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Structure of Amyloid Fibrils
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Presence of amyloid fibrils is connected
with serious neurodegenerative diseases,
Including Alzheimer’s disease, Parkinson’s

desease, Huntington’s disease, and also

the transmissible prion diseases.




Destroy neuronal tissues
In the human brain

Span over many years

Intense care

In France
Patients ~ 2% of population

Cost for each citizen ~350 euros annually in 2005
Represents 0.6% of GDP in 2005; 0.8% in 2020; 1.8% in 2040
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The 3D structure of amyloid fibrils?

Incomplete structural information from
electron-microscopy, X-ray fiber diffraction,
solid-state NMR etc
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Structural model




COMMON FEATURES OF AMYLOID FIBRILS

From EM
straight, unbranched fibrils
4 to 15 nm in diameter

From X-ray diffraction
« Cross-beta »structures
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EM and

X-ray fiber diffraction
(diameter, twist,
coiling, cross-beta
structures)
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NEW METHODS

Cryo-EM

STEM ( number of peptides
in fibril cross-section)

sSNMR,
EPR spectroscopy
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Yeast prion filaments

formed by Ure2p



Yeast prion filaments formed by Ure2p

Prion
domain
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1 70 96 354

Functional globular domain

Asn-rich unstructured region
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Homodimer, interacts with GATA transcription factor GIn3p
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Diameter of core
fiber is about 4 nm




Ure2p core fibril has cross-beta structure

X-ray and electron fiber diffraction
(Baxa et al., J. Sruct. Biol. 2005)




Ure2p prion domain has Asn-rich amino acid seguence

Structured protein Ure2p

Polar side-chain

m Shdd nida s

Apolar side-chain \l/ \l/







Structural fold for Ure2p prion domain

v One peptide per one beta-layer, according to scanning transmission EM
(Baxa et al., (2003) JBC, 278, 43717)

v Parallel and in-register beta-structure according to solid state NMR
(Chan and Tycko, (2005) Biochemistry 44, 10669)
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(Adapted from Baxa et al.,
J. Struct. Biol. 2005)

Axial projection
Ure2p (10-39)

Radial projection
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PNAS (2004) 101, 7885.
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Canonical pleated B-structure Superpleated [3-structure



Amyloid Fibrils of Human Amylin

Human amylin is the major component of pancreatic amyloid deposits found in ~ 90% of
persons with non-insulin-dependent (type 2) diabetes mellitus.

STEM + EM + X-ray fiber diffr + EPR
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Kajava, Aebi and Steven (2005) J. Mol. Biol 348724




Applicability of the superpleated (-structure to other amyloids

Poly(Q) tracts (Huntingtin disease)

a-synuclein (Parkinson’s disease)
(Der-Sarkissian et al., 2003, JBC, 278, 37530)

Tau protein (Alzheimer’s disease)
(Margittai and Langen, 2004, PNAS, 101, 10278)

Prion domains of yeast proteins Sup35
(Shewmaker et al., PNAS. 2006103(52):19754)

Kajava, Baxa, Wickner and Steven PNAS (2004) 18857




Protofilaments of disease-related amyloid fibrils

Typel Type2 Type3
Stack ofB-arches Superpleate@-structure Stack off-solenoids
(B-amyloid) (Ure2p, Sup35px-synuclein) (HET-s prion)
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Protofilaments of disease-related amyloid fibrils

Typel Type2 Type3
Stack off3-arches Superpleate@-structure Stack off-solenoids
(B-amyloid) (Ure2p, Sup35py-synuclein) (HET-s prion)
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Beta-arches may provide the best nuclei for fibrillogenesis

Monomers [
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Protofilaments of amyloid fibrils

p-solenoids
Type1l Type2 Type3 (=50 structures of
Stack off-arches Superpleate@-structure Stack off3-solenoids non-homologous proteins)

(B-amyloid) (Ure2p, Sup35px-synuclein) (HET-s prion)
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Known (3-solenoids

= Cyclase-associated protein
Stabilizer of iron transporter SufD

{
e Tailspike
& MinC endorhamnosidase
' cell division
inhibitor

Antifreeze protein MfpA inhibitor of DNA gyrase

..75 (S
YadA adhesin N-acetyl-glucosamine
1-phosphate uridyltransferase PIC protease C Glutamate synthase

A.V. Kajava and A.C. Steven —(2006) _Adpances in Protein Chemistry” 73:55-96.



Standard conformations of (3-arches

v

v
blbbl abebl  pllpbl
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2 residue 3 residue 4 residue 5residue 6 residue
arcs arcs arcs arcs arcs

Standard confor mations of beta-archesin beta-solenoid proteins
Hennetin, Julien, Stevene and Kajava (2006) J.Mol.B358, 1094



Standard conformations of (3-arches

Axial projection Lateral projection of
of beta-arch beta-arch stack



CRYSTAL STRUCTURE OF ANTIFREEZE PROTEIN
FROM THE BEETLE, TENEBRIO MOLITOR

Liou, Y.C., Tocilj, A., Davies, P.L., Jia, Z. (20DONature 406: 322-324



Corrugated paired beta-sheet Molecular model

Paired beta-sheet structure of an Abeta(1-40) amyloid
fibril revealed by electron microscopy.

Sachse, Fandrich, GrigoriefRNAS, 2008, 105:7462




Standard conformations of (3-arches
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Standard conformations of (3-arches
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Prediction of amyloidogenicity of proteins




CONCLUSIONS

Stack of 3-arches is a common arrangement of disease-
related amyloid fibrils.

This can be explained by capacity of 3-arch stacks

(1) to be stabilized not only by apolar residues but also by
polar residues,

(2) to be the most efficient nuclei for amyloidogenesis

Known [3-arcs have preferred conformations and sequence
motifs. We identified them. This information can be used
for prediction and modeling of amyloid fibrils.
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Potential impact of the results

More precise models

<

Structure-based design
of inhibitors of fibrillogenesis

Better prediction
of amyloidogenicity
of proteins
L
Patient-oriented risk prediction
to develop age-related,
neurodegenerative
and other diseases




Computer program for identification of d I'Ch

regions that can form beta-arcades o e 0

&

and prediction of their 3D structure
It correctly predicts 3D structures available in PDB : 2LMN, 2BEG, 2LON -
different forms of Abeta, 2E8D - beta2-microglobulin, 2NNT Human CA150

and explains the increase of amyloidogenicity in Abeta mutants linked to FAD.

Prediction of the 3D Structure Known structure
of Alzheimer's Abeta(1-42) fibrils PDB code 2BEG
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N-region

R2 R4 R6 M-region

GTP-binding
subunit
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Prion
domain

Functional globular domain

Ure2p |
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Where do beta-arcades lead?
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