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ATP synthase

MonekynsapHoe
MoaenupoBaHue

I.1O.PU3Hn4eHkKo

Kacdenpa 6mocdmsnkn buonormnyeckoro
dakynbTeta MoCcKOBCKOro rocyaapCcTtBeHHOro
yHuBepcuteta um. M.B.JlomoHocoBa
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JTannacoBckumn
OETEPMUHN3M

BCSAKOE COCTOossHUe BceneHHoOM ecTb cneacreme
npeabliayLwnx U npuynHa nocreayrwmx ee
COCTOSAHUN.

YM, kKoTOpoMy Obinn Obl M3BECTHbI ANS Kakoro-nmbo gaHHOoro
MOMEHTa BCE CUMbl, OAyLIEBNSAKOLWNE NPMPoay, U OTHOCUTENbHOE
NONOXXEHMEe BCEX ee COCTaBHbIX 4YacTen, ecnn Obl BOOOaBOK OH
oKasancsa JoCTaTOMHO OOLUMPHBIM, YTOObI MOOYMHUTL 3TN AAHHbIE
aHannay, obHsn 6bl B ogHOW hopMyne ABMKEHUE BENNYaNLLINX Ten
BCENEHHOW HapaBHE C [OBWMXEHUAMW Jerdammx aToMOB. He
ocTanocb 6bl HM4Yero, 4YTo ObINO Obl ANS HEro HeAgOCTOBEPHO, U
byayulee, Tak Xe Kak u npoweguwee, npeacrano Obl nepen ero
B30opoM"

NMbep CumoH Jlannac
1749-1827

Teopua BepoATHOCTEN,
MaTeMaTU4YeCKn aHanus,
HebOecHass MexaHuKa



Nepapxua pa3MepoB u BpeMeH

A cell to biosphere
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JKCnepuMeHTarnbHble MeToabl

« [anun NHCTpyMeHT Anga nsy4yeHms HaHOCTPYKTYpP C
BbLICOKUM pa3speLueHmem (Bnnotb go A)

e JJIEKTPOHHAA MMUKPOCKOMNUA
* PeHTreHo-CTPYKTYPHbIN aHann3

ATOMHO-CMNOBas MUKPOCKOMUA
TyHHENnbHasas MUKPOCKOMUS

« OcTaeTtcs npodbnema —
HabnogaTb ANHAMUKY



MonekynapHas
ONHaMUKa
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JI L JJAHJAY » E. M. JIHGITHALL

CTATUCTHUYECKAM
PU3UKA

YACTb 1

WASAHME de, NONDAKREHRHOR
E. N DHONWMNIEM v X 1T BNTAEBCKERM

HAAATENRCTRD «HAVE A»

ITABHAS PELAKLHS
SHIHKO-MATEMATHYECKOA JNHTEPATYPH

MOCKEA 1970

1976

BO3MOXXHOCTb HanpAmyto
HabnwaaTb B3aMMOOEeNCTBUS
aToOMOB dana
BblYUCIIUTENbHASA TEXHUKA

npejnoJiarasi, 4To CnpaBe)IMBA KJacCHYecKas MeXaHHkKa.

Cocrapysisi ypaBHEeHHS NBHXXCHHS MEeXaHHUECKOH CHCTEMEI B uucJe,
PaBHOM uHCJy CTeneHed cBo0OAbl, H HHTErpHpys HX, Mbl NPHHIH-
NHAJbHO MOXKEM MOJIYUHTh HCUEPNbIBAIOU(HE CBENCHHS O ABlHKEHHH
cucTeMbl. OyHaKO €cJM HaM NPHXOAHTCH HMETh JEJO € CHCTEMOH,
XOT H NOJUHHAIINEGHCHA 3aKOHAM KJIACCHYECKOH MEXaHUKH, HO 06.1a-
Jalolled KoJoccaJbHBIM 4YHCJIOM cTeneHeit cro6ojbl, TO NPH IPaKTH-
UeCKOM NpPHMEHEHHH METOJOB MEXaHHKH MBI CTa/JKHBAaeMca ¢ Heo6Xo-
JHMOCTbIO COCTABHTb H PEUIHTh TaKoe Xe 4Hca0 nH(pdepeHinasbHeIX
YPaBHEHHH, YTO NPEACTABJIACTCSH, BOOOIULE roBOPS, NPAKTHUCCKH HEOCYy-
uecTBuMbM. Crepyer nonuepkHyTh, UTO ecaH OBl jaXe W MOXHO
6HJI0 TPOHHTErpHpOBaTh B OOLIEM BHIE 3TH YpPaBHEHHS, TO COBEp-
HIEHHO HEBO3MOXKHO Obl710 6B MOICTAaBHTh B OOILLEE DElIeHHEe HAUYATh-

Hbl€ YCI1OBUA O1A CKOpOCTGVI N NONOXEHNN 3TUX YacTul,



A 32-particle system in a cube and initially in a face-
centered cubic lattice proceeded at about 300 collisions
an hour on the UNIV ﬁtl For comparison a 96-particle

I_I e p B bl e p a 6 OT bl system in a rectangular box and initially in a hexagonal
arrangement has been calculated, however only at high

densities so far. No differences in the pressures can be

detected. It became apparent that some long runs were

necessary at intermediate densities, accordingly the

IBM-704 was utilized where, for 32 particles, an hour is

Phase Transition for a Hard required for 7000 collisions. Larger systems of 108, 256,

Sphere System and 500 particles can also conveniently be handled; in

B. J. AtoEr AND T. E. WAINWRIGHT an hour 2000, 1000, and 500 collisions, respectively, can

University of California Radiation Laboratory, Livermore, California be calculated. The results for 256 and 500 particles are
(Received August 12, 1957) not now presented due to inadequate statistics.

of state shown in Fig. 1 of the ac-
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The equation

CALCULATION of molecular dynamic maotion

has been designed principally to study the re-
laxations accompanying various nonequilibrium phe-
nomena. The method consists of solving exactly (to the
number of significant figures carried) the simultaneous
classical equations of motion of several hundred par-
ticles by means of fast electronic computors. Some of the
details as they relate to hard spheres and to particles
having square well potentials of attraction have been
described.!* The method has been used also to calculate
equilibrium properties, particularly the equation of
state of hard spheres where differences with previous
Monte Carlo® results appeared.

The calculation treats a system of particles in a
rectangular box with periodic boundary conditions.*
Initially, the particles are in an ordered lattice with
velocities of equal magnitude but with random orienta-
tions. After a very short initial run'? the system reached
the Maxwell-Boltzmann velocity distribution so that
the pressure could thereafter be evaluated directly by
means of the virial theorem, that is by the rate of change
of the momentum of the colliding particles.)* The
pressure has also been evaluated from the radial distri-
bution function.® Agreement between the two methods
is within the accuracy of the calculation.




THE JOURNAL OF CHEMICAL PHYSICS VOLUME 31, NUMBER 2 AUGUST, 1959

Studies in Molecular Dynamics. I. General Method*

B. J. AtpEr axp T. E. WAINWRIGHT

Lawrence Radiation Laboratory, University of California, Livermore, California

ma(r) = F (1)

|Macca x yckopenue = cunal ' ‘ Moneky-
napHas
a (1) = dv(?)/dt = d’r(¢)/ds? OVHaMuvka

m, & (1)/d = F (1)

F.(r)=-0U(r,,..., ry/or,
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MeToabl MogennpoBaHUsS CUCTEM Pas3HbIX
MacLuTaboB

~1 023

MACROSCALE et

MESOSCALE

MS

time

PS

100..2
atoms



Yuncno vactuy B padbotax no M1

1964 1.000 Rahman

1977 454 TaxKenblx atoma - UHIMbUTOP TPUMCUHA
naHkpeaTtunyeckon xenesol McCfmmon J.A., Gelin B.R. and
Karplus M., Dynamics of folded proteins. nature 267: 585-590, 1977

1984 200.000 Abraham
1990 1.000.000 Swope, Anderson
1994 100.000.000 Beazley, Lomdahl

1997 1.213.857.792 Stadler

1997 1.399.440.000 Muller

1999 5.180.116.000 Roth

2000 8.500.000.000 Vashishta

2003 19.000.416.964 Kadau, Germann, Lomdahl
2005 160.000.000.000 Kadau, Germann, Lomdahl
2006  320.000.000.000 Kadau, Germann, Lomdahl
2008 1.000.000.000.000 Kadau, Germann



Image processing and 3D reconstruction of HIV-1 CA
hexameric tubular assembly.

Simulation System Size (Number of atoms) Hexamers-12 Pentamers 64,423,983
Length of the simulation (ns) 100

Gongpu Zhao et al. Mature HIV-1 capsid structure by cryo-electron microscopy and
all-atom molecular dynamics 30 MAY 2013 | VOL 497 | NATURE | 643



Pa3pyLieHne Kancuabl BUpyca nog
NencTBMEM BHELLHEN CUnbl

O.Kononova, Ya. Kholodov et al., Public Library of

Science (PLOS) Computation biology, 2016

4 5
10 —10 aMUHOKUCIOT Ha 3KCnepuMeHTaribHou wkarne BpemeHun 30-60 mc


https://en.wikipedia.org/wiki/Public_Library_of_Science
https://en.wikipedia.org/wiki/Public_Library_of_Science

GPU technology conference
MARCH 17-20, 2015 | SILICON VALLEY

High Performance Molecular
Simulation, Visualization, and
Analysis on GPUs

John Stone - University of
lllinois at Urbana-Champaign

N]H Resource for Macromolecular Modeling and
Bioinformatics http://www.ks.uiuc.edu/ Beckman
Institute, UIUC



PacnpepneneHne NoHoOB B bOMOMaKpOMOIieKkyrne




PacueT anekTpn4eckoro nonsd

B 30-44 pa3
ObIcTpee C

npuUMeHeHunem

GPU




Imaging of gas migration pathways in proteins
with implicit ligand sampling




MonekynapHoe
MoadenupoBaHune

X.-O. Xénstehe, B.3unnnk, . PoubsaH, . Ponbkepc

MONEKYNAPHOE
MOOEJIMPOBAHUE
TEOPWS W MPAKTUIKA

Schlick T.

Molecular modeling and
simulation. An
interdisciplinary guide.
Springer, 2002, 2010

Dean Frenkel. Berend Smith
Understanding molecular
simulation. From algorithm
to application

Academic Press

2002, 2012

Pananopm L. K. VickyccTBo
MOJIEKYNSPHON ANHAMUKN. —
Nxxesck: K, 2012. — 632 c.

*BioSImGrid, a database for
biomolecular simulations



http://www.biosimgrid.org/

KBaHTOBass XMMuUsa U MOJ1EKYJTAPHAA ANHAMUKA

« Bce npouecchbl B Monekynax (buomakpomorsiekyrax)
OCHOBaHbl Ha B3anMO4enNCcTBMXN aTOMOB

 MD (molecular dynamics) MonekyndapHas guHamuka
paccMaTpmBaeT aTOMbI Kak TBepAble Tesia U onuckbiBaeT
OVHaAMMKY B3aMMOLEeNCTBMA aTOMOB B COOTBETCTBUU C
ypaBHeHUAMMN HbOTOHA 1 JlarpaHxa.

* ypOBeHb AJ1IEKTPOHOB U NMPOTOHOB — KBAHTOBAA
MEXaHUKa

- 2
2iv2ql +U(x,y,2)¥(x,y,2) = E¥(x,7,2)
m

YpaBHeHue WpeanHrepa



Procedure of MD

Give atoms initial positions =%, choose short At

:

— Get forces F=-V V(r?) and a = F/m

:

Move atoms: r*" = +v At + 1/, @ A + ___

!

Move time forward: t =t + At

'

Repeat as long as you need

Pingwen Zhang, Molecular Dynamics Simulations
(http://math.xtu.edu.cn/myphp/math/image/MD.ppt)



MonekynapHaa guHamumka

d°r,
m; 2. =K
Cymma cun, dt

AEeNCTBYHOLMUX HA aTOM

\

F — Z F. At PacueT HOBbIX KoopavHaT
| ji
]

dvv F
—=—" V. =—
m;

dt - dt

UHTerpupoBaHue.
nepecyeTt cun



MonekynspHas MexaHuka 3" :;

ATOMbI B MOMNEKyne — ynpyrue Lapukn pasnuyHbiX pasmepos,

COEANHEHHbIE MPYXUHKaMWN pasHon ANHbI (CBA3SIMN) ;j

B npoLuecce pac4yetToB NoJsiHadA JHeprimna MMHUMN3NpyeTcAa OTHOCUTEJIbHO
dTOMHbIX KOOpAUHAaT

Etot — Estr T Ebend T Etors T Evdw T Eelec ...

E.,i — NONHasa 3Heprua Monekyrnbl

E. — 9Heprna gegopmaLlnm cBA3en

E\cng — 9HEPINA Aedopmaumn BaneHTHbIX YrioB

E.,s — 9Heprua gedopmarmm TOPCUOHHBIX YITIOB

E,qv — SHEPINA BaH-Aep-BaaribCOBCKUX B3anMoOOENCTBUM

E.cc — 9HEPINSA 3NEKTPOCTAaTUYECKNX B3aMOAENCTBUM



Ledopmauunsa ceasen

;x.. . N vy

m k m v, M
Ji

Etot :\Estr T Ebend T Etors T Evdw +E

elec

+ ...



BaneHTHbIN yron — yrosi, obpasoBaHHbIW HanpaBreHNSIMN XMMUYECKNX
(KOBasreHTHbIX) CBA3EN, NCXOAALWMMU N3 OOQHOro atoma.

Bond angle
‘\M
\
e
|\ 104.45°
A
i
L ' Monekyna BoAbl
i /I
0
0.9534 A

|

E.=E,+E. ,+E,.+E4 +E

tors elec


https://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BE%D0%BB
https://ru.wikipedia.org/wiki/%D0%A5%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C
https://ru.wikipedia.org/wiki/%D0%A5%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC

TOPCUOHHbLIN yron

MeXay AByMA CBA3AMM,

pPacCnosioxXeHHbIMAU B PA3HbIX

NITOCKOCTAX

Etot — Estr + Ebend + Etors + Evdw + E

OBYrpaHHbIN (OnagpanbHbI) yron

elec

+...




Bknagbl B 3HEPTUIO

1 Etot — Estr + Ebend + Etors + Evdw + Eelec ...
2
Estr — A kb (b o bo) PacTskeHue BaneHTHbIX CBA3EN
1 2
Ebent = E kg (‘9 - 90) Hecdopmaumnsa BaneHTHbIX YyrnoB (B NJIOCKOCTH)

E = % k(p(1+ Cos(ngo —, )) Oedopmaums TOPCUOHHLIX (ABYrpaHHbIX) YrnoB

tors

'Ajj Bij BaH-gep-BaanbcoBbl B3ammoaencTeus
Evdw — 2 l, 12 _6 (noteHuman JleHapaa-[>xoHca)
J
- _1QQ, U
elect — AnNeKTpocTaTuyeckne BammoaencTBms

I (3akoH KynoHa)



BaH-aep-BaanbcoBckue
B3aMMOOENCTBUSA

Lennard-Jones interaction potential

2
Vi€
1 -
aBapa JleHapa-OxoHc
QUb ale] 1862-1947
0 T ; T T T : Aﬁ
0.5 \// 2 2.3 A B
j : _ i i
! Evdw o Z( 12 6 ]
: I I.
| J J
W T folairetintiation
I'— pacCTtoAaHne Mexay atoMmamMu




YpaBHEHUA OBMXKEHUA aTOMa |

d?x d?y. d?z.
I — . m. L = F g
ml dt2 le | dt2 ly ml dt2 FlZ
= _@U F _ a_U F = oU
iX 8X, ly ayi iz — z

NMoTeHUMan BOOOPOAHbLIX CBA3eNn



YpaBHeHue HblOTOHa

82’??; oV §

KoBaneHTHble B3auMmoaencTeug ’i:

Vir) —Zk (b=1b,) +Zk (0-6,) + Zk cos(ng+0)+1]

honds angles torsions
a9,  A; G
+ > + L
4+ 4+ 1 2 4+ ﬁ
nonbond ! ij ! ij ! if
pairs

He KoBaneHTHble B3auMOaenCcTBud




CunoBble nons

B ML BbluncnaeTca nonHaa aHeprua Mornekyrnbl B
TEPMUHAX OTKIOHEHUN NNHEWUHbIX CBA3EWN, BaNEHTHbIX U
TOPCUOHHLIX YrMoB, a TakKe HeCBA3EBbIX B3aMMOOeNCTBUN
OT HEKUX CTaHOAPTHbIX «HEHANPSAXXEHHbIX 3HAYEeHUN.
Habop 3Tux HeHaNPSAXXeHHbIX 3HA4YEHNIN Ha3bIBAETCS

CUIMOBbLIM T10J1EM

OBuxeHUe MorneKkyrsbl NpoucxoanT B cpeae
Oernka — B uMtonsniasme (Boga + UOHbI)



[ nnoTes3bl B OCHOBE
CUJTOBOIo Nons

1. TepmognHamunyeckasi rmnotesa - HaTMBHOE COCTOsIHME Berika COOTBETCTBYET MUHUMYMY
doyHKUMM NOTeHUManbHOW 3Heprun.

2. AOOUTUBHOCTD - NMOMHas NoTeHUuanbHas SHeprsa MoXeT ObiTb pa3noXxeHa B CyMMy
YIIEHOB, OMUCLIBAIOLLMX SNIEKTPOCTAaTUYECKNE B3aMMOOENCTBUSA, B3aumoaencTeus BaH-aep-
Baanbca 1 mexaHun4yeckne B3aMmMoaencTBna mexay atomamm 6enka. To ectb Koppensaumm
MeXxay 3TMMM crnaraeMbiMn OTCYTCTBYHOT.

(B obwiem crnyyae — HeBepHO — adpdheKT nonapmnsaymmn)

3. [MnoTtesa 0 NepeHOCMMOCTN - CBOMCTBA aTOMOB B DOJIbLLION MOSEKYe MOXET ObITb
NoSTly4eHo Yyepes N3yvyeHne aHarnormyHblX aToOMOB B aHaNOrMYHOM OKPYXXEHUU, HO B
MarieHbKMX Moriekynax. Takmm obpasom, BCce BO3MOXXHble B3aUMOAENCTBUA MeXay aToMaMu
MO>XHO 0606OLLNTL B KOHEYHYIO BLIDOPKY, ANst KOTOPOM 3a4atl0T NapaMeTpbl NOTEHUNaNoB
B3aMMOOeNCTBUS. TN NapameTpbl UCMOSb3YIOT NP MOAENMPOBaHMN BOSbLLINX MOSEKY.



CunoBble Nond

Metog MM+ pa3zpabareiBajics sl opraHudeckux Moaekyn. OH y4UThIBA€T MOTCHIMAIbHBIC
nonsi, (GOpMUPYEMbIMH BCEMH aTOMaMH PaCCUUTHIBAEMONM CHCTEMBI M TIO3BOJISIET THOKO
MoAu(UIIMPOBATh MapaMeTphl pacdeTa B 3aBUCHUMOCTH OT KOHKPETHOM 3aJadd, 4TO JIe/IacT
€ro, ¢ OJHOM CTOPOHBI, HaubOoJiee OOIIMM, a C JPYroMl — Pe3KO YBEIWYHMBAECT HEOOXOAUMBIC
PECYPCHI 10 CPABHEHUIO C IPYTUMH METOJaMHU MOJICKYISIPHON MEXaHUKH.

Metonq AMBER pa3zpabareiBasicst 1t OEIKOB U HYKJIECUHOBBIX KUCIOT. B HEM CylecTByeT
BO3MOXXHOCTh BBIOpaTh OMIMIO JUOO ydyeTa BCEX aTOMOB II0 OTIEJIBHOCTH, JHUOO OIIIUIO
OOBEIMHEHHOTO aToMa, IOJi KOTOPhIM IOApa3yMeBaeTCA I'pyMlla SKBUBAJCHTHBIX aTOMOB C
OJIMHAKOBBIMH CBOWMCTBaMHU. B moclienHeM ciay4ae HECKOJBKO aToOMOB, JMOO WX TpyII,
00pabaThIBalOTCS KaK OJUH aTOM C OJHUM THUIIOM.

BIO+ pa3pabareiBasicss 111 OHMOJOTMYECKUX MAaKPOMOJIEKYJ M BO MHOTOM IOBTOPSIET
AMBER.

OPLS pa3paboran ajs OeakoB M HyKJIeHMHOBBIX KuciioT. OH momodoen AMBER, Ho Oonee
TOYHO 00pabaThIBacT HEKOBAJICHTHBIC B3aNMOACHCTBHUS (YUNTHIBACT MOISPH3ALIHIO).

CHARMM
AMBER
*OPLS
*GROMOS
*TIP3P
*SPC
*SPC/E
*TIP4P
*TIP5P



CunoBoe none, KOHCTAHThI

BOMbIWWHCTBO 3HAYEHUN MOXXHO NOMYYUTH U3
BbICOKOTOUYHbIX pacyeToB QM ab initio (DFT B3LYP 6-
31+G*). Nony4yeHHble 3Ha4YeHUA "NoaroHslT" noa
ypaBHeHUd CU/10BOro nons.

KOHCTaHTbI U3 ypaBHEHUSA !
1) ceasu , Kb, bO NP-cnekTpockonua, QM

2) yribl K,,8, NP -cnekTpockonus, QM

3) TopcuoHHble yribl K, 6 WP-cnekTpockonua, AMP, QM

4) YacTuuyHble 3apsgbl g yragbiBaHue, TepmognHamMmmka,QM
5) NapameTpbl WAV A;, C, yragbiBaHue TepmognHammka, QM

http://kodomo.cmm.msu.su/FBB/year 02/term 6/block 5/md 2.ppt



http://kodomo.cmm.msu.su/FBB/year_02/term_6/block_5/md_2.ppt
http://kodomo.cmm.msu.su/FBB/year_02/term_6/block_5/md_2.ppt
http://kodomo.cmm.msu.su/FBB/year_02/term_6/block_5/md_2.ppt
http://kodomo.cmm.msu.su/FBB/year_02/term_6/block_5/md_2.ppt
http://kodomo.cmm.msu.su/FBB/year_02/term_6/block_5/md_2.ppt
http://kodomo.cmm.msu.su/FBB/year_02/term_6/block_5/md_2.ppt
http://kodomo.cmm.msu.su/FBB/year_02/term_6/block_5/md_2.ppt
http://kodomo.cmm.msu.su/FBB/year_02/term_6/block_5/md_2.ppt
http://kodomo.cmm.msu.su/FBB/year_02/term_6/block_5/md_2.ppt

CrtaHpgapTHoe cunoBoe none CHARMMZ27

ncnonb3yeT 6onee 200 pa3anMYHbIX TUNOB aTOMOB
ANA onucaHnAa 6enlkoB B 3TOM CUTOBOM NoOJie UCNOSib3YITCA

26 pa3niMyHbIX TUNOB yrnepoga, 15 pa3Hbix BOAgopoaoB, 12
pa3HbIX a30TOB U TaK Aanee.

Ona kaxaoro tmna atoMa U X KOMOMHaUUM CUNOBbLIM MOJIeM
3agaeTca HeobXxoAuMbIN ANA pacyéTa NoTeHUMnanbHON

3Hepruu Hadbop napameTpoB
(napameTpbl BaH-gep-Baanbca €i u i , paBHOBECHbIe

3HaveHus b0, 60, @0, n Yo, koadpdhunumneHTbl ynpyroctu Ks, K0
n Ko u 1.4.).



HeaBHbIM pacTBOpUTENb

YpaBHeHue [NlyaccoHa-bonbumana
OnucblBaeT pacnpenerneHme
9JIEKTPMNYECKOro noTeHunana ¢ y4etom
3apa40B Ha aToMax Y MIOHHOW CUIbl
pacTBopa

E=80



HeaBHbLIM pacTBOpPUTENDb

* Ha kaxayto cteneHb cBOOOALI NPUXOAUTCS
onpeneneHHasa Aona KNHETUYECKOU
9Heprmn, KoTopas BKNo4vaeTcsd B
noteHuuman. ['nc B3anmooencTteus ¢
MOeKynamMmu Boabl U MOHaMU (3adaeTcs

doopmynown)

U :§k6T+...:ml.< %)2 )+ ..

pacms 2



ABHbIN pacTBOpPUTENDb

Monekyna acnupuHa B Boae



Ilepuoanueckue (TOpouIAIbHbIC)

I paHvMYHbIC YCI0BUA
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[lepuoanyHbIe rPaHUYHbIE YCOBUS
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M/l nonn-asilaHnHa Nokasasla
NCKYCCTBEHHYIO CTabunsaumto
a/ibha cnvpasiv, Npy UCrnosib3oBaHNN
Ma/1eHbKON SUYeikn. PekomeH yeTcs
Aenatb OTCTYN MeXay MOSEKY/10n K
rpaHblo A4veikn 6onee 10A.
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«[loagrotoBka cuctembl»

[locTpoeHne Tononorum Monekyrsibl Ha OCHOBE KOOpAMHaT:
nepe4vmncneHne CBsa3en, yrroB 1 npouy.

Bbibop dopmMbl U pasmepa AYEUKN
MuHMMU3aLUNS SHEPTUN CTPYKTYPbI B BaKyyme

[oGaBneHne pacTBOpUTENS N NOHOB B SMENKY
«YTpsicka» BOAbl U MOHOB BOKPYI HEMOABWM)KHON MOMNEKYIb



3aga4vn MOJIEKYIIAPHON MEXaHUKN

[Tonck KoHpopmMaL M MoneKyn

VlccnepoBaHne KOHOPMaLIMOHHOWN ANHAMUKA
PacyeT cBODOOOHON 3HEPTNM

Pacnpenenenue Boabl BOKPYr 3f1IEMEHTOB
MaKpOMOEKy bl

[InHamMmunka pa3oBbIX N3MEHEHUN



Camoco6opka oucnon
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MD simulation of Barnase-Barstar encounter complex evolution
on a GPU using SASA implicit solvent model
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MD simulation of Barnase-Barstar encounter complex evolution
on a GPU using SASA implicit solvent model




MojieRyJSIpHBIN TOKUHT

JIOKVHroM HasbIBaETCH KOMMBHOTEPHOE MOAEMPOBaHVE

B3aVMIOOEVICTBIA NraHda ¢ OErKom:
nuraLg

Kouhi

JHPOUMAUWOHRG /A SWXHOCTL
Mone i','.;,',‘ei?f 8 COrnacHO sHenrn
UNoBe glolghs!

Pe3ynbraT AOKUHra —
oueHo4YHasa PyHKUUA
onTuUmMaribHa

LanTtaHn K.B., EcdbpemoB P.I. MonekynsapHoe mogennpoBHue



[1OKNHI

[Togbop nuraHgos, Hanbonee adoPEKTUBHO B3aMOAENCTBYIOLLINX
c benkom nytem nepebopa n3 6as gaHHbIX

[lonck B NpoCTpaHCTBEHHOW CTPYKTYpe Oernka MmecTta CBA3bIBAHUS
AN onpegeneHHoro nuraHga

OnTnMusaumsa akTUBHOIoO canta benka nytem BBeOeHUS
TOYEYHbIX MyTauuun

dapmakonorus - CKpUHMHr coeaANHEeHUn



MoaenupoBaHmMe no roMornornu

[locTpOUTb TPEXMEPHYIO CTPYKTYPY Oernka Ha oCHOBaHUM CXoACcTBa
aMWHOKWCITOTHOW nocrneaoBaTenbHOCTN ¢ 6enkom, CTPYKTypa KOTOpOro
N3BeCTHa.

[MpocTpaHCcTBEHHAdA CTPYKTypa Gonee KOHcCepBaTMBHA, YeM aMUHOKUCITOTHAS
nocneaoBaTenbHOCTb

Bcero 6enkos 500 000
N3BecTHa cTpykTypa 10 000
[1o romonornm MoXxHo KoHcTpymposaTb 150 000



IMMNMpuYeckme npasusia roMmosnornmu

 Ecnun nocnepoBaTenbHocTu AnnHHee 100
aMWHOKUCIIOTHBIX OCTaTKOB N MOEHTUYHbI HE MEeHee, YeM
Ha 25 % (C COOTBETCTBYIOLMMMN pa3pbiBaMmn) — BEPOATHO,
benkn poaCTBEHHDI.

« XopoLlee COOTBETCTBME CTPYKTYPbl. ECNKU MOEHTUYHOCTL
Bbilwe 50%

 Ecnn ngeHtn4yHocTb MeHbLUe 15% - He pOACTBEHHDI.



Cxema MeTopaa:
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B TeyeHne mmnnnupaoB NET 3BONMIOLNN

 JKnBble CUCTEMbI HAY4YMITUCDH
ncnosib3oBatb PU3NYECKME 3aKOHbI ON1A
peLleHnsa ceonx npobnem (obmeH

BELLEeCTB, POCT, pa3MHOXeHue, oTbop,
CMepPTb),

co3aaBad CJTIOXKHYHO reOMeTpuio

BHYTPUKIIETOYHbIX peaKLMOHHbIX
00BbEMOB

Ha HaHO-ypoBHE Mbl MOXEM HabnoaaTh,

KaK qoU3nYecKkme 3aKoHbl peanuayoT
brnonornyeckne PyHKLUNM



PactutenbHaga KneTtka
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Cell regulation:
complex molecular interactions

Anti-growth factors
(¢.g- TGFS)

GI'OMh MMS (’.g. EGF ' L Y W' -O)J\p‘ ﬂ
amphiregulin TGFa) A _ESv i ¢

S awnir=arrnny 't\f\ -t

’lt A T

Hormones A . B 0 S hans bass asass ¥
(2.0 DOMBESIN) - -'; <=6 olesac oty ——vu(l—/ ,
Nuclear receplors wagens
{e.g. estrogen) {_.
Survval h{ton__’
{e.g IGF1)

Cytokines X (e-g-Fasl)
{¢e.8 ILe, IFNg)




[lepeHoC BellecTBa U
MHQOPMaLUN BHYTPW
KNeTKn

OagHUM 13 0bs3aTeNbHbIX KOMMNOHEHTOB LIMTOCKENETa
9YKapUoT ABNAKTCA MUKPOTPYDOOUYKN. OTO HUTYATbIE
HEBETBALLMECS CTPYKTYPbl TONWMHON 25 HM,
cocTosilme n3 6enkoB-TybynmHoOB U
aCCoOLUMMPOBAHHbLIX C HUMM BenkoB. TyOynuHbI
MUKPOTPYBOo4YeK npn nonnmepusaumm obpasytort
nonble TpybkKn, oTkyga u nx HaseaHue. [nuHa nx
MOXET AOCTUraTb HECKOMBbKNX MUKPOMETPOB; CaMble
OJINHHbIE MUKPOTPYBOUYKM BCTpEYaloTCs B cCOCTaBe
aKCOHEMbl XBOCTOB CMepMMEB.



MukpodunnameHThbl

lNMy4Yykn aKTMHOBbIX
MUKpPOMUNamMmeHTOB B KreTKkax
KYJbTYpPbl TKAHWU, OKPaLLUEeHHbIX
¢onyopecumpyroimmm aHTUTENaMH
(dboTo A.B. BypakoBa)




Ha nyTn K HaHOMeTpaM U MUKPOCEKYHOaM

MopgenupoBaHne anemMeHTapHbIX 00bLEKTOB BosbLUMX pasdmepos (B MD —
aTOMbl)

CynepKkoMnbloTeps!
Cuctembl GRID (MmnpoBasa KOMMbOTEPHASA CETb)

Me3ockonu4yeckoe mogenuposaHme (course-graining models) [JocnoBHO:
«KPYMHO3EPHUCTOEY

OrpybneHHble Moaenu

Pa3sHomacwitabHoe mogenmpoBaHue. Hactuubl+nons
Multiscale modeling (particles + fields)






[1naH

Ponb Teopunn 1 KOMMNbIOTEPHLIX MOAENEN Ha HaHO-
YpOBHE

,D,VIHaMI/IKa MaKpPOMOJIEKYIT U MOJTIEKYJTAPHbLIX CUCTEM

onpegenseTca B3auMoaencTBnemM aTomoB — JorMa
MOJIEKYTITAPHOW OUWHAMUWKA

Mesoscopic models. Pa3Hble MeToabl MOAENNPOBAHUS
ONS pasHbIX NPoLECcCcoB

OHepronpeobpasyLme CUCTEMbI B KITeTKax
(KIneTOYHble 3NIEKTPOCTAHLNN)

onIMbIe MHOIoYaCctnyHble Mmoderin



Chemokines,

Hormones,
Survival Factors Transmitters Growth Factors
(e.g., IGF1) (eg. interleukins,  (e.g. TGFau, EGF) E’“ﬁ:;::’"’
l serotonin, etc.) l l
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Death factors
{e.q. FasL, Tnf)



