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Sphingolipids clustering in model membranes

1. ARIREOHTEOE =, AR, BRTL71Y
=7 b & DOR&%

Recent experimental evidence have suggested that

sphigomyelin (PSM) forms clusters in liposomes

PSM and DOPC

phosphatidylcholine) to which GFP-lysenin proteins

consisting  of (dioleoyl
can bind specifically, while these phenomenons are
not observed in the liposomes consisting of PSM and
DPPC (dipalmitoyl phosphatidylcholine). Moreover,
the Raman spectra of PSM, PSM/DOPC and
PSM/DPPC liposomes show significant difference in
the intensity of the amide I stretching band (1600 to
1700 cm-1 region), indicating that the environment
of the amide group of PSM is different in these
liposomes. However, the structure of the PSM in
these liposomes remains elusive. In addition, the
effect of the cholesterol (CHOL) on the PSM cluster

structure 1s unclear.

2. AR 22 RIANE . FHRITIE

We modified the martini force field based on the
method and performed a series of coarse-grained
molecular dynamic simulations for three mix lipid
bilayer systems -- (1) PSM/DPPC=0.31/0.69, (2)
PSM/DOPC=0.31/0.69, and 3)
PSM/DOPC/Cholesterol=0.22/0.48/0.30 bilayers. The
system size of the lipid bilayer are 128, 512, 2048,
and 8192 lipids. The initial position of PSM, PC, and
cholesterol are randomly placed in the lipid bilayers,
but numbers of PSM and PC lipids are the same in
both layers. The simulation time is ranged between
3-13.5 us. PSM lipids are then clustered based on the

Voronoi diagram analysis in these bilayers.

3. RS
Phase separation of PSM lipids is observed in the
DOPC bilayer for system size of 512, 2048, 8192

lipids, but not in the system size of 128 lipids.
Meanwhile, PSM is not observed in the DPPC
bilayer no matter what the system size is. The phase
segregation 1is observed in the SM/DOPC and
PSM/DOPC/CHOL bilayers, but not in the
PSM/DPPC bilayer. The final snapshots of the
2048-lipid bilayers for these three systems and the
results of Voronoi diagram analysis are shown in
Figure 1. In Figure 2, the radial distribution function
(g(r)) for lipid-lipid pairs are shown. The g(r) values
are the same for PSM-PSM, PSM-DPPC, and
DPPC-DPPC pairs in the well-mixing PSM/DPPC
bilayer. However, the g(r) for PSM-PSM is higher
than that for PSM-DOPC in the phase separation
PSM/DOPC and PSM/DOPC/CHOL bilayers. In
addition, cholesterols prefer to surround PSM than
DOPC. The addition of cholesterol to the
PSM/DOPC bilayer reduces the values of lateral
diffusion constant and area-per-lipid for both PSM
and DOPC. The lipid composition for each phases are
estimated from the simulations.

PSM/DPPC PSM.

PSM/DOPC/

Figure 1. (Top) The final snapshots of the
coarse-grained ~ molecular  dynamic
simulations for PSM/DPPC, PSM/DOPC,
and PSM/DOPC/CHOL bilayers.
(Bottom) The Voronoi diagram analysis
results. The PSM and cholesterol lipids
are colored in blue and green,
respectively.
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PSM/DPPC PSM/DOPC PSM/DOPC/CHOL
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s DOP-CHOL
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Figure 2. Lipid-lipid radial distribution
functions for 2048-lipid PSM/DPPC,
PSM/DOPC, and PSM/DOPC/CHOL

bilayers.

o

4. R0

The phase segregation results agree well with the
experimental observations. This study provides
insight into the distinct SM cluster structure in

these three mix lipid bilayers.

5. AR O - R

We plan to simulate the glycosphingolipids

clustering in model membranes.

Development of Metadynamics for

Accelerated Free Energy Calculations

1. AFREOMEORF R, A, BfRTL27mv =7
k& DB
The fundamental understanding of biological
systems by atomic level simulations requires reliable
free energy estimates, which are inherently a
problem  of conformation space sampling.
Metadynamics, an adaptive-biasing algorithm, has
proven it's efficiency for accelerating sampling.
However further development and tuning is needed

for applications for a realistic biological problems.

2. BRI RIHNE, FHEFIE
RICC was used to validate and benchmark the new
implementations of multi-replica metadynamics

algorithms in GENESIS. However, due to long queue

waiting times and outdated programming

environment, the usage of the system was marginal.

(AV{(s))
AV(s) AV(s) AV, (s.) | | AVi(sy)
MD Mo || || mD MD
Fig. 1. Schematic representation of bias exchange

metadynamics (BE-MTD).

3. AR

Extensive simulations of short peptides and small
carbohydrates in solvent were performed to compare
and other well-established free

The obtained

metadynamics

energy calculation methods.
trajectories used to estimate sampling errors and
check scalability on massively parallel computer

architecture.

4. &
Multi-replica metadynames algorithms implemented
in GENESIS and tested with several biologically

relevant molecules.

5. AS%OFH - B

The development of metadyanamics is continuing. In
particular, with a specific interest to increase the
multi-replica

computation efficiency of

metadynamics algorithms.
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