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What is OpenMM Zephyr?

« Graphical user interface for running GPU
accelerated molecular dynamics
simulations

« Automates running of gromacs programs
http://www.gromacs.orqg/

 Discoverable interface
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Zephyr is a GUI layer on OpenMM,
Gromacs, and VMD
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simtk.org/home/

U o VILJ

VMD visualization
www.ks.uiuc.edu/Research/ package

API

simtk.org/home/




Introductory Demonstration

EIVMD 1.8.6 OpenGL Display -Jokd

‘T Running OpenMM Zephyr : alanylalanine_capped.pdb -J\0 K’

bl )

A‘b OpenMM Zephyr

Molecules| Parameters| Status: Running IVMD console| About|

Simulation running...

( J

0.100 picoseconds simulated (of 100.000 total)

Elapsed lab time 2.8s

Calculating time remaining...

gromacs output :
Started mdrun on node 0 Mon Feb 02 21:19:58 2009 [a]
Step Time Lambda
1 0.00200 0.00000
Step Time Lambda
50 0.10000 0.00000

Waiting for IMD socket connection to VMD on port 3000... r
Waiting for IMD socket connection to VMD on port 3000... 'VMD Main - D

Waiting for IMD socket connection to VMD on port 3000...
File Molecule Graphics Display Mouse Extensions Help I
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Zephyr Community Resources

O Sign up for “OpenMM Zephyr News”
mailing list
https://simtk.org/mail/?group id=352

OOpenMM Zephyr forums
https://simtk.org/forum/?group_id=352
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Current Zephyr Restrictions

* Windows XP or Vista

32 bit

Implicit solvent only
Amber96 force field only

Standard protein/RNA/DNA molecules
only

For GPU accelerated dynamics:
must have supported GPU and drivers

—Jim



VMD Molecular Graphics Viewer

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

B VMD 1.8.6 OpenGL Display

~IVMD Main BEX|

File Molecule Graphics Display Mouse Extensions Help

ID T A D F Molecule Atoms Frames Vol
0 TAD 1L2Xpdb 919 1 0

Loop ¥

dl| zoom ™

& VMD - Visual Molecular Dynamics - Mozilla Firefox

TIng -
look as expected.

Info)> In any publication of scientific results based in part or
Info) completely on the use of the program STRIDE, please reference:

Info> Frishman.D & Argos.P. (1995)> Knowledge—hased secondary structure

Info> assignment. Proteins: structure, function and genetics, 23, 566-579.
Error reading PDB file DOCUME~1N\CHRIST“1\LOCALS “1\Temp\2

[ERROR> Unable to find Stride output file: C:\DOCUME“1\CHRIST™1\LOCALS“1\Temp\3
[ERRORY Stride::read_stride_record: unabhle to read output file from Stride
[ERROR> Call to Stride program failed.

[@l3

File Edit View

= ~ TCe http://www.ks.uiuc.edu/Research/vmd/

History Bookmarks Tools Help

[ )

P Getting Started [} Latest Headlines

~
THEORETICAL and COMPUTATIONAL
BiorHYsics GROUR >
NIH RESOURCE FOR MACROMOLECULAR MODELING AND BIOINFORMATICS
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN
t.sl\m Molecular Dynamics
VMD is a molecular visualization program for displaying, animating, and analyzing large biomolecular
systems using 3-D graphics and built-in scripting. VMD supports computers running MacOS-X, Unix,
or Windows, is distributed free of charge, and includes source code
(more details...)
Spotlight (
VMD supports user-defined material and shading properties that can be ~ &
used to render molecular graphics in a more illustrative style. Future &
versions of VMD will expand on this capability through increased use of ¢
VMD programmable shading technology. This will bring many molecular
c . rendering features previously found only in batch mode software e ’
P:g]el:umty renderers into the realm of interactive molecular visualization L
Other Spotlights
Download
VMD Overview News and Announcements
\-Il-mgrials Molecular representations NVIDIA Appoints First CUDA Center of Excellence €GP
Supported molecular file formats Using VMD - an introductory tutorial Current Protocols -
GPU-accelerated computing Bioinformatics, 2008. In press
VMD N . . .
Interactive molecular dynamics Membrane Structural Biology book cover made with
Manuals "
Required software VMD
VMD Programs that use VMD GPU accelerated cutoff pair potentials paper, ACM
Mailing VMD publications Computing Frontiers, pp. 273-282, 2008
List How to cite VMD, Papers citing VMD  GPU Computing paper, Proceedings of the IEEE, 96:879-899,
2008 €I
Download J. Comp. Chemistry cover image made with VMD
GPllLaccelerated molecular modelina naner .1 Comn A
3 Find:
Done




Downloading Zephyr

File Edit View History Bookmarks Tools Help

6 v c X & Ehttps://simtk.org/project/xml/downloads.)a'nl?group_id=352

Most Visited Getting Started |5\ | Latest Headlines

Home Search Simtk.org

About ST [ emres LogTn
/| How to Contribute Advanced Search Create Project Register

Overview (0] pen
Team Do o
 Downloads
OpenMM Zephyi
Advanced . " . . "
Graphical user interface for running OpenMM version of Gromacs. To install Zephyr, you need to
have Tcl/Tk installed first. To use Zephyr's visualization capabilities, you will also need to install
Downloads & VMD (optional but recommended).
Source Code Zephyr 0.3
OpenMM Zephyr January 30, 2009
OpenMM cephyr
Notes
Additional GPL source
code
This project also makes
source code Download Links [
available.
Programs used by Zephyr -- Install First
Tcl/Tk (URL) binary Any Jan 30, 2009
Description: Link to download Tcl/TK. Version 8.5 is needed to run OpenMM Zephyr.
VMD (URL) binary Any Jan 30, 2009
D iptic Link to molecul; li 1 program VMD. Required by Zephyr for
visualizing simulation results.
OpenMM Zephyr > J 7
InstallZeph . L-winlR2.exe (7534 kB) binary ~ Windows Jan 30, 2009
Description: Please st a directory with no space characters
List all previous releases
Additional GPl source code & [v
Done simtk.org %




Install in a Folder with no
space characters

* |nstall in “C:\Zephyr”

 NOT “Program Files”

 NOT "My Documents”

* |ssue with this version of gromacs
* No spaces in the entire path
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Either:

A’ Run these gromac B: Click “Simulate”
SO Rbutton in Zephyr

programs
INPUT: :
PDB structure file p_dp— force field INPUT: :
pdb29ml parameters PDB structure file 2%
fob arp
editconfl
tor
W | 3 simulzte )|
grompl
minimize
tpr
energy
mdrunl simulation
: parameters
B —9_ .mdp l 3 _
gromprl Ly pdb id OUTPUT: structure
molecular | GBSA t ¥ and trajectory
dynamics tpr \ parameters
.agb
mdrunl =

OUTPUT: structure
Jt— and trajectory
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Simulation Parameters

T (Idle) OpenMM Zephyr : alanylalanine_capped.pdb I__][E]m‘

~»

;‘5 OpenMM Zephyr

| Molecules| Parameters | (1) | 1D conole | About]

Prepare simulation

How long to simulate
100.0v|ps | 50000| v |steps 0.002|v| ps/step
Temperature Force field

room|v| | 22.00(v|ec | 205.5)v|k 716|w|oF  Amberds v

Minimize energy before dynamic simulation

Simulation hardware: CPU OpenMM ref. ‘3
Live viewing in VMD
View simulation live in VMD  every 0.1 ‘3 ps 50 Elsteps
Socket for coordinates: 3000 for commands: 3001

Save trajectory frames

every | 2.0(v|ps | 1000]v|steps

< Back

uS|mulate




Example: villin head piece

Obased on PDB structure 1vi
O GPU acceleration

OVMD update frequency
OVMD representation
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Example: RNA

e gcaa.pdb file of RNA duplex
 Investigate gromacs commands
« Save output from VMD
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Saving output

* trajectory and coordinate files in
simulation folder

e save from VMD
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Read the red lines to learn to run

Gromacs-OpenMM on the
command line

£ 100% OpenMM Zephyr : alanylalanine_capped.pdb BEX|

~»

;‘5 OpenMM Zephyr

Molecules| Parameters| Status: 100% ‘VMD console| About|

Simulation complete

100.000 picoseconds simulated (of 100.000 total)
Elapsed lab time 36.5s
Done

gromacs output :

Back Off! I just backed up posre.itp to ./#posre.itp.44# kj

Writing coordinate file...

Back Off! I just backed up alanylalanine_; » .gro to ./#alanylalanine_caL*
pped_processed.gro. 39%

Program pdb2gmx completed.

Starting program editconf...

"C:/Zept

r/bin/win32/editconf" -bt cubic -d 0.7 -f "alanylalanine_ capped processed.g
ro" -o "alanylalanine_capped processed.box.gro"

<) G R O M A C 5 (-:

Gyas ROwers Mature At Cryogenic Speed

:-) VERSION 4.0.3pre_zephyr (-:

Written by David van der Spoel, Erik Lindahl,
Copyright (c) 1991-2000,
Copyright

Berk Hess, and others.
University of Groningen, The Netherlands.
(c) 2001-2008, The GROMACS development team,
check out http://www.gromacs.org for more information.

This program is free software;

cands Eee S endne

you can redistribute it and/or

-_< Parameters @ cance




Time Scales in Molecular
Mechanics

femtosecond 10-"° second bond vibration
picosecond 10-? second side chain motion
nanosecond 10 second protein tumbling
microsecond 10 second helix/coil transition
millisecond 10-3 second protein folding
second 109 second protein synthesis




Example: polyalanine

* Viscosity
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Macromolecules, residues, and
atoms

RNA, DNA, and protein are large molecules
called macromolecules

O Macromolecules consist of chains of residues

Macromolecule

=== I\ /°

: Residues




PDB File format

O Text format: humans can read it too

O Most of the information is atomic
coordinates

OPDB files usually contain multiple
molecules, including water molecules
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Example: alanylalanine

ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM

bicy

atom

namg na&ne

© 00 Jd o 1 & W NP

H R R R R R
o B WN R O

residue residue
nhl‘mber X

CH3 ACE
C ACE
o) ACE
N ALA
CA ALA
Cc ALA
o) ALA
CB ALA
N ALA
CA AILA
C ALA
0) ALA
CB ALA
N NME
CH3 NME

ooy PP PP oYY

Bk W W ww W dDNMNDMDNMDMNMNR, R R

22.
20.
19.
19.
18.
.892
.014
17.
18.
.869
17.
.008
18.
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19.

17
17

17

17
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827
934
479
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390
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564

103
295

N 0 W VW Jd 00

1

o

& 01 oy U1 OV J

y

.496
.634
.940
.503
.595
.295
.634
.774
. 947
.776
.462
.685
.635
.218
.009

12.
12.
13.
11.
11.
11.
11.
11.
10.
.374
10.
10.
.058
10.
11.

678
719
456
885
851
241
796
004
077
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245

736
474

R R R R R B R RRRBRBRBRRR

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

21.
24.
25.
22.
22.
25.
25.
22.
20.
21.
28.
27.
21.
23.
20.

24
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32
94
62
61
04
91
56
22
38
17
05
99
74

02 0000200002000




PDB: The Protein Data Bank

Ohttp://www.rcsb.org/pdb/

ORepository of DNA, RNA, and protein
atomic structures

O Contains experimental results, not
perfect models

OEntries identified by 4 character ID, e.q.
“IMRP”, “1GRZ”

OUse “advanced search” at PDB web site
to find structures.

—Jim



@ RCSB Protein Data Bank - Mozilla Firefox

File Edit View History Bookmarks Tools Help

= JOES

<El © < @ /,_l} |-~ http://www.rcsb.org/pdb/home/home.do

pdb
- M Gmai - Inbox (460)

\LI G| Search ~ «

» Ly &

RCSB Protein Data Bank (3 |

B[ »]

o -
PROTEIN DATA BANK

CONTACT US | HELP | PRINT PAGE
|" Home] Search

~ @ Home
m Getting Started
» Download Files
» Deposit and Validate

p Structural Genomics
) Dictionaries & File Formats
p Software Tools
» General Education
) Site Tutorials
- @ BioSync
p General Information
- m Acknowledgements
- ® Frequently Asked Questions
A Report Bugs/Comments

Quick ‘Tiﬂx: RILID

Retrieve structures of
sequence variants for any
PDB ID using Advanced
Search? Click here.

a memeer or THE @ IPDB

Information Portal to Biological Macromolecular Structures
As of Tuesday Apr 24, 2007 El there are 43045 Structures @ | PDB Statistics @

o PoB D orkeyword @ Author || @ | Advanced Search

Welcome to the RCSB PDB

The RCSB PDB provides a variety of tools and resources for studying the structures of biological macromolecules
and their relationships to sequence, function, and disease.

The RCSB is a member of the wwPDB whose mission is to ensure that the PDB archive remains an international
resource with uniform data.

This site offers tools for browsing, searching, and reporting that utilize the data resulting from ongoing efforts to
create a more consistent and comprehensive archive.

Information about compatible browsers can be found here.

A narrated tutorial €2 illustrates how to search, navigate, browse, generate reports and visualize structures
using this new site. [This requires the Macromedis Flash player download.]

Comments? info@rcsb.org

Molecule of the Month: Clathrin

With its intricate meshwork of protein braids and alluring symmetry,
clathrin is sure to seize your attention. It was named in the 1960s for
its clathrate (lattice of bars) appearance in electron micrographs, and
to this day, this beautiful molecule invokes intensive study. Like many
proteins, clathrin represents a perfect case of form following function;
it performs critical roles in shaping rounded vesicles for intracellular
trafficking.

® More ...

® Previous Features

u Complete News
= Newsletter
® Discussion Forum

24-April-2007
Announcement: Release
of Remediated PDB Data

The wwPDB has
collaborated on a project
to remediate the PDB
archive and create a new
set of corrected files.

A new FTP server
containing the remediated
data has been set up for
testing. The access
details for this site are
provided at
http:/fwww.wwpdb.org/
remediation-downloads.html.
The new ftp site will be
updated weekly in concert
with the current
production site at
ftp://ftp.rcsb.org. Both sites
share the same
organizational structure.

The entire archive has
been reviewed and
remediated with the
objectives of improving
the detailed chemical
description of non-polymer
and monomer chemical
components;
standardizing atom
nomenclature; updating

Done
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@) RCSB PDB : Structure Explorer - Mozilla Firefox Q@

File Edit View History Bookmarks Tools Help

’\f v v \\{‘-' :L‘ http://www.rcsb.org/pdb/explore/explore.do?structureld=1MRP 2| v | B
pdb v | |G| search -+ B & [& pdb

1 Gmail - Inbox (461) RCSB PDB : Structure Expl... . v

a memeer oF THE @ IPIDB

- - - -
_F) D b)) 4-Character ID An Information Portal to Biological Macromolecular Structures —
PROTEIN DATA BANK As of Tuesday Apr 24, 2007 B there are 43045 Structures @ | PDB Statistics @

CONTACT US | HELP | PRINT PAGE oroBiDo eyword @ Author |GG = © | Advanced Search RSS Feed for the Latest Released Structures

Home Searchl Structurel Queries Help cture Summary| Biology & Chemistry| Materials & Methods| Sequence Details| Geometry

1IMRP R E® DOI 10.2210/pdb1mrp/pdb  POIEHEEEL G RAUEIE P2t

= 1MRP

Structure Factors File History Deposition 1997-05-14 Release 1998-01-28

Download Files Red - Derived Information Asymmetric Unit
m PDB Fil =
e Title FERRIC-BINDING PROTEIN FROM HAEMOPHILUS INFLUENZAE
m PDB gz
® PDB File (Header) Bruns, C.M., Nowalk, A.J., Arvai, A.S., Mctigue, M.A., Vaughan,
® mmCIF File Authors K.G., Mietzner, T.A., Mcree, D.E.
m mmCIF gz
® mmCIF File (Header)
® PDBML/XML File Bruns, C.M., Nowalk, A.]., Arvai, A.S., McTigue, M.A., Vaughan, K.G., Mietzner,
I T.A., McRee, D.E. Structure of Haemophilus influenzae Fe(+3)-binding protein reveals
® PDBML/XML gz Primary Citation Cconvergentevolution within a superfamily. Nat StructBiol. v4 pp.919-924, 1997
M)
m PDBML/XML File (Header) [Abstract] 2
|
|

Structure Factors gz

Biological Unit Coordinates Experimental 1 oe X-RAY DIFFRACTION Data B [EDS]
B FASTA Sequence

Display Options @

- - . KiNG
b Display Files Resolution[A] # R-Value R-Free Space Group Jmol
) Display Molecule Parameters 1 g0 0.179 (obs.) 0.240 P2y22 WebMol

MBT SimpleViewer

m Structural Reports MBT Protein Workshop

m External Links QuickPDB
. ) Length [A] a 13219 b 52.45 (5 41.26 All Images
b Structure Analysis Unit Cell  pngles ] alpha 90.00 beta 90.00 gamma  90.00
) Help
Molecular

Description Polymer: 1 Holecule: FERRIC IRON BINDING PROTEIN  Chains: _
Asymmetric Unit

&MiC'é %ﬂj’ 3 X Classification Iron Transport

Tq view sequence details of Source Polymer: 1  Scientific Name: Haemophilus influenzae & Expression system: Escherichia coli
this structure click on the

Sequence Details tab above Chemi ) ;
emical : Drug Hapten  Ligand Ligand ~
the summary page. Component  'dentifier Name Formula Similarity  Similarity ~ Structure Interaction @

noa NUNCNUATE 1IN n3 (2] (] VA 1 IRV 1

http://www.rcsb.org/pdb/rss/LastLoad EE]




Preparing PDB Files in a text
editor

ATOM 1 N
ATOM 2 CA
ATOM 3 C
ATOM 4 @)
ATOM 5 CB
ATOM 6 CG
ATOM 1 N
ATOM 2 CA
ATOM 3 C
ATOM 4 @)
ATOM 5 CB
ATOM 6 CG
atom names

bios

MET
MET
MET
MET
MET
MET

b

NMETA
NMETA
NMETA
NMETA
NMETA
NMETA

\

41
41
41
41
41
41

41
41
41
41
41
41

177
.292
.488
.039
.674
.091

177
.292
.488
.039
.674
.091

.035
.839
.912
. 937
.793
.889

.035
.839
.912
. 937
.793
.889

residue names

.493
377
.063
.709
.565
. 657

.493
377
.063
.709
.565
.657

L e

e

.00
.00
.00
.00
.00
.00

.00
.00
.00
.00
.00
.00

N =R R N

I L S

.04
.55
.22
.32
.98
.27

.04
.55
.22
.32
.98
.27

Q QO O 0  =Z

QO Q O 0  =Z




Some PDB Renaming Rules

Ohttp://chemistry.csulb.edu/ffamber/
ORemove water molecules

OResidue names
LYS => LYP, CYS => CYN
HIS => HIE, HID, or HIP
first residue e.g. ALA => NALA
final residue e.g. ASN => CASN

OAtom names
final residue O => OC1, OXT => 0OC2
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Submit feature requests and

File Edit View History Bookmarks Tools Help

r C X & Ehttps://simtk.org/tracker/?atid=813&group_id=352&func=browse

| Search Simtk.org

. [Home
| Cbout sk ——| I N
Create Project || Register

/ [ How to Contribute | Advanced Search

Overview OpenMM ZePth

Resolution: (?

Any
Changed: (2

[ [
D . Ascending .

Update Results
Open Date Assigned To Submitted By

* Denotes requests > 30 Days Old

Priority Colors:
12848

simtk.org %




