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Prionoid fibril growth: Fibrils form plaques, which correlate with (cause?) disease
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Prionoid fibril growth: Fibrils form plaques, which correlate with (cause?) disease

Normal “Changed” Fibril Plaque Neurodegenerative
Protein Protein Disease

Creutzfeldt-Jakob
Disease (CJD)

Izheimer’s Disease
(AD)

a-Synuclein o o e >
m\
<+
10 nm 10 pm
Each protein can form

Many more proteins can form fibrils: several different types of fibrils
FUS, insulin, ... (also called polymorphs or fibril strains)



Parkinson’s Disease: Lewy bodies contain the protein alpha-synuclein

https:

outube.com/watch?v=wZZ4V{3HinA; 19.4.2017

Cut section
of the midbrain
where a portion
of the substantia
nigra is visible

Substantia nigra

Diminished substantia nigra
as seen in Parkinson’s disease

Friedrich Heinrich Lewy
(1885 — 1950)

A figure from Lewy's Tonus und Bewegung
(1923), showing images of Lewy bodies

“‘Lewy” bodies in the brain.
These are full of alpha-synuclein.


https://www.youtube.com/watch?v=wZZ4Vf3HinA

alpha-synuclein is a small protein, found at high concentration in Lewy bodies

a-synuclein

14 kDa Welght G51D A93T NAC domain C-terminus

H50Q
E46K 60

140 amino acids 1 9 140
pS129

Mutations cause familial PD:

A30P N-terminus

* Natively unfolded

- Membrane interacting
( Nanodisks? Pores? )

*a-helical in contact
with membranes

* B-sheet in fibrils

- Mutations can cause
familial PD
(A30P, E46K, H50Q,
G51D, A53T)



Synucleinopathies: Different “strains” of a-synuclein fibrils may cause different diseases

Other diseases related to aSyn fibrils
¢ | ewy Body variant of Alzheimer’s Disease (AD)
e Neurodegeneration with Brain Iron Accumulation (NBIA) Type |

. . . Modified from: Halliday & McCann, Annals of the New York
* Pure Autonomic Failure (PAF) Disease Academy of Sciences 1184(1), 188-195 (2010)



In vitro generated aSyn fibrils

Ricardo Guerrero, with Markus Britschgi (Roche) and Roland Riek (ETHZ)

Frozen
sample
goes into
microscope

R

Cryo-EM image of fibrils
(10°000 fibril images are needed)
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Guerrero-Ferreira et al., eLife (2018, 2019)



aSyn fibril polymorphism

Frozen
sample
goes into
microscope

M

-

Cryo-EM image of fibrils
(10°000 fibril images are needed)

https://people.mbi.ucla.edu/sawaya/amyloidatlas/

129 known aSyn fibril structures (as of Dec. 2024)



Alpha-Synuclein Fibril Polymorphism

In vitro, wt

In vitro, wt

In vitro, Ac-E46K

MSA brain purified

In vitro, pTYR39

PD & MSA brain seeded (PMCA)
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unpublished.




Cryo-EM of the human brain suffering from neurodegeneration

What is the
mechanism of neurodegeneration
In the human brain 7

Autopsy
of patient tissue donors
at the VUMC Amsterdam

||||||||||||||||



CLEM - Correlative Light and Electron Microscopy

light microscopy

to find LB

tissue collected on
stained and alternating glass
dehydrated slides and EM grids

’
cutting sections ann .IHC _>
staining and
of 150 nm -3 79

peroxidase
detection

Fixed brain

tissue A
overlay of LM
/ and EM images
-> w to determine
\ LB location
o in EM grids

( 4-6 10-12

EM to image LB

Collaboration with

Wilma van de Berg
VUMC, Amsterdam

Amanda Lewis, Sarah Shahmoradian



Dementia with Lewy bodies
(DLB)

>



DLB: CLEM image of a Cingulate Gyrus of a DLB patient Notash Shafiei, LBEM

Light Microscopy

Electron Microscopy



Dementia with Lewy bodies
(DLB)



Parkinson’s Disease with
Dementia
(PDD)

IDFIIS



Parkinson’s Disease
(PD)

fibrils



PD: CLEM - Correlative Light and Electron Microscopy

Parkinson’s Disease
(PD)

Shahmoradian et al., Nature Neurosc. 22, 1099-1109 (2019)



PD: CLEM - Correlative Light and Electron Microscopy

Shahmoradian et al., Nature Neurosc. 22, 1099-1109 (2019)



PD: CLEM - Correlative Light and Electron Microscopy

Shahmoradian et al., Nature Neurosc. 22, 1099-1109 (2019)



PD: CLEM - Correlative Light and Electron Microscopy

Shahmoradian et al., Nature Neurosc. 22, 1099-1109 (2019)



PD: CLEM - Correlative Light and Electron Microscopy
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PD: CLEM - Correlative Light and Electron Microscopy

9



2)[D)c Lewy body, Substantia nigra Amanaa Lewis, LBEM

LB #1 LB #2 ~ _LB#3
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* organelles

N The majority of Lewy bodies in PD

* membranes

: 2Isrr]zzng’crsafqze';”irprheegriﬁ(a)lrzcentral, interspersed) are pri mari Iy com posed of

membrane fragments

Shahmoradian et al., Nature Neurosc. 22, 1099-1109 (2019) Lewis, AJ et al (2024) bioRxiv




Asthree-layer Lewis bodyin‘PD.. [his*/s-Varysrare. s o Amieiitia,Lewis, L BEM
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Lewis, AJ et al (2024) bioRxiv




Multiple System Atrophy
(MSA)

Membrane fragments,
some fibrils

fibrils
fibrils

=



MSA: Substantia Nigra Amanda Lewis, Carolin Bing, LBEM

IHC: Purified Mouse Anti-g-Synuclein - Clone 42 F anetl
(BD Biosciences): Recognises residues 91-99 ‘.




MSA: Putamen Amanda Lewis, Carolin Béing, LBEM




MSA: Putamen “PD LCWY bOdy" next to MSA GCI ? Amanda Lewis, Carolin Béing, LBEM

“Lewy body?”

D/




Fibril Purification

Seeded
wt Mouse brain

Sarkosyl

N

Extraction buffer: Vortex
10 mM Tris-HCI pH 7.5 harshly (?)
800 mM NaCl
no sarkosyl
10% sucrose
1 mM EGTA

uc-0 Supernatant
$1
_—

Extraction buffer:
10 mM Tris-HCl pH 7.5
800 mM NaCl
2% sarkosyl 10°000 g
10% sucrose 10 min
1 mM EGTA

Pellet

P1

100’000 g
20 min

Supernatant

S2

Pellet

P2

Resuspend in:
10 mM Tris-HCI pH 7.5
800 mM NaCl
no sarkosyl
10% sucrose
1 mM EGTA

v

uc-2 Supernatant

S3

3x dilute in:
50 mM Tris-HCI pH 7.5
150 mM NaCl
3’000 g 0.2% sarkosyl
5 min 10% sucrose
(no EGTA)

Pellet

P3

uc-3

166’000 g
30 min

Supernatant

S4

Pellet

P4

Resuspend in:
30 mM Tris-HCI pH 7.4
100 mM NaCl



Multiple System Atrophy: A specific alpha-synuclein fibril strain

Schweighauser et al., Burger et al.,
Nature, Sept. 2020 bioRxiv.org, 2024

+ 2 % Sarkosyl detergent

: gg?cm'\" NaCl Purified from human brain Synthetic “1B” fibril,
- 30 min shaking of MSA patients causing MSA in mice

(Goedert and Scheres labs, MRC, Cambridge, UK) (LBEM, collaboration with Francgois Ichas, Bordeaux, France)



Multiple System Atrophy: A specific alpha-synuclein fibril strain

Schweighauser et al., Burger et al.,
Nature, Sept. 2020 bioRxiv.org, 2024

+ 2 % Sarkosyl detergent
. 300 M NaCl Purified from human brain Synthetic “1B” fibril,
- 30 min shaking of MSA patients causing MSA in mice



Multiple System Atrophy:

A specific alpha-synuclein fibril strain

Synthetic “1B” fibril,
causing MSA in mice

Purified from human brain
of MSA patients

M83 mice
express
human A53T
aSyn



Multiple System Atrophy:

A specific alpha-synuclein fibril strain

Synthetic “1B” fibril,
causing MSA in mice

Purified from human brain
of MSA patients

M83 mice
express
human A53T
aSyn



Synucleinopathies: Different “strains” of a-synuclein fibrils may cause different diseases

Membrange fragments,

some fibrils
fibrils
fibrils

fibrils

Synthetic “1B” fibril, Purified from human brain
causing MSA in mice of MSA patients

Modified from: Halliday & McCann, Annals of the New York
Academy of Sciences 1184(1), 188-195 (2010)



Prionoid fibril growth: Fibrils form plaques, which correlate with (cause?) disease
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tau tangles
In Alzheimer’s Disease



Tau Fibril Polymorphism Work by the groups of Michel Goedert and Sjors Scheres, LMB, Cambridge, UK

Different tau fibril “strains”
cause
different diseases?



Tau Fibril Polymorphism Work by the groups of Michel Goedert and Sjors Scheres, LMB, Cambridge, UK

Disease I . CTE CTE CBD CBD GGT GGT GGT GPT GPT AGD AGD AGD
2?7
N Fibril > RECIAEECEEE L Typel Type2 Typel Type2 e Typel Type2 Type3 typel type22 typel type2 type3
Alzheimer’s
Disease

- €
L]

Different tau fi ‘strain

correlate with (cause?)

Encephalopathy

Corvcohasl different diseases.

Posterior Cortical
PCA Atrophy

PART Primary Age

Related Tauopathy

Progressive

Supranuclear Palsy

GGT-I

Globular Glial

GGl "rlopatny
GGT-II

Argyrophilic Grain
Disease

Aging-Related Tau
Astrogliopathy

MAPT intron 10
mutation +3

MAPT intron 10
mutation +16

Familial British
Dementia

Familial Danish
Dementia




Human brain of a deceased Alzheimer’s Disease patient: p-Tau  Danisl Stihii, Amancla Lawis




Human brain of a deceased Alzheimer’s Disease patient: p-Tau  Danisl Stihii, Amancla Lawis




Cryo-EM of the human brain suffering from neurodegeneration

LN2

BSL-2 Temperature
Cryo-

(fixation)
_> Ultramicrotome
\ (CEMOVIS)
Vibratome

&ﬂxation) High-pressure

Freezer Leica Thunder
Cryo-LM
Laser
D.issection Correlative
Correlative Microscope LM & EM
LM & EM (Cryo-CLEM)
(CLEM)
EM

Cryo-FIB-SEM

LBEM to thin down tissue cryo-EM

to 200nm thickness or
cryo-ET



Cryo-FIB-SEM
of high-pressure frozen
human brain



Cryo-FIB-SEM of human brain Meltem Tatli et al.

4 % PFA ) . Laser . .
FTDA 0.1 % Glut. Vibratome Labeling Dissection EM grid LN2 freezing
Milling/
Cryo-FIBSEM Inside of Thinning
. ryo- nside of cryo-
Cryo-Light thinning FIBSEM
Microscopy

(Leica Thunder)




Cryo-FIB-SEM of human brain Meltem Tatli et al.

FIB (side-view) SEM (top-view)



Cryo-F|B-SEM of human brain Frontotemporal lobar degeneration (FTLD) A Meltem Tatli et al.

Cryo-Electron Tomography (@ DCI) with 3D reconstruction

Aquilos2 FIB-SEM @ EMF

TDP-43
fibrils

High-pressure frozen human brain on EM grid

200nm lamella of frozen human brain



Cryo-EM of the human brain suffering from neurodegeneration

BSL-2

(fixation)
ﬁ

Vibratome

lﬂxation)

EMF

Laser
Dissection
Correlative Microscope
LM & EM
(CLEM)
EM BSL-2

LBEM

CryoWriter

LN2

Temperature
Cryo-
Ultramicrotome
\ (CEMOVIS)

High-pressure

Freezer Leica Thunder

Cryo-LM

EMF

Correlative
LM & EM

LIN2 (Cryo-CLEM)
Temperature

DCI

Cryo-FIB-SEM

to thin down tissue cryo-EM
to 200nm thickness or
cryo-ET




Studying fibrils from a single aggregate

50 ym O capillary
To pick up sample
from one single aggregate

The CryoWriter (CryoWrite AG, Basel, Switzerland)

Inverted Zaber
light microscope
To look for color
or fluorescence

Slice of brain tissue
(wet, non-fixed)

Holey Carbon film EM Grid
To freeze sample
for cryo-EM study

>

3 mm

Plunge-Freeze grid



Studying fibrils from a single agﬁgregate The CryoWriter (CryoWrite AG, Basel, Switzerland)




Neurodegeneration: Alzheimer’s, Parkinson’s, DLB, PDD, MSA, ALS, FTLD, Creutzfeldt-Jakob, ...

“Something bad happens”

Where does the first
fibril come come from?

Protein “XYZ” —» Fibril

N\

Which Polymorph
or Polymorphs?

Which type of brain cells
are damaged?

Mitochondrial (How are they damaged?)

damage
f How does it spread?
Pesticide (What spreads?)

“Disease Name”



LBEM - Laboratory of Biological Electron Microscopy

Biology:
Parkinson’s
Disease

Physics:

4D-STEM

300kV Cold FEG

Stroboscopic
Single Electron Cryo-EM

Aberration corrector

DrX.works RF Cavity Cs Probe Corrector
“Titan Chopper” ARINA (Dectris)



Titan Krios G4
(2022) cold-FEG

Cs probe aberration corrector
Autoloader (12 grids)

CETA / Falcon4i

ARINA (Dectris) @ 120’000 fps (96x96 px)



Cryo-Electron Microscopy of Proteins

Cryo-TEM 4D-STEM
Electrons Electrons
in Flood Beam In Under-focused Beam

I

Ptychography

Electron Lens

Diffraction Mode

Image Mode

Fast hybrid pixel detector



4D STEM in Life Sciences

4D STEM —

(Ptychography)
In Undelil?géﬁ)snesd Beam

Diffraction Mode

Arina
Hybrid Pixel Detector

@ 120’000 fps

Pixelated detector



4D STEM in L|fe Sciences See also: Zhou et al., Nat. Comm. (2020)11:2773

Software: Ptychography

:

Apply real-space Apply Fourier-space
constraints constraints

Set of diffraction patterns Reconstructed micrograph



LBEM - Laboratory of Biological Electron Microscopy

Biology: Physics:

Parkinson’s Improving
Disease Cryo-EM

Stroboscopic
Single Electron Cryo-EM
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