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Supplementary Materials

Supplementary Figures

Fig. S1. Sequence assignment spectra for αS fibrils. Strip plot for a generic sequence walk along 59TKEQVTNVGGAVVTGV74 in

proton-detected 3D Spectra. (A) (H)CANH (red), (HCO)CA(CO)NH (blue), (HCA)CB(CA)NH (pink/purple); (HCA)CB(CACO)NH

(light blue/dark purple), (HCA)CONH (purple), (H)CONH (teal) of 2H,13C,15N-labelled αS fibrils spectra acquired at 800 MHz with 55

kHz MAS; (B) (H)CANH (red), (HCO)CA(CO)NH (blue) spectra of 13C,15N-labelled αS fibrils spectra acquired at 950 MHz with 100

kHz MAS.



Fig. S2. Assignment of backbone resonances for αS fibrils. CN-projection of a 3D (H)CANH spectrum of 13C,15N-labelled αS

fibrils acquired at 950 MHz with 100 kHz MAS with sequence assignments.



Fig. S3. Site specific contact mapping of αS. (A) 13C,13C correlation spectrum with DARR mixing of 200 ms of 13C,15N-αS fibrils

acquired at 850 MHz with 17 kHz MAS with assignments; (B) Long range contacts identified from 13C,13C DARR spectra mapped

onto the structure of Polymorph 2a (PDB 6ssx). Fibrils were prepared in the presence of POPA/POPC (1:1) with L/P = 5:1.

B



Fig. S4. Morphological analysis of αS fibrils in the presence of phospholipids. Top: TEM images of (A) high, (B) medium and

(C) low pitch fibrils. Arrows indicate the corresponding fibril morphology. Bottom:  Profile plots of the respective fibril

morphology; gray plots represent raw, colored plots represent averaged data; black line represents sinusoidal fit to the averaged

plot. Experiments were carried out with SUVs consisting of POPA and POPC (1:1) at a L/P ratio of 5:1.



Fig. S5. Depletion of free monomeric αS during aggregation. 1H-15N-HSQC spectra of 15N-labelled αS in the presence of

vesicles of POPA and POPC (1:1, L/P = 10:1) acquired at (A) t/tlag = 0 and after (B) t/tlag = 3.0 and (C) t/tlag = 10.0 showing the signal

decrease of monomeric αS due to incorporation into large slowly tumbling aggregates.



Fig. S6. Characterization of monomeric αS in the presence of phospholipids by ssNMR. 2D 13C,13C correlation spectra of

U-13C,15N-αS monomers in the presence of POPA and POPC (1:1, L/P = 50:1) with DARR mixing of (A) 5 ms, (B) 20 ms, (C) 50 ms,

(D) 200 ms. Spectra were acquired at 850 MHz with 17 kHz MAS at RT.



Figure S7. Backbone resonances of monomeric αS. 2D hNCA spectrum of U-13C,15N-αS monomers in the presence of POPA

and POPC (1:1, L/P = 50:1) acquired at 850 MHz with 17 kHz spinning at RT. Sequential assignment was not possible, however

distinct chemical shifts allow residue specific assignment. Gray boxes indicate residue types of the included peaks. Several 15N-

shifts with similar correlated 13C-shifts are observed indicating the presence of multiple repeats of membrane bound helical αS.



Fig. S8. Development of αS during aggregation.  Carbonyl-region of 2D 13C,13C spectra of αS monomers (A), intermediate 1

(B), intermediate 2 (C) and fibrils (D) prepared in the presence of phospholipids. (E) Overlay of Threonine fingerprint region of

Intermediate 1 (blue) on fibril spectra (red). Gray arrows indicate peaks indicative of a helical domain. All spectra were recorded

with DARR-mixing of 20 ms at 850 MHz with 17 kHz MAS.



Fig. S9. Reproducibility of intermediates and fibrils. 2D 13C,13C spectra with DARR mixing (20 ms) of two replicates of αS

intermediate 1 formed in the presence of POPA and POPC (1:1) at a L/P ratio of 10:1 (A & B) and αS fibrils formed at a L/P ratio

of 10:1 (C) and 5:1(D) each recorded at 850 MHz with 17 kHz MAS compared to the spectra discussed in Fig. 5 and Fig. S8 (black

outlines). Samples were prepared in under identical conditions. Spectra show similar sets of peaks, confirming reproducibility.



Fig. S10. Stability of intermediates 1 and 2. 2D 13C,13C spectra with DARR mixing (20 ms) of αS intermediate 1 and intermediate

2 recorded at 850 MHz with 17 kHz MAS at RT. Spectra show a sample of intermediate 1 from (A) 0-26 h, (B) 26-51 h and (C) 54-

80 h and a sample of intermediate 2 from (D) 0-19 h and (E) 19-43 h, where 0 h is the beginning of measurement. Spectra added

up from short blocks and show consistent sets of signals. Black outlines belong to spectra consisting of the sum of all blocks

discussed in Fig. 5 and Fig. S8.



Fig. S11. Confirmation of lipid stability by NMR. POPA and POPC (1:1) were extracted from an aqueous solution before (purple)

and after (green) sonication for SUV formation as well as after 24 h (red) and 64 h (blue) under aggregation conditions. (A)

Comparison of intensities originating from lipid proton peaks in a 1H NMR spectrum normalized by the acyl-chain CH2 peak

indicates unaltered lipid structure. (B-D) Magnified peaks from the 1H NMR spectra corresponding to lipid glycerol, double bond

and choline moieties. Head group protons show minor chemical shift differences originating from binding of lipid molecules to

residual water. (E) Chemical structure of POPC and POPA (without choline group). (F) The full 1H NMR spectra of lipids in CDCl3.

Data were recorded at 400 MHz at 298 K.



Supplementary Tables

Table S1. Contacts of residues within αS fibrils. List of long-range contacts obtained from 13C,13C correlation spectrum with

DARR mixing of 200 ms of U-13C,15N-αS fibrils; Columns show contacts of residues with their neighboring residues (i±1) or with

residues separated by one (i±2) or more residues (i±n (n>2). The approximate distance cutoff for observed contacts is about

7 Å.(65) Contacts in conflict with PDB 6ssx (expected distance >7 Å) are highlighted in red.

i ®  i±1 i ®  i±2 i ®  i±n (n>2)

ω1 ω2 d(Å) ω1 ω2 d(Å) ω1 ω2 d(Å) ω1 ω2 d(Å)

L38 CB - Y39 CA 4.75 T72 CA - G73 CA 3.78 T44 CA - S42 CB 6.29 Y39 CB - Q79 CD 10.74

Y39 CB - L38 CA 4.86 T72 CB - G73 CA 4.90 E46 CB - T44 CB 7.55 V40 CB - T75 CA 6.91

T44 CB - K45 CA 4.42 G73 CA - T72 CA 3.78 V48 CB - E46 CD 6.70 S42 CA - T75 CB 5.72

H50 CB - G51 CA 4.64  - T72 CB 4.90 V49 CA - G47 CA 6.40 T54 CA - T64 CA 8.68

G51 CA - H50 CA 3.78  - V74 CA 3.69 T59 CB - E57 CA 5.87 A56 CB - T59 CB 4.45

V52 CB - G51 CA 4.82 V74 CA - G73 CA 3.69 V63 CA - N65 CG 5.82 Q62 CB - T54 CB 5.64

T54 CA - A53 CA 3.79 V74 CB - G73 CA 4.84 V63 CB - N65 CG 5.31 Q62 CG - T54 CB 5.08

- V55 CA 3.80  - T75 CA 3.79 V63 CG - N65 CG 4.12 T64 CA - T54 CA 8.68

- V55 CB 4.79 T75 CA - A76 CA 3.81 T64 CB - Q62 CA 6.88 G67 CA - I88 CG1 4.27

T54 CB - A53 C 3.49 A76 CA - T75 CA 3.81 G68 CA - V66 CA 5.33  - I88 CG2 6.34

- A53 CA 4.79  - T75 CB 4.87 V70 CA - G68 CA 6.94  - I88 CD1 3.98

A56 CA - E57 CA 3.78 Q79 CB - K80 CA 4.71 V70 CB - G68 CA 7.40 A69 CA - T81 CA 7.04

E57 CA - K58 CA 3.83 K80 CA - T81 CA 3.77 V71 CB - G69 CA 6.21 T72 CB - G51 CA 4.73

K58 CA - T59 CB 4.76 K80 CB - Q79 CD 4.72 T72 CA - V74 CA 6.80 - A76 CA 7.10

K58 CB - E57 CD 7.24  - T81 CA 4.85 V74 CA - A76 CA 5.99 T75 CA - S42 CB 5.25

T59 CA - K58 CA 3.79 T81 CA - K80 CA 3.77 V77 CB - T75 CB 6.64 T75 CB - V40 CA 7.15

T59 CB - K58 CA 4.76 V82 CB - T81 CA 4.81 Q79 CB - T81 CA 6.52 A76 CA - T72 CB 7.10

- K58 CB 6.07 S87 CA - I88 CA 3.81 K80 CA - V82 CA 6.50 A78 CA - T81 CA 5.86

- K60 C 4.46  - I88 CB 4.71 T92 CA - F94 CA 6.23 T81 CA - A69 CA 7.04

K60 CA - T59 CA 3.78 I88 CA - S87 CA 3.81  - F94 CB 5.96 I88 CG1 - G67 CA 4.27

- T59 CB 4.16 I88 CG2 - S87 CA 6.10 V95 CB - G93 CA 6.39 CD1 - G67 CA 3.98

V63 CA - T64 CA 3.80 I88 CD1 - S87 CA 5.88 A90 CA - N65 CB 6.66

CB - T64 CB 5.78 T92 CA - G93 CA 3.78 T92 CB - V63 CB 5.49

N65 CB - T64 CA 4.77 G93 CA - T92 CB 4.54
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Table S2. Experimental details of NMR experiments on αS in this work. *Accumulated experiment time obtained from adding

the free induction decay (FID) of several experiments acquired for samples in ssNMR.
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Table S3. CP parameters and relaxation delays of ssNMR experiments in this work.
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