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Methods 

 

Fibril production. Previous studies have indicated that second-generation fibrils (F1) produce 

more homogenous and reproducible results compared to first-generation fibrils (F0)1–3. In this 

study, we thus examined the stability of F1 fibrils. Since we found that freezing and thawing 

of either F0 or F1 fibrils impacted the stability and structure of the fibrils and fibril progeny, 

only fresh F0 were used to prepare F1 fibrils, and fresh F1 were used in all experiments. 

 

ThT binding assay. Fibril solutions (150 μl, 10 μM) were incubated with ThT (50 μM) for 43 

min. The solutions were placed in a cuvette of pathlength 1 cm and fluorescence measurements 

were recorded on a Cary Eclipse Fluorescence Spectrophotometer (Agilent, USA). 

Fluorescence emission spectra were recorded at room temperature between 455 to 600 nm, 

using an excitation of 446 nm and averaging over 10 scans. Background spectra of ThT in the 

relevant buffer solutions were recorded and subtracted from the fibril sample spectra.  

 

Kinetic analysis of the early time points of lipid induced aggregation. The change in mass 

concentration of aggregates with time (M(t)) was fitted to a two-step heterogeneous nucleation 

equation4,5 

 

𝑀(𝑡) =
𝐾𝑚 ∙ 𝑘𝑛𝑘+ ∙ 𝑏𝑡2∙ 𝑚(0)𝑛+1

2(𝐾𝑚+𝑚(0))
     Eq. 1 
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where m(0) is the free monomer concentration at time t = 0, k+ is the elongation rate constant 

of fibrils from lipid vesicles, kn is the heterogeneous primary nucleation rate constant, n is the 

reaction order of the heterogeneous nucleation reaction relative to the free monomer m. b is the 

total mass concentration of the protein bound to the lipid at 100% coverage (𝑏 =   
[𝐷𝑀𝑃𝑆]

𝐿
 with 

L the stoichiometry). KM is the Michaelis constant, which was fixed at 125 μM, as determined 

previously4,6. 

The total amount of α-syn converted to fibrillar species in the aggregation reaction was 

calculated as done previously 4. Samples were ultracentrifuged (90 k rpm, 30 min, RT) and the 

concentration of free monomer was calculated by measuring the absorbance of the samples at 

275nm and 410 nm. Using the extinction coefficients for ThT as ε410 = 3200 M−1 cm−1, ε275 = 

22725 M−1 cm−1, and for α-syn ε275 = 5600 M−1 cm−1 4,7

.  

[ThT]= 
𝐴𝑏𝑠410

𝑇ℎ𝑇,410
 Eq. 2 

[α − syn]monomer = 
𝐴𝑏𝑠275−[𝑇ℎ𝑇]𝑇ℎ𝑇,𝑠75

−𝑠𝑦𝑛,275
                             Eq. 3 

 

 

Kinetic analysis of seeded α-synuclein aggregation. Under conditions that favour elongation 

of fibril species and other process can be excluded (M seed concentrations at pH 6.5), the 

initial rate of fibril elongation rate can be calculated as described previously6,8–10.  

 

𝑑𝑀(𝑡)

𝑑𝑡
|

𝑡=0
 =  2𝑘+Ρ(0)𝑚(0)     Eq. 4 

 

where M(t) is the fibril mass concentration at time t, P(0) is the initial number concentration of 

fibrils, m(0) is the initial monomer concentration, and k+ is the rate of fibril elongation. Under 

conditions that favour surface-catalysed fibril amplification (nM seed concentration at acidic 

pH), the rate of fibril amplification determined using equations described previously8 

 

𝑀(𝑡)

𝑚𝑡𝑜𝑡
= 1 −  

1

[1 + 𝑎
𝑐

 𝑒𝑥𝑡]
𝑐  ,          𝑎 =  

𝜆2

2𝜅2
 , 𝑐 = √

2

𝑛2(𝑛2 + 1)
 , 𝜆 =  √2𝑘+𝑘𝑛𝑚𝑡𝑜𝑡

𝑛𝑐 ,

𝜅 
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=  √2𝑘+𝑘2𝑚𝑡𝑜𝑡
𝑛2+1

             Eq. 5 

 

where mtot is the total concentration of monomers (in this case m(0) = mtot), 𝑎 and 𝜅 and c as 

fitting parameters, kn and k2 are the rate constants for primary and secondary nucleation, and 

nc and n2 are the reaction orders of primary and secondary nucleation, respectively6,8,9. 𝜅 and 𝜆 

represent combinations of the effective primary and secondary rate constants, respectively8,11. 

 

The flux towards oligomeric species, 𝜙(𝑡), in the reaction was also predicted using equations 

described previously8,11 

 

 

𝜙(𝑡) =  
1

𝑟+
 ∙  [

𝑚(0)

𝑚(𝑡)
∙

𝑑2𝑀

𝑑𝑡2
+

1

𝑚(0)
 (

𝑚(0)

𝑚(𝑡)
 ∙

𝑑𝑀(𝑡)

𝑑𝑡
)

2
]   Eq. 6 

 

where r+ = 2k+m(0) is the rate of elongation calculated from elongation-favouring conditions 

as described above8. 

 

Analysis of lipid binding  

The data were analysed using Bayesian inference to obtain values for KD and stoichiometry, 

using equations from4. Briefly, we took the CD signal at 222 nm as a measure of helical 

propensity, and assumed the observed data can be described as  

𝐶𝐷𝑜𝑏𝑠 = 𝑥𝐵𝐶𝐷𝐵 + 𝑥𝐹𝐶𝐷𝐹   Eq. 7 

where xB and xF are the fractions of α-syn bound to the membrane and free in solution, 

respectively, and CDB and CDF are the CD signals of the bound and free form of α-syn, 

respectively.  

From this, xB can be calculated by assuming xB + xF = 1, and CDF and CDB are equal to the 

signal of α-syn monomer in buffer alone, or with saturating concentrations of SUVs 

respectively  

𝑥𝐵 =
𝐶𝐷𝑜𝑏𝑠−𝐶𝐷𝐹

𝐶𝐷𝐵−𝐶𝐷𝐹
  Eq. 8 
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From this, we can fit the data to obtain values for KD and stoichiometry of number of DMPS 

molecules interacting with a molecule of α-syn (L)4 

 

𝑥𝐵 =  
([𝛼−𝑠𝑦𝑛]+

[𝐷𝑀𝑃𝑆]

𝐿
+𝐾𝐷)−√([𝛼−𝑠𝑦𝑛]+

𝐷𝑀𝑃𝑆

𝐿
+𝐾𝐷)

𝟐
−

𝟒[𝑫𝑴𝑷𝑺][𝜶−𝒔𝒚𝒏]

𝑳

𝟐[𝛼−𝑠𝑦𝑛]
   Eq. 8 
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Figure S1. Comparison of lipid binding of the non-acetylated and N-terminal acetylated 

α-synuclein. The binding of α-synuclein to DMPS vesicles was measured by observing the 

changes in secondary structure using far UV CD. Bayesian inference was used to obtain values 

for KD and L. (A) Log(Kd) probability plots of the non-acetylated (blue) and acetylated (red) 

α-synuclein. (B) Log(Stoichiometry), of DMPS molecules per α-synuclein monomer, 

probability plots of the non-acetylated (blue) and acetylated (red) α-synuclein. (C) Log(Kd) 

versus stoichiometry plots of the non-acetylated (blue) and acetylated (red) α-synuclein. (D) 

Helicity of fully bound α-synuclein, rb = mean residue ellipticity at 222 nm x 10-3, 3 mM DMPS.  
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Figure S2. Comparison of the lipid-induced aggregation of the non-acetylated and N-

terminal acetylated forms of α-synuclein. (A,B) Representative traces of lipid-induced 

aggregation assay of non-acetylated α-synuclein (A) and acetylated α-synuclein (B); for both 

forms, increasing initial concentrations of α-synuclein monomers added to the reaction are 

shown: 20 μM (dark blue), 40 μM (light blue), 60 μM (green), 80 μM (light green), and 100 

μM (yellow). (C) The amount of monomeric α-synuclein converted to aggregate in the lipid-

induced nucleation assay was calculated by measuring the concentration of monomeric species 
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left at the end of the assay.  (D) One-step nucleation curves fitted to the early timepoints of 

lipid-induced aggregation data by the fitting program Amylofit 5 using Eq. 1 from 

supplementary methods to calculate values for knk+. k+ is the elongation rate constant of fibrils 

from lipid vesicles, kn is the heterogeneous nucleation rate constant, n is the reaction order of 

the heterogeneous nucleation reaction relative to the free monomer.  Non-acetylated α-

synuclein has a knk+  = 1.30 x 10-5 M-(n+1) s-2 ± 2.24 x 10-6 and n = 0.712 ± 0.012.  and for 

acetylated α-synuclein. Acetylated α-synuclein knk+ =  5.52 x 10-7 M-(n+1) s-2 ± 1.00 x 10-8  and 

n = 0.712.  (E,F) AFM images at the end point of lipid-induced aggregation reaction (Figure 

4C,D), for non-acetylated α-synuclein (E) and acetylated α-synuclein (F). 

 

 

Figure S3. Analysis of fibrillar species obtained from an in vitro aggregation reaction 

under shaking conditions. Aggregation of α-synuclein was stimulated by shaking and 

measured by ThT fluorescence intensity. Non-acetylated α-synuclein (blue) and acetylated α-

synuclein (red) aggregation was performed in 20 mM NaPO4 pH 6.5 (A) and in PBS pH 7.4. 

The secondary structure of the fibrils from the shaking induced aggregation were then analysed 

by FTIR and the spectra deconvoluted to reveal secondary structural characteristics of the 

aggregates. (B) FTIR spectra of non-acetylated α-synuclein (blue) and acetylated α-synuclein 

(red) fibrils formed from the bulk kinetics reaction in 20 mM NaPO4 pH 6.5 buffer, (C)  

deconvolution of the FTIR spectra into secondary structural elements, (D) fluorescence spectra 

of the ThT bound fibrils.  (F) FTIR spectra of non-acetylated α-synuclein (blue) and acetylated 

α-synuclein (red) fibrils formed from the bulk kinetics reaction in PBS pH 7.4, (G) 
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deconvolution of the FTIR spectra into secondary structural elements (H) fluorescence spectra 

of the ThT bound fibrils.  For A - H error bars represent SEM of 3 repeats.  
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Figure S4. Comparison of the structures of stabilised oligomers of non-acetylated α-

synuclein and acetylated α-synuclein. (A) FTIR spectra of non-acetylated α-synuclein (blue 

triangle) and acetylated α-synuclein (red dot); error bars represent SEM of n = 3. (B) 

deconvolution of the FTIR spectra into secondary structural elements (β-sheet shown in red 

and α-helix/disordered shown in orange); error bars represent SEM of n = 3. (C)  Relative end-

point fluorescence intensity of Calcein AM, a live cell dye expressed in arbitrary fluorescence 

units, in untreated cells (dark green) or in the presence of Triton X-100 (orange), PBS (green) 

or when incubated with at 0.3 μM - 0.003 μM stabilised oligomers consisting of non-acetylated 

α-synuclein (blue) and   acetylated (Ac) α-synuclein (red). No significant difference was found 

between acetylated and non-acetylated oligomer treatments at equivalent concentrations (p > 

0.05). Error bars represent SEM for n = 3. 
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