Caucasus): Insights for a large-scale obduction in Armenia and NE Turkey. Tectonophysics,
588, 2013, 135-153.

29 Knipper A.L. and Khain E.V. Structural position of ophiolites of the Caucasus. Ofioliti,
Spec. Iss. 2, 1980, 297-314.

30. Pearce J.A., Harris N.B,, Tindle A.G. Trace element discrimination diagrams for the
tectonic interpretation of graniric rocks. Journal of Petrology 25, 1984, 956-983.

31. Rolland R., Galoyan G., Bosch D., Sosson M., Corsini M., Fornari M., Verati C. Jurassic
back-arc and Cretaceous hot-spot series In the Armenian ophioclites — Implications for the
obducrion process. Lithos 112, Tssues 3-4, 2009, 163-187.

32. Rolland Y., Galoyan G., Sosson M., Melkonyan R. and Avagyan A. The Armenian
Ophiolite: insights for Jurassic back-arc formation, Lower Cretaceous hot spot magmatism and
Upper Cretaceous obduction over the South Armenian Block. Geological Society, London,
Special Publicarions; v. 340; 2010, 353-382.

33. Sosson M., Rolland Y., Muller C., Danelian T., Melkonyan R., Kekelia S., Adamia S.,
Babazadeh V., Kangarli T., Avagyan A., Galoyan G. and Mosar J. Subductions, cbduction and
collision in the Lesser Caucasus (Armenia, Azerbaijan, Georgia), new insights. In: Sosson, M.,
Kaymakci, N. Stephenson, R., Bergerat, F. and Starostenko, V. (Eds.), Sedimentary Basin
Tectonics from the Black Sea and Caucasus to the Arabian Platform. Geological Society,
London, Special Publications; v. 340, 2010, 329-352.

34 Zakariadze G.S5., Knipper AL., Scbolev A.V., Tsameryan O.P., Dmitriev L.V.,
Vishnevskaya V.5., Kolesov G.M. The ophiolite velcanic series of the Lesser Caucasus. Ofioliti
8(3), 1983, 439-466.

Znmpjudp bEpuywg]l §unugpnipub 18.03.2020 .,

muyupli by b gpupunumipiut 10.04.2020 p., pinnun]by oougpnipput 09.06.2020 p.:

YAK 577.2

LATERAL AND NORMAL DIFFUSION IN POPC/SOPC/SAPE/POPE MIXED
BILAYER: A MOLECULAR DYNAMICS STUDY

HRANT GHARABEKYAN
PhD in Biclogical Sciences
National Academy of Sciences of the RA
hrant.gharabekvan@gmail. com
ARMEN POGHOSYAN
Doctor of Physics and Mathematics
International Scientific-Educational Center of NAS RA

poghosyan@gmail.com

Abstract

‘We have performed a 40-ns molecular dynamics simulation of POPC/SOPC/SAPE/POPE
mixed Bilayer. The diffusion properties of lipid molecules have been studied. The
corresponding diffusion coefficients of lipids have been estimated, and the findings are in good
agreements with experimental data.
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Zudwrninughp

Utkup hpuljubwgptk) up POPC/ SOPC/ SAPE / POPE huwinp thyhnujhtt hwdwljupgh
Unpbjwynpnud dnjnyuyhtt phttwdhuyh dkpanny (40 wy): Nunidtwuhpyty u thuyh-
nuyjht Unjknyubph ghnighntt hwnynmpniuaibpp: Ftwhwnyl) o hwdwyunwupput
nhdnighntt gnpdwjhgubtpp, b uinwugyty L puduljuht juy hwdpuynid hopdwpupuljuh
wnjuubiph htwn:

Puttunh puntp b paunuljuyuljgnipni ik

Lhwhnitp, Unjtynuughti nhtnadhlw, phpmghnt  gnpdulhglbp, funjhtikp,
$nudnihwyhnip:

JIATEPAJIBHAS 1 HOPMAJIBHAS IY®®U3NIA B POPC/SOPC/SAPE/POPE
CMENTAHHOM BUCJIOE: MOJIEKYJIAPHO-TUHAMWYECKOE UCCIIETOBAHWE

T'PAHT KAPABEKAH
KaHUJAT GHOIOTHYECKUX HayK
HamuonansHas akagemMus Hayk PA
Hrant.gharabekyan@gmail.com
APMEH I[IOI'OCAH
JOKTOp QU3MKO — MaTEMaTHIECKUX HAyK
MesxmyHapomHbIi HayyHO-06pasoBaTensHbIi nentp HAH PA

poghosyan@gmail.com

AmnnHoranus

Msr nmpoBenu 40-HC MOzjenwpoBaHHE MOJIEKY/ISPHON AWHAMHUKH CMEIIAaHHOTO OUCION
POPC/SOPC/SAPE/POPE. Usyuenst paucddysuoHHbIe CBOMCTBA JIMIUZHBIX MOJIEKYIL
Coorsercrpyromue koadduiments: nuddysun IUnuLoB ObUIM OIEHEHBI, U Pe3yJIbTaTh
HAXOZATCS B XOPOIIEM COTJIACHH C SKCIIEPUMEHTAIbHBIMU JaHHBIMH.

Kirouessie coBa u (passt

CMemanHble GUCIOH, JUIMABL, MOJEKyJIIpHas AWHAMUKA, KoabduurenTsl audbdysun,
XOJIUHBI, POCHOIUTUEL.

Introduction

The MD simulations of heterogeneous membrane systems are currently in great
interest [1-3], and lots of MD simulations of mixed lipid bilayer have been reported
[4-6]. The structural parameters (area per lipid on the surface of the bilayer, the

30


mailto:Hrant.gharabekyan@gmail.com
mailto:poghosyan@gmail.com
mailto:Hrant.gharabekyan@gmail.com
mailto:poghosyan@gmail.com

thickness of bilayer, order parameters and electron density) were calculated to verify
with experimental findings.

The goal of this paper is the detailed analysis of normal and lateral diffusion of
lipid molecules in a mixed system. The lateral diffusion, i.e. the thermal motion of
lipid in two directions, in the heterogeneous system was intensively reported since
1984 both experimentally [7,8] and theoretically[9]. The lateral diffusion, as known,
is defined from average mean displacement (MSD) of the molecule, and the latter
formulated as:

MSD = < r(t)-r(0) |*> (1)
all
where the I' designation is the position and the sum is over all molecules of a given
kind. The resulting lateral diffusion coefficient is estimated to be
Dlat = MSD/ 4 -t, where the lis the simulation time. The lateral diffusion
assumed to be in X — Y the plane of the bilayer. The phospholipid bilayer of

erythrocyte membrane was investigated.
Simulation details

The initial random distributed 128 POPE/SOPC/SAPE/POPC bilayer with 732
water hydration has been simulated using NAMD package [10] with CHARMM all27
force field [11]. The molecule’s number ration was 36:34:32:26/POPC:SOPC:SAPE:
POPE, as in erythrocyte membrane. Periodic boundary conditions were applied, the
pressure and temperature were set to 320K and 1atm, correspondingly, maintaining
both using Langevin and Nose-Hoover Langevin piston methods [12]. The Particle
Mesh Ewald (PME) method for electrostatic and cutoff (12A°) for van der Waals
interactions were used. The initial configuration of the system was stabilized by
energy minimization. Then, the system was gradually heated from 0K to 300K and
kept at 300K until the volume of the system became equilibrated at the NPT ensemble.
The integration time step was 2 f5, and the total MD simulation was 40ns. The
computation was carried out with a Linux cluster (Intel Xeon 3.2 GHz, 48 CPU,
Myrinet net) using 24 nodes. Total computation time consumed by the simulations
was about 15 days.

Details and Discussion

Lateral and Transversal Diffusion
The MSD plots of center of mass (COM) position of POPC/SOPC/POPE/SAPE
molecules in the bilayer X — Y plane are shown in Figure 1.
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Figure 1. The MSD plots of COM position of POPC/SOPC/POPE/SAPE molecules in
X — Y plane of bilayer. The linear fitting is applied.
We have plotted the location of COM position of lipid from the initial
configuration (in X — Y the plane) in Figure 2. As already mentioned the initial setup

was created randomly, and some small sub-domains (clusters) of separate types of
phospholipids in bilayer and forms randomly distributed small clusters. The linear
fitting of the MSD plot of SOPC molecule shows higher value over the simulation
time. Having two 18:0/18:1 tails, the SOPC molecule, as seen in Figure 2, initially
creates only two sub-domains — pairs and triplets of SOPC molecules (dotted circles
in Figure 2). Overall, the profiles show that the diffusion of PC is higher than the PE.

The estimated average lateral diffusion length of the PC is about 14 A° and for PE -
10A°.
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Figure 2. The COM position of the initial structure of the mixed system, where
the full square is POPC, the empty square — SOPC, the full circle is SAPE and the
empty circle — POPE.
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The calculated diffusion coefficients are shown in Table 1. The experimental
findings on the diffusion coefficient of the mixed lipid bilayer are in the range of

~(4-30)x107® sz/ S [13,14]. Therefore the estimated results from MD

simulation may be considered as a good agreement with experimental data.

The diffusion coefficients for various phospholipids in the bilayer. Table 1.

Phospholipids in a mixed | SOPC POPC SAPE POPE
system
Diffusion coefficient (cm?/s) 42x10% | 3.7x10% | 29x 10 26x108

The transversal (i.e. normal) diffusion length is8 —10A°. In Figure 3, the Z -
axis movement of COM of individual SOPC molecule is shown.
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Figure 3. A 40-ns trajectory of center of mass of a SOPC molecule in Z -direction of bilayer
(vertical movement of individual SOPC molecule)

As it is evident from Figure 3, the protrusions in the z-direction occur, which is
due to the thermal movements of phospholipids molecules.
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