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Introduction

VMD (Visual Molecular Dynamics) is a software package for the 3D visualization, modeling and
analysis of molecular systems. It is developed and freely distributed by the Theoretical and
Computational Biophysics Group at the University of lllinois at Urbana-Champaign. VMD is a
powerful instrument used in real scientific research. Additionally, it is also a highly effective
teaching tool. This is an abbreviated guide that covers the download, installation and use of
VMD. For a tutorial, see http://www.ks.uiuc.edu/Training/Tutorials/vmd/tutorial-html. Further
questions can be sent to Bob Johnson: bobjohnson1981@gmail.com.

Download and Installation

1. Go to http://www.ks.uiuc.edu/Research/vmd

2. Click on “Download VMD” on the left side of the screen.
3. Choose the version you wish to download

Windows users should select:
Windows OpenGL (Microsoft Windows XP/Vista/7 (32-bit) using OpenGL)

Mac users should select:
MacOS X OpenGL (Intel x86) (Apple MacOS-X (10.4.7 or later) with hardware OpenGL
(native bundle))

Users of older Macs' may have to select:
MacOS X OpenGL (PowerPC) (Apple MacOS-X (10.4.7 or later) with hardware OpenGL
(native bundle))

4. Register a username and password
5. Download the file

6. Windows users: To install, run the file that was download and follow the installation
instructions

7. Torun VMD:

Windows users: Click on VMD from the Start Menu
(located in Programs—University of lllinois—»>VMD by default)

Mac users: Run the .dmg file

! To determine what type of processor is in your Mac, go to the Finder and choose About this Mac from
the Apple Menu
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VMD Input — PDB Files

VMD accepts many types of input files. However, among the most common types are PDB
(Protein Data Bank) files which have the .pdb file extension. You can find PDB files on the web
for many molecules ranging from small organic molecules to large biomolecules like proteins
and DNA. Normally, you can simply load these files into VMD without viewing or editing their
content. However, to use VMD effectively, it is important to know some of the basics about
these files.

PDB files contain a list of atoms along with their three-dimensional coordinates. Each atom has
an index and a name. Collections of atoms are grouped into residues. Each residue has its
own number.

Below is a sample PDB file of a single water molecule. There are three atoms: an oxygen
named O, a hydrogen named H1 and another hydrogen named H2. These three atoms are
grouped into a residue named WAT.

[ water.pdb - Notepad E_|@|E|

File Edik Farmat Yiew Help
ATOM 1 @ WAT 1 4,013 0.831 -9.083 1.00 0,00
ATOM 2 HlL ‘wWAT = 1 4,041 0.844 -8.837 1.00 0,00
ATOM 3 HZ WAT = 1 3.831 -=-0.08%9 -=9.293 1.00 0,00
T | ] x x N I
Atom
index Residue X y y 4
number
Atom
name
Residue
name
< >
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A sample PDB file for hemoglobin, a more complicated molecule, is shown below. The molecule
is divided up into many residues with each residue representing a single amino acid. Orange
and blue boxes are drawn around the first two residues — a valine (VAL) and leucine (LEU)
amino acid, respectively.

Many biological molecular structures are composed of several subunits that are held together by
noncovalent (hydrogen bonds, van der Waals forces, etc.) interactions (e.g. double-stranded
DNA). Within a PDB file, these subunits are collections of residues grouped into a chain
designated by a single letter code in the fifth column.

I hemoglobin.pdb - Notepad

File Edit Format Yiew Help
ATOM 1 N WAL A 11 15.432 -2.631 3.57%  1.00 37.68 e
ATOM I 2 Ca  waL A 1 19,662 -2 549 2.B0g  1.00 35.41
ATOM I 5 C WAL A 1! 1. 2852 -1 1.441 1.00 34.04
ATOM 14 o waL a0 1! 4—:&-45Re51due1 2.695  1.00 33,95
ATOM | 5% CB WAL A 1! O.83% -5.754 2.B25 1.00 35.59
ATOM | B OGEl WAL A 11 20.109 -4 . GG2 2.222 1.00 37.54
ATOM Loodo O wal a1l 21,982 -3.272 2.245 1.00 34a8.75
ATOM |_§_N__I__EUE_'2" 1%, 5905 -0.786 1.16% 1.00 26,21
ATOM I & Ca LEU A 21 . 7da -0.0ay¥  1.00 27.27
ATOM 110 C LEU & 21 N ~1.213 1.00 27.1%
ATOM 111 O LEU & 21 ~1.212 1.00 27.58
ATOM 112 <B LEU A 21 0210 1,00 25.7%
ATOM 113 oG LEU A 21 0284 1.00 30,64
ATOM 14 Col LEU A 21 o.784  1.00 26,00
ATOM VL5 CD2_LEU A _ 2] 1.202 1.00 29.07
ATOM 1a W SER A 3 -2.248 1.00 25.72
ATOM 17 CA  SER A 3 -3.4858 1.00 25.352
ATOM 18 C SER A 3 -4.31% 1.00 23.89
ATOM 19 O SER A 3 -4.104 1.00 24.21
ATOM 20 CEBE SER A 3 -4.208 1.00 24.42
ATOM 21 O3 SER A 3 -4.958 1,00 23.01
ATOM 22 M PRO A 4 -5.31% 1.00 24.72
ATOM 23 CA  PRD A 4 -B.258 1.00 24.05
ATOM 24 C PRO A 4 -5.854 1.00 22.34
ATOM 25 0 PRO A 4 -B.%9685 1.00 23.07
ATOM 26 CE PRD A 4 -7.358 1.00 24.75
ATOM Y T3 PRD A 4 . . -5.585% 1.00 23.90
ATOM 28 CD PRD A 4 22188 2,127 -=5.588 1.00 24.45 v
% “ b
Chain
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Finding PDB Files

PDB files for many molecules can be found on the web by simply typing “<molecule> pdb” into a
search engine. Here, <molecule> is the name of whatever molecule you are interested in. This
is usually the best place to start. You can also visit sites such as:

Bob Johnson’s VMD Resource Page (www.sas.upenn.edu/~robertjo/pdb)
Klotho (http://www.biocheminfo.org/klotho)

Protein Data Bank (http://www.pdb.org)

Nucleic Acids Data Bank (http://ndbserver.rutgers.edu)

Using the Protein Data Bank

The Protein Data Bank contains PDB files for thousands of proteins whose structure has been
resolved experimentally and is an indispensible resource in modern biological research.

Go to www.pdb.org. Type the name of the protein of interest in the search box and click Search.

~ g N &

W-, & MyPDE Login & memaer or e SIPDB | |
L P DB An Information Portal to Biological Macromolecular Structures
Ir‘:!lf()‘l‘ﬁ IN DATA BANK As of Tuesday Oct 20, 2009 at 5 PM PDT there are 60936 Structures ] @ | PDB Statistics @

WHAT'S NEW) | HELP | PRINT PDE ID or keyword | Search | 2/ | (Advanced Search

As an example, here are the first few search results for “myoglobin”.

¥)) RCSB PDB : Query Results - Mozilla Firefox

Fle Edt Yew Hstory Bookmarks Tooks Hslp

@ - £y btk . polb, orgfpdbjresults results, do?outformat = [ B P
RCSB PDB : Query Results -
-
All Deposit Services 5; Myoglobin Cavity Mutant H64L¥68N Deoxy form
Electron Microscopy =i
HWMR o Release Date: 05-May-2009 Exp. Method: X-RAY DIFFRACTION
Validation Server Characteristics Resalution: 1.70 &
BioSync Beamline Classification Oxygen Storage  Oxygen Transport
Relsted Tacls Compound  molaculs: Myoglobin
% Polymer: 1 Type: polypeptide(L) Length: 154
Mutation: He4L, VBN, D122N
Advanced Search Authors Soman, 1., Olson, 1.5,/
Latest Release
Latest Publications
Sequence Search @ 3H58
Linand Search N N
Unraleased Entries ) Myoglobin Cavity Mutant H64L¥68N Met form
Browse Database = b |
Histograms Characteristics Release Date: 05-May-2009 Exp. Method: X-RAY DIFFRACTION
¢ Resolution: 1.80
Results: Classification Oxygen Storage  Oxygen Transport
Query (308 hits): Compound Malecule: Myoglobin )
o Query Results ™y Polymer: 1 Type: polypeptidefL) Length: 154
* Query Details % Chains: &
¢ Qusry Histary Mutation: He4L, VAEN, D122M
* Save Query to MyFDB Authors Soman, 1.7, Olson, 1.5.7
v
File Downloads 2WeV STRUCTURE OF HUMAN DEOXY HEMOGLOBIN A IN COMPLEX WITH XENON
File Farmats e
Services: RESTIUl | SOAP e 0
Witaete e ;slsgnﬂjana‘?tel‘ﬂzuaﬁ’lm 2009 Exp. Method: X-RAY DIFFRACTION
Compare Structures Classification  Oxygen Transport
S Compound Molecule:  HEMOGLOBIN SUBUNIT ALPHA
m Polymer: 1 Type: polypeptide(l) Length: 141
" Chains: B,
Looking at Structures Fragment: CHAIMN ALPHA, RESIDUES 2-142
Malecule of the Month
Educational Resources Molecule:  HEMOGLOBIN SUBUNIT BETA
Palymer: 2 Type: polypeptide(L) Length: 146
Chains: B, D
Fragment: CHAIN BETA, RESIDUES 2-147
Authors Miele, A.E.-”, Draghi, F..”, Sciara, G.-”, Johnson, K.A.”°, Renzi, F.”, ¥Yallone, B..>, Brunori, M., Savino, C.- w

Dire:
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Usually, there are multiple entries for the protein of interest. The entries may differ in the
experimental methods or conditions used to resolve the protein’s structure. You may have to
browse through several entries before you find the right protein. However, for educational
purposes, oftentimes the differences are negligible.

Clicking on the title of the entry will transfer you to a page that contains further information about
the protein and links to download the PDB file. For example, below is the entry for “CRYSTAL
STRUCTURE OF RECOMBINANT SPERM WHALE MYOGLOBIN UNDER 1ATM OF XENON".
To download the PDB file, click Download Files in the upper right hand corner.

2) RCSB PDB : Structure Summary - Mozilla Firefox

Fle Edt Wew History Bookmarks Iools  Help

6 v @ X d [~ bip:few.pdb.orgipdblexplors.dorstructureld=zwew By - [* ccode
J RCSB PDB : Structure Summary B |T
N &
—  memser or Tre SIPDB | |
bl An Information Portal to Biological Macromolecular Structures
leo TEIN DATA BANK 4s of Tuesday Oct 20, 2009 at 5 PM PDT there are 60936 Structures ] @ | PDB Statistics @ -
| HELP | PRINT FDE ID or keyward
- -
News & Publications — ——
Palicies r Display Files v
FAQ CRYSTAL STRUCTURE OF RECOMBINANT SPERM WHALE MYOGLOBIN UNDER ZWG Download Files ¥ |
(F:::;;ik 1ATM OF XENON Print this Page I
About Us Share this Page
DO1:10.2210/pdb2wéw/pdb o E
% Depositi " g
E A
All Deposit Services
Electron Micraseopy Pattern of cavities in globins: The case of human hemoglobin.
HMR Asuthors: Savino, €., Miele, A.E.”, Draghi, F.”", Johnson, K.A.”°, Sciara, G.”’, Brunori, M.,
Validstion Server vallone, B.
BioSync Beamline
Related Taols PubMed: 19365817 @ DOI: 10.1002/bip.21201 @
_ Search Related articles in PubMed @)
Our aim is to shed light on the conservation of potential ligand docking sites that play an important role in
Advanced Search ligand dynamics of globins by using the technique of filling with xenon atams internal cavities, naturally
Latest REL‘TFSE present in hemoglobin and myoglobin. In particular, we present the high resolution structures of the
Latest Pu 'Cat‘”gs Xe-adduct of deoxygenated wild type human hermaoglobin and a guadruple mutant (LB 10)Y and HIEZ)Q in
Sequence Zearc alpha and beta chains). For the sake of comparison we also determined under the same experimental
Ligand Search
Unrelescad Entriss conditions the =enon complex of W\_|d type sparm whale myoglobin.The analysis revealed that the number
Browes Datahase and position of Xe binding cavities is different in the alpha and beta subunits, the latter being more similar to
Histagrams myoglohin. Notably no prozimal Xe docking site was detected in hemoglohin, at variance with myoglobin. The
pattern of internal cavities accessibility and affinity for xenon suggests a different role for the dynamics of
Explorer: ligand migration in the two types of hemoglobin chains a5 compared to myoglobin. The number and position More Images...
) of hydrophobic cavities in hemoaglobin is briefly discussed also in comparison with the data available for other
Last Structure: ZWa members of the glohin suparfamily, (c) 2009 Wiley Periodicals, Inc. Biopolymers, 2009, Simpleviewer
Results: Protein Workshop
) Keywords: Other Wigwers ¥ 2
Nuery {308 hits):

Done

Click on PDB File (Text) to download the PDB file.

Display Files v
Download Files ¥

FASTA Sequence

PDE File [Text)

PDE File [gz)

rmrmCIF File

rnmCIF File (gz)
PDEML XML File
POBML %ML Fila (gz)
Structure Fackor [Text)
Structure Factor [gz)
Biological Unit [gz)
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Loading a PDB File

Run VMD. This will cause three windows to appear on the screen. PDB files can be loaded from
the VMD Main window by going to the File menu and clicking on New Molecule. You can then
browse for the PDB file. Once you load the file, the three-dimensional molecular structure will

appear in the OpenGL window.

FIEN Molecule  Graphics  Display  Mouse  Extensions  Help

Mew dolecule. ..
Load Data Into Molecule ..
Save Coordinates. ..

Atoms Frames ‘ol

Load State...

Save State. .

Log Tcl Commands to Consale
| Log Tel Cammands ta File... »
I: Turn Off Logging p A1 |Y speed] T2

" Render...
Quuit

Interaction Modes

The user can interact with the molecule in a variety of ways. The user can rotate, translate
and scale (zoom) the molecule. Each of these interactions modes can be accessed via the
Mouse menu in the VMD Main window or using a shortcut key listed below. After the interaction
mode has been selected, click on the OpenGL window with the left mouse button and drag the

mouse. By default, VMD starts in Rotate Mode.

) Ma ]
File Molceule  Oraphics  Dioplay [[laieg Evtonsions  Help
D T A DF Molccule ﬁ ?Dtate Yo "
o T A DF Water ranslate kMode t
{3 Sczle Mode 5
3 Center C
£ Qucry 0
[ Lakel L
HE [ move >
I zoom O Loop - STEF]jl_r Farce [ |3
[ wiove Light »
£ Add/Rerrove Bonds
£ Pick ]
Mode Shortcut Key Description
Rotate r Rotates the molecule
Translate t Translates the molecule
Scale S Scales the molecule (zoom)
Center c Centers on an atom
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You can place labels that specify the distance between two atoms, the angle formed by three
atoms and the dihedral angle formed by four atoms. To do so, select the particular feature you
would like to label from the Mouse menu in the VMD Main window or using a shortcut key listed
below. Then click on the atoms you would like to measure.

[} ]
File Molecule Graphics Display Extensions Help
D T A D F Molecule g ?”tatE Mo b
u] T A D F Chlocunents and Set TEnsEE HOHE !
£ Scale Wode 5
£ Center r
£ Query 0
W Labcl [ d| & Atons 1
ﬁrﬂ f 1 [ Maove | Bonds 2
Al oo o _uop_ =] step [ 1 ) Fuice [ Anyles 3
[ Move Light | Dihzdrals 4 |
© Add/R=move Bonds
£ Pick o
Feature Shortcut Key Description
Bond length 2 Distance between two atoms
Angle 3 Angle between three atoms
Dihedral Angle 4 Dihedral angle between four atoms

Changing the Drawing Method

Atoms and molecules can be visualized with various drawing methods. To change the drawing
method, go to Graphics — Representations and then click on the Drawing Method menu.

File  Molecule Display Mouse Extensions Help
D T ADF Y . Atoms  Frames Vol
D TADEFVv 0@ 3 1 0
raterials
Labels...
Toals...
= | -1 »
4 ‘ll zoom [ ILoop 'I step 1I 1 _I'l speedl i P

B Graphical Representations E@gl

Selected Molecule

[0 water =]
Create Rep Delete Rep
Style Color Selection

Lines Narme all

Selected Atoms

IaHI

Draw style| Selections | Trajectory | Periadic |
GolaringMetaed Waterial
=

|Name :' |Opaque
Default

I Drawin Methmdl
I Lines hd

Thickness § 1| 1 M

< Anply Changes Automatically  Apply
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Drawing Method Description
Lines Default method
HBonds Draws hydrogen bonds
VDW Space filling visualization
CPK Ball and stick visualization
Licorice Stick visualization
Ribbons/New Ribbons | Draws backbone of DNA/protein as a ribbon
Cartoon/New Cartoon Draws secondary structure of proteins
Surf Draws a surface around the molecule
Beads Draws residues as beads

Changing the Coloring Method

You can change the way atoms and molecules are colored. This can be done by going to
Graphics — Representations and then clicking on the Coloring Method menu. By default,
VMD starts with the Name method that colors atoms as listed below.

Default Coloring Method (Name)

Hydrogen White
Carbon Cyan
Oxygen Red
Nitrogen Blue

Phosphorus Brown
Sulfur Yellow

Changing the Selected Atoms

You can choose to visualize a subset of the atoms in the PDB file by changing the text in the
Selected Atoms box in the Graphical Representations window (Graphics —
Representations). To determine what selections are available, click on the Selections tab of the
Graphical Representations window.

Some Common Atom Selections

Atom Selection Description
all Show all atoms
protein Show only protein atoms
backbone Displays backbone atoms
noh Do not display hydrogen atoms
resname X Displays atoms of residue X
name X Display atoms named X
resid X Display residue number X
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Superimposing Representations

You can superimpose multiple representations to emphasize certain features of a molecule. To
generate a new representation, click on Create Rep in the Graphical Representations
window. You can then apply new drawing methods, coloring methods and/or atom selections to
this new representation.

B Graphical Representations Q@E‘

Selected Molecule

[0 water ~|
I T
Create Rep I Delete Rep |
Style Color Selection
Lines Mame all

Selected Atoms

|au|

Draw style | Selections | Trajectory | Periadic |
Coloring Method Material

|Name j |Opaque j
Drawing Method
Lines - Default

Thickness # 1| 1 M

+ Apply Changes Automatically  Apply

Loading and Playing a Trajectory

VMD can play an animation of a molecule if provided with a trajectory file. Like PDB files,
trajectory files come in many different formats. To load a trajectory right click on the molecule
name in the VMD Main window and select Load Data Into Molecule. Then browse and select
the desired trajectory.

I YMD Main

File Molecule Graphics Display Mouse Extensions  Help

D T A D F Molecule Afoms Frames ol

0 TADF CADocuments gndt Settir 7e04a 1 0
Mew hMolecule. .

Load Data Inta Molecule...

Sawe Coordinates. ..

Rename. .
= | Delete Frames. . —
dl| zoom ™ [Coop ¥ ste aport File ¥O N

Delete Molecule

10
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The trajectory can be played using the arrow buttons at the bottom of the VMD Main window.
The speed can be adjusted with the slider in the bottom right hand corner.

B VMD Main FEX

File Molecule Graphics Display Mouse Extensions  Help

D T A D F Molecule Atorns Frames %ol

.J I

Saving/Loading a State File

After applying your own visualization style to the PDB file, you can save your work in a VMD
state file. You can then load the state file at a later time and it will load the PDB file along with
the changes that you made. State files have a .vmd file extension. To save a state file, go to
File »> Save State in the VMD Main window. To load a state file, go to File —» Load State.

WM riolecule  Graphics  Display  Mouse  Extensions  Help

MNew hMolecule. .

Load Data Into Molecule. .
Save Coordinates. ..

Load state. .

Atoms Frames ‘ol
no Settir 4 1 0

Save State

Log Tcl Commands to Consale
| Log Tel Cammands to File... 11 I!I
|:Turn Off Logging p_l__lr| speed]| 0 D)
" Render...
Cluit

Saving an Image

To save a screenshot of the contents of the OpenGL window in the File menu of the VMD Main
window go to: File > Render — Start Rendering

Using the default renderer takes a screen shot of the VMD OpenGL window and saves it as an
image.

11
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Saving an Image with Lighting and Shadow Effects

You can also save images that include lighting and shadow effects (see figure below of
hemoglobin).

I VMD Main

File tolecule Graphics [eiEsENE Mouse Extensions  Help

D T A DF Molecule  FooetvIEw ~| Frames vl
Stop Rotation
# Perspective
3 Orthographic
[ Antialiasing
[T Depth Cueing
= [N ———1" culling —
Al oom ™ [Loop >| T FPSIndicator | 2 0 I
¥ Light 0
I Light 1
[ Light 2
1 [ Light 3
AXES
Background
Stage
Steren
Cachemode
Rendermode
Display Settings...

YYYYYY

12
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Turn Shadows and Ambient Occlusion on. Adjust AO Direct and AO Direct to your desired
value (values of 0.70 for both usually works pretty well).

M Display Settings glﬁ'@

Mear Clip {4

Far Clip FT

Eye Sep FT

Focal Length Iz 2.0a
Al
i

Screen Hot 4
Screen Dist §

Ivlv |=|=|=|=
== (=== =

- CueMoce[Bpz v | E}{p?
Cue Start 4|4 D a0
Cue End 4 (

Cue Density #| 4| 040 )

External Renderer Options

Shadows | 0N VII
Amb. Qcel. | 0N VII

AC Ambient #]4 ] 0.70 |} I}'
AC Direct 4|4 0.70 |} |

Go to File > Render and choose Tachyoninternal as the renderer and click “Start Rendering”.
It may take a few minutes to render the scene.

M File Render Controls

Render the current scene to a file.

Filenarme:
Iplut.tga Elruwse...l

Render Command:

|explurer %3 Restore default |

Start Rendering |

13



