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The aggregation process of Af is characterized by intermediates
that may have toxic activity
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Figure adapted from Kumar et al
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The aggregation process of Af is characterized by intermediates
that may have toxic activity

Species thought of as most toxic
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A variation - result of heterogeneous y-secretase activity ag37

APP AB40
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A variation - result of heterogeneous y-secretase activity ag37
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A variation - result of heterogeneous y-secretase activity ag37
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A variation - result of heterogeneous y-secretase activity ag37
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A heterogeneity affects aggregation
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AB heterogeneity affects toxicity
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A heterogeneity affects toxicity

Microelectrode array: synaptic activity recordings in neuronal network grown on chip

Kuperstein et al. EMBO J. 2010



Pathological mixtures of AB40 and AB42 induce acute synaptotoxicity
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A variation - result of heterogeneous y-secretase activity ag37

APP AB40
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AB peptide length affects aggregation rate
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Tendency to form amyloid fibrils is independent of A3 peptide
length
... but morphological differences

Vandersteen et al (2012) J Biol Chem 287: 36732-36743 Y



Hegh [T

All tested AP peptide lengths :
form oligomers but with P
different structural properties. v

Recognition of

oligomeric A by A11
antibody.
AB38
Ap40
Apdy @
ABA3 @

Vandersteen et al (2012) J Biol Chem 287: 36732-36743 e



A peptide length affects cytotoxicity: unexpected toxicity of
AB38
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A peptide length affects cytotoxicity: unexpected toxicity of
AB38
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AP mutations
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D23N (Iowa mutant) and E22K (Italian mutant) AB42 form
antiparallel $-sheet fibrils
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Alzheimer’s disease - Cerebral amyloid angiopathy (CAA)
CAA is a common clinical symptom of early-onset familial AD

BRAIN BLOOD
Amyloid-beta (AB) plaques AP deposits in cerebral blood vessel walls
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ThT fluorescence intensity of fibrils varies with mutation
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Wild type and E22K AP, _,, fibrils interact differently with
conformation-dependent fluorescent probes (ThT and bis-ANS)

Bis-ANS fluorescence (a.u.)
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Wild type and E22K A3, ,, differ in solvent accessibility in the
AP region comprising residues [20-34]
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Changes in secondary structure during A3 aggregation can be
monitored by ATR-FTIR
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Changes in secondary structure during A3 aggregation can be
monitored by ATR-FTIR
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ATR-FTIR reveals major change in secondary structure during
transformation of wild type AP oligomers into fibrils
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A minor peak around 1695 cm-!, representative of antiparallel 3
sheets, persists during E22K A3, ,, aggregation
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The [3-sheet index (1695/1630 intensities ratio) is proportional to
the percentage of antiparallel arrangement of 3-strands in a 3-
sheet
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The B-sheet index (1695/1630 intensities ratio) is proportional
to the percentage of antiparallel arrangement of 3-strands in a [3-

sheet
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But: Fibrils and not remaining oligomers are responsible for
observed antiparallel 3-sheet conformation
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E22K AB,_4, fibrils can convert from antiparallel to parallel $-sheet
structure in an acidic environment (switch from pH 7.4 to pH 2.0)
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E22K AB,_4, fibrils can convert from antiparallel to parallel $-sheet
structure in an acidic environment (switch from pH 7.4 to pH 2.0)
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Conclusions

‘Physiologically’ relevant mixtures of Af3 peptides may behave differently from
what you would expect based on their isolated characteristics.

What is the perfect in vitro read-out for AD-related toxicity?

Antiparallel 3-sheet fibrils exist, are remarkably stable but can also be converted
upon changing environmental conditions.
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E22K Af: more random coil and turn at the expense of B-structure.

~index ratio
0.16 1

Absorbance (a.u.)

0.12 +
1.2 A

0.08 -

0.8 1
0.04

0.00 k T \:1
0.4 -
E22K AT:
0.0 4 1Aﬂ n
1760 1630 1660 1530 1560
Wavenumber (cm‘l)
ABy4 E22K AP, 4,
B-structure 73 59
Approx. 8 residues  (u— a-helix 8 10
random 11 18
turn 8 13 38




H/D exchange shows 20 % difference in accessibility of backbone
amide hydrogens between wild type and E22K A, _,, fibrils
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H/D exchange shows 20 % difference in accessibility of backbone
amide hydrogens between wild type and E22K A, _,, fibrils
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H/D exchange monitored by ESI-MS and pepsin proteolysis reveals a
higher solvent accessibility for the Italian mutant in the central region
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Conclusions & perspectives: is there a link between the underlying
B-sheet orientation of A fibrils and disease-associated pathology?

- E22K AB42 (and D23N AB40 and AP42) arrange into anti-parallel B-sheet fibrils.

- E22K fibrils are structurally different from WT AB42.

- Antiparallel B-sheet fibrils from E22K AB42 can rapidly (< 30 min) converse into
parallel by changing the pH.

Work in progress — relation with CAA:
Do antiparallel B-sheet fibrils disintegrate the blood-brain barrier = blood-brain-barrier-
on-a-chip technology.

700 um
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In our search for APy
additional confirmation ...
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Fibrils from E22K and WT AB42 are similarly ‘toxic’ to astrocytes
(and neuroblastoma cells).

50000 WT AB42 fibrils

E22 2 fibri
5 _ K AB42 fibrils

oD
5000
30000
IS000
AU

15000

pl fluorescence (a.u.)

BHKIEY

R0

;i

Ciafl ]

44



Mature E22K AB, 4, fibrils
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E22K AP, 4, shows sustained (SDS-stable) oligomer formation.
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Quantitative analysis consists of deconvolution of the amide I band
into its primary components, followed by a curve fitting
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E22K AP, 4, shows sustained (SDS-stable) oligomer formation.
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Attenuated Total Reflectance (ATR) - FTIR spectroscopy
has the capability to identify functional groups (C=0, C-H, N-H, ...)
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Thioflavin T (ThT) is less easily locked in its excited comformation in
antiparallel fibrils, leading to a lower final ThT fluorescence intensity
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Amide I and Amide II bands contain secondary structure information

Feitt] T
e iy
"Ly e
r 5;'i-r:'ﬁ‘r- 32 *:i:':ii}::: o
5 o i
Ity | | |
LA (i i
P
foed
Ferritin \ / Concanavalin A
/// Amide I Amide II:
C=O0 vibration N-H bending
| 170‘0 | | | 160‘0 | | | 1500 56

Wavenumber (cm?)



Aggregation of A3 peptide is predicted to vary with peptide length
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Antiparallel -sheet architecture of Italian mutant E22K A3, ,,
fibrils
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Figure adapted from Masuda et al. Bioorg & Med Chem (2005), FDX: Louise Serpell, Sussex University, U .



