of Aâ
peptides, firm conclusions are only now emerging about the
structural identity of the longer (39-43 residue) Aâ peptides
in aqueous, lipidic, and other solutions. Our recent NMR
study of Aâ(1-40) in aqueous SDS micelles (19), used to
simulate a water-membrane interface, has shown that this
peptide is helical between residues 15 and 36 with a kink in
the helix around residues 25-27. Consistent with this result,
Aâ(1-40) is reported to be helical between residues 15 and
23, and 31 and 35, in TFE/H2O solution (20). The helical
region is essentially the hydrophobic domain of Aâ thought
to be the transmembrane region of the amyloid precursor
protein, although recent results (21) suggest that the trans-
membrane domain of APP could be in a location slightly
different from that which is commonly accepted (22). Terzi
et al. (23) recently reported that the mode of interaction of
Aâ(1-40) with model lipid membrane systems is different
from that found for micelles. Positively charged residues
of Aâ(1-40) are proposed to interact electrostatically with
a negatively charged lipid bilayer, without penetration of the
bilayer, to induce helicity.

On the basis of the fact that Aâ peptide ultimately finds
its way into the plaques that characterize AD, that some of
the plaque-containing peptide is the oxidized peptide Aâ-
(1-40)Met(O), that peroxide is evidently formed in the
vicinity of Aâ, and that oxidation of Met35 is reported to
be associated with AD, we have investigated the structural
consequences of this oxidation reaction for Aâ(1-40). Here
we use CD and NMR spectroscopy to study the structure of
the methionine-oxidized form, Aâ(1-40)Met(O), in the same
micelle-water environment for which we have previously
determined the structure of Aâ(1-40) (19).

MATERIALS AND METHODS

Trifluoroacetic acid (TFA) was purchased from Auspep
(Melbourne, Australia) and acetonitrile (HPLC grade) from
BDH (Poole, England). Other chemicals and solvents were
of reagent grade. Electrospray mass spectra were recorded
on a Perkin-Elmer SCIEX API III triple-quadrupole mass
spectrometer. Preparative reverse phase HPLC was per-

formed on a Waters Delta-Pak PrepPak C18 40 mm× 100
mm cartridge (100 Å) using a Waters Delta Prep 4000
preparative chromatography system with a solvent system
of A (water/0.1% TFA) and B (90% acetonitrile/0.1% TFA)
and a linear gradient from 0 to 100% B over 50 min.
Analytical runs were performed similarly but on a Waters
Delta-Pak Radial-Pak C18 8 mm × 100 mm cartridge.
Elution profiles were monitored at 214 nm.

Preparation of Aâ(1-40)Met(O). Aâ(1-40)Met(O) was
obtained by oxidation of Aâ(1-40) with hydrogen peroxide.
Aâ(1-40) (10 mg), synthesized manually by solid phase
peptide synthesis as previously described (19), was dissolved
in aqueous hydrogen peroxide (3% w/w, 2 mL) and the
mixture stirred at 293 K for 4 h. The oxidized product was
purified by RP-HPLC and stored as a lyophilized white
powder. Aâ(1-40)Met(O) elutes∼2 min earlier than Aâ-
(1-40) by reverse phase HPLC. ESMS (MH)+: calcd for
C194H296N53O59S 4346.9, found 4346.2.

CD Spectra.Circular dichroism measurements were made
on a JASCO 710 spectropolarimeter equipped with a
thermostatable cell holder using a 0.1 mm path length
JASCO quartz cell with a 300µL capacity. The peptide
(0.05 mg) was dissolved in either water (pH 4) or aqueous
SDS micelles (100 mM, pH 6) at 294 K. Peptide concentra-
tions were determined by quantitative amino acid analysis
[PICO-Tag method (24)]. Ellipticity was calibrated using
(1S)-(+)-10-camphorsulfonic acid. [θ] is the mean residue
molar ellipticity calculated from [θ] ) θ(MWR/10lc), where
θ is the ellipticity in millidegrees, MWR is the molecular
weight of the peptide divided by the number of residues,c
is the sample concentration (milligrams per milliliter), andl
is the cell path length in centimeters. CD spectra were
smoothed using a noise reduction option. The percent
helicity was calculated from molar ellipticities at 222 nm
(25-27).

NMR Experiments.For NMR studies, Aâ(1-40)Met(O)
was dissolved in 0.55 mL of 100 mM sodium dodecyl-d25

sulfate in either 90% H2O/10% D2O or 100% D2O (pH 5.3)
to give a final concentration of 1 mM. To aid dissolution,
the sample was sonicated for 10 s.1H NMR spectra of Aâ-
(1-40)Met(O) were acquired at 500 and 750 MHz on Bruker
AMX-500 and DRX-750 spectrometers, respectively. NOE-
SY (28) and TOCSY (29) spectra were acquired at 298 K.
Spectra were acquired in the phase-sensitive mode using
time-proportional phase incrementation for quadrature detec-
tion in the t1 dimension (30).

The solvent signal was suppressed either by low-power
presaturation during the relaxation delay or by the use of
pulsed field gradients (31). NOESY data were collected with
mixing times of 100 and 150 ms. The rate of disappearance
of amide protons signals on dissolution of the peptide in SDS/
D2O (pH 5.3) was measured from a series of one-dimensional
(1D) spectra recorded from 5 to 50 min after dissolution.

Spectral data were processed on a Silicon Graphics Indy
computer using standard Bruker software (XWINNMR,
version 1.2). Data were zero-filled to 4096 points inF2 and
to 2048 points inF1 and then transformed with a sine-bell-
squared window function shifted by betweenπ/2 andπ/4
as appropriate. Polynomial baseline correction was carried
out on either side of the residual water signal. Spectra were
referenced for the SDS/aqueous solutions to the HDO peak
according to the method of Wishart et al. (32).

NMR Structure of Aâ(1-40)Met(O) Biochemistry, Vol. 37, No. 37, 199812701



Structure Calculations. The 100 ms NOESY spectrum
of Aâ(1-40)Met(O) in H2O/SDS solution (750 MHz, 298
K, pH 5.3) was used for extraction of distance restraints used
in quantitative structure calculations. All cross-peaks which
could be assigned unambiguously were classified according
to their intensity. Three categories were defined, strong,
medium, or weak, which resulted in restraints on the upper
limit of proton separations of 2.7, 3.5, and 5.0 Å, respec-
tively, with allowances for the use of pseudoatoms where
appropriate. Hydrogen bond distance restraints were also
included for amide protons which exchanged slowly in D2O
and where a hydrogen bond acceptor had been consistently
predicted in preliminary structure calculations in the absence
of hydrogen bond restraints. In these cases, i.e., 16(O)-
20(HN), 18(O)-22(HN), and 19(O)-23(HN), the distance
between the amide proton and the receptor carbonyl oxygen
was restrained to 1.58-2.30 Å and that between the amide
nitrogen and the carbonyl oxygen to 1.58-3.20 Å.

Fifty structure calculations were carried out in XPLOR
(33) using simulated annealing using standard XPLOR
potential wells and force constants. A modified version of
the standard XPLOR topology file with a methionine
sulfoxide residue was produced. The sulfur stereocenter had
theR configuration. Simulated annealing calculations were
carried out using the protocol sa.inp (30 ps of dynamics at
2000 K followed by 16 ps of dynamics during which the
system was cooled linearly to 50 K). The structures were
subjected to a further period of simulated annealing with
emphasis on experimental constraints (16 ps of dynamics
with a temperature ramp from 1000 to 50 K) and then
minimized (4000 cycles) using the Powell algorithm. The
calculated structures were examined visually using the
InsightII molecular graphics program of Biosym/MSI.

RESULTS

The oxidized form of Aâ(1-40), namely Aâ(1-40)Met-
(O), is more polar than Aâ(1-40) and soluble at low
millimolar concentrations in both water [unlike Aâ(1-40)]
and SDS micelles (100 mM). Preliminary circular dichroism
spectra were used to compare the structures of Aâ(1-40)-
Met(O) and Aâ(1-40) in these solvents. In water (pH 4),
Aâ(1-40)Met(O) exists as a random coil structure (Figure
1a) that persists for many days and shows little propensity
to adopt theâ-sheet structure typical of aggregated Aâ
peptides. On the other hand, the unoxidized Aâ(1-40)
initially produces a CD spectrum characteristic of a random
coil, but this changes over several days (Figure 1b) to that
of aâ-sheet structure that is associated with aggregation and
fibril formation. This remarkable contrast prompted us to
investigate in more detail structural differences between the
two peptides and address the question of why oxidation
retardsâ-sheet formation. By CD, both peptides have a
significant helical content in aqueous SDS micelles (Figure
1c,d), but there is a significant reduction in helicity upon
oxidation [37% Aâ(1-40) vs 29% Aâ(1-40)Met(O)].

NMR studies were undertaken to determine the precise
location of helical region(s) in Aâ(1-40)Met(O) and to
identify how oxidation of the thioether side chain of
methionine affects conformation. Oxidation of Met35 has
a number of potential structural and/or electronic conse-
quences. Methionine sulfoxide is sterically bulkier than

methionine and has a greater potential to act as a hydrogen
bond acceptor of a main chain amide NH proton. Oxidation
not only results in a marked change in the polarity of the
methionine residue itself but also is known to have a
significant effect on the overall polarity of a number of
proteins (10, 34). For Aâ(1-40)Met(O), this is reflected in
a marked decrease in the HPLC retention time compared to
that of Aâ(1-40).

An additional consequence of oxidation of Met35 is the
generation of a new stereogenic center at the sulfur atom,
resulting in two diastereomers of Aâ(1-40)Met(O) as
indicated in Scheme 1 each with different hydrogen bonding
potentials. In principle, the presence of diastereomers can
be detected by NMR spectroscopy.

To compare in more detail the structure of Aâ(1-40)-
Met(O) with its unoxidized form, it was necessary to examine
it under conditions where Aâ(1-40) is also soluble and not
prone to aggregation. NMR structure determinations require
millimolar concentrations for detection, so we examined Aâ-
(1-40)Met(O) in aqueous SDS micelles, a water-lipid like
environment that may simulate the water-membrane envi-
ronment encountered by Aâ(1-40) when incorporated in its
membrane-spanning polypeptide precursor (amyloid precur-
sor protein). The sample was stable for several months at
room temperature in this solvent and not prone to aggrega-
tion.

NMR data for Aâ(1-40)Met(O) dissolved in SDS micelles
were collected at 298 K and pH 5.3. The spectra were
assigned using the sequential assignment technique (35).
Figure 2, which shows a 750 MHz NOESY spectrum of Aâ-
(1-40)Met(O) in aqueous SDS micelles, indicates sequential
assignments for all residues. The pattern of cross-peaks in
this fingerprint region of the NOESY spectrum is similar to
that for Aâ(1-40), with all of the differences being confined
to residues close to Met35 in the sequence. The two

FIGURE 1: CD spectra of Aâ peptides: (a) Aâ(1-40)Met(O)
and (b) Aâ(1-40) in water (pH 4) after 7 days and (c) Aâ(1-40)-
Met(O) and (d) Aâ(1-40) in SDS micelles (100 mM, pH 6).

Scheme 1
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diastereomers for the methionine sulfoxide protons are
indicated by two sets of resonances (R-NH cross-peaks at
4.60 and 8.25, and 4.56 and 8.22, ppm), as illustrated in
Figure 3. Although it was not possible to determine which
of the two sets of complementary resonances corresponds
to which absolute configuration at the sulfur atom, it is
interesting that theâ-protons are clearly nondegenerate for
one of the diastereomers but are overlayed for the other.
Figure 4 shows the assigned NH-NH region of the spectrum
and illustrates a significant number of sequential NH-NH
contacts. These provide a strong preliminary indication of
at least some regions of helicity within the structure.

Shown in Figure 5 are the differences between measured
R-proton chemical shifts and random coil values (36) for
each residue of Aâ(1-40)Met(O). Deviations of more than
-0.1 ppm from random coil for several successive residues

are usually associated with helical structures. The data in
Figure 5 suggest helicity between residues 15 and 25 of Aâ-
(1-40)Met(O), and these data are similar for this region to
the data previously reported for Aâ(1-40) under the same
conditions (19). However, there are also significant differ-
ences between Aâ(1-40)Met(O) and Aâ(1-40) in C-
terminal residues 33-40, possibly reflecting disruption of
structure in this region for Aâ(1-40)Met(O).

D2O exchange experiments revealed two regions of slow
exchanging amide protons, residues 17-24 and 30-34,
although there is overlap in the latter region. These data
support a helix between 17 and 24 and a smaller structured
region from residues 30 to 32. The kinked region found in
the Aâ(1-40) structure at residues 25-27 also is supported
for Aâ(1-40)Met(O) by fast D2O exchange of their amide
protons, by the lack ofi,i+3 connectivities in this region,
and by a large positive∆HR for N27.

Analysis of the NOESY spectra provided 205 intraresidue,
102 sequential, and 33 medium-range connectivities that are
summarized in Figure 6. Helical structure is supported by
a number of Râ(i,i+3) and RHN(i,i+3) connectivities
between residues 17 and 25. However, C-terminal helix 2
(residues 28-36) found for Aâ(1-40) is clearly not as well
defined for Aâ(1-40)Met(O). The absence of keyi,i+3
contacts through residues 33-36 [e.g., RHN(i,i+3) for

FIGURE 2: RH-NH region of a NOESY spectrum (100 ms, 750
MHz) of Aâ(1-40)Met(O) in SDS micelles (100 mM) at 298 K
and pH 5.3. The sequential assignment is indicated with the
intraresidue cross-peaks numbered.

FIGURE 3: Expanded region of the NOESY spectrum of Aâ(1-
40)Met(O) (100 ms, 750 MHz) illustrating two sets of resonances
for diastereomers of the methionine sulfoxide residue.

FIGURE 4: NH-NH region of the NOESY spectrum of Aâ(1-
40)Met(O) (100 ms, 750 MHz) at 298 K and pH 5.3. Sequential
connectivities are indicated.

FIGURE 5: Differences ofR-proton chemical shifts from random
coil values for Aâ(1-40)Met(O). The random coil value for
methionine was used for methionine sulfoxide.
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residues 32-35 and 34-37] that were present for Aâ(1-
40) (19) reflects disruption of helicity in this region due to
Met(O)35.

Structure Calculations.Fifty structures were generated
using simulated annealing and energy minimization protocols
incorporating distance restraints based on the NOESY data.
No dihedral constraints were used in the calculations due to
the broadness of resonances and the lack of satisfactory
COSY data. Ten structures were selected on the basis of
low energy and violations. None of the structures had more
than three distance violations of>0.3 Å. Figure 7 shows
an overlay of the structures superimposed through the
backbone region of residues 16-24. The average pairwise
backbone rmsd value for the superimposed structures over
residues 16-24 is 0.28 Å. The main structural feature is an
R-helix spanning residues 16-24. The rest of the peptide
appears to be disordered with poor superimposition in other
regions, including the second helical region (residues 28-
36, rmsd of 2.2 Å) found for Aâ(1-40).

DISCUSSION

Methionine is one of the most readily oxidized amino acid
constituents of proteins. A variety of oxidizing agents are
available in biological systems that can affect this oxidation,
including reactive oxygen species (10). In this investigation,
we observe a conformational change in Aâ(1-40) as a result
of oxidation of a methionine residue to its diastereomeric
sulfoxide.

The structure of Aâ(1-40) is concentration- and solvent-
dependent. This and other CD studies have shown that Aâ-
(1-40) in water exists in equilibrium between random coil
andâ-sheet structures at concentrations below 100µM. At
higher concentrations (ca. 200µM), a â-sheet structure
predominates (37). Higher solubility is observed in aqueous
TFE or SDS micelles, with anR-helical structure predomi-
nating in these solvents at the millimolar peptide concentra-
tions needed to conduct NMR studies (19, 20).

By contrast with Aâ(1-40), we find here that the more
water soluble Aâ(1-40)Met(O) (soluble at millimolar con-
centrations) is mainly a random coil in water (pH 4) at
micromolar concentrations used for CD studies, and there
is no evidence of aggregation or precipitation after 7 days.
There have been several conflicting reports of the structural
and physicochemical properties of this oxidized peptide.
Seilheimer et al. (14) report that Aâ(1-40)Met(O) shows a
prolonged lag time before conversion from a random coil to

a â-sheet structure, while Snyder et al. (38) claim that Aâ-
(1-40)Met(O) has an enhanced rate of aggregation compared
with unoxidized Aâ(1-40). The latter report is in conflict
with our results but may be the result of different solution
conditions. In Aâ(1-42)Met(O), the conformational change
from random coil to â-sheet evidently occurs quickly,
highlighting the impact that residues Ile41 and Ala42 have
on the physical properties of Aâ (14). Aâ(1-42) is proposed
to play a key role in seeding the formation of neuritic plaques
and is more amyloidogenic and less soluble than Aâ(1-40)
(17). A number of early onset familial forms of AD are
attributed to higher production levels of Aâ(1-42) (18).

In SDS micelles, Aâ(1-40)Met(O) has been shown here
to adopt a partial helical structure. The CD results show
decreased helix content for Aâ(1-40)Met(O) versus Aâ-
(1-40), and this is strongly supported by NMR results which
indicate that while both peptides adopt a helix between
residues ca. 16-24, the helix between residues 28-36 that
is observed for Aâ(1-40) is not well-defined in the oxidized
peptide Aâ(1-40)Met(O). We conclude that oxidation at
Met35 destabilizes this second helix.

A helical wheel model for residues 17-40 of Aâ(1-40)
would place residues on four surfaces (F20, V24, K28, I32,
V36, and V40 on face 1, F19, D23, N27, I31, M35, and
V39 on face 2, L17, A21, G25, G29, G33, and G37 on face
3, and V18, E22, S26, A30, L34, and G38 on face 4).
Although the C-terminal half of Aâ(1-40) is essentially
helical in SDS micelles and TFE, the conformation also
expected in a membrane, two of these surfaces are dominated
by bulky hydrophobic branched residues (Val and Ile) or
glycine residues which have intrinsic preferences forâ-sheet
conformations. It is therefore not surprising that the peptide
loses its helicity in water.

The distinctive stretch of glycine residues withi,i+4
spacing between residues 25 and 37 creates a groove which
exposes the backbone on face 3 of the helix. The relatively
high exposure of the backbone hydrogen bonds in this region
may facilitate unwinding of helix 2 (GAIIGLMV) under

FIGURE 6: NOE connectivities observed for Aâ(1-40)Met(O) in
SDS micelles (298 K, pH 5.3). Asterisks represent ambiguity due
to overlap. Slow D2O exchangeable protons are represented by solid
circles or asterisks. In the latter case, the assignment of slow
exchanging peaks was ambiguous due to overlap of several protons,
but the proposed assignments are consistent with those found for
Aâ(1-40).

FIGURE 7: Overlay of 10 low-energy structures of Aâ(1-40)Met-
(O) superimposed on the backbone of residues 16-24.
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certain solution conditions or when triggered by the presence
of the polar sulfoxide side chain upon oxidation of Met35.
Figure 8A shows the remarkable groove in helix 2 in the
solution NMR structure of Aâ(1-40) (19) (PDB code 1ba4)
and illustrates the proximity of Met35 to this groove. Durell
et al. (39) have noted the presence of this groove in putative
ion channel models of Aâ, and its functional significance
may be multifaceted. By contrast, the solution structures
for Aâ(1-40)Met(O) calculated here show that this groove
is completely disrupted upon oxidation of Met35 (Figure 8B).

Redox-induced structural changes triggered by oxidation
of methionine, as found here for oxidation of Met35 in Aâ-
(1-40), have previously been identified for aggregating
peptides (40) with oxidation to either the sulfoxide or sulfone
causing a conformational transition fromR-helix toâ-strand.
Also, the dimerization property of a designed leucine zipper
peptide is abolished upon oxidation of a single methionine
to its sulfoxide (41). Changes in the function of proteins as
a result of oxidation and/or reduction of methionine have
been proposed as one means of homeostasis control in
biological systems (10). Aâ(1-40) appears to be a confor-
mationally fragile peptide which exists in a finely balanced
equilibrium represented by helixT random coilT â-sheet.
The well-established precedent of methionine oxidation as
a conformational trigger in other peptides may also be
important for Aâ.

In reports of structure-activity studies on Aâ(25-35) and
Aâ(1-42), Pike et al. (11) found that aâ-turn at residues
25-28 and a hydrophobic domain at residues 29-35 were
essential for aggregation, these regions being identified by
our NMR studies as a helix break and a helix, respectively,
in Aâ(1-40). For Aâ(25-35), mutations I31L, I32L, and
G33A greatly reduced aggregation and neurotoxicity, sug-
gesting an important packing role for these side chain
residues in aggregation. Unfortunately, these mutations were
not examined in Aâ(1-42). Interestingly, substitution in Aâ-
(25-35) of Met35 with Leu, Nle, Lys, or Tyr prevented

detectable aggregation, suggesting that hydrophobicity and/
or size alone of the side chain are insufficient for aggregation.
This result is consistent with the reduced aggregation for
Aâ(1-40) upon methionine oxidation being the result of
hydrogen bonding or entropic destabilization rather than a
simple steric packing phenomenon.

In summary, Aâ(1-40) is thought to rearrange from its
helical conformation present within the membrane-spanning
APPs, to a random coil form in water, to aâ-sheet structure
which aggregates and precipitates. Our studies suggest that
oxidation of Met35 in Aâ(1-40) destabilizes the helical
form, but also hinders a conformational transition from
random coil toâ-sheet. Oxidation thus reduces the propen-
sity of the peptide to aggregate to form fibrils (14).
However, this property does not evidently extend to Aâ(1-
42)Met(O) (14), suggesting that the capacity of Met(O) to
retard aggregation is overcome by the influence of residues
41 and 42. We do not know whether the oxidative
generation of a stereogenic center at the sulfur atom of
Met35, and the resulting formation of diastereomers, also
affects the aggregating tendency of Aâ(1-40)Met(O).
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