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Abstract: Alzheimer’s disease (AD) is a neurodegenerative disorder pathologically characterized by
extensive extracellular deposition of amyloid-� (A�) peptides as senile plaques, and inhibition of
“amyloidogenic” amyloid precursor protein (APP) processing by γ-secretase is an important strategy for
prevention and treatment of AD. Here we show that �-peptide foldamers designed to adopt a 12-helical
conformation in solution are potent and specific inhibitors of γ-secretase. Subtle modifications that disrupt
helicity substantially reduce inhibitory potency, suggesting that helical conformation is critical for effective
inhibition. These �-peptides competed with helical peptide-type inhibitor, suggesting that they interact with
the substrate binding site of γ-secretase. The �-peptide with inhibitory activity at nanomolar concentration
should be a useful lead compound for development of γ-secretase-specific inhibitors and molecular tools
to explore substrate recognition by intramembrane proteases.

Introduction

Alzheimer’s disease (AD) is a neurodegenerative disorder that
is characterized by extracellular deposition of amyloid-� (A�)
peptides as senile plaques.1,2 γ-Secretase, a membrane-embed-
ded aspartic protease comprising presenilin (PS), nicastrin,
Aph-1 and Pen-2, is responsible for the proteolytic processing
of amyloid precursor protein (APP) within the transmembrane
domain to generate A� peptides. Thus, inhibition or modulation
of γ-secretase activity is a potentially effective strategy for the
treatment of AD.3,4 A number of γ-secretase inhibitors (GSIs)
have been identified, including peptidic transition-state analogues
(TSAs) that directly block the active site.3,4 R-Aminoisobutyric
acid (Aib)-based helical peptides designed to mimic the APP
transmembrane domain also inhibit γ-secretase activity by
targeting the initial substrate docking site.5,6 We hypothesized
that unnatural oligomers with well-defined conformations
(“foldamers”)7-9 can mimic the helical APP transmembrane
domain and thereby inhibit γ-secretase activity. Here, we

describe the development of oligomers of �-amino acids (“�-
peptides”) that interact with the substrate docking site of
γ-secretase. �-Peptides are attractive unnatural scaffolds, because
they adopt predictable helical conformations8,10 and resist
proteolysis.11,12 Also, their oligomeric nature makes combina-
torial design straightforward.

Results and Discussion

Foldamer Design and Secondary Structure Analysis. We
designed simple oligomers of conformationally restricted �-ami-
no acids, �-peptides 1-6 (Figure 1). Enantiomers of trans-2-
aminocyclopentanecarboxylic acid (ACPC) were chosen as the
building blocks since their oligomers are fairly hydrophobic;
γ-secretase cleaves hydrophobic membrane protein. Also, the
oligomers of enantiomerically pure ACPC form stable 12-helix
structure (defined by 12-membered ring CdO(i)f H-N(i+3)
hydrogen bonds), which could be a good mimic of the R-helix
in terms of overall shape.8,10,13 CD spectra of 1-6 in methanol
are presented in Figure 2. �-Peptides 1-3 display a shallow
minimum at ∼222 nm and a maximum at 204-205 nm, which† Nagoya City University.
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are characteristic of left-handed 12-helical �-peptides.13-15 The
increase in intensity at 222 nm with additional ACPC residues
indicates that the population of the 12-helical state increases as
the �-peptide length increases. �-Peptides 4-6 had mirror-image
CD spectra compared with their enantiomers 1-3, within
experimental error.

γ-Secretase Inhibitory Potency in Vitro. The inhibitory
potency of �-peptides was measured using an in Vitro assay
(Table 1).16 ELISA quantification of de noVo generated A�40
and A�42 from recombinant substrates was performed in the
presence of �-peptides. For comparison, the inhibitory activity
of benchmark GSIs and their photoactivatable derivatives,5,6,17-22

which are discussed in the Mode of Action section, was also
examined (Table 2; see Supporting Information for chemical
structures). The inhibitory activity became stronger with in-
creasing �-peptide length; hexamers (1 and 4) showed no
activity, whereas dodecamers (3 and 6) showed the strongest
activity in this series of enantiomers. Interestingly, the �-peptides
composed of (S,S)-ACPC were much more potent inhibitors than
those composed of (R,R)-ACPC. A similar tendency was
observed in the case of helical peptide inhibitors: D-peptides
were more potent than their L-peptide counterparts.5,23 In the
case of �-peptides, the right-handed helices 4-6 were more
effective than the left-handed helices 1-3 (�-peptides composed
of (R,R)-ACPC were reported to form left-handed 12-helix14).
This is the opposite tendency to what was seen with helical
R-peptides: left-handed helical D-peptides were more potent than
the right-handed L-peptides.5,23 In the case of R-peptides, the
advantage of D-peptides may arise from their resistance to
proteolytic degradation. For the �-peptides, there is not an issue
of proteolysis, so the observed preference might reflect the
intrinsic substrate preference of the γ-secretase. Among the
compounds tested, 6 showed the strongest inhibitory activity,
being comparable to the benchmark GSIs.

Helicity-Disrupted �-Peptides. To test whether these peptides
inhibit γ-secretase simply owing to their hydrophobicity or
whether conformation is critical, we designed and synthesized
helicity-disrupted �-peptides 7 and 8 by swapping one or two
(S,S)-ACPC residue(s) for (R,R)-ACPC residue(s) (Figure 3).
CD spectra of �-peptides 6-8 in methanol are presented in
Figure 4. The decrease in intensity at 222 nm with additional
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Figure 1. Synthesized helical �-peptide foldamers.

Figure 2. CD spectra of �-peptides 1-6 in methanol. The molar ellipticity
[θ] values have been normalized for oligomer concentration and the number
of backbone amide groups.

Table 1. Inhibitory Potency of �-Peptides 1-6 toward γ-Secretase

compound IC50 (A�40, nM) IC50 (A�42, nM)

1 >3.00 × 104 >3.00 × 104

2 2.87× 103 >3.00 × 104

3 9.78 × 102 1.23 × 104

4 >3.00 × 104 >3.00 × 104

5 19.8 3.77 × 103

6 5.24 6.93

Table 2. Inhibitory Activity of Benchmark GSIs and Their
Photoactivatable Derivatives Used in This Study in in Vitro Assay
(n ) 3)

class compounds
IC50 for

A�40 (nM)
IC50 for

A�42 (nM)

helical peptide pep.11a 6.67 × 103 6.83 × 103

pep.11-Bt 37.9 12.8
transition state
analogue (TSA)

L-685,458 4.68 × 10-1 5.48 × 10-1

31C 40.2 32.1
31C-Bpa 44.6 37.5

dipeptidic inhibitor DAPT 1.73 × 102 2.56 × 102

compound E (CE) 7.54 × 10-1 5.28 × 10-1

DBZ (YO01027) 5.82 × 10-1 4.71 × 10-1

a The difference in the potency of pep.11 compared with the previous
report5 may be due to the difference in the protocol of the in Vitro assay
system.

Figure 3. Synthesized helicity-disrupted �-peptides.
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(R,R)-ACPC replacements indicates that the population of the
12-helical state decreases as the number of (R,R)-ACPC residues
increases. Replacement of a single monomer unit led to
significant loss of inhibitory potency compared with the
corresponding enantiomer (Table 3), suggesting that helical
character is critical for the inhibitory potency of 12-helical
�-peptides.

Cell-Based Assay. Next the inhibitory potency of �-peptides
was measured using cell-based assay. ELISA quantifications of
secreted A�40 and A�42 from HEK293/SC100gal424 (Table
4) or Neuro2a25 cells (Table 5) in the presence of �-peptides
were performed. The release of APP intracellular domain
(AICD), a counterpart of A�, was also analyzed by Gal4-fused
AICD-driven UAS-firefly luciferase activity in HEK293/
SC100gal4 cells.24 We found that 6 showed most potent
inhibitory activity both in A� and AICD generation. Increase
in the A� secretion (“A� rise”) at low concentration of 6 was
observed in a similar manner to that by benchmark GSIs,26

presumably due to the aberrant trafficking and processing of
the accumulated γ-secretase substrates (Figure 5). Finally, we
confirmed that 6 inhibited the A� secretion accompanied with
the accumulation of C-terminal stubs of endogenous APP in
primary neuronal culture (Figure 6). These results suggest that
the �-peptide directly targets the γ-secretase in ViVo.

Specificity of �-Peptide. There is serious concern about
adverse effects caused by GSIs that inhibit the release of Notch
intracellular domain (NICD), a direct signaling molecule in the
Notch pathway.1-4 Thus, identification of a way to spare Notch-
cleaving γ-secretase activity is considered mandatory for
development of AD therapeutics. We examined the effect of
�-peptides 5 and 6 on Notch cleavage in PS1-expressing #5/
DKO cells (Table 6), which coexpress truncated APP and Notch
with the corresponding luciferase reporter system (i.e., Gal4/
VP16-fused AICD-driven UAS-firefly luciferase and NICD-
driven TP1-Renilla luciferase, respectively). Intriguingly, both
5 and 6, but not benchmark GSI DBZ, preferentially inhibited
AICD over NICD generation, suggesting that the �-peptides
show substrate specificity in a fashion similar to that of Notch-
sparing GSI.27 Then, we examined whether the �-peptides affect
other proteases which target hydrophobic substrates, since the
�-peptides are relatively hydrophobic. Treatment with 6 caused
no significant change in the levels of sAPPR generated by
R-secretase activity, suggesting that the �-peptide 6 had no effect
on the membrane-bound metalloproteases ADAM9, -10, and
-17 (Figure. 7).28 Next, we tested the effect of �-peptide on the
intramembrane cleaving protease, signal peptide peptidase (SPP).
TSA-based GSI cross-inhibited the SPP activity, because PS
and SPP share catalytic YD/GxGD motifs.29 Moreover, we and
others have reported that potent dipeptidic GSIs such as DBZ,
but not DAPT, cross-inhibit SPP.17,30,31 It is noteworthy that
leucine-rich Aib containing helical peptides cross-inhibited the
γ-secretase and SPP activities, but these compounds showed
some preference for SPP activity.32,33 These data suggest that
the γ-secretase and SPP execute intramembrane cleavage with
similar, but not identical, mechanisms. Unexpectedly, 6 had no
effect on the SPP activity in cell-based assay, while 6 exhibited
inhibitory activity against AICD generation comparable to that
of DBZ (Table 6, Figure 8). Taken together, these data suggest
that �-peptide 6 is one of the most potent peptide-based GSIs
found thus far and represents a potential lead compound for
the development of APP-cleaving γ-secretase activity-specific
inhibitors.

Mode of Action. PS undergoes endoproteolysis to generate
N-terminal and C-terminal fragments (NTF and CTF, respec-
tively) in active γ-secretase complex.1-4,34 Using pharmacologi-
cally distinct photoactivatable GSI derivatives, it is now widely
accepted that (1) PS fragments represent the proteolytically
active molecule, (2) PS fragments form an initial substrate
docking site distinct from the catalytic site of the γ-secretase,
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Figure 4. CD spectra of �-peptides 6-8 in methanol. The molar ellipticity
[θ] values have been normalized for oligomer concentration and the number
of backbone amide groups.

Table 3. Inhibitory Potency of �-Peptides 7-8 toward γ-Secretase

compound IC50 (A�40, nM) IC50 (A�42, nM)

7 6.89 × 103 >3.00 × 104

8 >3.00 × 104 >3.00 × 104

Table 4. Inhibitory Potency of GSIs on HEK293/SC100gal4 Cells
(n ) 3)

class compounds
IC50 for

A�40 (nM)
IC50 for

A�42 (nM)
IC50 for

AICD (nM)

helical peptide pep.11 >1.00 × 104 >1.00 × 104 7.84 × 103

TSA L-685,458 5.48 × 103 1.51 × 104 1.61 × 103

dipeptidic inhibitor DAPT 2.45 × 103 57.4%a 4.70 × 102

�-peptide 6 70.6 82.0 4.88

a Inhibition of 57.4% was observed at 30000 nM.

Table 5. Inhibitory Potency of GSIs on N2a cells (n ) 3)

class compounds IC50 for
A�40 (nM)

IC50 for
A�42 (nM)

helical peptide pep.11 >1.00 × 104 >1.00 × 104

TSA L-685,458 7.57 × 102 4.10 × 103

dipeptidic inhibitor DAPT 8.63 × 102 1.93 × 103

�-peptide 6 95.6 2.21 × 102
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(3) Substrates are transferred from the docking to the catalytic
site through a transition path (see Figure 10A).18 To elucidate
the mode of action of the �-peptides, we examined the ability
of these peptides to displace photoactivatable GSIs in a
photoaffinity experiment. The labeling of PS1 NTF by Aib-
containing helical pep.11-Bt, which directly targets the initial
substrate docking site,6 was completely abolished by preincu-
bation with 5 or 6 (Figure 9A), suggesting that these �-peptides
share the same binding site with pep.11. Unexpectedly, the
biotinylation of PS1 by TSA-based photoprobe 31C-Bpa, that
directly bound to the catalytic site,35 was somewhat decreased
by the �-peptides, while pep.11 increased the labeling of PS1

(Figure 9B).6 Next the effects of the �-peptides on the
biotinylation by dipeptidic photoprobes (i.e., DAP-BpB and CE-
BpB3) were examined.17,18 Pep.11 decreased the biotinylation
of PS1 by DAP-BpB, while the labeling by CE-BpB3 was
increased as previously described.17,36 In contrast, the �-peptides
increased the labeling of PS1 by both DAP-BpB and CE-BpB3,
suggesting that the �-peptides conferred an open conformation
to the transit path. Taken together, these data support our notion
that the �-peptides target the initial substrate docking site of
the γ-secretase in a different fashion compared with pep.11.

A schematic depiction of γ-secretase cleavage is shown in
Figure 10A.17,18 Catalytic aspartates are shown as red circles

(35) Micchelli, C. A.; Esler, W. P.; Kimberly, W. T.; Jack, C.; Berezovska,
O.; Kornilova, A.; Hyman, B. T.; Perrimon, N.; Wolfe, M. S. FASEB
J. 2003, 17, 79–81.
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Y.; Kan, T.; Natsugari, H.; Fukuyama, T.; Tomita, T.; Iwatsubo, T.
J. Biol. Chem. 2003, 278, 18664–18670.

Figure 5. Inhibitory effect of 6 on cell-based γ-secretase activity.

Figure 6. Inhibitory effect of 6 on the γ-secretase activity in primary neuronal culture. (A) The levels of the secreted A� measured by ELISA. Concentration
of DAPT or �-peptide 6 was 10 µM (n ) 4, S.E.). (B) Detection of endogenous APP C-terminal stubs (white arrowhead) by immunoblotting with anti-APP
antibody AB5352.

Table 6. Inhibitory Potency of GSIs on PS1 Expressing #5/DKO
cells (n ) 3)

class compounds IC50 for
AICD (nM)

IC50 for
NICD (nM)

notch
selectivity

dipeptidic inhibitor DBZ 2.90 1.54 0.5
�-peptide 5 44.7 5.64 × 102 12.6

6 3.70 18.9 5.1

Figure 7. Effect of 6 on the levels of the sAPPR secreted from Neuro2a
cells. sAPPR (white arrowheads) was detected by immunoblotting using
anti-APP ectodomain APP597. Black triangles on the lanes schematically
represent concentrations of the inhibitors. TAPI-2 is a representative
metalloprotease inhibitor.

Figure 8. Inhibitory effect of 6 on the SPP activity in cell-based assay.
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at the catalytic site. Substrates enter the γ-secretase from the
initial substrate docking site to the catalytic site through the
transition path. In Figure 10B, putative inhibition modes of
the �-peptide and Aib-based GSI are proposed. Both helical
peptides target the initial substrate docking site. However, the
occupation of the substrate binding site by the �-peptides
allosterically narrows the catalytic site, while the binding of
Aib-based GSI enlarges the conformational space of the catalytic
site. These steric changes affected the labeling efficacy of PS1
by a photoprobe based on the transition-state analogue, 31C-
Bpa, which directly targets the catalytic site.

Conclusion

We have shown that a simple �-peptide foldamer acts as a
highly potent GSI and that helical conformation is critical for
this inhibition. �-Peptides composed of ACPC exhibit a strong
tendency to adopt a specific helical conformation, 12-helix, and
therefore may display side chains in predictable arrangements.

Intriguingly, �-peptide presented here specifically inhibited the
γ-secretase activity with substrate preference. Moreover, a
chemical biological approach revealed that �-peptides directly
target the initial substrate docking site of the γ-secretase. The
present helical �-peptide inhibitor with activity at nanomolar
concentration is expected to be a good lead compound for the
development of γ-secretase-specific inhibitors and molecular
tools to explore the substrate recognition of intramembrane
proteases.

Experimental Section

Synthesis of �-Peptides. Fmoc-trans-2-aminocyclopentanecar-
boxyic acid (Fmoc-ACPC-OH) was synthesized according to the
reported procedure.37 �-Peptides were synthesized with standard
Fmoc solid phase methods. Fmoc-NH-SAL-PEG resin (0.24 mmol/
g, 100-200 mesh, 1% DVB) was employed for all peptide
synthesis. For a typical 20 µmol-scale synthesis: 83 mg of Fmoc-
NH-SAL-PEG resin was swollen for 15 min in DMF. Coupling

Figure 9. Competition assay against photoaffinity labeling with pep.11-Bt (A), 31C-Bpa (B), DAP-BpB (C), and CE-BpB3 (D) in the presence of pep.11
or �-peptide 5 or 6. The biotinylated PS1 fragments (white arrowheads) were detected by immunoblotting using antibodies against PS1 N terminus and loop
region (PS1NT and G1L3, respectively). Black triangles on the lanes schematically represent concentrations of the competitors.

Figure 10. Proposed mechanism of the γ-secretase cleavage and the effects of helical peptides. (A) Schematic depiction of the γ-secretase cleavage. (B)
Putative inhibition modes of the �-peptide and Aib-based GSI.
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cycles. Three equivalents of Fmoc-ACPC-OH and 3 equiv of 2-(1H-
benzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate
(HBTU) and 3 equiv of 1-hydroxybenzotriazole monohydrate
(HOBt ·H2O) were dissolved in 300 µL of DMF, and 6 equiv of
N,N-diisopropylethylamine (DIEA) was added. The solution was
added to the resin bearing the N-deprotected �-peptide. The resin
was agitated for 1-3 h. Fmoc deprotection cycles. Fmoc depro-
tection was accomplished by adding to the resin 1.0 mL of 20%
(v/v) piperidine in DMF and rocking for 30 min. Acetylation.
Acetylation of peptides was conducted for 2 h, by addition of 0.5
mL of 2:2:1 (v/v/v) Ac2O/DMF/Et3N to the resin bearing the final
desired N-deprotected �-peptide sequence. CleaWage. Cleavage of
all �-peptides from resin was accomplished by shaking the resin
in a solution of trifluoroacetic acid (TFA)/triisopropylsilane (TIPS)/
H2O 95:2.5:2.5 (0.5 mL) for 2 h. The resin was removed Via
filtration and rinsed with additional TFA. The combined filtrate
was concentrated under a stream of Ar. �-Peptides were precipitated
from excess cold Et2O, and isolated by centrifugation. The crude
�-peptides thus obtained were purified by RP-HPLC using a linear
gradient system from 30:70 to 70:30 isopropanol/H2O (0.1% TFA)
over 40 min (�-peptides 1 and 4), from 45:55 to 65:35 isopropanol/
H2O (0.1% TFA) over 45 min (�-peptides 2 and 5), from 50:50 to
65:35 isopropanol/H2O (0.1% TFA) over 45 min (�-peptides 3 and
6), from 40:60 to 55:45 isopropanol/H2O (0.1% TFA) over 45 min
(�-peptide 7) at the flow rate of 2.1 mL/min. In the case of �-peptide
8, the crude �-peptide was dissolved in formic acid and purified
by RP-HPLC using a linear gradient of 70:30 to 95:5 methanol/
H2O (0.1% TFA) over 45 min at the flow rate of 3.0 mL/min. The
purities of �-peptides were ∼95%, as measured by comparing peak
areas in analytical HPLC traces at 220 nm (see Supporting
Information).

CD Spectra. Dry peptide samples were weighed on a microana-
lytical balance and dissolved in an appropriate amount of HPLC-
grade methanol. Sample cells of 10-mm path length were used.
Data were collected on a Jasco J-725 spectropolarimeter at room
temperature. Data were converted to mean residue ellipticity (deg
cm2 dmol-1) according to the following equation:

where ψ is the CD signal in degrees, Mr is the molecular weight
divided by the number of chromophores, l is the path length in
decimeters, and c is the concentration in g/mL.

Protocol of in Vitro and in Vivo Assay for Inhibitory
Activity. Inhibitory potencies of the �-peptides on the γ-secretase
activity were analyzed by in Vitro or cell-based assays. In Vitro
γ-secretase assay was performed as described previously with some
modifications.36 N-[N-(3,5-Difluorophenacetyl)-L-alanyl]-(S)-phe-
nylglycine tert-butyl ester (DAPT) was a gift from Dr. Fukuyama
(The University of Tokyo).19 L-685,458, pep.11, pep.11-Bt and
TAPI-2 were purchased from Bachem, Ito Lifescience, BEX and
BIOMOL, respectively. Purified recombinant substrate (C100-
FLAG-myc-6xHis) was incubated together with solubilized HeLa
cell membrane fraction (250 µg/mL) in γ buffer (HEPES buffer
containing 0.25% CHAPSO, 5 mM EDTA, 5 mM 1,10-phenan-
throline, 10 mg/mL phosphoramidon, 0.01% phosphatidylcholine
(Avanti) and Complete protease inhibitor mixture (Roche Applied
Science)) at 37 °C. The samples were centrifuged, and the
supernatants were analyzed by BNT77/BA27 or BNT77/BC05
ELISAs for de noVo generation of A�. For cell-based assays,
HEK293 cells stably overexpressing SC100gal4, EGFP and UAS-
firefly luciferase (HEK293/SC100gal4) or Neuro2a cells were
cultured in the presence of various concentrations of the compounds
for 24 h. Primary neuronal culture from mouse embryo was obtained
as previously described.38 Neurons were cultured with GSIs at DIV
6 and incubated for 24 h. Cultured media were collected and

subjected to BNT77/BA27 or BNT77/BC05 ELISAs to measure
the levels of secreted A�. The levels of APP C-terminal stubs were
analyzed by immunoblotting using anti-APP antibody AB5352
(Millipore). To analyze the effect on the sAPPR generation, Neuro2a
cells were treated with TAPI-2 (0.2, 2, 20 µM), DAPT (0.1, 1, 10
µM) or 6 (0.1, 1, 10 µM) for 24 h, and conditioned medium was
subjected to immunoblotting against sAPPR (APP597, IBL, Japan).
For generation of #5/DKO cells, retroviral expression vectors
containing SPC99gvp-6myc (modified SPA4CT39 fused with Gal4/
VP16 and hexa-myc epitope tag) in pMXs-puro,40,41 N∆E-6myc
(truncated mouse Notch42 fused with hexa-myc epitope tag) in
pLPCX (Clontech), UAS-firefly luciferase in pMXs-EGFPII and
TP1-Renilla luciferase in pMXs-II were constructed. pMXs-EGFPII
is a derivative encoding EGFP instead of puromycin resistance gene
in pMXs-puroII.43 pMXs-II was generated by an excision of
puromycin resistance gene in pMXs-puroII. All plasmids were
transfected into retrovirus packaging cell line, Plat-E.41 Recombi-
nant retroviruses were inoculated with immortalized fibroblasts
obtained from Psen1-/-; Psen2-/- knockout mouse (DKO cells).44

Infected DKO cells were further selected with puromycin to obtain
#5/DKO cells as previously described.40,41 Before GSI treatment,
recombinant retrovirus encoding PS1 was infected into #5/DKO
cells. The GSI-treated cell lysates were subjected to the luciferase
assay to measure the AICD- and NICD-generating activity.24

SPP Assay. SPP reporter assay was performed as previously
described.30 HEK293 cells were transiently transfected with expres-
sion plasmids encoding Renilla luciferase, human SPP45 and
recombinant SPP substrate fused with ATF630 together with ERSE-
firefly luciferase reporter vector.46 The cell lysate was harvested
after 24 h and subjected to the luciferase assay to measure SPP
activity. The firefly luciferase activity was normalized to the Renilla
luciferase activity control.

Photoaffinity Labeling Study. Photoaffinity labeling experi-
ments were performed as previously described.17,18 Compound E
(CE) was purchased from Calbiochem or kindly provided by Dr.
Haruhiko Fuwa (Tohoku University). 1% CHAPSO-solubilized
HeLa cell membrane fractions were diluted to 0.25% CHAPSO
and incubated with the photoaffinity probes (pep11-Bt; 100 nM,
31C-Bpa; 100 nM, DAP-BpB; 100 nM, CE-BpB3; 30 nM) at 4
°C. In the competition experiments, the solubilized membranes were
mixed with the parent compounds (pep.11; 2.5 and 25 µM, 31C;
10 µM, DAPT; 10 µM, Compound E; 3 µM) or the �-peptides (5;
300 and 3000 nM, 6; 30 and 300 nM), prior to the addition of the
photoaffinity probe. The samples were irradiated on ice using a
UV lamp. SDS was added to the labeled samples to give a final
concentration of 1% w/v, and the solution was incubated with
Dynabeads M-280 (Invitrogen). Biotinylated proteins were eluted
from the resin by boiling for 1 min in Laemmli sample buffer. The
labeled proteins were detected by immunoblotting using anti-
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PS1NT
47 (kindly provided by Dr. Gopal Thinakaran, The University

of Chicago) or anti-G1L3 antibody.48
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