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Parkinson's disease (PD) is the second most common neurodegenerative disease, affecting 1% of the population

over 60 years of age. Clinically, PD is characterized mainly by the presence of motor symptoms, but a wide range

of non-motor symptoms not only accompany the disease, but many of them even prevent the occurrence of motor

symptoms. Despite many efforts, current medicine fails, not only in the treatment of PD, but in the early diagnosis

of the disease. Current treatment is mainly based on symptomatic treatment or treatment with levodopa (L-DOPA)

but does not focus on the pathogenesis of the disease itself. The presence of non-motor symptoms such as

gastrointestinal dysfunction, which occurs up to 20 years before the onset of motor symptoms themselves,

provides a sufficiently wide window of early diagnosis and thus potential early therapy for these patients. α-

synuclein (α-Syn) is one of the candidates for a biomarker of PD. Mutations in its gene are associated with the

familial form of PD as well as conformational changes in the protein and with its ability to oligomerize and fibrillate

and form Lewy bodies (LB) and Lewy neurites (LN). It is LB and LN that are considered to be one of the most

important pathological features of the disease, where α-Syn is the major component of these pathological

structures. Its direct association with the pathogenesis of the disease together with the fact that in addition to brain

structures, α-Syn is present in body fluids as well as in peripheral tissues such as gastrointestinal (GIT) tissues

even enhances its potential use in early diagnosis of the disease. The diagnosis of the disease is also complicated

by the similarity of clinical, cognitive, and neuropathological features of PD with other neurodegenerative diseases.

In this context, various α-Syn strains have been identified based on the ability of α-Syn to form several types of

fibrillar structures (strains) with different conformational, biological, and biochemical properties. And it is these

differences that may be key to the correct early diagnosis of PD.
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1. Introduction

Parkinson’s disease is (PD) the second most common age-related neurodegenerative disease after Alzheimer’s

disease (AD). PD affects approximately 1% of the population over the age of 60, with an increasing incidence with

age . PD affects an estimated 94 cases per 100,000 people or approximately 0.3% of the general population

aged 40 and over. The yearly incidence of new cases ranges from 8 to 18.6 per 100,000 person-years.  Clinically,

the disease is mainly characterized by the presence of motor symptoms, such as bradykinesia, postural instability,

and resting tremor . However, the presence of non-motor symptoms such as olfactory disorders, gastrointestinal

(GI) dysfunction, autonomic failure, cognitive disorders, mental health problems, sleep disorders, pain, and

excessive fatigue, not only accompany this disease, but many of them even precede the occurrence of motor

symptoms . It is the occurrence of non-motor symptoms, such as GI dysfunction, which occur up to 20 years
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before the onset of motor symptoms themselves , that provides a wide window in terms of early diagnosis, and

thus potentially therapy for these patients. This is exacerbated by the fact that current therapy is based mainly on

symptomatic or levodopa (L-DOPA) treatment but does not target the pathogenesis of the disease itself. Despite

intensive efforts, the development of new and more successful therapeutic approaches has been insufficient, and

fully dependent on early diagnosis of the disease. However, the diagnostics, especially in the early stages of the

disease, currently mainly rely on very non-specific clinical symptoms, such as olfactory disorders, GI dysfunction,

mood, and sleep disturbances. Whereas, the definitive confirmation of the disease is still based on a post-mortem

pathological evaluation of the degeneration of dopaminergic neurons in the substantia nigra pars compacta (SNpc),

and the presence of aggregated protein in a neuronal soma called the Lewy body (LB) and in neuronal processes

called Lewy neurites (LN) . Another complication in the diagnosis is the similarity of the clinical, cognitive,

and neuropathological signatures of PD with other neurodegenerative diseases, such as PD with dementia (PDD),

dementia with LB (DLB), AD, multiple system atrophy (MSA), or progressive supra nuclear palsy (PSP) 

. Due to these similarities, up to 20–35% of patients are misdiagnosed with PD, while not meeting strict

clinical or histopathological criteria . For example, cognitive disorders that occur in 10–80% of cases of

PD, especially in the later stages of the disease, significantly overlap with DLB, AD, and MSA . However, in

contrast to PD, in the case of DLB and PDD, motor symptoms appear concurrently or later, after the onset of

cognitive impairment . In the case of histopathological signatures, typical spherical LB and LN occur in PD, DLB,

and PDD , while accumulated α-Syn in MSA is localized in oligodendroglia or glial cytoplasmic inclusions,

without LB with typical spherical structures . MSA is often misdiagnosed as PD, especially in the early stages of

the disease. However, the disease is more progressive than PD, and the response to dopaminergic treatment is

weaker .

2. Diagnostic Potential of Alpha-Synuclein

α-Syn, as the major component of LB and LN, is consistent with the pathogenesis of PD and represents one of the

possible candidates for a suitable biomarker . In addition, mutations in SNCA gene (A53T, A30P, E46K, H50Q,

G51D), its duplications, and triplications have been found in familiar PD cases. These mutations are associated

with the induction of oligomerization and fibrilization of α-Syn, and thus with the development of PD .

Similarly, polymorphism in SNCA, or its promoter, poses an increased risk of disease . On the other hand, it

should be borne in mind that LBs are present in brainstem nuclei in about 8–12% of clinically asymptomatic

populations over 60 years of age, which is thought to be a pre-symptomatic stage of the disease .

α-Syn is a small (140 aa), a cytoplasmic protein, highly expressed in the brain, where it represents 1% of the total

protein. This high expression in brain structures, as well as its localization predominantly in the neuronal

presynaptic terminals, and the ability to interact with membrane structures, predetermines its function in modulating

neuronal membrane stability and regulating synaptic function, and vesicular transport . In addition to brain

structures, α-Syn is also present in body fluids (cerebrospinal fluid (CSF), plasma, blood)  and in

peripheral tissues (skin, GI tract (GIT), olfactory glands, gonadal tissues) .
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3. Structure, Posttranslational Modifications, and Toxic
Forms of Alpha-Synuclein

α-Syn is a cytoplasmic protein, naturally occurring as an unstructured monomer or metastable tetramer, which is

able to adopt a wide range of dynamic structures, depending on the environment and binding partners .

Several different isoforms of α-Syn have been identified, including truncated variants (112, 126, and 98 aa)

possessing a higher risk of pathological α-Syn aggregation .

The N-terminal and central regions of the protein (1–95 aa) are responsible for its interaction with membrane

structures, whereas interaction with lipids is thought to play a role not only in modulating its function but also in

changing its conformation from unstructured to highly organized fibrils . In this regard, the central NAC

region (non-amyloid-β component, 60–95 aa), as the most hydrophobic part of the protein, is able to undergo a

conformational change from random coil to β-sheet structure, and form cylindrical β-sheets and amyloid-β-like

fibrils . It is the process of nuclear-dependent gradual α-Syn oligomerization and fibrilization that is

considered critical in the development of PD, with the highest rates of cytotoxicity observed especially in unstable

oligomeric or protofibrillar forms of α-Syn . In addition, PD-associated point mutations are located only in

the N-terminal region (A53T, A30P, E46K, H50Q, G51D)  (Figure 1).
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Figure 1. α-Syn structure, properties, and pathological forms. (A) Simplified scheme of α-Syn structure. α-Syn is a

140 aa protein, where the N-terminal and non-amyloid-β component (NAC) regions are responsible for its

interaction with membrane structures. Mutations associated with Parkinson’s disease (PD) are located in the N-

terminal region. The NAC region, the most hydrophobic part of the protein, is involved in random-coil

conformational changes on the β -sheet. The unstructured C-region is responsible for the structural and

physiological properties of the protein. The most discussed post-translational conditioning, phosphorylation at

S129, is located in the C-terminal domain. (B) α-Syn is a cytoplasmic protein that occurs naturally as an

unstructured monomer or metastable tetramer . Under pathological conditions, its conformational changes occur

from a random-coil to a beta-sheet structure to form unstable oligomers and protofibrils, followed by fibrils until

insoluble protein aggregates are formed. These are localized in the neuronal soma (Lewy body) or in the neuronal

processes (Lewy neurites).

The C-terminal region (96–140aa) is present in all conformational forms of the protein (monomeric, fibrillar) or in its

membrane-bound form, and is responsible for the internally disordered nature of α-Syn . It is involved in

the modulation of α-Syn properties, such as interactions with other proteins , metal ions , and other
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ligands . In addition, this area is rich in regulatory posttranslational modifications (PTM), which are likely to

play an important role in the regulation of α-Syn structural and physiological properties  (Figure 1).

4. The Role of Alpha-Synuclein Phosphorylation in the
Development and Diagnosis of PD

Phosphorylation at S129 (p-S129) is the most discussed PTM in α-Syn, its role in modulating α-Syn physiological

function and promoting or suppressing α-Syn toxicity is still unclear . In vitro and in vivo studies have confirmed

the importance of p-S129 in the regulation of (i) the interaction of α-Syn with membrane structures, with p-S129

showing an inhibitory effect in this respect; (ii) protein-protein interactions; (iii) synaptic plasticity, although the

mechanism remains unexplained; (iv) α-Syn nuclear translocation; (v) interactions with metal ions, thereby affecting

metal ions-mediated α-Syn aggregation properties; and last but not least, (vi) turnover, where p-α-Syn is

considered to represent a late stage in the pathogenesis of α-Syn, and its main role is to selectively target proteins

for their degradation .

5. The Alpha-Synuclein Strains

As mentioned above, ß-sheet-rich α-Syn fibrils occur in several neurodegenerative diseases (PD, PDD, DLB, MSA,

and AD). However, these diseases possess different clinical manifestations as well as pathological signatures .

The fact that α-Syn is able to form several types of fibrillary structures (strains), with different conformational

properties in vitro and different biological activities, suggests that various types of strains are present in the brain of

patients with different neurodegenerative diseases, and probably responsible for various clinical manifestations of

these diseases . This is also supported by a recent study, where in transgenic TgM83 mice, various

α-Syn strains, either in vitro generated or isolated from brain-derived aggregates, targeted different brain regions

and cell types in these mice but also induced different motor, pathological, and biochemical phenotypes . In a

more detailed characterization, using cell models but also transgenic animals, the authors were able to define

different α-Syn strains based on a wide range of parameters, such as biochemical properties, including resistance

to protease degradation denaturation by chaotropic agents; biological stability; biological activity, including

inhibition of proteasome activity; cell infectivity and incubation period; pathological lesion tropism; and neurological

features in transgenic animals (Figure 2).
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Figure 2. α-Syn strains and their discrimination. Under pathological conditions, different types of α-Syn aggregates

(strains), with specific biochemical, biophysical, and biological properties, occur in the brain of patients with various

neurodegenerative diseases. It is the different properties of these strains that are responsible for the different

clinical manifestations of these diseases. Differential diagnosis of PD and related neurodegenerative disorders is

currently quite challenging. We propose several methods to discriminate such disorders, based on the specific

physical and biochemical properties of α-Syn strains.
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