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Supplementary tables

Supplementary table 1 Common centrifugal parameters used to prepare different

aSyn species.

aSyn species Centrifugal Rationale References
parameters
WT, A30P, or AS3T |50 pl aliquot at To remove insoluble material| Conway et
monomers 16000g for 5 min using a benchtop centrifuge al. 2000
WT aSyn fibrils 90-ul  aliquot  at|To measure the amount of fibril| Bousset et
40000g for 30 min pellet remaining during fibril| al. 2013
disassembly
aSyn 30-110 fibrils | 16000g for 30 min To monitor fibril disassembly| Gao efal.
when co-incubated with 2015
chaperones
Labeled aSyn fibrils | 15000g for 10 min To remove the free fluorophores| Fenyi ef al.
after the labeling of fibrils 2018
aSyn strain A and B | 100000g for 15 min | Seeds were resuspended in D,O Guo et al.
FIES for structural studies 2013
WT aSyn PFFs 100000g for 30 min | Sedimentation assay for Volpicelli-
confirmation of pelletable, active | Daley et al.
PFFs for cellular assays 2014
WT aSyn PFFs 20000g for 10 min To sediment down PFFs after| Fares efal.
sonication 2016




Supplementary table 2 Summary of different protocols for the preparation of aSyn oligomers
and their structural properties.

Oligomers Diameter Morphology Size distribution Methods References
WT aSyn 11 (1) nm annular and tubular 600 kDa (>42 monomers)” EM, SEC, SV-AUC| Lashuel et al.
539 kDa (n=38), 368 kDa (n=26)|and STEM 2002
13 nmto 17 nm spherical and 308 kDa (n=21 monomers)**
WT aSyn ~4 nm spherical N.A. SEC and AFM Volles et al.
2001
WT aSyn ~20 nm globular ~140-900 kDa EM and SV-AUC Pieri et al.
on-pathway (~10-60 monomers) * 2012
oligomers
WT aSyn |20 - 60 nm spherical/globular N.A. EM and SDS-PAGE | Mahul-Mellier
dopamine- analysis et al. 2015
induced
oligomers
WT aSyn |4-8 nm in height and amorphous round |~ 2000 kDa* SEC and AFM Nisstrom ef
ONE-induced [40-80 nm in width species al. 2009
oligomers
WT aSyn | 2—4 nm in height and curved protofibril-like |~ 2000 kDa* SEC and AFM Nisstrom ef
HNE-induced |100-200 nm in length al. 2011
oligomers
30-50 nm in inner annular structures
diameter, 80-100 nm in
outer diameter
WT aSyn N.A. N.A ~450 kDa (~30 monomers) EM and SV-AUC Pieri et al.
on-pathway 2016
DA ~300 kDa (~20 monomers)
crosslinked
oligomers
large: 228 kDa (~16 monomers);
GA medium: 88 kDa (~6 monomers);
crosslinked small: 64 kDa (~4 monomers) * ¥
oligomers
WT aSyn N.A. AFM Danzer et al.
oligomers 2007
Type Al 2-45 nm spherical and annular
Type A2 2-45 nm globular and annular
Type Bl 3-23 nm spherical
(height)
Type B2 3-23 nm amorphous
(height)
Types Cl and|4-10 nm (height) globular and
G2 protofibrillar
WT aSyn 3-16 nm (height) spherical 160 to 560 kDa (11-39 monomers) [SEC, AFM, EM and| Chen efal.
* AUC 2015
WT aSyn | ~150-300 nm (length) |distinctly elongated (5.8 +£3.3) x10° kDa SEC-MALLS, EM and| Lorenzen et
large AFM al. 2014
oligomers
1-2 nm (height) spherical (disc shaped) | 430 + 88 kDa®
small
oligomers
WT aSyn 20 nm spherical N.A. SEC and EM Paslawski et
al. 2016

*Based on the SEC of the protofibrils eluted in the void volume compared to the elution volume of protein
standards. #Based on SV-AUC analysis. “Void volume peak of SEC divided into early, middle and late elutions
SV-AUC carried out, respectively. *Based on SEC-MALLS. ¥SV-AUC carried out directly on the on-pathway

oligomers formed during the lag phase of fibrillation without any SEC-based isolation. EM: electron microscopy;

SEC: size exclusion chromatography; SV-AUC: sedimentation velocity analytical ultracentrifugation; STEM:



scanning transmission electron microscopy; AFM: atomic force microscopy; MALLS: multiple angle laser light
scattering; DA: dopamine; GA: glutaraldehyde; ONE: 4-oxo0-2-nonenal; HNE: 4-hydroxy-2-nonenal. N.A.: not

available.
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Supplementary figure 1: A) Schematic depiction showing the experimental setup used to assess aSyn monomer

recovery using three different MWCO membranes - 30 kDa (Microcon), 50 kDa (Microcon) and 100 kDa (from

commercial sources, Microcon and Vivaspin). B) SDS-PAGE analysis of the filtrate and retentate samples to
assess the efficiency of the recovery of aSyn monomers after passing through 30 kDa, 50 kDa and 100 kDa
membranes. C) Assessment of the recovery of aSyn monomers after filteration through a 100 kDa membrane from
two different commercial resources, Microcon and Vivaspin. D) and F) Mass spectrometry analysis of M1C-
linked (D) and A140C-linked (F) aSyn homodimers. Expected masses for M1C monomer and dimer are 14432
Da and 28864 Da, respectively. Expected masses for A140C monomer and dimer are 14492 Da and 28982 Da,
respectively. Observed masses are shown in the figure. E) and G) Assessment of the efficiency of recovery of
equimolar mixtures of WT aSyn monomers and disulfide-linked aSyn dimers, M1C (E) or A140C (G), after
filtration through a 100 kDa membrane (Microcon). Blue * denotes the WT aSyn monomers and red * denotes

the dimeric forms of aSyn cysteine variant M1C and A140C.

To determine which MWCO membrane provides the most efficient separation of aSyn
monomers from oligomers, we first assessed and compared monomer recovery using 30 kDa,
50 kDa and 100 kDa MWCO membranes (supplementary fig. 1A). As shown in supplementary
fig. 1B, a complete recovery of aSyn monomers into the filtrate fraction was observed only
when using a 100 kDa membrane and not a 50 kDa or a 30 kDa membrane. This is consistent
with the higher predicted molecular weight of aSyn based on SEC (~ 57 kDa). As the 100 kDa
MWCO membrane was made from regenerated cellulose (Microcon), we sought to assess
whether the nature of the membrane influences the recovery of the monomers. To that end, we
compared aSyn monomer recovery through 100 kDa MWCO membranes made from
regenerated cellulose (Microcon, used above) to that made from polyethersulfone (Vivaspin)
(supplementary fig. 1C). As shown in supplementary fig. 1C, the efficiency of aSyn monomer
recovery varied depending on the membrane composition. While regenerated cellulose
membranes (Microcon) enabled the complete recovery of the monomers into the filtrate
fraction, the polyethersulfone membrane (Vivaspin) retained approximately 20% of the protein
in the retentate fractions. This analysis underscores the critical importance of evaluating the
recovery efficiency of aSyn proteins prior to the use of spin filters to separate aSyn species or

produce aggregate-free monomeric preparations.

Few studies have shown the existence of aSyn dimers in dynamic equilibrium with aSyn
monomers (Marmolino et al. 2016; Coelho-Cerqueira et al. 2013). Although aSyn dimers have
not been isolated as stable species, stable SDS-resistant dimers have been observed under

conditions of oxidative stress that induces covalent chemical modification, for instance



dityrosine crosslinking, and in the presence of polyphenol-based small molecules (Souza et al.
2000; Masuda et al. 2006; Hashimoto et al. 1999). Therefore, we assessed whether the dimeric
forms of aSyn would pass through the 100 kDa MWCO filters. Towards this goal, we generated
stable disulfide-linked aSyn homodimers using recombinant aSyn proteins bearing a cysteine
residue at the N- or C-terminus of the protein (M1C and A140C, supplementary fig. 1D and
F). To determine whether the 100 kDa MWCO spin filters could separate monomers from
dimers, an equimolar concentration mixture of WT aSyn monomers and homodimers was
prepared and subjected to the same filtration conditions. Irrespective of the position of the
cysteine mutation on the dimer (M1C or A140C homodimers), both monomers and dimers
were recovered 100% in the filtrate fractions (supplementary fig. 1E and G), and no traces of

the protein were observed in the retentate fractions.
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Supplementary fig. 2: aSyn oligomers recovered through 100 kDa MWCO filtration did not alter their secondary

structure, size or morphology. A) EM image of total aSyn oligomers used for the filtration protocol and the
montage showing the most represented oligomeric structures. B) SDS-PAGE analysis of the total, retentate and
filtrate samples of aSyn oligomers. C) EM image of retentate aSyn oligomers recovered after the filtration protocol
and the montage showing the most represented oligomeric structures. D) Width analysis of the total and retentate

recovered oligomers. E) CD spectra of total and retentate recovered oligomers.



EM analysis of the oligomer preparations before applying the filtration protocol shows the
appearance of annular, tubular and spherical morphologies (Supplementary fig. 2A) with
diameters ranging between 6-14 nm (Supplementary fig. 2D). As expected, based on their size
and dimensions, the aSyn oligomers did not pass through the 100 kDa MWCO filters and were
recovered as retentate. The filtrate fraction showed negligible traces of aSyn monomers. Even
when we sub-fractionate the oligomers into fractions of different size distributions ranging
from 5-30 nm, we observed that all oligomers are retained and do not go through the 100 kDa
MWCO filters. More importantly, EM analysis of the recovered oligomers revealed no
significant changes in the size and morphology distribution of the aSyn oligomers
(Supplementary fig. 2C). Comparison of the CD analysis of the original oligomer samples and
the oligomers recovered in the retentate also showed no changes in their secondary structures.
Previous sedimentation velocity and SEC studies have shown that these oligomeric
preparations exhibit a size distribution with an average relative molecular mass that is slightly

greater than 600 kDa (Lashuel ef al. 2002).
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Supplementary figure 3
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Supplementary fig. 3: A) Schematic depiction of the centrifugation-based filtration protocol characterization

steps following sonication (referred to as sonicated fibrils) of the lyophilized fibrils. B) SDS-PAGE analysis of
aSyn samples isolated from the different steps of the protocol. Red arrow head points the presence of SDS-resistant
oligomeric band. C-F) CD spectra of sonicated fibrils (C), soluble aSyn (D), monomers (filtrate, E) and oligomers
(retentate, F) in the samples. G-I) Representative electron micrograph images of lyophilized fibrils (G), sonicated

fibrils (H), soluble aSyn (I), and oligomeric (retentate, J) samples.

Assessing the effects of sonication on fibril stability and disassociation.

Another potential application we envisioned for this protocol was to assess the amount of
monomers/oligomers released during the preparation of aSyn PFFs for in vitro and in vivo
seeding aggregation studies. Between laboratories, aSyn fibrils are transported in the
frozen/freeze-dried form and are sonicated before their application for seeding studies. We
have examined the effect of sonication on different batches of freshly prepared fibrils and
revealed its varying effects on the release of soluble species. (Fig. 2F-H). Here, we investigated

the same on the stability of lyophilized fibrils.
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The same sample of lyophilized and resuspended aSyn fibril used in Fig. 5 was used in this
experiment, but the centrifugation-based filtration protocol was applied following the
sonication of fibrils, as illustrated in Supplementary fig. 3A. The SDS-PAGE analysis shown
in Supplementary fig. 3 reveals the differences in the amount of aSyn species recovered in each
step of the protocol. Supplementary fig. 3G and H show the EM images of the lyophilized aSyn
fibrils, which were long and straight (Supplementary fig. 3G) and similar to that observed in
the Fig. 5G; however, sonication produced fragmented fibrils with length distribution ranging
from 100-200 nm. The sonicated fibrils (Supplementary fig. 3C) retain their B-sheet rich
structure. As expected, the soluble aSyn species in the supernatant after centrifugation
exhibited a CD spectra that reflects predominantly disordered conformations (Supplementary
fig. 3D). aSyn oligomers were not easily visible by EM (Supplementary fig. 3I). However,
upon filtration of the supernatant, we again observed nice separation of the unstructured
monomers in the filtrate fraction (Supplementary fig. 3E) from the soluble oligomers with [3-
sheet structures in the retentate fraction (Supplementary fig. 3F). However, an important
finding captured by the filtration protocol is that when compared to Fig. 5B, we see in
Supplementary fig. 3B that there is an increase in the concentration of the the oligomeric
sample recovered from the retentate fraction. This is also in agreement with the CD spectra
which show a stronger CD signal (-3.8 CD (mdeg) on the y-axis, Supplementary fig. 3F) with
a minimum at 218 nm compared to the weaker signal strength (at -1.2 CD (mdeg) on the y-
axis, Fig. 5F), revealing an increase in the concentration of oligomers because of the effects of
sonication on the lyophilized fibrils. Analogous to the oligomeric structures from Fig. 5I, the
recovered aSyn sample (Supplementary fig. 3J) shows enrichment of spherical shaped
oligomeric structures and the presence of very few short fragmented fibrils. This stress again
the importance of this protocol in capturing the small differences on the level of different aSyn
species, but these concentrations could be effective in bringing huge variations on the

reproducibility of the experiments where these materials are used.
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