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ABSTRACT 
 

Parkinson’s disease (PD)is a chronic, progressive, complex, age-related and 

movement neurodegenerative disorder, caused by the loss of dopaminergic 

neurons in a small portion of cells within the mid brain known as the substantia 

nigra, with its actual etiology undiscovered. Alpha-Synuclein (a-Syn), a minute 

soluble protein that is primarily expressed at the presynaptic terminal or regions 

of the central nervous system with a yet unknown function is termed the central 

or key component to the pathogenesis of this disorder. Thus, Parkinson’s disease 

is the most commonly diagnosed and observed synucleinopathies. Alpha-

Synucleinopathies are neurodegenerative disorders featured by the aberrant 

accretion or deposition of aggregates of alpha-synuclein in the neurons, glial cells 

or nerve fibres. There are three main types of synucleinopathies; Parkinson’s 

disease (PD), Dementia with Lewy bodies (DLB) and Multiple system atrophy 

(MSA). Not minding the similarities in their progressions and expansion, there 

are pathological differences that are significant between multiple system atrophy 

and Lewy body diseases, along with the cell types that are involved (in 

Parkinson’s disease, oligodendroglia in Multiple System Atrophy and Dementia 

with Lewy bodies) and the extent of neuronal loss in selected regions in 

Parkinson’s disease but spread all over the regions in Multiple System Atrophy. 

Alpha-synuclein, as abundantly found in various regions of the brain, having two 

intimately related homologs; Beta-synuclein and Gamma-synuclein, was 

recognised as the dominant component of amyloid fibrils observed in Lewy 

bodies and Lewy neurites which are the diagnostic hallmark of Parkinson’s 

disease. Aggregation of alpha-Synuclein is assumed to be the key or major event 

in the pathogenesis of synucleinopathies.  Although, several alpha-Synuclein 

reformations and modifications have been thought to be responsible for early steps 

of aggregation. 

In this thesis work, I will be able to summarize and review the data so far available 

on Alpha-synuclein, its structure, aggregation and fibrillation, the modifications 

and synucleinopathies.   
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1 INTRODUCTION 
In recent times, more than several findings or researches have been carried out about this 

protein alpha-synuclein (a-syn) by several researchers and research institutions. I think 

the tangible discovery of this protein defect linked to Parkinson’s disease (PD) in a family 

was a ground-breaking discovery and has opened a door to a flood of studies investigating 

the genetic base of the disorder. The actual role it plays or how it is genetically linked to 

these disorders has vehemently remained a misery but with the speed of research on alpha 

synuclein and these disorders, I think with more effort on scientific research, the actual 

understanding of the role of this protein will be established.  This protein is a naturally 

occurring protein of the nerve cells just like other cells of the body, but when there are 

unwanted changes in shape or conformation (mutation), it leads to abnormalities. The 

actual cause of the mutation is yet to be known.  One can hardly write on alpha synuclein 

without correlating the protein with neurodegenerative disorders, but for this thesis, I will 

be glad to explain the context of a-syn and synucleinopathies with its relationships with 

some neurodegenerative disorders focussing attention on its relationship with Parkinson’s 

disease, since it has been identified as the major contributor of this neurodegenerative 

disorder. 

According to Dr. Dennis J. Selkoe (a Prof. of Neurologic Diseases at Harvard Medical 

School), researchers are working hard over the years to ascertain what normal a-Syn in 

the brain looks like, with reference to its shape or structure. He said it was believed 

initially that strands of normal a-Syn appear as individual molecule (standing alone) as a 

monomer; however, in recent times, it has been observed that normal a- Syn is always 

folded in a group made up of four molecules that are held together natively in a  cluster 

known as tetramer, as illustrated in figure 1.1  (Nyström, Nordström and Nordström, 

2016).   

 

Figure 1-1: How the structure and shape of α-syn in Parkinson's might cause disorder. 

The protein monomer, when assembled in groups of four (tetramers) can always 

protect itself from being disrupted or damaged. However unfolded single strands 

(monomers) are at risk for disruption which leads to clumping in Parkinson’s disease 

(Nyström, Nordström and Nordström, 2016) 



 

2 

 

 

 

2 HISTORICAL REVIEW 
This theoretical review of Alpha Synuclein and synucleinopathies as related to 

Parkinson disease would not be a complete review work without a word or 

sentence on any or all of these: Lewy bodies, Alzheimer’s Disease, Dementia and 

other forms of neurodegenerative maladies. 

Alpha-synuclein is a protein that is abundant in the human brain. Fewer quantity 

are seen in the muscles, heart and other tissues. In the brain, a-syn is found mainly 

at the tips of nerve cells (neurons) in specialized structures called presynaptic 

terminals (Federoff et al., 2015), it is good to know that α-synuclein is never seen 

in all terminals of the synaptic vesicle, and, surprisingly, not all terminals contain 

the protein in neurodegenerative diseases (Burré, 2015). The name of the protein 

a-Syn was coined from its place of abode (presynaptic vesicles), and nuclear 

region of the brain (Maroteaux, Campanelli and Scheller, 1988). a-Syn was in 

parallel identified as the non-amyloid- β component (NAC) found in amyloid 

plaques of Alzheimer’s disease patients. After the discovery of a-Syn ,followed 

the identification of its close homologs β- and γ-synuclein (Uéda et al., 1993). 

Since the discovery of this protein, it has been linked to several devastating 

diseases, in which Parkinson’s disease and dementia with Lewy bodies are 

inclusive (Galvin et al., 1999), multiple system atrophy (Spillantini et al., 1998), 

Alzheimer’s disease (Lewis et al., 2010), Pick’s disease, diffuse Lewy body 

disease (Nishioka et al., 2010), amyotrophic lateral sclerosis (ALS) (Doherty, 

Bird and Leverenz, 2004), frontotemporal dementia (Wilhelmsen et al., 2004), 

progressive supranuclear palsy (Judkins et al., 2002), corticobasal degeneration 

(Yamashita et al., 2014), Krabbe disease (Smith et al., 2014). These diseases are 

collectively termed synucleinopathies, but the physiological function of a-Syn and 

its contribution towards these disorders has remained unknown. 

 

2.1 ALPHA SYNUCLEIN (A- SYN) 

Alpha-Synuclein (a-Syn) is a 14 kD (140 amino acids) acidic presynaptic protein 

with sequence number:  MDVFMKGLSK AKEGVVAAAE KTKQGVAEAA 

GKTKEGVLYV GSKTKEGVVH GVATVAEKTK EQVTNVGGAV 

VTGVTAVAQK TVEGAGSIAA ATGFVKKDQL GKNEEGAPQE 

GILEDMPVDP DNEAYEMPSE EGYQDYEPEA. It is a major component of 

Parkinson's disease aggregates and is implicated in the pathogenesis of 

Parkinson's Disease and related neurodegenerative disorders. a-Syn accumulates 

in the brains of sporadic Parkinson's disease patients as a major component of 

Lewy bodies, which are cytoplasmic inclusions features of Parkinson's disease 

(rPeptide), (Kempuraj et al., 2015). a-Syn appears to associate with other proteins 

that aggregates and is found in β-amyloid plaques and neuritic tangles in 

Alzheimer's disease. (Masliah et al., 2001). Proteins are the building blocks of the 
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machinery inside the cell that makes the brain to work. The protein must be folded 

into a desired shape in order to do its job properly at the bud or early stage. a-

syn are much in the brain, about one percent of the total protein that surround  or 

move around the brain or the central nervous system (Dieriks et al., 2017). In a 

well functional brain cell, a-Syn are found beneath the membrane covering the 

cell body and their branch ends or tips that originated from the cells called 

presynaptic terminal which passes messages between brain cells (Shults, 2006). 

Alpha-Synuclein as one of the synuclein family that is made up of beta Synclein 

(β-Syn) and gamma Synclein (γ-Syn). They are observed majorly within the 

neurones mainly at the synaptic terminals, they may increase the functions of the 

synaptic vesicles, regulate the release and transport of dopamine (Lashuel, Overk 

and Oueslati, 2013). Alpha-Synuclein is a minute protein of the presynaptic 

vesicle that plays a wide role in neurodegenerative maladies also called 

synucleinopathies.  

2.2 FACTS ABOUT ALPHA-SYNUCLEIN  

• Alpha-Synuclein misfolds to form protein aggregates in PD and in various 

invitro and in vivo models of syncleinopathies. 

• Alpha-Synuclein is associated with both familial and idiopathic PD. 

• The precise function of a-Syn is yet unknown. 

• Alpha-Synuclein is the major constituent of Lewy bodies. 

• Alpha-Synuclein is a member of the Synclein family proteins. 

• Alpha-Synuclein   is all over in various brain parts in PD patients. 

• It is present in a number of other synucleinopathies, such as multiple 

system atrophy (MSA), dementia with Lewy bodies (DLBs), Some 

Alzheimer’s disease (AD) cases, neurodegeneration with brain iron 

accumulation (NBIA) type I, pure autonomic failure (PAF), and various 

others, (Kahle, 2007) 
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3 STRUCTURE AND PHYSIOLOGICAL FUNCTION 

OF A -SYN 
 

Because the protein’s sequence and structure of a-Syn are linked to its function, 

there is need to characterise the sequence and structural determinants that govern 

its cellular properties and its aberrant behaviour in PD and other 

synucleinopathies. a syn is a 14KDa protein, with 140 amino acids and pKa value 

of 4.7. It is characterised by an amphipathic lysine-rich amino terminal (aa 1-65) 

with several imperfect KTKEGV which modulates its interactions with the 

membrane,  a hydrophobic central region which comprises amino acid residues 

(aa 66-90) known as the non-amyloid-β component (NAC) and a disordered, 

highly negatively charged  carboxy- terminal tail C-terminus (aa 96-140) which 

regulates its nuclear localization and interactions with metals, small molecules 

and proteins (Lashuel et al., 2013) and (Jakes, Spillantini and Goedert, 1994). It 

is also known to be a target to various post translational modification (Oueslati, 

Fournier and Lashuel, 2010) and also protects a-Syn from aggregation (Hoyer et 

al., 2004) 

Various mutations clinically if not all are seen in this region which portrays the 

usefulness of this N-terminal domain to all the activities of a-Syn including its 

pathological dysfunctions. The central portion which is unique to this presynaptic 

protein is called the NAC region with its stretch of amino acid residues , takes 

care of the aggregation features of a-Syn through hindering and promoting its 

degradation and fibrillation respectively (Xu and Pu, 2016). Surprisingly, all 

known changes or mutations that are linked with synucleinopathies originate from 

this domain: A30P, E46K, H50Q, G51D, A53E, and A53T (Burré, 2015).  Many 

studies however have been focused on N-terminal portion, not much findings has 

been done on C-terminal may be in the nearer findings in future needs to put C-

terminal region into consideration based on the fact that that some modifications 

like truncation is assumed to take place there (Games et al., 2014). Represented 

in figure 3-1 is the amino acid sequence of a-syn. 
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Figure 3-1: Amino-acid sequence of α-synuclein. The N-terminal region is blue, the 

aggregation-prone (NAC) domain is in green, and the C-terminal region is in red. The 

seven imperfect repeats are indicated in bold type. Protein fragments are schematically 

shown as bars above (synthetic small peptides) or below (chemically truncated protein). 

For clarity, the N-terminal truncated mutants are omitted (Bartels et al., 2010) 

 

Numerous clinical, pathological or environmental factors such as  oxidative stress 

(Hashimoto et al., 1999), Post-translational modification (Paleologou et al., 

2010), proteolysis (Dufty et al., 2007), and the concentration of fatty acids 

(Karube et al., 2008), ionic metals and phospholipids (Oueslati, Fournier and 

Lashuel, 2010) induce or modulate in vitro conformational modifications of a-Syn 

as influenced by these factors.. It is believed that a-Syn adapts to several changes 

when in contact with several compositions of biological membranes other protein 

complexes (Lashuel et al., 2013). However, when a-Syn binds in vivo to a 

membrane either biological or synthetic, it adopts an α-helical conformation 

(Eliezer et al., 2001a).  

Studies by different research groups using several biophysical methods like; light 

scattering, circular dichroism Nuclear Magnetic Resonance (NMR) often showed 

that a-Syn under denaturing or natural condition subsist unfolded (Eliezer et al., 

2001b). But can be migrated as 57-60 KDa proteins mainly when gotten from 

Lewy bodies dementia (LBD) patients under non denaturing environment or Size 

Exclusive Chromatography (SEC) columns, but migrated as 14KDa proteins 

under native conditions, figure 3-3 (Luk et al., 2009). From the beginning, the 

evident size of a-Syn in Native and SEC made it easier for  researchers to assume 

that this protein exist as oligomer; now subsequent biophysical studies detailed 

revealed that the over-size or bigger size than hoped of a-Syn was because of the 

fact that monomeric a-Syn got an unfolded  and elongated conformation (Fauvet 

et al., 2012). Due to the fact that a-Syn got the ability to change easily or flexibly, 

which permits the protein to assume several conformational changes when 

interacting with different compositions of biological membranes, other proteins 

or protein complexes, a-Syn might exhibit multifunctional features (Muthu 
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Ramakrishnan, Poul H. Jensen and Derek Marsh*, 2006)(Ullman, Fisher and 

Stultz, 2011), though as earlier said it adopts an α-helical conformation only upon 

synthetic or biological membrane binding. a-Syn might may portray different 

conformation in several sections or partitions of the cell meanwhile that has not 

been detailed including the actual function of this oligomeric proteins in the 

membranes and other cell compartments.  

 

 

 

Figure 3-2: Schematic representation of micelle-bound α-synuclein. The N-terminal 

region, the non-amyloid-β component of Alzheimer’s disease amyloid plaques (NAC) 

region and the C-terminal part are coloured blue, orange and red, respectively. 

Numbers refer to amino acid residues flanking the different regions (Lashuel et al., 

2013) 
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Figure 3-3: Western blot identifying α syn in brain homogenates from control and 

Lewy body disease (LBD) cases that were divided into cytosolic and particulate 

fractions. α syn migrated to 57–60 kDa as well as to 14 kDa in the particulate but not 

cytosolic fraction owing to the different conformational states of the protein (Lashuel 

et al., 2013) 
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Figure 3-4: α-Synuclein domain structure. Upon binding to lipid membranes, the N-

terminal domain of α-synuclein folds into two amphipathic helices; the C-terminal tail 

of α-synuclein does not contribute to membrane binding. The lipid binding domain can 

be divided into seven highly conserved 11-mer sequences. Helix 2 contains the 

aggregation-prone NAC-domain. All disease-linked mutations of α-syn are in the 

second and fourth 11-mer stretch (Burré, 2015). 

 

 

There are two hypotheses concerning the native state of a-Syn; the monomeric 

shape and an α-helical folded tetramer. Initial findings of a-Syn extracted from 

bacterial expression system or mouse tissue showed that it is monomeric, with 

minimal secondary structure (Mor et al., 2016). But according to (Bartels, Choi 

and Selkoe, 2011), identified the state of a-Syn in living human cells by freshly 

examining collected human red blood cells (RBC) indicated that natively, 

endogenous cellular a-Syn exist largely as an α-helical folded 58KDa tetramer. 

Recent findings now show that the normal physiological function of a-Syn 

involves roles in compartmentalization, storage and recycling of 

neurotransmitters (Allen Reish and Standaert, 2015). It is also linked with the 

physiological regulation of some enzymes and increase the number of dopamine 

transporter molecules (Xu and Pu, 2016), release of neurotransmitter (Nemani et 
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al., 2010) and interaction with the synaptic SNARE complex are partly mediated 

by its action as molecular chaperon (Xu and Pu, 2016),(Burré et al., 2010) 
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4  INTRACELLULAR POOLS OF ALPHA-

SYNUCLEIN 
 

This explains in details the intracellular existence and reactions of a-Syn within 

the cells at different environmental conditions be it denaturing condition or non-

denaturing. Also, the behavioural and structural appearance of the protein when 

in association with or found in such environment.  Alpha-synuclein either exist in 

a soluble state or a membrane bound state with its secondary structure depending 

on its environment. Alpha-synuclein’s interaction with lipid surfaces serves as a 

mediator for its cellular functions in synaptic regulations and impacts the 

formation of fibrils which is associated with PD, this is illustrated schematically 

on figure 4-1 

 

 

 

Figure 4-1: Physiological and pathological conformations of α-synuclein at the 

synapse. Cytosolic α-synuclein is monomeric and natively unfolded. Upon binding to 

synaptic vesicles, the N-terminal residues of α-synuclein adopt a helical structure 

(Burré, 2015) 
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The N-terminal residue of a-Syn adopts an α-helical structure in the presence of 

lipid membranes such as artificial liposomes, lipid droplets and lipid rafts and this 

α-helical structure mediates the binding of a-Syn to the membranes (Bussell and 

Eliezer, 2003). Membrane binding is a cooperative effect of the 11-mer sequences, 

as truncation of N-terminal domain hinders lipid binding drastically. So, acid 

heads such as phosphatidylethanolamine, phosphatidylserine and 

phosphatidylinositol are required (Middleton and Rhoades, 2010).  This suggest 

the interaction of the membrane head groups with lysine’s found on opposite sides 

of a-Syn helix, based on the size or curvature of the membrane, a-Syn can 

transition between two states (Ulmer et al., 2005). In that regards, a-Syn adopts 

an elongated helix conformation upon binding to membranes with larger diameter, 

and adopts a broken helix conformation in the presence of small and highly curved 

vesicles (Chandra et al., 2003). 

Acetylation of N-terminal a-Syn is seen both in healthy and PD individuals, it 

helps to increase its helical folding propensity, its affinity for membranes and its 

resistance to aggregation (Kang et al., 2012). With these, one can suggest that N-

terminal acetylation of a-Syn could be of great importance for both the native and 

pathological structures and functions of  a-Syn (Trexler and Rhoades, 2012). Not 

forgetting that phosphorylation of a-Syn which is a post translational modification 

regulates its membrane binding, its fibril formation, its structure, protein 

interaction, neurotoxicity and oligomerization (Fujiwara et al., 2002a), whereas 

other forms of post translational modification may lead to changes in protein 

charge and structure which may also alter the binding affinities with other proteins 

and lipids. The folding of a-Syn stabilizes and protects a-Syn from aggregation 

(Lokappa et al., 2014), though under oxidative stress condition, membrane 

binding accelerates a-Syn aggregation (Lee, Choi and Lee, 2002a). 
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5 AGGREGATION OF ALPHA-SYNUCLEIN 
 

Aggregation of proteins has been a sheared feature of many human 

neurodegenerative disorders, and it has portrayed to be an inevitable consequence 

of excessive accumulation of misfolded proteins. Several factors like molecular 

chaperones, protein degradation systems and free radicals of which are under the 

control of normal mitochondrial functions, can either suppress or promote protein 

misfolding or aggregation in vivo; this aggravates the speculation that 

mitochondrial dysfunction might lead to accumulation of protein aggregates. 

Defects in mitochondria can therefore lead to a-Syn aggregation and aggregated 

forms of a-Syn has been identified to be more toxic than the monomers (Lee, 

2003).  

The pathological formation of a-Syn aggregates in different brains of PD patients 

is still a misery, but however it has been proposed that some of the symptoms of 

these neurodegenerative disorders might be related to the widespread pathology 

of a-Syn aggregation in different nuclei of the central and peripheral nervous 

system. This simply means that PD and other neurodegenerative diseases are 

associated with abnormal neuronal aggregation of a-Syn which either takes place 

in the cytoplasmic region or together with the membrane of the cells. In the 

cytoplasmic region, there is interaction between unfolded monomers first to form 

inconsistent dimers that slowly grow to produce to produce different 

morphologies of oligomers like ring-like and globular oligomers that eventually 

metamorphous to fibrils through a mechanism called nucleated polymerization 

which accumulates with time to form Lewy bodies as intracellular inclusions. 

Membrane bound monomeric a-Syn adopts an alpha-helical conformation, but 

when the concentration of protein is high, it undertakes a conformational 

innovation to form β-sheet-rich structures that associate self to produce oligomer, 

amyloid pores and fibrils (Lashuel et al., 2002). Throughout the process of a-Syn 

aggregation and fibrillogenesis, amyloid pores and oligomers which are the 

intermediate species show high level of toxicity that affect the functions of the 

mitochondria, Endoplasmic reticulum - Golgi trafficking, transmission of the 

synaptic vesicles and degradation of proteins. All these intracellular reactions are 

believed to instigate or generate neurodegenerative disorders. Neuronal toxicity 

may also be contributed by transmembrane pores which also disrupt the integrity 

of the membrane, intracellular calcium homeostasis and signalling. It is 

interesting to know that alpha-synuclein oligomers/fibrils and monomers can 

move between cells to generate spreading of diseases to other brain areas, there 

are several mechanisms of spreading; direct penetration, endocytosis, membrane 

receptors or trans-synaptic transmission and once it enters the cell of the host, its 

aggregates nucleate aggregation and expand through this mechanism. Figure 5-1 

portrays the schematic illustration.   
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Figure 5-1: Mechanisms of α-synuclein aggregation and propagation (Lashuel et al., 

2013) 
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The pathways of a-Syn aggregation starts with negatively unfolded a-Syn 

monomer, that folds partially to form an aggregation- prone- intermediate which 

is environmentally conditioned dependent. The formed intermediate produces 

three separate products; soluble oligomers, insoluble fibrils or insoluble 

amorphous aggregates (Uversky, 2007a). The adoption state of a-Syn is 

dependent on the changes associated with the environmental conditions like 

increase in temperature or decrease in pH which evolved to form partial folded 

intermediate, figure 5-2. 

 

 

 

Figure 5-2: Multiple pathways for α-Syn aggregation. where Nu represents the natively 

unfolded α-synuclein monomer. (Hong, Fink and Uversky, 2009) 

 

 

5.1 FACTORS THAT CONTRIBUTE TO AGGREGATION OF A-SYN 

There are several contributing factors to the aggregation and fibrillation of a-Syn 

in the central or peripheral nervous systems, but for the sake of this theoretical 

review, I will be mentioning these few. 

 

5.1.1 GENETIC FACTORS 

There are two main genetic abnormalities that link a-Syn directly with 

neurodegenerative disorders; overexpression of a-Syn  may be lead to that because 

the a-Syn gene locus was doubled or tripled (Singleton et al., 2004), a kind of 

point mutation in which a single nucleotide change result to a code, coding 

different amino acids of a-Syn which correspond to E46K, A30P and A53T 

substitutions in the a-Syn protein (Zarranz et al., 2004). Though it will be good to 

know that without adding any factor, there will be equilibrium existence amongst 
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the naturally existed one that is not folded and the one that is folded partially in 

shape. Increased protein concentration will also elevate the whole collection of 

amyloidogenic intermediate thereby increasing fibrillation (Uversky and Eliezer, 

2009) 

Studies from different familial PD patients clearly revealed that no matter how 

minute an alteration is at the a-Syn gene of human , it is enough to induce 

Parkinson’s disease,  therefore the above mentioned PD related gene alterations 

immensely contributed to the in vitro aggregating not fibrillating features of a-

Syn (Li, Uversky and Fink, 2002). It has been known via high resolution NMR 

analysis that alteration at A30P distorts or destroys a portion of the protein helical 

shape (Eliezer et al., 2001c), while the mutation of A53T results in extension of 

minute portion around the mutation site (Bussell and Eliezer, 2001). Therefore, 

increase in vulnerability of A53T and A30P internally to generate β-sheet may not 

change the protein structure rather it might alter the a-Syn mutant aggregation 

behaviour (Li, Uversky and Fink, 2001), for this reason, the a-Syn mutant 

fibrillation is more or faster at A53T. As for E46K, because of its location in 

KTKEGV at the region of a-Syn , enhances fibrillation (Uversky and Eliezer, 

2009),(Greenbaum et al., 2005). 

 

5.1.2 MOLECULAR CROWDING 

The proteins natural environment inside the living cells is densely crowded with 

different concentrations of cellular components such as nucleic acids, 

carbohydrates, small solutes and macromolecules. In this environment, the space 

taken or occupied by one of the molecules will never be available to another 

molecule which gives rise to what is called excluded volume effect (Uversky and 

Eliezer, 2009). Suggestions made it clear that volumes exclusion in media 

physiologically will likely enhance the rate of in vivo  amyloid formation in vivo  

(Minton, 2000). Metals and other substances like pesticides which also increase 

the rate of PD through epidemiological studies, when present under the crowding 

condition, accelerate the aggregation or fibrillation of a-Syn (Munishkina et al., 

2004), (Munishkina et al., 2008). 

 

5.1.3 ANIONS AND SALTS 

Folding of a-Syn at neutral PH to amyloidogenic intermediate can be caused by 

various anions. The magnitude at which these anions inspire fibrillation depends 

on the anion and the position of the anion in the lyotropic or Hofmeister series, 

which suggests that anions modulates protein-water interactions as its own 

contribution to a-Syn fibrillation. Because of this finding, it has been deduced that 

the increased a-Syn fibrillation amidst anions is the outcome of the folding 

partially regulated by non-compensating charge loss and hydration increase 

preferentially that boosts aggregation and partial folding by empowering 

interaction hydrophobically (Uversky and Eliezer, 2009). 

 

5.1.4 POLYANIONS AND POLYCATIONS 

Glycosaminoglycan’s (GAGs) and polyglycans (PGs) contribute to the formation 
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of proteinaceous deposits in several human diseases (McLaurin et al., 2000). 

These polysaccharides especially GAG (heparin, heparin sulphate) and other 

highly sulphated polymers like dextran sulphate, an extracellular matrix and trans-

membrane heparin sulphate known as agrin were observed to bind to a-Syn and 

initiate it’s in vitro fibrillation in the central nervous system (Cohlberg et al., 

2002), (Liu et al., 2005) 

Agrin and a-Syn where observed to be closely located in the LB and LN of PD 

patients found in their sustantia nigra, this indicates that PG may have contributed 

to the origin of Parkinson’s disease by regulating a-Syn aggregation state in the 

brain  (Liu et al., 2005). Several other polycations like spermidine, spermine, 

polyethyleneimine, polyArg and polyLys also interacted with a-Syn to originate 

or instigate the folding of this protein partially, also encourage the fibrillation and 

oligomerization (Uversky and Eliezer, 2009). 

 

5.2 ENVIRONMENTAL FACTORS 

Exposure to the environment has been a potential contributing factor to 

neurodegenerative disorders that is one of the reasons why  Parkinson’s disease is 

now considered as an environmental disease (Tanner, 1989). Many factors 

contribute to this environmental factor some of which I will mention. 

5.2.1 PESTICIDES AND HERBICIDES 

The result gotten by analysing some pesticides and herbicides that are daily used 

, on a-Syn structure and aggregation revealed that they (pesticides and herbicides) 

induce a confrontational change in a-Syn which significantly accelerates its 

fibrillation,(Manning-Bog et al., 2002). These structural change and fibrillation 

acceleration feature or property was due to their   potential to stick and balance 

the amyloidogenic partially folded conformation (Uversky and Eliezer, 2009) 

5.2.2 HEAVY METALS 

Subjection to some kinds of heavy metals has proven to be a  potential risk factor 

to neurodegenerative maladies PD in particular (Dexter et al., 1991). 

From the studies of disease spreading and the result of post-mortem analysis of 

the brain of a PD patient, it is shown that a number of monovalent, divalent, and 

trivalent ionic metals can potentially elevate a-Syn fibrillation process, (Uversky, 

Li and Fink, 2001). The rate at which these metal cations induce this reaction can 

be traced to their correlation with increasing density of charged ions, also their 

capacity to modulate amyloidogenic species that are  folded partially due to 

masking of intracellular charge-charge repulsion in natively a-Syn molecule 

(Sung, Rospigliosi and Eliezer, 2006). 

 

5.2.3 ORGANIC SOLVENTS 

Exposure to organic solvent like lacquer thinner was identified to increase the 

incidence of PD by analysing the propensity of a-Syn aggregation or fibrillation 

in water-organic solvent and its structural features (Uversky, 2007b) a-syn 

fibrillation has been identified to be favoured by several organic solvent even at 
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their low concentration which induce partially amyloidogenic folded 

conformation (Munishkina et al., 2003). 

 

5.2.4  OXIDATIVE STRESS 

Oxygen plays a vital role in human existence and other animals, in the other 

words, oxygen is life and no life without oxygen but paradoxically the by-product 

of oxygen metabolism produces reactive oxygen species (ROS) which are 

identified to be highly toxic to the cells. Oxidative stress can either enhance a-Syn 

aggregation or inhibit the aggregation of a-Syn.  

Oxidative stress as a result of the by-product of oxygen metabolism in which the 

production of ROS out powers anti-oxidant defences has acceleratively been 

observed in several brain maladies characterized by depositing affected  proteins 

in the affected brains of PD, AD, LBD, ALS, Huntington’s Disease HD, and Picks 

Disease (Wang et al., 2003). ROS induces peroxidation of lipids to generate 

highly reactive aldehydes, amongst which are the highly reactive aldehyde-4-

hydroxy-2-nonenal (HNE) and Malondialdehyde (MDA). These aldehydes have 

been seriously sported out in early development of brain maladies (Dalfó et al., 

2005). Although oxidatively modified proteins can also accumulate during normal 

aging (Smith et al., 1991). All the neurodegenerative disorders risk factor that 

have been considered, are strong generators of a-Syn fibrillation, though amyloid 

fibril was believed to be harmful on its own. According to (Arrasate et al., 2004), 

some proteinaceous inclusions deposited like Lewy neurites or Lewy bodies 

deposited in PD, senile plaques deposited in AD are not harmful but are rather 

protective to the survival of the cells. The information above led to the proposal 

of an alternative amyloid hypothesis (the oligomer hypothesis) which states that 

during the assembling of fibrils or fibrillation process, some components or 

species formed may instigate cell damage since matured amyloid fibrils might not 

be toxic. Protofibrils or small oligomers formed during the process of fibrillation 

were presumed to be accountable for neurotoxicity (Uversky and Eliezer, 

2009),(Sokolov et al., 2006) 

Oxidative stress has therefore consistently been associated with these 

neurodegenerations. But there is no evidence not withstanding that oxidative 

stress is directly involved in the degeneration that is associated with these 

maladies. The cells have different defence and repair mechanisms (antioxidants) 

to handle the issues of oxidative stress and associated oxidative damage but when 

injurious effects of ROS out power the defensive effects of these defence 

mechanisms, there will be deposition of unwanted proteins in the affected brain 

regions that leads to aggregation of fibrillation of a-Syn. The antioxidant enzymes 

Superoxide dismutase (SOD), Catalase, Glutathione peroxidase (GSHPx) and 

Glutathione reductase (GSHRd) showed reduced effects within the affected 

regions of the brain in AD (Pappolla et al., 1992). Citric acid concentrations which 

potentially scavenge ONOO- the activities of the enzyme methionine sulfoxides 

reductase which reverses oxidation at protein methionine residues are also 
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reduced (Gabbita et al., 1999). Methionine oxidized a-Syn showed high unfolded 

conformation compared to the one that is not oxidized (Glaser et al., 2005) and 

they are less prone to aggregate , and are also capable of inhibiting the fibrillation 

of non- modified a-Syn (Vladimir N Uversky et al., 2002). Here the number of 

oxidized methionine determines the strength of the inhibition of a-Syn fibrillation 

by methionine oxidation (Hokenson et al., 2004) but this inhibitory effect of 

methionine oxidation can be overcome by certain metals like  (Ti3+, Zn2+, Al3+ and 

Pb2+)  (Yamin et al., 2003). This basically suggests that under conditions of 

industrial pollution where some metals like the above mentioned are exposed, the 

protective anti fibrillation effect of methionine residue in a-Syn will likely reduce 

or fail totally (Uversky and Eliezer, 2009). 

Generally, one can say that disorders that involved oxidative stress can be 

observed because of ineffective scavenging system, low or insufficient 

antioxidant concentrations, overproduction of free radicals and other oxidants.  

 

Figure 5-3: Schematic illustration on possible oxidative stress pathways in a 

dopaminergic neuron.  (1) Dopamine up take by the dopamine transporter (DAT) into 

the dopaminergic neuron (purple circle); (2) Dopamine uptake by the vesicular 

monoamine transporter (VMATS) into synaptic vesicle2; (3) Dopamine release from 

the synaptic vesicle by a-Syn (red triangle); (4) Dopamine oxidation to dopamine 

quinone (DAQ); (5) DAQ production of potential mitochondrial inhibitors  such as 

metabolites os 5cysDAQ conjugates; (6) Mitochondrial production of oxidative stress; 
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(7) Oxidation of a-Syn; (8) Tagging of a-Syn by ubiquitin and subsequent degradation  

by the proteasome; (9) Alpha-syn  oligomerization; (10) Toxic interaction of a-Syn with 

the proteasome; (11) Interactions of oxidation by products such as 4-hydroxynonenol 

with the proteasome; (12) Oxidative stress produced by the surrounding glial cells; (13) 

Induction of programmed cell (Andersen, 2004). 

 

 

 

5.2.5 REACTIVE OXYGEN SPECIES (ROS) 

These are molecular bodies that interact with components of cells leading to their 

functional defective effect. Reactive oxygen species are made up of free radicals 

that contain very high reactive unpaired electrons like superoxide, hydroxyl 

radicals (OH+) and nitric oxide (NO) with various molecular species like 

Peroxinitrite (ONOO-) and hydrogen peroxide (H2O2) Mostly, majority of cellular 

reactive oxygen species are initiated when oxygen is incompletely reduced to 

water metabolically. Oxygen undergoes one transfer of electron to generate 

(H2O2), H2O2 undergoes another electron transfer to produce H2O. Nitric oxide 

synthase converts arginine to citrulline and NO, this NO, can reacts with O2
- to 

yield ONOO- figure 5-2. 

Ferrous iron (Fe2+) which is a reduced metal ion can convert to H2O2 to OH+ 

through a reaction process known as Fenton reaction. All these redox species can 

combine or interact with surrounding cell components like protons, DNA and 

lipids. Oxidation of proteins produces a wide range of defective or damaging 

effects like interrupting the active sites of enzymes or affecting the structural 

conformation of proteins like a-Syn. (Andersen, 2004) 
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Figure 5-4: Reactive Oxygen Species  (Andersen, 2004) 

5.2.6 PROTEIN INTERACTION WITH OTHER PROTEINS 

The interaction of a-Syn with various other proteins in the brain region has a lot 

of influence or effect on the proteins aggregation and fibrillation. Addition of 

other a-Syn binding proteins to it or protein-protein interaction may either 

enhance a-Syn aggregation and fibrillation or inhibit it depending on the nature 

and conformation of the proteins. For instance, when any of the other members of 

the synclein family beta-synclein (β-syn) or gamma-synuclein (γ-syn) that is 

natively unfolded interacts with a-Syn in a concentration dependent manner, it 

inhibits the fibrillation of this protein (Sung and Eliezer, 2007). Therefore, the two 

homologous proteins β-syn and γ-syn may be termed to function potentially as 

chaperone by regulation the in vitro fibril formation of a-Syn. The inability of 

fibril formation by β-syn is as a result of unavailability of hydrophobic stretch 

residue from the middle portion or area of the protein (Vladimir N. Uversky et al., 

2002). 

5.2.7 INTERACTION WITH PARAQUAT  

Interactions or administration of paraquat (N, N′-dimethyl 4, 4′-bipyridilium) with 

a-Syn activates a-Syn upregulation followed by the translocation of this protein 

into the nucleus to generate histone-a-Syn- complexes, this mechanism helped to 

sustain or activates the normal  response of a-Syn (Goers et al., 2003). Going by 

the words of (Makwana and Sundd, 2016) on chaperone, outlined thus, 

chaperones like heat shock proteins (Hsp) can regulate a-Syn aggregation. Alpha- 
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B-chrystalin which is a Hsp seen in Lewy body hinders the fibrillation of a-Syn 

by relating with the oligomeric species and fibrils (Waudby et al., 2010). Minute 

or Small  heat shock proteins (sHsp) such as Hsp20, Hsp27, HspB2B3 and HspB8 

after passing through in vitro text for their inhibitive ability on a-Syn aggregation 

was found that all small heat shock proteins reacts with monomeric a-Syn 

temporarily, showing that Hsp B2B3 cannot hinder or inhibit the aggregation of 

A53T and E46k but it can hinder that of A30P and wild type mutant which 

suggests that it hinders the aggregation of  slowly or gently aggregating proteins 

(Cox, Carver and Ecroyd, 2014), Contrarily, Hsp20 inhibits the fibrillation of 

E46K and A53T and not that of A30P and wild type (Bruinsma et al., 2011), 

whereas Hsp27 inhibit in vitro a-Syn aggregation (Huggins et al., 2011).  

Heat shock inhibitor (Hsp90) that upregulates or boost Hsp70 levels also inhibit 

the oligomerization of a-Syn and its associated toxicity (Putcha et al., 2010). From 

the findings of (Gade, Kardani and Roy, 2014), heat shock protein (Hsp104) 

portrayed deleterious or negative effect on yeast cells , Recently, (Jones, 

Moussaud and McLean, 2014) discussed in details the roles or effects of Hsp in 

preventing the toxicity associated with a-Syn. 

DJ-2 is another a-Syn protein binding protein though malfunctional in nature but 

have the activities of a chaperone by inhibiting a-Syn aggregation (Zhou et al., 

2006),(Shendelman et al., 2004). 

The inhibitive effect of this malfunctional protein (DJ-1) is oxidation state related, 

unoxidized or native DJ-1 neither interact with a-Syn nor hinders its aggregation 

or fibrillation but when DJ-1 is oxidized through the formation of sulfinic acid of 

Cys106, it interacts with a-Syn and prevent its in vivo fibrillation effectively 

(Uversky and Eliezer, 2009) 

5.2.8 INTERACTION WITH TUBULIN 

In Parkinson’s disease brain extracts including LB and LN was identified the 

combination of a-Syn and tubulin. In vitro studies revealed that addition of small 

quantity or amount of tubulin into a media that contains a-Syn can not only begin 

but also increase the aggregation of a-Syn into fibrils (Alim et al., 2002). Going 

by the findings of (Chen et al., 2007), it said that polymerization of tubulin within 

the dopaminergic neurons which lead to cell death can be reduced by extracellular 

oligomeric a-Syn, which suggests that such interaction between a-Syn and tubulin 

might be responsible for Lewy bodies formation. Therefore, the disruption of 

assembled tubulin by environmental toxins into microtubules to create a lot of free 

cytosolic tubulin for a-Syn interaction could initiate the aggregation of a-Syn. 

5.2.9 INTERACTION WITH LEUCINE-RICH REPEAT KINASE2 (LRRK2) 

As a synaptic protein, a-Syn might gather within the cytosol when the synaptic 

assemblies have been destroyed by the mutations of parkin and LRRK2 which 

distributes a-Syn unwantedly within the cytosol. It has been shown that 

overexpression of LRRK2 destroys tubulin polymerization and can also affect a-

Syn trafficking. A-Syn phosphorylation at S129 which propagates polymerisation 

may be induced by mutant LRRK2, however a-Syn phosphorylation is not directly 
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caused by or due to the activity of LRRK2 but possibly     14-3-3 which mediates 

between LRRK2 and a-Syn. LRRK2 is also associated with improper function of 

mitochondria which leads to superoxide production and aggregation of a-Syn 

subsequently. Moreover, mutation of a-Syn A53T or mutation of LRRK2 can 

destroy chaperone-mediated autophagy and the activity of ubiquitin-proteasome 

system. Therefore, both proteins mutation at the same time can worsen the 

condition leading to a very high protein accumulation within the neurons (Liu, 

Aliaga and Cai, 2012).It will be necessary in future to embark on more detailed 

studies to specify the actual role of LRRK2 and a-Syn in regulating the 

mitochondrial functions biogenetically. 

 

5.2.10 PARKIN INTERACTION WITH A-SYN  

The degradation of disordered proteins is accelerated by parkin which is a 

ubiquitin-ligase found in proteasome system. This means that mutation in parkin 

that affects that affects the activity of its ligase could form insoluble aggregates. 

One of the most common cause of familial Parkinson’s disease is the mutation of 

parkin that damages its functions, also it is possible that a-Syn parkin interaction 

under stress conditions creates a site for alpha-tubulin deposition which triggers 

neuronal cytoskeleton change leading to neuronal dysfunction (Kawahara et al., 

2008). However, parkin and LRRK2 are the modulators secretory pathway which 

assumes their involvement in development of synapses, the regulation of the 

dynamics of this synaptic vesicle is necessary for proper activity of the neuron 

and the mutations of both proteins may be related to synucleinopathies (Plowey 

and Chu, 2011).   

 

5.2.11 DOPAMINE RECEPTOR INTERACTION 

The reuptake of dopamine to and from the synaptic terminal of the neuronal cells 

is the responsibility of dopamine transporter (DAT), it has been revealed that in 

the brains of PD patients, a-Syn through its NAC sequence binds to the terminal 

portion of dopamine transporter which increases dopamine levels of the neurons 

by facilitating the clustering of DAT within the membrane thereby its activities. 

Enhanced dopamine levels in neurons can destroy cells because of increased 

metabolic reactions of dopamine which leads to oxidative stress (Lee et al., 2001). 

In normal brain, however, a-Syn decreases the activities of dopamine transporter 

thereby controlling the neuronal dopamine levels. The suggestion from this 

finding is that a-Syn aggregate could be toxic to the dopaminergic cells by 

creating exposure to dopamine oxidative metabolism free radical products 

(Wersinger and Sidhu, 2003) 

 

5.2.12 INTERACTION WITH PHOSPHOLIPASES 

A hydrolytic enzyme present in the plasma membrane that hydrolyses 

phosphatidylcholine to PA is known as PLD. PA which is a signalling lipid 

regulates several processes mainly those processes involved in vesicular transport 
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and cellular morphology. In the brain, PA might be involved in differentiation, 

growth and neurotransmitters. The activity of PLD is inhibited by a-Syn. 

Therefore a-Syn regulates cell signalling by controlling the production or 

formation of PA (Emamzadeh, 2016). 

5.3  ALPHA-SYNUCLEIN INTERACTION WITH MEMBRANE 

Different studies have portrayed the association of a-Syn with lipids found mostly 

in cytosol and presynaptic parts of the neuron associating with the membranes. 

This membrane-bound a-Syn has been found to show high aggregation property 

with the power of seeding the aggregation of the cytosolic form (Lee, Choi and 

Lee, 2002b). The interaction between a-Syn and different sizes, compositions and 

effects of lipid vesicles on fibrillation kinetics and protein conformation were 

analysed. Several factors like the vesicle size, a-Syn ratio to phospholipids, 

phospholipid composition were observed to be effective in modulating the 

interaction of a-Syn vesicle, this means that high concentration of lipid produced 

alpha-helical structure and prevented its fibrillation whereas at low concentration 

of lipid, partial folding of a-Syn was induced by acidic phospholipids which 

encourage its fibril formation (Zhu and Fink, 2003). A strong relationship was 

seen between the introduction of alpha-helix in a-Syn and the prevention of 

fibrillation which suggests that alpha-helical protein-bound a-Syn is not likely to 

bestow to fibrillation and aggregation (Zhu, Li and Fink, 2003). 

According to the reference above, this association may lead to destruction of 

membrane and significantly affect the fibrillation of a-Syn kinetics. This 

disruptive ability of a-Syn to membrane was shown to be due to the protein alpha-

helicity and proteins binding affinity, also protofibrillar a-Syn showed more 

destructive effects on membrane than the soluble monomeric protein, portraying 

vividly that protofibrils (oligomers) are probably neurotoxic. Recently, there has 

been reports that a-Syn can associate with caveolae and lipid rafts to produce a 

substantial alpha-helical structure and prevent totally the fibril formation of a-Syn 

mainly when it interacts the  GM1 ganglioside that are present in the caveolae as 

its molecular marker and this outcome is also dependent on the amount of GM1 

present in the caveolae (Martinez et al., 2007). Caveolae are special membranes 

of the neuron enriched in proteins caveolins family and sphingolipids mainly 

ganglioside and sphingomyelins whereas lipid rafts are distinguished 

microdomains of plasma membrane that are boosted with sphingolipids and 

cholesterol with lipid composition like caveolae. The interaction of a-Syn and 

GM1 that contains small unilamellar vesicles was followed by the formation a-

Syn oligomer. Familial. A53T mutation showed no effect on this interaction while 

A30P mutation inhibited this interaction dramatically. This recruitment of a-Syn 

to caveolae and lipid rafts by GM1-SUV explains why this protein is preferentially 

localized to presynaptic membrane (Martinez et al., 2007). 
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5.4 INTERACTION WITH SMALL MOLECULES 

The interaction of a-Syn with small molecules like drugs can either promote the 

formation of a-Syn fibrillation, hinder its fibrillation or disaggregate already 

formed fibrils. The in vivo interaction of dopamine and a-Syn aggregation as a 

usual pathway for familial and idiopathic Parkinson’s disease causes disruption 

and further loss or disappearance of dopaminergic neurons followed by the 

production of a-Syn which contains Lewy bodies and Lewy neurites  in the pars 

compacta of substantia nigra (Maguire-Zeiss and Federoff, 2003). Assorted 

catecholamine’s that include dopamine and Levodopa (L-DOPA) where observed 

to prohibit a-Syn fibril formation and also to dissociate already formed fibrils in 

vitro,  mainly the oxidized products from catechol’s portray more inhibitive 

effects to a-Syn fibrillation than the non-oxidized products from catecholamine’s 

(Doherty, Bird and Leverenz, 2004). Some drugs like rifampicin that is used for 

the treatment of leprosy, are found to lower the aggregation of amyloid-beta (Aβ) 

and inhibit deposition of amyloid. This implies that leprosy patients that are under 

the treatment of rifampicin and other drugs closely related to it for some years, 

have less or zero probability of acquiring AD or its equivalents (Tomiyama et al., 

1996). The fact is that rifampicin and other drugs closely related to it prevent in 

vitro neurotoxicity and aggregation of Aβ and also eliminate or inhibit a-Syn fibril 

formation in vitro (Jie Li et al., 2004). These drugs in a concentration dependent 

manner were also found to disengage or dissociate already formed a-Syn fibrils 

and encourage the production of soluble oligomers made up of partially folded a-

Syn. From the analysis of several biophysical techniques such as SEC-HPLC and  

AFM, revealed that numerous other drugs like baicalein with its unique structural 

propensities and spherical shaped, stabilize oligomers, inhibit a-Syn fibril 

formation and dissociate already formed fibrils in vitro (Hong, Fink and Uversky, 

2008).  

   

 

5.5 SMOKING 

According to the findings of (Hong, Fink and Uversky, 2009), it deduced that 

smoking can minimize the incidence of PD showing that smoke might contain  

neuro protective chemicals. Based on this findings , the relationship between a-

Syn fibrillation and five separate compound found in cigarette smoke; cotinine, 

anabasine, hydroquinone, nor nicotine and nicotine was studied using gel 

electrophoresis, thioflavin T assays, atomic force microscopy (AFM) and size 

exclusive chromatography-high performance liquid chromatography (SEC-

HPLC) to check the rate of a-Syn fibril formation and the inhibitory effects or 

actions of the components of the cigarette smoke, the result portrayed that 

hydroquinone and nicotine inhibit the formation of a-Syn fibrils in a concentration 

dependent manner with more effects from nicotine. SEC-HPLC analysis showed 

that hydroquinone and nicotine also stabilize soluble oligomers which gives 

insight to the production of three stable oligomers with average height of 16nm, 

10nm, 4nm as evaluated by AFM, instead of producing insoluble fibrils. In 
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accordance with the above studies or findings, similar results were also gotten for 

the smoke components on A53T mutant fibril formation, this outcome showed 

that hydroquinone and nicotine inhibit fibrillation of a-Syn and make stable its 

oligomers. This information made it clearer the molecular mechanism of using 

hydroquinone and nicotine for developing Parkinson’s disease therapeutic 

solutions. This can be expressed thus that the risk of Parkinson’s disease in non-

smokers is about two times that of cigarette smokers (Fratiglioni and Wang, 

2000).     

 

5.6 INHIBITORS OF A-SYN FIBRILLATION 

Numerous a-Syn associated with Lewy bodies has been modified or innovated 

covalently by tyrosine nitration but whether this happens before fibrillation or 

after fibrillation, whether the monomeric fibril nitration enhance or distorts fibril 

formation is still under controversy (Ischiropoulos and Beckman, 2003). The in 

vitro examination of tyrosine nitration effects on the tendency of a-Syn to fibrils 

portrayed that nitration totally inhibits fibrillation because it forms stable 

oligomers (soluble) (Uversky et al., 2005), also non-modified a-Syn fibril 

formation was prevented by the presence of nitrated a-Syn that is 

substoichiometrically concentrated (Yamin, Uversky and Fink, 2003b). 

Homologous proteins β-Syn and γ-Syn are abundantly found in the brain with γ-

Syn produces fibrils much slower than a-Syn whereas β-Syn fibrils not at all under 

both in vivo and in vitro conditions due to lack of hydrophobic stretched residues 

from the central portion of the protein and generation of stable oligomers; this 

suggests that β-Syn negatively be used to regulate a-Syn fibril formation (Fink, 

2006). 

Dopamine and catecholamine can inhibit the fibrillation of a-Syn and 

catecholamine’s also can dissolve existing a-Syn fibrils in vitro (J. Li et al., 2004). 

Several flavonoids and polyphenols can prevent a-Syn fibril formation and 

disaggregate already made fibrils in some cases by binding to monomeric a-Syn 

to form a stable oligomeric one (Jie Li et al., 2004), (Zhu et al., 2004) 

Numerous chemicals both natural and synthetic have shown inhibitive features to 

a-Syn. Polyphenol compounds such as baicalein, dopamine chloride, delphinidin, 

exifone, epigallocatechin gallate, gossypetin, hypericin, hinokiflavone, 

procyanidin B1 and B2, theaflavin and rosmarinic acid inhibit the aggregation of 

a-Syn strongly with a minimal concentration. More compounds like porphyrin 

ferric dehydroporphyrin ix, alpha-tocopherol (vitamin E), Congo red, 1-bromo-

2,5-bis(3-carboxystyryl) benzene, also portrayed a huge reduction to aggregation 

of a-Syn (Masuda et al., 2006). Also rifamycin, phenothiazine, porphyrins and 

polyene of same polyphenolic compounds hindered amyloid fibril formation 

(Shahpiri et al., 2016). Sighting the words of (Makwana and Sundd, 2016), Gallic 

acid that is found on the skin extract of grape, tea leaves and gall nuts inhibit a-

Syn aggregation by stabilization of its monomer as proven by ion mobility mass 
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spectroscopy techniques and NMR (Liu et al., 2014), Gallic acid does not only 

show inhibitive effect to a-Syn, but also disentangles already formed fibrils, it was 

also observed to bind to a-Syn soluble (non-toxic) oligomers. 

Polyamidoamine dendrimer (PAMAM), made up of ethylenediamine core and 

unit branch gotten from ethylenediamine and acrylate can prohibit a-Syn 

aggregation but its mechanism is unclear (Milowska, Malachowska and 

Gabryelak, 2011). Combination of tryptophan analogues and naphthoquinone, 

both as amyloid formation inhibitors also inhibited a-Syn aggregation (Scherzer-

Attali et al., 2012).   
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6 POST-TRANSLATIONAL MODIFICATION OF 

ALPHA-SYNUCLEIN 
 

The cellular and molecular determinants that regulate Parkinson’s disease 

pathology when understood, will be of great relevant to develop effective 

preventive, diagnostic and therapeutic strategies to handle this devastating 

maladies. A-Syn undergoes several post translational modifications which 

influences or regulates its aggregation and toxicity, though, the exact contribution 

of these several modifications to its disease mechanism remains unclear. Amongst 

several or numerous post translational modification of a-Syn such as 

Phosphorylation, Ubiquitylation, Nitration, Acetylation, Sumoylation, 

Truncation, Covalent cross-linking, Oxidation, to mention but a few. For the sake 

of this work, I will review the mostly observed Post translational modification that 

is associated with disorders. 

6.1 PHOSPHORYLATION OF ALPHA-SYNUCLEIN 

Phosphorylation of a-Syn is the most important and likely the most common post 

translational modification of protein and the most widely studied, from the words 

of (Fujiwara et al., 2002b),the major make up of Lewy bodies found in brain 

tissues of Parkinson’s disease patients was made up of a-Syn phosphorylated at 

serine residues 129 (S129). It is interesting to know that a-Syn observed in the 

non-fibrillar tissues of Parkinson’s disease patient was phosphorylated also at 

S129 (Anderson et al., 2006). This triggered the concept that PTM of a-Syn could 

change its ability to either aggregate or produce oligomeric species and might 

initiate PD or progresses it, figure 6-1, presents the sites for phosphorylation of a-

Syn.  

Other residues that can be phosphorylated within a-Syn include: Serine 87 (S87), 

or the tyrosine residues Y125, Y133, and Y136 (Oueslati, Fournier and Lashuel, 

2010). Phosphorylation at S129 appeared pathologically as most relevant to 

Parkinson’s disease but the actual effects of it is yet to be determined either 

encourages the formation inclusion bodies and toxicity in different models of cells 

(Sugeno et al., 2008) or been protective according to the studies carried out with 

rat models and yeast (da Siveira et al.,2009; Mbefo et al., 2010), notwithstanding 

the facts that these studies were carried out in varying animal systems with each 

having unique neuropathological mechanism. In both rat and fly modes, S129A 

mutant produced more inclusions that are insoluble and smaller or fewer 

oligomers (Chen and Feany, 2005 , Chen et al., 2009), this support the hypothesis 

that increased fibril formation of this mutant reduces the level of toxic oligomers 

that leads to the protection of fly models, while the actual function of this S129 

phosphorylation is yet unclear but might be relevant and have some roles to play 

in Parkinson’s disease. In addition to inducing toxicity, posttranslational 

modification might also link a-Syn with impaired mitochondrial function in 

Parkinson’s disease. Several results have shown phosphorylation incidents as 

useful for targeting proteins to mitochondria (Luth et al., 2014). Whereas 
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unproven one could guess or gamble that phosphorylation of a-Syn elevates its 

trafficking to mitochondria where it is portrayed to damage or distort  

mitochondrial function (Barrett and Timothy Greenamyre, 2015). More research 

work is needed to ascertain the actual impact of a-Syn phosphorylation on the 

dysfunction of mitochondria and how it is related to Parkinson’s disease. 

 

 

Figure 6-1: Schematic representation of the main sites of a-Syn. 

Showing exons three and five, with numbered amino acid codons. Three 

mutations (pathological) are boldly shown in italics. Corresponding sites of 

modification are shown by correspondent amino acid residues with their positions 

shown above each residue. Potential sites for phosphorylation is represented by 

serine residue (S). ** represent sites for primary phosphorylation and * represent 

sites for secondary phosphorylation. A-Syn can either be oxidized or nitrated at 

its four residues of tyrosine (Y). The potential substrate of sumoylation and 

ubiquitylation are Lysine residues (K). First box represents fibrillar a-Syn 

ubiquitylation and the second box portrays in vitro a-Syn ubiquitylation sites. The 

major a-Syn sumoylation site is the Lysine residue at 102 codons shown by the 

arrow   

 

6.2 NITRATION OF A-SYN 

Oxidative injury sets in when the reactive oxygen species (ROS) outpowers the 

antioxidant effect or capacity of the brain cells. The commonly known outcome 

of elevated oxidative stress is the tyrosine residue nitration by peroxynitrite which 

resulted from the reaction of nitric oxide and oxygen. Just like the 

phosphorylation, various forms of 3-nitrotyrosine-modified a-Syn in LB have 

been recognised by specific antibodies. Advanced studies have also portrayed four 

tyrosine nitration locations, which include: Y125, Y133, Y136, Y139 (Barrett and 

Timothy Greenamyre, 2015). The nitration role of a-Syn toxicity on Parkinson’s 

disease is yet unclear but according to (Souza, 2000), a major effect of tyrosine 
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nitration is the production of a-Syn oligomers and dimers through dityrosine 

crosslinking (Yamin, Uversky and Fink, 2003a). It will be interesting to know that 

nitration of s-Syn prevents fibrillation and nitration at Y39 has also been observed 

to prevent the propensity of a-Syn to bind to lipids. Combining the fibrillation 

inhibition result or stabilization of oligomers and the lipid binding reduction, 

suggests that posttranslational modification (nitration) perform similar action with 

the A30P mutation that resulted to early PD outbreak (Hodara et al., 2004). 

Several factors unite to accelerate oxidative stress dopaminergic neurons. Nigral 

neuron do not only welcome oxidative stress but it also produces reactive 

oxidative species (Sanders et al., 2014 ; Horowitz et al., 2011). Mitochondria 

function decline which is age-related and antioxidant defences elevate oxidative 

injury with protein nitration included. Not minding the fact that a-Syn tyrosine 

nitration might imitate some A30P mutation aspects, it might help to maintain or 

prolong the disease process. 

 

6.3 DOPAMINE MODIFICATION 

Inside the dopaminergic neurons of substantia nigra, dopamine (DA) usually 

gather and concealed in synaptic vesicles. Dopamine with its high reactive 

properties, can oxidize automatically at neutral pH to produce a toxic dopamine 

Quinone (DAQ),hydrogen peroxide and superoxide radicals (Graham, 1978). The 

production of these species together with the antioxidant reduction or decrease 

like glutathione mostly seen in PD and with aging overtime can lead to oxidative 

stress with detrimental effects to the cells. In addition to the negatively generated 

oxidative environment, there might also be elevated levels of cytoplasmic 

dopamine in Parkinson’s disease (Lotharius et al., 2002). Dopamine, under 

normal environmental condition is stored safely within the synaptic vesicles the 

spontaneous production of DAQ is prevented by the low pH. Earlier studies have 

connected a-Syn oligomeric forms, as well as A30P and A53T mutations, with 

increment of synaptic vesicle permeability (Volles and Lansbury, 2002), 

potentially connecting toxic functions of a-Syn with elevated cytoplasmic 

dopamine levels in Parkinson’s disease patients. Consistency of these findings is 

a prove that A53T mutant form of a-Syn reduces the levels of a protein known as 

VMAT2 that is responsible for dopamine uptake into vesicles. This reduction in 

the level of VMAT2 could contribute to poor cytoplasmic dopamine (Lotharius et 

al., 2002). Over expression of the rate limiting enzyme in production dopamine 

(tyrosine hydroxylase) inhibits a-Syn aggregation and increase the toxicity of the 

cells in SH-SY5Y connecting the elevated dopamine levels with changes or 

innovations in aggregation of a-Syn (Mazzulli et al., 2006). The potential cycle 

connecting a-Syn to increased or elevated cytoplasmic dopamine is represented in 

figure 6-2 
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Figure 6-2: A schematic representation of the potential cycle connecting a-Syn with 

elevated cytoplasmic dopamine  (Barrett and Timothy Greenamyre, 2015) 

 

 Elevated cytoplasmic dopamine is a strong driving factor in progression of 

Parkinson’s disease. Dopamine containing vesicles intermix with plasma 

membrane under normal environmental condition at the synaptic terminal for 

release of extracellular dopamine, and a-Syn exists at the terminal; but these 

functions changes under Parkinson’s disease conditions forming modified 

oligomeric a-Syn in abundance. These a-Syn formed, have been seen to distort the 

function of dopamine vesicle both increasing permeability of the membrane and 

reducing dopamine uptake by VMAT2, both elevates the level of cytoplasmic 

dopamine. Elevated TH level prompted by modified oligomeric a-Syn might also 

increase the levels of cytoplasmic DA. Increased levels of cytoplasmic dopamine 

can promote a-Syn oligomerization, modify monomeric a-Syn or react to produce 

dopamine Quinone (DAQ) that increases oxidative stress through the 

mitochondria. This elevated oxidative stress might encourage oligomerization and 

modification of a-Syn, increase further the cytoplasmic dopamine levels and 

finally increase oxidative stress within the cell (Barrett and Timothy Greenamyre, 

2015) 

Cytoplasmic dopamine level increment goes beyond the deleterious products 

formed by dopamine oxidation. Hypothesis have that dopamine specifically can 
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innovate a-Syn and change its aggregation propensity. Dopamine Quinone can 

stabilize a-Syn protofibrils kinetically and can stop its aggregation into bigger 

fibrils (Conway et al., 2001). This finding was supported later by Li et al., 2004 

whose findings was that dopamine modification of a-Syn also degenerated already 

existing fibrils by making weak the intermolecular forces existing within the 

fibrils which leads to oligomeric (stable) species. The suggestions by many 

studies have it that dopamine modification was covalent in nature as modification 

by dopamine yielded oligomers that are SDS resistant (Cappai, 2005); Moreover, 

there was argument that the result was more temporary and took place within 

YEMP sequence of C-terminal domain (Norris et al., 2005). These outcomes were 

possible or obtained as dopamine still change a-Syn even when its major residues 

(His, Met and Tyr) were mutated. Later it was observed that YEMPS portion was 

not needed for modification as truncation inhibited fibril formation (Leong et al., 

2009). Recently, it has been proven that modification by dopamine occurs via 

dopamine cross-linking in a stoichiometric reaction between dopamine polymers 

and a-Syn through Tyrosine and Lysine residues. The above reactions made the 

formation of a-Syn dopamine Trimers stable as revealed by small angle x-ray 

scattering(SAXS) analysis to possess a worm-like structure not like the traditional 

beta-sheet structure that is associated with a-Syn fibrils (Rekas et al., 2010). Just 

like other posttranslational modification, it is difficult to ascertain if a-Syn 

dopamine modification is either a causative effect or a by-product from other 

events that ultimately assist promote Parkinson’s disease progression. Dopamine 

modification of a-Syn occurs sorely at high oxidative stress condition or when the 

cytoplasmic level of dopamine is high and does not occur in the areas of the 

neurons containing low levels dopamine or the areas that are not susceptible to 

oxidative stress. In addition to a-Syn modification, dopamine has also been 

associated with changes in mitochondrial functions and proteins (Barrett and 

Timothy Greenamyre, 2015). 

 

6.4 UBIQUITINATION OF A-SYN 

In PD, A-Syn is mutated and is mostly found in cytosolic inclusions known as 

Lewy bodies. A portion of a-Syn extracted from Lewy bodies is 

monoubiquitinated in sporadic form of Parkinson’s disease though the role of 

monoubiquitination here is quite unclear. SIAH which is an E3 ubiquitin-ligase is 

found in Lewy bodies where E3 monoubiquitinates a-Syn at Lysine that has 

already been monoubiquitinated in LB. 

Within dopaminergic cells, increment of inclusion formation and a-Syn 

aggregation into amorphous aggregate is promoted by monoubiquitination by 

SIAH. Even when the monoubiquitination level is low, such effects will be felt or 

observed which suggests that a-Syn (monoubiquitinated) might serve as an 

aggregation seed. Production of cytosolic inclusion and collection of 

monoubiquitinated a-Syn is boosted or stimulated by inhibition of autophagy and 

inhibition of lysosomal and proteasomal to a lesser extent. Inclusion of 

monoubiquitinated a-Syn are highly toxic to cells, recruit proteins that are related 
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to Parkinson’s disease such as UCHL1 and Synphilin-1. Meanwhile, 

monoubiquitinated a-Syn might play a vital role in formation of Lewy body. 

Decreasing monoubiquitination of a-Syn by inhibiting the function of SIAH or 

encouraging autophagy will  constitute a Parkinson’s disease therapeutic strategy 

(Engelender, 2008). 

6.4.1 FUNCTION OF UBIQUITIN IN AGGREGATION OF A-SYN  

Reports have it that some portion of a-Syn extracted from LB is 

monoubiquitinated (Hasegawa et al., 2002) (Anderson et al., 2006) but how a-

Syn aggregation is regulated by monoubiquitination is unclear and how a-Syn 

monoubiquitination is caused by E3 ubiquitin-ligase also remain a misery. It was 

shown that E3 ubiquitin-ligase reacts with and in vitro monoubiquitinates a-Syn  

(Liani et al., 2004). Additionally, the presence of this enzyme SIAH as mentioned 

by the above reference have been shown in Lewy bodies of Parkinson’s disease 

patients, this portrays that SIAH might stand as a novel part of ubiquitin 

proteasome involved in Parkinson’s disease. The monoubiquitination of a-Syn is 

also in vivo (Rott et al., 2008), (Lee et al.,2008). Analysis from spectrometry 

revealed that monoubiqitination of a-Syn by SIAH takes place at several lysine 

residues including 12, 21, and 23 (Rott et al., 2008). The observation that a little 

fraction of a-Syn about 10% is ubiquitinated in LB makes it difficult to believe 

the role of monoubiquitination of a-Syn in Lewy bodies formation (Hasegawa et 

al., 2002).  

However, monoubiquitination of a-Syn encouraged by SIAH leads to a seen 

increase in in-vivo and in vitro a-Syn aggregation. A-Syn ubiquitination induces 

a strong amorphous a-Syn aggregate formation, figure 6-3. Ubiquitination of a-

Syn produces a notable inclusion formation in dopaminergic cells which suggests 

that monoubiquitinated a-Syn may primarily function in Lewy bodies formation. 

Parkinson’s disease mutations A53T, A30P and E46K do not alter a-Syn 

monoubiquitination by SIAH (Rott et al., 2008) but however within the 

dopaminergic cells, monoubiquitinated a-Syn A53T mutant forms more 

aggregates than proteins wild type which goes in line with the increased power 

A53T mutant a-Syn to aggregate. (Conway, Harper and Lansbury, 1998). This 

probably means that monoubiquitination serves as a common mechanism to 

elevate the aggregation of a-Syn with or without mutations. According to the 

findings of (Lee et al.,2008) A30P mutant a-Syn was never ubiquitinated 

efficiently or effectively by SIAH with no clear reason. Different Parkinson’s 

disease cell models develop cyto protective inclusions (Ross and Poirier, 2005), 

for example Synphilin-1 which is a-Syn binding protein form cytosolic inclusions 

in the presence or absence of overexpressed a-Syn which safeguard cells from 

death. (Liani et al., 2004),(Tanaka et al., 2003). An isoform of synphilin-1 known 

as synphilin-1A forms neuroprotective inclusions also (Eyal et al., 2006). 

However, inclusions that are mainly produced monoubiquitinated a-Syn are 

always toxic to the cells which could be as a result of the amorphous nature or 

state of the monoubiquitinated a-Syn aggregates. Protofibrillar and oligomeric 

forms of a-Syn plays a toxic function in the disease as against the a-Syn fibrillar 

forms (Caughey and Lansbury, 2003). 
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Having amorphous protein aggregated within the core of LB and fibrils present at 

their periphery entails that Lewy bodies might be to toxic to cells at their but stages 

or initial stages of productions. According to (Periquet et al., 2007), depending on 

stages of maturation, Lewy bodies may either promote the death of cells or 

protection of the cells. The involvement of lysosomal, proteasomal and 

autophagic pathways in Parkinson’s disease have been supported by several 

studies. The activities of proteasome are reduced in the substantial nigra of 

Parkinson’s disease patients (McNaught and Jenner, 2001), and a lysosomal 

storage disease called Gaucher is related with a higher incidence of Parkinson’s 

disease (Aharon-Peretz, Rosenbaum and Gershoni-Baruch, 2004). Several storage 

diseases of lysosome elevate autophagic dysfunction and ubiquitinated protein 

inclusion accumulation (Settembre et al., 2007). Moreover, autophagic cell death 

is induced by expression of a-Syn A53Tmutant (Stefanis et al., 2001). These three 

proteolytic pathways seemed to be associated with a-Syn degradation (Rott et al., 

2008). Autophagic inhibition prevented the degradation of a-Syn more than the 

lysosomal and proteasomal pathways which suggest autophagy to be a 

predominant pathway seen in a-Syn clearance. The above is supported by the 

observation that a-Syn and autophagy morphology were detected within or inside 

vesicle where rapamycin (autophagy activator) stimulate a-Syn clearance (Webb 

et al., 2003). Inhibition of autophagy elevates the accumulation of 

monoubiquitinated a-Syn and its subsequent aggregation. In this work, it is 

proposed that interference to a-Syn monoubiquitination and macro autophagy 

stimulation may represent a strategy to prevent PD progression. 

 

 

 

Figure 6-3:  Inclusion body formation in Parkinson's disease cell models 
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A-Syn monoubiquitination by SIAH leads to inclusion body formation and a-Syn 

aggregation within the dopaminergic cells. Autophagic, lysosomal and 

proteasomal pathways inhibition further promote the aggregation and 

accumulation of monoubiquitinated a-Syn within the cells. Inclusions of a-Syn 

are toxic to the cells, suggestions from the protective nature from several 

Parkinson cell models having synphilin proposed that the coaggregation of 

synphilin-1 and synphilin-1A ubiquitinated or not might prevent the mediated 

toxicity by inclusions of monoubiquitinated a-Syn. Building up of a-Syn fibrils 

and accumulation of other related PD proteins like Parkin and UCH-L1 might also 

reduce the toxicity of monoubiquitinated a-Syn inclusions. Lewy bodies might 

promote or encourage several extents of cell toxicity  (Engelender, 2008). 

 

6.5 SUMOYLATION OF A-SYN 

As a posttranslational modification, where a small ubiquitin-like modifier 

(SUMO) is covalently coupled to target proteins. This modification process is 

involved in several cellular processes like: protein stability, apoptosis, nuclear 

transport, regulation of transcription and stress response. Sumoylation takes place 

by a process that is reversibly dependent on ATP, where thioester bond covalently 

attach SUMO to lysine side chains of the proteins target. Many isopeptidases of 

SUMO can detach the modifier which makes this reversible sumoylation a 

dynamic process, ad several proteins undergo rapid sumoylation and SUMO 

deconjugation (Melchior, Schergaut and Pichler, 2003). 

All eukaryotes express SUMO (Meulmeester and Melchior, 2008), and mammals 

are made of three SUMO proteins at least; SUMO1 to SUMO3. Sumoylation is 

important to neurodegenerative disorders (Dorval and Fraser, 2007), (Eckermann, 

2013). SUMO co-localised or seen together with the neural inclusions that is 

associated with different neurodegenerative maladies, co-localize like ubiquitin, 

this elevated the question to identify the actual target of SUMO within the 

aggregates. The findings of (Dorval and Fraser, 2006) demonstrated that SUMO1 

monosumoylated a-Syn in vitro. SUMO conjugation takes place at the two main 

sites of sumoylation K96 and K102, this shows that sumoylation hindered in vitro 

fibrillation of a-Syn and further suggested that aggregation of a-Syn is negatively 

regulated by sumoylation by activating its solubility. 

Yeast models has recently been used to investigate the sumoylation effect of a-

Syn on cellular toxicity (Shahpasandzadeh et al., 2014). This showed that cellular 

sumoylation mechanism is preserved from yeast to men. A30P mutant as well as 

wild type a-Syn are sumoylated in vivo in yeast also at the same K96 and K102 

sumoylation sites which are the major sumoylation sites in humans also. This 

posttranslational modification of a-Syn protects yeast cells against toxicity 

mediated by a-Syn and inclusion formation. Sumoylation impairment in yeast 

resulted in alarming increase in the number of cells with inclusions. The analysis 

of amino acid substitution portrayed that the protective duty of SUMO needed a-

Syn modification at the two major sites of sumoylation which confirms the 
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function of SUMO modification in regulating the toxicity and aggregation of a-

Syn which support the use of yeast to study the impact or effect of SUMO on cells 

that need to cope with high concentration a-Syn (Popova, Kleinknecht and Braus, 

2015). 
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7 ALPHA SYNUCLEIN AND SYNUCLEINOPATHIES 
 

A vital group of neurodegenerative maladies that are that are linked to a-Syn, they 

are featured by the illicit deposition or accumulation of aggregates of a-Syn within 

the neurons, glial cells or nerve fibres around the neuronal portion of the body and 

they are age related. These disorders commonly share a pathologic inclusion made 

up of aggregated a-Syn that are deposited in strategic or selective portions or areas 

of the neuron and glia cells. Synucleinopathy as a term was introduced in 1998 

after a deposition of filamentous a-Syn were seen not only in Parkinson’s disease 

but also in Dementia with Lewy Bodies (DLB) and multiple system atrophy 

(MSA) (Spillantini et al., 1998). These maladies are characterized by progressive 

or gradual aggregation of fibrillary insoluble a-Syn in glia or nerve fibres and 

neurons. There are three major types of synucleinopathies, they are Parkinson’s 

disease, Dementia with Lewy bodies and multiple system atrophy. Though there 

are other rare maladies that are associated with a-Syn pathologies. Symptoms of 

these disorders significantly overlap with each other which hinders diagnosis, they 

include reduction in motor and cognitive duties and general behavioural changes. 

7.1 PARKINSON’S DISEASE 

Parkinson’s disease is the most commonly diagnosed and observed in clinical 

activities among the three major types of synucleinopathies. As the most widely 

seen neurodegenerative disorder after Alzheimer’s disease, PD is an age-related, 

commonly known movement disorder that progresses slowly due to nerve cell 

loss or deterioration of the nerve cells in the mid-brain portion called substantia 

nigra compacta (SNc). These substantia nigra cells oversee the production of 

chemical messenger that is responsible for coordination of movement known as 

Dopamine (DA).  
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Figure 7-1: Symptoms of PD are caused by insufficient dopamine 

 

When these substantia nigra cells destroyed or damaged, which reduces which 

reduces the concentration of dopamine within the substantia nigra, there is 

abnormal neuron functioning which reduces the ability to control the movement 

of the body, Parkinson’s disease develops, the figure7-0-1 represented above 

According to (National Institute of Neurological Disorders And Stroke, 2014), a-

Syn was the first gene to be identified among several genes that are linked to 

Parkinson’s disease. The National Institute of Health researchers with other 

institutions found out after genetically studying the profiles of three Greek 

families and a large Italian family suffering from familial PD; that their disorder 

was related to a-Syn gene mutation, the second a-Syn gene mutation was found in 

a German family suffering from PD also. These findings activated the studies of 

a-Syn role in Parkinson’s disease. In the cause of these findings, it was discovered 

the Lewy bodies that was seen in every PD cases is made up of a-Syn protein 

which revealed the relationship between sporadic and familial forms of PD. Also 

from the above referenced, researchers in 2003, found out that this disorder in one 

big family was because of normal a-Syn gene triplication of a copy of 

chromosome 4. This triplication led to the production of too much of normal a-

Syn by all the people within the affected family. This outcome portrayed that too 

much of normal a-Syn could be as risky as abnormal a-Syn and  result to 

Parkinson’s disease, with various signs which ranges from cardinal motor or 

movement signs examples; cardinal feature, bradykinesia, resting tremor, postural 

instability, dysphagia, akinesia, bradyphemia and micrographia (Gelb, Oliver and 
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Gilman, 1999). Figure 7-0-2, represents the flexed posture of a Parkinson’s 

disease patient with a frozen face. 
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Figure 7-2: Schematic illustration of anxious frozen face and flexed posture of a 

Parkinson's disease patient (Lees, Hardy and Revesz, 2009) 
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Non-motor/movement signs includes: olfactory disturbances, hallucinations, 

sleep disturbances, pain, constipation, depression and dementia (McCann et al., 

2014). Many of these non-movement signs or non-motor symptoms (NMS) can 

come up many years before the emergence or appearance of the motor or 

movement symptoms which are termed the earliest clinical Parkinson’s disease 

symptoms especially olfactory dysfunction that is seen in about 90% of patients 

is often used as a useful tool or material for early diagnosis (Bonnet et al., 2012). 

The surviving dopaminergic neurons of the substantia nigra is made up of a 

specific inclusion of protein known as Lewy Bodies and Lewy neurites which 

constitutes majorly of a-Syn that are seen also in several other neurodegenerative 

disorders. Hallucination and dementia are observed later in the cause of this ill 

health. In patients  that were followed longitudinally, after a duration of twenty 

years, 74% were hallucinated visually and 83% were demented (Hely et al., 2008). 

In Parkinson’s disease, aging is considered as a major risk factor, the onset of this 

ailment is averaged at about 60years with about 15 years life expectancy from 

diagnosis except for those with strong positive family history of Parkinson’s 

disease that might be diagnosed under 40years of age though about 10% but older 

diagnosed patients from 70years and above portray a shorter duration of the 

malady with more rapid progression of the disease (van Rooden et al., 2010).  

In diagnosis of PD, there are two pathological features that are essential and 

required; Loss of dopaminergic neurons (pigmented) within the substantia nigra 

pars compacta of the mid brain, and presence of a-Syn cytoplasmic inclusions and 

exons called Lewy bodies and Lewy neurites (Lewy-related a-Syn pathologies). 

A-Syn as a protein found within the synaptic vesicle of the brain is of great 

importance or interest to PD’s research because it majorly constitutes Lewy 

bodies, clumps of protein that are pathologically the hallmark of Parkinson’s 

disease. Since the discovery of this, there have been more questions than answers 

as to the role a-Syn play in causing PD and why it is a potential target for 

neuroprotective therapies. According to Michael J. Fox Foundation for PD 

Research, recent studies have compelling evidence that a-Syn might contribute in 

the development of both sporadic PD (more common) and familial PD (rarely). 

Here in familial form of PD, the gene of a-Syn either produces abnormal form of 

the protein or two much proteins of a-Syn which are usually believed or 

understood by some researchers to be brain cell toxic that lead to dysfunction of 

the neuron. Aggregation of a-Syn plays a major duty in sporadic PD as well since 

a-Syn primarily is the structural component of LB. With all these findings, there 

is a total support to develop a Parkinson’s disease therapies that minimize or 

reduce the expression of a-Syn or totally block its aggregation. Such therapies 

potentially could prevent the onset of Parkinson’s disease, delay the onset of PD, 

slow or totally block its progression.  

Parkinson’s disease does not have exert cure but some medications and common 

drugs for Parkinson’s disease is dopamine precursors like Levodopa which is a 

natural chemical that is converted to dopamine when passed through the blood-

brain barrier; the equation for the conversion of Levodopa to Dopamine when 

passed through the brain is represented in figure 7-0-3, and surgery (Pallidotomy 
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and Thalamotomy, Deep Brain Stimulation) can assist to control the motor 

symptoms. This medication is administered usually at the early onset of the 

disease (MAYO CLINIC, 2017) 

 

 

 

Figure 7-3: L-DOPA is converted to Dopamine by enzyme DOPA decarboxylase 

(DDC). 

 

 

7.2 DEMENTIA WITH LEWY BODIES 

This is a neurodegenerative malady that featured the same deposits of abnormal 

protein called Lewy bodies, that is also found in Parkinson’s disease, but its 

widespread throughout the brain areas. 

 This synucleinopathy was named for a German neurologist Dr. Friedrich Lewy 

who in 1912, discovered the deposits of abnormal proteins that disrupt the normal 

functioning of the brain in Parkinson’s disease patients. The abnormal protein 

deposits are called Lewy bodies and they majorly contain a-Syn. In DLB, a-Syn 

produces clumps within the neurons, commencing from a region or area of the 

brain which makes the affected neurons less effective and eventually leads to 
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death of the brain cells. This will also affect the activities of the brain chemicals 

and it is not restricted to a region rather it causes widespread damage to several 

regions of the brain and a total decline in the activities of the affected areas  

(National Institute of Neurological Disorders And Stroke, 2015).  

The brain regions affected by Dementia with Lewy bodies include: 

• The cerebral cortex, that regulates several brain functions including 

processing of information, thought, perception and language. 

• The hippocampus, that is relevant to producing new memories   

• The limbic cortex that regulates emotions and behaviour.  

• The midbrain, that includes the substantia nigra which is essential in 

movement. 

• The brain stem that regulates sleep and alert maintenance. 

• The brain region that recognizes smell (the olfactory pathway) 

The disorder portrays fluctuating symptoms which might range primarily from 

that of PD like rigidity, tremor, bradykinesia to that like Alzheimer’s disorder 

which include confusion, loss of memory and poor judgement (Institute on Aging, 

2015) 

The first symptoms of this condition are usually visual hallucination and the 

patient might suffer other psychiatric turmoil like depression and delusions. 

Dopamine precursors like levodopa and other PD medications can alleviate the 

motor symptoms of DLB but they might worsen hallucination and delusion that 

will make the patient require a typical antipsychotic treatment (medications) 

(National Institute of Neurological Disorders And Stroke, 2015) 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7-4: Microscopic image of a Lewy body surrounded by a-Syn 

as its major component (National Institute of Neurological Disorders 

and Stroke, 2015) 
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Dementia with Lewy bodies can be of two related conditions:  

Lewy bodies dementia and Parkinson’s disease dementia. The actual difference 

between both conditions lies in the cognitive timing and movement symptoms. 

 

7.3 MULTIPLE SYSTEM ATROPHY (MSA) 

This synucleinopathy can be said to be an adult onset neurodegenerative malady 

that is progressive with an unknown etiology. It is clinically characterized by 

different severity of Parkinson’s disease features (features like PD), the autonomic 

failure and cerebellar ataxia. 

The spreading of this disorder encompasses or involves three functional systems 

within the central nervous system; the striatonigral system, olivopontocerebellar 

structures of the brain and the spinal cord impacting on movement, blood pressure, 

muscle control bladder function and heart rate (Kim, Kågedal and Halliday, 2014), 

associated with excessive discrete argyrophilic fibrillary inclusions within the 

oligodendrocytes and glial cytoplasmic inclusions. These inclusions are also 

referred to as Papp-Lantos bodies and they are formed by a-Syn proteins (Uversky 

and Eliezer, 2009). However, like Dementia with Lewy bodies and Parkinson’s 

disease, the dominant histopathology of Multiple system atrophy is the presence 

or availability of fibrillar and misfolded a-Syn in the cytoplasm but the principal 

deposition site of a-Syn which is in the oligodendrocytes varies from that of PD 

and DLB where a-Syn are deposited in the neurons (Kim, Kågedal and Halliday, 

2014). 

Moreover, according to (Institute of Neurological Disorders, 2014), there are no 

drugs or medications that are able to alleviate the progression of this disease and 

it has no cure. This disorder includes disorders that had been referred historically 

as Shy-Dragger syndrome, striatonigral degeneration and olivopontocerebellar 

atrophy. Initial symptoms of this disorder are difficult to differentiate from the 

initial symptoms of Parkinson’s disease, and they include: tremor, slowness of 

movement, impaired speech, inability to coordinate, clumsiness and bladder 

control problems.  MSA may be divided into two distinct types based on the most 

prominent symptoms when the patient is evaluated.  

The Parkinsonian type MSA (MSA-P), comprises of symptoms like that of PD 

such as tremor, stiffness and slow movement. 

The Cerebellar type MSA (MSA-C), with primary symptoms such as balance and 

coordination problem (ataxia), speech problem or quavering voice, difficult 

swallowing and abnormal movement of the eye. Multiple system atrophy tends to 

rapidly progresses more than Parkinson’s disease and most patients with MSA 

require an aid like walker for walking within few years of emergence of symptoms 

(Institute of Neurological Disorders, 2014). 
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8 CONCLUSION 
Deposition of a-Syn has been considered as the basis for neurodegeneration in all 

alpha-synucleinopathies. Not minding the similarities in their progressions and 

expansion, there are pathological differences that are significant between multiple 

system atrophy and Lewy body diseases, along with the cell types that are 

involved (in Parkinson’s disease, oligodendroglia in MSA and Dementia Lewy 

bodies) and the extent of neuronal loss in selected regions in Parkinson’s disease 

but spread all over the regions in MSA. 

These cardinal disparities portray the involvement of different pathological 

mechanisms in the advancement of both disorders, possibly another member of 

the synuclein family might be involved though that has not been investigated 

fully. There is need for further studies on clinical phenotypes of all 

synucleinopathies to understand their full pathological and clinical associations 

more, the actual role of effect of a-Syn within the brain and neurodegenerative 

disorders respectively. Particularly, it is essential that the complexities of the 

pathological variations observed clinically in Parkinson’s disease phenotype be 

classified further to establish more treatment that befit the effective symptoms. 

Another challenge in this area is the need for an advanced research on the 

activities of the identified proteins by the susceptibility genes, the interactions of 

these disorders with normal aging and the environmental conditions that triggers 

or awaken the progress of these diseases need to be cared for by developing 

reliable and appropriate biomarkers to ameliorate the progression of these 

disorders.  
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