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Abstract
Ras proteins are attached to the inner leaflet of the plasma membrane via a lipid-modified anchor.
Membrane-bound Ras proteins laterally segregate into nanoscale signaling platforms called
nanoclusters. It has been shown that the membrane domain preference of Ras nanoclusters varies
with the nature of lipidation but their effect on the membrane has not been well understood. To
investigate the effect of Ras insertion on membrane structure, we carried out numerous coarse-
grained molecular dynamics (CGMD) simulations on a two-domain DPPC/DLiPC/cholesterol
lipid bilayer in which different number and type of H-ras peptides were attached on one side. We
have shown previously that this lipid mixture forms co-existing liquid-ordered/liquid-disordered
(Lo/Ld) domains and that different H-ras peptides form clusters that variously accumulate at the
Lo/Ld regions or the boundary between them. Here we show that asymmetric insertion of each of
these peptides induces a vertical relative displacement of the domains and deforms the bilayer,
with the domain boundary serving as the center of deformation. The extent of the deformation,
however, varies with the type and number of lipid modification. This is because the number and
type of the Ras lipid tails determines the degree to which the stress caused by asymmetric peptide
insertion is relieved by inter-leaflet cholesterol transfer and lipid tilt. In addition, we have
characterized the mechanism of bilayer deformation based on the collective effect of the Ras
peptides on inter-leaflet surface area, pressure profile and line tension differences. This allowed us
to elucidate how Ras lipid modification affects membrane geometry and how a two-domain
bilayer adjusts its shape through boundary deformation. The result contributes to a better
understanding of Ras signaling platforms and highlights some of the mechanisms by which a
multi-domain membrane responds to external perturbation.
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1. Introduction
Ras proteins act as molecular switches in cell signaling pathways to regulate cell growth,
proliferation and differentiation1. They are normally anchored to the inner surface of the
plasma membrane by a lipid-modified C-terminus, which also plays an important role in the
formation of nanoscale signaling platforms called nanoclusters2. The three human Ras
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isoforms (H-, N-, K-Ras) share a highly conserved catalytic domain but differ in sequence as
well as in the number and type of lipid modification at the C-terminus1. This variation in
lipid modification has been suggested as the primary reason for the non-overlapping
distribution of nanoclusters of different Ras isoforms in the plasma membrane2, 3. A similar
behavior has been observed in model membranes with co-existing raft-like liquid-ordered
(Lo) and non-raft liquid-disordered (Ld) lipid domains4, 5. K-Ras, which contains a single
farnesyl modification, prefers the Ld domain enriched with unsaturated lipids5. N-ras is
modified by a palmitoyl and a farnesyl lipid and prefers the Lo/Ld domain boundary4. The
dually palmitoylated and farnesylated H-ras reportedly localizes at the Lo domain6.

Membrane binding7–13 and nanoclustering2, 3, 6, 14, 15 of Ras proteins have been relatively
well characterized. Fewer studies have focused on how Ras insertion affects the structure of
the host membrane16–20. For instance, using solid state NMR and molecular dynamics
simulations, Vogel et al investigated N-Ras and a peptide representing its lipidated C-
terminus in different bilayer systems16, 21, 22. They showed that the local lipid packing is
slightly affected by N-ras insertion. Similarly, our previous studies on the isolated H-Ras
lipid anchor and full-length H-ras in a DMPC bilayer have suggested small structural
perturbation of the bilayer18, 19. In another study of the K-ras lipid anchor in a mixed
bilayer, we found that the positively charged peptide clusters negatively charged POPG
lipids and induces local thinning in the bilayer20. These observations had shed some light on
the effect of monomeric Ras on simple model membranes. The impact of clustered Ras
proteins on more complex heterogeneous membranes remains unknown.

In previous reports, we used CGMD to investigated the nanoclustering behavior of the
minimal membrane binding motif of H-ras (tH), and its mutants with different lipid
modification (Fig. 1), embedded in one leaflet of a DPPC/DLiPC/cholesterol bilayer that
forms Lo/Ld domains14, 15, 23. Accumulation of tH nanoclusters in a specific region of an
initially symmetric bilayer led to deformation. This observation was difficult to explain
based solely on the steric effect of asymmetric insertion14. As a result, the physical basis for
the deformation was not fully explored. The primary goal of this work was to further probe
this issue using a detailed analysis of our CGMD trajectories.

The response of a multi-domain membrane to Ras insertion can be complicated by the
presence of the domain boundary. This is because the free energy of a multi-domain
membrane has contributions from both domain bending and boundary line energies24 and
therefore the equilibrium shape can be tuned by changes in individual bending moduli or
line tension. For instance, increasing the line tension can lead to contraction or even budding
of the central domain from the surrounding domain, which reduces the inter-domain contact
length24–26. Although a molecular-level picture of a multi-domain membrane is beyond the
resolution limit of most current experimental techniques, continuum elasticity theory and
CGMD simulations have been extensively used to study the link between structure and
mechanics in multi-domain membranes27, 28. According to these studies, a compositionally
symmetric planar bilayer containing Lo and Ld domains is mirror-symmetric across the
bilayer mid-plane and there is a smooth thickness change at the transition region between
the domains27, 28. How such a membrane would respond to an asymmetric insertion of
laterally segregated membrane proteins remains an open question. Herein we extended our
previous work to systematically investigate the deformation of a bilayer upon an asymmetric
insertion of Ras peptides that harbor different number and type of lipid modifications. The
results provided a mechanistic picture of how clustered lipidated peptides remodel the host
membrane.
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2. Methods
Model and CGMD simulations

Mixed lipid bilayers with and without Ras peptides were modeled by the MARTINI force
field version 2.029, 30 (Fig. 2) and simulated by the GROMACS package version 4.031.
Details of the models and simulation protocol can be found in our previous reports14, 15.
Briefly, four sets of simulations were conducted (Supplementary information Table S1). The
first is a compositionally symmetric reference bilayer made up of 960 DPPC, 576 DLiPC
and 384 cholesterol molecules14. In the second set 16, 32, 48 and 64 tH peptides were
embedded into the lower leaflet of a bilayer with identical lipid composition as in the
reference bilayer15. In the third set the cholesterol fraction was varied between 0%, 11%,
20% and 27% keeping a fixed concentration of 64 tH peptides15. The final set of simulations
involved four mutant tH peptides that have one or two lipid modifications14 (Fig. 1). Each
simulation was run for 40μs effective time.

Data analysis
A combination of in-house scripts and GROMACS31 tools were used to analyze the well-
equilibrated 24–403s portion of each trajectory. Equilibrium structural properties of the
bilayer were calculated by binning the system into equal slabs in the direction perpendicular
to the domain boundary line with the center of the Ld domain as origin (after removal of
domain center motion). Bilayer shapes were characterized based on the average z-position of
the phosphate beads and the terminal beads of the lipid tails. The bilayer structure was
characterized using the conformation of individual lipid molecules. As commonly done in
the theory of membrane elasticity32–34, we decomposed the bilayer elastic deformation into
contributions from area expansion/compression, lipid tilt and lipid splay. The latter two
deformation modes were analyzed in detail because they are more applicable to a tensionless
bilayer27. Lipid splay was monitored by the average width (w) and height (h) of individual
lipids, calculated as the distance between the terminal beads of the tails and between the
phosphate group and the center-of-mass of the two tail terminal beads, respectively. Local
lipid tilt was monitored by the average tilt angle (ϕ) of individual lipids, defined as the
deviation of the lipid tail director vector n (the head-to-tail principal axis excluding the
choline bead) from the normal of the local monolayer surface N. Note that ϕ is different
from the lipid orientation angle φ in our previous report14, which was the deviation of the
lipid head-to-tail principal axis from the global normal of the bilayer surface.

3. Results
The shape and structure of the bilayer without any peptide is described first, followed by
bilayers that contain peptides harboring different type and number of lipid modification. We
then turn to the mechanism of bilayer deformation due to asymmetric peptide insertion.

3.1 Structure of the reference planar bilayer with coexisting Lo/Ld domains
The equilibrated tH-free bilayer has two striped domains: a DPPC/cholesterol-enriched Lo
domain and a DLiPC-enriched Ld domain. Each monolayer of the Lo domain was thicker
than the corresponding Ld monolayer by ~0.5nm, as has been shown previously14. The
bilayer was mirror symmetric across the common mid-plane of the two domains (Fig. 3a)
and exhibited a strong inter-leaflet domain registration28, as seen from the nearly identical
lipid density profiles at the two leaflets (Fig. S1a). The tightly packed lipids in the Lo
domain were taller (large h) and their tails less spread (small w) than those in the Ld domain
(Fig. 3b). The bilayer shape, density, h, and w all showed a smooth transition at the
boundary regions. Lipids at the narrow (~4.7nm) Lo/Ld domain boundary region have to
slightly tilt away from the local monolayer surface normal to accommodate the curved
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surface (Fig. 3c). Lipids in the boundary region experienced larger fluctuation (see the
standard deviations in the plots of Fig. 3a) due to the relative motion of the domains along
the bilayer normal.

3.2 Peptide-induced bilayer deformation
Insertion of 64 tH peptides into the lower leaflet induced curvature at both leaflets (Fig. 4).
Both domains were nearly flat at their centers but underwent vertical displacement relative
to each other. For instance, the mid-plane of the Lo domain was displaced by ~1.5nm at the
center relative to the tH-free bilayer (Fig. 4a, see also Fig. 5a for a schematic explanation).
This vertical displacement increased the vertical distance between the Ld and Lo surfaces
from ~0.5nm (tH-free) to ~1.9nm (tH-bound) in the lower leaflet. The corresponding
increase in the upper leaflet was smaller (from 0.5 to 1.0nm). The displacement mainly
occurred at the domain boundary (Fig. 4a). The domain boundary, where the shape
fluctuation was highest, is therefore the center for deformation. This was confirmed by the
finding that a bilayer containing the same numbers of DPPC, DLiPC and tH but lacking
cholesterol (hence no stripped domains) remained essentially flat (Fig. S2).

There were fewer cholesterol molecules in the lower leaflet than in the upper due to
displacement by tH (Fig. S1b). Moreover, despite the overall similarities in the density
distributions of DPPC and DLiPC in the two monolayers, there were some important
differences. First, the distributions did not overlap as well as they did in the tH-free bilayer
(Fig. S1a), suggesting reduced inter-leaflet domain registration. Secondly, the slightly
smaller DLiPC density in the upper Ld domain suggested comparatively tighter packing in
the corresponding region of the lower monolayer. This was reversed in the case of the DPPC
lipids at the Lo domain. These observations suggest that tH binding had a differential effect,
albeit small, on the packing behavior of lipids at the two monolayers of each domain. This
resulted in larger w and smaller h for the upper monolayer, especially in the narrow Ld and
the boundary regions (Fig. 4b). More dramatic change was found for ϕ (Fig. 4c), where
lipids with large ϕ populate the entire domain boundary of the lower leaflet, suggesting that
the domain boundary is the major deformation center. Taken together, these results show
that the lower leaflet undergoes a large deformation compared to the upper leaflet, and that
the bilayer deformed mainly through lipid tilt instead of splay. This is consistent with a
previous prediction that the tilt mode, which is only weakly coupled across monolayers, can
effectively modulate bilayer shape35.

The lateral dimension and hence domain width of the bilayer was only slightly different
among simulations with different tH concentration (table S1). Therefore, we used domain
displacement to test the dependence of bilayer deformation on peptide concentration, (Fig.
5a, and S3). The corresponding average vertical displacement (Δh) is shown in Fig. 5b for
bilayers containing different amount of tH peptides. One can see that the extent of bilayer
deformation varies with peptide concentration so that the displacement progressively
increases with the number of tH. For instance, at the lowest tH concentration (16 peptides)
the upper surface was nearly flat with no height difference between the Ld and Lo domain,
while for Np=64 Δhm reached ~1.5nm. Moreover, the domain displacements (Fig. 6c and
S4), varied with the type of lipid modification and hence the domain preference of the
peptides. In fact, the extent of bilayer deformation significantly depend on the domain-
preference of the peptides14, with the Lo-localized de-Fa186 causing the largest
displacement and the Ld-localized de-Pa181/184 causing the least displacement. Peptides
containing farnesyl and at least one palmitoyl, and hence segregating to the domain
boundary, have similar and intermediate effect on the bilayer shape. Taken together these
results indicate that bilayer deformation is a function of both the concentration and domain
preference of the lipidated Ras peptides. Moreover, there appear to be an intriguing trend
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that suggests a progressively larger effect on the bilayer structure as the peptides’ domain
preference shifts from the disordered Ld to the ordered Lo domain.

3.3 Mechanism of bilayer deformation
Inter-leaflet compositional asymmetry—No flip-flop of DPPC or DLiPC was
observed within the time scale of the simulations. Cholesterol has a faster flip-flop rate28, 36

and can undergo inter-leaflet transfer upon peptide insertion. This was the case in all tH-
containing bilayers where a fraction of the lower leaflet cholesterol has moved to the upper
leaflet at the early stage of the simulation (Fig. S5). The number of transferred cholesterols
was found to be proportional to the total number of peptide lipid tails (slope = 1/3, see Fig.
6a). Thus, on average 3 tH tails expelled one cholesterol and thereby minimized the volume
difference between the two leaflets. As cholesterol increases monolayer bending rigidity37,
such an inter-leaflet cholesterol transfer should lead to a larger bending rigidity of the upper
leaflet. On the other hand, experiments38 and MD simulation36 have shown that rapid inter-
leaflet re-equilibration of cholesterol reduces the overall membrane stress and allows
membrane shape relaxation. Taken together these results suggest that without the relaxation
by cholesterol transfer a larger bilayer curvature would have occurred.

To test if cholesterol flip-flop compensated for the entire inter-leaflet volume difference, we
looked at changes in the box volume (ΔV) upon increasing the number of cholesterol or tH
in the system. We found a 4-fold larger ΔV per peptide than ΔV per cholesterol (Fig. 6a).
Thus, cholesterol transfer only partly reduced the inter-leaflet volume difference. This
suggests that the remaining excess volume in the lower leaflet, largely due to the adsorption
of the peptide backbone and the non-lipidated side chains in the lipid-water interface of the
lower leaflet, should be responsible for the observed bilayer deformation (discussed in the
previous section).

Monolayer area difference due to peptide insertion—Fig. 6b shows that the
backbone resides near the head-group region and therefore can contribute to monolayer
surface area expansion. We computed monolayer surface area (As) from the product of the
average length of the monolayer surface curves (Fig. 3a, 4a and S4) (i.e., the side
perpendicular to the boundary line) and the length of the box parallel to the boundary line.
Fig. 7a shows that, for each monolayer, As increases linearly with the peptide concentration.
The surface area expansion was ~23% larger for the lower monolayer (~0.64nm2/tH) than
the upper (~0.49nm2/tH). These values are much greater than ΔA/cholesterol (~0.03–
0.1nm2, derived from Fig. 7a (inset)). Considering the 1:1 expulsion ratio of cholesterol to
tH, it is clear that the upper leaflet area expansion was much higher than the possible
contribution from the transferred cholesterol molecules.

It is not feasible to precisely resolve the partial specific area of each constituent in such a
complex mixture39. However, it is possible to determine the average effect of tH and its
partially de-lipidated variants on the monolayer areas. Fig. 7b shows that the surface area
varies both with the number and type of lipid modification. The triply lipidated tH caused
the largest increase in As while the variant with just farnesyl (de-Pa181/184) had the smallest
effect. The doubly lipidated de-Pa181, de-Pa184 and de-Fa186 had an intermediate effect,
with de-Fa186 causing the minimal area increase among them. The reason for the later is
that the insertion depth of de-Fa186 into the tightly packed Lo domain was less than those of
de-Pa181 or de-Pa184 (Fig. 6b). This suggests that insertion depth of the tails and backbone
of the peptides affects the bilayer surface area. Moreover, tH and its variants have positive
spontaneous curvature due to the volume difference between their hydrophobic tail and
polar head. Coupled with the expulsion of cholesterol molecules, which have intrinsic
negative curvature, the positive curvature of the peptides can enhance the spontaneous
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curvature of the lower leaflet. To further investigate this issue, below we discuss the
consequence of the excess volume/surface area in the lower leaflet, plus the difference in the
shape and distribution of the peptides and cholesterol, on the properties of the bilayer.

Pressure profile, surface tension and line tension—A potential consequence of
inter-leaflet compositional asymmetry is to induce pressure profile asymmetry36, 40. The
pressure profile of the tH-free bilayer, calculated along the z-direction41, was symmetric
across the mid-plane (Fig. 8a). In the presence of tH, the magnitude of the negative peak in
the lower leaflet was reduced and shifted toward the surface in a concentration dependent
manner. Correspondingly, the pressure profile in the upper leaflet increased and the negative
peak shifted toward the core. The effect is less pronounced for the two lowest tH
concentrations (Fig. 8a). The type of lipid modification (and hence domain preference) also
had a significant effect on the pressure profile (Fig. 8b). The single-tailed de-Pa181/184 had
the minimal effect since it preferred the loosely packed Ld domain.

We have also calculated monolayer surface tension (γ) from the pressure profiles (Fig.
8a&b, insets). As expected, γ was close to zero for the symmetric tH-free and the nearly
symmetric ternary bilayer with 16 tHs (Fig. 8a) but it changed dramatically when the
number of tH was 32 or higher. Consistent with the opposite bending of the two monolayers
γ was positive for the upper leaflet and negative for the lower leaflet. This suggests that the
lower leaflet drives the deformation while the coupled upper leaflet responds by expanding
its area, which is consistent with our conclusion from monolayer surface area analysis.
Overall, tH caused the largest change in surface area and inter-leaflet surface tension while
de-Pa181/184 had the smallest effect on both (Figs. 8b and 8b inset). Note that because the
bilayer was tensionless the sum of monolayer surface tensions is close to zero in every case.

A smooth Ld/Lo transition at domain boundaries can reduce exposure of the tails of the Lo
lipids27. This was the case in the tH-free bilayer (Fig. 3a), where a progressive adjustment of
lipid conformation and composition within the ~5nm-wide boundary region ensured a
smooth transition. The line tension (σ) at the boundary was 4.5±0.5pN14 per monolayer, as
estimated from boundary fluctuation analysis14, 42. In most cases tH binding had negligible
effect on σ of the upper monolayer but generally reduced σ of the lower monolayer (Fig. 9a).
tH variants affected σ of either monolayer, depending on the type of lipid modification and/
or their domain preference (Fig. 9b). For instance, the Ld-enriched de-Pa181/184 reduced
the line tension of the upper leaflet whereas the Lo-enriched de-Fa186 affected the lower
leaflet. The common feature among all of the peptides is that they caused an imbalance in
the monolayer line tensions.

4. Discussion
In this work we have investigated how asymmetric insertion and domain-specific
aggregation of lipid-modified Ras peptides affect the geometry of a two-domain bilayer.
Design of the model system was based on the fact that Ras proteins are attached to the inner
surface of the plasma membrane. Once inserted, the peptides laterally segregate into
different membrane domains2, 9. Starting from an initially symmetric bilayer and monitoring
its evolution over time, we were able to characterize the effect of different Ras peptides to
the bilayer topology. Analysis of the bilayer volume and surface area provided details about
the distinct effects of the peptide backbone and lipid tails. Though lipid modification
dictates domain preference, the insertion depth of the backbone also plays an important role
not only in peptide-membrane interaction but also in affecting membrane geometry. It is
important to mention that previous studies indicated the catalytic domain of full-length Ras
proteins may also interact with the membrane surface and hence affect bilayer
structure43, 44, which is the subject of future studies.
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In recent years, N- and K-ras proteins have been successfully incorporated into
heterogeneous model lipid membranes with coexisting Lo and Ld domains5,9. Our
observation that palmitolyation drives Ras towards Lo domain and farnesylation drives Ras
towards Ld domain agrees well with the experimental observations that N-ras prefers the
domains boundary and K-ras prefers the Ld domain5,9. With the insertion of Ras onto the
surface of a giant unilamellar vesicle with Lo/Ld co-existence, it is possible to test our
predictions by comparing the vesicle shape with a Ras-free vesicle. For example, when
localizing at the domain boundary, H- and N-ras may increase the positive spontaneous
curvature of the host monolayer and decrease the domain boundary line tension and
eventually alter the vesicle shape. It is expected that such effect would heavily depend on
the concentration of Ras proteins.

Our investigation of the various modes of bilayer deformation upon insertion of different
Ras peptides provided important information about the structural characteristics of a two-
domain bilayer. For a symmetric lipid bilayer with co-existing Lo/Ld domains, mirror
symmetry across the mid-plane was maintained and the line tension was the same for the
two monolayers. Upon an asymmetric insertion of Ras peptides, however, the bilayer
adjusted its shape via a fast inter-leaflet cholesterol re-distribution and enhanced lipid tilt.
The bilayer tends to deform through the domain boundary irrespective of a peptide’s domain
preference. This result highlights the important role of the boundary in facilitating
membrane shape adjustment. The Lo domain is more rigid and therefore tends to move or
deform as a patch relative to the Ld domain, subjecting the stress reservoir boundary region
to deformation. Absorption of stress is consistent with the observed high probability of
budding and vesiculation through domain boundaries in model membranes24–26.

5. Conclusion
In summary, the influence of the membrane-binding motif of Ras proteins on bilayer
structure described in this study provides a mechanistic insight into how lipid-modified
proteins affect membrane geometry. By analyzing the deformation of a two-domain bilayer
upon an asymmetric peptide insertion we were able to show that the domain boundary plays
an essential role for membrane geometry modulation. These insights help link predictions
from continuum elastic membrane models24, 25, 27 and observations from experiments26 on
how multi-domain membranes respond to perturbation.
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Fig. 1.
Sequence and lipid modification of the H-ras peptides used in this study.
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Fig. 2.
Molecular models and snapshots. (a) Coarse-grained molecular model of the tH peptide and
lipids. (b) Side view of the bilayer from the domain boundary direction. (c) Bottom view of
the bilayer. Water molecules are not shown. Snapshots were taken at t=24μs for the system
with 64 tH peptides embedded in a 5:3:2 DPPC:DLiPC:Chol bilayer.
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Fig. 3.
Shape and structure of the tH-free bilayer along the direction perpendicular to the domain
boundary. (a) Bilayer shape described by the monolayer surfaces and the mid-plane. Each
monolayer surface was represented by the average z-position of its phosphate beads, and the
mid-plane by the average z-position of the last lipid tail beads of both monolayers. (b) Lipid
height (h) and width (w) for the upper (dash line) and lower (solid line) monolayer. (c) Lipid
tilt angle of the upper (square) and lower (circle) monolayer. Errors were calculated by
block-averaging after separating the 16-μs trajectory evenly into 5 time blocks.
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Fig. 4.
Shape and structure of a bilayer containing 64 tH peptides along the direction perpendicular
to the domain boundary. (a) Shape of the bilayer described by monolayer surfaces and the
mid-plane. Each monolayer surface was represented by the average z-position of its
phosphate beads, and the mid-plane by the average z-position of the last lipid tail beads of
both monolayers. (b) Lipid height (h) and width (w) for the upper (dash line) and lower
(solid line) monolayer. (c) Lipid tilt angle of the upper (square) and lower (circle)
monolayer. Errors were calculated as described in Fig. 3.
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Fig. 5.
Peptide-induced bilayer deformation. (a) Schematic representation of the vertical distance
between the two domains of the lower leaflet (hl), midplane (hm) and upper leaflet (hu). (b)
Vertical domain displacements for bilayers containing different number of tH peptides. (c)
Vertical domain displacements for bilayers containing the same number of tH peptides with
different types of lipid modifications. Errors were calculated as described in Fig. 3.
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Fig. 6.
Monolayer composition asymmetry. (a) Differences in the average cholesterol number
between the upper and the lower leaflet versus the number of peptide lipid tails. Errors for
ΔN(Chol) were calculated by averaging over the 16-μs trajectory. Inset: simulation box
volume increase versus the number of cholesterol and tH molecules. The volume difference
due to cholesterol was calculated for systems containing increasing amount of cholesterol
and 960 DPPC, 576 DLiPC and 64 tH molecules. The volume difference due to tH molecule
was calculated for the bilayers containing increasing amount of tH and 960 DPPC, 576
DLiPC and 384 cholesterol molecules. Errors for the volume are within the range of the
symbols. (b) Number density profiles of the peptide backbone beads along the z-dimension,
with the local monolayer surface defined as the origin.
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Fig. 7.
Monolayer surface area. (a) Monolayer surface area increase due to insertion of different
numbers of tH molecules at the lower leaflet. Inset: the corresponding monolayer surface
area. (b) Monolayer surface area increase due to insertion of the same number of peptides
that have different lipid modifications. Errors were calculated as described in Fig. 3 and
within the range of the symbols.
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Fig. 8.
Bilayer pressure profile and monolayer surface tension. (a) Bilayer pressure profile along the
z-direction and monolayer surface tension (inset) for bilayers containing different amounts
of tH peptides. (b) Bilayer pressure profile along the z-driection and monolayer surface
tension (inset) for bilayers containing 64 peptides with different lipid modifications.
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Fig. 9.
Line tension. (a) Monolayer line tension for bilayers containing different amounts of tH
peptides. (b) Monolayer line tension for bilayers containing the same amount (Np=64) of
peptides with different lipid modifications. Errors were calculated as described in Fig. 3.
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