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Nekuia N2 9
KpynHo-3epHucTa mogenb niniay ta ninigHoi mem6paHu.
MopiBHANbHA XapaKTepucTUKa Ta 0bnacTi 3actocyBaHHA pisHux M mopeneit

npodcecop kacdenpu HeopraHiuHoiI Ximii Kupuuenko 0.B. 2020


http://www.univer.kharkov.ua/ua

MNMnaH NeKuii N2 9

- PparmeHTOBaHi Ta “3epHucti” mopeni ninigy Ta ninigHoi
membpaHu

- MowwupeHi cunosi nona ta nporpamu ana Ml mopentoBaHHA
NiNiaAHUX cucTem

- MopiBHANbBHA XapaKTEepPUCTUKA Ta 0O6ANacCTi 3aCTOCYBaHHA Pi3HUX
M/ mopenen

- HaaBHi nporpamHi naketu ana M mopenioBaHHA 6ionoriuHux
membpaH
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“©parmeHTtapHan”, “KpynHo-3epHucraa” nam “rpybo-sepHucran”
(coarse-grained) M4l moaenb nunuaa
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“DparmeHTapHan” unu “kpynHo-3epHucraa” Ml mogenb nunupa
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Figure 2. A 4-water cluster is coarse grained into a three-site model
with 6 = 120°, 1 =12 A, g = le".
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“©parmeHTapHana” Ml mogenb membpaHbl




“©parmeHTtapHana” M mogenb memb6paHbl

NMpeumyuwjecrea:

ApeKBaTHoOe onucaHue
MaKpPOCKONUYECKUX NapameTpos
mem6paH u Besukyn. Nossonaer usyvarb
npoueccbl 06pa3oBaHUA U CAUAHUA
UHAUBUAYaANbHbIX Be3UKyA. No3sonsaer
nposoaute M/l pacuer s
MUKPOCEKYHAHOMU WwKane!

HepocraTtku:

YTpauuMBaetca aTOMHOE pa3pelueHue B
CTPOEHUE U3yvaemMmou CUCTEeMbI.
HeBO3MOXKHO pa3nMuuTb getanu
MEXMONEKYNAPHOro B3auMoAeMcTBua.
OtcyTcTBME afeKBaTHbLIX moaenen ana
BOAHOU ¢a3bl
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Mpumepbl “kKpynHo3epHucroit” Ml mogenu

Biochimica et Biophysica Acta 1788 (2009) 149-168

Contents lists available at ScienceDirect

Biochimica et Biophysica Acta

journal homepage: www.elsevier.com/locate/bbamem

Review
Lipids on the move: Simulations of membrane pores, domains, stalks and curves

Siewert J. Marrink *, Alex H. de Vries?, D. Peter Tieleman "

* Groningen Biomolecular Sciences and Biotechnology Institute and Zernike Institute for Advanced Materials, University of Groningen, Nijenborgh 4, 9747 AG Groningen, The Netherlands
b Department of Biological Sciences, University of Calgary, 2500 University Dr NW, Calgary, AB, Canada T2N 1N4

ARTICLE INFO ABSTRACT

Article history: In this review we describe the state-of-the-art of computer simulation studies of lipid membranes. We focus
Received 16 August 2008 on collective lipid-lipid and lipid-protein interactions that trigger deformations of the natural lamellar
Received in revised form 13 October 2008 membrane state, showing that many important biological processes including self-aggregation of membrane

Accepted 14 October 2008

o COM nents i ains, rmatior n-1d 2l ases, an nemord rd n and curving, are
Available online 25 October 2008 components into domains, the formation of non-lamellar phases, and membrane poration and curving, are

now amenable to detailed simulation studies.
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Biochimica et Biophysica Acta 1858 (2016) 2431-2440
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journal homepage: www.elsevier.com/locate/bbamem

Computer simulations of lung surfactant’ @memk

Svetlana Baoukina *, D. Peter Tieleman

Department of Biological Sciences and Centre for Molecular Simulation, University of Calgary, 2500 University Dr. NW, Calgary, AB T2N 1N4, Canada

ARTICLE INFO ABSTRACT

Article history: Lung surfactant lines the gas-exchange in
Received 31 December 2015 for breathing. Lung surfactant consists mg
Received in revised form 21 February 2016 the air-water interface connected to bil:
Accepted 23 February 2016 between the monolayer and bilayers du
Available online 27 February 2016

the monolayer; selected species are poss
Keywords: lLlng surfactant _and th§ exact r_oles of lip
Molecular dynamics review recent simulation studies on the|
Pulmonary surfactant monolayer-bilayer transformations, lipic
Lipid monolayer This article is part of a Special Issue entit]
Monolayer collapse
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Cunosoe none “MARTINI”

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

S.J. Marrink and A.E. Mark JACS 125 (2003) 15233-15242



MA moaenuposaHue NUNUAHbIX BE3UKYAN

J. Phys. Chem. B 2009, 13, 44434455

Solvent-Free Lipid Bilayer Model Using Multiscale Coarse-Graining

Sergei Izvekov and Gregory A. Voth*

Department of Chemistry and Center for Biophysical Modeling and Simulation, University of Utah, 315 S.
1400 E. Rm. 2020, Salt Lake City, Utah 84112-0850

Received: November 27, 2008; Revised Manuscript Received: January 17, 2009

12000 nunupos

(a) & (b)

79300 nunupos

256000 “cpparmenToB” (beads)



KpynHo3epHucroe Ml mogenupoBaHue AMNUAHBIX BE3UKYA U MULLeNN

PAB PCB DPPC

(G) 400ns

J. Phys. Chem. B 2013, 117, 12095-12104



KpynHo3epHucroe Ml moaenuposaHme nMNUAHbIX BE@3UKYN U
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Mpumepbl “kKpynHo3epHucroro” Ml mogenuposaHua
6uomem6paH

U3yueHune NpoueccoB CAMAHUA ABYX BE3UKYA,

WHAYUMUPOBaHHOE onpeaeneHHbiMU 6MOMaKpomonekynamm



Hob6enesckaa npemua no
¢usnonorum u meguuute s 2013

Hob6enesckyro npemuio no cpuamonormum m
meavuuHe B 2013 roay nonyuunu Tpm
aMEepUKAHCKMX YUYEeHbIX

Penau WlekmaH, xxenmc PotmaH n Tomac 3rogod

3a

«UAUcchepoBaHUe MeXaHU3IMOB, Peryimpyowmx
BE3UKYNAPHbIX TPAHCNOPT?



Hob6enesckaa npemua no
¢dusuonorumn u meguuuHe 8 2013

3 3.9

-
133333

CrnsHne Be3UKyIbl C KNETOYHON MeMbpaHon: ULnnnHgpamMmm
nokasaHbl 6ernkn-peuentopbl SNARE (cnpaBa) un BUpyCHble
bernkn, ummnTtupyowme nx paboty (cnesa).



Hobenesckasa npemua no
¢dusmonoruu n meguuuxe 8 2013

SNARE komMmnnekc dpopmmpyeTcst B pesynbTaTe CrnneTeHns
yeTblpex anbda-cnupanen 6enkos cuHanTobpesuHa (v-

SNARE), cuHTakcuHa (t-SNARE) n SNAP-25. CuHantotarmumH
CNY>XUT KarnbLUWEBbLIM CEHCOPOM.
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Hob6enesckaa npemua no xumuu B 2013 — PRIZE —

WINNER
S

i‘.* Nobelpriset2013 The Nobel
i

% The Nobel Prize in Chemistry 2013

-

s,
=

Michael Levitt Arieh Warshel
Université de Strasbourg, Stanford University School of University of Southern
France and Harvard Medicine, CA, USA California, Los Angeles, CA,

University, Cambridge, USA
MA, USA

"For utvecklandet av flerskalemodeller for komplexa kemiska system.”
“For the development of multiscale models for complex chemical systems.’

© Kungl. Ve




Hobenesckaa npemua no xumuu 8 2013

MapTuH Kapnayc

review

Molecular dynamics simulations of
biomolecules

Martin Karplus'2 and J. Andrew McCammon?

Molecular dynamics simulations are important tools for understanding the physical basis of the structure and
function of biological macromolecules. The early view of proteins as relatively rigid structures has been replaced
by a dynamic model in which the internal motions and resulting conformational changes play an essential role in
their function. This review presents a brief description of the origin and early uses of biomolecular simulations.
It then outlines some recent studies that illustrate the utility of such simulations and closes with a discussion of
their ever-increasing potential for contributing to biology.
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Mpumepsbl “KpynHo3epHUcroro”
MA moaenuposaHua 6uomemb6paH

“kpynHo3epHucTaa” mogenn 6MmomebpaHbl
yactuy, ...

cocrtoawana ma 2 000 000



O6pa3oBaHue TPYAHOPACTBOPUMbBIX XONECTEPUHOBDLIX AOMEHOB

XonectepuH

http://www.memphys.sdu.dk

B membpaHe

http://md.chem.rug.nl/cgmartini/index.php/about/martini-projects/rafts
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®opmuposaHue pochonmMnuaHbix 4JOMEHOB B MembpaHe

disordered (L) ordered (L)
Ve s Cunosoe Mone MARTINI
BbluncneHna BbINO/IHEHDbI B
GROMACS 3.3

The Molecular Face of Lipid Rafts in
Model Membranes.

H. J. Risselada and S. J. Marrink,
Proceedings of the National
Academy of Science of USA, 2008,
v104, 17367-17372




MoaenupoBaHue NPOLLECCOB IKCTPAKL UMK XONECTepUHA MONeKyNaMuU
LLUKNOAEKCTPUHA U3 AMNUAHBIX AOMEHOB B MembpaHe
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cyclodextrin mediated cholesterol
extraction from lipid model membranes

Cesar A. Lopez, Alex H. de Vries & Siewert J. Marrink

for Advanced Materials, University of Groningen,

Blomolecuk Abiachndi
Nijenborgh 7, 9747 AG Groningen, The Netherlands.

with I, and are ly used to
In this work, we have used multiscale molecular dynamics
simulations to provide a detailed view on the interaction between p-CDs and lipid model membranes. We
show that cholesterol can be extracted efficiently upon adsorption of/i-CD dimers at the mcmhnnc/waler
interface. However, extraction is only observed to occur with high ch 1
levels. Free energy calculations rzvea] the presence ofa kmenc barrier for cholesterol extractmn in lh: case of

Beta-cyclodextrins (f-CDs) can form inclusion
ipulate cholesterol levels of biomemb

low chol 1 content. Chol 1 uptake is facilitated in case of (poly pld
which increases the free energy of the memhnne bound state of chol . d/chols
iti ical of liquid-disordered (L) and liquid-order (L,) domains, we furthermore show that

cholesterol is preferentially extracted from the disordered regions, in line with recent experimental data.

www.nature.com




“OueHb KpynHo3epHucraa” M/, mogeno membpaHbl U BE3UKYAbI

l‘ I ‘ Journal of Chemical Theory and Computation

pubs.acs.org/JCTC

J. Chem. Theory Comput. 2014, 10, 4730-4744

Solvent-Free, Highly Coarse-Grained Models for Charged Lipid

Systems
Anand Srivastava and Gregory A. Voth*

Department of Chemistry, Institute for Biophysical Dynamics, James Pranck Institute, and Computation Institute, The University of

Chicago, 5735 S. Ellis Ave., Chicago, Lllinois 60637, United States
© Supporting Information

ABSTRACT: We present a methodology to develop coarse-grained
lipid models such that electrostatic interactions between the coarse-
grained sites can be derived accurately from an all-atom molecular
dynamics trajectory and expressed as an effective pairwise electrostatic
potential with appropriate screening functions. The reference non-
bonded forces from the all-atom trajectory are decomposed into
separate electrostatic and van der Waals (vdW) forces, based on the
multiscale coarse-graining method. The coarse-grained electrostatic
potential is assumed to be a general function of unknown variables and
the final site—site interactions are obtained variationally, where the
residual of the electrostatic forces from the assumed field is minimized.
The resulting electrostatic interactions are fitted to screened
electrostatics functions, with a special treatment for distance-
dependent dielectrics and screened dipole—dipole interactions. The
vdW interactions are derived separately. The resulting charged hybrid
coarse-graining method is applied to various solvent-free three-site
models of anionic lipid systems.
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CoBpeMeHHble TeHAEHUUU U NepcneKkTuBbl B “KpynHo3epHUcTom”
M/ moaenuposaHun membpaH u Be3UKyn

- Paspaborka HOBbIX “cynep-kpynHo3epHucTtbix” (ultra coarse
graining) M1 mopnenen

- Paspaborka M mopneneun B HesaBHbIX (implicit) pacTreopurtensax

- O6asarensHana nposepka M momenu Ha Bocnpou3BeaeHue
“camocbopkn”

- O6sa3arenbHas BO3MOXHOCTb oOOpatrHoOM TpaHcchopmauum K
NONMHOATOMHOM Moaenm



EcTb nn Bo3moxkHocTb M, moaenuposaHue supycos?




“KpynHo3epHucroe” Ml mogenupoBaHue BUPYCOB




“KpynHo3zepHucroe” Ml mogenuposaHue nipnyeHsa supyca
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“KpynHo3epHucroe”

Human rhinovirus 3

PDB ID: 1rhi

Zhao, R., Pevear, D.C., Kremer, M.J.,
Giranda, V.L., Kofron, J.A.,

Kuhn, R.J., Rossmann, M.G.

(1996) Human rhinovirus 3 at 3.0 A
resolution. Structure 4: 1205-1220

images at virology.wisc.edu/virusworld

Y@ Qutemol image by Jean-Yves Sgro ©2009

This image was featured on
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M/ mopgenuposaHue puHOBUpPYCa YenoBekKa

a

PuHoBupychl (nat. Rhinoviru
S, OT Ap.-rpey. Qi / orvog —
Hoc) — rpynna menkux PHK-
cogepxaLumx

BUOOB BMPYCOB POAa SHTEPOB
MPYCOB, BUPNOHBI KOTOPbIX HE
UMELIOT HapY>KHON 0BOSTOYKM,
a reHom npeacTaBneH

O HOLIENOYEYHON NMMHENHON
HedparMeHTUpPOBaHHON
monekynoun PHK, cBazaHHON
¢ 6enkom VPg; Bkntoyaet
BO30yguMTENEen oCTpbIX
pecnupaTopHbIX
3abonesaHun (OP3).
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“KpynHo3epHucroe” M, moaenuposaHue supyca 6ona

The Ebola
Virus

3D model of Ebola virus, the causative
agent of a severe form of viral hemor-
rhagic fever in human with a 50-90%
fatality rate. The Ebola virion is 80 nm
in diameter and up to 1400 nm long.

It contains both virus-encoded proteins

(maroon shades) and structures taken
from the host cell (gray shades). The
model is based on X-ray analysis, NMR
spectroscopy, and general virology
data published in the last

two decades.

Ebolavirus (36énaBupyc, Bupyc 366na nnm Bupyc
360na) — poz BUPYCOB 13 CEMeNCTBa
dunosupycos (Filoviridae), Bbi3biBalOLWNX reMopparn4eckyto
nunxopagky 36ona y Bbicwmx npumaTtor. Mopdonormyeckme
npu3Hakmn 36onaBnpycoB Cxoxu ¢ Bupycom Mapbypr, Takke
npyHaanexaiwmm ceMencTBy OUoOBMPYCOB M Bbi3blBalOLLNM
nogobHoe 3abonesaHne. Kpome poaa, Bupycom 36ona moryT
Ha3blBaTb KOHKPETHOro NpeacTaBUTENS poda — Yalle Bcero Zaire
ebolavirus, koTopbii 6bin BblaeNeH nepebiM U3 poga B 1976
roay B 6baccenHe pekn 3605a B 3anpe, oT Yyero n obpasoBanocb
Ha3BaHue. J6onasupycbl, 0cobeHHO BUA Zaire ebolavirus, ctanu
NPUYNHON HECKOSBbKUX LUMPOKO OCBELLEHHBIX CEPbE3HbIX
anuaeMnn
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MoaenuposaHue 6uonoruueckoi akTMBHOCTU Bupyca 6ona

Bupyc

Crpax pacnpocrpaHeHus papxu 36ona B Adp 3aTPOHYN NOYTH BECb MMP,
MHOrMe CTpaHbl BHe AQPHKM yIKe NPUHANK IKCTPEHHBIE Mepbi o NnpodunaxTuke
3a6onesaHms. IKCNEPTbI CYUTAIOT, 4TO POCCHM NOKA HUMETO He YTrpoXKaeT

FERITHY W ADYTHE BHpyOae
FEMOPPITIIECKIE MNAOPARAN.

amama (EUSA)

Tecr #a oSuapymenme
asrurenon

Brezannvin

Hb 1(
Breeranmian sniconan

ycranocm, TEMNEPITYPS W PEOTS ¢
# 6ane & maswuax posao

Moveunan u
nevéHouHan
AnchyHKUmMn

Adpwcn, € momenr:
noRBAEHIA 8 1976 roRy Geuno 18
SCNBILICK ITOM AMNODANN B FRX
CTPANAX, KIK [OMOKPATINECKIR
PecryGamna Koweo, a6ow, Yranas

Cyman. . \/,?—

BrAd AHAODIARAN HIIBINeR
0 MECTY HX OTKPATIR
3107 spyC Hasam B wecrs pex, Koropan AN 1 3P
HAXOAMADCH BRI NOPOH BcTmH PO
mAChn a Kora ey
PecryGme Kowro. Bymasbymo




MepcneKkTuBHbIe HanpasaeHua B8 obnactn Ml moaenmpoBaHua
MmemM6OpaHHbIX cucTem

- T'MbpmpHbie MO mopenu, B KOTOPbIX pPa3fiM4yHbIe KOMMOHEHTbI
CUCTeMbl, TaKue Kak membpaHa, conbBaTHasa cpega M m3syvyaemoe
coegvHeHue MOryT paccmMmartpuyBatbCA Ha pa3HOM YpOBHe
MO EeKYNAPpHOM AeTanusauuvm, BKMnouas NnOJNIHOATOMHbIE,
ynpouweHHble U pparMmeHTUpoBaHHbIe MOoAernu.

- CMewaHble MONEeKynapHOo-AUHaAMMNYECKUEe\KBaHTOBO-XMMMUUYeCcKue
Mmopenmu (MM/QM), B KOTOpPbLIX MU3y4Yaemoe coeauHeHue
paccmarpmBaetrca Ha ypoBHe ab-initio, B To Bpema membGpaHa m
BoaHaa chasa onucbiBarloTCcAa cunoebiMm nonem M.

- Ab-initio MoOneKynsapHas AVHaAMMKa BCEMm cUucrTemsbl
membpaHa\Bopa.



MporpammHblie naketbl ana Ml moaenuposaHus

MpakTnueckn Bce nonynsapHsbie Ml nporpammMmbl MMEIOT roToBble NMOJSIHOATOMHbIE
M YyNpouweHHble CUJIOBbIe MNOJIA U reoMeTpMm NUMNUMAHbIX MemMmbpaH Ana NpocTbixX
OAHOKOMMOHEHTHbIX NMMNUAHbIX cuctem!

Mporpammbi:

GROMOS

http://www.gromos.net/

GROMACS

http://www.gromacs.org/

NAMD

http://www.ks.uiuc.edu/Research/namd/

CHARMM

http://www.charmm.org/

AMBER " CHARMM ?

http:/ambermd.org/ AMBER ?
GROMOS ?

LAMMPS Slipids ?

http:/lammps.sandia.gov/ — ?

DL_POLY

http://www.stfc.ac.uk

Bawa cob6cTBeHHas nporpaMmma ...


http://ambermd.org/
http://www.stfc.ac.uk/
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GROMACS GROMACSs

http://www.gromacs.org/
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About GROMOS

How to get
GROMOS

Downloads
GROMOS updates
BIOMOS

FAQ

Contact

About the GROMOS software for biomolecular simulation

MNonynapHble NnporpaMmmHbie NaKeTbl

1. What is GROMOS

GROMOS™ is an acronym of the GROningen MOlecular Simulation
computer program package, which has been developed since 1978 for
the dynamic modelling of (bio)maolecules, until 1990 at the University of
Groningen, The Netherlands, and since then at the ETH, the Swiss
Federal Institute of Technology, in ZUrich, Switzerland. Its development
is driven by the research group of Wilfred van Gunsteren.

since the last official release of the GROMOS software and manual in
1996, called GROMOS96, no comprehensive release occurred. Yet the
GROMOS software has seen a steady development since 1996, see e.g.
Christen et al. 3. Comput. Chem. 26 (2005) 1719. The programming
language has been changed from FORTRAN to C++, the documentation
has been put into electronic form, and many new features have been
included in the software.

To the development of the new code and manuals many current and
former members of the research group for Informatikgestitzte Chemie
(igc) have contributed : Jane Allison, Dirk Bakowies, UIf Bdrjesson,
Roland Birgi, Alexandra Choutko, Clara Christ, Markus Christen, Jozica
Dolenc, Andreas Eichenberger, Daan Geerke, Alice Glattli, Halvor Hansen,
Bruno Horta, Philippe Hinenberger, Mika Kastenholz, Anna-Pitschna
Kunz, Katharina Meier, Chris Oostenbrink, Christine Peter, Maria Reif,
Sereina Riniker, Heilko Schafer, Nathan Schmid, Denise Steiner, Donggi
Wang, Haibo Yu, to mention a few.

The GROMOS software is to be distinguished from the GROMOS force
fields for biomolecular systems, of which the latest versions are coded
as:

45A3/4 J. Comput. Chem. 22 (2001) 1205-1218
Eur. Biophys. 1. 32 (2003) 67-77
1. Comput. Chem. 26 (2005) 725-737
1. Comput. Chem. 26 (2005) 1400-1412
S53A5/6 J. Comput. Chem. 25 (2004) 1656-1676
S4A7 J. Comput. Chem. 31 (2010) 1117-1125
Eur. Biophys. 1. 40 (2011) 843-856

2. GROMOS documentation

The GROMOS software manuals that accompanied the major releases of
1987 and 1996 are:

W. F. van Gunsteren and H. J. C. Berendsen, Groningen Molecular
Simulation {GROMQOS) Library Manual, Biomos, Groningen, The
Netherlands, 1987, pp. 1-221.



et NAM
http://www.ks.uiuc.edu/Research/namd/

MonynapHble NporpaMmmHble NaKeTbl

ScalableMolecular Dynamics

NIH CENTER FOR MACROMOLECULAR MODELING & BIOINFORMATICS  UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN

THEORETICAL and COMPUTATIONAL

BiorHnysics Grour

Home Research Publications Software Instruction News Galleries Facilities About Us

Home

Overview

Publications

Research

Software

b NAMD

b vMD

* GPU Computing
b BioCoRE

¥ MDFF

¥ Other

Qutreach

Download NAMD

Download VMD

Parallel
Programming
Laboratory

NAMD

Scallable-Molecular Dynamics

MAMD, recipient of a 2002 Gordon Bell Award and a 2012 Sidney Fernbach Award. is a parallel molecular dynamics code designed for high-performance simulation of large biomolecular systems. Based on Charm++ parallel objects, NAMD scales to
hundreds of cores for typical simulations and beyond 200,000 cores for the largest simulations. NAMD uses the popular molecular graphics program VMD for simulation setup and trajectory analysis, but is also file-compatible with AMBER, CHARMM, and X-
PLOR. NAMD is distributed free of charge with source code. You can build NAMD yourself or download binaries for a wide variety of platforms. Our tutorials show you how to use NAMD and VMD for biomolecular modeling.

/NEW] The 2005 reference paper Scalable molecular dynamics with NAMD has over 3000 citations as of July 2013,
Wit, grit and a ield chemical of HIV capsid (article referring to NAMD simulations on Blue Waters reported in Zhao et al., Nature, 497:643-646, 2013.
g P P ¥ P! 9 P

/NEW/ Rapid parameterization of small molecules using the force field toolkit, JCC 2013

Search all NAMD resources: ‘Seamh MAMD web site and tutorials ‘ [ Google ]

Spotlight: Probing Parkinson's (Apr 2007) Other Spotlights

SDSC News Release: SDSC and UC San Diego researchers are using NAMD to zero in on the causes of Parkinson's disease, Alzheimer's disease, rheumatoid arthritis and other diseases. The April 2007 FEBS ..
Journal cover story offers—for the first time—a model for the complex process of aggregation of a protein known as alpha-synuclein, which in turn leads to harmful ring-like or pore-like structures in human membranes, the =

kind of damage found in Parkinson's and Alzheimer's patients. The researchers also found that the destructive properties of alpha-synuclein can be blocked by beta-synuclein—a finding that could lead to treatments for » £FEBS
many debilitating diseases. Journal

Lead author Igor Tsigelny, SDSC researcher and project scientist in chemistry and biochemistry at UCSD. said that the team's research helped confirm what researchers had suspected. “The present study—using molecular
modeling and maolecular dynamics simulations in combination with biochemical and ultrastructural analysis—shows that alpha-synuclein can lead to the formation of pore-like structures on membranes.” In contrast, he said,
“beta-synuclein appears to block the propagation of alpha-synucleins into harmful structures ™

“This is one of the first studies to use supercomputers to model how alpha-synuclein complexes damage the cells, and how that could be blocked.” said Eliezer Masliah. professor of neurosciences and pathology at UC San
Diego. “We believe that these ring- or pore-like structures might be deleterious to the cells, and we have a unique opportunity to better understand how alpha-synuclein is invalved in the pathogenesis of Parkinson's disease,
and how to reverse this process.”

Overview Announcements
Having Problems with NAMD? NAMD 2.10 New Features /NEW/
Why NAMD? {in pictures) HAMD 2.9 New Features
Molecular Dynamics Flexible F HAMD 2.9 (April 2012)
Steered Molecular Dynamics 2011 User Survey Report
| ive Molecular Dy i HAMD 2.8 New Features
Features and Capabilities HAMD 2.8 (May 2011}
Performance Benchmarks NAMD 2.7 New Features
Publications and Citations HAMD 2.7 (Oct 2010)
Credits and Development Team ’ How to Cite NAMD

Previous Announcements

Availability

Nacumeantatinn




CHARMM

http:// www.charmm.org/
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p» CHARMM

» Package

» Development
» Documentation

CHARMM

CHARMM News (Oct. 22, 2012):

The most recent release of CHARMM makes available to users significant performance
enhancements for conventional molecular dynamics calculations, e.g., MD with explicit solvent
and periodic boundary conditions using PME. This enhanced performance comes from the
development and introduction of the DOMDEC module, by Antti-Pekka Hynninen and Michael
Crowley, for simulations on parallel architectures, and for GPU accelerated molecular
dynamics from the CHARMM/OpenMM interface, developed by Michael Garrahan and
Charles Brooks, which leverages the relatively mature OpenMM API developed by Vijay
Pande and coworkers at Stanford. For more information, please see this page.

CHARMM News (Apr. 30, 2012):

An advanced CHARMM tutorial will be held from May 7-10, 2012, at the National Institutes of
Health main campus in Bethesda, MD. A full schedule may be found on the CHARMM forums.

CHARMM (Chemistry at HARvard Macromolecular Mechanics):

+ |5 a versatile and widely used molecular simulation program with broad application to
many-particle systems

+ has been developed with a primary focus on the study of molecules of biological
interest, including peptides, proteins, prosthetic groups, small molecule ligands, nucleic
acids, lipids, and carbohydrates, as they occur in solution, crystals, and membrane
environments

» provides a large suite of computational tools that encompass numerous conformational
and path sampling methods, free energy estimates, molecular minimization, dynamics,
and analysis techniques, and model-building capabilities

+ is useful for a much broader class of many-particle systems

s can be utilized with various energy functions and models, from mixed gquantum
mechanical-molecular mechanical force fields, to all-atom classical potentials with
explicit solvent and various boundary conditions, to implicit solvent and membrane
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AMBER

http://ambermd.orq/

"AMBER is better, it goes up fo 12'.
(Learn more about real Amber)

Amber Home Page

AmberTools13  Amber12  GPUinfo  Reference Manuals Tutorials ~ Updates  Maillists  Force Fields Contacts Deveiopers

News The AMBER co Nty congr Martin Karplus, Michael Levitt and Arieh Warshel on winning the 2013 Nobel Prize in chemistry
for their work in computational biology

Aug 2013, GTX-780 and Titan
GPUs now officially supported.

Updated benchmarks and Assisted Model Building with Energy Refinement
nded hardw
mmmm;aﬂibie_r vare "Amber" refers to two things: a set of molecular mechanical force fields for the simulation of biomolecules (which are in the public domain, and are used in a variety of

simulation programs); and a package of molecular simulation programs which includes source code and demos.

_ Amber is distributed in two parts: AmberToolsI3 and Amberl2. You can use AmberTools13 without Amberl2, but not vice versa. See below for information on how to obtain
AmberToolsl3 released on April

22, 2013 Amberl2.
Lin I I xv- A good general overview of the Amber codes can be found in:
=—— 5 ;giiﬂfzf}iira}:jogigifpv R. Salomon-Ferrer. D.A. Case. R.C.Walker. An overview of the Amber biomolecular simulation package. WIREs Comput. Mol. Sci. 3, 198-210 (2013). (PDF)

Recommended GPU Hardware D.A. Casc, T.E. Cheatham, III, T. Darden, H. Gohlke, R. Luo, K.M. Merz, Ir., A. Onufricv, C. Simmerling, B. Wang and R. Woods. The Amber biomolecular simulation
programs. J. Computat. Chem. 26, 1668-1688 (2005).

i\

W 22, AR (VD) An overview of the Amber protein force fields, and how they were develaped, can be found in: J.W. Ponder and D.A. Case. Force fields for protein simulations. Adv. Prot.
Workstations Announced - Chem. 66, 27-85 (2003). Similar information for nucleic acids is given by T.E. Cheatham. IIT and M.A. Young. Molecular dynamics simulation of nucleic acids: Successes,
Recommended Hardware for limitations and promise. Biopolymers 56, 232-256 (2001)
GPU Acceleration

Please cite the use of AMBER 12 and AmberTools 13 as:
D.A. Case, T.A. Darden, T.E. Cheatham. III, C.L. Simmetling, J. Wang, R.E. Duke. R. Luo, R.C. Walker, W. Zhang, K.M. Merz. B. Roberts. S. Hayik, A. Roitberg. G.

Sep 2012, Major GPU Update Seabra, J. Swails, A.W. Goetz, I. Kolossviry, K.F. Wong, F. Pacsani, J. Vanicek, RM. Wolf, I. Liu, X. Wu, S.R. Brozell, T. Steinbrecher, H. Gohlke, Q. Cai, X. Ye, I.
Patch Released ‘Wang, M.-J. Hsich, G. Cui, D.R. Roe, D.H. Mathews, M.G. Scetin, R. Salomon-Ferrer, C. Sagui, V. Babin, T. Luchko, S. Gusarov, A. Kovalenko, and P.A. Kollman
’ (2012). AMBER 12, University of California, San Francisco.
Qu"Ck "’nks For use of the GPU accelerated code please also cite the following:
PME: Romelia Salomon-Ferrer; Andreas W. Goetz; Duncan Poole; Scott Le Grand; & Ross C. Walker* "Routine microsecond molecular dynamics simulations with AMBER
Amber force fields - Part II: Partiole Mesh Ewald” . J. Chem. Theory Comput., 2013, in press. DOL 10.1021/ct400314y
e Amber-related links GB: Andreas W. Goetz; Mark I. Williamson: Dong Xu: Duncan Poole: Scott Le Grand: & Ross C. Walker* "Routine microsecond molecular dynamics simulations with
I | ItDS Benchmarks AMBER - Part I: Generalized Born", J. Chem. Theory Comput.. (2012), 8 (5). pp 1542-1555 . DOL: 10.1021/c1200909;

DT Qe
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LAM M I s LAMMPS Molecular Dynamics Simulator

= lamp: a device that generates light, heat, or therapeutic radiation; something that illumines the mind or soul -- www.dictionary.com
- g g 4 Y
http:/lammps.sandia.gov/

hover to animate -- wnput seript

hysical analog (start at 3:25) & explanation

Big Picture Code Documentation Results Related Tools Context User Support
Features Download Manual Publications Pre/Post processing Authors Mail list
Non-features SourceForge Developer guide Pictures Pizza py Toolkit History Workshops
FAQ Latest features & bug fixes Tutorials Movies Offsite LAMMPS packages & tools Funding User scripts and HowTos
Wish list Unfixed bugs MD to LAMMPS glossary Benchmarks Visualization Open source Contribute to LAMMPS
Pull requests Commands Citing LAMMPS Related modeling codes

i R [ I} Soft Matter ;»\Iumr
» wiid w

LAMMPS 15 a classical molecular dynamics code. and an acronym for Large-scale Atomic/Molecular Massively Parallel Simulator.
LAMMPS has potentials for solid-state materials (metals. semiconductors) and soft matter (biomolecules. polymers) and coarse-grained or mesoscopic systems. It can be used to model atoms or. more generically. as a parallel particle simulator at the atomic. meso. or continuum scale.

Llnux LAMMPS runs on single processors or in paralle] using message-passing techniques and a spatial-decomposition of the simulation domain. Many of its models have versions that provide accelerated performance on CPUs, GPUs. and Intel Xeon Phis. The code is designed to be easy to modify
— or extend with new functionality.

i ‘ LAMMPS s distributed as an open source code under the terms of the GPL. The current version can be downloaded here. Links are also included to older F90F77 versions. Pertodic releases are also available on SourceForge.

LAMMPS s distributed by Sandia National Laboratortes. a US Department of Energy laboratory. The main authors of LAMMPS are listed on this page along with contact info and other contributors. Funding for LAMMPS development has come primarily from DOE (OASCR. OBER. ASCL.
LDRD. Genomes-to-Life) and 1s acknowledged here.

The LAMMPS web site s hosted by Sandia. which has this Privacy and Security statement

Search the LAMMPS web pages

44
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DL_POLY #STRC

http://www.stfc.ac.uk Computational Science and Engineering Department

e 7 o)

Publications... Research and development... Online resources... Support and services...

CSE Home Welcome to STFC's Computational Science
About us and Engineering Department

Careers in CSE, how to
contact us, where to find us...

Ensuring that UK researchers benefit from the best computational methods

Support and services and techniques
Support and services

The Computational Science and Engineering activities within the UK's Science and
Technology Facilities Council provide world-class expertise and support for the UK
theoretical and computational science communities, in both academia and industry.
Our cost-effective and efficient services are enabling predictions from complex
theories to be calculated from first principles and be compared directly with
experimental data.

Research and

Development
Research and Development

Online Resources
Online Resources

R Highlights 2011
Publications Download a copy of our 2011 Annual Report
Publications

The HSL library &
A collection of threadsafe ISO Fortran codes for large scale scientific
computation

News and events
News and events

Case Study &
Code development on IBM BlueGene/P using the Totalview debugger

INSTRUCT Associate Centre
SCD hosts hub of the Computational Centre for Integrated Structural Biology

SCD partners in North-West Virtual Engineering Centre &

SCD hosts Knowledge Centre for Materials Chemistry &

CECAM at Daresbury

e
i o
1=
o
»

The SCD Seminar Programme


http:///
http://www.stfc.ac.uk/

BbiBOAbI

B 3aBMCMMOCTM OT NOCTABJIeHHOM 3agaum Heobxoamumo
BbiOpaTh afeKBaTHYIO N0 MOJMEKYNSApHOM aeTanmsaumm v
cnoxHoct M1 mogens membpaHbl U NpOrpaMMHbIN
nakert
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