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Alpha‑synuclein structure, functions, and 
interactions
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ALPHA‑SYNUCLEIN IDENTIFICATION AND 
MAPPING

In 1985, a neuron‑specific protein of 143 amino 
acids  (AA) was identified using an antibody against 
Torpedo californica purified cholinergic synaptic vesicles. 
Moreover, a 140‑AA protein was also identified in a 
rat brain cDNA library with a high homology with 
the torpedo electric organ protein. The researchers 
concerned named the protein synuclein as they found 
it in both cytoplasmic and nuclear regions of neurons 
although later studies have never confirmed the nuclear 
localization of synuclein. Torpedo synucleins based on 
their molecular weights were classified in three major 
subclasses as 17.5 kDa, 18.5 kDa, and 20 kDa synucleins. 
The 17.5 kDa synuclein was predominantly expressed 
among other species.[5]

In a later study, amyloid protein from senile plaques of 
Alzheimer disease  (AD) brain was analyzed, and this 
led to the identification of two other unknown peptides 
in addition to Aβ. Structural analysis of these proteins 

INTRODUCTION

Human alpha‑synuclein  (α‑syn) is predominantly 
expressed in the brain, especially in the neocortex, 
hippocampus, substantia nigra (SN), thalamus, and 
cerebellum, and is found in Lewy bodies  (LBs). It 
is encoded by the SNCA that consists of 6 exons 
ranging in size from 42 to 1110 bp.[1,2] Translation of 
SNCA starts from an autophagy‑related start codon 
that is encoded by exon 2 and stops at a TAA stop 
codon that is encoded by exon 6. As noted above, 
the predominant form of α‑syn is the full‑length 
protein, but other shorter isoforms have also been 
described. In addition, C‑terminal truncations of 
α‑syn induce aggregation, suggesting that C‑terminal 
modifications might be involved in the pathology 
of α‑syn.[3] Changes in the levels of α‑syn have 
been reported in cerebrospinal fluid and plasma of 
Parkinson’s disease (PD) patients compared to control 
individuals.[4] Therefore, α‑syn can be considered a 
potential biomarker for PD.

At present, when a clinical diagnosis of Parkinson’s disease (PD) is made, serious damage has already been done to nerve cells of 
the substantia nigra pars compacta. The diagnosis of PD in its earlier stages, before this irreversible damage, would be of enormous 
benefit for future treatment strategies designed to slow or halt the progression of this disease that possibly prevents accumulation 
of toxic aggregates. As a molecular biomarker for the detection of PD in its earlier stages, alpha‑synuclein (α‑syn), which is a key 
component of Lewy bodies, in which it is found in an aggregated and fibrillar form, has attracted considerable attention. Here, α‑syn 
is reviewed in details.
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showed a high tendency for them to form β‑structures. 
Therefore, it was hypothesized that these proteins, based 
on their hydrophobic identity and their ability to form 
β‑structures, may act as a “seed” for Aβ aggregation. Therefore, 
Aβ protein as a consequence of interaction with these proteins 
might be converted into insoluble Aβ and trigger later 
neurodegenerative processes. These two unknown proteins 
were named non‑Aβ components of AD amyloid (Non-Aβ 
component of AD plaques [NAC]). The concentration of both 
NAC proteins was the same in the amyloid fractions, and 
thus, it was suggested that they can both be cleaved from 
a single larger precursor. Later on, a 140‑AA protein from a 
full‑length encoding cDNA was identified as the precursor of 
NAC (NACP). NACP was detected in all tissues except liver 
with the highest concentration in the brain. These findings 
suggest a brain‑specific role for NACP although it is expressed 
ubiquitously.[6]

Shortly afterward, 140‑AA and 134‑AA proteins that were 
present in the human brain in high amounts were purified 
and sequenced. Interestingly, the 140‑AA protein was 
exactly the same as NACP, and it showed a high homology 
with torpedo and rat synuclein. Moreover, the 134‑AA 
protein was identified as the human homolog of bovine 
phosphoneuroprotein 14 and showed 61% homology with 
the 140‑AA protein. These findings suggested the existence 
of a family of human brain proteins, and the 140‑AA protein 
was named α‑syn while the 134‑AA protein was named 
β‑synuclein  (β‑syn). It was also shown that α‑syn and 
β‑syn are expressed predominantly in the brain and are 
concentrated in the presynaptic terminals of nerve cells.[7] 
Soon after, using FISH on human metaphase chromosomes, 
the chromosomal locations of SNCA and SNCB were 
identified. The results showed that α‑syn is encoded by 
a gene on chromosome 4q21 and β‑syn is encoded by a 
different gene located on chromosome 5q35.[8] Later, another 
type of synuclein was found to be expressed in high levels 
in ovarian and breast carcinomas. This was named γ‑syn, 
and its gene was reported as breast cancer‑specific gene 1.[9] 
Although γ‑syn is also found in the peripheral nervous 
system,[10] its functional role is not completely understood.

ALPHA‑SYNUCLEIN STRUCTURE

α‑Syn is a small acidic protein with three domains namely 
N‑terminal lipid‑binding α‑helix, amyloid‑binding central 
domain  (NAC), and C‑terminal acidic tail. α‑Syn can 
be present as an α‑helix structure in association with 
phospholipids or an unfolded conformation in the cytosol, 
suggesting that it plays specific roles in different cellular 
locations based on its dynamic structure.[11]

The N‑terminal domain of α‑syn  (residues 1–87) is a 
positively charged region, including seven series of 11‑AA 
repeats. Each 11‑AA repeat contains a highly conserved 

KTKEGV hexameric motif that is also present in the α‑helical 
domain of apolipoproteins. Moreover, the ability of α‑syn 
to disrupt lipid bilayers is related to these repeat sequences. 
These repeats, via their ability to induce α‑syn helical 
structure and subsequently reduce the tendency of α‑syn to 
form β‑structures, are important in α‑syn‑lipid interactions.[12]

The core region of α‑syn (residues 61–95), also known as 
NAC, is involved in fibril formation and aggregation[13] as 
it can to form cross β‑structures.[14]

The C‑terminal domain of α‑syn  (residues 96–140) is 
an acidic tail of 43‑AA residues, containing 10 Glu and 
5 Asp residues. Structurally, the C‑terminal domain of 
α‑syn is present in a random coil structure due to its low 
hydrophobicity and high net negative charge. In vitro 
studies have revealed that α‑syn aggregation can be induced 
by reduction of pH which neutralizes these negative 
charges.[15,16] An interaction between the C‑terminal domain 
and the NAC region of α‑syn is thought to be responsible for 
inhibition of α‑syn aggregation. Moreover, in the presence 
of Al3+, the C‑terminal domain of α‑syn binds to this metal 
ion and thus the ruined inhibitory effect of the C‑terminal 
on NAC leads to α‑syn aggregation.[17] The phosphorylation 
of residue serine 129 is important in the inhibitory property 
of the C‑terminal region as dephosphorylation of serine 129 
causes α‑syn aggregation.[18] Moreover, the C‑terminal of 
α‑syn is homologous with small heat shock proteins (HSPs), 
suggesting a protective role for α‑syn in keeping proteins 
out of the degradation process.[19]

ALPHA‑SYNUCLEIN STRUCTURE AND LIPID 
INTERACTION

Discovering the fact that α‑syn has the ability to interact 
with membrane lipids encouraged scientists to find out 
how this interaction is related to the biophysical features of 
lipids and α‑syn. Therefore, in vitro studies were established 
using membrane mimics, with different acyl head groups, 
different fatty acid chains, and various degrees of saturation 
of fatty acyl chains.[20] Liposomes are spherical lipid bilayers 
with the head groups located either inside or outside of the 
sphere and the fatty acid tails concealed within the space 
between these two layers. Liposomes differ in size and 
lipid composition, and they usually are classified as small 
unilamellar vesicles (SUVs) with a diameter 10–100 nm, large 
unilamellar vesicles (LUVs) with a diameter 100 nm - 1 µm, 
and giant unilamellar vesicles (GUVs) with a diameter >1 µm. 
SUVs are good mimics for small secretory vesicles while 
GUVs can be good models for cellular membranes.[21]

α‑Syn preferably binds to SUVs or LUVs containing 
negatively charged head groups. This interaction is mediated 
by the α‑syn N‑terminal region that is rich in lysine residues, 
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suggesting that the α‑syn N‑terminal region preferentially 
binds to anionic lipids electrostatically. α‑Syn also prefers 
some acidic head groups more than the others. For example, 
phosphatidylethanolamine, phosphatidic acid  (PA), 
phosphatidylinositol, and ganglioside attract α‑syn more 
than phosphatidylserine or phosphatidylglycerol.[21]

Moreover, polyunsaturated acyl chains can increase the 
ability of α‑syn to interact with the membrane. This could be 
due to the larger space between poorly packed unsaturated 
lipids than compact saturated forms. In addition, the higher 
binding affinity of α‑syn to SUVs and LUVs than GUVs may 
be related to the ability of α‑syn to sense the membrane 
curvature. Disordered α‑syn folds into an α‑helical 
structure when it interacts with the membrane. This folding 
happens when α‑syn inserts into hydrophobic acyl chains. 
Thus, α‑syn has an elevated affinity for SUVs with a loose 
force between acyl chains due to high curvature. Taken 
together, these data indicate that α‑syn has a preference 
for interaction with lipids and membranes containing 
unsaturated fatty acids with small anionic head groups and 
high curvature.[20]

Membrane‑bound α‑syn forms a helical structure that spans 
eleven residues in three distinct regions. A break at the 
middle of this structure divides α‑syn into two helical zones, 
increasing its ability to bind to highly curved membranes. 
The α‑syn A30P mutation shifts two of these turns and 
reduces the α‑syn‑lipid interaction strength. However, the 
α‑syn A53T mutation seems not to affect α‑syn conformation 
and interaction affinity[22] whereas E46K may increase the 
tendency of α‑syn to interact with the membrane.[23]

Although the first 100 residues of α‑syn are important for 
lipid interactions, different N‑terminal regions of α‑syn 
bind to membranes based on the lipid to protein ratio. 
Typically, α‑syn binds to membranes with its first 25 AA 
residues  (known as α‑syn SL1 mode) when its ratio is 
high enough. However, reduction in the lipid to protein 
ratio causes α‑syn to interact with the membrane with 
its SL2 mode which involves binding of the first 97 AA 
residues.[21]

The interaction of α‑syn with the membrane may initiate 
its aggregation. Cytosolic α‑syn does not aggregate unless 
membrane fractions are added to the experiment. Moreover, 
this aggregation produces protofibrillar α‑syn that causes 
formation of open holes in the membrane. These open 
channels lead to leakage of neurotransmitter from synaptic 
vesicles and apoptosis due to mitochondrial membrane 
depolarization. Interestingly, deletion of α‑syn residues 
74‑84 can stop aggregation. Thus, the central NAC, region 
of α‑syn, with the ability to form β‑sheet aggregates, seems 
to be responsible for membrane disruption.[24]

Thus, α‑syn can interact with the negatively charged 
head groups of synthetic phospholipid vesicles. This 
interaction causes an alternation in the conformation of 
α‑syn from a random coil to an α‑helical pattern. The 
Asp98–Ala140 (C‑terminal region) of α‑syn that is rich in 
glutamate residues does not form the α‑helical structure 
on interaction with vesicles and remains unstructured. 
Moreover, some studies suggest a protective role for α‑syn 
on lipid membranes to prevent lipid oxidation. In addition, 
it has been found that α‑syn interacts with multilamellar 
vesicles to produce of nonbilayer or small vesicles. Thus, 
α‑syn may play a role in the organization of membrane 
lipid molecules.[21]

ALPHA‑SYNUCLEIN STRUCTURE AND DYNAMICS

The dynamics of α‑syn in cells can be modulated in different 
ways. A relationship between the N‑terminal region of α‑syn 
and α‑syn cellular trafficking has been demonstrated by 
tracking α‑syn within cells. Both A30P and A53T mutant 
α‑syn increase its transition speed between the cytoplasm 
and the nucleus, suggesting that mutant α‑syn shows 
enhanced transit to the nucleus compared to normal 
protein. Therefore, an elevated inhibitory effect of α‑syn 
on chromatin acetylation may lead to cell death. The way 
that mutations alter α‑syn dynamics is based on changes 
in α‑syn secondary structure due to the mutations. For 
example, A30P mutant α‑syn loses its membrane binding 
ability and thus locates to the nucleus in higher amounts 
than normal α‑syn.[25] Phosphorylation of α‑syn at S129 
is another method for cells to control α‑syn dynamics. 
Blocking of phosphorylation at S129 residue leads to the 
movement of nuclear α‑syn to the cytoplasm, potentially 
followed by the formation of LB.[25]

ALPHA‑SYNUCLEIN FUNCTIONS

The function of α‑syn is not entirely understood, but the 
following functions appear to be consistent with some of 
this protein’s activities. These functions are also summarized 
in Table 1.

Suppression of apoptosis in dopaminergic neurons by 
reducing protein kinase C activity
Protein kinase C  (PKC) is a serine‑threonine kinase that 
phosphorylates different target proteins and therefore 
controls many mechanisms, such as apoptosis. This kinase 
is very sensitive to oxidative stress and triggers an apoptotic 
cascade in dopaminergic cells. α‑Syn seems to be a PKC 
downregulator that can protect dopaminergic cells against 
apoptosis. Particularly, it has been shown that α‑syn can 
switch off the proteolytic cascade by downregulation 
of PKCδ expression. In dopaminergic cells, α‑syn by 
deactivation of nuclear factor‑κB reduces transcription 
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of PKCδ. Therefore, α‑syn can be considered to be a 
neuroprotective protein in dopaminergic cells.[26]

Regulation of glucose levels
In addition to neurons, α‑syn has also been identified 
in many other cell types, especially those involved in 
secretory processes. α‑Syn decreases insulin secretion 
as a consequence of interaction with insulin‑containing 
secretory granules. α‑Syn interaction with KATP channels 
of insulin‑secretory granules leads to inhibition of 
insulin secretion triggered by glucose stimulation. These 
findings suggest a role for α‑syn in diabetes that, as other 
degenerative disorders such as PD, is caused by a problem 
in the modulation of secretory processes.[27] Moreover, it has 
been shown that in type 2 diabetes (T2Ds), an amyloidogenic 
protein deposits in pancreatic β‑cells and these patients 
are most likely to develop PD as α‑syn may combine to 
amyloid fibrils and form irreversible damaging complexes 
in dopaminergic cells.[28] On the other hand, in a recent 
study, α‑syn is shown to increase tissue glucose uptake 
and thus diminish insulin resistance and possibly T2D. 
This study shows that in both humans and mice, the higher 
levels of serum α‑syn is directly associated with glucose 
metabolism.[29] It seems that α‑syn can facilitate the entrance 
of glucose into adipose tissues and skeletal muscle through 
a G‑protein‑coupled receptor known as LPAR2‑CD90.[30]

Modulation of calmodulin activity
Ca l c ium‑modu la t ed  p ro t e in ,  a l so  known  a s 
calmodulin  (CaM), is a messenger protein that can be 
activated through binding to Ca2+ ions and triggers various 
mechanisms such as those involved in short‑ and long‑term 
memory. It has been shown that both wild‑type (WT) and 
mutant α‑syn can interact with CaM not only in vitro but 
also in vivo. This interaction, which is dependent on calcium 
ions, causes α‑syn fibrillization. Therefore, calcium ions 

can modulate α‑syn function by inducing an interaction 
between α‑syn and CaM. Moreover, CaM has an inhibitory 
effect on G‑protein‑coupled receptor kinase 5 (GRK5) in the 
absence of α‑syn. On the other hand, CaM stimulates GRK5 
activity in the presence of α‑syn. Taken together, α‑syn by 
controlling the conversion of CaM from an inhibitor to an 
activator, and vice versa, is involved in the modulation of 
GRK indirectly.[31]

Promotion of sensitive factor attachment protein 
receptor‑complex assembly in vivo and in vitro
Neurotransmitters are secreted several times from 
presynaptic vesicles within 1 min. The sequential secretion 
pathway of the neurotransmitter is strongly related to the 
organized activity of membrane fusion proteins. Assembly 
and disassembly of the N‑ethylmaleimide  –  sensitive 
factor attachment protein receptor  (SNARE) complex is 
one of the reactions, which has to be repeated for each 
single neurotransmitter release cycle. However, assembly 
and disassembly of SNARE proteins are accompanied by 
the formation of intermediate SNARE protein structures 
that are unfolded and vulnerable to degeneration. α‑Syn, 
by its chaperone activity, is involved in the maintenance 
of SNARE structure during these assembly/disassembly 
cycles. Specifically, direct interaction of α‑syn with the 
SNARE  ‑protein synaptobrevin‑2/vesicle‑associated 
membrane protein 2 causes the inhibition of SNARE complex 
assembly. Thus, α‑syn dysfunction may lead to neurological 
problems because its deficiency reduces SNARE complex 
assembly.[32] During the SNARE complex assembly, unfolded 
cytosolic α‑syn monomers bind to presynaptic membranes 
and form a complex of α‑helically folded α‑syn homomers, 
that is, chaperones assembly of SNARE complex and lead to 
neuroprotection in presynaptic terminals.[33] Moreover, large 
oligomers of α‑syn unlike monomers are harmful, and bind 
to an N‑terminal domain of a specific SNARE protein called 

Table 1: Alpha‑Synuclein functions
Alpha‑Synuclein function Target Mechanism Result
Suppression of apoptosis[26] Protein kinase C Deactivation of NFκB Neuroprotection
Regulation of glucose levels[27‑30] G‑protein‑coupled‑receptor Increase tissue glucose uptake Inhibition of type 2 diabetes

The pancreatic β‑cell 
KATP channel

Inhibition of insulin secretion Susceptibility to diabetes

Modulation of calmodulin activity[31] CaM Conversion of CaM from an 
inhibitor to an activator

Modulation of G‑protein‑coupled 
receptor kinase

Chaperone activity[32‑37] Presynaptic membranes Maintenance of SNARE structure 
during assembly

SNARE‑complex assembly

Heat shock proteins Helping proteins to obtain 
correct conformations

Efficient neurotransmitter 
release

Maintenance of PUFA levels[38] Acyl‑coA synthetase Modulation of lipid synthesis Synthesis of brain vital fatty 
acids

Antioxidation[39‑41] Cytochrome c oxidase Prevention of Caspases activation Neuroprotection
JNK‑interacting protein Inhibition of JNK pathway

Neuronal differentiation[42‑44] Rab3a Activation of ERK/MAPK pathway Transcription of genes
Regulation of dopamine biosynthesis[45‑46] Protein phosphatase 2A Inhibition of tyrosine hydroxylase Regulation of dopamine levels
CaM = Calmodulin; SNARE = Sensitive factor attachment protein receptor; MAPK = Mitogen‑activated protein kinase; PUFA = Poly unsaturated fatty acid; JNK = c‑Jun N‑terminal 
kinase; NFκB = Nuclear factor κB
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synaptobrevin‑2 and prevent assembly of SNARE complex 
leading to neurodegeneration.[34]

Acting as a molecular chaperone
α‑Syn is considered to be a chaperone protein because it 
contains regions that are homologous with 14‑3‑3 proteins 
that interact with many cellular proteins. 14‑3‑3 proteins 
are members of the cytoplasmic chaperone family that 
phosphorylate the binding site of their targets, including PKC, 
Bcl-2-associated death promoter (BAD), and Extracellular-
signal-regulated kinases (ERK). It has been shown that 
α‑syn can also bind to the targets of 14‑3‑3. In addition, 
overexpression of α‑syn under thermal and chemical 
conditions that prevent aggregation of target proteins is 
another reason for suggesting α‑syn as a chaperone. α‑Syn 
chaperone activity is dependent on both its N‑ and C‑terminal 
regions. The N‑terminal domain is responsible for α‑syn 
interaction with substrate proteins, leading to the formation 
of a large complex while the C‑terminal domain is responsible 
for the solubilization of that complex.[35]

The HSPs are also a family of chaperone proteins that are 
expressed in response to cellular stresses. HSPs are involved 
in stabilizing proteins to obtain correct conformations, 
refolding of incorrect protein structures, and degradation 
of misfolded proteins. It has been shown that α‑syn is 
part of a chaperone complex containing Hsc70/Hsp70 
and two co‑chaperones that are responsible for efficient 
neurotransmitter release.[36] The functional link between 
α‑syn and HSPs is also examined in an experiment that the 
csp gene was deleted in knockout (KO) mice. CSPα as an HSP 
is recruited into the outer membrane of presynaptic vesicles 
and plays role in neurotransmitter release. Deletion of this 
protein is associated with the reduction of α‑syn levels and 
lethal neurodegeneration. Interestingly, CSPα KO mice can 
be rescued from death if human WT α‑syn was overexpressed 
that shows how α‑syn can recover a chaperone activity.[37]

Maintenance of polyunsaturated fatty acids levels
The brain as the second main source of lipid content after 
adipose tissue is enriched in two polyunsaturated fatty 
acids (PUFAs), arachidonic acid and docosahexaenoic acid, 
which constitute about 20% of the brain fatty acids. Acyl‑coA 
synthetase  (ACSL) by adding acyl groups to a fatty acid 
backbone synthesizes these fatty acids from other available 
fatty acid stocks. The ACSL6 isoform that incorporates 
arachidonic acid into phospholipids is modulated by α‑syn. 
Therefore, α‑syn may be involved in the presentation of 
substrates to ACSL and consequently, in control of the 
brain’s PUFAs levels.[38]

Acting as an antioxidant and preventing oxidation of 
unsaturated lipids in vesicles
Oxidative stress in dopaminergic neurons could initiate 
the pathological damage leading to PD. This damage 

is triggered by oxidation of unsaturated phospholipids 
that consequently damage both cellular and intracellular 
membranes. The sensitivity of dopaminergic neurons to such 
damage is caused by the oxidative metabolism of dopamine 
within these cells. Therefore, dopaminergic cell membranes 
that are rich in unsaturated fatty acids are more vulnerable 
to this oxidation and damage. The monomeric form of α‑syn 
by interaction with lipid membranes can protect lipids from 
oxidation, but the fibrillar form of α‑syn does not have 
this capability. Therefore, it seems that monomeric α‑syn 
could act as an antioxidant that plays an important role in 
dopaminergic neurons to protect them against oxidative 
damage.[39] Another study suggests that maybe α‑syn is 
not an antioxidant but can prevent apoptosis by binding 
to cytochrome c oxidase in mitochondrial membrane and 
inhibits release of cytochrome c from mitochondria to 
cytosol. Consequently, caspases cannot be activated and 
thus cannot trigger apoptosis.[40] Moreover, hydrogen 
peroxide cannot damage α‑syn expressing neural cells 
while it is toxic in control cells. Hydrogen peroxide in the 
absence of α‑syn activates c‑Jun N‑terminal kinase (JNK), 
a member of mitogen‑activated protein kinase  (MAPK) 
family that promotes apoptosis under oxidative stress 
condition. α‑Syn by activation of JNK‑interacting protein/
islet‑brain (JIP‑1b/IB1) as an inhibitor of JNK pathway may 
protect cells from injury.[41]

Neuronal differentiation
As α‑syn is both functionally and structurally homologous 
with chaperone protein 14‑3‑3,[42] it can interact not only 
with 14‑3‑3 itself but also with its ligands, such as kinase 
suppressor of Ras. Therefore, α‑syn is considered to be 
involved in different cellular functions via activation of 
Ras. The activated form of Ras can activate a chain of 
events including the ERK/MAPK pathway that is involved 
in sending a growth factor signal from the cell receptor 
to transcription factors in the nucleus.[43] Moreover, α‑syn 
binds to membrane via interaction by Ras‑related GTPase 
Rab3a. This molecular association is evidenced using 
antibody against Rab3a that dissociates bound α‑syn from 
membrane signifying that Rab3a is involved in stabilizing 
α‑syn on synaptosomes.[44]

Regulation of dopamine biosynthesis
α‑Syn as a downregulator of tyrosine hydroxylase  (TH) 
activity can modulate production of dopamine and control 
its cellular levels. Therefore, α‑syn‑reduced expression 
or α‑syn aggregation leads to increased dopamine 
synthesis, leading to oxidative stress caused by dopamine 
metabolism. The inhibitory effect of α‑syn on TH activity 
is not direct and is dependent on the interaction between 
α‑syn and protein phosphatase 2A  (PP2A). This α‑syn 
PP2A interaction activates PP2A phosphatase function, 
leading to dephosphorylation of TH‑Ser 40 residue, and 
therefore TH inhibition. Both α‑syn overexpression and 
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mutations have been shown to upregulate the inhibitory 
effect of α‑syn on TH and dopamine levels, leading to 
downregulation of dopamine synthesis and release.[45] On 
the other hand, it has been shown that overexpression of 
α‑syn increases activity of src, a member of nonreceptor 
tyrosine kinases family, leading to hyperphosphorylation 
of proteins and neurodegeneration. Scr can phosphorylate 
PP2A as a substrate at Tyr 307 and consequently inhibit its 
phosphates activity.[46]

Modulating vesicle trafficking
The synaptic vesicle formation pathway starts with the 
curvation of the membrane into a bud with the help of coat 
proteins such as clathrin which act as a spherical frame. This 
process is followed by the targeting of vesicles to a specific 
secretory point with the help of SNARE proteins. In this 
pathway, α‑syn binds to the curved membrane selectively 
to modulate vesicle trafficking in synapses.[47] α‑Syn possibly 
reduces both the amount and the speed of vesicle recycling 
from synapses to the presynaptic area. This reduction in 
vesicular dynamics is important for synaptic homeostasis as 
the absence of α‑syn disturbs; this equilibrium by increased 
vesicle trafficking.[48]

This modulating role of α‑syn is because of its specific 
structure. The 11 residue repeats of α‑syn in the presence 
of liposomes can fold to a membrane binding helix that 
is divided by a mid‑unstructured fragment.[49] α‑Syn can 
detect the vesicle pool as it has an affinity for lipid bilayers. 
This means that α‑syn is more likely to be present at high 
levels in vesicle pools containing lots of small liposomes 
than in other parts of the cell since it can sense the membrane 
curvature of the vesicles.[50]

ALPHA‑SYNUCLEIN‑PROTEIN INTERACTIONS AND 
PARKINSON DISEASE

It is possible that α‑syn could damage cells by interrupting 
the function of other proteins since it can interact with many 
proteins, including tubulin,[51] parkin,[52] phospholipases 
D (PLD),[53] tau protein, 14‑3‑3, and the dopamine receptor.[54]

Alpha‑synuclein interaction with tubulin
α‑Syn has been identified in combination with tubulin 
in PD brain extracts including LBs and Lewy neuritis. 
Moreover, in vitro studies have revealed that adding a small 
amount of tubulin in physiological media containing α‑syn 
can be sufficient not only to start but also to accelerate 
α‑syn aggregation into fibrils.[55] Furthermore, it has been 
shown that extracellular oligomeric α‑syn can reduce 
polymerization of tubulins in dopaminergic neurons 
leading to cell death.[51] These findings suggest that in the 
brain, a similar interaction between tubulin and α‑syn may 
be responsible for the formation of LBs. Therefore, it seems 
possible that environmental toxins could initiate α‑syn 

aggregation by disrupting the assembly of tubulins into 
microtubules, leading to increased free cytosolic tubulins 
that can interact with α‑syn.

Alpha‑synuclein interaction with parkin
Parkin as the ubiquitin ligase member of the proteasome 
system is involved in the degradation of redundant and 
disordered proteins. Therefore, mutations in parkin by 
affecting its ligase activity could lead to the formation 
of insoluble aggregates. Parkin mutations that damage 
parkin function are the most common causes of familial 
PD in the form of autosomal recessive juvenile PD. It also 
seems possible that the interaction between α‑syn and 
parkin in stress conditions forms a site for deposition of 
α‑tubulin, and as a result, triggers alteration of the neuronal 
cytoskeleton, causing neuronal dysfunction.[52] Moreover, 
parkin and Leucine-rich repeat kinase2 (LRRK2)  are 
two modulators of the secretory pathway, and they are 
assumed to be involved in the development of synapses. 
As regulation of synaptic vesicle dynamics is important for 
proper neuronal activity, both protein mutations could be 
related to synucleinopathy.[56]

Alpha‑synuclein interaction with LRRK2
α‑Syn as a presynaptic protein may accumulate in the 
cytosol when parkin and LRRK2 mutations destroy 
synaptic assemblies, leading to the unwanted distribution 
of α‑syn in the cytosol. It has been shown that LRRK2 
can affect α‑syn trafficking as its overexpression destroys 
polymerization of tubulin. In addition, mutant LRRK2 
may induce phosphorylation of α‑syn at S129, propagating 
oligomerization. However, phosphorylation of α‑syn is 
not due directly to LRRK2 activity or its interaction with 
α‑syn. Possibly, 14‑3‑3 is a mediator between α‑syn and 
LRRK2. Mitochondrial improper function and imperfect 
biogenesis are associated with mutant LRRK2, leading to the 
production of superoxide and subsequently aggregation of 
α‑syn. Moreover, the ubiquitin‑proteasome system activity 
and chaperone‑mediated autophagy can be destroyed by 
either LRRK2 mutations or α‑syn A53T mutation. Therefore, 
mutation of both proteins at the same time can even worsen 
the situation, leading to very high accumulation of proteins 
in neurons.[57]

Alpha‑synuclein interaction with dopamine receptor
The dopamine transporter  (DAT) is responsible for the 
reuptake of dopamine from the synapse and its delivery 
back to the presynaptic terminal of neurosecretory cells. 
It has been reported that, in PD brains, α‑syn binds to 
the C‑terminal region of DAT via its NAC sequence. This 
interaction increases neuronal levels of dopamine by 
facilitating the membrane clustering of DAT and enhancing 
its activity. Increased levels of dopamine in neurons can 
damage cells as a consequence of enhanced dopamine 
metabolism reactions leading to oxidative stress.[54] 
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However, in normal brains, α‑syn controls the neuronal 
levels of dopamine by decreasing DAT activity. These 
findings suggest that aggregated α‑syn could be neurotoxic 
in dopaminergic cells by initiating exposure to free radical 
products of dopamine oxidative metabolism.[58]

Alpha‑synuclein interaction with synphilin‑1
An interaction between synphilin‑1 and α‑syn has 
been reported in  vivo using the yeast two‑hybrid 
system.[59] Moreover, α‑syn and synphilin‑1 aggregate into 
an eosinophilic cytosolic complex similar to LB in α‑syn 
and synphilin‑1 co‑transfected mammalian cells. In normal 
conditions, the N‑terminal domain of WT α‑syn interacts 
with the central region (ankyrin and coiled‑coil domains) 
of synphilin‑1. The sufficient regions for this interaction 
are α‑syn AA 1–65 and synphilin‑1 AA 349–555. This 
interaction protects α‑syn from degradation by inhibition of 
20S proteasome and thus formation of harmful aggregates 
in PD.[60] However, the α‑syn A53T mutant interacts with 
synphilin‑1 via its C‑terminal domain, while the α‑syn 
A30P mutant increases the number of α‑syn synphilin‑1 
compounds.[61] Taken together, α‑syn mutations could alter 
the site and efficiency of α‑syn synphilin‑1 interactions.

Alpha‑Synuclein interaction with phospholipases
PLD is a hydrolytic enzyme that is located in the plasma 
membrane and hydrolyzes phosphatidylcholine to PA. 
PA, as a signaling lipid, modulates different processes, 
especially those involved in cellular morphology and 
vesicular transport. In neurons, PA may be involved in the 
growth, differentiation, and releases of neurotransmitters. 
α‑Syn inhibits PLD activity. Therefore, α‑syn, by controlling 
the production of PA, modulates cell signaling.[11] It has 
been shown that overexpression of PLD2 in rat brain 
leads to severe damage of dopaminergic neurons while 
either coexpression of human WT α‑syn or reduction of 
PLD2 activity by siRNA inhibits the lethal effect of PLD2. 
Moreover, coimmunocapture of α‑syn with PLD2 in the 
extract of striatal tissues revealed that α‑syn interacts with 
PLD2 in vivo and downregulates its activity.[53]

Alpha‑Synuclein interaction with small ubiquitin‑related 
modifiers
Small ubiquitin‑related modifiers usually attach to proteins 
and modify their structures after translation. This process, 
known as sumoylation, may help proteins to remain 
soluble. A study has shown that sumoylated α‑syn does not 
aggregate, suggesting that sumoylation deficits could lead 
to α‑syn accumulation. α‑Syn residue lysine 96 and lysine 
102 seem to be sites of sumoylation of α‑syn.[62]

CONCLUSION

In PD brains, α‑syn accumulates in nerve cells of the SN, 
pons, medulla, and gut leading to inflammation and cell 

death and subsequently difficulties in movement, digestion, 
circulation, and sleep. It seems that PD may be cured 
by stop α‑syn from aggregation. Some pharmaceutical 
companies are focusing on compounds that prevent α‑syn 
from aggregation such as NPT200‑11 that is produced in 
Neuropore Company, and its human trial is begun. As 
α‑syn is the most potential target for treatment of PD, many 
scientists around the world work on α‑syn to know much 
more about its structure, functions, and interactions.
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