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Supplementary Table 1 | Statistics of cryo-ET experiments on mouse neurons. 

 

Condition Experiments Analyzed 
tomograms 

Analyzed 
filaments 

Analyzed membrane 
area (μm²) 

GFP-α-syn + PFFs 3 6 1592 4.11 
Endogenous α-syn + PFFs 3 4 220 2.87 
GFP-α-syn + MSA 3 5 721 3.70 
Untransduced - PFFs 2 5 - 3.67 

 

Neurons were either transduced with GFP-α-syn and seeded with PFFs (“GFP-α-syn + PFFs”), 

transduced with p62-RFP and seeded with PFFs (“Endogenous α-syn + PFFs”), transduced with 

GFP-α-syn and seeded with aggregates derived from a MSA patient brain (“GFP-α-syn + 

MSA”), or untransduced and unseeded as control (“Untransduced - PFFs”). The column 

“Experiments” lists biologically independent replicates. “Analyzed filaments” includes all 

filaments analyzed in Fig. 2d, e, Fig. 4 and Supplementary Fig. 7d. “Analyzed membrane area” 

includes all membranes analyzed in Fig. 4 and Supplementary Fig. 7e. 

  



Supplementary Table 2 | List of primers. 

 

Primer name Sequence 

Forward primer pFhSynW2 

GFP-synA53T-Flag 

GCA GTC GAG AGG ATC CCG GGC CCA CCA TGG TGA GCA 

AGG GCG AG 

Reverse primer pFhSynW2 

GFP-synA53T-Flag 

CCG CTC TAG AGC TAG CTT ATT TAT CGT CGT CAT CCT 

TGT AAT CGG CTT CAG GTT CGT AGT CTT GAT AC 

Forward primer pFhSynW2 

Flag-GFP 

GAG CGC AGT CGA GAG GAT CCC CCA CCA TGG ATT ACA 

AGG ATG ACG ACG ATA AGC CCG GGA TGG TGA GCA AGG 

GCG AG 

Reverse primer pFhSynW2 

Flag-GFP 

GCT TGA TAT CGA ATT CTT ACT TGT ACA GCT CGT CCA 

TGC 

 

Primers used for cloning the pFhSynW2 GFP-synA53T-Flag and pFhSynW2 Flag-GFP 

constructs.   



 

Supplementary Fig. 1 | Seeding of α-Syn aggregates in neurons. a, Schematic of the seeding 

of α-Syn aggregates in primary neurons. Primary mouse neurons were transduced at day in vitro 

(DIV) 10 with GFP, GFP-α-Syn or p62-RFP. Seeds (PFFs or MSA brain-derived) were applied 

at DIV 13, and α-Syn inclusions were studied at DIV 20 by light microscopy or cryo-ET upon 

chemical or cryo-fixation, respectively. For light microscopy imaging, GFP signal was enhanced 

by staining with an antibody against GFP. b, Negative stain images of α-Syn fibrils before (left) 

and after (right) sonication. Sonicated seeds were used for all seeding experiments. Scale bars: 

250 nm. Two biologically independent experiments were performed. c, Immunofluorescence 

imaging of α-Syn aggregates, as detected by an antibody against phosphorylated α-Syn Ser129 

(p-α-Syn). Top: aggregate formation (arrowheads) upon seeding cells expressing GFP-α-Syn 

with exogenous PFFs. Middle: no aggregate formation in cells expressing GFP-α-Syn in the 



absence of PFFs. Bottom: PFFs seed smaller aggregates in cells with endogenous α-Syn levels 

that express GFP only as control (see Supplementary Fig. 1f for quantification). Scale bars: 50 

µm. Two biologically independent experiments were performed. d, Immunofluorescence 

imaging of GFP-α-Syn aggregates detected by an antibody against p62. The merged image 

shows a superposition of the GFP-α-Syn (green), p62 (magenta) and DAPI (blue) channels. An 

arrowhead indicates the colocalization of GFP-α-Syn and p62. Scale bar: 20 µm. Two 

biologically independent experiments were performed. e, Immunofluorescence imaging of 

endogenous α-Syn aggregates positive for p-α-Syn colocalizing with p62-RFP. The merged 

image shows a superposition of the p62-RFP (magenta), phospho-α-Syn (green), the neuronal 

marker MAP2 (gray) and DAPI (blue) channels. Scale bar: 20 µm. Two biologically independent 

experiments were performed.  f, Quantification of the percentage of neurons with aggregates in 

the soma upon treatment with PFFs of cells transduced with GFP-α-Syn (blue) or untransduced 

(green; endogenous α-Syn). The horizontal lines of each box represent 75% (top), 50% (middle) 

and 25% (bottom) of the values, and a black square the average value. Whiskers represent 1.5x 

standard deviation and black diamonds the individual data points. * indicates p = 0.011 by two-

tailed unpaired t-test with Welch’s correction, n = 4 (GFP-α-Syn + PFFs) and 3 (endogenous α-

Syn + PFFs) biologically independent experiments. g, Quantification of neuronal viability upon 

seeding with PFFs for cells expressing endogenous α-Syn (Endo. α-Syn + PFFs), or transduced 

with GFP-α-Syn (GFP-α-Syn + PFFs) or with GFP only (GFP + PFFs) relative to untransduced 

and unseeded control cells. Bars represent average values, the error bars the standard deviation 

and black triangles the individual data points. *and ** respectively indicate p = 0.04 and p = 

0.002 by two-way ANOVA and Dunnett's multiple comparison test, n = 3 biologically 

independent experiments for all conditions. Representative images are shown in b, c, d. Source 

data for f, g are provided as a Source Data file. 

  



 

 

Supplementary Fig. 2 | Cryo-ET workflow. a, Cryo-light microscopy imaging of GFP 

fluorescence in a primary neuron grown on the carbon support (CS) of an EM grid. The cell was 

transduced with GFP-α-Syn at DIV 10 and aggregate formation was seeded at DIV 13. The grid 

was vitrified at DIV 20. GB: grid bar, Nuc: nucleus. Scale bar: 25 µm. b, Correlative scanning 

electron microscopy imaging of the same cell within the cryo-FIB instrument upon coordinate 

transformation. A white arrowhead marks a piece of ice crystal contamination that can also be 

found in panels c and d as visual reference. Scale bar: 25 µm. c, FIB-induced secondary electron 

image of the same cell. Yellow boxes indicate the regions to be milled away by the FIB during 

lamella preparation. Scale bar: 15 µm. d, Scanning electron microscopy imaging of the same cell 

upon preparation of a 150 nm-thick electron transparent lamella. The white rectangle marks the 

region of the lamella shown in e. Scale bar: 10 µm. e, Low magnification transmission electron 

microscopy image of the area of the lamella marked in d. Ice: ice crystal contamination on the 

lamella surface. The white rectangle marks the region shown in f. Scale bar: 3 µm. f, A 

tomographic slice (thickness 1.4 nm) recorded in the area indicated in e. Ca: mitochondrial 

calcium stores, ER: endoplasmic reticulum, Mito: mitochondrion. Red arrowheads indicate α-

Syn fibrils. Scale bar: 300 nm. The number of tomograms and biologically independent cryo-ET 

experiments is listed in Supplementary Table 1. Representative images are shown for all panels. 



 

 

Supplementary Fig. 3 | Purification of α-Syn aggregates from MSA patient brain. 

a, b, Immunohistochemistry staining showing cytoplasmic inclusions (brown) positive for α-Syn 

(a) and p62 (b) in the basilar part of the pons of the brain of an MSA patient. Nuclei are stained 

in blue. Aggregates for seeding neurons for cryo-ET imaging were purified from the same region 



(c, d). Scale bars: 50 µm. Experiment was performed once. c, d, Purification of α-Syn aggregates 

from the MSA patient brain shown in a, b. Coomassie staining (c) and anti-phospho-α-Syn 

western blot (d) of SDS PAGE gels loaded with brain homogenate (Hom), washing fractions 

(W1-6) and the final sarkosyl-insoluble fraction (Ins) at low (left) and high (right) exposure 

levels. M: molecular weight marker. Note the aggregated material in the stacking gel. For gel 

source images, see Supplementary Fig. 2. Experiment was performed once. e, 

Immunofluorescence images of a GFP-α-Syn-expressing neuron seeded with the sarkosyl-

insoluble fraction from MSA patient brain, showing aggregates positive for phospho-α-Syn and 

p62. GFP signal was enhanced by staining with an antibody against GFP. The merged image 

shows a superposition of the GFP-α-Syn (green), phospho-α-Syn (red) and p62 (gray) channels. 

Scale bar: 20 µm. Two biologically independent experiments were performed. Representative 

images are shown for all panels. Source data for c, d are provided as a Source Data file. 

 

 

  



 

 

Supplementary Fig. 4 | Persistence length of α-Syn fibrils. Linear fit of the total persistence 

length for all fibrils analyzed. n = 1295 (GFP-α-Syn + PFFs), 220 (endogenous α-Syn + PFFs) 

and 721 (GFP-α-Syn + MSA) fibrils in total over two (GFP-α-Syn + PFFs) or three (endogenous 

α-Syn + PFFs and GFP-α-Syn + MSA) biologically independent experiments. The blue curves 

represent the original data. 95% confidence interval (dotted lines) and the values of the 

persistence length (Lp), Young’s modulus (E) and coefficients of determination (R2) are 

indicated. Note that the values are almost identical for GFP-α-Syn and endogenous α-Syn seeded 

with PFFs, but lower for GFP-α-Syn seeded with MSA patient aggregates. Source data are 

provided as a Source Data file. 

  



 

 

Supplementary Fig. 5 | Seeding of α-Syn aggregates in neurons by gold-labeled PFFs. a, 

Immunofluorescence images of a GFP-α-Syn-expressing neuron seeded with gold-labeled PFFs. 

The cells develop α-Syn aggregates, as detected by antibodies against phosphorylated α-Syn 

Ser129 and p62. GFP signal was enhanced by staining with an antibody against GFP. The 

merged image shows a superposition of the GFP-α-Syn (green), phospho-α-Syn (red), p62 (gray) 

and DAPI (blue) channels. An arrowhead indicates the GFP-α-Syn aggregates. Scale bar: 20 µm. 

b, Tomographic slices (thickness 1.4 nm) showing accumulations of gold particles (orange 

arrowheads) at the membrane (left) or in the lumen (right) of intracellular vesicles. Ves: vesicles. 

Scale bar: 50 nm. Two biologically independent experiments were performed in all cases. 

Representative images are shown for all panels. 

  



 



Supplementary Fig. 6 | α-Syn aggregates in SH-SY5Y cells. a, Immunofluorescence images of 

SH-SY5Y cells stably expressing GFP-α-Syn and seeded with PFFs. The cells develop α-Syn 

inclusions, as detected by antibodies against phosphorylated α-Syn Ser129 (top), p62 (middle) 

and K48-linked ubiquitin (bottom). The merged images show a superposition of the respective 

green and red channels plus DAPI (blue). Scale bars: 15 µm. b, A tomographic slice (thickness 

1.8 nm) of an inclusion seeded by PFFs in a SH-SY5Y cell expressing GFP-α-Syn. Auto: 

autophagosome; Mito: mitochondrion; Ves: vesicles. Fibrils are marked by red arrowheads. 

Scale bars: 350 nm (main panel) and 100 nm (inset). c, 3D rendering of the tomogram depicted 

in b showing α-Syn fibrils (red), autophagosomes (cyan), mitochondria (green) and various 

vesicles (purple). Three biologically independent experiments were performed in all cases. 

Representative images are shown for all panels. Source data are provided as a Source Data file. 

  



 

 



Supplementary Fig. 7 | Proximity of α-Syn fibrils and cellular membranes. a, Gallery of 

tomographic slices showing close proximity events (dashed white circles) between α-Syn fibrils 

(red arrowheads) and different cellular membranes with no apparent interactions. Auto: 

autophagosome, Ves: vesicles. Tomographic slices are 1.8 nm (GFP-α-Syn + PFFs) or 1.4 nm 

(endogenous α-Syn + PFFs and GFP-α-Syn + MSA) thick. Scale bar: 50 nm. b, Gallery of 

tomographic slices (thickness 1.8 nm) showing apparent contacts between α-Syn fibrils and 

different cellular membranes at sites of high membrane curvature (dashed white circles), within 

inclusions seeded by PFFs in neurons expressing GFP-α-Syn. ER: endoplasmic reticulum. Scale 

bar: 50 nm. c, Tomographic slices showing sites of high membrane curvature (dashed white 

circles) in the absence of α-Syn fibrils in neurons expressing p62-RFP and seeded with PFFs. 

MT: microtubule; Ribo: ribosome. Tomographic slices are 1.4 nm thick. Scale bar: 60 nm. d, 3D 

rendering shown in Fig. 1d and Fig. 4a with α-Syn fibrils color-coded according to their distance 

to the nearest cellular membrane (gray). To elucidate whether the events of close proximity 

between fibrils and membranes were caused by chance or mediated by molecular interactions, 

random shifts (by 10 – 20 nm) and rotations (between 0 and 10°) were performed to the 

experimentally determined location of the fibrils. Black lines show 5 simulations for 50 

randomly chosen fibrils. e, Measurements of inter-membrane distances for a 2D slice of the 

tomogram shown in d. The number of tomograms and biologically independent cryo-ET 

experiments is listed in Supplementary Table 1. Representative images are shown. 

  



Supplementary Methods | Fibril-membrane and inter-membrane distance calculation. 

 

Fibril-membrane distance 

The algorithm computing fibril-membrane nearest distances can be summarized as follows: 

For each tomogram: 

1. Use the segmentation of organelle lumina to compute the distance transform tomogram1, 

which calculates the Euclidean distance from each background voxel to the nearest segmented 

one. 

2. For each fibril: 

2.1. The curve defined by Amira’s Xtracing module during segmentation is sampled uniformly 

each 5 nm (i.e. similar to the fibril radius). 

2.2.  For each point in the fibril: 

2.2.1. To achieve subvoxel precision, get the interpolated value of the distance transform 

tomogram at the coordinates of that point. 

2.2.2. Add this value to a list of fibril-membrane nearest distances. 

The probability density was computed as the normalized histogram of the list of fibril-membrane 

nearest distances. 

To test whether these fibril-membrane nearest distances resulted from random or specific 

interactions, we compared the experimentally determined distances with those of simulated 

fibrils. These simulated fibrils were created by randomly shifting and rotating the experimentally 

measured fibrils as follows: 

For each tomogram, generate 200 synthetic tomograms: 

1. Take randomly an input experimental fibril as reference. 

2. Shift the reference fibril in respect to its center at a random distance in a range of [10, 20] 

nm. 

3. Rotate the fibril randomly with respect to the fibril center with Euler angles selected 

randomly in the range of [0, 10] degrees. 

4. Try to insert the resulting fibril in the synthetic tomogram. The insertion fails in the 

following cases: 



4.1. The fibril intersects with another one, considering that fibrils have a cross-section radius 

of 5 nm. 

4.2. The fibril intersects with a segmented membrane. 

4.3. Part of the fibril is out of the tomogram boundaries. 

5. Iterate until 50 fibrils are inserted or 5000 tries are reached.  

 

Inter-membrane distance 

The algorithm for computing inter-membrane nearest distances can be summarized as follows: 

For each tomogram: 

1. Assign labels for the lumen of each organelle. 

2. Associate segmented membranes and lumina by a proximity criterion. For each voxel in a 

membrane segmentation, the label of the nearest lumen voxel is determined. The lumen is 

then associated to the membrane segmentation most frequently found. 

3. For each lumen: 

3.1. Compute the distance transform tomogram1 from all lumina. 

3.2. Erase the current lumen. 

3.3. For each pixel on the membrane segmentation associated to the current lumen: 

3.3.1. Get the interpolated value of the distance transform tomogram at the coordinates of that 

point. 

3.3.2. Add this value to a list of inter-membrane nearest distances.  

Probability densities were computed as described for fibril-membrane nearest distances. 

 

References 
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Reviewer #1 (Remarks to the Author):  

The authors used cryo-electron tomography to image seeded alpha-synuclein filaments in primary 

neurons (untransfected or transfected) and SH-SY5Y cells (transfected). The seeds were either 

sonicated preformed fibrils (PFFs) assembled from human recombinant wild-type or mutant A53T 

alpha-synuclein, gold-labelled or not, or prepared from the pons of a case of neuropathologically 

confirmed multiple system atrophy (MSA) using sarkosyl extraction and sonication.  

The tomography part of this work is of high quality and wide interest. However, the description of 

seed production lacks in detail (see point 3 of major comments). Moreover, discussion of some of 

the background and implications is inadequate and needs changing.  

Major comments  

1. The authors repeatedly mention the paper by Shahmoradian et al. (2019), which questioned the 

relevance of alpha-synuclein filaments for Lewy pathology. The present work cannot say anything 

definitive about this controversy, because it is unclear how seeded aggregation using PFFs relates to 

Lewy pathology. As the authors mention, the structures of filaments made from recombinant 

protein may differ from those found in human brain. The other seeds were prepared from MSA 

brain. But MSA is not characterized by Lewy pathology. So, although this work deals with seeded 

aggregation of alpha-synuclein, it cannot say anything specifically about Lewy bodies. It is incorrect 

-

claim that, based on the current work, the filaments seen by Shahmordian et al. were alpha-

synuclein filaments. The paper by Mahul-Mellier, which is directly relevant for the mechanisms 

underlying Lewy body formation, must be discussed and cited (PNAS 117, 4971-4982, 2020). Perhaps 

it is all only question of time downstream of filament assembly. The work by Shahmoradian et al. 

may or may not be relevant for human diseases. One way to link what is going on in human diseases 

with what is described here would be to use labels that are positive in both. This may go beyond the 

scope of this manuscript, but the possibility should be mentioned. Such labels could be thioflavins, 

luminescent conjugated oligothiophenes or silver stains.  

2. The work showing polarised growth of alpha-synuclein filaments is interesting. The authors show 

that upon internalisation of gold-labelled seeds made of wild-type alpha-synuclein PFFs, seeded GFP-

alpha-synuclein filaments were only decorated at one end by gold particles. But the experiments 

used recombinant assembled proteins and the reference (Guerrero-Ferreira et al., 2019) refers to 

the cryo-EM structures of filaments assembled from recombinant (1-121) alpha-synuclein. As 

mentioned above, the structures of recombinant alpha-synuclein filaments are probably different 

from those found in human brain. The authors ignore the evidence (from over 20 years ago) 

suggesting polarised growth of alpha-synuclein filaments in human brain (dementia with Lewy 

Letters 292, 128-130 (2000) must be cited in this respect. The authors must discuss how they see 

polarised growth of alpha-synuclein filaments in MSA, taking into account the cryo-EM structures of 

alpha-synuclein filaments from MSA described in reference 26.  

3. The authors say that nucleation-relevant seeds consist of oligomeric alpha-synuclein. They should 

explain this statement. Is a major point of seeded aggregation not that it is nucleation-independent 

(no lag phase)? In the Methods it says that seeds were sonicated. The authors must show negative 

stain pictures of their seeds after sonication and describe how sonication was carried out. This is a 



crucial piece of information. How can they exclude that what they call oligomers were in fact short 

filaments? If they cannot do so, they must mention the possibility that at least some seeds were 

short filaments of alpha-synuclein. The paper by Pieri et al. (Scientific Reports 6: 24526, 2016) must 

be discussed and cited. Can tomography distinguish between large oligomers and small filaments?  

4. This study depends on seeded aggregate formation. It is important to point out that there is no 

evidence to suggest that the high-resolution structures of seeds and seeded aggregates are the 

same, which is a hidden assumption behind much of the discussion.  

Minor comments  

1. Duffy and Tennyson (JNEN 24, 398-414, 1965) described Lewy body filaments before Roy and 

Wolman.  

2. Cross-reaction of alpha-synuclein antibodies with neurofilaments is not a general problem. 

Reference 12 and its discussion must be removed.  

3. The work of Araki et al. (PNAS 116, 17963-17969, 2019) must be discussed and cited. It looks at 

human disease and disagrees with the conclusions of Shahmoradian et al.  

Reviewer #2 (Remarks to the Author):  

Review for Trinkhaus et al  

Trinkhaus et al present a methodologically sound, well-controlled study showing a higher resolution 

picture of the cellular and molecular organisation of Lewy bodies, neuronal inclusions common to 

Previous studies - most notably a room temperature correlative light and electron microscope and 

tomography study - have shown that alpha-synuclein-positive Lewy bodies consist of crowded 

environments of membranes of disfigured organelles and vesicles, as well as unidentified 

filamentous structures. The latter have been proposed to consist of alpha-synuclein, but their 

identity has not been unequivocally confirmed due to lower resolution of the employed imaging 

method.  

There is very little to fault this study, as it is fairly coherent and well-designed. Only the following 

minor points -  

- figure 3a  beautiful images. How does the labelling relate / agree with the atomic structure of Syn 

reported by Henning Stahlberg?  

- ith single-particle studies reporting a higher twist, 

indicative of higher flexibility , for MSA-

Could you provide numbers for twists, diameters, maybe even an image comparison with the 

downloaded EMDB structure?  



- Perhaps use of red and green in figures could be prevented? I suggest to change to cyan and 

magenta throughout the manuscript.  

- 

-rendered.  

- 

explained in the methods section. Perhaps this could be explained in the main text?  

- -
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+' HSP bZ]V ^SZbTYR [ZWL]T^PO R]Zb_S ZQ LW[SL&^dY`NWPTY QTWLXPY_^ T^ TY_P]P^_TYR' HSP L`_SZ]^
^SZb _SL_ `[ZY TY_P]YLWT^L_TZY ZQ RZWO&WLMPWWPO ^PPO^ XLOP ZQ bTWO&_d[P LW[SL&^dY`NWPTY E;;^%
^PPOPO <;E&LW[SL&^dY`NWPTY QTWLXPY_^ bP]P ZYWd OPNZ]L_PO L_ ZYP PYO Md RZWO [L]_TNWP^' 7`_ _SP
Pc[P]TXPY_^ `^PO ]PNZXMTYLY_ L^^PXMWPO []Z_PTY^ LYO _SP ]PQP]PYNP #<`P]]P]Z&;P]]PT]L P_ LW'%
+)*2$ ]PQP]^ _Z _SP N]dZ&:B ^_]`N_`]P^ ZQ QTWLXPY_^ L^^PXMWPO Q]ZX ]PNZXMTYLY_ #*&*+*$ LW[SL&
^dY`NWPTY' 6^ XPY_TZYPO LMZaP% _SP ^_]`N_`]P^ ZQ ]PNZXMTYLY_ LW[SL&^dY`NWPTY QTWLXPY_^ L]P
[]ZMLMWd OTQQP]PY_ Q]ZX _SZ^P QZ`YO TY S`XLY M]LTY' HSP L`_SZ]^ TRYZ]P _SP PaTOPYNP #Q]ZX ZaP]
+) dPL]^ LRZ$ ^`RRP^_TYR [ZWL]T^PO R]Zb_S ZQ LW[SL&^dY`NWPTY QTWLXPY_^ TY S`XLY M]LTY
#OPXPY_TL bT_S APbd MZOTP^% BG6% EL]VTY^ZYm^ OT^PL^P$' FPQP]PYNP^ . LYO /% L^ bPWW L^
8]Zb_SP] P_ LW' CP`]Z^NTPYNP AP__P]^ +2+% *+1&*,) #+)))$ X`^_ MP NT_PO TY _ST^ ]P^[PN_' HSP
L`_SZ]^ X`^_ OT^N`^^ SZb _SPd ^PP [ZWL]T^PO R]Zb_S ZQ LW[SL&^dY`NWPTY
QTWLXPY_^ TY BG6% _LVTYR TY_Z LNNZ`Y_ _SP N]dZ&:B ^_]`N_`]P^ ZQ LW[SL&^dY`NWPTY QTWLXPY_^ Q]ZX
BG6 OP^N]TMPO TY ]PQP]PYNP +/'

HSP ^`RRP^_PO ]PQP]PYNP^ LYO OT^N`^^TZY ]PRL]OTYR _SP [ZWL]TePO R]Zb_S ZQ p&GdY QTM]TW^ L]P YZb
TYNW`OPO #WTYP^ *.,&*.1$3 j>Y_P]P^_TYRWd% N]dZ&:H LYLWd^T^ ZQ TYNW`^TZY^ ^PPOPO Md RZWO&WLMPWPO
E;;^ ^SZbPO <;E&p&GdY QTM]TW^ bT_S ZYP PYO OPNZ]L_PO Md ,&*) RZWO [L]_TNWP^ #;TR' ,M% N$%
TYOTNL_TYR _SL_ PcZRPYZ`^ ^PPO^ _]TRRP] _SP QTM]TWWL_TZY ZQ NPWW`WL] p&GdY TY L [ZWL]TePO XLYYP]%
NZY^T^_PY_ bT_S _SP [ZWL] ^_]`N_`]P^ ZQ ]PNZXMTYLY_ p&GdY QTM]TW^,-' 6W_SZ`RS [L_TPY_&OP]TaPO p&
GdY QTM]TW^ L]P [ZWL] L^ bPWW0%1%,,%-)% T_ ]PXLTY^ _Z MP P^_LMWT^SPO bSP_SP] OT^PL^P&]PWL_PO ^PPO^ LW^Z
_]TRRP] `YTOT]PN_TZYLW QTM]TW R]Zb_S TY NPWW^'k

,' HSP L`_SZ]^ ^Ld _SL_ Y`NWPL_TZY&]PWPaLY_ ^PPO^ NZY^T^_ ZQ ZWTRZXP]TN LW[SL&^dY`NWPTY' HSPd
^SZ`WO Pc[WLTY _ST^ ^_L_PXPY_' >^ L XLUZ] [ZTY_ ZQ ^PPOPO LRR]PRL_TZY YZ_ _SL_ T_ T^ Y`NWPL_TZY&
TYOP[PYOPY_ #YZ WLR [SL^P$5 >Y _SP BP_SZO^ T_ ^Ld^ _SL_ ^PPO^ bP]P ^ZYTNL_PO' HSP L`_SZ]^ X`^_
^SZb YPRL_TaP ^_LTY [TN_`]P^ ZQ _SPT] ^PPO^ LQ_P] ^ZYTNL_TZY LYO OP^N]TMP SZb ^ZYTNL_TZY bL^
NL]]TPO Z`_' HST^ T^ L N]`NTLW [TPNP ZQ TYQZ]XL_TZY' =Zb NLY _SPd PcNW`OP _SL_ bSL_ _SPd NLWW
ZWTRZXP]^ bP]P TY QLN_ ^SZ]_ QTWLXPY_^5 >Q _SPd NLYYZ_ OZ ^Z% _SPd X`^_ XPY_TZY _SP [Z^^TMTWT_d
_SL_ L_ WPL^_ ^ZXP ^PPO^ bP]P ^SZ]_ QTWLXPY_^ ZQ LW[SL&^dY`NWPTY' HSP [L[P] Md ETP]T P_ LW'
#GNTPY_TQTN FP[Z]_^ /3 +-.+/% +)*/$ X`^_ MP OT^N`^^PO LYO NT_PO' 8LY _ZXZR]L[Sd OT^_TYR`T^S
MP_bPPY WL]RP ZWTRZXP]^ LYO ^XLWW QTWLXPY_^5

IP SLaP YZb XZOTQTPO _SP NZ]]P^[ZYOTYR ^PN_TZY^% LaZTOTYR _SP _P]X jY`NWPL_TZYk'
<TaPY _SL_ Z`] ^PPO^ bP]P []ZO`NPO Md ^ZYTNL_TZY ZQ XL_`]P QTM]TW^% bP LR]PP _SL_ T_ T^ XZ]P
WTVPWd _SL_ _SP ^XLWW ^PPOTYR&NZX[P_PY_ ^[PNTP^ NZ]]P^[ZYO _Z ^XLWW QTM]TW^% ]L_SP] _SLY ZWTRZXP]^'
HST^ SL^ YZb MPPY NZ]]PN_PO _S]Z`RSZ`_' HST^ NZYNW`^TZY T^ NZY^T^_PY_ bT_S _SP QTYOTYR^ ZQ ETP]T
P_ LW'% bSTNS bP YZb NT_P #]PQ -*% WTYP^ *.1&*/)$3 jD`] OL_L LW^Z ^SZb _SL_% TY Z`] Pc[P]TXPY_LW
NZYOT_TZY^% ^XLWW p&GdY QTM]TW^ L]P _SP XZ^_ ^PPOTYR&NZX[P_PY_ ^[PNTP^% TY LR]PPXPY_ bT_S
[]PaTZ`^ ]P^`W_^-*'k
6OOT_TZYLW TYQZ]XL_TZY ZY _SP ^ZYTNL_TZY []ZNPO`]P T^ YZb TYNW`OPO TY _SP BP_SZO^ #WTYP^ ,,+&
,,,% ,,1&,,2$% LYO YPRL_TaP ^_LTY TXLRP^ L]P ^SZbY TY G`[[WPXPY_L]d ;TR' *M'

-' HST^ ^_`Od OP[PYO^ ZY ^PPOPO LRR]PRL_P QZ]XL_TZY' >_ T^ TX[Z]_LY_ _Z [ZTY_ Z`_ _SL_ _SP]P T^ YZ
PaTOPYNP _Z ^`RRP^_ _SL_ _SP STRS&]P^ZW`_TZY ^_]`N_`]P^ ZQ ^PPO^ LYO ^PPOPO LRR]PRL_P^ L]P _SP



^LXP% bSTNS T^ L STOOPY L^^`X[_TZY MPSTYO X`NS ZQ _SP OT^N`^^TZY'

HSP QZWWZbTYR ^PY_PYNP SL^ MPPY LOOPO _Z NWL]TQd _ST^ [ZTY_ #WTYP^ */.&*/1$3 j6W_SZ`RS p&GdY
^_]LTY^ NLY MP _]LY^XT__PO MP_bPPY NPWW^ in vitro LYO in vivo,% _SP NPWW`WL] PYaT]ZYXPY_ XLd LW^Z
XZOTQd _SP ^_]LTY NSL]LN_P]T^_TN^-+' HS`^% STRSP] ]P^ZW`_TZY OL_L L]P YPPOPO _Z PW`NTOL_P _Z bSL_
Pc_PY_ _SP ^_]`N_`]P ZQ _SP ^PPO T^ _PX[WL_PO TY _SP LRR]PRL_P^ ^PPOPO bT_STY NPWW^'k

BTYZ] NZXXPY_^
*' 9`QQd LYO HPYYd^ZY #?C:C +-% ,21&-*-% *2/.$ OP^N]TMPO APbd MZOd QTWLXPY_^ MPQZ]P FZd
LYO IZWXLY'

IP _SLYV _SP FPaTPbP] QZ] [ZTY_TYR `^ _Z _ST^ ^_`Od% bSTNS T^ YZb LW^Z NT_PO TY Z`] XLY`^N]T[_
#]PQ **% WTYP^ .1&.2$3 j:L]Wd PWPN_]ZY XTN]Z^NZ[d #:B$ ^_`OTP^ ^`RRP^_PO _SL_ _SP APbd MZOTP^2&*+

LYO RWTLW Nd_Z[WL^XTN TYNW`^TZY^*,%*-%k

+' 8]Z^^&]PLN_TZY ZQ LW[SL&^dY`NWPTY LY_TMZOTP^ bT_S YP`]ZQTWLXPY_^ T^ YZ_ L RPYP]LW []ZMWPX'
FPQP]PYNP *+ LYO T_^ OT^N`^^TZY X`^_ MP ]PXZaPO'

9ZYP'

,' HSP bZ]V ZQ 6]LVT P_ LW' #EC6G **/% *02/,&*02/2% +)*2$ X`^_ MP OT^N`^^PO LYO NT_PO' >_
WZZV^ L_ S`XLY OT^PL^P LYO OT^LR]PP^ bT_S _SP NZYNW`^TZY^ ZQ GSLSXZ]LOTLY P_ LW'

IP YZb NT_P 6]LVT P_ LW' TY _SP >Y_]ZO`N_TZY #]PQ *.% WTYP^ /+&/,$3 j>Y_]TR`TYRWd% J&]Ld OTQQ]LN_TZY
XPL^`]PXPY_^ NZYQT]XPO _SP []P^PYNP ZQ LXdWZTO QTM]TW^ ZYWd TY ^ZXP APbd MZOTP^*.k



FPaTPbP] "+ #FPXL]V^ _Z _SP 6`_SZ]$3

FPaTPb QZ] H]TYVSL`^ P_ LW

H]TYVSL`^ P_ LW []P^PY_ L XP_SZOZWZRTNLWWd ^Z`YO% bPWW&NZY_]ZWWPO ^_`Od ^SZbTYR L STRSP]
]P^ZW`_TZY [TN_`]P ZQ _SP NPWW`WL] LYO XZWPN`WL] Z]RLYT^L_TZY ZQ APbd MZOTP^% YP`]ZYLW TYNW`^TZY^
NZXXZY _Z ^PaP]LW YP`]ZOPRPYP]L_TaP OT^PL^P^% TYNW`OTYR EL]VTY^ZYm^ 9T^PL^P LYO X`W_T[WP
^d^_PX^ L_]Z[Sd' E]PaTZ`^ ^_`OTP^ & XZ^_ YZ_LMWd L ]ZZX _PX[P]L_`]P NZ]]PWL_TaP WTRS_ LYO
PWPN_]ZY XTN]Z^NZ[P LYO _ZXZR]L[Sd ^_`Od & SLaP ^SZbY _SL_ LW[SL&^dY`NWPTY&[Z^T_TaP APbd
MZOTP^ NZY^T^_ ZQ N]ZbOPO PYaT]ZYXPY_^ ZQ XPXM]LYP^ ZQ OT^QTR`]PO Z]RLYPWWP^ LYO aP^TNWP^% L^
bPWW L^ `YTOPY_TQTPO QTWLXPY_Z`^ ^_]`N_`]P^' HSP WL__P] SLaP MPPY []Z[Z^PO _Z NZY^T^_ ZQ LW[SL&
^dY`NWPTY% M`_ _SPT] TOPY_T_d SL^ YZ_ MPPY `YP\`TaZNLWWd NZYQT]XPO O`P _Z WZbP] ]P^ZW`_TZY ZQ _SP
PX[WZdPO TXLRTYR XP_SZO'

HSP]P T^ aP]d WT__WP _Z QL`W_ _ST^ ^_`Od% L^ T_ T^ QLT]Wd NZSP]PY_ LYO bPWW&OP^TRYPO' DYWd _SP
QZWWZbTYR XTYZ] [ZTY_^ i

IP _SLYV _SP FPaTPbP] QZ] _SP ZaP]LWW [Z^T_TaP NZXXPY_^'

& QTR`]P ,L i MPL`_TQ`W TXLRP^' =Zb OZP^ _SP WLMPWWTYR ]PWL_P ( LR]PP bT_S _SP L_ZXTN ^_]`N_`]P ZQ
GdY ]P[Z]_PO Md =PYYTYR G_LSWMP]R5

IP XPL^`]PO LY LaP]LRP OT^_LYNP MP_bPPY RZWO MPLO NPY_P]^ ZQ ,'. h )'- YX #XPLY h ^O$ LWZYR
p&GdY QTM]TW^' <TaPY _SL_ _SP _d[TNLW OT^_LYNP MP_bPPY MP_L ^_]LYO^ T^ f-'1 g LN]Z^^ aL]TZ`^ STRS&
]P^ZW`_TZY ^_]`N_`]P^ ZQ p&GdY QTM]TW^ #EB>9 ,+**+22*% ,+-/*/12$% bP P^_TXL_P _SL_ _SP RZWO
MPLO^ WLMPW L[[]ZcTXL_PWd PaP]d 0&1 MP_L ^_]LYO^' HST^ T^ YZb XPY_TZYPO TY _SP WPRPYO ZQ ;TR' ,
#WTYP^ +-0&+-2$' HSP NL]_ZZY TY ;TR' ,N SL^ LW^Z MPPY ]P&^NLWPO LNNZ]OTYRWd'

& jD`] XPL^`]PXPY_^ L]P LW^Z NZY^T^_PY_ bT_S ^TYRWP&[L]_TNWP ^_`OTP^ ]P[Z]_TYR L STRSP] _bT^_%
TYOTNL_TaP ZQ STRSP] QWPcTMTWT_d % QZ] BG6&OP]TaPO QTM]TW^ NZX[L]PO _Z ]PNZXMTYLY_k
8Z`WO dZ` []ZaTOP Y`XMP]^ QZ] _bT^_^% OTLXP_P]^% XLdMP PaPY LY TXLRP NZX[L]T^ZY bT_S _SP
OZbYWZLOPO :B97 ^_]`N_`]P5

IP YZb XPY_TZY TY _SP _Pc_ _SL_ _SP OTLXP_P] ZQ Z`] QTM]TW^ bL^ f*) YX% ^TXTWL] _Z LWW
]PNZXMTYLY_ LYO [L_TPY_&OP]TaPO ^_]`N_`]P^ [`MWT^SPO _Z OL_P #WTYP^ *)2&***$3 jHSP QTM]TW^ bP]P
f*) YX TY OTLXP_P]% ^TXTWL] _Z ]PNZXMTYLY_ LYO [L_TPY_&OP]TaPO p&GdY QTM]TW^,,%,- LYO NWPL]Wd
OT^_TYN_ Q]ZX YP`]ZQTWLXPY_^ #;TR' *R$'k
6[[]ZcTXL_P aLW`P^ QZ] _SP _bT^_^ ZQ _SP [`MWT^SPO ^_]`N_`]P^ L]P LW^Z WT^_PO #WTYP^ *,1&*-*$3
jD`] XPL^`]PXPY_^ L]P LW^Z NZY^T^_PY_ bT_S ^TYRWP&[L]_TNWP ^_`OTP^ ]P[Z]_TYR L STRSP] _bT^_%
TYOTNL_TaP ZQ STRSP] QWPcTMTWT_d,1% QZ] BG6&OP]TaPO QTM]TW^,, #f/) YX$ _SLY QZ] XZ^_ ^_]`N_`]P^ ZQ
]PNZXMTYLY_ QTM]TW^,- #2)&*+) YX$'k
=ZbPaP]% OP^[T_P Pc_PY^TaP TXLRP []ZNP^^TYR PQQZ]_^% bP NZ`WO YZ_ OP_P]XTYP LY LaP]LRP
^_]`N_`]P ZQ Z`] QTM]TW^ bT_S ^`QQTNTPY_ ]P^ZW`_TZY% Z] PaPY ]PWTLMWd NLWN`WL_P _SPT] _bT^_% [Z^^TMWd
O`P _Z _SPT] ^_]`N_`]LW aL]TLMTWT_d' HSP]PQZ]P% bP bZ`WO QTYO T_ []PXL_`]P _Z []P^PY_ LY TXLRP
NZX[L]T^ZY L_ _ST^ [ZTY_'



& EP]SL[^ `^P ZQ ]PO LYO R]PPY TY QTR`]P^ NZ`WO MP []PaPY_PO5 > ^`RRP^_ _Z NSLYRP _Z NdLY LYO
XLRPY_L _S]Z`RSZ`_ _SP XLY`^N]T[_'

HSLYV dZ` QZ] _SP ^`RRP^_TZY' IP SLaP NSPNVPO LWW QTR`]P^ bT_S L NZWZ]&MWTYO ^TX`WL_Z]3
S__[^3((bbb'NZWZ]&MWTYOYP^^'NZX(NZMWT^&NZWZ]&MWTYOYP^^&^TX`WL_Z](
;`]_SP]XZ]P% QZ] LWW WTRS_ XTN]Z^NZ[d TXLRP^% bP ^SZb _SP OTQQP]PY_ NSLYYPW^ ^P[L]L_PWd L^ MWLNV
LYO bST_P TXLRP^'

& A+1/3 HSP NL[_TZY ]PLO^ l,9 ]PYOP]TYR ZQ L$m% M`_ ^SZ`WO MP l,9 ]PYOP]TYR ZQ _ZXZR]LX
OP[TN_PO TY L$m% L^ _SP OP^N]T[_TZY QZ] L$ ]PLO^ l_ZXZR]L[STN ^WTNPm% bSTNS NLYYZ_ MP ,9&]PYOP]PO'

HSLYV dZ` QZ] [ZTY_TYR _ST^ Z`_' IP SLaP NZ]]PN_PO T_ TY LWW ]PWPaLY_ WPRPYO^ #;TR' *O% ;TR' *S%
;TR' +M% ;TR' ,O% ;TR' ,P% G`[[WPXPY_L]d ;TR' /N$'

& A,)-3 l8d_Z^ZWTN QTM]TW OPY^T_dm3 >_ T^ YZ_ OT]PN_Wd ZMaTZ`^ bSL_ T^ XPLY_ Md _ST^ _P]X L^ T_ T^
ZYWd Pc[WLTYPO TY _SP XP_SZO^ ^PN_TZY' EP]SL[^ _ST^ NZ`WO MP Pc[WLTYPO TY _SP XLTY _Pc_5

IP SLaP YZb LOOPO _ST^ Pc[WLYL_TZY TY _SP XLTY _Pc_ #WTYP^ *+2&*,*3 j=ZbPaP]% QTM]TW OPY^T_d
bT_STY TYNW`^TZY^% OPQTYPO L^ _SP Q]LN_TZY ZQ Nd_Z^ZWTN aZW`XP ZNN`[TPO Md QTM]TW^% bL^
^TRYTQTNLY_Wd STRSP] TY NPWW^ Pc[]P^^TYR <;E&p&GdY #;TR' +P% G`[[WPXPY_L]d HLMWP *$'k$ LYO _SP
WPRPYO ZQ ;TR' + #WTYP^ +,/&+,0$'

& A../3 lNLXP]L^m &4 lNLXP]Lm

j8LXP]Lk T^ `^PO TY [W`]LW L^ T_ ]PQP]^ _Z MZ_S @+ LYO @, NLXP]L^'



Reviewer #1 (Remarks to the Author):  

The authors have answered my previous questions. I have no additional comments.  

Reviewer #2 (Remarks to the Author):  

The authors have answered all my questions, happy to recommend publication.  

Tanmay Bharat 



Description of Additional Supplementary Files 
 
File Name: Supplementary Movie 1| Tomogram and 3D rendering of an α-Syn aggregate in a neuron 
seeded by PFFs.  
Description: Tomographic volume and 3D rendering of an inclusion seeded by PFFs in a neuron 
expressing GFP-α-Syn, shown in Fig. 1a, d. The field of view is 1.6 x 1.6 μm. The rendering depicts α-
Syn fibrils (red), an autophagosome (cyan), ER (yellow), mitochondria (green) and various vesicles 
(purple). 
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Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A list of figures that have associated raw data
- A description of any restrictions on data availability

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Replication

Randomization

Blinding

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems

n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Human research participants

Clinical data

Dual use research of concern

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

Data availability

Source Data for Fig. 2d, e, Fig. 4b, c, Supplementary Fig. 1f, g, Supplementary Fig. 3c, d, Supplementary Fig. 4 and Supplementary Fig. 6 are available with the online
version of this paper. The individual values for the average graphs shown in Fig. 2d, Fig. 4b, c and Supplementary Fig. 4 are available at the Edmond repository:
https://edmond.mpdl.mpg.de/imeji/collection/rnVkI2lwG8loNXOi. The tomograms shown in Fig. 1 and Fig. 2 are available in EMPIAR through accession codes
EMD-11401 (Fig. 1a; https://www.ebi.ac.uk/pdbe/entry/emdb/EMD-11401), EMD-11417 (Fig. 1e; https://www.ebi.ac.uk/pdbe/entry/emdb/EMD-11417) and
EMD-11416 (Fig. 2a; https://www.ebi.ac.uk/pdbe/entry/emdb/EMD-11416). All other data are available from the corresponding authors upon reasonable request.

Sample sizes were selected based on previous experience to obtain statistical significance and reproducibility (see e.g. Table S1 in Collado et
al., Dev Cell 2019)

Tomograms with insufficient signal-to-noise-ratio were excluded for all conditions.

Replicates were conducted for all experiments quantified as described in the Figure legends and Supplementary Table 1

Mouse embryos of both sexes were chosen randomly for neuronal cell cultures. The MSA patient was selected based on histopathological
brain analyses (ramdomization did not apply). Experiments on SH-SY5Y cells were performed comparing different experimental treatments on
the same cell line (ramdomization did not apply).

No blinding was applied. All experiments were performed comparing various treatments on otherwise comparable samples, and as such it
was necessary for the researchers to be aware of the treatment applied (e.g. PBS, PFFs or MSA aggregates). Appropriate controls were
included in each experimental replication.

The following primary antibodies were used: GFP (A10262, Thermo Fisher, 1:500; RRID: AB_2534023), K48-linked ubiquitin (05-1307,
Millipore; 1:500; RRID: AB_1587578), MAP2 (NB300-213, Novus Biologicals; 1:500; RRID: AB_2138178), p62 (ab56416, Abcam; 1:200;

RRID: AB_945626), phospho S129 !-Syn (ab51253, Abcam; 1:500 for immunofluorescence, 1:2500 for western blot; RRID:
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Validation

Eukaryotic cell lines
Policy information about cell lines

Cell line source(s)

Authentication

Mycoplasma contamination

Commonly misidentified lines
(See ICLAC register)

Animals and other organisms
Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals

Wild animals

Field-collected samples

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Human research participants
Policy information about studies involving human research participants

Population characteristics

Recruitment

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

AB_869973), !-Syn (610787, BD Biosciences; 1:1000; RRID: AB_398108) and p62 lck ligand (610832, BD Biosciences; 1:100; RRID:
AB_398151).

The following secondary antibodies were used: Alexa Fluor 488 AffiniPure Donkey Anti-Chicken (703-545-155, Jackson
ImmunoResearch; 1:250), Alexa Fluor 647 AffiniPure Donkey Anti-Chicken (703-605-155, Jackson ImmunoResearch; 1:250), Cy3
AffiniPure Donkey Anti-Rabbit (711-165-152, Jackson ImmunoResearch; 1:250), Alexa Fluor 488 AffiniPure Donkey Anti-Mouse
(715-545-150, Jackson ImmunoResearch; 1:250), Cy3-conjugated AffiniPure Goat Anti-Mouse IgG (115-165-003, Jackson
ImmunoResearch; 1:1000), Cy3-conjugated AffiniPure Goat anti-rabbit (111-165-045, Dianova; 1:1000; RRID: AB_2338003), HRP-
conjugated Goat Anti-Rabbit (A9169, Sigma; 1:5000; RRID: AB_258434).

All antibodies have been previously used for the application and species described here. The GFP Antibody has been validated for ICC
in mice (https://www.thermofisher.com/antibody/product/GFP-Antibody-Polyclonal/A10262). The K48-linked ubiquitin Antibody has
been validated for IF in human cell culture (https://www.merckmillipore.com/DE/de/product/Anti-Ubiquitin-Antibody-Lys48-Specific-
clone-Apu2-rabbit-monoclonal,MM_NF-05-1307). The MAP2 antibody has been validated for IF in mouse primary cultures (https://
www.novusbio.com/products/map2-antibody_nb300-213). The p62 antibody has been validated for IF in human cell culture (https://
www.abcam.com/sqstm1--p62-antibody-autophagosome-marker-ab56416.html). The phospho S129 !-Syn antibody has been
validated for WB with mouse brain lysates and has been used for IF in human cell culture (https://www.abcam.com/alpha-synuclein-
phospho-s129-antibody-ep1536y-ab51253.html ; https://europepmc.org/backend/ptpmcrender.fcgi?
accid=PMC7212628&blobtype=pdf). The !-Syn antibody has been validated for IHC in humans (https://www.bdbiosciences.com/eu/
applications/research/stem-cell-research/ectoderm-markers/human/purified-mouse-anti--synuclein-42-synuclein/p/610787). The
p62 lck ligand antibody has been validated for IHC in humans (https://www.bdbiosciences.com/us/reagents/research/antibodies-
buffers/cell-biology-reagents/cell-biology-antibodies/purified-mouse-anti-p62-ick-ligand-3p62-lck-ligand/p/610832).

SH-SY5Y cells were a gift from Konstanze Winklhofer and Joerg Tazelt (10.1038/emboj.2011.86) and orginially purchased at
DSMZ (ACC209)

HEK293T cells were purchased from Takara (632180)

No authentication was performed

No contamination was found by PCR, electron and light microscopy.

None

Primary cortical neurons were prepared from E15.5 CD-1 wild type mouse embryos of both sexes (breeding line MpiCrlIcr:CD-1).
Mice were housed in a specific pathogen free facility at 22 ± 1,5 °C, 55 ± 5% humidity, 14-hour light / 10-hour dark cycle.

no

no

All experiments involving mice were performed in accordance with the relevant guidelines and regulations of the Government of
Upper Bavaria (Germany).

A brain sample was collected from a male patient who died at the age of 54, 6 years after being diagnosed with a cerebellar
type of MSA

The patient donated brain tissue to the Neurobiobank Munich. This sample was selected due to the abundant alpha-
synuclein inclusions in the pons region

MSA patient brain tissue was obtained from Neurobiobank Munich. All autopsy cases of the Neurobiobank Munich are
collected on the basis of an informed consent according to the guidelines of the ethics commission of the Ludwig-
Maximilians-University Munich, Germany. The experiments performed in this paper were approved by the Max Planck
Society’s Ethics Council.
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