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4.7 Å
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Astbury et al., The Biochemical Journal (1935)

Introduction – the amyloid fibril

Cohen and Calkins, Nature (1959)
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200 nm

Tuttle et al., Nature Structural & Molecular Biology (2016)
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Merz et al., Acta Neuropathologica (1983)

amyloid plaques

Introduction – why studying the amyloid aggregation process?

Dementia
Alzheimer’s, Parkinson’s
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Introduction – why studying the amyloid aggregation process?

Dementia
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Functional aggregation
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Dementia
Alzheimer’s, Parkinson’s

Introduction – why studying the amyloid aggregation process?

Functional aggregation Biomaterials
drug delivery
electronics

scaffold, adhesive
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 Fundamental understanding of protein amyloid 
aggregation process in the light of dynamics

Objectives
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 Fundamental understanding of protein amyloid 
aggregation process in the light of dynamics

Objectives

tau monomer tau fibril

water dynamics 
increased

protein dynamics 
unaffected

Fichou, et al. PNAS (2015)

No full-length structure available for fibril  no simulations for atomic detail➔ no simulations for atomic detail

Fitzpatrick et al., Nature (2017)
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 Fundamental understanding of protein amyloid 
aggregation process in the light of dynamics

 Include other proteins for comparative study and obtain 
atomistic details

Objectives
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Proteins studied during this work

α-synuclein – Parkinson’s disease

140 aa – intrinsically disordered protein

Protein and hydration water dynamics upon fibrillation
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Methods – incoherent 
neutron scattering
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Methods – incoherent neutron scattering

~ 80 barns for hydrogen
~ 2 barns for deuterium 



     

     
19

D-protein
H

2
O

H-protein
D

2
O

Methods – incoherent neutron scattering



     

     
20

q [Å-1]
ΔE)E [μeV]eV]

S
(q

, ΔE)
E

)

Methods – incoherent neutron scattering



     

     
21

q [Å-1]
ΔE)E [μeV]eV]

S
(q

, 
ΔE)

E
)

Methods – incoherent neutron scattering

Mean square displacement (MSD)

Mean square displacement
Yi et al., Journal of Physical Chemistry B (2012)
Peters and Kneller. The Journal of Chemical Physics (2013)
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Methods – incoherent neutron scattering

Mean square displacement (MSD)

Methyl group 
rotation

Protein 
dynamical 
transition

Mean square displacement
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Methods – all-atoms 
MD simulations
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Methods – all-atoms MD simulations

NAMD 2.13

CHARMM36 force field

Validation against experimental data
Computed MSD and scattering spectra
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Methods – all-atoms MD simulations

Access to the position of every atom in the system:

- number density

- hydrogen bond (HB) autocorrelation

- average distance between protein residues
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Results



     

     
28

Hydrated powders of α-synuclein 

 3 main regions:
 N-ter – lipid binding
 cross-β core – amyloid aggregation
 C-ter  – calcium binding

 Initial structures available for monomers and fibrils

 Higher proportion of cross-β than tau 

Lautenschläger et al., Nature Communications (2018)

Results - α-synuclein
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Monomer water
Fibril water 

Results - α-synuclein

Mean-square displacement of water
Quasi-elastic neutron scattering 

spectrum of water

Protein dynamics unaffected
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Results - α-synuclein

Mean-square displacement of water for 
α-syn (blue) and tau (green)

tau fibril water
tau monomer water
α-syn fibril water
α-syn monomer water
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tau fibril water
tau monomer water
α-syn fibril water
α-syn monomer water

immobile
fraction

rotation
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translation 
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rotation
mobility

translation
mobility

change in parameter value  
(monomer  fibril)➔ no simulations for atomic detail

Results - α-synuclein

Mean-square displacement of water for 
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upon fibril formation

-20%        0%        20%      40%       60%      80%      100%
ra

te
 o

f 
m

ot
io

n
po

pu
la

tio
ns

 



     

     
32

tau fibril water
tau monomer water
α-syn fibril water
α-syn monomer water

immobile
fraction

rotation
fraction

translation 
fraction

rotation
mobility

translation
mobility

change in parameter value  
(monomer  fibril)➔ no simulations for atomic detail

Results - α-synuclein

Mean-square displacement of water for 
α-syn (blue) and tau (green)  % change in parameter values 

upon fibril formation

-20%        0%        20%      40%       60%      80%      100%
ra

te
 o

f 
m

ot
io

n
po

pu
la

tio
ns

 



     

     
33

increased water dynamics 
and entropy

reorganization of water 
populations

Results - α-synuclein
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Neutron scattering  ensemble-averaged dynamics➔ no simulations for atomic detail

local dynamics  simulations ➔ no simulations for atomic detail

Supervised by Prof. Douglas Tobias 
during 3 months stay at University of 

California, Irvine

Results - α-synuclein
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Results - α-synuclein

Hydrated powder of α-synuclein monomers Hydrated powder of α-synuclein fibrils

100 ns equilibration, 20 ns run
Simulations validated against experimental data

Min-Kyu et al., Protein Science : A Publication of the Protein Society 
(2009)

Tuttle et al., Nature Structural & Molecular Biology 
(2016)
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Results - α-synuclein

Number density of water per amino acid

Water around monomer 
 ➔ no simulations for atomic detail 2.5 water molecules per amino acid

amino acid number
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Results - α-synuclein

Number density of water per residue

Water around monomer 
 ➔ no simulations for atomic detail 2.5 water molecules per amino acid

amino acid number



     

     
38

Water – protein hydrogen bonds autocorrelation

monomers

fibrils

Results - α-synuclein

C-terN-ter cross-β core
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water pulled away from 
cross-β region

increased water dynamics 
and entropy

around N-ter and C-ter

Results - α-synuclein
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monomers fibrils

Results - α-synuclein

Amino acids distance map in α-synuclein monomers and fibrils

cross-β C-ter
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Results - α-synuclein
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water pulled away from 
cross-β region

increased water dynamics 
and entropy

around N-ter and C-ter

Results - α-synuclein
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Conclusion and outlook

neutron scattering +  molecular dynamics

ensemble-averaged atomistic detail

hydration water
metal ions

time-resolved studies
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