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BBegeHune



MaHpana — cakpanbHoe cxematunyeckoe V|3o6pa>1<eH|/|e 6o KOHCTPYKLUWA,
ncnonblyemas B 6y£I,J:ll/Il7|CKl/IX N MHOYWNCTCKUX PENUTNO3HbIX MPAaKTUKaX.

Wikipedia
MaHpana MeguTtaums — 3To MOLLHAsA TeXHUKA KaTapcuca, koTopas Co3A4aeT IHepreTUYecKni Kpyr, pesynbraTom
Uero ABNAETCS LEHTPMPOBaHMe

Oshosatori



MaHAana 340p0BOro YenoBeka




MaHgana 6uonHgopmaTmka




KpynHo3epHuUcTble mogenu
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TAD — mogenupoBaHue
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TAD — mogenupoBaHue
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TAD — mogenupoBaHue
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KpynHO3epHUCTble Mogenu

MonumepHble: Freely Joined Chain, Worm-like Chain, etc
Elastic network model

Knaccuueckne kpynHosepHucTble: Martini, Sirah, etc
CMmewaHHble: SMOG, COSM

vV vV v v



KpynHO3epHUCTble Mogenu
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KpynHO3epHUCTble Mogenu

MOXXHO cunTaTh 6OMbLWNE CUCTEMDI AELWEBO
MOXXHO CYMTATb OFPOMHbIE CUCTEMD
MpeHebperatoT TOHKUMK 3thdekTamu
3oonapk
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KneTouHble MeMbpaHbl

Marrink, 2014
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Pnéocombl
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KoMmnnemeHTapHOCTb
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MpuHunn AHK-opuramnm
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http:/ /www.softmatter.physik.uni-muenchen.de

» [py NOMOLLM KOPOTKMX OJHOLEMOYEYHbIX KYCOYKOB, MOXHO CBEPHYTb
ANUHHYIO LenoYKy B MPOU3BOMbHYO popmy!
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AHK-opuramu

Castro, 201

» B npour3BobHyo!



HaHopo6oT 13 AHK-opuramu
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MexaHn3mb

Ngo, 2014
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COSM
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[TonHOATOMHbIE MOaenu



» Protein Data Bank - 6aHK AaHHbIX 3D CTPYKTYp 6BUONOrMYECKUX MONEKY
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http://www.rcsb.org/
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STRUCTURE OF A B-DNA DODECAMER. CONFORMATION AND DYMNAMICS
DO 10,221 Vpeh boaipe  NDB: BDLOOT

Classification: DA
Deposited 1581-011-26 Released: 1981-05-21
Deposition author{s): Drew, H.R.. Wing. R.M., Takano, T., Broka, C., Tanaka, 5., itakura, K., Dickerson, R.E,

Structural Biology Knowledgebase: 1ENA T80T
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» benkn
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O6beKThl

» benkun

» [Tnnnabi
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» benkn
» [lnnnabl

» HyknemHoBble KNCMOTbI
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REDRAW

> benku

> J[lunuabl

» HyKNnenHoBble KNCAOTbI

» HU3KOMOMEKYNsipHble CoeanHEeHNS
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O6beKThl

benkn

v

» [lnnunabl

v

HyKnenHoBble KNCNOTbI
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Hu3KoMOonekynapHble coenHeHnd
» Komnekcol
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PyMOL — open source, python api, MHCTPYMEHTbI, KNeBble KAPTUHKM
VMD — open source, python api, MHCTPYMEHTbI, KNEBbIE KAPTUHKM
J(S)Mol — open source, java/js api, UHCTPYMEHTbI

NGL, PV — open source, python api, KneBble KapTUHKMK

vV V. v v
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Mpoaomxkaem meanTaLuio
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Mpogonmkaem meagutauuto
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f[omonornyHoe moaennpoBaHue
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f[omonornyHoe moaennpoBaHue

31



f[omonornyHoe moaennpoBaHue

» MODELLER — open source, python api, BbIYMCAUTENBHO AELIeBO, HAA0
NPOBEPATb BblpaBHWBAHNA
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Mpogonmkaem meagutauuto
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Anisenko, 2017

» Jlurang melaeT KOMMNNekcoobpa3oBaHunto. Ho kak?!
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Mpogonmkaem meagutauuto
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» He3aBMCMMO OT MeCTa 3aAKOpPUBAHNA NUTaHL MOXeT AOTAHYTbCA [0 canTa 34



3auem?




J1to60nNbITCTBO




Bruonornuecknn andasut

» DNA:A T G, C
» RNA:A U, G, C
» benkn: G, AV, L, RS TCMNQFYWD,EKRH
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3 hekTnBHbIN andaBuT

Tty Qi

. . 36
en.wikipedia.org



OOHOHYKNEOTUAHbIN NOAUMOPHU3M

K, SNP et
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Broad institute
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TTR-FAP

HacneactBeHHas ammnonaHas noAnHenponatmua — 601e3Hb HenpaBUIbHO
CBEPHYTbIX 6E1KOB

Free Tetramer Folded Misfolded Toxic Intermediates
Manomer Monomer & Amyloid Fibrils

o~ 'y
e pa—
Monomer Aggregation
| Misfolding
L Functional TTR Structures — L TTR Structures —
Associated with Pathology
Pfizer

» [pubNM3NTENLHOE YNCIO0 NALMEHTOB (B Mmpe) ~10000
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I dekTbl nONUMOPEHM3MOB

Lahti, 2012
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HeadhdekTuBHbIN andaBut

» OfHa NocnenoBaTenbHOCTb — 3 KOHopMaLuu
40



HeoAHO3HAYHOCTb

» OfHa nocnefoBaTelbHOCTb MOXET CBOPAUMBATHCA HECKONbKMMU CMOCo6amm
» PasHble NocnefoBaTeNbHOCTU MOTYT MMETb CXOAHYI TPEXMEPHYIO CTPYKTYpPY

DyHKLNA onpeaenseTcs CTPYKTYpOil

41



MonekynapHaa mexaHuka

U= Z (L=l + > %(¢i—¢0)2+ > %(Hcas(nw—vm

bonds angles torsions
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BaH-aep-BaanbcoBbl B3aMOAENCTBUSA 42



MakeTtbl: GROMACS, AMBER, ROSETTA

Cunosble nonsa: parmbscl, amber99sh-ildn*, charmm36
Python, mpi4py, h5p

Mercurial, Git

Ubuntu

vV V. vV v Y
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Cynepkomnbtotep SlTomoHocos (1, 2, X)

» CPU: Intel E5-2697v3
(14 cores)

» Anpa: 42 688

» GPU: Nvidia Tesla
K40M

» CeTb: Infiniband
FDR

» RAM: 64Gb Ha y3en
» HDD: 400Tb
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» [nnotesa: MonoxeHne G8 natepanbHoOW NETAN BAUSIET HA cnekTp K/

» [MnoTe3a: IKCneprMeHTaNbHbIN CNEeKTP MOXET 6biTb BOCMPOM3BeAeH 13
PaCUYeTHbIX
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Knactepusauus

» Knactepusauma — 60nb

» AffinityPropagation — neyeHue (HenapameTpuyecknii Ha maTpuLax
PACCTOAHNN)

» pypi://affbio — neuenne ana 6uonoros (aganTayns Noa CTPYKTYPHbIE KENCbl)
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3auem?

» [1l060MbITCTBO
» PaLMOHaNbHbIN AM3aNH
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PaunoHanbHbI AN3AUH




PaLMOHaNnbHbI AMU3aAWH

Co3aaHune HOBbIX 06BEKTOB C 3afaHHbIMU XapPaKTePUCTUKaMKN, OCHOBbIBAACb Ha

BO3MOXHOCTW NPeAckasaHnst BAUAHUA CTPYKTYPbl HA CBOWUCTBA NPW MOMOLLK
PA3MNYHbBIX DU3NYECKUX MOdenen

[MpumeHeHwne:

» [ln3anH hepMeHTOB 1 KackadoB And 6UOTEXHONOorK
» [l3aiH NeKkapcTs
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TAMARA

TAMARA, Apto-Pharm
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[TonHOATOMHbIE MOAEeNnu

YmepeHHast TOUHOCTb ANst 6ONbLIMHCTBA CUCTEM
Mpo6nembl CEMNANPOBAHUS

Mpo6nembl aHann3a 3MeKTUBHOCTU CeMMInHra (Koraa ocTaHaBIMBaATLCA?)
Mpo6nema aHannsa (Ha Yto cMoTpeTh?!)
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XMun4UecKkoe opyxume




Xnmnyeckoe opyxue
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MonekynapHaa mexaHuka

U= Z (L=l + > %(¢i—¢0)2+ > %(Hcas(nw—vm

bonds angles torsions
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BaH-aep-BaanbcoBbl B3aMOAENCTBUSA 52



QMMM mogenupoBaHue

https://www.youtube.com/watch?v=rf-m3D39aJu
Smirnov, 2016

53


https://www.youtube.com/watch?v=rf-m3D39aJU

QMMM mogenupoBaHue

YAMBUTENbHAA TOYHOCTb

3o00napk dyHkumoHanos (copta ...)
[loporve BbluncneHns

Mpobnembl C MaCLITabUPOBaAHMEM

vV V. v v
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3aKnueHue




YpOBHU MOL4eNnMpoBaHUA

psr A
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s E

Ingolfsson, 2016

Quantum
- atoms, electrons and electron
clouds included

- explicit solvent
- quantum mechanics

All-atom

- all or most atoms present
- explicit solvent

- molecular dynamics

Coarse-grained

- beads comprising a few atoms
- explicit or implicit solvent

- molecular dynamics

Supra-coarse-grained
- interaction sites comprising
many atoms, protein parts
or proteins
- implicit solvent
- stochastic dynamics

Continuum

- materials as a continuous mass
- implicit solvent

- continuum mechanics
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Q&A




GROMACS, ROSETTA

MOPAC2012/2016, DFTB, GAMESS, ORCA
Python, mpi4py, h5p

Mercurial, Git

Ubuntu

vV V. vV v Y
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aozalevsky@fbb.msu.ru
http:/ /vsb.fbb.msu.ru
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TpexmepHasa 601b

Natasha Lanina
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