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Abstract: Neurodegenerative diseases, including Alzheimer's, Huntington's, Parkinson’s, and
Amyotrophic Lateral Sclerosis, involve neuron degeneration linked to the misfolding of
amyloidogenic proteins, resulting in (3-sheet enriched aggregates. This phenomenon disrupts the
normal folding of proteins critical for cellular function. Genetic mutations, proteolytic cleavage,
oxidative stress, and aging contribute to misfolding. Parkinson's disease (PD) is closely tied to alpha-
synuclein (aS) misfolding, with A53T mutation and Lewy bodies (LB) in PD brains pivotal to
understanding the disease mechanism. Other synuclein homologues (3S, YS) further contribute to
synucleinopathies. Mutants (A30P, A53T, E46K, H50Q, G51D) underscore aS's role in PD
development. This concise review focuses on molecular and pathological aspects of
neurodegenerative diseases, emphasizing aS in PD. The integration of genetic, structural, and
mechanistic insights highlights the disorders' complexity, paving the way for future therapeutic
strategies targeting protein misfolding and aggregation.
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Introduction

Neurodegenerative diseases are a group of disorders where degeneration of neurons impedes
the functioning of central and peripheral nervous system.! The process of neurodegeneration is
linked to misfolding of amyloidogenic protein followed by formation of 3-sheet enriched protein
aggregates inside brain.? Neurons are the major cell type to be affected by the [3-sheet enriched protein
aggregates.> Neurons which are the main building blocks of the human nervous system do not
normally divide but after being affected by (-sheet enriched protein aggregates they degenerate.?
Disease like Alzheimer's (AD)* Huntington's (HD)> Parkinson’s (PD)¢ and Amyotrophic Lateral
Sclerosis (ALS)” fall under the umbrella of neurodegenerative diseases but differ on the basis of
protein that forms aggregates. (Table 1.1)

Table 1.1. Neurodegenerative disease: Responsible proteins and affected region’.

Name of the Disease Responsible Protein Affected Region
AP peptide (from amyloid
Alzheimer’s disease precursor protein) and Cortex, hlppocarTlpus, basal
hyperphosphorylated tau forebrain
protein

Huntington’s disease (HD) Huntingtin with Polyglutamine Striatum, cortex a?nd other basal
expansion ganglia.

Substantia nigra, cortex, locus

Parki ’s di PD - lei
arkinson’s disease (PD) a-Synuclein ceruleus and raphe
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Spinal motor neurons and motor
cortex

Amyotrophic lateral sclerosis

(ALS) Unknown (neurofilaments)

Current research describes genetic mutations and environmental factors are the major cause of
protein misfolding.8(Figure 1.1). Neurodegenerative diseases are subsequently considered as
conformational diseases.® This idea is further supported by implicating studies where accumulation
of disease specific protein has been seen and attributed to impairment of the protein quality control
(PQC) and clearance systems, such as the ubiquitin-proteasome system!® and autophagosome-
lysosome pathway.!! Interestingly, several proteins that are important regulators of PQC and
clearance systems are known to be associated with certain neurodegenerative diseases.!13

Misfolded protein spontaneously aggregates to form highly ordered fibril or amorphous
aggregates (amyloids) which are identified as pathological hallmark for variety of disease related
biological phenomenon.'*'5 In order to perform their respective function it is inevitable for proteins
to fold into its well defined three dimensional structures called native state. Inability to attain its
native/functional state leads to improper folding of protein which can be caused by several factors
like mutation (gain-of-function or loss-of-function),’é abnormal proteolytic cleavage,!” post-
transcriptional error,'® oxidative stress,!” ageing,’ redox imbalance.?!
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Figure 1.1. General pathway of 3-sheet enriched protein fibrils(amyloid) formation from their native
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state. First and foremost the misfolded protein starts to oligomerize which consists metastable beta-
sheet domains. Then it converts into more stable beta-sheet states and the ensuing oligomers act as
the nuclei for the subsequent elongation reaction, which leads to the formation of so-called protofibrils.
The final amyloid fibril usually consists of a number or intertwined protofibrils. [Figure adopted from
reference 22].

Folding of protein is regulated by a cellular machinery of complex protein quality control
system.!415 Certain molecular chaperones are also responsible for refolding of misfolded protein or
their removal by proteolytic degradation and thereby prevent protein aggregation to maintain
protein homeostasis (or proteostasis).? In healthy cells misfolded proteins form aggregates which are
ultimately removed and cleared from the cell via ubiquiting proteasome system or micro-autophagy.
In acute diseased stage, failure in clearance of these misfolded proteins leads to accumulation of
insoluble protein aggregates in intracellular and extracellular spaces.?*?” (Figure 1.2)
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Figure 1.2. Different types of insoluble protein aggregates in various neurodegenerative diseases.
(Figure adopted from reference 28).

Though scientists working in the field recognize the correlation between protein misfolding and
neurodegenerative diseases, the mechanism underlying the phenomenon is still not clear. Despite
progress in understanding the mechanism of aggregation, its role in pathophysiology of the disease
is difficult to determine due to the complexity of these diseases and the dynamic nature of protein
aggregation.141523

Reports suggest that oligomers of amyloid beta with lower molecular weight are highly
neurotoxic compared to high molecular weight matured fibrils.*3 Progressive neurodegeneration in
case of Alzheimer’s and Parkinson’s can be attributed to the permanent damage caused by these
protein aggregates to the post mitotic matured neurons which cannot be replaced.’'?® Variety of
mechanisms are employed by oligomers to damage neurons. They form ion-permeable pores and
cause lipid peroxidation by adhering to the plasma membrane and form lesions by a combination of
radicals. These oligomers bind with various substances like membrane cholesterol and mediate its
oxidation and the product is neurotoxic. Disturbing the calcium homeostasis in the intracellular
membrane is another way by which these oligomers damage the neurons.?3* Amyloid beta oligomers
disrupt the axon structure by distorting the microtubules. This happens when amyloid beta
oligomers bind with tau protein and various kinases which leads to abnormal phosphorylation of tau
protein and formation of neurofibrillary tangle (NFT).35% Ultimately neurons degenerate as synapses
cannot function properly. Synaptic functions are also impaired as these oligomers also close the
insulin receptors.?7.%

Clinical trials of the drug candidates that inhibit protein aggregation are currently being done.
Progression of the disease can be alleviated by use of these drugs. These drug candidates have the
potential to drastically reduce the incidence of these diseases if administered presymptomatically
Prevalence of neurodegenerative disorders is increasing with increase in the age of the general
population. Due to their multi systemic nature numerous difficulties have emerged for the potential
treatment of neurodegenerative diseases.

Parkinson’s Disease (PD):

Parkinson’s disease (PD) is the second most common neurodegenerative disorder next to
Alzheimer’s disease (AD).* Lewy Body (LB) is one of these inclusions situated in the substantia nigra
(SN) of the brain that is a diagnostic hallmark for the debilitating disease, PD.* It is a progressive and
irreversible disease. But these inclusions when occurring in the cortical neurons causes
pathognomonic for disease such as Dementia with Lewy Bodies (DLB).#' This LB contains a-synuclein
(aS) as the principal component responsible for the onset of PD.#2 To support the role of aS protein
in the process of neurodegeneration, huge amount of data is needed for the researchers to link the
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genetic profile of aS and its association with LB.# But the mechanism lying behind aS aggregation
leading to neuronal death is still not known. However more studies are required to gain an insight
into the formation of proteinaceous inclusions.* Also, it is necessary to know if these positive
inclusions can actually cause the death of cell or epiphenomenon.#

Background of Parkinson’s disease (PD):

PD, aneurological syndrome was first reported by James Parkinson in the year 1817 even though
some fragments of Parkinsonism can be found in earlier descriptions.# The rest tremor was written
by Sylvius de la Boe and festination by Sauvages. It has been suggested that at a much earlier age
traditional Indian texts from approximately 1000 BC and ancient Chinese sources also provide
descriptions that suggest the existence of PD.#” The term “Parkinson’s disease” was first suggested
by Charcot who rejected the earlier designation of paralysis agitans or shaking palsy as he recognized
that PD patients are not markedly weak and do not necessarily have tremor. Another person, William
Gowers, contributed an important study of PD demographics in his “Manual of Diseases of the
Nervous System”. In 1880s, he described his personal experience with 80 patients. The male
predominance disorder with slight changes was correctly identified by him and also studied the joint
deformities typical of the disease. Also, the French neurological school reported the further clinical
descriptions and studies of the pathologic changes related to PD. Richer and Meige provided the
clinical and morphological information about the progressive stages of Parkinsonian disability. The
strange motor fluctuations related to the intrinsic nature of the disease were commented by Babinski.
The damage to the substantia nigra was first proposed by Brissaud as the anatomical seat of PD.% In
the early 1920, Tretiakoff, Foix and Nicolesco pursued the pathologic studies of the midbrain further
in relationship to the disease.*® In 1953, the most complete pathologic analysis of PD and the clear
delineation of the brain stem lesions were performed by Greenfield and Bosanquet. In an important
article by Hoehn and Yahr, the morbidity and clinical progression of PD was studied in which the
internationally recognized  staging system was first introduced. This staging system as time-
honored is anchored in the distinction between unilateral (Stage I) disease and bilateral disease
(Stages II-V). The development of postural reflex impairment (Stage III) was also reported as a key
turning point in the disease’s clinical significance.*

However, the significant contributions were done by Blocq and Marinesco, and Friedrich Lewy
in the pathological characterization of the disease who notified the hallmark of the disease: the Lewy
bodies (LB).*8 From all these findings, it was suggested that the occurrence of PD mainly occurs owing
to the neurons loss positioned in the substantia nigra of the brain and this is due to the self-assembly
of eosinophilic aggregates in the LB of the brain region.* Some important contributions were also
made by scientists Ehringer and Hornykiewicz, who showed that dopamine is a neurotransmitter
located in the region of brain that plays a significant role in PD pathogenesis.?

Parkinson’s disease occurrence and its symptoms:

PD prevails among people with an age ranging above 60 years and it is almost close to 1% within
this age range. PD is a progressive disorder that can affect individuals for more than two decades
also. Although the initiation of the disease starts prior to 10-15 years of the symptoms. Various deaths
can certainly take place from PD complications. These include swallowing difficulty causing food to
be aspirated into the lungs that may lead to pneumonia and various other pulmonary conditions.
Also, movement difficulties making people susceptible to suffer more fatal falls. All these fatalities
play an important role for the persons suffering from PD.

Majority of the patients however present symptoms that include hypokinesia, bradykinesia,
resting tremor, rigidity, postural instability at the clinical stage of the disease.’' These symptoms lead
to 80% death of the neurons in the brain region. But some actually begins after 15 years of the
commencement of the disease. As the lack of dopaminergic neurons leads to the initiation of the
motor symptoms, hence the effect can be recovered by modulating with dopamine replacement
therapy such as L-3,4- dihydroxyphenylalanine (L-DOPA) and also from various neurosurgical
procedures such as Deep Brain Stimulation (DBS) that can send electrical inputs that are otherwise
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absent.” Nevertheless, there is no proper cure for this disease though much therapeutics has been
developed. PD is characterized by both motor and non-motor symptoms as shown in Figure 1.3.
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Figure 1.3. Clinical symptoms associated with Parkinson’s disease progression. (Figure adopted from
reference 130).

Current treatment of Parkinson’s disease:

Presently, there is no therapy for PD and the patients suffering with PD are offered with
symptomatic management that can be performed precisely with specific medication, exercise, close
monitoring, education, adjustments and sometimes surgery. Depending on the symptoms severity
that a patient faces the choice of medical treatment starts when the diagnosis begins. The ability of a
patient to carry out the activities of daily living (ADLSs) is of prior significance. In the present scenario,
there are about 5 divisions of drug that includes: dopamine agonists, anticholinergics, levodopa,
catechol-O-methyl-transferase (COMT) inhibitors and monoamine oxidase B (MAO-B) inhibitors
used for treating the symptoms linked to PD.?* The drug levodopa is considered as the most
promising target for treating the motor symptoms related to PD.5* Efforts have been attempted to fill
up the missing dopamine at the neurotransmitter level.>> To prevent the peripheral metabolism of
levodopa, it is combined with carbidopa and perhaps permits more levodopa for crossing the blood
brain barrier (BBB).5 The exposure to levodopa for longer term duration such as five to ten years give
rise to the various involuntary abnormalities in a minimum of fifty percent of patients consuming
levodopa. But till now no treatments have come up for slowing down the PD progression.””

For the initial treatment of the disease, monoamine oxidase (MAQO)-B inhibitors can be
considered. These kinds of drugs help to provide mild symptomatic benefit that possess adverse
effect profiles.® And according to a Cochrane review the long-term outcome have been improved in
the quality-of-life indicators by 20-25%. Dopamine agonists such as ropinirole, pramipexole make the
development of dyskinesia delay and moderate symptomatic benefit in comparison with levodopa
drug.” These agents however cause 15% increase in the adverse events such as somnolence, sudden-
onset sleep, hallucinations, edema, and impulse control disorders as suggested by a review in the
Cochrane and PubMed databases from 1990 to 2008.%
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Although surgery is suggested for patients suffering from motor fluctuations and dyskinesias
those cannot be preferably managed with medication manipulations.®! In regards to surgery, the chief
surgical option is the Deep Brain Stimulation (DBS) that have largely replaced the surgeries of
neuroablative lesion.®? The intestinal gel infusion of levodopa/carbidopa is however available in some
countries along with its clinical trials including the United States.®

It is now a known fact that in PD, the non-motor symptoms are more troublesome than the motor
symptoms.®* These non-motor symptoms can be categorized as autonomic, cognitive/psychiatric and
sensory that also includes dementia, hallucinations, rapid eye movement (REM), depression,
rhythmic movement disorder (RMD), orthostatic hypotension and constipation.®> The non-motor
symptoms are also known to fluctuate, specifically numbness, paresthesia/dysesthesia, depression,
pain, akathisia and restlesslegs syndrome.® The recognition of the non-motor symptoms for the PD
is however required for appropriate management. So, there is a great demand for the aS aggregation
inhibitors.®”

Alpha-synuclein (aS) protein and its association with PD:

aS protein is the precursor protein that is responsible for the onset of PD and was discovered in
the year 1990.%8 It was first described in the electric ray Torpedo having homologue in rat and act as
a central nervous system protein.®® As it was observed mainly in the synaptic vesicles and near to the
nucleus, it was called as synuclein. These were seen to represent a larger homology with the torpedo
synuclein.” Apart from this, another homologue of about 134 amino acid residues was noticed in the
human proteome named as Beta synuclein (35).”' Apart from these two proteins, another synuclein
was present in human that contains amino acid composition different from aS and S named as
Gamma synuclein (yS) ] containing about 127 amino acid residues.”? Additionally, in later times it
was reported that a homologue of aS that is present in the zebra finch was known for song learning
and for brain plasticity. . Hence it was suggested that on binding with lipids, the native folded
structure of aS acquires a helical secondary structure.”? But the two outstanding discoveries in aS
research made it to the international platform. One is the mutation of alanine to threonine residue at
position 53 (A53T) that was identified in Mihael Polymeropoulos’ laboratory.” Another discovery
was the presence of LB in PD patients” brain done by Maria Spillantini and her collaborators. Both
these discoveries were done in the year 1997.7 From these two findings, the genetic component and
misfolding of the proteins were suggested to be the main source for the disease mechanism.7s Also,
the presence of mutants (A30P, A53T, E46K, H50Q and G51D) have been the subject of discussion as
they increase aS protein levels by threefold thereby promoting the manifestation of a potent form of
PD.”” And it makes a perception that aS plays a significant role in the development and progression
of PD. The schematic representation for the aggregation mechanism of aS is depicted in Figure 1.4.
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Figure 1.4. Schematic representation for mechanisms of &S aggregation and propagation’®.

oS protein lacks both tryptophan and cysteine residues. aS is however coded with a single gene
that consists of seven exons present in the 4th chromosome of the human genome. Apart from the
other parts, aS is specifically expressed in the presynaptic nerve terminals of the brain region.”® The
sequence of aS is mainly distinguished into three basic regions that are: positively charged N-
terminal region from residues 1-60, the hydrophobic non-amyloid beta component also known as
NAC (non-amyloid beta component) region which is known as the fibril core region from residues
61-95, negatively charged C-terminal region from residues 96-140.” The sequence of oS consists of
highly conserved seven imperfect repeats of amino acids with consensus sequence KTKEGV .8 The
presence of this consensus sequence signifies the interacting regions of the membrane. The hyper-
phosphorylated 5129 is considered as the major abundant species present in aS protein.s1 aS has no
distinct secondary structure as it belongs to an intrinsically disordered protein (IDP) although a more
compact structure than the simple random coil one.®? However there appears the presence of long-
range intra-molecular interactions between the NAC domain and C terminal region even if it lacks a
stable secondary structure conformer. The intra-molecular interactions are in a partial random
arrangement that have a tendency to form compact unfolded ensemble.®* Reports have also suggested
that aS can willingly interact with the acidic phospholipids such that it exhibits a stable helical
conformer.? Those helical conformation are signified by the presence of two alpha-helices from
residues 3- 37 or 45-92 and residue 94 formed by a single elongated helix.85 Due to the presence of
conserved motif (KTKEGV), aS can interact with the polar residues of the N-terminal region (S, E, K)
that faces the hydrophilic environment whereas the residues that are hydrophobic get inserted into
the membrane. The positively charged residues of the N terminal region interact with the anionic
surface of the phospholipid bilayer that constitutes the boundary between hydrophobic and polar
domains.’ However only the first 94 residues are noticed to interact with the membrane. The intra-
molecular chaperone region of aS known as the C-terminal region is significantly dynamic.%” It acts
as a scaffold on interacting with other proteins and is driven to the binding region of the membrane.
The 3-D structure of aS along with its three components is represented in Figure 1.5.
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Figure 1.5. Schematic representation of the 3-D structure of aS along with the three different structural
components.

In the recent studies, it has been suggested that aS protein can exists in all the forms such as an
unfolded monomer in vivo, a dimer and as a tetramer. And the most abundant form of the species is
the tetrameric form seen in the living cells. This highly ordered tetramer has been noticed to promote
the formation of a-helical secondary structure and decreases the fibrillation propensity. Hence it is
very important to find out ways of stabilizing the secondary structure of aS such that the aggregation
propensity will decrease.

Functions of Alpha-synuclein:

The function of aS is still a remarkable question in the field of neurosciences. But in the cycling
of synaptic vesicles, mobilization, modulating the vesicle pool size and endocytosis,® it plays a
significant role. It has been suggested that aS has an impact on the synaptic transmission which is by
enhancing vesicle clustering without changing the efficiency or kinetics of vesicle fusion on calcium
triggering. If aS multimerizes on membrane binding, this effect occurs. aS might delay the vesicle
trafficking by enhancing vesicle clustering. Although high levels of non-aggregated aS are known to
inhibit vesicle docking which is a SNARE-independent pathway through interaction with acidic
lipids.®

It has been reported that multiple conformations are adopted by aS which can exists in a
dynamic equilibrium simultaneously between the monomeric, oligomeric, and higher order
aggregated states.®® The fibrils of aS can interconvert to various toxic oligomers such that these fibrils
can act as damaging source particle. Studies that focuses the pathological conversion of aS depends
on the use of recombinant protein.? It has also been suggested that cells can interact only with entire
particles and not with the individual monomers composing them. Hence normalizing the
concentration of each species in accordance to the size seems more adequate. The issue may be
however minimized as the effect of aS fibril is compared to that of protein fibrils and a similar method
is taken for both the monomers and oligomers. This protein also plays a significant role in the
mitochondrial dysfunction, oxidative stress and reactive aldehydes.

Mutations in Alpha-synuclein:

The mutations occurring in the gene can result in the formation of rare familial forms of PD and
other associated forms of disease. About six-point mutations have been identified till date that are:
A30P, A53T, E46K, A53E, H50Q and G51D. These mutants have been reported to play a very
important role in the amyloid formation and toxicity of aS.9! The mutants A53T was identified in an
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Italian family,? E46K in a Spanish family,”® A30P in a German kindred,* G51D in a British family,%
H50Q in a Caucasian English female patient® and A53E in a Finnish family.” Studies reveal that the
presence of these point mutations alters the oligomerization rate and also the formation of fibrils in
aS protein. Reports suggested that these six missense mutations (A30P, A53T, E46K, A53E, H50Q and
G51D) in aS are related to the familial forms of synucleinopathies.?29394959%9 Among all the point
mutations, mutants A53T, H50Q and E46K were observed to accelerate the fibril formation® whereas
mutants A30P, A53E and G51D were observed to decrease the fibril formation rate.”” These
observations support the literary view point of the mutants. Numerous studies have shown that
mutants E46K, H50Q and A53T have a more tendency to aggregate than the WT aS with in vitro
technique of using recombinant proteins.” Recently it has been revealed that the kinds of oligomers
that are formed by the mutants A30P and A53T were quite divergent at the end of the lag phase.®
One of the most significant finding is that among the variants of aS and WT; A30P, G51D and WT do
not recruit into the fast forming fibrils of E46K, H50Q or A53T. But the mutants A30P, G51D and WT
aS have a lesser tendency to form the fibrils of their own and incorporate each other into these
objects.!?! Hence these infers that mutants H50Q, A53T and E46K on one side and A30P, WT and
G51D on the other side can form two specific types of fibrils.12 Already it has been revealed in
previous studies that mutants E46K and A53T formed different fibrils when compared to WT aS.
And those A30P fibrils possess a similar morphology in comparison to the WT fibrils.!® The
representations of the familial mutations of aS are depicted in Figure 2.7.
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Figure 2.7. 3-D Schematic representation of the various familial mutations occurring in aS.

To characterize the role of these substitutions on the conformations and aggregation mechanism
on the aS protein, several in vitro and in silico studies were done. The mutants occurring in the aS
protein is mainly located in the N-terminal region which does not influence the structural changes to
the monomeric form. And a reduced propensity for alpha-helical content is displayed in A30P
mutant.'® Consequently, the membrane binding is affected from the mutations that are located in the
N-terminal regions. The mutant A53T is however noticed to accelerate more when compared to the
WT protein.'® Although very sufficient agreement exists regarding A30P mutational effect since this
mutant can aggregate slowly, more rapidly, or with the uniform rate as the WT protein.1% The rate of
aggregation has been suggested to increase for the mutants E46K and H50Q in comparison to the WT
but for the mutant G51D the rate of aggregation has been shown to decrease when compared to the
WT. But the mutants A53T, A30P and E46K mutants, along with the WT, are natively unfolded under
the various physiological conditions.!?” It can thus be inferred that the overall structures of aS are
however not much affected by these mutations.

It has been stated that the mutants A53T and H50Q exhibits higher propensity to interact with
the membranes whereas A30P, G51D and AS53E lessen the fibrillation propensity.1%® These mutants
can alter the long-range contacts between the N and C-terminal which affect the stability of native
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state of aS. Mutants such as E46K, H50Q and A53T mutations seem to increase the aggregation
propensity of aS. A30P is more prone to oligomerization whereas G51D and A53E decreases the
fibrillation propensity.1%

‘Loss of function’ hypothesis of Alpha-synuclein:

The multiplication in the SNCA gene accelerates the aggregation profile of the aS protein in a
dose-dependent toxicity.!® This hypothesis suggests that as the aggregation of aS proceeds, the
functional aS protein develop into the inclusions form of aS. But the subcellular localization change
might intensify this progression. This conversion of aS into the inclusion bodies might provide aS to
perform the normal functions owing to the loss of functional toxicity form. The conversion of aS into
fibrillar aggregates might decrease the uptake of aS within the normal sub cellular section which
prevents the normal functioning of soluble aS."" Hence the loss of function might be accelerated from
the SNCA gene multiplication that can increase the aggregation rate of aS protein by avoiding all
other normal functions.!'?

Aggregation of Alpha-synuclein:

Reports suggest that there is a similarity in the morphology and staining properties for the
filament formation formed by the aS and its disease mutant forms with the disease affected brains.!'?
As a result, using the recombinant protein as a model system is verified for analyzing in vitro aS
aggregation. From the aggregation of aS depending on the various experimental conditions, diverse
morphologies can be noticed that includes fibrils, soluble oligomers and insoluble amorphous
aggregates.!* Various researches are going on that focuses on the factors responsible for the
formation of pathologic insoluble aggregates of aS. It has been suggested that aS can aggregate very
spontaneously with a strong tendency.!’> The monomeric form of aS has been noticed to form fibrils
when are incubated at a temperature of 37°C with neutral pH in a condition-dependent manner that
can enhance the process.!* Whereas at acidic pH, the incubation of aS results in the formation of an
aggregate morphology leading to amorphous aggregates rather than fibril formation.’¢ A sigmoidal
curve is seen from the aggregation kinetics of aS defined by an initial lag phase, exponential phase
(fibril growth phase) and final plateau after which fibril formation takes place. The aggregation
mechanism involved in aS is basically a nucleation dependent mechanism that includes a partially
folded intermediate responsible for the oligomerization and fibrillation process."” Till now an
unresolved question still remains as to what forces and factors causes the transformation of aS from
random coiled to structured form with a predominantly p-pleated sheet structure.’® Although a
model for the fibrillation propensity of aS have been proposed. The final end products
(fibrils,amorphous aggregates and soluble oligomers) are formed from an aggregation-prone
intermediate from the unfolded monomeric form of the protein.!? Various research suggests that the
model formed showed a relation between the fibrillation and partial folding."" Hence the fibril
formation is supported from the formation of the partially folded intermediates.

Several researches have been carried out on identifying the factors that are responsible for
inhibiting the aggregation propensity of aS apart from the ones that promotes the aggregation
propensity of aS.120

Proto-fibrils of Alpha-synuclein:

Reports from the biophysical studies suggest that the fibrils of aS however might not be the
pathogenetic species. The “protofibril hypothesis” suggests that the protofibrils are the product of
transient small units of (3-sheet that contain the oligomers of aS which are comparatively more toxic
than the insoluble fibrillar form. Growths in the cellfree systems have established that proto-fibrils
have the ability to permeabilize the synthetic vesicles and are hollow cylinders.'?! The fibrils of aS
have been observed to be polymorphic with structure consisting of either in twisted or straight form
and diameter of about 5-18 nm.'”2The monomers that are unstructured initially transform to a 3-sheet
conformation and aggregate to smaller protofibril structure, a transition accelerated by pathological
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factors.’”? Hence for the formation of annular proto-fibrils, factors such as mutations, interactions
with bilayer membranes, or the exposure to metal ions are necessary.

In vitro studies suggest that the rate of proto-fibril formation can be accelerated from the two
know mutations of aS.1* Although, the same might be helpful to determine in the in vivo animal
models that can produce consistent results.

asS fibrils polymorphism is however well established, but still is not clear as to how they differ
in terms of detailed cross-structures. Some indications imply that diverse strains give rise to various
synucleinopathies'? and these aS fibrils stimulate the process of inflammation. From such
considerations, there emerge additional efforts that can develop better structural models of the
fibrillar structure of aS fibrils. And these define the clinical isolates relation as a basis for
understanding the disease development mechanism.

Membrane interactions of Alpha-synuclein:

The permeabilization of the cellular membranes by the oligomers is a widely studied cellular
toxicity pathway of aS.1> Various oligomers can hinder the normal functions of cellular membranes
forming pore-like structures that might result in the abnormal calcium influx with subsequent neuro-
degeneration.'? aS oligomers however interacts with the lipid membranes that may increase the
conductance and also form a pore complex in planar lipid bilayers.'””” The mutants, A53T and A30P
are known to cause higher membrane permeability that can induce the formation of pores in the
plasma membrane of SH-SY5Y cells allowing Ca2+ influx that play a very important role in
degeneration of cells.”?® Neuronal cells containing WT or A53T mutants display a more level of intra-
cellular calcium. Hence, annular pore-like oligomeric structures are more likely to be formed with
the increase of calcium influx and cell permeability due to the penetration of membranes.’® Also, a
study using computer modeling and membrane simulation suggest that the penetration of A53T
mutant aS across the membrane was 20% faster when compared to the WT S.1

There are many studies related to the inhibition of aS, but till now the exact mechanism of the
aggregation pathway is not clear. Hence the inhibition mechanisms are still under dilemma.

Approaches for new therapies for Parkinson’s disease:

At present, there is no such treatment for most of the neurodegenerative diseases especially for
PD, one of the most demanding neurodegenerative disorders for treatment. In spite of the numerous
drug applications and medical therapies (levodopa), it still remains as the most efficient treatment
for PD. Several medical treatments consisting of deep brain stimulation focusing on disease
symptoms management however could not be able to improve the loss of dopamine (DA) neurons.
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