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Synucleinopathies comprise a diverse group of neurodegenerative diseases including Parkinson
disease (PD), dementia with Lewy bodies (DLB), and multiple system atrophy (MSA), those share a
common pathological feature, the deposition of alpha-synuclein (a-syn) in neurons or oligodendroglias.
Recent findings clearly suggested that distinct polymorphic a-syn affect the different pathogenicity in mouse
brain, and distinct synucleinopathies are caused by distinct polymorphic a-syn fibrils. Namely, the existence
of different structural characteristics in synucleinopathies suggests that synucleinopathies share
commonalities with prion diseases and possibly explains how a single protein can result in different clinical
phenotypes and pathology among synucleinopathies. However, the polymorphisms of a-syn fibrils are not
clearly determined. In this thesis, we tackled the amyloid fibrils polymorphisms derived from a-syn to
discuss the different disease phenotypes based on structural polymorphism of a-syn fibrils. To uncover them,
we particularly focused on the substituted recombinant a-syn purified from E. coli. Though a-syn is highly
conserved, single substitutions of disease mutations are mainly located in N-terminal region. Ala53, which
is one of the PD-associated mutation sites, are not conserved even in mouse a-syn (AlaS3 to Thr). In this
thesis, we focused on the amyloid fibrils polymorphisms among human, mouse, and disease-associated
mutant a-syn aggregates to uncover the structural polymorphisms of the aggregates and discuss the disease
diversities in synuceinopathies.

A-syn is highly conserved in vertebrates, but the primary sequence of mouse a-syn differs from
that of human at seven positions (A53T, S87N, L100M, N103G, A107Y, D121G, and N122S). However,
structural differences of their aggregates remains to be fully characterized. At first, we studied the human
and mouse a-syn aggregates generated in vitro, and found that they showed morphologically distinct
amyloid fibrils, the twisted and straight structures, respectively. Furthermore, we identified distinct
protease-resistant core regions, long and short cores, in human and mouse a-syn aggregates, respectively. To
identify the amino acid(s) responsible for the structural differences between human and mouse a-syn fibrils,
we generated the mutants of human a-syn containing each substitution of the different amino acid between
human and mouse a-syn. Interestingly, among the seven unconserved amino acids, only A53T substitution,
which is one of the familial PD mutations, is responsible to this structural dimorphism. On the other hand,
S87N, L100M, N122S formed predominantly twisted type of fibrils, and A107Y, N103G, and D121G
formed twisted fibrils and bundles of two or more straight fibrils. Besides, we also checked
protease-resistant core of those mutant a-syn fibrils, indicating that the mouse type structural core
determined by protease digestions is also explained by a single substitution of AS3T. Thus, the results, for
the first time, showed that the interspecies single substitutions used in this study can regulate distinct
biochemical and morphological properties in different mutant a-syn aggregates. Additionally, focusing on
the interspecies difference, these results strongly suggested that a single substitution of AS3T mainly
regulated those morphological and biochemical differences.



Morphology and molecular structure of amyloid fibrils are sensitive to subtle differences in fibril
forming conditions in de novo preparations, but both morphology and molecular structure are transmissible
in seedingexperiment. To examine the structural transmissibility of sequence-dependent fibril
polymorphism, we performed seeding experiments and investigated whether seeds could induce structures
different from the spontaneously-formed aggregates. We found that human a-syn seeded with mouse a-syn
aggregates formed straight-type fibrils with short protease-resistant cores. As same in the single substitution
experiments, only A53T was responsible for the transmissible structures of mouse a-syn fibrils. Furthermore,
we found that bundles types of fibrils were also transmitted to human WT a-syn by seeding reactions, that
was shown using agarose gel-electrophoresis for resolving aggregates (AGERA). These data revealed
seed-induced structural amplification, suggesting that although the structure of spontaneous aggregates
depends on their sequence, the seeds change this spontaneous tendency. Particularly, a single interspecies
substitution, A53T, which is one of the familial PD mutations, is responsible for the mouse-type structures
including straight morphology and short protease-resistant core, which was completely transmitted to
human a-syn by seeding.

Disease-associated mutations in a-syn (namely A30P, E46K, H50Q, G51D, AS53T, and AS3E)
are known to cause familial PD, DLB, and MSA. So, we also performed the biochemical and
morphological methods to classify the aggregated forms of disease-associated a-syn mutants. By electron
microscopy we observed variations of amyloid fibrillar morphologies among the aggregates of a-syn
mutants, mainly categorized into two groups; twisted fibrils observed for WT and E46K and straight fibrils
for the other mutants, including AS53T. Guanidine hydrochloride (GdnHCI) denaturation experiment
revealed that the a-syn mutants except of E46K were more resistant than WT against the denaturation. Mass
spectrometry analysis of protease-treated aggregates showed a variety of protease-resistant cores (WT and
E46K; long, A30P, G51D, and A53T; short, and H50Q and AS53E; short and long). According to a previous
review article, the disease-associated mutants may be classified into PD (A30P, H50Q), PD and MSA
(A53T, G51D, and A53E), and PD and DLB (E46K) based on clinical and pathological phenotypes.
According to the classification, we could differentiate the biochemical and morphological properties of
those mutants. Mutants associated with PD or PD with MSA formed straight amyloid fibrils, which were
more resistant to denaturation by GdnHCI. PD or PD with MSA showed short core or short and long core
demonstrated by the proteinase K-resistant core experiments. In contrast, in DLB type, E46K mutant
formed twisted amyloid fibrils, with low resistance to denaturation by GdnHCI, similar to WT, which
showed the long core. Using electron microscopy, GdnHCI denaturation assay, and protease-resistant
experiments, we successfully classified the disease-associated mutants based on the biochemical and
morphological properties of fibrils generated under in vitro condition.



