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To enhance our understanding of the potential therapeutic utility of insulin-degrading enzyme (IDE) in
Alzheimer's disease (AD), we studied in vitro IDE-mediated degradation of different amyloid-beta (ApB) peptide
aggregation states. Our findings show that IDE activity is driven by the dynamic equilibrium between A3 mono-
mers and higher ordered aggregates. We identify Metss-Valsg as a novel IDE cleavage site in the AB sequence and

show that AP fragments resulting from IDE cleavage form non-toxic amorphous aggregates. These findings need
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to be taken into account in therapeutic strategies designed to increase Ap clearance in AD patients by modulating
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1. Introduction

Alzheimer's disease (AD) patients generally show a decreased
clearance of the amyloid-beta (ApR) peptide compared to healthy
control subjects [1]. The impairment of AP clearance, in some cases
combined with an increased AP production, results in accumulation
and assembly of AR into aggregated forms in the brain [2]. Therefore,
lowering the AR burden by increasing AP clearance, e.g. by upregu-
lating the activity of AR-degrading enzymes, provides a promising
avenue for AD treatment [3,4].

Many proteases have been reported to cleave AR in vivo or in vitro,
with insulin-degrading enzyme (IDE) and neprilysin (NEP) being the
primary AB-cleaving enzymes [5-8]. Deficiencies of NEP and IDE re-
sulted in the elevation of endogenous A levels in the brain [9]. Also,
a genetic association has been reported between single nucleotide
polymorphisms in IDE and late-onset AD [10] and the deposition of
AP was inversely correlated with NEP expression in TgCRND8 APP-
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transgenic mice [11]. IDE, a Zn?"-metalloendopeptidase, has the
ability to cleave AR intra- and extracellularly and may prove valuable
as a target to upregulate AR clearance in impaired AD patients [12-
14]. Administration of NEP or IDE reduces Ap accumulation in the
brain [8,15-17]. Intra-vitreal delivery of NEP reduced ocular levels
of AR1_40 and APq_4> in a dose-dependent manner [18]. Moreover,
the membrane-bound form of NEP was observed to be active, apart
from intracellular, towards extracellular residing Ap as a result of
facing of the active site towards the extracellular space [11] while
it was demonstrated that IDE actively regulates extracellular levels
of AR [19]. Therefore, drug compounds are under development that
can modulate IDE activity to selectively enhance AP degradation,
without affecting degradation of other IDE substrates such as insulin
and amylin [20-22].

In view of the development of IDE-based AD therapies, more in-
sight into the APR-degrading capacity of IDE is required. It has previ-
ously been reported that IDE is capable of degrading monomeric Ap
[23-26], but the effect of IDE on AP aggregates such as oligomers,
suggested to be the primary toxic species in AD [27], and fibrils, is
less well-documented in the literature. Moreover, the properties of
IDE-induced fragments from AP are currently unknown. To extend
our understanding of the potential therapeutic utility of IDE, we
therefore monitored and characterized IDE-mediated cleavage of
AR in vitro using biophysical techniques, at different time points dur-
ing the AP aggregation process.
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2. Material and methods
2.1. AB peptide solubilization

ABl_40, AB1_42, 15N-labelled AB peptides (rPeptide), AB] _35, AB36—40:
and APse_42 (JPT Peptide Technologies GmbH) were dissolved according
to the standard procedure developed and validated in our laboratory
[28]. In short, AR peptides were dissolved in hexafluoroisopropanol
(HFIP). HFIP was evaporated using nitrogen gas and the peptide film
was redissolved using dimethyl sulfoxide (DMSO). The peptide was
separated from DMSO by elution from a HiTrap™ desalting column
(GE Healthcare) into the appropriate filtered buffer (Thioflavin T
(ThT) fluorescence measurements: PBS pH 7.4, electrospray ionization
mass spectrometry (ESI-MS): 100 mM NH4HCO5 pH 7.4, nuclear mag-
netic resonance (NMR): 50 mM phosphate buffer pH 6.8 containing
50 mM Nacl). The resulting samples were kept on ice until experiments
started with a maximum lag time of 30 min. Peptide concentration was
determined using the Coomassie (Bradford) Protein Assay kit and dilut-
ed to the required final concentration. Aggregation of AR peptides oc-
curred at 37 °C under quiescent conditions.

2.2. Proteolytic degradation of AB by IDE and NEP

Recombinant human IDE (cat. no. 2496-ZN-010) and NEP (cat. no.
1182-ZNC-010) were commercially obtained from R&D Systems and
tested for purity using SDS-PAGE, both under reducing and under
non-reducing conditions and visualized by silver stain (Fig. S1). IDE
was added to AP samples at a final concentration of 36 nM at the begin-
ning of the aggregation process, after 3 h, and after 21 h and later. Under
these conditions but in the absence of IDE, samples comprise mainly AP
monomers (0 h), oligomers (3 h), and (proto)fibrils (21 h and later), as
demonstrated by Broersen et al. [28]. IDE-mediated cleavage of AP was
monitored using ThT fluorescence, ESI-MS, and solution NMR. For the
latter, NEP was added to the NMR sample at a concentration of 36 nM.

2.3. ThT fluorescence to monitor peptide aggregation/cleavage

The fibril formation kinetics of 10 pM peptide sample preparations
were monitored in situ by measuring fluorescence of ThT (12 uM) at
37 °Cin a Greiner 96-well plate using a FLUOstar OPTIMA fluorescence
plate reader (BMG LABTECH GmbH, Germany) at an excitation wave-
length of 440 nm (9 nm bandwidth) and an emission wavelength of
480 nm (20 nm bandwidth). Fluorescence readings were recorded in
triplicates. Recorded values were averaged and background measure-
ments (buffer containing ThT, with or without IDE) were subtracted.

2.4. Identification of generated AR fragments upon IDE cleavage using
ESI-MS

ESI-MS was used to identify Ap fragments generated by IDE [29].
Positive-ion mass spectra were recorded on an orthogonal acceler-
ation quadrupole time-of-flight mass spectrometer (Synapt G2
HDMS, Waters, Milford, MA) equipped with a standard electrospray
probe (Z-spray) and controlled by a datasystem running MassLynx
4.1 (Micromass, Manchester, UK), which was also used for spectra
analysis and peptide fragment identification. Samples were diluted
1:10 in acetonitrile:water (1:1) prior to immediate infusion using a
syringe pump with a flow rate of 5 pl/min. Cone voltage was set to
30V, capillary voltage was 3 kV. Scan time was set to 4.9 s with an
inter-scan time of 0.1 s. At least ten spectra were acquired for two
independent experiments and averaged for each condition.

2.5. Solution NMR spectroscopy to monitor A3 aggregation/cleavage

Prior to incubation, 50 ul D,0 was added to 15N-labelled Ap (45 uM
final concentration) to reach a final volume of 550 pl. The 2D 1H-'°N

heteronuclear single quantum correlation spectroscopy (HSQC) experi-
ments were conducted at 37 °C with a Varian NMR Direct-Drive System
800 MHz spectrometer equipped with a salt tolerance triple-resonance
PFG-Z cold probe. Data were processed using NMRPipe [30] and
analysed using CCpNMR [31]. Water was suppressed by 3-9-19 water-
gate pulses, while coherence selection was achieved by echo-antiecho
pulsed-field gradients. The HSQC spectra were acquired with spectral
widths of 14.2 ppm and 24 ppm in 'H and '°N dimensions, respectively,
and 2048 and 64 complex points in the direct and indirect dimensions,
respectively.

2.6. In silico prediction of peptide aggregation

The statistical mechanics-based algorithm TANGO predicts pro-
tein aggregation [32]. For each residue in a protein, TANGO computes
the percent occupancy of the 3-aggregation conformation. Proteins
possessing segments of at least five consecutive residues populating
the B-aggregated conformation (each with a score higher than 5%)
are considered to have the tendency to aggregate. TANGO calcula-
tions were performed via http://tango.switchlab.org/ for the pep-
tides under study at a pH 7.4, 298.15 K, 0.02 M ionic strength, and
without N- or C-terminal protection.

2.7. Transmission electron microscopy of peptide aggregates

After 24 h of incubation at a concentration of 10 pM, peptides
(5 pl) were adsorbed to carbon-coated Formvar 400-mesh copper
grids (Agar Scientific) for 1 min. The grids were washed, blotted,
and stained with 1% (w/v) uranyl acetate. Samples were studied
using transmission electron microscopy (TEM) with a JEM-1400 mi-
croscope (JEOL Ltd., Tokyo, Japan) at 80 kV. Reported TEM images are
representative of three independent experiments.
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Fig. 1. AP aggregation state determines susceptibility for IDE-mediated degradation.
Aggregation of 10 uM (A) APB1-40 and (B) APR1_4> was monitored by ThT fluorescence.
IDE (36 nM) was added at the beginning of the A aggregation process (sample
comprising mainly AP monomers), after 3 h (enriched in oligomers), and after 21 h
(enriched in (proto)fibrils).
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2.8. Dotblot with toxic oligomer-specific A11 antibody

At specific aggregation time points, 5 pl peptide was spotted onto a
nitrocellulose membrane. The membranes were blocked in phosphate
buffered saline containing 0.2% Tween-20 (1 h, 25 °C), and incubated
(overnight, 4 °C) with primary A11 antibody (Invitrogen), diluted
1:4000 in 100 mM Hepes, pH 7.0 [33]. After incubation (0.5 h, 25 °C)
with a secondary anti-rabbit-HRP-tagged antibody (Promega), diluted
1:5000 in phosphate buffered saline containing 0.05% Tween-20, the
membranes were visualized using the Immobilon™ Western chemilu-
minescent HRP substrate system. Experiments were carried out in
duplicates.

2.9. Cytotoxicity of AR fragments

SH-SY5Y cells were grown in DMEM/F12 supplemented with 10%
FBS, 1% penicillin/streptomycin and 1% nonessential amino acids
(Gibco). Cells were seeded in a 96-well plate at 25,000 cells/well
and maintained in phenol-red free DMEM/F12 (L-Glutamine,
15 mM HEPES) supplemented with and 1% penicillin/streptomycin
and placed incubated at 5% CO,. Samples containing AP _40, APB1_42,
AP1_35, AP36_40, and AP3e_42 Were pre-incubated at room tempera-
ture for 2 h, diluted in DMEM/F12 and added to the cells at a final
concentration of 25 pM. An amount of 2 uM staurosporine (Sigma-
Aldrich) was used as positive control. The plates were incubated at
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37 °C for 48 h, followed by addition of CellTiter-Blue® Reagent
(20 pl/well) and incubation for 4 h. The fluorescence (excitation:
560 nm and emission 590 nm) was measured using a TECAN Infinite
200 PRO fluorescence platereader. The medium background values
were subtracted from the values obtained in experimental wells.
Statistical significance of the results was established by P-values
using two-tailed t-tests (GraphPad Software). Values represent re-
sults of three independent replicates. Statistical significance levels
were *P < 0.05, **P <0.01 and ***P < 0.001 compared with the control
group cells.

3. Results and discussion
3.1. AB aggregation state determines susceptibility to degradation by IDE

The effect of IDE on various AP aggregated species was initially
assessed by monitoring changes in ThT fluorescence, as this is a
commonly used reporter dye for fibril formation [34]. In the absence
of IDE, APR_40 aggregation at 37 °C was marked by a strong increase
in ThT fluorescence, indicative of fibril formation. In contrast, addi-
tion of IDE to monomeric AB;_40 prevented ThT-positive fibril for-
mation within the time frame of the measurements, as the ThT
background signal did not increase. This shows that IDE is capable
of degrading APi_40 monomers into fragments that do not form
ThT-positive aggregates upon prolonged incubation (Fig. 1A), and
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Fig. 2. Aggregation and cleavage of AP;1_40 monitored by solution NMR spectroscopy. (A) 1TH-15N HSQC spectrum of AR;_40 (45 pM) at 37 °C recorded within 1 h after initiating the
aggregation process. Peak assignments of the TH-15N HSQC spectrum of AB;_40 Were transferred from previous studies [41,50,51]. (B) Decrease in 1TH-15N HSQC signal intensity upon
aggregation of APR;_40 for selected signals of 9G, 20E, 27NHd21 and 40V (encircled in A and C). For comparison, the decrease in the average of all signals (MEAN) is also shown.
(C) TH-15N HSQC spectrum of AB;_40 at 37 °C recorded within 39 h after initiating the aggregation process. (D-F) TH-15N HSQC spectra of AP;_40 recorded within 1 h (D), 36 h
(E) and 72 h (F) after addition of IDE (36 nM) to aggregated AP1_40 (shown in C). Spectra at early time points (D) show new peaks, and re-appearance, shifting and splitting of
original peaks. However, the signal intensity decays in time (E and F), indicating that the generated fragments also aggregate, or stick to larger aggregates still present in the sample.

All spectra are plotted at the same contour level.
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is in agreement with previous studies [23-26]. In contrast, IDE addi-
tion at later AP aggregation time points, enriched in oligomers (3 h)
or (proto)fibrils (21 h) [28], induced a partial decrease in ThT fluo-
rescence suggesting that ThT-positive aggregates were retained in
the solution in the presence of the enzyme. The cleavage of AR;_42
by IDE showed many similarities with the observations for AR_40.
IDE-mediated AP,_4> cleavage was characterized by a strong inhibi-
tion of AB;_4; fibril formation when IDE was added at the beginning
of the aggregation process. However, a small increase in ThT fluores-
cence was apparent, reflecting the higher aggregation propensity of
AP1_42 compared to APq_40. The decrease in ThT fluorescence when
IDE was added at later aggregation time points was also detected

for AB1_42, but less pronounced compared to AR;_4¢ (Fig. 1B). This
partial decrease suggests (i) degradation of ThT-positive AP aggre-
gates by IDE, or (ii) degradation of monomers in solution that is in
dynamic equilibrium with ThT-positive aggregates, causing dissoci-
ation of ThT-positive aggregates to restore this equilibrium. Recent
structural reports of IDE point in the direction of the latter hypothe-
sis, as the crystal structure of IDE resembles a clamshell with a large
internal chamber formed from two bowl-shaped halves connected
by a flexible linker. IDE engulfs and degrades its substrates within
this catalytic chamber whose size is limited to accommodate only
relatively small peptides, i.e. consisting of maximally 70 amino
acids [35-37]. The ThT fluorescence data reported here would
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Fig. 3. IDE-mediated cleavage of monomeric AP results in multiple fragments. Assignment of ion peaks detected by ESI-MS associated with monomeric AP;_40 (10 pM) in (A) the absence
and (B) presence of 36 nM IDE, after 15 min of incubation at 37 °C. (C) Overview of the detected APB1_40 and AP;_4; sites susceptible to IDE proteolysis.
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therefore be in agreement with the hypothesis that IDE exclusively
degrades monomeric AP, because oligomeric and fibrillar forms of
AP are too large to completely fit into this previously identified cat-
alytic chamber [35-38]. Biological significance can be addressed to
this observation as the presence of IDE appears to induce a displace-
ment in monomer-aggregate equilibrium, potentially steering the
AP assembly pathway away from toxic oligomer formation.

To further characterize IDE-mediated AP cleavage, degradation
of 15N-labelled Ap by IDE was monitored using 1H-!°N
heteronuclear NMR spectroscopy. Solution NMR has the advantage
that only small species, i.e. AB monomers and early oligomers, are
detectable as the resonances broaden and signal intensities de-
crease due to long rotational correlation times when aggregation
ensues [39]. Accordingly, 15N-labelled AP;_40 aggregation was ac-
companied by a systematic slow decrease of all peak intensities in
time (Fig. 2A-B). However, after 39 h of incubation of AB;_40 at
37 °C, some residual signal intensity was still present (Fig. 2C).
This is in agreement with previous studies showing a decrease in in-
tensity for the backbone amides until a dynamic equilibrium is
established between monomers and higher ordered aggregates
[40,41] while the effect of enzymatic activity towards specific
species within this equilibrium had not been observed before. As
APB1_4> aggregation is much faster, we first recorded a reference
HSQC spectrum at 25 °C (Fig. S2A) before increasing the tempera-
ture to 37 °C. Indeed, all peaks disappeared within 4 h at 37 °C
(Fig. S2B-C). Addition of IDE to the aggregated AP samples resulted
in reappearance of the peak intensities and changes in chemical
shifts of some peaks (results for AP;_40 in Fig. 2 and for AB;_43 in
Fig. S2). Several new peaks emerged, and other peaks were shifted
or split in comparison with the original spectrum. These findings re-
flect changes in the local environment of certain amino acids,
caused by the formation of different Ap fragments upon IDE cleav-
age. However, in light of the findings derived from the structural
IDE studies mentioned above, the species that were cleaved by IDE
are most likely AR monomers in dynamic equilibrium with NMR-
invisible aggregates, and not the aggregates themselves. Previous stud-
ies using solution NMR demonstrated that AR monomers are constantly
binding to and being released from oligomers [40] and protofibrils [41],
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making this hypothesis feasible although it requires validation by future
experiments.

Although hydrogen-deuterium exchange MS showed that Ap
molecules making up fibrils are also continuously recycled [42], no
peaks reappeared in HSQC spectra after IDE addition to mature fi-
brils. However, a mixture of AB-degrading enzymes is present
in vivo with different AR-degrading capacities. It is thus possible
that AP aggregates that were not or only partially degraded by IDE
are sensitive to yet other known enzymes with AR-degrading activ-
ity. We tested this hypothesis by adding a second AB-degrading en-
zyme, i.e. NEP, to an aggregated AP;_4, sample that had first been
subjected to IDE. We found that NEP addition resulted in the ap-
pearance of new peaks and shifting/splitting of other peaks
(Fig. S2G-H). This observation indicates that combination therapy,
based on the distinct degrading capacities of different proteases,
might have therapeutic utility.

3.2. AB degradation by IDE in vitro results in multiple fragments reported
in vivo

To investigate which fragments are formed upon IDE-mediated
cleavage of AR, the cleavage fingerprints of AR1_40 and AP;_4> by IDE
were determined using ESI-MS. Our results show that monomeric
AB1_40 and APR;_4, are cleaved at multiple and similar sites (results for
AP1_40 in Fig. 3 and for AR;_4; in Fig. S3), which is in agreement with
previous in vitro studies [23-26,43]. Several AP fragments reported
here have also been detected in the cerebrospinal fluid and plasma of
AD patients [44-47]. The data reported here confirm the recently
discovered cleavage sites Glyss-Leus, and Leuss—Metss [43] and
identify Metss-Valsg as a novel cleavage site, resulting in the release
of fragments APR1_35 and APse_40/AP36-42. FOr several cleavage sites
however, only the corresponding N- or C-terminal fragment was de-
tected in the mass spectrum, as not all fragments are ionized effi-
ciently, were aggregated or degraded prior to entry in the mass
spectrometer. As the N-terminal fragment of novel cleavage site
Metss-Valsg could not be observed, the observation of this cleavage
site was further confirmed using additional MS/MS analysis by com-
paring mass spectra of the IDE-induced fragments AP3e_40/AP36-42
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Fig. 4. Confirmation of AP fragments 36-40/36-42. MS/MS of (A) AB36_40 fragment obtained upon IDE-mediated cleavage of AP _40, (B) synthetically derived AB3s_40 fragment, (C) AP3s_42
fragment obtained upon IDE-mediated cleavage of AB;_4, and (D) synthetically derived APses_4> fragment.
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with that of synthetically derived peptide fragments (Fig. 4). More-
over, fragments AP14_2s, AP15_28, and AP,g_2g were detected, indi-
cating that one AP peptide can be cleaved by IDE at least twice, e.g.
at Hisy3—-His4 and consecutively at Lys,g-Gly,q (Fig. 3 — Fig. S3).
As one of the roles of IDE is to completely inactivate hormones
such as insulin [48], this could explain why it cleaves its substrates
at multiple sites, to ensure elimination of any residual activity.

IDE addition to aggregated AP resulted in similar fragments com-
pared to addition of IDE to monomeric AR, but there was a consider-
able amount of non-degraded AR peptide left in the sample (denoted
by asterisks in Fig. 5). This can be seen by the higher intensities of the
ion peaks corresponding to full-length AR (AR>* at m/z 1443.0, AR**
at m/z 1083.3) compared to the most intense generated fragment
APoo-40 (AP30-40 at m/z 1017.5) in Fig. 5B. This, together with the
lack of reappearance of 1H-15N peak intensities after addition of
IDE to mature fibrils, implies that increasing AP fibril maturity corre-
lates with a decreased propensity to IDE-mediated cleavage.

3.3. Fragments generated by IDE-mediated Af degradation are
aggregation-prone but not toxic

The properties of the obtained fragments upon IDE cleavage of AR
have not yet been fully explored. This is however crucial in light of

E. Hubin et al. / Biochimica et Biophysica Acta 1860 (2016) 1281-1290

the development of IDE-based therapeutic AD strategies, as one
must assure that fragments generated upon increased proteolytic ac-
tivity are not aggregation-prone themselves.

ThT fluorescence data indicate that no ThT-positive aggregates
were formed from the AP fragments obtained upon IDE cleavage
of monomeric AR (Fig. 1). However, ThT fluorescence may not pro-
vide the most sensitive read-out to detect small quantities of aggre-
gation, possibly formed only by a specific subset of fragments.
Alternatively, resulting aggregated fragments might have less or
no affinity for ThT. Previous studies indicate that the ThT dye
binds to surface side-chain grooves running parallel to the axis of
the B-sheets, that are characteristic of amyloid fibrils [49]. A
model has been proposed in which five aligned aromatic and/or
hydrophobic residues are critical for ThT binding [34]. It is thus
possible that the AR fragments studied here lack the minimal ThT
binding site.

Insight into the behaviour of these fragments was therefore ob-
tained by more sensitive techniques. First, the disappearance of the
TH-15N HSQC signal corresponding to APq_4¢ in Fig. 2C-E, as seen
by comparing the peak intensities after different time points of incu-
bation with IDE, suggests that the generated AP fragments aggregate
themselves or stick to larger remaining aggregates in the sample. Ac-
cordingly, ESI-MS revealed the presence of several fragments in the
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Fig. 5. Longer incubation times of AR prior to IDE addition result in a decrease in susceptibility of AR for IDE-mediated cleavage. Assignment of AB;_40 fragments detected by ESI-MS. IDE
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pellet fractions, obtained after prolonged incubation of Ap with IDE,
demonstrating their aggregation propensity (Fig. 6).

Next, the properties of the newly identified AR fragments (AB1_35
and ABze_40/AP36-42) Were investigated in more detail. TANGO, a
statistical mechanics-based algorithm, predicts protein aggregation
for AB;_35 and to a lesser extent for APsg_4> (Fig. S4). Both peptides
contain one or both of the aggregation nucleating regions previously
reported for ABy_43, i.e. the regions encompassing residues 17-21
and 30-42. In contrast, no aggregation propensity was predicted
for APBss_40. TO assess the validity of the in silico predictions, the ag-
gregation behaviour of the peptides was monitored using ThT fluo-
rescence at 37 °C. AP;_3s displayed a ThT sigmoidal curve,
characteristic of Ap aggregation, but with an extended lag phase of
10 h and a lower final ThT fluorescence intensity compared to AP;_
42 (Flg 7A—B). In contrast, AP’36—40 and AB36—42 did not stain ThT-
positive, even after 72 h of incubation (Fig. 7B). However, TEM imag-
ing revealed amorphous aggregates for all fragments, in contrast to
the dense network of amyloid fibrils formed by AR;_4 (Fig. 7C). As
these amorphous aggregates show less or no sensitivity to ThT stain-
ing, they might lack the channels/sites necessary for ThT binding
[34]. As a final assessment of the properties of these peptide frag-
ments, a dot blot analysis was carried out with the oligomer-
specific A11 antibody. AP oligomers have previously been reported
to be responsible for the neurotoxicity and cognitive defects in AD
patients [27]. A high A11 response was detected for AB;_4> (includ-
ed as a reference) after 1.5 h of incubation (Fig. 7D), which has been
demonstrated to correspond to a toxic AP oligomer-enriched
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fraction [28]. Aggregation into higher aggregates coincided with a
decrease in A11 intensity. In contrast, A11 reactivity was not detect-
ed in the case of any of the AP fragments. Cell viability assays further
showed that these aggregated forms of AP fragments were not toxic
to neuroblastoma cells (Fig. 7E). In summary, although the frag-
ments under study do not form A11-positive oligomers, they do re-
sult in non-toxic amorphous aggregates with no or less ThT staining
(compared to AR1_42). The aggregation-prone character of these AR
fragments should be considered when developing modulators to en-
hance the proteolytic activity of IDE while their non-toxic character
further strengthens the therapeutic potential use of IDE and NEP
proteolytic activities.

4. Conclusion

In conclusion, we show that AR monomers, either alone in solu-
tion or in dynamic equilibrium with higher aggregates, are cleaved
at multiple sites by IDE. We report a new AP cleavage site, i.e.
Metss-Valsg, and show that the resulting AR fragments form non-
toxic amorphous aggregates that are not or less sensitive for ThT
staining. The generation of AP fragments that are aggregation-
prone must be considered when developing IDE-based strategies
targeting AD. Moreover, combining proteases capable of degrading
different AP aggregation species at distinct cellular locations, such
as IDE, NEP, and matrix metalloproteinase-9, might hold therapeutic
potential for AD treatment.
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Fig. 6. AP fragments aggregate in time and are detected in the pellet of the APB;_40-IDE sample. IDE (36 nM) was added to aggregated AP;-40 (10 uM), that was pre-incubated for 24 h at
37 °C, and ESI-MS spectra of the pellet fractions (obtained after 15 min of centrifugation at 13,200 rpm) were obtained after (A) 1 h and (B) 24 h of incubation with IDE. Whereas the pellet
fraction only displayed ion peaks corresponding to full-length APB;_49 after 1 h of IDE incubation, cleavage fragments were observed in the pellet after 48 h of incubation, indicating that
generated AP fragments aggregate in time.
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