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JKCcnepuMeHTarnbHble MeToabl

o [anun nHCTpyMeHT Anga nsy4yeHms HaHOCTPYKTYpP C
BbLICOKUM pa3speLueHmem (Bnnotb ao A)

e JJIEKTPOHHAA MMUKPOCKOMUA
* PeHTreHo-CTPYKTYPHbLIA aHanu3

ATOMHO-CMNOBAas MUKPOCKOMMA
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« OcTaeTtcs npodbnema —
HabnogaTe AMHaAMUKY
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JTannacoBckun
OETEPMUHN3M

BCSIKOe cocTosiHMe BceneHHon ecTb
creacreuve npegbiaywmnx n npuymnHa
nocneayroLwmx ee CoOCTOSHUN.

YM, KOTOpOMY Obinu Obl M3BECTHbI ANS Kakoro-nnmodo
OAHHOMO MOMEHTa BCe CuMbl, oayweBnsawLwmne
npupoady, W OTHOCUTENbHOE [MONOXEHMe BCEX ee
COCTaBHbIX YacTen, ecnu Obl BOODABOK OH oOKa3arncs
OOCTaTOYHO OBLIMPHBIM, YTOOLI NOAYMHUTL 3TU JAHHbIE
aHanmay, obHsan 6bl B ogHon dopmMmyne OBUXEHME
Bennyanwmnx Ten BCENEHHOW HapaBHE C ABWMXEHUAMMU
neryamwimx aTomMoB: HEe OoCcTanocb Obl HUYEro, YTo ObINO
Obl NS HEro HEQOCTOBEPHO, U Dyayllee, Tak Xe KakK u
npolleaiwlee, npeacrano 6el nepen ero B3opom”

Nbep CumoH Jlannac
1749-1827

Teopus
BEepPOATHOCTEMN,
MaTeMaTU4YeCKnu
aHanu3, HebecHas
MeXaHMuKa



JI L JJAHJAY » E. M. JIHGUTHLL

CTATUCTHUYECKAM
PU3UKA

YACTb 1

WASAHME de, NONDAKREHHOR
E, M. DHONWNIEM v X T INTAEBCKERM

HAAATENRCTRD «HAVE Ay

ITABHAS PEAAKLHS
SHIHKO-MATEMATHYECKOA JNHTEPATYPH

MOCKSA 1070

1976

BO3MOXHOCTb HAanNnpsaMyto
HabnaaTb B3anMoaencTBus
aToOMOB dana
BblYUCIIUTENbHASA TEXHMKA

npejnoJiarasi, 4TO CnpaBe)IMBA KJacCHYecKas MeXaHHkKa.

CocraBisisi ypaBHEeHHS NBHXXCHHS MEeXaHHUECKOH CHCTEMEI B uucJe,
PaBHOM 4YHCJY CTEneHed cpobOoabl, H HHTErpHpyd HX, Mbl NPHHIH-
NHAJbHO MOXKEM MOJIYUHTh HCUEPNbIBAIOU(HE CBENEHHS O ABlHKEHHH
cucteMbl. OyHaKO ecJH HaM NPHXOAHTCH HMETh NEJO C CHCTEMOH,
XOT H NOJUHHAIINEGHCHA 3aKOHAM KJIACCHUECKOH MEXaHUKH, HO 06.1a-
Jalolled KoJoccaJbHBIM 4YHCJIOM cTeneHeit ceo6ojbl, TO NpPH IPaKTH-
UeCKOM NPHMEHEHHH METOJOB MEXaHHKH MBI CTa/JKHBAaeMCa ¢ Heo6Xo-
JHMOCTbIO COCTABHTb H PEUIHTh TaKoe Xe 4Hca0 nH(pdepeHinatbHelX
YPaBHEHHH, YTO NPEACTABJIACTCSH, BOOOULE rOBOPS, NPAKTHUCCKH HEoCYy-
uecTBuMbM. Crepyer nonuepkHyThb, UTO ecjaH OBl jaXe W MOXHO
6HJI0 TPOHHTErpHpOBaTh B OOLIEM BHIE 3TH YpPaBHEHHS, TO COBEp-
HIEHHO HEeBO3MOXKHO Obl710 6B MNMOICTAaBHTh B OOILLEE DElIeHHe HAUYATh-

Hble YCIOoBUA OJ19 CKOPOCTEN N NOMNOXEHNN 3TUX YacTul



[lepBble
pPaboThbl

Phase Transition for a Hard
Sphere System

B. J. Aroer axp T. E. WarNwaricHr
University of California Radiotion Laboratory, Livermore, California
(Received August 12, 1957)

A CALCULATION of molecular dynamic motion
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.

A 32-particle system in a cube and initially in a face-
centered cubic lattice proceeded at about 300 collisions
an hourw. For comparison a 96-particle
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
required for 7000 collisions. Larger systems of 108, 256,
and 3500 particles can also conveniently be handled; in
an hour 2000, 1000, and 500 collisions, respectively, can
be calculated. The results for 256 and 500 particles are

not now presented due to inadequate statistics.
The equauon of state shown in I‘ ig. 1 of the ac-
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MornekynsapHaa guHamuka

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

Studies in Molecular Dynamics. 1. General Method*

B. J. AtpEr axp T. E. WAINWRIGHT

Lawrence Rodiation Laboratory, University of California, Livermore, California

ma(f) = F ()

|mMacca x yckopenue = cunal

a(f) = dv(?)/dt = d’r (£)/d#?

\m, d’r(1)/de* = F (1) |

F.()=-0U(r,,..., ryor,

Hy>xHo 3HaTh ums U(r,..., ry) wm F !







MeToabl MOOENNMPOBaAHNA CUCTEM
pPa3HbIX MacLLUTaboB
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Yuncno vactuy B padbotax no M4

1964 1.000 Rahman

1977 454 TaxenbiX atoMa - MUHIMOUTOP TPUNcuHa
naHkpeaTtndeckoun xxenesbl 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 3 0MAY2013|VOL497|NATURE|643



Pa3pyLieHne Kancuabl BUpyca
nog AeCcTBUEM BHELLHEW cursbl

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 Mmc


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

GPU technology conference

High Performance Molecular
Simulation, Visualization, and

NIH Resource for Macromolecular Modeling and ~ Analysis on GPUs

Bioinformatics http://www.ks.uiuc.edu/ Beckman ~ JOhn Stone - University of
Institute, UIUC lllinois at Urbana-Champaign
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Imaging of gas migration pathways in proteins
with implicit ligand sampling




X.-O. Xénstee, B.3unnnb, . PoubsaH, . DPonbkepc

MONEKYNAPHOE
MOOEJIMPOBAHUE
TEOPUSA W MPAKTUKA

MonekynapHoe
MoAdenupoBaHune

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

Panarnnopm L. K. NickyccTBo
MOJIEKYNSAPHON OAUHAMMUKN. —
xesck: UKW, 2012. — 632 c.

*BioSIimGrid, a database for
biomolecular simulations



http://www.biosimgrid.org/

KBaHTOBasA XMMMSA 1 MOMeKynsapHas
aMHaMuka

« Bce npouecchbl B Monekynax (bnomakpomorsiekynax)
OCHOBaHbl Ha B3anMo4eNCTBMXN aTOMOB

 MD (molecular dynamics) MonekynsapHas anHamumka
paccMaTpuBaeT aTOMbl Kak TBepAble Tefia 1 onucbiBaeT
OVHAMWKY B3aUMOLENCTBUS aTOMOB B COOTBETCTBUMN C
ypaBHeHUAMM HbOTOHA 1 JlarpaHxa.

* ypOBeHb AJ1IEKTPOHOB N NMPOTOHOB — KBAHTOBAA
MEXaHUKa

. 2
2iv2qf +U(x,y,2)¥(x,,2) = E¥(x,7,2)
m

YpaBHeHue WpeanHrepa



Procedure of MD

Give atoms initial positions =%, choose short At

4

> Get forces F=-V V(r?) and a = F/m

¥

Move atoms: r"*") = r® +yW At + 1/, @ AfZ + ...

Move time forward: t =t + At

L 4

Repeat as long as you need

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



MonekynapHaa guHamumka
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MonekynapHas MexaHuka 4" :;

ATOMbI B MOJIEKyne — yrnpyrme Lapukm

Pa3nn4HbIX pasmepoB, COeANHEHHbIE ;
NPY>XMHKaMU pasHon OMNHbI (CBA3AMM)

B npouecce pac4yeToB nNoJsyiHasaA aHepruda MMHUMN3NpyetTcd OTHOCUTEINIbHO
dTOMHbIX KOOpAUHAaT

Etot — Estr T Ebend T Etors T Evdw T E

E..: — NonHasa aHeprusa Monekynbl

E.. — aHeprua gedopmarmm ceasen

Epeng — @HEPIMA AedopMannmn BaneHTHbIX YrioB

E.ors — 3HEPrNAa agedopmMan MM TOPCUOHHbIX YIIoB

E,qw — 3HEPrNA BaH-Aep-BaanibCOBCKNX
B3aMMOOENCTBUN

Eclec — OHEPINA SNEKTPOCTATUYECKNX B3AaUMOOEUCTBUN

+ ...

elec




Ledopmauunsa ceasent

;x.. . N vy

m k U Uy M
Ji

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

elec

+ ...



BaneHTHbIN yron — yros, obpasoBaHHbIN
HanpaBreHNAMN XMMNYECKMNX (KOBAJIEHTHBLIX) CBA3EN,
ncxoasawmmMm n3 OgHOro atoma.

H Bond angle
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\
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|\ 104.45°
A
} ' Monekyna Boabl
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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%90%D1%82%D0%BE%D0%BC

TOpPCUMOHHBIN yron Neo
/ / ®
OBYTrpaHHbIN (OuagparnbHbIin) Her,
yron mexay OBYyMS CBA3SAMM, 0
pacnonoXeHHbIMU B pa3HbIX - )
H
NJIOCKOCTAX
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Etot — Estr + Ebend + Etors + Evdw + E +...

elec



Bknagbl B SHEPTUIO

E[O[ — EE[L + Epeuq + E[OLZ + E/\QM + EG|GC +
1 2
Estr — A kb (b o bo) PacTsxkeHne BaneHTHbIX CBA3EN
1 2
Ebent = E kg (49 - 90) Hecdopmaumsa BaneHTHbIX yrnoB (B NJIOCKOCTH)

E = % k(p(1+ Cos(ngo —, )) Oedopmaums TOPCUOHHBIX (ABYrpaHHbIX) Yrnos

tors

'Ajj Bij BaH-gep-BaanbcoBbl B3ammoaencTeus
Evdw — Z 12 _6 (noteHuman JleHapaa-[>xoHca)
J
- _1QQ, ,
alect AnNeKTpocTaTuyeckne B3ammMoaencTems
E I (3akoH KynoHa)



BaH-aep-BaanbcoBckue
B3aMMOOENCTBUSA

Lennard-Jones interaction potential

2
V, /€
1 i
6 SaBappg JleHapa-
O 0.5 21”‘ T /G foxone
: 1y ¢ 2 2.8
3] E E . Aij Bij
| vdw — Z 12 6
: I I.
| J J
o] e
I'— pacCTtoAaHne Mexay atoMmamMu




YpaBHeEHUA OBUXKEHUA aTOMa |

d?x d?y. d?z.
I — . m. L — F g
ml dt2 le L gt2 iy m. dt2 FIZ
= a_U F = a_U F = v
IX axl 1y ayl 1z ZI

NMNoTeHUMan BOOAOPOAHbLIX CBA3eNn



YpaBHeHue HblOTOHa

82’??; oV §

KoBaneHTHble B3anmMmoaencTBug ’i:

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

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

He koBarneHTHble B3auMOOeNCTBUA




CunoBble nons

B M/]l BblunucnaeTcsd nonHas saHeprug
MOJEKYIbl B TEPMUHAX OTKIOHEHU
NMTMHENHbIX CBA3EW, BaNeHTHbIX U
TOPCUOHHLIX YIMOB, a TakKe HeCBA3EBbIX
B3aMMOOENCTBUN OT HEKUX CTAaHOAPTHbIX
«HEeHarnpsKeHHbIX 3Ha4YeHun». Habop aTunx
HEeHanPsSXXeHHbIX 3HA4YEHNN Ha3blBaeTCH
CUINOBbIM MOJ1IEM

OBuxxeHue MorneKkyrsbl NpoucxoanT B cpeae
Oernka — B uMtonsna3sme (Boaa + UOHbI)



[ nNnoTes3bl B OCHOBE
CUJTOBOIo Nons

1. TepmoguHammnyeckasa rmnoTesa - HaTUBHOE COCTOSAHME Derka
COOTBETCTBYET MUHUMYMY (PYHKLIMM NOTEHLUMASTBHON SHEPTUN.

2. AONTUBHOCTb - NONTHas NoTeHumManbHas 3HepPrust MoXeT ObITb
pas3fnoXeHa B CYMMY YNEHOB, ONUCbLIBAIOLLINX 3NIEKTPOCTaTUYEeCcKme
B3anMOJeNCTBUSA, B3anmoaenctems BaH-gep-Baanbca n mexaHunyeckune
B3aUMOAENCTBMSA Mexay atomamu 6enka. To ecTb Koppensaumm mexay
3TUMM criaraembIiMy OTCYTCTBYIOT.

(B obuwiem cnyvyae — HEBEPHO — apdeKT nonsipnsauunm)

3. ['MnoTes3a 0 NepeHOCMMOCTU - CBOMCTBA aTOMOB B OONbLUOW MONeKyse
MOXeT ObITb NONYyYEHO Yepes U3ydeHne aHarnormyHbIX aToOMOB B
aHanorM4HOM OKPY>XEHWUU, HO B ManeHbKNX Monekynax. Takum obpasom,
BCE BO3MOXHble B3aUMOLENCTBUS MeXay aToOMaMn MOXHO 0000LWLNTL B
KOHEYHY0 BbIBOpPKY, AN KOTOPOW 3a4atoT napamMeTpbl NOTEHLNANoB
B3aMMOLENCTBUA. OTU NapamMeTpbl UCMONb3YHT NP MOAENNpPoBaHNN
BonbLWNX MOSIEKY.



CunnoBble Nond

Meron MM+ paszpabarbiBaica sl OpPraHUYEcKUX MoJieKyld. OH  y4YHUTHIBaeT
NOTEHIUATbHBIE MOJIsI, GOPMUPYEMBIMH BCEMU aTOMaMHU PAaCCUUTHIBAEMOW CUCTEMBI U
MO3BOJISIET THOKO MOAMGMUIMPOBATH NapaMETPbl pacdyeTa B 3aBUCUMOCTH  OT
KOHKPETHOM 3aJ1a4M, YTO JEJAeT €ro, C OJHOM CTOPOHBI, HAanboIee 00IUM, a ¢ IPyTron —
PE3KO YBEIMYMBACT HEOOXOAMMBIE PECYPChl MO CPABHEHUIO C JAPYTHUMHU METOJAMU
MOJICKYJISIPHOW MEXaHUKHU.

Meton AMBER paszpabareiBasics ansi 0enkoB M HYKJICHHOBBIX KHCJIOT. B Hem
CYIIIECTBYET BO3MOKHOCTh BBIOpATh OMIMIO JIMOO y4E€Ta BCEX aTOMOB MO OTJICIbHOCTH,
a100 onuu OO0BEIMHEHHOIO aroMa, II0J, KOTOPBIM IOJpa3yMeBaeTCs TIpyIla
SKBUBAJICHTHBIX aTOMOB C OJJMHAKOBBIMHU CBOMCTBaMH. B mociegHem ciiydyae HECKOJIBKO
aTOMOB, JINOO UX I'PyIII, 00padaThIBAIOTCS KaK OJUH aTOM C OJHUM THUIIOM.

BIO+ paspabarbiBasicst Jyisi OMOJIOTMYECKUX MAKPOMOJIEKYJI M BO MHOTOM ITOBTOPSIET
AMBER.

OPLS pazpaboran mis OCIKOB M HYKJIEHMHOBBIX KucIOT. OH mogooeH AMBER, Ho
Oojlee  TOYHO 0OpadaThiBAaeT HEKOBAJICHTHBIE  B3aUMOJCHCTBUS  (YYUTHIBACT
MOJISIPU3ALINIO).



CunoBoe none, KOHCTaHTHI

BO/MbLWWHCTBO 3Ha4eHUN MOXKHO NOMYUUTH U3
BbICOKOTOUYHbIX pacueToB QM ab initio (DFT B3LYP 6-
31+G*). lNony4yeHHble 3Ha4YeHUA "NOATOHAIOT" nop
ypaBHeHUA CU10BOro nons.

KOHCTaHTbI U3 ypaBHEHUS :
1) cBssun , Kb, bO NP-cnekTpockonusa, QM

2) yribl K,,0, NP -cnekTpockonua, QM

3) TOpchoHHble yrnbl K, 6 MP-cnekTpockonus, AMP, QM

4) YacTuyHble 3apsagbl g yragbiBaHue, TepmognuHamuka,QM
5) NapameTpbl WAV A, C, yragpiBaHue TepmognHammka, QM

http://lkodomo.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

CTtaHaapTHOE CUIMoBOE rore
CHARMM?27

ncnonb3yet 6onee 200 pa3nMyHbIX TUNOB aTOMOB:
ANA onucaHna 6enKkoB B 3TOM CUJTIOBOM Mnore
ncnonb3yrTcAa 26 pasnnyHbIX TUNOB yrnepoaa, 15
pa3HbIX BOAopoaos, 12 pa3HbiX a30TOB U TaK Aanee.
Ona Kaxporo Tuna atomMma M UX KOMOMHaLUKU CUNOBbLIM
rnonem 3agaeTcs HeoOxoaAMMbIN ONA pacyeTa
NoTeHUManbLHOM 3Heprum Habop napameTpos
(napameTpbl BaH-gep-Baanbca €i n oi , paBHOBeCHbIe
3Ha4yeHusn b0, 60, @0, n Y0, koadhdnuneHTbI
ynpyroctu Ks, K6 u K¢ n 1.4.).



HeaBHbIM pacTBOpUTENb

E=80

YpaBHeHue [lyaccoHa-bornbumaHa
OnucblBaeT pacnpegerneHme
31eKTpUYeCcKoro noteHumnana
noTeHuUuana c y4etom 3apsgoB Ha
aTtomMax U MOHHOW CuUnbl pacTeopa



HeaBHbIM pacTBOpUTENb

* Ha kaxayto cteneHb cBOOOALI NPUXOAUTCS
onpeneneHHasa Aona KNHETUYECKOU
9Heprun, KoTopasi BKNo4vaeTcsd B
noteHuuan. ['nc B3anmooencTteus ¢
MONnEeKynamm BoAbl U MOHaMK (3agaeTco

doopmynown)

U :§k6T+...:ml.< %)2 )+ ..

pacms 2



ABHbIN pacTBOpPUTENDb

Monekyna acnupuHa B Boge



Ilepuoauueckue (TOpouaaJIbHbIC)

I paHvYHbIC YCI0BHA
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[lepuoanyHbIe rPaHNYHbIE YCNOBUS

20 x box 30 A box 40 A box

M/l nonn-asilaHnHa Nokasasla
NCKYCCTBEHHYIO CTabunmsaupto
a/ibha cnvpasiv, Npu Ucnosib3oBaHun
Ma/1eHbKON SUeikn. PekomeH iyeTcs
aenatb OTCTYN MeXay MOJIeKy/ 101 1
rpaHbilo A4vekn 6onee 10A.

http://kodomo.cmm.msu.su/FBB/year 02/term 6/block 5/md 2.ppt
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«[loagrotoBka cuctembl»

[locTpoeHne TononorMm MoseKkynbl Ha OCHOBE
KOOpAMHAaT: NepeyncrieHne cBs3en, Yrinos U
npou.

Bbibop dbopmMbl U pasmepa AYENKN
MuHMMU3aLUNA SHEPTUN CTPYKTYPbI B BaKyyme
[lobaBreHne pacTBOPUTENS N NOHOB B SA4YENKY

«YTpsicKka» BOoAbl U MOHOB BOKPYr HEMOABWUXHOW
MOJEKYIbI



3aga4vn MOJIEKYIIAPHON MEeXaHUKN

[Tonck KOHgOPMaL M MONEKYI

VlccnepoBaHne KOHdOpMaLIMOHHOW
ANHaAMUKK

PacuyeT cBOOOHON 3HEPTNU

Pacnpe,u,eneHme BObl BOKPYI 3J1IEMEHTOB
MaKpPOMOIJIEKYJIbl

[lnHamunka gpa3oBbIX U3MEHEHUN



Camoco6opka oucnon

http://kodomo.cmm.msu.su/FBB/year 02/term 6/block 5/md 2.
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MD simulation of Barnase-Barstar encounter complex evolution
on a GPU using SASA implicit solvent model
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MoJieRyJSIpHBIN JOKUHT

JIOKVHroM HaBbIBaETCH KOMMBHOTEPHOE MOAEMPOBaH/E

B3aVIVIOOEVICTBIA NraHaa ¢ OErKom:
nnraHu

Mfuri AALMOHH:

olt
.+.

OUeHo4YHanA II;',“H'T[,[V-' NOKUHIa

okl KEPORUEOBATE | Komnnekc
JKCE . W iTallb 6en0K-
nuraHpg,

Pe3ynbraT AOKUHra —
N S oueHo4YHasa PyHKUUA
raneRG onTUmanbHa

LlanTtaHn K.B., EdbpemoB P.I. MonekynapHoe mogennpoBHue



[1OKNHI

[Togbop nuraHgoB, Hanbonee aPPEKTUBHO
B3aUMOOENCTBYIOLNX C BENKOM NyTEM
nepebopa 13 6a3 gaHHbIX

[Tonck B NpoCTpaHCTBEHHOWN CTPYKTYpe bernka
MecCTa CBsA3bIBaHUA ANA onpeaerneHHoro
nvraHga

OnTnMmmnsaumns akTMBHOro carTta 6enka nytem
BBEAEHUNSA TOYEYHbIX MyTaL i

dapmakonorus - CKpUHMHr coeaANHEeHUn



MopaenupoBaHmMe no roMornornu

[locTponTb TPEXMEPHYIO CTPYKTYPY Oernka Ha OCHOBaHUK
CXOACTBa aMUHOKMUCIIOTHOW NocneaoBaTeNibHOCTU C
6enkom, CTPYKTypa KOTOPOro M3BecTHa.

[MpocTpaHCcTBEHHAsA CTPYKTypa bonee KOHcepBaTUBHA.
Yem aMUHOKMCNOTHasA nocrnegoBaTenibHOCTb

Bcero 6enkos 500 000
N3BecTHa cTpykTypa 10 000
[1o romonornm MmoxHo koHcTpyuposaTb 150 000



IMNMpuYeckmue npasmna
rOMONOrmn

 Ecnun nocnepoBaTtenbHocTu annHHee 100
AMWHOKUCIIOTHbIX OCTaTKOB U UOEHTUYHbI
He MeHee, YeM Ha 25 % (c
COOTBETCTBYIOLLMMMN pa3pbiBaMmn) —
BEPOSITHO, OENKN POACTBEHH®I.

« XopoLlee COOTBETCTBUE CTPYKTYpbI. Ecrnin
naeHTNYHocCTb Bbilwe 50%

 Ecnn ngeHtTn4yHocTb MmeHblie 15% - He
POACTBEHHDI.



Cxema MeTopa:

[Movck romononMHbIX Bernkos
C VIBBECTHOW CTPYKTYPOU (LLBONOHbI)
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B TeyeHne mmnnnupaoB NeT

9BOOLUN

» J)XnBble CUCTEMbI HAY4YMNITUCH
MCronb3oBaTb PU3NYECKME 3aKOHbI A1
pelleHns ceBoux npobnem (obmeH

BELLEeCTB, POCT, pa3MHOXeHue, oToop,
CMepPTb),

co3aaBad CJTOXKHYHO reOMeTpuio

BHYTPUKITETOYHbBIX PEAKLIMOHHbIX
00BEMOB

Ha HaHO-ypoBHE Mbl MOXEM HabnoaaTh,

KaK qou3ndeckme 3aKoHbl peanuayoT
brnonornvyeckmne PyHKLNN



PactutenbHasa KneTtka

BAKYOIJlb

LUUTOMNA3SMA

OPrAHOWADLI

XJTIOPOINJIACTHBI

NETOYHAHA OBOJIOYHKA




Cell regulation:
complex molecular interactions

Anti-growth factors
(e.g- TGFS)

Grosth factors (e.g. EGF,
amphuregulin TGFz) ™\

)[L OR Dir
Hormones 0 L] T S ¢ (N ——
(.-o. bmedn) [RE— Y " .‘. , G e 9 e PR ey CHL | "/ ’
Nuclear receplors . ——————— 90 5 | AW
{e.g. estrogen)

llllll

Survival factors ‘;',‘:' vod
{e.g IGF1) 3

Cytokines K (¢.g.Fasl)
{¢.8 ILe, IFNS)



[lepeHoC BellecTBa U
MHQOPMaLUN BHYTPW
KNeTKn

OpHUM 13 obsA3aTernbHbIX KOMMIOHEHTOB |
LUTOCKeneTa aykapuoT SBNSKTCH 5
MUKPOTPYBOUKN. ITO HUTHATbIE
HEBETBALLMECS CTPYKTYPbl TOMNLWMHOWN
25 HM, cocTosILme n3 6enkos-
TYOYNMHOB 1 aCCOLUMUPOBAHHbBIX C HUMMU
6enkoB. TyOynuHbl MUKPOTPYDOYEK Npu
nonumepunsaunm obpasyloT nonble
TPYyOKM, OTKyAa U UX Ha3BaHue. [nnHa
NX MOXET OOCTUraTb HECKOMNbKNX
MUKPOMETPOB; CaMble OfMHHbIE
MUKPOTPYBOUKN BCTpEYAIOTCSA B COCTaBe
aKCOHEMbl XBOCTOB CMEpMUEB.



MukpodunameHTbl

lNMy4Yykn aKTMHOBbIX
MUKpOMUNameHTOB B KreTKkax
KYJbTYpPbl TKAHWU, OKpPaLLUEeHHbIX
¢donyopecumpyroimmm aHTUTENaMHu
(dboTto A.B. BypakoBa)




Ha nyTn K HaHOMeTpaM U
MUKPOCEKYHAaM

MopgenupoBaHue anemMeHTapHbIX 0ObEKTOB DOSbLLUNX
pa3mepos (B MD — aTtombl)

CynepKkoMnbloTeps!
Cuctembl GRID (MmnpoBasa KOMMbOTEPHASA CETb)

Me3ockonuyeckoe mogenupoBsaHme (course-graining
models) JoCnoBHO: «KPYNHO3EPHUCTOE

OrpybneHHble Moaenu

Pa3sHomacwiTabHoe moaenmpoBaHue. Hactuubi+nons
Multiscale modeling (particles + fields)



www.biophys.msu.ru
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