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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. To increase the usability of this software for high school students, we have
developed a simplified graphical user interface (GUI) for ITEST. The ITEST GUI limits the
functionality of the program but is more user friendly. This is an abbreviated guide that covers
the download, installation and use of VMD and the ITEST GUI. Further questions can be sent to
Bob Johnson: bobjohnson1981@gmail.com.

Download and Installation

Download and installation is a two-step process. First, VMD will be downloaded and installed.
Then the ITEST GUI files will be downloaded and installed from within VMD.

VMD Installation

1.

2.

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

Click on “Download VMD” on the left side of the screen.
Download VMD Version 1.8.7

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

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

Mac users with PowerPC CPUs (older Macs) should select:
MacOS X OpenGL (PowerPC) (Apple MacOS-X (10.4.7 or later) with hardware OpenGL
(native bundle))

To determine what type of CPU is in your Mac, go to the Finder and choose About this
Mac from the Apple Menu.

Register a username and password
Download the file
Install VMD

Windows users:
To install, double click on vmd187win32.msi and follow the installation instructions
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Mac users:
Double click on vmd187macx86104.dmg. The following window will then appear:

800 _ VMD 1.8.7 =

= a

¥ DEVICES M
= Macintosh HD
B ipisk
_| CORSAIR & VMD User's Guide.pdf

-~

¥ PLACES
E Desktop
£ bettychandy
-p&\ Applications
"3 Documents.

I

. B

¥ SEARCH FOR
'\i-,‘ Today
(L) Yesterday
(L) Past Week
@ All Images o/
(] Al Movies a

P4 1 of 2 selected, 5.6 MB available &

Drag the VMD 1.8.7 icon onto your Desktop
7. Run VMD:

Windows users:
Go to Start — Programs — University of Illinois - VMD — VMD 1.8.7

Mac users:
Double click the VMD 1.8.7 icon on your Desktop

ITEST GUI Installation

1. Download the file ITEST_GUI.zip from the ITEST Google Groups site.
2. Unzip the file

Windows users:
Right click on the file and click extract and follow the instructions

Mac users:
Double click on the file

You will then have a folder called ITEST_GUI that contains the following files:
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File Edit View Tools Help
Organize » Include in library + Share with = Burn Mew folder =« [ @
9% Favorites s MName : Date modified Type Size
A Bob | itestl.0 7/30/2010 2:55 PM File folder
. Computer 7| installvmd 7/29/2010 5:38 PM VMD File 1KB
Ml Desktop 7] loadplugins.tcl 7/20/2010 7:51 PM TCL File 11 KB
4 Downloads 7| preparewvmd 7/29/2010 5:37 PM VMD File 1KE
":-_—".l Recent Places
5 Dropbox
. Libraries
@ Documents
Jﬁ Music
[ Pictures
i Videos -

4 items

X

3. RunVMD

4. Inthe VMD Main Window click on File and then Load State...

’
7 VMD Main e =]

Molecule Graphics Display Mouse Extensions Help

New Molecule._ .
Load Data Into Molecule. .
Save Coordinates. ..

Atoms Frames Vol

Load State
Save State.

Log Tcl Commands to Console
| Log Tcl Commands to File..
Turn Off Logging

™ Render. .

Quit |

|
1P

pA 1} speed|

5. Navigate to the ITEST_GUI folder and select prepare.vmd. You should then see the
following window:

7% Prepare ITEST GUl Installation | 25|

@ Installation files prepared!
== MNow run install.vmd!

OK |




E@Penn VMD User Guide ITEST-NANO

small things considered

Click OK to continue.

6. Now click on File and then Load State... again. Navigate to the ITEST_GUI folder and
select install.vmd. This will install the ITEST GUI files. You should see the following
window:

[ % ITEST GUI Installation S |

":, ITEST GUI Installed Successfully! Please close YMD and
= reload.

OK

7. Now close the program and then rerun VMD.

ITEST GUI

A simplified interface is made available for ITEST participants. While it is possible to use the
normal graphical interface packaged with VMD, it is recommended that those new to VMD use
the ITEST GUI (graphical user interface). To access this interface, open VMD and then click on
the Extensions menu and then ITEST GUI.

File Molecule Graphics Display Mouse [SiGEUEMIEY Help
ID T A D F Molecule Atoms ANaWsIs Bl
BioOCORE M
Data >
Modeling
Simulation
Visualization p|
e [t ITEST GUI |l
dl| zoom ™ [Loop ¥ stepd| 1 M spee Tk Console |IM

This will open a new window entitled “ITEST VMD Interface”.

Mew Molecule  Molecule Library About

Visualization Style: Lines — Display Options

Coloring Style: TR — ™ Hide hydrogen atoms

[ Show hydrogen bonds

Molecule Type: Default — !I
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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. To load a pdb file, click on “New Molecule”. A new window will pop up and you will be
able to Browse your computer for the desired pdb file. After you have selected a pdb file with the

Browse...
window.

button, click Load. The molecule will then appear in the VMD OpenGL Display

AL

# ° Molecule File Browser -

o

Load files for: [New Molecule ~]
Filename: || Brow&e...l
Determine file type:
|Aut0malir.all_v j Load |
Frame Volumeitric Datasets
First  Last:  Stride
| | |
£3 Load in background

> Load all at once

Changing the Visualization Style

The ITEST GUI enables the user to change the visualization of a loaded molecule. The
following visualization styles are available:

Style Description
Lines Draws chemical bonds as lines
Stick Draws chemical bonds as sticks
Ball and Stick | Draws atoms as spheres and chemical bonds as sticks
Space Filling | Draws atoms as spheres with radius given by the actual atomic radius
Surface Draws the molecule as a 3D surface
Cartoon Emphasizes the secondary structure of biomolecules
Ribbons Draws the backbone of proteins or DNA as a ribbon
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Chanqging the Coloring Style

The ITEST GUI enables the user to color the molecule according to several styles:

Name

Colors atoms by name.
Carbon: Cyan
Hydrogen: White
Oxygen: Red

Nitrogen: Blue
Phosphorus: Brown
Sulfur: Yellow

Chain

Colors each chain (molecule) of a
biomolecular complex a different color

Polarity

Colors amino acids according to polarity
Polar: Green

Positively Charged: Blue

Negatively Charged: Red

Hydrophobic: White

Secondary
Structure

Colors proteins by secondary structure
Alpha Helix: Purple

3-10 Helix: Blue

m-helix: Red

Beta Sheet: Yellow

Turn: Cyan

Coil: White

Index

Colors atoms according to index

Throb

Flash different colors

ColorID

User defined color

Select Display Options

TR ITEST-NANO
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The user can select the type of molecule that is currently loaded in VMD via the "Molecule
Type" menu. Currently, there are three types of molecules: Default, Nucleic Acids, Protein.
Specifying the molecule type will enable additional Display Options that are shown on the right

hand side of the GUI.

s lTESTVMDInterfaceA e -

MNew Molecule  Molecule Library About
Visualization Style: Lines — Display Options
Coloring Style: Name — ™ Hide hydrogen atoms
Molecule Type: Default —i '_ Show hydrogen bonds
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The user can then set additional display options that emphasize properties of the molecule. The

display options are given below.

Default Protein Nucleic Acids
e Hide hydrogen atoms e Hide hydrogen atoms e Hide hydrogen atoms
o Show hydrogen bonds Show hydrogen bonds Show hydrogen bonds
e Show backbone e Show base hydrogen
hydrogen bonds bonds
e Show bound ligands e Emphasize bases
Show alpha carbons o Emphasize sugars
¢ Show side chains ¢ Emphasize
phosphates
e Emphasize adenines
e Emphasize cytosines
e Emphasize guanines
¢ Emphasize thymines
o Emphasize uracils

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.

File Molecule Graphics Display Qb Extensions Help
D T A D F Molecule g?utate Mode "h
o T A D F Water ranslate Mode t
{3 Scale Mode 5
L Center C
£ Qluery 0
[ Label N
I!’m | 1 [ Move -
4 |4l] zoom & |L00p | step II 1 [T Force . [
[ Move Light >
£ Add/Remove Bonds
£ Pick al
Mode | Shortcut Key Description
Rotate r Rotates the molecule
Translate t Translates the molecule
Scale S Scales the molecule (zoom)
C

Center

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 Maolecule Graphics Display RELIEEN Extensions Help
ID T A D F Molecule gfutatf TDSﬂEd ;m
0 T ADF CADOCUMENEs and Bet o oot WOHE
{3 Scale Mode 5
L Center C
£ Cluery 0
O Atoms 1
!F : A T wove > | Bonds 2
4|4 zoom T [loop > sten 1 [ Force >0 Angles 3
[ Move Light > | &3 Dihedrals 4
£ Add/Remove Bonds
£ Pick n
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

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. There are a few molecules in the ITEST GUI
Molecule Library that contain trajectories. The number of frames in the trajectory is listed in the

VMD Main Window:

" YMD Main

-

File Molecule Graphics Display Mouse Extensions Help

ID T A D F Molecule

Atoms Frames Vol

1 T A D F ice-hex-center pdb

arz 7004 0

_rl"ﬂ (0} »
4|4l zoom ™ [ioop =] step 1 M speed] i p»
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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.

-

" VMD Main = | 5] e S

File Molecule Graphics Display Mouse Extensions Help

ID T A D F Molecule Atoms Frames Vol
1 T A D F ice-hex-center.pdb a72 7004 0

-___I_I _________________ I

= 1 B
4|4I|zoornl‘ [Loop =] step 1 Y| speed] i IP|T|I

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.

10
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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 YMD Main

File Molecule Graphics [k Extensions  Help

D T ADF Molecule  ~ooo YIEW | Frames vl
Stop Rotation
& Perspective
£ Orthographic
[ Antialiasing
[T Depth Cueing
= [I————I" Culiing —
Al oom ™ [lLoop ¥ CFPSIndicater | 0 I
I Light 0
I Light 1
[ Light 2
1 [ Light 3
Aes
Background
Stage
Steren
Cachemode
Rendermode
Display Settings. ..

YYYYYY

11
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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 g|§|@

Mear Clip #]4 W} [ ]
Far ciip 4] 41000 ¥ |M

Eve Sep #|4 || 0.06 T;
Focal Length #|4 | 2.00 TF
Screen Hot #]4 ] 6.0 k(B
Screen Distii -2.0 II

Cue Mode | Exp2

Cue Start 4|4
Cue End 4|4

4

=

050 )
b

10.00

Cue Density 4[4

040 |}

External Renderer Options

Shadows | 2R

Amb. Occl. |2n

A0 Ambient #] 4
A0 Direct 4[4

0.70 |
0.70 |

.

|;|—I<I4

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

Finding PDB Files

M File Render, Controls

Render the current sceng to a fI|E

Filenarme:

[piot tga

Render Comrmand:

BI’DWSE...l

Iexplurer %5

Festore default |

Start Rendering |

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.orq)

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

European Bioinformatics Institute (http://www.ebi.ac.uk)

12
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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.

— .
p— O Uit e » memeer or v @IPDB il
“ PDB An Information Portal to Biological Macromolecular Structures
:’:f()‘['g 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 v ‘Seﬂrch“ 2 | Advanced Search

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

*)) RCSB PDB : Query Results - Mozilla Firefox

Fle Edt Wew Hstory Bookmarks Tools Help

@ - oy hitp: {fwnw.pdb.orgfpdbjresultsfresults. doautformat= R B yal
RCSE PDB : Query Results + -
x
all Depasit Services 5; Myoglobin Cavity Mutant H64LY68N Deoxy form
Elzctron Micrascopy =
MR et Release Date: 05-May-2009 Exp. Method: x-RAY DIFFRACTION
validation Server Characteristics =S558 e _25HaY "
BioSyne Bearnline Classification Oxygen Storage Oxygen Transport
Related Tools Compound Molecule: Myoglobin
% Polymer: 1 Type: polypeptide(L) Length: 154
Mutation: HB4L, WoBN, D122N
Advanced Search Authors Soman, 1.7, Olson, 1.5./
Latest Releass
Latest Publications
Segquence Search 3H58
Ligand Search V] . "
Unreleased Entries ) Myoglobin Cavity Mutant He4LY68BN Met form
Browse Datshase = Tq
Histograms Characteristics E:I:D‘TSEDD:F? BDDS-May-ZDDQ Exp. Method: X-RAY DIFFRACTION
Results: . Classification  Oxygen Storage  Oxygen Transport
Query (308 hits): Compound Molecule:  Myoglobin
+ Query Results E Palymer: 1 Type: polypeptide(L) Length: 154
® Query Details i Chains: A
» Query History Mutation: H&4L, W&EMN, D122N
* Save Query to MyFDB Authors Soman, J.”, Olson, 1.5./
&
File Downloads 2WEV STRUCTURE OF HUMAN DEOXY HEMOGLOBIN & IN COMPLEX WITH XENON
File Formats 2]
Services: RESTIul | SOAP . 28-Anr- L e
witgue Characteristics Eslsen‘z;izutlﬂarteilgztlﬁ -Anr-2009  Exp. Method: X-ReY DIFFRACTION
Compare Strustures Classification Oxygen Transport
Compound Malecule:  HEMOGLOBIN SUBUNIT ALPHA
m @B o Polymer: 1 Twpe: polypeptide(l) Length: 141
% Chains: &, C
;W‘W"? atFStthrWP;urEtsh 4 Fragment: CHAIN ALPHA, RESIDUES 2-142
olecule of e Mon *
Educational Resources Sy Molecule:  HEMOGLOBIN SUBUNIT BETA
Folymer: 2 Twpe: polypeptide(l) Length: 146

Chains: B, D
Fragment: CHAIN BETA, RESIDUES 2-147
Authors Miele, &.E.”, Draghi, F.”, Sciara, G.”, Johnson, K.A.”, Renzi, F.”, Yallone, B.”, Brunori, M.””, Savino, C./ v

Dine

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".

13
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) RCSB PDB : Structure Summary - Mozilla Firefox

Fle Edt View Hgtory Bookmarks Tools  Help

- ool ,-':)\

6 < @ 3 G [ hipsee pdb.orglpdbjerplore. dotstructureld=en [ R
=

J RCSB PDB : Structure Summary :

[E3(EN

» memeer or THe S IPDB

(= =]
I An Information Portal to Biological Macromolecular Structures |
ﬁ{) TEIN DATA BANK &g of Tuesday Oct 20, 2009 at 5 PM PDT there are 60936 Structures © | PDB Statistics @ 1

| HELP | PRINT PDB ID ar keyword

’:De'\:VCSiEESA Publications .o _' Display Files v
FAQ CRYSTAL STRUCTURE OF RECOMBINANT SPERM WHALE MYOGLOBIN UNDER IZWG |8 Download Files ¥
CFI:;;;::" 1ATM OF XENON o e we w5 Print this Page
About Us @ share this Page

DOI1:10.2210/pdb2w6wfpdb

% Deposition " "
E—

All Deposit Services
Electron Micrascopy Pattern of cavities in globins: The case of human hemoglobin. @

Authors: Savino, €., Miele, A.E.-°, Draghi, F.-°, Johnson, K.A.©, Sciara, G..’, Brunori, M.>,
Vallone, B.~

ion

MMR.
Walidation Server
BioSync Beamline
Related Taols PubMed: 19365817 @ DOI: 10.1002/bip.21201 @
Search Related Articles in PubMed @
PubMed Abstract:
Our aim is to shed light on the conservation of potential ligand docking sites that play an impaortant role in
ligand dynamics of glabins by using the technique of filling with xenon atoms internal cavities, naturally
present in hemoglobin and myoglobin. In particular, we present the high resolution structures of the
®e-adduct of deoxygenated wild type human hermoglobin and a quadruple mutant (LIE10)Y and HIET)Q in
alpha and beta chains). For the sake of comparison we also determined under the same experimental
conditions the xenon complex of wild type sperm whala myoglohin The analysis revealed that the number

Advanced Search
Latest Release
Latest Publications
Sequence Search
Ligand Search
Unreleased Entries

Browes Datahase and position of xe binding cavities is different in the alpha and beta subunits, the |atter being more similar to
Histograms myoglobin, Motably no prozimal Xe docking site was detected in hemoglobin, 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 as compared to myoglobin, The number and position More Images...

of hydrophobic cavities in hemoglobin is briefly discussed also in comparisan with the data available for other
members of the glohin superfamily. (c) 2009 Wiley Periodicals, Inc. Biopolymers, 2009, BT Simpleviewer
Results: Protein Workshop
Keywords: Other Wiewers ¥

Last Structure: Zw 6\

Muery (308 hits):
Done

Loading a structure from the Protein Data Bank can be done entirely within VMD. Each entry
has a 4 character code (orange box in the image above). To load this structure into VMD, click
on New Molecule, enter the 4 character code in the Filename box and press Enter. VMD
should automatically detect that this is a Protein Data Bank file and “Web PDB Download”
should then be displayed under “Determine file type:”. You can then load this file by clicking on
Load.

i Molecule File Br_[glﬂu
Lot s o [ -

Filename: |2w6u'.1 | Browsel
Determine file E
Load |
Frames: Volumetric Datasets
First: Last  Stride:
o 1} TR

& Load in background
£ Load all at once
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Molecule Library

There are a number of molecular structures and animations packaged with the ITEST GUI.
They are accessible in the Molecule Library menu at the top.

4 ITEST VMD Interface s S
e
Mew Molecule  Molecule Library About
Visualization St Malecular Structure » gsplay Options
Carbon 4
; . hydrogen atoms
Coloring Style: Water » o Cong
Molecule Type: Mucleic Acids 4 EREOERTIES
3

e Molecular Structure
This menu item contains five geometries (Linear, Trigonal Planar, Tetrahedral, Trigonal
Bipyramidal, Octahedral) that depict the basic types of 3D molecular structures predicted
by VSEPR.

e Carbon

Allotropes are different structural forms of an element. Allotropes are composed entirely
of the same element but differ in the 3D arrangement of the atoms. Even though
allotropes are fundamentally composed of the same material, their physical properties
can differ greatly. Carbon is one of the best examples of this phenomenon. There are
several well-known allotropes of carbon: diamond, graphite, buckyballs, nanotubes.
Diamond and graphite have been known for hundreds of years. Even though they are
both composed entirely of carbon, their physical properties are virtual opposite of each
other. Graphite is soft and brittle, a good conductor of heat and electricity and opaque.
Diamond, on the other hand, is one of the hardest naturally occurring materials, is one of
the best insulators and transparent.

Recently, other carbon allotropes were discovered. These include buckyballs (Cg) which
have the structure of soccer balls and have diameters of about 0.71 nm. Carbon
nanotubes are cylindrical tubes of carbon atoms with diameters of about 1 nm. They can
assume a variety of atomic structures as shown below. Structures of these allotropes
can be accessed from the Carbon menu. Users can even produce their own custom
carbon nanotube structure in this menu.

15
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Water

Water is one of the most important molecules on Earth and behaves very different from
many other liquids. Many of water's anomalous properties can be attributed to how water
molecules interact with one another. These interactions can be explored in the Water
menu of the Molecule Library. The user can select to view the structures of water
molecules in a variety of arrangements (monomer, dimer, pentamer). The user can also
view a simulation of the transformation of water from solid to liquid to gas phase in the
Phases of Water Animation. This animation is a 10.5 ps (102 s) simulation of solid water
(ice) undergoing heating from 100 K to 900 K.

For the first 1000 frames (1.5 ps), the temperature, and thus thermal fluctuations, are too
small to break hydrogen bonds and the water remains in the solid phase (i.e. ice). As a
solid, each water molecule is hydrogen bonded to four neighbors. Additionally, water in
the solid phase is arranged in a hexagonal crystal lattice.

In the next 3000 frames (4.5 ps) the water is heated to 370 K. The thermal fluctuations at
this temperature cause the ice to melt into a liquid. In the liquid phase, thermal
fluctuations cause hydrogen bonds to constantly break and reform. As a result, each
water molecule in a liquid is hydrogen bonded to only 2-3 neighboring molecules.
Additionally, as the hexagonal crystal melts, the water molecules adopt a more compact
arrangement. Thus, liquid water is more dense than solid water which enables ice to
float. As the liquid water droplet evolves it gradually becomes more spherical in shape.
This is due to surface tension: water molecules on the surface of the droplet feel a
constant force towards the center.

For the last 3000 frames (4.5 ps) the water is heated to 900 K. The high temperature

enables water to overcome the attractive hydrogen bond interactions and causes the
liquid to evaporate into gas. Water gas (steam) is largely free space.

16
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Nucleic Acids

Nucleic acids, which includes both DNA and RNA, can form double-stranded structures
by forming base pairs between complementary nucleotides. In the Watson-Crick base
pairing scheme, which is the most common scheme in biology, adenine pairs with
thymine (or uracil in RNA) and guanine pairs with cytosine. Double-stranded structures
usually assume a helical configuration. However, the structure of the helix is very
sensitive to the nucleotide sequence and environmental factors such as temperature,
salt concentration and presence of metal ions. In this menu, the user can explore several
possible helical structures of DNA.

A-DNA: This is a more compact form of B-DNA. A-DNA is a right-handed helical
structure that occurs in dehydrated environments or in RNA-DNA hybrids.

B-DNA: This is the most common structure of DNA in biology. B-DNA is a right-handed
helix that contains about 10 base pairs per helical turn.

Z-DNA: This structure can occur in low salt conditions for segments of the DNA that
have repeating sequences of G-C/C-G base pairs. Z-DNA is a left-handed helix with the
backbone having a zigzag shape..

Hairpin: If portions of a single strand of DNA are complementary, the DNA can form a
hairpin structure.

Additionally, the Display Options menu enables the user to learn about the various
structural features of DNA. For example, the user can visualize the three basic units that
compose DNA: bases, sugars and phosphates. The user can visualize the different
bases (adenine, cytosine, guanine, thymine, uracil) and which ones are complementary.
Intra-base pair hydrogen bonds can be displayed as well. This feature can be used to
learn about the relative binding strengths of A-T and G-C base pairs, which are held
together by two and three hydrogen bonds, respectively.

Protein

Proteins are biopolymers composed of chains of amino acids. There are 21 naturally
occurring amino acids that vary in size, structure and polarity. The Protein menu enables
the user to explore the various structural features of proteins.

Flavodoxin: A bacterial protein involved in basic metabolic processes. Flavodoxin binds
flavin-mononucleotide. Many proteins bind small molecules (ligands) in order to carry out
their functions. The shape of the ligand is complementary to the binding doman of the
protein. An example of this is shown in the image below which depicts the flavin-
mononucleotide resting in the binding domain of flavodoxin. One way to inhibit a
protein's function is to synthesize a molecule (drug) that has a high affinity for the
protein's binding domain (often called the active site).
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Hemoglobin: Hemoglobin is the protein responsible for binding oxygen molecules within
red blood cells. Hemoglobin is composed of a complex of four separate proteins (colored
red, yellow, orange and gray below). Each protein within hemoglobin contains a heme
group. An oxygen molecule (O,) can bind to the central iron atom (green atom in below
image) in the heme group. Hemoglobin has two forms: oxy- and deoxy-hemoglobin. In
oxy-hemoglobin, an oxygen molecule is bound to each of the four heme groups. The
binding of oxygen to a heme group triggers a conformational change in hemoglobin that
enables oxygen molecules to bind to the remaining heme groups. This conformational
change is shown in the Hemoglobin Animation.
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Hemoglobin S: Hemoglobin S is a mutated form of hemoglobin that is responsible for
sickle cell anemia. Hemoglobin S results when the glutamate in position 6 of each
hemoglobin protein is mutated to valine. This mutation causes hemoglobins to
congregate and form long fibers. A segment of such a fiber is shown below. These fibers
cause red blood cells to become rigid. It is difficult for these rigid red blood cells to pass
through narrow capillaries which causes vascular occlusion (blocked blood vessels) and
ischemia (restricted blood supply).

B m ~w~

Myoglobin: Myoglobin stores oxygen in muscle tissue. Each myoglobin contains a single
heme group which binds one oxygen molecule. Myoglobin was the first protein to have
its 3D structure determined. High concentrations of myoglobin in muscle tissue enable
organisms to hold their breath longer. Whales and seals, for example, contain a high
concentration of myoglobin in their muscles.
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Ubiquitin: Ubiquitin is a small protein that is found eukaryotic cells. It's main function is to
label proteins for degradation. This protein serves as a nice example of protein structure.
It is composed of several beta sheets and a single alpha helix. By checking the box
"Show backbone hydrogen bonds" reveals that these secondary structural elements are
held together by hydrogen bonds within the backbone.
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