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ABSTRACT 

Synucleinopathies are the neurodegenerative disorders which are mainly characterized by the 

presence of aggregated and misfolded α-synuclein protein inclusions. Currently, treatment of 

various synucleinopathies like Parkinson’s disease (PD) and Dementia is focused on symptom 

treatment and management, no clinical therapy is available to prevent of treat aggregation of 

alpha synuclein. In this review, we will discuss various proteolytic methods and their significant 

roles in clearance of alpha synuclein aggregates. Further, this review will emphasize how defects 

in various protein quality control systems like autophagy lead to accumulation of α-synuclein 

protein, further causing neurotoxicity. Finally, this review discusses about the future aspects of 

using various agents like TORC1 inhibitors that increase the autophagy flux as drug therapy for 

synucleinopathies. 
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1. INTRODUCTION 

Aggregates of α-synuclein are the main pathological components of synucleinopathies 

like PD and Dementia. Alpha synuclein protein level is balanced by equilibrium between 

synthesis, clearance and secretion of the protein [1]. When protein quality systems like 

UPS and autophagy are impaired, it results in aggregation of that protein species which 

further worsen the degradation process, inhibiting their own degradation and of other 

substrates, causing neurotoxicity. Genetic and environmental factors may also predispose 

to aggregation of α-synuclein. Autophagy level should be regulated otherwise 
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overstimulation or inhibition of this process can be detrimental for neurons. Activation of 

autophagy for prolonged time lead to degradation of cell organelles that further causes 

apoptosis [2-5]. This review emphasize on how activation of autophagy increase the 

clearance of α-synuclein aggregates and other misfolded forms of the protein. 

2. Proteolysis of α-synuclein by various methods 

Autophagy-Lysosomal pathway (ALP) is one of the main proteolytic processes 

responsible for the clearance of α-synuclein and many long lived, misfolded proteins. All 

types of autophagies including Chaperone mediated autophagy (CMA) and 

macroautophagy involves the transport of intracellular contents into lysososmes and their 

further lyses into small basic components that can be reutilized. Lysosomes receive 

extracellular or other substrates via endocytosis [6]. Macroautophagy and Chaperone 

mediated autophagy are the proteolytic methods mainly linked with the clearance of α-

synuclein. 

 

 Macroautophagy and α-synuclein 

Macroautophagy involves the formation of a double membrane structures, mainly 

composed of lipids and are called as autophagosomes. The main function of these 

structures is to sequester large misfolded proteins and organelles and to degrade 

these by its fusion with lysosome. The structure so formed after fusion is known 

as autolysosome. 

 

Many molecules can affect macroautophagic process. One of these molecules is 

energy sensing complex called mammalian target of rapamycin complex 1 

(mTORC1), which negatively regulates macroautophagy through 

phosphorylation, thereby inhibiting ULK1 complex [7]. 

 

Link of macroautophagy with alpha synuclein clearance was further elaborated 

with these findings. mTORC1 inhibitor rapamycin was found responsible for the 

clearance of overexpressed protein α-synuclein of both Wild type ( WT α-

synuclein) and mutant type ( A53T mutant type α-synuclein) [8]. 
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 Chaperone mediated autophagy (CMA) and α-synuclein 

Chaperone mediated autrophagy is a specific type of autophagic proteolytic 

process in which there is no vesicle formation like other types. It involves the 

degradation of substrate proteins that carry a motif sequence (KFERQ motif) 

which can be recognized by the chaperone proteins like Hsc 70 chaperone. About 

30 percent of the proteins present in cytoplasm have this targeting motif, other 

proteins get this motif with post translational modifications [9, 10]. After 

recognition, these substrate proteins are delivered one by one to lysosomal 

membrane for their interaction with LAMP2a receptors, which is responsible for 

translocation of the substrate protein [11, 12]. 

According to a study, α-synuclein contains the KFERQ motif in its wild form 

(WT α-synuclein), which makes WT α-synuclein a substrate for the chaperone 

mediated autophagy. Whereas mutant forms of α-synuclein like A30P and A53T 

were only able to attach strongly with LAMP2a receptor of lysosome, but were 

not degraded by chaperone mediated autophagy [13]. 

In other study, it was verified that CMA is the major proteolytic process for WT 

α-synuclein in neuronal lines [14]. In case of mutant α-synuclein there is 

formation of high molecular weight oligomers of α-synuclein which are insoluble 

in detergents. These high molecular weight oligomers are marked as the main 

cause of synucleinopathies. 

 

 Glucocerebrosidase and α-synuclein 

Glucocerebrosidase (Gcase) is a lysosomal enzyme that is encoded by the gene 

GBA1. 

Mutations in this GBA1 gene causes a disease named Gaucher Disease (GD), 

which is a disorder related to lysosomal storage. Findings have shown a direct 

link between α-synuclein and Gcase. Mutations in GBA1 gene increase the risk of 

various synucleinopathies by promoting aggregation of α-synuclein [15]. 
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 Defects in autophagy and Parkinson’s disease (PD) 

Autophagic defects are mainly responsible for neurodegenerative disorders. In 

present studies, it is marked that there is accumulation of non degraded forms of 

autophagic vacuoles in the cytosol of neurons in case of neurodegenerative 

disorder [16, 17, 18]. This suggests that clearance by lysosomes is reduced in 

neurodegenerative disorders. 

 

Examination of brain tissues using TEM (Transmission Electron Microscopy) 

showed no accumulation in the healthy subjects but autophagic vacuoles were 

found to be accumulated in the PD patients and other synucleinopathies subjects, 

mainly in the caudate and midbrain region [19]. 

 

 Conclusion and future aspects 

Currently, there is no such clinical therapy for PD that can modify the diseased 

condition, this gap in the therapy need to be filled. Clearance of α-synuclein 

aggregates which are the main markers of synucleinopathies by increasing the 

flux of autophagy is a good target for the therapy of PD. ALP, macroautophagy, 

Glucocerebrosidase enzyme plays a crucial role in clearance of α-synuclein 

aggregates and decreasing the neurotoxicity. ALP can be major focus for research 

in future. Many molecules like mTORC1 inhibitors that increase the flux of 

autophagy can be promising therapeutic agents for curing PD. 

 

 References 

1. Vekrellis K, Xilouri M, Emmanouilidou E, Rideout HJ, Stefanis L. Pathological roles of 

alpha-synuclein in neurological disorders. Lancet Neurol 2011;10:1015-1025. 

2. Lonskaya I, Hebron ML, Desforges NM, et al. Tyrosine kinase inhibition increases 

functional parkin-Beclin-1 interaction and enhances amyloid clearance and cognitive 

performance. EMBO Mol Med. 2013;5(8):1247–62.  

3. Hebron ML, Lonskaya I, Moussa CE. Nilotinib reverses loss of dopamine neurons and 

improves motor behavior via autophagic degradation of alpha-synuclein in Parkinson’s 

disease models. Hum Mol Genet. 2013;22(16):3315–28.  

INTERNATIONAL JOURNAL OF INFORMATION AND COMPUTING SCIENCE

Volume 5, Issue 7, July 2018

ISSN NO: 0972-1347

http://ijics.com/269



 

4. Hebron ML, Lonskaya I, Moussa CE. Tyrosine kinase inhibition facilitates autophagic 

SNCA/alphasynuclein clearance. Autophagy. 2013;9(8):1249–50. 

5. Pagan F, Hebron M, Valadez EH, et al. Nilotinib effects in Parkinson’s disease and 

dementia with Lewy bodies. J Parkinsons Dis. 2016;6(3):503–17. 

6. Grant BD, Donaldson JG. Pathways and mechanisms of endocytic recycling. Nat Rev 

Mol Cell Biol 2009;10:597-608. 

7. Kim J, Kundu M, Viollet B, Guan KL. AMPK and mTOR regulate autophagy through 

direct phosphorylation of Ulk1. Nat Cell Biol 2011;13:132-141. 

8. Webb JL, Ravikumar B, Atkins J, Skepper JN, Rubinsztein DC. Alpha-Synuclein is 

degraded by both autophagy and the proteasome. J Biol Chem 2003;278:25009-25013.  

9. Dice JF. Peptide sequences that target cytosolic proteins for lysosomal proteolysis. 

Trends Biochem Sci 1990;15:305-309.  

10. Chiang HL, Dice JF. Peptide sequences that target proteins for enhanced degradation 

during serum withdrawal. J Biol Chem 1988;263:6797-6805.  

11. Agarraberes FA, Dice JF. A molecular chaperone complex at the lysosomal membrane is 

required for protein translocation. J Cell Sci 2001;114(Pt 13):2491-2499.  

12. Cuervo AM, Dice JF. A receptor for the selective uptake and degradation of proteins by 

lysosomes. Science 1996;273:501-503. 

13. Cuervo AM, Stefanis L, Fredenburg R, Lansbury PT, Sulzer D. Impaired degradation of 

mutant alpha-synuclein by chaperonemediated autophagy. Science 2004;305:1292-1295.  

14. Vogiatzi T, Xilouri M, Vekrellis K, Stefanis L. Wild type alphasynuclein is degraded by 

chaperone-mediated autophagy and macroautophagy in neuronal cells. J Biol Chem 

2008;283:23542- 23556.  

15. Neumann J, Bras J, Deas E, et al. Glucocerebrosidase mutations in clinical and 

pathologically proven Parkinson’s disease. Brain 2009;132(Pt 7):1783-1794. 

16. Kegel KB, Kim M, Sapp E, et al. Huntingtin expression stimulates endosomal-lysosomal 

activity, endosome tubulation, and autophagy. J Neurosci. 2000;20(19):7268–78.  

17. Nixon RA, Wegiel J, Kumar A, et al. Extensive involvement of autophagy in Alzheimer 

disease: an immuno-electron microscopy study. J Neuropathol Exp Neurol. 

2005;64(2):113–22. 

18. Yang Y, Fukui K, Koike T, et al. Induction of autophagy in neurite degeneration of 

mouse superior cervical ganglion neurons. Eur J Neurosci. 2007;26(10):2979–88. 

INTERNATIONAL JOURNAL OF INFORMATION AND COMPUTING SCIENCE

Volume 5, Issue 7, July 2018

ISSN NO: 0972-1347

http://ijics.com/270



 

19. Lonskaya I, Hebron ML, Algarzae NK, et al. Decreased parkin solubility is associated 

with impairment of autophagy in the nigrostriatum of sporadic Parkinson’s disease. 

Neuroscience. 2013;232:90–105. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

             

 

 

 

 

 

 

 

 

 

 

  

INTERNATIONAL JOURNAL OF INFORMATION AND COMPUTING SCIENCE

Volume 5, Issue 7, July 2018

ISSN NO: 0972-1347

http://ijics.com/271


