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1 Materials and Methods 

1.1 Peptides and Buffer 

Amyloid β (1−40) (Aβ40, DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVV, 95%) 

peptide was obtained from Peptide 2.0 Inc. (Chantilly, VA) (used for all experiments and data 

shown) and Pepscan (Lelystad, Netherlands) (used for verification experiments). Uperin 3.5 

(U3.5, GVGDLIRKAVSVIKNIV-NH2, 98%) peptide was purchased from Peptide 2.0 Inc. 

(Chantilly, VA). Potassium phosphate monobasic (≥99.0%), potassium phosphate dibasic 

(≥98.0%) and sodium chloride (≥99.5%) were obtained from Sigma-Aldrich Corp. (St. Louis, 

MO). Ultrapure water (18.2 MΩ cm) was used for all experiments (Sartorius, Göttingen, 

Germany). Phosphate-buffered saline (PBS) solutions (20 mM phosphate and 100 mM sodium 

chloride) were used as buffer. The pH was adjusted to 7.40±0.05 using diluted sodium 

hydroxide (≥97.0%, pellets) or hydrochloric acid (32%). PBS solutions were filtered through 
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hydrophobic polypropylene membrane filters prior to use (GH Polypro, 0.2 μm, PALL Life 

Sciences, USA). 

1.2 Liposome Preparation 

1-Palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC, >98%), 1-palmitoyl-2-oleoyl-sn-

glycero-3-phospho-(1'-rac-glycerol) (POPG, >98%) and 1-palmitoyl-2-azelaoyl-sn-glycero-3-

phosphocholine (PazePC, >98%) were obtained from Cayman Chemical (Ann Arbor, MI). 

Cholesterol (ovine wool, >98%) was obtained from Avanti Polar Lipids, Inc. (Alabaster, AL). 

POPC and POPG were each dissolved in a 2:1 (v/v) mixture of chloroform (≥99%, Sigma-

Aldrich Corp., St. Louis, MO) and methanol (≥99.8%, Merck KGaA, Darmstadt, Germany), 

cholesterol was dissolved in pure ethanol-free chloroform and PazePC was diluted with 

methanol to prepare 5 mM lipid stock solutions. To mimic different membrane compositions, 

the following mixtures were prepared: POPC-POPG (4:1, molar ratio), POPC-cholesterol (4:1) 

and POPC-PazePC (7:3). Aliquots of 100 μL of each lipid or lipid mixture were transferred into 

test tubes, the solvent was evaporated under a gentle N2 gas stream and dried under vacuum 

in a desiccator, sealed with parafilm and stored at -20°C. To form liposomes, the lipids were 

suspended in 0.5 mL of PBS buffer (1 mM lipid), incubated at 37°C for at least 30 min, vortexed 

for 5 min, and finally 15 times extruded through polycarbonate membranes (0.1 μm, Avanti 

Polar Lipids, Inc., Alabaster, AL). The lipids POPC, POPG and the mixtures POPC-POPG and 

POPC-Cholesterol were in liquid phase state under experimental conditions at 22°C or 37°C.1 

1.3 Dynamic Light Scattering (DLS) of Liposomes and Micelles 

DLS measurements were performed to assess the hydrodynamic diameter (size) of liposomes 

and micelles using a Zetasizer Nano ZS instrument from Malvern Instruments (Malvern, UK). 

Lipid solutions were diluted (1:100) and measured in disposable solvent-resistant 

microcuvettes (ZEN0040, Malvern Instruments, Malvern, UK) at 25°C at a scattering angle of 

173° (Non-Invasive Backscatter, NIBS). Sample material was set to protein (refractive index 

1.450, absorption 0.001) due to its comparable properties to lipids and dispersant was water 

(viscosity 0.8872 mPas, refractive index 1.330). Number density distributions are presented. 

1.4 Thioflavin T (ThT) Fluorescence Assays 

ThT fluorescence assays were performed to study the kinetics of amyloid fibril formation, as 

previously reported.2 ThT (Sigma-Aldrich Corp., St. Louis, MO) was diluted in dimethyl 
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sulfoxide (DMSO, ≥99.9%, Merck, Darmstadt, Germany) to obtain a 1 mM ThT stock solution 

that was stored at -20 °C and protected from light. The peptides Aβ40 (100 μM) and U3.5 

(50 μM) were first dissolved in DMSO (20 μL of DMSO per each mL of the final sample 

volume) and ThT stock solution was added to obtain a ThT concentration of 20 μM in the final 

sample volume. Solutions of varying concentrations of lipid in PBS buffer were prepared and 

subsequently added to the peptide-ThT mixtures to obtain the final sample solutions (0, 100, 

900 μM for Aβ40 and 0, 50, 450 μM for U3.5) and initiate peptide aggregation kinetics. All 

sample solutions were vortexed before the transfer of 50 μL (for Aβ40) or 150 μL (for U3.5) into 

each well of black polystyrene 96-well microplates with a solid, clear bottom, and nonbinding 

coating (Greiner Bio-One International GmbH, Kremsmünster, Austria). Microplates were 

closed with ThinSeal adhesive sealing (Astral Scientific Pty. Ltd., Taren Point, Australia) films 

to prevent evaporation. ThT fluorescence was recorded using a CLARIOstar plate reader 

(BMG LABTECH GmbH, Ortenberg, Germany) with excitation and emission wavelengths set 

to λexc = 440 nm (bandwidth 10 nm) and λem = 480 nm (bandwidth 10 nm), respectively. 

Experiments were performed at least in triplicate at 37°C, and the microplate was agitated for 

40 seconds before each measurement cycle (5 minutes) using double orbital shaking (300 rpm). 

ThT data for Aβ40 showed higher variations between repetitions. Data were averaged, 

normalized to a maximum fluorescence of 1 (except in cases with inhibition of peptide 

aggregation) and plotted in Origin 2022 (OriginLab Corp., Northampton, MA). 

1.5 Circular Dichroism (CD) Spectroscopy 

Aβ40 was first dissolved in a mixture of acetonitrile and 2,2,2-trifluoroethanol/TFE (1:1, v/v, 

40 μL per each mL of final sample volume), and U3.5 was dissolved in a mixture of acetonitrile 

and ultrapure water (1:1, v/v, 40 μL per each mL of final sample volume) to prepare stock 

solutions. Acetonitrile (≥99.9%) was obtained from Merck (Darmstadt, Germany) and 2,2,2-

trifluoroethanol (TFE, ≥99.0%) was obtained from Sigma-Aldrich Corp. (St. Louis, MO). 

Solvents were adjusted, different to the ThT assays, to consider that DMSO would absorb in 

the region of interest for CD measurements. The peptide stock solutions were aliquoted and 

liposomes in PBS buffer were added to obtain final peptide concentrations of 100 μM (Aβ40) or 

50 μM (U3.5) and liposome concentrations of 900 μM (Aβ40) or 450 μM (U3.5). Samples were 

measured by CD spectroscopy after 15 h (U3.5) or two days (Aβ40) of incubation at 37°C. U3.5 
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samples were directly measured, whereas aliquots of the Aβ40 samples were diluted to 20 μM 

peptide / 180 μM liposomes due to a higher CD absorbance. 

Samples were vortexed before the transfer of 100 μL (Aβ40) or 150 μL (U3.5) sample solution 

into 1 mm path length quartz cuvettes (21/10/Q/1/ CD, Starna Scientific Ltd., Essex, UK). 

Samples were mixed before each measurement by inverting the cuvettes multiple times for 

30 s. Far-UV CD spectra were recorded between 260 and 195 nm at 37°C using a J-815 CD 

spectropolarimeter (Jasco Corp., Tokyo, Japan) at standard sensitivity as previously reported 

(DIT, 1 s; bandwidth, 1 nm; data pitch, 0.5 nm; continuous; scanning speed, 50 nm/min; five 

scans).2 The buffer contribution was subtracted for each experiment, and experiments were 

repeated at least in duplicate. Representative data were plotted in Origin 2022 (OriginLab 

Corp., Northampton, MA). The mean residue molar ellipticities (MRE, Θmolar,λ) were 

determined from the measured ellipticities Θλ, the peptide concentrations c, the cuvette path 

lengths l, and the number of residues n, i.e., 39 peptide bonds for Aβ40 and 16 peptide bonds 

for U3.5). 

𝜃molar,𝜆 =
𝜃𝜆 (millidegrees) 106

𝑐 (micromolar) 𝑙 (millimetres) 𝑛
 

The secondary structure content for the peptides was calculated from the measured CD 

spectra using the BeStSel webserver (https://bestsel.elte.hu) (α-helix, β-strand, turns, and 

other).3 

1.6 Quartz Crystal Microbalance (QCM) Measurements 

Silicon dioxide (SiO2)-coated quartz crystals with a fundamental frequency of 5 MHz (Q-Sense, 

Biolin Scientific, Gothenburg, Sweden) were used as sensors for the QCM experiments. The 

sensors were cleaned using the following protocol: After 10 min in a 2% Hellmanex II cleaning 

solution (Hellma, Mülheim, Germany), the sensors were rinsed with water, followed by 

isopropanol (>99.5%, Merck, Germany) and dried under a gentle nitrogen gas stream. The 

sensors were finally treated in a UV Ozone ProCleaner (BioForce Nanosciences, Virginia 

Beach, VA) for 20 min. 

QCM measurements were performed using a Q-Sense E4 instrument (Biolin Scientific, 

Gothenburg, Sweden) consisting of four flow cells at 22±0.05 °C at least in triplicate. Initially, 

ultrapure water, followed by PBS buffer, was introduced into the measurement flow cells at 

200 μL/min to obtain baseline signals. Liposomes (0.1 mM lipid in 20 mM phosphate and 100 
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mM (for POPC) / 250 mM (for POPC-POPG) sodium chloride buffer) were deposited onto the 

silicon dioxide sensors at a flow rate of 50 μL/min until they ruptured and formed a lipid 

bilayer structure. This was visible from a sudden increase in frequency, followed by stable 

frequency values.4,5 An increase in frequency (Δf) is correlated with a decrease in mass (Δm) 

through the Sauerbrey equation (Δf = - C · Δm).6 The measurement cells were rinsed with 

phosphate buffer at 200 μL/min to remove any lipids that were not bound to the sensors, 

followed by the introduction of peptide sample solution at 25 µM at a flow rate of 50 μL/min 

for 15 min. Frequency changes were followed for another 45 min without flow under steady 

conditions, followed by a final rinse with PBS buffer for at least 10 min. 

Changes in frequency (Δf) were measured over time while the quartz crystal sensors were 

excited at multiple harmonics (n = 1, 3, 5, 7, 9 and 11; respectively 5−55 MHz). Data for the 7th 

harmonic were used. All frequency values (Δf) were normalized to the fundamental frequency 

(Δfn/n). QCM data were exported from QTools (Q-Sense, Biolin Scientific, Gothenburg, 

Sweden) and analysed in Origin 2022 (OriginLab Corporation, Northampton, MA). 

1.7 Molecular Dynamics (MD) Simulations 

MD simulations were performed at 303.15 K using the GROMACS 4.5.7 software package.7–10 

Model membranes were simulated with lipid compositions consistent with experimental 

conditions to understand peptide-membrane interactions at the molecular detail. The 

GROMOS 54A7 united-atom force field was used to describe the peptides, water and ions.11 

All lipid force fields were used as previously reported in the literature.12,13 POPC molecules 

were parametrized based on the Berger force field14 with double bond correction introduced 

by Bachar et al.15,16 The cholesterol force field is GROMOS based.17 The molecule types CH2/CH3 

in the cholesterol force field were changed to avoid overcondensation of the bilayer as 

previously implemented.12,18  The force field for deprotonated PazePC was obtained from 

Khandelia and Mouritsen19 who derived it from the POPC force field by shortening the oleoyl 

chain at the double bond and replacing it with a carboxyl group, correcting geometry and 

using partial charges from amino acids. The force field for protonated PazePC was adapted 

from Khandelia and Mouritsen19 by adding hydrogen to the deprotonated PazePC together 

with ad hoc partial charges to obtain a total charge of zero, as reported by Ferreira et al.13 POPG 

was described using a Berger based force field.20 The force field parameters for POPC, 
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cholesterol and PazePC were received from Ollila et al.21–24 and for POPG from the MemBuilder 

II webserver.25 

Each lipid bilayer consisted of 128 lipid molecules, i.e., two layers of each 8x8 (64) lipid 

molecules. The structure files of the pure POPC bilayer and the POPC-PazePC bilayer (7:3; 90 

POPC and 38 PazePC molecules) were obtained from Ollila et al.21,23,24 The POPC-cholesterol 

bilayer structure (4:1; 102 POPC and 26 cholesterol molecules) was obtained from Ollila et al.22 

and manually adapted for the correct amount of cholesterol (8 POPC molecules were removed 

and manually replaced by cholesterol molecules). The POPC-POPG bilayer structure (4:1; 102 

POPC and 26 POPG molecules) was generated using MemBuilder II.25 The Aβ40 peptide was 

used with both a random coil (PDB Utilities Server)26 and an α-helical (adapted from PDB: 

1IYT)27 starting structure from the Protein Data Bank (PDB), while the U3.5 peptide was 

studied with a random coil and an α-helical starting structure, as obtained in nuclear magnetic 

resonance (NMR) experiments in sodium dodecyl sulfate (SDS) micelles.28 The partially folded 

310 helix structure of Aβ40 (PDB: 2LFM) could have been used alternatively.29 N- and C-termini 

of the Aβ40 peptide were charged, whereas the C-terminus of U3.5 was uncharged (amide 

modified). 

The following simulation parameters were used for all membrane simulations: Periodic 

boundary conditions were applied. The Particle Mesh Ewald (PME) method with a grid of 0.12 

nm, a fourth order spline interpolation and a Coulomb cut-off at 1.0 nm was used to describe 

electrostatic interactions30,31 and a Lennard-Jones cut-off distance of 1.0 nm was used to 

describe van der Waals interactions. The neighborlist was updated every tenth step with a 

time step of 2 fs. Centre of mass motion was removed for the system at every step. All bonds 

were constrained to their equilibrium values using the LINCS algorithm.32 Explicit water 

(Simple Point Charge, SPC)33 was constrained using the SETTLE algorithm.34 The temperature 

was coupled separately for lipids and peptide/water/ions to 303.13 K using the velocity-rescale 

method with a coupling constant of 0.1 ps-1.35 The pressure was semiisotropically coupled to 

1 bar with the Berendsen barostat.36 

Prior to adding peptide, all lipid bilayers were equilibrated for at least 50 ns. One or five 

peptide molecules were randomly positioned outside the lipid bilayer and solvated with about 

5700-7700 water molecules. 150 mM NaCl was added as salt and to electroneutralize the 

systems (see Figure S1 and Table S1 for an overview). All simulations were run for 100 ns in 

triplicate. Further, each peptide was simulated in water without any lipid present for 100 ns 
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in triplicate, serving as a reference. The parameters were used as for the membrane 

simulations, but the temperature was coupled separately for peptide and water/ions and the 

pressure was isotropically coupled to the system.  

 

Figure S1. Representative initial simulation setups for the peptides with lipid bilayer (left) and without lipids (right) 

in solution. Snapshots of the simulation boxes with U3.5 peptide in helical secondary structure near a POPC 

membrane and in water are shown. 

Table S1. Overview of MD Simulations (each 3 x 100 ns). 

Lipids Peptides No. of Peptides 

Bilayer Structures (128 lipid molecules)  

POPC Aβ40 (α-helix), Aβ40 (random), 

U3.5 (α-helix), U3.5 (random) 

1, 5 

POPC-cholesterol (4:1) Aβ40 (α-helix), Aβ40 (random), 

U3.5 (α-helix), U3.5 (random) 

1, 5 

POPC-POPG (4:1) Aβ40 (α-helix), Aβ40 (random), 

U3.5 (α-helix), U3.5 (random) 

1, 5 

POPC-PazePC (protonated) (7:3) Aβ40 (α-helix), Aβ40 (random), 

U3.5 (α-helix), U3.5 (random) 

1, 5 

POPC-PazePC (deprotonated) (7:3) Aβ40 (α-helix), Aβ40 (random), 

U3.5 (α-helix), U3.5 (random) 

1, 5 

MD simulation snapshots were visualized in VMD 1.93.37 Representative structures of the 

simulation trajectories were determined using clustering analysis of the last 10 ns of all 

repetitions each (3 x 10 ns, gromos method, RMSD cut-off 0.2 nm, g_cluster).38 The central 

structure of the largest clusters were visualized. The secondary structure content of the 

peptides was analysed using the DSSP tool (Define Secondary Structure of Proteins, do_dssp) 

for the last 10 ns of simulation time.39,40 Mass density profiles of the lipids, peptides, and water 

and ions were analysed (g_density) for the last 10 ns simulation time and plotted 

perpendicular to the membrane plane. Minimum distances between the lipid membranes and 
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each peptide residue were determined for the last 10 ns simulation time (g_pairdist). Average 

distances in z-dimension, perpendicular to the membranes, between phosphate atoms in 

POPC and peptide Cα atoms were calculated for the last 10 ns simulation time (g_traj). 

Averaged data of the repetitions were plotted in Origin 2022 (OriginLab Corporation, 

Northampton, MA). The lipid structures in the manuscript were prepared in ChemDraw 18.0 

(PerkinElmer, Waltham, MA). Peptide properties were calculated using pepcalc.com 

(Innovagen AB, 2015). 
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2 Supporting Results 

2.1 Dynamic Light Scattering (DLS) of Liposomes and Micelles 

In this work, the impact of different membrane components on peptide aggregation was 

studied. For most of the phospholipids studied, stable liposomes were formed, even at the 

lowest concentrations (see Figure S2). Pure PazePC has a critical micelle concentration (cmc) 

of about 20 µM.41,42 The cmc for POPC, POPG and cholesterol (25-40 nM)43 are in the nM range 

and thus micelles and liposomes are formed under all conditions used in this study 

(50−900 µM).44 

 

Figure S2. Hydrodynamic radii of lipids in aqueous PBS buffered solution at 25°C. DLS number intensity 

distributions are shown. Small unilamellar vesicles (SUVs) were formed for a) POPC, b) Cholesterol, c) POPG, 

e) POPC-Cholesterol (4:1, molar ratio), and f) POPC-POPG (4:1). In contrast, g) POPC-PazePC (7:3) self-assembled 

into micelles and d) pure PazePC did not self-assemble into any larger structures at low concentration (10 µM). 

Micelles form above the cmc of PazePC at 20 µM. 
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2.2 Thioflavin T (ThT) Fluorescence Assays 

 

Figure S3. ThT fluorescence assays were performed to follow the kinetics of fibril formation. The peptides Aβ40 

(100 µM) and U3.5 (50 µM) were studied in PBS buffer at pH 7.4 at 37°C. Peptides were studied without and with 

different amounts of lipids present (peptide-to-lipid molar ratio: 1:1, 1:9). The largest impact of the lipids on peptide 

aggregation was observed when lipid was added in excess (1:9). When peptide and lipid had the same 

concentration in the sample (1:1), smaller effects were observed. Data for pure Cholesterol, POPG, and PazePC, and 

a mixture consisting of POPC-Cholesterol (4:1) are shown. The data for U3.5 (b) without lipid present and with 

excess of cholesterol were previously reported and are included as a reference to all other lipids and Aβ40.2 Data 

were normalized to a maximum fluorescence of 1 (except in cases with inhibition of peptide aggregation). 
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2.3 Circular Dichroism (CD) Spectroscopy 

 

Figure S4. CD spectra of Aβ40 without and with 2,2,2-trifluoroethanol (TFE) in PBS buffer at pH 7.4 at 37°C. Aβ40 

aggregation was studied at 100 µM with 8 % and 40 % of TFE present. For CD measurements, the samples were 

diluted to 20 µM peptide. Samples were measured initially (solid lines) and after 2 days (dotted lines). Note that 

the symbols are used to distinguish the data sets and data were recorded every 0.5 nm. 

 

The secondary structure content for the peptides was calculated from the measured CD spectra 

using the BeStSel webserver (https://bestsel.elte.hu) (α-helix, β-strand, turn, other) (Table S2).3  

Table S2. Quantitative secondary structure estimation for the peptides Aβ40 and U3.5 using BeStSel.3 A low NRMSD 

value (normalized root mean square deviation) indicates a good fit. Secondary structures: α-helix, β-strand, turn, 

other (310-helix, π-helix, bends, β-bridge, irregular/loop). 

Peptide and Condition α-helix β-strand Turn Other NRMSD 

Aβ40 in buffer after 2 days 3.7 41.2 14.6 40.4 0.0312 

Aβ40 with POPC after 2 days 9.4 41.0 10.3 39.4 0.0072 

Aβ40 with Cholesterol after 2 days 4.6 32.3 14.4 48.6 0.0376 

Aβ40 with POPG after 2 days 4.1 32.2 14.8 49.0 0.0314 

Aβ40 with PazePC after 2 days 4.4 43.5 11.6 40.5 0.0094 

Aβ40 with 8 % TFE 3.0 36.1 13.6 47.2 0.0238 

Aβ40 with 8 % TFE after 2 days 3.0 42.0 14.5 40.5 0.0345 

Aβ40 with 40 % TFE 4.4 28.5 15.5 51.5 0.0165 

Aβ40 with 40 % TFE after 2 days 3.8 38.7 15.4 42.1 0.0216 

U3.5 in buffer after 15 hours 3.0 23.4 11.8 61.8 0.0138 

U3.5 with POPC after 15 hours 18.6 11.6 13.2 56.6 0.0114 

U3.5 with Cholesterol after 15 hours 5.4 23.0 12.1 59.6 0.0121 

U3.5 with POPG after 15 hours 55.9 8.9 9.8 25.5 0.0051 

U3.5 with PazePC after 15 hours 56.2 1.8 9.6 32.4 0.0064 
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2.4 Molecular Dynamics (MD) Simulations 

MD simulations were performed for the Aβ40 and U3.5 peptide with α-helical and 

unstructured (random) starting structure each. While representative data are shown in the 

main manuscript, a comprehensive overview of the results of all simulations is included as 

part of the Supporting Information (Figures S5 – S17). 

 

Figure S5. Cartoon representation of the peptides in solution, without lipids present. The central structure of the 

two largest structural clusters during the last 10 ns simulation time of all replicates for each peptide are shown. The 

numbers in parenthesis represent the size of the clusters of similar structures out of the 1500 frames each. 
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Figure S6. Cartoon representation of the peptides near POPC membranes. The central structure of the two largest 

structural clusters during the last 10 ns simulation time of all replicates for each peptide are shown. The numbers 

in parenthesis represent the size of the clusters of similar structures out of the 1500 frames each. 
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Figure S7. Cartoon representation of the peptides near POPC-Cholesterol (4:1) membranes. The central structure 

of the two largest structural clusters during the last 10 ns simulation time of all replicates for each peptide are 

shown. The numbers in parenthesis represent the size of the clusters of similar structures out of the 1500 frames 

each. 

 



S15 

 

Figure S8. Cartoon representation of the peptides near POPC-POPG (4:1) membranes. The central structure of the 

two largest structural clusters during the last 10 ns simulation time of all replicates for each peptide are shown. The 

numbers in parenthesis represent the size of the clusters of similar structures out of the 1500 frames each. 
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Figure S9. Cartoon representation of the peptides near POPC-PazePC (protonated) (7:3) membranes. The central 

structure of the two largest structural clusters during the last 10 ns simulation time of all replicates for each peptide 

are shown. The numbers in parenthesis represent the size of the clusters of similar structures out of the 1500 frames 

each. 
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Figure S10. Cartoon representation of the peptides near POPC-PazePC (deprotonated) (7:3) membranes. The 

central structure of the two largest structural clusters during the last 10 ns simulation time of all replicates for each 

peptide are shown. The numbers in parenthesis represent the size of the clusters of similar structures out of the 

1500 frames each. 
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Figure S11. Averaged mass density profiles for the last 10 ns of all replicates for the simulations with POPC (left) 

and POPC-Cholesterol (4:1) (right) membranes and one peptide. Colouring: POPC (blue), protein (green), water & 

ions (black), and cholesterol (brown). Note that the symbols are used to distinguish the data sets for every 5th data 

point for clarity. 
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Figure S12. Averaged mass density profiles for the last 10 ns of all replicates for the simulations with POPC-POPG 

(4:1) (left), POPC-PazePC (protonated) (7:3) (centre), and POPC-PazePC (deprotonated) (7:3) (right) membranes 

and one peptide. Colouring: POPC (blue), protein (green), water & ions (black), POPG (red), PazePC (protonated) 

(dark green), and PazePC (deprotonated) (cyan). Note that the symbols are used to distinguish the data sets for 

every 5th data point for clarity. 
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Figure S13. Averaged mass density profiles for the last 10 ns of all replicates for the simulations with POPC (left) 

and POPC-Cholesterol (4:1) (right) membranes and five peptides. Colouring: POPC (blue), protein (green), water 

& ions (black), and cholesterol (brown). Note that the symbols are used to distinguish the data sets for every 5th 

data point for clarity. 
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Figure S14. Averaged mass density profiles for the last 10 ns of all replicates for the simulations with POPC-POPG 

(4:1) (left), POPC-PazePC (protonated) (7:3) (centre), and POPC-PazePC (deprotonated) (7:3) (right) membranes 

and five peptides. Colouring: POPC (blue), protein (green), water & ions (black), POPG (red), PazePC (protonated) 

(dark green), and PazePC (deprotonated) (cyan). Note that the symbols are used to distinguish the data sets for 

every 5th data point for clarity. 
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Figure S15. The average secondary structure content of the peptides during the last 10 ns simulation time of all 

replicates is shown. 
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Figure S16. Average distances between the phosphate head groups of POPC in the outer membrane leaflet and the 

peptide Cα atoms of (a, b, e, f) Aβ40 and (c, d, g, h) U3.5 (perpendicular to the membrane along z-axis) during the 

last 10 ns simulation time of all replicates. U3.5 peptide shows stronger binding to the membrane surface compared 

to Aβ40. Note that the symbols are used to distinguish the data sets and each residue has a data point. 
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Figure S17. Average minimum distances between the peptides (a, b, e, f) Aβ40 and (c, d, g, h) U3.5 and the lipid 

bilayer components POPC, cholesterol, POPG, and PazePC during the last 10 ns simulation time of all replicates. 

The vertical lines at residues 5 (arginine), 16 (lysine) and 28 (lysine) for Aβ40 and at residues 7 (arginine), 8 (arginine) 

and 14 (lysine) for U3.5 indicate the positively charged residues in both peptides to guide identifying the closest 

peptide-membrane interactions. Note that the symbols are used to distinguish the data sets and each residue has a 

data point. 
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