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Interrelationship between Changes in the Amyloid 8 42/40
Ratio and Presenilin 1 Conformation
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The ratio of the longer (AB42/AB43) to shorter (AB40) species is a critical factor determining amyloid fibril formation, neurotox-
icity and proyression of the amyloid pathology in Alzheimer’s disease. The relative levels of the different AB species are affected
by activity and conformation of the y-secretase complex catalytic component presenilin 1 (PS1). The enzyme exists in a dynamic
equilibrium of the conformational states, with so-called “close” conformation associated with the shift of the y-secretase cleav-
aye toward the production of longer, neurotoxic Ap species. In the current study, fluorescence lifetime imaging microscopy,
spectral Forster resonance eneryy transfer, calcium imayging and cytotoxicity assays were utilized to explore a reciprocal link
between the AB42 and AB40 peptides present at various ratios and PST conformation in primary neurons. We report that exposure
to AB peptides at a relatively high ratio of AB42/40 causes conformational change within the PS1 subdomain architecture toward
the pathoygenic “closed” state. Mechanistically, the Ap42/40 peptides present at the relatively high ratio increase intracellular
calcium levels, which were shown to trigger pathoygenic PST conformation. This indicates that there is a reciprocal cross-talk
between the exiracellular Ap peptides and PS1 conformation within a neuron, with AB40 showing some protective effect. The
pathoygenic shift within the PS1 domain architecture may further shift the production of AB peptides toward the longer, neuro-
foxic AB species. These findinygs link elevated calcium, AB42 and PS1/y-secretase conformation, and offer possible mechanistic
explanation of the impending exacerbation of the amyloid patholoyy.
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INTRODUCTION

Alzheimer’s disease (AD) is a neuro-
degenerative disorder characterized by
accumulation of the extracellular amy-
loid B (AP) aggregates in the brain, as
one of the major pathological hallmarks
of the disease (1,2). The presenilin 1
(PS1)/y-secretase cleavage releasing AP
can occur at several positions within the
transmembrane region of APP, resulting
in production of a mixture of peptides
varying in their length and aggregation

properties (3-5). The majority of the
peptides produced constitute the AB40
species. However, greater emphasis has
been placed on the longer AB42/43 pep-
tides that are detected at approximately
10-fold lower levels than AB40. The lon-
ger A peptides have strong neurotoxic-
ity and intrinsic self-assembly properties,
promoting their accumulation in the
extracellular amyloid plaques (6,7).
Importantly, the vast majority of
mutations in APP and PS1 shift the
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spectrum of A peptides toward the
longer species (http://www.alzforum.
org/mutations) (8). A small elevation in
the AB42/40 ratio increases AP peptide’s
aggregation properties, induces neuro-
toxicity and alters synaptic activity in
primary neurons (9). On the other hand,
it was suggested that AB40 might serve
as a protective factor in AD progression,
mediating the inhibition of Ap42 fibril-
logenesis (10). Collectively, these data
suggest that elevated AB42/40 ratio is
linked to AD pathogenesis and could be
targeted therapeutically.

The elevation of the AB42/40 ratio
in the pathogenic condition might be
attributed to the conformational shift in
PS1, a catalytic subunit of the y-secre-
tase complex. The mature form of the
enzyme can adopt different confor-
mational states, as determined by the
single particle electron microscopy and
fluorescence lifetime imaging (FLIM)
(11,12). The close PS1 domain proxim-
ity, as it is observed in the familial AD
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mutant PS1, favors y-secretase cleavage
site(s) on APP, producing longer AP spe-
cies (13). Hence, we refer to this state as
“closed,” pathogenic PS1 conformation.
Importantly, pathogenic PS1 conforma-
tion, elevated production of the longer,
fibrillogenic A species and consequent
increase in the AB42/40 ratio, leading

to gradual amyloid deposition, occur
during aging, and in sporadic AD brains
(14-16). Of note, the occurence of PS1
conformational change correlates with
the proximity to Ap plaques (15). On the
other hand, compounds that allosteri-
cally modulate PS1 by shifting it toward
the “open” conformation consequently
shift the spectra of AP species toward
the shorter peptides (11,17,18). This sug-
gests that PS1 conformational change is
upstream of the various amyloid B specie
production. However, it remains unclear
whether there is a reciprocal cross-talk
between AP and PS1/y-secretase confor-
mational changes.

This study investigates a mechanistic
link between the high AB42/40 ratio
and PS1 conformation. We found that
a mixture of AB40 and AB42 peptides
at the relatively high AB42/40 ratio can
reciprocally modulate PS1 conformation
by shifting it toward the pathogenic
state. We propose that this is mediated
by increased intracellular calcium levels.
Such conformational shift, in turn, re-
sults in a greater production of the Ap42
relative to Ap40, and may promote fur-
ther rapid cell-autonomous and noncell-
autonomous spread of the amyloid
pathology within the brain.

MATERIALS AND METHODS

Plasmids

Adeno-associated viral (AAV) vector
plasmid encoding presenilin 1 (PS1)
with the green fluorescent protein (GFP)
fused to the N-terminus and the red
fluorescent protein (RFP) inserted in the
loop domain, under hSyn1 promoter,
was used as a reporter of the PS1 con-
formation. The plasmid was packaged in
AAYV serotype 8 capsid at University of
Pennsylvania Vector Core.

Primary Neuronal Cultures

Mixed cortical primary neuronal cul-
tures were obtained from cerebral cortex
of CD1 wild type mouse embryos at
gestation d 16-18. The dissected tissue
was dissociated using Papain Dissocia-
tion Kit (Worthington Biochemical Cor-
poration), the neurons were plated on
poly-D-lysine coated dishes and cultured
in Neurobasal Medium supplemented
with 10% fetal bovine serum, 2% B27, 1%
penicillin/streptomycin and 1% Gluta-
max (ThermoScientific) in 37°C, 5% CO,
incubator. When necessary, the neurons
were infected at 5 d in vitro (DIV) with
AAV viruses by addition of the respec-
tive AAV stocks into culture media, and
6 d incubation prior to the analysis.

All experiments involving animals
were performed under national (United
States National Institutes of Health) and
institutional (Massachusetts General
Hospital Subcommittee for Research An-
imal Care) approved guidelines.

Amyloid p Preparation and Treatment
The AP peptides were prepared as
described previously (9,19). Briefly, Ap42
and AB40 peptides (Peptide Institute)
dissolved at 1 mg/mL concentration
in hexafluoroisopropanol (HFIP), were
mixed in molar ratio of 1:9, 3:7, 4:6, 1:0,
4:0 and 10:0, respectively. HFIP was
evaporated and the peptides were re-
suspended in PBS/2% DMSO to the
final concentration of 22 umol/L. Then
the samples were filtered using 0.2 um
Whatman Polyethersulfone (PES) Filter
Puradiscs (GE Healthcare Bio-Sciences).
The samples were kept on ice with the
lag time maximum of 15 min. For the
treatment of primary neurons, the
peptides were diluted in Neurobasal
Medium to 1 pmol/L or 10 nmol/L final
concentration and the incubation was
continued for 2 h at 37°C.

Immunocytochemistry

Neurons were fixed with 4% para-
formaldehyde in phosphate-buffered
saline (PBS), permeabilized with 0.1%
Triton-X, and the nonspecific bind-
ing of antibodies was blocked by 1 h
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incubation with 1.5% normal donkey
serum (NDS) (Jackson ImmunoResearch
Labs). Anti-PS1 N-terminus (Abcam) and
anti-PS1 loop domain (Abcam) primary
antibodies were applied overnight at
4°C. Corresponding Alexa Fluor 488- and
Cy3-conjugated secondary antibodies
were used for detection. The slides were
mounted using Vectashield mounting
medium (Vector Laboratories Inc.).

Fluorescence Lifetime Imaging
Microscopy (FLIM)

The relative proximity between
fluorescently labeled N-terminus
and the cytoplasmic loop domain be-
tween the transmembrane helices 6 and
7 of the endogenous PS1 was determined
by previously validated FLIM assay for
PS1 conformation (11). Briefly, pulsing
Chameleon Ti:Sapphire laser (Coherent
Inc.) was used to excite Alexa Fluor 488
donor fluorophore (two-photon excitation
at 780-nm wavelength). The lifetimes of
the donor fluorophore were recorded
using a high-speed photomultiplier tube
(MCP R3809; Hamamatsu) and a fast
time-correlated single-photon counting
acquisition board (SPC-830; Becker &
Hickl). The baseline lifetime of the donor
fluorophore (Alexa Fluor 488) in the
absence of the acceptor (Cy3) was deter-
mined as the Forster resonance energy
transfer (FRET) negative control (t1). The
presence of acceptor fluorophore < 10 nm
from the donor results in FRET and a
characteristic shortening of the donor
fluorophore lifetime (12). The degree of
the donor lifetime shortening correlates
with the relative proximity between the
fluorophores. The percent FRET effi-
ciency (Epppr%) is calculated as follow:
Eprer7o = (11-12)/11*100%. The images
were acquired using Zeiss LSM510 con-
focal microscope with ZEN 2009 software
equipped with Zeiss 63x/1.4 Oil DIC
objective. The data were analyzed using
SPC Image software (Becker & Hickl).

Spectral FRET

Spectral FRET assay was performed
as described previously (20). Briefly, the
GFP was excited using the Argon laser



at 488 nm and emitted fluorescence was
detected at 513 + 10.57 nm (GFP) and
598 + 10.57 nm (RFP) spectral bandwidth
of the Metadector in the Zeiss LSM510
confocal microscope equipped with Zeiss
25x/0.8 Corr DIC objective, with ZEN
2009 software. Fluorescence intensity of
individual neurons was measured using
Image]J 1.46¢ software. The ratio of the
598 nm to 513 nm fluorescence intensity
was used as a readout of the FRET ef-
ficiency, that is, the relative proximity
between the GFP- and RFP-labeling
respective PS1 domains.

Calcium Imaging

Calcium influx was induced by the ap-
plication of 50 mmol/L KCl or 5 umol/L
calcium ionophore A2317 (Sigma Al-
drich). The intracellular calcium levels
were determined using ratiometric dye
Indo-1, as described previously (21).
Briefly, Indo-1/AM (ThermoScientific)
was dissolved with 20% pluronic F-127
(ThermoScientific) in DMSO and added
to the culture dishes at a final concentra-
tion of 1 umol/L Indo-1/AM and 0.02%
pluronic F-27 for 45 min. Cells were
imaged with ZEN 2009 software using
Zeiss LSM510 inverted confocal micro-
scope equipped with Zeiss 25x/0.8 Corr
DIC objective. The Chameleon Ti:Sap-
phire laser was used at 750-nm two-pho-
ton excitation, and the emitted light was
discriminated into two channels with
interference filters corresponding to 390
nm, 65-nm bandpass and 495 nm, 20-nm
bandpass (Chroma Technology). The
data was analyzed using Image] 1.46¢
software.

Alternatively, changes in the intra-
cellular calcium level were determined
using Oregon Green BAPTA-1/AM
(ThermoScientific). The neurons were
loaded with 5 umol/L Oregon Green
BAPTA-1/AM by 30-min incubation in
Ca**/Mg”" Hank’s Balanced Salt Solu-
tion (ThermoScientific). The dye was
washed off and the cells were imaged
with ZEN 2009 software using Zeiss
LSM510 inverted confocal microscope
equipped with Zeiss 25x/0.8 Corr DIC
objective.

Enzyme-Linked Immunosorbent Assay
(ELISA)

The abundance of the AP oligomers
that have at least two intact N-termini
in the AP preparations was determined
using amyloid-P oligomers 82E1-specific
ELISA (IBL America) according the man-
ufacturer’s protocol.

Dot Blot

AP oligomers were detected using the
dot blot method. Briefly, the Ap prepara-
tions were applied on the nitrocellulose
membrane (GE Healthcare Lifesciences).
The nonspecific binding was blocked
using Odyssey Blocking Buffer (LI-COR)
and the membranes were probed with
the anti-amyloid oligomers A1l antibody
(Abcam) and a corresponding secondary
antibody (LI-COR). The signal was de-
veloped using the digital imaging system
LI-COR Odyssey scanner.

Cytotoxicity Assay

The cytotoxicity was determined using a
cytotoxicity detection kit (Sigma-Aldrich)
according to the manufacturer’s recom-
mendation. Briefly, 50 pL of the condi-
tioned medium were mixed with 50 pL.
of the reaction mixture and incubated in
dark for 20 min at room temperature. The
absorbance at 490 nm was read using a
Wallac plate reader (PerkinElmer).

Statistical Analysis

Statistical significance was calculated
with GraphPad Prism 5 software using
a two-tailed unpaired Student ¢ test or
Pearson’s X-square test. p value of < 0.05
was a predetermined threshold for statis-
tical significance.

All supplementary materials are available
online at www.molmed.org.

RESULTS

AB42/40 Ratio Modulates PS1
Conformation

Fluorescence lifetime imaging mi-
croscopy (FLIM), combined with the
immunohistochemical analysis of human
sporadic AD (sAD) brains revealed that
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PS1 exists in the “closed” pathogenic
state in neurons proximal to the amyloid
deposits (15). To determine whether

an increase in the Ap42 and/or the
AB42/40 ratio can in turn modulate PS1
subdomain arrangement, we incubated
primary neurons with Ap mixtures con-
taining AB42 to AP40 in the following
ratios: 1:9; 3:7; 4:6; 10:0. The cells were
treated for 2 h with the total AP at 1
umol/L final concentration. The applied
AP peptide preparations were charac-
terized by oligomeric Ap enzyme-linked
immunosorbent assay (ELISA) and

dot blot with oligomeric AB specific
antibody (Figure 1). As expected, the
increase in the Ap42 amount relative to
AB40 resulted in the greater abundance
of the oligomeric AP species. Interest-
ingly, the relatively small change in the
AB42/40 ratio from 3:7 to 4:6 resulted in
a profound increase in the fibrillogenic
properties of the AB peptides.

Following the treatment, endogenous
PS1 conformation was analyzed by
measuring relative proximity between
the fluorophores labeling the PS1 N-
terminus and the PS1 loop domain using
antibody-based FLIM. There was no
significant difference in the PS1 confor-
mation between vehicle-treated neurons
and those treated with the Ap42/40 at
the 1:9 and 3:7 ratios. However, charac-
teristic shortening of the donor fluoro-
phore lifetime, indicative of the increased
FRET efficiency, was detected when the
cells were treated with the Ap42/40 at
4:6 and 10:0 ratios (121 + 4% and 132 +
4%, respectively, as compared with the
1:9 ratio) (Figure 2A). These data were
further confirmed using a complemen-
tary approach: adeno-associated viral
(AAV)-mediated overexpression of PS1
was tagged with green fluorescent pro-
tein (GFP) at the N-erminus and the red
fluorescent protein (RFP) was inserted
in the loop domain, and the determina-
tion of the proximity between the fluo-
rophores was made using spectral FRET
(Supplementary Figure S1). Similarly,
higher FRET efficiency was recorded in
the neurons pretreated with the Ap42/40
peptides at the 4:6 and 10:0 ratios.
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Figure 1. Characterization of Ap peptides. (A) ELISA analysis of the AB dimers/oligomers

in the mixtures of the Ap42 and Ap40 peptides mixed at the ratios of 1:9, 3:7, 4:6 and 10:0
at the total 1 umol/L AR concentration. n = 9, mean + SEM, two-tailed unpaired Student
ttest. (B) The representative dot blot presents the abundance of AB oligomers detected
by AB oligomer specific antibody in the mixtures of the AB42 and AB40 peptides mixed at
the ratios of 1:9, 3:7, 4:6 and 10:0 at the total 1 umol/L Ap concentration. Ap — amyloid B.

These data suggest at least two possi-
bilities: the conformational shift of PS1
toward the closed, pathogenic state may
be induced either by higher Ap42/40
ratio or by higher AB42 concentration.
To distinguish between these two
possibilities, the neurons were treated
with AB42 and APB40 peptides at the
following ratios and relative amounts,
respectively: 1:9 (0.1 umol/L Ap42:

0.9 umol/L Ap40), 4:6 (0.4 pumol/L Ap42:
0.6 pmol/L AB40), 1:0 (0.1 pmol/L Ap42
alone) and 4:0 (0.4 umol/L AP42 alone).
Consistent with the previous finding,
the increase in the AB42/40 ratio from
1:9 to 4:6 resulted in the conformational
change of PS1 toward the pathogenic
state. Although a trend toward more
severe change in PS1 conformation

was observed in the 4:0-treated cells
(AP42:AB40), compared with that with
the 4:6 treatment (AB42:Ap40), no sta-
tistically significant difference between

neurons treated with the AB42 to AB40
ratios at 4:6 versus 1:0 versus 4:0 was
observed (all had “closed” PS1 conforma-
tion). Intriguingly, even though the abso-
lute amount of AB42 was the same in the
APB42:AB40 at the 1:9 and 1:0 conditions
(0.1 umol/L), PS1 adapted closed, patho-
genic conformation only in the latter
(Figure 2B). These data would support
the hypothesis that the ratio of the
APB42/40 rather than the absolute Ap42
level is crucial for PS1 conformational
change and imply that presence of the AB40
might decrease the pathogenic effect of the
longer AP species on PS1 conformation.

Increased Intracellular Calcium Load
Due to High AB42/40 Ratio Leads to
Pathogenic Shift in PS1 Conformation
Next we investigated the potential
mechanisms by which AB42 and AB40
peptides at the high AB42/40 ratio might
cause the pathogenic change within the
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PS1 subdomain architecture. First, to
exclude the possibility that the observed
effect is due to neurotoxicity of the ap-
plied AP treatment, we monitored the
level of lactate dehydrogenase in con-
ditioned medium from the control and
ApB-treated neurons. We determined that
treatments with the given A concentra-
tions, irrespective of the AB42/40 ratio,
did not cause any significant cytotoxicity
(Figure 3).

As AP has been linked to impaired
Ca’" homeostasis, we assayed calcium
levels in neurons treated with the 1:9,
3:7, 4:6 or 10:0 ratios of AB42:Ap40 using
an Indo-1 reporter probe. Elevated in-
tracellular calcium levels were observed
only after the treatment with AP mix-
tures containing AP42 and Ap40 peptides
in the 4:6 and 10:0 ratios (Figure 4A). The
increase in the intracellular calcium load
correlated with the higher FRET effi-
ciency between fluorescently labeled PS1
domains (Figure 4B).

To confirm that the observed effects
are physiologically relevant, we con-
ducted additional experiments where
AP concentration was reduced to the
nanomolar range. For these we chose to
compare the effect of the mixtures con-
taining AB42 and AP40 at the 1:9 and 4:6
ratios, that showed distinct AB-mediated
effects on intracellular PS1 conforma-
tion (Figure 2) and intracellular Ca**
(Figure 4A). The neurons incubated
with the medium containing AB42 and
AP40 at the 4 nmol/L and 6 nmol/L
concentrations, respectively, (4:6 ratio)
presented higher intracellular calcium
levels and altered conformation of PS1
when compared with the neurons treated
with the mixture of 1 nmol/L AB42
and 9 nmol/L AP40 (1:9 ratio) (Supple-
mentary Figure S2). This supports the
physiological relevance of the observed
ApB-mediated effects.

To verify the effect of calcium influx
on the conformational shift of endoge-
nous PS1, we stimulated primary neu-
rons with 50 mmol/L KCl and assayed
the proximity between fluorophores
labeling the PS1 N-terminus and the
PS1 loop domain using antibody-based
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Figure 2. Effect of AB42/40 ratio on PS1 conformation. (A) FLIM analysis of the PS1 confor-
mation in primary neurons pretreated for 2 h with the mixtures of AB42 and Ap40 peptides
at (A) the varied ratios at the 1 umol/L total AR concentration or (B) the varied ratios

(1:9 or 4:6) at the 1 umol/L total AR concentration or different absolute amounts of Ap42
(0.1 umol/L or 0.4 umol/L). The yraphs present the increase in FRET efficiency, correspond-
ing to “closed” PS1 conformation, in neurons treated with AB42 to A40 at the relatively
high ratios. (A) n =73 (vehicle), n =77 (1:9), n =74 (3:7), n = 1567 (4:6), n = 152 (10:0),

(B) n =50 (vehicle), n =50 (1:9), n =49 (4:6), n =51 (1:0), n = 50 (4:0), n = total number

of neurons analyzed from three independent experiments, mean + SEM; two-tailed
unpaired Student f test. The data are normalized to the values recorded in neurons pre-
tfreated with Ap42 and AB40 peptides at the 1 to 9 ratio. The imayes present color-coded
lifetime of the donor fluorophore. The red pixels correspond to the shorter donor fluoro-
phore lifetimes, indicative of higher FRET efficiency (relative proximity) between the
fluorescently labeled PS1 domains. The scale bar corresponds to 10 um. AR — amyloid B;
PS1 — presenilin 1; FRET — Forster resonance eneryy transfer.
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FLIM. An increase in the intracellular
calcium levels and the shift of PS1 to-
ward the pathogenic state were recorded
in KCl-treated neurons (Figures 5A, B).
Importantly our previous data demon-
strating an increase in the AB42/40 ratio
upon the rise in intracellular calcium (20)
support the functional relevance of the
observed shift within the PS1 subdomain
organization.

To further determine if the increase
in the intracellular calcium load is in-
deed causative of the conformational
shift of PS1, we applied another calcium
elevating agent, A2317 calcium iono-
phore, to the primary neurons overex-
pressing G-PS1-R probe as a reporter
of the PS1 conformation. Application
of the A2317 resulted in a marked rise in
the intracellular calcium load (Figure 5C),
which corresponded to the increased FRET
efficiency between the GFP and RFP
labeling the respective PS1 domains,
compared with the control (Figure 5D).
This argues in favor of the relation-
ship between the elevated calcium and
pathogenic conformational changes
within the PS1 molecule.

DISCUSSION

As PS1/y-secretase is the enzyme
responsible for the final cut of the amy-
loid precursor protein (APP) substrate
producing AP peptides, altered PS1
structure and function would affect the
composition of A species generated.
The AP aggregates in the brain are
surrounded by significantly altered mi-
croenvironment exhibiting gliosis and
an increased level of reactive oxygen
species and calcium dyshomeostasis and
a substantial accumulation of the soluble
oligomeric A in a halo enclosing the
plaque core (22-25). However, the cross-
talk between all these insults and PS1
architecture remains poorly understood.

The current study demonstrates that
there is a reciprocal relationship be-
tween elevated AP42 or APB42/40 ratio
and the pathogenic conformational
state of PS1. Our data imply that an
increased AP42/40 ratio could trigger a
conformational shift of PS1 toward the
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mean = SEM, two-tailed unpaired Student f test. AR — amyloid B, Tx-100 — Triton X-100.

pathogenic state by means of increasing
intracellular calcium load. This is in line
with the data suggesting the importance
of the Ap42/40 ratio in the AD progres-
sion and proposing calcium dyshomeo-

stasis as one of the culprits exacerbating
AD pathology (26-28).

Impairments in intracellular calcium
can serve as an insult, provoking several
alterations in the neuronal functions
including activation of mitochondrial
stress responses (29), disruption of spino-
dendritic signaling interface (30) and
apoptosis (31), and can also accelerate
AB fibril formation (32). The latter would
suggest an existence of a feed-forward
mechanism of calcium impairments and
toxic AP generation. Our findings point
toward yet another possible mechanism
spinning the vicious cycle. We propose
that Ap peptides at the elevated ratio
of AB42 to AB40, which results from
the pathogenically altered cleavage of
the amyloid precursor protein (APP) by
PS1 (8), increase the intracellular calcium
load, which could in turn modulate
conformation of the PS1 enzyme.

Several mechanisms can be implicated
in the calcium-mediated pathogenic

reorganization of PS1. One possibility
is that calcium influx results in the rear-
rangement of the PS1-interacting part-
ners, which triggers different degrees
of “squishing” of the highly flexible
PS1/vy-secretase. Alternatively, the cal-
cium influx may induce posttranslational
modifications in PS1. Such posttransla-
tional modifications may result in the re-
arrangements within the PS1 subdomain
architecture by altering local charges and
atomic forces within the PS1 molecule.
An atomic structure of the y-secretase
complex at 3.4A resolution has recently
been reported (33). However, the precise
molecular reshuffles of the PS1 domains
on the atomic level caused by various
factors remain unknown. Recent stud-
ies using cysteine cross-linking have
demonstrated a correlation between the
distance of the cytosolic residues in PS1
transmembrane domains 4 and 7 and
AP42 generation, proposing that the dy-
namics of this region might be impaired
by PS1 mutations (34). In addition,
simulated modeling of the dynamic
repositioning of the PS1 cytosolic loop
suggested that it may control substrate
access and cleavage precision, and these

334 | ZOLTOWSKA ET AL. | MOL MED 22:329-337, 2016

can be affected by fAD mutations (35).
The PS1 conformation assay that we
employ in this study detects relative
changes between the cytosolic loop and
PS1 N-terminus in response to A in in-
tact neurons. Although the FRET-based
PS1 conformation assay applied here
does not address the detailed structural
rearrangements within the PS1 mole-
cule, it can reliably distinguish between
the “normal” and “pathogenic” PS1
conformations in situ, as determined
by us and others (11,13,17,36). The rel-
atively small changes observed in the
FRET efficiency, reflecting proximity
between fluorescent tags on PS1, may
translate into much greater alterations
in PS1 on the sub-molecular scale. It is
highly likely that even small changes
that persist over a long time may have
a detrimental effect.

Our findings also indicate that AB40
may decrease the pathogenic effect of
AB42 on PS1 conformation, suggesting
that it could serve as a protective factor
under a certain threshold of Ap42. We
found that adding 0.9 pmol/L AB40 to
the media containing 0.1 pmol/L AB42
prevented the AB42-induced patho-
genic PS1 conformational change, even
though the total AP concentration in
this case was ~10 times higher than
in 0.1 pmol/L AB42 alone (Figure 2B).
The potential protective effect of AB40,
however, has limits, and 0.6 pmol/L
AP40 no longer averts the detrimen-
tal effect of 0.4 umol/L AB42 on PS1
conformation (4:6 versus 4:0 Ap42/40
ratio). These data are in agreement with
the previous reports suggesting a pro-
tective role of the AB40 by showing that
AB40 could rescue AB42-induced cell
death in vitro (10,37). The prevention
of AP42 aggregation and toxicity was
proposed as a possible mechanism of
the AP40 effect. Together, these data
support the idea that a reduced level
of AB40 and/or an increased AP42/40
ratio in the brain, rather than the ab-
solute Ap amount, may be detrimental
factors in AD.

Importantly, our current findings
suggest that A may trigger PS1
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conformational change associated
with increased AP42 production in the
neighboring neurons, which would
exacerbate and possibly incite prop-
agation of the amyloid pathology.
Although the observed alterations
triggered by the relatively short (2 h)
AP pretreatment in the reported ex-
perimental settings are comparatively
small, the prolonged exposure to the
pathogenic perturbations would result
in the progressive development of the
pathology.

In summary, our findings link three
key players in AD pathogenesis, toxic
AP42 specie, PS1/y-secretase and impair-
ments in calcium homeostasis, provide
novel insight into the progressive ex-
acerbation of AD pathology, and point
toward molecular events which might be
targeted for therapeutic intervention.

CONCLUSION

Our findings demonstrate that extra-
cellular amyloid B (AB) peptides, when
present at a relatively high ratio of the
longer to shorter (AB42 to AB40) species,
trigger an increase in the intracellular
calcium level in the affected neuron. This
leads to a pathogenic conformational
shift in the endogenous PS1/y-secretase
within the cell, favoring further pro-
duction of the longer AP peptides, and
results in an increased ratio of Ap42 to
AB40. These events can occur recipro-
cally in AB-producing cells as well as in
the neighboring neurons, demonstrating
a noncell autonomous mechanism of
AP action. The discovery of the novel
mechanism of potential exacerbation
of the amyloid pathology may facili-
tate the design of new therapeutic ap-
proaches focused on inhibition of the
disease progression by “stabilizing” PS1
conformation.
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