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Abstract

Several biological processes are involved in dementia, and fibrillar aggregation of misshaped endogenous
proteins appears to be an early hallmark of neurodegenerative disease. A recently developed means of
studying neurodegenerative diseases is Magnetic Resonance Elastography (MRE), an imaging technique
investigating the mechanical properties of tissues. Although mechanical changes associated with these
diseases have been detected, the specific signal of fibrils has not yet been isolated in clinical or pre-clinical
studies. The present study aims to exploit the fractal-like properties of fibrils to separate them from non-

aggregated proteins using a multi-frequency MRE power law exponent in a phantom study.

Two types of fibril, a-Syn and AB, and a non-aggregated protein, Bovine Serum Albumin, used as control
were incorporated in a dedicated non-dispersive agarose phantom. Elastography was performed at
multiple frequencies between 400 and 1,200 Hz. After 3D-direct inversion, storage modulus G’, phase

angle ¢, wave speed c and the power law exponent y were computed.

No significant changes in G’ and ¢ were detected. Both a-Syn and AB inclusions showed significantly higher

y values than control inclusions (p = 0.005) but did not differ between each other.

The present phantom study highlighted a specific biomechanical effect of a-Syn and AP aggregates which
was better captured with the power law exponent derived from multi-frequency MRE than with single

frequency derived parameters.
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Multi-frequency MR Elastography was used on agarose
phantoms with small inclusions containing protein
aggregates, early hallmarks of dementias. a-Syn and AB, the
two types of studied aggregates had significantly high power
law exponent compared with a non-aggregated protein used
as control, while MRE parameters at a single frequency did
not discriminate those aggregates from control. Their
fractal-like structure based on B-sheets might be the source

of their effect on power law exponent.



Abbreviations used

e a-Syn, a-synuclein

AB, amyloid B

e (, phase angle

e AD, Alzheimer’s Disease

e BSA, Bovine Serum Albumin

e ¢, wave speed

o f frequency

e k, complex wave number

e ki, real part of the complex wave number
e (@', storage modulus

e G”, loss modulus

e G*, complex shear modulus;

e MEG, Motion Encoding Gradient

e MSME, Multi-Slice Multi-Echo

e MRE, Magnetic Resonance Elastography
e PBS, Phosphate Buffer Saline

e  PET-CT, Positron Emission Tomography — Computed Tomography
e ROI, Region Of Interest

e vy, power-law exponent



Introduction

Dementias are neurodegenerative diseases characterized by a decline in mental ability. Progression
involves several biological processes such as impaired neurotransmission, inflammation,
neurodegeneration and, from the early stages, fibrillar aggregation of misshaped endogenous proteins®=3.
These fibrils appear to be hallmarks of dementia: in the wide span of neurodegenerative diseases, distinct
endogenous proteins, such as amyloid-B, a-synuclein or Tau, share a common mechanism of pathological
aggregation and spreading across brain areas®. They also share a microstructural feature: all misshape to

form B-sheets.

A recent means of studying neurodegenerative diseases is Magnetic Resonance Elastography (MRE), an
imaging technique investigating mechanical properties of tissues®. The most popular MRE method uses a
monochromatic shear wave propagated through tissue and synchronized with oscillating motion encoding
gradients (MEG). The wave fields acquired are typically processed using a viscoelastic wave equation,

leading to mechanical property maps: i.e., information on elasticity and viscosity.

MRE has been used in both preclinical and clinical studies on dementia. Recent clinical studies showed
that brain stiffness varied between areas according to pathology®. Stiffness was decreased in frontal and
temporal lobes in frontotemporal dementia’, lentiform nucleus in Parkinson’s disease®, and frontal,
temporal and parietal lobes in Alzheimer’s disease (AD)°. Small-animal studies confirmed decreased
stiffness and further suggested an association with neuronal loss!®*>. A biomechanical study in a multiple

sclerosis mouse model showed that phase angle was sensitive to demyelination and remyelination?.

Few studies have specifically focused on the influence of AD amyloid B (AB) fibrils on MRE parameters. In
humans, a study comparing AD patients testing positive versus negative for presence of AB according on
PET-CT suggested that amyloid load alone could not explain the changes in stiffness observed’. In a mouse
model of AD, increased storage modulus (representing elasticity) correlated with intracellular fibril load
during adolescence, attributed to change in cell structure. However, in older mice, no link was found
between extracellular presence of A and viscoelastic parameters®®. Overall, most studies suggested that
protein aggregation might not be the main factor driving brain stiffness changes. However, concurrent
pathological phenomena such as inflammation, neurodegeneration or vascular impairment cannot be

easily disentangled in living organisms.

In the last decade, various teams reported that multi-frequency MRE could reveal the underlying

microstructure of matter at a macroscopic scale. Whatever the mechanical model, the frequency-



dependence of the MRE-derived parameters could be fitted to a power law, and the exponent of this
power law could be linked to the underlying microarchitecture. The exponent was reported to be reduced
in chronic multiple sclerosis while remaining constant in relapsing-remitting multiple sclerosis. Altered
cerebral structures in the chronic case were a possible explanation for this difference®°. To establish the
link between the power law exponent and the underlying microarchitecture, some studies used calibrated
phantoms, made with a single type of microstructure such as paper strips?®®, microvasculature?* or
polystyrene microsphere distribution?2. In a polystyrene microsphere phantom, Lambert et al. used wave
propagation to show that multiple wave scattering on microscopic rigid scatterers resulted
macroscopically in power law frequency-dependence of wave speed. The exponent of the power law was
linked to the apparent fractality of the medium. Importantly, for the geometrically induced power law to
be established, the scattering objects need to be not too small compared to the shear wavelength;

otherwise, apparent attenuation vanishes and only the material’s constitutive dispersion matters.

2324 3nd can induce

Like microspheres and vessels, fibrils are more rigid than their surrounding glial cells
multiple scattering of propagating shear waves. Moreover, their repetitive B-sheet structure over a large
scale (from protein diameter to a few mm) confers fractal-like properties. This fractality in the empirical
data can be observed only over a limited range®>%® as long as it is sufficiently large: i.e., according to Lazzari

et al., the upper limit should be “20 times larger than the primary particle”?’

. We propose here to exploit
these properties, using multi-frequency MRE to study the effect of two types of fibril on shear wave
scattering in a non-dispersive agarose medium. This phantom study seeks to improve understanding of

the specific contribution of protein fibrils to mechanical changes observed in the brain.

Methods

Sample preparation
Dedicated phantoms with well-delineated fibril inclusions were produced to isolate the effect of fibrils
using a purely elastic agarose base. In this lossless environment, any frequency dependence of speed

mainly originates from multiple scattering of waves due to the presence of obstacles, such as fibrils?>2,

Fibrils of human recombinant proteins (rPeptide), amyloid-p peptide 1-40 (AB) and full-length A53T-
mutated a-synuclein (a-Syn) were prepared as previously described?30, Aggregation was controlled with

thioflavin-T fluorimetry and transmission electron microscopy after uranyl-acetate staining.



Phantoms were made with 1 % agarose powder (Sigma A9414) diluted in artificial cerebrospinal fluid*?, to
have composition and mechanical properties similar to the brain. In each phantom, a maximum of four 3
x 3 x 3 mm? inclusions were made, using a mold (Fig. 1). Each inclusion was filled as follows: 21% of one
type of aggregated fibrils at high concentration in PBS solution (initial monomer concentration, 200 uM),
5% thioflavin-T solution (0.01% in PBS) for fluorescence imaging, and 74% agarose. Agarose mass
concentration was 1.35% in the 4 inclusions, to compensate the effect of dilution on mechanical
properties. One inclusion was used as control, containing Bovine Serum Albumin (BSA, Carl Roth, ref.
3737), a non-aggregated protein, at a mass concentration of 4.3 mg/mL in PBS. Red Congo staining was

used to visually locate this control inclusion and hence facilitate phantom positioning on MRI (Fig. 1).

Altogether, 7 phantoms were produced, with 11 a-Syn inclusions, 10 A inclusions and 7 BSA inclusions.
Phantoms were directly molded in their holder and covered by paraffin wax (DTM 133460) to prevent

dehydration and bulk motion during actuation.

Macrofluorescence
To check that fibrils did not migrate out of the inclusions, fluorescence microscopy (Leica Macrofluo Z16
APA A) was performed on the whole phantom after MRE imaging. Thioflavin-T, which binds to fibrils and

emits green fluorescence, was used as fluorochrome (Fig. 2).
MRE set-up

Experimental set-up
The sample holder was slid inside a homemade 3D-printed Helmholtz coil (Fig. 3) designed to maximize

uniformity and filling factor (Fig. S1) and to facilitate vertical handling of small samples.

The volume coil was simply taped to a dedicated elastography bench, so that a needle pierced the sample.
The needle was fixed on a Plexiglas flap, linked to an air-cooled piezoelectric driver (APA100M Cedrat
Technologies) via a star-shaped plastic rod. Actuator frequency and amplitude were set by a function

generator (33220A Agilent Technologies) through an amplifier (LA75 Cedrat Technologies).

Data acquisition

All acquisitions were performed on a pre-clinical 4.7 T MRI scanner (BioSpec Bruker system, Ettlingen,
Germany). The MRE sequence was derived from a RARE sequence®, and was performed sequentially at
600-800-900-1,000-400-1,200-600 Hz. Acquisition at 600 Hz was performed at the beginning and repeated

at the end of elastography to check that the sample’s mechanical properties did not alter over time (MRE



exam duration, 1h45). Sinusoidal Motion Encoding Gradients (MEG) with 180 mT.m™* amplitude were
synchronized with the piezoelectric driver through a trigger sent by the MRI console. To establish steady-
state regime before phase encoding, 40 wave periods were performed ahead of MEG. For each frequency,
MRE acquisition was repeated 3 times, with change in MEG orientation (slice, phase, read) to acquire the
3 directions of motion. Number of MEG periods and echo time were adjusted according to frequency so
as to maximize SNR (SNR varying between 23 at 400 Hz and 17 at 1,000 Hz). To minimize acquisition time,

a RARE factor of 2 was used.

An MSME (multi-slice multi-echo) sequence was acquired to locate inclusions on the computed T2-maps

and facilitate ROI positioning, as explained below.
Further details on both MRE and MSME sequences are given in Table 1.

Post-processing

Data processing was performed as described by Sinkus et al.33. Raw phase images were unwrapped,
filtered with a 3D-Gaussian filter (kernel =2 x 2 x 2, 0 = 0.39 x 0.39 x 1 mm?3) and Fourier transformed into
3D displacement fields. 3D curl inversion was applied to the fields to calculate the complex shear modulus

G* and the complex wave number k at each acquired frequency.

Image analysis

ROIs were manually drawn only on the central slice, excluding inclusion borders, to avoid bias due to
reconstruction artifacts or slice positioning error (Fig. 2b). In-plane, inclusions were located on T2-maps
and reported on MRE acquisitions. Only central inclusion areas were included, to avoid inhomogeneity at
the corners of the inclusions and edge reconstruction effects, leading to ROl sizes ranging between 10 and

38 pixels. One ROl close in size was also drawn in simple agarose for each sample.

The mean and standard deviation of the real and imaginary parts of G* (storage modulus G’ standing for

elasticity and loss modulus G” standing for viscosity) and real part of k (k) inside the ROls were computed.

27 . .
! were derived. The relation between wave

r

Mean phase angle ¢ = tan™?! (%) and wave speed ¢ =

speed c and excitation frequency f was fitted on a power law: ¢ = af?¥. Unwrapped phase and wave speed
at 400 and 1,200 Hz are shown as an example Figure 4. ¢ and y are two variables shown to be related to
underlying microstructure in previous studies. The relation ¢ = nty can be deduced from literature, but is

only valid when ¢ is independent of frequency3*3,



Statistics

Allresults are reported as mean + standard deviations. Statistical tests used OriginPro 2016 and R statistical
software version 3.3.3. Only the first of the two 600 Hz acquisitions was taken into account, so as to have
the same number of data points as for the other frequencies. The significance threshold a was set at 0.05/3

= 0.017 to correct for multiple comparisons between the three groups (AB, a-Syn, BSA).

First, differences in the microstructure-sensitive parameter y were assessed on non-parametric analysis of

variance (Kruskal-Wallis test), followed by Kolmogorov-Smirnov tests.

Second, G', Phi, c were evaluated by using linear mixed-effects models that included groups (a-Syn, AB,
BSA) and frequency as fixed-effect and random effect grouped by phantom used. Results are reported as
effect size B, confidence interval Cl, and p-value. For relevant parameters identified by the linear mixed
model, exploratory comparisons were also performed at each frequency to simulate the fastest and most

commonly performed single-frequency acquisitions.

Finally, to confirm the validity of the mathematical relation between ¢ and y, an additional Kruskal-Wallis

test was performed to evaluate the frequency dependence of .

Results

Macrofluorescence results
Macrofluorescence revealed no fibril leakage out of the inclusion areas (Fig. 2b). However, the

fluorescence distribution was non-homogeneous for some inclusions.

Differences in elastic properties between fibrils and BSA

Mean relative difference in k: measured in inclusions between the first and last 600-Hz acquisitions was
3+2%. A homogeneous 1% agarose phantom without inclusion was also characterized at 600 Hz over a 23-
hour period (15 measures) to demonstrate the mechanical stability of agarose over time: the standard

deviation of kr was only 1% of the mean value.

]Linear mixed-effects models showed no group effect on wave speed c (Fig. 5a), or on storage modulus (Fig.
5b), even though G’ and c tend to be smaller in the fibril groups at low frequency. Datasets and results of

linear mixed-effects models are provided as supplemental Excel ﬁ|e.‘[MBl]



Difference in structural parameters y and ¢ between fibrils and BSA

Both a-Syn and AB inclusions showed significantly higher values of exponent y than BSA inclusions (ya-syn =
0.22+0.08; yap = 0.26£0.15; yesa = 0.11+0.05 — p = 0.005, Fig. 6a), but did not differ between each other. Of
note, no difference was observed between BSA inclusions and simple agarose outside the inclusions (p =
0.963; complete results extracted from agarose ROls outside the inclusions are reported in Supplementary

Table S2).

]Parameter @ was not significantly different between both fibril groups and BSA. A trend toward higher
values in fibril groups is however noticeable (Fig. 6b). ‘[MBZ]Frequency had an impact on ¢ distribution

(Kruskal-Wallis test on pooled values from all frequencies, p < 0.0003).

Discussion

Detection of a fibril-specific effect

Fibrils are macromolecular protein assemblies of B-sheet stacks and are considered to be an early hallmark
of neurodegenerative diseases’3. Their specific effect on MRE parameters could not easily be inferred
from previous studies of transgenic mice and patients!*'’. In the present, we simplified the fibril
environment to isolate a potential effect on various MRE-derived parameters. More specifically, we used
their fractal-like distribution?’ as a source of multiple scattering of shear waves that leaves its footprint in
the exponent of the frequency power law. Surprisingly, MRl becomes sensitive to nanometric structures
because of the spatial extent induced by apparent fractality. Based upon stiffness itself, fibrils are difficult
to distinguish: no difference was found between the two fibril groups versus BSA using single-frequency
MRE parameters. Therefore y is really an added value to characterize the underlying microarchitecture:

e.g., here for fibril detection.

BSA, a non-aggregated protein, did not modify the dispersion properties of agarose, while the two fibril
types were able to significantly increase the power law exponent y, confirming that fibrils are a dispersive
obstacle for shear waves. AB and a-Syn are made of different proteins, and their aggregation leads to fibrils
harboring different widths and lengths, as visible on transmission electron microscopy images (provided
as Supplementary Figure S3). No significant difference in y was found between the two types of fibril,
suggesting that their common architectural base, B-sheet stacks, behaves as a fractal-like object, leading

to the same frequency-dependence of mechanical properties.



Based on our results, predicting a potential overruling of fibril effect by other modifications in the case of
neurodegenerative diseases remains delicate, since the sensitivity of detection in this study was difficult
to estimate: firstly because the exact concentration of fibrils was unknown (monomer concentration was
200 pM, but the number of monomers per fibril unit could not be easily estimated), and secondly because
of fluorescence inhomogeneities, probably deriving from the difficulty of mixing fibrils with agarose. Such
a multi-frequency MRE experiment could be used on ex vivo and in vivo brain to screen for an effect of
fibrils on mechanical properties. However, demonstrating a specific effect of fibrils among all the other
microstructural changes involved in neurodegenerative disease and in in vivo conditions might require full
brain characterization at the microscopic scale using quantitative and 3D histological methods (neuronal

loss, glial activation, etc.)¥.

Relevance of multi-frequency study
Multi-frequency MRE allowed an effect of isolated fibrils on mechanical parameters to be shown for the
first time. The power law exponent was significantly altered by fibril presence, unlike the storage modulus,

wave speed and phase angle.

A tendency for G’ to be smaller in the fibril groups at low frequency was noted. We think that this
observation cannot be explained by a change in microstructure, and rather arise from an interference with
the agarose polymerization process.imB3] In addition, the changes in wave speed and elasticity appear to
be very similar on graphs, possibly because of similar absorption (i.e. imaginary part of k) in both BSA and
fibrils®®. The absence of a fibril effect at high frequencies on viscoelasticity parameters corroborates

preclinical'®* and human'’ findings.

Like the power law exponent, ¢ globally increased, however non significantly, in the presence of fibrils.
Since both parameters were reported to provide information on microstructure!®?!, this similarity was
expected. Some limitations in the use of @ have to be pointed out: the dependence of ¢ on G” value was
problematic, since the phantoms were almost elastic: i.e., G”” was small compared to G’. ¢ values might
thus have been affected by noise. As underlined by Dittman et al., ¢ estimation is not robust to noise,
worsening this effect®. This explains why the difference between fibrils and BSA was not significant when

 was considered only at a given frequency.

Another aspect ruling out ¢ as a reliable dispersion parameter is the frequency-dependence demonstrated
here, which makes ¢ mathematically unrelated to y3¢. As expected, the data exhibited a frequency power

law, expressed by y, which stems from a fit of the wave speed to the six frequencies. If data additionally



followed the rheological model of a spring pot, slope y could be calculated from phase angle at each
individual frequency. Our data do not support this hypothesis, as shown by the fact that ¢ did not show

the same separation for different material constructs as y. A theoretical model matching this observation
. . . . _1(G" .
is when both the temporal and the spatial operator in equation ¢ = tan™! (?) are of fractional order.

This yields one parameter modifying the slope of the frequency behavior and an additional parameter

impacting the ratio of G” to G’%°.

It seems difficult to dispense with multi-frequency MRE and to extract the power law parameter for fibril
characterization. However, multi-frequency MRE is long to perform, ex or in vivo. It could benefit from
sequences with reduced acquisition time*~*3, We used six frequencies with a rather large range to enhance
fitting quality, but the number of acquisitions could be reduced according to Clauset et al., since the power

law model is well established?*.

Perspectives for preclinical follow-up

In this study performed on phantoms, the presence of fibrils was the only factor affecting y. Under in vivo
conditions, additional tissue complexity could mask the fibril effect that we measured in a simple phantom,
and neurodegenerative diseases moreover involve several additional microscopic changes in brain.
Microstructural changes such as demyelination® or age-related decrease in neuron density* have also
been shown to induce mechanical changes. Such variability makes the relationship between MRE
measurements and biological processes even more difficult to elucidate. In the case of chronic multiple
sclerosis, the specific structure triggering a modification of power law exponent is still unclear. Similarly,
it is difficult to link phase angle variations to a specific physiological or pathological change in the brain: ¢
was found unchanged by an increase in cerebral blood flow?*¢, and decrease in neuron number® and
inflammation?, while changes in ¢ were reported in rodents for demyelination?® and in the hippocampal
area of AD patients, regardless of amyloid status®. ¢ also correlated with memory performance in healthy
volunteers in the hippocampal area®. Finally, the heterogeneity of the structural composition in the brain

may make the fibril effect on y or @ brain-area dependent.

Conclusion

In conclusion, the power law exponent derived from multi-frequency MRE data showed significant changes
due to the presence of a-Syn and AP aggregates immersed in a homogeneous non-viscous medium. This
phantom study isolated a specific effect of fibrils, independently of other changes associated with their

accumulation in the brain.
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Table 1: MR acquisition parameters. MRE acquisitions were repeated 3 times at each frequency, with
MEGs in slice, phase and read directions (NA, not available).

MSME MR elastography

Field of view 25 x 25 mm? 25 x 25 mm?

Matrix 128 x 128 64 x 64

Spatial resolution 195 x 195 pm? 391 x 391 um?

Slice thickness 1 mm 1 mm

Number of slices 7 7

Number of phase offset images NA 8

Mechanical excitation frequency (Hz) | NA 400 | 600 | 800 | 900 | 1000 | 1200

Number of MEG periods NA 1 2 8 9 10 8

Echo time (ms) 12-24-36-48-60 | 15 15 |28 |30 |28 21
-72

Repetition time (ms) 5033 1200 | 1000

Acquisition time 8’3" 5’3" | 416"




Figures
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Figure 1: Schematic view of 1) the sample holder and 2) the mold used to create inclusions. The different
layers of the phantom are represented: 3a) 1% agarose. The mold put on the sample holder was used to
create the 4 imprints in which 3b) inclusions were created, containing 1.35% agarose and BSA or fibril
solutions. After cooling, 3c) a third layer of 1% agarose was added. Lastly, 4) a thin layer of paraffin

adhering to the edges of the sample holder was poured. 5) A photograph of the phantom in its holder.
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Figure 2: a) Bright field image of a phantom with a 1x magnification. A needle (presented in Figure 3) mark
is shown by a white arrow. b) Macrofluorescence image of an a-Syn inclusion with a 5X magnification.
Green fluorescence, appearing here in white, indicates binding of thioflavin-T to fibrils. In this inclusion,
the edges of the inclusion are clearly visible, indicating that no leakage of fibrils has happened. An ROl is

drawn, avoiding the edges of the inclusion (white dashed square).



Figure 3: Elastography bench dedicated to small samples: 1) a piezoelectric driver for wave generation
(APA100M Cedrat Technologies), cooled by 2) an air intake; 3) a star-shaped rod transmitted movement
to 4) a cactus needle, in direct contact with the sample; 5) a 36 mm diameter Helmholtz coil and 6)
associated coupling loop used for signal acquisition and transmission. 7) The sample holder was slid inside

the coil.
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Figure 4: MRE unwrapped phase and wave speed obtained at 400 and 1,200 Hz (motion encoding direction
orthogonal to the slice). AB, a-Syn and BSA inclusions and agarose ROls are represented in green, red, blue

and black, respectively.
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Figure 5: Boxplots of a) wave speed c and b) storage modulus G’ computed from ROl included in inclusions
containing a-Syn, AP fibrils and BSA for frequencies varying between 400 and 1,200 Hz. For each
frequency, 11, 10 and 7 values are represented for a-Syn, AB40 and BSA, respectively. Each box of the plot

contains values from the 25 to the 75 percentile. Maximum and minimum values are symbolized by
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Figure 6: a) Boxplots of exponent y for a-Syn, A and BSA. 11, 10 and 7 values are represented as dots for
a-Syn, AB and BSA, respectively. b) Boxplots of phase angle ¢ for a-Syn, AB and BSA inclusions (11, 10 and
7 values for each box plot, for a-Syn, AB and BSA, respectively). Each box of the plot contains values from

the 25" to the 75 percentile. Maximum and minimum values are symbolized by crosses, mean value by

a square and median by a line in the box.



Supplementary materials

1. Comparison of a volume coil and a handmade Helmholtz coil
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Figure S1: a) Image of a 20x20x20 mm? NiSO, sample made with a 32 mm diameter volume coil in
quadrature (Bruker, Ettlingen, Germany). A white line shows the direction in which the b) associated SNR
profile has been made. c) Profile made in the same direction with the handmade Helmholtz coil used in
this study. SNR was 50 + 1 in the 32 mm coil, i.e. about 50/v2 = 35 + 1 without quadrature detection, and
32 + 1 in the Helmholtz coil. Results were obtained using the MRI characterization tool*!
(https://vip.creatis.insa-lyon.fr/documentation/mri_charact.html) which is available online through the

L] [ i} . ]

Virtual Imaging Platform®? (https://vip.creatis.insa-lyon.fr/).

2. BSA and agarose

2 il ] (il

Variable | Frequency range | Agarose BSA

G 400-1200 Hz 5.7+0.8-6.7+0.6 kPa 52+14-6.6+1.0kPa

c 400-1200 Hz 23+0.1-2.6+0.1m.s™ 24+03-26%+0.2m.s?

10) 400-1200 Hz 0.09+0.02-0.20+0.05rad | 0.17 £ 0.06 —0.35 + 0.10 rad
/ 0.12+0.02 0.11+0.05

Table S2: Range of mean # standard deviation obtained for G’, c and ¢ for all investigated frequencies and

fory in the agarose ROI, far from all inclusions and in the BSA inclusion, used as control for the evaluation

of a fibril effect.



https://vip.creatis.insa-lyon.fr/

3. Transmission electronic microscopy of a-Syn and A fibrils

Figure S3: Transmission electronic microscopy of a) a-Syn and b) AB fibrils. Scale at the right corner
corresponds to 100 nm.



