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ABSTRACT: Senile plaques in the cerebral parenchyma are a pathognomonic feature of Alzheimer’s disease
(AD) and are mainly composed of aggregated fibrillar amy®i{@\ /) proteins. The plaques are associated

with neuronal degeneration, lipid membrane abnormalities, and chemical evidence of oxidative stress.
The view that A8 proteins cause these pathological changes has been challenged by suggestions that they
have a protective function or that they are merely byproducts of the pathological process. This investigation
was conducted to determine whethet groteins promote or inhibit oxidative damage to lipid membranes.
Using a mass spectrometric assay of oxidative lipid damage, the 42-residue forh @/42) was

found to accelerate the oxidative lipid damage caused by physiological concentrations of ascorbate and
submicromolar concentrations of copper(ll) ion. Under these conditiofd2Avas aggregated, but
nonfibrillar. Ascorbate and copper producegdd, but A342 reduced KO, concentrations, and its ability

to accelerate oxidative damage was not affected by catalase. Lipids could be oxidizgoblanH copper-

() in the absence of ascorbate, but only at significantly higher concentrations, @4l iAhibited this
reaction. These results indicate that the ability ¢¥& to promote oxidative damage is more potent and
more likely to be manifest in vivo than its ability to inhibit oxidative damage. In conjunction with prior
results demonstrating that oxidatively damaged membranes c#@dstd misfold and form fibrils, these
results suggest a specific chemical mechanism linkifg2promoted oxidative lipid damage to amyloid

fibril formation.

There is an abundance of evidence suggesting that oxida-19) are increased in AD. It has also been demonstrated that
tive stress is involved in the pathogenesis of Alzheimer's membrane binding by A proteins mediates neurotoxicity
disease (AD}; however, it is not yet possible to define a (20—22), that merely altering membrane lipid composition
chemical mechanism linking any key feature of AD pathol- protects PC12 cells from/#mediated toxicity 23), and that
ogy to a specific oxidative process. In an effort to define plasma membranes from human brain are particularly ef-
such a mechanism, numerous associations have been defective at accelerating A fibrillogenesis 24). Thus, it is
scribed between AD and oxidative changes in proteins, important to understand the nature of the interaction between
nucleic acids, and lipidsl-5). Oxidatively damaged lipids A proteins and lipid membranes, particularly membranes
have been a focus of study in this laboratory since finding subject to oxidative damage.
that they promote misfolding and fibril formation by the 42-  With respect to the role of A proteins and oxidative
residue amyloidB protein (A542) (6) and that they act = damage, two contrasting views are prevalent. On one hand,
synergistically with 4642 to promote fibril formation by the  Af proteins are observed to promote oxidative damage in
40-residue amyloid3 protein (A340) (7). Others have  conjunction with redox-active metal ion species. For ex-
implicated lipids in the pathogenesis of Alzheimer’s disease ample, copper levels are significantly increased in A&5) (
by demonstrating that oxidative lipid damage is increased while AS binds Cu(ll) with high affinity, reduces it to Cu(l),
(8—10), that the relative abundance of various lipid classes produces HO,, and oxidizes compounds such as dopamine,
is altered {1—14), and that markers of oxidative damage cholesterol, and ascorbat26-33). On the other hand, A
such 4-hydroxy-2-nonenal (4-HNE) and isoprostariés—( proteins appear to have antioxidant propert&gs{41). The
density of plaques containing#protein correlates inversely
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Ap misfolding, whereas antioxidant activity may quench vapor subtraction, or nonlevel baseline correction was
these processes and protect the membrane from damageperformed.
Accordingly, this investigation was undertaken to examine Lipid Vesicle Preparation and OxidatiolsAPC (lyoph-
the circumstances in which prooxidant and antioxidant ilized from chloroform) and DMPC were prepared as 10 mg/
activities of A3 were manifest toward lipids. 1-Steroyl-2- mL solutions in cyclohexane and lyophilized to produce a
arachidonoyknglycero-3-phosphatidylcholine (SAPC) was light powder. Quantities of 10 mg were resuspended in
chosen as an oxidizable substrate because it is one of theseparate 1 mL aliquots of 5 mM argon-sparged HEPES at
most common unsaturated lipid species in brain tisd® (  pH 7.4, bath-sonicated for 10 min, and extruded through 100
and because the chemistry of arachidonate oxidation is wellnm polycarbonate membranes to produce unilamellar vesicles.
understood. The most commonly used assays of oxidativeLipid concentrations were determined by phosphate analysis
damage rely on indirect measures of oxidative activity or (46), and 10ug/mL cycloheximide was added to inhibit
on direct assay of only one or one class of oxidative bacterial growth. Lipid vesicle stock suspensions were stored
degradation products. To avoid the ambiguities of such under argon for up to 2 weeks af@. Immediately prior to
methods, the studies described herein employ a direct assayse, aliquots from these stocks were mixed in 5 mM HEPES
of oxidizable substrate concentration by mass spectrometry.to yield final concentrations of 1M SAPC and 25M
DMPC. Reactants such as ascorbateyBn), Cu(ll) (0.5 or
MATERIALS AND METHODS 5 uM), H,0O, (200 uM), and proteins were added to these
. ] mixtures, with the final lipid concentrations as above.
Materials. 1-Stearoyl-2-arachidongr-glycero-3-phospho-  Anaerobic conditions were produced by continuous sparging
choline (SAPC) in chloroform and 1,2-dimyristoyih . of solutions with argon and were verified using a FOXY
glycero-3-phosphocholine (DMPC) as powder were obtained gxygen sensor (Ocean Optics, Dunedin, FL) and dithionite-
from Avanti Polar Lipids (Alabaster, AL). SAPC was treated water as an anaerobic standard. All reactions were
packaged in 10 mg quantities, under argon, in sealed glass:onducted at room temperature (approximately’@).
ampules and stored at80 °C until the day of use. LC/MS/MS Chromatographic separations were performed
Phenylethylamine (PA), dopamine (DA), BHT (2,64 using an Agilent 1100 HPLC system modified with a low
butyl-4-hydroxytoluene), bovine liver catalase, sodium hy- yolume static mixer (Agilent, 01090-68702) and narrow bore
drosulfite (dithionite), and diethylenetriaminepentaacetic acid tubing to minimize delay volumes. Solvents were pumped
(DTPA) were all purc'hased from Sigma (St. LOU?S, MO). 4t 120 uL/min through an Agilent XDB C8 1x 50 mm
Ap40 and AG42 designate the 40- and 42-residugg A column (Agilent, Palo Alto, CA). Between experiments, the
proteins, and fn-n designates a polypeptide segment colymn was washed with several injections of 50% methanol
corresponding to residuesthroughn of A42. Lyophilized in water, followed by an injection of 56L of 50 mM EDTA
Ap40 and A342 of greater than 95% purity were obtained (i 1:1 methanol:water) to remove any adsorbed copper.
from American Peptide (Sunnyvale, CA) or rPeptide (Athens, ppospholipids were separated using a binary solvent system
GA). H13A and H14A variants of A42 were obtained from  ¢onsisting of 50% methanol in water (solvent A) and 30:70
rPeptide, while f1-2, AB2-35 0-MSH, and neurotensin  ch|oroform:methanol and 0.1% formic acid, pH adjusted to
were obtained from American Peptide. Thg42 mutant 5 g ysing NHOH (solvent B). Using a gradient running from
M35V (21) as well as 842 with an oxidized methionine 3304 to 100% solvent B over 1.5 min and then holding at
(M350x) (20) were kindly provided by Dr. Kevin Barnham. 1009 solvent B for 2.5 min, DMPC and SAPC eluted at
Ap proteins were either stored desiccated—0 °C or approximately 3.5 and 4 min, respectively. Amines were
dissolved in HFIP at 0.5 mg/mL at20 °C. Immediately  geparated using a binary solvent system consisting of 5%
prior to use, HFIP was evaporated, and proteins were acetonitrile and 0.1% formic acid (solvent A) and 95%
redissolved in aqueous buffer at concentrations-e% M. acetonitrile and 0.1% formic acid (solvent B) (modified from
DA and PA stock solutions (50 mM) were freshly prepared refs47 and48). Using 15.7% solvent B, DA and PE eluted
daily in 5% acetonitrile and 0.1% formic acid. These 4t approximately 0.5 and 0.7 min, respectively.
solutions were mixed to yield 10 andaM DA and PA, Phospholipid concentrations were assayed by LC/MS/MS
respectively, in 5 mM HEPES at pH 7.4. Water was purified getermination of the phosphatidylcholine-specific collision-
through an Elix and MilliQ A10 synthesis water purification  jnduced fragment atvz 184 as previously describedq).
system (Millipore, Bedford, MA) to 18 i®-cm and<3ppb Electrospray ionization mass spectrometry was performed
organic carbon content. with a turbo ion spray source on a QTrap (Applied Biosys-
Physical CharacterizationTo characterize the physical tems/MDS Sciex, Foster City, CA) operating in multiple
state of A342, a 5uM solution was preincubated with 0.5 reaction monitoring (MRM) mode with a declustering
uM Cu(ll) for 30 min and then centrifugally filtered through  potential of 100 V, source voltage of 5500 V, and source
a 10K MW cutoff Microcon filter (Millipore). Protein temperature of 250C. DMPC was employed as the internal
concentrations before and after filtration were measured by standard, and the following MRM transitions were monitored
BCA assay (Pierce, Rockford, IL) with an albumin standard. at the indicated collision energies (CE): SAPC ratz
Unfiltered solutions were also examined by infrared spec- 811—184 (CE 49) andnw/z 811—86 (CE 81) and DMPC at
troscopy using a Horizon internal reflection cell (Harrick nm/z 679—184 (CE 35). Aqueous samples were loaded onto
Scientific, Ossining, NY) with a germanium internal reflec- a C8 column, rather than using organic extraction, allowing
tion crystal. A total of 512 scans were recorded with a Bio- us to directly measure the samples and preventing Na
Rad Digilab FTS-60A FTIR spectrometer and an MCT adducts from forming during electrospray ionization. Peak
detector. They were processed with one level of zero filling identification and quantification were performed using the
and triangular apodization, but no smoothing, deconvolution, Analyst Classic method in Analyst 1.4 (Applied Biosystems/



12608 Biochemistry, Vol. 44, No. 37, 2005 Murray et al.

g 1.0 1 210
8 i
o8 2084(C)
s S
5 0.6 S0
B 8
b b

4 . 0.4 1
E e @® Cu+Asc § O 0.5uMm
§2] V Apa2+Cu” S02{/0 20uM
g A Ap42 + Asc £ & 10uM
Z 0] O Ap42+Cu™+Asc Z 004 ® 05uM(noAp)

0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time (min) Time (min)

210{@® 21.04(D
:|® N A § 0 L
g 0.8 1 . Qos il 1
= =
<] =]
S 0.6 1 S 0.6
< <
w w
32 0.4 4 T 0.4 -
g 02 £ 0.2 -
2 o 2

0.0 = T T T 0.0 —_—

Control +Cat +BHT +DTPA -O2 Ap42 M35, M35V HI13A  H14A

Ficure 1: Prooxidant activity of £42. (A) Phospholipid loss in the presence gf42 (0.5uM, American Peptide, open symbols), Cu(ll)
(0.5uM), and/or ascorbate (50M). (B) Effects of catalase (1000 units/mL), BHT (7:M), DTPA (10uM), and anaerobic conditions on
Ap42-mediated lipid loss at 120 min. (C) Effects of preincubati#t2 (rPeptide) with increasing copper concentrations (0.5, 2,M)

on lipid loss. (D) Effects of & variants on lipid loss (M35«—methionine sulfoxide, M35V, H13A, and H14A#42 with single residue
changes). Note that two of the experiments in panels A and C represent identical conditions but different commercial sop#®s of A

MDS Sciex). Standard mixtures yielded linear results be- occur upon metal binding to /42 may proceed without
tween 250 pmol (0.12xM) and 30umol (15 uM) with a interference from other components in the mixture. Although
correlation coefficientr) of 0.993. Hydrolysis products of  several experiments were nominally free of Cu(ll) ions, no
SAPC were measured sz 283 andwz 311 using negative  special procedures were employed to remove trace amounts
ion enhanced (ion trap) mode and direct infusion of sample. of Cu(ll) in our water except where noted.
DA concentrations were assayed by LC/MS/MS using PA SAPC concentrations remained stable auMover 120
as an internal standard. The declustering potential was 100min in the presence of #M A 342 and 0.5«:M Cu(ll) (Figure
V, the source voltage was 5500 V, and the source temperaturelA). Over the same time interval, SAPC concentration
was 450°C. MRM transitions were monitored for DA at  decreased by 15% in the presence giNd A42 and 50
m/'z 154137 (CE 13) andwz 154—119 (CE 27) and for ~ 4M ascorbate and by 40% in the presence ofN6Cu(ll)
PA at mv/z 122—105 (CE 13). Standard mixtures yielded and 50uM ascorbate. Adding 42 to this last mixture
linear results between 0.625 pmol (0.124) and 250umol accelerated SAPC loss, causing 100% loss at 120 min.
(50 uM) with a correlation coefficientr) of 0.9995. Various control experiments confirm that SAPC loss is
Hydrogen Peroxide Assafrhe concentration of a stock  dye to oxidative damage. Using a negative ion mode mass
H,0O, solution was determined USing an molar abSOftiVity of Spectrometric technique Capab|e of detectingbmm_of each
43.6 M cm~* at 240 nm. From this stock solution, standards fatty acid, no arachidonate or stearate could be detected
ranging from 0.56 to 10@M were prepared, and unknown  during the 120 min oxidation reaction, indicating that SAPC
H,0O, concentrations in I|p|d or amine oxidation reactions was not being lost to Simp|e hydr0|ysis_ SAPC loss was |arge_
were determined using these standards in the FOX2 assayy prevented by an antioxidant (7.8 BHT), by metal che-
(50). This is a colorimetric assay that measures peroxide by |ation (104M DTPA), and by removal of oxygen from the
its ability to convert Fe(ll) to Fe(lll), which in turn forms @ splvents. Oxidative damage to SAPC was unaffected by 1000
purple complex with xylenol orange at low pH. units/mL catalase (Figure 1B), suggesting that damage was
RESULTS not mediated by bD,. SAPC loss was not accelerated by
Ap42 variants in which Ala residues replaced His at positions
Prooxidant Actiity of A342. AB42 has been shown to 13 or 14 or in which the Met residue at position 35 was
generate KO, and reduce Cu(ll) ions while promoting the oxidized (M3%x) or replaced by Val (M35V), suggesting
oxidation of various biochemical substratég{29, 51). To that the ability of 4842 to bind copper ions via the His
test whether a polyunsaturated lipid may serve as anresidues or to undergo an alternative oxidation reaction (at
oxidizable substrate in such reactions, SAPC anD,H the Met residue) was necessary to promote lipid oxidation
concentrations were measured over time in various mixtures.(Figure 1D). Although the foregoing experiments showed
DMPC was included in these mixtures as an internal standardthat Cu(ll) is required for £42 to accelerate lipid oxidation,
because it is not susceptible to oxidation. Whe#& and  increasing Cu(ll) ion concentrations from 0.5 to 2 and 10
metal ions were both present in an experiment, they wereuM reduced the oxidative loss of SAPC (Figure 1C).
premixed and incubated for 30 min prior to the addition of  Physical State of pd42.When 5uM A 42 solutions were
other reactants so that any redox or folding reactions thatincubated for 30 min with and without 0oV Cu(ll) and
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FIGURE 2: Secondary structure of prooxidant42. Amide | region
of an infrared spectrum of &M A 542 following 30 min incubation
with 0.5 mM Cu(ll) in 5 mM D,O—HEPES, pD 7.4.
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FiGUre 4: Antioxidant activity of A342. (A) Lipid oxidation by
Cu(ll) (2.0uM) and HO, (200uM) in the absence (filled symbols)
of Ap42 and in the presence of 1 on®1 Af42 (open symbols).
(B) Lipid and (C) dopamine concentrations at 120 min of oxidation
in the presence of variousfand control peptides (8M) [Neu =
|_r_| neurotensing-MSH)]. A was not preincubated with copper in these
; y experiments; Cu(ll) (M) and HO, (200 uM) were added to a
mixture of A5 and lipid to initiate the experiment.
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Ficure 3: H,O, production. (A) Effect of copper concentration

0.5, 2, 10uM) on H,O, production in the presence (open symbols . .
g.nd absg”ncg (ﬂ"eé szfmbms) of 2. (Bp) Effect c()f %szand ) measuring KO, and that failure of catalase to prevent loss

catalase on bD, production at 120 min. The 242 concentration ~ Of SAPC in the experiments described above was not due to
was 54M (when present) and the ascorbate concentration was 50its ineffectiveness. The addition of342 markedly depressed
uM for all of the data in both panels. H,O, production under these conditions, although increasing
Cu(ll) concentrations to 2 and 1M partially reversed this
appeared in the filtrate, indicating that the protein had catalase was no more effective at reducin@tevels than
aggregated. The same solutions, examined by internalejther protein alone (Figure 3B). We conclude that the high
reflection infrared spectroscopy in a@-based buffer, yield  |evels of HO, produced by ascorbate and Cu(ll) are not a
a broad, relatively featureless amide | band that is maximal direct cause of lipid oxidation.
at 1625 cm* (Figure 2). This spectrum resembles previously  Antioxidant Actiity of A842. Cu(ll) and HO,, without
published spectra of A proteins freshly adsorbed onto ascorbate, are often used to induce lipid oxidation under lab-
oxidatively damaged membranes. Note that the amide | oratory conditions. To investigate the effect 842 on lipid
spectrum of the f42 used in these experiments is quite oxidation via this reaction, it was necessary to use somewhat
distinct from that of unfibrillized prO'[FT'in (maXImal at1657 h|gher concentrations of Cu(”) an(iﬁz than in the previous
cm*) and from fully formed amyloid fibrils (maximal at  experiments so that oxidation proceeded at a comparable rate.
~1623 cm!; see Figure 2 of reT). We conclude that £42 Cu(ll) (5 uM) and 200uM H,0, completely oxidized 10
is aggregated but nonfibrillar under the conditions in which ,\ SAPC in 90 min (Figure 4A). When &AM A42 was
we observe accelerated lipid oxidation. present, 35% of the lipid remained after 120 min, and when
H20O, Production.When SAPC was treated with ascorbate 5 uM ApB42 was present, 85% of the lipid remained. The
and Cu(ll) in the absence of M2, HO, concentrations latter conditions represented a 1:1 mole ratio g4 and
quickly reached levels in excess of 281 (Figure 3A). Cu(ll). AB1-11, AB1-28, and AB2,-35 present at a 1:1 mole
Catalase (1000 units/mL) markedly reduced theOH ratio also protected SAPC from oxidation, mttMSH and
concentration (Figure 3B), indicating that the assay is truly neurotensin did not (Figure 4B). When DA was used as the
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oxidizable substrate instead of SAPC, it was also oxidized in turn, are decomposed by Cu(l) and Cu(ll) into chain-

extensively by Cu(ll) and BD, over 120 min (Figure 4C).
ABA2, AB1-28 and ABz,-3s inhibited DA oxidation but not
the control peptides-MSH and neurotensin. We conclude
that A3 peptides specifically inhibit oxidation of substrates
such as SAPC and DA under these conditions.

DISCUSSION

These results demonstrate thg#4® promotes oxidative

reacting radical lipid species, e.g.
LOOH + Cu" — LO" + CU*" + OH~
LOOH + CU¥* — LOO" + Cu" + H*

Because 42 stabilizes reduced copp&6] and exhibits
an affinity for lipid membranes, the most likely mechanism

lipid damage in the presence of copper. This is a key finding Py Which it promotes lipid oxidation is by facilitating redox
for several reasons. First, oxidative lipid damage is a activity while associated with membranes. This mechanism

consistent finding in Alzheimer’s disease, and nonenzymatic iS supported by our observation that variant forms g#a

oxidative damage of lipids containing-6 fatty acids (such

lacking residues implicated in copper binding (His13 and

Alzheimer’s diseaseb@). Second, oxidatively damaged lipid

membranes may initiate the pathological process by mis-

folding Ag proteins 6, 7). Third, the oxidative lipid damage
that is promoted by 42 only requires 5«tM ascorbate,
which is well within the range considered physiologically
normal for human brain tissué&3d), and substoichiometric
amounts of copper relative tg342. Copper is highly protein
bound in vivo, and these conditions are mimicked in our
experiments wherein 0.6M copper is likely to be com-
pletely bound by uM Ap42 (54).

The reaction between ascorbate (AsgHand Cu(ll)
produces ascorbyl radical (As¢ and Cu(l). Asc is

been suggested tha{BA2 traps @ in a microenvironment
that facilitates its reduction by electron transfer from metals
(27). By facilitating redox reactions involving copper and
O, in the vicinity of a lipid membrane, the 4, that is
produced may partition into the membranes, react wjtd2
bound copper, and produce Okh close proximity to
polyunsaturated lipid acyl chains. Partitioning of®4 into
membranes would explain the inability of catalase to inhibit
the oxidation. However, the M35V variant has even greater
membrane affinity and binds copp@d], yet it inhibits rather
than promotes lipid oxidation. This suggests that residue
Met35 is involved in facilitating the exchange of electrons

relatively unreactive among radical species and most likely Petween copper and lipid hydroperoxides, as the copper
undergoes disproportionation with itself to regenerate a Undergoes redox cycling. Met35 has been previously impli-

molecule of AscH and a molecule of dehydroascorbdig)(
Cu(l) readily oxidizes to produce a variety of reactive oxygen
species:

Cu"+0,—Ct" +0,”
Cu"+0,” + 2H"— CU¥" + H,0,

Given an initial ascorbate concentration of B and
dissolved oxygen at approximately 26M (55), these two
reactions readily account for most of th€0uM H,0, that
is produced in the absence offA2 (Figure 3). However,
this concentration of D is relatively ineffective at oxidiz-
ing lipid (Figure 4A). Moreover, the extent of lipid oxidation
in the presence of A42 is inversely related to both Cu(ll)
and HO, concentration (compare Figures 1C and 3A).
Therefore, the species most likely responsible for lipid
oxidation is the hydroxyl radical, OHThis radical may be
produced by either of two classic reactions:

0, +H,0,—>0,+OH + OH
Cu" + H,0,— CU¥" + OH + OH'

The first reaction is the copper-catalyzed Habdfeiss

cated in free radical formation and neurotoxicity0( 56).
Note that simple oxidation of Met35 by B, does not
explain our findings, since this produces Mg5which
inhibits rather than promotes lipid oxidation (Figure 1D).
However, other free radical forms of Met35 may well be
involved 31, 33, 57).

The prooxidant activity of £42 described in this paper
and that proposed by Opazo et &8) represent different
chemical reactions but may involve related chemical mech-
anisms. In both cases, copper ions bound fidZ2 undergo
redox cycling, an electron-donating substrate is required, and
H,0, is produced. However, p2—metal complexes can
produce HO, even when there is no apparent source of
electrons and when trapping reagents are unable to detect
superoxide intermediateg7, 28). In our experiments, it is
unlikely that lipids were the electron-donating substrates for
H,0, production according to the mechanism of Opazo et
al. because the extent of lipid oxidation was inversely related
to H,O, concentration. Lipid oxidation required ascorbate
(Figure 1A), suggesting instead that ascorbate is the principal
electron donor for KD, production. A specific coreductant
(ascorbate) was not required for cholesterol oxidation by
Ap42 and Cu(ll) 29). However, it is difficult to compare
our results with the chemistry of lipid oxidation in that system
because the reaction mixture in the cholesterol experiments
was considerably more complex, employing detergent, a

reaction, while the second is the copper analogue of thedifferent buffer, and a 40:1 molar ratio of Cu(ll) tofA2.

Fenton reaction. The observation thai(4 levels decline

as lipid oxidation increases is consistent with either reaction,

Previous studies from this laboratory have demonstrated
that A342 does indeed have a particular affinity for oxida-

but the tendency for increased Cu(ll) concentrations to inhibit tively damaged lipid membranes and that on such membranes

lipid oxidation suggests that Cu(ll) decreases @idduction

it can seed and promote fibril formation bysAO ©, 7).

by driving the second reaction in reverse. PolyunsaturatedMoreover, infrared amide | spectra of A2 in these

lipids react with OM and dissolved oxygen via well-known
mechanisms to produce lipid hydroperoxides (LOOH) which,

experiments (Figure 2) are virtually identical to spectra of
Ap40 on A342-seeded membraned (while being distinct
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from those of unaggregatedfA2 and AS fibrils. This AC
suggests that the /fAproteins promoting oxidative damage
share some form of structural similarity with thgg froteins

that accumulate on oxidatively damaged membranes. They
may in fact correspond to the toxic intermediates or soluble
oligomers that are suggested to be the most pathological for
of AS proteins 68—60). Technical difficulties currently
preclude verifying this identity by collecting an infrared
spectrum of these intermediates or soluble oligomers. It
should be noted that prior studies describing metal ion g
dependencies for /A protein association with membranes
were performed with lipids that are relatively resistant to
oxidative damages(l).

In contrast to its prooxidant properties,S42 inhibits
oxidation in the absence of ascorbate and in the presence of
exogenously added #,. Under these circumstances, in-
creased Cu(ll) concentrations reverse the inhibition. Our
observations parallel those made in an earlier study of AD-
afflicted brains in which immunohistochemical estimates of
Ap were inversely correlated to a biochemical marker of
oxidative damage4@). The same study also found that
copper significantly increased the neurotoxic effects 642
For several reasons, however, it would be overly simplistic
to conclude from that prior study or our current study that
Ap42 is a neuroprotective antioxidant. One reason is that
our in vitro demonstration of 42 antioxidant activity
required relatively high concentrations of copper an®H
while its prooxidant activity was evident at much lower
concentrations. Another reason is that irrespective of any
negative correlation, A protein and oxidative markers are
both elevated in AD-afflicted braird( 61).

The inhibitory effect of A642 in our experiments may
involve peroxide-mediated oxidation of Met35 which, as
noted above, abolishes its ability to accelerate lipid oxidation.
However, this explanation does not account for the equally
potent inhibitory effects of 111 and AB1-2g, both of which
lack Met35. Likewise, sequestration of copper does not
explain the inhibition of oxidation by A42 because copper
is bound by M3%x and is redox active20). Furthermore,
several of the other variants examined lack two or more of
the His residues implicated in high-affinity copper binding
(62), and they also inhibit oxidation. Inhibition of oxidation
is not due to nonspecific effects of polypeptides, since
neurotensin an@xMSH did not inhibit oxidation. Similar
results were obtained using DA as an oxidizable substrate,
demonstrating that these results were not particular to the 1,
presence of a lipid phase. Therefore, the antioxidant mech-
anism of A342 remains unexplained.

In summary, 442 accelerates the oxidative lipid damage

m

1

N

3

caused by ascorbate and Cu(ll) ions. The mechanism most 15

likely involves the adsorption of A42 onto lipid membranes,
the concentration of bound redox-active metal ion and
molecular oxygen in the vicinity of the membrane, and
residue Met35. £42 is neither unfolded nor fibrillar in this
capacity, and it may be a protofibril, a soluble oligomer, or
another intermediate form that is on-path to fibril formation.
The ability of A342 to promote lipid oxidation is significant
because oxidatively damaged membranes induce misfolding
and fibrillization of A342. Insights into the behavior of A
proteins in more complex mixtures and multiple phases, suc
as these involving a mixed lipid phase, bring us closer to
understanding of in vivo pathogenesis.

10.

11.
12.

13.

16.

17.

18.
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