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Supplementary Figure 1 MAS-NMR of fm amyloid fibrils. The region of a short-mixing

time 2D "*C-"*C-RFDR spectrum showing short-distance C’-C’ correlations and medium-

distance CP-C? correlations of a ['*C]-V'YL labelled sample shows no peak doubling, reinforcing

the conclusion that the subunit making up the fibril core is monomorphic on a molecular level.
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Supplementary Figure 2. Scanning electron microscopy (SEM) images of fibrils verify
the left-handed twist. (A) SEM image of a two-protofilament fibril (type C in Figure 6 main
text). (B) Zoomed in image for the green boxed area in panel A. Red lines trace the left-
handed crossovers. Scale bar is 20 nm.
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Supplementary Figure 3. Histogram of contact distances observed by MAS NMR
spectroscopy. A total of 1157 contacts were observed, of which (A) 399 were classified as
intra-residual, (B) 385 as sequential, (C) 229 as medium-range, and (D) 144 as long-range

contacts. Distances were binned at a 0.5 A step size.



Supplementary Figure 4. Canonical rn-stacking stabilises the fibril structure. The
canonical parallel in-register cross-f structure is maintained down the fibril long axis is
supported by extensive n-stacking interactions between the aromatic residues F22, Y26, F30,
F56, W60, F62, F70, and Y78 along the length of the core.
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Supplementary Figure 5. Surface complementarity calculations. Surface
complementarity was calculated using the program SC’, including either 6 residues (a) or 5
residues (b) in the zipper (shown in red).



Supplementary Figure 6. Higher order fibril assemblies. Cryo-EM images of f-m fibrils
that appear to be composed of multiple copies of a common underlying fibril structure. Fibril
morphologies twisting together are marked with arrows.
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Supplementary Figure 7. Single protofilament fibrils are precursors of higher order
assemblies. Histograms of fibril height were measured by AFM at various time-points after
seeding was initiated. The fibril length (L) is indicated in each plot. Representative AFM
images are shown alongside. The red and blue lines represent fits to (two) Gaussian functions.
These real-time studies of fibril height show that while both thin and thick filaments are formed
rapidly in assembly, at early times thin fibrils are more highly populated, suggesting that these
thicken during assembly via protofilament-protofilament interactions to create the array of
polymorphs shown in Figure 6 (main text).



Supplementary Figure 8. Examples of types multi-ring n-stacking interactions identified
in the pdb. (a) Parallel aromatic rings down the axis of a p-helix, illustrated using
chondritonase B (pdb 1ofm)?. (b) Parallel to the axis of an amyloid fibril, illustrated using the
MAS NMR structure of an a-synuclein fibril (pdb 2n0a)®. (c) A ring-stack motif common to
lectins, illustrated using peanut lectin (pdb 1¢q9)*. (d) A unique ring stack motif found in
Psuedomonas putida formyltetrahydrofolate deformylase (pdb 3nrb).
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Supplementary Figure 9. The symmetry of the two protofilament S.m fibril. Extensive
trials of different symmetries were tested. Of particular interest were symmetries with either
C2 or 21 screw axes, In an object with a 21 screw axis, the subunit in the two protofilaments
are related by a 180° rotation and a translation, resulting in the two protofilaments being
either in-register (C2) or out of register (21). This is exemplified in the two conformers of Tau
published recently®, where Tau PHFs have a 2; screw symmetry, but Tau SF do not. For
Pom, application of a 21 screw symmetry leads to loss of separation of the p-strands, and

poorer resolution.
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Supplementary Figure 10. Parameters for defining face-to-face n-stacking interactions

in the PDB. Two aromatic rings were considered to be in a n-stack if the distance between

centres was 6 A or less and the angle between the two face-normal (FN) vectors (A & B) was

0°+ 20° or 180 *+ 20"
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Supplementary Table 1: Breakdown of the different fibril morphologies observed and

their contribution to the two protofilament structure (labelled C in Figure 6, main text).

Fibril polymorph

Number observed

% non-aggregated fibrils
Number in reconstruction

% in reconstruction

11

A B C D | E F
132 | 884 | 1737|128 | 186 | 38
42 (284559415912

0 0 | 622 | O 0 0

0 0 35 0 0 0

Multiple fibril
aggregates
2590

n/a
0
0



Supplementary Table 2: Inter-nuclear contacts between atoms within an amino acid residue
observed by MAS-NMR spectroscopy.

18t nucleus | 2™ nucleus| |15t nucleus |2™ nucleus| |15t nucleus|2™ nucleus| | 15t nucleus | 2™ nucleus
F22CA F22CG H31CB H31C L40CG L40CB K48CD K48CA
L23CD1 L23CB H31CB H31CA L40CD1 L40CA K48CE K48CA
L23CA L23C H31CA H31CG L40CA L40C K48CG K48CA
L23CB L23CA H31CB H31CE1 L40CB L40C K48CG K48CB
L23CD1 L23CA P32CB P32CA L40CD1 L40CG K48CG K48CD
L23CD1 L23CG P32CB P32CD L40CD1 L40C K48N K48CB
L23CD1 L23C P32CG P32CA L40CG L40CA V49CG1 V49CB
L23CD2 L23CA P32CG P32CD L40CG L40C V49CG1 V49CA
L23CD2 L23CB P32CD P32CA L40N L40CA V49CA V49CB
L23CD2 L23CD1 P32N P32CA L40N L40CB V49CB V49C
L23CD2 L23CG P32N P32CG L40N L40CD1 V49CG1 V49C
L23CG L23CA P32CA P32C L40N L40CG V49N V49CA
L23CG L23CB P32CB P32C K41NZ K41CE V49N V49CB
L23CG L23C P32CG P32CB K41CD K41CE H51CB H51CA
L23N L23CA P32CG P32C K41CD K41CA H51CB H51CE1
L23N L23CD2 S33N S33CA K41CA K41C H51CB H51CG
N24CB N24CA S33N S33CB N42CB N42CA H51CA H51CG
N24ND2 N24CB D34CB D34CA N42CB N42CG H51CA H51CD2
C25CB C25CA 135CD1 I35CA N42N N42CA H51CB H51CD2
C25CB C25C 135CD1 135CB N42N N42CB H51CD2 H51CE1
C25N C25CB 135CD1 135CG1 N42ND2 N42CA S52CA S52CB
Y26CA Y26CZ 135CD1 I35CG2 N42ND2 N42CB S52CB S52C
Y26CB Y26CG I35CG1 I35CA G43CA G43C S52N S52CA
Y26CB Y26CZ 135CG1 135CB G43N G43CA S52N S52CB
Y26CB Y26CA I35CG2 I35CA E44CB E44CA D53CB D53CA
Y26CA Y26C I35CG2 135CB E44N E44CB L54CA L54CB
Y26CA Y26CE1 135CD1 I135C E44N E44CG L54CD2 L54CB
Y26CA Y26CG 135CB I35CA E44CB E44CD L54CG L54CB
Y26CB Y26CE1 135N I35CA R45CB R45CD L54CA L54CD1
V27CA V27C 135N 135CB R45CG R45CB L54CA L54CD2
V27CB V27CA 135N 135CD1 R45CG R45CZ L54CA L54CG
V27CB V27C 135N 135CG1 R45CG R45CA L54CB L54CD1
V27CG1 V27CA 135N I35CG2 R45CG R45CD L54CD1 L54CG
V27CG1 V27C I35CG2 135CG1 146CB 146CA L54CD2 L54CD1
V27CG2 V27CA I35CG2 I135C 146CD1 146CA L54CD2 L54CG
V27CG2 V27CB E36CG E36CD 146CD1 146CB L54CA L54C
V27CG2 | V27CG1 V37CG2 V37CA 146CD1 146CG1 L54CB L54C
V27CG2 V27C V37CG2 V37CB 146CD1 146CG2 L54N L54CB
V27N V27CA V37CG2 | V37CG1 146CG1 146CA L54N L54CD1
V27N V27CG1 V37N V37CG2 146CG1 146CB L54N L54CD2
V27N V27CG2 V37CG1 V37CB 146CG2 146CA L54N L54CG
S28CA S28CB L39CA L39C 146CG2 146CB S55CA S55CB
S28N S28CB L39CB L39CA 146CG2 146CG1 S55N S55CA
G29N G29CA L39CB L39C 146CD1 146C F56CB F56CA
F30CA F30CG L39CD1 L39CA 146N 146CA F56CA F56CG
F30CB F30CG L39CD1 L39C 146N 146CD1 F56CB F56CG
F30CB F30CA L39CD2 L39CA 146N 146CG1 F56CB F56C
F30CE1 F30CG L39CD2 L39CD1 146N 146CG2 F56CA F56CE1
F30CB F30CD2 L39CG L39CB K48CB K48CD F56CE1 F56CG
H31CA H31CE1 L39CD2 L39CB K48CB K48CE F56N F56CB
H31CA H31C L39CD1 L39CB K48CD K48CE F56CB F56CD1
H31CB H31CD2 L40CB L40CA K48CG K48CE S57CA S57CB
H31CB H31CG L40CD1 L40CB K48CB K48CA S57N S57CA
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18t nucleus | 2™ nucleus | |15t nucleus | 2™ nucleus 18 nucleus | 2™ nucleus | |18 nucleus| 2™ nucleus
K58CD K58CB Y63CA Y63CG P72N P72CG R81CB R81CD
K58CB K58CA Y63CA Y63CZ T73CA T73CB R81CG R81CB
K58CD K58CA Y63CB Y63CA T73CG2 T73CA R81CG R81CD
K58CG K58CA Y63CB Y63CG T73CG2 T73CB R81CD R81CZ
K58CG K58CB L64CD1 L64CB T73CB T73C R81CB R81CA
K58CG K58CD L64CB L64CA T73N T73CB R81CD R81CA
D59CB D59CA L64CA L64CD2 E74CB E74CG R81CG R81CA
D59N D59CB L64CA L64CG E74CA E74CD V82CG1 V82CA
W60N W60CG L64CD2 L64CB E74N E74CG V82CG1 \V82CB
W60CA W60CG L64CD2 L64CG E74CG E74CA V82CG2 V82CA
W60CA W60CD1 L64CG L64CB E74CB E74CA V82CG2 \V82CB
W60CA W60CZ2 L64CA L64C K75N K75CD V82CA \V82CB
W60CB W60CA L64CD1 L64CA K75CD K75CA V82CG1 | V82CG2
W60CB W60CD1 L64N L64CA K75CG K75CA V82N V82CA
W60CB W60CG L64N L64CB K75CG K75CB V82N V82CG1
W60CB W60CZ2 L64N L64CD2 K75CG K75CD V82N V82CG2
W60CD1 | W60CE2 L65CD2 L65CB K75CB K75CA N83CB N83CA
W60CD1 W60CG L65CG L65CB K75CG K75CE H84CB H84CG
W60CA W60CD2 L65CA L65CB K75CB K75CE H84CB H84CA
W60CA W60CH2 L65CA L65CD1 K75CD K75CE H84CA H84CD2
W60CB W60CD2 L65CA L65CD2 K75CD K75CB H84CB H84CD2
W60CB W60CH2 L65CD1 L65CG D76CB D76CA H84CD2 H84CG
W60CG W60CD2 L65CD2 L65CD1 D76CB D76CG V85CG1 V85CB
W60CG W60CH2 L65CD2 L65CG Y78CA Y78CZ V85CG2 V85CB
W60CG W60CZ2 L65CA L65C Y78CD2 Y78CZ V85CG1 V85CA
W60CH2 | W60CD1 L65CD1 L65CB Y78CE1 Y78CZ V85CG2 V85CA
W60CH2 | W60CD2 L65N L65CA Y78CB Y78CA V85N V85CG1
W60CH2 | W60CE2 L65N L65CB Y78CA Y78CD1 V85N V85CG2
W60CZ2 | We0CD2 L65N L65CD1 Y78CA Y78CD2
W60CZ2 | W60CH2 L65N L65CD2 Y78CA Y78CE1
W60N W60CA L65N L65CG Y78CA Y78CG
WG60NE1 | W60CD1 Y67CA Y67CZ Y78CA Y78C
W60CA W60CE3 Y67CB Y67CE1 Y78CB Y78CD1
W60CB W60CE2 Y67CB Y67CZ Y78CB Y78CD2
W60CB W60CE3 Y67CE1 Y67CZ Y78CB Y78CE1
W60CE3 | W60CE2 T68CA T68CB Y78CB Y78CG
W60CA W60CE2 T68CG2 T68CA Y78CD1 Y78C
W60CD1 | W60CD2 T68CG2 T68CB Y78CD2 Y78C
W60CD1 | W60CE3 T68N T68CB Y78CE1 Y78C
W60CD2 | W60CE2 E69CB EGI9CA Y78CG Y78C
W60CD2 | W60CE3 F70CB F70CA Y78CZ Y78C
W60CE2 W60C F70CA F70CG Y78CE1 Y78CG
WG60NE1 | W60CE2 F70CA F70CD2 Y78CE1 Y78CD1
S61CA S61CB F70CA F70CE1 Y78CE1 Y78CD2
S61CA S61C F70CD2 F70CE1 A79CB A79CA
S61CB S61C T71CA T71CB A79N A79CA
F62CA F62CB T71CG2 T71CB A79N A79CB
F62CB F62CG T71CG2 T71CA C80CB C80CA
F62CA F62CG P72CB P72CA C80N C80CB
F62CZ F62CD1 P72CG P72CA R81NE R81CB
F62CZ F62CD2 P72CD P72CA R81NE R81CD
F62N F62CB P72N P72CA R81NE R81CG
F62CB F62CD1 P72N P72CB R81NH1 R81CZ
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Supplementary Table 3: Inter-nuclear contacts between atoms within adjacent (in primary
sequence) amino acid residues observed by MAS-NMR spectroscopy. Contacts coloured
GREEN in Figure 3e.

18t nucleus |2 nucleus| |15t nucleus|2™ nucleus| |15t nucleus|2™ nucleus| |[1% nucleus| 2" nucleus
F22CG L23CB H31CA P32CA N42CA G43CA K48CD V49CB
F22CG L23CG H31CG P32CD N42CB G43CA K48CB V49CG1
L23CA N24N H31CE1 P32CA N42CB G43C K48CG V49CB
L23CA N24CB P32CD S33CB N42CG G43CA K48CA V49CG1
N24CA C25CB P32CA S33CA N42CA G43N K48CD V49CG1
N24CA C25CA P32CD S33CA N42CB G43N V49CG1 E50CA
N24CB C25CB P32CB S33CA G43CA E44CB V49CG1 E50CB
C25N Y26CA P32CA S33CB G43CA E44CD V49CA E50CA
C25CB Y26N P32CA S33N G43CA E44C V49CB E50CB
C25CA Y26CB P32CB S33N G43CA E44CA V49CB E50CA
Y26CA V27CA P32CD S33N G43N E44CA E50CA H51CA
Y26CA V27C P32CG S33N G43N E44CB E50CB H51CA
Y26CB V27CA P32CB S33CB G43N E44CG E50CB H51CB
Y26CB V27C P32C S33CB G43CA E44N E50CA H51CG
Y26CA V27CG1 S33CA D34CA G43CA E44CG E50C H51CA
Y26CA V27CG2 S33N D34CB E44N R45CG E50CA H51CD2
Y26N V27CA D34CA 135CD1 R45CA 146CA E50CB H51CD2
Y26CB V27N D34CA 135CG1 R45CA 146CD1 E50CA H51CE1
Y26CE1 V27CA D34CA I35CG2 R45CB 146CD1 E50CB H51CE1
Y26CG V27CA D34CA 135N R45CA 146CG2 E50C H51C
Y26CE1 V27CB D34CB 135CG1 R45CB 146CG2 H51CA S52CA
V27CA S28N D34CB I35CG2 R45C 146CD1 H51CA S52CB
V27CA S28CA D34CA I35CA R45CA 146CB H51CB S52CB
S28CA G29CA 135CD1 E36CA R45CB 146CA H51CG S52CB
S28CB G29CA I35CG2 E36CA R45CG 146CB H51CA S52C
S28C G29CA I35CB E36CA R45CA 146CG1 H51CG S52CA
S28CB G29N I35CA E36N R45CD 146CG1 H51CA S52N
G29CA F30CA 135CD1 E36N 146CB E47CA H51CB S52N
G29CA F30CB 135CG1 E36N 146CD1 E47CA H51C S52CA
G29CA F30C I35CG2 E36N 146CD1 E47CG H51CD2 S52CB
G29CA F30CG I35CA E36CA 146CG1 E47CG H51C S52CB
F30CA H31C I35CA E36CB 146CG2 E47CA H51C S52C
F30CB H31CD2 E36CG V37CB 146CG2 E47CG S52CA D53CA
F30CB H31C E36CA V37CB 146CA E47CB S52CB D53CA
F30C H31C V37CG2 D38CA 146CB E47CB S52CA D53CB
F30CA H31CG V37CG1 D38CA 146CG2 E47N S52CB D53CB
F30CA H31CA D38CA L39CG 146CD1 E47CB S52N D53CA
F30CG H31CA D38CA L39CB 146CG1 E47CA S52CB D53N
F30CG H31CG L39CA L40CA 146CG2 E47CB D53CA L54CB
F30CB H31CB L39CA L40C 146CA E47CA D53CB L54CB
F30CD2 H31CB L39CD2 L40CA 146CG1 E47CB D53N L54CD2
H31CB P32CA L39C L40CA E47CA K48CA D53CA L54CG
H31CA P32CD L39CA L40CG E47CB K48CE D53CA L54CD1
H31C P32CA L39C L40C E47CA K48CG D53CA L54CD2
H31CG P32CB L39CA L40N E47CB K48CG D53CA L54CA
H31C P32CB L39CD2 L40N E47CB K48CA D53CB L54CA
H31CD2 P32CD L39CB L40CA E47CA K48CB D53CB L54CD1
H31C P32CD L40CB K41CG E47CA K48CD D53CB L54CD2
H31CD2 P32CG K41CE N42CB E47CB K48CB L54CB S55CB
H31CG P32CG K41C N42CB E47CB K48CD L54CD1 S55CB
H31C P32CG K41CG N42N K48CA V49CA L54CA S55N
H31C P32C K41CA N42CA K48CB V49CA L54CB S55N
H31CA P32CB K41CA N42CB K48CB V49CB L54CD1 S55N
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18t nucleus | 2" nucleus | | 15! nucleus | 2™ nucleus 18t nucleus | 2™ nucleus | | 1%t nucleus | 2™ nucleus
L54CD2 S55N S61CA F62CA P72CA T73CB R81CA V82CG1
L54CG S55N S61CB F62CA T73CG2 E74CG R81CA V82CG2
L54CB S55CA S61CB F62CE1 T73CB E74CA R81CB V82CG2
L54C S55CB S61C F62CA T73CB E74CG V82CA N83N
L54CA S55CB S61CA F62CD2 T73CB E74CB V82CG1 N83CA
L54CA S55CA S61CA F62CG T73CB E74N V82CG2 N83CA
S55CA F56CA S61CB F62CD2 T73CA E74CA N83CB H84CG
S55CB F56CA F62CB Y63CA T73CA E74CG N83CA H84CD2
S55CA F56CB F62CA Y63CG E74CA K75CA N83CB H84CD2
S55CB F56CB F62CG Y63CA E74CG K75CG N83CA H84CB
S55C F56CB F62CB Y63CB E74CB K75CA N83CA H84CE1
S55CA F56CG Y63CA L64CA E74CG K75CB H84CB V85CA
S55CB F56CG Y63CB L64CA E74CA K75CB H84CD2 V85CG1
F56CB S57CA Y63CB L64CB E74CA K75CG H84CE1 V85CB
F56CB S57CB Y63CG L64C K75CB D76CA
F56CB S57C Y63CG L64CA K75CD D76CA
F56CA S57CA Y63CZ L64CA K75CG D76CA
F56CE1 S57CA Y63CB L64CD1 K75CD D76CB
F56CG S57CA Y63CG L64CD2 K75CB D76CB
F56CB S57N Y63CB L64CG K75CA D76CA
F56CA S57CB Y63N L64CA K75CA D76CB
S57CB K58CA L64CA L65CD2 D76CB E77CA
S57CB K58CB L64CA L65CA D76CA E77CG
S57CB K58CD L64CG L65CD2 D76CB E77CG
S57CA K58CA L64CA L65C D76CA E77N
S57CA K58CG L64CA L65CG D76CA E77CB
S57CB K58CG L64N L65CA D76CB E77CB
K58CG D59CA L64CA L65N E77N Y78CB
K58CA D59CA L64CG L65N E77CB Y78CD1
K58CA D59N L64CA L65CB E77CA Y78CD1
K58CB D59CA L65CA Y66CA Y78CD2 A79CA
K58CD D59CA L65CD1 Y66CB Y78CE1 A79CA
K58CA D59CB L65CG Y66CB Y78CZ A79CA
D59CA WG60N L65CA Y66CB Y78CA A79N
D59CB WG60N L65CB Y66CB Y78CB A79N
D59CA W60CD1 Y66CB Y67CB Y78CG A79CA
D59CA W60CE2 Y67CA T68CB Y78CD1 A79CB
D59CA W60CE3 Y67C T68CB A79CA C80CA
D59CB W60CD1 Y67CB T68CB A79CA C80CB
D59CB W60CE2 T68CB E6G9C A79N C80CA
W60CA S61CB T68CB EGI9CA A79N C80CB
W60CG S61CA T68CB E6GI9CG A79CA C80N
W60CD1 S61CB F70CA T71CB A79CB C80CB
W60CE2 S61CB F70CB T71CB C80CA R81CA
W60CA S61C F70CD2 T71CA C80CB R81CD
W60CD2 S61CA T71CA P72CA C80CA R81CD
W60CH2 S61CA T71CB P72CB C80CB R81CA
W60N S61CB T71CB P72CD C80CB R81CB
W60CE3 S61CB T71CB P72CG R81CA V82CA
W60CB S61CB T71CA P72CB R81CG V82CA
W60CE2 S61CA P72CB T73CB R81CD V82CG1
S61CA F62CB P72CG T73CB R81CD V82CG2
S61CB F62CB P72CA T73CG2 R81CB V82CG1
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Supplementary Table 4: Inter-nuclear contacts between atoms within amino acid residues
that are near in the primary sequence (within 2-4 residues), observed by MAS-NMR
spectroscopy. Contacts coloured ORANGE in Figure 3e.

18t nucleus | 2™ nucleus| | 1%t nucleus|2™ nucleus| |15t nucleus|2™ nucleus| | 1% nucleus | 2™ nucleus
L23CB Y26CZ L40CD1 G43N E50N S52CB W60CD1 F62CD2
L23CD2 Y26CZ L40CG G43N E50CA S52N W60CD2 F62CD2
L23CA Y26CA L40CD1 E44N E50CB D53CA W60CE3 F62CD2
L23CA Y26CE1 L40CD1 E44CG S52N L54CG W60CE2 F62CD2
L23CB Y26CG K41CA G43CA S52CB L54CB W60CE2 Y63CA
L23CA C25CB K41C G43CA S52CA L54CB W60CE2 Y63CB
N24CB Y26CG N42CB R45CA S52CB L54CD2 S61CB Y63CB
C25CB V27CG2 N42CB E44CA S52CB L54N S61CB L64CA
Y26CG S28CA E44CB 146CB S52CB L54CD1 F62CG L64CB
V27C G29CA E44CA 146CD1 S52CB L54CA F62CB L64CA
V27CG1 F30CD2 E44CA 146CG2 S52CA L54CD2 F62CB L64CD1
G29CA H31CA E44CG 146CD1 S52CB S55CB F62CG L65CG
G29CA P32CD E44CB 146CA D53CA S55CB Y63CZ Y66CA
F30CB P32CA E44CB 146CD1 L54CA S57CB Y63CZ Y66CB
F30CG P32CB E44CB 146CG2 L54CD1 F56CB L64CA T68CB
F30CG P32CD 146CD1 V49CB L54CB F56CA L64CG Y66CB
F30CG P32CG 146CD1 V49CG1 L54CD1 F56CG L64CA Y66CB
F30CA P32CA 146CG2 K48CA L54CB F56CB L64CG Y66CA
F30CG P32CA 146CG2 V49CB S55CB K58CA L64CD1 Y66CB
F30CA P32CB 146CG2 V49CG1 S55CB K58CD L65CA T68CB
F30CA P32CD 146CB K48CG S55CB S57CA L65CB T68CB
F30CE1 P32CG 146CB V49CG1 S55CB K58CB L65CD1 T68CG2
F30CA D34CB 146CG1 V49CG1 F56CA W60CG L65CD2 T68CG2
F30CB P32CB 146CG1 V49CB F56CB W60CE3 L65CD1 T68CB
F30CB P32CG 146CA K48CG F56CB W60CG L65CD2 T68CB
H31C S33CA 146CB V49CB F56CB W60CB L65CG T68CA
H31C S33C 146CA V49CG1 F56CA W60CH2 L65CG T68CB
H31CE1 D34CA 146CG2 K48N F56CA K58CA L65CB T68CG2
H31CE1 D34CB 146CG2 K48CB F56CG K58CA L65CD2 Y67CA
H31C D34CB 146CG2 K48CD F56CG W60CA L65CG T68CG2
H31CD2 D34CA 146CA K48CA F56CG W60CD2 L65CA T68CG2
H31CA S33CB 146CA K48CB F56CG W60CH2 L65CD2 T68CA
H31C S33CB 146CB K48CA F56CA W60CE3 Y66C T68CB
P32CB D34CA 146CA K48CD F56CB W60CD1 T68CG2 F70CB
P32CG D34CB E47CG V49CG1 F56CA W60CE2 T68CB T71C
S33N I35CA E47CB V49CG1 F56CB W60CD2 T68CB F70CD2
S33CB I35CA V49CA S52CB F56CB W60CE2 T68CB F70CE1
D34CA V37CG2 V49CB S52CA S57CA W60CA EG9CA P72CA
135CD1 V37CA V49CB S52CB S57CB D59CA E69CB T71CB
135CD1 V37CG1 V49CG1 S52CA S57N W60CB F70CB P72CG
I35CG2 V37CB V49CG1 S52CB S57CB W60CD1 F70CA T73CG2
I35CG2 V37CG1 V49CA S52CA S57CB D59CB F70CG P72CD
I35CG2 V37CG2 V49CA S52N D59CA S61CB F70CA P72CB
135CG1 V37N V49CG1 S52N W60CA F62CB F70CB P72CA
D38CA K41CA V49CG1 D53CA W60CD1 F62CA F70CD2 P72CA
L40CB G43CA V49CG1 D53CB W60CG F62CA F70CE1 P72CA
L40CD1 N42CB V49CG1 H51CD2 W60CD1 F62CB F70CE1 P72CB
L40CD1 G43CA E50CA S52CA W60CE3 F62CB F70CD2 P72CG
L40CG G43CA E50CA S52CB W60CA F62CG F70CD2 T73CB
L40CA N42N E50CB S52CA W60CH2 F62CA P72CA E74CD
L40CB N42N E50CB S52CB W60CE2 F62CA T73CB K75CD
L40CA G43N E50C S52CB W60CE2 F62CB T73CB K75CA
L40CB G43N E50C S52CA W60CB F62CB E74CB D76CB
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15t nucleus | 2™ nucleus

E74CB D76CA

K75CD E77CD

K75CE E77CB

D76CB Y78CA

D76CA Y78CD1

E77CB A79CA

Y78CZ C80CA

Y78CZ C80CB

Y78CE1 C80CA

Y78CG C80CA

Y78CE1 C80CB

A79CA R81CB

A79CA R81CD

C80CB V82CA

C80CB | V82CG1

C80CB | V82CG2

R81CD N83CA
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Supplementary Table 5: Inter-nuclear contacts between atoms within amino acid residues
that are far apart in the primary sequence (within >5 residues), observed by MAS-NMR
spectroscopy. Contacts coloured RED in Figure 3e.

18t nucleus | 2™ nucleus| | 1%t nucleus|2™ nucleus| |15t nucleus|2™ nucleus
L23N V85CG1 135CD1 L64CA 146CD1 L54CG
L23N V85CG2 135CD1 L64CD1 146CG1 S52CB
N24CA V82CG1 135CD1 L64CG 146CG1 L54CB
N24CB V82CG1 135CD1 L65CB 146CG2 L54CB
N24CA V82CG2 135CD1 F70CB 146CG2 L54CD2
N24CB V82CG2 I35CG2 L64CA 146CG2 L54CG
N24N V82CG1 I35CG2 L64CB 146CG1 L54CG
N24N V82CG2 I35CG2 L64CD1 146CA L54CG
N24ND2 | V82CG1 I35CG2 L64CG 146CB L54CG
N24ND2 | Vv82CG2 I35CG2 L65CD2 146CA L54CD1
N24CA C80CB I35CG2 F70CB 146N L54CG
N24CB V85CG1 135CD1 L65CD1 146CG1 L54CA
C25CB C80CA I35CG2 L65CA 146CG2 S52CB
C25CB C80CB I35CA L64CD1 146CA L54CA
C25CB V82CA 135CG1 L65CD1 146CG1 L54CD2
C25CB V82CG1 I35CA L65CG V49CG1 L54CB
C25N C80CB I35CG1 L64CD1 V49CG1 L54CD2
C25N V82CG1 I35CG2 F70CD2 V49CG1 L54CG
C25N V82CG2 V37CG2 F62CG V49CB L54CD2
C25CB C80N V37CG1 L64CD2 V49CA L54CD1
C25CA C80CB V37CG2 L64CD2 V49CA L54CG
C25CB V82CG2 V37CB L64CD2 V49CB L54CA
C25CB R81CA V37CG1 L64CD1 V49CB L54CB
C25CB Y78CD1 V37CG2 L64CG V49CB L54CD1
C25CB A79CA V37CA L64CD1 V49CB L54CG
Y26CB Y78CZ V37CG1 L64CA V49CG1 L54CA
V27CA Y78CB V37CG2 L64CA V49CG1 L54CD1
V27CG1 Y78CE1 V37CG1 F62CD2 V49CA L54CA
V27CA Y78CG V37CB F62CB V49CA L54CD2
V27CB Y78CG V37CB L64CA V49N L54CB
V27CG2 Y78CG V37CG1 | W60CD1 Y63CB T68CB
V27CG1 Y78CD2 V37CG1 W60CE2 L65CD2 F70CB
F30CA Y78CG V37CG2 F62CB L65CB F70CG
F30CG Y78CB V37CG2 F62CD1 L65CD1 F70CB
F30CG Y78CE1 V37CG2 F62CD2 L65CA F70CD2
F30CG Y78CG L39CD2 W60CB L65CD1 F70CD2
F30CE1 Y78CA L39CB W60CG L65CD2 F70CD2
F30CB Y78CD1 L39CA W60CD2 L65CG F70CE1
H31CA E36CG L39CB W60CD2
H31CE1 E36CA L39CG W60CD2
H31C D76CG L39CB W60CB
P32CA D76CB L39CD1 W60CD1
P32CB D76CB L39CD1 W60CE2
P32CG D76CA L39CD1 W60CE3
P32CD Y78CG L40CD1 F56CG
P32CA D76CA L40CA F56CE1
P32CG D76CB L40CG F56CE1
P32CB D76CA L40CD1 F56CB
P32CD T73CB R45CA L54CD2
S33CB T73CA 146CA L54CB
S33CB D76CB 146CB L54CB
S33CB T71CB 146CD1 L54CB
S33CB T73CB 146CD1 L54CD2
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Supplementary Table 6: Analysis of energetic contributions of n-stacking to the f-m
fibril structure

* Estimated based on ring centre distance and data from®.

two-protofilament fibrils is named A or B.
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Bond

AY63 - A.Y66
A.Y66 — A.Y67
A.Y67 - B.Y67
B.Y66 — B.Y67
B.Y63 — B.Y66

Face centres Subunit Contribution Fibril level contribution

distance (A)
4.8

4.8
7.4
4.8
4.8

(kcal/mol)*
-0.9

-0.9
-0.06
-0.9
-0.9

(kcal/mol/pm)*
-1863

-1863
-124

-1863

-1863

Each protofilament within the



Supplementary Table 7 — Comparison of intrasubunit and interprotofilament interactions in selected amyloid fibril structures in the pdb.

Protein Tau Tau Tau o-syn o-syn o-syn Bam AB1.42 AP1-42 AP1-42 AP1-a0 AP1-a0 AP1-40
PDB 503l 503t 6gx5 6flt 6a6b 2n0a XXXX 5kk3 2nao 50qv 2lmo 2mdj 2mvx
Method EM? EM? EM’ Em® EM° NMR3 EMm? NMR?™° NMR* EM*? NMR?3 NMR™  NMR?
Intrasubunit interactions
Hydrophobic X X X X X X X X X X X X
packing
Steric zippers X X X X X X X X X X
Salt Bridges X X X X X X X X
n-stacking X X
B-helix X X
Disulfide X
Disordered termini X X X X X X X
Interprotofilament interactions
In register X X X X
Screw axis X X X X X X X
Steric zipper X X X
Backbone H- X ?
bonding
Terminus salt bridge X
Disordered termini X X X X n/a® X
Side chain H- X X X
bonding
n-stacking X
Terminus X
coordination
Hydrophobic X X X X X X
packing
2 This study
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Supplementary Table 8: Numbers of multiple ring face to face n-stacking interactions
identified in the pdb

rings involved Count in pdb (of 136,162)

3 4937
4 521

5 49

6

7
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Supplementary Table 9: Face to face n-stacking interactions involving 5 or more rings
found in the pdb
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PDB Type Description

2f9c B-helix YDCK from Salmonella cholerae.
200w B-helix Pectate lyase

200v B-helix Pectate lyase

2xtw B-helix QnrB1

2xty B-helix QnrB2
2nzm B-helix Bacillus subtilis pectate lyase

50ls B-helix Rhamnogalacturonan lyase

4fs7 B-helix leucine-rich repeat protein from Bacteroides ovatus
2bsp B-helix Bacillus subtilis pectate lyase

2pig B-helix ydcK from Salmonella cholerae

1idj B-helix Pectin lyase A

1bn8 B-helix Bacillus subtilis pectate lyase

3krg B-helix pectate lyase

201d B-helix Pectate lyase bound to trisaccharide

2xtx B-helix QnrB1

4h09 B-helix leucine-rich repeat protein from Eubacterium ventriosum
1vbl B-helix pectate lyase PL 47

3pr7 B-helix Moraxella catarrhalis adhesin UspA1

1dbo B-helix chondroitinase B

1dbg B-helix chondroitinase B

49t6 B-helix leucine rich cell surface protein

10fl B-helix chondroitinase B

1ofm B-helix chondroitinase B

50Iq B-helix rhamnogalacturonan lyase

50lr B-helix rhamnogalacturonan lyase

2xt2 B-helix AlbG

2lmn fibril z-axis AB1-40

503t fibril z-axis Straight filament in Alzheimer's disease brain
503l fibril z-axis Paired helical filament in Alzheimer's disease brain
2mvx fibril z-axis AB1-420 fibrils: the Osaka mutation

2beg fibril z-axis AB1-42

5oqv fibril z-axis AB1-42

5030 fibril z-axis Tau EM
2mxu fibril z-axis AB1-42

5kk3 fibril z-axis AB1-42
2m5n fibril z-axis transthyretin fibrils
5w3n fibril z-axis FUS low sequence complexity domain protein fibrils
2mpz fibril z-axis AB D23N

2n0a fibril z-axis o-synuclein

1il5 Lectin-like ricin A chain bound with inhibitor

1v6n Lectin-like Peanut lectin with 9mer peptide

1ioa Lectin-like | Arcelin-5, a lectin-like defense protein from Phaseolus vulgaris
1j1m Lectin-like Ricin A-Chain (recombinant) at 100K

5kxc Lectin-like Wisteria floribunda lectin
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1gdo Lectin-like Man(a.1-3)man(a1-O)methyl concanavilin A complex

1cr7 Lectin-like Peanut lectin-lactose complex monoclinic form

5clw Lectin-like human glycogen branching enzyme in complex with
maltoheptaose

1pv6 Lectin-like lactose permease

1n47 Lectin-like solectin B4 from Vicia villosa in complex with the Tn antigen

5sv3 Lectin-like RTA1-33/44-198 (RVEC)

4lgp Lectin-like ricin A chain bound to camelid nanobody

1brd Lectin-like ricin A chain (recombinant) complex with neopterin

3nrb unique formyltetrahydrofolate deformylase




Supplementary Table 10: NMR acquisition parameters for fm fibrils

3D NCACX, 3D NCOCX, and 3D CONCA spectra (Cambridge Instruments 750 MHz, operating under RNMR'6-2%; courtesy of Dr. David Ruben). DARR?!
mixing was used for the 3D NCACX (tmix = 60 ms) and 3D NCOCX (tmix = 80 ms). Additionally, 3D NNC* experiments were acquired (Bruker 800 & 900
AVANCE Ill, with a 3.2 mm triple channel HCN Bruker probe??). Spectra were recorded at /21 = 20 kHz and regulated to +10 Hz using a Bruker MAS Il
controller. The 15 ms'N-"SN PAR mixing used radio frequency (RF) fields of win/2n =55.4 kHz and w1sn/2r = 32.2 kHz. Spectra at won/21T = 750 MHz were
processed with NMRPipe??, while those at won/21T = 800/900 MHz were processed using TopSpin 3.2. All spectra were analysed in Sparky?*. '°C and '°N
chemical shifts were referenced using the published shifts of adamantine relative to DSS for 3C referencing and the IUPAC relative frequency ratios between
DSS (*C) and liquid ammonia ('°N)?. All experiments were conducted at 268 K

Experiment Labelling TI[K] Bol[T] ns o [kHz] d1[s]  7Tmix [ms] t1 swi [Hz] o1 [Hz] t2 sw2 [Hz] 02 [Hz] t3 sws [Hz] 03 [Hz]
3D [N, ®C]-NCACX [u-C, u-"N] 268 17.6 16 12.5 2.5 80 3072 100000.00  7524.08 96 4166.70  8338.11 176  12500.00  7524.08

D ["*N, ®C]-NCOCX [u-3C, u-"N] 268 17.6 16 12.5 2.5 60 2048 100000.00 30660.95 128  4166.70 833822 176  6250.00 30660.95

D ["*N, ®C]-CONCA [u-C, u-"N] 268 17.6 16 12.5 2.5 - 3072 8333330 30848.40 128  6250.00 8717.12 128  4166.70  30848.40

D [N, ®*C]-NNC [u-C, u-"N] 268 18.8 64 20.0 3.0 15 1398  43859.65  12059.50 48 2916.19  9516.96 48 2916.19 9516.96

D ["*C,*C]-RFDR [u-C, u-"N] 268 21.1 32 20.0 2.6 1.6 3072 8333334  10638.97 1152 50000.00 10638.97 - - -

D ["*C,'*C]-PDSD [u-C, u-"N] 268 21.1 40 16.0 2.3 600 2400  55555.56  20370.41 1200 55558.22 20370.41 - - -

D ["*C,*C]-PAR [u-C, u-"N] 268 21.1 96 20.0 24 15 3072 8333334  11248.99 1536 50000.06 11248.99 - - -

D ["*C, *'N]-PAIN [u-C, u-"N] 268 21.1 1120 16.0 2.6 12 2560 8333334  12467.82 192 10000.00 10948.32 - - -

D ["*C,*C]-RFDR [1,6-*Cz-glucose, u-"*N] 268 18.8 64 20.0 2.5 1.6 3072 71428.57  20099.17 1024 40000.00 20099.17 - - -

D ["*C,'*C]-PDSD [1,6-*Cz-glucose, u-""N] 268 18.8 176 20.0 1.0 1000 2048  62500.00 19094.21 512 40000.00 19094.21 - - -

D ["*C,*C]-PAR [1,6-*Cz-glucose, u-"*N] 268 21.1 144 20.0 24 15 3072 8333334  9528.82 1228 49999.68  9528.82 - - -

D ["*C, *'N]-PAIN [1,6-*Cz-glucose, u-"*N] 268 21.1 1056 20.0 2.6 16 3072 8333334  9053.00 196  10000.00 11447.00 - - -

D ["*C,*C]-RFDR [1,3-"*Cz-glycerol, u-"*N] 268 17.6 40 18.2 2.7 1.76 4096  83333.30  18000.00 1080 35714.3  18000.00 - - -

D ["*C,'*C]-PDSD [1,3-"*Cz-glycerol, u-"*N] 268 17.6 64 12.5 2.6 500 4096 8333330  16000.00 1024 446429 16000.00 - - -

D ["*C,*C]-PAR [1,3-"*Cz-glycerol, u-"*N] 268 21.1 96 20.0 24 15 3072 8333334  9528.82 1228 49999.68  9528.82 - - -

D ["*C, *'N]-PAIN [1,3-"*Cz-glycerol, u-"*N] 268 21.1 960 20.0 2.6 12 3072 8333334  9053.00 196  10000.00 11493.85 - - -

D ["*C,'*C]-PDSD [2-"*C-glycerol, u-"*N] 268 17.6 160 16.7 24 700 4096  83333.30  18000.00 880 35211.30 18000.00 - - -

D ["*C,*C]-PAR [2-"*C-glycerol, u-"*N] 268 21.1 240 20.0 24 18 3072 8333334  11248.99 1536 50000.06 11248.99 - - -

D ["*C, *'N]-PAIN [2-"*C-glycerol, u-"*N] 268 21.1 896 16.0 2.6 12 3072 8333334  9053.00 196  10000.00 11447.00 - - -

D ["*C,*C]-RFDR [PC-VYL, u-"*N] 268 21.1 32 16.0 2.5 2 3072 8333334  9053.00 340 14716.70  9053.00 - - -

D ["*C,'*C]-PDSD [PC-VYL, u-"*N] 268 17.6 240 16.0 2.5 200 4096  83333.30  18000.00 800 33783.80 18000.00 - - -

D ["*C,*C]-PAR [PC-VYL, u-"*N] 268 21.1 96 16.0 2.5 15 3072 8333334  9053.00 340 14716.70  9053.00 - - -
2D [C, "N]-PAIN [PC-VYL, u-"*N] 268 21.1 992 16.0 2.5 8 3072 8333334  9053.00 196  10000.00 11448.24 - - -

24



Supplementary Table 11: NMR processing parameters B.m fibrils
The contact information (Supplementary Tables 2-5) were extracted from a total of 19 2D ®*C-"3C and "*C-"°N correlations. We recorded *C-"*C-
PDSD?%, 3C-*C-PAR?"-%, 3C-"3C-RFDR*3!, and 3C-"*N-PAIN*? spectra on almost all isotopically labelled samples.

Experiment Labelling S  WDW:; LBi[Hz] GB; SSBi SL, WDW. LB:;[Hzl GB, SSBi SI; WDW; LB;[Hz] GB; SSB;

3D ['*N, BC]-NCACX [u-53C, u-""N] 8192  GM 50 - - 512 GM 50 - - 512 GM 50 - -
D ['*N, BC]-NCOCX [u-53C, u-""N] 8192  GM 50 - - 512 GM 50 - - 512 GM 50 - -
D ['*N, 3C]-CONCA [u-3C, u-"*N] 8192 GM 60 - - 512 GM 55 - - 256 GM 60 - -
D ['*N, BC]-NNC [u-3C, u-"*N] 8192  GM 20 003 - 256 EM 50 - - 256 GM 20 003 -
D [13C, 3C]-RFDR [u-3C, u-"*N] 8192  GM 80 - - 4096 GM 80 - - - - - - -
D [13C, 3C]-PDSD [u-53C, u-""N] 8192  GM 80 0.1 - 2048 GM 80 0.1 - - - - - -
D [13C, 3C]-PAR [u-53C, u-"*N] 8192  GM 50 0.1 - 2048 GM 50 0.1 - - - - - -
D [13C, *N]-PAIN [u-3C, u-"*N] 8192  GM 20 003 - 1024 GM 20 003 - - - - - -
D [13C, 3C]-RFDR [1,6-3Cr-glucose, u-"N] 8192  GM 50 0.1 - 2048 GM 50 0.1 - - - - - -
D [13C, 3C]-PDSD [1,6-BCr-glucose, u-"N] 8192  GM 20 005 - 2048 GM 20 005 - - - - - -
D [13C, 3C]-PAR [1,6-3Co-glucose, u-"N] 8192  QSINE - - 3.5 2048 QSINE - - 35 - - - - -
D [13C, *N]-PAIN [1,6-3Cr-glucose, u-"N] 8192  GM 80 - - 512 GM 80 - - - - - - -
D [13C, 3C]-RFDR [1,3-3C-glycerol, u-"N] 8192  GM 80 - - 2048 GM 80 - - - - - - -
D [13C, 3C]-PDSD [1,3-BCo-glycerol, u-"N] 8192  GM 80 - - 2048 GM 80 - - - - - - -
D [13C, 3C]-PAR [1,3-BCo-glycerol, u-"N] 8192  GM 80 - - 4096 GM 80 - - - - - - -
D [13C, *N]-PAIN [1,3-BCo-glycerol, u-"N] 8192  GM 80 - - 512 GM 80 - - - - - - -
D [13C, 3C]-PDSD [2-3C-glycerol, u-'"N] 8192  GM 80 - - 2048 GM 80 - - - - - - -
D [13C, 3C]-PAR [2-3C-glycerol, u-'"N] 8192  GM 80 - - 4096 GM 80 - - - - - - -
D [13C, *N]-PAIN [2-3C-glycerol, u-'"N] 8192  GM 20 007 - 1024 GM 20 007 - - - - - -
D [13C, 3C]-RFDR [BC-VYL, u-N] 8192  GM 80 - - 1024 GM 80 - - - - - - -
D [13C, 3C]-PDSD [BC-VYL, u-N] 8192  GM 50 - - 2048 GM 50 - - - - - - -
D [13C, 3C]-PAR [BC-VYL, u-N] 8192  GM 80 - - 1024 GM 80 - - - - - -

2D [13C, '*N]-PAIN [BC-VYL, u-N] 8192  GM 80 - - 512 GM 80 - - - - - -
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Supplementary Table 12: Refinement statistics for the final f2m two protofilament
fibril model

Data collection Dataset 1 Dataset 2
Micrographs 2019 3530

Defocus range (M) -1.7510 -3.75 ym -1.7510 -3.75 ym
Voltage (kV) 300 300

Exposure time (s) 10 10

Number of frames 40 40

Dose/ frame (e7/A?) 1.05 0.89

Total dose(e/A?) 423 35.8

Pixel size (A) 1.06 1.06

Refinement statistics

Box size (px) 300

Box overlap (px) 270
Individual fibrils 622
Particles 11035
Subunit rise (A) 4.83
Subunit Twist (*) -0.608
Resolution (A) 3.9
B-factor (A?) -160.013

Model statistics

B2m Subunits 8
Clash score 29.5
Poor rotomers 0%
Favored rotomers 90.98%

Ramachandran outliers 0%

Ramachandran favored 88.71%

Molprobity score 2.54
Bad bonds 0%
Bad angles 0%
Cis prolines 0/2
CaBLAM outliers 4.99%

CA geometry outliers 0%
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