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1 Overview

1.1 Introduction to Molecular Dynamics

Researchers are increasingly using molecular dynamics (MD) simulations to model
molecular motion and help expand our knowledge and understanding of biology. Examples

of how MD simulations have been used include:

e Providing hypotheses for biological phenomena that cannot currently be observed
experimentally and guiding new experiments [1, 2, 3]

¢ Identifying which engineered molecules would be stable or would bind with another
molecule [3]

¢ Augmenting information provided by static structures, i.e., from x-ray
crystallography [4]

The potential uses for MD simulations are exciting, but getting started can be overwhelming
and time-consuming. OpenMM Zephyr was designed to get researchers running MD

simulations quickly.

1.2 What is OpenMM Zephyr?

OpenMM Zephyr is a freely downloadable application with a graphical user interface
that allows users to easily run the OpenMM version of GROMACS, a widely used MD
package. The OpenMM version speeds up the GROMACS simulations, so that more complex
molecules and/or longer processes can be simulated. Read more about OpenMM and how
to take full advantage of it in Section 1.3.

OpenMM Zephyr leads the user through the basic steps required to set up and run a
simulation, and also to visualize the simulation results using VMD, a popular molecular
visualization program. [Explain what is hard about learning to run MD simulations in
general?] Throughout the process, the specific GROMACS (and VMD?) commands being
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used are displayed, enabling users to teach themselves how to use the command-line

GROMACS package to run more (complex?) simulations.

1.3 What is OpenMM?

OpenMM is a freely downloadable, high performance, extensible library that allows
molecular dynamics simulations to run on high performance computer architectures, such
as computer clusters and graphics processing units (GPUs). This makes it more reasonable
to simulate complex molecules and/or longer processes. Performance speed ups of over

100X have been achieved in some cases using OpenMM. [5]

1.3.1 Running OpenMM on GPUs

Version 1.0 of OpenMM enables fast MD simulations on NVIDIA and ATI GPUEs.
GPUs are computer chips designed for generating computer graphics. Their parallel design
makes them also very useful for speeding up a variety of other applications, including MD
simulations.

To take advantage of these speed-ups, though, your computer needs to be equipped

with one of the supported GPU cards:

Supported NVIDIA GPUs:

http://www.nvidia.com/object/cuda_learn products.html

Supported ATl GPUs:
http://ati.amd.com/technology/streamcomputing/requirements.html

Your computer does not need one of these GPU cards to run OpenMM Zephyr, but your

simulations will not run as fast.

1.3.2 More information about OpenMM

You can learn more about the OpenMM project at http://simtk.org/home/openmm.
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2 Installation

2.1 Prerequisites

In order to run OpenMM Zephyr, you need a computer that runs Windows XP or
Windows Vista. Linux and MacOS will be supported in the future.

You will also need to install Tcl/Tk (see Section 2.1.1). And if you wish to use the
visualization capabilities of OpenMM Zephyr, you will need to install VMD (see Section
2.1.2).

To take advantage of GPU accelerated molecular dynamics you must have a
supported GPU (see section 1.3.1). Further, for Nvidia GPUs you must have CUDA version
2.0 installed, and for ATI GPUs you must have CAL and Brook installed [Links needed]. It
might be helpful to verify that CUDA or Brook are working by running some GPU test

programs.

2.1.1 Installing Tcl/Tk version 8.5

OpenMM Zephyr requires Tcl/Tk, version 8.5. You can download this version for

free from http://www.activestate.com/activetcl/ (Figure 1).
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@ ActiveTcl - Mozilla Firefox =JoEd
File Edit WView History Bookmarks Tools Help £
E - -@ {2} [ http:/jwvow.activestate. com/activetcl/ [=[p] f@\ -
Gl activetc %]
4P Getting Started [} Latest Headlines

ActiveSiale | meowmaric Languages Company register | signin | communiy tools | o.|:li

== The complete, ready-to-install Tcl
distribution for Windows, Mac 0S X, &
Linux, Solaris and AIX.

overview features resources testimonials + busines 3
develop
Complete and Ready-to-l Il L | Y, ActiveSta
ActiveTcl is the industry-standard Tcl distribution, available for § DOWNLOAD NOW ~ Perl Dev|
Windows, Linux, Mac OS X, Solaris, AX and HP-UX. Developers o 7 TelDevK
worldwioe rely on ActiveTcl's completeness and ease-of-use P
while corporate users protect their infrastructure and stay ActivePer
com petitive with quality-assured ActiveTcl Business Solutions. ActiveTcl
Learn aboutour robust and reliable ActiveTcl Enterprise, which Komodo |
gives you support and maintenance packages for your company. ye—
Counton our trusted ActiveTcl OEM Licensing, which provides ActivePer
you full redistribution rights, plus optional support and
co-marketing packages. AetveFy
Contact us today for more infarmation. ActveTcl
+ commul
m TGl devemper? ! e
T | FIND OUT MORE O eeaiion bl
M [ix]
Done

Figure 1: Website for downloading Tcl/Tk

From the website, click on the “Download Now” button. A dialog window will appear
asking if you want to “Run” or “Save” the program. If you do not see the dialog window,
make sure your pop-up blocker has been disabled. Click on “Save” and note where you save
the program!

Double-click on the program you just downloaded to install it. You may get a
“Security Warning” that the “publisher could not be verified.” Go ahead and click “Run.”

Follow the directions that appear on the screen to complete the installation.

2.1.2 Installing VMD (optional but recommended)

OpenMM Zephyr also uses the molecular visualization program VMD. If you do not
intend on visualizing the MD simulation results within OpenMM Zephyr, you do not need to
install VMD. However, to take full advantage of OpenMM Zephyr, it is recommended that
you install VMD.
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& VMD - Visual Molecular Dynamics - Mozilla Firefox

=] %]

File Edit View History Bookmarks Tools Help

TR -

ﬂj‘ |TCB http:/fwwvw.ks.uiuc.edu/Research/vmd/

b @ -

‘v|vmd

Y

# Getting Started [} Latest Headlines

Home
Overview
Publications

Research

VMD
Community
Pages

Download
ViMD
VMD
Tuto

VMD
Manuals

THEORETICAL and COMPUTATIONAL
BiorHysics Grour

NIM RESOURCE FOR MAGROMOLECULAR MODELINGAND BIOINFORMATICS 4
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN

tisua 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

"I would add that VMD (and similar
tools, if they yet exist) will become a
primary platform upon which to study
wide range of biological problems in

the future. VMD adds a new dimension |a

to the biologist's thinking. Certain
thoughts generated in interaction with
VMD images are inconceivable
otherwise; the ‘language’ essential to
generating these ideas would just not
be there! In other words, VMD is far
from a simple “visualization tool for a
biologist, it is a true thinking tool.
Without it a whole class of biological
hypotheses would simply not exist.”
- Carl Woese

Other Snotligh

Done

Figure 2: Download VMD from the University of Illinois

7

VMD can be downloaded for free from http://www.ks.uiuc.edu/Research/vmd/.

Click on the “Download VMD” link in the left-hand column (Figure 2). You will be taken to
another webpage, listing all the different versions of VMD. Select the Windows OpenGL

distribution of the most recent version.

You will be taken to a registration/login window. Provide a username and password,

and accept the license agreement that appears.

A dialog window will then appear asking if you want to “Run” or “Save” the program.

If you do not see the dialog window, make sure your pop-up blocker has been disabled. Click
on “Save” and note where you save the program!
Double-click on the program you just downloaded to install it.

“Security Warning” that the “publisher could not be verified.” Go ahead and click “Run.”

Follow the directions that appear on the screen to complete the installation.

You may get a
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2.1.3 Installing GPU software

If you intend to use GPU accelerated molecular dynamics, install CUDA (for Nvidia GPUS)
or CAL and Brook (ATI GPUs), and test them before running Zephyr. [More detail is needed

here]

2.2 Getting OpenMM Zephyr

2.2.1 Download OpenMM Zephyr

OpenMM Zephyr can be freely downloaded from https://simtk.org/home/zephyr.

From the main project page, click on the “Downloads” link in the left-hand column (Figure
3).

You will be taken to the Downloads webpage. Click on the link for
InstallOpenMMZepher.exe. If you are not already logged in to Simtk.org, you will be asked
to log in (or register). You will then be asked to describe how you plan to use this software.
Provide a description and then click “Download Now.”

A dialog window will appear asking if you want to open or save this file. Click “Save”

and note where you save the file!
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@ SimTK - the Simulation Toolkit, part of the Simbios project - Mozilla Firefox (- [CE3

File Edit View History Bookmarks Tools Help

@ > $ e @ /IJ} ‘E https://simtk.org/homefzephyr J|'| Dl T
" simtk zephyr |\‘-]

# Getting Started [} Latest Headlines

Search Simtk.org

© ) Aot s =
___| / [How to Contribute Advanced Search Create Project

°5t“§'.:'t"::“ : OpenMM Zephyr
Geography of use

Description OpenMM
Zephyr is a molecular
simulation application
for studying
molecular dynamics
of proteins and other
molecules. Zephyr
guides the user
through a work flow
for setting up and

Project
Lead

Christopher Bruns

Advanced

Downloads &
Source Code

running malecular Contact
This project has no dynamics
public downloads and applications, such as Driving Biological
has no source code. gromacs, that use the Problems
OpenlMM APT far This project is part of
molecular

Mvosin Dynamics
Protein Folding
RNA Folding

simulations.

The initial release of
Zephyr is scheduled
for January 2009. See the OpenMM project for more information.

Purpose/Synopsis OpenMM Zephyr provides a visual application
far running molecular simulations.

Audience Scientists who enjoy a graphical work flow for
simulating malecular mechanics.

Long Term Goals and Related Uses Enable scientists to run
molecular simulations using a discoverable graphical user
interface.
[

https://simtk.org/project/xml/downloads.xml?group_id=352 simtk.org

Figure 3: OpenMM Zephyr can be downloaded from Simtk.org

2.2.2 Install OpenMM Zephyr application

Save the InstallOpenMMZephr.exe program to your computer and then double click
to run the installer.

When you install OpenMM Zephyr, you will be asked where to save all the files. You
can save the files anywhere you like on your computer. However, the path name for the
installed files must not contain any spaces. This is a limitation of the version of
gromacs used as the basis for OpenMM Zephyr. For a Windows computer, a good place to

save the files is to C:\Zephyr.

Installing Zephyr to “My Documents” will not work. You will be
able to extract the files to that location but will not be able to run
OpenMM Zephyr from there. Remember: the path for the
OpenMM Zephyr files must not contain any spaces.
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Microsoft Visual C++ 2005 SP1 Redistributabl.... [= |[51)[X]

Please read the following license agreement. Press the PAGE DOWHN key
ta see the rest of the agreement.

MICROSOFT SOFTWARE LICENSE TERMS ~
MICROSOFT VISUAL C++ 2005 RUNTIME LIERARIES

These license terms are an agreement between Microsoft Corporation
(or based on where you live, one of its affiliates) and you. Please

read them. They apply to the software named above, which includes

the media on which you received i, if any. The terms also apply to

ary Microsoft

" updates,

" supplements,

" Intemet-based services, and

* support services

for this software, unless other terms accompany those tems. K so,

those terms apply.

By using the software, you accept these terms. f vou do not accept  +

Do you accept all of the terms of the preceding License Agreement? f you
choose Mo, Install will close. To install you must accept this agreement.

Yes Mo

Figure 4: The Zephyr installer installs some required Microsoft software libraries.

Click "Yes" to install these libraries.

Microsoft Visual C++ 2005 Redistributable

[ )

Figure 5: Sometimes the installation of the Microsoft libraries takes a while. Please be

patient.

If you have successfully installed Zephyr, you should see the following files and

directories:

e OpenMMZephyr: This is the OpenMM Zephyr application. Double-click on this
to start the program.
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e doc: This directory contains the documentation files

e simulations: By default, the outputs of our simulations will be saved to this
directory

e testData: This directory contains example data files to use for starting the example

simulations

You will also see three other directories (bin, images, and lib), which provide files used

behind the scenes by the OpenMM Zephyr program.






3 Running a Simulation

3.1 Launching OpenMM Zephyr

To start OpenMM Zephyr, double-click the OpenMMZephyr.tcl file. The window
shown in Figure 7 appears.

= Zephyr E]@

File Edit View Favorites Tools Help a';*
0 Back - 7 ? 7 ! Search Folders E\v
Address |5 C:\Zephyr v| B3 co
A. A.
File and Folder Tasks ¥ Tl 1
& -
Other Places kS

g Local Disk {C:)
5} My Documents
[ Shared Documents

e

i My Computer testData
LY 3 My Network Places
OpenMMZephyr.tcl
- « | ActiveTcl Script
Details £ | 14 KB
OpenMMZephyr.tcl
ActiveTd Script ]
Date Modified: Today, | _.v.
January 28, 2009, 8:59 AM W | € >

6 Launch Zephyr by double clicking the OpenMMZephyr.tcl icon

Note the series of tabs near the top of the window: Molecules, Parameters, (ldle)
(grayed out), VMD console (grayed out), About. The order of the tabs guides you in setting
up and running the simulation:

1. Choose a molecule to simulate (the Molecules tab) — See Section 3.2

2. Setthe simulation parameters (the Parameters tab) — See Section 3.3

3. Run the simulation (simulation progress shown in the third tab) — See
Section 3.4

4. If desired, visualize the simulation results in VMD (the VMD tab) — See
Section 3.6

13
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'-:i (Idle) OpeniM Zephyr : alanylalanine_capped.pdb

-

"“ OpenMM Zephyr

Molecules ]Parameters] (Idle)] YD console] About]

Choose your molecules
Initial molecule struckure:
| c:relfzephyrtestDatajslanylalanine_capped.pob L Change...
Cutput Folder:
IC:,I'Tch’Zepher‘simuIations o Change...

Figure 7: OpenMM Zephyr application

3.2 Choose a Molecule

Molecular simulations need an initial molecular structure to start the simulation. To
choose the molecule you wish to simulate, click on the Molecules tab. Click the Change...
button next to the field for Initial molecule structure to select the file describing the

molecular structure. You can also type in the file name.

3.2.1 Finding PDB molecular structure files

http://www.rcsb.org/pdb/home/home.do

3.2.2 Preparing a PDB file for loading into Zephyr

Using a text editor, change some residue names and atom names for gromacs Amber96 force
field. http://chemistry.csulb.edu/ffamber/.

e rename protein “LYS” residues to “LYP”
e For first residue of chain, prepend residue name with “N” for proteins, or “5” for
DNA or RNA



Select Location for Output Files 15

o For final residue of chain, prepend residue name with “C” for proteins, or “3” for
DNA or RNA
o0 rename final protein residue atom name “0O” to “OCL1”
o0 rename final protein residue atom name “OXT” to “OC2”

e [many other rules — see example PDB files for help]

3.2.3 Supported molecular structure files

3.2.4 What kind of information is in these molecular structural files?

3.3 Select Location for Output Files

Molecular simulations produce what are called “molecular trajectories” or just
“trajectories.” By definition, a trajectory is the path of a moving body through space.
However, in a molecular simulation, many bodies (atoms) are moving through space, so an
intuitive way to capture all the information is to save snapshots of the molecule throughout
the simulation. At the end of a simulation, you (typically?) end up with a set of molecular
structure files, each representing a time point along the molecular trajectory.

What OpenMM Zephyr saves is....[Explain what files are actually saved....]

To select the location for these output files, click on the Molecules tab. Click the
Change... button next to the field for Output folder to select the folder for the output
files. You can also type in the name of the folder.

3.4 Run Simulation

3.4.1 Simulations are in implicit solvent

No water molecules are used in the simulation. [Explicit solvent simulations are possible
using gromacs command line tools]

3.4.2 Time scale of simulation

Proteins fold in microseconds to hours. Time steps are femtoseconds. Even with 100x speed
up the time requirements for folding are staggering. Even with GPUs, simulations are less

than one microsecond per day.
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3.5 Examples

3.5.1 Polyalanine

Should form into an alpha helix if part of an alpha helix is already there. A completely
extended structure might take a long time to start forming an alpha helix.

3.5.2 Villin head piece

One of the fastest folding proteins known. Still takes at least microseconds to fold.

3.6 Watch the Trajectory with VMD

[ &P Windows Security Alert - - IAF

@ Windows Firewall has blocked some features of this program

MName: winvmd

Publisher: University of Ilinois

Path: C:'\program filesivmdvmd.exe
Network location: Private network

What are network locations?

[ Keep blocking ] [ r@.‘Unblod( ]

f @ Windows Security Alert x|

Windows Firewall has blocked this program from accepting incoming network connecti
unblock this program, it will be unblocked on all private networks that you connect to.

@ Mame: mdrun_openmm.exe
Publisher: Unknown
Path: C:zephyrd. 31bin'win32'mdrun_openmm.exe
Metwork location: Private network

What are network locations?

[ Keep blocking ] [ @Unblod( ]-J
-

Figure 8: Click "Unblock" to grant permission for Zephyr and VMD to communicate
through TCP sockets.
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[Put screenshot of “unblock?” dialog that may come up when trying to connect to VMD]

3.7 Final Simulation Results

3.7.1 Saving a trajectory from VMD
a0

3.7.2 Saving a final structure from VMD

Q0

3.7.3 Contents of simulation output directory

[output mdp parameters]

[log files]
3.7.3.1 Cleaning up when the output directory gets too full
[remove #*# files]

3.8 Stopping a simulation

Press the "Cancel” button in the Status panel to halt a running simulation. (This actually
works in Zephyr 0.3 and later. For earlier versions, you must also kill the mdrun processes

with the task manager).






4  Troubleshooting

4.1 Why is my simulation going so slowly?
If the VMD view of the simulation is changing very slowly, try decreasing the interval for
VMD updates, and restarting the simulation. This will result in a smoother display in the

VMD window.
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