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> AP is formed from sequential cleavage of the amyloid-f3 protein precursor, with the
most common species containing either 40 (AP 1-40)or 42(A  1-42) amino acids.

> The aggregation of AP peptides, AP 1-42 in particular, is thought to be a fundamental
pathogenic mechanism leading to the neuronal damage present in AD.

» The kinetics of amyloid fibril formation from the soluble A monomers are
characterized on a macroscopic level by a lag phase, a growth phase, and a final plateau.

» Oligomeric intermediates, which have been found to be more toxic than the end-stage
fibrillar amyloid species, are formed during the first stages. Even though the mechanism
of toxicity is not yet understood, generic structural features of oligomers may influence
toxicity.

» Data suggest that the exposure of hydrophobic motifs is the main conformational
determinant of AP oligomer toxicity, whereas size and secondary structures may be less
important.
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Nucleation growth mechanism vs nucleated conformational conversion:

a combined vision model
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Figure 2. A Schematic Representation of the Structural Rearrangements Occurring during Oligomer Formation

For simplicity, only aggregation starting from fully or largely unfolded monomers is considered (reaction F — G in Figure 1). Amyloidogenic/hydrophobic
segments are in green. The oligomer surface is drawn as a thin black and a thick red dotted line when amyloidogenic/hydrophobic segments are buried and
exposed to the solvent, respectively. While aggregation proceeds (left to right), a set of structural rearrangements takes place: The top and bottom arrows show
the parameters that increase and decrease, respectively. Binding of monomers to early oligomers is isotropic, whereas late oligomers can bind to monomers only
at the edges. This leads to growth of thin filaments, which eventually originate amyloid fibrils.
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Figure 3. Structural Determinants of Oligomer-Induced Toxicity

(A) Toxicity versus size of APs, and Af.» aggregates. Toxicity is measured by determining MTT reduction by cultured cells following their exposure to oligomers
added to the extracellular medium. Aggregate toxicity was expressed as percentage of MTT reduction relative to untreated cells, where 0% and 100% values are
two extremes of full cell death and full viability, respectively. Values and error bars are from the original papers: prefibrillar oligomers (Kayed et al., 2003), ADDLs
(Lambert et al., 2001), annular protofibrils (Kayed et al., 2009), and amylospheroids (Hoshi et al., 2003). All data were cbtained at a peptide concentration in the
range of 2.0-2.7 uM. Aggregate size was expressed as mean molecular weight of the reported distributions in the original papers, and error bars refer to the width
of the distributions, not 5D or SEM: prefibrillar oligomers (Kayed et al., 2007), ADDLs (Gong et al., 2002}, annular protofibrils (Kayed et al., 2009), and amylos-
pheroids (Hoshi et al., 2003). Only data for which both molecular weight and MTT reduction values at ca. 2.0-2.7 pM AB are reported. Data for both AP.g (filled
circles) and AR,z (empty circles) are presented, as the same type of oligomers or fibrils formed by the two species cause similar decreases of MTT reduction
(Kayed et al., 2003; Kayed et al., 2009). All data points were fitted to a hyperbolic function of the form y = a « x/(b + x). MTT reduction induced by A fibrils (filled and
empty squares for AP and Af,., respectively) are not taken into account in the fitting procedure and are shown for comparison (Kayed et al., 2003). It is implicit
that their molecular weight is often =2000 kDa.
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Atomic structure model of AB(1-42) fibrils

AB1-42 aggregates at a faster rate than AB1-40 due to its
4 KD3 highly hydrophobic isoleucine and alanine at C-terminus

Glu22 Lys16
Phe19

Asp23

An atomic view of an AB42 molecule within a fiber
reveals intramolecular connections (double-headed
purple arrows) between residues in different parts of
the S-shaped structure. Residues are colored as green,
hydrophobic; cyan, polar; red, acidic; and blue, basic.

Three B-strand regions (cyan, residues 12—-18; yellow,
24-33; green, 36—40) connected by two short coil or
turn (white) regions. A salt bridge between Ala42
and Lys28 stabilizes the structure.

Xiao Y. Et al. 2015



Atomic structure model of AB(1—40) fibrils

Side-chain  contacts are
denoted by orange dotted
lines. The model shows a U-
shaped [-loop-B structural
motif with contacts such as
F19-L34 and D23-K28.

" ”/ AB40 peptide monomers tend to
) aggregate in oligomers multiple of three
\\«: 4 {5" units (trimers, hexamers, nonamers and
¢ -y dodecamers), where the N-termini are

~ exposed to the solvent, while the
hydrophobic C-termini, are buried in the

Xiao Y. Et al. 2015 : trimer core.
Montoliu-Gaya L et al. 2015



Amyloid Protein Precursor (APP)
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HBD: Heparin-binding domain

KPI: Kunitz protease inhibitor

CHO: Copper-binding domain 110-135 KDa
Dawkins E. et al. 2014



Amyloid Protein Precursor (APP)
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B-secretase cleavage of APP
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B-Secretase: Beta Amyloid-site-Cleaving
Enzime 1 (BACE1)




Conformational changes associated
with activation of BACEI]
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In the aspartic proteases there are two conserved water molecules. The first water molecule (Wat1) is located between

the Asp pair of Asp32 and Asp228 of BACE1. The second water molecule (Wat2) is involved in the hydrogen bond, with a

conserved Tyr residue in the flap. Wat2 also participates in a conserved hydrogen-bonding network Wat2-Ser35-Asp32-
Wat1-Asp228 and was proposed to assist in the catalytic reaction.



Conformational changes associated
with activation of BACEI]
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In the aspartic proteases there are two conserved water molecules. The first water molecule (Wat1) is located between

the Asp pair of Asp32 and Asp228 of BACE1. The second water molecule (Wat2) is involved in the hydrogen bond, with a

conserved Tyr residue in the flap. Wat2 also participates in a conserved hydrogen-bonding network Wat2-Ser35-Asp32-
Wat1-Asp228 and was proposed to assist in the catalytic reaction.
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v-Secretase Complex
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v-Secretase cleavage

Model of processive proteolysis by y-secretase complex,
beginning at the e-cleavage site and cleaving every three residues.
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Comparison between fragments

AB(1-42)
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Changes in AP metabolism

* Increase in total AP production

= Increase in the A[i42/AR40 ratio

* Reduced AP degradation/clearance
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Chaperones recognize misfolded protein aggregates and the prevent their toxic effects.
One of these chaperones is clusterin (also known as apolipoprotein J), whose gene locus
is the third strongest known genetic risk factor for late-onset AD. ApoE (first genetic risk
factor), like clusterin, shows some chaperon-like activity, hindering oligomer formation
and promoting proteolytic degradation of Af.
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