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Materials and Methods: 

Measurement of Fibril height and length: For quantitative measurement of fibrils, a large 

number of fibrillar assemblies were imaged at incubation time points of 24 h and 48 h. For 

samples with high fibrillar densities, further dilutions were carried out for ease of 

measurements. Gwyddion software was used for measurement of fibril length while height 

calculation has been done using the JPK data processing software (JPK Instruments) with the 

line profile measurement modality. 

Calculation of kinetic parameters tlag and kapp: ThT emission spectra were normalized 

before calculation of kinetic parameters. Sigmoidal fitting was carried out using Origin Pro 

software. Tlag was calculated according to established procedure
1
:  
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Where  is the fluorescence intensity at time t,  and are the initial and maximum 

fluorescence intensities, while  is the time required to reach half of the maximum 

fluorescence intensity, k is referred as the apparent aggregation rate constant (kapp). This 

equation can be simplified into another equation to calculate the lag time as given.
1
 

 

lag time (t lag)  

Determination of extent of fibrillation:  Protein samples (300 µM) were incubated at 

conditions used for fibril formation (Methods section, main manuscript). At 48 h of 

incubation, protein samples (400 µl) were centrifuged at 20400 x g at 4 ºC for 1 h, 

supernatant was decanted and fibril washing was performed with the PBS buffer. Finally, 

fibrils were dissolved by sonication for 20 min at RT in the same PBS buffer. Estimation of 

fibril concentration was carried out according to the established procedure with slight 

modifications.
2
 Briefly, aliquot (50 µl) of resuspended fibril solution was mixed with 200 µl 

of 6 M guanidinium hydrochloride solution to dissolve them into monomers. The α-

synuclein fibril concentration was then estimated by measuring A280 nm from the monomeric 

fraction released from the fibril after treatment with guanidinium hydrochloride. 

Internalization assay: For internalization and cytotoxicity assay, fibrillation of wild type and 

mutants was done using the same protocol followed throughout the manuscript expect the 

starting concentration of proteins was 800 µm. Fibrillar concentration was determined as 

mentioned above. Heterogeneity among the length of different mutant α-synuclein fibrils 

was reduced by sonication for 20 min.  Final concentration of all the fibrils was adjusted to 

equivalent monomer concentration of 10 μM. For testing of internalization of fibrils, we 

used the established procedure.
3
 Fluorescein isothiocyanate (FITC)-labelling of α-synuclein 
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fibrils was performed according to the manufacturer’s protocol (Sigma). Briefly, fibrils 

were incubated with 24-fold molar excess of FITC at RT for 1 h and unbound FITC was 

removed by multiple washing with PBS buffer using 3kDa Amicon® Ultra filters 

(Millipore). FITC labelled fibrils (10 µM monomer equivalent) were then incubated with 

cells for 1 h at 37 ̊C. Control cells were incubated with buffer used in the study. Cells were 

washed thoroughly before fixation for confocal imaging (Leica SP5, Germany). 

Preparation of oligomer samples for MTT assay:  Established protocol was applied with 

some modifications for enrichment of oligomers.
4
 Briefly, oligomers rich samples were 

prepared by incubating proteins at high concentrations (800 µM) in the absence of any other 

factors that could induce fibrillation process. Final concentration of all the mutant protein 

oligomeric rich samples was adjusted at 20 µM for cytotoxicity assay. 

HSQC spectral measurement: HSQC measurements were carried out as described 

previously.
5,6

 Briefly, 500 µM 
15

N-labeled protein samples (wild type and mutant) were 

prepared in 10 mM Tris-HCl buffer pH 7.4, 100 mM NaCl, 5% D2O (v/v). All NMR spectra 

were measured at 10°C on Bruker AvanceIII spectrometers. Spectra were processed with 

Topspin 2.1 (Bruker AG) and data was analyzed using CARA
 
software.  

 

Supporting Figure S1: ThT fluorescence of different α-synuclein mutants. Individual 

graph of ThT fluorescence emission by mutant proteins as a function of time (h) is shown. 

Graphs represent maximum absolute emissions for each protein. 

Supporting Figure S2: ANS fluorescence of different α-synuclein mutants. Individual 

graph of ANS represents emission by mutant proteins as a function of time (h) and represents 

maximum absolute emissions for each protein. 
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Supporting Figure S3: CD measurements for short time intervals and calculated rate 

curve. CD spectroscopy for short time interval to reveal rapid conformational changes in 

A18P, A18T and A53T compared to wild type α-synuclein (a). Rate curve in short time 

interval CD spectroscopy confirms faster conformational changes for A18P than A53T and 

wild type α-synuclein (b).   

Supporting Figure S4: Dichroweb analysis of secondary structure content of wild type 

and different mutants of α-synuclein.  Percent changes in secondary structure content (y 

asix) as a function of time (x axis) is given for all the mutants and wild type α-synuclein.  

Supporting Figure S5: Percent fibrillation of different mutant proteins. Conversion of 

monomers into fibrils of α-synuclein mutants represented as bar graph in percentage scale. 

Initial monomer concentration (t=0 h) is taken as 100%.   

Supporting Figure S6. Overlaid 
1
H-

15
N heteronuclear single quantum coherence 

(HSQC) spectra of wild type α-synuclein and mutant proteins show local perturnation 

of NMR signals. HSQC Spectra of A17T (a), A19T (b), are presented. Chemical shift 

perturbation between wild type and A17T (c) and A19T (d) are also presented for 

quantitative comparision. 
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Supporting Figure S1 
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Supporting Figure S2   
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Supporting Figure S3 
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Supporting Figure S4  
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Supporting Figure S5 
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Supporting Figure S6
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Supporting Table 1. Lag time of aggregation (tlag) and apparent rate constants (Kapp) for 

different mutants of α-synuclein in Thioflavin T kinetics 

Mutants WT A18T A29S A53T A18P A17T A19T 

tlag  (h) 23.53 ± 2.11 4.45 ± 0.57 13.46  ± 0.36 7.79 ± 0.45 7.08  ± 0.36 16.31 ± 0.89 16.16  ± 1.10 

Kapp (h
-1

) 0.04  ± 0.003 0.15 ± 0.007 0.07 ± 0.004 0.11 ± 0.001 0.15 ± 0.008 0.07 ± 0.003 0.06 ± 0.004 
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Supporting Table 2: Dichroweb analysis of secondary structure content of wild type and 

different mutants of α-synuclein.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

α-synuclein Time (h) α-helix β-sheet Turns Unordered 

 

WT 

0 2 7 5 85 

6 4 5 5 85 

12 2 9 7 81 

 

A18T 

0 4 9 8 79 

6 3 23 19 53 

12 4 24 29 40 

 

A29S 

0 2 7 5 85 

6 2 10 6 81 

12 4 12 10 75 

 

A53T 

0 3 7 8 81 

6 3 14 11 71 

12 5 21 21 51 

 

A18P 

0 3 6 7 83 

6 3 14 16 66 

12 6 27 27 39 
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