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ABSTRACT 

Parkinson’s disease (PD) is a prevalent neurodegenerative disorder which is mainly induced due to 

destruction of dopaminergic neurons in the substantia nigra region of midbrain. Pathologically, this 

disorder is marked by the presence of eosinophilic proteinaceous inclusions, known as lewy bodies, which 

are composed of α-synuclein protein. Many missense mutations are responsible for oligomerisation of α-

synuclein. Protein quality control systems like autophagy and UPS can control the aggregation of α-

synuclein by regulating protein metabolism in the cell. This review discusses insights into the structure of 

α-synuclein, various protein quality control systems. This review further highlight the role of Target of 

Rapamycin (a kinase protein) in regulating autophagy and how cellular roles of TOR (Target of 

Rapamycin) and TOR inhibitors can influence the aggregation of α-synuclein. 

 

1. INTRODUCTION 

PARKINSON’S DISEASE  

Parkinson’s disease (PD) is a common progressive neurodegenerative disorder that can be caused 

due to multiple factors like environmental factors (sporadic PD) and genetic factors (familial PD). 

Various gene mutations like missense mutation in the SNCA gene which encodes for α-synuclein 

lead to genetic origin of Parkinson’s disease [1]. α-synuclein induce oxidative stress in the 

neurons causing damage to the dopaminergic neurons in the substantia nigra region of midbrain 

[2]. Histopathology of Parkinson’s disease marked the presence of round shaped aggregates of 

about 90 molecules mainly consisting fibrillar form of alpha synuclein protein, these inclusions 

are known as Lewy bodies (LBs), which were considered as indicators of neuronal degeneration. 

However, recent studies indicated that non-fibrillar form of α-synuclein can be more toxic to the 

cell and fibrillar form like Lewy bodies can be cytoprotective [3]. 
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2. α-SYNUCLEIN 

It is a protein present presynaptically in the neurons and works with other proteins like SNARE 

proteins to release neurotransmitters [4]. α-synuclein is a protein of 140 amino acids, mainly 

found in brain cells and other cells like RBC’s and it is physiologically  found to interact with 

membranes. α-synuclein belongs to synucleins family with other members as beta and gamma 

synuclein. α-synuclein shows 90% homology with beta type. All diseases like dementia and 

Parkinson’s disease whose pathology have marked the presence of α-synuclein are named as 

synucleinopathies [5]. The gene encoding α-synuclein is SNCA gene or PARK1 gene. SNCA gene 

mutations and gene duplication and triplication cause the oligomerization of the α-synuclein 

protein [6].  

The primary structure of α-synuclein includes three main domains [7]: 

1. Residues 1-60:  N-terminal region containing four repeats of 11 residues including 

consensus sequence KTKEGV. Alpha helical structure of this sequence is responsible for 

attachment of alpha synuclein with membrane. This domain is amphipathic in nature [7]. 

2. Residues 61-95: A domain of hydrophobic nature containing NAC region (non-amyloid-

β component) which is most prone to aggregation and is responsible for oligomerization 

of alpha synuclein [7]. 

3. Residues 96-140: C-terminal domain which is rich of proline residues shows various 

protein-protein interactions. This domain is of acidic nature with no distinct structure [7]. 

 

 

3. Aggregation of α-synuclein 

 The presence of central hydrophobic domain is mainly responsible for the aggregation of 

the protein. Any deletion or disruption in the domains interferes with the capacity of 

protein to form aggregates [8].  

 Many missense mutations like A53T and A30P are responsible for structural changes and 

oligomerisation [8].  

 Deregulation of alternate splicing phenomenon is also one of the factors responsible for 

fibrillation of alpha synuclein [8]. 

 Many diverse posttranslational modifications like phosphorylation, ubiquitination, 

nitration, and truncation of alpha synuclein protein also carry potential to generate Lewy 

body diseases [8]. 
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4. Protein Quality control system 

Ubiquitin proteasome system (UPS) and autophagy are the two systems which are mainly 

responsible for the protein metabolism of the cell. To prevent aggregation of a protein like alpha 

synuclein, equilibrium between synthesis, release and degradation should be regulated by the cell 

system [9]. 

 Autophagy 

 It is known as “self digestion” which is lysosome associated and is mainly responsible 

for the proteolysis of long lived proteins. It is of three types: 

1. Microautophagy: Autophagy which carries proteolysis of components of cytosol to 

recover starvation conditions [9]. 

2. Macroautophagy: autophagic process in which there is formation of cup shaped 

structures called as “phagophores”, which after engulfment of organelles generates 

structures called “autophagic vacuoles”, finally fusing with the lysosomes for 

proteolysis [9]. 

3. Chaperone Mediated Autophagy: This is associated with the use of chaperone 

proteins to lysosomes for proteolysis. In this, selective proteins with KFERQ-like 

motif are sending into the lysosomes after binding to a receptor of lysosome called 

LAMP-2a [10]. 

Both macroautophagy and chaperone mediated autophagy can perform lysis of alpha 

synuclein. Lysis of wild type alpha synuclein is done by Chaperone Mediated Autophagy 

and that of mutant and oligomeric forms is mainly done by macroautophagy process [10]. 

 Ubiquitin proteasome system (UPS)  

UPS is responsible for the lysis of short lived proteins. In the first step, protein to be 

lysed attached covalently through their lysine residues with a protein called “Ubiquitin” 

which is composed of 76 conserved residues [11] . This step is known as Ubiquitylation 

which is catalyzed by E1-E2-E3 enzyme cascade, adding four ubiquitin molecules that 

form a polyubiquitin chain. In the second step, this polyubiquitin chain enters the 26S 

proteasome complex that degrades the target proteins into oligopeptides. It is proposed 

that alpha synuclein can be degraded with both ubiquitin dependent and ubiquitin 

independent mechanisms [11]. 
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5. Target of Rapamycin (TOR) 

Target of Rapamycin is a protein of 2459 residues, including a C-terminal which is homologous 

to the phosphotidylinositol 3-kinase (PI3K), due to this TOR proteins are named as 

phosphotidylinositol 3-kinase related kinase proteins (PIKK’s) [12].  TOR proteins mainly 

perform phosphorylation of threonine and serine residues. TOR proteins have a crucial role in 

regulating autophagy and also in regulating various other physiological processes like translation, 

transcription, cell size, vesicular trafficking, ribososmal biogenesis etc [13] 

There are two multiprotein complexes of TOR proteins: TORC1 and TORC2. Both these  

forms differ in having raptor protein and rictor protein, due to these proteins TORC1 is rapamycin 

sensitive and TORC2 is rapamycin insensitive [12] 

Rapamycin is an analogue of a macrolide antibiotic which acts on TOR and affects many 

functions of TORC1, mainly autophagy [14] 

 

6. Role of TOR in regulation of autophagy 

 TOR is responsible for negative regulation of autophagy, by negatively controlling a 

kinase gene ATG1, which is important for autophagy [15].  

 The effect of TOR is nutrient based, during nutrient rich conditions, TOR increases 

phosphorylation of ATG13p protein which interferes with its association with other 

protein ATG1p, therefore negatively regulating autophagy [16]. 

 During nutrient deficient conditions or with the treatment with TORC1 inhibitors like 

rapamycin, ATG13p protein can easily bind with ATG1p, initiating autophagy [17] 

 Autophagy can be induced with use of TORC1 inhibitors (Rapamycin and its analogs) as 

TORC1 inhibition initiate the formation of phagophore converting to autophagosome 

which fuse with lysosome to lyse misfolded proteins [17] 

 

7. Conclusion and future aspects 

From this review, we can conclude that TOR has significant role in negatively regulating 

autophagy. Therefore TORC1 inhibitors like rapamycin and its various analogs can be 

incorporated as drug therapy for Parkinson’s disease as these inhibitors can initiate autophagy 

which is responsible for clearance of alpha synuclein aggregates. 
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