
How does alpha-synuclein self assemble? 
 

Sai Vineela Bontha 
 
Alpha-synuclein is a protein found in the human brain. Though the physiological role of this 
protein has not yet been established, it has been clinically associated with Parkinson's disease 
and related disease. Alpha-synuclein consists of 140 amino acids and alterations in three of 
the amino acids in this protein so far have been linked to inherited cases of Parkinson's 
disease. This disease is characterised by movement disorders that are manifested clinically as 
muscle rigidity, tremors and problems associated with movement. The disorder is a result of 
death of nerve cells in the midbrain that produce a chemical called dopamine. The nerve cells 
in these patients have been found to have protein aggregates rich in self-assembled forms of 
alpha-synuclein. How this protein aggregates and ends up in Lewy bodies is a mystery that 
remains to be unveiled. 

Many hypotheses have been put forward to explain the triggering factors for protein 
aggregation. Oxidative stress is one such factor that seems to be very relevant. The brain is a 
part of the body that has a high oxygen demand and yet relatively low anti-oxidant defence, 
and hence the brain is sensitive to oxidative stress. Oxidative stress results in events where 
reactive oxygen species react with lipids in the cell and form of protein-reactive compounds 
like 4-hydroxy-2-nonenal (HNE). HNE is a breakdown product of polyunsaturated fatty acids 
in the cell membrane. Studies have shown that in Parkinson's disease the number of HNE-
modified proteins is increased in the brain. Also, studies have shown that HNE could modify 
alpha-synuclein giving it the ability to self-assemble in test tube. In the present study I tried 
to see if alpha-synuclein was subjected to modification by HNE inside living cells. For this 
purpose I used alpha-synuclein overexpressing neuroblastoma cells (emanating from nerve 
cell tumours) and converted them into nerve cells by chemical treatment. I subjected these 
cells to oxidative stress, in order to mimic the disease conditions. I pulled down all the HNE-
modified proteins in the cell using antibodies against HNE, and then tried to see if alpha-
synuclein was among the modified proteins. Though I could see some positive results, there 
was still some ambiguity with regard to the specificity of the HNE antibodies used in the 
study. 

Apart from aggregated forms of alpha-synuclein, Lewy bodies have been found to 
contain over 100 different proteins. One of these is a protein called gelsolin. This particular 
protein was of interest because it was recently studied in relation to Alzheimer's disease. It 
has been postulated that gelsolin could be of therapeutic importance in Alzheimer's disease, 
since it associated with amyloid beta fibrils and broke them down. A mouse that produced 
increased amounts of gelsolin had a decreased amyloid beta burden, and vice versa. I thus 
studied the co-localization of gelsolin with alpha-synuclein in protein bodies that I generated 
in the alpha-synuclein overexpressing cells. It was observed that there was co-localization in 
a subset of the inclusions. I further tried to establish what relation gelsolin had with regard to 
aggregation of alpha-synuclein in vitro. I observed that gelsolin promoted alpha-synuclein 
aggregation in presence of high calcium concentrations. This however needs further probing. 

So if I could establish if either HNE or gelsolin contribute to aggregation of alpha-
synuclein then this information could be valuable and could be used to understand how the 
Lewy bodies form and give new ideas as how this deleterious process could be inhibited.    
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