
Parkinson’s disease (PD) is characterized by the accumulation of aggregated
α-synuclein (αSyn) in Lewy body (LB) inclusions that develop within specific
populations of neuronal cells in the brain (1). The growth and maturation of
LBs involves a complex interplay between αSyn fibrillization, post-
translational modifications, and interactions between αSyn aggregates and
membranous organelles (2). Here our aim was to develop and characterize a
cellular model for investigating pathological events associated with LB
formation/maturation. To model aSyn aggregation we used a transgenic SH-
SY5Y line overexpressing αSyn-tRFP (INNOPROT, Derio, Spain) and exposed
them to fibril seeds of αSyn (αSyn-PFF) generated in-house with
recombinant human aSyn. Our data demonstrate that aSyn aggregation can
be easily monitored in either living or fixed tRFP-αSyn SH-SY5Y cells treated
with αSyn-PFF. This model system could be used as a platform to screen
candidate drugs for therapeutic intervention in PD and other
synucleinopathies
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Introduction 1. Characterization of αSyn PFF

5. a-Syn-RFP puncta colocalize with 
phospho-α-syn (S129) 
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3. Seeding capability of PFF in tRFP-αSyn SH-SY5Y cells

Figure 1. a) Aggregation kinetics of αSyn: recombinant wild-type human αSyn was expressed in Escherichia coli as previously described
(3). Aggregation studies were performed by measuring the fluorescence emission of ThT according to LeVine (4). The red arrow indicates
the time of recovery of samples. b) Transmission electron microscopy of samples collected after 120 h of incubation. Scale bar: 500 nm. c)
Atomic force microscopy showing that aggregates are 500 to 1000 nm long and 10 nm wide, which is relatively comparable to the size of
αSynPFFs described in the literature. Scale bar: 1 μm.

a)

Figure 2. Seeding capability of aSyn-PFF
ex-vitro. Preformed fibrils (PFF) were
produced by using the Kaylor et al
protocol (5) optimized by our group (6).
Aggregation kinetics of monomeric α-Syn
carried out in the presence (red squares)
or in the absence (black circles) of aSyn
PFF . Fitted curves show that aggregation
occurs with no lag phase in seeded
conditions. In comparison, a lag phase of
16 h is observed with the control. This
demonstrates that in-house PFF can
readily induce seeding reactions.

b) c)

Figure 3. tRFP-a-syn SH-SY5Y cells incubated with or without aSyn-PFF. After a 72 h treatment with PFFs, cells were fixed and nuclei
counterstained with DAPI. In untreated cells, we observed that the fusion protein is expressed in most of the cells with a diffuse and
faint cytoplasmic pattern. In cells treated with PFFs, we observe the presence of intense aSyn-RFP puncta, which is suggestive of the
formation of intracellular aggregates of aSyn. Note that basal expression levels of tRFP-aSyn appear also to be increased in PFF-treated
cells.

2. α-Syn PFF promote seeding ex-vitro

Figure 5. Confocal images of tRFP-αSyn SH-SY5Y cells exposed or not to aSyn-PFF. Pathological aS was detected with an anti-aSyn
(phospho-Ser129) antibody (EP1536Y, Abcam). In untreated cells (top panel), we see a diffuse cytoplasmic pattern of aSyn-RFP with
sometimes isolated red fluorescent puncta. No immunosignal was observed, however, with the phospho-aSyn antibody. On the
contrary, we observed a large number of cytosolic aSyn-RFP and p-aSyn puncta in a significant number of cells exposed to aSyn PFF
(middle panel). Enlarged views of sections delimited by the dotted line squares in PFF-treated cultures (bottom panel) show that red
puncta are frequently (but not always) associated to green spots that report on the presence of phosphorylated aSyn (bottom panel).
We can then infer that treatment of the cells with PFF results in the formation of pathological aggregates most of them containing
phospho(S129) aS. Scale bar= 10 mm.
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4. aSyn-PFF strongly increase ThS staining       
in tRFP-αSyn SH-SY5Y cells
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-We show here that in-house human α-syn-PFF efficiently promote
templated aggregation of endogenous αSyn in a transgenic tRFP- αSyn
SH-SY5Y cell line.
-This cell line has some key advantage over conventional cell lines. In
particular, it allows monitoring of a-Syn aggregates by simple
visualization of tRFP-αSyn red puncta in PFF-treated cells.
-The model reports if the puncta correspond to amyloid-like αSyn
aggregates and the phosphorylation state by using only one antibody
(anti-aSyn phospho-Ser129) and one fluorescent probe.
-This model system appears therefore of interest to test candidate
molecules for PD treatment.

Figure 4. tRFP-aSyn SH-SY5Y cells (INNOPROT) incubated with or without aS PFF. After a 72 h
treatment with PFF, living cells were stained with ThS and then fixed. Nuclei were counterstained
with DAPI (not shown). The positive staining with ThS suggests that amyloid-type aggregates are
formed in PFF-treated cultures. Note that all red puncta are positive for ThS staining.
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A NEW CELLULAR MODEL TO STUDY α-SYNUCLEIN AGGREGATION, SEEDING AND 
PHOSPHORYLATION 
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