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Chapter 1 

Introduction 

BIOGRAF is a menu-driven program for biological and chemical simulations. The program builds 
molecular structures, optimizes conformational energies, calculates the dynamics of motion for 
molecular systems, and analyzes molecular structure and dynamics. BIOGRAF can be run inter­
actively or as a batch job (in the background). It employs an X-Windows based graphical user in­
terface (GUI), making it highly portable and capable of running on a wide range of platforms; The 
interface is designed to be both easy to learn and easy to use. The program has the power to han­
dle structures with more than ten thousand atoms, yet is simple enough to use on diatomic 
molecules. · 

BIOGRAF is driven by selecting operations from the Functions menus at ;he left of the Menu Pad. 
Other menus are also used to display information or choices which are needed to execute a particu­
lar function. The program may also be driven by entering commands from the keyboard. This 
command mode feature is particularly useful in that it allows the user to create macros so that a 
series of commands can be automatically executed. 

This chapter describes the human interface. It includes information on how to use the menus, dia­
log boxes, and buttons. It also provides a general introduction to the program, including informa­
tion on basic operations such as starting and resetting the program, manipulating the graphics dis­
play, viewing the image in three dimensions, using the menus, inputting data, and selecting atoms. 
A brief description of the top level functions is also included at the end of the chapter. Subsequent 
chapters illustrate the use of selected functions. All tutorials assume that you have read Chapter 1. 
However, the remaining chapters are independent, i.e., each may be done without knowledge of 
the others. 

It is assumed that you are familiar with basic windowing operations including how to open, close, 
push down, pop up, reposition, and resize windows, as well as how to use scroll bars and slider 
bars. 
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l-2 CHAPTER 1. INTRODUCTION 

1.1 Starting BIOGRAF 

BIOGRAF is X-Windows-based and runs on systems using the UNIX operating system. It is 
therefore highly portable and presents a common interface. on a wide range of platforms. If you 
have not yet installed BIOGRAF, go through the procedures on how to use the COMSTRUCT 
program described in the Molecular Simulations Installation Guide. COMSTRUCT is used to cre­
ate the command procedures and defaults files that assign all the directories, input and output files 
and devices that BIOGRAF needs to operate and then run the program. 

To start up· the program, you would generally log on and type in the start up command (biograf 
is commonly used, but this command may be different at your site). Note that UNIX is case sen­
sitive. For example, the name "biograf' is different than "BIOGRAF" or "Biograf". All standard 
BIOGRAF commands and file names are in lower case with UNIX. You may also read in and 
display a molecule on start up. If the molecule is in a BioDesign General Format (bgf) file it can qe 
read in by including the file name at the end of the start up command (e.g., biograffilename.bgf). 

1.1.1 Executing a Macro on Start Up 

Macros may also be specified in the ·command.line used to start up and run the program (e.g., 
biograffilename.macro). If the macro is not located in the current working directory, then direc~ 
tory specifications must also be included. We have a macro file which reads in the files needed for 
this tutorial. It is called dna.macro and is stored in your distribution macro directory. We'll spec­
ify this macro as part of the start. up command. First, we'll find out where your distribution macro 
directory is located so that we can include the proper path specifications. 

Typically the full ·specifications for the distribution macro directory are /usrlmsilbiogv300/macro 
The distribution macro files are always located in the /biogv300/macro directory; however, the 
first part of the path specifications may differ on your system. You can determine the location of 
the lbiogv300/macro directory on your system by typing echo $MSIUSR from a systems win­
dow. 

1. Log on and type echo $MSIUSR. The directory listed in response to this command 
(e.g., lusrlmsi) should precede lbiogv300/macro when giving specifications for your distri­
bution macro directory. 

2. Type in the start up command followed by the specifications for your distribution macro di­
rectory and the macro file name dna.macro. 

Example: biograf /usr/msilbiogv300/macroldna.macro 
. . 
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STARTING BIOGRAF 1-3 

A start up w_indow appears displaying the logo and copyright notice. The defaults, parameter· 
conversion files, and other pertinent data are read in and the five windows of the final start up 
display appear (see Figur~ 1.1 )': . ,. · · • · . · 

{' 

The program then quickly executes the series of commands in the dna.niacro fiie. Messages 
appeai·while the appropriate coordinate and group files are read in; The two chains of the 
DNA.double:helix appear in the graphics window.along-with the anti-viral drug netropsin. 
We are·looking·down·theD.NA-spiral·from-the·tof):-.The·lasrcommartd·irnhe macro·file 

-,--------,("menu") switches us to interactive QlOde. The Top menu.is displayed iri the Menu Pad and 
-r~· the progr~ is .. ready fo_accept input. . 

. ······· }J..a 
{t? 

f:J)v;i,ciowiti\ :",\,'t:'=':\ {?tU, 

=~~~~~tt~t~t::..-.::~~~ :~~~~it 

i:::::i::i:iilil:i.meimii§I:::> ::i1::::::::::::::::
1
::
1
::
1
:
1:::::r::::::::::::::rr:eimm1::::::::::::1111i::::1:::!ii1i:i 
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Figure 1.1: BIOGRAFstart,up display 
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1-4 · CHAPTER 1. INTRODUCTION 

1.2 The Graphical User Interfa_ce (GUI) 

The program employs an X-Windows-based graphical user interface (GUI) which uses standard 
widgets including file browsers, dialog boxes, alert boxes, slider bars, and buttons. The program 
is basically menu-driven, easy to learn; and easy to use. Commonly used functions are readily ac­
cessible via constantly displayed buttons. Buttons have also been provided which make it easy for 
the user to switch between displaying the text window and the graphics window. A file browser 
feature speeds up file input and makes it easy to change your default directory. 

The screen is divided into five sections as shown in Figure 1.2: 

1) A graphics window for displaying molecules (upper left) 
2) A logo window (upper right) 
3) A Mod~les/Messages window directly beneath the logo which contains a Modules but­

ton and the DISPLAY, TOP MENU, and COMMAND buttons (middle right) 
4) A Menu Pad window which contains the menus (lower right) 
5) A window containing the GRAPIDCS, TpXT, and PLOTS buttons (lower left) 

1) Graphics Display 

5) Graphics, Text, Plot Buttons 

3) Modules & Common Buttons 
Messages 

4) Menus 

=================:aa!idl lii========= 

Figure 1.2: BIOGRAF screen layout 

Each of these windows can be relocated, resized, or closed if desired. The system window (used 
to issue the start up command) in addition to displaying system messages also displays results and 
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1.2 THE GRAPHICAL USER INTERFACE (GUI) 1-5 

information for a number of program functions. It is referred to here as the text window and can 
be readily viewed by clicking the TEXT button. 

1. 2 .1 The Graphics Window 

The graphics window is used for the display and visualization of molecules. The graphics window 
must be active in order to manipulate molecules with the mouse or to use the function keys. One 
can usually activate the graphics window by simply placing the cursor in it. However, some sys­
tems also require you to click in the graphics window in order to activate it. 

1.2.2 The Logo Window 

The logo window is used to display the Molecular Simulations logo. 

1. 2. 3 The Modules/Messages Window 

The Modules/Messages window includes a modules button (top) which is used to switch between 
the different Molecular Simulations products or modules that have been installed on the system 
(e.g., BIOGRAF, POLYGRAF, NMRgraf, and Polaris). The name of the module currently being 
used is displayed. You must be at the top level menu in order to switch. Beneath the modules 
button are three buttons used to implement commonly used program functions. These are the 
DISPLAY, TOP MENU, and COMMAND buttons (these are described later). This window is 
also used to display prompts and messages. When this is required, the other buttons are overwrit­
ten with the message or with a dialog box requesting input from the user. Prompts and messages 
are used extensively by the program and are the primary means of communication with the user. 
The user should therefore check this window regularly. 

1.2.4 The Menu Pad 

The menus are the means by which BIOGRAF accepts commands. The Functions menus are used 
to drive the program .. They are always located at the left of the Menu Pad. Additional menus ap­
pear adjacent to the Functions menus which display additional operations or choices which are 
needed to execute a particular function. These additional menus appear only when input is needed 
from the user. They include the Files menu, which is used to display the names of the files which 
are currently in the system, the Groups menu, which displays the groups currently in the system, 
and Selections menus which display the choices available for the currently active function. The 
Energy results menu is also displayed here during minimization and dynamics calculations; it lists 
several key energy-related values. The use of the menus is described in more detail in Section 1.6. 

1.2.5 The GRAPHICS, TEXT, and PLOTS Buttons 

The GRAPHICS, TEXT, and PLOTS buttons allow the user to easily switch between viewing the 
graphics window, text window, and plot window. For example, when running minimizations or 
molecular dynamics calculations, information related to the energy calculations appears in the text 
window. This simulation information consists of several lines of text and is often more fruitfully 
viewed in a large text window. However, a large-sized text window might obscure visualization 
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1-6 CHAPTER 1. INTRODUCTION 

of the molecules in the graphics window. One would probably like to display a large graphics 
window when building and visualizing molecules, but bring up a large text window when running 
energy calculations. The GRAPHICS and TEXT buttons allow the user to quickly switch between 
these two alternatives. These buttons are not operative, however, when in COMMAND mode or 
while running energy calculations. The TEXT button should therefore be used before going into 
command mode or starting any energy calculations. 

1. Use the mouse to position the cursor over the TEXT button. Click the TEXT button to bring 
the text window forward (if there are any other system windows currently open, they will 
also be brought forward). 

2. Reposition the text window so that it is located at the lower left of the screen but is above the 
GRAPHICS, TEXT, and PLOTS buttons window. 

3. Click the GRAPHICS button to bring the graphics window forward. 

Note: On Silicon Graphics IRIS 4-D workstations, the Fl 1 key may also be used to bring 
the text window forward. 

Similarly, the PLOTS button will be used to bring up a window displaying plots of various func­
tions. (The PLOTS button feature is not available in this release.) 

1. 2. 6 Interfacing with the Program 

The program communicates with the user by printing messages in the Modules/Messages window 
and by bringing up dialog and alert boxes. Also for certain operations, results and other informa­
tive data are displayed in the text window. 

The user communicates with the program in three ways: by clicking in menu boxes and buttons, 
by typing information or making selections in dialog boxes, and by picking atoms in the graphics 
window. When in command mode, the user communicates by entering commands in the text win­
dow. The images in the graphics window are manipulated using the dials or mouse. Special func­
tion keys may also be used. These methods of interfacing with the program are described in more 
detail in the following sections. 

Throughout this tutorial, all menu titles, subtitles, and menu items in the "on" state appear on the 
menu in bold format. Also, bold is used when referring to a menu item (e.g., To abort the func­
tion, pick return). Buttons that appear in uppercase are referred to in UPPERCASE (e.g., click 
the DISPLAY button); otherwise lowercase is used (e.g., Click the Cancel button). Information 
that is typed in by the user is referred to in bold and italics (e.g., Enter test.bgf for the file name) 
and prompts and messages are referred to in italics (e.g., The message Working ... appears while 
the calculations are being performed). 
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1.3 MANIPULATING THE GRAPHICS DISPLAY IMAGE 1-7 

1. 3 Manipulating the Graphics Display Image 

Most of the graphics systems that run BIOGRAF provide a mouse, special function keys, and dials 
which allow you to manipulate the image shown in the graphics window. These differ somewhat 
depending on the graphics system. 

1.3.1 The Dials Unit 

A dials unit is optional on Silicon Graphics IRIS 4-D workstations and Stardent's Titan Graphics 
Supercomputer. A dials unit is also available for the IBM RISC System/6000, but is currently not 
supported. (Henceforth, these systems will be referred to respectively as the IRIS, the Titan, and 
the RS6000. The Evans & Sutherland ESV, Digital Equipment's DS5000, and Hewlett Packard's 
HP9000 will be referred to respectively as the ESV, the DS5000, and the HP9000). The dials unit 
consists of eight dials which allow you to move an image within the molecular dfsplay area. These 
include six dials which are used to either rotate or translate the image along the x, y, or z axis, a 
zoom dial which expands or shrinks the image, and a depth cueing dial. 

The orientation and position of the dials differs depending on the graphics system; diagrams of the 
different types of dials units are shown in Figure 1.3 below. 

x rotate x translate 
1 5 

y rotate y translate 
2 6 

z rotate z translate 
3 7 

zoom depth 
4 8 

A) Dials unit for Silicon 
Graphics IRIS 4-D 

Workstations 

x translate y translate z translate depth 
5 6 7 8 

1 2 3 4 
x rotate y rotate z rotate zoom 

B) Dials unit for Stardent's Titan Graphics 
Supercomputer 

Figure 1.3: Dials units for different graphics systems 

The dials are labeled and numbered. Note the position of dial 8 for your system. This dial has 
multiple functions. It is normally used for depth cueing. However, when animating a trajectory, 
dial 8 is used to cycle through the different conformers being displayed and on some systems it 
controls the scan speed during auto scan. It is also used to rotate a portion of a molecule about a 
designated bond. Dials 1 through 7 may also take on this function when multiple bonds are being 
rotated simultaneously. 
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. The x, y, and z axes are defined as shown in Table 1.1. 

X 

y 
z 

q horizontal 
q vertical 
q out of the screen 

CHAPTER 1. INTRODUCTION 

positive to right 
positive up -
positive toward you 

Table 1.1: Definition of x, y, and z axes 

The edges of the graphics display define the limits of x and y. The x, y, and z ax·es are fixed in 
their own frame of reference instead of on the image: e.g., turning the y rotate dial always makes 
the image pirouette around the vertical axis of the graphics display regardless of its previous orien­
tation. 

When an image is depth cued, its intensity decreases with its apparent distance from the viewer, 
creating a three-.dimensional effect. The parts of the molecule "closest" to you look the brightest 
and the parts farthest away look the faintest. On depth cued. systems there are two clipping planes 
parallel to the display that define the allowedrange of z. The front clipping plane is usually fixed;· · 
while the rear clipping plane can move .. The intensity of the distant atoms is proportional to. the .. · 
separation between the rear and front clipping planes. The depth cueing dial controls the position 
of the rear clipping plane. Moving the rear clipping plane away from you causes distant parts of 
the molecule to become brighter; moving it toward you progressively dims· the back of the 
molecule until only a thin slab can be seen. 

Warning (Titan users only): We have observed that rotating the dials on the Titan during. an 
operation that updates the display (e.g., energy m~nimization, dynamics calculations, auto scan) . 
sometimes causes the program to crash. It would be pnident to minimize the use of the dials while 
these operations are being performed. 
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1.3.2 The Mouse 

The mouse may also be used to manipulate the image in the graphics window. The graphics win­
dow must be active, however. Table 1.2 summarizes the button and key presses and mouse 
movements required for each function. 

Depressing the middle mouse button and moving the mouse allows you to drag the image around 
_ the screen ( this_corresponds to the x and y translate functions). To translate the image along the z 

axis, the shift key and the middle mouse button must both be depressed while moving the mouse; 
movement up or to the right translates the image in the +z direction (toward the viewer), while 
mov~g the mouse down or to the left translates it in the -z direction (away from the viewer). 

Similarly, depth cueing may be altered by depressing the control key and the middle mouse button; 
moving the mouse up or to the right dims the back portions of the image, while moving it down or 
to the left intensifies them. (When animating a dynamics trajectory, depressing the middle mouse 
button and control key and moving the mouse allows you to display earlier or later conformations, 
while when auto scanning, it allows you to change the scan speed.) 

Function Mouse Button Key Mouse Motion 

x translate middle right/left 
y translate middle up/down 
z translate middle shift up or right (toward viewer), 

down or left (away from viewer) 
depth cueing middle control up or right (dims distant objects), 

down or left (intensifies distant objects) 
x rotate right up/down .~ 

y rotate right right /left 
z rotate right shift up or right (clockwise), 

down or left (counter-clockwise) 
zoom right control up or right (enlarges), 

down or left (reduces) 

Table 1.2: Using the mouse to manipulate the image in the graphics window 

The right mouse button is used for the rotate and zoom functions (see Figure 1.4). Depressing the 
right mouse button and moving the mouse to the right or left rotates the image around the y axis, 
while moving the mouse up or down rotates the image around the x axis. For z rotations, the shift 
key must also be depressed. In this case, moving the mouse up or to the right rotates the image 
clockwise around the z axis, while moving the mouse down or to the left rotates it in the counter­
clockwise direction. To resize the image, the control key must be depressed in conjunction with 
the right mouse button. Moving the mouse up or to the right enlarges the image, while movement 
down or to the left makes it smaller. 
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y 

Y Rotate X Rotate 

Z Rotate Zoom 

Figure 1.4: Use of mouse for rotate and zoom functions 

1. If using the mouse, activate the graphics window by placing the cursor in it and if necessary 
clicking with the mouse . 

2. Rotate the DNNnetropsin around they axis until it is lengthwise and horizontal on the dis­
play. 

3. Rotate the DNA around the z axis until it is vertical on the display. 

4. Translate the molecules along the different axes, then return them to the center of the display. 

5. Zoom the molecules "in" and "out". 
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6. If zooming the molecules moves them off the display, use the translate functions to recenter 
them. 

The remaining steps (7 - 10) illustrate the depth cueing function. 

7. Translate the image towards you using either the z translate or zoom functions. Note how the 
brightest sections of the molecules disappear as they pass forward of the front clipping plane. 

--g-: Use the depth cueing funcdon to bring the rear clipping plane forward. (If using the mouse, 
depress the middle mouse button and the control key and move the mouse up or to the right; 
if using the dials, turn the depth cueing dial counterclockwise.) The most distant parts of the 
molecule grow fainter and fainter as the rear plane approaches; they finally disappear alto­
gether when it passes them. 

9. Use the depth cueing function to push back the rear clipping plane. (If using the mouse, de­
press the middle button and the control key and move the mouse down or to the left; if using 
the dials, tum the depth cueing dial clockwise.) As the plane recedes, the parts of the image 

· that appear farthest away brighten until the entire display is uniform in intensity. Note how 
the DNA molecule no longer looks three-dimensional. 

10. Set the depth cueing to your satisfaction. By adjusting the position of the image and the 
clipping planes, you can selectively remove front and back portions of the molecule to exam­
ine cross-sections of its structure. 
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1.3.3 The Function Keys 

Several function keys are provided which can be used to modify the display. These are function 
keys Fl - F5, and Fl 1. They are described in Table 1.3 below. In addition, the program makes 
use of an abort key. This is used to stop any interactive molecular mechanics calculation after 
completing the current step or to abort charge equilibration calculations. The abort key is F8 for 
the HP9000, FlO for the Titan, and F12 for all the other machines. The graphics window must be 
active in order to use the function keys. 

Key Description Iris Titan RS6000' HP9000 ESV DSS000 

Fl Removes menus, enlarges Yes Yes Yes Yes Yes Yes 
graphics window 

F2 Displays two images for split Yes Yes Yes Yes Yes Yes 
screen stereo viewing 

F3 Rotates right image displayed Yes Yes Yes Yes Yes Yes 
by F2 key by 90° 

F4or Activates hardware for stereo Yes Yes No No No No 
F5 viewing 

Fll Brings text window forward Yes Yes No No 

F8, Aborts molecular mechanics Yes Yes Yes Yes Yes Yes 
Fl0, and charge equilibration 
F12 calculations 

Table 1.3: Function keys 

The position of the function keys on the keyboard differs depending on the graphics system. On 
the IRIS, RS6000, and ESV there are 12 function keys along the top of the keyboard, while the 
DS5000 has 14 function keys at the top of the keyboard. The Titan has 10 function keys in a 
keypad at the left, and the HP9000 has 8 function keys at the top of the keyboard (see diagrams A 
through D in Figure 1.5). 

1. Make sure the graphics window is active (place the cursor in it, and if necessary, click with 
the mouse). 

2. Press the Fl key to remove the menus and enlarge the graphics window. 

3. Press the F2 key to display two images for split-screen stereo viewing. Cross your eyes to 
see the image in three dimensions. 

4. Press the F3 key to rotate the image on the right by 90° about the x axis. 
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5. Translate the molecule along the various axes and note how the orthogonal projections give 
different views of the image. This feature is especially useful when you want to move differ­

. ent molecules relative to each other (e.g., when docking molecules). 

6. Press the F3, F2 and Fl keys to restore the display to normal. 

7. IRI_~ users OI}.!y_;_ press the F_l 1 k~y to bring th_e_text windo_W__forward. f>ress iLagain_to push_ 
the text window back. 

000 
A) Function keys on Silicon Graphics IRIS 4-D, IBM RISC System/6000, and 

Evans & Sutherland ESV Workstations (top of keyb9ard). 

B) Function keys on DS5000 Workstation (top of keyboard) 

C) Function keys on Stardent's 
Titan Supercomputer 
(left side of keyboard) 

D) Function keys on Hewlett Packard's 
HP9000 Workstation 

(top of keyboard) 

Figure 1.5: Function keys for the different graphics systems 
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1. 4 Viewing the Image in Three Dimensions 

The program provides a stereo function which renders the image in the molecular display area as a 
stereo pair so that it can be seen in three-dimensions. A trained user can easily see the three-di­
mensional image (you must either cross your eyes (proximal mode) or rotate them outward (distal 
mode). The stereo function is described under Visualize Operations, in Section 4.6 of the 
BIOGRAF Reference Manual. Alternatively, special equipment may be purchased for some sys­
tems which allows you to view images in three dimensions (without crossing your eyes). On the 
Titan, a special stereo monitor may be purchased, while on the IRIS, special glasses (Personal 
Stereo Viewer) may be used. This stereo hardware is activated by pressing the F5 key on the Titan 
and the F4 key on the IRIS. On the Titan, however, a special alias command must be set up first. 
This is described below. 

If you don't have a Titan with a stereo monitor, or an IRIS with the special glasses (Personal 
Stereo Viewer), skip to Section 1.5. 

1. 4 .1 Using Titan's Stereo Monitor 

In order to enable the stereo monitor on the Titan, an alias command which will execute the stereo 
version of the program must be set up. This is done by editing a start up macro to include the 
stereo option, running COMSTRUCT with the desired alias command, and editing the defaults and 
.cshrc files. This procedure is described in the Molecular Simulations Installation Guide. This 
procedure needs to be performed only once. If you have a Titan with the stereo monitor and this 
alias has not yet been set up, do so now (or have your system supervisor do it for you). 

A few more steps must also be done after every log in to get into stereo mode. 

1. Enter the X-Windows environment by typing xstart -stereo 

2. Type xterm -display unix:0.1 & 

3. Hold down ALT and press the F2 key to go into the stereo screen environment. 

4. Type setenv DISPLAY unix:0.1 
awm& 

5. Run the program in stereo mode by typing the alias command set up previously, followed by 
the macro file name for reading in DNA (e.g., biostereo dna.macro). 

When the DNA molecule comes up, you should be able to see it in three dimensions. 

6. Use the F5 key to activate the stereo mode (F5 toggles you back and forth between stereo and 
normal modes). It may be necessary to reposition the window. 
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7. Rotate and translate the molecule along the different axes to get a good three-dimensional 
view. 

8 . If desired, use the depth-cueing function. 

1. 4. 2 Using the Personal Stereo Viewer on the IRIS 

1 . Press :the-F4-key-to-enable-tire-stereo-glasses (Personai--s teren-viewer ). 

1-15 

2. Flip the appropriate switches on the glasses to tum them on, get into stereo mode, set the 
phase, etc. (consult the appropriate SOI manuals for further details). 

When set properly, you should be able to see the DNA molecule in three dimensions. 

3. Rotate and translate the molecule along the different axes to get a good three-dimensional 
view. 

4. If desired, use the depth~cueing function. 

5. When finished viewing the molecule, press the F4 key to return to normal mode. Tum the 
glasses off when finished as they are battery-powered. 
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1. S Selecting Menu Boxes and Buttons 

The user interacts with the program primarily by selecting menu boxes and buttons and by picking 
atoms on the graphics display with the mouse. All three of the mouse buttons may be used when 
selecting menu items and buttons, but only the left button is operative when picking atoms. It is 
important to note that the position of the mouse on the mousepad is irrelevant; it is the x and y 
movement of the mouse that determines the position of the cursor. Each menu label appears bright 
when the ·cursor is positioned over it. The menu item is not selected however until you click in the 
box with the mouse, causing it to be highlighted (i.e., the background becomes bright). 

1. Place the cursor over the menu items in the Top menu. Note how 
each of the menu labels appears bright when the cursor is positioned 
over it. 

2. Click in the analyze box. You have just selected the analyze func­
' tion. The analyze box is momentarily highlighted and the Analyze 

submenu immediately appears, displaying additional functions. 

Top menu: 

in-out 

build 

visualize 

simulate 

analyze 

utilities 

exit 

Figure 1.6: 
Top menu 

6/23/92 



1.6 USING THE MENUS 1-17 

1. 6 Using the Menus 

The menus are the means by which BIOGRAF accepts commands. The Functions menus are used . 
to drive the program. They are always located at the left of the Menu Pad. Additional menus ap­
pear adjacent to the Functions menus which display additional operations or choices which are 
needed to execute a particular function. These additional menus appear only when input is needed 
from the user. They include the Files menu, which is used to display the names of the files which 
are currently in the system, the Groups menu, which displays the groups currently in the system, 
and the Selections menus which display the choices available for the currently active function. The 
Energy results menu is also displayed here during minimization and dynamics calculations; it lists 
several key energy-related values. 

1. 6. 1 The Functions Menu Tree 

Operations are initiated by picking one of the 
functions from the top level Functions menu 
which appears at start up (the Top menu). 
When one of these functions is selected, the top 
level menu is replaced by a submenu displaying 
additional functions. These functions may also 
have their own submenus, etc. Thus, we have a 
Functions menu tree which consists of several 
levels. We started the session at the Top menu, 
then picked analyze to bring up the Analyze 
submenu, so we are currently down one level in 
the Functions menu tree. 

1. Pick identify from the Analyze menu. 
The Identify menu shown in Figure 1.8 
appears. We are now down two levels in 
the Functions menu tree. 

The top box of every Functions m~nu is 
always partially highlighted (the back­
ground is light gray) and contains the cur­
rent menu's name which always ends in a 
colon. Picking the menu title has no ef­
fect. Every Functions menu also has a 

Analyze: 

identify 

geometry 

one energy 

energy-force 

contacts 

match 

trajectory 

plot 

protein 

volumes 

return 

Figure 1.7: 
Analyze menu 

return function at the bottom. Picking the return box restores the 
previous Functions menu, taking you up one level in the menu tree. 

2. Pick return. We are brought up one level to the Analyze menu. 

3. Pick return again. We are brought up another level to the Top menu. 
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Identify: 

single atom 

group 

atom type 

atom charge 

atom mass 

atom label 

atom radius 

atom number 

residue name 

chain 

do not save 

save display 

return 

Figure 1.8: 
Identify menu 
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1. 6. 2 The TOP MENU Button 

As you have seen, picking the return box in any Functions menu always restores the previous 
Functions menu and takes you up one level in the menu tree. However, if you are several sub­
menus down in the tree, this must be done repeatedly in order to get back to the top level menu. 
Picking the TOP MENU button in the Modules/Messages window speeds this process up and im­
mediately rerurns you to the top level no matter where you are in the Functions menu tree. 

1. Pick analyze, then pick identify to bring you down two levels as before. 

2. Click the TOP MENU button loc.ated in the Modules/Messages window. ·You are immedi­
ately returned to the Top menu. 

1. 6. 3 The Items on the Functions Menus 

The items on each of the Functions menus do one of four things: · 

1) bring up a submenu displaying additional functions. 

2) execute the function indicated by the menu item's name: This may be done immediately or 
after additional information is obtained from the user. 

3) indicate a parameter value (usually in the box directly beneath the item). The parameter val­
ues are non-pickable menu items and are displayed in a different color so they may be easily 
recognized. Generally, picking the menu box containing the parameter name brings up 
prompts which allow you to change the associated value. 

4) indicate the current state or mode which will be applied when another operation is performed. ·-· · 
This includes items which are either in the "on" or "off' state where "on" is indicated by 
highlighting the menu item, and items which cycle through different possibilities where the 
one currently displayed is the one which is applied. 
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The In-Out menu provides some examples of the different types of menu items. 

1. Pick in-out to bring up the In-Out menu (see Figure 1.9). 

As mentioned previously, menu titles always appear at the top, end in 
a colon, and are partially highlighted (a light gray background is 
used). Picking them has no effect. In addition to the menu title at the 
top, we have two subtitles on this menu (Read defaults: and Write de­
faults:). Subtitles are distinguishable from regular menu items since 
they are displayed in a different color (the default label color is blue) 
and always end with a colon. Picking subtitles also has no effect. 

2. Pick In-Out:, Read defaults:, and Write defaults:. Notice that 
nothing happens. 

The caption and print screen menu items are examples of options 
which bring up their own submenus. These submenus display addi­
tional options. used in implementing the caption and print screen 
functions. 

3. Pick print screen. Notice that the Print screen submenu appears 
displaying additional options which are used in implementing the 
print screen function. Pick return to get back to the In-Out menu. 

The In-Out menu also has examples of on/off menu items. Two of 
the read defaults (auto group and half bond) are on/off menu 
items that are currently in the "on" state, indicating that these options 
will be applied when the operation they refer to (the read operation) 
is performed. This means that a group will automatically be created 
for the file to be read in and that the new molecule will be displayed 
with the half-bond colors (rather than in monochrome). Toggling 
these items turns them off (they no longer appear highlighted). 

1-19 

In-Out: 

read 

write 

copy file 

caption 

print screen 

Read defaults: 

auto group 

half bond 

center next 

Write defaults 

by file 

by group 

return 

Figure 1.9: 
In-Out menu 

4. Toggle auto group and half bond off and on. Notice how the highlighting changes. 
Leave them both at their default settings (on). 

The third read default (center next) is an example of a cyclic menu item. It controls the 
centering of molecules on the display. Toggling this box cycles through three different cen­
tering methods: center next, center all, and no center. The one which is currently 
shown in the menu box is the one which is applied when the read operation is executed. The 
default (center next) centers the next molecule (the one being read in) in the graphics win­
dow. 

5. Pick the center next box and cycle through the three centering possibilities. Leave it with 
center next displayed. 
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This menu also has an example of two mutually exclusive menu items. These are the write 
defaults, by file and by group. Only one of these may be on (highlighted) at a time. 
Toggling the item which is off turns it on and at the same time turns the other item off. 

6. Toggle by group on. Notice that as by group goes on, by file goes off (it is no longer 
highlighted). Toggle by file on again. 

The rest of the items on the In-Out menu are all functional, that is, picking them causes an 
operation to be performed. Most of them, however, require further input from the user be-. 
fore the operation may be completed. The program employs certain conventions in using the 
menus which make this process easier. These are described in the next section. 

1. 6. 4 Basic Conventions for Using the Menus 

The program employs the following conventions for using the menus: 

1) Once a function has been selected from the Functions menu, additional information may be 
needed in order to complete the operation. The program requests input in one of three ways: 

(a) It displays another menu with a list of selections. A prompt may appear in the Mod­
ules/Messages window. If still visible, the original menu may become dimmed indicat­
ing that it is currently inactive (picking menu items has no effect) . 

. (b) It surrounds the graphics display window with a red border and prints a message in the 
Modules/Messages window asking you to perform an operation within the graphics 
window. 

(c) It displays a dialog box requesting you to make a selection or enter information. The 
cursor is automatically positioned in the dialog box. 

2) If the program requires you to make only one selection from a menu, then the operation con­
. tinues as soon as you pick the item. When it is possible to make more than one selection, 
however, you can select and deselect items until you have picked the set of items you want. 
The operation is then completed by picking return. 

3) Most item selection operations can be aborted by picking return or abort. 

4) The program can indicate completion of an operation in several ways: by restoring the Mod­
ules and Common Buttons (if there was a message in the Modules/Messages Window), by 
removing the red border surrounding the graphics window (if picking atoms), and by 
restoring the menus and/or dialog boxes to their previous condition. 
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Some of these basic conventions for using the menus can be illustrated by using the render 
groups function to render the netropsin molecule as balls and sticks. 

1. Pick return to go back to the Top menu, 
then pick visualize. The Visualize menu 
shown in Figure 1.10 appears. 

2. Pick render groups !O bring up _the B,en­
·der groups· menu (see Figure 1.11). The 
Groups menu is displayed with a list of 
selections (the groups currently available 
in the system) as shown in Figure 1.12. · 
The program requests input by displaying 
the following prompt in the Mod­
ules/Messages window Pick the group(s) 
to be rendered. 

3. Pick NETROP from the Groups menu. 
The NETROP menu box becomes high­
lighted indicating that it has been selected. 
It is possible to pick more than one group, 
so the Groups menu remains displayed. 

4. Pick CHAIN A. It also becomes high­
lighted. We only want to render the 
NETROP group, so pick CHAIN A 
again to deselect it. 

5. Pick return to complete the operation. 
The Groups menu disappears indicating 
that the group selection has been com­
pleted. The prompt also disappears and 
the Modules/Messages window is restored 
to its nonnal appearance. 

6. On the Render groups menu, toggle ball 
& stick on (highlight it). The default 
rendering mode (vectors) is automatically 
turned off (not highlighted). 

Visualize: 

make groups 

render groups 
-

surface 

set origin 

change colors 

stereo 

rock 

auto rotate 

-· 

return 

Figure 1.10: 
Visualize menu 

Groups: 

CHAIN A 

CHAIN B 

NETROP 

WATER 

add group 

return 

Figure 1.12: 
Groups menu 

7. Pick execute. The message Working... appears in the Mod-

Render groups 

vectors 

cylinders 

spheres 

ball & stick 

half bond 

vector width 

2 

cylinder scale 

0.100 

ball scale 

0.600 

shading type 

vertex 

divisions 

0.300 

specular inten 

0.75 

execute 

return 

Figure 1.11: 
Render groups 

menu 

ules/Messages window while the program performs the required calculations. When com­
plete, the NETROP group appears in the graphics window in ball and stick mode and the 
Modules/Messages window is restored to normal. 
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1. 7 Inputting Information via Dialog and Alert Boxes 

Several program functions require the user to enter information via dialog boxes. We'll use an op­
tion on the Geometry menu to illustrate this. 

1. Click the TOP MENU button to return to the Top menu, pick 
analyze to bring up the Analyze menu, -then pick geometry. The 
Geometry menu shown in Figure 1.13 is displayed. 

We'll be measuring some distances between atoms shortly. The dis­
tances will be illustrated on the display. We have the option of sav­
ing these displayed values by creating a group for them. We'll tell 
the program to save them by toggling the save display option on. 

2. Pick save display to highlight it. The do not save menu item is 
automatically turned off. 

A dialog box comes up as shown in Figure 1.14 prompting us to 
Enter the name of the group to be created. 

·=•----
Figure 1.14: Dialog box example 

The dialog box always includes a prompt box at the top and a text 
entry box (highlighted) directly beneath it. The cursor is automati­
cally positioned appropriately so you don't need to move it (text can 
be input as long as the cursor is located anywhere within the dialog 
box). You just type in the required information, then select the OK 
button. The OK button can be selected by clicking in it with the 
mouse or by simply pressing the <Enter> key. The Cancel button is 
used to abort the function. 

3. Enter distance as the name of the group, then press the <Enter> 
key to select OK and verify the entry. The dialog box disappears. 

Geometry: 

single 

group 

distance 

angle 

dihedral 

inversion 

plane 

linkage 

difference 

write file 

do not save 

save display 

group origin 

pick origin 

return 

Figure 1.13: 
Geometry menu 

The Alert box is similar to the dialog box in that it also contains a prompt or message and OK and 
Cancel buttons. It appears in the graphics window area, however, and is used for critical functions 
such as resetting or exiting the program. 
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1. 8 Picking Atoms in the Graphics Window 

We'll illustrate how to pick atoms with the distance option. 

1. Pick distance on the Geometry menu. The program indicates that you are required to pick 
an atom by surrounding the graphics window with a red border. You are also prompted Pick 
the first atom or anywhere else to continue. 

Only the left mouse button is operative when picking atoms. If two atoms are displayed in 
the same area (within the tolerance of the small box of the cursor), the atom appearing closer 
to you may not be the one that is picked. 

2. Zoom in or change the orientation of the molecules so that only the atom you want to pick lies 
within the area of the cursor. 

3. Pick the atom. The picked atom is marked with a red cross. The prompt changes to Pick the 
second atom or anywhere else to continue. 

4. If you were not able to pick the desired atom, it may be due to another atom which is dis­
played in the same area, but which is not visible because depth cueing causes it to be dis­
played with little or no intensity. Temporarily reduce the degree of depth cueing to see if 
additional atoms lie within your picking area. 

5. Pick another atom. The second atom picked is marked with a yellow cross. A dotted blue 
line is drawn between the two atoms and the distance is displayed. We can continue measur­
ing distances if desired. The prompt reads Picked distances are shown. Pick the first atom 
or anywhere else to continue. :;' 

4. Pick a non-atom to complete the operation. The graphics window is no longer surrounded 
with a red border, the prompt disappears, and the Modules/Messages window returns to 
normal. 

1. 8 .1 Picking a Range of Atoms 

There are instances when you will need to pick a "range" of atoms, that is, a subset of the total 
atoms displayed. They must all be connected to one another through a series of covalent bonds. 
Basically, a range of atoms is defined by picking a base atom and then delimiting the range by 
picking stopping atoms. Section 1.5.1 of the BIOGRAF Reference Manual describes this in more 
detail. 
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1.9 Displaying Groups - The DISPLAY Button 

The DISPLAY button brings up the Display menu which lists the groups that are currently irt the 
system. Groups are collections of atoms an,d bonds chosen in such a manner as to reduce a 
molecular structure into functional parts. Program functions can then be applied to selected groups 
of atoms. For example, groups can be rendered differently (e.g, displayed in different colors) en­
hancing visualization. The DNA molecule shown here has been partitioned into two separate 
groups, CHAIN A and CHAIN B. These have been rendered in different colors, making.it easier 
to distinguish them. Groups are created using the make groups function under visualize. This 
ability to create groups is one of the most powerful features of the program. You can tum a group 
on or off (have it displayed or not) by toggling on the group name in the Display menu. 

1 . Click the DISPLAY button in the Modules/Messages window. The 
Display menu appears and lists the groups currently in the system as 
shown in Figure 1.15. Note that all the groups are turned on (appear 
highlighted in the menu) except the WATER group. The distance 
group we created in the last section is listed at the bottom of the 
menu. 

2. Toggle each of the groups on and off: Note that the groups are no· 
longer displayed in the graphics window when toggled off. Leave all 
but the WATER group toggled ori. 

3. Pick return to complete the function. The Display menu is replaced 
with the currently active Functions menu. 

Display: 

. CHAIN A 

CHAIN 8 

NETROP 

WATER 

distance 

return 

Figure 1.15: 
Display menu 
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1.10 Entering File Names 

File names must be specified when reading in and writing out files. When writing files, the file 
name is entered directly in the dialog box which appears. If the file is not being saved in the cur­
rent working directory, the full pathname including disk and directory specifications must be in­
cluded (" . ./"may be used to indicate the previous directory). Logical names cannot be used. The 
program automatically adds on the appropriate three- or four-letter extension if not already in­
cluded. 

When reading in files, a special file name entry dialog box appears (see Figure 1.17). The file 
name may be entered directly (using the New Dir and New File buttons) or it may be selected from 
the listings provided in the browser box. These features are described below. 

1.10.1 The Browser Box 

A special file name entry dialog box is used for file input (see Figure 1.17). 
This dialog box is displayed when reading in files (e.g., when using the 
read option on the In-Out menu) and when using the browser function 
on the Utilities menu to search through files or change the default directory. 

1 Click the TOP MENU button to return to the Top menu, then pick 
in-out to bring up the In-Out menu. 

2. Make sure the auto group and half bond options are toggled. on, 
and that center next is displayed. · 

3. Pick read from the In-Out menu. The prompt Pick the file type to be 
input appears in the Modules/Messages window and the File types 
menu shown in Figure 1.16 is displayed. 

Ten different coordinate file formats are available. These are listed at 
the top of the menu. They provide information about the positions 
and connectivities of the atoms in the structure. The other file types 
provide information about force field parameters, groups, coordinate 
transformations, solvent-accessible surfaces (dot files), and vectors 
(e.g., for electron density contours). Our data is in a BioDesign 
General format file. 

2. Pick BioDesign to indicate that we want to read a BioDesign Gen­
eral format file. 

The file name entry dialog box is displayed (see Figure 1.17) and you 
are prompted to Choose the file to be input. 

The full pathname for the current working directory is given at the top 
of the dialog box next to "Dir: ", and the full pathname for the cur-
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File types: 

Bio Design 
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Cambridge 
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Chemlab Chm 

Macro model 

Moledit 

Molfile 

Mopac 

user 

FF parameters 

group 

rotate/translate 

dot 

vector 

return 

Figure 1.16: 
File types menu 
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Figure 1.17: Example of File name Entry and Browser Box 

rently selected file is shown next to "File:" (initially this is blank since no file has been se­
lected yet). The subdirectories and files within the current working directory are listed in the 
browser box. The directories are always shown in red, while the files are shown in black 
and have a 3- or 4- letter extension. When reading in a file, the listings only include files of 
the filetype specified (e.g., if Mopac was chosen as the filetype, only .mpc files are listed). 
If using the browser function on the Utilities menu, however, all filetypes are shown. 

The previous directory (up one level) is always shown at the top of the list in parentheses 
(" . ./" indicates the previous level). Selecting this allows you to move up in the directory 
path, while selecting one of the subdirectories moves you down. Selection is done by click­
ing on the desired directory or file name with the mouse (file names become highlighted 
when selected). 

3. Select the previous directory from the top of the list (shown in red and in parentheses). 

4. Note that the browser box now displays listings for the directory chosen. The directory 
name shown at the top next to "Dir:" also changes appropriately. 

The file we want to read in is located in your distribution data directory. Typically the full 
specifications for the distribution data directory are /usrlmsilbiogv300/data. The distribution 
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data files are always located in the lbiogv300/data directory. However, as noted at the be­
ginning of the tutorial, the first part of the path specifications may differ on your system. 

5. If you do not recall the location of the lbiogv300 directory on your system, then type echo 
$MSIUSR from a systems window to obtain it. 

6. Use the browser box to move up and down in the directories and locate the lbiogv300/data 
directory.. Several data-files are listed. 

Using the Scroll Bar 

The scroll bar at the right of the browser box can be used to scroll through the listings. The three 
mouse buttons each scroll the list in a different way. 

· 1 . Position the cursor within the scroll bar box, then click the right mouse button. This scrolls 
the list down. 

2. Click the left mouse button and note that this scrolls the list up. 

3. Position the cursor in the middle of the scroll box and click the middle mouse button or press 
the middle mouse button and drag the scroll bar to this spot. This moves you to a particular 
position in the list (1/2 way down in this case). 

4. Use the three mouse buttons to scroll the list until you are comfortable with their use. 

These scrolling features are particularly useful when working with long lists. However, the 
use of exceedingly long lists may cause delays (it takes longer for the browser box to display 
them). This may be avoided by keeping no more than 50 files in any directory. 

5. Locate the chex.bgf file in the listings, then select it by clicking on the file name. It becomes 
highlighted and the file name selected appears next to "File:" at the top. 

6. Click the OK button to verify the file selection. The dialog box disappears and the message 
Working; .. appears while the program reads the data file. When finished, the cyclohexane 
molecule appears centered in the graphics window. 
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1.10. 2 The New Dir and New File Buttons 

You can also change the default directory or select a new file using the New Dir or New File but­
tons. Clicking these buttons with the mouse brings up a dialog box requesting you to enter the 
name of the new directory or file desired. The New Dir dialog box also lists the current directory 
at the top. If the new file or directory is not in your current working directory, the full pathname 

·including disk and directory specifications must be included ( " . ./"maybe used to indicate the 
previous directory). We'll illustrate the use of the New File button by reading in the toluene.bgf 
rile which is located in your distribution solvent directory (lbiogv300/solvent). 

1. Pick read, then select BioDesign for the file type as before. 

2. Click the New File button at the bottom of the browser box. A dialog box comes up 
prompting you to enter the name of the file. Since you are currently in the lbiogv300/data di­
rectory, you can use " . ./" to indicate that you want to go up to the previous directory 
(lbiogv300). 

3. Enter . .lsolventltoluene.bgf in the dialog box, then press <Enter>. You are returned to 
the browser box. The file name you entered appears next to "File:" at the top. 

4. Click the OK button at the bottom of the browser box to verify the selection. The data file is 
read in and the structure for the solvent toluene appears in the graphics window. 

1.11 Resetting the Program 

There may be times when you would like to work on a different molecule and would like to clear 
out all the atoms, groups, and files left over from the current session so that you can "start from a 
clean slate". This can be done using the program reset function. This allows you to start over 
without taking the extra time to quit BIOGRAF and restart it. The program 
reset option is found on the Utilities menu. 

1. Click the TOP MENU button to return to the Top menu, then pick 
utilities to bring up the Utilities menu shown in Figure 1.18. 

2. Pick program reset. An alert box appears asking you to verify the 
reset. 

3. Click the OK button. BIOGRAF resets all the atom, group, and file 
arrays. When finished, the structures are all cleared from the graph­
ics window and the Top menu is again displayed. 

Utilities: 

user 

program reset 

label color 

browser 

return 

Figure 1.18: 
Utilities menu 
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1.12 Using Command Mode - The COMMAND Button 

In addition to using the Functions menus to initiate operations, the program provides another mode 
of operation where you may issue commands by entering text in the text window. This is called 
command mode. Command mode allows the use of some very powerful special commands and 
macros. Command mode can be initiated using several different methods. The most direct method 
is to click the COMMAND button in the Modules/Messages window after the program has started. 

1 . Click the TEXT button in the lower left window to bring the text window forward. If neces­
sary, resize or reposition the windows so that your views of the graphics window and the 
Menu Pad are not obscured. 

2. Click the COMMAND button. The text window displays the current menu name (Top 
menu:) and a message appears in the Modules/Messages window reminding us that the cur­
sor must be in the graphics window to use command mode. 

3. Move the cursor into the graphics window to activate it (if necessary, also click with the 
mouse). Macros are executed by typing in the character"@" followed by the macro file 
name. If the macro is not located in your current working directory, then full directory spec-
ifications must also be included. · 

We have a macro file which reads in the coordinate data for the morphine molecule·. It also 
reads in a dot file containing surface information for morphine. It is called intro.macro and is 
located in your distribution macro directory. Refer to Section 1.1.1 if you do not know the 
location of your distribution macro directory. 

4. Type@ followed by the macro file name including full directory specifications (e.g., 
@/usrlmsilbiogv300/macrolintro). Do not include the .macro extension at the end of 
the file name. 

The program quickly executes the series of commands in the intro.macro file. The coordinate 
and dot file data for morphine are read in and the morphine molecule appears in the graphics 
window. It is surrounded by a dotted molecular surface. 

You can exit command mode and return to graphics (interactive) mode by entering one of the 
following commands after the command prompt: menu, quit, or stop. The last command in 
the macro file we just executed is menu so we are now back in interactive mode. 

Command mode can also be specified upon start up by either adding a "command mode" line 
to the defaults file (L_CMND YES) or by specifying a start up macro on program invocation 
as we did at the beginning of this tutorial. The use of command mode and macros is de­
scribed in more detail in Appendix K of theBIOGRAF Reference Manual. 
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1.13 Running the Program in the Background 

One of the easiest ways to run a job offline or in the background is.to begin the job as an interactive 
sessio.n as we did in this tutorial: The program automatically creates a macro command file of the 
session called logfile.macro and places it in your current working directory: One can repame this 
file, edit it as desired, disable the graphics displays, and then run the macro in the background. It 
is usually a good idea to save the file information sent to the text window. This can be done by 
redirecting output to a file on the command line which is used to execute the program. The stored 
output file can be followed by running "tail-f' on the output file from another window. 

See Section 1.8 of the BIOGRAF Reference Manual for more details. Chapter 6 of ~his tutorial 
· also illustrates how to create a macro and run it in the background. 

. . . 
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1.14 Basic Functions 

The basic functions available via the items on the top level Functions menu are listed below with a 
very brief description of their use. The most commonly used functions are illustrated in detail in 
subsequent chapters of this tutorial. 

In-Out 

Build 

Visualize 

Simulate 

Analyze 

Utilities 

Exit 
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Transfer files to and from disk, copy files, add captions, arrows, borders etc. to 
-the graphics display, generate PostSciipt files- from the- images 6n the screen for 
output to a printer. 

Sketch new structures and build polypeptides, lipids, DNA, RNA, and carbohy­
drates from monomeric units and organic molecules from organic fragments, 
build crystals from crystallographic data, and solvate molecules. Additional 
functions are used to rotate bonds, dock structures and interactively monitor in­
teratomic distances, force vectors, and energy, add or delete hydrogens or modify 
their mass, calculate moments for a structure, convert coordinate files, and gen­
erate connectivity for input files which don't have bonding information. 

Partition molecules into functionally useful subsets of atoms (make groups), 
change rendering mode (vector, solid, cylinder, ball and stick), create ribbons, 
calculate and display dotted surfaces that show the structure's contact surface, 
electrical charge, or electrostatic potential, change the center of rotation of the 
display, change the color of structures, display images in stereo, cause objects to 
rock or rotate about the y axis. 

Perform energy minimizations, conformational searches and molecular dynamics, 
animate the sequences generated, perform statistical analysis on them, specify the 
parameters that govern the energy calculations, and modify the force field parame­
ters. 

Identify atoms and linkages, calculate bond distances, angles and planes, analyze 
energies and forces, check for "bad" van der Waals contacts, measure molecular 
volumes, check proteins for irregular structural features, match structures by 
least-squares fits, analyze and plot trajectory file data, display, merge, and change 
the appearance of plot files. 

Reset the program, call up user-defined functions, browse through files in the 
system, change the default directory, and change the color of the labels. 

Exit the program. 
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1.15 Conclusions 

BIOGRAF employs an X-Windows based graphical user interface that is design~d to be both easy 
to learn and easy to use. The program is basically menu-driven and uses standard file browsers, 
dialog boxes, alert boxes, slider bars, and buttons. The program can be run interactively or in the 
background or commands may be entered from the keyboard. A powerful macro facility is also 
supported. 

This concludes Chapter 1. To leave BIOGRAF, pick exit from the top level menu, then verify the 
exit by clicking the OK button. 

You are now ready to go on to Chapters 2 through 7. The rest of the tutorials in this manual are 
independent of each other. This leads to some redundancy between the various chapters, but 
makes it possible for you to select the tutorials of most interest. Chapters 2 through 7 all assume 
that you have read Chapter 1. 
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Chapter 2 

Displaying Molecular Structures 

This chapter introduces the operations which allow you to display molecular structures in a useful 
manner. We will read in the data that describes the Cytochrome C molecule found in tuna and look 
at the ways in which it can be divided up into recognizable parts or groups. We will use the make 
groups operations to construct our own groups and then use the in-out operations to save the in-
formation. -

It is assumed that you have already completed Chapter 1. 

2 .1 Getting Started 

1. Enter the command biograf. This starts up BIOGRAF without 
reading in information about any molecule. As explained in 
Chapter 1, this command may be different at your site. 

Th~ Top menu will appear in the Menu Pad as shown in Figure 2.1. 
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Top menu: 

in-out 

build 

visualize 

simulate 

analyze 

utilities 

exit 

Figure 2.1: 
Top level menu 
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2.2 Reading the Data 

This section describes how to input data about 
the Cytochrome C molecule into BIOGRAF. 
The Cytochrome C data is located in two files, a 
coordinate file, test.bgf, which contains infor­
mation about the positions and connectivities of 
the atoms, and a group file, test.grp, which con­
tains group information. To read files, the pro­
gram requires the user to input information 
which describes where these files are located. 

1. Pick in-out from the Top menu to display 
the In-Out menu (see Figure 2.2). This 
menu provides five basic functions: read­
ing, saving, and copying files, adding 
captions, borders, etc. to the images in the 
graphics window, and creating PostScript 
files of the screen for output to a printer or 
to another application. These functions are 
performed using the first five options on 
the inenu (read, write, copy file, 
caption, and print screen). 

Three read defaults also appear on the 
menu which determine how the structure 
will appear when it is read in. Au to 
group allows the user to automatically 
create a group for the file that is being read 
in, and half bond determines whether the 
structure will be drawn in a single color or 

In-Out: 

read 

write 

copy file 

caption 

print screen 

Read defaults: 

auto group 

half bond 

center next 

Write defaults 

by file 

by group 

return 

Figure 2.2: 
In-Out menu 

with the half-bond colors. These options are either on or off. 
Center next is a three-way toggle which controls how the display is 
centered (on the file being read in, on all the files, or left as is). The 

File types: 

Bio Design 

Brookhaven 

Cambridge 

CSSR 

Chemlab Chm 

Macro model 

Moledit 

Molfile 

Mopac 

user 

FF parameters 

group 

rotate/translate 

dot 

vector 

return 

Figure 2.3: 
File types menu 

read defaults apply only when reading in coordinate files. We will be reading in a BioDesign 
General Format coordinate file. We want to create a group for the file, use the half bond col­
ors, and center it on the screen, so we'll keep the current settings for these options. The re­
maining options are write defaults which apply when saving files. 

2. Pick read. The prompt Pick the file type to be input: appears in the Modules/Messages 
window and a new menu is displayed listing the possible file types as shown in Figure 2.3. 
The coordinate file types are listed first. These provide information about the positions and 
connectivity of the atoms in the structure. Other file types are also available which provide 
information about force field parameters, groups, coordinate transformations (rotation/ 
translation files), solvent-accessible surfaces (dot files), and vectors (e.g., for electron den­
sity contours). Our data is in a BioDesign General Format file. 
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3. Pick BioDesign from the File types menu to indicate that we want to read a BioDesign Gen­
eral Format file. The file name entry dialog box appears and we are prompted to Choose the 
file to be input. The Cytochrome C data is in the test.bgf file which is located in the distri­
bution directory (test is thefilename, and the bgf extension indicates that the file type is a 
BioDesign General Format file). 

Typically, the full specifications for the distribution data directory are lusr/msilbiogv300/data. 
The distribution data files are always located in the !biogv300/data. directory; however, the 
first part of the path specifications may differ on your system. To determine the location of 
the lbiogv300/data directory on your system, type echo $MSIUSR from a systems win­
dow. The directory listed in response to this command should be followed by 
lbiogvJ00!data when giving directory specifications for distribution data files. 

4. Use the browser box to locate the distribution data directory (e.g., 
/usrlmsilbiogv300/data, then select the test.bgf file from the listings. Click the OK 
button to complete the entry. 

The message Working appears while the program reads the data file. Since we had auto 
group toggled on, a new group is also created. It is defined as Tuna (the file descriptor 
name for the Cytochrome C data). The entire Cytochrome C system is then displayed as one 

. group. From the display, it is clear why there is an advantage to subdividing the molecule 
into sma~ler groups. We'll be able to see these groups after we read in the group file. 

5. Pick read, then pick group from the File types menu. You are prompted to Choose the 
name of the groupings file. 

6. Select the test.grp file from the listings in the browser box, then pick OK to complete the 
entry. Messages appear while the groups are being read in. When BIOGRAF finishes 
reading the data, the Tuna group disappears and four of the groups that we read in appear in 
the graphics window. 

2. 3 Looking at the Groups 

BIOGRAF handles molecular information as groups. A group is a collection of atoms and bonds 
chosen in such a manner as to reduce a molecular structure into recognizable parts. There are vari­
ous ways to partition the Cytochrome C molecule into meaningful groups. We chose the ten 
groups shown in Table 2.1. 

The four groups currently displayed are: Trace, Herne, Ligands, and Thio E. These groups are 
turned on, while the remaining groups (All, Main, Side, Carbonyl, Water, and Labels) are turned 
off and thus do not appear on the display. Groups may be turned on or off (displayed or not) by 
clicking the DISPLAY button and toggling on the group name in the Display menu. 
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Group Color Description 

All half-bonded The entire molecule 
Trace red A trace through all the ex-carbons (Ca) 
Main red The peptide backbone or main chain (-N-Ccx-C-) 
Side cyan The peptide residues or side chains 
Carbonyl yellow The peptide C=O groups 
Herne purple The heme group 
Ligands green The histidine (HIS 18) and methionine (MET 80) residues 

which constitute the fifth and sixth ligands to the heme iron 

ThioE cyan The two thioether bonds which attach the heme to the protein 
Water blue The crystallographic water molecules 
Labels yellow The residue labels and numbers . 

Table 2.1: Groups in Cytochrome C molecule 

1. Click the DISPLAY button located in the Modules/Messages window 
(see Figure 2.4). The Display menu shown in Figure 2.5 comes up 
and lists all the groups currently in the system. Note that the four 
groups which are currently displayed in the graphics window appear 
highlighted in the menu (Trace, Herne, Ligands, and Thio E). 

Figure 2.4 Modules/Messages Window with 
DISPLAY, TOP MENU and COMMAND Buttons 

2. Toggle the various groups on and off to look at the molecule. Pick 
return when finished. The Display menu disappears and the In-Out 
menu comes up in its place. 

The same atoms and bonds may appear in more than one group. This 
does not mean BIOGRAF has made more than one molecular struc-

Display: 

All 

Trace 

Main 

Side 

Carbonyl 

Herne 

Ligands 

Thio E 

Water 

Labels 

return 

Figure 2.5: 
Display menu 

ture that contains those atoms and bonds. For example, the Ligands group is a subset of 
the Side group, but BIOGRAF knows that the atoms and bonds contained in Ligands ap­
pear only once in the Cytochrome C molecule. 
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2. 4 Creating Groups 

BIOGRAF expects all data to be specified in terms of groups. The following sections describe 
how to partition the Cytochrome C molecule into the ten groups as shown in Table 2.1. 

Groups may be defined in either of two ways: 

• with standard structural elements or primitives (e.g., an amino acid residue), or 

• with standard structural descriptors or selectors (e.g., hydrophilic side chains). 

Appendix A of the Biograf Reference Manual "Standard Group Elements" lists the primitives and 
selectors that may be used to describe biological macromolecules. 

Groups are created using the make groups operations found under visualize. Before we create 
any groups for Cytochrome C, we'll first reset the ·program so that we can get rid of all our current 
groups and start from a clean slate. 

1. Return to the top level menu, then pick 
utilities. The Utilities menu shown in 
Figure 2.6 appears. 

2. Pick program reset. An alert box ap­
pears asking you to verify the reset. 

3. Click the OK button. When BIOGRAF 
finishes the program reset it no longer re­
members anything about Cytochrome C 
including the coordinate information, so 
we'll have to read the coordinate file back 
in again before we can create any groups. 
The Top menu is again displayed. 

4. Pick in-out to bring up the In-Out menu, 
then toggle auto group off. 

Utilities: 

user 

program reset 

label color 

browser 

return 

Figure 2.6: 
Utilities menu 

5. Read in the test.bgf file as we did before. (Pick read, pick 
BioDesign for the file type, then use the browser box to choose the 
test.bgf file from your distribution data directory (e.g., 
/usrlmsi/biogv300/data). 

Visualize: 

make groups 

render groups 

surface 

set origin 

change colors 

stereo 

rock 

auto rotate 

return 

Figure 2.7: 
Visualize menu 

The coordinate data for Cytochrome C is read in. The molecule is not displayed, however, 
since no group was created (auto group was off). 

6. Return to the Top menu, then pick visualize. The Visualize menu shown in Figure 2.7 
appears. 
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7. Pick make groups on the Visualize menu to bring up the Make 
Groups menu shown in Figure 2.8. 

The first seven options on the Make Groups menu are used to define the 
portion of a structure which is to comprise the new group. It is essential to 
perform them in the proper sequence, starting with setup and moving 
down sequentially to create. Setup is used to specify the group which is 
to be created or redefined. Files is used to select the coordinate file(s) 
from which the group is to be built. Full file is an on/off switch which 
indicates whether the group is to include all the atoms in the file (on) or 
only part of the file (oft). 

The chains, residues, and limits operations allow the user to delimit the 
group in terms of standard structural elements or primitives for biological 
macromolecules, such as chains and residues or standard structural selec­
tors such as hydrophilic side chains. One may also limit the group by 
specifying a range of residues to be included or by using a distance con­
straint. Once the group has been defined, the user then picks create to 
generate it. The sequence of steps used to construct a group is given be­
low. 

setup Q files Q chains Q residues Q limits Q create 

If the whole file is to be used (full file is on), then the chains, residues 
and limits options are not applicable and are skipped. 

setup Q files Q create (full file on) 

The correct sequence is essential. However, it may not be necessary to re-

Make Groups: 

setup 

full file 

files 

chains 

residues 

limits 

create 

rename file 

rename group 

Special:. 

hbonds 

ribbons 

return 

Figure 2.8: 
Make Groups 

menu 

peat every step each time you define a group because files, chains, and residues always 
correspond to their last setting. You can make changes in the middle of the sequence by redoing 
the appropriate step and then repeating the subsequent steps in tl}e proper order. The defaults for 
files, chains, and residues are often appropriate, so that constructing groups involves only the 
steps 

setup Q limits Q create 

Primitives and selectors also retain their previous settings, but the residues picked or keyed in 
under limits are lost each time you toggle setup, so that the limits include the entire molecule. 
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2.5 Creating the Trace 

The first group we create is the trace of the Cytochrome C backbone. 

1. Pick setup on the Make Groups menu. The Groups menu appears · 
as shown in Figure 2.9 and we are prompted Pick the group to be 
defined: 

2. Pick add group. A dialog box comes up and we are asked to Enter 
a name for the group to be defined. 

3. Type Trace as the group name in the dialog box. To verify the entry 
click the OK button or simply press <Enter>. 

4. Pick files from the Make Groups menu. 

The Files menu appears with the file descriptor Tuna highlighted as 
shown in Figure 2, 10 and we are prompted to Pick the data file des­
ignators. 

This is the file we want, so we'll leave it toggled on. Verify the file 
selection by picking return. 

5. Pick chains. A new menu appears listing the chain designators cur­
rently in the system as shown in Figure 2.11. 

Two chain designators are listed: ? , which indicates that the program 
will accept any chain designator, and R (for reduced Cytochrome C). 
The first time the Chains menu is entered, ? is toggled on. If it is not 
on, toggle it on. Pick return to verify the selection. 
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Groups: 

add group 

return 

Figure 2.9: 
Groups menu 

Files: 

Tuna 

new file ' 
return 

Figure 2.10: 
Files menu 

Chains: 

? 

R 

return 

Figure 2.11: 
Chains menu 
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6. Pick residues from the Make Groups menu. The 
Residues menu appears as shown in Figure 2.12 . 

. ALL should be toggled on, indicating that any 
residue will be accepted. If ALL is not on, toggle 
it on. Complete the selection by picking return. 

Residues: 

ALL TRP 
ACE TYR 
ALA VAL· 

ARG return 

ASN 

ASP ,, 

CYS 
GLN 
GLU 

GLY 
HEM 
HIS 

HOH 

ILE 
LEU 
LYS 
MET 

PHE· 

PRO 

SER 

THR 

Figure 2.12: Residues menu 
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2. 6 Choosing the Primitives 

Next, we choose the primitives for the Trace 
group. 

1. Pick limits on the Make Groups menu to 
display the Limits menu (see Figure 2.13). 

2. Pick primitives on the Limits menu. The 
Primitives menu is then displayed listing 
the primitive structural elements as shown 
in Figure 2.14. STD SET should be 
toggled on, indicating that the standard set 
of primitive elements are included in the 
group. The standard set includes all the 
elements listed except the a carbons 
(TRACE) and the labels for the 
a carbons (LABELS CA). 

3. Toggle TRACE on the Primitives menu, 
then pick R E T U R N . This tells 
BIOGRAF to include only the trace of the 
Cytochrome C backbone. 

4. Pick return on the Limits menu to return 
to the Make Groups menu, then pick 
create. 

The message Working .. .is displayed in the 
Modules/Messages window. When the 

Limits: 

primitives 

selectors 

key res range 

key one res 

pick start res 

0 

pick stop res 

0 

pick one res 

0 

keep range 

forget range 

distance 

return 

Figure 2.13: 
Limits menu 

program finishes, a group corresponding to the trace of the Cy­
tochrome C carbon backbone appears in the graphics window. 
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STD SET 

TRACE 

MAIN CHAIN 

HMAIN 

SI DECHAI N 

HSI DE 

CARBONYL 

PHOSPHATE 

HP HOSP HATE 

SUGAR 

HSUGAR 

BASE 

HBASE 

METAL 

WATER 

HWATER -
NO\JSTD 

HNO\JSTD 

LABELS CA 

CLEAR 

RETURN 

Figure 2.14: 
Primitives menu 
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2. 7 The Half-Bond Representation 

A useful way to display a group is to color each of its atoms according to elemental type. The 
bonds between the atoms are displayed in half-bond mode such that the half of the bond closest to 
each atom is the same color as that atom. The colors used for some of the most common elements 
are shown in Table 2.2·. 

Element Color Element Color 

H White s Yellow 
C Aqua Cl Green 
N Blue Ca Magenta 
0 Red TI Cyan (blue-green) 
F Green Fe Cyan (blue-green) 
Na Magenta Zn Magenta 
Al Magenta Br Green 
Si Aqua Ru Cyan (blue-green) 
p Yellow 

Table 2.2: ~IOGRAF element colors 

When BIOGRAF creates groups, it uses the half-bond colors. Since the trace of the Cytochrome 
C backbone consists only of carbon atoms, the Trace group we just created appears in a single 
color (aqua). -

2.8 Creating the Main Chain 

We next create a group that corresponds to the main chain of the Cytochrome C molecule. In addi­
tion to the alpha carbons of the trace, this group includes the nitrogens and carbonyl carbons in the 
peptide backbone. 

1. Pick setup on the Make Groups menu, pick add group from the Groups menu, and define 
the new group to be Main. 

2. Verify that the settings under files, chains and residues remain unchanged. 

3. Pick limits on the Make Groups menu, then pick primitives on the Limits menu. 

4. Toggle TRACE off, toggle MAIN CHAIN on, then pick RETURN. 

5. Return to the Make Groups menu, then pick create. The Main group appears on the dis­
play in the half-bond colors. Note the various colors for the different atoms: aqua for the 
carbons, blue for the nitrogens, and red for the oxygen (on the carbonyl carbon). 
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2. 9 Changing the Group Color 

Since we will be creating several more groups, it 
will be easier to differentiate them if each group 
is rendered in a different color. We can use the 
change colors option to change the color of 
any group, but the group must first be a single 
color (it cannot be represented with the half­
bond colors). We can render a half-bonded 
group in monochrome with the render groups 
option. We can then use the change colors 
option to change the color. 

Since the Trace group· is only carbon atoms, it 
already appears in just one color (aqua). But the 
Main group we just created is displayed in three 
colors. We'll re1_1der the Main group in 
monochrome, then change the color to red. 

1. Return to the Visualize menu, then pick 
render groups. The Groups menu ap­
pears and we are prompted to Pick the 
group(s) to be rendered. 

2. Pick Main, then pick return. The Ren­
der groups menu appears (Figure 2.15). 
The first four options on the menu control 
the rendering mode. Groups can be ren­
dered as vectors (lines), cylinders, 
spheres, or balls and sticks. Vectors is the 
default. 

3. Make sure half bond is toggled off. 
When on, the group will be rendered in the 
half-bond representation; when off, the 
group will be rendered in a single color. 
The color used changes each time a new 
group is rendered. 

4. Pick execute. The Main group is redis­
played in a single color. 

Render groups 

vectors 

cylinders 

spheres 

ball & stick 

half bond 

vector width 

2 

cylinder scale 

0.100 

ball sc~le 

0.600 

divisions 

0.300 

execute 

return 

Figure 2.15: 
Render groups 

menu 
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Colors: 

purple 

magenta 

pink 

red 

orange 

yellow 

chartreuse 

green 

aqua 

cyan 

light blue 

blue 

white 

RGB value 

return 

Figure 2.16: 
Colors menu 

5. Return to the Visualize menu, then pick change colors. We are prompted to pick the 
group whose color is to be changed. Only one group can be modified at a time. 

6/23/92 · 



2-12 CHAPTER 2. DISPLAYING MOLECULAR STRUCTURES 

6. Pick Main. The Colors menu appears displaying 13 predefined colors (see Figure 2.16). 
An RGB value option is also available for specifying the exact color. 

7. Pick red. The color of the Main group changes to red.. Try different colors. Finish by 
. picking red, followed by return. 

2.10 Creating the Side Chain, Carbonyl, Water, and Labels Groups 

We now create the side chain, carbonyl, water, and labels groups. We'll follow the same proce­
dure as we did for Trace and Main. We'll also change the side chain and carbonyl groups to 
monochrome and color them cyan and yellow, respectively. When defining the primitives for each 
new group, remember to toggle off the primitives used to define the previous group. 

1. Pick make groups on the Visualize menu. 

2. Pick setup, choose add group, and define the new group as Side. 

3. Pick limits, then primitives, then toggle on the primitive SIDE CHAIN. Toggle all the 
other primitives off, then pick RETURN. 

4. Return to the Make Groups menu, then pick create. The Side group is displayed in the 
half-bond colors. 

5. Return to the Visualize menu, pick render groups, and select the Side group from the 
Groups menu. Make sure half bond is toggled off, then pick execute. The Side group is 
redisplayed in a single color. 

6. Return to the Visualize menu, pick change colors, and select the Side group from the 
Groups menu. Pick cyan for the color, followed by return. 

A number of primitives have a name that starts with "H" (e.g., HMAIN). These selections 
refer to the hydrogen atoms and bonds attached to the corresponding primitive (e.g., MAIN). 
Very few X-ray crystallographic structures include data for H atom positions (H atoms are 
poor diffractors of X-rays), so it is often necessary to ask BIOGRAF to generate H atom po­
sitions. 

7. Repeat steps 1-6 to create a new group defined as HSide using the primitives SIDE 
CHAIN and HSIDE. Note that the hydrogen atoms are now included. Color it cyan. 

8. Repeat steps 1-6 to create a new group defined as Carbonyl using only the primitive CAR­
BONYL. Color it yellow. 

9. Repeat steps 1-4 to create a new group defined as Water using the primitive HWA TER. 
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If you use the primitive HWATER, BIOGRAF produces water molecules in the line repre­
sentation used for the other groups. However, if the primitive WATER is used, the water 
molecules are represented with pyramids. 

10. Redefine the Water group using only the primitive WATER (repeat steps 2-4, but instead 
of choosing add group from the Groups menu, choose the Water group you just created). 
This time the water molecules appear as pyramids. 

11. Repeat steps 2-4 to create a new group defined as Labels using the primitive LABELS CA 
("CA" stands for a. carbons). The Labels group contains the residue labels for the main 
chain of Cytochrome C; e.g., the tyrosine amino acid that is the 82nd residue in the chain 
has the label TYR 82. Zoom in so that you can see the labels better. 

2.11 Non-standard Groups 

The set of "standard" selectors on the Primitives menu allows the normal components of proteins 
and DNA (such as amino acid residues and nucleic acid bases), as well as water molecules and 
metal ions, to be specifically included in groups. If we toggle NONSTD on the Primitives menu 
we can create groups that include atoms belonging to other kinds of molecular substructures. Cy­
tochrome C contains a heme group, which is a non-standard residue. In order to create a group for 
it, the setting under residues must be changed from ALL to HEM, and the NONSTD primitive 
must be toggled on under primitives. 

Our display is becoming rather cluttered, however. So, before creating any new groups, we'll turn 
the groups we've already created off. 

1. Click the DISPLAY button, toggle off all the groups, then pick return. 

2. Pick setup on the Make Groups menu, choose add group, and define the new group as 
Heme. 

3. Pick residues, toggle on HEM from the Residues menu, then pick return. 

4. Pick limits, then primitives, then toggle LABELS CA off and NONSTD on. Pick 
RETURN. 

5. Return to the Make Groups menu, then pick create. The Herne group appears on the 
display in the half-bond colors. You may have to zoom out to see it. · 

6. Use the render groups function to render the Herne group in monochrome, then use 
change colors to color it purple. 
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2.12 Specifying Residues 

We now create a group corresponding to the histidine (HIS 18) and methionine (MET 80) residues 
which constitute the fifth and sixth ligands to the heme iron. This section demonstrates two meth­
ods for selecting HIS 18 and MET 80: keying the residues and picking the residues. 

2.12.1 Keying the Residues _ 

Keying a residue means telling BIOGRAF to which Ca it is attached. 

1. Pick make groups to bring up the Make Groups menu, then pick setup and define a new 
group to be Ligands. 

2. Pick residues, toggle on ALL from the Residues menu, then pick return. 

3. Pick limits, then primitives. 

4. On the Primitives menu, toggle NONSTD off and SIDE CHAIN on. Complete by pick-
ing RETURN. 

5. Pick key one res on the Limits menu. BIOGRAF prompts Enter the residue number. 

6. Enter 18 in the dialog box, then select OK. 

7. Pick key one res again and enter the number 80. 

8. Return to the Make Groups menu and create the group. After a few seconds the Ligands 
group appears in the.graphics window. 

9. Return to the Visualize menu, use the render groups function to render the Ligands 
group in monochrome, then use change colors to color it green. 

2.12.2 Looking at the Ligands Group 

The Ligands group overlaps with the Side group. To see this more clearly, do the following: 

1. Click the DISPLAY button, then toggle off all of the groups except Ligands. 

2. Toggle on Labels. Rotate and zoom the molecule until it is clear which label goes with 
which residue on the Ligands group. You should be able to locate the HIS_l8 and 
MET_80 labels on the Ligands group. 

3. Toggle on Side. 

4. Toggle off Ligands and note that the two residues remain visible as part of the side chain. 
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5. Toggle Ligands, Main, and Herne back on. 

6. Toggle Side off. Pick return to complete the display operations. 

2.12.3 Picking the Residues 

Picking a residue means telling BIOGRAF which residue you want by toggling one of its atoms on 
the display. We will create the Ligands group again, this time by picking the HIS 18 and 
MET 80 residues from the display. 

1. Pick make groups to bring up the Make Groups menu, pick setup and redefine the Li­
gands group using the same name. 

2. Pick limits, then toggle pick one res. BIOGRAF outlines the graphics window in red and 
prompts Pick a single residue: 

3. Pick any atom on the HIS 18 residue. If necessary, reorient the molecule to find HIS 18. 
A red cross marks the picked atom. BIOGRAF displays the name of the selected residue di­
rectly beneath pick one res on the Limits .menu. Information about the corresponding 
residue is also listed in the text window. 

4. If you missed the HIS 18 residue, pick pick one res and try again. 

5. Pick keep range to save it. 

6. Toggle pick one res again and pick any atom on the MET 80 residue. Toggle keep 
range to save it. 

8. Return to the Make Groups menu and create the group. After a few seconds, Ligands 
blinks off and reappears on the display. It is shown in the half-bond colors. 

9. Use either of the two techniques described in this section (picking or keying a residue) to de­
fine a new group as Thio E. These are the two cysteine residues (CYS 14 and CYS 17) 
that have thioether bonds connecting the main chain to the heme. 
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2.13 Using Structural Descriptors (Selectors) 

The selectors operation on the Limits menu allows you to choose a group 
based on structural descriptors. For example, you can create a group con­
sisting of the hydrophobic (water-hating) or hydrophilic (water-loving) 
residues. · 

1. Click the DISPLAY button, then toggle off all of the groups except 
Main and Herne. · 

2. Pick setup on the Make Groups menu and define a.new group as 
Fobic. 

3. Pick limits, then selectors. The Selectors menu appears listing the 
structural descriptors as shown in Figure 2.17. 

4. Toggle FOBIC on, then pick RETURN. 

5. Confirm that SIDE CHAIN is the only entry selected on the Primi'­
tives menu. 

6. Return to the Make Groups menu and ~reate the group. 

7. Click the DISPLAY button and toggle the Water group on and off. 
If necessary, zoom out so that the entire molecule is visible. Note 
how the hydrophobic residues cluster towards the center of Cy­
tochrome C where water is excluded. 

Selectors: 

ALL. 
HELIX 

SHEET 

TURN 

ACTIVE SITE 

POSITIVE 

NEGATIVE 

AROMATIC 

FOBIC 

FILIC 

AMBIVALENT 

CLEAR 

RETURN 

Figure 2.17: 
Selectors menu 

8. Define a new group as Filic using the FILIC selector. Make sure to toggle off the FOBIC 
selector. 

9. Return to the Make Groups menu and create the group. 

10. Click the DISPLAY button, then toggle the Fobic group off. Toggle the Water group on 
and off. Note how the hydrophilic residues generally occur on the surface of the protein near 
the water molecules. Pick return when finished. 

For further description of the selectors, primitives and other aspects of the Make Groups Op­
erations, see Section 4.1 of the BIOG RAF Reference Manual. 
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2.14 Saving Information 

After you finish building a molecule, it is a good idea to write it to the disk. Saving information 
protects you from losing work and in subsequent sessions allows you to resume where you left off 
without repeating· all of the steps of the previous session. This section describes how to save in­
formation in group files and coordinate files. 

2.15.1 Group Files 

A group is a collection of atoms and bonds chosen in such a manner as to reduce a molecular 
structure into recognizable parts. There are two types of files that save group information: 

Type 1 saves all the sequences of menu picks that defined the various groups. When 
BIOG RAF reads a type 1 group file, it regenerates the groups based on the saved se­
quences of menu picks. This allows the same group file to work for different struc­
tures~ 

Type 2 saves the list of atoms and bonds for each group as well as the sequence ofmenu 
picks used to define them. A type 2 file regenerates groups faster than type 1 because 
it reconstructs them directly from the atom lists rather than from the menu picks. 

Both types· of group file contain the display status information that determines the color of the 
group and whether or not the group is toggled on or off. 

Note: Type 2 files should only be used for coordinate files with the same set of atoms and con­
nections. When in doubt, make a type 1 file. 

To save group information about the molecule, proceed as follows: 
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1 . Click the TOP :MENU button to return to the 
Top menu, then pick in-out to bring up the 
In-Out menu (see Figure 2.18). 

2. Pick write. The prompt Pick the file type 
to be output: is displayed and the File types 
menu appears in the Menu Pad (see Figure 
2.19). 

3. Pick group from the File types menu to let 
BIOGRAF know that the type of file you 
want to write contains group information. 
BIOGRAF brings up a dialog box and asks 
you to Enter a name for the groupings.file. 

4. Type tuna.grp (if you do not want to save 
the file in your current working directory, 
then include disk and directory information 
as well). Select OK to verify the entry. The 
grp extension indicates that the file is a group 
file. BIOG RAF prompts Enter output file 
type [1 (normal) or 2]. 

5. Enter the number J to indicate type 1 group 
information, then select OK. BIOGRAF 
then prompts you to enter remarks for the 
output file. 

In-Out: 

read 

write 

copy file 

caption 

print screen 

Read defaults: 

auto group 

half bond 

center next 

Write 

defau Its: 

by file 

by group 

return 

Figure 2.18: 

File types: 

Bio Design 

Brookhaven 

CSSR 

Chemlab Chm 

Macro model 

Moledit 

Molfile 

Mopac 

Big Strain2 

user 

FF parameters 

group 

rotate/translate 

return 

Figure 2.19: 
File types menu 

In-Out menu 6. Type in remarks that will identify the file the next time you 
use it. BIOG RAF will print the remarks in the text 
window when it reads the file. Terminate the remarks with a blank line (Click OK or press 
<Enter>). 

2.14.2 Coordinate Files 

In order to reconstruct a group, BIOGRAF needs the information about the coordinates of the 
atoms in that group. The program saves coordinate information in coordinate files. Here we make 
a coordinate file of the BioDesign General Format type. 

1. Make sure that the by file toggle is highlighted under the write defaults. The source of the 
coordinate information that we will be saving is in the DNA file that we read in. 

2. Pick write. The prompt Pick the file type to be output: appears and the File types menu 
shown in Figure 2.19 again displays the file types. Ten different coordinate file formats are 
available. 
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3. Pick BioDesign to indicate the BioDesign General Format file type. This type is recom­
mended for internal use with BIOGRAF since it contains all pertinent information. 

Since there is only one file in the system (DNA), it is automatically chosen as the source of 
coordinate information. BIOGRAF now asks you to Enter a name for the output file. 

4. Type tuna.bgf in the dialog box (include disk and directory information if needed), then 
verify the entry by clicking OK. The bgf extension indicates that the file contains BioDesign 
General Format type data. BIOGRAF prompts you to enter remarks for the output file. 

5. Type in remarks that will identify the file the next time you use it. Terminate the remarks 
with a blank line (Click OK or press <Enter>). 

2.14.3 Testing Our Work 

As an exercise, we test the new group and coordinate files by resetting the program and having 
BIOGRAF read them in again. 

1. Return to the Top menu and pick utilities. The Utilities menu 
shown in Figure 2.20 is displayed. 

2. Pick program reset. An alert box appears asking you to verify the 
reset. 

3. Click the OK button. When BIOGRAF finishes the program reset it 
no longer remembers anything about the molecule. The Top menu is 
again displayed. 

4. Pick in-out to bring up the In-Out menu. 

5. Make sure the auto group and half bond options under the read 
defaults are toggled on. The auto group option treats the molecule 
as a single group and includes every atom and bond in the file. The 
half bond option uses the half-bond colors to display the molecule. 

Utilities: 

user 

program reset 

label color 

browser 

return 

Figure 2.20: 
Utilities menu 

Leave the centering option with center next displayed. This will cause the next file that we 
read in to be centered in the graphics window. 

6. Pick read. The File types menu appears and we are prompted Pick the file type to be input: 

7. Pick BioDesign, since we saved our data in a bgf file. BIOGRAF brings up the file name 
entry dialog box and prompts Choose the file to be input. 

8. Use the browser box to bring up the directory that you saved the files in, then select 
tuna.bgf from the file names listed. Click the OK button to verify the selection. The mes­
sage Working ... is displayed as the coordinate file that we created in the previous section is 
read in. When finished, the Cytochrome C structures appear in the graphics window and a 
new group (tuna) is created. 
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Next we will read in the group file that we created to test whether it correctly saved the 
groups. 

9. Pick read again from the In-Out menu and then pick group from the File types menu. -
BIOGRAF prompts Enter the name of the groupings.file. 

10. Select tuna.grp from the files listed in the browser box, then click the OK button. The 
tuna group disappears and the Cytochrome C groups that had been toggled on are displayed 
in the graphics window. 

2.15 Conclusion 

There are many ways in which a molecular structure can be broken up into recognizable parts, or 
groups. The following sequence of steps constructs a gro_up from the Make Groups menu: 

setup ~ files ~ chains ~ residues ~ limits (primitives or selectors) '=? create 

For many applications the defaults for files, chains, and residues are appropriate and construct­
ing groups involves only the steps 

setup ~ limits ~ create 

In general, you want to choose groupings that are useful for your own application. The ten Cy­
tochrome C groups are formed from a subset of the many options available under the Make Groups 
menu. You should study the menus brought up by chains, residues, primitives, and selec­
tors to get a better idea of the different ways BIOGRAF can define groups. For example, groups 
may also be created using distance criteria to restrict the atoms included to a certain portion of the 
molecule. The distance criteria are set using the distance operation found on the Limits menu. 
This is discussed in Chapter 7. A special group containing hydrogen bonds can also be con­
structed using the hbonds option on the Make Groups menu, or ribbons can be constructed 
which are useful in illustrating the folding patterns of proteins and polypeptides. Section 4.1 of the 
BIOGRAF Reference Manua,/ contains details of each menu. 

To conclude this tutorial, complete the following exercise: 

1. Return to the Top menu and pick utilities, then pick program reset. This erases all in­
formation about Cytochrome C in BIOGRAF. 

2. Read in the coordinate file dna.bgf and the group file dna.grp from your distribution data 
directory. Four groups are read in: Chain A, Chain B, Netrop, and Water. All but the 
Water group are toggled on and appear in the graphics window, 

3. Create four new groups with the same names, using the make groups options to divide 
the structure into chain A, chain B, netropsin, and water groups. 
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4. To check your work, use the DISPLAY button and toggle on both your groups and the origi­
nal groups to see if they are the same. 

Note: The positions of the tetrahedra for the Water group you created should be identical to 
those on the Water group read in with the DNA file. However, the orientation of the tetra­
hedra may differ, since these are generated randomly. 

2 .16 Advanced Notes 

1. BIOGRAF recognizes the standard files from the Brookhaven Protein Data Bank and the 
Cambridge crystallographic data base, as well as CHEMLAB CHM, CHEMLAB MOL, 
Macromodel, Moledit, and MOPAC files. The program also has its owrt internal file format 
which is similar to Brookhaven but contains additional force field information. (See File 
Formats in the BIOGRAF Reference Manual, Appendix D for further details.) 

2. If you have groups created with the distance criteria and you've changed the original structure 
or coordinates, then you may want to recreate the distance groups to reflect these changes. 
This is done using the options under Make Groups. 

This concludes Chapter 2. To leave BIOGRAF, pick exit from the Top menu, then verify the exit ~ 
by clicking the OK button in the alert box. 

e.·· 
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Chapter 3 

Small Molecule Building and Drawing 

This chapter describes how to build and draw molecules with BIOGRAF. We will make the amino 
acid L-histidine as shown later in Figure 3.4. 

BIOGRAF supports several builders. Currently, there are builders for organic molecules, pep­
tides, DNA and RNA, lipids, carbohydrates, crystals, and solvents. Each of the builders automat­
ically reads its own set of fragment files in a special directory. These fragment libraries provide 
short-cuts to building by taking advantage of the fact that specialized molecules such as peptides, 
DNA, lipids, and carbohydrates are made from well-defined fragments in a predefined way, e.g., 
peptides are single chains of amino acids. The user can build up a large structure by combining 
peptide residues, fatty acids, small organic molecules, etc. 

The Organic Builder may be thought of as the generic builder; it is the most flexible of the builders 
and can be used to make any molecule. Although L-histidine can be brought into BIOGRAF easily 
using the Peptide Builder, we use the Organic Builder to create the molecule as an exercise in using 
the functions available on the builder menus. Examples using the more specialized builders are 
given in subsequent chapters. It is assumed that you have read Chapter 1. 

3 .1. Getting Started 

1. Enter the command biograf. This starts up BIOGRAF without 
reading in information about any molecule. As explained in the in­
troductory chapter, this command may be different at your site. The 
Top menu appears in the Menu Pad. 
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Top menu 
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3. 2 Setting Up the Builder 

To build the L-histidine molecule, we use the 
Organic Builder found under build. 

1. Toggle build on the Top menu to display 
the Build menu shown in Figure 3.2. The 
first eight options on the menu provide ac­
cess to the Organic Builder and each of the 
specialized builders. The remaining op­
tions serve to complete the building pro­
cess. 

2. Pick organic. 

Before we begin building, we must set up 
an internal file which will hold information 
about the new molecule. The setu p op­
tion is therefore automatically invoked and 
a dialog box comes up prompting us to 
Enter a descriptor for the new file. 

2. Enter lhis as the descriptor for the file. 
Complete the entry by selecting the OK 
button. A file descriptor names the file 
that holds information about a molecule: 
A descriptor name can be anything up to 
14 characters. 

The Organic menu appears as shown in 
Figure 3.3. 

The Organic Builder identifies every atom 

Build: 

organic 

peptide· 

RNA-DNA 

DNA old 

lipid 

carbohydrate 

crystal 

solvate 

rotate bond 

dock 

modify H 

moment 

convert 

connect 

return 

Figure 3.2: BuHd 
menu 

with a residue name, residue number, and chain designator regardless 
of whether or not it is part of a polypeptide. The program automati­
cally uses the default values for these when a new file is created. The 
defaults are ORG for residue name, 1 for residue number, and A for 
chain designator. If the defaults are not acceptable, they can be 
changed using the new atom ids option. The defaults are fine for 
the molecule we are building, so no changes are needed. 

Organic: 

setup 

new atom ids 

read library 

base fragment 

functional grp 

user base frag 

user funct grp 

read fragment 

copy 

condense 

replace 

connect frag 

draw 

default atom 

C 

edit 

edit id 

mechanics 

simulate 

analyze 

return 

Figure 3.3: 
Organic menu 
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3.3 The Half-Bond Representation 

The Organic Builder makes molecules in a half-bond representation by coloring each atom accord­
ing to its element and then making the half of the bond closest to the atom the same color as the 
atom. The colors BIOGRAF uses for some of the most common elements are shown in Table 3.1. 

Element Color Element Color 

H White s Yellow 
C Aqua a Green 
N Blue Ca Magenta 
0 Red Ti Cyan (blue-green) 
F Green Fe Cyan (blue-green) 
Na Magenta Zn Magenta 
Al Magenta Br Green 
Si Aqua Ru Cyan (blue-green) 
p Yellow 

Table 3.1: BIOG RAF Element Colors 
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3. 4 Setting up the Base Fragment 

Figure 3.4 shows a conformational formula of L-histidine. L-histidine consists of an imidazole 
rii;ig attached to the f3 carbon of alanine. There are many ways to build L-histidine using the Or­
ganic Builder. We'll start building with a base fragment which serves as the primary building 
block to which we add other functional groups. The organic fragment library does not have an 
imidazole ring, but it does have the five-membered ring, cyclopentane, so we'll choose cyclopen­
tane for our base fragment. ·We can then change two of the carbons in the ring to nitrogens and 
add two double bonds to make it an imidazole ring .. 

Figure 3.4: L-histidine 

1. Pick base fragment on the Organic menu. 
BIOGRAF prompts Pick the base fragment to be 
read and displays a new menu listing the library 
of organic fragments as shown in Figure 3.5. 

2. Pick cyclopentane from the base fragment li­
brary menu. BIOGRAF retrieves the fragment, 
displays cyclopentane in half-bond colors in the 
graphics window, and repeats the prompt to pick a 
.base fragment. We don't need any additional base 
fragments, so pick return. 

BIOGRAF always centers the base fragment in the 
graphics window and sets the origin of rotation 
for the display on it. 

3. Enlarge the fragment if necessary. 

Selections: 

acetylene furan 

ammonia h3po4 

anthracene hcl 

benzene hen 

cyclobutane hono2 

cyclohexane indene 

cyclopentane methane 

cyclopropane naphthalene 

decalin_cis phenalene 

decalin_trans phenanthrene 

ethane steroid 

ethylene tetralin 

fluorene water 

formaldehyde 

formic_acid return 

Figure 3.5: Base fragment library 
menu 

We still need to replace two of the carbons with nitrogens and add two double bonds to make the 
imidazole ring. First, let's add the equivalent of alanine to the cyclopentane molecule. 
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3. 5 Adding the Functional Groups 

To get the equivalent of alanine on the cyclopentane ring, we'll use the 
functional group library to add an ethyl group, and then add a carboxy 
group to the ethyl. We could also use the functional group library to add 
the amino group, but we'll draw this on instead so that we can illustrate the 
Organic Builder's draw function. 

1. Pick functional grp. The menu shown in Figure 3.6 appears list­
ing the functional groups available. BIOGRAF prompts Pick the 
functional group to be read. 

2. Pick ethyl. BIOGRAF outlines the graphics window area with a red 
border and prompts Pick hydrogen(s) to be replaced with functional 
groups. Pick anywhere else to terminate. 

3. Pick one of the hydrogen atoms. The ethyl group is attached to the 
cyclopentane ring at the picked location (replacing the picked atom) 
and the new structure is centered on the display. The covalent bond 
formed between the ethyl group and the cyclopentane is automatically 
given an appropriate bond length and angle. 

The list of functional groups becomes dimmed in the menu 
(indicating they are currently non-pickable). 

4. We don't want to add any more ethyl groups, so pick anywhere off 
the molecule. The red border disappears and we are again prompted 
Pick the functional group to be read. 

5. Pick carboxy from the functional group library, then join it to the 
ethyl side-chain by picking one of the hydrogen atoms on the end 
carbon of the ethyl. Pick off the molecule, then pick return on the 
Functional group library menu to get back to the Organic menu. 
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Selections: 

acetyl 

amino 

carboxy 

chloro 

cyano 

ethyl 

formyl 

hydroxy 

methyl 

nitre 

phenyl 

phosphine 

sulfo 

t_butyl 

thiol 

tosyl ' 

vinyl 

return 

Figure 3.6: 
Functional group 

library menu 
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3. 6 Deleting Hydrogen Atoms 

This section illustrates some of the editing op­
erations available under the Organic Builder 
which are useful in the construction of 
L-histidine. Since we intend to add bonds to the 
cyclopentane ring and change the element type 
of some of the atoms, it is convenient to remove 
the hydrogen atoms for the time being and add 
them back later. We'll use the select function 
on the Edit menu to specify the hydrogen atoms, 
then use delete to delete them. Then we'll use 
auto type to change two carbons on the ring 
into nitrogens. 

I . Pick edit on the Organic menu to display 
the Edit menu shown in Figure 3.7. 

2. Pick select. The select~option is used to 
specify which atoms are to be included 

. when using the drag, drag-clean, 
move, invert, add H, and delete op­
tions. You may select a substructure or 
range of atoms, select atoms individually, 

. or specify that only hydrogens, 
heteroatoms, ·or lone pairs be included. 
This is done by picking the appropriate 
option on the Selection methods menu 
which appears as shown in Figure 3.8. 
The default selection method is continu­
ous, which- allows the .user to continue to 
perform the desired operation on individ­
ual atoms selected one at a time. 

3. Pick hydrogens in response to the 
prompt. 

We can use the show option to verify that 
all the hydrogens have been selected. 

Edit: 

select 

show 

drag 

drag-clean 

move 

invert 

add H 

delete 

draw 

bond 

rotate bond 

set bond 

delete bond 

clean 

center 

auto type 

defaults 

default atom 

C_32 

return 

Figure 3.7: 
Edit menu 

Selections: 

all 

substruc 

range 

atoms 

heteroatoms 

hydrogens 

lone pairs 

continuous 

return 

Figure 3.8: 
Selection methods 

menu 

4. Pick show. Red crosses mark the selected atoms (all the hydrogens). Pick anywhere in the 
· graphics window to continue. The red crosses disappear. 

5. Pick delete. The message Working ... appears. When finished, the hydrogen atoms disap­
pear from the structure. 
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3. 7 · Changing Element Types 

Next we change two carbon atoms on the ring into nitrogen atoms using the auto type 
function. When we are finished, the structure should be similar to the one shown below. 

C 

0 

rc __ c ___ ....(./ 

C C 

0 
N 

Figure 3.9: Edited structure (hydrogens deleted, two carbons replaced with nitrogens) 

1. Pick auto type. Labels appear on each atom 
specifying its element type and a new menu ap­
pears listing the element symbols as shown in 
Figure 3.10. We are prompted: 

Pick element symbol and corresponding atoms. 
Pick off the molecule to return to the atom type 

menu. 
Pick RETURN to execute auto typing. 

2. Pick N from the list of elements. This changes 
· the element type to nitrogen. BIOGRAF sur­
rounds the graphics window with a red border. 

3. Going clockwise, pick the carbon atom in the cy­
clopentane ring which is adjacent to the ring car­
bon where we attached the ethyl group (refer to 
Figure 3.9 above). BIOGRAF changes the ele­
ment type of the picked atom to N and gives it the 
appropriate half-bond color. A red cross marks 
the picked atom. 

4. If you picked the wrong atom, change it back to 
carbon (pick off the molecule to return to the 
Atomic elements menu, pick C, then pick the atom 
again), then repeat steps 2 and 3 above, this time 
picking the correct atom. 

6/23/92 

Selections: 

H Zn 

B Ga 

C Ge 

N As 

0 Se 

F Sr 

Na Tc 

Al Ru 

Si In 
p Sn 

s Sb 

Cl Te 

Ca I 

Ti 

Fe return 

Figure 3.10: Atomic elements menu 
(Dreiding-II force field) 
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5. Continuing in the same direction, pick the second carbon over from the one you just picked 
(skip.ping one ring carbon in between). BIOGRAF changes it into a nitrogen atom and up­
dates the half-bond colors. Terminate the atom selection by picking off the molecule. 

6. Pick return on the Atomic elements menu to execute auto typing. BIOGRAF automatically 
generates the force-field atom type for each atom in the molecule and changes the atom labels 
from an element symbol to a type symbol. F0r atom types, a five· character label is used with 
the nomenclature shown in Table 3.2. For example, the atorri type C_32 corresponds to an 
sp3 hybridized carbon atom that has covalent bonds to two implied (implicit) hydrogen 
atoms. 

7. Verify that the atoms in the molecule have the correct type for the current structure. 

8. Click anywhere to remove the atom type labels from the display. 

Char Meani"ng 

1-2 Element symbol: An underscore appears.in the 
second column if the symbol has only one letter 

3 Hybridization: 3 
2 
1 -
R -

tetrahedral 
trigonal 
linear 
resonant 

4 Number of bound implicit hydrogens · 
5 Alternate parameters indicator (alphabetic) 

Table 3.2: BIOGRAF atom types 
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3.8 Drawing Structures 

In addition to making bonds by 
joining fragments, BIOGRAF also 
lets you draw structures in 3-D by 
using the mouse to sketch the bonds. 
Here we describe how to draw an 
amino group on what will be the a 
carbon of histidine. The draw op­
eration draws in the atom type listed 
under default atom on the Edit 
menu. C 32 is the default. We 
want to draw in a nitrogen atom, so 
we'll change this to N 3. 

1. Pick default atom. The 
Atom types menu shown in 
Figure 3.11 appears listing the 
atom types for the current force 
field. 

2. Pick N _ 3. This tells the pro­
gram . to make nitrogen atoms 
with spl hybridization. 

3. Pick draw on the Edit menu. 
BIOGRAF prompts Draw the 
structure. Pick an atom twice 
to stop a connected sequence. 
Pick outside the red border to 
stop drawing. 

4. Pick what will be the a carbon 
of histidine (refer to Figure 
3.13). A red cross marks the 
picked atom. 

To make bonds, draw con­
nects the point that you pick on 

3-9 

Selections: 

H - N_3 Cl 

H _A N - 22 Ga'3 

H b N 21 Ge3 - -
8_3 N_2 As3 

B - 2 N_R2 Se3 

C_34 N_R1 Br 

C_33 N_R ln3 

C_32 N - 1 Sn3 

C_31 0_32 Sb3 

C_3 0_31 Te3 -

C_22 0_3 I -
C_21 0_2 Na 

C_2 0_R1 Ca 

C_R2 0_R Ti 

C_R1 0_1 Fe 

C_R F - Zn 

C_11 Al3 Tc 

C_1 Si3 Ru 

N_33 p - 3 

N - 32 S_31 

N_31 S_3 return 

Figure 3.11: 
Atom types menu (Dreiding-11 force field) 

the display to the last point that you picked. It places the bond in a plane that contains the 
previously picked point and is parallel to the display, that is, the bond lies in an x-y plane at 
the z coordinate of the previously picked point. 

5. Pick a point about one bond length away from the a carbon. A bond is drawn from the 
a carbon to a nitrogen atom at that point. 
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6. Pick the nitrogen atom you just added again. Picking an atom twice completes the bonding 
circuit. 

7. Pick outside the red border surrounding the graphics window. This stops the drawing pro­
cess. 

Note: The draw operation does not automatically add hydrogen atoms to a sketch. You 
must draw them in yourself or use the add H option. We'll do this later, but first we'll add 
the double bonds. · 

3. 9 Adding Double Bonds with the Bond Operation 

The Edit menu has a bond option which allows one to add bonds to a structure. The bond func­
tion differs from the draw function in that bond only works between existing atoms while draw 
may also be used to enter new atoms. We'll use the bond operation to add two double bonds to 
the ring and thus make it an imidazole ring. 

1. Pick bond on the Edit menu. BIOGRAF outlines the graphics window in red and prompts 
Pick the atoms of the bond( s) to be created. Pick off the molecule to quit. 

2. Pick the ring carbon that is joined to the side-chain. A red cross appears on the picked atom. 

3. Pick the ring carbon adjacent to the one you just picked. BIOG RAF displays the message 
Working ... , and draws in the extra bond between the two carbon atoms on the ring. 

4. Now add the other double bond: pick the nitrogen atom adjacent to the last picked carbon, 
then continuing in the same direction, pick the carbon atom adjacent to it. We should now 
have an imidazole ring with two double bonds. Pick off the molecule to quit. 

3.10 Adding the Missing Hydrogen Atoms 

We now have a rather strange looking histidine molecule with its hydrogen atoms missing. To 
regularize the structure, we need to add the hydrogen atoms and then ·minimize the energy of the 
molecule. Before adding the hydrogens, we need to make sure all the atom types are correct. 

1. Pick auto type. BIOGRAF again displays the Atomic elements menu and prompts Pick 
element symbol and corresponding atoms. Pick off the molecule to return to the atom type 
menu. Pick RETURN to execute auto typing. 

2. Pick return (we don't need to change any element types this time). BIOGRAF generates the 
atom types and puts a label on each atom. 

3. Check the atom types to verify that they are correct. Note that the nitrogen atom we drew in 
is labeled N_33, indicating that it will be bonded to three hydrogen atoms. This would give 
us a positively charged amino group. We'll change the atom type to N_32 so that only two 
hydrogens will be added to the amino group, making it neutral. We'll also change the atom 
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type of the carboxy oxygen (the single bonded one) from 0_2 to O_R so that it will accept a 
hydrogen. This is done using the atom type option under edit id. Click anywhere to re­
move the atom type labels from the display. 

4. Return to the Organic menu, then pick edit id. The menu shown in 
Figure 3.12 is displayed. 

5. Pick atom type. Labels appear on the atoms, the Atom types menu 
is displayed and we are prompted Pick the atom type and the corre­
sponding atoms. Pick off the molecule to select a new atom type. 
Pick RETURN to continue. 

6. Pick N_32 from the Atom types menu. The graphics window be­
comes surrounded with a red border. 

7. Pick the nitrogen atom we drew in (labeled N_33). It is marked with 
a red cross and its atom type changes to N_32. Pick off the 
molecule. 

8. Pick O _ R from the Atom types menu, then pick the carboxy oxygen 
(the single bonded one). Its atom type changes to O_R. Pick off the 
molecule, then pick return. 

9. Click anywhere to remove the atom type labels from the display. 

We are now ready to add the hydrogen atoms. 

Edit id: 

atom type 

auto type 

atom labels 

auto labels 

residue 

chain 

charges 

auto charges 

return 

Figure 3.12: 
Edit id menu 

10. Return to the Organic menu, pick edit to bring up the Edit menu, pick select, then pick 
all. We want to add hydrogens to the entire structure. 

11. Pick add H. Information about the molecule appears in the text window. After the program 
generates the positions, hydrogen atoms appear on the structure in the appropriate half-bond 
colors. 

BIOGRAF selects for optimal hydrogen bonding by pointing donor hydrogen bonds towards 
the nearest acceptor. If the L-histidine molecule were going to interact with other molecules, 
we could tell BIOGRAF to take the additional molecules into account when it generates hy­
drogen atom positions for the amino acid. The program would then add H atoms to the 
L-histidine such that they point towards neighboring hydrogen bond acceptors on the other 
molecules, if possible. However, at the moment we just have the L-histidine molecule, so 
we need not specify any other molecules. 
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3 .11 Getting the Correct Stereochemistry 

With the exception of glycine, all of the amino acids are chiral molecules. Histidine has one center 
of chirality about its asymmetric carbon (the a carbon), and thus comes in two forms, D and L. 
The D form rotates polarized light to the right, while the L form rotates it to the left. Figure 3.13 
compares the D and L forms of histidine. The L form must have the side chain containing the imi­
dazole ring projecting forward when the amino and carboxy groups are both in the plane of the 
display; in the D form, this side-chain points backwards. The L form is the naturally occurring 
one, so we'll build it this way. If the stereochemistry of our current structure is incorrect, we can 
use the invert function to correct it. 

D-histidine 

H H 
'\_ / H 

N~C~ ... / 

LI C~(a.) 

NH /"' 
~N COOH 

L-histidine 

Figure 3.13: Comparison of D and L forms of histidine 

1. Orient the molecule so that the amino and carboxy groups are both in the plane of the graph­
ics display. 

2. Note whether the side-chain coming off the a carbon is projecting forward. (If you already 
have the correct stereochemistry, go through the invert operation to see how it is done and 
then invert the group a second time at the end.) 

3. Pick select, then pick continous. This allows us to invert about selected chiral atoms. 

4. Pick invert on the Edit menu. BIOGRAF puts a red border around the graphics window 
and prompts us to pick an atom. 

5. Pick the a carbon. A red cross marks the picked atom, then BIOG RAF inverts the structure 
by repositioning the amino group. 

6. Pick off the molecule. 
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7. Orient the molecule such that the carboxy and amino groups are again in the plane of the 
graphics display. If the side-chain was originally projecting out, it will now be pointing 
backward; whereas if it was originally pointing back, it will now project forward. 

8. If the inversion positioned the side-chain so that it is pointing backward, invert it a second 
time to put it back in the correct stereochemistry (the L form). 

9. Return to the Organic menu. 

Don't worry if your L-histidine looks distorted. We can regularize its structure by finding a low 
energy conformation. This is described in the next section. 
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3 .12 Minimizing the Energy 

The best way to regularize the structure of a molecule is to do an energy 
minimization. In this section, we minimize the energy of L-histidine to 
find a conformation that corresponds to the nearest local minimum in the 
potential energy surf ace. 

1. Pick mechanics on the Organic menu. This brings up the Mechan­
ics menu shown in Figure 3.14 and automatically sets up an energy 
expression which includes every atom in the molecule and allows ev­
ery atom to move during the calculation. The conformation of the 
molecule will be updated on the display at each step of the minimiza­
tion. If we had picked simulate instead of mechanics we would 
be required to set up the energy expression, choosing which atoms 
were movable, which were fixed, and which were updated. 

Each time BIOGRAF enters the Mechanics menu, it recalculates the 
lists of hydrogen-bond and nonbond interactions and brings up the 
Energy results menu as shown in Figure 3.15. A description of the 
items on this menu is given in the adjacent table. No values are listed 
since no calculations have been done yet. 

2. Pick one energy on the Mechanics menu to tell BIOGRAF to eval-
uate the energy of the histidine molecule in its present conformation. 

After BIOGRAF computes the energies, it lists the results in the text win­
dow and in the Energy results menu. All energies are in kcal/mol. If an 
energy is too large to fit into the menu box, the program prints a row of 
asterisks: *********. 

· 1. Make a list of the initial energies on the Energy results menu. 

2. Pick minimize on the Mechanics menu. The message Minimiz­
ing .... appears during the calculations. The energies displayed on the 
Energy results menu show a rapid decrease early in the calculation. 

3. When the calculation finishes, check delta energy on the Energy 
results menu. If it is non-negligible compared to the other energies, 
then the calculation has not yet converged. 

Mechanics: 

one energy 

minimize 

simple dynamics 

# of steps 

50 

rms force cvrg 

0.100 

defaults 

geometry prop 

xyz temp save 

xyz restore 

return 

Figure 3.14: 
Mechanics menu 

4. If delta energy is still comparatively large, pick# of steps. BIOGRAF prompts you for 
the number of steps. 

5. Type in the number of steps you think might be needed to complete the minimization. Select 
the OK button to complete the entry. If this number of steps is not sufficient, "you can always 
simply pick minimize again. 
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Energy results: Energy Description 

total energy -·- total energy Current total energy 

delta energy - delta energy Change in total energy from 

RMS force - previous step 

RMS force Root mean square force 
(derivative of potential energy) 

bonds -
angles - bonds Bond stretching 

torsions - angles Bond angle bending 

inversions -
torsions Dihedral angle torsions 
inversions Inversions 

van der Waals - van der W aals van der Waals forces 

electrostatic - electrostatic Electrostatic forces 

H bonds -
H bonds Hydrogen bonds 

constraints Constraints 

constraints - user energy User energy 

user energy -
Table 3.3: Description of Energy results menu items 

Figure 3.15: Energy results menu 

6. Repeat steps 2-5 above as many times as necessary until you are satisfied that the calculation 
has converged. The abort key (F12, FlO on the Titan) may be used at any time to terminate 
the calculation. 

7. Compare the final energies to the initial energies. After minimization, the total energy 
should be on the order of 25 kcal/mol. 

L-histidine has a number of favorable conformations, each of which arises from a local 
minimum in its potential energy surface. Chapter 6 describes how to use molecular dynamics 
to find lower energy conformations of a molecule, and Chapter 7 describes how to do a con­
formational search for better conformations. 
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3 .13 Saving Information 

After you finish building a molecule, it is a good idea to write it to disk. Saving information pro­
tects you from losing work and in subsequent sessions allows you to resume where you left off 
without repeating all of the steps of the previous session. 

1. Click the TOP MENU button to get back to 
the Top menu, then pick in-out to display 
the In-Out menu (see Figure 3.16). 

2. Make sure that the by file toggle is high­
lighted next to the write defaults. 

3. Pick write. The prompt Pick the file type 
to be output is displayed and the File types 
menu appears (see Figure 3.17). 

In order to reconstruct a structure, 
BIOGRAF needs the information about the 
coordinates of the atoms in the structure. 
The program saves coordinate information 
in coordinate files. Ten different coordinate 
file formats are available. These are listed at 
the top of the menu. 

4. Pick BioDesign to indicate the BioDesign 
General Format file type. This type is rec­
ommended for internal use with BIOGRAF 
since it contains all pertinent information. 

Since there is only one file in the system 
(Ibis), it is automatically choosen as the 
source of coordinate information. A dialog 
box comes up and you are asked to Enter a 
name for the output file: 

In-Out: 

read 

write 

copy file 

caption 

print screen 

Read defaults: 

auto group 

half bond 

center next 

Write 

defa u Its: 

by file 

by group 

return 

Figure 3.16: 
In-Out menu 

File types: 

Bio Design 

Brookhaven 

CSSR 

ChemlabChm 

Macro model 

Moledit 

Molfile 

Mopac 

Big Strain2 

user 

FF parameters 

group 

rotate/translate 

return 

Figure 3.17: 
File types menu 

5. Type lhis.bgf in the dialog box. Include disk and 
directory information if not saving it in your working directory. Verify the entry by clicking 
OK. BIOGRAF prompts you to enter remarks for the output file. 

6. Type in remarks that will identify the file the next time you use it. Terminate the remarks 
with a blank line (Click OK or press <Enter>). 

Messages appear .in the text window and in the Modules/Messages window while the pro­
gram writes the data file. 
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3.14 Conclusions 
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The L-histidine molecule provides an example of the building and drawing capabilities of 
BIOGRAF. You can make any molecule using the Organic Builder; one of the other builders may 
be used to create more specialized molecules. 

After you build a molecule, BIOGRAF can optimize its structure by 

• doing a minimization, 

• performing a search of conformational space (see Chapter 5), or 

• running molecular dynamics calculations (see Chapter 6). 

The program makes it possible \o predict the likely conformation of a molecule and whether one 
conformation is more stable than another. 

To conclude this tutorial, complete the following exercise: 

1. Read in the intro.bgf file from your distribution data directory. Typically the full specifica­
tions for the distribution data directory are /usr/msilbiogv300/data. The distribution data files 
are always located in the lbiogv300/data directory; however, the first part of the path specifi­
cations may differ on your system. To determine the location of the lbiogv300/data directory 
on your system, type echo $MSIUSR from a systems window. The directory listed in re­
sponse to this command should precede lbiogv300/data when giving directory specifications. 

The morphine molecule appears in the graphics window. 

2. Go into the Organic Builder and build a replica of the morphine group. To check your work, 
toggle on the group you created and the morphine group you read in simultaneously to see 
if they match. 
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3.15 Advanced Notes 

BIOGRAF recognizes the standard files from the Brookhaven Protein Data Bank and the Cam­
bridge crystallographic database, as well as.CHEMLAB CHM, CHEMLAB MOL, Macromodel, 
Moledit, and MOPAC files. The program also has its own internal file format which is similar to 
Brookhaven but contains additional force field information. (See Appendix D of the BIOGRAF 
Reference Manual for further details.) 

To specify your own fragment library to use with the Organic Builder, proceed as follows: 
. ' . 

1. Before going into BIOGRAF, make the BioDesign Oeneral Format coordinate files for your 
library and store them in their own directory. 

2. In BIOGRAF: 

a) Pick read,library on the Organic menu. This reads in.the directory information for the 
libraries. 

b) Pick user base frag or user funct grp on the adjacent menu . 

. c) Enter the name of the directory that contains your library. 

d) Pick user base frag or user funct grp on· the Organic menu. A menu appears dis-
playing your user-defined base fragment or functional group library.· 

The residue names and numbers used by the Organic Builder are a manifestation of the fact that the . 
BIOG RAF system of storing atoms is similar to the convention used by the Brookhaven Protein 
Data Bank. 

This concludes Chapter 3. To leave BIOGRAF, pick exit on the Top menu and then confirm by. 
picking OK in the alert box. 
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Chapter 4 

Creating Surf aces 

This chapter describes how to construct and display dotted molecular surfaces with BIOGRAF. 
Both van der Waals and solvent accessible surfaces can be generated. The generated surface may 
be color-coded by atom type or to show hydrogen bond donors and acceptors. Electrostatic sur­
faces. can also be displayed, showing electrostatic potentials and color-coded representations of the 
distribution of charge. These depictions of molecular surfaces can be useful in describing the steric 
extent of a molecule, in studying its accessibility to various solvents, and in looking at its interac­
tion with other molecules. 

In this chapter, we will look at the interaction between an enzyme and its inhibitor. The enzyme, 
thermolysin, contains zinc and catalyzes the hydrolysis of peptides. It is inhibited by the peptide 
analogue CLT (N-[1-carboxy-3-phenylpropyl]-L-leucyl-L-tryptophan). We will generate a van der 
Waals dotted molecular surface for CLT. This CLT surface will then be successively color-coded 
to show atom type, charge, and electrostatic potential. Files containing a solvent accessible surface 
describing the active site for thermolysin will then be read in and displayed so that we can examine 
the enzyme/inhibitor complex. We shall see how well the CLT inhibitor fits into the active site 
cavity. . 

It is assumed that you have already completed Chapter 1. 

4.1 How Molecular Surfaces are Created 

A van der Waals surface for an atom consists of colored dots which form a sphere around the nu­
cleus of the atom at a distance equal to the standard van der Waals radius for that atom. In a 
molecule, because the atoms are connected, the spheres around each atom would overlap. In order 
to create a molecular van der Waals surface, therefore, only the non-overlapping parts of the 
spheres are used. This is done by calculating the dot positions for a probe sphere rolling along the 
van der Waals spheres of the outer (accessible) atoms of the molecule. 

If a probe radius of zero is used, then a van der Waals surface is generated. However, if the probe 
radius is set to 1.4 A, the van der Waals radius of water, then a water-accessible surface is gener­
ated. This surface would just show the parts of the molecule that water can touch. Accessibility to 
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4-2 CHAPTER 4. CREATING SURFACES 

other solvents can similarly be displayed by appropriately adjusting the probe radius. A van der 
W aals surf ace and a water-accessible surface for CL T are shown in Figure 4.1. 

Figure 4.1: A van der 
W aals surface for CLT gen­
erated with a probe radius 
set to zero (A) is compared 
to a water-accessible surface 
for this same molecule 
where a probe radius of 1.4 
A was used (B ). 

! :~~ 

t[::,.,ffe~' .. A]\ 
,·,·-: 
..... , 
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A) van der W aals surface B) Water-accessible surface 

4. 2 The Surface Menu 

The surface functions are found on the Visualize menu. The Surface 
menu, shown in Figure 4.2, includes surface operations and display op­
erations. The surf ace operations are used for calculating the positions of 
the dots and for reading and writing surface files (dot files). The dot co­
ordinates for the surface last calculated or read in through a dot file are 
stored in memory. Display operations control the computation and display 
of surface properties. This allows the dot surfaces previously generated to 
be color-coded in order to illustrate certain features. The color-coding can 
be done by group or according to other selected properties including atom 
type, electrostatic potential, atom charge or hydrogen bond donor/acceptor 
capability. This splitting of the surface and display functions has the ad­
vantage of allowing the displayed property to be changed without having to 
recompute the positions of the surf ace dots. 

Surfaces can be calculated and surface files can be written or read without 
showing the surface on the graphics display. In order to see the dotted sur­
face, the display functions must be executed. 

Surface: 

calculate 

read 

read part 

Display: 

setup 

groups 

prop defaults 

property 

execute 

write 

write part 

return 

Figure 4.2: 
Surface menu 
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4.3 Surface Operations 

Dot surfaces are generated using the calculate function. A surf ace can be generated for the entire 
structure on display or just for selected groups in the structure. The user can similarly decide to 
save the entire surface or he can specify certain groups to be saved using the write and write 
part functions. The read and read part functions read in existing surface files. Read part 
makes it possible to select groups on the Groups menu and input the parts of an existing surface 
file that correspond to the atoms in these groups. (This can also be done from the Top menu by se­
lecting in-out, then choosing the read option and picking dot for the file type. See Section 2.1 in 
the BIOGRAF Reference Manual.) 

_ 4. 3 .1 Calculate 

After choosing the calculate function, the Calculate menu shown in Fig­
ure 4.3 appears and the user is prompted to select which groups are to be 
included when the surface is calculated. It is wise to limit the surface com­
putations to areas of the molecule that you are currently interested in, since 
calculations of a dot molecular surface for hundreds of atoms can require a 
substantial amount of computer time. 

Calculating a surface for a portion of a structure can lead to a problem, 
however. Dots which are actually internal to the structure can be generated 
if neighboring atoms are not included in the surface calculation. One 
would like to be able to eliminate unwanted surface dots from adjacent 
groups, but still retain the true external surface shape. BIOGRAF provides 
a way to do this by allowing the user to select two sets of groups: those to 
be included and those to be excluded. One may initially choose a larger 
section of the molecule in the groups to be included in the surface calcula­
tions, and then eliminate the unwanted surface dots due to adjacent portions 
by specifying these in the groups to be excluded. 

The density option defines the surface density of dots, in dots per square 

Calculate: 

density 

8.000 

probe radius 

0.000 

vdw scale 

0.890 

execute 

•·· 

return " 

Figure 4.3: 
Calculate menu 

A. The probe radius option allows the probe radius to be set. The default value of zero pro­
duces van der Waals surfaces. The vdw scale value provides the scaling factor in computing the 
van der Waals radii of atoms to be surfaced. The initial value of 0.89 yields the standard CPK 
radii. Execute starts the calculations. 
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' 
4.4 Creating a van der Waals Surface for CLT-

In this section, we shall read in the data for the structure of the CL T molecule and then calculate a 
van der Waals surface for it. 

4. 4. 1 Reading the CL T 'Da_ta 

1. Enter the command biograf to start up BIOGRAF (this command 
may be different at your site). 

2. Pick in-out from the Top menu to display the In-Out menu shown in 
Figure 4.4. 

Three read defaults appear on the menu which allow the user to auto­
matically create a group for the file that is being read in (auto 
group), to have the structure drawn in a single color or with the half­
bond colors (half bond), and to center it on the display (center 
next). These apply only when reading in coordinate files (our CLT 
data is in a coordinate file). We want to create a group for the file, 
display the molecule with the half-bond colors, and center it, so we'll 
leave these options at their default settings (auto group and half 
bond are toggled on and center next is displayed). 

3. Pick read from the In-Out mepu. The File types menu appears dis­
playing the list of file types as shown in Figure 4.5. BIOGRAF 
prompts Pick the file type to be input: 

In-Out: 

read 

write 

copy file 

caption 

print screen 

Read defaults: 

auto group 

ha.If bond 

center next 

Write def au Its 

by file 

by group 

return 

Figure 4.4: 
In-Out menu 
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4.4 CREATING A VAN DER WAALS SURFACE FOR CLT 

4. The data describing the structure of the CL T molecule is contained in 
a BioDesign General Format file called cltxray.bgf, so pick 
BioDesign as the file type to be input. The program then b,rings up 
the file name entry dialog box and prompts Choose the file to be in­
put. 

The cltxray.bgf file is located in your distribution directory. Typi­
cally the full specifications for the distribution directory are 
lusr!msi!biogv300/data. The distribution data files are always located 

) 

in the lbiogv300ldata directory; however, the first part of the path 
specifications may differ on your system. To determine the location 
of the lb,iQgv300/data directory on your system, type echo 
$MSIUSR from a systems window. The directory listed in response 
to this command should precede lbiogv300ldata when giving direc­
tory specifications. 

5. Use the browser box to locate your di~tribution data directory, then 
select the cltxray.bgf file from the listings. Verify the entry by 
clicking the OK button. 

When BIOGRAF has,finished reading in the data, the CLT molecule 
is displayed. For BioDesign General Format and Brookhaven file 
types, a file descriptor is automatically supplied .. A group of the 
same name is also created. 

6. Rotate the structure about its different axes to examine the CL T 
molecule. 
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File types: 

Bio Design 

Brookhaven 

Cambridge 

Chemlab Chm 

Macro model 

Moledit 

Molfile 

Mopac 

user 

FF parameters 

group .. 
rotate/translate 

dot 

vector 

return 

Figure 4.5: 
File types menu 
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4-6 CHAPTER 4. CREATING SURFACES 

4. 4. 2 Calculating the van der Waals Surface 

Now that we have the CLT molecule on the display, we shall calculate a 
van der Waals surface for it. We'll therefore leave the probe radius at its 
default setting of zero. The defaults are suitable for all the other options as 
well. Since there is only one group, it is not necessary to specify the 
groups to be included and excluded in the surfacing calculation, so these 
prompts are skipped. 

The surf ace operations are found on the Visualize menu. 

1. Return to the Top menu, then pick visualize. The Visualize menu 
shown in Figure 4.6 appears. 

2. Pick surface to display the Surface menu. 

3. Pick calculate in the Surface menu to display the Calculate menu. 

4. Pick execute to calculate the positions of the dots. 

Messages appear in the Modules/Messages window while the program cal­
culates the surf ace. When the calculation is completed, the Modules and 
other buttons reappear. Remember the dots will not yet appear on the dis­
play. 

4. 5 Display Operations 

Visualize: 

make groups 

render groups 

surface 

set origin 

change colors 

stereo 

rock 

auto rotate 

return 

Figure 4.6: 
Visualize menu 

The display operations on the Surface menu are used to control the computation and display of sur­
face properties. This allows the dot surfaces previously generated to be color-coded in order toil­
lustrate certain features. The color-coding can be done by group or according to other selected 
properties including atom types, electrostatic potential, atom charges or hydrogen bond donors and 
acceptors. The dot coordinates for the surface to be displayed must have already been calculated or 
read in through a dot file (using the calculate, read or read part options) before any display 
functions can be executed. Once the dot coordinates have been generated, the displayed property 
can be changed without having to recompute the positions of the surface dots. 

Typically, the display options are picked sequentially, from top to bottom starting with setup and 
working through to execute. If the whole calculated surface is to be displayed, then the groups 
option may be omitted. Likewise, if the default property parameters are to be used in computing 
the dot surface colors, then the prop defaults option may be skipped. Solid color dot surfaces 
can be displayed by picking setup and execute only. However, if color-coding to show surface 
properties is desired, then the kind of property to be used must be selected using the property op­
tion. Note that the change colors operations (accessed via the Visualize menu) can only be per­
formed on solid color dot surfaces. 
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4.5 DISPLAY OPERATIONS 4-7 

In the following sections, the CLT molecular surface will be successively color-coded to show 
atom type, charge, and electrostatic potential. 

4. 5 .1 Setting Up Groups for Display 

A group must always be set up for displaying the dot surfaces of a structure. Since we are initially 
color-coding the dotted molecular surface by atom type, the first display group to be set up will be 
named "ATOM". . 

1. Return to the Surface menu, then pick setup (in the Display section of the menu). The 
Groups menu is displayed and the prompt Pick the group to be created appears. 

2. Pick add group from the Groups menu. The new group will contain the dotted surf ace. A 
dialog box appears and BIOG RAF prompts Enter the name of the group to be created. 

3. Type ATOM as the name of the group. Click OK or press <Enter> to verify the entry. 

4. 5. 2 Color-Coding the Surface to Show Properties 

Now that we have a group to contain the dotted surface, we must select 
which property we want to illustrate. Coler-coding of the dotted surface is 
available for five properties: atom type, electrostatic potential, atomic 
charge, gross atomic charge (-,0,-i-), and hydrogen bond donors and accep­
tors (see Figure 4.7). A "current" selection is also available which uses the 
property values currently stored in memory. This option would be used 
when you want to create a new surface group with the same property val­
ues as the most recently generated group, or when a dot surface file con­
taining the property colors to be displayed has been read from disk. 

The parameters used in computing dot surface colors can be changed using 
the property defaults (prop defaults) option. This option applies only to 
the electrostatic potential and charge properties. Since our first group will 
be color-coded according to atom type, the prop defaults option doesn't 
apply here. 

A. Color-Coding the Surface to Show Atom Type 

Properties: 

current 

atom type 

electrostatic 

charge 

- '0 '+ 

Hbond don/ace 

return 

Figure 4.7: 
Properties menu 

1. Pick property in the display section of the Surface menu. BIOGRAF responds with the 
prompt Select the property for the surface: Pick RETURN to continue. The Properties 
menu appears as shown in Figure 4.7. 

2. Pick atom type in the Properties menu. The message Working ... appears briefly while 
BIOGRAF calculates the colors of the dotted molecular surface. 

When the calculation of surface properties is complete, the prompt to select the property reap­
pears . 
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4-8 CHAPTER 4. CREATING SURFACES 

3. Return to the Surface menu, then pick execute to display the dotted molecular surface. 
Messages appear while the program generates the surface display. When the calculation is 
done, the van der Waals surface is displayed and a new group, ATOM, is created. The 
color of the surface varies according to the BIOGRAF half-bond color of the nearest atom: 
carbons are aqua, oxygens are red, nitrogens are blue, and hydrogens are white. 

4. Manipulate the image in the graphics window to study the surface group ATOM. When 
finished, click the DISPLAY button and toggle the ATOM group off. Pick return to com­
plete the operation. 

B. Color-Coding the Surface to Show Charge 

We shall now calculate and display a surface color-coded to show charge. 
The color.of the surface will vary according to the charge of the nearest 
atom, using hues from red (negative) to blue (positive). The CLT molecule 
is a dianion with two free carboxylate groups. The dotted surface should 
be red in the region of the carboxylate groups (-0.24), blue-green in the 
region of the positively charged nitrogens ( +0.14), and chartreuse (almost 
neutral) over the rest of the molecule. 

The displayed properties can be changed without recomputing the positions 
of the dots. We just need to set up a new display group and change the 
property selected to charge. This time we'll also be changing one of the 
property default parameters using the prop defaults option. The Prop­
erty defaults menu is shown in Figure 4.8. 

1. Setup a new display group as we did for ATOM above (Sec,tion 
4.5.1), but name it CHARGE. 

2. Pick prop defaults to display the Property defaults menu. 

3. Pick max charge. This parameter defines the mapping of atomic 
charges into colors. BIOGRAF responds Enter the desired maxi­
mum charge. 

Prop defaults: 

max elec value 

100.000 

max charge 

0.500 

gross charge 

0.200 

total colors 

20 

return 

Figure 4.8: 
Property defaults 

menu 

4. Enter 0.24 as the maximum absolute value of the charge. Atomic charges between -0.24 
and +0.24 will be interpolated between red and blue, and charges outside this region will be 
displayed as red (negative) or blue (positive). Select OK to complete the entry. 

The max elec value and gross charge parameters similarly define the mapping of elec­
trostatic potential and gross atomic charges into colors, while total colors sets the total 
number of colors used. The range of total colors is from 3 to 80. 

5. Return to the Surface menu and color-code the surface as we did for ATOM above (Section 
4.5.2-A, steps 1-3), but specify charge for the property (pick property, then charge, then 
return, then execute). 
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6. Manipulate the image on the display to examine the surface group CHARGE. The dotted 
surface should be red in the region of the carboxylate groups (-0.24 ), blue-green in the re­
gion of the positively charged nitrogens ( +0.14 ), and chartreuse (almost neutral) over the rest 
of the molecule. Click the DISPLAY button and toggle CHARGE off in the Display menu 
when finished. Complete by picking return. 

C. Color-Coding the Surface to Show Electrostatic Potential 

In this section we will create and display a surface of CLT color-coded to show electrostatic poten­
tial. The color of this surface will vary according to the electrical potential generated by the pres­
ence of nearby charged atoms. We will also be using the prop defaults option to change the 
maximum electrostatic potential parameter (max elec value) to 200. This will define the map­
ping of colors so that for a unit charge, a calculated potential of 200 kcal or greater will be dis­
played as blue, and potentials less than or equal to -200 kcal will be displayed as red; values in 
between will vary in hue from red to blue. This should create a CLT surface which is primarily 
yellow (electrostatically neutral), and red (electrostatically negative) in the region of the free car­
boxylate groups. 

1. Setup a new display group as we did for ATOM above (Section 4.5.1), but name it 
ELEC. 

2. Pick prop defaults and change max elec value to 200. 

3. Return to the Surface menu, pick property, then choose electrostatic. 

Electrostatic potential calculations can be rather time consuming when 
done on very large molecules, so BIOGRAF allows the user to re­
strict the calculations to smaller portions of the molecule. This is 
done by specifying which groups are to be considered. The Groups 
menu comes up as shown in Figure 4.9 and we are prompted Pick 
the groups to be considered during the calculation of electrostatic po­
tential. 

4. Pick clt from the Groups menu, since this is the only group with 
atoms in it. Pick return to complete the selection. 

Groups: 

clt 

ATOv1 

CHARGE 

add group 

return 

Figure 4.9: 
While BIOGRAF calculates the colors of the dotted molecular sur- Groups menu 
face, the message Working... appears in the Modules/Messages 
window. Wherr the calculations are complete, the message to pick another property reap­
pears. 

5. Return to the Surface menu, then pick execute to display the newly surfaced group. BI­
OGRAF prints the message Colar-coding by property .... When the calculations are com­
pleted, the newly colored surface group is displayed and the message disappears. 
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5. Manipulate the image on the display to examine the surface group ELEC. The surface 
should be primarily yellow (electrostatically neutral) except for the region of the free carboxy­
late groups, where it will be red. 

4.6 Saving the Dot Surface 

In this section we shall save the dot surface in a dot file. Both the dot positions and the last calcu­
lated property, in this case electrostatic potential, will be saved. 

1 . Pick write. BIOG RAF brings up a dialog box and prompts Enter the name of the data file to 
be created. 

2. Enter ell.dot (if not saving the file in your current working directory, include disk and di­
rectory information). While BIOGRAF writes the dot file to disk, messages appear in the 
Modules/Messages window and in the text window. 

You may not always want to save the dot surface information for the entire structure. BIOGRAF 
therefore also provides a write part option whi_ch saves this information only for selected groups. 

4. 7 Using Dot Surfaces to Study An Enzyme/Inhibitor Complex 

One of the advantages of surfacing is that it describes the steric extent of a molecule and allows us 
to study its interaction with other molecules. For example, surfacing could be used to describe the 
active site of an enzyme and to see how well different suspected inhibitors fit into the active site 
cavity. Color-coding adds to this process by illustrating areas of positive or negative electrostatic 
potential or charge that may contribute to the way the molecules interact. 

In this section, we shall illustrate the usefulness of surfacing in studying the interaction of the ac­
tive site of the enzyme thermolysin with the inhibitor CLT. Existing files containing structural data 
for both the thermolysin and CLT molecules will be read in and displayed. We shall then read in 
two dot files: the one for CLT that we saved above, and another dot file which describes the active 
site for thermolysin. We shall use these surfaced structures to examine the enzyme/inhibitor com­
plex and see how well the CLT inhibitor fits into the active site cavity. 

4. 7 .1 Reading in the Thermolysin and CL T Data 

We shall first examine the unsurfaced structures of thermolysin and CLT. First we'll reset the 
program to erase all the current information, then we'll read in two coordinate files containing the 
structural data for thermolysin and CLT. A group file will also be read in which partitions the 
thermolysin/CLT inhibitor complex into various groups. 

1. Click the TOP MENU button to return to the Top menu, pick utilities, then pick program 
reset. Verify the reset by clicking OK. When BIOGRAF finishes the program reset, it re­
turns to the Top menu. 
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2. Pick in-out to bring up the In-Out menu (ieave auto group and half bond toggled on). 

3. Pick read from the In-Out menu, then pick BioDesign as the file type to be input.--~ 

4. Use the browser box to locate your distribution data directory, then select thenn.bgf from 
the file names listed. Click OK to verify the selection. The thermolysin molecule appears in 
the graphics window. 

5. Repeat steps 3 and 4 to read in the CLT molecule (pick read, pick BioDesign for the file 
type, then select the cltxray.bgf file from the listings in your distribution directory. 

6. To read in the group file for the thermolysin/CLT inhibitor complex, pick read, pick group 
for the file type, then select therm.grp from the file names listed in the distribution direc­
tory. 

Messages appear while the group data is being read in. The original thermolysin and CL T 
groups disappear when the new group data is displayed. 

4. 7. 2 Looking at the Molecular Structures of Thermolysin and CL T 

The thermolysin/CL T inhibitor complex has been partitioned into various groups as shown in 
Table 4.1. The first group contains CLT; the remaining groups contain thermolysin data. 

1. Click the DISPLAY button to bring up the Display menu. 

2. Zoom out if necessary and toggle the various groups on and off. Rotate and translate the 
structure about the different axes to examine the enzyme/inhibitor complex. 

Group 

CLT 
BACK 
SIDE 
CALCIUM 
WATER 
ZINC 
CAVITY 

Description 

The entire CL T molecule 
The thermolysin backbone or main chain 
The peptide residues or side chains 
The four Ca+2 ions 
The crystallographic water molecules 
The Zn+2 ion 
The active site side chains 

Table 4.1: Groups making up the thermolysin/CL T inhibitor complex 

3. Toggle off all the groups except ZINC and BACK. The zinc ion is coordinated to one wa­
ter, two histidine residues and one glutamic acid residue. Note how the zinc ion (a magenta 
sphere) is bound inside a cleft in the enzyme molecule. The zinc ion is necessary for catalytic 
activity. 
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4. Toggle on CALCIUM. The four calcium ions (blue spheres) contribute to the unusual heat 
stability of the enzyme. 

5. Toggle on CAVITY. This local group was created based on the distance of the side chains 
from the CLT inhibitor; it is our working definition of the thermolysin active site. (See 
Chapter 7, Section 7.7 for the procedure to create a local group.) 

6. Pick return from the Display menu when finished. 

4. 7. 3 Reading and Displaying the CL T Dot File 

In this section we will read in and display the CLT dot file saved in Section 4.6 above. 

1. Click the TOP MENU button to get back to the Top menu, pick visualize, then surface. 

2. Pick read in the Surface menu. BIOGRAF brings up the file name entry dialog box and 
prompts Enter the name of the dot file to be input. 

3. Locate the directory you saved your CLT dot file in, then select clt.dot from the listings. 
While BIOGRAF reads the dot file, messages appear in the Modules/Messages window and 
in the text window. When the program has finished reading in the file, the Modules and 
other buttons reappear." 

Remember, the dotted molecular surface will not be visible until after the display functions 
have been executed. 

Note that dot files can also be read in using in-out from the Top menu followed by read, 
but the display functions on the Surface menu must be used to display them. 

4. Setup a display group to hold the dotted CLT surface (pick setup, pickadd group from 
the Groups menu, and enter INHIB as the name of the group. 

5. Color-code the surface: pick property, then select current. Current will color-code the 
surface according to the last calculated property. In this case, the last calculated property was 
the electrostatic potential in the absence of the enzyme. 

6. Return to the Surface menu, then pick execute to display the surface group color-coded for 
electrostatic potential. 

7. Use the rotate and translate functions to examine the surface group INHIB. When finished, 
click the DISPLAY button to bring up the Display menu then toggle INHIB off. Pick 
return to complete the operation and remove the Display menu. 
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4. 7. 4 Reading and Displaying the Active Site Dot File 

In this section, we shall read in a dot file describing the active site for thennolysin. The surface is 
a water-accessible surface; it shows the parts of the molecule that water can touch. This surface 
was created by changing the probe radius default in the Calculate menu from 0.000 to 1.4, the 
diameter of water in A, and surfacing the CAVITY and ZINC groups. The dotted molecular sur­
face of the active site was then color-coded to show electrostatic potential in the absence of CL T 
inhibitor. · · 

1. Read in and display the active site dot file as we did for the CLT dot file in Section 4.7.3 
above (steps 2 - 6), but select the thermcav.dot file from the distribution data directory. 
Name the new group CA V. 

When color-coding the surface, be sure to pick current from the Properties menu before 
picking execute. If you were to accidentally pick electrostatic instead of current, the 
molecular surface would be recalculated to show the electrostatic potential of the active site in 
the presence of the inhibitor. (We want it to show the electrostatic potential in the absence of 
the inhibitor.) This electrostatic calculation would take about 10 minutes on the Silicon 
Graphics Iris 4DnO workstation. 

After completing step 6 (execute), the water-accessible surface for the active site is shown 
in the graphics window and the group CA V is created. 

2. Click the DISPLAY button again and toggle everything off except for CAV and CLT. Note 
how the dotted molecular surface describing the active site is primarily yellow (slightly nega­
tive electrostatic potential). There are also a few regions of strongly negative electrostatic 
potential (red) and one area of positive electrostatic potential (greenish-blue) in the region of 
the zinc ion. 

The dotted surface describing the active site for thermolysin is shown in Figure 4.10. 
Shown next to it in the cavity is the CLT molecule (unsurfaced). To see how well CLT fits, 
we'll go to step 3 and use the surfaced CLT molecule that we saved above. 

3. Toggle CLT off. Toggle INHIB on (the surfaced CLT molecule). Manipulate the image on 
the display system to get a good view of the CLT/thermolysin active site complex. Rotate 
them until the cavity becomes clearly visible (see Figure 4.10). It might be helpful to toggle 
INHIB on and off a few times during this process. Note how well the CL T inhibitor fits in 
the cavity. 

4.8 Conclusion 

This completes our study of the creation and display of dotted molecular surfaces. Van der Waals 
surfaces have been generated and several properties calculated and displayed for the peptide ana­
logue CLT. Dot coordinates and dot colors were saved in a dot file. A solvent-accessible surface 
describing the active site of an enzyme was read in and displayed. 
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You may wish to dock the CLT inhibitor with thermolysin. The docking functions are described 
under Build Operations in Section 3.10 of the BIOGRAF Reference Manual and are illustrated in 
Chapter 5 of this tutorial. Please note that although the INHIB dot surface group can be docked, 
the modify coords function on the Dock menu will not update the coordinates of the surface 
group; only coordinates of real atoms and bonds can be updated (e.g., the CLT group). If you 
need a more detailed description of the defaults in the Calculate and Properties menus, please see 
surface operations in Section 4.3 of the BIOG RAF Reference Manual. 

To leave BIOGRAF, pick exit on the Top menu, then verify the exit by clicking the OK button. 

Figure 4.10: Dotted molecular surface describing the active site for the enzyme 
thermolysin. Shown next to it is the inhibitor CLT (unsurfaced molecule). 
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Chapter_ 5 

Docking 

This chapter describes how to move molecules on a display relative to each other. Such a process 
is called docking. We will read in data for the anti-viral drug netropsin and a segment of DNA, · 
and then dock the netropsin on the DNA. It is assumed that you have completed Chapter 1. 

5 .1 Starting the Program and Reading the Data 

1. Enter the command biograf. This starts up BIOGRAF without 
reading in information about any molecule. As explained in the 
introductory chapter, this command may be different at your site. 
The session starts out with the Top menu shown in Figure 5.1. 

Next, we'll read in the data that describes the netropsin and DNA 
molecules. This information is stored in two files: a bgf file 
(dna.bgj) which contains coordinate information about the molecules 
and a group file (dna.grp) which contains the group information. We 
could read in each of these files using the read option on the In-Out 
menu or we could retrieve this data by executing a macro which has 
already been set up to do this. Since the program comes with just 
such a macro (dna.macro ), we'll read the files in using the macro. 
Macros can only be executed in command mode. 

2. Click the TEXT button in the lower left window to bring the text 

Top menu: 

in-out 

build 

visualize 

simulate 

analyze 

utilities 

exit 

Figure 5.1: 
Top menu 

window forward (see Figure 5.2). The commands executed when in command mode appear 
in the text window, so we want to be able to see this window clearly. If necessary enlarge or 

Figure 5.2: GRAPHICS, TEXT, and PLOTS Buttons 
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reposition the text window to make it more visible. Make sure it doesn't obscure the Menu 
Pad. A good place to put it is toward the bottom of the graphics window. 

3. Click the COMMAND button in the Modules/Messages window to get into command mode 
(see Figure 5.3). The text window displays the command mode prompt with the current 
menu name (Top menu:) and a message appears in the Modules/Messages window reminding 
us that the cursor must be in the graphics window to use command mode. 

Figure 5.3: Modules/Messages Window with DISPLAY, 
TOP MENU and COMMAND Buttons 

4. Move the cursor into the graphics window. Macros are executed by typing in the character 
"@" followed by the macro file name. If the macro is not located in the current working di­
rectory, then directory specifications must also be included. 

The dna.macro file is located in your distribution macro directory. Typically the full specifi­
cations for the distribution macro directory are lusrlmsilbiogv300/macro. The distribution 
macro files are always located in the /biogv300!macro directory; however, the first part of 
the path specifications may differ on your system. To determine the location of the 
!biogv300/macro directory on your system, type echo $MSIUSR from a systems window. 
The directory listed in response to this command should precede lbiogv300/macro when 
giving directory specifications. 

5. Type @ followed by the macro file name including full directory specifications if needed 
(e.g., @/usr/msi/biogv300/macroldna). Do not include the .macro extension at the end 
of the file name. The program quickly executes the series of commands in the dna.macro 
file. The coordinate and group files for DNNnetropsin are read in and the molecules appear 
in the graphics window. The last command in the macro file ("menu") returns us to graphics 
mode. 

6. Bring the graphics window forward to get a good view of the structures. This can be done 
by clicking in the graphics window border or by clicking the GRAPHICS button. 
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5.2 READING THE DATA 

The four groups which are read in are CHAIN A, CHAIN B, 
NETROP, and WATER .. The NETROP group is the netropsin 
molecule, which nestles in a groove of the DNA double helix. The 
WATER group is toggled off, so the water molecules do not appear 
in the graphics window. The structures are oriented so that we are 
looking down through the top of the DNA double helix. 

6. Click the DISPLAY button then toggle on the WATER group in t_he 
Display menu (see Figure 5.4). The water molecules appear as 
pyramids scattered around the DNA and netropsin molecules. 
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Display: 

CHAIN A 

CHAIN 8 

NETROP 

WATER 

return 

Figure 5.4: 
Display menu 

,:;,r,;f:\t 
. , .~.-:-, P}'>;;,./ 

\. ;~}2 

;, .. ~~tf 
.,: ''\}~ft: 
,::-'~i 



5-4 CHAPTER 5. DOCKING 

5. 2 Changing the Group Col or 

In order to see things more clearly, we'll 
first tum off the WATER group, then 
we'll change the color of the NETROP 
group to purple and reorient the display. 

1. Toggle WATER off. The pyramids dis­
appear from the display. Pick return. 
The Display menu is replaced with the Top 
menu. 

2. Pick visualize from the Top menu. The 
Visualize menu shown in Figure 5.5 is 
displayed. 

3. Pick change col ors on· the Visualize 
menu. The Groups menu appears, and 
BIOGRAF prompts: Pick the desired 
group. 

4. Pick NETROP from the Groups menu. 
The Colors menu is then displayed listing 

Visualize: 

make groups 

render groups 

surface 

set origin 

change colors 

stereo 

rock 

auto rotate 

return 

Figure 5.5: 
Visualize menu 

the colors as shown in Figure 5.6 and we are prompted to Pick the 
desired group co/or. 

5. Pick purple .. The netropsin molecule turns purple on the display. If 
you wish, continue picking other colors on the menu to see how they 
look. 

6. Pick return when satisfied with the color. 

7. Rotate the DNA around they axis until it is lengthwise and horizon­
tal in the graphics window. 

Colors: 

purple 

magenta 

pink 

red 

orange 

yellow 

chartreuse 

green 

aqua 

cyan 

light blue 

blue 

white 

RGB value 

return 

Figure 5.6: 
Colors menu 

8. Rotate the DNA around the z axis until it is vertical in the graphics window, then rotate 
around the y axis until the netropsin molecule is on its right side. 

9. Center the image. Make sure that neither the DNA nor the netropsin molecule is clippe_d. 
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5. 3 Creating Groups 

BIOGRAF expects all data to be specified in terms of groups. A group is a collection of atoms and 
bonds chosen in such a manner as to reduce a molecular system into recognizable parts. Groups 
may be defined in either of two ways: 

• with standard structural elements or primitives (e.g., an amino acid residue), or 

• with standard structural descriptors or selectors (e.g., hydrophilic side chains). 

The Standard Group Element Appendix of the Biograf Reference Manual lists the primitives and 
selectors that may be used to describe biological macromolecules. 

Groups are created using the operations on the Make groups menu. 

1. Pick make groups on the Visualize menu to display the Make 
groups menu shown in Figure 5.5. 

The top half of the menu contains the proper sequence of steps: 

setup ~ -files ~ chains ~ residues ~ limits ~ create 

The primitives and selectors used to define the groups are chosen under 
limits. The sequence given above must be performed in the prescribed 
order. However, it may not be necessary to repeat every step each time 
you define a group because files, chains, and residues always corre­
spond to their last setting. 

You can make changes in the middle of the sequence by redoing the appro­
priate step and then repeating the subsequent steps in the proper order. The 
defaults for files, chains, and residues are often appropriate, so that 
constructing groups involves only the steps 

setup ~ limits ~ create 

Primitives and selectors also retain their previous settings, but the 
residues picked or keyed in under limits are lost each time you toggle 
setup, so that the limits include the entire molecule. 

To create a group containing all the atoms of any one coordinate file, toggle 
the full file switch on. If the full file switch is on, the group created 
will contain all the atoms in the file. You must setup the group and select 
the file whose atoms will be used, but the chains, residues and limits 
toggles are not active. In order to create a group containing only part of a 
file, the full file switch must be toggled off. Full file is toggled off 
when the program starts. 
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Make groups: 

setup 

full file 

files 

chains 

residues 

limits 

create 

rename file 

rename group 

Special: 

Hbonds 

ribbons 

return 

Figure 5.5: 
MAKE GROUPS 

menu 
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5. 3 .1 Making the AT Base Pairs Gron p 

The DNA/netropsin system is broken up into the groups CHAIN A, CHAIN B, NETROP, 
and WATER. To see how the netropsin molecule preferentially binds to sequences of four or 
more adenosine-thymine (AT) base pairs, we will make a new group that contains all of the AT 
base pairs. Then we will save the original conformation of the DNNnetropsin system by creating 
another group. This group will allow us to compare the position of the netropsin molecule after 
docking with its original position prior to docking. 

1. Pick setup. The Groups menu appears 
and we are prompted Pick the group to be 
defined. 

2. Pick add group. A dialog box comes up 
and we are asked to Enter a name for the 
group to be defined. 

3. Type AT as the group name in the dialog 
box. To verify the entry click the OK 
button or simply press <Enter>. 

4. Pick files from the· Make groups menu. 
The Files menu appears with ·the file de­
scriptor DNA highlighted. This is the file 
we want, so we'll leave it toggled on. 
Verify the file selection by picking return. 

5. Pick chains from the Make groups menu. 
A new menu appears listing the chain 
designators currently in the system as 
shown here in Figure 5.8. 

Four chain designators are listed: ? , 
which indicates that the program will ac­
cept any chain designator, A and B for the 
A and B chains of the DNA helix, and_ 

Groups: 

CHAIN A 

CHAIN B 

NETROP 

WATER 

add group 

return 

Figure 5.6: 
Groups menu 

Chains: 

? 

-
A 

B 

return 

Figure 5.8: 
Chains menu 

(underscore), a blank chain designator for water and netropsin. The 
first time the Chains menu is entered, ? is toggled on. If it is not on, 
toggle it on. Pick return to verify the selection. 

Files: 

DNA 

new file 

return 

Figure 5.7: 
Files menu 

Residues: 

ALL 

A 

C 

G 

BR 

NT 

SMU 

HOH 

return 

Figure 5.9: 
Residues menu 

6. Pick residues from the Make groups menu. The Residues menu appears as shown in Fig­
ure 5.9. ALL should be toggled on, indicating that any residue will be accepted. 

7. Pick A and SMU from the list of residues; complete the selection by picking return. Note 
that SMU stands for 5-methyluridine, which is the same as thymidine. Brookhaven Protein 
Data Bank coordinate files generally use 5MU instead of T. 
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Defining the Primitives 

We next consider the primitives that describe the 
residues.. Figure 5.11 shows the Primitives 
menu of structural elements. The primitives that 
have names starting with "H" (e.g,. HMAIN) 
refer to the hydrogen atoms and bonds attached 
to the corresponding primitive (e.g., MAIN). 
Very few X-ray crystallographic structures in­
clude data for H atom positions (H atoms are 
poor diffractors of X-rays), so BIOGRAF often 
needs to generate the positions. In general, it is 
a good idea to include the H primitives when 
setting up a group to make it easier to add H 
atoms later. 

1. Pick limits on the Make groups menu to 
display the Limits menu shown in Figure 
5.10. 

2. Pick primitives on the Limits menu. The 
Primitives menu is then displayed listing 
the primitive structural elements as shown 
in Figure 5.11. STD SET should be 
toggled on, indicating that the standard set 
of primitive elements (all the elements 
listed except TRACE and LABELS CA) 
are included in the group. 

3. Toggle on the primitives PHOSPHATE, 

Limits: 

primitives 

selectors 

key res range 

key one res 

pick start res 

0 

pick stop res 

0 

pick one res 

0 

keep range 

forget range 

distance 

return 

Figure 5.10: 
Limits menu 

HPHOSPHATE, SUGAR, HSUGAR, BASE and HBASE 
followed by RETURN. 

4. Pick return on the Limits menu to return to the Make groups menu, 
then pick create. The message Working .. .is displayed in the Mod­
ules/Messages window. When the program finishes, the AT group 
appears in the graphics window. 

5. Click the DISPLAY button, then toggle off the groups CHAIN A 

Primitives: 

STD SET 

TRACE 

MAIN CHAIN 

HMAIN 

SI DECHAI N 

HSI DE 

CARBONYL 

PHOSPHATE 

HP HOSP HATE 

SUGAR 

HSUGAR 

BASE 

HBASE 

METAL 

WATER 

HWATER 

NQ\JSTD 

HNQ\JSTD 

LABELS CA 

CLEAR 

RETURN 

Figure 5.11: 
Primitives menu 

and CHAIN B and note how the netropsin recognizes the AT rich region of the DNA 
molecule. 

6. Toggle off the AT group and toggle CHAIN A and CHAIN B back on. Complete by 
picking return. 
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5. 3. 2 Making a Group to Hold the Original Conformation 

The structure of netropsin displayed in the grappics window derives from the X~ray data and anal­
ysis by Dickerson, et al. We will create another netropsin group called XRA Y to save the original 
conformation of the DNNnetropsin system so that after we move the netropsin around we can 
compare its new position with that of the original conformation._ 

. 1. Pick setup on the Make groups menu, add a new group and define it as XRAY. 

2. Verify that files and .chains remain unchanged from when you created the AT group. 

3. Pick residues. 

4. Pick ALL from the Residues.menu, followed by return. 

5. Pick limits, then primitives. 

6. Pick CLEAR to turn the primitives off, then pick NONSTD and HNONSTD, followed 
by RETURN. , 

7. Pick return on the Limits, menu to get back to the Make groups menu· and create the group 
XRA Y .. The XRA Y group appears in the graphics window in the same position as the 
NETROP group. The color of the last drawn group (XRA Y) is displayed. It will be half­
bonded. 

8. Click the DISPLAY button and toggle XRA Y off. The color changes back to purple. Pick 
return to remove the Display menu. 

9. Click the TOP MENU button in the Modules/Messages window to get back to the top level 
menu. 
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5.4 Docking 

At the moment, the mouse and dials connect to every group in the graphics window; when you 
use the mouse or dials to manipulate the objects in the graphics window,.all of the groups move. 
The dock operation on the Build menu makes it possible to connect the mouse or dials to a se­
lected subset of groups and move that subset while the rest of the display remains fixed. 

5.4.1 Selecting the Groups to be Docked 

In order for BIOGRAF to perform a docking 
operation, it must know which groups to move 
and which to keep fixed. 

1. Pick build on the Top menu to display the 
Build menu shown in Figure 5.12. 

2. Pick dock to bring up the Dock menu 
shown in Figure 5.13. 

3. Pick execute. BIOGRAF prompts Pick 
the groups containing atoms to be docked: 
and displays the Groups menu. 

4. Pick NETROP on the Groups menu. 
Terminate the list of groups to be docked 
by picking return. 

5. BIOGRAF then prompts Pick additional 
groups containing atoms to be used in 
analysis (if desired). If any groups are 
selected, the program goes into interactive 
docking mode which allows the user to 
monitor interatomic distances, force vec­
tors, and total energy as one of the struc­
tures is moved. We won't be doing inter­
active docking, however, so just pick 
return. 

6. Translate the image along the x axis and 
note how only the netropsin group moves. 

Build: 

organic 

peptide 

RNA-DNA 

DNA old 

lipid 

carbohydrate 

crystal 

solvate 

rotate bond 

dock 

modify H 

moment 

convert 

connect 

return 

Figure 5.12: 
Build menu 

7. Use the other rotate and translate functions to manipulate the netropsin. 
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Dock: 

execute 

modify coords 

rotate all 

set origin 

return 

Figure 5.13: 
Dock menu 
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5.4.2 Rotating the Image 

At the moment, all of the groups in the graphics window rotate about the 
center of the DNA/netropsin system. We intend to move only the 
netropsin, so it is convenient to change the center of rotation to the 
NETROP group. 

1. Pick set origin to display the Set Origin menu shown in Figure 
5.14. 

2. Pick group origin. BIOGRAF displays the Groups menu and 
prompts Pick the groups_ to center rotation on: 

3. Pick NETROP on the Groups menu to change the origin of rotation 
to the netropsin molecule. Complete the selection by picking return. 

4. Rotate the netropsin molecule. Note how the change in rotation ori­
gin makes it easier to control the NETROP group. 

The file origin, pick origin and zero origin operations work in 
a similar manner to the group origin operation. Section 3.10 of the 
BIOGRAF Reference Manual describes how the program handles 
rotations and translations in more detail. 

Set origin: 

file origin 

group origin 

pick origin 

zero origin 

center 

reset dials 

reset all 

return 

Figure 5.14: 
Set Origin menu 

5. Pick reset dials. The reset dials operation resets the dials or mouse to zero rotation, zero 
translation, and zero zoom, and restores the docked group to the orientation it had before be­
ing last connected, i.e., the last time rotate all or execute (on the Dock menu) was tog­
gled. 

6. If resetting the dials ( or mouse) caused the image to shrink, zoom in until the image fills the 
display. 

The rotate all operation allows you to temporarily reconnect all of the groups to the dials (or 
mouse), making it possible to change the orientation of the entire system during a docking opera­
tion. 

1. Return to the Dock menu, then toggle rotate all on. 

2. Turn the dials or use the mouse and note that all of the groups now move. 

3. Restore the structure to the vertical orientation with the netropsin on the right side of the DNA 
molecule. 

4. To resume docking, toggle rotate all off. 
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5.4.3 Docking the Netropsin 

All systems except those using GKS graphics have several features which enhance the graphics 
window display. To invoke the features, you use function keys Fl - F5 located at the top or left 
side of the keyboard. 

1. Press the Fl key to enlarge the graphics window to fill the entire display. 

2. Press the F2 key to display the structure as two images for split screen stereo viewing. 
Cross your eyes to see the image in three dimensions. 

3. Press the F3 key to rotate the image ·on the right by 90° about the x axis. 

4. Translate the netropsin along the x axis and note how the two orthogonal views make it eas­
ier to see how the netropsin moves relative to the DNA. 

5. To view the image in three dimensions, either 

• press the F3 key again to return the rotated image on the right back to its original orienta­
tion .. The two images appear again as a stereo pair for split screen stereo viewing; cross 
your eyes to see the three-dimensional image. 

• if you have an IRIS- equipped with special glasses (Personal Stereo Viewer), press the F5 
key to enable the glasses. Consult the appropriate SGI manual for details on how to use 
the glasses. 

• if you have a Titan equipped with a special stereo monitor, make sure the alias command 
to execute the stereo version of the program has been set up and the procedure to get into 
stereo mode has been followed. Use the F5 key to activate stereo mode. 

6. Try to dock the netropsin in its original position using the function keys and the rotate all 
operation as aids. 

7. Press the F2 and Fl keys again to restore the molecules to a single image and to return the 
graphics window to its normal size. 

5.4.4 Storing the New Coordinates 

After docking a molecule or group, BIOGRAF can update the molecular coordinates it stores in 
memory. 

1. Pick modify coords from the Dock menu. BIOGRAF prints the message Working ... 
while it saves the new coordinates in memory. 

At the moment, the new coordinates are saved only in BIOGRAF's memory. If you exit the 
program at this point, you will lose the modifications. To save the new coordinates perma­
nently, you must write them out to disk using the write operation under in-out. 
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We can compare the new orientation of NETROP in the DNA. molecule to its old orienta­
tion. 

2. Pick set origin, then pick file origin on the Set Origin menu to restore the origin of rota-
tion to the center of the combined DNNnetropsin structure. · · · · 

3. Click the DISPLAY button, then toggle on the XRA Y group to see how close you came to 
docking the netropsin in its original position. Toggle XRA Y off again.. Pick return when 
finished. 

4. Click the TOP MENU button to return to the top level menu. 

Now that the netropsin is docked, we will look for a favorable conformation of the DNA/netropsin 
structure. 
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5. 5 Calculating Energies 

The best way to regularize the structure of a molecule is to do an energy calculation which takes all 
forces on the system into account. In this section we minimize the energy of the DNNnetropsin 
system to find the conformation that corresponds to the nearest energy minimum of the potential 
energy surface. 

5.5.1 Setting up an Energy Expression 

The first step is to set up an energy expression for the problem. 

1. Pick simulate on the Top menu to display the Simulate menu as 
shown in Figure 5.15. 

Any atom can be included or excluded from a molecular mechanics 
calculation, and if included it can be movable or fixed. In setting up 
the energy expression, we must define those groups which are al­
lowed to move and those which will remain fixed. In order to keep 
the run short enough for an interactive tutorial, we'll minimize the en­
ergy of the netropsin group while keeping the DNA helix fixed. 

2. Pick setup eex to setup the energy expression. BIOGRAF dis­
plays the Groups menu and prompts Pick the groups containing 
movable atoms: 

3. Pick NETROP to be movable, then pick return. BIOGRAF re­
sponds with the prompt Pick the groups containing fixed atoms. 

4. Pick CHAIN A and CHAIN B to be fixed, followed by return. 
We are now asked to Pick the groups to be updated during calcula­
tion. 

5. Pick NETROP to be updated, then pick return. BIOG RAF prints 
the message Setting up energy expression then lists a summary of 
the energy expression statistics in the text window (see Table 5.2). 

6. Pick show eex. The movable atoms , are indicated by small green 
crosses and the fixed atoms are marked with small blue crosses .. 
Click anywhere to remove the crosses. 

7. Click the DISPLAY button, toggle off the NETROP, CHAIN A, 
CHAIN B and XRA Y groups, then pick show eex again. You 
should be able to see the crosses better. Make certain that the only 
green crosses in the molecule are those on NETROP. 

8. Click anywhere to remove the crosses from the display. 
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Simulate: 

eex options 

setup eex 

modify eex 

show eex 

constraints 

charges 

mechanics 

dynamics 

constrained min 

grid search 

M-Carlo search 

defaults 

modify params 

animate 

return 

Figure 5.15: 
Simulate menu 
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9. Click the DISPLAY button and toggle on NETROP, CHAIN A and CHAIN B again, 
followed by return. 

Movable atoms 31 Fixed atoms :488 
Bonds 32 Angles 44 
Torsions 51 Scaled torsions 12 
Pi Twist 0 
Inversions 33 Angle-angle (1 C) 0 
Bond cross angle 0 
Nbond exclusions 76 
Hbond acceptors 245· Hbond donors 0 
User energy terms 0 
Total charge -23.734 movable atoms only 0.000 

Table 5.2: Energy expression statistics (in text window) 
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5.5.2 Minimizing the Energy 

To do energy minimizations, we use the operations on the Mechanics 
menu. 

1. Pick Mechanics to display the Mechanics menu shown in Figure 
5.16. 

Figure 5.17 shows the Energy results menu that BIOGRAF displays 
whenever it goes into the mechanics function. A description of the 
items on this menu is given in Table 5.2. No values are given for the 
energies at this point because we haven't done any energy calcula­
tions yet. 

2. Pick one energy on the Mechanics menu to calculate the energy of 
the DNNnetropsin system in its present conformation. 

After BIOGRAF computes the energy, it displays the results in the 
text window and on the Energy results menu. All energies are in 
kcaVmol. If an energy is too large to fit into the menu box, the pro­
gram prints a row of asterisks for it: *********. 

3. Make a list of the initial energies (or asterisks) on the Energy results 
menu. 

We are now ready to optimize the DNA/netropsin system. The energies at 
each step will appear in both the Energy results menu and the text window, 
and the conformation of the system for the corresponding step will appear 
in the graphics window. 

1. Center and zoom in on the NETROP group until you have a good 
view of it. 

2. Pick minimize on the Mechanics menu. BIOGRAF prints the mes­
sage Working ... in the Modules/Messages window. The energies 
should show a rapid decrease early in the calculation. 

3. When the minimization finishes, check delta energy. If it is 
non-negligible compared to the other energies, then the calculation 
has not yet converged. 

5-15 

Mechanics: 

one energy 

minimize 

simple dynamics 

# of steps 

50 

rms force cvrg 

0.100 

defaults 

geometry prop 

xyz temp save 

xyz restore 

return 

Figure 5.16: 
Mechanics menu 

4. If delta energy is still comparatively large, toggle# of steps. BIOGRAF then prompts 
you for the number of steps. 

5. Type in the number of steps you think are needed to complete the minimization. Select the 
OK button to complete the entry. 
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Energy results: 

total energy -
delta energy -
RMS force -

bonds -
angles -
torsions -
inversions -

van der Waals -
electrostatic -
H bonds -

constraints -
user energy -

Figure 5.17: Energy results menu 

6. Repeat steps 2-5 above as many times 

CHAPTER 5. DOCKING 

Energy Description 

total energy Current total energy 
delta energy Change in total energy from 

previous step 

RMS force Root mean square force 
(derivative of potential energy) 

bonds Bond stretching 
angles Bond angle bending 
torsions Dihedral angle torsions 
inversions Inversions 

van der Waals van der Waals forces 
electrostatic Electrostatic forces 
H bonds Hydrogen bonds 

constraints Constraints 
user User energy 

Table 5.2: Description of Energy results menu 
items 

as necessary until you are satisfied that the calculation has converged.· Pressing the abort key 
(F12, FlO on the Titan) aborts any mechanics calculation after the next complete step. 

7. Compare the minimized results to the energies of the original docked system. The final ener­
gies should be on the order of 10 kcal or less. 

8. Click the DISPLAY button, then toggle on XRA Y. Compare the optimized position of the 
netropsin molecule to its position prior to being docked. Pick return when finished. 

You now have a docked netropsin molecule nestled in a favorable conformation within the DNA 
structure. However, large flexible systems have many favorable conformations, each of which · 
arises from a local minimum in the potential energy surface. Energy minimization yields only the 
nearest local minimum, so it is likely that the conformations of the XRA Y group and the 
NETROP group differ even though both are optimized structures. 

Chapter 6 describes how to use molecular dynamics to find lower energy conformations for a sys­
tem and Chapter 7 describes how to do a conformational search. You can also redock the 
netropsin to search for other favorable binding sites. 
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5. 6 Saving Information 

After you find a good conformation for a system, it is a good idea to save it. This section de­
scribes how to save information in group files and coordinate files. 

5.6.1 Group Files 

A group is a collection of atoms and bonds chosen in such a manner as to reduce a molecular 
structure into recognizable parts. There are two types of files that save group information: 

Type 1 saves all the sequences of menu picks that defined the various groups. When 
BIOG RAF reads a type 1 group file, it regenerates the groups based on the saved se­
quences of menu picks. This allows the same group file to work fo:r different s.truc­
tures. 

Type 2 saves the list of atoms and bonds for each group as well as the sequence of menu 
picks used to define them. A type 2 file regenerates groups faster than type 1 because 
it reconstructs them directly from the atom lists rather than from the menu picks. 

Both types of group file contain the display status information that determines the color of the 
group and whether or not the group is toggled on or off. 

Note: Type 2 files should only be used for coordinate files with the same set of atoms and con­
nections. When in doubt, make a type 1 file. 

To save group information about the molecule, proceed as follows. 
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1. Click the TOP MENU button to return to the 
Top menu, then pick in-out to bring up the 
In-Out menu (see Figure 5.18). 

2. Pick write. The prompt Pick the file type 
to be output: is displayed and the File types 
menu appears in the Menu Pad. 

3. Pick group from the File types menu to let 
BIOGRAF know that the type of file you 
want to write contains group information. 
BIOGRAF brings up a dialog box and asks 
you to Enter a name/or the groupings.file. 

4. Type dock.grp (include disk and directory 
information if not saving the file in your 
working directory), then select OK to verify 
the entry. The grp extension indicates that 
the file is a group file. BIOGRAF prompts 
Enter output file type [ 1 ( normal) or 2]. 

5. Enter the number 1 to indicate type 1 group 
information, then select OK. BIOGRAF 
then prompts you to enter remarks for the 
output file. 

6. Type in remarks that will identify the file the 
next time you use it. BIOGRAF will print 
the remarks in the text window when it reads 
the file. Terminate the remarks with a blank 
line. 

5.6.2 Coordinate Files 

CHAPTER 5. DOCKING 

In-Out: File types: 

read Bio Design 

write Brookhaven 

copy file CSSR 

caption ChemlabChm 

print screen Macro model 

Moledit 

Read defau Its: Molfile 

auto group Mopac 

half bond Big Strain2 

center next user 

Write FF parameters 

defaults: group 

by file rotate/translate 

by group 

return 

return 
Figure 5.19: 

Figure 5.18: File types menu 

In-Out menu 

In order to reconstruct a group, BIOGRAF needs the information about the coordinates of the 
atoms in that group. The program saves coordinate information in coordinate files. Here we make 
a coordinate file of the BioDesign General Format type. 

1. Make sure that the by file toggle is highlighted under the write defaults. The source of the 
coordinate information that we will be saving is in the DNA file that we read in. 

2. Pick write. The prompt Pick the file type to be output: appears and the File types menu 
shown in Figure 5.19 again displays the file types. Ten different coordinate file formats are 
available. 

3. Pick BioDesign to indicate the BioDesign General Format file type. This type is recom­
mended for internal use with BIOGRAF since it contains all pertinent information. 
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Since there is only one file in the system (DNA), it is automatically chosen as the source of 
coordinate information. BIOGRAF now asks you to Enter a name for the output file. 

4. Type dock.bgf in the dialog box (include disk and directory information if needed), then 
verify the entry by selecting OK. The bgf extension indicates that the file contains BioDesign 
General Format type data. BIOGRAF prompts you to enter remarks for the output file. 

5. Type in remarks that will identify the file the next time you use it. Terminate the remarks 
with a blank line (Click OK or press <Enter>). 

5.6.3 Testing Our Work 

As an exercise, we test the new group and coordinate files by resetting the program and having 
BIOGRAF read them in again. · 

1. Return to the Top menu and pick utilities. The Utilities menu 
shown in Figure 5.20 is displayed. 

2. Pick program reset. An alert box appears asking you to verify the 
reset. 

3. Click the OK button. When BIOGRAF finishes the program reset it 
no longer remembers anything about the molecule. The Top menu is 
again displayed. 

4. Pick in-out to bring up the In-Out menu. 

5. Leave the auto group and half bond options under the read de­
faults toggled on. The auto group option treats the molecule as a 
single group and includes every atom and bond in the file. The half 
bond option uses the half-bond colors to display the molecule. 

Utilities: 

user 

program reset 

label color 

browser 

return 

Figure 5 .20: 
Utilities menu 

Leave the centering option with center next displayed. This will cause the next file that we 
read in to be centered in the graphics window. 

6. Pick read. The File types menu appears and we are prompted to Pick the file type to be in­
put. 

7. Pick BioDesign, since we saved our data in a bgf file. BIOGRAF brings up the file name 
entry dialog box and prompts Choose the file to be input. 

8. Use the browser box to bring up the directory that you saved the files in, then select 
dock.bgf from the file names listed. Click the OK button to verify the selection. The mes­
sage Working ... is displayed as the coordinate file that we created in the previous section is 
read in. When finished, the DNA and netropsin structures appear in the graphics window. 

6/23/92 



5-20 CHAPTER 5. DOCKING 

Next we will read in the group file that we created to test whether it correctly saved the 
groups. 

9. Pick read·again from the In-Out menu and then pick group from the File types menu. 
BIOGRAFprompts Enter the name of the groupings.file. 

10. Select dock.grp from the files listed in the browser box, then click the OK button. The 
groups that had been toggled on will appear in the graphics window as the group file is read 
in. 

5. 7 Advanced Notes 

BIOGRAF recognizes the standard files from the Brookhaven Protein Data Bank and the Cam­
bridge crystallographic data base, as well as CHEMLAB CHM, CHEMLAB MOL, Macromodel, 
Moledit, and MOP AC files. The program also has its own internal file format which is similar to 
Brookhaven but contains additional force field information. (See the File Formats Appendix of the 
BIOGRAF Reference Manual for further details.) 

This concludes Chapter 5. To leave BIOGRAF, return to the Top menu, pick exit, then verify 
the exit by c~icking the OK button in the alert box. 
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Chapter 6 

Molecular Dynamics of Small Peptides 

In this chapter we will build a small peptide (leuenkephalin) and minimize it to yield a fav-orable 
conformation. However, flexible molecules such as peptides have many favorable conformations, 
each of which arises from a local minimum in the potential energy surf ace. 

One way to look for favorable geometries is to do a conformational search as discussed in 
Chapter 7. However, a full search of the available conformations takes a prohibitive amount of 
time. Consider a small protein with 15 freely rotating bonds. Each bond rotates 360°, so doing a 
calculation for every 10° of rotation requires 36 calculations per bond. This gives a total of 3615 

possible conformations. If it takes one second to find the energy of a conformation, then it takes 
3615 seconds, or 7000 trillion years, to do the calculation. 

The equations of molecular dynamics solve Newton's equations of motion for the atoms in a 
molecular structure. Given any starting geometry of the system, BIOG RAF can evaluate the forces 
acting on every atom to determine how the velocity and position of the atoms change with time. 
This provides an efficient means to search for low energy conformations of a system without going 
· through every one of its conformations. 

This chapter describes how to do a molecular dynamics calculation on leuenkephalin. The results 
of the dynamics run are then viewed by animatin.g the trajectory file generated. The best (lowest 
energy) conformer is saved in a separate file. A macro to perform a longer dynamics run is also 
created and executed in the background. 
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6 .1 Building the Peptide 

To run a dynamics calculation, we need a molecule. We will build the peptide leuenkephalin, 
which is a chain of five amino acids with the sequence tyr-gly-gly-phe-leu. 

1. Enter the command 
biograf (this com­
mand may be different 
at your site). This 
starts up BIOGRAF 
without reading in the 
information for any 
molecule. The Top 
menu shown in Figure 
6.1 appears in the 
Menu Pad. 

2. Pick build on the Top 
menu to display the 
Build menu shown in 
Figure 6.2. 

Top menu: 

in-out 

build 

visualize 

simulate 

analyze 

utilities 

exit 

Figure 6.1: 
Top menu. 

BIOGRAF supports several builders: Or­
ganic, Peptide, RNA-DNA, DNA-old, Lipid, 
Carbohydrate, Crystal and Solvate. The pur­
pose of having different builders is to take 
advantage of the fact that specialized 
molecules such as peptides, DNA, and lipids 
are put together in a predefined way, e.g., 
peptides are single chains of amino acids. 
BIOGRAF provides short-cuts for making 
them. The Organic Builder is the most flexi­
ble of the builders and can be used to make 
any molecule. In this tutorial, we use the 
Peptide Builder. 

Build: 

organic 

peptide 

RNA-DNA 

DNA old 

lipid 

carbohydrate 

crystal 

solvate 

rotate bond 

dock 

modify H 

moment 

convert 

connect 

return 

Figure 6.2: 
Build menu 

3. Pick peptide. Before we begin building, we must set up an internal 
file which will hold information about the new molecule. The setup 
option is therefore automatically invoked, a dialog box comes up, and 
we are prompted to Enter a descriptor for the new file. 

Peptide:_ 

setup 

!_library 

d_library 

user library 

read library 

define angle 

modify 

replace 

insert 

delete 

edit 

edit id 

mechanics 

simulate 

analyze 

return 

Figure 6.3: 
Peptide menu 

4. Enter pep as the name for the file descriptor, then select OK (click the OK button or press 
<Enter>). In general, a descriptor name can be anything you want up to 14 characters. For 
the rest of the session, whenever the Files menu comes up, the first box will read pep. 

The Peptide menu is displayed as shown in Figure 6.3. 
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.. 

Now that we have a file to contain the peptide, we can begin building. The first time you 
enter the Peptide Builder during a session, the program reads in its library of amino acid 
residues. BIOGRAF has libraries for both the L- and D-amino acids. L-amino acids are the 
normal form found in nature, whereas D-amino acids are very rare. 

5. Pick •~library on the Peptide menu. The list of L-amino acids 
shown in Figure 6.4 appears and BIOGRAF prompts Pick next pep­
tide unit to be added. 

6. Pick tyr I. A tyrosine residue in half-bond colors appears in the 
graphics window. The molecule is automatically centered on the 
display. We are prompted to pick another peptide unit. 

7. Pick the rest of the sequence: gly-gly-phe-leu. 

As you pick•the residues they appear in the graphics window as a 
chain, adding on to the carboxyl terminus of the peptide according to 
the default values for the </J, If/, and ro angles. The default values are 
180° for </J and If/ and 0° for 01. 

8. Pick return to terminate the addition of residues. 

At this point any necessary hydrogens or lone pairs are automatically 
added and the charges on the amino and carboxyl termini are cor­
rected. 

Selections: 

ala I -

arg_ I 

asn I -
asp_ I 

cys_ I 

gln_l 

glu_ I 

gly_ I 

his I -
ile I -
leu I -
lys_1· 

met I -
.. 

phe_l 

pro_ I 

ser I -

thr I -
trp_ I 

ty r _ I 

val I -
return 

Figure 6.4: 
L-Amino acid 
residues menu 
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.6.2 Minimizing the Energy 

In this section we minimize the energy of the leuenkephalin molecule to find an optimal conforma­
tion in the local region of the potential energy surface. The options on the Mechanics menu allo':V 
us to do energy minimizations and/or molecular dynamics. 

1. Pick mechanics. This brings up the Me­
chanics menu shown in Figure 6.5 and the 
Energy results menu shown on the next 
page (Figures 6.7). BIOGRAF prints the 
message Setting up energy expression ... 
in the Modules/Messages window until it 
finishes, after which the summary of en­
ergy expression statistics shown in Table 
6.1_ appears in the text window. 

When mechanics is picked from any of 
the Builders the energy" expression for the 
structure being built is automatically set up 
so that every atom in the molecule is in­
cluded and allowed to move during the 
calculation. If you had picked simulate 
instead of mechanics, then you would 
have had to set up the energy expression 
yourself and specify which atoms are to be 
movable, which are to be fixed, and which 
are to be updated on the display. 

We can check to see how the energy ex­
pression is set up at any time by using the 
show eex option on the Simulate menu. 

2. Return to the Peptide menu, then pick 
simulate. The Simulate menu comes up 
as shown in Figure 6.6. 

3. Pick show eex. Movable atoms are 
marked with green crosses and fixed 
atoms are marked with blue crosses. Ev­
ery atom in the peptide should be marked 
with a green cross. Since we have no 
fixed atoms, no blue crosses should be_ 
visible. Click anywhere to remove the 
crosses from the display. 

Mechanics: 

one energy 

minimize 

simple dynamics 

# of steps 

50 

rms force cvrg 

0.100 

defaults 

geometry prop 

xyz temp save 

xyz restore 

return 

Figure 6.5: 
Mechanics menu 

Simulate: 

eex options 

setup eex 

modify eex 

show eex 

constraints 

charges 

mechanics 

dynamics 

constrained min 

grid search 

M-Carlo search 

defaults 

modify params 

animate 

return 

Figure 6.6: 
Simulate menu 
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Movable atoms 48 Fixed atoms 0 
Bonds 49 Angles 69 
Torsions 82 Scaled torsions 2 
Pi Twist 0 
Inversions 48 Angle-angle ( 1 C) 0 
Bond cross angle 0 
Nbond exclusions 118 
Hbond acceptors 7 Hbond donors 8 
User energy terms 0 
Total charge 0.000 movable atoms only 0.000 

Table 6.1: Energy expression statistics (in text window) 

4. Click the.1EXT button to bring the text window forward so that you can view the energy ex­
pression statistics. Reposition or resize the windows if necessary so your views of the 
structure in the graphics window and the Menu Pad are not obscured. 

5 . Note that the energy expression statistics show 48 
movable atoms (none are fixed). Pi twist, bond 
cross angle and scaled torsion terms_are not in­
cluded in the calculations (values given are always 
0); they are listed here since they will be included 
in a future release of the program. 

6. Pick mechanics again to bring up the Mechanics 
menu, then pick one energy. BIOGRAF now 
evaluates the energy of the peptide in its present 
conformation. 

7. Make a list of the energies (or asterisks) on the 
Energy results menu (see Figure 6.7). All ener­
gies are in kcal/mol. If an energy is too large to fit 
into the menu box, BIOGRAF prints a row of as­
terisks: *********. The total energy should 
be about 170 kcal/mol and the van der Waals en­
ergy should be about 120 kcal/mol, indicating that 
the conformation is unfavorable. 

8. Pick minimize. The message Minimizing ... ap­
pears as the minimization proceeds. 

By default, BIOGRAF runs molecular mechanics 
calculations for 50 steps. During a minimization, 
the energies at each step appear in both the text 
window and the Energy results menu. The con-
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Energy results: 

total energy - - -

delta energy - - -

RMS force - - -

bonds - - -

angles - - -

torsions - - -

inversions - - -

van der Waals - - -

electrostatic - - -

H bonds - - -

constraints - - -
' 

user energy - - -

Figure 6.7: Energy results menu 
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formation of the peptide is also updated in the graphics window; The energies should show 
a rapid decrease early in the calculation. 

9. When the calculation finishes, check delta energy on the Energy results menu. If it is non­
negligible compared to the other energies, then the calculation has not yet converged.· Con­
vergence is reached when RMS Force is less than the value specified for rms force cvrg 
-on the Mechanics menu (0.100 kcal/mol). 

10. If the calculation has not converged, pick# of steps, then type in the number of steps you 
think are needed to complete the minimization. Select the OK button to complete the entry. 

11. Continue to pick minimize until the calculation converges. Pressing the abort key (Fl2, 
FlO on the Titan) aborts any mechanics calculation after the next complete step. 

12. Compare the frnal energies to the initial energies. After minimization, the total energy 
should be on the order of 90 kcal/mol. 
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6.3 Running Dynamics 

The minimization yielded a favorable conformation for leuenkephalin. However, flexible 
molecules such as peptides have many favorable conformations, each of which arises from a local 
minimum in the potential energy surface. Molecular dynamics provides an efficient means to 
search for low energy geometries of a system without going through every one of its conforma­
tions. 

BIOGRAF does several types of molecular dynamics. These can be divided into two groups: adi­
abatic (does not exchange heat), and isothermal (exchanges heat with a thermal bath). The adia­
batic group includes the adiabatic, quenched, annealed, and impulse options, while isothermal dy­
namics is performed using the canonical and temperature damping options. These are briefly de­
scribed below (see Section 5.8 and Appendix P of the BIOGRAF Reference Manual for more de­
tails). 

Adiabatic Dynamics: The program does adiabatic dynamics where it starts with a user-supplied 
temperature Ti and calculates the dynamics for a total period t. The default step size equals 0.002 
picoseconds, so there are 1000 steps of dynamics in a dynamics run that lasts 2 picoseconds. By 
default BIOGRAF checks the temperature every 0.1 picosecond. If T deviates too much from Ti, 
the program rescales the velocities to match Ti again. 

Quenched Dynamics: The program does adiabatic dynamics as above, but it performs an en­
ergy minimization at intervals of 0.100 picoseconds and writes the minimized result to disk. This 
is useful for finding optimum geometries. 

Annealed Dynamics: The temperature starts at Ti and increments by !:!,.T (e.g., 10°) at intervals 
of 0.100 picoseconds until it reaches Tt. It increments back to Ti , then to Tt again and so on. 
Although annealed dynamics does not actually minimize the energy, if the low temperature is small 
(e.g.= 0°) and the number of steps large, then the system may cool slowly enough to find the best 
minimum in the potential energy surface without getting trapped in a high energy local minimum. 
Only those geometries that correspond to energies less than the previous result are written out. 

Impulse Dynamics: The initial velocities of the atoms of the structure are assigned 1.n a direction 
that the user has chosen, giving the structure an "impulse" in that direction. Then the program 
does adiabatic dynamics. 

Canonical Dynamics: The program does constant temperature constant volume (TVN) dynam­
ics via an implementation of the Nose-Hoover1,2 method. In order to maintain a constant thermo­
dynamic temperature (not kinetic temperature) the velocities are scaled by an additional variable, s, 
which represents the interaction of the system with a heat bath. The rate of change of s is deter­
mined by the difference between the thermodynamic and the kinetic temperature at each step. The 
relaxation time constant and algorithm used may be specified. 

1 S. Nose, J. Chem. Phys., 91 (1984) 511, and Mo/. Phys., 52 (1984) 255. 
2 W. H. Hoover, Phys. Rev. A., 31 (1985) 1695 . 
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Temerature Damping Dynamics: The program does constant temperature constant volume 
· dynamics via weak coupling to a thermal bath using the Berendsen et af3 approach. As in canoni­

cal dynamics, the strength of coupling is specified through a damping time co~stant. . 

This section describes how to do a simple adiabatic dynamics calculation on leuenkephalin. It was 
necessary to minimize the peptide first because if we try to do a dynamics run on .a system with 
highly unfavorable interactions, the calculation may severely distort the molecule. 

6.3.1 Setting the Defaults 

The defaults for a dynamics run are as shown in Table 6.2: 

Ti (initial temperature) = 300° K 
Tt (final temperature) = 300° K 
tJ,,T (anneal increment) = 100 K (annealed runs) 
time = 0.500 picoseconds . 
tJ,,T (heat.increment) = 20° K (straight dynamics) 
time step = 0.001 picoseconds 

i 

Table 6.2: Dynamics defaults 

. Dynamics run faster at hotter temperatures because the atoms.move faster, allowing the system to 
overcome conformational barriers more easily. However, if the temperature is too hot, then almost 
all the conformations are high in energy and the.dynamics run no longer gives much usefulinfor,,. 
mation. For the calculations done in .this chapter, reasonable .temperatures lie between 300° Kand 
1200° K. In general, the floppier a molecule, the lower the temperature needed to run dynamics. 

If the initial. temperature (Ti) is not equal to the final temperature (Ti), then BIOGRAF increments 
the temperature by the value tJ,,T, where tJ,,T is specified by the heat increment. The temperature is 
incremented after each period -r where -r is specified by the heat equilibration frequency. The de­
fault for -r = 0.100. The values for the initial and final temperatures and for the heat increment are 
specified on the Temperatur var (temperature variables) menu under defaults, while the heat equi­
libration frequency is specified on the Dynamics var (dynamics variables) menu (also under de­
faults). 

3 Berendsen, H. J., Postma,~J. P. 0., van Gunsteren, W; I., Di Niola, A. and Haak, J. R., J. Chem; Phys., 81 
(1984), 3684. .. 
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Changing the Temperature 

We'll keep -r at its default setting, but we'll change Ti and Tt to 600° K. 

1. Pick defaults to bring up the Defaults 
menu (see Figure 6.8). 

2. Pick temperatur var. The menu shown 
in Figure 6.9 appears. The values of the 
parameters shown are the temperature de­
faults that BIOGRAF uses during a dy­
namics calculation. The temperatures are 
in degrees Kelvin. 

3. Pick initial temp and enter 600 in the 
dialog box. Choose OK to complete the 
entry. 

4. Pick final temp and enter 600 in the 
dialog box. Choose OK to complete the 
entry. 
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Defau.lts: 

energy var 

minimize var 

temperatur var 

dynamics var 

nonbond var 

ewald var 

H bond var 

misc var 

return 

Figure 6.8: 
Defaults menu 
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Tempera tu rvar: 

initial temp 

300.000 

final temp 

300.000 

heat incr 

20.000 

temp window 

50.000 

anneal incr 

10.000 

return 

:i.;~ 

Figure 6.9: 
Temperatur var 

menu 
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Changing the Frequency for Writing Data to the Trajectory File 

We'll be saving the results of our dynamics run in a trajectory file. The 
rate in which the data is written to the trajectory file depends.on the value 
specified for write trj freq. The default is 0.10 -ps. We'll be doing a 
very short dynamics run (0.40 ps), so we'll change the write frequency to 
0.01 ps.· This will give us 40 snapshots (we'll be animating these trajec­
tory snapshots later). The write trj freq option is on the Dynamics vari-
ables menu. · 

1. Return to the Defaults menu, then pick dynamics var. The menu 
shown in Figure 6.10 is displayed. 

2. Pick write-trj freq, then enter 0.01 in the dialog box. Select OK 
to complete the entry. 

Dynamics var: 

draw frequency 

5 

time step 

0.001 

anneal freq 

0.100 

update freq 

0.100 

heat equil freq 

0.1 00 

write trj freq 

0.100 

info level 

1 

save avg coord 

reset dy'namics 

·return 

Figure 6.10: 
Dynamics var 

menu 
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6.3.2 Doing the Calculation 

The default duration of a dynamics run is 0.500 
picoseconds. Since the default for the length of 
each step is 0.001 picoseconds, a default run 
has 500 steps. We want to do a straight dynam­
ics run oflength 0.4 picoseconds (400 steps). 

1 . Pick return three times to get back to the 
Simulate menu, then pick dynamics. 
The menu shown in Figure 6.11 comes 
up. 

2. Pick adiabatic. The Adiabatic dynamics 
menu appears as shown in Figure 6.12. 
EVN in the menu title indicates that con­
stant energy, constant volume dynamics 
will be performed. 

3. Pick time, enter 0.4 in the dialog box, 
then select OK. 

4. Toggle write traject on. This tells the 
program to write the results of the dynam­
ics run to a trajectory file. 

Dynamics: 

adiabatic 

quenched 

annealed 

impulse 

canonical (TVN) 

canonical (TPN) 

temp damp (TVN) 

temp damp (TPN) 

return 

Figure 6.11: 
Dynamics menu 

5. Pick execute. A dialog box comes up and prompts Enter trajectory 
file name. 

6. Enter pep.trj (trj is the extension used for trajectory files). Include 
disk and directory specifications if you do not want to save the trajec­
tory file in your working directory. Select OK to complete the entry. 
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Ad ia batic~N): 

temperatur var 

dynamics var 

time 

0.500 

use velocity 

reset velocity 

write traject 

write velocity 

append traject 

execute 

return 

Figure 6.-12: 
Adiabatic 

dynamics menu 

7. Type in remarks that will help identify the file when you use it. Terminate the remarks with a 
blank line (click OK or press <Enter>). 

BIOGRAF now performs a 400 step (0.4 picosecond) dynamics calculation with an initial 
and final temperature of 600° K. Results are sent to the text window and the Energy results 
menu for each step of the calculation. Time is in picoseconds, energy in kcal/mol, and the 
temperature (which is proportional to the kinetic energy), is in degrees Kelvin. The internal 
energy is the sum of the energies due to bond stretching, bond angle bending, dihedral angle 
torsions, and inversions. The nonbonding energy is the sum of the van der Waals, electro­
static, and hydrogen bond energies. 

6/23/92 



6-12 CHAPTER 6. MOLECULAR DYNAMICS OF SMALL PEPTIDES 

6. 4 Minimizing the Structure Again 

1. After the run finishes, pick return twice to get back to the Simulate menu, then pick 
mechanics to bring up the Mechanics menu. 

2. Pick minimize to minimize the peptide again. The energies may start out relatively high 
compared to the previous minimization because dynamics tends to stretch out bonds. How­
ever, the energies should rapidly decrease. Continue to pick minimize until the calculation 
converges. 

3. Compare the final energies to those of the minimized structure we started out with. The total 
energy should be slightly less than it was for the minimized peptide prior to doing dynamics. 
Thus even a short dynamics run may yield an improved energy. 

A full dynamics calculation on a small peptide requires a -r of at least several picoseconds. 
Such a run is too long for an interactive session. However, we can create a macro to do this 
and run it in the background. We'll do this at the end of the tutorial. The advantage of doing 
an interactive calculation first is that it provides an optimized conformation as a starting point 
for the full calculation. 
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6. 5 Saving Information 

Next, we'll save the minimized structure in an external file. Saving information protects you from 
losing work and in subsequent sessions allows you to resume where you left off without repeating 
all of the steps of the previous session. 

1. Click the TOP MENU button to get back 
to the Top menu, then pick in-out to dis­
play the In-Out menu (see Figure 6.13). 

2. Make sure that the by file toggle is high­
lighted next to the write defaults. 

3. Pick write. The prompt Pick the file type 
to be output: is displayed and the File 
types menu appears (see Figure 6.14). 

In order to reconstruct a structure, infor­
mation about the coordinates of the atoms 
in the structure is needed. The program 
saves coordinate information in coordinate 
files. Several different coordinate file 
formats are available. These are listed at 
the top of the menu. 

4. Pick BioDesign to indicate the BioDe­
sign General Format file type. This type is 
recommended for internal use with 
BIOGRAF since it contains all pertinent 
information. 

Since there is only one file in the system, 
the program automatically chooses pep as 
the file which is to be output. A dialog 
box comes up and you are asked to Enter 
a name for the output file. 

In-Out: 

read 

write 

copy file 

caption 

print screen 

Read defaults: 

auto group 

half bond 

center next 

Write 

defaults: 

by file 

by group 

return 

Figure 6.13: 
In-Out menu 

File types: 

Bio Design 

Brookhaven 

CSSR 

Chemlab Chm 

Macro model 

Moledit 

Molfile .. 

Mopac 

Big Strain2 

user 

FF parameters 

group 

rotate/translate 

return 

Figure 6.14: 
File types menu 

5. Type pep.bgf in the dialog box. Include disk and directory information if not saving it in 
your working directory. Verify the entry by clicking OK. BIOGRAF prompts you to enter 
remarks for the output file. 

6. Type in remarks that will identify the file the next time you use it. Terminate the remarks 
with a blank line (Click OK or press <Enter>). 

Messages appear in the text window and in the Modules/Messages window while the pro­
gram writes the data file. 
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6. 6 Rendering a Group in Monochrome 

We'll be animating the conformations from our 
dynamics calculation in ·the next section. When 
animating, we can choose to color-code the con­
formations according to sequence number or en­
ergy, thus makirig it easier to see how the pep­
tide moved in space during the calculations. 
Color-coding requires that the group being ani­
mated is displayed in monochrome. However, 
our peptide group was created using the half­
bond representation (each atom is colored ac­
cording to its element and the half of the bond 
closest to the atom is made the same color as the 
atom). Before animating we must therefore ren­
der the peptide group in a single color. This is 
done using the render groups operation on the 
visualize menu .... 

L Return to the top levelmenu, then pick. 
. visualize. The Visualize menu shown in 
Figure 6:15 is displayed. 

2. Pick render groups to bring up the 

Visualize:· 

make groups 

render groups 

surface 

set origin 

change colors 

stereo 

rock 

auto rotate 

return 

Figure 6.15: 
Visualize menu 

menu shown in Figure 6.16. Since there is only one group in the 
system (peptide), it is automatically chosen as the group to be ren­
dered. 

3. Make sure half bond is toggled off. 

4. Pick execute. 

The leuenkephalin molecule is redisplayed in a single color. The 
color of the group could be changed if desired using the change 
colors option on the Visualize menu. We won't we doing that here, 
however. 

Render groups 

vectors 

cylinders 

spheres 

ball & stick 

half bond 

vector width 

2 

cylinder scale 

0.100 

ball scale 

0.600 

divisions 

0.300 

execute 

return. 

Figure 6.16: 
Render groups 

menu 
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6. 7 Animating a Dynamics Trajectory 

We now animate the leuenkephalin dynamics calculation. 

6. 7 .1 Defining the Trajectory File and Listing the Conformers 

1. Click the TOP MENU button to get back 
to the top level menu, then pick simulate. 

2. Pick animate to display the Animate 
menu shown in Figure 6.17. 

3. Pick define traject to define the trajec­
tory file to be animated. A browser box 
comes up and BIOGRAF prompts Enter 
the name of the trajectory file. 

4. Locate the directory in which you saved 
the trajectory file, then select the pep.trj 
file name from the listings in the browser 
box. Click OK to complete the selection. 

When the file has been read in, the times 
for the first and last conformers in the file 
are displayed under the start and stop 
options on the menu. Start and stop can 
be used to restrict the sequence of confor­
mations to be included in the animation. 
We want to look at the whole range of 
conformations, so we'll leave these values 
as they are (0.010 ps for start and 0.400 
ps for stop). 

5. Pick list to display the List menu shown 
in Figure 6.18. 

Animate: 

define traject 

start 

- - -

stop 

- - -

list 

read 

display 

extract 

auto group 

average coords 

RMS coords 

user traject 

return 

Figure 6.17: 
Animate menu 

6-15 

List: 

all 

better 

best 

within 

. 

by energy 

energy diff 

10.000 

by RMS 

RMS difference 

1. 0 0 0 

return 

Figure 6.18: 
List menu 

The conformers may be listed in two modes: using their associated energy values to make 
comparisons (by energy), or using the root mean square (RMS) values obtained from RMS 
matching to a reference conformation which is specified by the user (by RMS). We'll use 
by energy mode. This is the default, so it should be highlighted. If not, toggle it on. 

6. Pick all to obtain a listing of all the conformers in the text window. Each conformation 
number is listed with its energy value. A listing of the best conformer (the one with the low­
est energy value) can be obtained by picking best on the menu. Better lists the conformers 
that are consecutively better than the best one so far and within lists those that are within a 
specified energy difference (energy diff) from the best. 
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7. Pick better, b_est and within and note the listings obtained with each option. Note the con­
former with the best (lowest) energy value. 

8. Note the number of conformers within energy diff (10 kcal) of the. best. Pick energy 
diff, enter a new value, and pick within until there are about 20 conformers within energy' 
diff of the best. You'll be using this_ energy diff value later to look at the low energy con­
formers. 

9. Pick return to return to the Animate menu. ·, 

6. 7. 2 Reading in the Positions of the Conformers 

1. Pick read on the Animate menu to read in the positions of the con­
formers. (A read operation must be performed before any anima­
tions can be done.) After picking read, the group to be animated 
must be specified. Since there is only one group in the system, pep 
is automatically chosen. 

The Read menu will then appear as shown in Figure 6.19. 

As with ·the list operations, the conformers may be read in by en­
ergy or by RMS mode (we'll leave it in the default by energy 
mode); similarly, all the conformations may be read in or they may 
be restricted to those specified using the better or within options. 

2. Pick all to read in all 'the conformations. BIOGRAF responds with 
the prompt Enter the read increment ( 1 implies read every point): 

3. Enter 1 to read every conformer; then select OK. The message 
Working... appears as they are read in. Each of the conformers are 
listed in the text window along with their associated time and energy 
values. 

4. Return to the Animate menu. 

.Read: 

all 

better 

within 

by energy 

energy diff 

10.000 

byRMS 

RMS diff 

1.000 

return 

Figure 6.19: 
Read menu 
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6. 7. 3 Animating the Conformations 

Now that we have read in the positions of all the conformers, we are ready to animate them. 

1. Pick display to bring up the Display menu shown in Figure 6.20. 

The conformations may be colored by sequence number, by energy, 
or by RMS value. Conformations that were read in by energy mode 
are automatically color-coded by energy, so color by energy ap­
pears highlighted on the menu. 

The conformation with the lowest energy (the best) will be red, the 
conformation with the highest energy will be blue, and those in be­
tween will be interpolated between red and blue. Energy diff is 
automatically set so that the conformers that were read in span the 
whole range of available colors. 

2. Pick animate. BIOGRAF displays the first conformation and 
prompts 

To animate the sequence, drag the cursor 
with the control key and the middle mouse 
button depressed. 
Click the left mouse button to stop. 

3. Use the mouse to animate the sequences as described in the prompt 
(if using a dials unit, rotate dial 8 to cycle through the conforma­
tions). The time and energy value for each of the conformations are 
displayed in the lower left corner of the graphics window (labeled T 
and E respectively). Find the conformation with the lowest energy. 

4. Click the left mouse button to stop the animation. 

6. 7. 4 Using Auto Scan 

We can also scan through the conformations automatically. 

1. Pick auto scan. BIOGRAF prompts. 

Click anywhere to start the autoscanning. 
Use control-middle mouse button to adjust 
the speed (left is slower, right is faster). 
Click in the graphics window to stop. 

Display: 

animate 

auto scan 

show all 

clear 

color by seqnce 

color increment 

5.000 

co I o rby energy 

energy diff 

40.000 

color by RMS 

RMS diff 

1.000 

caption 
;,.~ 

pick origin 

return 

Figure 6.20: 
Display menu 

2. Click anywhere to start scanning. Adjust the scan speed if desired (if you have a dials unit, 
rotate dial 8 to change the scan speed; rotate it clockwise to scan faster). 

3. Click in the graphics window to stop. 
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6. 7. 5 Looking at the Low Energy Conformers 

We may wish to restrict the conformations that we look at to the lower energy ones, that is, to 
those that fall within a specified energy difference from the best. To do this, we must change 
energy diff to the desired cutoff, read the trajectory file in again this time using the within. op­
tion, and reanimate. We'll choose the energy diff value we found earlier when listing the con-
formers (the one which gave us about 20 conformers within energy diff of the best). · 

1. Return to the Animate menu, then pick read. 

2. Pick energy diff and enter the value which produced about 20 conformers within energy 
diff of the best. 

3. Pick within. Only the lower energy conformers will be read in. 

4. Return to the Animate menu, then pick display. 

5. Reanimate using animate or auto scan·. 

6. Stop the animation (click the left mouse button if animating or click in the graphics window if 
auto scanning). 

6. 7. 6 Showing All the Conformations at Once 

All the conformations may be displayed simultaneously (on top of each other) as well. This is use­
ful in illustrating the degree to which different parts of the molecule move or remain stationary. 

1. Pick show all. A dialog box comes up and we are successiv~ly prompted to enter values 
for the first and last conformation and for the increment. 

2. Enter 1 for the first conformation to be displayed, 999 for the last and J for the increment; 
pick OK after each entry (entering a much higher number for the last makes sure we get them 
all). 

BIOG RAF will print the message Working ... , then all the conformations that we read in 
above will be displayed at once. Note the best conformation displayed in red. An example 
of this is shown at the top of Figure 6.21. Since this tutorial is not in color, we show the 
best conformation at the bottom of the figure for comparison (this does not appear on your 
display). Note the movement of the side chains with respect to the backbone. 

Note: Your conformers may look somewhat different since the minimized structure you ob­
tained was probably different (there are several local minima in the potential energy surface). 

3. Pick clear to clear the display, then return to the Animate menu. 
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Figµre 6.21: Top: Leuenkephalin conformations displayed using the show all option. 
Bottom: Best conformation (lowest energy). 
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6. 7. 7 Extracting the Best Conformer 

BIOGRAF allows you to extract the information for a particular conformation (e.g., the best) and 
create a file for it so that energy minimizations or other analyses may then be performed on it. If 
the trajectory file was created using dynamics calculations, the conformation to be extracted is 
specified by giving its time value. Otherwise, the conformation's sequence number is used. We 
can get the time value for the best conformation using the_ list operations described earlier. 

1. Pick list, then pick best to list the best conformer. Note the time value of the best con­
former (be sure to note the exact value, all four decimal places) .. 

2. Return to the Animate menu, and make ·sure the auto group option is toggled on. This 
will create a group for the extracted confomier. 

3. Pick extract. B-IOGRAF prompts Enter the time value of the conformer to be extracted: 

4. Enter the time of the best conformer (include all four decimal places). 

A new file, named "CONFn" where n is the sequence number of the extracted conformer, is 
created. The best conformation will be displayed,.and a new group, also named "CONFn", 
will be created. Other conformers may be extracted in a similar fashion. 

It might be a good idea to save the coordinates of the best conformation in a bg/file so that 
you can leave BIOGRAF if you want and then resume again later where you left off. (In or­
der to reconstruct a group, BIOGRAF needs the information about the coordinates of the · 
atoms in that group.) 

Warning: Once the Animate menu is exited, all the set up data is lost. You must redefine 
the trajectory file and read in the conformations again before any more animations can be 

.done. 

5. Click the TOP MENU button to get back to the Top menu. 

6. Make a BioDesign General Format type coordinate file as we did in section 6.5, but choose 
CONFn as the file descriptor for which you want to output information, and name the new 
file CONFn.bgf. 
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6.8 Creating a Macro and Running It in the Background 

One of the easiest ways to run a job offline or in the background is to begin the job as an interactive 
session as we did in this tutorial. The program automatically creates a macro command file of the 
session called logfile.macro and places it in your current working directory. One can rename this 
file, edit it as desired, disable the graphics displays, and then run the macro in the background. It 
is usually a good idea to save the file information sent to the text window. This can be done by 
redirecting output to a file on the command line which is used to execute the program. The stored 
output file can be followed by running "tail -f' on the output file from another window. 

In this section, we will demonstrate how to create a macro which performs a full dynamics calcula­
tion on the peptide leuenkephalin. We'll edit the logfile.macro generated from this tutorial to run 
dynamics for a longer time (10 ps) and change the initial and final temperatures to 400° K. We'll 
then illustrate how to run this macro in the background. 

1. Exit the program (return to the Top menu, pick exit, then confirm by picking OK). 

2. Use the mv command to rename the logfile.macro file generated from this session 
dynamics.macro. 

3. Edit the dynamics.macro file so that it builds leuenkephalin, checks the energies, minimizes 
it, and runs dynamics as before, but change the dynamics time to 10 ps and the initial and fi­
nal temperatures to 400° K. Delete the lines which change the write trajectory frequency 
(we'll leave this at the default value of 0.1 ). Change the name of the trajectory file created to 
pepdynlO.trj and alter the remarks appropriately. Remove the lines which minimize the 
structure again. The structure should still be saved but the name of the bgf file should be 
changed to pepdynlO.bgf and the remarks updated. All of the lines after this point (starting 
from rendering the peptide group in monochrome) should be deleted except for the exit.and 
endmacro lines. An example of the edited macro is included on the following pages. 

4. Disable the graphics and menu displays by adding the following line to your defaults file: 

L BATCH yes 

5. Execute the macro in the background and redirect output to an output file by entering the fol­
lowing command: 

biograf dynamics.macro >& dynamics.out & 

The command used to start up the program (biograf) may be different at your site. The first 
"&" tells the program to include error messages in the output; the final "&" indicates that the 
job is to be run in the background. 

6. Follow the progress of the job by entering the following command from another window: 

tail -f dynamics.out 

7. When the job finishes, examine the results by viewing the dynamics.out file. You may want 
to minimize the structure or continue running more dynamics on it. 
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beginmacro 
% 
% version 3.00 
% version date 
% link date 

16:03:58 3/3/92 
05:07:32 3/26/92 

% 
% Macro created on 6/04/92 
% 

12:39:45 

% /usr/msi/johndoe/biograf.def 
Top menu/build 

% 

% 

% 

% 

Build/peptide 
new file 
"pep" 

Peptide/l_library 
Selections/tyr l 
/biodesign/v30O/lib/biograf/peptide_l/tyr_l.bgf 
Selections/gly l 
/biodesign/v30O/lib/biograf/peptide 1/gly l.bgf 
Selections/gly l - -
/biodesign/v30O/lib/biograf/peptide 1/gly l.bgf 
Selections/phe l - -
/biodesign/v30O/lib/biograf/peptide_l/phe_l.bgf 
Selections/leu l 
/biodesign/v30O/lib/biograf/peptide 1/leu l.bgf 
Selections/return - -
Peptide/mechanics 

Mechanics/return 
Peptide/simulate 

Simulate/show eex 
Simulate/mechanics 

Mechanics/one energy 
Mechanics/minimize 
Mechanics/# of steps 

''300" · 
Mechanics/minimize 
Mechanics/minimize 
Mechanics/defaults 

Defaults/temperatur var 
Temperatur var/initial temp 

"400" 
Temperatur var/final temp 

"400" 
Temperatur var/return 

Defaults/return 
Mechanics/return 

Simulate/dynamics 
Dynamics/adiabatic 

Adiabatic(EVN)/time 
"10" 

Adiabatic(EVN)/write traject 
Adiabatic(EVN)/execute 

"pepdynl0.trj" 
"10 ps dynamics on leuenkephalin at 400 K" 

Adiabatic(EVN)/return 
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Dynamics/return 
Simulate/return 

Peptide/return 
Build/return 

Top menu/in-out 
In-Out/write 
File types/BioDesign 

pep 
return 
"pepdynl0.bgf" 
"leuenkephalin after 10 ps dynamics at 400 K" 
" " 

In-Out/return 
Top menu/exit 

"OK" 
% 
endrnacro 

6.9 Conclusion 

This concludes our study of the dynamics of small peptides. The leuenkephalin calculations indi­
cate that the peptide is a floppy system with many favorable conformations. Leuenkephalin also 
provided an example of the peptide building capabilities of BIOGRAF. You can make any 
molecule with the program using the Organic Builder, or for more specialized molecules, the RNA­
DNA, Lipid, Carbohydrate, Crystal, or Solvate Builders. 

After you build a molecule, BIOGRAF can optimize its structure by 

• doing a minimization, 
• performing a search of conformational space (see Chapter 7), or 
• running molecular dynamics calculations. 

This concludes Chapter 6. To leave BIOGRAF, pick exit from the Top menu and then confirm by 
picking OK. 
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Chapter 7 

Site-Directed Mutagenesis 

This chapter introduces the operations which allow you to replace one side chain with another in a 
molecule. Such a substitution of amino acids in a protein is called site-directed mutagenesis, and is 
a key element in the development of protein engineering. BIOG RAF can model the effect of site­
directed mutagenesis, making it possible to interpret experimental results and suggest new experi­
ments. This tutorial goes through the replacement of a phenylalanine with a tyrosine residue in the 
Cytochrome C molecule found in tuna. 

In addition to modeling side chain replacement, BIOGRAF also predicts optimal conformations for 
the altered molecule. The program uses molecular mechanics to model the forces between atoms 
and so predict structures. It is assumed that you have completed Chapter 1. 

7 .1 Executing a Macro on Start Up 

Macros are often used to perform routine operations, thus speeding up the process. For example, 
a macro might be written to read in the data for a molecule that one is working with on a regular 
basis. Macros are executed by getting into command mode and typing in the character"@" fol­
lowed by the macro file name. The commands specified in the macro file are executed until the 
macro finishes or until control is passed to the menus. Macros may also be specified in the com­
mand line used to start up and run the program (e.g., biograffilename.macro). If the macro is not 
located in the current working directory, then directory specifications must also be included. 

We have a macro file which reads in the coordinate and group data for the Cytochrome C molecule. 
It is called test.macro and is stored in your distribution macro directory. We'll specify this macro 
as part of the start up command. 

Typically the full specifications for the distribution macro directory are /usrlmsilbiogv300!macro 
The distribution macro files are always located in the !biogv300/macro directory; however, the 
first part of the path specifications may differ on your system. To determine the location of the 
!biogv300/macro directory on your system, type echo $MSIUSR from a systems window. The 
directory listed in response to this command should precede lbiogv300!macro when giving direc­
tory specifications. 
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1 . Type in the start up command followed by the specifications for your 
distribution macro directory and the macro file name test.ma.cro. 

Top menu: 

in-out 

Example: biograf lusr/msilbiogv300/macro/test.macro 

As explained in Chapter 1, the command used to start up and run 
BIOGRAF may vary from site to site. Consult your systems super­
visor for the command used at your site. 

build 

visualize 

simulate 

analyze 

utilities 

exit 
The program starts up then quickly executes the series of commands 
in the test.macro file. The coordinate and group files for Cy­
tochrome C are read in and the molecule appears in the graphics win­
dow. The last command in the macro file ("menu") returns us to in­
teractive mode. The Top menu is displayed in the Menu Pad as 
shown in Figure 7 .1. 

Figure 7.1: 
Top menu 

7. 2 Looking at the Groups 

BIOGRAF handles molecular information as groups. A group is a collection of atoms and bonds 
chosen in such a manner as to reduce a molecular structure into recognizable parts. There are vari­
ous ways to partition the Cytochrome C molecule into meaningful groups. We chose the ten 
groups shown in Table 7 .1. 

Group Description 

All The entire molecule 
Trace A trace through all the a-carbons (Ca.) 
Main The peptide backbone or main chain (-N-Ca.-C-) 
Side The .peptide residues or side chains 
Carbonyl The peptide C=O groups 
Herne The heme group 
Ligands The histidine (HIS 18) and methionine (MET 80) residues 

which constitute the fifth and sixth ligands to the heme iron 
ThioE The two thioether bonds which attach the heme to the protein 
Water The crystallographic water molecules 
Labels The residue labels and numbers 

Table 7 .1: Groups in Cytochrome C molecule 

When BIOGRAF finishes reading the data, it displays four groups: Trace, Herne, Ligands, and 
Thio E. These groups are turned on, while the remaining groups (All, Main, Side, Carbonyl, 
Water, and Labels) are turned off and thus do not appear on the display. Groups may be turned on 
or off (displayed or not) by clicking the DISPLAY button and toggling on the group name which 
appears in the Display menu. 
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1. Click the DISPLAY button located in the Modules/Messages window (see Figure 7.2). The 
Display menu shown iri Figure 7.3 comes up and lists all the groups currently in the system. 
Note that the four groups which are currently displayed in the graphics window appear high­
lighted in the menu. 

Figure 7 .2 Modules/Messages Window with 
DISPLAY, TOP MENU and COMMAND Buttons 

2. Toggle the various groups on and off to look at the molecule. 

3. Set the toggles so that the groups Main, Herne, Ligands, and 
Thio E are shown in the graphics window. 

4. Pick return when finished. 
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Display: 

All 

Trace 

Main 

Side 

Carbonyl 

Herne 

Ligands 

Thio E 

Water " 

Labels 

return 

Figure 7.3: 
Display menu 
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7. 3 Creating Groups 

In this section, we create a group which initially will correspond to a phenylalanine residue. After 
the replacement it will correspond to a tyrosine residue. 

Groups may be defined in either of two ways: 

• with standard structural elements or primitives (e.g., an amino acid residue), or 

• with standard structural descriptors or selectors (e.g., hydrophilic side chains). 

The Standard Group Element Appendix of the Biograf Reference Manual lists the primitives and 
selectors that may be used to describe biological macromolecules. 

Groups are created using the operations on the Make groups menu found under visualize. 

1. Pick visualize from the Top menu to 
bring up the Visualize menu shown in -
Figure 7.4. 

2. Pick make groups on the Visualize 
menu to display the_ Make groups menu 
shown in Figure 7.5. 

The top half of the menu contains the proper se­
quence of steps: 

setup ~ files ~ chains ~ residues 
~ limits ~ create 

The primitives and selectors used to define the 
groups are chosen under limits. The sequence 
given above must be performed in the prescribed 
order. However, it may not be necessary to re­
peat every step each time you define a group be­
cause files, chains, and residues always cor­
respond to their last setting. 

Visualize: 

make groups 

render groups 

surface 

set origin 

change colors 

stereo 

rock 

auto rotate 

return 

Figure 7.4: 
Visualize menu 

You can make changes in the middle of the sequence by redoing the appro­
priate step and then repeating the subsequent steps in the proper order. The 
defaults for files, chains, and residues are often appropriate, so that 
constructing groups involves only the steps 

setup ~ limits ~ create 

Primitives and selectors also retain their previous settings, but the 

Make groups: 

setup 

full file 

files 

chains 

residues 

limits 

create 

rename file 

rename group 

Special: 

hbonds 

ribbons 

return 

Figure 7.5: 
Make groups 

menu 

residues picked or keyed in under limits are lost each time you toggle setup, so that the limits in­
clude the entire molecule. To create a group containing all the atoms of any one coordinate file, 
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elude the entire molecule. To create a group containing all the atoms of any one coordinate file, 
toggle the full file switch on. If the full file switch is on, the group created will contain all the 
atoms in the file. The user must setup the group and select the file whose atoms will be used, but 
the chains, residues and limits toggles are not active. In order to create a group containing 
only part of a file, the full tile switch must be toggled off. Full file is toggled off when the 
program starts. 

7. 3 .1 Defining the Tyrosine 82 Group 

I. Pick setup on the Make groups menu. 
The Groups menu appears as shown in 
Figure 7 .6 and we are prompted Pick the 
group to be defined. 

2. Pick add group. A dialog box comes up 
and we are asked to Enter a name for the 
group to be defined. 

3. Type TYR 82 as the group name in the 
dialog box. To verify the entry click the 
OK button or simply press <Enter>. 

4. Pick files from the Make groups menu. 
The Files menu appears with the file de­
scriptor Tuna highlighted as shown in 
Figure 7.7 and we are prompted to Pick 
the data file designators. This is the file 
we want, so we'll leave it toggled on. 
Verify the file selection by picking return. 

5. Pick chains from the Make groups menu. 
A new menu appears listing the chain 
designators currently in the system as 
shown here in Figure 7.8. 

Groups: 

All 

Trace 

Main 

Side 

Carbonyl 

Herne 

Ligands 

Thio E 

Water 

Labels 

add group 

return 

Figure 7.6: 
.Groups menu 

Files: 

Tuna 

new file . 

return 

Figure 7.7: 
Files menu· 

Chains: 

? 

R 

return ·-· 

Figure 7.8: 
Chains menu 

Two chain designators are listed: ? , which indicates that the program will accept any chain 
designator, and R (for reduced Cytochrome C). The first time the Chains menu is entered, ? 
is toggled on. If it is not on, toggle it on. Pick return to verify the selection. 
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6. Pick residues from the Make groups menu. The 
Residues menu appears as shown in Figure 7.9. 

· ALL should be toggled on, indicating that any 
residue will be accepted. If ALL is not on, toggle .. 
it on. Complete the selection by picking return. 

Residues: 

ALL TAP 

ACE TYR 
ALA VAL 
ARG return 

ASN 
ASP 
CYS 
GLN 
GLU 
GLY 
HEM 
HIS 
HOH 
ILE 
LEU 
LYS 
MET 
PHE 
PRO 
SER 
THR 

Figure 7.9: Residues menu 
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7. 3. 2 Choosing the Primitives 

We next.consider the primitives that describe ty­
rosine 82. A number of the primitives shown in 
Figure 7 .11 have names that start with "H" 
(e.g., HMAIN). These refer to the hydrogen 
atoms and bonds attached to the corresponding 
primitive (e.g., MAIN). Very few X-ray crys­
tallographic structures include data for H atom 
positions, so BIOG RAF often needs. to generate 
the positions. In general, it is a good idea to in­
clude the H primitives when setting up a group 
to make it easier to add H atoms later. 

1. Pick limits on the Make groups menu to 
display the Limits menu (see Figure 7.10). 

2. Pick primitives on the Limits menu. The 
Primitives menu is then displayed listing 
the primitive structural elements as shown 
in Figure 7.11. STD SET should be 
toggled on, indicating that the standard set 
of primitive elements are included in the 
group. The standard set includes all the 
elements listed except the a carbons 
( T R A C E ) and the labels for the 
a carbons (LABELS CA). 

3. Toggle on the primitives SIDE CHAIN 
and HSIDE, then pick RETURN. 

Limits: 

primitives 

selectors 

key res range 

key one res 

pick start res 

0 

pick stop res 

0 

pick one res 

0 

keep range 

forget range 

distance 

return 

Figure 7 .10: 
Limits menu 

4. Pick key one res on the Limits menu. BIOGRAF prompts Enter 
the residue number. Enter 82 in the dialog box, then select OK. 

5. Pick return on the Limits menu to return to the Make groups menu, 
then pick create. Working .. .is displayed in the Modules/Messages 
window. When the program finishes, a group corresponding to the 
phenylalanine residue at position 82 in the carbon backbone of Cy­
tochrome C appears in the graphics window. 

7-7 

Primitives: 

STD SET 

TRACE 

MAIN CHAIN 

HMAIN 

SIDECHAIN 

HSIDE 

CARBONYL 

PHOSPHATE 

HP HOSP HATE 

SUGAR 

HSUGAR 

BASE 

HBASE 

METAL 

WATER 

HWATER 

NONSTD 

HNONSTD 

LABELS CA 

CLEAR 

RETURN 

Figure 7.11: 
Primitives menu 

6. If it is difficult to see this group, move it to the front of the molecule or decrease the depth 
cueing to make the distant residues brighter. 

We have defined a separate group to hold the residue that will be replaced so that later we can 
do calculations on it alone. However, in general you are not required to define separate 
groups for the replacement residue. 
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7. 4 Replacing the Side Chain 

The replace operation in the Peptide Builder allows you to substitute one side chain group with 
another. To replace the phenylalanine with tyrosine, we proceed as follows: 

1. Click the TOP MENU 
button in the Modules/ 
Messages window to 
get back to the top level 
menu. 

2. Pick build to bring up 
the Build menu shown 
in Figure 7 .12. 

3. Pick peptide. The 
Peptide menu is dis­
played as shown in 
Figure 7.13. The 
setup option is auto­
matically invoked and 
we are prompted to 
•pick the file on which 
to operate from the 
Files menu. 

4. Pick Tuna. The Tuna 
group appears in the 
graphics window; all 
other groups that had 
been on are turned off. 
We want to keep the 
groups as they were, 
so we'll turn them back 
on. 

Build: 

organic 

peptide 

RNA-DNA 

DNA old 

lipid 

carbohydrate 

crystal 

solvate 

rotate bond 

dock 

modify H 

moment 

convert 

connect 

return 

Figure 7.12: 
Build menu 

5. Click the DISPLAY button. Toggle off the 
Tuna group, then toggle on the Main, Herne, 
Ligands, Thio E, and TYR82 groups as be­
fore. Pick return when finished. 

Peptide: 

setup 

!_library 

d_library 

user library 

read library 

define angle 

modify 

replace 

insert 

delete 

edit 

edit id 

mechanics 

simulate 

analyze 

return 

Figure 7.13: 
Peptide menu 

Replace: 

read library 

library 

user library 

new residue 

- - -
old residue 

- - -

execute 

return 

Figure 7.14:. 
Replace menu 

6. Pick replace on the Peptide menu. The Replace menu comes up as shown in Figure 7.14. 

The first time that BIOGRAF enters the Replace menu, it reads in the BIOGRAF library of side 
chain fragments. When the fragments have all been read in, the library option is highlighted, 
indicating that this library is available. 

6/8/92 



7.4 REPLACING THE SIDE CHAIN 

7. Pick new residue. BIOGRAF prompts Pick the new side chain 
and displays the list of amino acids as shown in Figure 7.15. 

8. Pick tyr for the replacement residue. The residue name (TYR) ap­
pears on the Replace menu beneath the new residue box. 

9. Click the DISPLAY button, then toggle on the Labels group from 
the Display menu. Labels appear next to the residues in the graphics 
window. Pick return. 

10. Pick old residue on the Replace menu. BIOGRAF responds with 
the prompt Pick the residue to be replaced and outlines the graphics 
window with a red border. 

11. Zoom in on the TYR 82 group (currently it is a phenylalanine 
residue and is labeled PHE 82) and rotate it until the residue is cen­
tered in the display and not overly blocked by the rest of the 
molecule. 

12. Pick the PHE 82 residue off the display by toggling an atom on it 
the same way that you toggle a menu function. A red cross marks the 
picked atom and information about the residue is listed in the text 
window. The residue label (PHE82) appears on the Replace menu 
below the old residue box. 

13. If you picked the wrong amino acid, repeat the old residue opera­
tion. 

14. Pick execute. BIOGRAF recalculates the lists of atom positions for 
both the primitives and the groups. After the final recalculations, a 
tyrosine residue replaces the phenylalanine residue and the label on 
carbon 82 of the MAIN chain changes to TYR 82. Note that the ty­
rosine differs from phenylalanine only by the hydroxyl group at the 
para position. 
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Selections: 

ala 

arg 

asn 
asp 

cys 

gin 

glu 

gly 

his 

ile 

leu 

lys 

met 

phe 

pro 

ser 

th r 

t rp 

ty r 

val 

return 

Figure 7.15: 
Amino acid 

residues menu 
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7. S Changing the Center of Rotation 

In a replacement operation, BIOGRAF inserts the new residue at an arbitrary orientation. As an 
aid to optimizing the position of the new amino acid, it is useful to be able to rotate it relative to the 
rest of the molecule. This is done using the rotate bond operation. For convenience, we first 
change the origin of rotation for the entire display to the center of TYR 82. This is done using the 
group origin option which is found on the Rotate bond menu. 

1 . Return to the Peptide menu, pick edit to 
bring up the Edit menu (see Figure 7.16), 
then pick rotate bond. The Rotate bond 
menu shown in Figure 7 .17 appears. 

The setup function is automatically in­
voked and we are prompted to define the 
bond vector. We'll come back to this 
later. 

2. Pick off the molecule (a non-atom). The 
prompt asking us to define the bond vector 
disappears. 

3. Zoom in and center the TYR 82 group 
until it fills the graphics window. 

4. Rotate the Cytochrome C. Note that it 
takes very little rotation to move TYR 82 
out of view. This results from the fact that 
the Cytochrome C rotates around its own 
center. 

There are four options on the Rotate bond 
menu which can be used to change the 
center of rotation (group origin, file 
origin, pick origin, and zero origin). 
These options let you specify the point 
around which the entire molecule rotates. 
The group origin option changes the ori­
gin of rotation to the center of a specified 
group. We'll specify the TYR 82 group. 

5. Pick group origin. BIOGRAF brings 
up the Groups menu and prompts Pick the 
groups to center rotation on: 

6. Pick TYR 82, then pick return. 

Edit: 

select 

show 

drag 

drag-clean 

move 

invert 

addH 

delete 

draw 

bond 

rotate bond 

set bond 

delete bond 

clean 

center 

auto type 

defaults 

default atom 

C 32 -
return 

Figure 7 .16: 
Edit menu 

Rotate bond: 

setup 

nbonds=2 

nbranches=1 

execute 

update 

clear 

forward 

reverse 

file origin 

group origin 

pick origin 

zero origin 

return 

Figure 7.17: 
Rotate bond menu 
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7. Rotate the molecule. Note how the TYR 82 no longer moves off the display. 

7. 6 Rotating the Side Chain 

We'll now go back and define the bond vector so that we can rotate the TYR 82 side chain relative 
to the rest of the Cytochrome C molecule. That is, we'll rotate around the bond connecting the ty­
rosine residue to the rest of the molecule. The bond rotation operations are at the top of the menu. 

1. Pick setup. We are again prompted to define the bond vector (to select the two atoms of the 
bond that is to be rotated). The portion of the molecule to be rotated is located past the sec­
ond atom picked. Rotations are done using the dials or mouse; up to eight bonds may be 
rotated simultaneously. The number of bonds to be rotated is set with the nbonds option. 
We'll leave it at the default (two bonds). 

Figure 7 .18 shows the labels used to identify 
the atoms on the tyrosine residue. The nomen­
clature comes from the Brookhaven Protein 
Data Bank and is based on the IUPAC-IUB 
Commission on Biochemical Nomenclature 
["Abbreviations and Symbols for the Descrip­
tion of the Conformation of Polypeptide 
Chains. Tentative Rules (1969)", J. Biol. 
Chem. 24S, 6489 (1970)]. 

2. Pick the TYR 82 Ca as the base atom of the 
bond vector (where TYR 82 attaches to the 
main chain). A red cross appears at the a po­
sition. 

If you make a mistake at any time while speci­
fying the atoms, pick setup again and start 
over. 

3. Pick the TYR 82 Cp atom. A yellow cross 
appears at the /J position. The red border sur­
rounding the graphics window disappears. 

o,, 

c., I Ca 

Ca2 Cai 

0 

Ca 
chain 

N 
chain 

Figure 7.18: Labeling of atoms on 
the tyrosine residue 

4. Pick execute on the Rotate bond menu. This generates a ghost image for the region being 
rotated and enables the dials or mouse. The dihedral angle values for the first two bonds are 
displayed and labels appear on the structure to indicate which dial affects which bond. As 
shown in Table 7.2, dial 8 (08) which is usually the depth cueing dial, is for the first bond 
(the Ca-Cp bond we defined); dial 7 (D7) which is usually the z translate dial is for the next 
bond down (the Cp-Cybond). If using the mouse, the first bond is rotated by pressing the 
middle mouse button and the control key and moving the mouse; the second bond is rotated 
by pressing the middle mouse button and the shift key and moving the mouse. 
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Bond Rotated 

bond#l 
bond#2 

Dials 

dial 8 
dial 7 

CHAPTER 7. SITE-DIRECTED MUTAGENESIS 

Mouse Button and Key 

middle button + control key 
middle button + shift key 

Normal Function 

depth cueing 
z translate 

Table 7 .2: Using the dials or mouse to rotate bonds 

5. Use the dials or mouse to rotate the ghost tyrosine residue about the first bond (see Table 
7.2). 

The ghost image of the tyrosine residue is shown in red. The actual tyrosine remains dis­
played in its original position and colors. The other dials or mouse manipulations retain their 
regular functions, so you can rotate about the x, y, and z axes to get a better view of the dif­
ferences between the positions of the ghost tyrosine and the true image. 

6. Rotate the ghost into a position that looks reasonably well accommodated by the rest of the 
molecule. 

7. Pick update on the Rotate bond menu. The tyrosine residue then updates to the position of 
its ghost. · 

See the description of rotate bond in Section 3.9 of the BIOGRAF Reference Manual for more 
details on these operations. 

7. 7 Adding Hydrogens 

In order to determine an optimal conformation for the TYR 82 residue, at least some of the hydro­
gen atoms should be included in the minimization of the energy. 

7.7.1 Hydrogen Atom Types 

There are two standard approaches used to generate hydrogen atom positions: the extended atom 
model and the all atom mcxlel. The extended atom mcxlel treats H atoms implicitly by adjusting the 
van der W aals radius of the atoms to which the H atoms are covalently bonded to account for the 
hydrogen atoms. The model thus represents a methyl group by a single "CH3 atom" with a van 
der Waals radius slightly larger than the radius of an isolated carbon atom and a mass equal to that 
of the methyl group. In contrast, the all atom model generates the actual H atoms. 

BIOGRAF recognizes two explicit hydrogen atom types, H_A and H_. The H_A type repre­
sents the hydrogen bonding hydrogen atoms, whereas the H_ type represents all other H atoms 
used with the all atom representation. The types determine whether or not nonbond interactions 
(van der Waals and electrostatic) are included in calculations: 

H_A 
H_ 

nonbond interactions excluded 
nonbond interactions included 
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7.7 ADDING HYDROGENS 7-13 

An explicit hydrogen bond potential is used for H_A hydrogens. More details on the hydrogen 
atom types can be found in the appendices of the BIOGRAF Reference Manual. 

7.7.2 Heteroatoms 

An H atom bonded to an electronegative or heteroatom such as O and N acquires a fractional 
charge which makes it a good candidate for hydrogen bonding. BIOGRAF gives you the option of 
adding H atoms to heteroatoms only. Cytochrome C has many hydrogens, so to decrease the time 
needed for the calculations we add H atoms only to the heteroatoms. 

1. Click the TOP MENU button to return to the top level menu. 

2. Pick build, then pick modify H. The Modify H menu appears as 
shown in Figure 7 .19. 

3. Pick add bet H. 

BIOGRAF selects for optimal hydrogen bonding by pointing donor­
hydrogen bonds towards the nearest acceptor. If we intended to have 
Cytochrome C interact with other molecules, we could tell BIOGRAF 
to take the other molecules into account when it generates the hydro­
gen atom positions for Cytochrome C. BIOGRAF would then add 
the H atoms such that they point towards hydrogen bond acceptors 
on the other molecules. At the moment, we just have the Cytochrome 
C molecule, so we need not specify any other molecules. 

While BIOGRAF adds the hydrogen atoms, it prints informative 
messages in the Modules/Messages window. When it finishes, the 
number of hydrogens added is listed in the text window. 

Modify H: 

add all H 

addhetH 

delete all H 

H mass=H 

H mass=D 

H mass=T 

return 

Figure 7 .19: 
Modify H menu 

The Cytochrome C groups are automatically updated to include the added hydrogen atoms. 
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7. 8 Creating Groups Based on Distance Criteria 

Although at this point we could use molecular mechanics to optimize the structure of the mutant 
· Cytochrome C, the calculation could take several hours (depending on the system you're using). 
However, the substitution of TYR 82 for PHE 82 primarily affects atoms in the environment local 
to TYR 82, so it is reasonable to do a shorter calculation that includes only that portion·of the 
molecule. To create such a local group, we use the distance operation which is found under 
limits on the Make gr:oups men~. 

1 . Click the TOP MENU button to return to the top level menu. 

2. Pick visualize, then pick make groups. 

3. Pick set up, choose add group, and give it the name LOCAL. 

4. Pick limits, then primitives. 

5. Turn .on the MAIN CHAIN, HMAIN, CARBONYL, NONSTD, HNONSTD, and 
· LABELS CA options in the Primitives menu. Leave SIDE CHAIN and HSIDE on. 

RETURN to the Limits menu. 

6. Pick distance. BIOGRAF prompts you to pick the groups containing the base atoms and 
brings up the Groups menu. 

7. Pick TYR 82 from the Groups menu, then pick return to terminate the list. 

8. Enter 5 A for the cutoff distance in the dialog box. Verify the entry by clicking the OK but­
ton or pressing <Enter>. 

9. Return to the Make groups menu and create the group. A LOCAL group is created which 
contains all primitive structural elements within 5 A of any atom in the TYR 82 group. 

10. Click the DISPLAY button and tum off all groups except TYR 82 and LOCAL to display 
the LOCAL group more clearly. Pick return to complete the operation. 
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7.9 SAVING INFORMATION 

7. 9 Saving Information 

At this point it is a good idea to save the work you have done so far in the session. This allows 
you to resume from this point instead of repeating the entire tutorial if you exit from BIOGRAF. 
This section describes how ~ save information in group files and coordinate files. 

7. 9 .1 Group Files 

A group is a collection of atoms and bonds chosen in such a manner as to reduce a molecular 
structure into recognizable parts. There are two types of files that save group information: 

Type 1 saves all the sequences of toggles that defined the various groups. When 
BIOGRAF reads a type 1 group file, it regenerates the groups based on the 
saved sequences of toggles. This allows the same group file to work for dif­
ferent structures. 

Type 2 saves the list of atoms and bonds for each group as \,Vell as the sequence of 
toggles used to define them. A type 2 file regenerates groups faster than type 
1 because it reconstructs them directly from the atom lists rather than from the 
toggles. 

Both types of group file contain the display status information that determines the color of the 
group and whether or not the group is toggled on or off. 

Note: Type 2 files should only be used for coordinat~ files with the same set of atoms and connec­
tions. When in doubt, make a type 1 file. 

To save group information about the molecule, proceed as follows: 
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1. Click the TOP MENU button to return to the 
Top menu, then pick in-out to bring up the 
In-Out menu (see Figure 7 .20). 

2. Make sure the by file option under the write . 
defaults is on, then pick write. The prompt 
Pick the file type to be output: is displayed 
and the File types menu appears in the Menu 
Pad as shown in Figure 7 .21. 

3. Pick group from the File types menu to let 
BIOGRAF know that the type of file you 
want to write contains group information. 
BIOGRAF brings up a dialog box and asks 
you to Enter a name for the groupings file. 

4. Type cytc.grp (include disk and directory 
information if needed), then select OK to 
verify the entry. The grp extension indicates 
that the file is a group file. BIOGRAF 
prompts Enter output file type [ 1 ( normal) or 
2]. 

5. Enter the number 1 to indicate type 1 group 
information, then pick OK. BIOGRAF .hen 
prompts you to enter remarks for the output 
file. 

6. Type in remarks that will identify the file the 

In-Out: 

read 

write 

copy file 

caption 

print screen 

Read defaults: 

auto group 

half bond 

center next 

Write defaults: 

by file 

by group 

return 

Figure 7 .20: 
In-Out menu 

File types: 

Bio Design 

Brookhaven 

~ 

ChemlabChm 

Macro model 

Moledit 

Molfile 

Mopac 

Big Strain2 

user 

FF parameters 

group 

rotate/translate 

return 

Figure 7 .21: 
File types menu 

next time you use it. BIOGRAF will print the remarks in the text window when it reads the 
file. Terminate the remarks with a blank line (click the OK button or press <Enter>). 

7 .9.2 Coordinate Files 

In order to reconstruct a group, BIOGRAF needs the information about the coordinates of the 
atoms in that group. The program saves coordinate information in coordinate files. Here we make 
a coordinate file of the BioDesign General Format type. 

1. Pick write. The prompt Pick the file type to be output: appears and the File types menu 
shown in Figure 7.21 again displays the file types. Ten different coordinate file formats are 
available. 

2. Pick BioDesign to indicate the BioDesign General Format file type. This type is recom­
mended for internal use with BIOGRAF since it contains all pertinent information. 
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Since there is only one file in the system (Tuna), it is automatically chosen as the source of 
coordinate information. BIOORAF now asks you to Enter a name for the output file. 

3. Type cytc.bgf in the dialog box, then verify the entry by clicking OK. The bgf extension 
indicates that the file contains BioDesign General Format type data. BIOORAF prompts you 
to enter remarks for the output file. 

4. Type in remarks that will identify the file the next time you use it. Terminate the remarks 
with a blank line (Click OK or press <Enter>). 

7. 9. 3 Testing Our Work 

As an exercise, we test the new group and coordinate files by resetting the program and having 
BIOORAF read them in again. 

1. Return to the Top menu and pick utilities. The Utilities menu 
shown in Figure 7.22 is displayed. 

2. Pick program reset. An alen box appears asking you to verify the _ 
reset. 

3. Click the OK button. When BIOORAF finishes the program reset it 
no longer remembers anything about the molecule. The Top menu is 
again displayed. 

4. Pick in-out to bring up the In-Out menu. 

5. Make sure the auto group and half bond options under the read 
defaults are toggled on. The auto group option treats the molecule 
as a single group and includes every atom and bond in the file. The 
half bond option uses the half-bond colors to display the molecule. 

Util lties: 

user 

program reset 

label color 

browser 

return 

Figure 7 .22: 
Utilities menu 

Leave the centering option with center next displayed. This will cause the next file that we 
read in to be centered in the graphics window. 

6. Pick read. The File types menu appears and we are prompted to Pick the file type to be in­
put: 

7. Pick BioDesign, since we saved our data in a bgf file. BIOORAF brings up the file name 
entry dialog box and prompts Choose the file to be input. 

8. Use the browser box to bring up the directory that you saved the files in, then select 
cytc.bgf from the file names listed. Click the OK button to verify the selection. The mes­
sage Working ... is displayed as the coordinate file that we created in the previous section is 
read in. When finished, the Cytochrome C structure appears in the graphics window. 
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Next we will read in the group file that we created to test whether it correctly saved the 
groups. 

9. Pick read again from the In-Out menu and then pick group from the File types menu. 
BIOGRAF prompts Enter the name of the groupings file. 

10. Select cytc.grp from the files listed in the browser box, then click the OK button. The 
groups that had been toggled on will appear in the graphics window after tile group file is 
read in. Verify that the groups were saved as expected. 
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7 .10 Calculating Energies 

We now predict an optimal position for TYR 82 within the Cytochrome C molecule. The best way 
to regularize the structure of a molecule is to do an energy calculation, which talces all forces on the 
structure into account. In this section we minimiz.e the energy of the mutant Cytochrome C to find 
the conformation that corresponds to the nearest minimum of the potential energy surface. 

7 .10 .1 Setting Up an Energy Expression 

The first step is to set up an energy expression for the system. 

1. Return to the Top menu and pick simulate to display the Simulate 
menu shown in Figure 7 .23. 

Any atom can be included or excluded from a molecular mechanics 
calculation, and if included it can be movable or fixed. In setting up 
the energy expression, we must define those groups which are al­
lowed to move and those which will remain fixed. In order to keep 
the run short enough for an interactive tutorial, we find the optimal 
position of TYR 82 (movable) in the presence of the LOCAL group 
(fixed). 

2. Pick setup eex to setup the energy expression. BIOGRAF dis­
plays the Groups menu and prompts Pick the groups containing 
movable atoms: 

3. Pick TYR 82 to be movable, then pick return. BIOGRAF re­
sponds with the prompt Pick the groups containing fixed atoms: 

4. Pick LOCAL to be fixed, followed by return. We are now asked 
to Pick the groups to be updated during the calculation. 

5. Pick TYR 82 to be updated, then pick return. BIOGRAF prints 
the message Setting up energy expression then lists a summary of 
the energy expression statistics in the text window (see Table 7 .3). 

6. Click the TEXT button to bring the text window forward so that you 
can view the energy expression statistics. Reposition or resize the 
windows if necessary so your views of the structure in the graphics 
window and the Menu Pad are not obscured. 
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Simulate: 

eex options 

setup eex 

modify eex 

show eex 

constraints 

charges 

mechanics 

dynamics 

constrained min 

grid search 

M-Carlo search 

defaults 

modify params 

animate 

return 

Figure 7.23: 
Simulate menu 
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Movable atoms 10 Fixed atoms 115 
Bonds 12 Angles 19 
Torsions 28 Scaled torsions 0 
Pi Twist 0 
Inversions 15 Angle-angle (1 C) 0 
Bond cross angle 0 
Nbond exclusions 30 
Hbond acceptors 29 Hbond donors 10 
User energy terms 0 
Total charge -1.000 movable atoms only 0.101 

Table 7.3: Energy expression statistics (in text window) 

The statistics may vary somewhat from run to run depending on the exact position of the ty­
rosine residue relative to the rest of the molecule. However, at this point there should always 
be 10 movable atoms. 

7. Pick show eex. The movable atoms are indicated by small green crosses and the fixed 
atoms are marked with small blue crosses. Click anywhere to remove the crosses. 

7 .10. 2 Fixing the Cytochrome C Backbone 

The disposition of the atoms can also be changed on an atom-by-atom ba­
sis. We fix the position of the a-carbon ofTYR 82 so that the entire back­
bone of the Cytochrome C remains stationary during the calculation. 

1. Pick modify eex on the Simulate menu to display the Modify eex 
menu shown in Figure 7 .24. 

2. Pick fix single to fix single atoms. BIOG RAF outlines the graph­
ics window in red and prompts you to pick the atoms you want fixed: 
Toggle atoms to be included in the list. Pick off the molecule to ter­
minate. Pick EXECUTE to execute function or RETURN to abort 
function. 

3. Pick the Ca atom on TYR 82. A red cross marks the picked atom. 

4. Pick off the molecule (a non-atom) to terminate atom selection. The 
red border is removed and a new menu appears listing options to 
continue, execute or return. 

5. Pick execute. Pick return on the Modify eex menu to get back to 
the Simulate menu. 

Modify eex: 

move all 

move range 

move single 

fix all 

fix range 

fix single 

fix groups 

exclude range 

exclude single 

return 

Figure 7 .24: 
Modify eex menu 
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The program now updates the energy expression with the changes made under modify eex. 
The energy expression statistics again appear in the text window. Note that the number of 
movable atoms has changed to 9, while the number of fixed atoms has increased by one. 

6. Pick show eex. The cross on TYR 82 Ca is now blue, indicating that it can no longer 
move during the calculation. 

7. Zoom in and out to make certain that there are no green crosses in the molecule other than 
those on the side chain portion of the tyrosine residue. Zoom in until TYR 82 fills the 
graphics window. Click anywhere to remove the crosses from the display. 
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7 .10. 3 Partitioning the Energy 

It is now possible to look at the energies of the Cytochrome C system. 

1. Pick Mechanics to display 
the Mechanics menu shown 
in Figure 7 .25. 

Each time BIOGRAF enters the 
Mechanics menu, it recalculates 
the nonbond and hydrogen bond 
potentials and displays the En­
ergy results menu as shown in 
Figure 7 .26. The values are 
updated for each step of the cal­
culations. 

The items listed include the cur­
rent tQtal energy, the change in 
the total energy from the previ­
ous step (delta energy), and the 
root mean square force which is 
the derivative of the potential 
energy (RMS force). 

The energy is also broken down 
into its components. Values are 
listed for internal forces: bond 
stretching, angle bending, dihe­
dral angle torsions and inver­
sions. Nonbond forces include 
van der W aals forces, electro­
static forces, and hydrogen 
bonds. The energy due to con­
straints and user defined forces 
are also listed. 

2. Pick one energy on the 
Mechanics menu to calculate 
the energy of the Cy­
tochrome C molecule in its 
present conformation. 

Mechanics: 

one energy 

minimize 

simple dynamics 

# of steps 

50 

rms force cvrg 

0.100 

defaults 

geometry prop 

xyz temp save 

xyz restore 

return 

Figure 7.25: 
Mechanics menu 

Energy results: 

total energy - - -
delta energy - - -
RMS force - - -

bonds - - -
angles - - -
torsions - - -
inversions - - -

van der Waals - - -
electrostatic - - -
Hbonds - - -

constraints - - -

user energy - - -

Figure 7 .26: Energy results menu 

After BIOGRAF computes the energy, it displays the results in the text window and on the En­
ergy results menu. All energies are in kcal/mol. If an energy is too large to fit into the menu 
box, the program prints a row of asterisks for it: ********* 
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3. Make a list of the energies (or asterisks) on the Energy results menu. 

If the van der Waals energy makes a large contribution to the repulsive interactions, the con­
formation is unfavorable. To determine how much of the van der Waals repulsion arises 
from the hydroxyl group, we go back and exclude it from the energy calculation. 

4. Return to the Simulate menu and pick modify eex. 

5. Pick exclude single, then pick the oxygen and hydrogen atoms on the hydroxyl group of 
the tyrosine. Pick off the molecule to terminate. 

6. Pick execute from the menu to execute the function, then return to the Simulate menu. 
The energy expression is automatically updated so that the excluded atoms are no longer 
movable. 

7. Pick show eex. The picked atoms are no longer marked with green crosses. Pick any­
where to remove the crosses from the display. 

8. Pick mechanics on the Simulate menu, then pick one energy on the Mechanics menu to 
calculate the new energy. 

9. Compare the new results with the list you made before; note the differences in the energies. 

10. Return to the Simulate menu and restore the original energy.expression by using the move 
single operation under modify eex to make the oxygen and hydrogen atoms movable 
again. 

7.10.4 Minimizing the Energy 

We are now ready to minimize the energy of the substituted tyrosine residue in the field of the local 
group. By default, BIOGRAF runs the calculation for 50 steps. 

The energies at each step appear in both the text window and on the Energy results menu, and the 
graphics window shows the corresponding conformation of the molecule. 

1. Return to the Simulate menu again and pick mechanics to bring up the Mechanics menu. 

2. Pick minimize on the Mechanics menu. BIOGRAF prints the message Minimizing ... in the 
Modules/Messages window. The energies should show a rapid decrease early in the calcula­
tion. 

3. When the minimization finishes, check delta energy. If it is non-negligible compared to 
the other energies, then the calculation has not yet converged. 
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4. If delta energy is still comparatively large, toggle# of steps. BIOGRAF then prompts 
you for the number of steps. 

5. Type in the number of steps you think are needed to complete the minimization. Select the 
OK button to complete the entty. 

6. Repeat steps 2-5 above as many times as necessary until you are satisfied that the calculation 
has converged. Pressing the abort key (F12, Fl0 on the Titan) aborts any mechanics calcu­
lation after the next complete step. 

7. Make a list of the energies on the Energy results menu and compare it to the previous list. 
The energies should show a significant decrease. 

7 .11 Doing a Conformational Energy Search 

Energy minimization yields a favorable conformation for TYR 82. However, large flexible 
molecules such as proteins have many favorable conformations, each of which arises from a local 
minimum in the potential energy surface. One way to look for other good conformations is to use 
molecular dynamics as cli~ussed in Chapter 6. In this chapter, we do a conformational energy 
search by varying key dihedral angles of the system. 

A complete search of all the conformations available to the mutant Cytochrome C would take a 
prohibitive amount of time. Each bond rotates 360°, so if we look at a conformation for every 10° 
of rotation, there are 36 calculations per bond. Even if we considered a much smaller molecule 
with just 15 freely rotating bonds, it would still have 3615 possible conformations. If it takes one 
second to calculate the energy of a conformation, then it takes 3615 seconds, or 7000 trillion years, 
to do the calculation. 

Fortunately, the portion of conformational space most affected by the side chain replacement is rel­
atively small. Changes in the conformation of TYR 82 relative to the rest of Cytochrome C are 
made by rotating the residue about its Ca-Cp and Cp-Cy bonds. To examine the conformational 
space spanned by these two dihedral angles we use the grid search function under the Simulate 
menu. Grid search will display up to 100 of the best conformations obtained from either a sys­
tematic or random variation of the dihedral angles. Grid search can also do a specified number 
of steps of minimization for each set of dihedral angles. Although the minimizations yield a better 
picture of the relative energies by allowing the conformations to relax, minimizing a large number 
of structures is too time consuming for an interactive calculation, so we won't be doing any mini­
mizations here. 

First, we'll create a group to hold the results of the search, setup the energy expression with this 
group as the only movable group and again fix the Ca so that the backbone of the molecule re­
mains stationary. Then we'll set up the search so that the two dihedral angles are systematically 
varied in 20° increments, with the first one rotating about the Ca-Cp bond and spanning the whole 
range (360°) and the second dihedral rotating about the Cp-Cybond and spanning 180° (since the 
structure being rotated is symmetrical). We11 also specify that the ten best conformations be saved 
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(so that they may be viewed with the best option) and that the coordinates of the structures gener­
ated be saved in a trajectory file so that we can animate them later. 

7 .11.1 Creating a Search Group and Setting up the Energy Expression 

1. Click the DISPLAY button, toggle off TYR 82, then pick return. 

2. Click the TOP MENU button to bring up the Top menu, pick 
visualize, then pick make groups. The Make groups menu is dis­
played (see Figure 7 .27). 

3. Pick setup, then select add group from the Groups menu. 

4. Enter SEARCH as the name of the new group in the dialog box. 
Select the OK button to complete the entry. 

5. Leave files, chains and residues at their current settings. 

6. Pick limits, then primitives. Choose SIDECHAIN and 
HSIDE from the Primitives menu which comes up, then pick 
RETURN to get back to the Limits menu. 

7. Pick key one res and enter 82 in the dialog box to define the TYR 
82 residue. Complete the entry by clicking the OK button. 

8. Return to the Make groups menu and pick create. The SEARCH 
group created appears in the graphics window. It will be used to 
display the results of the conformational searc11. 

9. Click the DISPLAY button and toggle the SEARCH group off and 
on. Complete by picking return. 

10. Click the TOP MENU button and pick simulate. 

11. Pick setu p eex and set up the energy expression. Select 
SEARCH as the only movable group, LOCAL as the only fixed 
group, and SEARCH as the only group to be updated. 

Make groups: 

setup 

full file 

files 

chains 

residues 

limits 

create 

rename file 

rename group 

Special: 

H bonds 

ribbons 

return 

Figure 7.27: 
Make groups 

menu 

12. Pick modify eex, then fix single and fix the Ca atom of TYR 82 as you did before. 

13. Return to the Simulate menu. 
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7 .11.2 Defining the Search Space 

1. Pick grid search to display the menu shown in Figure 7 .28~ 

2. Pick setup search. A dialog box comes up and prompts you to en­
ter the number of best conformations to be saved. 

3. Enter 10, then click the OK button. BIOGRAF now prompts you 
for the method to be used in generating the conformations and dis­
plays a menu with two options, Sequential and M-Carlo (Monte 
Carlo). The Sequential method generates the conformations se­
quentially within a specified range of angles, while the M-Carlo 
method generates random angles within the whole range (0°. to 360°). 

4. Pick Sequential. BIOGRAF prompts you to define the dihedral 
angle to be varied by successively"picking the first, second, third and 
last atoms. They must be picked in the proper order; the second and 
third atoms specify the central bond. 

5. Define the dihedral angle about 
Ca-Cp by picking the following 
atoms (see diagram): 

• either of the two atoms next to 
the Ca in the main chain 
(carbonyl carbon or N), 

• Ca, 

• Cp, and 

• Cy. 

chain 

The first three atoms picked are 
successively marked with a red, 
yellow, and blue cross to indicate Labeling of atoms on tyrosine 
the order selected. If you make a 
mistake, pick off the display and start again with setup search. 

Grid search: 

setup search 

ntorsions=0 

examine 

number of steps 

0 

constraints on 

draw on 

nbondon 

H bond on 

defaults 

execute 

set best 

reset best 

best= o 
8= 0.00 

read plot 

return 

Figure 7 .28: 
Grid search menu 

6. Enter O for the starting angle, 360 for the stopping angle, and 18 for the number of divi­
sions in response to the prompts. This corresponds to doing a calculation every 20°. 

7. Define the next dihedral angle about Cp-Cyby picking: 

• Ca, 

• Cp, 

• Cr, and 

• either C(S1 or Coi. 
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8. Enter O for the starting angle, 180 for the stopping angle, and 9 for the number of divisions 
(again giving an· increment of 20°). 

9. Pick off the molecule to terminate the operation. The number of dihedrals defined (2) is indi-
cated in the ntorsions box on the Grid search menu. 

10. Pick execute to initiate the search. 

11. Pick no in response to the prompt to create a plot file. 

12. Pick yes to save the generated structures as a trajectory (trj) file and give tyr.trj as the file 
name. Be sure to include appropriate directory specifications if not saving the file in you 
working directory. 

13. Type in remarks that will help identify the file when you use it Terminate the remarks with a 
blank line ( click OK or press <Enter>): 

BIOGRAF now runs the conformational search. If the draw on/draw off toggle is set to 
draw on (the default), then each of the 190 conformations searched will appear in the 
graphics window. The energies for each of these are also displayed in both the Energy re­
sults menu and in the text window. All energies are in kcal/mol. If an energy is too large to 
fit into the display, BIOGRAF prints a row of asterisks: •••••••••. 

Depending on your system, it may take several minutes to calculate all the conformations. 

7 .12 Displaying the Search Results 

There are three ways to view the results of the conformational search: displaying the best confor­
mations (10 in this case), animating the trajectory generated by the search, and displaying the po­
tential energy surface. We'll use the first two methods here. 

7 .12 .1 The Best Conformations Method 

The easiest way to view the results of the search is to look at each of the best conformations indi­
vidually. 

1. Toggle best=O. The box cycles to best=l and the display shows the best conformation. 
The energy of the conformation appears in the box below best=l. 

2. Toggle best repeatedly and observe that the program cycles through the 10 best conforma­
tions. Toggling reset best resets SEARCH to the original optimized conformation, while 
toggling set best lets you select which of the 10 best conformations you want to display. 
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7 .12. 2 Rendering a Group in Monochrome 

We'll be animating the conformations from our 
conformational search in the next section. When 
animating, we can choose to color-code the con­
formations according to sequence number or en­
ergy, thus making it easier to see how the 
structure moved in space during the calculations. 
Color-coding requires that the group being 'ani­
mated is displayed in monochrome. However, 
our SEARCH group was created using the 
half-bond representation (each atom is colored 
according to its element and the half of the bond 
closest to the atom is made the same color as the 
atom). Before animating we must therefore ren­
der the SEARCH group in a single·color. This 
is done using the render groups operation on 
the visualize menu. 

1. Click the TOP MENU button to return to 
the top level menu, then pick visualize. 
The Visualize menu shown in Figure 7 .29 
is displayed. 

Visualize: 

make groups 

render groups 

surface 

set origin 

change colors 

stereo 

rock 

auto rotate 

return 

Figure 7.29: 
Visualize menu 

2. Pick render groups to bring up the menu shown in Figure 7.30. 
The Groups menu is displayed and we are prompted to pick the 
group to be rendered. · 

3. Pick SEARCH, then pick return. 

4. Make sure half bond is toggled off. 

5. Pick execute. 

The leuenkephalin molecule is redisplayed in a single color. The 
color of the group could be changed if desired using the change 
colors option on the Visualize menu. We won't we doing that here, 
however. 

Render groups: 

vectors 

cylinders 

spheres 

ball & stick 

half bond 

vector width 

2 

. cylinder scale 

0.100 

ball scale 

0.600 

divisions 

0.300 

execute 

return 

Figure 7 .30: 
Render groups 

menu 
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7 .12. 3 Animating a Conformational Energy Surface 

At the onset of the search, we told BIOGRAF to save all of the conformations in a trajectory file. 
Those conformations can be read in to animate the results of the calculation. 

A) Defining the Trajectory File and Listing the Conformers 

1. Return to the Simulate menu, then pick 
animate to display the Animate menu 
shown in Figure 7.31. 

2. Pick define traject to define the trajec­
tory file to be animated. A browser box 
comes up and BIOGRAF prompts Enter 
the name of the trajectory file: 

3. Locate the directory in which you saved 
the trajectory file, then select the tyr.trj 
file name from the listings in the browser 
box. Click OK to complete the selection. 

When the file has been read in, the se­
quence number for the first conformer in 
the file is displayed under the start option 
on the menu; the sequence number for the 
last conformer is similarly shown under 
the stop option. Start and stop are op­
tions which can be used to restrict the se­
quence of conformations to be included in 
the animation. We want to look at the 
whole range of conformations, so we'll 
leave these values as they are. 

4. Pick list to display the List menu shown 
in Figure 7 .32. 

Animate: 

define traject 

start 

- - -
stop 

- - -
list 

read 

display 

extract 

auto group 

average coords 

RMS coords 

user traject 

return 

Figure 7.31: 
Animate menu 

List: 

all 

better 

best 

within 

by energy 

energy diff 

10.000 . 

byRMS 

RMS difference 

1.000 

return 

Figure 7 .32: 
List menu 

The conformers may be listed in two modes: using their associated energy values to make 
comparisons (by energy), or using the root mean square (RMS) values obtained from RMS 
matching to a reference conformation which is specified by the user (by RMS). We'll use 
by energy mode. This is the default, so it should be highlighted. If not, toggle it on. 

5. Pick all to obtain a listing of all the conformers in the text window. Each conformation 
number is listed with its energy value. A listing of the best conformer (the one with the low­
est energy value) can be obtained by picking best on the menu. Better lists the conformers 
that are consecutively better than the best one so far and within lists those that are within a 
specified energy difference (energy diff) from the best. 

6/8/92 



7-30 CHAYI'ER 7. SITE-DIRECTED MUTAGENESIS 

6. Pick better, best and within and note the listings obtained with each option. Note the con­
former with the best (lowest) energy value. Note the number of conformers that are within 
energy diff (10 kcal) of the best. 

7. Pick energy diff, enter 1000 for the energy difference and pick within again. Note the 
number of conformers that are now within 1000 kcal of the best. Continue to change en­
ergy diff until you obtain about 50 conformers within energy diff of the best. 

B) Reading in the Positions of the Low Energy Conformers 

We don't need to animate all the conformers. Instead we will restrict the conformations that we 
look at to the lower energy ones, that is, to those that fall within a specified energy difference 
(energy diff) from the best. To do this, we must change energy diff to the desired cutoff, read 
in the positions of the low energy conformers using the within option, then animate. From our 
listings in step 7 above, we found an energy diff value that produced about 50 conformers. This 
is a reasonable number to animate, so we'll set energy diff to this value. 

1. Return to the Animate menu. 

2. Pick read (a read operation must be performed before any anima­
tions can be done). A group to contain the trajectory file coordinates 
must be specified. BIOGRAF prompts Pick the group to be ani­
mated: 

3. Pick the SEARCH group from the Groups menu. Terminate these­
lection by picking return. We want to color-code our conformers by 
energy when we animate them; this requires that the group being 
animated be displayed in monochrome. The SEARCH group is 
therefore chosen here rather than TYR 82 since the SEARCH 
group is displayed in monochrome, while TYR 82 is half-bonded. 
The Read menu will then appear as shown in Figure 7 .31. 

As with the list operations, the conformers may be read in by en­
ergy or by RMS mode (we'll leave it in the default by energy 
mode); similarly, all the conformations may be read in or they may 
be restricted to those specified using the better or within options. 

4. Make sure energy diff is a value that will produce about 50 con­
formers within energy diff of the best (see listings, step 7 above). 

5. Pick within. Only the lower energy conformations are read in. 
Each of the conformers is listed in the text window along with its as­
sociated energy value. 

6. Return to the Animate menu. 

Read: 

all 

better 

within 

by energy 

energy diff 

10.000 

by RMS 

RMS diff 

1.000 

return 

Figure 7.33: 
Read menu 
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C) Animating the Conformations 

Now that we have read in the positions of the conformers, we are ready to animate them. 

1. Pick display to bring up the Display menu shown in Figure 7 .34. 

The conformations may be colored by sequence number, by energy, 
or by RMS value. Conformations that were read in by energy mode 
are automatically color-coded by energy, so color by energy ap­
pears highlighted on the menu. 

The conformation with the lowest energy (the best) will be red, and 
the conformation with the highest energy will be blue. The confor­
mations in between will be interpolated between red and blue. En­
ergy difT is automatically set so that the conformers that were read 
in span the whole range of available colors. 

2. Pick animate. BIOGRAF displays the first conformation and 
prompts: 

To animate the sequence, drag the cursor 
with the control key and the middle 
mouse button depressed. Click the left 
mouse button to stop. 

3 . Use the mouse to animate the sequences as described in the prompt 
(if using a dials unit, rotate dial 8 to cycle through the conforma­
tions). The current conformation number and its energy value are 
displayed in the lower left comer of the graphics window (labeled C 
and E respectively). The higher energies of some of the conforma­
tions may be due to bad van der Waals (steric) interactions. 

4. Find the conformation with the lowest energy (red). 

5. Click the left mouse button to stop the animation. 
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Display: 

animate 

auto scan 

show all 

clear 

color by seqnce 

color increment 

5.000 

color by energy 

energy diff > 

40.000 

color by RMS 

RMS diff 

1.000 

caption 

pick origin 

return 

Figure 7 .34: 
Display menu 
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D) Using Auto Scan 

We can also scan through the conformations automatically. 

1. Pick auto scan. BIOGRAF prompts. 

Click anywhere to start the auto scanning. 
Use control-middle mouse button to adjust 
the speed (left is slower, right is/aster). 
Click in the graphics window to stop. 

2. Click anywhere to start scanning. Adjust the scan speed if desired (if you have a dials unit, 
rotate dial 8 to change the scan speed; rotate it clockwise to scan faster). 

3. Click in the graphics window to stop. 

E) Showing All the Conformations at Once 

All the conformations may be displayed simultaneously (on top of each other) as well. This is use­
ful in illustrating the degree to which different parts of the molecule move or remain stationary. 

1. Pick show all. A dialog box comes up and we are successively prompted to enter values 
for the first and last conformation and for the increment 

2. Enter 1 for the first conformation to be displayed, 999 for the last and 1 for the increment 
(entering a much higher number for the last makes sure we get them all). 

BIOGRAF prints the message Working ... , then all the conformations that we read in above 
are displayed at once. 

3. Note the best conformation displayed in red. 

4. Pick clear to clear the display. 

5. To make things a little clearer, repeat steps 1 and 2, but this time use 2 for the increment 
This will give us a total of about 25 conformers instead of 50 (see left side of Figure 7.35). 
The best conformation is also shown at the right of Figure 7 .35 for comparison. 

Note: Your conformations may be slightly different since the minimized structure you began 
with (prior to doing the conformational search) was probably different 

6. Pick clear to clear the display. 

7. Pick return to return to the Animate menu. 
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Figure 7.35 Left: Low energy tyrosine conformations displayed using the show all option; 
every 2nd conformation is displayed. 

Right: Best conformation (lowest energy)(extract option). 
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F) Extracting the Best Conformer 

BIOGRAF allows you to extract the information for a particular conformation (e.g., the best) and 
create a file for it so that energy minimizations or other analyses may then be performed on it. If 
the trajectory file was created using conformational search calculations, the conformation to be ex­
tracted is specified by giving its sequence number. We can get the sequence number for the best 
conformation using the list operations described earlier. 

1. Pick list to display the List menu. 

2. Pick best to list the best conformer. Note the sequence number of the best conformer. 

3. Return to the Animate menu, and make sure the auto group option is toggled on. This 
will create a group for the extracted conformer. 

4. Pick extract. BIOGRAF prompts Enter the nwnber of the conformer to be extracted. 

5. Enter the number of the best conformer in the dialog box, then select OK. BIOGRAF then 
prompts Pick the group to be redrawn using the extracted conformation. 

6. Pick SEARCH from the Groups menu. A new file, named "CONFn" where n is these­
quence number is created (this file contains all the atoms in·the molecule). The best confor­
mation (similar to that shown on the right side of Figure 7 .35 ) will be displayed, and a ·new 
group, also named "CONFn" will be created. 

It might be a good idea to save the coordinates of the best conformation in a bgffile so that 
you can leave BIOGRAF if you want and then resume again later where you left off. (In or­
der to reconstruct a group, BIOGRAF needs the information about the coordinates of the 
atoms in that group.) 

7. Click the TOP MENU button to get back to the Top menu. 

Warning: Once the Animate menu is exited, all the set up data is lost. You must redefine 
the trajectory file and read in the conformations again before any more animations can be 
done. 

8. Make a BioDesign General Format type coordinate file as we did in section 7.9.2, but choose 
CONFn as the file descriptor for which you want to output information, and name the new 
file CONFn.bgf. 
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7.13 Conclusion 

This completes our modeling study of the replacement of the PHE 82 residue on Cytochrome C 
with a tyrosine residue. The results of the BIOORAF calculations indicate that Cytochrome C ac­
comodates the tyrosine residue well and suggest that its presence causes negligible changes in the 
tertiary structure and activity of Cytochrome C. Further confirmation can be obtained by doing a 
calculation that allows the atoms in the LOCAL group or the entire protein to relax. 

See the BIOGRAF Reference Manual for more detailed explanations of the animate operations. 

7.14 Advanced Notes 

BIOGRAF recognizes the standard files from the Brookhaven Protein Data Bank and the Cam­
bridge crystallographic data base, as well as CHEMLAB CHM, Macromodel, Moledit, 
CHEMLAB MOL, and MOPAC files. The program also has its own internal file format which is 
similar to Brookhaven but contains additional force field information. See the BIOGRAF Refer­
ence Manual for further details. 

This concludes Chapter 7. To leave BIOORAF, pick exit from the Top menu and then confirm by 
picking OK. . 
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A-1 

Appendix A 

Details of Molecular Dynamics 

In molecular dynamics, Newton's equations are used to describe how the acceleration of the atoms 
in a molecular structure changes with respect to time t, where acceleration is the change of velocity 
with time t. To find the change of acceleration for particles, BIOGRAF solves the equation 

_l_p 
M Sj 

s 

l SE 
=---- . (A.1) 

where E is the total energy. The subscript j refers to x, y, or z, the components of the position 
vector for particles. The symbol v1 refers to thej-th component of the velocity of particles, Fsj 
to the j-th component of the force, Rsj to the magnitude of the j-th component of the position vec­
tor, and Ms to the mass. 

The 3N values of Rsj (there are N atoms, and each atom has an x, y, and z component of its posi­
tion vector) define the starting geometry or conformation of the system. Given any starting geom­
etry, BIOGRAF evaluates the 3N forces given by oE/oRsj• The program then solves equation A.1 
to find the change in velocity and position at regular time increments for every atom in the 
molecular structure. BIOGRAF thus determines how the geometry of the structure changes with 
time. This is molecular dynamics. 

An important concept in molecular dynamics is that of temperature. For a system of N particles in 
equilibrium with a heat reservoir at temperature T, the velocities of the particles satisfy the relation­
ship 

(A.2) 

where T is the temperature, k is the Boltzman constant, N is the number of moles, and the brackets 
denote an average. The Maxwell-Boltzman distribution gives the distribution of velocities. When 
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A-2 APPENDIX A. DETAILS OF MOLECULAR' DYNAMICS 

BIOGRAF starts a calculation at specified temperature Ti, it generates an initial velocity for each 
particle such that the overall distribution is Maxwell-Boltzman at temperature Ti. As the dynamics 
proceeds, velocity fluctuates and the instantaneous values for 

differ from Ti . The total energy remains the same, so that when the system is at a low energy 
· (i.e., a favorable conformation) the value of Tin equation A.2 is high,- and when the system is at a 
high energy (i.e., an unfavorable conformation) the value of Tin equation A.2 is low. These 
instantaneous values of Tare not the true temperature, which is defined as an average over time. 
BIOGRAF calculates the temperature by averaging equation A.2 over a number of steps in the dy­
namics cal~ulation (e.g., 50 steps). 
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