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Multiscale modeling of homogeneous amylin and tau oligomers
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Figure S1. Modeling homogeneous amylin and tau oligomers. The primary sequences of amylin (A)
and tau (F), and the corresponding hydrophobicity plots (B, G) are shown. The initial AA structure
of a 37-residue-long amylin or a 130-residue-long tau monomer was created by extracting a chain
from the CryoEM fibril structure (PDB: 6VW2 or 503L) and attaching a 13- or 63-residue-long coil
to its N-terminus (C, D) or (H, I), respectively. After an AA-to-CG transformation followed by a 5-



tau

ps-long-CG simulation, 1lam (E) or 1tau (J) monomer in solution was created. By placing multiple
monomers in different locations of a simulation box, amylin (E) or tau (J) oligomers were created
via self-aggregation. All CG simulations were performed under physiological conditions of 0.1 M
NaCl, 1 atmospheric pressure, and 310 K. The protein structures are shown in backbone ribbons
with chain A in blue, chain B in red, chain C in gray, and chain D in orange. The major hydrophobic
residues of amylin and tau as depicted by the hydrophobicity plots are shown in brighter beads.
Detail modeling procedures of homogeneous amylin and tau oligomers have been published else-
where. [1, 2].

Simulations of tau-amylin oligomers in solution
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Figure S2. Modeling heterogeneous tau-amylin oligomers in solution. The initial (0 ps) and final (5
ps) CG structures of 1tam (A) and 2tam (C) in solution and their time evolutions of formation (B, D)
from individual tau and am monomers are given. Water and ion CG atoms are in green dots and
purple beads. The protein structures are shown in a backbone ribbon form with chain A in blue,
chain B in red, chain C in gray, and chain D in orange. All CG simulations were performed in 0.1 M
NaCl and under physiological conditions of 1 atmosphere and 310 K. A scale bar of 2 nm is shown.
Detailed modeling procedures of heterogeneous tau-amylin oligomers have been published else-
where. [3]
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Figure S3. Minimum distance analysis of 1tam binding to the PS-raft membrane. Three-panel plots
of the minimum distance (mindist) between protein and lipid (or water) atoms of three replicates,
rep-1, rep-2, and rep-3, of the 1tam/raft complex in CG (A-C) and AA (D-F) simulations are shown.
Each initial structure of the AA simulation was obtained from the 15 ps CG structure after a CG-to-
AA transformation. The upper panel shows the mindist between protein and lipid atoms vs. time,
the middle panel shows the number of contacts within 2 nm between protein and lipid atoms vs.
time. The lower panel shows the time-averaged mindist between protein and lipid (or water) atoms
vs. residue # over the last 5 pus for CG and the last 50 ns for AA. All mindist values are color-coded
based on the lipid types, DPPC in green, DLPC in orange, CHOL in black, POPS in purple, and
water in blue. The error bar represents the standard deviation of the mean. The protein residue
locations of the tau and amylin (am) chains inside the 1tam are identified by the blue (chain A) and
red (chain B) arrows, respectively.
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Figure S4. Minimum distance analysis of 2tam binding to the PS-raft membrane. Three-panel plots
of the minimum distance (mindist) between protein and lipid (or water) atoms of three replicates,
rep-1, rep-2, and rep-3, of the 2tam/raft complex in CG (A-C) and AA (D-F) simulations are shown.
Each initial structure of the AA simulation was obtained from the 15 us CG structure after a CG-to-
AA transformation. The upper panel shows the mindist between protein and lipid atoms vs. time,
the middle panel shows the number of contacts within 2 nm between protein and lipid atoms vs.
time. The lower panel shows the time-averaged mindist between protein and lipid (or water) atoms
vs. residue # over the last 5 ps for CG and the last 50 ns for AA. All mindist values are color-coded
based on the lipid types, DPPC in green, DLPC in orange, CHOL in black, POPS in purple, and
water in blue. The error bar represents the standard deviation of the mean. The protein residue
locations of the tau and amylin (am) chains inside the 2tam are identified by the blue, red, gray, and
orange arrows, corresponding to chains A (am), B (tau), C (tau), and D (am), respectively.



A

&

Mindist 3-panel analysis of CG 1tam/GM-raft complexes
CG rep-1 B CGrep-2 C CGrep-3

| R B N

IS

'S

LI

v

L2 ] g

Minimum Distance (nm)
o

Minimum Distance (nm
“
{ ES il P R
Minimum Distance (nm
S

(4
(4

0 2 4 6 8 10 12 14
Time (us)

0 2 4 6 § 10 12 14
Time (us)

50000
40000
30000
20000

10000

Number of Contacts (< 2 nm)

9

0
0

Sll()()llx|lnlnlx|nlrl 5()()()().|.|||||-||||

40000 40000
30000 30000

20000 20000

10000

10000

0 0

o0 2 - 6 8 10 12 14

Number of Contacts (< 2 nm)
Number of Contacts (< 2 nm)

0 2 4 6 § 10 12 14
Time (us)

>
IS

6
Time (us)

*
=}
=

)

n

T TR

P T O T L I L A [ T O I P T [ I 1 B O ]I [

Minimum Distance (nm)

Number of Contacts ( < 2nm)

Minimum Distance (nm)

Minimum Distance (nm)
Minimum Distance (nm)

0 30 60 90 120 150 i 30 60 90 120 150 0 30 60 90 120 150
Residue (#) Residue (#) Residue (#)
> » L > > »
tau (A) am (B) tau (A) am (B) tau (A) am (B)

Mindist 3-panel analysis of AA 1tam/GM-raft complexes
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Figure S5. Minimum distance analysis of 1tam binding to the GM-raft membrane. Three-panel plots
of the minimum distance (mindist) between protein and lipid (or water) atoms of three replicates,
rep-1, rep-2, and rep-3, of the 1tam/raft complex in CG (A-C) and AA (D-F) simulations are shown.
Each initial structure of the AA simulation was obtained from the 15 us CG structure after a CG-to-
AA transformation. The upper panel shows the mindist between protein and lipid atoms vs. time,
the middle panel shows the number of contacts within 2 nm between protein and lipid atoms vs.
time. The lower panel shows the time-averaged mindist between protein and lipid (or water) atoms
vs. residue # over the last 5 ps for CG and the last 50 ns for AA. All mindist values are color-coded
based on the lipid types, DPPC in green, DLPC in orange, CHOL in black, GM1 in purple, and water
in blue. The error bar represents the standard deviation of the mean. The protein residue locations
of the tau and amylin (am) chains inside the 1tam are identified by the blue (chain A) and red (chain
B) arrows, respectively.
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Figure S6. Minimum distance analysis of 2tam binding to the GM-raft membrane. Three-panel plots
of the minimum distance (mindist) between protein and lipid (or water) atoms of three replicates,
rep-1, rep-2, and rep-3, of the 2tam/raft complex in CG (A-C) and AA (D-F) simulations are shown.
Each initial structure of the AA simulation was obtained from the 15 us CG structure after a CG-to-
AA transformation. The upper panel shows the mindist between protein and lipid atoms vs. time,
the middle panel shows the number of contacts within 2 nm between protein and lipid atoms vs.
time. The lower panel shows the time-averaged mindist between protein and lipid (or water) atoms
vs. residue # over the last 5 pus for CG and the last 50 ns for AA. All mindist values are color-coded
based on the lipid types, DPPC in green, DLPC in orange, CHOL in black, GM1 in purple, and water
in blue. The error bar represents the standard deviation of the mean. The protein residue locations
of the tau and amylin (am) chains inside the 2tam are identified by the blue, red, gray, and orange
arrows, corresponding to chains A (am), B (tau), C (tau), and D (am), respectively.
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Figure S7. Annular lipid compositions of homo- and hetero-oligomers in the PS-raft. The total num-
bers (A-D) and percentages (E-H) of CHOL (A, E), DPPC (B, F), DLPC (C, G), and POPS (D, H) in
the 0.5 nm annular lipid (AL) shells of homo-amylin (blue), homo-tau (black), and hetero-oligomers
(red) are given. The oligomers are sorted according to their total amino acid numbers. Each data
point represents the time- and replicate-averaged value over the last 50 ns of AA simulations and
across all replicates. The error bars are standard errors of the means.
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Figure S8. Annular lipid compositions of homo- and hetero-oligomers in the GM-raft. The total
numbers (A-D) and percentages (E-H) of CHOL (A, E), DPPC (B, F), DLPC (C, G), and GM1 (D, H)
in the 0.5 nm annular lipid (AL) shells of homo-amylin (blue), homo-tau (black), and hetero-oligo-
mers (red) are given. The oligomers are sorted according to their total amino acid numbers. Each



data point represents the time- and replicate-averaged value over the last 50 ns of AA simulations
and across all replicates. The error bars are standard errors of the means.
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Figure S9. Protein structures of membrane-bound hetero-oligomers. The time (x-axis)- and residue
(y-axis)-resolved secondary structures of the hetero-dimer in the PS-raft (A) and the GM-raft (B), as
well as the hetero-tetramer in the PS-raft (C) and the GM-raft (D) in the DSSP format for all three



replicates are given. For the hetero-dimer, the residues belonging to the constituent tau and amylin
(am) chains are identified by the blue and red arrows, respectively. For the tetramer, the residues
belonging to the constituent tau and amylin chains are identified by the blue (am), red (tau), gray
(tau), and orange (am) arrows.

Effects of Amylin on Protein Folding of Tau in Hetero-Oligomers
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Figure S10. Effects of amylin on protein folding of tau in hetero-oligomers. The protein alpha (A, C)
and beta (B, D) structures of the tau monomer in the hetero-dimer (1tau') and the tau-dimer in the
hetero-tetramer (2tau') structures are compared alongside the tau monomer (1tau) and tau dimer
(2tau) on the surfaces of PS-raft and GM-raft. Group difference analyses (see main text) were con-
ducted for 1tau versus 1tau’ as well as 2tau versus 2tau’ with the matched total number of amino
acid residues of 130 and 260, respectively. For 1tau versus 1tau’ (B), there was a marginal significant
effect of the surface with p = 0.05 on the beta structure formation, where the GM-raft induces greater
beta structure than the PS-raft. All other relationships showed no significant differences, indicating
that beta and alpha structure formation by tau does not differ significantly when initiating contact
with amylin in the hetero-oligomers.
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Figure S11. Effects of tau on protein folding of amylin in hetero-oligomers. The protein alpha (A, C)
and beta (B, D) structures of amylin monomer in the hetero-dimer (lam') and the amylin-dimer in
hetero-tetramer (2am') structures are compared alongside amylin monomer (lam) and amylin di-
mer (2am) on the surfaces of PS-raft and GM-raft. Group difference analyses (see main text) were
conducted for lam versus lam’ as well as 2am versus 2am’ with the matched total number of amino
acid residues of 37 and 74, respectively. There was a significant effect of alpha structure formation
for 1 am vs. lam’ (A) on both PS-raft and GM-raft with p <0.001, but not for 2 am vs. 2am’ (C). There
was no significant effect of the beta structure formation for either 1 am vs. lam’ (B) or 2 am vs. 2am’
(D) across protein or raft membrane surface.



Hetero-tau-amylin-oligomers in solution
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Figure S12. Contact maps of hetero-oligomers in solution. The average (A, B) and the standard de-
viation (C, D) of contact between each amino acid residue in a hetero-dimer (A, C) and a hetero-
tetramer (B, D) in solution are shown. The contact regions between the residues of amylin (red ar-
row) and those of tau (blue arrow) are identified in dashed rectangles in the average contact maps.
The color-coded data points represent the average and standard deviation of contact between each
amino acid residue in the oligomer from the 5 ps of the CG simulation.



Hetero-tau-amylin-oligomers in CO-raft
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Figure S13. Contact maps of hetero-oligomers in the CO-raft. The average (A, B) and the standard
deviation (C, D) of contact between each amino acid residue in a hetero-dimer (A, C) and a hetero-
tetramer (B, D) on the raft membrane are shown. The contact regions between the residues of amylin
(red arrow) and those of tau (blue arrow) are identified in dashed rectangles in the average contact
maps. The color-coded data points represent the average and standard deviation of contact between
each amino acid residue in the oligomer from the last 5 ps of the CG simulation.
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Figure S14. Contact maps of hetero-oligomers in the PS-raft. The average (A, B) and the standard
deviation (C, D) of contact between each amino acid residue in a hetero-dimer (A, C) and a hetero-
tetramer (B, D) on the raft membrane are shown. The contact regions between the residues of amylin
(red arrow) and those of tau (blue arrow) are identified in dashed rectangles in the average contact
maps. The color-coded data points represent the average and standard deviation of contact between
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Hetero-tau-amylin-oligomers in GM-raft
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Figure S15. Contact maps of hetero-oligomers in the GM-raft. The average (A, B) and the standard
deviation (C, D) of contact between each amino acid residue in a hetero-dimer (A, C) and a hetero-
tetramer (B, D) on the raft membrane are shown. The contact regions between the residues of amylin
(red arrow) and those of tau (blue arrow) are identified in dashed rectangles in the average contact
maps. The color-coded data points represent the average and standard deviation of contact between

© © © ©o = 2 =
N H (] (o] N -
(wu) soueysig

o

© o o o =
N - » (o]
(wu) soueysiq

o

C

160
140
120
100

Residue index
N H [«2] @®
o o o o
|

O

Standard deviation in contact map

5.‘ &-1 7

. - e S I—“LF-'-"

- 4 Ve {
& ,".‘-'; .

‘g‘
20 40 60 80 100 120 140 160
Residue index

Standard deviation in contact map

300
250
3
T 200
£ -
=3 4
B 150 - o
3 3
4 ?
100 . ol ]
".L,'/,ﬂ“i' v‘ 1
50 .4 "l -
7 Mo’ ¥ i
| I |
amylin tau tau amylin
100 150 200 250 300

Residue index

each amino acid residue in the oligomer from the last 5 s of the CG simulation.

0.5
0.45
0.4
0.35

e
w

0.25

o
N
(wu) soueysig

0.15
0.1
0.05



Table S1. Summary of ANOVA Analysis of protein effect on alpha-helix formation. The F- and p-
values of the comparisons between the alpha-helical contents of two groups of protein aggregates

for all raft surfaces are given. See the Abbreviations of the main text for the definitions of the protein
groups.

Analyses F-value p-value

2tau vs. ltam 23.07 0.00096**

4tau vs. 2tam 3.862 0.080936

lam’ vs. 1tam 27.16 0.00081**
2am’ vs. 2am 2.52 0.1468
Itau’ vs. 1tau 3.0245 0.116
2tau’ vs. 2tau 0.084 0.7802

1tam vs. Ttam+1tau 21.8558 0.001592*
2tam vs. 2am+2tau 2.213 0.1751

*p<0.01
** p <0.001



