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ABSTRACT. Extracellular senile plaques composed predominantly of fibrillar amysaids3) are a major
neuropathological feature of Alzheimer’s disease (AD). Genetic evidence and in vivo studies suggest that
apolipoprotein E (apoE) may contribute to amyloid clearance and/or deposition. In vitro studies demonstrate
that native apoE2 and E3 form an SDS-stable complex wj#1A40), while apoE4 forms little such
complex. Our current work extends these observations by presenting evidence that apoE3 also binds to
Ap(1-42) and with less avidity to modified species of the peptide found in senile plaque cores. These
modified peptides include a form that originates at residue 3-Glu as pyroglutamyl and another with
isomerization at the 1-Asp and 7-Asp positions. In addition, we used binding reactions between apoE3
and various £ fragments, as well as binding reactions with apoE3 afi{itA40) plus A5 fragments as
competitors, to identify the domain(s) offAinvolved in the formation of an SDS-stable complex with
apoE3. Residues 128 of A3 appear to be necessary, while complex formation is further enhanced by
the presence of residues at the C-terminus of the peptide. These results contribute to our understanding
of the biochemical basis for the SDS-stable apoB3¢dmplex and support the hypothesis thdt éan

be transported in vivo complexed with apoE. This complex may then be cleared from the interstitial
space by apoE receptors in the brain or become part of an extracellular amyloid deposit.

Extracellular senile plaques composed predominantly of lipid transport and clearance. In humans, apoE is a 299-amino
fibrillar amyloid-3 (ApS) are a major neuropathological feature acid (~35 kDa) secretory protein that has three major
of Alzheimer’s disease (AD).Analysis of these deposits isoforms, E2 (Cy8? Cys%9), E3 (Cys'? Arg'®®), and E4
reveals that apolipoprotein E (apoE) is a major non-amyloid (Arg*'? Arg!®®), products of three allelesZ, €3, ande4) at
component, associated with amyloid in stable complexes a single gene locus. Thel allele is present with increased
(1-3). AB, a 39- to 43-residue peptide formed by proteolytic frequency in patients with sporadic and late-onset familial
cleavage of amyloid precursor protein (APP) is also found AD (11—13), making apoE4 a risk factor for the disease.
in a soluble, non-fibrillar form in human brain, cerebral- The exact mechanism by which apoE anfl éontribute
spinal fluid (CSF), plasma, and uriné~7). This soluble 4 he pathogenesis of AD is not yet entirely understood.
ApB has been shown to immunoprecipitate Wlth_ apoE However, a physical association between apoE afidnay
(8—10). ApoE, a component of several classes of lipopro- gerye a5 either a means of clearing the peptide via the recog-
teins, acts as a ligand for lipoprotein receptors, thus regulating ition of apoE/AS complexes by apoE receptorsi( 15) or
apoE may act as a pathological chaperone, facilitating the
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Our working hypothesis is that apoE interacts in an assay (Sigma), and reactions were loaded based on these
isoform-specific manner with A to form an SDS-stable  calculations to ensure equimolar use of peptides. ApoE3 (25
complex that results in the differential clearance and/or ug/mL,~700 nM) was incubated f@ h atroom temperature
deposition of the peptide. The relevance of SDS-stable apoE/with 250 uM A at pH 7.4 as described previously5.

Ap complexes is further supported by in vivo data from Control reactions without A contained 5% MgO. Reac-
Russo and co-workers who demonstrated that nearly/ll A tions were stopped by addition ok2non-reducing Laemmli

in plague-free non-AD brain samples is bound in SDS-stable buffer (36) (4% SDS, ng3-mercaptoethanol) and frozen at
complexes with apoE, while AD brains contain significantly —20°C. Samples were boiled 5 min, electrophoresed on 10
greater amounts of free /A and less stable apoEBA 20% SDS-PAGE gels, transferred to Immobilon-P mem-
complexes 30). They also report that A in apoE/AG branes (Millipore), and probed with antibodies to apoE
complexes is more susceptible to proteases. Thus, AD braing1:5000 dilution) or A6. Monoclonal antibody 4G8 (to amino
may fail to degrade A via an apoE-mediated process, acids 1724 of AS) was purchased from Senetek PLC
leading to neurotoxic levels of the peptide or a toxic (Maryland Heights, MO) and used at 1:5000 dilution.
aggregate. Monoclonal antibody 1702.1 raised against the terminal

Prior in vitro studies on SDS-stable apolg/Aomplex  amino acid of A8(1—40) was generously provided by
formation have focused primarily on interactions between Barbara Cordell (Scios, Inc) and used at 1:500 dilution. ApoE
apoE and &(1—40). However, the most prevalent form of ~antisera were obtained by immunizing rabbits with apoE
the peptide found in senile plaques i$@A—42), which is purified from human serum. For binding reactions with com-
modified after cleavage from APP. Of the totg#ound in petitor peptides, the apoE3 was pre-incubatedft with
amyloid plaque coresy51% starts at residue 3-Glu in the the various competition peptides (26M) after which 250
form of pyroglutamyl 81), and~60% of the remaining A M A(1-40) was added for an addition2 h incubation.
starts at position 1-Asp and are substantially isomeri3gd ( Proteins on Western blots were visualized by enhanced
33). In addition,~75% of the total 4 in amyloid plaques chemiluminescence (ECL; Amersham Corp.) and quantified
contains isomerized Asp at positionJ1f. We present data by densitometry (ImageQuant, Molecular Dynamics, Inc.).
that apoE3 binds to A(1—-42) and less avidly to the modified ~ Correcting for Differences in Antibody AffinityThe
forms of this peptide found in senile plaques. concentrations of all A peptides and peptide fragments were

Attempts to identify the region(s) of A involved in determined by the BCA protein assay, and these values were

complex formation with apoE have been limited, and results Us€d to ensure equal loading in the various reactions.

using several different assay systems suggest that variougiowever, 4G8 and 1702.1 did not recognize all of the
regions of A3 are involved L1, 34, 35). Here we extend  Peptides used in Figure 2 with equal affinity. Therefore, the

our previous observations on SDS-stable apgEtdmplex relative affinity of 4G8 and particularly 1702.1 for the

formation by identifying the domain(s) of Ainvolved in monomeric forms of the wild type or peptide fragments was
complex formation with apoE3. determined by loading peptide alone based on BCA protein
determinations and detection by Western analysis as de-
MATERIALS AND METHODS scribed above (data not shown). This factor was then used
. ) as a correction factor for determining the relative amount of
Expression of Human apoE3 in Cultured Celerum-  spsS-stable apoE3/Acomplex for comparison between the

free conditioned media from HEK-293 cells stably trans- peptide fragments. This correction assumes that the affinity
fected with human cDNA encoding apoE3 was prepared asof the antibody is the same for freg3fand A8 bound to

described 15). Conditioned medium containing apoE3 was apoE. This correction is reflected in the proportions reported
concentrated (Centriprep, Amicon, Ine-p0-fold and frac- in the results section for Figure 2.

tionated by gel chromatography, and the resulting fractions
containing apoE particles were pooled. The amount of apoE3RESULTS

was quantified by SDSpolyacrylamide gel electrophor-  gps-stable Complex Formation between ApoE and Modi-
esis (SDS-PAGE), protein staining, and densitometry fieq Ag(1-42). To characterize the interactions between
(ImageQuant, Molecular Dynamics, Inc.) of serial dilutions apoE3 and A&(1—42), we incubated apoE3 with the wild-
of apoE3-containing samples using a purified apoE3 stan-type peptide and with modified A1-42) peptides found
dard. ApoE3 was used for all the data presented herein asp yivo, AB(1-42) with isomerized aspartic acid residues at
previous results indicated that apoE3 formed an SDS—stabIepositionS 1 and 7 (1,7-is0Asp), and3fl—42) starting at
complex with A5(1—40) that was easily detected by SBS  esidue 3-glu in the form of pyroglutamyl (3pE) (Figure 1).
PAGE and Western analysi$g, 18). For the gel shown in Figure 1, the modified peptides were
AB Peptides.AB peptides were purchased from either |oaded at 3- and 1.5-fold, respectively, the concentration of
California Peptide Research Inc. (Napa, CA) or Quality the wild-type A3(1—42) as determined by BCA assay. This
Controlled Biochemicals, Inc. (Hopkinton, MA) and purified  was done in an effort to detect complex from the wild type
by FPLC or by reverse phase HPLBL(32). The composi-  and the modified peptides on the same exposure. The A
tion of the peptides was characterized by mass spectrometry(1—42) monomer and dimer appear a# and ~8 kDa
automatic amino acid analysis, and, when required, HPLC (Figure 1, panel B, lane 1), as do the monomers and dimers
peptide mapping of tryptic fragments. for the modified peptides that also contain stable aggregates
ApoE3/A6 Complex Formation and DetectioRor binding of ~16 and~200 kDa (Figure 1, panel B, lanes-8). 1,7-
reactions, synthetic Apeptides were resuspended to 5 mM isoAsp also contain an apparent degradation fragment at
in 100% MeSO. The concentrations of the resuspended ~2.5-3kDa (Figure 1, panel B, lane 5). Under the nonre-
peptides were verified using a bicinchoninic acid (BCA) ducing SDS-PAGE conditions utilized, apoE3 monomer
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Ficure 1: SDS-stable complex formation between apoE and
modified A3(1—42). Western blots of 25aM Ap(1-42) (lane

1); 25ug/mL apoE 700 nM, lane 2); 2%g/mL apoE incubated C

for 2 h atroom temperature with either 25M Aj3(1-42) (lane ApoE3iAB & "
3), AB(13,14-GIn) (lane 4), A(1,7-isoAsp) (lane 5), or A(3pE) complex =¥ =

(lane 6); and a control lane containing 5% 18©® (lane 7). 12345678

Molecular masses are given in kDa. Samples were run in non- Figyre 2: SDS-stable complex formation between apoE3 afid A
reducing Laemmli buffer on 3620% SDS-PAGE gels, transferred  peptide fragments. Western blots of 280 AB(1—40) (lane 1);
to Immobilon-P membrane, and probed with apoE antisera (A) or 25 ug/mL apoE (700 nM, lane 2); 25g/mL apoE incubated
4G8 antibody (to £ residues 1724) (B). with either 250uM AB(1—40) (lane 3), A(1-28) (lane 4),

. . . . AB(12—28) (lane 5), A8(17—40) (lane 6), and A(13—40) (lane
appears at-35 kDa, while apoE3 dimer is90 kDa (Figure 7). Lane 8 (control) contained 5% ®O. Protocol as described

1, panel A, lane 2). in legend to Figure 1, 4G8 antibody (A) or 1702.1 antibody [to
When A3(1—42) was incubated with apoE3, both apoE residue 40 of £&(1—40)] (B). Panel C is a longer exposure of the
antiserum and antibody 4G8 detected an SDS-stable immu-~45-kDa region of the gel shown in panel B. Molecular masses

noreactive complex that migrated a5 kDa or slighty € 9iven in kilodaltons.

above~35 kDa apoE3 monomers (Figure 1, panels A and
B, lane 3). This is the pattern previously observed for SDS-
stable complex formation between apoE3 ang(1A-40)
under comparable conditiong5, 20, 28). Similarly sized

of these two histidines with glutamines results in the loss of
two positive charges. It remains to be determined whether
the difference in charge affects binding directly or indirectly

apoE3/A8 complexes were detected for 1,7-isoAsp and via a change_m dor_nam mt_eractlpns that affect the conforma-
3pE, though at levels reduced t820% of unmodified tion of Ag prior to incubation W',th apoEs.
AB(1—42), as determined by calibrated densitometry of data _ SDS-Stable Complex Formation between ApoE3 ghd A
such as those presented in Figure 1, panel B. As a controlP€Ptide FragmentsTo further identify the regions of A
for the amount of /& in the modified peptides that was pre- that are involved in SDS-stgbIe complex formation with
sent as aggregates and thus possibly unavailable for binding?P0E3, we measured the relative amounts of complex formed
to apoE, the fraction of A bound to apoE was calculated P€tween apoE3 and peptide fragments that contained a
as a ratio to & monomer. Thus, apoE can form an SDS- dom_am recognized by eltherﬁﬁmonoclqnal antibody 4G8
stable complex with A(1—42) but has less avidity for the ~ (résidues 1#24) or monoclonal antibody 1702.1 that
modified forms of the peptide most abundant in amyloid 'dentifies A3 ending at residue 40.
plaque cores. In addition, the ability of 3pE and 1,7-isoAsp ApOE3 was incubated with Apeptide fragments-128,
to form SDS-stable complexes with apoE3 suggests that12—28, 13-40, 17-40, and 40, and the relative amount
residues 3 and residues 1 and 7 may not be absolutely of SDS-stable complex that formed was compared.
critical for complex formation between/and apoE3. AB(1-40) is primarily a 4 kDa monomer with~20% as a
AB(1—42) with the histidines at positions 13 and 14 ~8 kDa dimer under the conditions of these experiments.
changed to glutamine (13,14-GIn) was used to further dissectAs expected on the basis of peptide lengtifi(¥2—28),
the regions of /& important to complex formation with ~ (13—40), and (1740) monomers and dimers migrated more
apoE3. This modified peptide was originally created after rapidly than A3(1—40) monomer and dimer and appear at
an earlier study found that positively charged histidines at ~2—3 and~4—6 kDa, respectively (Figure 2, panels A and
residues 13 and 14 were within the putative heparan sulfateB, lanes 5-7). However, A3(1—28) monomer appears a#
proteoglycans (HSPG) binding domain and important in kDa, with no clear dimer band but rather a diffuse 4G8-
microglia activation 87). For the gel shown in Figure 1, immunoreactive region above the monomer (Figure 2, panel
13,14-GIn was loaded at 4-fold the concentration of the wild- A, 1ane 4).
type peptide. We observed &a99% decline in complex Incubation of apoE3 with these peptide fragments led to
formation between control /1—42) and 13,14-GlIn (Figure  the formation of SDS-stable immunoreactive complexes at
1, panel B, lane 4; longer exposures not shown were used~45 kDa. As detected by both apoE antisera (data not shown)
for detection of the apoE/13,14-GIn complex). These results and 4G8, the £(1—40) control formed more apoE3A
suggest that the HSPG binding domain g & critical to complex than any of the fragments. Complex formation with
complex formation with apoE. The interaction between apoE Ap peptides (3+28), (12-28), and (13-40) was reduced to
and A3 may be charge-dependent, given that the replacement~30% of A3(1—40) levels, as determined by calibrated



16122 Biochemistry, Vol. 39, No. 51, 2000 Munson et al.

densitometry of data such as those presented in Figure 2, A D K
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Figure 2, panel A, was not used to measure the relative A 1, PR
complex formation of £(17—40). Instead, antibody 1702.1,

specific for residue 40 of A(1—40), was used to measure e - | ApoE3AB
the amount of 8(17—40) and apoE3/A(17—40) complex. complex
Western blot analysis with this antibody revealed monomers
for AB(1-40), (17-40), and (13-40) (Figure 2, panel B). 21

£ 2%¢8

g

With a longer exposure, complexes for apoE3(A-40) and 14

apoE3/A3(13—40) were readily visible, while apoE3/ 6 e AB 140
ApB(17—40) showed only a faint amount of complex (Figure s » <—AB17-40
2, panel C), consistent with minimal detection of apoE3/ 1234567895101

AB(17—40) complex using apoE antisera (data not shown). FIGURE 3: Inhibition of SDS-stable apoE3/#1—-40) complex
Figure 2, panel C, shows more apoEB(A3—40) than formation by A8 peptide fragments. ApoE was pre-incubated with

N h Ap competitor peptides fo2 h atroom temperature, followed by
apoE3/AS(1—40) complex, whereas Figure 2, panel A, shows the standard protocol described for Figure 1 and probed with

the reverse. This apparent discrepancy is likely the result antibody 1702.1 (A) or 4G8 (B and C). Molecular masses are given
of a generally higher affinity of 1702.1 (versus 4G8) for in kilodaltons. (A) Western blot of 2&xg/mL apoE (700 nM,
A[(13—40) in both monomeric and apoE-complexed forms :(ane 1);t 2%#9/“1'-2 SPOEA%T(el-infg)b%ted V;i)th 2%5ﬂ;\/| LOf AﬁE
H ragments (lanes or — ane , ug/mL apo
giss fuqsusael dni]r?lt?}re %ne?ﬁgéss Z];::rt]iinp?ﬁgdaefzn\i,\tlsroel‘ I:{)?a(()j; (i fg“rsincubateq with 25«M A 5(1—40) for 2 h without preincubation
- 4 . (lane 10); and 25tM AB(1—40) alone (lane 11). (B) Western
peptide monomer was used as a correction factor for thepiot of 25 ug/mL apoE 700 nM, lane 1); 25ug/mL apoE
amount of complex formed. pre-incubated with 25&M ApJ fragments (lane 25), 250 uM
AB(1—28), (12-28), and (13-40) all form an SDS-stable ~ AA(1-40); and 25QuM A(1-40) alone (lane 7).
complex with apoE3, though not in as great an abundance ) )
as full-length A3(1—40), suggesting that residues 12 are competitor even though it prodL_lces on_Iy a small amount of
not critical for complex formation with apoE. As com- detectable complex with apoE3 itself (Figure 3, panel A, lane
pared to peptide fragments containing residues-2% 8). The small amount of apoE3#£17—40) complex as
AB(17—40) formed much less complex. Thus, from these dgtecteq b_y 1702.1 is consistent with the results from the
direct binding experiments, residues-1B6 appear to be  direct binding reactions (Figure 2, panel C, lane 6). Thus,
important for complex formation with apoE. the results for £(17—40) appear paradoxical. This fragment
Inhibition of SDS-Stable ApoE384L—40) Complex For- forms_ little deteqtgblg cqmplex with apoE3, though it is an
mation by 48 Peptide Fragmentg=or peptide fragments that eﬁecuye competitive inhibitor of apoE3/A1—40) complex
are not recognized by either of thepAantibodies, we ~ formation. _ _
determined the relative capacity of these peptide fragments We were able to confirm and extend these results using
to inhibit complex formation between1—40) and apoE3 competition assays with pe_p_t|de fragments that do not contain
as a means of further exploring thgAomains involved in _resu_zlues 1724, the recognition sequence for 4G8. As shown
SDS-stable complex formation with apoE. ApoE3 was N Figure 3., panel B, peptide fragment 16 does not affect
pre-incubated fo2 h with A3 peptide fragments prior to an  the formation of apoE3/A(1—40) complex (lane 2 versus
additiond 2 h incubation with A8(1—40). This protocol ~ 6) but fragments 1320, 13-16, and 25-35 exhibit com-
allowed peptide fragments the opportunity to bind to apoE3 parable, modest inhibition, reducing complex formation to
and prevent subsequeni3fl—40) binding. As shown in ~ ~60% of control levels (lanes-3 versus lane 6). The
Figure 3, panel A, the degree of inhibition was determined [nhibition with 13-16 appears inconsistent with the lack of
using antibody 1702.1 to detect thed5 kDa apoE3/A- |nh|b|t|on _thh 1-16 and may be the_ result of a conforma—
(1—40) complex but not complexes between apoE3 and thetional folding in the N-terminus that hinders the reactive area
various peptides fragments, with the exception of apoE3/ of 13-16.

AB(17—40) complex. In summary, the results presented in Figure 3 confirm the
Only pre-incubation with 8(12—42) peptide (lane 7) observations illustrated in Figure 2 that fragments containing
completely prevented formation of apoE&AL—40) com- residues 1316 are effective competitors forA1—40). The

plex. Of the remaining peptides 461—28) and A3(13—20) peptide fragment A(12—42) was a better competitor than
reduced complex formation to 10 and 20%, respectively, of 1—28 and was the only peptide fragment able to completely
control levels, while 48(1—5), (1-12), and (+16) had little !nhlblt formatlo_n of apoE/§(1—4_0) complexes_. Therefore,
or no effect. it seems plausible that residues in the C-terminus®hiay

The effectiveness of A(17—40) as a competitive inhibitor ~ further facilitate complex formation with apoEs.
is unclear. The results in Figure 3, panel A, utilize antibody
1702.1, an antibody that can detect botfi(A-40) and DISCUSSION
AB(17—40). In the presence of (17—40), there appears The in vitro gel shift assay used to generate the data
to be no complex with A(1—40) at~45 kDa, suggesting  presented here has previously revealed an isoform difference
that 1740 completely inhibits £40 complex formation, in the formation of an SDS-stable complex between
and a small amount of complex with 40 at~42 kDa, AS(1—-40) and native apoE2 and E3 versus apoEs} 18,
further suggesting that the +40 peptide is an effective  27). In the current results, we present evidence for the first
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Aming Acide Binding Peptides extending through residue 28 are the most

Peptide ! 19 2 3 9042 | Result efficient competitors and also exhibit moderate direct binding
modified to apoE3. These results appear to support previous reports
142 control - that AG(1—28) is sufficient for complex formation with apoE
3pE Q ++ using either an SDSPAGE gel shift assay comparable to
17-is0Asp v * that used herel(l) or an APP affinity column competed with
1314-Gln ¥ no binding Ap peptide fragments3d). Although 1-28 is an effective
fragment competitive inhibitor, our observations also indicate that the
140 control —— hydrophobic region in the C-terminus offAurther facilitates
128 ++ complex formation with apoE. As peptide fragments contain-
1228 _— ++ ing residues 2939 are highly insoluble in aqueous solutions,
13-40 ++ we have used several peptide fragments that include this
17-40 + domain, as well as fragment 285 that has additional
competitor N-terminal hydrophilic residues to facilitate solubility.
15 — no effect Ap(12—42) and A3(17—40) were among the best competi-
112 * tive inhibitors, and fragment 2535 was a moderately
116 no effect effective competitive inhibitor. This finding is consistent with
13-16 — o+ previous lipid-fusion experiments that suggested the partici-
128 i pation of the C-terminal region ofAin the binding to apoE
13-20 — -+ (35). While our hypothesis is that residues in the N- and
12-42 T C-terminus of A8 influence complex formation by modifying
17-40 e the conformation of the peptide, thus affecting the exposure
2535 aad of the apoE binding site located in residues-2B of AS, it

FIGURE4: Summary figure. This figure schematically presents the is also possible that there is not simply a single binding site.
results from each of the binding reactions with the various peptides. The peptide may have multiple domains that interact with
For the modified and fragment peptide reaction resutts;++ apoE. For example, residues in the C-terminus Gfmay

indicates maximal andt indicates minimal binding. For the - S . . .
competition reaction resultst++++ indicates greatest and- contain an apoE binding site with a lower affinity than the

indicates least inhibition of apoE3#X(1—40) complex formation. ~ binding site located in residues +28.

Several domains of Ahave been reported to be involved
time that native apoE3 readily forms an SDS-stable complex in particular neurobiological activities, including residues
with AB(1—42). In addition, apoE3 forms a complex with 13—16 and the C-terminal domain as represented by
3pE and 1,7-isoAsp, two modified species of(A—42) AB(25—35). In the data presented here, both of thege A
found in senile plaques, albeit at lower levels. These modified regions appear to be involved in SDS-stable complex
peptides constitute a large proportion of the total extracellular formation with apoE3. Previous observations suggest that
AB(1—42) in amyloid plague cores. The amount of resident residues 1316 of A5 are necessary for the binding of the
Ap in these locations is the result of their rate of production Peptide to microglia heparan sulfate proteoglycans (HSPG),
from APP and their rate of removal by cellular uptake or resulting in activation of these cell87). Because the apoE-
proteolysis. We have previously postulated that apoE plays Pinding domain of /& also appears to involve residues13
a role in the cellular clearance offvia cell surface apoE 16, @poE may function as a competitive inhibitor of-A
receptors 14, 15). The fact that apoE forms complexes less HSPG_blndlng, thereby attenuatmg Fhe actmty of the peptu;ie.
efficiently with the modified peptides than with wild-type APOE itself has two heparan binding domains, suggesting

AB(1—42) might account for their lower rate of clearance 2n additional mechanism by which apoE may compete with
afé henc)e agcumulation in plaques Ap for HSPG binding. In addition, HSPG binding facilitates

. i oo uptake of apoE by its receptors and may directly mediate
In addition, we have used both direct binding and com- he yptake of apoE3@), further evidence for an interaction
petition assays to begin to address which linear domains of yayyeen apoE, A and HSPG at the surface of cells that
AB(1—40) are involved in complex formation with apoE3  coy|d influence the activity of the peptide, apoE and/or an

(summarized in Figure 4). There appears to be no specific apoE/A3 complex.

requﬁrement for the first. seven residues cﬁ As modified Both full-length A3 and A3(25—35) induce neurotoxicity,
peptides 3pE and 1,7-isoAsp have a significant although ang we have shown that this toxicity is prevented by apoE3
limited capacity to form SDS-stable complexes anrtblhas  (25). Our hypothesis is that apoE may form a complex with
no effect in competition binding reactions with-30. The  Ag in the interstitial space that can then be cleared by apoE
N-terminal edge of the active (Apeptide appears to lie  receptors14, 15), reducing the amount of biologically active
between residues 33.6. The 13,14-GIn mutation completely  peptide available to interact with neural cells. As native
inhibits complex formation, and Apeptides 1316 and  apoE2 and E3, but not E4, form an SDS-stable complex with
13—-20 are moderately good competitive inhibitors, but Ag (15, 18, 27), this theory provides a cellular explanation
AB(1-16) does not appear to compete. Although we did not for the observed genetic correlation betwedrand AD. The
determine the secondary structure of the peptides used inresults presented here that the C-terminus @istinvolved

the present study, this ambiguity could be due to conforma- in complex formation with apoE3 are consistent with this
tional differences among these peptides. For example, hypothesis. Thus, preferential formation of an SDS-stable
Golabek and co-workers have shown that apoE preferentially complex between apoE3 angbAnay provide a mechanism
binds to A3 peptides with g-sheet conformation3g). for attenuating the biological activity of A including
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neurotoxicity and the glial-mediated immunopathology
associated with AD.

In summary, our results suggest that residues 13 through
28 of Ap interact with the C-terminus of the peptide to
facilitate the formation of an SDS-stable complex with apoE.
It is intriguing to speculate that this interaction may further
affect the interaction of & and apoE with HSPGs and the
cell surface, potentially modifying the activity of bothsA
and apoE. However, the interaction between the various
functional domains of apoE andfAs undoubtedly complex,
dependent upon a number of conditions that affect the
conformation of the two proteins. The precise role of the
specific A3 domains in both the functional activity of the
peptide, as well as its interactions with apoE, must be
confirmed by further in vitro and in vivo studies.
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