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SI - A 

Sequence alignments of WT-K18, MBD-K18 and K18 fibril core are shown in Fig. A1. 

WT-K18 and MBD-K18 contain all four R1 to R4 repeats, while the fibril core contains only 

R3 and R4. In all sequences, the cationic and anionic residues are marked in blue and red 

colors, respectively, while the hydrophobic residues are underlined. The common PGGG 

pattern in the repeats is also shown. 

 

Figure SA1. Sequence alignments of WT-K18, MBD-K18 and Fibril Core of K18. The R1, R2, R3 and 

R4 repeats of Tau-WT-K18 (A), Tau-MBD-K18 (B) and Tau fibril core, or Tau-FC-K18, are labeled. 

The cationic, anionic, and hydrophobic residues are marked as red, blue, and underlined, respec-

tively. The common region of PGGG in each repeat is highlighted in yellow. 
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SI - B 

Protein residue contact maps were used to investigate the time-averaged and stand-

ard deviation of intra-chain and inter-chain residue contacts for monomeric and tetram-

eric WT-K18 in solution (Fig. B1) and on CO-raft surfaces (Fig. B2). Diffused contact re-

gions and large fluctuations were evident for WT-K18 in solution. In contrast, focused 

contact regions and less fluctuations were found when the protein established binding on 

raft surfaces. The results indicate a significant reduction of the non-bonded conforma-

tional phase space of the protein from the 3D solution state to the 2D planar membrane-

bound state. 

 

 
Figure SB1. Contact maps of monomeric and tetrameric CG WT-K18 in solution. (A) The average 

(left panel) and the standard deviation (right panel) of contact between each amino acid residue in 

a WT-K18 monomer, over 2.5 μs of simulation. (B) The average (left panel) and the standard devia-

tion (right panel) of contact between each amino acid residue in a WT-K18 tetramer, over 5 μs of 

simulation. 
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Figure SB2. Contact maps of monomeric and tetrameric CG WT-K18 on CO-raft surfaces. (A) The 

average (left panel) and the standard deviation (right panel) of contact between each amino acid 

residue in a WT-K18 monomer. (B) The average (left panel) and the standard deviation (right panel) 

of contact between each amino acid residue in a WT-K18 tetramer. All were from 10 to 15 μs of 

simulation.   
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SI - C 

Aggregation kinetics of WT-K18 dimer and tetramer in solution are shown in Fig. C1. 

The Lo, Ld, Lod and GM1-cluster domains in the absence (Fig. C2) and presence of mem-

brane-bound WT-K18 dimer (Figs. C3 and C4) are given. The PS-clusters are mainly se-

questered into the Lo and Lod domains and excluded from the Ld domains. To provide 

better visualization of the domain arrangement, multiple self-repeated, periodic images 

are shown in Fig. C2. The lipid compositions of the lipid domains are given in Fig. C5. 

 

 

Figure SC1. Aggregation kinetics of CG WT-K18 oligomers. The aggregation states of dimer (A) and 

tetramer (B) of WT-K18 starting from evenly spaced monomers (t = 0 μs) to oligomers of different 

sizes at different times are shown. The scale bar indicates 10 angstroms. Protein chains are labeled 

in blue (chain A), red (chain B), gray (chain C) and orange (chain D). The water (blue dot), and ions 

with dark blue for Na+ and light blue for Cl-, are shown. 

 

Figure SC2. Periodic images of lipid rafts. Lateral (x-y) and transverse (y-z) periodic images of CO-

raft (A), GM-raft (B) and PS-raft (C) after 10 μs of CG MD simulation in the absence of externally 

added protein. All simulations were performed in the presence of 0.1 M NaCl, 310 K and 1 atmos-

pheric pressure. The lipid types are color coded: DPPC (green), DLPC (orange), CHOL (black), GM1 

(magenta) and POPS (red). For the transverse images, waters are in small blue dots and ions are in 

dark blue (Na+) and light blue (Cl-). The Lo, Ld and Lod domains are shown in light green, light 

orange and bright green or orange, respectively, for all rafts. The scale bar indicates 10 angstroms.  

10 Å

Aggregation of Tau-WT-K18 in solution  

t = 1 µs t = 2 µs t = 3 µs t = 4 µs t = 5 µst = 0 µs

t = 1 µs t = 2 µs t = 3 µs t = 4 µs t = 5 µst = 0 µs
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Figure SC3. Binding of CG WT-K18 dimer to CO-raft and GM-raft. Binding of WT-K18 dimer from 

the solution state (0 μs) to the equilibrated membrane-bounded state for the CO-raft at 30 μs (A) 

and at 15 μs for the GM-raft (B). The chain A and chain B of the dimer are in blue and red beads, 

respectively. The scale bar indicates 10 angstroms. For clarity, the water and ions are not shown. See 

the legend of Fig. C2 for more details of the labeling of membrane domains.  

 

Figure SC4. Binding of WT-K18 dimer from solution to membrane-bound states for the PS-raft. 

Binding of WT-K18 dimer from the solution state (0 μs) to the equilibrated membrane-bounded state 

for the PS-raft at 15 μs. The chain A and chain B of the dimer are in blue and red beads, respectively. 

The scale bar indicates 10 angstroms. For clarity, the water and ions are not shown. See the legend 

of Fig. C2 for more details of the labeling of membrane domains.  
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Figure SC5. Compositions of Lo, Ld and Lod domain in lipid rafts. Time- and replicate averaged 

percentages of DPPC, DLPC and CHOL in Lo, Ld and Lod domains of CO-raft, GM-raft and PS-raft 

over the last 5 μs and across three independent simulation replicates for each system are given. All 

three oligomers, monomer (blue), dimer (red) and tetramer (gray), are shown. The control (green) 

represents the data in the absence of protein. The error bars are standard errors of the means.   
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SI - D 

Representative minimum distance analysis of WT-K18 and MBD-K18 in lipid rafts at 

both CG and AA resolutions are shown in Fig. D1. Similar to dimers in Fig. 3, stable mem-

brane-bound tetramers were found for CG WT-K18 and MBD-K18 tetramers in all lipid 

rafts. After the CG-to-AA resolution transformation of the last frame of the CG-simula-

tion, a stable membrane-bound state of each AA tetramer was detected for both WT-K18 

and MBD-K18 as shown in the mindist vs. time and number of contacts vs. time curves.  

A mindist spectrum allows us to identify specific protein residue patterns, or mem-

brane binding domains, where the K18 oligomers prefer to attach on different raft sur-

faces. Here, the values of mindist for protein-lipid and protein-water are shown. The min-

dist spectra of CG K18 oligomers in CO-raft (Fig. D2), GM-raft (Fig. D3) and PS-raft (Fig. 

D4) for WT-K18 (upper panel) and MBD-K18 (mid panel) are given. In addition, the dif-

ference spectrum, defined as WT-K18 spectrum subtracted by- MBD-K18 spectrum, for 

each simulation system is presented (bottom panel). The data points represent time- and 

replicate-averaged values over the last 5 μs and across all three independent replicates of 

each simulation system. Hence, a total of 18 mindist spectra, representing the monomer, 

dimer and tetramer of either CG WT-K18 or CG MBD-K18 on three different rafts, are 

presented. Also, a comparison of the binding pattern of CG Tetramer K-18 and AA Te-

tramer K-18 on CO-raft (Fig. D5), GM-raft (Fig. D6) and PS-raft (Fig. D7) are shown.   
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Figure SD1. Minimum distance analysis of K18 tetramer binding to lipid rafts. Minimum distance 

analysis of K18 tetramer at CG and AA resolutions in CO-raft, GM-raft and PS-raft. See the legend 

of Fig. 3 for details.  
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Figure SD2. Mindist spectra of K18 oligomers on CO-raft surface. The spectra of CG WT-K18 (WT) 

and CG MBD-K18 (MBD) are shown in the top two panels, respectively. The bottom panel shows 

the difference spectrum (= spectrum of WT - spectrum of MBD). The data points represent time- and 

replicate-averaged values over the last 5 μs and across all three independent replicates of each sys-

tem. The lipid types are color coded with DPPC in green, DLPC in orange, CHOL in black, water in 

blue. Three mutation markers (dashed red lines) for each protein chain at residues 45, 66 and 76 of 

chain A, 175, 196 and 206 of chain B, 305, 326 and 336 of chain C, and 435, 456 and 466 of chain D 

are given. The black arrow heads on the residue axis identify the N-termini or locations of the start-

ing residues of chain B, (residue 131), chain C (residue 261) and chain D (residue 391). A 5 point-

moving average curve was drawn for each spectrum. The error bars represent standard errors of 

the means.  
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Figure SD3. Mindist spectra of CG WT-K18 and CG MBD-K18 on GMCO-raft surface. The color 

labels of the spectra are identical to those for the CO-raft in Fig. D23, except the presence of the 

additional GM1 in magenta.  
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Figure SD4. Mindist spectra of CG WT-K18 and CG MBD-K18 on PS-raft surface. The color labels of 

the spectra are identical to those for the CO-raft in Fig. D23, except the presence of the additional 

POPS in magenta.  
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Figure SD5. Mindist spectra of CG tetramer K-18 (A, B) andAA Tetramer K-18 (C, D) on CO-raft 

surface. Both WT-K18 (A, C) and MBD-K18 (B, D) are shown. See the legend of Fig.3 for details.  
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Figure SD6. Mindist spectra of CG tetramer K-18 (A, B) andAA Tetramer K-18 (C, D) on GM-raft 

surface. Both WT-K18 (A, C) and MBD-K18 (B, D) are shown. See the legend of Fig.3 for details.  
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Figure SD7. Mindist spectra of CG tetramer K-18 (A, B) andAA Tetramer K-18 (C, D) on PS-raft 

surface. Both WT-K18 (A, C) and MBD-K18 (B, D) are shown. See the legend of Fig.3 for details.  
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SI - E 

The time- and replicate-averaged number of lipids for each lipid type inside the 1.2 

nm annular lipid shell surrounding the membrane-bound WT-K18 and MBD-K18 oligo-

mers over the last 5 μs for CG or 50 ns for AA and across all three independent replicates 

are shown in Fig. E1. Also shown are the total number of lipids surrounding the oligo-

mers. By dividing the total protein-lipid binding energy in Fig. 4 with the corresponding 

numbers of lipids shown here, the normalized protein-lipid binding energy for each lipid 

type and for all lipids were generated and are shown in Fig. E2. 
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Figure SE1. Number of lipids in the 1.2 nm annular lipid shell. The number of lipids for each lipid 

type inside the 1.2 nm annular lipid shells surrounding WT-K18 and MBD-K18 oligomers are 

shown. The number of total lipids for each oligomer at both CG and AA resolutions are also shown. 

Data points represent time- and replicate averaged values over the last 5 μs for CG or 50 ns for AA 

and across all three independent replicates of each system. The errors are standard errors of the 

means. 
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Figure SE2. Normalized protein-lipid binding. The normalized protein-lipid binding of WT-K18 

and MBD-K18 oligomers to each lipid type. The data points represent time- and replicate averaged 

values over the last 5 μs or 50 ns for AA and across all three independent replicates of each system. 

The error bars are standard errors of the means. See the legend of Fig. 4 for details. 

 

  



Membranes 2022, 12, 1098 19 of 21 
 

 

SI - F 

DSSP plots of all simulation replicates of AA WT-K18 and MBD-K18 on CO-raft (Fig. 

F1), GM-raft (Fig. F2) and PS-raft (Fig. F3) are shown. The details of the interpretations of 

the secondary structures based on DSSP are given in the maintext. 

 

 

 

Figure SF1. DSSP plots of WT-K18 and MBD-K18 on CO-raft. See the legend of Fig. 6 for details.  
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Figure SF2. DSSP plots of WT-K18 and MBD-K18 on GM-raft. See the lengend of Fig. 6 for details.  
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Figure SF3. DSSP of WT-K18 and MBD-K18 on PS-raft. See the legend of Fig. 6 for details.  


