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MNMnan Nlekuii Ne 7

- NapameTtpusauia cunosoro nona membpaHu

- NMopisHAHHA 3 eKcnepuMmeHTOM Ta Banigaudia M, moaeni
- NMpuknagu M, mogentoBaHHA NniniaHOI membpaHu

- ®a3oBi cTaHu Ta pa30Bi nepexoaun y ninigHin membpaHi

- CyyacHa auMHamiuHa mogenb 6yposu membpaHu



NMapameTtpusaymua cCMNOBOro NONA OTAENbLHOrNrO AMNUAA

Cunosoe none nunupa
TaK}XXe MOXXHO NONY4UTb U3
BbICOKOTOUHbIX pac4éros ab
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HROCRLOLO0L00000 ydrophobiotai | ONTUMU3UPYIOT NO
YPaBHEHUAM CUNOBOTrO
Lumen of Cell | nona.
¥ Phospholipid
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MeToabl napameTpu3aumm CUMNOBOro nonsa nunupa
1) ca3u , Kb, b0 NK-cnektpockonus, ab initio, DFT
2) ymnbl K,,0, NK-cnektpockonus, ab initio, DFT
3) TOPCUOHHbIE YIMbl K¢, 0 WK-cnektpockonusa, AMP, ab initio, DFT
4) YacTnyHble 3apsagbl g,  TepmoavHamuka, ab initio, DFT

5) Mapametpel WdV A;;, C; TepmognHamuka, ab initio, DFT



TonwmHa memb6paHbl
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3KCNEePUMEHTANbHYIO TOSILUUHY MeMOpaHblI




ToanwmHa membpaHbl

- TonwuHa meMbpaH cocTaBnsieT OKOJIo
7 HM.

* [udpoghusibHbIE 20J108bI
ghochosTunuOHbLIX MOJIEKYJT OOpaLLeHb]
HapyXy — B CTOPOHY BOAHOIO
COAEPXKUMOTro KNEeTKU U B CTOPOHY
Hapy>XHOU BOAHOMU cpeabl.

* [udpoghobHbIe xeocmbl OOpaLLeHbl
BHYTPb — OHU 00pa3yroT
rmapodoObHY0 BHYTPEHHIKOK 4YacTb
oucnos.
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CamoopraHu3auua NMNUGHbLIX CUCTEM B pacTBope

“Xopowee” cunosoe none
AMNUAHON memb6paHbl
AOMKHO BOCNPOU3BOAUTL
camoopraHusauuio
NUNUAHbIX CUCTEM U
nepexoa u3
NUNUAHDBIX MULeNn B
mem6paHbl




CamoopraHusaumua AMNUAHbIX CUCTEM B pacTsope

PCCP Phys. Chem. Chem. Phys., 2016, 18, 10573--10584
ROYAL SOCIETY

OF CHEMISTRY
View Article Online

View Journal | View Issue

@gggggggggg Simulation of lipid bilayer self-assembly using
all-atom lipid force fieldst

Cite this: Phys. Chem. Chem. Phys.,
2016.18, 10573 Age A. Skjevik,?® Benjamin D. Madej,* Callum J. Dickson,® Charles Lin,*
Knut Teigen,” Ross C. Walker*®© and lan R. Gould*®

4 CamoopraHusayua "MnuaHoro 6Mcnona coctout us 4-x cTaguii: )

1) NpeamuuennapHana ¢asa
2) ®opmuposaHue muuenn
3) Arperayua AMNUAHbLIX MULENN
\_ 4) ®opmuposaHue nunugHoro 6ucnos )
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®a3osble COCTOAHUA NMNUAHOU MeMbpaHbl
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dasosble nepexoabl B AMNUAHbLIX MembpaHax

Main

Memb6paHbl cocToAlme U3
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da3oBble nepexoabl B AMNUAHLIX MeMmbpaHax
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NMpumep ¢asosoro nepexoaa 8 membpaHe




Mpumep ¢asosoro nepexosa B AMNUAHOU membpaHe
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3aBUCMMOCTb (Pa30BbIX NEPEX0A0B B NMNUAHbLIX MembpaHax oT Bblbopa
CUNOBOrO NONA

TBepao-KpuctannuyeckKkas cbasa KMaKo-KpuctannmnvyeckKkasn cbaaa
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YTo TaKoe KpuBU3Ha "MNUAHOIK membpaHbi?
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Mo3uTtuBHaa KpuBu3Ha MemMmbOpaHbl




KpuBusHa membpaHbl

u(z,y) = (1 (2.9) + (e )

(z,) = 5(21(2:9) - 22(z9)



ConbBaTauua NOBEPXHOCTU MeMmbpaHbl
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CmewaHHble nMNUAHbIE MEMspaHbl
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Mnhowaab 3aHUMaemana ogHUM AMNUAOM B membpaHe

) .R — System 52 (POPC:SM:CHOL = 2:
I — System S3 (POPC:SM:CHOL = 62:1:1)
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Kucerka et al., J. Membr. Biol (2005) 208:193; Hofsass et al., Biophys. J. (2003) 84:2192



NarepanbHana auddysua 8 membpaHe

pubs.acs.org/JCTC

Enhanced Lipid Diffusion and Mixing in Accelerated Molecular
Dynamics
Yi Wang,* Phineus R. L. Markwick, César Augusto F. de Oliveira, and ]. Andrew McCammon

Center for Theoretical Biological Physics, Howard Hughes Medical Institute, Department of Chemistry and Biochemistry,
Department of Pharmacology, University of California, San Diego, La Jolla, California 92093, United States

© supporting Information

ABSTRACT: Accelerated molecular dynamics (aMD) is an enhanced sampling technique that expedites conformational space
sampling by reducing the barriers separating various low-energy states of a system. Here, we present the first application of the aMD
method on lipid membranes. Altogether, ~ 1.5 #s simulations were performed on three systems: a pure POPC bilayer, a pure DMPC
bilayer, and a mixed POPC:DMPC bilayer. Overall, the aMD simulations are found to produce significant speedup in trans—gauche
isomerization and lipid lateral diffusion versus those in conventional MD (cMD) simulations. Further comparison of a 70-ns aMD
run and a 300-ns cMD run of the mixed POPC:DMPC bilayer shows that the two simulations yield similar lipid mixing behaviors,
with aMD generating a 2—3-fold speedup compared to cMD. Our results demonstrate that the aMD method is an efficient approach
for the study of bilayer structural and dynamic properties. On the basis of simulations of the three bilayer systems, we also discuss the
impact of aMD parameters on various lipid properties, which can be used as a guideline for future aMD simulations of membrane
systems.

t=135ns t=300ns

35

o
W
T

1

0.5 1

1.5 2

X, nm

t

25



i)

f(z,2,z2

J

Y F, ®r,
<]

X V.

U3oTponHbli 6apocTar

Z miVi
leslice

1
AV

plocal(z)

7(z) = Py (z) - P.(2)

y4

Lindahl et al. , J. Chem. Phys, 113 (2000) 3882-3893



.WW
o—— —@
O —— ==

e —
o —

Figure 12-10

Diagram of a secuion of a bilaver
membrane formed from phospho-

lipid molecules.
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Fig 1. Schematic representation of a phospholipid bilayer.

Gffcs represent the polar head groups and the wiggly lines the
atty acid chains.
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M/ moaenuposaHme membpaHHbIX Npoueccos

CTpoeHna memopaHbl Ha MOSEKYNSIPHOM YPOBHE
[OuHamunyeckme ceomctsa MeMbpaHbl

'mapaTtauma memopaHsbl

[MaccmBHas andbdysna n TpaHCnopT Yepe3 MeMbpaHy
CMellaHHble nunuagHble MemopaHbl

PacnpeneneHue BelwecTsa B cucteme Boga/memopaHa
PacTBopuMOCTb BEWECTB B NnnuaHom bucnoe

CBobogHasi aHeprus B3anMogencTBmsa XMMUYECKUX COeaNHEHUI
c membpaHoun

[Nownck (*)apMaKOJ'IOFI/I‘-IeCKI/I aKTUBHbIX COeNHEHUI
L|,I/ITOTOKCI/I‘-IHOCTb
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CTpoeHna memopaHbl Ha MOSEKYNSIPHOM YPOBHE

[OuHamunyeckme ceomctsa MeMbpaHbl

'mapaTtauma memopaHsbl

[MaccmBHas andbdysna n TpaHCnopT Yepe3 MeMbpaHy
CMellaHHble nunuagHble MemopaHbl

PacnpeneneHue BelwecTsa B cucteme Boga/memopaHa
PacTBOpMMOCTb BEWECTB B NMUNMAHOM bucnoe

CBobogHasi aHeprus B3anMogencTBmsa XMMUYECKUX COeaNHEHUI
c meMmbpaHou
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