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Ubiquitination of α-synuclein and autophagy in Parkinson’s disease
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form of the disease,3 little is known about the events that trigger
their formation as well as their role in the death of dopaminergic
neurons.
The ability of a‑synuclein to promote Lewy body formation
is supported by its propensity to aggregate and fibrillate in vitro.4
Nonetheless, most live models that overexpress a‑synuclein do not
develop classical Lewy bodies,5 indicating that specific post‑translational modification(s) or interaction with other proteins is required
for triggering a‑synuclein aggregation into more organized inclusions. In agreement, Lewy bodies contain abundant phosphorylated
as well as monoubiquitinated and nitrated a‑synuclein.6‑10 Also,
Lewy bodies contain additional proteins, including UCH‑L1, Cdk5
and the a‑synuclein interacting proteins, synphilin‑1 and 1A.11‑14
Understanding the mechanisms that promote the aggregation of
a‑synuclein into Lewy bodies will shed light on the mechanisms
involved in triggering PD.
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α-synuclein is mutated in Parkinson’s disease (PD) and is found
in cytosolic inclusions, called Lewy bodies, in sporadic forms of
the disease. A fraction of α-synuclein purified from Lewy bodies
is monoubiquitinated, but the role of this monoubiquitination
has been obscure. We now review recent data indicating a role
of α-synuclein monoubiquitination in Lewy body formation and
implicating the autophagic pathway in regulating these processes.
The E3 ubiquitin-ligase SIAH is present in Lewy bodies and
monoubiquitinates α-synuclein at the same lysines that are
monoubiquitinated in Lewy bodies. Monoubiquitination by SIAH
promotes the aggregation of α-synuclein into amorphous aggregates and increases the formation of inclusions within dopaminergic
cells. Such effect is observed even at low monoubiquitination levels,
suggesting that monoubiquitinated α-synuclein may work as a seed
for aggregation. Accumulation of monoubiquitinated α-synuclein
and formation of cytosolic inclusions is promoted by autophagy
inhibition and to a lesser extent by proteasomal and lysosomal inhibition. Monoubiquitinated α-synuclein inclusions are toxic to cells
and recruit PD-related proteins, such as synphilin-1 and UCHL1. Altogether, the new data indicate that monoubiquitination
might play an important role in Lewy body formation. Decreasing
α-synuclein monoubiquitination, by preventing SIAH function or
by stimulating autophagy, constitutes a new therapeutic strategy
for Parkinson’s disease.
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Parkinson’s disease (PD) is one of the most common neurodegenerative diseases. It is characterized by progressive degeneration of
dopaminergic neurons in the substantia nigra and accumulation of
cytoplasmic inclusions termed Lewy bodies in surviving neurons.1
Mutations found in familial forms of PD place a‑synuclein as a
major player in the disease.2 Although a‑synuclein has also been
recognized as the major component of Lewy bodies in the sporadic
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Role of Ubiquitin in a‑Synuclein Aggregation

Different reports have shown that part of a‑synuclein purified from Lewy bodies is monoubiquitinated.6‑8 Yet, how
monoubiquitination modulates a‑synuclein aggregation and the
E3 ubiquitin‑ligase responsible for a‑synuclein monoubiquitination
has remained elusive. We have previously shown that the E3 ubiquitin‑ligase SIAH interacts with and monoubiquitinates a‑synuclein
in vitro.15 In addition, we have shown the presence of SIAH in Lewy
bodies of PD patients,15 indicating that SIAH may represent a novel
component of the ubiquitin‑proteasome system involved in PD.
It has been recently reported that SIAH interacts with and
monoubiquitinates a‑synuclein in vivo as well.16,17 Mass spectrometry analysis reveals that SIAH monoubiquitinates a‑synuclein at
several lysines, including 12, 21 and 23,16 which were previously
found to be monoubiquitinated in purified Lewy bodies.8
A reason for skepticism regarding a possible role of a‑synuclein
ubiquitination in Lewy body formation comes from the observation
that only a small fraction (about 10%) of a‑synuclein is ubiquitinated
in Lewy bodies.6 We recently raised the possibility that monoubiquitination of a‑synuclein by SIAH may work as a seed for further
protein aggregation. Accordingly, we found that monoubiquitination
promoted by SIAH leads to a marked increase in the in vitro and in
vivo aggregation of a‑synuclein. At the electron microscopy level,
monoubiquitination of a‑synuclein induces robust formation of
amorphous a‑synuclein aggregates (Fig. 1).16 In dopaminergic cells,
monoubiquitination of a‑synuclein leads to significant formation of
inclusions,16 suggesting that monoubiquitinated a‑synuclein might
play a primary role in the formation of Lewy bodies.
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Monoubiquitination of a‑synuclein by SIAH is not
altered by the PD‑disease mutations A30P, A53T and
E46K.16 However, monoubiquitinated a‑synuclein A53T
mutant aggregates more than the wild‑type protein within
dopaminergic cells,16 which is in accordance with the
increased ability of the a‑synuclein A53T mutant to aggregate.4 Thus, it is probable that monoubiquitination works as
a common mechanism to increase a‑synuclein aggregation,
either in the absence or in the presence of mutations. In
agreement, Nonaka et al showed similar levels of a‑synuclein
monoubiquitination by an unspecified E3 ubiquitin‑ligase in
both wild‑type and disease mutants.18 On the other hand,
Liu et al recently found that the a‑synuclein A30P mutant
was not efficiently ubiquitinated by SIAH.17 The reason for
this apparent discrepancy is not clear.
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Different PD cell models are shown to develop inclusions that are cytoprotective.19 For instance, the a‑synuclein Figure 1. Schematic representation of inclusion body formation in PD cell models.
Monoubiquitination of a‑synuclein by SIAH leads to the aggregation of a‑synuclein
binding protein synphilin‑1 forms cytosolic inclusions, in and formation of inclusions within dopaminergic cells. Inhibition of autophagic, prothe absence or in the presence of overexpressed a‑synuclein, teasomal and/or lysosomal pathways promotes further accumulation and aggregathat protect cells from death.15,20 Synphilin‑1A, an isoform tion of monoubiquitinated a‑synuclein within cells.16 a‑Synuclein inclusions are toxic
of synphilin‑1, also forms neuroprotective inclusions.12 to cells,16 compatible with the nonfibrillary nature of monoubiquitinated a‑synuclein
On the other hand, inclusions formed mainly by monou- aggregates we observed. The protective nature of the different PD cell models
containing synphilin proteins, suggest that coaggregation with synphilin‑1 and ‑1A,
biquitinated a‑synuclein are toxic to cells (Fig. 1).16 This either ubiquitinated or not, may prevent the toxicity mediated by monoubiquitinated
finding could be related to the amorphous nature of the a‑synuclein inclusions.12,15,20 Accumulation of additional PD‑related proteins, such as
monoubiquitinated a‑synuclein aggregates we observed.16 UCH‑L1 and parkin, or build up of a‑synuclein fibrils may also decrease the toxicity of
In agreement, oligomeric or protofibrilar forms rather than monoubiquitinated a‑synuclein inclusions. We propose that Lewy bodies may promote
fibrillar forms of a‑synuclein are believed to play a toxic different extents of cell toxicity depending on their maturation stage.
role in the disease.21 The presence of amorphous aggregated
proteins in the core of Lewy bodies and fibrils at their periphery22 predominant pathway involved in a‑synuclein clearance. Supporting
imply that Lewy bodies may be toxic to cells at their initial stages this possibility is the finding that a‑synuclein is detected inside vesiof formation. In fact, soluble aggregated a‑synuclein was recently cles with autophagic morphology, and that the autophagy activator,
shown to mediate dopaminergic neurotoxicity in Drosophila.23 rapamycin, stimulates its clearance.30 Autophagy inhibition promotes
An interesting possibility is that inclusions containing aggregated the accumulation of monoubiquitinated forms of the a‑synuclein
monoubiquitinated a‑synuclein are toxic to cells and that coaggrega- protein and subsequent aggregation.16 In this framework, we propose
tion of additional PD‑related proteins, such as synphilin isoforms, or that specific disruption of a‑synuclein monoubiquitination and/or
the accumulation of fibrillar forms of a‑synuclein, may counteract stimulation of macroautophagy represent promising new strategies
this toxicity. Thus, it is possible that Lewy bodies may promote either to prevent or decrease the progression of PD.
cell death or protection, depending on their stage of maturation.
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Several studies support an involvement of proteasomal, lysosomal and autophagic pathways in PD. The proteasome activity
is decreased in the substantia nigra of PD patients24 and Gaucher
disease (a lysosomal storage disease) is associated with a higher incidence of PD.25 Also, different lysosomal storage diseases promote
autophagic dysfunction and accumulation of ubiquitinated protein
inclusions.26 Moreover, expression of the a‑synuclein A53T mutant
induces autophagic cell death.27 Regarding a‑synuclein degradation,
there is still no consensus about the pathway responsible for its degradation, whether it depends on the proteasome, chaperone‑mediated
autophagy or macroautophagy.28‑30 We recently found that all three
of these proteolytic pathways seem to be involved in the degradation
of a‑synuclein.16 Nevertheless, inhibition of autophagy was more
effective in preventing a‑synuclein degradation than the proteasomal
and lysosomal pathways,16 suggesting that autophagy may be the
www.landesbioscience.com
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