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 ARTICLE INFO    ABSTRACT 
 

 

α-synucleinParkinson’s disease is a neurodegenerative disorder and its root cause is the aggregation of 
the protein α-synuclein, which leads to neural cell death. There exists no technique through which the 
aggregation process can be reversed. A large no. of epidemiological studies has shown increased risk of 
Parkinson’s in populations exposed to pesticides. I wish to investigate the role of arginine as an 
inhibitor in pesticide induced α-synuclein aggregation and develop this innovative therapy to combat 
Parkinson’s disease. Arginine, a natural, readily available amino acid has been reported as an 
aggregation suppressor and protein structure stabilizer. This non-toxic compound has been used to 
inhibit the progression of Parkinson’s disease. α-synuclein was expressed in E.coli cells and then 
purified. Gel electrophoresis was performed to confirm expression and purification of α-synuclein 
followed by the western blot analysis to detect and separate native protein. This was followed by 
incubation and aggregation of α-synuclein in the presence of rotenone (representative pesticide), 
arginine and rotenone+ arginine. Thioflavin T spectrofluorimetry was used to analyse the solutions. I 
discovered that arginine was able to arrest aggregation of α-synuclein in all stages. I plan to extend this 
study to monitor the effect of arginine addition at delayed time points of aggregation in a cell based 
system. This can be a promising therapeutic strategy to slow down aggregation of α-synuclein in this 
progressively neurodegenerative disorder. It is innovative, economically viable and easily available. It 
is a safer, preventive and prophylactic therapy and thus can be quite effective. 
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INTRODUCTION 
 

Parkinson’s Disease is a neurodegenerative disorder and its 
root cause is the aggregation of the protein α-synuclein, which 
is a very important protein for neuro transmission. The 
aggregation of this protein leads to neural cell death. There 
exists no technique through which the aggregation process can 
be reversed. It has been reported that pesticides accelerate the 
process of aggregation. α-synuclein is an intrinsically 
disordered protein which means that its structure is not known. 
And arginine is an amino acid that has been reported as an 
aggregation suppresor and protein structure stabilizer. There 
also exist other molecules that are known to slow down the 
process of aggregation of various proteins but I decided to use 
arginine because it is a natural and non-toxic compound for the 
human body and found in some quantities in the human body 
itself. The aim of my study was to develop an inhibitor for this 
process of pesticide-induced aggregation. 
 

MATERIALS AND METHODS 
 

Expression of α-synuclein protein in E. coli BL21 cells: E. 
coli BL21 cells (containing pRSETB-α-synucleingene, gifted 
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by Prof. R. Cappai, University of Melbourne, Australia) were 
grown at 37°C, 200 rpm in LB media containing ampicillin 
(0.6% w/v) till OD600 of 0.6. Expression of the protein was 
induced with 1 mM isopropyl-1-thio-β-D-galactopyranoside 
(IPTG) and the cells were further incubated for 3.5 h at 37°C, 
200 rpm. After the completion of the induction period, the 
cells were centrifuged at 7000 g for 30 min at 4°C. The 
resulting pellets were stored overnight at -80°C.  
 
These were then thawn on ice for 30 min and resuspended in 
lysis buffer (10 mM sodium phosphate monobasic, 40 mM 
sodium phosphate dibasic, 1 mM EDTA, pH 7.4) containing 
0.5 mg/ml lysozyme and 1 mMphenylmethanesulphonyl 
fluoride (PMSF). After incubation for 45 min at 4°C, cells 
were sonicated on ice with three 15 s bursts with a time 
interval of 1 min, 40% amplitude and 0.5 cycle/min of 
sonication. The resulting lysed cells were centrifuged at 
12,000 g for 1 h at 4°C. Supernatant now called as cell lysate 
(lysate 1) was heated at 95°C for 30 min. The heat treated 
lysate was cooled to room temperature and centrifuged at 
15,000 g for 1 h. The supernatant obtained was called as heat 
treated lysate (lysate 2). Lysate 2 was treated with 1 N HCl to 
reduce the pH to 3.5, since α-synuclein is stable at low pH 
whereas other proteins precipitate out. After acid induced 
precipitation, the lysate was centrifuged at 15,000 g for 1 h. 
This heat and acid treated lysate (lysate 3) was used for anion 
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exchange chromatography for further purification of the 
protein. 
 
Purification of α-synuclein 

 
The cleared supernatant of the lysate was incubated overnight 
at 4°C with 10 ml DEAE- Sepharose matrix Cappai et al. 
(2005) FASEB J 19, 1377] that has been washed and 
equilibrated with 20 mMTrisHCl buffer, pH 7.8. The 
suspension was shaken at 12 rpm on a rotary mixer. The 
matrix bound lysate was poured into a column and the flow 
through was collected. The matrix was washed with 20 
mMTrisHCl buffer, pH 7.8 (3 times, 10 ml each) for removing 
the loosely bound protein. The bound α-synuclein protein was 
eluted with 10 ml of elution buffer (20 mMTrisHCl, pH 7.8 
containing 0.5 M NaCl) for 3 h at 4°C with rotation at 12 rpm 
and the eluates were collected. The concentration of the 
protein in the various fractions like the flow through, washings 
and eluates was determined by the bicinchoninic acid assay, 
using bovine serum albumin (BSA) as a standard protein. 
 
Gel electrophoresis 

 
15% SDS-PAGE (sodium dodecyl sulphate polyacrylamide 
gel electrophoresis) was performed to confirm the expression 
and purification of α-synuclein protein. The protein samples 
including the lysate, and eluates were denatured by heating 
with sample buffer containing β-mercaptoethanol and SDS and 
loaded onto the gel [Laemmli et al. (1970) Nature 227, 680]. 
The samples were run along with a standard protein marker 
(lysozyme 14 kDa) at constant current (25 mA) in miniVE 
electrophoresis unit. The resolved protein bands were detected 
by Coomassie staining. 
 
Western blot analysis 

 
Western blotting was performed using the purified α-synuclein 
samples. The proteins were loaded on 15% SDS-PAGE gel. 
After completion of the run, the protein on the SDS-PAGE gel 
was transferred electrophoretically to nitrocellulose (NC) 
membrane (0.45 μm) with transfer buffer [25 mMTris, 20 mM 
glycine, and 10% (v/v) methanol, pH 8.3]. The transfer was 
carried out for 55 min, at 500 mA on a semi dry blotting 
assembly. The membrane was washed first with TBST (Tris-
buffered saline and 1% v/v Tween 20, pH 7.6) and then TBS. 
In order to block non specific binding, the membrane was kept 
overnight in blocking solution (10% skimmed milk powder in 
TBS). After washing off the blocking solution with TBS, the 
membrane was incubated with mouse anti-α-synuclein 
monoclonal antibody (1:5000 dilution) for 6 h. After washing, 
the membrane was transferred to a solution of anti-mouse 
horseradish peroxidase (HRP) (1:5000 dilution)-conjugated 
monoclonal antibody for 1.5 h. Finally, the blot was washed 
and developed by adding 1% (v/v) of tetramethylbenzidine/ 
hydrogen peroxide (TMB/H2O2), which is a substrate of 
horseradish peroxidase.  
 
Dialysis and concentration of protein 

 
Eluate fractions were pooled and transferred into dialysis 
tubing. Dialysis of the eluted protein against water was 
performed in order to remove the NaCl completely. Dialysis 

was carried out for 4 cycles, each of 1 h. An ultrafiltration spin 
column, followed by lyophilization, concentrated the protein. 
 
Aggregation of α-synuclein 

 
Lyophilized protein was dissolved in 20 mMTrisHCl buffer, 
pH 7.8, and subjected to ultra centrifugation (1,00,000 g for 1 
h) to remove any preformed aggregates. Samples were 
incubated at 37°C. At predefined time intervals, aliquots were 
withdrawn and studied by Thioflavin T spectrofluorimetry. a-
Synuclein was also incubated in the presence of 100 mM 
rotenone and 0.5 M arginine and analyzed as described before. 
 
Thioflavin T (ThT) fluorescence measurement 

 
A stock solution of ThT (250 mM) was prepared in 20 
mMTrisHCl buffer, pH 7.8. Final concentrations of 10 μM 
protein and 20 μMThT were used for the assay. Fluorescence 
emission was recorded immediately after addition of the 
aliquots to the ThT solution. Emission intensity was recorded 
at 485 nm with excitation at 440 nm, at slit width of 5 nm and 
10 nm for excitation and emission, respectively for each 
sample. Emission intensity of ThT solution alone was 
subtracted as blank. The aggregation kinetics was followed by 
fitting the data using the formula  
 

y = yi + mxi + [ (yf +mxf) / (1+ e(x-x0) / )] 
 
where yi + mxi is initial line, yf +mxf  is the final line and x0 is 
the midpoint of maximum signal. The apparent rate constant 
(kapp) is 1/t and lag time is calculated to be x0 – 2t. 
 

RESULTS  
 

Expression and purification of α –Synuclein 
 
E. coli BL21 cells already transformed with the pRSETB 
vector containing the gene for -synuclein expression, were 
used in these experiments. Expression of the target protein was 
carried out using IPTG as an inducer. The expression of the 
target protein was monitored by SDS PAGE (Figure 1). The 
expressed protein was isolated from the cells by lysis and 
subjected to purification using DEAE sepharose matrix based 
anion exchange chromatography. The target protein was eluted 
with elution buffer. 
 

 
 

Figure 1. SDS PAGE analysis of purification of -synuclein 
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α-Synuclein is a heat- and acid-stable protein. Hence, an 
additional step of acid treatment was carried out, as reported in 
the literature, which resulted in significant purification of d the 
protein from the crude cell lysate (Figure 1). Only a faint band 
was observed at the expected position of α-synucleinin the 
flow through, indicating that the binding of α-synuclein 
protein was almost complete. The eluate from the anion 
exchanger showed a single band (Figure 1), indicating the 
homogeneity of the purified protein. The concentration of the 
protein in different fractions was determined by bicinchoninic 
acid assay [Smith et al. (1985) Anal Biochem 150, 76] and the 
results are shown in Table 1. 
 

Table 1. Yield of protein at different steps of purificationThe 
table shows the representative amount of protein recovered from 

1 L culture 
 

Fraction Protein yield, mg 

Lysate 1 156.8 
Lysate 2 59.0 

Flow through 7.2 
Wash (pooled) 4.9 
Eluate (pooled) 74.4 
After dialysis 64.0 

 
The total amount of target protein obtained was 64 mg from a 
1 L culture in the above representative run. Western blotting 
with anti α-synuclein monoclonal (primary) antibody was 
performed to confirm the presence of α-synuclein. The band 
corresponding to the expected position of α-synuclein in case 
of the uninduced sample did not stain with anti α-synuclein 
monoclonal antibody. As can be seen (Figure 2), a single band, 
stained with anti α-synucleinmonoclonal antibody, was 
observed in the induced sample and after purification, 
confirming the identity of the protein.  
 
 
 
 
 
 

 
Figure 2. Western blot of human -synuclein purified from                  

E. coli 

 
This eluted protein was used further for aggregation studies. 
 
Aggregation of α-synuclein 
 
Human α-synuclein, purified as above, was incubated at 37°C. 
Aliquots were withdrawn at different time intervals and 
analyzed for aggregate formation by Thioflavin T 
spectrofluorimetry. Thioflavin T is a cationic benzothiazole 
dye that has been used to identify amyloid aggregates since it 
was first demonstrated to increase in fluorescence upon 
binding to amyloid fibrils.  
 
Upon binding with cross -sheet structures in amyloids, 
Thioflavin T exhibits changes in both fluorescence emission 
and excitation spectra. As can be seen in Figure 3, the 
wavelength of maximum emission as well as emission 
intensity underwent significant changes when -synuclein was 
subjected to aggregation for 96 h. 
 

.  
Figure 3. Thioflavin T fluorescence spectra of -synuclein 

monomer (black line), incubated for 96 h (red line) and incubated 
for 96 h in the presence of 100M rotenone (blue line). Samples 

were excited at 440 nm 
 

The kinetics of-synuclein was also followed using the 
emission intensity of Thioflavin T. As α-synuclein was found 
to form amyloid type of aggregates, measurement of ThT 
fluorescence would be an important probe for characterization 
of nature of aggregates. A characteristic sigmoidal curve, with 
well-defined nucleation, growth and saturation stages, was 
observed (Figure 4). 
 

 
Figure 4. Kinetics of aggregation of -synuclein 

 

The apparent rate constant of fibrillization was calculated to be 
0.025 h-1 for α-synuclein incubated alone, with a lag time of 
83.7 h. In the presence of the pesticide rotenone, the extent of 
aggregation was more, seen from the Thioflavin T spectrum of 
the aggregated protein recorded in the presence of the 
neurotoxin (Figure 3). The aggregation kinetics was also 
measured (Figure 5). Lag time was reduced to 72.9 h as 
compared to the nucleation stage for -synuclein alone. 
 

 
 

Figure 5. Kinetics of aggregation of -synuclein in the presence of 
rotenone 
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This pattern matches with those of studies already reported in 
the literature [Uversky et al. (2001) FEBS Lett 500, 105]. 
 
Inhibition of aggregation of α-synuclein 

 
Next, the effect of arginine, a well-known protein aggregation 
suppressor, on the fibrillation pattern of -synuclein was 
studied. Arginine (0.5 M) was added to-synuclein in the 
presence of rotenone and aggregation kinetics was studied by 
Thioflavin T spectrofluorimetry. A significant reduction in the 
emission intensity of the protein sample incubated in the 
presence of the amino acid was seen (Figure 6), demonstrating 
the ability of arginine to act as an inhibitor of aggregation. 
 

 
 

Figure 6. Thioflavin T fluorescence spectra of -synuclein incubated for 
96 h in the presence of 100 M rotenone (blue line) and in the presence of 

0.5 M arginine (green line). Samples were excited at 440 nm 

 
Kinetic analysis did not show increase in the emission 
intensity of the dye at any time point (Figure 7) 
 

 
 

Figure 7. Kinetics of aggregation of -synuclein in the presence of 
rotenone and arginine 

 
Interestingly, arginine was also able to suppress aggregation 
once nucleation had been initiated. In order to monitor this, 
arginine was added to -synuclein which had already been 
incubated for 48 h, i.e. midpoint of lag phase. Thioflavin T 
emission spectrum recorded after 96 h of incubation showed a 
significant decrease in the emission intensity of the dye as 
compared to the protein incubated in the presence of the 
pesticide alone (Figure 8).  

 
Figure 8. Thioflavin T fluorescence spectra of -synuclein incubated for 

96 h in the presence of 100 M rotenone (blue line) and in the presence of 
0.5 M arginine added after 48 h of incubation (purple line). Samples were 

excited at 440 nm 
 

Kinetic analysis showed that addition of arginine at this stage 
(after lag phase had set in) did not allow aggregation to 
proceed any further and caused nucleation arrest (Figure 9). 
 

 
Figure 9. Kinetics of aggregation of -synuclein in the presence of 

rotenone and arginine added after 48 h of incubation 

 
The consolidated picture of the aggregation process is depicted 
in Figure 10.  
 

 
Figure 10. Kinetics of aggregation of -synuclein under different 

conditions 
 

As can be seen, fibrillation of -synuclein is accelerated in the 
presence of the pesticide, rotenone. The presence of arginine is 
able to inhibit aggregation of the protein. Notably, and more 
interestingly, arginine is also able to suppress aggregation of 
-synuclein, once nucleation/oligomerization has been 
initiated. 
 

Conclusion 
 

The major finding of the current report is the elucidation of the 
role of arginine as a suppressor of a-synuclein aggregation. As 
far as I am aware, this is the first such report of arginine-
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induced inhibition of aggregation of a-synuclein, the major 
component of Lewy bodies, the pathological hallmark of 
Parkinson’s disease. Inhibition of aggregation of a-synuclein 
has been shown to have therapeutic benefit in cells harbouring 
this protein and is acknowledged to be a viable strategy in 
slowing down the progress of the disease. Even more 
interestingly, I found that administration of arginine was able 
to inhibition aggregation even after it had been initiated. Thus, 
the strategy can prove to be potentially beneficial even in cases 
where oligomerisation of the protein had commenced. 
 

Future Prospects 
 

The study can be extended to monitor the effect of arginine 
addition at delayed time points of aggregation. This will 
establish the beneficial effect of the osmolyte at even advanced 
stages of aggregation. The efficacy of the additive will need to 
be established in a cell-based system. If successful, the 
remarkable inhibitory effect of arginine can establish it as a 
promising therapeutic strategy to slow down the aggregation 
of a-synuclein in this progressively neurodegenerative 
disorder. 
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