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Alzheimer’s disease is the most common form of dementia. Its aetiology is characterized by the misfolding
and aggregation of amyloid-g (Ap) peptides into p-sheet-rich Ap oligomers/fibrils. Although multiple ex-
perimental studies have suggested that Ap oligomers/fibrils interact with the cell membranes and perturb
their structures and dynamics, the molecular mechanism of this interaction is still not fully understood. In
the present work, we have performed a total of 120 ps-long simulations to investigate the interaction
between trimeric or hexameric AB;_4 fibrils with either a 100% DPPC bilayer, a 70% DPPC-30% cholesterol

Keywords:

Alzheimer‘s disease bilayer or a 50% DPPC-50% cholesterol bilayer. Our simulation data capture the spontaneous binding of the
Amyloid aqueous ABq_4o fibrils with the membranes and show that the central hydrophobic amino acid cluster, the
Cholesterol lysine residue adjacent to it and the C-terminal hydrophobic residues are all involved in the process.

DPPC Moreover, our data show that while the AB;_4 fibril does not bind to the 100% DPPC bilayer, its binding
Lipid membrane affinity for the membrane increases with the amount of cholesterol. Overall, our data suggest that two
MD simulations clusters of hydrophobic residues and one lysine help Ap;_40 fibrils establish stable interactions with a
cholesterol-rich DPPC bilayer. These residues are likely to represent potential target regions for the design of
inhibitors, thus opening new avenues in structure-based drug design against Ap oligomer/fibril-membrane

interaction.
© 2023 The Authors. Published by Elsevier B.V. on behalf of Research Network of Computational and
Structural Biotechnology. This is an open access article under the CC BY-NC-ND license (http://creative-
commons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Amyloid fibrils are misfolded, B-sheet-rich, aggregated proteins
that play a key role in more than 20 diseases, including Alzheimer’s
disease (AD), Parkinson’s disease (PD), type 2 diabetes, HIV, and
different forms of systemic amyloidosis [1-7]. Conditions involving
amyloid fibrils formation, which are commonly known as protein
misfolding diseases, affect millions of people around the world [8,9].
According to the amyloid cascade hypothesis, in the brain of AD
patients the amyloid p peptide (AB) undergoes conformational
changes to form water-insoluble A fibrils [10,11]. These Ap fibrils
then form extracellular neuronal plaques, which represent the major
pathological hallmark of AD [12,13].
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Several experimental studies have been performed to reveal the
effect of the interaction between A fibrils and lipids/membranes.
Han et al. used electron tomography to visualize the interaction of Ap
fibrils with lipids of different sizes, also reporting that intracellular
fibrils deform the structure of intracellular lipid vesicles and punc-
ture through the vesicular membrane into the cytoplasm [14]. Using
simultaneous coherent anti-Stokes Raman scattering (CARS) and 2-
photon fluorescence microscopy, Kiskis et al. showed that lipids co-
localize with fibrillar g-amyloid (Ap) plaques [15]. In another ex-
perimental study, Burns et al. revealed the co-localization of cho-
lesterol in Ap plaques [16]. Previously, several MD simulation studies
were also done to investigate the interaction between membranes
and Ap oligomers/fibrils. For instance, Yu et al. performed MD si-
mulations of the interaction between Afy7_4> fibrils and a mixed
anionic POPC-POPG bilayer [17]. Their study showed that anionic
lipids play an important role in the absorption of the ABi7_4> pen-
tamer in the membrane. Tofoleanu et al. conducted MD simulations
of the interaction between A fibrils and a POPE lipid bilayer, and
their data revealed that the charged residues Glu22, Asp23 and
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Lys28 form electrostatic interactions with head group atoms of the
lipid [18]. In another study, Tofoleanu et al. used MD simulations to
investigate the behaviour of A fibrils with POPC and POPE bilayers
[19]. This study revealed that Ap fibrils form short-lived contacts
with POPC head groups and strong contacts with POPE head groups.
Dong et al. performed MD simulations of A4 fibril trimers with a
POPG bilayer, revealing that their interaction is mediated by the N-
terminal p-sheet [20]. In a recent work, Dias et al. used coarse-
grained (CG) simulations to investigate the binding of Ap;_4 fibrils
with a cholesterol-rich phosphatidylcholine (PC) bilayer, showing
that 30% cholesterol is optimal for Ap;_4, fibril interaction with the
membrane and that increasing the cholesterol content in PC bilayer
up to 50% does not increase the binding frequency of AB;_4; fibrils
with the membrane [21].

It is well established that A fibrils are highly polymorphic in
nature and that their two isoforms, Ap;_40 and Ap{_42, show different
structural features at the molecular level [22]. Moreover, Ap fibrils
structures have been reported to feature some degree of poly-
morphism within the same isoform; indeed, Meinhardt et al. showed
that Apq_40 fibrils form different structures even within the same
sample and under the same conditions [23]. Hence, this highlights
the importance of investigating also the interaction of Ap;_4o fibrils
with lipid membranes. In the present study, we aimed to capture the
spontaneous binding of the AB;_4o fibril hexamer and trimer with
cholesterol-rich dipalmitoylphosphatidylcholine (DPPC) bilayer. To
this end, we performed sixty independent coarse-grained MD si-
mulations to investigate the interaction of either trimeric or hex-
americ ABj_4o fibrils with lipid bilayers of different compositions
(100% DPPC, 70% DPPC-30% cholesterol, and 50% DPPC-50% choles-
terol). The total simulation time was 120 ps (2 ps per run). This al-
lowed us to assess how different concentrations of cholesterol affect
the spontaneous binding of trimeric and hexameric Ap;_4o fibrils to
the membrane, to identify the nature of the amino acids that are
involved in the binding and to determine how the binding process
affects fibril solvation in the proximity of the bilayer.

2. Methods

2.1. Structures and force field of Ap fibrils and DPPC-cholesterol
membranes

To perform CG molecular dynamics simulations, we used the
NMR structure of a hexameric ABg_49 fibril (PDB id: 2LMN) [24] and
the cryo-electron microscopy (cryo-EM) structure of a trimeric
AB10_40 fibril (PDB id: 6W00) [25] obtained from the cortical tissue
of an AD patient. The atomistic structures of both the hexamer and
the trimer were converted into a CG model (Fig. 1) using the
CHARMM-GUI Martini maker [26,27] and the N-terminal residues
that were missing in both models were added using the CHARMM-
GUI model missing residues option. Membrane bilayers of different
compositions (100% DPPC, 70% DPPC-30% cholesterol and 50% DPPC-
50% cholesterol) were prepared using the CHARMM-GUI membrane
bilayer builder option. Table 1 shows the initial number of lipid
molecules in each type of membrane. Prior to starting the simula-
tions on the fibril-membrane complexes, membranes were equili-
brated for 200 ns each and the average area per lipid was calculated
for the last 50 ns for each simulation (Supplementary Table 1).

The Martini 2.2 protein force field [28] was used for the AB;_40
fibrils, while the Martini 2.0 force field was used for the membrane,
water and ions [29].

2.2. Simulation protocol
We studied a total of six AB;_4o fibril-membrane systems. System

one contained one AB;_y4 fibril hexamer, a 100% DPPC bilayer and
49905 water molecules. System two contained one AB;_4¢ fibril
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hexamer, a 70% DPPC-30% cholesterol bilayer and 37445 water mo-
lecules. System three contained one Apq_4o fibril hexamer, a 50%
DPPC-50% cholesterol bilayer and 32478 water molecules. A total of
18 NA" ions were added in these three systems to neutralize the
overall charge. System four contained one ApB,_4 fibril trimer, a 100%
DPPC bilayer and 50081 water molecules. System five contained one
AB1_40 fibril trimer, a 70% DPPC-30% cholesterol bilayer and 37608
water molecules. System six contained one AB;_yo fibril trimer, a 50%
DPPC-50% cholesterol bilayer and 32699 water molecules. A total of
9 NA" were added to neutralize the overall charge of these three
systems. Initially, all six systems were energy-minimized using the
steepest descent algorithm [30]. All systems were equilibrated in
five cycles, with decreasing restrains in each cycle from force con-
stant 1000 k] mol ! nm™ in the first cycle to 50 k] mol "' nm2 in the
last cycle on the AB_40 fibril and from 20 k] mol ~' nm™ in the first
cycle to 10 k] mol™! nm™2 in the last cycle on the lipid head groups.
Equilibration was performed for a total of 4750 ps. All production
simulations were done without any restraints on the AB;_4o fibrils
and membranes. The Parrinello-Rahman algorithm [31] with semi-
isotropic pressure coupling type was used for pressure coupling and
the velocity-rescale algorithm [32] was used for temperature cou-
pling. Pressure coupling and temperature bath times were set at
12.0 ps and 1.0 ps, respectively. All simulations were performed at
the temperature of 310.15 K and at the pressure of 1 atm. A 30 fs time
step was used for the integration of Newton’s equations of motion. A
cut-off of 1.1 nm was employed for Van der Waals (VdW) and elec-
trostatic interactions, and electrostatic interactions were treated
using the reaction field method. A total of 60 independent simula-
tions were done using an initial random velocity generated by
GROMACS 2021 [33]. Each simulation was performed for 2 pis using
GROMACS 2021 simulation package [33].

2.3. Analysis details

The minimum distance of the Ap;_40 fibril residues from the
membrane was calculated using the GROMACS minidist program. An
interaction with an Apq_4o fibril residue was taken into account
when the minimum distance between membrane lipids (either DPPC
or cholesterol) and the residue was <5A. The minimum distance
between each residue and the membrane was calculated within the
time range of 0-2 ps. The number of water and lipid molecules was
calculated within 6 A of the ABy_4 fibril. Area per lipid was calcu-
lated using FATSLIM [34] and VdW and electrostatic interaction
energies were calculated using GROMACS mdrun program.

3. Results
3.1. Binding of the A;_4 fibrils with the membranes

Cytotoxicity of amyloid fibrils is generally reported to their
binding with cell membranes [35,36]. To see the spontaneous
binding of AB;_4o fibrils (hexamer and trimer) with the membrane,
we calculated the time evolution of the minimum distance be-
tween hexamer and trimer with all three bilayers (Fig. 2). We ob-
served no spontaneous binding in any of the 20 independent
trajectories (10 each for the AB;_40 hexamer and trimer, Fig. 2A, D)
with the 100% DPPC bilayer. Indeed, although at times fibrils came
close to the DPPC bilayer to establish some transient interactions,
the distance between the fibrils and the membrane remained > 5 A
for most of the simulation time. Conversely, out of 20 independent
trajectories of the Ap;_4o fibrils with the membrane containing 70%
DPPC and 30% cholesterol (Fig. 2B, E), in two trajectories of the
trimeric ABi_40 fibrils (SIM3 and SIM10), we observed stable
binding with the membrane. In particular, the Ap;_40 trimer was
found within 5A from the membrane for around ~0.915 ps and
~0.575 ps in SIM3 and SIM10, respectively. In both of these
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Fig. 1. A) CG model of the AB;_40 fibril hexamer (PDB id: 2LMN). B) CG model of the Ap;_4 fibril trimer (PDB id: 6WO00). C) 100% DPPC membrane bilayer. D) 70% DPPC- 30%
cholesterol membrane bilayer D) 50% DPPC- 50% cholesterol membrane bilayer. CG models of fibrils are shown using VdW representations, while backbone beads of fibrils are
shown in pink colour, side chain beads are shown in yellow colour, N-terminal Asp1 residue is shown in blue colour and C-terminal Val40 is shown in red colour. The head group
beads NC3 and PO4 of the DPPC molecules are illustrated in blue and tan, respectively, while the head group of cholesterol molecules is colored maroon. The tails of both lipid

molecules are depicted in cyan.

simulations, the trimer remained bound to the membrane until the
end of the simulation time. In all other trajectories, only transient
interactions with the membrane were noted. When considering a
50% DPPC-50% cholesterol membrane (Fig. 2C, E), we observed
stable binding in 6 out of 10 trajectories with the AB;_40 hexamer
(SIM1, SIM4, SIM7, SIM8, SIM9, and SIM10), while stable binding
was observed in 5 out of 10 trajectories with the AB;_40 trimer
(SIM1, SIM4, SIM5, SIM6, SIM9). The longest binding time was de-
tected in SIM1 and SIM4 for the hexamer simulations, and in SIM4
and SIM9 for the trimer simulations. In all these 4 simulations,
AB1_40 fibrils were found to bind with the membrane for more than
50% of the total simulation time.

To further evaluate the distribution of minimum distances in all
the simulations, we constructed violin plots for both types of fibrils
with all three different bilayers (Fig. 3). The violin plot of the hex-
americ ABy_40 fibril shows a high density of values within 5 A for the
bilayer containing 50% cholesterol (Fig. 3A, red colour). In the case of
the trimer (Fig. 3B), the highest density of less than 5 A distances is
also seen when considering the membrane containing 50% choles-
terol (Fig. 3B, red colour), followed by the membrane containing 30%
cholesterol (Fig. 3B, blue colour). Violin plots also reveal a decrease
in minimum distance values in going from 0% cholesterol to 50%
cholesterol in the membrane for both types of fibrils. Fig. 4 shows
AB1_4o fibrils (hexamer and trimer) with a membrane containing 50%
DPPC and 50% cholesterol at four different time points in two re-
presentative trajectories.

Overall, these data suggest that, if we exclude some transient
interactions, Apy_4 fibrils (either hexamer or trimer) show little to
no affinity for cholesterol-free membranes. However, when the
cholesterol level increases to 50% both types of fibrils bind stably to
the membrane. Moreover, ABj_4¢ fibrils can also bind firmly with
the membrane when 30% cholesterol is present, as seen in trimer
simulations.

Table 1
Number of lipids in each membrane bilayers.

3.2. Identification of membrane binding residues

To identify which residues bind to the membrane, we calculated
the percentage of simulation time for which the minimum distance
of each residue from the membrane was <5 A for more than 5% of
the simulation time (Fig. 4). In simulations of AB;_4o fibrils with a
membrane containing 100% DPPC, no residue binding for more than
5% of the simulation time was observed in all 20 trajectories
(supplementary figure 1, 2). In ABj_4o fibrils simulations with 70%
DPPC-30% cholesterol membrane, out of 20 trajectories (10 each for
hexamer and trimer), we detected residues of the Ap;_yo fibril trimer
at <5A for more than 5% of the simulation time in 2 trajectories
(SIM3 and SIM10). In both of these simulations, residues from all
three chains participated in membrane binding (Fig. 5).

In both of these simulations, the binding process was mostly
mediated by amino acids from the middle and the C-terminal region
of the fibril (Lys16, Leu17, Val18, Phe19, Phe20, Val39, Leu34, Met35,
Val36, Val39 and Val40). These residues interact with the membrane
for more than 30% of the simulation time.

With a 50% DPPC-50% cholesterol membrane, we observed some
residues binding to the membrane for more than 5% of the simula-
tion time in 11 trajectories out of 20 (10 hexamers and 10 trimers).
Several amino acids of the ABj_4 fibrils were found to bind the
membrane in 6 out of 10 hexamer simulations (SIM1, SIM4, SIM7,
SIM8, SIM9 and SIM10) (Fig. 6). In particular, in SIM1, 3 chains, in
SIM5 and SIM7, 5 chains, in SIM8 all 6 chains, and in SIM9 and
SIM10, 4 chains participated in the binding process. In all these si-
mulations, the strongest binding was detected for the C-terminal
residues (Ile31, Leu34, Met35, Val36, Val39, Val40) and for the
middle region residues (Lys16, Leu17, Val18, Phe19, Phe20). Other
than these residues, binding involving N-terminal residues (Asp1,
Glu3, Phe4, and Arg5) was also briefly observed (less than 30% of the
simulation time) in some of the trajectories.

Membrane bilayer

Number of DPPC molecules

Number of cholesterol molecules

100% DPPC
70% DPPC-30% cholesterol
50% DPPC-30% cholesterol

800 (400 in each leaflet)
560 (270 in each leaflet)
400 (200 in each leaflet)

0
240 (120 in each leaflet)
400 (200 in each leaflet)
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Fig. 2. A-C) Time evolution of the minimum distance between hexameric AB;_4 fibrils and 100% DPPC, 70% DPPC-30% cholesterol and 50% DPPC-50% cholesterol membranes,
respectively. D-F) Time evolution of the minimum distance between trimeric Ap;_4o fibrils and 100% DPPC, 70% DPPC-30% cholesterol and 50% DPPC-50% cholesterol membranes,

respectively.
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APB1-40 fibril Hexamer
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AB1-40 fibril Trimer
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P
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0 30 50 0 30 50
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Fig. 3. Minimum distance violin plots for different concentrations of cholesterol in
the membrane. A) ABi_40 hexamer, B) AB;_4o trimer.

In ABq_40 fibril trimer simulations, in all five trajectories where
residues were found to bind to the membrane (SIM1, SIM4, SIM5,
SIM6 and SIM9) (Fig. 7), the strongest binding was observed for
middle region residues (Lys16, Leu17, Val18, Phe19, Phe20) and for
residues in the C-terminal region (Ile31, lle32 Leu34, Met35, Val36,
Val39, Val40). For a short period of time, binding was also observed
for N-terminal residues (Asp1, Glu3, Phe4, and Arg5).

Overall, the binding to membranes containing either 30% cho-
lesterol or 50% cholesterol involved similar AB;_4o fibril residues,
mostly those located in the middle region (the positively charged
Lys16, the hydrophobic Leul7 and Val18, the aromatic Phe19 and
Phe20) and those that are found at the C-terminus (the hydrophobic
Val36, Val39, Val40, lle31 and Met35).

3.3. Time evolution of the number of water, and lipid molecules around
Aﬁ1,40 ﬁbrlls

To quantify the number of water molecules that a Ap;_4o fibril
must displace to interact with the membrane, we calculated the
time evolution of the number of water molecules within 6 A of the
AB1_4o fibrils for all 60 independent trajectories (supplementary
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figure 3, 4). To interact with the membrane, AB;_4o fibril hexamer
lost ~150-180 water molecules and Ap;_4o fibril trimer lost
~120-130 water molecules. To quantify how many lipid molecules
were found in the proximity of the Ap;_4¢ fibrils, we calculated the
time evolution of the number of lipid molecules for all 60 trajec-
tories. An almost negligible number of lipids remained within 6 A of
AB1_40 fibrils with 100% DPPC membrane in all 20 trajectories. The
same occurred when considering Api_40 fibril hexamer with a
membrane containing 70% DPPC and 30% cholesterol. In the case of
AB1_40 fibril trimer, ~3-6 cholesterol molpcules and ~6-18 DPPC
molecules were found to remain within 6 A from the membrane in
the 2 trajectories (SIM3, and SIM10) in which binding oc-
curred (Fig. 8).

In simulations involving an Apq_4o fibril hexamer and a 50%
DPPC-50% cholesterol membrane, we observed an almost equal
number of DPPC and cholesterol lipids within 6 A of the ABy_4 fi-
bril. Fig. 9.

In the case of ABj_40 fibril trimer with a membrane containing
50% DPPC and 50% cholesterol, we noticed a generally higher
number of cholesterol lipids than DPPC lipids within 6 A of ABi_40
fibrils (Fig. 10, A and B).

Overall, these data suggest that an increase in the percentage of
cholesterol in the membrane leads to a greater number of choles-
terol lipids within 6 A of the membrane. This could be a possible
reason for Ap fibrils to bind more firmly to the membrane when the
percentages of cholesterol and DPPC are similar.

3.4. Time evolution of VAW and electrostatic interaction energy
between Ap1-40 fibrils and membrane

We studied the time evolution of VAW and electrostatic inter-
action energy between trimeric AB;_49 fibrils and the membrane (
70% DPPC -30% Cholestrol and 50% DPPC-50% Cholestrol) as well as
between hexameric Ap;_40 fibrils and the membrane ( 50% DPPC
-50% Cholestrol). Our results demonstrate that the binding between
the membrane and the fibrils is primarily governed by VdW
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t=1.0 ps t=2pus

AP, 4 fibril hexamer with 50% DPPC-50% Cholesterol

E)

Fig. 4. Structures of the AB;_49 fibrils with membrane containing 50% DPPC and 50% cholesterol at four different time points from two representative trajectories. A-D)
Representative image for Ap;_40 fibril hexamer at 0, 0.5, 1.0 and 2.0 ps. E-H) Representative image for AB;_4 fibril trimer at 0, 0.5, 1.0 and 2.0 us for AB;_4 fibril hexamer. ABy_40
fibrils and membranes are shown in VdW representation. The backbone beads of A;_4 fibrils are depicted in pink, and the side chains beads are shown in yellow. The head group
beads NC3 and PO4 of the DPPC molecules are illustrated in blue and tan, respectively, while the head group of cholesterol molecules is colored maroon. The tails of both lipid

molecules are depicted in cyan.

APy fibril Trimer and 70% DPPC- 30% Cholesterol Membrane
SIM10

A) Mt B) 100 &
90 &

C C 80
g 70 &
E 60 E
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= 40 g
£ E
CA A 10 8
........... 1l (AT I 5 R

15 10152025303540 °

Residue Number

Fig. 5. Percentage of time in which residues of the Ap;_4o fibril trimer remained at a
distance <5A from the 70% DPPC-30% cholesterol membrane in 2 out of 10 trajec-
tories. A) SIM3, B) SIM10.

interactions and that electrostatic interactions also play a role in the
binding, although to a lesser extent, as shown in Supplementary
Figures 5 and 6. The VAW interaction energy was found to be in the
range between ~-1000 kJ/mol to ~-2400 kJ/mol, while the electro-
static interaction energy was found to be in the range between
~-40 kJ/mol to ~-115 kJ/mol.

4. Discussion

In this study, we performed coarse-grained MD simulations of
the interaction between an AB;_4 fibril (hexamer or trimer) and a
DPPC bilayer containing either no cholesterol, 30% cholesterol, or
50% cholesterol. Cholesterol is a vital component of the cell mem-
brane and plays a critical role in maintaining its structural integrity
[37]. Cholesterol makes up approximately 30-50% of the total
membrane lipids in the brain, up to 50% of the overall plasma
membrane [38] and up to 30% of the total lipids found in myelin [39].
Given the importance of cholesterol in the cell membrane, it is
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essential to investigate how Ap fibrils bind to cell membranes con-
taining different concentrations of cholesterol. Our simulation tra-
jectories captured spontaneous binding of aqueous phase ABi_40
fibrils with the membranes and showed that 50% cholesterol leads to
a significant increase in binding events. In this study, we observed
that hydrophobic residues at the C-terminus (Ile31, Ile32, Met35,
Val36, Val39, and Val40) and in the middle region (Leul7, Vali8,
Phe19, Phe20) play a key role in the binding of the AB;_4 fibrils with
the membrane. This is in line with a previous study reporting that
those hydrophobic residues are the most suitable for binding with
lipid surfaces. Due to their hydrophobic nature, lipid surfaces ac-
commodate the binding of such residues to reduce, to the greatest
possible extent, the exposure of their acyl chains to water [40].
Lys16, which is located next to the central hydrophobic cluster (re-
sidues 17-20) has also been previously reported to interact with the
cell membrane [41]. Indeed, these data are in agreement with the
previous CG study of Dias et al., which showed spontaneous binding
of ABy_4> fibrils with membrane [21]. Our simulations reveal that
both charged and hydrophobic residues participate in the binding
with the membrane, in agreement also with previous studies re-
porting that both basic and hydrophobic amino acid residues play an
important role in peripheral protein binding with the membranes
[42,43]. Furthermore, we noticed that C-terminal residues sig-
nificantly participate in membrane binding, which is also in line
with previous studies. For instance, Khemtemourian et. al. [44]
showed that C-terminal hydrophobic residues of islet amyloid
polypeptide (IAPP) can be inserted in the membrane, while An-
tonschmidt et. al. [45] showed that a-Synuclein fibrils contain a
membrane binding domain at their C-terminal edge. We also ob-
served a loss of water molecules and an increase in the number of
lipid molecules in the vicinity of the AB;_40 fibrils upon membrane
binding.
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AP_4 fibril Hexamer and 50% DPPC- 50% Cholesterol Membrane
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Fig. 6. Percentage of time in which residues of the Ap;_4 fibril hexamer remained at a distance <5 A from the 50% DPPC-50% cholesterol membrane in 6 out of 10 trajectories. A)
SIM1, B) SIM4. C) SIM7, D) SIM8, E) SIM9, F) SIM10.
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Fig. 7. Percentage of time in which residues of the Ap;_4o fibril trimer remained at a distance <5 A from the 50% DPPC-50% cholesterol membrane in 5 out of 10 trajectories. A)
SIM1, B) SIM4, C) SIM5, D) SIM6, E) SIM9.
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Fig. 8. Time evolution of the number of lipids within 6 A of an Ap;_4 fibril trimer from a 70% DPPC-30% cholesterol membrane. A) DPPC, B) Cholesterol.
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Fig. 9. Time evolution of the number of lipids within 6 A of an Ap;_4 fibril hexamer from a 50% DPPC-50% cholesterol membrane. A) DPPC, B) Cholesterol.
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Fig. 10. Time evolution of the number of lipids within 6 A of an Ap;_4 fibril trimer with a 50% DPPC-50% cholesterol membrane. A) DPPC, B) Cholesterol.

5. Conclusions

In summary, our simulations have shed light on the interaction
mechanism of Ap;_4o fibrils with the membrane. To the best of our
knowledge, this is the first report where spontaneous binding of
AB1_40 fibrils with a cholesterol-rich DPPC bilayer is shown. We
identified key binding residues that stabilize the interaction of the
ABq_4 fibrils with the membrane. These findings could guide the
design of new drug candidates that could inhibit the association of
AB1_4p fibrils with the membrane, thus opening new avenues in the
design of inhibitors of the Ap peptide-lipid membrane interaction.
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