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I. Computational Methods

1 Simulation protocols

1.1 Set-up of the molecular dynamics simulations

The simulations were carried out as follows. First, a conformation taken from a 1-µs simulation

of 1000 lipid molecules, where a single bilayer vesicle had formed spontaneously, is positioned

in the center of a cubic box (l=290Å). Then, 125 peptides are added to the box, correspond-

ing to a concentration of 8.5mM, which allows the comparisonwith previous studies [1, 2].

Furthermore, the critical concentration for micelle formation of the model peptides is 4.3mM,

and it is therefore preferable to use higher concentration of peptides in the simulations. Each

peptide is placed at a random position, at least 15Å away from any other molecule and outside

of the vesicle (see Figure 1(b) of the main text). The initialconformation of the peptide (i.e.,π

or β) is taken from a distribution corresponding to dE. For example, for dE=0.0 kcal/mol, ap-

proximately half of the molecules are in either state, whereas for dE=-1.5 kcal/mol only about

11 of the 125 peptides are in theβ state. The system is then energy-minimized by 150 steps

of the steepest-descent and 200 steps of the conjugate-gradient algorithm. After minimization,
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the temperature of the system is gradually increased to 310Kover 10000 steps of MD simula-

tion with a timestep of 2fs, before equilibration for further 10000 steps at constant temperature.

A second equilibration phase of 10000 steps is initiated with Langevin dynamics, allowing a

longer timestep of 50fs. The friction in the Langevin simulations is determined by a coefficient

of 0.01 ps−1. To make sure that the internal degrees of freedom equilibrate properly, a single

bead of each molecule is kept fixed during this phase. Following equilibration, a production

Langevin dynamics run is initiated with non of the beads fixed. All simulations are carried out

with the computer program CHARMM [7], version 31. The simulations were continued until

the number of inter-molecular contacts between polar atomsdid not increase anymore (1µs of

simulation time, or 2µs for dE=-2.0), as a constant number of polar contacts indicates that the

aggregation state of the peptides is constant [1]. A 1-µs run with 1000 lipids and 125 peptides

requires about 2 weeks on a single core of a Xeon 5345 at 2.33 GHz. Each system was simu-

lated at least 10 times, with different random seeds for the initial distribution of velocities and

peptide monomers. The total number of simulations is given in Table S1. Simulations without

lipids were carried out as detailed in [1].

2 Visual presentation and analysis

Figures of snapshots from the simulations were prepared by the computer program VMD [9].

Analysis was carried out by home written software and by analysis programs from the Gromacs

simulation package, version 3.3.3 [10, 11]. A modified version of the computer program Wor-

dom [12] was used to convert the CHARMM trajectories to a format that can be handled by

Gromacs. The analysis program gclustsize was modified to allow the study of lipid or peptide

clusters. A cutoff of 6̊A was used for clustering.

2.1 The number of peptides attached to the vesicle

The use of a strict cutoff may lead to artifacts when calculating the number of peptides attached

to the vesicle surface (as presented in Figure 3 of the main text). Consider, for example, a fibril
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of 100 peptides which is located at minimal distances of 6.3,5.9, and 6.8̊A from the vesicle

at simulation framesi − 1, i, and i + 1, respectively. Although the fibril is not attached to

the vesicle, the calculated number of peptides from the vesicle will show a sharp increase by

100 at a framei. To avoid such spurious discontinuities the number of peptides attached to the

vesicle at each frame,npept(i) was compared with that of the preceding framenpept(i − 1). If

the difference (in absolute value) was larger than 20, we setnpept(i) = npept(i − 1) unless the

new value persists for 5ns or more. In other words, if the condition:

|npept(i + j) − npept(i)| < 20

holds for eachj such thatt(i + j) − t(i) ≤ 5ns then the value ofnpept(i) is not modified.

2.2 Polar contacts between the peptides

The degree of fibrillation can be quantified by the number of polar contacts between the peptides

[1]:

np =
125
∑

i,j=1;i6=j

[θ(dcontact − r
A2,A6
ij ) + θ(dcontact − r

A3,A10
ij )]

wheredcontact=5Å, θ is the Heaviside step function, which is zero or one if the argument is

negative or positive, respectively, and A2, A3, A6 and A10 are the dipole bead types (see Figure

S1). The maximal number of polar contacts is twice the numberof peptides, i.e., 250. However,

in the final stage of the simulations there is an equilibrium between fibrils and unbound peptide

monomers, and the number of polar contacts is therefore smaller (200-230).

2.3 Calculation of the number of probes inside vesicles

The number of probes within the vesicle interior is evaluated using the technique of ray-tracing

[13]. Six ”rays”, corresponding to the positive and negative cartesian directions, are cast from

the center of every probe. If all six rays are colliding with any peptide or lipid atom, then the

probe is deemed to be in the vesicle interior. Operationally, given the position(xP
i , yP

i , zP
i ) of
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probei, and the position(xa
k, y

a
k , z

a
k) of atoms belonging to peptides and lipids, the projections

over the planes(x, y), (x, z) and (y, z) of the distance between the probei and atomk are

defined as

r
ρ
i,k = ((µa

k − µP
i )2 + (νa

k − νP
i )2)1/2

where(µ, ν) = (x, y) if ρ = z, (x, z) if ρ = y, and(y, z) if ρ = x. The number of non-colliding

rays cast from probei, N r
i , is obtained by the following sum:

N r
i =

∑

ρ=x,y,z

[

∏

k

θ(ρa
k)θ(r

ρ
i,k − rcoll) +

∏

k

θ(−ρa
k)θ(r

ρ
i,k − rcoll)

]

whereθ is the Heaviside step function,vide ante. In this work the collision distancercoll is set

to 3.5Å, a value that gives a good signal to noise ratio. Probei is considered to be in the vesicle

if N r
i is equal to zero. The number of probes in the vesicle,nprob,in, is:

nprob,in =
20
∑

i=1

δ(N r
i )

where the value of Kroneckerδ function is one if its argument is zero and zero otherwise.
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II. Supplementary Table

λa Amyloidogenicityb Number Fibrillation Leakage

of simulations tc50±s.d. [ns] td50± s.d [ns]

0.87 high 10 11 ± 1 123± 89

intermediate 29 89± 29 175± 124

lowe 20 958± 503 444± 178

very low 30 >1000 503± 171

0.90 high 10 10 ± 1 167± 89

intermediate 30 69± 23 168± 88

low 30 >1000 321± 154

very low 10 >1000 331± 161

Table S1:Simulation details, including characteristic half-timesfor fibrillation and leakage, presented

for two λ values. The simulations were run for 1µs unless otherwise stated.a The multiplicative param-

eterλ scales the Lennard-Jones interaction energy between peptides and lipids, thereby modulating the

affinity of the peptides for the bilayer. Note that the variations in fibrillation rates are magnified when

the interactions between the lipids and the peptides are stronger. bAmyloidogenicity is determined by

dE. A value of dE=0 kcal/mol corresponds to high amyloidogenicity, -1.5 to intermediate, -2.0 to low

and -2.25 to very low. The parameters dE andλ are completely independent.cThe rate of fibrillation is

quantified by the half time of fibril formation, t50. t50 is defined as the simulation time required for the

formation of a fibril with 100 polar contacts, since there are200-250 polar contacts between the peptides

(each peptide can make two polar contacts with adjacent peptides and the total number of peptides in the

simulations is 125).dThe average time needed for 50% of the probes to escape from the vesicle.

5



III. Supplementary Figures

Figure S1: The peptide model. The beads carrying partial charges are shown in blue (+0.4e)

and red (-0.4e). Hydrophilic, uncharged beads are shown in gray, hydrophobic beads in light

red. Theβ state is shown on the left, theπ on the right. Note the different orientation of the

dipoles. The parameter dE is the energy difference Eπ - Eβ. Each bead has a mass of 1000 Da.

For more information about the model, see [1].

Figure S2: The lipid model. The hydrophobic and hydrophilicbeads are presented in light and

dark gray, respectively. Each bead has a mass of 250 Da.
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