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its removal, the high molecular weight band was occasionally
observed to reform during the course of fibrillization.
R-Synuclein Forms Typical Amyloid Fibrils as well as

Additional Morphologies.As reported previously, incubations
of WT, A53T, and A30P (100-300 µM protein in phosphate
buffered saline, pH 7.4 at 37 °C) all gave rise to fibrils within
1-2 months (30). The fibrils were ca. 8-10 nm in height
as measured by AFM (Figure 3) and approximately 10 nm
in width as measured by EM (Figure 4). When fibrils were
grown at higher R-synuclein concentration (300 vs 100 µM,
as shown in Figure 4) two-filament twisted morphology was
often observed, especially in fibrils comprising A53T (pe-
riodicities of 45, 65, and 95 nm). Individual filaments of ca.
5 nm in height and small, spherical species, ca. 4 nm in
height, were also detected (AFM, EM) for all variants. In
the case of A30P, a linear association/annealing of these
spherical species, resembling an A! protofibril (length ca.
325 nm), was occasionally observed (Figure 3, panel D).
While the dimensions of the individual R-synuclein fibrils
produced in vitro were similar for WT and mutant proteins,
a distinctly different morphology could be produced by
solutions of A30P incubated at 300 µM as compared to WT
and A53T at identical concentrations. A30P fibrils formed
under these conditions reproducibly displayed polymorphic,

sometimes almost sinusoidal, morphologies, reminiscent of
bacterial flagellar filaments (Figure 3, panel C; Figure 4,
panel C) (45), whereas the A53T and WT fibrils were
predominantly straight (slight curvature detected in less than
1% of the fibrils comprising A53T (panel B in Figures 3
and 4) and WT (panel A in Figures 3 and 4)). In contrast,
incubations at lower R-synuclein concentrations, e.g. 100 and
200 µM, produced similar straight fibrils for A30P, WT, and
A53T (not shown). A dense fibrillar meshwork, reminiscent
of the Lewy body core (46), was commonly observed (Figure
4, panel E). Bundles of fibrils, longer than 20 µm, were
formed by all R-synuclein variants (Figure 4, panel D).
The Fibrils Formed in Vitro Resemble Those in Lewy

Body-containing Brain. The measured dimensions (AFM)
and observed morphologies of in vitro R-synuclein fibrils
were comparable to the ca. 10 nm wide fibrils directly
observed by EM of Lewy bodies in PD brain tissue sections
(6). R-Synuclein-containing fibrils extracted from cortical
Lewy bodies of diffuse Lewy body disease (DLBD) brain
(1, 47) and from filamentous inclusions of multiple system
atrophy (MSA) brain (12, 14) are also indistinguishable with
respect to morphology and dimension. Some of these
extracted fibrils are ca. 10 nm in width (“straight”) and others
have a “twisted appearance” (width varies between 5 and

FIGURE 3: AFM analysis of R-synuclein fibrillization. (A) 300 µMWT after 4 months of incubation, (B) 100 µM A53T after 1 month, (C)
300 µM A30P after 4 months, and (D) 50 µM A30P after 4 months (This species may be an A30P protofibril). Panels A-C are 5 × 5 µm2;
Panel D is 250 × 250 nm2.
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In Vitro Fibrillization of a-Synuclein

Conway, Biochemistry 39:2552, 2000

WT 300 µM 
4 months

A53T 100 µM
1 month

A30P 300 µM
4 months



Staging PD: Pre-Symptomatic and 
Symptomatic Phases

Braak et al, Cell Tissue Res. 318:121, 2004



a-Synuclein Seeding and Propagation

Oueslati et al, Exp. Neurobiol. 2014 



Commonalities of Misfolded Proteins and 
Hyper-phosphorylated Aggregates in 
Synucleinopathies and Taupathies

p-a-synucleinp-tau
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Consequences of Increased
a-Synuclein Levels in Neurons 

• Misfolding and aggregation
• Permeabilization of synaptic vesicles leading to 

dopamine leakage
• Oxidative stress
• Disruption of vesicular trafficking between the 

endoplasmic reticulum (ER) and the Golgi, causing ER 
stress 

• Interference with autophagy
• Impaired proteasome function
• Interaction with other proteins

Reducing a-synuclein levels can be beneficial



Reducing a-Synuclein Levels as a
Therapeutic Strategy

• Reduce production
– Inhibit transcription
– Inhibit translation

• Enhance clearance
– Autophagy
– Proteasome

DNA

RNA

Protein

XmicroRNA



MicroRNA
• Small noncoding RNA molecules

• Regulate gene expression post-transcriptionally
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a-Synuclein Phosphorylation as a 
Therapeutic Target in PD and DLB



Misfolded a-Synuclein is Phosphorylated
in a-Synucleinopathies

Fujiwara et al NCB 4:160, 2002

LB509 Anti-p-Ser129

Human DLB α-SynucleinTgWT
Mice

Anti-p-Ser129

Lee…Mouradian, J. Neurosci. 31: 6963, 2011



Fujiwara et al NCB 4:160, 2002

a-Synuclein Phosphorylation
Promotes its Fibrillization in vitro



Therefore,

Decreasing the Phosphorylation State of

a-Synuclein is a Plausible

Therapeutic Strategy
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PP2A B55a is the Major Ser/Thr
Phosphatase for a-Synuclein

Lee et al, J. Neurosci. 31(19): 6963, 2011
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Methylation Affects PP2A-B55a Holoenzyme Assembly

scaffold (A) subunit

regulatory (B) subunit

Catalytic (C) subunit

LCMT-1

PME-1

(+) CH3

(-) CH3

PP2A holoenzymeAC core dimer

Dephosphorylate
specific 
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de-phosphorylating a-Synuclein



An Approach to Promote PP2A  Activity
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EHT Keeps PP2A Methylated leading to
De-Phosphorylation of a-Synuclein

PP2A Demethylation Inhibitor



• Reduces α-synuclein S129 
phosphorylation

• Reduces α-synuclein oligomers 

• Inhibits PP2A demethylation

EHT Modulates PP2A Methylation and Reduces 
a-Synuclein Aggregation in a-Syn Transgenic Mice
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EHT Treatment Improves the Neuropathology of
a-Synuclein Transgenic Mice

Control EHT (0.01%) EHT (0.1%)

a-SynTg

CX

HP

Control-WT

Lee et al, J. Neurosci. 31(19): 6963, 2011
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What drives hyper-phosphorylation of 
pathogenic proteins in a-synucleinopathies

and tauopathies?
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PP2A is De-Methylated in α-Synucleinopathies 

Park H.-J. et al, Ann. Clin. Transl. Neurol., 3(10):769, 2016



:CE-1

Dysregulation of PP2A Methylating 
Enzymes in α-Synucleinopathies 
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PP2A is DeMethylated in Tauopathies



PP2A Methylating Enzymes are 
Dysregulated in Alzheimer and PSP

Park H.-J. et al, J. Neuropathol. Exp. Neurol, 77(2):139, 2018
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Dysregulation of PP2A Methylation Leads to 
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Summary
• Considerable molecular similarities exist among 

neurodegenerative diseases of aging

• Protein misfolding and fibrillization are considered 
pathogenic

• Increased levels of these proteins and their hyper-
phosphorylation accelerate their misfolding

• Both these factors are tractable therapeutic targets for 
disease prevention and disease modification
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