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1. ABSTRACT 

Neurodegenerative diseases (NDDs) are chronic devastating ailment manifested by selective 

loss of neurons associated with accumulation of altered proteins in the brain. Despite a 

plethora of modifications identified for different neurotoxic proteins, such as tau, amyloid-β, 

α-synuclein and prion protein, NDDs are classified on the basis of comprehensive and 

extensive evaluation of the morphological and structural features of aggregated protein 

deposits, and their association with clinical symptoms in the pathophysiology of disease. 

Compelling evidence suggests that accumulated protein deposits show a hierarchical 

involvement of distinct regions of brain and triggers the progression of a number of 

neurological disorders that have been categorized as tauopathies, TDP-43 proteinopathies and 

α-synucleinopathies. α-synuclein is among the center of focus to comprehend a number of 

NDDs involving Parkinson’s disease (PD), Dementia with Lewy bodies (DLB) and Multiple 

System atrophy (MSA), known as α-synucleinopathies. α-synuclein has also been found 

secondarily in a number of other diseases such as Alzheimer’s disease (AD), Huntington’s 

disease (HD) and Amyotrophic Lateral Sclerosis (ALS). Understanding how a normal α-

synuclein protein forms aggregates and deposits is an important aspect in the 

pathophysiology of these diseases. In this work, we have focused on the toxic form of α-

synuclein protein. The objective of present study is to identify potent inhibitors (ligands) 
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which interact with the active site of toxic α-synuclein protein and inhibit its accumulation. In 

this study, insilico molecular docking studies was performed against α-synuclein using three 

plant derived compounds having anticancerous property: (a) Genistein (b) Hesperidine, and 

(c) Epigallocatechin-3-gallate. These compounds were analyzed using Lipinski filter, 

Autodock and LIGPLOT analysis tools. Further, our study revealed that Genistein was the 

best fit ligand against the active site of α-synuclein with minimum binding energy and 

inhibition constant. Finally, these natural compounds with the ability to interact with α-

synuclein in silico can further be analyzed using in vitro and in vivo studies. 
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2. INTRODUCTION 

Neurodegenerative disorders (NDDs) are one of the most dreadful adult-onset diseases these 

days and share a common phenomenon of degradation of neurons which progresses as the 

disease develops (Takalo et al., 2013). At some circumstances, partial relief is provided to 

patients by treating some of their symptoms but these diseases are still incurable (Beiske et 

al., 2009). Since, the underling mechanisms underlying the death of neurons in the specific 

areas of brain remains mysterious, degeneration of neurons continue inexorably and the 

symptoms often become unresponsive (Gorman, 2008). Further, it has been reported that 

accumulation of neurotoxic proteins such as α-synuclein, Amyloid beta (Aβ) and tau are 

accountable in the development of NDDs (Lonati et al., 2014). α-synuclein has been found to 

be implicated in numerous NDDs such as Parkinson’s disease (PD) and Alzheimer’s disease 

(AD) (Xie et al., 2014). Disorders characterized by the aggregation of α-synuclein are known 

as α-synucleinopathies (Brück et al., 2016). Together, these diseases have an emotional 

impact on approximately 5 million people worldwide and stand among one of the most 

devastating disorders in the United States and Europe (Cuny, 2012). Economical and 

psychological burden is posed on the caretakers, thus these diseases are troublesome not only 

for the patients but also for their caretakers (Habermann et al., 2013). Estimate of 2012 stated 

the progression of a number of NDDs worldwide which has been shown in Figure-1.  
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(Image Source: www.who.int/medicines/areas/priority_medicines/BP6_11Alzheimer/) 

Figure 1: Statistical analysis and data estimate of 2012 for the percentage distribution of NDDs 

in the differently aged people. This statistical data represents that AD is prevalent in 65% of aged 

people whereas the prevalence rate of PD, LBD and other NDDs are 95-99%. 

 

Implication of α-synuclein is the most compelling evidence for the crucial role that it plays in 

the pathophysiology of PD and other synucleinopathies (Peelaerts et al., 2015). α-synuclein is 

the principal component of Lewy bodies, insoluble aggregates of protein, found in PD, AD 

and other Lewy body diseases (Schulz-Schaeffer, 2010). Lewy bodies are spherical and 

eosinophilic neuronal intracytoplasmic inclusions, composed of abnormal filamentous 

assemblies of α-synuclein (Spillantini et al., 1998). Moreover, presence of Lewy bodies in the 

cerebral cortex of dementia patients and in the substantia nigra of PD cases were reported. 

After the depiction of cortical Lewy bodies, similar cases were also reported and these 

diseases were considered as continuum disorders, and a frequent term Lewy body disease 

(LBD) was recommended (Hartmann, 2004).  
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Normal function of α-synuclein is to control vesicular neurotransmission at synaptic 

junctions, its pathogenic effects are associated with a wide range of cellular functions 

including mitochondrial activity, autophagic and proteasomal degradation of toxic proteins 

(Bobela et al., 2015). These functions are lost due to a number of modifications in the 

structure of α-synuclein, including phosphorylation, nitration, ubiquitination, and truncation 

(Schmid et al., 2013). Truncation of α-synuclein at the C-terminal leads to the aggregation of 

protein quicker than normal full-length protein and plays a critical role in the formation of 

Lewy bodies and progression of disease (Li et al., 2005).  

Additionally, it has also been identified that α-synuclein acquires toxic or abnormal functions 

when neuronal cells are exposed to various other stressors such as genetic and environmental 

factors (Cook et al., 2012). Employment of various environmental toxins or heavy metals 

affects mitochondrial integrity leading to neuronal death (Ischiropoulos and Beckman, 2003). 

Thus, the pattern of α-synuclein pathology plays a key role in the central nervous system 

(CNS) but only specific neurons undergo degeneration (Osterberg et al., 2015). Similarly, 

Generation of free radicals and oxidative stress also play a major role in the pathogenesis of 

most of the neurological disorders (Guo et al., 2013). Reactive oxygen species (ROS) are 

active and dynamic in brain and neuronal tissue as neurotransmitters, excitatory amino acids 

and neuromodulators, and their metabolism serves as a source of oxidative stress (Alexander, 

2004). ROS attack neurons and glial cells and are sensitive to free radicals, ultimately leading 

to neuronal damage (Uttara et al., 2009). It has been reported that antioxidant compounds 

possessing pharmacological activities such as anti-inflammatory, antitumor, anticarcinogenic, 

antiatherosclerotic, antibacterial, antimutagenic and antiviral activities upto some extent 

might also have ameliorative role in the treatment of most of the neurological disorders (Li et 

al., 2013). In numerous cases, increase in the level of oxidative stress is associated with 
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progression and development of several diseases and their complications are accompanied by 

the failure of antioxidative defense mechanism or increase in the production of free radicals 

(Pandey and Rizvi, 2009). Though, the consumption of natural antioxidants has been found to 

reduce the risk of diabetes, cardiovascular diseases, cancer and age related disorders 

(Rahman, 2007). Among a wide variety of natural compounds, terpenoids and flavonoids are 

the most diverse class of naturally occurring antioxidants and are identified as potential 

candidates for neuroprotection (Kumar and Khanum, 2012). Herein, we have focused our 

work on the aggregated form of α-synuclein. We have found that certain anti-cancerous drugs 

(Genistein, Hesperidine and Epigallocatechin-3-gallate) that might prevent the accumulation 

of toxic α-synuclein protein. Further, using in silico docking studies we have identified that 

Genistein was among the best fit ligand to inhibit aggregated form of α-synuclein. Finally, 

these natural compounds can be analyzed further to devise a potent therapeutic strategy to 

ameliorate α-synucleinopathies. 
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3. LITERATURE REVIEW 

 
3.1 Structural properties of α-synuclein 

α-synuclein (α-syn) is a small neuronal protein of 14.5kDa and is having 140 amino acids 

residues, is highly conserved in vertebrates and is localized in the presynaptic terminals of 

neurons, particularly in the hippocampus, neocortex, striatum, cerebellum and thalamus 

(Jiang et al., 2015). The protein is a member of synuclein family, α-, β- and γ-synuclein, from 

highly expressed human genes (SNCA, SNCB and SNCG) (Gallegos et al., 2015). The α-, β- 

and γ-synuclein genes (SNCA, SNCB and SNCG) have been mapped to human 

chromosomes 4q21, 5q35, and 10q23, respectively (Lavedan, 1998). All synucleins possess a 

similar sequence but only α-synuclein is associated with disease progression (Nishioka et al., 

2010). The β-isoform of synuclein family also have a presynaptic location and co-localizes 

with α-syn at various, but not all presynaptic terminals, whereas glial cells and specific 

neuronal populations, mainly dopamine neurons shows the expression of γ-synuclein 

(Benskey et al., 2016). α-synuclein is a natively unfolded soluble protein having an extended 

structure composed primarily of random coils and lacks a well-defined secondary 

conformation and consequently belongs to intrinsically unstructured protein family (Uversky, 

2003). Nevertheless, the notable conformational plasticity of α-synuclein enables it to 

undergo a wide range of conformational changes and to adopt various dynamic structures on 

the basis of environmental changes and binding partners present (Ferreon et al., 2009). For 

instance, interaction with a number of proteins and ligands that are likely to alter its native 

state conformation and α-synuclein gains flexibility to adopt several secondary structures 

(Uversky, 2007). 
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α-synuclein protein has two distinct alternatively spliced variants viz; the 112 amino acid and 

126 amino acid variants which does not contain exon 5 and exon 3, respectively (McLean et 

al., 2012). The structure of α-synuclein protein is composed of three different regions 

(Stefanis, 2012). The amphipathic N-terminal region (residues 1 to 60) consists of 11 amino 

acid repeats including KTKEGV consensus sequence similar to the sequence found in the 

amphipathic helices of apolipoproteins (Uversky and Eliezer, 2009). The amphipathic α-

helices are suggestive of the lipid binding domains of class A2 apolipoproteins which 

indicates that α-synuclein binds to the negatively charged phospholipids and this binding 

causes a change in structural conformation and it forms α-helical secondary structure 

(Pfefferkorn et al., 2012). Recent studies shown that lipidic environments accelerate the 

aggregation of α-synuclein along with its folding, suggesting that this conformation causes 

misfolding of α-synuclein which is prevalent in various neurodegenerative diseases (Melki, 

2015). The α-helix forming region is composed of three independent missense mutations 

including A30P, E46K and A53T found in familial form of PD cases (Bekris et al., 2010).  

The central hydrophobic region (residues 66-95) termed as non-amyloid-β component (NAC) 

is composed of two additional motifs and is one of the major components of brain amyloid 

plaques deposition in Alzheimer’s disease (Olivares et al., 2009). It comprises of the 

amyloidogenic part which undergoes a conformational change in the structure of α-synuclein 

and the formation of cylindrical β-sheets and amyloid-β like fibrils and protofibrils occurs 

from a random coil of α-synuclein (Qin et al., 2007). These features contribute to distinguish 

α-synuclein from β- and γ-synuclein, which do not form copolymers with α-synuclein (Mor et 

al., 2016).  

Finally, the C-terminal region (residues 96 to 140) is proline rich and highly acidic (Bisaglia 

et al., 2009). This region also has a regulatory role in fibril formation and aggregation of 
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protein (Moriarty et al., 2013). This region is highly variable in sequence and size among 

species (Kalia et al., 2013). It consists of an acidic domain (residues 125-140) that is 

composed of several posttranslational modification sites as phosphorylation, Ubiquitination 

and glycosylation sites that have a role in regulation of chaperone-like activity of α–synuclein 

(Nonaka et al., 2005). Recent studies have reported that truncation of C-terminal region of α-

synuclein by proteolysis have a crucial role in fibrillogenesis of α-synuclein in various 

neurodegenerative diseases (Al-Mansoori et al., 2013). Partially truncated and full length 

insoluble aggregates of α-synuclein have been found in the aggregates of LBs (Baba et al., 

1998). Different regions of α-synuclein have been depicted in Figure-2. 

 

Figure 2: Schematic representation of α-synuclein regions. N-terminal region binds to 

phospholipid vesicles, C-terminal region is responsible for the chaperone like activity and the central 

hydrophobic region is known for the formation of fibrils. 
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3.2 Protein modification: A major contributor in α-synuclein protein folding and 

aggregation 

α-synuclein exists as a monomer within the cytoplasm but under certain pathological 

conditions, it undergoes several conformational changes that cause the monomers of protein 

to aggregate and become insoluble (Bandopadhyay, 2016). It has been reported that changes 

in the structural and functional properties of α-synuclein are initiated when the protein 

undergoes a wide range of modifications (Popova et al., 2015). When α-synuclein interacts 

with various lipid surfaces such as phospholipid bilayers, lipid droplets or lipid membranes, it 

induces a dramatic change in the structure of α-synuclein from its natively unfolded form to 

an α-helical secondary structure (Rhoades et al., 2006). When the isolated monomers of α-

synuclein, exposed to synthetic lipid membranes, readily bound and interact with the surface 

of membrane and formed various types of dimers and oligomers (Kim et al., 2014). The 

imperfect 11 amino acids repeats present in α-synuclein, comparable to the amphipathic α-

helical motif of apolipoproteins play a key role in binding with lipid membrane (Bartels et al., 

2010). The lipid composition of membrane, characterized by high concentrations of 

phospholipids, sphingolipids and cholesterol and altered surface charge that favors α-

synuclein binding (Snead and Eliezer, 2014). This region is known as lipid rafts which serve 

as a platform to promote the binding and oligomerization of α-synuclein (Follmer et al., 

2015). 

Several other modifications such as posttranslational modifications of α-synuclein are 

prevalent and are reported as possible mediators of a number of pathological processes, 

including α-synuclein aggregation, Lewy body formation and neurotoxicity (Beye et al., 

2009). Most common posttranslational modification of α-synuclein is phosphorylation, 

occurs at serine residues S129, S87 and at tyrosine residues Y125, Y133 and Y135 and has a 
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role on the function of numerous target proteins (Hejjaoui et al., 2012). Ser129 is 

phosphorylated approximately 90% in Lewy Bodies but no more than 4% of α-synuclein is 

phosphorylated at this residue in the C-terminal region under normal conditions in the human 

brain (Xu et al., 2015). This phosphorylation is regulated by several kinases and phosphatases 

such as casein kinases (CK1 and CK2), Polo-like kinases (PLK2 and PLK3) and G protein-

coupled receptor kinases (GRK2, GRK3, GRK5 and GRK6) that are responsible for 

phosphorylation (Tenreiro et al., 2014). Protein Phosphoprotein phosphatase 2A (PPA2) is 

responsible for the dephosphorylation and reduced level of aggregated form of α-synuclein in 

human brains whereas the phosphorylation of Tyr-125 residue is regulated by two Src family 

protein tyrosine kinases (c-Src and Fyn) and Syk family protein tyrosine kinase (p72syk) 

(Peng et al., 2005). Src family kinases does not play their role to suppress or enhance the 

polymerization activity of α-synuclein but the putative anti-neurodegenerative activity of Syk 

family tyrosine kinases causes it lose its ability to form oligomers in human brains (Negro et 

al., 2002).   

The second most common posttranslational modification is ubiquitination i.e. the attachment 

of ubiquitin molecules at the lysine residues of α-synuclein (Bisaglia et al., 2006). Though, α-

synuclein consists of 15 lysine residues, isolated form of α-synuclein showed that the protein 

is ubiquitinated predominantly at K6, K10 and K12 residues (Meier et al., 2012). 

Ubiquitination at the lysine residues of α-synuclein causes changes in the functional 

properties of α-synuclein, affecting the localization and degradation processes of α-synuclein 

(Hasegawa et al., 2002). Another common posttranslational modification is nitration i.e. the 

attachment of a nitro molecule at the tyrosine residues (Y39, Y125, Y133 and Y136) of α-

synuclein (Radi, 2013). Nitration of α-synuclein is considered to be an important factor in 

Lewy body diseases and is enhanced under conditions of elevated oxidative stress (Burai et 
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al., 2015). Recent studies have shown that mitochondrial impairment and nitration induced α-

synuclein oligomer formation induces apoptosis via integrin pathway (Liu et al., 2011). In a 

PD model, nitration of α-synuclein caused increase in the level of toxic α-synuclein protein 

that causes cell death (McCormack et al., 2012). 

Other post-translational modifications include glycosylation (Lehri-Boufala et al., 2015). O-

glycosylated α-synuclein is a potent substrate for ubiquitination and is used by Ubiquitin 

proteasome system (UPS) and enhances the degradation process of toxic α-synuclein protein 

(Shimura et al., 2001). In this way, truncation of C-terminal region of α-synuclein also has a 

key role in various neurodegenerative diseases (Vamvaca et al., 2009). Other modifications 

due to environmental factors, oxidative stress, mitochondrial dysfunction, calcium 

dyshomeostasis and proteolytic cleavage for instance due to calpain-1 also play a crucial role 

in the aggregation of α-synuclein (Games et al., 2014).  

3.3 Functional properties of α-synuclein 

Since, α-synuclein is involved in various cellular processes but the etiology and functional 

mechanism of α-synuclein remains obscure (Bendor et al., 2013). Protein sequence of α-

synuclein is highly conserved across species at the N-terminus of the protein but is having 

variability towards the C-terminus (Gitler et al., 2009). The highly conserved N-terminal 

domain of α-synuclein associates with synthetic lipid vesicles and facilitates dimerization 

(Auluck et al., 2010). The polar C-terminus of α-synuclein contains multiple post-

translational modification sites and regulates its activity (Hodara et al., 2004). Researchers 

have also identified a role of α-synuclein as ATP-independent molecular chaperone to 

prevent the accumulation of misfolded or denatured proteins (Rekas et al., 2012). An 

experiment using α-synuclein knock out mice was carried out to find out the functions of α-

synuclein, and had mild defects in synaptic transmission and metabolism and transfer of fatty 
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acids (Emanuele and Chieregatti, 2015). This study also revealed that α-synuclein is a 

negative regulator of dopamine neurotransmission and the striatal dopamine levels were also 

less affected by the action of MPTP (an inhibitor of mitochondrial complex 1) in α-synuclein 

knockout mice (Venda et al., 2010). Studies have also reported that under normal 

physiological conditions, overexpressed α-synuclein protects against paraquat-induced 

neurodegeneration (Manning-Bog et al., 2003). Researchers also proposed that under 

physiological conditions, α-synuclein exhibits a non-classical chaperone activity and inhibits 

the assembly of soluble N-ethylmaleimide-sensitive factor attachment protein receptor 

(SNARE) machinery mediated vesicle fusion via its indirect interaction with SNARE 

proteins to regulate neurotransmission (Bonini and Giasson, 2005). N-terminus of α-

synuclein binds to phospholipids while the C-terminus is necessary for synaptobrevin-2 

binding and an indirect interaction is formed (Burré et al., 2010). A lipid regulator, 

arachidonic acid, encourages SNARE complex formation but α-synuclein segregates 

arachidonic acid and blocks the activation of SNAREs (Darios et al., 2010). Thus, α-

synuclein have a role in synaptic vesicle trafficking and neurotransmission and prevents toxic 

insults-induced neurodegeneration (Vekrellis et al., 2011). Studies on α-synuclein knockout 

mice did not show short-term impairments in learning or probe trails but showed impairments 

in long term spatial and working memory, suggesting a role of α-synuclein in cognition and 

long-term memory (Leung and Jia, 2016). α-synuclein, confined to presynaptic terminals and 

axons of neurons, area responsible for memory, cognition and emotions (Kokhan et al., 

2012). 

A wide range of defects such as aggregation, mutations, misfolding and fibrillation factor and 

structural plasticity in α-synuclein protein are substantial to its association with various 

neurodegenerative diseases (Pacheco et al., 2012). When the unstable monomeric form of α-
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synuclein becomes tangled or disordered, aggregates rich in cross- β-structures are formed 

(Esteban-Martín et al., 2013). These structures consist of several modifications such as 

binding to lipid vesicles and multiple post-translational modifications (PTMs) sites 

(Tokmakov et al., 2012). The PTMs and lipid binding of α-synuclein alter its size, shape, 

conformation and charge which contribute to the onset of various neurodegenerative diseases 

(Alderson and Markley, 2013). 

3.4 Prion like similarities of α-synuclein 

Prions are contagious proteins and are composed solely of aberrantly folded proteins (Kraus 

et al., 2013). They are deficient in nucleic acid composition and are responsible for the onset 

of disease progression. Since, prions undergo misfolding and a wide range of conformations 

with the formation of toxic and insoluble oligomers and amyloid like aggregates, rich in β-

sheet conformation and causes neurodegeneration (Kupfer et al., 2009). Further, the abnormal 

or misfolded protein is transmitted from affected to healthy nerve cells and a chain reaction is 

formed in which the sequence is repeated continuously causing various neurodegenerative 

processes (Brettschneider et al., 2015). The well-studied prion protein in mammals is PrPSc 

which is formed from the precursor protein PrPC by a complex mechanism involving the 

folding of α-helix–rich native protein into the PrPSc protein having high level of β-sheet 

conformation leading to the formation of toxic oligomers and amyloid plaques, and 

ultimately neurodegeneration with neuronal dysfunction (Cobb and Surewicz, 2009). 

Evidences suggest that mechanism of toxic PrPSc formation and neurodegeneration is 

comparable with the aggregation mechanism of α-synuclein and PD (Zhou et al., 2012). Both 

PrPC and α-synuclein are native monomers but undergoes mutations and misfolding and form 

β-sheet conformation and accumulate into inclusions, fibrils and amyloid plaques 

accompanying neurodegeneration (Singh and Udgaonkar, 2016). Lewy bodies i.e. inclusions 



23 | P a g e  

 

of α-synuclein were identified in 2% to 8% of grafted neurons and SNc neurons of PD 

patients (Olanow and Brundin, 2013). Non-aggregated, soluble α-synuclein levels were also 

altered in grafted neurons (Luk et al., 2012). Autopsy studies of PD patients proposed a 

mechanism for the transmission of α-synuclein based on observations that the onset of 

disease initiates in the nose and/or gut and progresses to attack the brain in a number of 

stages (Mulak and Bonaz, 2015). Several subsequent studies reported that exogenous α-

synuclein accumulates along the neuroanatomical pathways and triggers Lewy body 

pathology in the brain (Volpicelli-Daley et al., 2011). The conformation of the exogenous 

protein causes it to transmit to the endogenous protein inside the neurons and plays its role in 

the disease progression (Recasens and Dehay, 2014).  

3.5 Intervening role of α-synuclein in Neurodegeneration  

Although, α-synuclein has numerous roles in brain, it plays a significant role in the 

progression of several NDDs due to a wide range of modifications in the structure of protein 

(Danielson and Andersen, 2008). α-synuclein also act as chaperone due to its interaction with 

a wide variety of cellular proteins and ligands (Souza et al., 2000). Recently, it has been 

reported that alpha-syn exhibits 40% sequence conservation with molecular chaperone 14-3-

3, signifying that the two proteins may serve the same function (Ostrerova et al., 1999). 14-3-

3 is known for its ability to interact with various proteins which contain phosphorylated 

serine residues (Muslin et al., 1996). 14-3-3 plays a role in the development of neurons and 

control of cell growth due to its interaction with α-synuclein in the accumulated LBs (Ubl et 

al., 2002). α-synuclein binds to various other similar proteins including extracellular 

regulated kinase (ERK), protein kinase C (PKC) and BAD, a member of the Bcl-2 family 

which induces apoptosis (Shimada et al., 2013). BAD is phosphorylated at serine residues 

S112, S136, and S155 to stabilize its maintenance in the cytoplasm (Witt, 2013). 14-3-3 
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interacts with phosphorylated Bad and prevents apoptosis (Masters et al., 2001). 

Dephosphorylated Bad is localized along with Bcl-XL and Bcl-2 to mitochondria and triggers 

apoptosis (Gross et al., 1999). Moreover, Mutation in any of the phosphorylation sites in 

BAD enhances its cell-killing ability (Watabe and Nakaki, 2004). 

Environmental toxins such as rotenone, inhibits mitochondrial complex I, promotes the 

release of α-synuclein and Bad dephosphorylation by enteric neurons (Dong et al., 2009). An 

elevated level of α-synuclein contributes to caspase-9 activation and ultimately apoptosis in 

human brain (Yamada et al., 2004). Elevated α-synuclein levels also triggers the secretion of 

IL-6, which is blocked by specific inhibitors of extracellular-regulated kinase (ERK1/2), p38 

and c-Jun N terminal kinase (JNK) mitogen-activated protein (MAP) kinase pathways 

(Klegeris et al., 2006). Moreover, other toxins such as MPTP and paraquat causes microglia 

activation which secrete ROS, cytokines and prostanoids leading to cell death and 

neurodegeneration (Litteljohn et al., 2010). Further, modifications due to overexpression and 

mutations, certain environmental factors and enzymatic cleavage in the structure of α-

synuclein also suggests that it has a major contribution in the development of 

neurodegenerative disorders (Robinson, 2008). There are numerous other factors so far, that 

have been reported to be associated with α-synuclein and NDDs and are shown in Figure-3. 
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Figure 3: α-synuclein aggregation mechanism and its role in Neurodegeneration. Various 

genetic and environmental factors causes depletion in chaperone activity and aggregation of α-

synuclein that leads to mitochondrial impairment and neurodegeneration. 

 

3.5.1 Role in Parkinson’s disease 

Parkinson’s disease (PD) is the most common movement neurodegenerative disorder 

accompanying the neuronal degradation in the nigrostriatal system (Fahn and Sulzer, 2004). 

It is typically abundant in the presence of Lewy Bodies i.e. intraneuronal protein inclusions 

which are responsible for dopaminergic neuronal loss thus leading to motor symptoms 

including muscle rigidity, resting tremor, postural instability and bradykinesia (Massano and 

Bhatia, 2012). LBs are spherical eosinophilic in shape with a diameter of 5-25 µm and is 

composed of aggregates of cytoplasmic protein α-syn, localized in the substantia nigra, 

cerebral cortex and in several structures of central nervous system (Narkiewicz et al., 2014). 
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LBs have affinity to specific dyes for instance Thioflavin S which identifies post-translational 

modifications such as phosphorylation and ubiquitination and β-sheet conformations to 

recognize misfolded α-synuclein (Zebrocki et al., 2005). Variations in solubility and 

phosphorylation pattern of α-synuclein occur prior to Lewy body formation in PD (Zhou et 

al., 2011). The amount of soluble α-synuclein decreases but the phosphorylation level of α-

synuclein increases greatly over the course of PD (Breydo et al., 2012).  

During the presymptomatic phase of disease progression, non-motor symptoms such as vagal 

dysfunction, olfaction impairment and sleep disorders are developed but there is no definitive 

diagnostic test (Pellicano et al., 2007). Clinical diagnosis relies mainly on the detection of 

motor symptoms of PD which appear when there is a loss of 50–60% of dopaminergic 

neurons (Cheng et al., 2010). Appearances of cognitive, psychiatric and autonomic problems 

are often accompanied with the PD symptoms (Varanese et al., 2011). Due to the appearance 

of these clinical symptoms, PD is identified as a complex clinicopathological entity 

(Jankovic, 2008). Majority of PD cases are sporadic and various environmental factors such 

as proteasome inhibition, oxidative stress and genetic susceptibility seem to be the 

pathological cause of PD (Klein and Westenberger, 2012). 

3.5.2 Role in Alzheimer’s disease  

Several theories have also shown that α-synuclein and tau share some similarities and the co-

existence of pure synucleinopathies and tauopathies and an overlap between 

neurodegenerative diseases, particularly among Parkinsonism and dementia has been 

observed (Moussaud et al., 2014). In this theory, two proteins tau and α-synuclein are central 

and are able to form intracellular inclusions and cause neurodegeneration (Nonaka et al., 

2010). Current theories suggest that α-synuclein and tau interact with each other and this 

interaction is responsible for the development of wide range of neurodegenerative disorders 
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(Jellinger, 2011). AD is the most common cognitive neurodegenerative disorder characterized 

by progressive neuronal damage, loss of memory and other cognitive skills leading to severe 

dementia (Jahn, 2013). The cognitive decline in AD is accompanied by the accumulation of 

insoluble aggregates of amyloid beta 42 peptide (Aβ42) in the form of senile plaques and 

Neurofibrillary tangles (NFTs), formed by the hyperphosphorylation of microtubule 

associated protein, tau (τ) (Mokhtar et al., 2013). However, some additional signs of 

proteinopathies such as intracellular cytoplasmic inclusions of phosphorylated or 

ubiquitinated α-synuclein, well-known as Lewy bodies and Lewy neurites (LB/LN) have 

been found in 30–40% of AD cases (Zaccai et al., 2008). These additional lesions display a 

more rapid rate of memory loss and decline of cognitive functions comparable to AD alone 

(Karantzoulis and Galvin, 2011). Recent studies have reported that α-syn, tau and Aβ 

overexpression or enhanced level of mutant forms of these proteins promote the acceleration 

of accumulation of each other and cognitive dysfunction in humans (Clinton et al., 2010). 

Several reports have also revealed that overexpression or enhanced level of wild-type α-

synuclein cause alterations in the neuronal physiology that leads the inhibition of synaptic 

vesicle recycling and ultimately reduces release of neurotransmitter (Lashuel et al., 2013). 

Another study have shown that molecular chaperone 14-3-3 promotes phosphorylation and 

aggregation of tau in the form of neurofibrillary tangles (NFTs) with the help of protein 

kinase A (PKA) and ultimately leads to neurodegeneration (Kumar et al., 2015). 

3.5.3 Role in Dementia with Lewy Bodies 

Lewy body diseases such as Parkinson’s disease (PD), Lewy body variant of Alzheimer’s 

disease (LBV) and diffuse Lewy body disease (DLBD) possess similar physiological and 

pathological characteristics (Mrak and Graffin, 2007). Lewy body diseases are progressive 

prior to cognitive decline and fatality (Olichney et al., 1998). Recent studies reported that 
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pathology of Lewy body propagates via transmission of α-synuclein aggregates from one 

neuron to another (Guo and Lee, 2014). Aging is known to be the most predominant cause of 

Lewy Body disease (McKeith, 2004). Environmental toxins, Oxidative stress and 

mitochondrial dysfunction also contribute to the disease progression (Spano et al., 2015). 

Aging has various effects on cellular protein degradation machinery for instance, proteolysis 

of presumptive cytotoxic protomer, changes in pathways of protein degradation such as UPS 

and autophagy and also the trypsin- and chymotrypsin-like activities of the proteasome is 

affected with age (Fecto et al., 2014). These physiological alterations are able to modify 

proteins over time, enhance aggregation and initiates disease progression (Golde et al., 2013).  

Dementia with Lewy bodies (DLB) is a common neurodegenerative dementia in the aging 

population (Ubhi et al., 2010). It is a cognitive disorder and is characterized by visual 

hallucination, unstable cognitive functioning and Parkinsonism (Fernandez et al., 2003). 

Diagnosis of patients with such clinical features would be easy through careful neurological 

examinations but the accurate diagnosis of DLB might become laborious when patients also 

suffer with AD pathology, affecting the clinical symptoms of Parkinsonism and visual 

hallucinations (Zupancic et al., 2011). Accurate clinical diagnosis of DLB is significant and 

the use of cholinesterase inhibitors improves neuropsychiatric symptoms and cognitive 

function of DLB (Trinh et al., 2003).  

3.5.4 Involvement in Huntington’s disease 

Huntington’s disease (HD) is the most common inherited neurological disorder characterized 

by expansion of polyglutamine (polyQ) sequence having propensity to aggregate and induce 

neurotoxicity (Arrasate and Finkbeiner, 2012). It has been reported that polyQ expansion 

might affect other proteins prone to misfolding (Finkbeiner, 2011). α-synuclein, with 

tendency to aggregate and form Lewy bodies ultimately causes familial PD (Kahle et al., 
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2002). It has also been proposed that overexpression of wild-type α-synuclein affects 

macroautophagy, a mechanism for the clearance of cytoplasmic inclusions like 

hyperphosphorylated tau and huntingtin (Yasuda et al., 2013). Recent studies have shown 

that α-synuclein is a mediator in polyQ induced neurotoxicity since, HD and other polyQ 

diseases are immunopositive for α-synuclein (Chánez-Cárdenas and Vázquez-Contreras, 

2012). Wild-type α-synuclein overexpression in HD patients triggers the progression of 

tremors and causes weight loss while its deletion increases the number of autophagosomes 

which accompanying a reduction in the rate of weight loss and tremors in HD patients 

(Corrochano et al., 2012). Accordingly, depletion of α-synuclein results in reduced amount of 

inclusions of N-mutHtt in transfected neurons (Tomás-Zapico et al., 2012). A functional link 

is therefore established between these two proteins which show that wild-type α-synuclein 

has a role in the regulation of autophagy even at physiological levels (Waelter et al., 2001). 

This study validates that α-synuclein modifies polyQ induced neurotoxicity and there is a 

great probability of reducing the rate of HD using potential PD related therapies to counteract 

α-syn toxicity (Pocas et al., 2015). 

3.5.5 Involvement in Amyotrophic Lateral Sclerosis (ALS) 

ALS is another complex neurodegenerative disease characterized pathologically by 

degeneration of upper and lower motor neurons in the motor cortex, spinal cord, brainstem 

and astrogliosis confined to neurodegeneration (Wijesekera and Leigh, 2009). The etiology of 

ALS is a complex mechanism of numerous pathogenic processes involving oxidative stress, 

mitochondrial dysfunction, misfolded protein aggregates, TDP-43 abnormalities, dysfunction 

of the UPS pathway and impaired axonal transport (Jiang et al., 2015). The absolute 

diagnosis of ALS is essential and is diagnosed pathologically and clinically by the presence 

of cytoplasmic inclusions, immunoreactive to neurofilament and/or peripherin (Chen et al., 
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2013). Likewise α-synuclein, mutations in SOD-1 triggers the formation of soluble 

oligomers, inclusion bodies and insoluble fibrils (Furukawa, 2013). Recently, extrapyramidal 

symptoms due to nigrostriatal dysfunction and phosphorylated α-synuclein inclusions have 

been reported in ALS patients suggesting that PD related pathologies might have a role in 

ALS (Helferich et al., 2015). Further, increased expression of α-synuclein was observed in 

spheroids of spinal cord and glial cells of ALS patients and co-occurrence of α-synuclein and 

SOD1 have also been identified in the some protein aggregates (Miller et al., 2004). This 

study indicates the involvement of α-synuclein in ALS but more research is needed to 

identify the molecular interaction of α-synuclein in ALS cases (Yang and Choi, 2013). 

Furthermore, insoluble aggregates of Bunina Bodies, Hyaline conglomerate inclusions 

(HCIs) and Axonal spheroids are also found in neurofilaments and peripherins of 

approximately 85% of ALS cases (Xiao et al., 2006). 

3.5.6 Involvement in Multiple System Atrophy 

Multiple system atrophy (MSA) is considered as one of major α-synucleinopathies and is a 

sporadic neurodegenerative disorder involving the clinicopathological entities like Shy–

Drager syndrome (SDS), striatonigral degeneration (SND) and olivopontocerebellar atrophy 

(OPCA) affecting blood pressure, muscle control, movement, bladder function and heart rate 

(Yoshida, 2007). The pathological events in MSA are the clinical triads’ similar cerebellar 

ataxia, autonomic failure and Parkinsonism along with myelin dysregulation and 

demyelination and neurodegeneration (Bleasel et al., 2014). Since, MSA is a rare 

neurological disorder (Wenning and Stefanova, 2009), recent studies have reported that 

genetic variants, posttranslational modifications such as phosphorylation and ubiquitination 

and various other modifications such as formation of protofibillary α-synuclein are the causal 

factors of MSA (Dickson et al., 1999). Various mutation sites in the coding sequence of α-
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synuclein have not been identified so far and more research needs to be done to identify the 

causal mutations and etiology of MSA (Stemberger et al., 2011). 

Histopathology of MSA includes the presence of misfolded, modified and fibrillar structure 

of α-synuclein in the cytoplasm like PD and DLB but the principal site for the deposition of 

α-synuclein is oligodendrocytes (Jellinger and Wenning, 2016). The 

accumulation/aggregation of abnormal α-synuclein in MSA has been reported in various 

cellular sites, as Glial cytoplasmic inclusions (GCIs) in oligodendrocytes, neuronal 

cytoplasmic and neuronal nuclear inclusions (NCIs and NNIs), glial nuclear inclusions 

(GNIs) in oligodendroglial nuclei and in neurites (Burn and Jaros, 2001). These findings 

suggest that modified α-synuclein is widespread and primary fibrillar and nonfibrillar 

aggregation of α-synuclein also occur in neurons in MSA cases (Stefanova and Wenning, 

2016). Immunostaining studies of neuronal cytoplasm or nucleus indicates that accumulation 

of non-fibrillar α-synuclein occur prior to the formation of fibrillar inclusion (Bleasel et al., 

2016). On the basis of these studies, several researchers identified the neuroprotective role of 

nonfibrillar α-synuclein to seize its toxic protofibrils (Uversky, 2008).  

3.6 Oxidative stress: A prevalent cause of neurodegeneration 

Oxidative stress is a condition of imbalance between ROS production and the level of 

antioxidants leading to tissue damage that ultimately becomes a cause of a number of 

diseases (Shukla et al., 2011). Initially, the production of ROS was considered as an impact 

of imbalance between the metabolisms of ROS/RNS but recent reports have suggested that 

ROS play a crucial role in the alteration of cellular functions and in the development of 

neurodegeneration (Hsieh and Yang, 2013). ROS targets different critical processes of cell 

such as lipid peroxidation, damage to DNA, RNA and protein (Gandhi and Abramov, 2012). 

High levels of oxidative stress can cause ATP depletion, necrosis and apoptotic cell death 
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(Jha et al., 2014). For instance, Haber Weiss and Fenton reaction reported that ROS 

generation and free radical formation stimulates mitogen activated protein (MAP) kinase 

signaling cascade and have their great contribution towards neuronal loss due to excitotoxic 

calcium mobilization, mitochondrial (Mt) dysfunctions and ultimately apoptotic cell death 

which causes aging and neurodegenerative diseases (Kehrer, 2000). The basic mechanism 

underlying oxidative stress mediated neurodegeneration has been represented in Figure-4. 

 

Figure 4: Oxidative stress induced neurodegeneration. Several factors causes increase in ROS 

level that leads to mitochondrial impairment and increases the level of β and γ secretase that causes 

neuronal death. 

  

In Alzheimer’s disease (AD), oxidative stress is found to elevate the levels of β-secretase 

(BACE-1) (Mouton-Liger et al., 2012) and γ-secretase complex proteins via activation of 

PKR-eIF2α and other signaling pathways that caused Aβ aggregation into insoluble senile 

plaques and triggered apoptotic cell death (Jo et al., 2010). Further oxidative stress causes an 
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increase in cellular ROS level and mitochondrial dysfunctions resulting in partial reduction of 

oxygen during oxidative phosphorylation (Praticò, 2008). Moreover, role of mutations in 

Superoxide dismutase-1 (SOD-1) have been observed to cause motor neuronal damage but 

the underlying mechanism(s) behind oxidative stress mediated mutations in SOD-1 and 

disease progression is still unclear (Pickles et al., 2016). Furthermore, Oxidative Stress and 

Mitochondrial dysfunction, particularly in complex-I (NADH dehydrogenase) of the 

mitochondrial electron-transport chain in the substantia nigra are found to trigger a sequence 

of events that caused cell death (Hwang, 2013). However in case of PD, DLB and other α-

synucleinopathies, Oxidative stress obstructed the cellular homeostatic processes involving 

mitophagy and ubiquitin-proteasome system (UPS) (Dias et al., 2013). Recent studies on 

animal models have revealed that oxidative stress contributes towards neuronal damage via 

PI3K/AKT and p38 MAPK signaling pathways (Jha et al., 2015). Moreover, dopamine 

metabolism also contributes to oxidative stress, causing modification of macromolecules that 

leads to a gain of toxic functions in PD and LBD (Sayre et al., 2008).  

Further, numerous evidences indicate the crucial role of CdK-5, a member of cyclin 

dependent kinase family has been detected in various NDDs (Wei and Tomizawa, 2007). 

Under normal condition, Cdk-5 plays a significant role in the development of neurons by the 

phosphorylation of specific serine/threonine residues of various cytoskeletal proteins 

accompanying neuronal migration, synaptic transmission, synaptogenesis as well as synaptic 

plasticity but under the conditions of oxidative stress, excitotoxicity, Aβ exposure, calcium 

dyshomeostasis, mitochondrial dysfunctions and inflammation, level of intracellular Ca2+ 

arises (Mushtaq et al., 2016). Thus elevated Ca2+ concentration triggers calpain to cleave p35 

to p25 and form a stable but hyperactive complex of CdK-5/p25 which in turn causes 

hyperphosphorylation of a large number of cytoskeletal proteins that leads to a wide variety 
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of neurodegenerative disorders like AD, PD and other Lewy body diseases (Yousuf et al., 

2016).  

 

3.7 Role of Natural compounds  

Natural plant products possess some remarkable properties and find their use for medicinal 

purposes for a long time as they are having a wide range of pharmacological properties like 

antioxidant, anti-carcinogenic, hypercholesterolemic and anti-inflammatory (Zhao, 2005). 

The recent advancement in the separation, extraction, sequestration and isolation techniques 

of plant derived products and the attempts to develop natural plant products as ameliorative 

have made it possible to produce 63% of the plant-derived drugs since 1981 (Yoo and Park, 

2012). Among various natural products, poly phenols (terpenoids and flavonoids) are the vast 

and most diverse class of phytochemicals that play an important role in the therapeutics of 

different disorders and syndromes (Macedo et al., 2015). Some of these synthetic and semi-

synthetic compounds are identified and studied for the therapeutics of a large number of 

neurodegenerative disorders in the last few years (Trosset and Carbonell, 2015). Recent 

studies revealed that a range of pure compounds with anti-cancerous activity derived from 

herbal materials & herbal formulations are effective against in vitro/ in vivo PD models 

(Fridlender et al., 2015). Genistein obtained from soybeans, Hesperidine obtained from citrus 

fruits and Epigallocatechin-3-gallate obtained from green tea have been used as health 

supplements and anticancerous drugs, play an important role in the therapeutics of various 

neurological disorders (Shay et al., 2015).  Genistein is one of the naturally occurring 

flavanones that exists in soybeans either in the form of glucosides or in free form (aglucons) 

(Kamaraj et al., 2009). Genistein containing soybean pastes exert an antioxidant effect by 

scavenging oxygen derived free radicals and inhibiting lipid peroxidation and exhibits 

improved cognitive learning skills (Sonee et al., 2004). On the other hand, Hesperidin is a 
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major constituent of citrus fruits and can be isolated in large amounts from Citrus unshiu 

(satsuma mandarin), Citrus sinensis (sweet orange) and the peels of Citrus aurantium (bitter 

orange) (Cho, 2016). Hesperidin possesses a wide range of pharmacological properties such 

as antioxidant, antihypercholesterolemic, anticarcinogenic and anti-inflammatory properties 

(Tamilsevam et al., 2013). Epigallocatechin-3-gallate is an aromatic compound with phenolic 

hydroxyl groups on its aromatic rings and is present in green tea and it enhances the cell 

resistance to oxidative stress (OS) beyond the iron chelating and simple scavenging activities 

and have an impact in those pathologies, where iron and OS are involved (Weinreb et al., 

2009). Recent studies have shown that green tea catechins have a crucial role in lowering the 

adverse effects of free radicals in in vitro and in vivo activities, associated with several 

chronic disorders such as cancer, atherosclerosis, stroke and neurodegenerative disorders 

(Mandel et al., 2006).  
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4. MATERIALS AND METHODS 
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Steps 1: A large pool of data have been investigated for the appropriate information needed 

to include in the research findings of this project through the NCBI archives as well as other 

reputed journals. 

Step 2: In the work, it was found that α-synuclein protein is the center of focus in Lewy body 

diseases For instance, Parkinson’s disease, Alzheimer’s disease and Dementia with Lewy 

bodies which are often known as α-synucleinopathy. 

Step 3: In the literature survey, it was also found that there are many bio-molecules and drug 

compounds which act on toxic α-synuclein protein to inhibit its accumulation.  

Step 4: Three biomolecules with anti-cancerous activity were identified as having 

neuroprotective role and were selected through the journals on which undergoing trials are 

being performed towards finding a better cure for α-synucleinopathy. 

Step 5: From here, there goes two ways for the protein taken as receptor molecules and drugs 

chosen as Ligands and their further study. 

4.1 Retrieval of α-synuclein protein and its function recognition 

For primary structure analysis, the amino acid sequence of SNCA with accession number 

P37840.1 was retrieved from NCBI database and was used for homology search using Basic 

Local Alignment Search Tool. Protein functional elucidation was done using Interproscan 

server (http://www.ebi.ac.uk/interpro/search/sequence-search/). 

4.2 Phylogenetic relationship and Physico-chemical properties 

For multiple sequence analysis, ClustalW2 tool (http://www.ebi.ac.uk/Tools/msa/clustalw2/) 

was used and phylogenetic tree was constructed based on NJ (Neighbor joining) plot without 

distance correction. ProtParam (http://web.expasy.org/protparam/) was used to predict 
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physico-chemical properties. The parameters computed by ProtParam included the molecular 

weight, theoretical PI, aliphatic index and grand average of hydropathicity (GRAVY). 

4.3 Homology modelling, visualization and quality assessment of 3D structure of α-

synuclein protein. 

Homology modelling was used to determine the 3D structure of α-synuclein isoforms. A 

BLASTP search with default parameters was performed against the Brookhaven Protein Data 

Bank (PDB) to find suitable templates for homology modelling. Template with PDB ID: 

1XQ8 was retrieved for SNCA protein from Protein Data Bank (PDB). The Protein Structure 

Prediction Server Swiss model (http://swissmodel.expasy.org/) was used for homology model 

construction. Once the 3D structure of protein was generated, structural evaluation and stereo 

chemical analysis was performed using RAMPAGE 

(http://www.mordred.bioc.cam.ac.uk/~rapper/rampage.php). Errat server was used to find the 

accuracy of the structure and visualization of determined structures was performed using 

UCSF Chimera. 

4.4 Active site prediction 

Castp Server (http://www.sts.bioe.uic.edu/castp/) was used to predict the active sites of 

protein. Castp could also be used to measure area, circumference of mouth openings of each 

binding site in solvent and molecular accessible surface. PDB file of protein was uploaded in 

the server and it showed the ligand binding sites present in protein and the most conserved 

site was selected and all the amino acid residues involved in binding with ligands were 

retrieved. 
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4.5 Ligand optimization 

Reported ligand molecules along with their physical and chemical properties were retrieved 

from PubChem Compound Database (http://www.pubchem.ncbi.nlm.nih.gov/). Pubchem is a 

composite database backed up by three primary databases, i.e. PCsubstance, PCcompund, and 

PCBioAssay. Pubchem provides biological activity, chemical information of small 

molecules. PCsubstance contains information about the substances; PCcompound contains 

information about chemical compounds, and PCBioAssay provides information about 

Bioassays. Three compounds (Genistein, Hesperidine and Epigallocatechin-3-Gallate) were 

selected, SDF files of Ligands were converted in PDB file with the help of Open Babel tool 

that could be used for docking study. Visualization of Molecular Structure of compounds was 

done using Pymol. 

4.6 Lipinski filter analysis of screened drugs 

An online tool Lipinski Filter (http://www.scfbio-iitd.res.in/software/drugdesign/lipinski.jsp) 

was used to retrieve the information about drug likeness of drugs with the help of Lipinski 

Rule of five. Lipinski rule (or Lipinski rule of five) helps to differentiate drug and nondrug 

like molecules. It is used to identify the possibility of success or failure due to drug likeness 

for molecules fulfilling with two or more of the following rules: (a) Molecular Mass should 

be less than 500 Dalton, (b) High Lipophilicity (expressed as logP less than 5), (c) Less than 

5 hydrogen bond donors, (d) Less than 10 hydrogen bond acceptors, and (e) Molar 

refractivity should be between 40 -130.  

4.7 Preparation of Protein and ligand molecules and docking study 

Preparation of protein involves the addition of polar hydrogen atoms, neutralization of charge 

and removal of any miscellaneous structures from the protein molecule by Autodock 4.2.1 



40 | P a g e  

 

whereas ligand preparation involves the neutralization of charge. Prepared and optimized 

structures of ligands and protein were ultimately used for molecular docking studies to 

predict the possible protein–ligand interactions and the results that include the understanding 

of the association that involves H-bonding and hydrophobic interactions were analyzed using 

LIGPLOT1.4.5, a program to generate schematic diagrams of protein-ligand interactions. 
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5. RESULTS AND DISCUSSIONS 

5.1 Retrieval of α-synuclein Protein and its function elucidation 

Based on functional domain sequence of well characterized gene/protein, homology search 

was done using Basic Local Alignment Search Tool (BLAST). We have successfully hunted 

5 isoforms of SNCA protein on the basis of families and domains identified from 

Interproscan results. Interproscan study revealed that all homologues proteins for SNCA were 

belonging to Synuclein family (IPR001058) and α-synuclein family (IPR002460). These 

isoforms belong to Synuclein, α-synuclein and NACP/ α-synuclein family (Figure-5). 

 

 

Figure 5: Interproscan result for SNCA domain identification. Interproscan analysis shows that 

SNCA does not have domains and repeats. 
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S.No. Accession Protein Score Identity E Value 

1 AAP36433.1 
synuclein, α (non A4 

component of amyloid 

precursor)  

270 100% 4.00E-90 

2 NP_000336.1 α-synuclein isoform NACP140  270 100% 4.00E-90 

3 AKI70670.1 SNCA  268 99% 1.00E-89 

4 AAC02114.1 NACP/α-synuclein  265 99% 2.00E-88 

5 AAA98493.1 synuclein  234 99% 3.00E-76 

Table 1: Hunted α-synuclein and synuclein proteins 

 

5.2 Phylogenetic relationship and Physico-chemical properties 

For multiple sequence analysis, ClustalW2 tool was used and found that amino acid residues 

were conserved in most of the isoforms of the protein SNCA. Phylogenetic study of SNCA 

revealed that α-synuclein isoform NACP140 and NACP/α-synuclein were differing from 

others and SNCA and synuclein, α (non A4 component of amyloid precursor) were in same 

cluster as share more homology (Figure-6). ProtParam showed that Mol. wt. of SNCA was 

14460.1 Daltons. An isoelectric point for SNCA was found to be 4.67 which indicate that 

protein was negatively charged. The GRAVY index of -0.403 indicates that SNCA protein is 

hydrophilic and soluble. 
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Figure 6: Multiple Sequence Alignment of all SNCA isoforms and Tree generation for SNCA 

using NJ Plot without distance correction. MSA analysis shows that the hunted sequences are 

conserved with respect to one another and phylogeny predicts that NACP140 and NACP/α-synuclein 

were differing from others and SNCA and synuclein, α (non A4 component of amyloid precursor) were 

in same cluster. 

 

Properties SNCA 

Molecular Formula C627H1012N166O216S4 

Molecular Weight (Daltons) 14460.1 

Theoretical PI 4.67 

Aliphatic Index 69.64 

Grand Average of Hydropathicity 

(GRAVY) 
-0.403 

Table 2: Physico-chemical properties of SNCA 
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5.3 Homology modelling 

Prediction of 3D structure of proteins provides us precise functional information of how 

proteins interact and localize in their stable conformation. Homology or comparative 

modelling is one of the most common structure prediction methods in structural genomics 

and proteomics. Numerous online servers and tools have become available for homology or 

comparative modelling of proteins. The best matching template with PDB ID: 1XQ8 was 

selected for the target protein on the basis of sequence homology using PDB Advance Blast. 

Template is experimentally determined 3D structure of protein that share sequence similarity 

with target sequence. A well-defined alignment is very important for the reliable prediction of 

a 3D structure. The template sequence and the target protein sequence were aligned using 

BLASTP alignment tool. Template showed sequence identity of 100% for α-synuclein 

isoforms. 3D structure of α-synuclein was generated using Swiss Model Server. The Z-score 

is indicative of overall model quality and is used to check whether the input structure is 

within the range of scores typically found for native proteins of similar size. Z score of the 

template and query model was obtained by SWISS MODEL. Z score for α-synuclein was -

0.559 suggesting a good structure (Table 3). 

 

Gene Name Modelled residue range Based on template 
Sequence 

Identity 
QMEAN Z-Score 

SNCA 1-140 1XQ8 100% -0.559 

Table 3: Swiss Model server result showing template structure used in homology modelling, 

Sequence Identity and quality score of the model generated. 

 

5.4 3D structure Visualization and quality assessment  

3D structure of SNCA was generated. Even though there were no steric clashes in the 

structure generated, these were assessed for geometric and energy aspects (Figure-7 a). 

Ramachandran plot was used to check the reliability of predicted 3D structure of SNCA 
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protein. RAMPAGE (http://mordred.bioc.cam.ac.uk/~rapper/rampage.php) checks the stereo 

chemical quality of a protein structure by analyzing residue-by-residue geometry and overall 

structure geometry (Figure-7 b). Ramachandran plot was obtained for SNCA for quality 

assessment. RAMPAGE displayed 92.6% of residues in the most favored regions, 7.2% 

residues in additionally allowed and 0.2% disallowed regions. Errat 

(http://nihserver.mbi.ucla.edu/ERRATv2/) server was used to find the accuracy of the model. 

Result of Errat showed that the structure of SNCA protein was 93.016% accurate. 

5.5 Active site prediction 

 

CastP server was used to predict the ligand binding site. This server calculates the possible 

active sites from the 3D atomic coordinates of the protein. Active site prediction is useful to 

determine potential sites for ligand binding in molecular docking. Residues involved in 

ligand binding site, site volume and protein volume for ten active sites for SNCA were 

predicted. Among the ten binding sites obtained from CastP for SNCA, site 10 was highly 

conserved within the active site of the protein (Figure-7 c). The Predicted site 10 consisted 

783.61 Cubic angstroms site volume out of the 1095.56 Cubic Angstroms of protein volume. 

The residues in site 10 are LYS10, GLU13, GLY14, Val15, ALA17, ALA18, Glu20, LYS21, Gln24, 

Ala28, LYS58, GLU61, GLN62, ASN65, VAL66, ALA69, VAL70, GLY73, VAL74, ALA76, VAL77, 

Gln79, LYS80 and Glu83. 

 

http://mordred.bioc.cam.ac.uk/~rapper/rampage.php
http://nihserver.mbi.ucla.edu/ERRATv2/
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Figure 7: 3D structures, Ramachandran Plot and Active site of generated SNCA model. 

Generated model had no steric clashes and its most conserved active site is located in the 

hydrophobic region of α-synuclein protein.  
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5.6 Physico-chemical Properties of ligands 

Characteristics Genistein Hesperidine 
Epigallocatechin-3-

Gallate 

Molecular weight 270.237 g/mol 610.56056 g/mol 458.37172g/mol 

Molecular Formula C15H10O5 C28H34O15 C22H18O11 

Molecular Structure 

    
  

IUPAC Name 

5,7-dihydroxy-3-(4-

hydroxyphenyl)chromen-

4-one 

(2S)-5-hydroxy-2-(3-hydroxy-4-

methoxyphenyl)-7-

[(2S,3R,4S,5S,6R)-3,4,5-

trihydroxy-6-[[(2R,3R,4R,5R,6S)-

3,4,5-trihydroxy-6-methyloxan-2-

yl]oxymethyl]oxan-2-yl]oxy-2,3-

dihydrochromen-4-one 

[(2R,3R)-5,7-

dihydroxy-2-(3,4,5-

trihydroxyphenyl)-3,4-

dihydro-2H-chromen-

3-yl] 3,4,5-

trihydroxybenzoate 

Rotatable Bond Count 1 7 4 

Topological Polar 

Surface Area 
87A2 234A2 197A2 

Heavy Atom Count 20 43 33 

Complexity 411 940 667 

Covalently Bonded Unit 

Count 
1 1 1 

Table: 4 Characteristics of Anticancerous drugs used for docking study 
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Biomolecules 
Molecular Mass 

(Daltons) 

Lipophilicity 

(xlogP) 

Hydrogen 

Bond Donors 

Hydrogen Bond 

Acceptors 

Molar 

Refractivity 

Genistein 268 1.23237 0 5 59.309498 

Hesperidine 660 8.671936 7 15 193.869644 

Epigallocatechin-3-Gallate 468 3.537589 0 11 108.926483 

 

Table 5: Differentiation of drugs on the basis of Lipinski Rule of five by Lipinski Filter 

 

This initial screening of the ligand molecules was done on the basis of Lipinski’s rule of 

five. Lipinski filter analysis revealed that Genistein had more drug likeness which was 

followed by Epigallocatechin-3-Gallate and Hesperidine possessed least drug likeness 

(Table 5). 

 

5.7 Docking calculation of compounds with SNCA 

 

SNCA interaction with Genistein 

Free energy of binding with Genistein was -4.28 kcal/mol and Est. Inhibition Constant, Ki 

was found to be 733.64 µM (Figure-8 a). Intermolecular Energy was found to be -5.47 

kcal/mol. VdW + Hbond + desolv Energy and Electrostatic Energy was -5.32 kcal/mol and 
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-0.15 kcal/mol. Total Internal Energy and Torsional Free Energy was found to be 

16.68kcal/mol and 1.19 kcal/mol.  

 

SNCA interaction with Hesperidine 

Free energy of binding with Hesperidine was -3.04 kcal/mol and Est. Inhibition Constant, 

Ki was found to be 5.88 mM (Figure-8 b). Intermolecular Energy was found to be -7.52 

kcal/mol. VdW + Hbond + desolv Energy and Electrostatic Energy was -7.34 kcal/mol and 

-0.18 kcal/mol. Total Internal Energy and Torsional Free Energy was found to be 27.93 

kcal/mol and 4.47 kcal/mol.  

 

SNCA interaction with Epigallocatechin-3-Gallate 

Free energy of binding with Epigallocatechin-3-Gallate was -3.04 kcal/mol and Est. 

Inhibition Constant, Ki was found to be 5.88 mM (Figure-8 c). Intermolecular Energy was 

found to be -7.52 kcal/mol. VdW + Hbond + desolv Energy and Electrostatic Energy was -

7.34 kcal/mol and -0.18 kcal/mol. Total Internal Energy and Torsional Free Energy was 

found to be 27.93 kcal/mol and 4.47 kcal/mol.  

 

Compound 

Name 

Est. Free 

Energy of 

Binding 

Est. 

Binding 

Constant 

Est. 

Intermolecular 

Energy 

vdW+Hbond+desolv 

Energy 

Electrostatic 

Energy 

Est. 

Internal 

Energy 

Torsional 

Free 

Energy 

Genistein 
 -4.28 

(kcal/mol) 

733.64 

µM 

 -5.47 

(kcal/mol) 
 -5.32 (kcal/mol) 

 -0.15 

(kcal/mol) 

 +16.68 

(kcal/mol) 

 +1.19 

(kcal/mol) 

Hesperidine 
 -3.04 

(kcal/mol) 
5.88 mM 

 -7.52 

(kcal/mol) 
 -7.34 (kcal/mol) 

 -0.18 

(kcal/mol) 

 +27.93 

(kcal/mol) 

 +4.47 

(kcal/mol) 

Epigallocatechin-

3-Gallate 

 -2.78 

(kcal/mol) 
9.16 mM 

 -6.36 

(kcal/mol) 
 -5.60 (kcal/mol) 

 -0.76 

(kcal/mol) 

 -5.89 

(kcal/mol) 

 +3.58 

(kcal/mol) 

Table 6: Docking calculation of compounds with SNCA 
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Figure 8: Docking study of SNCA with selected anti-cancerous drugs. Docking study shows 

that Genistein and Epigallocatechin-3-gallate binds to the hydrophobic region while Hesperidine 

does not bind to this region.  
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5.8 Binding site of SNCA with selected compounds along with its reported Inhibitory 

active site 

Binding site residues of SNCA interacting with Genistein, Hesperidine and 

Epigallocatechin-3-Gallate was found to be the same as the residues involved in binding 

with earlier used inhibitor. Interacting residues of SNCA with its inhibitor were LYS10, 

GLU13, GLY14, VAL15, ALA17, ALA18, GLU20, LYS21, GLN24, ALA28, LYS58, GLU61, 

GLN62, ASN65, VAL66, ALA69, VAL70, GLY73, VAL74, ALA76, VAL77, GLN79, LYS80 and 

GLU83 (Table 7). Analysis of ligand and protein interaction revealed that Genistein forms 

H bonding pattern with GLU61 residue and Hydrophobic bonding pattern with LYS58, 

GLU61, GLN62, ASN65 and VAL66 residues (Figure-9 a & d) of SNCA protein. 

Hesperidine forms H bonding pattern with ALA17, GLU20 and LYS21 residues and 

Hydrophobic bonding pattern with GLY14, VAL15, ALA17, GLU20, LYS21, GLN24 and 

ALA28 residues (Figure-9 b & e) of SNCA protein. Epigallocatechin-3-Gallate forms H 

bonding pattern with GLU83 residue and Hydrophobic bonding pattern with ALA76, 

VAL77, GLN79, LYS80 and GLU83 residues (Figure-9 c & f) of SNCA protein. 

 

Compound Interacting residues 

Reported Inhibitory Active Site 

LYS10, GLU13, GLY14, VAL15, ALA17, ALA18, GLU20, LYS21, GLN24, 

ALA28, LYS58, GLU61, GLN62, ASN65, VAL66, ALA69, VAL70, GLY73, 

VAL74, ALA76, VAL77, GLN79, LYS80, GLU83.  

Genistein LYS58, GLU61, GLN62, ASN65, VAL66  

Hesperidine GLY14, VAL15, ALA17, GLU20, LYS21, GLN24, ALA28 

Epigallocatechin-3-Gallate ALA76, VAL77, GLN79, LYS80, GLU83 

Table 7: SNCA reported inhibitory site and selected compounds interacting residues 
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Figure 9: Binding site of SNCA with selected compounds along with its reported inhibitory 

active site. 3D and 2D pattern of protein-ligand interaction shows the interacting residues of 

SNCA ligand binding. 
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Recent therapeutics advancement in α-synucleinopathies reveal the promising role of anti-

cancerous drugs as potent neuroprotective agents for the treatment of Lewy body diseases. 

Here in Insilico investigation, we have successfully hunted 5 unique hits based on functional 

domain sequence using BLAST (Table 1) (Altschul et al., 1990) and optimized the full 

length genes of SNCA on the basis of families identified from Interproscan results. These 

isoforms belong to Synuclein family (IPR001058) and α-synuclein family (IPR002460) and 

catalyze functions based on its interaction with tubulin and have potential microtubule 

associated protein, tau like activity (Figure-5) (Kawakami and Ichikawa, 2015). Phylogenetic 

study using ClustalW2 revealed that α-synuclein isoform NACP140 and NACP/α-synuclein 

were differing from others and SNCA and synuclein, α (non A4 component of amyloid 

precursor) were in same cluster as share more homology (Figure-6) (Thompson et al., 2002). 

ProtParam results showed that isoelectric point was 4.67 which indicate that protein was 

negatively charged. The GRAVY index of -0.403 indicates that SNCA protein is hydrophilic 

and soluble (Table 2). Template showed 100% sequence identity for SNCA. 3D structure of 

SNCA was generated by using Swiss Model Server (Arnold et al., 2006) and visualized using 

UCSF chimera (Figure-7 a) (Yang et al., 2012). Z score for SNCA was 0.559 suggesting that 

input structure is within the range of scores typically found for native proteins of similar size 

(Table 3) (Schwede et al., 2003). RAMPAGE displayed 92.6% of residues in the most 

favored regions, 7.2% residues in additionally allowed and 0.2% disallowed regions, showing 

that stereo chemical quality of protein structure is good (Figure-7 b). Result of Errat showed 

that the structure of SNCA protein was 93.016% accurate. Among the ten binding sites 

obtained from CastP Server for SNCA, site 10 was highly conserved within all the binding 

sites of SNCA protein (Figure-7 c) (Dundas et al., 2006). Active site prediction is useful to 

determine potential sites for ligand binding in molecular docking. Three compounds 
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(Genistein, Hesperidine and Epigallocatechin-3-Gallate) which are extracted from different 

plants were selected for molecular docking study at In-silico level.  

Lipinski Filter Analysis of all the compounds revealed that Genistein had more drug likeness 

which was followed by Epigallocatechin-3-Gallate and Hesperidine possessed least drug 

likeness respectively (Table 5) (Lipinski, 2004). Docking study revealed that all the three 

compounds are interacting at the reported active binding site (Pradeepkiran et al., 2015). 

Inhibition Constant, Ki of Genistein, Hesperidine and Epigallocatechin-3-Gallate for SNCA 

was found to be 733.64 µM, 5.88 mM and 9.16 mM respectively, suggesting that all the 

selected compounds are effective as SNCA (Table 6). Investigation of binding sites along 

with the reported active binding site within SNCA protein gives a better idea for a valuable 

drug target site and drug interaction with highest affinity. In this result, the most effective 

compound was found to be Genistein as showing minimum Inhibition Constant, Ki and 

lowest free energy of binding with maximum interacting surface area (Park et al., 2006). 

Furthermore, Genistein binds to the hydrophobic region present in the active site of SNCA 

protein, Epigallocatechin-3-gallate also binds to the hydrophobic region of active site but with 

lesser efficiency but Hesperidine does not bind to the hydrophobic region in the active site of 

SNCA protein (Figure-8 & 9) and hence it may not have a role in the inhibition of aggregated 

form of α-synuclein in dementia with Lewy bodies (DLB) and Alzheimer’s disease. 

Hesperidine can play its role in some other signaling mechanism at the molecular level of 

neurodegenerative disorders. 
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6. CONCLUSION 

In conclusion, in silico studies revealed that anti-cancerous drugs might have a role in the 

inhibition of α-synuclein in dominantly inherited. Neuronal damage is caused due to 

oxidative stress that results from the imbalance between antioxidants and reactive oxygen 

species. The human diseases such as aging, arthritis, shock, ischemic injury, and 

neurodegenerative diseases (Parkinson's and Alzheimer's disease) all are influenced by this 

phenomenon. Furthermore, anti-cancerous drugs such as Genistein, Hesperidine and 

Epigallocatechin-3-Gallate might provide protection against these diseases such as LBD. 

However, the role of anti-cancerous drugs Genistein with α-syn provides a novel 

therapeutic approach among all three drugs on the basis of docking studies. We conclude 

that anti-cancerous drug Genistein plays a crucial role in the therapeutics of α-

synucleinopathies and other related neurological disorders.  
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7. FUTURE PERSPECTIVES 

The results can be validated through laboratory trials and clinical trials of the drugs as one of 

future perspective options. One can also find the aberrant unknown side effects associated 

with these drugs that could arise upon combination with other potentiating drug molecules. 

Moreover, differential expression of α-synuclein can be analyzed that would be knocked 

down or perturbed due to ingestion of these drug combination or changes brought in any 

signaling pathway leading to faulty mechanisms inside body. Further, their association 

studies could be done in order to explore the metabolic pathways that might get affected with 

the implication of these drugs. Furthermore, mutational analysis could be done to find the 

potential threat to the crucial proteins upon drug treatment. Drug processing and development 

should to be addressed so as to minimize the drug diffusion in order to deliver it at the target 

site. Finally, linking all the results through various cross-checks and thus proclaiming about 

finding a new possibility to treat α-synucleinopathies or Lewy body diseases can be made. 
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