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MNnan Nlekuii N2 6
- AKTYaNbHICTb MONEKYNAPHOro MmoaentoBaHHA 6iomembpaH

- Cy4MacCHMUI CTaH TEOPETUYHOTO AOoCAhiAKeHHA bionoriuHMx
MaKpPOMONEKyn Ta membpaH

- LLlo Take napameTpu3auia ninigHux monekyn?

- Cunose none ninigHoi mem6paHu

- Anroputm napameTtpu3saiia CMN0BOro nona membépaHu
- MonynapHi ichytoun M, mogeni 6iomembpaH

- Mpuknagu cyuacHoro M mogentoBaHHA 6iomembpaH
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N3meHeHune ANMMHbI KOBaNeHTHOWU CBA3MU

MN3meHeHMe Benn4nHbl BarieHTHbIX yrnosB
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KosaneHTtHble B3aumoaenctaua: BaneHTHbIN yron
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KosaneHTtHble B3aumogeuctaua: [1ByrpaHHbIA yron

« OHeprua: BpalwjeHune BOKpyr oguHapHON CBA3U
(AByrpaHHbIX yron)
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KosaneHTtHble B3aumoaenctaua: Naockun asyrpaHHbIU yron

[Tnockun aByrpaHHbIA yron Heodxoaum Ans onucaHus
nnaHapHbIX pparMeHToB U ux aeopmaumnn. Hacto
BCTpeYaeTcsa Ana napamMmeTtpusauum sp2
rmépuansoBaHHOro atoma yrnepoga B KapOoHUNbHbIX
rpynnax u apoMmaTtuveckux KonbLax.
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[NoTeHunan JleHHapA-[AXOHCa
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Tononorna monekynbl
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MuHMuMusauma dHeprum cmcrTembl

AJITOPUTMBI MUHUM:
CTPYKTYPY B SHeEpre
Pa3HosudHocmu:

* MeToj CKOpeMuLLEro ¢
MeTtoa conpAXXEHHbIX




Mpotokon M/l moaenupoBaHua

HayanbHble KoopAUHaThI

MuHMMU3aLMA SHEPrUN CUCTEMBI

3apaHue HauyanbHbIX CKOpPOCTe

MpuBeaeHue cucTtembl K PaBHOBECUIO

Mepepacuer
CKopocTteit

Het

Temnepatypa
AOCTUTHYTa?

Aa

Pacuer Ml aHamukum




NapameTpusayua CMNOBOro NONA, CU10Bbl€ KOHCTAHTbI

BonbWMHCTBO 3HAYEHUU MOXHO NONY4YUTb U3
BbICOKOTOYHLIX pacyeTtoB QM ab initio (DFT B3LYP 6-31+G*).
[MonyyeHHble 3HA4YEeHUA NTepauMOHHO ONTUMU3UPYIOT MO
ypaBHEHUSIM CUITOBOIroO MOnsi.

KOHCTaHTbI N3 ypaBHEHUS

1) casu , Kb, b0 NK-cnektpockonusa, QM

2) ymnbl K,,0, NK-cnekTtpockonusa, QM

3) TopcuoHHble yrnbl Ky, & MK-cnektpockonus, AMP, QM
4) YactnyHble 3apagbl g,  TepmoanHamuka,QM

5) Mapametpel WdV A;;, C; TepmognHamuka, QM




NMonynAapHblie cunosbie nona

GROMOS/OPLS wucnonb3yetcsa ansa nunuaos,
6enkoB 1 NpoTenHoB. No3BonseT mn3ydatb Gonblume
CUCTEMbI CONMbBATUPOBAHHbIE CUCTEMBbI.

AMBER (Assisted Model Building with
Energy Refinement) ncnonb3yetcsa ansa 6enkos,
HYKIMEMHOBBIX KUCIOT 1 psfa OpYrnx Knaccos
monekyn. He pekomeHgyeTcs ncnonb3oBaTh AN
pacy€ToB CBOWUCTB MaTepuaros.

CHARMM (Chemistry at HARvard
Macromolecular mechanics) ncnonb3syetcs
AN pasnUYHbIX CUCTEM OT HEBOMbLUMX MOMEKY A0
CONbBaTUPOBAHHbLIX KOMMNIIEKCOB BUONOrMYECKNX
MaKpOMOJIEKYI.

CVFF (Consistent Valence Force Field)
BKIIOMaET YTOYHSALLME BKIaAbl aHFrapMOHUYHOCTU U
B3aMMOLENCTBUS COCTaBNAOLWMNX CUITOBOrO NOMS.
[MNone napameTpun3oBaHoO ANs pacy4éToB NenTNaoB U
6enkos.

J. Chem. Theory Comput. 2009, 5, 1803-1813

‘ I ' Journal of Chemical Theory and Computation

United Atom Lipid Parameters for Combination with the
Optimized Potentials for Liquid Simulations All-Atom
Force Field

Jakob P. Ulmschneider®" and Martin B. Ulmschneider®

IWR, University of Heidelberg, Heidelberg, Germany, and Department of Chemistry,
University of Utrecht, Utrecht, The Netherlands

Received February 19, 2009
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Development of the CHARMM Force Field for Lipids
R. W. Pastor and A. D. MacKerell, Jr.*

Laboratory of Computational Biology, National Heart, Lung, and Blood Institute, National Institutes of Health, Bethesda,
Maryland 20892, United States

Department of Pharmaceutical Sciences, University of Maryland, 20 Penn Street, Room 629, Baltimore, Maryland 21201, United States

ABSTRACT: The development of the CHARMM additive all-atom lipid force field (FF) is
traced from the early 1990s to the most recent version (C36) published in 2010. Though
simulations with early versions yielded useful results, they failed to reproduce two important
quantities, a zero surface tension at the experimental bilayer surface area and the signature
splitting of the deuterium order parameters in the glycerol and upper chain carbons.
Systematic optimization of parameters based on high-level quantum mechanical data and
free-energy simulations have resolved these issues, and bilayers with a wide range of lipids can

imulated in ! bles using C36. Issues associated with other all-atom lipid
FFs, success and limitations in the C36 FF, and ongoing developments are also discussed.

J. Phys. Chem. Lett. 2011, 2, 1526-1532



NMonynapHblie cunosbie NonA

e MARTINI  “kpynHOo3epHucTOE” cunoBoe none, Kotopoe

MCNONb3yeTca ANA MOAENUPOoBaHUEe 6ONbLIMX AUNUAHBIX CUCTEM
(nwnocombl, Be3ukynbi)

7812 J. Phys. Chem. B 2007, 111, 7812—7824

The MARTINI Force Field: Coarse Grained Model for Biomolecular Simulations

Siewert J. Marrink,** H. Jelger Risselada,” Serge Yefimov,* D. Peter Tieleman,’ and
Alex H. de Vries®

Groningen Biomolecular Sciences and Biotechnology Institute & Zernike Institute for Advanced Materials,
Department of Biophysical Chemistry, University of Groningen, Nijenborgh 4, 9747 AG Groningen,

The Netherlands, Zernike Institute for Advanced Materials, Department of Applied Physics, University of

Groningen, Nijenborgh 4, 9747 AG Groningen, The Netherlands, and Department of Biological Sciences,

University of Calgary, 2500 University Drive NW, Calgary AB T2N IN4, Canada




MA mopaenu soabl

* SPC, SPC/E (Berendsen)
* TIP3P, TIP4P, TIP5P (Jorgensen)
* TIP4AP/FQ, POLS (Berne)

e kJ

Model Type| cAl | LA | LA a4 q, g° $°
spc 194] a | 3166 | 0650 | 10000 | - |+0410 |[-0.8200 | 10947 | -
spciE 13 a | 3166 | 0650 [10000 | - [+04238|-08476 | 10947 | -
SPCIHW (D,0)[2201 | 2 | 3166 | 0650 | 10000 | - |+04350|-08700| 10947 [ -
Tip3p [180] a |315061| 06364 09572 | - [+04170|-08340 | 10452 | -
PpC 2. bI3] b 323400 | 06000 | 09430 006 |+05170 -1.0340 | 10600 | 127.00
Tip4p [180] c [315365| 06480 | 09572 | 015 |[+05200(-1.0400 | 10452 | 5226
TIP4p-FQ [197] c [315365| 06480 [ 09572 | 015 |+0633 | 1262 | 10452 | 5226
SINWELEX- 4| b [201] ¢ | fourtermsused | 0oRga | 0 143c (+06213 |+1.2459 | 10272 | 51252
TIp5P [180] d |3.12000 | 0.6694 | 09572 | 070 [+02410|-02410 | 10452 | 10947
POL5/TZ b [256] d |298379| d 09572 | 05 |varies® |-042188| 10452 | 10947




NMoaroroBka cucremy K M/l pacuery

b DHeprus

v

Kondopmanronasie n3MeHEeHHS

AHeprua cucremMmbl MoXKeT GbiTh paccuMTaHa UCNONbL3YA CUNOBOE nNone

Kondurypauma cucreMmbl MOXXKHO USMEHUTbL U HAUTU HOBYIO KOH Urypauuio ¢
Gonee HU3KON 3Hepruen

Jror npouecc Ha3bliBaeTcs MHHHMM3aI.I,Meﬁ JHeprnm cnmcrTembli




Mpumep ncxoaHoOU cucrembl

nMnNuaHbIn dmucnown,
cocToAWwmMm n3 128
Mosieky”n dpocconununaa.
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Mpumep ruaparuposaHHOU membpaHbil

rmapaTMpoOBaHHbLIA NUNUAHBLIN
oucnon, cocroawmn ns 128
MOneKyn nunuaa

4616 monekyn BoAbl

ofOLulee Konu4yecTso atToMoB B
cucteme coctasngaet 20351




I'Iepuop,uqecme rPaHUYHbIE YCNhOoBUA NO OCAM X N Y

ucnhou

A4
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rMmapatupoBaHHbin AMNUAHBIU

A4

Pacy4eTHaA AYeUnKa



Mapametpbl M1 moagenuposaHua

MeToq paBHOBECHOW, KNaCcCUYECKOW
MOJIEKYNAPHON JNUHAMUKMN

NPT-aHcambnb

I'Iepl/lo,qvlqecme rpaHn4HbIE YCITOBUA

P=1 atm (6apoctat bepeHacena), 1,=1.0

ncek

T=323 K (TepmocTaT BepeHaceHa),
1r=0.2 ncek

LLlar nHTerpupoBaHue ypaBHEHUI
aswxeHus (dt) = 2 docek

LLlar 3anucu Tpaektopum Ha guck = 20
docek.
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NAPAMETPU3ALIUA

MogennpoBaHue ¢ocdonmnuaa c
MCNONb30BAaHMEM CUIOBOMO MNOAA

GROMACS
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Monekynbl Bogbl — SPC (Single
Point Charge) mogens.



Mpumepsl Ml moaeneit membpaHbl
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Mpumepbl Ml mogeneit membpaHbl

License, which permits unrestricted use, distribution and reproduction in any medium,

This is an open access article published under a Creative Commons Attribution (CC-BY)
provided the author and source are cited.
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Multiscale Simulations of Biological Membranes: The Challenge To

Understand Biological Phenomena in a Living Substance
sl 8

Giray Enkavi,*'® Matti Javanainen,®**® Waldemar Kulig,*'® Tomasz Rég,
and Ilpo Vattulainen™ "
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Kputepuu “xopoweit” Ml moagenn membpaHbil

- lon*KHa onucbIBaTb MaKpPOCKOMMYecKune
CBOMCTBA MeMbpaHbl, TaKMe KaK TOJ/WMHA,
NJAOTHOCTb, MNOAAPHOCTb U T.A4.

- I,LI,OI'I)-I-(HE':\ BOCNpOn3BoANTb OCHOBHbIE
ANHaAMUYECKUNE XaPaKTEPUCTUKA MEM6paHbI,

TaKMUE KaK BA3KOCTb, AM(I)(I)V3MFI, U COIbBaTaluunA.

- BocnpounsBogutb ¢pa3oBoe noseaeHUe
membpaHbl 1 ee TemnepaTypHbIM $a30BbIN
nepexos,

Gel Phase

il

Hi .
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bending
fluctuations

Liquid Crystal Phase
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CynepkomnbloTepbl U KOMMNbIOTEPHbIE KNacTepbl

BuIMMCRUTENbHbBIA KnacTep ] [ —
[ - m‘_ LINUX Cluster (& = oo
s - ~$:' -‘ = M‘T : EN Y T a— : ; o - -

-

,I ’tt'( ; \f 'Ee,- .f-?"

node node node node node node node node
memory memory memory memory memory memory memory memory
I 1T 1T 1T 1T 1T 1T ]
|PTDCEESDI'| L ] L ] L ] L ] L ] L ] L ]
chip chip chip chip chip chip chip chip

( )

( Fpua-sbluncnenuns (aHrn. grid — pewétka, cetb) — 3T0 \
dopma pacnpenenéHHbIX BbIYUCAEHWI, B KOTOPO
«BUPTYasibHbINA CYMEPKOMIBLIOTEP» NPeACTaB/IeH B BUAE K1aCTEPOB,
COEAMHEHHDBIX C MOMOLLbIO CeTH, C1ab0oCBA3aHHbIX FreTepOoreHHbIX
KOMMblOTepoB, paboTaloLwmx BMecTe A5 BbIMOJHEHUA OFPOMHOIO

KO/INYecTBa 3a4aHuM.
U )

IBM Platform Computing Cloud
Service Demo

Second Cloud-resident

On-premise IBM Platform GIAUOMIELSF Clister

LSF Cluster =
Sl
“Eln/x- - UM “I 1
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Computing SOFTLAY=R

an IBM Company
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BupTtyanbHblé KOMMNbIOTEPHbIE KNacTepbl

Google fiber & SN
v

Oregon

Ne

%hfor

POWIRID BY

Google

North
Montana Dakota
Minnesota
South Wisconsin
Dakota T
Michigan
Wdatio Wyoming ‘
Nebraska jona Q
Ilfinois
Yada ¥ United States Indna
Utah Colorado il

q Ten wp
0“ - |arkansas cﬁ,mm Delaware
3 o y Maryland
ol South
Ph Mexico 0( § Mississippi Carolina Dl trict of

oenIx
San Dl‘7

CUCTEMA BbICOKOCKOPOCTHOTO
CKOPOCTb Mepeaayn AaHHbIX Ao 1

CNocobHOCTb COBPEMEHHbIX
\ LIMPOKOMOJ/IOCHBIX CETelA.

nutepHet-goctyna Google Fiber.
OHa obecneunBaeT TeopeTUYECcKyo

réut/c. 3to npumepHo 8 100 pa3
npesbllaeT CPeAHIO NPOMNYCKHYIO

\ S 4
Kansas Missouri quuma ? \ &onnecncu!
Kentucky ) \ New Jersey

Columbia

Q Alabama
U= Q @ Georgia
ouisiana s
[ =
Houston J>e
or

Nlrll‘\

Gult.of P
kR Guitor Map data ©20¥2'Google, INEG! - T of

/C 2012 ropa s CLLA TecmpyeTc;l\

)

Google fiber




Application (SaaS)

n

Platform (PaaS)

Infrastructure (laaS)

Block
Storage

“O6nauHblie” BbluuCNeHUA

O6nauHble Bbluncnenua (aumn. cloud computing) —
MHPOPMALIMOHHO-TEXHOIOrMYECKAA KOHLIeNLUMS,
noapasymesaroLLas obecneyeHne NoBCEMECTHOrO U
yAOOHOro ceTeBoro A4octyna no TpeboBaHuIo K
obuemy nyny (aHrn. pool) KoHPUrypupyembix
BbIUMCAUTE/IbHBIX pecypcos (Hanpumep, cepBepam,
YCTPOMCTBAM XPaHEHUA AaHHbIX, MPUIOKEHUAM U
cepBucam ), KOTopble MOTyT BbiTb OnepaTUBHO
npeaocTas/ieHbl U 0CBOBOMKAEHbI C MUHUMA/IbHbIMM

9KCNNYaTaUMNOHHbIMWU 3aTPaTaMU
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