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Introduction

Characterized by the intracellular aggregation of pathological 
α-syn, neurodegenerative diseases such as Parkinson’s disease 
(PD), dementia with Lewy bodies (DLB), multiple system atrophy 
(MSA), and part of Alzheimer’s disease (AD) are collectively known 
as α-synucleinopathies [1-3]. Mountains of research support that 
pathological α-Syn seeds can lead to the cell-to-cell transmission 
and amplification of α-Syn pathology and eventually promote the 
progression of the α-synucleinopathies [4-7]. Therefore, previous 
research mainly focused on exploring the function of pathological 
α-Syn seeds during the progression of α-synucleinopathies [8,9].

There are two stages for the amplification of pathological proteins, 
the formation of pathological α-Syn seeds and the transformation 
of soluble α-Syn to pathological α-Syn. The soluble α-Syn has not 
been investigated for their role in regulating the amplification of 
pathological α-Syn.

Previously, quite a few post-translational modifications (PTMs) 
have been identified on α-Syn [10,11]. Many extensively studied 
PTM sites exhibit diverse effects on pathological α-Syn, including 
amplification, toxicity, and fibrillization, etc., [12-15]. However, 
the understanding of the roles of PTMs on soluble α-Syn in 
pathological α-Syn amplification is quite limited. In our recent 
investigation, we systematically identified the PTM sites on soluble 
α-Syn from a large number of patient samples, and evaluated the 

effect of PTMs at a few known and novel sites of soluble α-Syn 
on the modulation of amplification and seeding properties of 
pathological α-Syn using different cell models.

Discussion

The potential regulatory role of soluble α-Syn in the transmission 
of pathological α-Syn has generally been overlooked. In our study, 
LC-MS/MS was employed to identify PTMs on soluble α-Syn from 
diseased and healthy brains. The conformations of pathological 
α-Syn are significantly different across various α-synucleinopathies. 
In Lewy body disease (LBD), the misfolded α-Syn aggregates in 
neurons as Lewy bodies (LB-α-Syn) which is considered a distinct 
strain of pathological α-Syn from the one observed in Multiple 
system atrophy (MSA). In MSA, the pathological α-Syn manifests 
as Glial cytoplasmic inclusion (GCI-α-Syn) [16-18]. To assess 
the impact of α-Syn PTMs on the transmission of pathological 
α-Syn with distinct conformations, we simultaneously utilized 
LB-α-Syn, GCI-α-Syn, α-Syn preformed fibrils (PFF, artificially 
generated misfolded α-Syn), and GCI-α-Syn passaged in mouse 
primary neurons (GCI-N, 99% composed of mouse α-Syn) as 
seeds for the test. For the first time, we have provided evidence 
demonstrating the influence of phosphorylated soluble α-Syn 
on the amplification of pathological α-Syn. Importantly, we 
observed that this effect is contingent upon the conformation 
of pathological α-Syn and sites of modification rather than the 
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amino acid sequence of α-Syn. Furthermore, these observations 
extend beyond phosphorylation and are also evident in our 
investigation of acetylation. 

We analyzed 11 different soluble α-Syn PTMs using mimetic 
mutants, including Y39E, S87E, Y125E, Y133E, K21Q, K34Q, 
K43Q, K45Q, K60Q, K96Q, and K102Q (as seen in Table1). 
There are eight PTMs that can modulate the amplification of at 
least one of the pathological α-Syn strains, including Y39E, S87E, 
Y125E, Y133E, K21Q, K43Q, K45Q, and K60Q. This finding 
supports the notion that the impact of α-Syn post-translational 

modifications (PTMs) on the amplification of pathological α-Syn 
is widespread and not limited to specific types of modifications or 
particular sites of modification. While only K21Q and K43Q have 
the same effect on three distinct strains, demonstrating that the 
effects of soluble α-Syn PTMs on transmission are highly selective 
to specific conformations. We indicated that the same α-Syn 
PTMs may change pathological α-Syn amplification differently 
across various α-Syn strains. This will eventually contribute to the 
clinical diversity of different α-synucleinopathies.

Based on previous studies, the acetylation on the N-terminal 
domain of α-Syn can block α-Syn aggregation[12]. In our 
investigation, we examined acetylation at seven distinct sites 
within α-Syn and discovered that acetylation diminishes the 
amplification of various α-Syn strains. These findings suggest 
that enhancing acetylation levels in α-Syn could hold therapeutic 
potential for individuals affected by diverse α-Synucleinopathies. 
Additionally, Glycation has been reported to promote the 
aggregation of α-Syn [19] and we have identified multiple glycation 

sites on soluble α-Syn. Investigating the role of glycation PTMs in 
regulating α-Syn aggregation could yield significant insights and 
therapeutic avenues. Moreover, O-GlcNAc, another modification, 
has been reported to impede α-Syn aggregation [16,20]. We have 
identified two O-GlcNAc sites on soluble α-Syn. Although 
α-Syn arginlation has been demonstrated to block aggregation 
[21-23], and we also identified one arginlation site (E57) in our 
study, the specific effects of arginlation on soluble α-Syn PTMs 
remain unexplored. Furthermore, we have discovered multiple 

Table 1: Effects of α-syn PTMs on different pathological a-syn strains.

α-syn PTMs
LB-α-syn 

amplification
GCI-α-syn 

amplification
PFF 

amplification
GCI-N

amplification
GCI seeding 

property
PFF seeding 

property

Y39
phosphorylation

↓ ↓ - ↓
P1: seeding ↓ 
P2: seeding ↓

P1: seeding - 
P2: seeding -

S87
phosphorylation

↑ ↓ - ↓
P1: seeding ↓ 
P2: seeding ↓

P1: seeding - 
P2: seeding ↓

Y125 
phosphorylation

↓ - - -
P1: seeding - 
P2: seeding -

P1: seeding - 
P2: seeding -

Y133 
phosphorylation

↓ ↓ - ↓
P1: seeding - 
P2: seeding -

P1: seeding - 
P2: seeding -

K21 acetylation ↓ ↓ ↓ ↓ N/A N/A

K34 acetylation - - - - N/A N/A

K43 acetylation ↓ ↓ ↓ ↓ N/A N/A

K45 acetylation ↓ ↓ - ↓ N/A N/A

K60 acetylation ↓ ↑ - - N/A N/A

K96 acetylation - - - - N/A N/A

K102 acetylation - - - - N/A N/A

Notes: ↑ represents increased amplification; ↓ represents reduced amplification; - represents no significant effect on amplification; 
seeding ↑ represents increased seeding ability; seeding ↓ represents reduced seeding ability; seeding - represents no significant 
effect on seeding ability; N/A represents not tested.
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methylations and dimethylation sites in soluble α-Syn, presenting 
another promising research direction to pursue.

In addition to the influence of different post-translational 
modifications on soluble α-Syn across various sites, the 
distinct roles of PTMs during the different stages of pathology 
development could also be a potential area to explore. 
Notably, phosphorylation of α-Syn monomers at S87 has been 
demonstrated to inhibit α-Syn oligomerization in vitro and 
attenuate α-Syn aggregation in rat models of α-synucleionpathies 
[14,24]. However, our recent study revealed an increased trend 
of LB-α-Syn amplification associated with phosphorylation at 
S87, whereas phosphorylation blocked GCI-α-Syn amplification 
and diminished its seeding capacity. These findings highlight the 
diverse roles of PTMs throughout different stages of pathology 
development. Similarily, phosphorylation at Y39 has been shown 
to impede α-Syn fibrilization in vitro [25] yet it appears to enhance 
α-Syn aggregation in vivo [26]. However, our study demonstrated 
that Y39 phosphorylation on soluble α-Syn can attenuate LB-α-
Syn and GCI-α-Syn amplification, while also reducing the seeding 
potency of amplified GCI-α-Syn. This underscores the notion that 
the same PTM can have distinct implications at different stages of 
pathology development.

Conclusion

Our study represents a pioneering effort in elucidating the 
regulatory roles of soluble α-Syn in the transmission of 
pathological α-Syn. Comprehensive understanding of the intricate 
post-translational modifications (PTMs) affecting soluble α-Syn, 
as well as the complexed interaction mechanisms during different 
stages, is crucial for making significant contributions to the 
clinical and pathological landscape of diverse α-synucleinopathies. 
Furthermore, investigating the regulatory role of soluble α-Syn 
PTMs on pathological α-Syn in vivo holds great promise for 
future research endeavours. This concept of regulatory roles for 
soluble proteins can readily be applied to other neurodegenerative 
diseases, such as tauopathies, where numerous PTMs on soluble 
tau have been reported [27] in association with various tau strains 
[28]. This breakthrough idea has far-reaching implications within 
the field of neurodegenerative diseases.
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