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Simulation, Search, and Analysis

Who Should Read This Book

QUANTA Smulation, Search, and Analysisis designed primarily for
first-time users. If you are in this category, read it to understand how to
simulate molecular mation, search molecular conformations, and analyze
the data generated from these procedures within QUANTA.

If you are an experienced user, read this book to review information on
functionality and procedures for executing building and editing tasks of
QUANTA or to update yourself on changesin QUANTA.

What This Book Contains

Thisbook contains information on simulating motion in amolecular sys-
tem, applying molecular constraints during CHARMmMm cal culations, gen-
erating sets of molecular conformations, evaluating similarities among
molecules, and analyzing data from these operations. |nformation pro-
vided in progressive chapters is based on the assumption that you are
familiar with basic software operations and with material in previous
chapters and in the other volumes in the QUANTA introductory docu-
mentation set.

Since this book is designed primarily for new users, neither the descrip-
tions nor the tutorial exercises comprehensively document all aspects of
using QUANTA.

The book is written assuming that you are familiar with:
e Basic UNIX commands and file and directory structures

« Windowing software on your QUANTA workstation
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» Thedifference between ashell window and aconsolewindow on your
QUANTA workstation

* How your workstation mouse works

Assumptionsa so are made that you have ahomedirectory whereyou can
create subdirectories, and alicensed copy of QUANTA installed on your
workstation.

How to Use the QUANTA Introductory
Documentation Set

Thisbook is part of a documentation set that introduces users to
QUANTA. The set consists of:

» Basic Operations
» Generating and Displaying Molecules
» Simulation, Search, and Analysis

Although each book is self-contained, information within the set flowsin
alogical sequence. You must be familiar with basic operations to suc-
cessfully complete building and editing tasks; molecule preparationinthe
building and editing phase must precede simulation, search, band analy-
sis.

Within each book, exercises are step-by-step procedures that may be
linked across chapters. Data files are frequently modified or reused by
several exercises.

Because of the sequential nature of the documentation set and of the exer-
cisesin each book, you will get the most coherent and complete view of
the software if you go through the books in the proper order.

Documentation Set Roadmap

Thetable below listskey topicsand whereto find information about them
in the introductory set of QUANTA books. Book names are abbreviated:

*  Ops— Basic Operations

2 QUANTA 2006 Smulation, Search, and Analysis



Related Documentation

* Gen— Generating and Displaying Molecules

e SSA — dmulation, Search, and Analysis

Each book contains a master index covering topicsin all three books.
Since aspects of atopic may be covered in anumber of places, use the
index as an important resource for locating all the information on atopic.

For information about L ook at

Understanding program layout and design Ops Chapter 1

Using operating principles and procedures Ops Chapter 2

Manipulating molecules and displays Ops Chapter 2, Gen Chap-
ters6 And 7

Building structures
Editing structures

Gen Chapters 1,2,4, and 5
Gen Chapters 1, 2 And 8,

SSA Chapter 4

Applying constraints for CHARMmM calculations SSA Chapter 2

Importing and exporting files Gen Chapter 8

Executing calculations using CHARMmM or external pro- Gen Chapters2, 3,4, 6, And

grams 9, SSA Chapter 1

Handling data - visual displays, tables, graphs Ops Chapter 2, Gen Chap-
ters6and 7 SSA Chapters
8and9

Performing experimental simulations Gen Chapter 3, SSA Chap-
ters1, 3-5, 7

Analyzing data SSA Chapter 6

Related Documentation

In addition to the QUANTA introductory books, other booksin the
QUANTA documentation set include:

* QUANTA Installation Guide
e« CHARMM Principles
e« CHARMmM Dictionary, Parts| and Il

Other QUANTA-related documentation is included with specific soft-
ware application packages. This documentation includes:
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* Protein User’s Reference

» Protein Homology Modeling Tutorial

» X-Ray Sructure Analysis User’s Guide

* NMR Sructure Determination User’s Guide
* MCSSHook User’s Guide

Restarting QUANTA

Thisbook assumesyou have already run QUANTA. If you have not, refer
to the configuration and start-up instructions in QUANTA Basic Opera-
tions.

For this and subsequent start-ups, enter the command:
> cd ~/subdirectory

Then enter the command:

> guanta

QUANTA opens, displaying the structure you have worked on most
recently in the current directory. The Molecule Management Table dis-
plays the structure’s name and status.

Conventions

Typographical conventions used in this book are shown below:

This...

Lookslikethis...

Commands you type, dialog box choices, infor-  Courier font
mation in the Textport or on the Message line

Menu and pal ette names and choices Bold text
File and directory hames Italic text
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1. Executing CHARMmM Dynamics

This chapter describes CHARMm dynamics cal cul ations and the Dynam-
ics Animation application that is used for viewing and analyzing
CHARMmM dynamics trajectories.

CHARMmM dynamics simulates the natural motion of amolecular system
and produces a set of coordinates and vel ocities that describes the atomic
motions of the system over time. The resulting dynamics trajectory can
be viewed in the Dynamics Animation application and analyzed in the
Analysisapplication. A typical molecular dynamicsruninvolvesheating,
equilibration, and simulation

chapter

All dynamics calculations begin with an initial set of Cartesian coordi-
natesthat are derived from experimental dataor selected parameters. (See
citation 1 under References). The energy of amolecular structureis min-
imized to remove bad contacts and to relax strained torsion angles before
adynamics simulation is started. It is not necessary to minimize to an
absolute minimum, since the conformation of the structure changes dur-
ing heating. Structures that do contain bad contacts between atoms or
highly strained torsion angles can cause abnormally large forces on some
atoms and unrealistic simulation results.

With the Dynamics Animation application, you can interactively display
adynamics trgjectory calculated by CHARMm, CNX, or X-PLOR. Dis-
plays can include a graphical representation of hydrogen bonding, inter-
atomic distances, atomic positions, molecule energy, or other atomic
properties.

The dynamics tragjectory calculated in CHARMmM consists of datasets of
atom coordinates written at periodic intervals. If the trgjectory isthought
of asamovie, then each individual dataset may be considered a frame.
You can display the trgjectory frame-by-frame at any desired speed. Sin-
gle frames may be saved to individual M SFs that can be compared in
detail using the Molecular Similarity application.

QUANTA 2006 Smulation, Search, and Analysis 5



1.. Executing CHARMmM Dynamics

Commands in the CHARMm pulldown

Tablel. CHARMmM Menu in QUANTA

Command Sub Option Function
Select CHARMmM Host Allows the user to specify the host machine to execute a
CHARMmM job and point to the appropriate executable
CHARMmM Initialization Set up initialization optionsfor CHARMm
Options
Bomb Level Specify checking level for termination errors
Warning level Specify checking level for warnings
Print Level Specify level for verbosity

CHARMmM Process
pullright

pullright

pullright

Energy Terms
Update Parameters

Minimization options
Dynamics options

Constraint Options
pullright
pullright
pullright

CHARMmM log destination
CHARMmM Stream file for
additional initidization

commands

Initialize interactive
Terminate interactive
Interactive status

Setup Heating

Setup Equilibration
Setup Simulation

Setup Detailed Dynamics

Set Atom Constraints
Atom Constraints On
Atom Constraints Off

L ocation of output

Location of CHARMmM script with miscellaneous, user-defined
initialization options.

Specify CHARMmM initialization options

Initialize interactive QUANTA/CHARMmM communication
Terminate interactive QUANTA/CHARMmM communication
Show status of interactive QUANTA/CHARMmM communication
Specify which energy terms will be used

Specify update parameters

Frequency of updates

Cutoff distances

Smoothing function

Dielectric model

Image update parameters

Ewald summation options

Options for CHARMmM minimization

Options for CHARMm dynamics

Options for heating

Options for equilibration

Options for production simulations

Detailed options for MD simulation

Create/setup CHARMmM constraints
Turn on constraints
Turn off constraints
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Table 1. CHARMmM Menu in QUANTA

Commands in the CHARMm pulldown

Command Sub Option Function

pullright Dihedral/Distance Create/setup dihedral and distance constraints
see Applying Constraints (page 29)

pullright Dihedral on Turn on constraints

pullright Dihedral off Turn off constraints

pullright Distance on Turn on constraints

pullright Distance off Turn off constraints

Shake Options Setup SHAKE options

Parameters CHARMmM parameter options

pullright Read Parameters Location of *.prmfile

pullright Save Parameters Location to save custom parameter file

pullright Set Options Parameter options

CHARMmM Mode Set CHARMmMm operation mode

pullright PSF PSF mode

pullright RTF RTF Mode

pullright MMFF MMFF mode

pullright MMFFS MMFFS mode

pullright PSF Terms Select PSF terms

pullright RTF options RTF settings

Get Fourth parameter Setup forces and scalar parameters

pullright Forces Force options

pullright Scalars Scalar options

Optimize hydrogens Optimize hydrogens using CHARMmM hbuild

Solvate structure

pullright 15A Radius Sphere Solvate molecule in sphere of radius 15 A

pullright 15A Length Box Solvate molecule in periodic box of waters with edge length 15A

pullright 30A Length Box Solvate molecule in periodic box of waters with edge length 30A

pullright Solvate residues 8A Solvate residues to 8A

pullright Solvate residues 10A Solvate residuesto 10A

pullright 15A methanol sphere Solvate in a sphere of methanol with radius 15A

pullright Water image 15A Turn on 15A water imagefile

pullright Water image 30A Turn on 30A water imagefile

pullright Turn of Water image Turn of image options

Periodic boundaries Setup periodic boundary conditions

Send CHARMm command Console for entering CHARMmM commands

Stream CHARMm file Location of CHARMm standalone stream file

QUANTA 2006 Smulation, Search, and Analysis 7



1.. Executing CHARMmM Dynamics
Table 1. CHARMmM Menu in QUANTA

Command Sub Option Function

Capture CHARMm com- Options to turn on/off capture of CHARMm commands
mands

pullright On Select file to capture CHARMm commands

pullright Off Turn off capturing

pullright Suspend Suspend capture of CHARMm commands

pullright Restart Restart capture of CHARMmM commands

Settings Options for capturing settings

pullright Show Examine various setup options

pullright Save Save CHARMmM setup file to specified location

pullright Restore Read CHARMmM setup file from specified location

Running CHARMm dynamics calculations

A typical molecular dynamics run involves heating, equilibration, and
simulation. Parameters are set for each stagein arun. Table 2 lists param-
eter categories and provides a brief description of each. Structures must
be minimized before they are used in dynamics runs.

Heating

A minimized structure represents amolecule at atemperature close to

absolute zero (0 K). Molecular dynamics simulations are usually run at
room temperature (300 K). Kinetic energy isslowly and uniformly added
tothe system over timeintervalsby randomly assigning vel ocitiesto each
atom to achieve the final temperature.

Dynamicsheating occurs over several picoseconds, depending onthesize
of themolecular system. The recommended heating rateis0.1 K per step.
Small systems can be heated at afaster rate. Some large systems may
require heating at a slower rate.

8 QUANTA 2006 Smulation, Search, and Analysis



Running CHARMm dynamics cal cul ations
Table2 . CHARMmMmM Dynamics Setup dialog box

Option Description

Dynamics Steps Determines the total number of steps of dynamicsto calculate for this
stage of basic dynamics. The number of steps that may be specified for
equilibration and simulation depends on the nature of the study. The
heating stage requires that the number of steps be large enough to allow
areasonably smooth increase in temperature in the molecular system.

Restart Read File  Specifiesfilenamesused for restarting dynamicscal culations. Restart files
store the final velocities and coordinates of amolecular structure at the

Restart Write File _end of astage of dynarnlcg The Restart Write F|_Ie of one stage istyp-
ically the Restart Read File of the next. Restart files are automatically
given a.RST extension.

Coordinate Trajec-  Specifies the name of the file to which the dynamics trajectory is written
tory File at the end of this stage of the calculation. The number of sets of coordi-
natesin thisfileisthe number of stepsof dynamicsdivided by the output

frequency. Trajectory files are automatically given a.DCD extension.

Energy ValuesFile Containsthe energy values corresponding to each set of coordinates saved
in the coordinate trajectory file. The saved energy information includes
timestep, total energy, potential energy, kinetic energy, and temperature.
Energy valuefiles are automatically given a.ENE extension.

Output Frequency Specifies, in steps, the frequency with which coordinates and energiesare
saved to the coordinate trajectory and energy files.

S
S0
g=
s-l—'
(&]
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1.. Executing CHARMmM Dynamics
Table2 . CHARMmM Dynamics Setup dialog box (Continued)

Option Description

Time Step Specifies the integration time step for the dynamics calculation. Thetime
step must be sufficiently small to maintain energy conservation and tra-
jectory accuracy. A large time step reduces the total timerequired to cal-
culate atrgjectory.

Initial Temperature Specifies the temperatures at the beginning and end of dynamics heating.
In atypical dynamics study, a molecular system is slowly heated from
absolute zero (0 K) to room temperature (300 K) to raise the kinetic
energy with minimal conformational changes. It isthen equilibrated for
atime at 300 K to stabilize the temperature. These two steps are typi-
cally performed once. Thereafter, multiple simul ation stages may berun
to show conformational changes over time. If the heating and equilibra-
tion stages are omitted, the dynamics simulation may be run directly at
the desired temperature. In this case, theinitial and final temperatures
are given the same values.
Sart ... from the Specifies that the calculation is to start without a predetermined set of
beginning energies. If al three stages of basic dynamics are to be run, this option
is selected in the heating setup dialog box only. If heating and equilibra-
tion are not to be run, this option is selected in the simulation setup dia-

Final Temperature

log box.
Restart... fromthe  Specifiesthat the calculation isto start using initial velocities and coordi-
Restart File nates stored in the Restart Read File. If all three stages of dynamics

areto berun, this option is selected in the equilibration setup and simu-
lation setup dialog boxes. Therestart from Restart Fileoptionisrarely
selected in the heating setup dialog box.

Do Not Run Specifies that this stage of dynamicsis not to be run.

Equilibration

When the structure reaches the temperature at which the dynamicstrajec-
tory isto be computed, it must be equilibrated. Dynamicsequilibrationis
achieved by allowing the molecular system to evolve spontaneously for a
period of time, integrating the equations of motion until the average tem-
perature and structure remains stable. Equilibration is facilitated by peri-
odically scaling velocities appropriately for the desired temperature. The
procedure is continued until the statistical properties of the system
become independent of time.

The equilibration temperature must correspond to the final temperature
used in heating. If you want an equilibration temperature different from
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Simulation

Running CHARMm dynamics cal cul ations
the final heating temperature of the heating phase, the heating step must
be repeated.

The Restart Write File generated during heating is used as the Restart
Read File for the equilibration phase. Although a separate trgjectory file
is created, the equilibration trgjectory is a continuation of the heating tra-
jectory.

Thefinal step of adynamicsrunisdynamicssimulation. Simulation takes
an equilibrated structure asits starting point and produces adynamicstra-
jectory. Inatypical simulation, the trajectory traces the motions of the
macromolecule for a specified time.

Dynamics heating and equilibration are usually performed only once on
amolecular structure. Simulation can be run several timesto show
changes in the conformation of the molecule over time.

The simulation temperature must correspond to the equilibration temper-
ature. The Restart Write File generated during equilibration isused asthe
Restart Read File for simulation. Although a separate trgjectory fileis
created, the equilibration trajectory is a continuation of the heating and
equilibration trgjectories.

Saving dynamics output

At the completion of dynamics simulation, the final frame of the calcu-
lated trajectory isdisplayed in the viewing area. The final frame's energy
is displayed in the upper right corner. In the Modeling palette, Undo
Changes, Save Changes, and Reject Changes become active because
the displayed conformation is different from the starting conformation.
One of these tools must be selected before further modeling can be car-
ried out on the displayed structure.

In most cases, select Reject Changes from the Modeling pal ette to
restore the last saved set of coordinates for the structure. Otherwise, ini-
tia coordinates are not saved, since these coordinates are not part of the
trgjectory.

All coordinates calculated during a dynamics run are stored in the coor-
dinate trajectory file specified in the dynamics setup. Each set of coordi-
nates in the dynamics trgjectory can be viewed using the Dynamics

QUANTA 2006 Smulation, Search, and Analysis 11




1.. Executing CHARMmM Dynamics

Animation application. You also can read datainto an individual M SF.
Thefinal set of coordinatesis stored in CHARMm external format at the
end of the calculation. Table 3 listsfile types and describes each briefly.

Table 3. Dynamics output files

File Type

Description

Dynamics Trajectory File Containsall the coordinate sets defining the dynamics trgjectory for

(.DCD)

Energy File ((ENE)

Restart File (.RST)

Velocity Trajectory File
(.DVL)

Coordinate File (CRD)

CHARMM Log File

the calcul ated stage of dynamics, in CHARMm binary format. May
be viewed in the Dynamics Animation application or analyzed in
the Analysis application.

Contains energies stored periodically throughout the dynamics cal cu-
lation, in ASCII format. May be viewed using Plots or Graphs
from the File menu.

Containsfinal velocitiesand coordinates and can be used as a starting
file for additional dynamics calculations. ASCII format.

Contains velocities at interval s throughout the dynamics cal culation.
Available only from detailed dynamics. Binary format.

Containsthe final coordinates at the end of the cal culation of a partic-
ular stage of dynamics. Stored in CHARMmMm coordinate format
(ASCII).

Contains input and output from modeling the structurein CHARMm
and running the dynamics cal culation. Contains energy and dynam-
ics-related summaries written periodically throughout the calcula-
tion. ASCII format. The actual filename, including extension, is
specified in the charmm.cisfile; default is CHARMm.LOG

Complete the following exercise to become familiar with the procedures
for executing a dynamics run. This exercise uses mypeptide.msf, which

is generated in Chapter 4 of QUANTA Generating and Displaying Mole-
cules. Complete Chapter 4 before proceeding.

1. Open an MSF

Display the File menu. Select Open. A File Librarian dialog box
opens. Select mypeptide.msf from the scrolling list. Select the Open
button. The structure is displayed in the viewing area.

Make sure the Shake option is on. Display the CHARM m menu.
Select Shake Options. Accept the default settings:

Run dynamicswith Shake ON.
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Running CHARMm dynamics cal cul ations
Shake Tolerance: 1le-09
Maximum number of iterations: 500
Use Parameter-specified Geometry

Select the OK button.
. Select heating parameters and heat the structure.

Display the CHARM m menu. Select the Dynamics option. The
CHARMmM Dynamics Setup dialog box is displayed offering options
for the selection of heating, equilibration, and simulation conditions.

Select Setup Heating.

Select the OK button. A dialog box isdisplayed offering the ability to
change heating conditions from their default values. Enter the values:

Dynamics Seps. 600

Restart Write File: mypep_h
Coordinate Trajectory File: mypep_h
Energy Values File: mypep_h

Output Frequency: 10

Time Sep: 0.00100

Initial Temperature: 0.00

Final Temperature: 300.00

Selecting these parameters produces a heating trajectory of 0.6 ps
(600 steps x 0.001 ps/step). Every tenth step is saved into atrajectory
file that is 60 frames long.

Also select the option Start Heating From The Beginning.
Select the OK button. The specifications are defined and the
CHARMmM Dynamics Setup dialog box is redisplayed.

. Select equilibration parametersand equilibrate the structure.

From the CHARMmM Dynamics Setup dialog box, select the option:
Setup Equilibration

Select the OK button. A dialog box isdisplayed offering the ability to
adjust the equilibration specifications.

Enter the values:
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1.. Executing CHARMmM Dynamics
Dynamics Seps: 600
Restart Read File: mypep_h
Restart Write File: mypep_e
Coordinate Trajectory File: mypep_e
Energy Values File: mypep_e
Output Frequency: 10
Equilibration Frequency: 10
Time Sep: 0.00100
Temperature: 300.00

Then select:

Restart Equilibration From The Restart File

Select the OK button. The specifications are defined and the Dynam-
ics Options dialog box is redisplayed.

4. Select the simulation parameters.

From the CHARMmM Dynamics Simulations Setup dialog box, select
the option:

Setup Simulation

Select the OK button. A dialog box is displayed, offering the ability
to adjust the simulation specifications.

Enter the values:

Dynamics Seps: 600

Restart Read File: mypep_e

Restart Write File: mypep_s
Coordinate Trajectory File: mypep_s
Energy Values File: mypep_s

Output Frequency: 10

Time Sep: 0.00100

Temperature: 300.00

Select the option:
Restart Simulation From The Restart File

Select the OK button. The specifications are defined and the dialog
box containing the dynamics optionsis redisplayed.

Select the DONE button. The dialog box is cleared from the screen.
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Executing dynamics animation
5. Execute the dynamics calculation.

Display the Modeling palette. Select CHARMm Dynamics. The
selection is checked and highlighted.

CHARMmM automatically starts the dynamics calculation, using the
defined specifications. Status information is printed in the message
line, indicating the progress of the CHARMmMm calculation. The calcu-
lation can take 10 min or more.

Each frame of the dynamics trgjectory and the energy for that confor-
mation are displayed in the viewing area as the cal culation proceeds.
The time and temperature of the simulation are also displayed in the

message line.

Theresults of the dynamics calcul ation are automatically stored in the
output files specified in the dynamics setup.

6. Do not savetheresults of the calculation to an M SF.

From the Modeling palette, select Reject Changes. The structure
using the last saved set of coordinates for mypeptide.msf is displayed
in the viewing area.

7. Display hydrogen bonds for mypeptide.msf.
From the Modeling palette, select Hydrogen Bonds. Bonds are dis-

played as white dashed lines. They also are displayed when the
dynamics trajectory is animated.

Executing dynamics animation

The procedure for displaying adynamicstrgjectory in the Dynamics Ani-
mation application involves four steps:

1. Assemblealist of coordinate trajectory files that make up the trajec-
tory.

2. Specify datasets from the collection of trgjectoriesfilesto be dis-
played and the information to be graphically represented in the dis-

play.
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1.. Executing CHARMmM Dynamics

3. Download the selected set of datasets into memory for display as
framesto create the animation.

4. Interactively display the selected set of frames.

When Dynamics Animation is selected from the Application menu, the
Dynamics Animation palette is displayed over the Modeling palette. In
addition, aDynamicsdia emulator isdisplayed in the Dial Emulator win-
dow. Table 4 lists the selections in the palette and provides a brief
description of each. Thetable al so provides adescription of the dynamics

dial.

Table 4. Dynamics Animation palette and dials

Selection

Description

Select Trajectories

Set Up Animation

Color By Velocity

List Settings
Create Animation

Open Energy File
Display Energy Trace
Clock

Cycle

Select Frame

Fix Atom Position

Release Atom

Assemblesthelist of coordinate trgjectory files from which the dynam-
ics frames to be downloaded are specified.

Specifiestheframesthat are to be downloaded and the graphic items or
display featuresthat areto be generated for downloaded frames. Also
sets the rate of animation display.

Allows avelocity file to be specified; the animation is then created
using these velocities to color each atom in each frame. The colors
range from white (slowest) to red (fastest).

Lists the setup specifications in the textport.

Downloads dynamics frames into memory as specified by Set Up Ani-
mation.

Selects anew energy file for display in the energy trace.

Toggles on and off the display of the energy trace.

Continuously displays dynamics framesin one direction.

Continuously displays dynamics framesin both directions alternately.

Specifies anew atom reference frame.

For all dynamics frames, fixes the atom that you select as the display
origin.

Returns the display origin for all dynamics frames to the center of the
structure.
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Table 4. Dynamics Animation palette and dials (Continued)

Selection Description
Delete Dynamics Deletes dynamics frames from memory.
Frames

WriteFrameto MSF  Writes the coordinates of a dynamics frame to an MSF.

Exit Dynamics Anima- Exits Dynamics Animation and returns control to Molecular Modeling.
tion

Dynamics Dial Horizontal dial scans frame-by-frame through the trajectory.

Speed Dial Vertical dia controls the frame display rate of the continuous display
selections (Clock and Cycle).

A list of one or more coordinate trajectory files must be defined before a
dynamics animation can be displayed. A single trajectory is assembled
using Select Trajectories on the Dynamics Animation palette. Table 5
lists and describes the optionsin the dialog box that is displayed when
Select Trajectoriesis selected.

Table5. Select Trajectories Options

Option Description

Initialize Dynamics Displaysthe File Librarian with alist of available dynamicsfiles. By
Files selecting a dynamics file from the File Librarian, you initialize a new
list with the chosen file asthefirst entry. Thefirst fileinthelistis used
to set appropriate default values for the first and last animation frame
and the step size between animation frames.

ChangeaFile Displays a scrolling list dialog box showing the current filesin thelist.
Select thefileto be replaced, then the File Librarian lists dynamicsfiles
in your current directory. Selection of a coordinate trajectory file from
the File Librarian causes that file to replace the previously selected file
inthelist.
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Table5. Select Trajectories Options

Option

Description

Add aFile

Deletea File

DisplaysaFile Librarian listing available dynamicsfiles. Selecting afile
addsthat fileto the end of the current list. Dynamicsfilesmust be added
to thelist in the order in which they are to be displayed.

Displays aFile Librarian showing the current filesin the list. Selecting
one of these files causes that file to be removed from the list. Subse-
quent filesin the list are renumbered.

List Current Files Displays names of currently used coordinate trajectory filesin the text-

port. Thefiles are numbered sequentially in the order in which they are
to be displayed.

Show FileHeaders Displaystheheader block of the specified coordinatetrajectory filesinthe

Binary or

textport.
Specifies whether the trajectory to be loaded was written in binary or

Hexadecimal Files  hexadecimal format. The latter format is useful when producing trajec-

tories on aremote compute server for display on the graphics worksta-
tion.

Multiple files from the trgjectories list are combined into asingle anima-
tion. The compositetrajectory from the datasetsin thesefilesalso is spec-
ified for graphic display and analysis.

The file header in each coordinate trajectory file contains critical infor-
mation including:

The number of datasetsin thefile.
The starting dataset of thefile.

The number of time steps between successive datasets in a dynamics
trajectory.

Thisinformation isrequired to specify therange of datasetsto be viewed.
The application automatically uses the dataset information contained in
the first trgjectory file. It does not automatically combine dataset infor-
mation contained in a series of trajectory files. The tragjectory files must
be reviewed to determine;

The Dataset Range From value — the starting dataset value in the
header of the first trajectory.

TheDataset Range To value— the ending dataset valuein the header
of the last trajectory.

The Step Size value in the header of each trgjectory
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Executing dynamics animation
Additional information that may be graphically represented in the anima-
tion includes:
e Atom labels
« Distances
« Hydrogen bonds

Specifications for this information are established using Set Up Anima-
tion in the Dynamics Animation palette. Each frame of the dynamicstra-
jectory isloaded into memory before an animation is displayed. Set Up

Animation governs the creation process. Table 6 lists options in the Set
Up Animation dialog box and provides a brief description of each.

Table 6. Set Up Animation dialog box

Option Description

Use CHARMmM Header  Retains the dataset numbers contained in the dynamics file headers.
Thisisthedefault. It can be used for animations composed of asin-
gle dynamicsfile or of severa files created through the use of
Restart Files.

Index Sequentially Assigns sequential numbers 1 through n, where nisthe total number
of datasetsin the animation, to the datasets for constructing the ani-
mation. This method must be used for animations composed of
dynamics files from different runs.

Dataset Range Consists of two fields, From and To, defining the first and last
datasets of the range to be displayed. Thelower limit for the From
field isthefirst dataset in the animation. The upper limit for the To
field isthe last dataset in the animation.

Sep Size Specifies the step interval, which must be an integral multiple of the
output frequency.
Clock Speed Determinesthe initial rate at which the program cycles through the

display of the frames in the dynamics animation when Clock or
Cycleis selected from the Dynamics Animation palette. The
default speed is 100. Interactive control of the speed isprovidedin
the Dynamics emulator dial set (dial set 8).

Number Stepsto Average Controlsthe averaging of the displayed molecule from the trajectory
Over files and is a simple mechanism for removing high-frequency
motionsin an animation. Thisallowsmore extensiveand concerted
motions to be visualized.

Regener ate Hydrogen Causes hydrogen bonds to be generated for each frame of a subse-
Bonds quently created animation.

QUANTA 2006 Smulation, Search, and Analysis 19
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Table 6. Set Up Animation dialog box (Continued)

Option Description
Regenerate Selectionsand Controls current display and color selections applied to each frame
Hydrogen Bonds of asubsequently created animation. Selecting this option also cal-

culates hydrogen bonds on aframe-by-frame basis during creation
of the animation. This option is needed, for example, for coloring
by atom property.

Pack Atomsinto Cell Specifies that a molecular structure created by the Amorphous
Builder application to be displayed in a unit cell.

Display Atom L abels Specifies that |abels are to be generated for each frame of an anima-
tion according to the currently defined atom labeling regime.

Display Geometry Moni- Specifies that distance, angle, and torsion monitors are to be dis-
tors played for each frame of a dynamics animation. The distances,
angles, and torsions are designated before creating the animation,
with the tools on the Geometry palette.

Display Trails Causestrailsto be generated in frames of a subsequently created ani-
mation. Trails are vectors representing the last three positions of
each atom in aframe of an animation. Thevectorsaredrawnindis-
play color 14 and appear as traces of atom movements.

Display Energy Trace Specifies that atrace of the energy and temperature of the molecule
throughout the dynamics simulation be displayed in the animation.

Do Not Display Dipole Specifies that no dipole be displayed during animation.
Display Dipolefor Whole Specifiesthat adipolein the form of avector arrow be displayed for

Molecule the molecule in each frame of the animation.
Display Dipolefor Each  Specifiesthat adipolein the form of avector arrow be displayed for
Residue each residue in each frame of the animation

An animation may be displayed frame-by-frame or continuously (like a
movie). Aseach frameisdisplayed in the viewing area, its frame number
is shown above the Dynamics dial. Frames may be displayed either for-
ward or backward.

Sample procedure — Dynamics animation
Complete the following exercise to become familiar with proceduresin
the Dynamics Animation application. The exercise uses the trgjectory
files generated in the previous section of this chapter.

1. Sart Dynamics Animation.
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Executing dynamics animation
Display the Applications menu. Select Dynamics Animation.

The Dynamics Animation palette and Dial emulator s are displayed.
The filename of the current M SF (mypeptide.msf) is displayed in the
top left corner of the viewing area. However, the structure is not dis-
played until the animation is created.

. Select coordinate trajectory files.

From the Dynamics Animation palette, select Select Trajectories. A
dialog box is displayed offering options for the management of coor-
dinate trgjectory files to be displayed.

Select the option:
Initialize Dynamics Files
Select the OK button. A File Librarian dialog box is displayed.

Select the file mypep_h.DCD, created during the dynamics heating
phase.

Select the Open button. Information contained in the .DCD fileisdis-
played in thetextport. Thediaog box offering optionsfor the manage-
ment of coordinate trajectoriesis redisplayed.

Select the option:
Add aFile
Select the OK button. A File Librarian dialog box is redisplayed.

Select the file mypep_e.DCD, created during the equilibration phase
of the dynamics run.

Select the Open button. Information contained in the .DCD fileisdis-
played in thetextport, and the dial og box offering optionsfor the man-
agement of coordinate trajectoriesis redisplayed.

Select the option:

Add aFile
Select the OK button. The File Librarian dialog box is redisplayed.

Select thefilemypep_s.DCD, created during the dynamicssimulation
phase.
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1.. Executing CHARMmM Dynamics
Select the Open button. Information contained inthe .DCD fileisdis-
played in the textport. A dialog box offering options for the manage-
ment of coordinate trajectoriesis redisplayed.

Select the option:
List Current Files
Select the OK button.
Thethree .DCD files are listed in the textport:

Dynamicsfile: 1 mypep h.DCD
Dynamicsfile: 2 mypep_e.DCD
Dynamicsfile: 3 mypep s.DCD

Thedialog box offering options for the management of coordinate tra-
jectoriesis redisplayed.
3. Display the header information for the selected .DCD files.

Select the option:

Show File Headers
Select the OK button. A dialog box isdisplayed allowing the selection
of trajectory filesto be read.
Enter the values:

Enter thefirst number in range: 1

Enter thelast number in range: 3

Select the OK button. The header for each of the threetrajectory files
isdisplayed in the textport.
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Executing dynamics animation
file no. 1 is of type CORD
The icntrl array is:
60 10 10 600 10 O O 558 0 0.02045
number of datasets: 60
starting dataset: 10
ending dataset: 600
step size: 10
no of fixed atoms: O
*** T]TLE CARD READ FOR FILE UNIT - 3
* MINIMIZED COORDINATESFROM CHARMM
* DATE: 6/17/91 9:47:31 CREATED BY USER:emily

file no. 2 is of type CORD

The icntrl array is:

60 610 10 600 10 O O 558 0 0.02045
number of datasets: 60

starting dataset: 610

ending dataset: 1200

step size: 10

no of fixed atoms: O

*** T]TLE CARD READ FOR FILE UNIT - 3
* COORDINATES AFTER HEATING DYNAMICS
* DATE: 6/17/91 9:56:26 CREATED BY USER:emily

file no. 3 is of type CORD

The icntrl array is:

60 1210 10 600 10 O O 558 0 0.02045

number of datasets: 60

starting dataset: 1210

ending dataset: 1800

step size: 10

no of fixed atoms: O

*** T]TLE CARD READ FOR FILE UNIT - 3

* COORDINATES AFTER EQUILIBRATION DYNAMICS
* DATE: 6/17/91 10: 8:1 CREATED BY USER:emily

A dialog box offering options for the management of coordinate tra-
jectoriesis redisplayed. Select the Exit button in the dialog box. The
box is removed from the screen.

. Select animation specifications.

From the Dynamics Animation palette, select Set Up Animation. A
dialog box is displayed that is used to define how the trajectory isdis-

played.
Select the option:

Use CHARMm Header
Enter the values:
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From: 10
To: 1800
Sep Size: 10
Clock Speed: 100.0
Number Sepsto Average over: 0

Select the options;

Regener ate Hydrogen Bonds
Display Trails
Do not display dipole

Select the OK button. The dialog box is removed from the screen.
5. Createtheanimation.

From the Dynamics Animation palette, select Create Animation. The
selection is checked and highlighted. The dynamics trajectory isdis-
played frame by frame. Hydrogen bonds for the conformation are cal-
culated and displayed in the frame.

The frame number is displayed above the dynamics emulator dial in
the Dial Emulator window. The progress of the creation is displayed
in both the message line and the textport.

When the creation isfinished, the first frameis displayed in the view-
ing area. The dynamics emulator dials are activated, and frame num-
ber 10 is displayed over the Dynamics emulator dial.

6. Sep through several frames.

Place the cursor on the plus sign (+) in the Dynamics dial emulator
box. Pressand hold the left mouse button. Each trajectory frameisdis-
played in ascending order until the mouse button isreleased or the end
of the trgjectory is reached. The frame number in the Dynamics dial
changesto reflect the frame in view.

Use the minus (-) button in the Dynamics dial box to display the
frames in descending order.

7. Display frames continuously

From the Dynamics Animation palette, select Clock. The selectionis
checked and highlighted. The animation movie is continuously dis-
played in the forward direction until the last frame isreached. The
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movie immediately jumps back to the first frame and repeats the dis-
play until Clock is deselected.

8. Adjust the speed of the display.

Place the cursor on the D of the Speed dial emulator. Press and hold
the left mouse button. Release the mouse button. The speed value
stops changing. and the display step rate increases to a higher value.

Press and hold the left mouse button. Rel ease the mouse button. The
speed value stops changing and the display step rate decreasesto a
lower value.

9. Turn off the Clock tool.

From the Dynamics Animation palette select Clock. Thetool isturned
off and the continuous display of the trgjectory is stopped.

Create an animation with an energy trace

An energy trace plots the energy and temperature of the molecule
throughout a dynamics simulation. The following exercise sets up an
energy trace for the mypeptide animation.

1. Select animation specifications.

From the Dynamics Animation palette, select Set Up Animation. A
dialog box is displayed offering options for displaying the trajectory.

Select the option:
Use CHARMmM Header
Enter the values:

From: 10

To: 1800

Sep Size: 10

Clock Speed: 100.0

Number Sepsto Averageover: 0

Select the option:

Regenerate Hydrogen Bonds
Display Trails
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Display Energy Trace
Do not display dipole

Select the Create button. A dialog box is displayed offering choices
for the energy values to display.

Select the options;

Total Energy
Temperature

Theanimation is created. As each frame of the dynamicstragectory is
displayed, the corresponding energy traceisdisplayed in agraph near
thetop of theviewing area. Ener gy Traceis checked and highlighted.

2. Cyclethrough all of the frames.

From the Dynamics Animation palette, select Cycle. Thetrgjectory is
continuously displayed: first forward until the last frame is reached,
then backward until thefirst frameisreached, then forward again until
the selection is turned off. When each frame of the trgjectory isdis-
played, the energy trace graph and the frame number are updated.

Select Cycle again. The selection isturned off and the continuous dis-
play of the trgjectory is stopped.

3. Examine structures associated with ener gy trace values.

Move the mouse so the cursor is over any point in the energy trace.
Click the left mouse button. The energy trace cursor is moved to this
location and the conformation corresponding to the selected energy
trace valuesis displayed in the viewing area.

4. Exit Dynamics Animation.

From the Dynamics Animation pal ette, select Exit Dynamics Anima-
tion. The palette, energy trace, and animation graphics are removed
from the display. The structure mypeptide.msf is redisplayed in the
viewing area.
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Summary

Summary

CHARMmM dynamics simulates the natural motion of amolecular system
and produces a set of coordinates and vel ocities that describe the atomic
motions of the system over time. The resulting dynamics trgjectory can
be viewed in the Dynamics Animation application and analyzed in the
Analysis application.

A typical molecular dynamics run involves heating, equilibration, and
simulation. Parameters are set for each step inarun. Molecular dynamics
simulations are usually computed at room temperature.

Equilibration is achieved by alowing the molecular system to evolve
spontaneoudly for a period of time, integrating the equations of motion
until the average temperature and structure remain stable. The procedure
is continued until the statistical properties of the system become indepen-
dent of time. Equilibration temperature must correspond to the final tem-
perature used in heating.

Simulation takes an equilibrated structure as its starting point and pro-
duces adynamicstrgjectory. In atypical simulation, the trajectory traces
the motions of the macromolecule for a specified time. The ssimulation
temperature must correspond to the equilibration temperature.

Dynamics heating and equilibration are usually performed only once on
amolecular structure. Simulation may be run several times to show
changes in the conformation of the molecule over time.

All coordinates calculated during a dynamics run are stored in the coor-
dinate trgjectory file specified in the dynamics setup. Each set of coordi-
nates in the dynamics trgjectory can be viewed using the Dynamics
Animation application. You also can read data into an individual MSF.
Thefinal set of coordinatesis storedin CHARMmMm external format at the
end of the calculation.

With the Dynamics Animation application, you can interactively display
adynamics trgjectory calculated by CHARMm, CNX, or X-PLOR. Dis-
plays can include a graphical representation of hydrogen bonding, inter-
atomic distances, atomic positions, molecule energy, or atomic
properties.

The dynamics trgjectory calculated in CHARMmM consists of datasets of
atom coordinates written periodicaly. If the trgjectory is thought of asa
movie, then each individual dataset may be considered aframe. You can

QUANTA 2006 Smulation, Search, and Analysis 27
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display the trgjectory frames at any desired speed. Single frames may be
saved to individual M SFsthat can be compared in detail using the Molec-
ular Similarity application.
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2. Applying Constraints

This chapter describes the optionsin QUANTA used to define and apply
various constraints for CHARMmM calculations. Read this chapter if you
want to apply constraints to structures undergoing CHARM -based oper-
ations.

For information on the definition and analysis of constraints used specif-
ically for NMR structure determination, consult another volume in the
QUANTA documentation set NMR Sructure Determination.

Four kinds of constraints are described in this chapter:

chapter

e Atom constraints— Used to fix or harmonically constrain an atom or
set of atoms to their current positions during energy minimization or
dynamics calculations.

« Distance constraints — Used to apply a square-well constraining
potential between one atom or set of atoms and a second atom or set
of atomsto limit the distance between them to specified bounds.
Where the constraint involves a collection of atoms (protons of a
methyl group, for example), distances are measured from an average
position.

» Dihedral constraints— Used to apply aharmonic constraint to restrict
adihedra (torsion angle) to a specified value.

» Stochastic boundary constraints — Used to simulate forces arising
from average properties of the system outside a specified boundary.

Access to the tools for defining and applying constraints is through the
CHARMmM menu. From the CHARM m menu, select Constraints
Optionsto display a pull-right menu containing selections for each type
of constraint option. Table 7 lists the selections and provides a brief
description of each.
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Table 7. Constraints Options M enu

Selection Description

Select Atom Con- Provides palette choices for defining atom constraints and for selecting
straints atoms to which the constraints are applied.

Atom Constraints  Turnson the atom constraints sel ected for the current session and stored in
On an .atcfile.

Atom Constraints  Turnsoff the atom constraints selected for the current session and stored in
Off an .atcfile.

Dihedral/Distance

Dihedral On

Dihedral Off

Distance On

Distance Off

Provides pal ette choicesfor defining dihedral and distance constraints and
preparing a Constraints Table.

Turnson thedihedral constraints selected for the current session and stored
in the Constraints Table.

Turns off the dihedral constraints selected for the current session and
stored in the Constraints Table.

Turns on distance constraints sel ected for the current session and stored in
the Constraints Table.

Turns off the distance constraints selected for the current session and
stored in the Constraints Table.

Stochastic Bdry Set- Provides choicesfor defining deformable boundary forces used to study an

tings

active site.

Sochastic Bdry Set- Turns on stochastic boundary settings selected for the current session.

tingsOn

Stochastic Bdry Set- Turns off stochastic boundary settings selected for the current session.

tingsOff

Defining and applying atom constraints

Atom constraints are first defined, then applied. To define a constraint:

1. Set the force constant.

2. Select the atomsto which this particular force constant applies.

Start the process by selecting Constraints Optionsfrom the CHARMm
menu. Then select Select Atom Constraints from the pull-right menu.
Two palettes open, the Set Atom Constraints and Atom Constraints Util-
ities palettes. These palettes are similar to those used throughout
QUANTA for atom selection. For example, see the description of the
Active Atoms and Active Atoms Utilities palettes in Chapter 2 of
QUANTA Basic Operations.
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Defining and applying atom constraints
Table 8 and Table 7 list the selections in the Set Atom Constraints and
Atom Constraints Utilities pal ettes, respectively, and provide a brief
description of each selection.

Table 8. Set Atom Constraints palette

Selection Description

All MSFs Selects all MSFsthat have been chosen on the Molecule Management
Table if each MSF has <500 atoms. This option is turned off if one
MSF has >500 atoms.

OneMSF... Selects the atoms contained in the specified MSF. Only the selected
MSF is displayed.

Apply to All MSFs Applies specified selections of one MSF to all active MSFs.

Color by Value Assigns a color to each atom according to the force constant that is
associated with the atom. Helps ensure that constraints are properly
set

Show Force Constants  Labelseach atom with theforce constant assigned toit. Helps establish
proper constraints.

Harmonic Force... Opensdialog box to set aforce-constant value. Default valueis 100.00.
The force constant remainsin effect until it is changed.

Fix Constrains selected atoms to their current position.

Free Sets force constant to zero.

All Atoms Selects all atoms in the structure. Can be used to restore a structure
after using other atom selection options.

All Non-Hydrogen Selects all atoms except hydrogen atoms.

Atoms

Solvent Selects al residues of type: WAT, HOH, TIR, TIP3, SOL, SOLV, ST2,
NON, H20, TIPA4.

Alpha-Carbon Atoms  Selects only protein a pha-carbon atoms.

Protein Backbone Selects only protein backbone atoms.

Nucleic Acid Backbone Selects only nucleic acid backbone atoms.

Residue Range... Active residue range selected by completing information in adialog
box. The process can be repeated.

Residue Type... Active residue type selected by completing information in a dialog
box. The process can be repeated.

Atom Type... Active atom type selected by completing information in adialog box.
The process can be repeated.

Pick Molecule Using themouse, selection of amoleculeis madefrom the active M SFs
on the screen.

Pick Segment Using the mouse, selection of asegment ismade by picking anatomin

the segment from the active M SFs on the screen.
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Table 8. Set Atom Constraints palette (Continued)

Selection Description

Pick Residue Using the mouse, selection of aresidue is made by picking an atomin
the residue from the active M SFs on the screen.

Pick Residue Range Using the mouse, selection of aresidue range is made by picking two
atoms from the active M SFs on the screen.

Pick Atom Using the mouse, selection of an atom is made by picking it from the
active M SFs on the screen.
Proximity Tools Opens the Proximity Tools palette containing multiple choices for

selecting a central atom and nearby portions of a molecule.
Typein a Selection A dialog box is used to enter Selection-Commands.

Undo Returns the viewing area to the state before the previous command.

Clear Deletes all selections. Resets to defaullts.

Revert Returns the viewing areato theinitial state when Select Atom Con-
straints was selected.

Quit Exits Select Atom Constraints without saving changes and revertsto
the original .atcfile.

Finish Exits Select Atom Constraints and writes the changes to atemporary

.atcfile. At least one atom of the active molecule must be selected to
use this option.

Table 9. Atom Constraints Utilities palette

Selection Description
Retrieve Labeled Recovers labeled constraints from M SF created in QUANTA 3.3 or older.
from M SF Atom constraintsfor QUANTA are stored asaset of commandsin an .atc
file.
Read Selection-Com- Reads command from file.atc and updates the viewing area to select the
mands new set of commands.
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Table 9. Atom Constraints Utilities palette (Continued)

Selection Description

Append Selection-  Appendsthe current file.atc with a set of commands from another file2.atc
Commands and updates the viewing area to reflect the new combined set of com-

mands.

Save Selection-Com- Savesthe current set of commands to anew file.
mands

List Selection-Com- Liststhe current set of commands in the Textport window.
mands

Edit FileManually  Allowsan .atc fileto be manually edited. A window is opened, which uses
the vi editor for editing the file?,

Help on Commands Provides alist of all commands and their functions in the Textport.

@Y ou can change the default editor by using the setenv command before QUANTA isstarted. The syntax
is. setenv EDITOR (name of system editor to be used).

To set aparticular force constant, select Har monic Force... from the Set
Atom Constraints palette. Or select Fix or Freeto fix atoms or free
them, respectively.

When you have completed the task of setting aforce constant, select the
set of atomsto which thisforceisto apply, using one of the selectionsin
the Set Atom Constraintspalette. Selectionsareautomatically writtento
afilename.atc file.

The Atom Constraints Utilities pal ette provides toolsto save a particul ar
selection schemeto an .atc file. Thisfile can then beread and used in sub-
sequent sessions.

To use your constraints selectionsin CHARMmM energy calculations,
select Finish from the Set Atom Constraints palette. The current set of
selection commandsin the .atc fileistrand ated, and avaluefor each atom
is stored in the appropriate MSF. A status flag is set on, and the con-
straints are communicated directly to CHARMmM for all subsequent
energy calculations. These constraints remain active until explicitly
turned off using the Atom Constraints Off selection in the Constraints
Options pullright menu or until the QUANTA session is ended.

If asecond molecule is added to an ongoing session, the .atc fileis
updated to include the new molecule. But you must apply the Atom Con-
straints On selection to inform CHARMmM of the change.
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Sample procedure — Defining and applying atom
constraints

Compl ete the next exercise to become familiar with the procedures for
defining and applying atom constraints. This exercise uses mypep-
tide.msf generated in Chapter 4 of QUANTA Generating and Displaying
Molecules. If you have not done so, complete Chapter 4 before proceed-

ing.
1. Open an MSF.

From the File menu, select Open. A File Librarian dialog box isdis-
played.

Select the file mypeptide.msf. Select Replace then the Open button.
The structure is displayed in the viewing area.

2. Define atom constraints.

From the CHARM m menu, select Constraints Options. From the
pull-right menu, select Select Atom Constraints. The Select Atom
Constraints and Atom Constraints Utilities pal ettes are displayed over
the Geometry palette. The Modeling paletteisremoved. Themolecule
isdisplayed in light green

From the Set Atom Constraints palette, select Show Force Con-
stants. Color by Value and Fix are default selections. The message
line reports the force constant as -1.00.

From the Set Atom Constraints pal ette, select Alpha-carbon Atoms.
The aphacarbons are displayed in light green, and the force constant
-1.00 isdisplayed in alabel on each carbon. The rest of the molecule
isdisplayed in blue.

3. Exit from Select Atom Constraints.

From the Set Atom Constraints palette, select Finish. The paletteis
removed and the Modeling palette is redisplayed. The structure
returnsto standard colors. A textport message reads:

The file mypeptide.msf contains the following extra informa-
tion: Next energy calculation will use constraints.
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Defining and applying atom constraints
4. Apply constraints.

From the modeling pal ette, select CHARM m Energy. An energy
valueiscalculated and displayed in the upper-right corner of the view-
ing area.

From the CHARMm menu, select Minimization Options. A dialog
box isdisplayed allowing you to select a minimization method and to
specify associated parameters controlling the calculation

Select the option:

Steepest Descents
Enter the values:

Number of Minimization Seps: 50
Coordinate Update Frequency: 5
Energy Gradient Tolerance: 0.00001
Energy Value Tolerance: 0.000
Initial Sep Size: 0.020

Sep Value Tolerance: 0.000

Select OK. The minimization technique and associated parameters
are defined, and the dialog box is cleared from the screen.

From the Modeling palette, select CHARMmM Minimization. The
cursor changes from an arrow to awatch while the minimization cal-
culation runs.

At the end of the calculation, the structureis displayed with new coor-
dinates. The energy isdisplayed in the upper- right corner of the view-
ing area.

5. Rerun minimization without constraints.

From the CHARMm menu, select Constraint Options. From the
pull-right menu, select Atom Constraints Off.

Rerun an energy minimization exactly asin Step 4.

Compare the data from the calculationsin Steps 4 and 5.
6. Reject changes.

Select Reject Changes from the Modeling pal ette.
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Defining and applying distance constraints

Distance constraints are used most frequently to represent interatomic
distances determined experimentally by measurement of the nuclear
Overhauser effect. NOE interactions or general distance constraints used
in CHARMmMm calculations can be defined as described below. The NMR
Constraints Editor and NMR Structure Determination applications of
QUANTA provide additional toolsto be used with the X-PLOR interface.
They are described in the book NMR Structure Determination.

A subset of the options used in the NMR application is available for use
in general modeling problems. Aswith atom constraints, distance con-
straints first must be defined then applied.

The subset of distance constraints described in this section is accessed
using the Edit Constraints palette that openswhen Distance/Dihedral is
selected from the Constraints Options pull-right menu that is opened
from the CHARMmM menu. This palette is aso used to apply dihedral
constraints. Table 8, lists and briefly describes the palette selections.

Table 10 . Edit Constraints palette

Selection Description
Read Constraints Reads a Constraints Table created in a previous session or in NMR
Workbench.

Import Constraints... Provides an interface to alternative constraint file formats. The

CHARMmM format reads and writes constraintsin aformat that can be
read into CHARMm when used in the stand-alone mode. The Xplor
format reads or generates constraints suitablefor the X PLOR program.
Severa other constraint formats are supported for the NM R-Structure
Determination package and are described elsewhere.

Export Constraints... Providesan interface (same asimport) to movefilesinto aternative con-

gtraint file formats.

Define Dihedral Con- Defines adihedral constraint when four connected atoms are picked.

straint(s)

These atoms are taken to be definitions of the end atoms of the con-
straint. A constraint thus defined is added to the Constraints Table.
Thereisno provision to define a constraint for unconnected atoms.

Propagate a Dihedral Attemptsto find all possible occurrences of the dihedral defined by the

Pick

atom names of the four picked atoms. This selectionisvalid only for
polymersin which atom names repeat from residue to residue.

Dihedral Families Opens adialog box where dihedral family constraints are defined.
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Table 10 . Edit Constraints palette (Continued)

Selection Description
Generate Dihedral Used in conjunction with the NMR workbench. Reads a table of experi-
Constraints mentally determined NMR coupling constants of the type INH_HA

and JHA-HB and converts these to constraints for torsion angles Phi
and Chi1l, respectively. Operation of this selection is described in the
book NMR Structure Determination.

Dihedral Options Sets defaults to use in defining dihedral constraints.
Define Distance Con- Defines a constraint by picking two atoms from the active molecule on

straint(s) the screen. There are six picking modes (listed below) available.
Individual Atom Picks just the atom that is selected. Default mode.
Protons Bound to Defines a constraint to a pseudo atom whose position is defined as the
Picked Atom average of the positions of al protons bound to the picked atom. For

example, the protons of a methyl group can be simultaneously picked
by picking the methyl carbon atom.

Atoms of Picked Resi- Defines a constraint for a pseudoatom whose position is determined by

due the average of all atoms in the picked residue.

Protons of Picked Res- Defines a constraint to a pseudoatom whose position is determined by
idue the average of al protonsin the picked residue.

Atom of Picked Defines a constraint for a pseudoatom whose position is determined by
Segment the average of al atomsin the picked segment. Limited to 500 atoms.

Protons of Picked Seg- Defines a constraint for a pseudoatom whose position is determined by
ment the average of all protons with the average taken over the entire seg-

ment. Limited to 500 atoms.
Distance Options Opens adialog box containing distance constraints defaults, and options

for changing those values. The options assign values to constraint
types, class, upper and lower bounds, activity status, and constraints
display.
Select Constraints Allows selection of a subset of constraints to be active and displayed.
Additional selections can be made using table selection mechanisms.
Delete Selected Con-  Allows an entire set of selected constraints to be deleted. A single con-
straints straint can be deleted by selecting it then deleting it.
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Table 10 . Edit Constraints palette (Continued)

Selection

Description

Show Violation Labels Displays constraints on the screen using a color code to indicate the

extent to which each constraint satisfies boundaries imposed upon it.
For those constraints that are not satisfied, the violation label reports
the extent to which the bound is violated.

Show Constraints Toggles the display of constraints on the structure in the viewing. Con-

straints are also listed in the Constraints table.

Save Constraints Savesthe current constraintsin table form and supplies a.con file exten-

sion asameansto identify it asaConstraintstable. Thisisthe recom-
mended format  to use for communicating with NMR Workbench.

Save Constrains As...  Savesthe current constraintsin table form and supplies a.con file exten-

sion to identify it as a Constraints table. Allows new filename to be
assigned. Thisisthe recommended format to use for communicating
with NMR Workbench.

Exit Edit Constraints Exits the Edit Constraints palette for distance and dihedral constraint

definition and application. Returnsto molecular modeling modewhere
CHARMmM energy calculations can be carried out. Contacts displayed
on the model are removed, but the table remains displayed. The table
must be present in order to send Constraint commands to CHARMm.

When the Define Distance Constraints selection isactive, any two picks
aretaken to be definitions of the end atoms of the constraint. A constraint
thus defined is added to atable of constraints labeled Constraints Data-

base.con. Thistable opensin a separate window over the window for the
Molecule Management table. It is stored in a.con file when the Edit Con-
straints palette is exited.

As each constraint is defined, a colored dashed line on the screen con-
nects the end atoms of the constraint. If the actua interatomic distancein
the model falls within specified bounds, the contact lineis displayed in
blue. If the distance exceeds the upper bound, it is drawn in red, and if
less than the lower bound, in yellow.

Constraint properties are assigned current default values. These defaults
can be changed using the dialog box that is displayed when Distance
Optionsis selected from the Edit Constraints palette. After a constraint
is defined and appearsin the table, its properties can be edited directly in
the table using table edit procedures. The atomidentifiersin columns End
1 and End 2 of the table cannot be edited.

The options defined in this dialog box include:
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* Type—A code used primarily to distinguish distance constraints
(defined by two atoms) from torsion constraints (defined by four
atoms). For distance constraints in most applications, set the type to
NOE.

» Class— Four-letter code used to distinguish variouskinds of distance
interactionsfrom one another. Itsprimary useisinthe NMR Structure
Determination application, where different potential functions are
assigned to different types of interactions. The class assigned hereis
useful only as atag for selection.

» Targeted Distance (Target)— The optimal distance between two
picked atoms.

* Upper Bound and L ower Bound —Values that define the range for
which aconstraint is satisfied. These correspond to Ry ax and Ry n
parameters, respectively, in the CHARMm NOE potentia function.
They determine the width of the square well.

* CHARMM Force Constant KMIN and KM AX — Force constants
that determine the steepness of the potential outside the Ry, and
Rmax ranges.

« Activity Setting— Determinesif aconstraint in the Constraintstable
issentto CHARMmM. If thetoggleisset to | nactive, the constraint can
be defined but not used in CHARMmM calculations.

The Constraints table contains columns for each parameter described
above, plus several that are specific to the NMR Structure Determination
application. Full column display is achieved in an expanded window.

The Constraints table also includesits own set of menus that can be used
to manipulate table data and edit constraints. These pull-down menus are
accessed from the menu bar at the top of the table and include:

» File— Managesimport and export of table files. Limited use recom-
mended. Instead use the Import, Export, and Save selectionsin the
Edit Constraints palette.

» Edit — Manages constraint subsets. Also providestoolsto define and
edit rows.

» Format — Customizes appearance of the table.
« Data— Manipulates table entries.

» Special Tools— Defines and manages constraint subsets.
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Initialy, al constraints are selected and highlighted in blue, both in the
Constraints table and on the screen,. When many constraints are defined,
it may be useful to select or delete a subset of them as an aid to viewing.
Constraints can be selected by using optionsin the Select Constraints pal-
ette. This palette is displayed when you select Select Constraintsin the
Edit Constraints palette.

You also may select constraints from the Constraints table. Selectionsin
the table are made by clicking or double-clicking the row number of the
constraint you want to select, by using Select All in the table Edit menu,
by using Find in the table Data menu, or by using selectionsin the Spe-
cial Tools menu.

If the <Shift> key is depressed asarow is selected, the row is added to
the current constraints list. If the <Ctrl> key is depressed asarow is
selected, all rows between the current row and the previously selected
row are selected.

In the CHARMmM Constraints Options pull-right menu, Distance On
and Distance Off are used to communicate selected constraints to
CHARMmM. In addition, the Status column (activity setting) in the Con-
straints table can be used to toggle individual constraints on or off. When
changes are made in the table, turn all constraints off then on again to
make sure the changes are sent to CHARMm.

Each time constraints are sent to CHARMmMm, a dialog box appears
requesting values for a scaling factor to be used in the CHARMm NOE
constraint potential function. The functional form of this potential is
described in the CHARMm documentation.

Defining and applying torsion constraints

A torsion (dihedral) constraint is defined by picking four connected
atoms after selecting Define Dihedral Constraint inthe Edit Constraints
palette. No provision is made to define a constraint for unconnected
atoms.

Theatom identifiersthat appear in the Constraintstable are the end atoms
of thetorsion. The constraints that you define are listed in the table and

aso displayed on the model asasmall ring around the middle bond of the
torsion. Thering isblueif the value of thetorsion in the model lieswithin
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Defining and applying torsion constraints
the specified upper and lower bounds. Red indicates a violated upper
bound and yellow indicates a violated lower bound.

Default values for constraint parameters can be modified by selecting
Dihedral Optionsin the Edit Constraints palette. The parametersin the
dialog box that opens include:

* type— Used do distinguish dihedral constraints from distance con-
straints when interacting with CHARMm.

* Constrain to — Provides options for defining the optimal constraint
value.

¢ Current value— Constrains the torsion to stay at or near its current
value.

» Specified Target — Defines the optimal value and its upper and
lower bounds.

« SolveKarplusEquation — Each timeadihedral is picked, activates
adiaog box that presents coefficients for the Karplus equation and
solutions that would be generated by a particular value of an experi-
mentally determined coupling constant. Both the coefficient and the
coupling constant can be changed.

¢ CHARMM Force Constant — Sets adefault value that appearsin
the Constraints table for the force constant The CHARMm potential
function used for torsion constraintsis a simple harmonic function
containing force constant K.

« Activity Setting— Determinesif aconstraint in the Constraintstable
issentto CHARMmMm. If thetoggleis set to | nactive, the constraint can
be defined but not used in CHARMmMm calculations.

The Edit Constraints palette selection, Propagate a Dihedral Pick,
attemptsto find all possible occurrences of the torsion defined by the
atom names of thefour picked atoms. If, for example, theatomsC, N, Ca,
and C are picked in aresidue of a polypeptide chain, all occurrences of
thistorsion are found and defined. This selection isvalid only for poly-
mers in which atom names repeat from residue to residue.

Aswith Propagate a Dihedral Pick, the Dihedral Familiesselectionis
useful only in molecules that contain repeating subunits. Dihedral Fam-
ilies allows quick definition of commonly occurring dihedrals such as
phi, psi, and omegain proteins. For example, the selection coul d be useful
in setting up simulations of proteinsin which all omegatorsions are
restricted to the trans configuration.

QUANTA 2006 Smulation, Search, and Analysis 41




2.. Applying Constraints
In the CHARMmM Constraints Options pull-right menu, Dihedral On
and Dihedral Off are used to communicate selected constraints to
CHARMmM. In addition, the Status column (activity setting) in the Con-
straints table can be used to toggle a single constraint on or off. When
changes are made in the table, turn all constraints off then on again to
make sure the changes are sent to CHARMm.

Sample procedure — Defining and applying distance and
torsion constraints

Complete the following exercise to become familiar with the procedure
for defining and applying distance and torsion constraints. Continue
using mypeptide for this exercise.

1. Define distance constraints.

From the CHARM m menu, select Constraints Options. Then select
Dihedral/Distance from the pull-right menu that opens. The Edit
Constraints pal ette opens and the Modeling palette is removed.

From the Edit Constraints pal ette, select Define Distance Con-
straints. In the palette, I ndividual Atom is highlighted as a default
selection.

Pick any two pairs of atoms as end atoms in the mypeptide molecule
to define two distance constraints. A dashed line appears connecting
each pair of atoms. If the distances are within default bounds, theline
isblue. If not, theline is either red (too far) or yellow (too near).

The Constraints table entitled Constraints_database.con is displayed

in a separate window. The distance constraints are listed in the table.
2. Definedihedral constraints.

From the Edit Constraints palette, select Define Dihedral Con-

straints.

Pick any four connected atomsto define atorsion anglein the mypep-
tide molecule. The torsion constraint datais added to the Constraints
table.

3. Exit the Edit Constraints palette.
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From the Edit Constraints palette, select Finish. The paletteis
removed and the Modeling palette is redisplayed. The Constraints
table remains on display. A File Librarian dialog box opens.

Enter:

mypeptide

Select the Save button. The distance constraints are saved to a.con
file.

. Apply constraints.

From the CHARM m menu, select Constraint Options. From the
pull-right menu that opens, select Distance Constraints On and
Dihedral Constraints On.

From the Modeling palette, sslect CHARMm Energy. An energy
valueiscalculated and displayed in the upper right corner of the view-
ing area.

From the CHARMmM menu, select Minimization Options. A dialog
box isdisplayed allowing you to select a minimization method and to
specify associated parameters controlling the calculation

Select the option:

Steepest Descents
Enter the values:

Number of Minimization Seps: 50
Coordinate Update Frequency: 5
Energy Gradient Tolerance: 0.00001
Energy Value Tolerance: 0.000
Initial Sep Size: 0.020

Sep Value Tolerance: 0.000

Select OK. The minimization technique and associated parameters
are defined, and the dialog box is cleared from the screen.

From the Modeling palette, select CHARMmM Minimization. The
cursor changes from an arrow to awatch while the minimization cal-
culation runs. The distance and torsion constraints that you defined
are applied during the calculations.
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At the end of the calculation, the structure is displayed with new coor-
dinates. The energy isdisplayed in the upper right corner of the view-
ing area.

From the Modeling palette, select Reject Changes. The moleculeis
redisplayed using the most recently stored coordinates.

5. Rerun minimization without constraints.
From the CHARM m menu, select Constraint Options. From the
pull-right menu that opens, select Distance Off and Dihedral Off.
Rerun an energy minimization exactly asin Step 4.

Compare the visua and written data from the calculationsin Steps 4
and 5.

Select Regject Changes from the Modeling palette.

Applying stochastic boundary constraints

Deformable boundary forces are used in studying small localized regions
of solvent (thereaction zone) around an active site. The program assumes
that either the entire molecule or the region of the active site is solvated.
Outsidethe reaction zone, atoms of the solvent and solute are either fixed
or ignored. Boundary forces are applied to the solvent atoms inside the
zone and serve to contain the reaction zone.

In QUANTA, boundary forces generally are computed from the deform-
able boundary method of Brooks and Karplus. (See References) These
forces are computed in 1-A increments for solvent spheres8-25 A in
diameter.

To select and apply these forces, select Constraint Options from the
CHARMmM menu. From the Constraints Options pull-right menu that
opens, select Sochastic Bdry Settings. A dialog box opens from which
you select options and specify parameters.
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Summary

References

This chapter describes the optionsin QUANTA used to define and apply
various constraints for CHARMmMm calculations. Access to the tools for
defining and applying constraints is through the CHARM m menu.

Four kinds of constraints are described:

e Atom constraints— Used to fix or harmonically constrain an atom or
set of atomsto their current positions during energy minimization or
dynamics calculations.

« Distance constraints — Used to apply a square-well constraining
potential between one atom or set of atoms and a second atom or set
of atomsto limit the distance between them. Distance constraints are
used most frequently to represent interatomic distances determined
experimentally by measurement of the nuclear Overhauser effect

» Torsion constraints — Used to apply a harmonic constraint to restrict
atorsion angle to a specified value.

¢ Stochastic boundary constraints — Used to simulate forces arising
from average properties of the system outside aspecified boundary. In
QUANTA, boundary forces generally are computed from the deform-
able boundary method of Brooks and Karplus.

Initially al constraints are selected and displayed both in the Constraints
table and on the screen. The Constraints table contains columns for each
constraint parameter. It also includes its own set of menusthat can be
used to manipulate table data and edit constraints.

1. C.L.Brookslll and M. Karplus. 1983. J. Chem. Phys. 79, 6312.
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3. Defining Geometric Properties

This chapter covers methods to define torsions and other geometric prop-
ertiesthat are used for the Conformational Search and the Analysis appli-
cations.

Conformational Search uses torsion driving as the primary mechanism
for sampling the conformation space accessible to a molecule. Since tor-
sions must be defined before a search can be performed, read this chapter
first if you want to use Conformational Search in your modeling work.

When a conformation or group of conformations have been generated,
torsions and other geometric properties provide useful measures for fil-
tering and selecting subsets of structures. These tasks are performed in
the Analysisapplication, so thischapter isalso relevant asan introduction
to Anaysis.

chapter

Torsion driving in cyclic modeling presents some problems for maintain-
ing closed rings during a search procedure. This chapter includes a sec-
tion to describe techniques for handling cyclic structuresin
Conformational Search.

The chapter also describestools for defining and applying other (non-tor-
sion) geometric properties usesin Analysisincluding genera distance,
angle, and dihedral monitors and some specialized methods for defining
distances.

For additional information on Conformational Search see Chapters4 and
5. For additional information on Analysis, see Chapter 6.

Understanding Torsion Manipulations

Torsion anglesare primary conformational search variables. Thefirst step
in establishing a search procedure is to define torsions in the displayed
structures. During the search, these angles are varied to generate new
conformations. A special palette selection, Elastic Bond, can be used to
limit the effects of torsion manipulation on amolecule. In particular, this
tool is used to study cyclic structures.
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Each torsion isidentified by a sequential number, the torsion family
name, (for example, torl) the name of the atoms composing the torsion
(for example, C1, C2, C14, C15), and an indicator identifying if the tor-
sion is a backbone or side-chain torsion.

Tools are available for defining, selecting, listing, or saving torsion
angles. These tools are accessed by selecting Tor sions from the Confor-
mational Search palette that is displayed when you select Conforma-
tional Search from the Applications menu. For more information onthe
Conformational Search palette, see Chapters 4 and 5.

When you select Tor sions from the Conformational Search palette, the
Torsions palette is displayed. Table 11 lists palette selections and pro-
vides abrief description of each. When this paletteis displayed, the Con-
formational Search paletteisclosed. It isautomatically redisplayed when
you select Exit Torsions from the Torsions palette.

Table 11. Torsions Palette

Selection

Description

Define All Torsions Defines all non-ring torsions in the molecular system.
Use Default Names Automatically generates torsion names when Define All Torsionsis

employed. Thistoggleisturned off if Use Names from Templateis
sel ected.

Use Names from Tem- Derives torsion names from a specified template file when Define All

plate

Define Peptide

Torsionsisemployed. A prompt appears for the name of the torsion
template file. Thistoggle isturned off if Use Default Namesis
selected.

Automatically defines and selects all the backbone torsion angles of a

Backbone Torsions peptide. Thistool detectsif the peptideislinear or cyclic and displays

Pick Torsions

Pick Torsion
Sequences

theinformation in the Message Line.
Allows the interactive selection of atoms to define torsion angles.

Allowstheinteractive selection of atoms to define torsion angles where
a sequence of bonded atomsiis picked and all thetorsionsinvolved in
the sequence are defined.

Read Torsionsfrom  Readsan ASCII file (filename.tor) containing torsion angle definitions.

File

Read Torsion
Template

List Torsions

Reads an ASCII file (filename.trn) containing torsion angle family defi-
nitions and defines all the torsions in the molecule belonging to the
specified families.

Displaysalist of currently defined torsions and their values for the cur-
rent conformation. Thislist is displayed in the Textport.
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Table 11. Torsions Palette (Continued)

Selection Description
Save Torsions Saves the atoms and torsion name defining each torsion to atorsions def-
inition file filename.tor).
Save Torsion Saves the torsion family names of all defined torsionsto atorsion tem-
Template plate file (filename.trn).
Select Torsions Selects a subset of defined torsions. The selected torsions are used as

variablesin a search procedure. This selection brings up anew palette
used to make the torsion selection.

Clear All Torsions Clears dll torsions specified during the current session.

Elastic Bond Restricts the effects of rotation about a bond to alocalized region of a
molecule. The connectivity of each elastic bond is broken during the
torsion perturbation phase of a search procedure, but the energy term
for the bond is retained. The bond's energy term closes the ring during
energy minimization. See Dealing with Cyclic Sructures on page 54.

List Elastic Bonds Displaysalist of defined elastic bondsfor the current conformation. This
list isdisplayed in the textport.

Exit Torsions Closes the Torsions palette and returns to Conformational Search.

Defining Torsion Angles

Torsions defined in Conformational Search are used both to modify and
analyze structures. Since they are used to modify conformations, they
must be defined by four connected atoms. If you want to use a more gen-
eral (non-driveable) dihedral angle in analysis, see the information on
Geometry Monitors under Defining Other Geometric Propertiesin this
chapter.

Define All Torsionsisthe selection in the Torsions pal ette used to define
non-ring torsionsin amolecular system. It provides the simplest way to
definetorsions about all rotatable bondsin molecules. When you use this
selection, there are two waysto nametorsions. If you select Use Default
Names from the Torsions palette, Define All Tor sions assigns default
names for the torsions.

If you select Use Names from Template, the Define All Tor sions func-
tion promptsfor the name of an existing torsion templatefile. Inthiscase,
whenever a defined torsion has the same four atom names defined as a

torsion family in the specified torsion templatefile, the family namefrom
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thefileisassigned to thetorsion. If such atorsion isnot found in thefile,
adefault name is assigned to that torsion.

Using Define All Tor sionsisthe fastest way to define rotatable torsions,
but it may not always be the best way. This selection definesall torsions,
but, in some cases, it may be desirableto define only some of thetorsions.

In addition, the specification of atorsion angle about the bond B-C
requirestheidentification of four connected atoms, A-B-C-D. For agiven
bond B-C, there may be several ways of measuring the torsion value
depending on the choice of the pendant (rotating) atoms A and D. When
you use Use Default Names, thereis no control over the choice of atoms
A and D for arotation about the bond B-C.

Interactively Defining Torsion Angles

The Pick Torsions selection in the Torsions pal ette defines torsions by
enabling interactive selection of four connected atoms from the viewing
area. When thistool is selected, the Pick Torsions palette is displayed,
providing tools that aid in defining torsions.

If torsions are already defined when Pick Torsionsis selected, adialog
box is displayed. This box offersthe option of adding to the existing vari-
abletorsionslist or canceling all previously defined torsions and starting
anew variable torsions list.

Groups of four atomsarepicked interactively until al desiredtorsionsare
defined. Undo removes the most recently picked atom from the torsion
definition or, after completing afour-atom sequence, Undo cancels the
most recently defined torsion angle.

When four atoms are sel ected to define atorsion, adialog box isdis-
played for entering aprefix nameto assign thetorsion. Assigning amean-
ingful name to atorsion (for example, alpha or omega) is useful for
identifying the torsion at alater time.

After torsion angles are defined, select Finish in the Pick Torsions pal-
ette. Finish cannot be chosen until afour-atom sequence is selected to
define atorsion. In contrast, Quit removes all torsion definitions speci-
fied during the current Pick Torsions session, then exits.

Pick Torsion Sequencesisaseection similar to Pick Torsions, but it
makes it possible to pick a sequence of four or more connected atoms
from which a set of torsionsis defined at one time. If n connected atoms
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are picked, n-3 torsions are defined. A dialog box with proposed torsion
namesis presented. For example, if asequence of eight connected atoms,
A-B-C-D-E-F-G-H, is picked, five torsions angles, A-B-C-D, B-C-D-E,
C-D-E-F, D-E-F-G E-F-G-H, are defined.

The selections Pick Torsions and Pick Torsion Sequences define only
thetorsion anglesinteractively picked. They do not define al thetorsions
of any given family. The selections are particularly suited to those cases
where only asmall number of torsion angles need to be defined.

Specifying Torsion Angles and Families

As many as 2,000 torsions can be defined in the Conformational Search
and Analysis applications. To enable easy referencing of various torsion
angles, anaming convention is employed. The naming system makes it
easier to deal with torsion angles belonging to various families.

Each torsion is assigned a name that consists of a user-supplied prefix
name and the residue number to which the torsion belongs. The residue
number isautomatically appended to this prefix to generate aname of the
form: name(residue_number). The prefix name can have as many as six
characters.

In many molecular systems, identical or nearly identical subunits are
repeated, giving rise to repetition of the same type of torsion angle. For
example, in a polypeptide chain, the torsions phi, psi, and omega occur
repeatedly in the backbone chain. If the prefix names chosen for these
angles are phi, psi and omega, a particular torsion angle can be conve-
niently referred to, for example, as phi (7), psi (12), or omega (3).

All torsions of the same type have the same prefix name and are said to
belong to the same torsion family. All torsions belonging to a particular
family may be identified by specifying atorsion template. Torsion tem-
plates may be generated interactively or read from atorsion templatefile,
filename.trn.

A torsiontemplatefileisan ASCII file composed of one or more records,
with each record defining one torsion family. In the following example,
three torsion families are defined and identified as being part of a molec-
ular backbone:
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phi C N CA -C back
psi N CA C N back
omega CA C N CA back

Thefirst field intherecord isasix-character field that assignsasymbolic
name to the torsion family. The next four fields are six-character fields
containing atom names defining the atom sequence of the torsion family.
The sixth field is afour-character field designating whether the torsion
belongsto the main chain or side chain of astructure Thisfieldisrelevant
only to polymeric systems such as proteins.

For a given torsion family name, it is acceptabl e to have more than one
template declaration in afile. No two torsion angles may have the same
family name within the sameresidue. Also, torsionsthat are part of aring
system or cyclic structure should not be assigned in atorsion template
file.

A library of sampletemplate filesfor some commonly occurring biopoly-
mersis provided in QUANTA. Thislibrary can be accessed using the
environment variable SQNT_TORTEMPLT. Templates are available for
defining protein, polysaccharide, and DNA torsion angles. It must be
emphasized that these are sample template files. For any specific mole-
cule, the torsion angle definitions should be used with care. For instance,
make sure that no two torsion angles have the same family name within
the sameresidue. To handle specialized molecul es, you are encouraged to
construct your own template files.

Saving and Restoring Torsion Angle Definitions

Torsion selections employ two different kinds of ASCII files for saving
and retrieving torsion angle definitions:

 .tor files— ASCII filescontaining torsion angledefinitions. A .tor file
consists of severa lines; each line is made up of four integers sepa-
rated by spaces, with each integer specifying an atom number. There-
fore, each linein thisfile makes up atorsion angle definition. The full
name of the torsion angle may be optionally included at the end of
each line.

» .trnfiles— Torsion template files described on page 51.

The following selections in the Conformational Search palette are
involved in saving and retrieving torsion angle definitions:
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Read Torsionsfrom File reads an existing .tor file and defines these tor-
sion angles. A File Librarian dialog box is displayed listing all torsion
definition filesin the current directory having the proper filenameformat.
This selection checks the four atom numbers for a correctly defined tor-
sion by employing atom connectivity information. It also checks for
duplicate specifications. If two torsion definitions have the same two
atom numbersin the middle, the entire torsion definition fileis rejected.
A message is displayed in the message line stating that the torsion defini-
tion file was ignored.

Save Tor sions writes the current torsion definitionsto an ASCII file. A
File Librarian is displayed so that you can enter a base filename for the
torsion definition file or select an existing torsion definition file. When a
base filename is entered, a .tor file extension is automatically appended
toit.

Read Torsion Template reads an ASCII file (filename.trn) that defines
torsion angle families. A File Librarian displaysalist of torsion template
filesin the directory 3QNT_TORTEMPLT. One of these files can be
selected, or the directory can be changed to select a user-defined torsion
template file. After thefileisread, al torsion angles belonging to the
specified families are defined.

Save Torsion Template creates atorsion templatefile (filename.trn) cor-
responding to thetorsions currently defined. An output template filename
must be specified.

List Torsionsdisplaysalist of currently defined torsionsand their values
for the current conformation. Thislist is displayed in the Textport.

Selecting Torsions

Select Torsionsin the Torsions palette is used to make specific torsion
subset selections. When torsions are defined, all the defined torsions are
automatically selected. All selected torsions are considered to be vari-
ables in any search procedure.

The option of selecting a subset of torsion angles enhances the flexibility
of search procedures. For example, thetorsion templatefile SQNT_TOR-
TEMPLT/protein.trn defines al torsions in a peptide or protein. After
reading this template file, you can use Select Tor sions to specify ator-
sions subset that includes only sidechain torsions of a particular residue
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type. This subset becomes the variable torsion list during a search proce-
dure.

The selected torsionslist is modified by selectionsin the Select Torsions
palette that is displayed when Select Torsionsis selected from the Tor-
sions palette. Table 12 lists and briefly describes each selection.

As selections are made, structures displayed in the viewing are modified
to show the selected torsions using color 2 (default blue) for selected
bonds. Atom coloring is reset when you leave the Select Tor sions facil-
ity.

Include and Exclude are mutually exclusive toggles. One of them is
activein the Select Torsions palette at all times. Combined with Include
or Exclude, All Torsionsincludes or excludes al the torsions from the
selection list. All Backbone Tor sions includes or excludes all the back-
bone torsion angles. All Sidechain Torsionsincludes or excludes all
sidechain torsion angles.

Doubleand Peptide Tor sions examinesthe atom types of the central two
atomsin thetorsion to determine if the bond between them isadouble or
peptide bond. If thereis abond of either type, selection includes or
excludesthetorsion angle. Thisselection isused to deal rapidly with pep-
tide and double bonds during conformational search.

Select a Subset of Torsions allows you to make torsion selection from a
dialog box listing all the defined torsions in a structure. This selection
method isideally suited for a small molecule with afew torsion angles.

Make a Custom Selection is primarily used with molecules made up of
severa residues such as a synthetic polymer or a biopolymer chain.
Selecting this tool brings up a dialog box that permits specification of a
set of torsions within aresidue range, within a set of residue types, and
within a set of torsion family types.

List Torsions lists the defined torsions in the textport. Those torsions
belonging to the current subset selection are easily identified by the aster-
isk in the last column of the listing.

Dealing with Cyclic Structures

Four selections and options aid in searching conformations of cyclic
structures. Two selections, Define Peptide Backbone Tor sions and
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Table 12. Select Torsions Palette

Selection

Description

Include

Exclude

All Torsions

All Backbone
Torsions

All Side Chain
Torsions

Double & Peptide
Torsions

Select a Subset of
Torsions

Make a Custom
Selection

List Torsions
Quit

Finish

Includes subsequently identified torsion anglesin the torsions selection
subset. Used in conjunction with All Torsions, All Backbone Torsions,
and All Side Chain Torsions.

Excludes subsequently identified torsions from the torsions selection sub-
set. Used in conjunction with All Torsions, All Backbone Tor sions, and
All Side Chain Torsions.

Includes or excludes all torsionsfrom the current variabl e sel ected torsions
list.

Includes or excludes only backbone torsions in the variable torsions list.
The classification of atorsion as abackbone or side chain is specified in
the torsion template file.

Includes or excludes only side chain torsions in the variable torsions list.
The classification of atorsion as abackbone or side chain is specified in
the torsion template file.

Includes or excludes double and peptide bond torsions.

Displays adialog box listing all available torsions and allows selections
from thislist to be included or excluded to create a subset of torsions.

Selects a subset of torsions by specifying aresidue range, residue types,
and torsion family typesin a dialog box.

Displays a Textport list of all currently available torsions. An asterisk des-
ignates selected torsions.

Exits the Torsion Selection palette without making any changesin the tor-
sion selections.

Exits the Torsion Selection palette, saving the torsion subset selectionsin
the variable torsions list.

Elastic Bond, are selectionsin the Torsions palette. The remaining two,
I nitialize Go Scheraga Cyclization and Find Go Scheraga Cyclization
Type, are options displayed in adialog box when Cyclization is selected
from the Conformational Search palette.

Define Peptide Backbone Tor sionsautomatically definesand selectsall
backbone torsion angles of a peptide. It detectsif the peptide islinear or
cyclic, and displays this information in the message line. Cyclization
detection is limited to cyclization through the backbone atoms. This
selection isthe only proper way to pick the backbone torsion angles for
cyclic peptides before the Go-Scheraga cyclization method is employed.
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Define Peptide Backbone Tor sionstemporarily opensthe cyclic peptide
by manipulating the atom connectivity information. It defines the back-
bone torsions, then resets the connectivity information. This procedure
automatically makes one of the backbone torsions el astic and enablesthe
backbone torsionsto be correctly manipulated. When both sidechain and
mainchain torsions are defined, the program requires selection of thistool
before reading or interactively selecting sidechain torsion angles.

Elastic Bond properly definestorsion anglesin cyclic structuresto allow
conformational search procedures to execute. Normally, if an attempt is
madeto rotate about atorsion defined in aring system, the entire structure
tumblesin space and the conformation remains unchanged. This problem
is circumvented by making one or more bonds in the ring temporarily
breakable but hiding the break from the force field. For example, if the
bond C-D ismade el astic in the atom sequence A-B-C-D, arotation about
bond A-B will affect atom C but leaves atoms D and E unchanged. Since
C ismoved and D is not, the bond C-D will be stretched relative to its
equilibrium length. However, the connectivity break is hidden from the
forcefield so it sees only astretched bond. Subsequent energy minimiza-
tion is used to restore the bond it its equilibrium length.

When you select Elastic Bond from the Torsions palette, the bond you
choose flashes momentarily when it is selected. Information about the
bond is printed in the Textport. Elastic Bond must be selected each time
abond is picked. When Elastic Bond is selected, existing torsion defini-
tions are automatically cleared. Therefore, torsions must be defined after
elastic bonds are designated.

If the molecule under investigation is a cyclic peptide, and Define Pep-
tide Backbone Torsionsis selected, an elastic bond is automatically
defined.

In addition to torsion manipulationsin cyclic molecules, Elastic Bond
can be used in non-cyclic situations to confine deformationsto a specific
region of the molecule.

Since atom connectivity lists are used to define bonds for CHARMm
energy calculations, calculate aninitial energy before creating an elastic
bonds.

Thelnitialize Go Scher aga Cyclization option sets up the Go-Scheraga
cyclization procedure. Define Peptide Backbone Tor sions must be used
to detect acyclic structure beforethel nitialize Go Scheraga Cyclization
option is employed.

56 QUANTA 2006 Smulation, Search, and Analysis



Dealing with Cyclic Structures
Initialize Go Scheraga Cyclization establishes the Go-Scheraga
cyclization solution type. See citation 1 in the References section for a
description of thistechnique. The selectionisonly availablewhen Define
Peptide Backbone Tor sions detects a peptide as being cyclic.

The conditionsfor cyclization are satisfied when six dependent backbone
torsion angles are suitably adjusted as other independent backbone tor-
sion angles vary during a search procedure. The six dependent torsion
angles are the last three phi-psi pairsin a peptide sequence.

If the independent torsion angles are given a specific set of values,
cyclization may or may not be achieved, depending on how valuesfor the
six dependent torsion angles are found to satisfy the cyclization condi-
tion. If no solutions are found for the given independent torsion angle val-
ues, acyclization failure is reported. In contrast, there may be multiple
solutionsto close the ring for the same independent torsion angle values.

The algebra used for the cyclization solution necessitate entering two-
integer solution types. There are four of these types, referred to as[1,1],
[1,2],[2,1], and [2,2]. The solution type isidentified in the Textport.

Only torsions are modified when cyclization type is determined. I nitial-
ize Go Scheraga Cyclization does not vary bond lengths or bond angles
during cyclization attempts. This tool assumes the conformation in the
viewing areais cyclic.

The method of solving for acyclization condition isiterative. There are
two solution-seeking methods imbedded in the procedure: a global solu-
tion and alocal solution

Theglobal solution searchesfor all solutionsfor the six dependent angles
for agiven set of independent torsion angle values. The local solution
starts from the values of the six dependent torsion angles of the previous
cyclic structure, then varies each independent torsion angle iteratively to
find the next set of values.

Go-Scheraga cyclization is especially useful whenever small changesin
the independent torsion angles are made on an aready perfectly cyclized
structure. The local solution in most casesinvolves small random pertur-
bations of torsion anglesin the search procedure. In the Boltzmann Jump
search procedure, failure after several local solution attempts automati-
cally causes aglobal solution attempt. If successful, the cyclization type
change is displayed in the textport.
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Find Go Scheraga Cyclization Type reports the Go-Scheraga solution
typeinthe Textport. Thisoptionwill work only if I nitialize Go Scher aga
Cyclization has been used to determine the cyclization solution types.

Defining Other Geometric Properties

Torsion definition must be carried out prior to conformational search
because torsion driving is used to ater conformations. Other geometry
properties such as interatomic distances, additional torsions, and general
dihedral angle monitors can be defined either during a search or from
within the Analysis application. Use of these propertiesis described
below.

To define specific interatomic distances in a displayed structure, select
I nteratomic Distancesfrom the Conformational Search palette. A dialog
box opens offering distance handling options.

When you select Pick Distances from the dialog box, the Interatomic
Distances paletteis displayed. Table 13 listsand briefly describes pal ette
selections. Up to 200 distances can be defined.

Table 13. I nteratomic Distances Palette

Selection Description

Pick Distances Defines specific distances using atom picking.

End Picking Atoms Ends the distance selection process by ending atom picking.

Ignore Hydrogens Excludes any subsequently specified interatomic distances that contain
ahydrogen atom.

Only C-alpha Atoms  Includes only subsequently specified interatomic distances between C-

All Distances
Atom<>Atom
Res<>Res
Finish

apha atoms.
Defines all pair-wise distances in a structure.
Defines distances between interactively selected atom pairs.
Defines distances between all atom pairs in selected residues.
Exits the palette, saving the distance definitions.

Use Finish to exit the palette. Confirm distance definitions by again
selecting I nteratomic Distances from the Conformational Search pal-
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ette. From the dialog box, select List Distances. Distances are listed in
the textport.

Read Distances reads a previously defined set of distancesfrom adis-
tance file (filename.dis) created and saved during a previous session.

Save Distancesin thedialog box savesaset of defined distancesto afile.
Thefile can beread during subsequent sessions. A distancefile extension
is automatically appended to the base filename to generate afile named
filename.dis.

You can access the CHARMmM constraints facility from the Interatomic
Distances dialog box by selecting Constraints Table Distances. The
constraintsfacility providesamechanism for defining or importing tables
of distance constraints. You can extract previously defined tablesand use
them in your analysis. For more information on this facility, see Chapter
2.

In the Geometry palette, available at the modeling level, you can select
Distance, Bond, Angle, and Dihedral M onitorsto define and monitor
these parameters. Defined monitors can be carried into analysis and used
in the same way as other geometry measures. Dihedral M onitorsallows
you to define general dihedrals composed of any four atoms (connected
or not).

Other properties that depend on geometry or internal coordinates are
defined using Define Property in the Conformational Search palette.
When you make this selection, adialog box is displayed with the options:

Radius of Gyration

Dipole Moment

Number of Hydrogen Bonds
Fractional Free Volume

There properties can be calcul ated for each conformation during a search
procedure. They can be analyzed using the Analysis application.

Sample Procedure — Defining Torsion Angles

Complete the following exercise to become familiar with the procedures
for defining torsion angles. This exercise uses searchl.msf created in
Chapter 2 of QUANTA Generating and Displaying Molecules. If you
have not completed Chapter 2, do so before proceeding.
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1

Open searchl.msf.

Display the File menu. Select the Open function. A FileLibrarian dia-
log box is displayed.

Select searchl.msf from the scrolling list.

Select the Open button. The structure searchl is displayed in the
viewing area.

Sart Conformational Search.

Display the Applications menu. Select Confor mational Search and
the Conformational Search palette replaces the Modeling pal ette.

The Geometry palette remains displayed. The textport reports the fol-
lowing information about the displayed structure, searchl.msf:

Number of Fragments = 1

Number of Ring Bonds= 6

No

3.

of rotatable bonds= 6

Display atom labelsfor all atoms name.

Display the Draw menu. Select Label Atoms.

From the pull-right menu that opens, select Selection Tools. The
Label Atomsand Label Components and Utilities palettes are dis-
played.

From the Label Componentsand Utilities pal ette, select Atom Name,
Residue I D, and Show L abels.

From the Label Atoms palette, select Include and All Atoms. A label
containing the atom nameisdisplayed for al atoms. These labels per-
mit identification of the atoms composing the available torsions.

From the Label Atoms palette, select Finish. The Conformational
Search paletteis redisplayed

Definetorsionsin the displayed structure.

From the Conformational Search palette, select Torsions. The Tor-
sions palette is displayed.

From the Torsions palette, select Define All Tor sions. The command
line displays:
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No of Torsions= 6 Families=6

Select List Torsionsand thefollowing torsion definitionsarereported
in the textport:

storl [PHEN1] C1C2C14C15 -77.9 back
stor2 [PHEN1] C3C409H131 179.5 back
stor3 [PHEN1] C4C5011H121 -147 back
stor4 [PROP2] C2C14C15C161 -63 back
stor5 [PROP2] C14C15C16N211 -60 back *
:tor6 [PROP2] C15C16N21H221 179.9 back*

ok % ok

OUhWNE
OUhWNE

Actua atom names may differ, depending on the sequence in which
bonds and atoms were placed when the structure was built.

5. Specify atorsion subset.

From the Torsions palette, select Select Torsions. The Torsion Selec-
tion palette is displayed.

chapter

Selected torsion bonds in the displayed structure are colored blue and
all other bonds are colored red.

\l—_.—‘-"

A\

=__—_\\

Torsion Bonds in searchl

= —

The message line reads:
Torsion Selection: INCLUDE on 6 Torsns SLCTD out of 6.

From the Torsion Selection palette, select Include and Select a Sub-
set of Torsions. A diaog box is displayed offering options for the
selection of onetorsion from all torsions currently available.

Select the options:
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Include
and Exclude all others
4tor4(2) C2-C14-C15-C16

Select the OK button. The dialog box is cleared from the screen. The
torsion named tor4(2), comprised of the bond between the carbons
that are alpha and beta to the para ring carbon, is selected. Thisbond
remains displayed in blue and al others bonds are displayed in red.

Selected Bond in Searchl

The message line reads:
Torsion Selection: INCLUDE on 1 Torsns SLCTD out of 6

From the Torsion Selection palette, select Finish. The palette isno
longer displayed. The searchl structure is redisplayed in the original
colors. The message line reads:

1 of the 6 torsions selected

From the Torsions palette, select Exit Torsions. The paletteis
removed from the screen. Defining torsions for the search procedure
is completed.

Summary

Conformational Search is an application that is used to explore the con-
formational space of amolecular system. In a search, torsion angles are
modified to generate various conformations and each conformation is
processed according to criteriayou define. In addition, when two or more
mol ecules make up the system under study, spatial orientations of one
molecule with respect to the other can be explored.
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Summary
Torsion angles are the primary conformational search variables. Thefirst
step in establishing a search procedure isto define torsionsin the dis-
played structures. During the search, these angles are varied to generate
new conformations.

Torsions defined in Conformational Search are used both to modify and
analyze structures. Since they are used to modify conformations, defini-
tion must be carried out prior to conformational search, and all torsions
must be defined by four connected atoms.

Define All Torsionsin the Conformational Search palette is the fastest
way to define rotatable torsion. Pick Torsionsis also available to define
torsions by interactive selection of atoms.

Any torsionsthat are defined are automatically selected. All selected tor-
sions are considered to be variablesin a search procedure. Y ou may limit
selected torsionsto a subset using Select Tor sionsto open aselection pal-
ette. The opportunity to select a subset of torsion angles enhances the
flexibility of search procedures.

Tools are available for defining, selecting, listing or saving torsion
angles. Up to 2000 torsions can be defined. To enable easy referencing of
various torsion angles, a naming convention is employed. The naming
convention makesit easier to deal with torsion angles that belong to var-
ious families.

Torsion selections employ two different kinds of ASCII files for saving
and retrieving torsion angle definitions:

» .tor files— ASCII files containing torsion angle definitions.
e .trnfiles— Torsion template files.

Four selections and options aid in searching conformations of cyclic
structures: Elastic Bond and Define Peptide Backbone Tor sions from
the Torsions palette, and I nitialize Go Scheraga Cyclization and Find
Go Scheraga Cyclization Type from the Cyclization dialog box.

Elastic Bond properly definestorsion anglesin cyclic structuresto allow
conformational search proceduresto execute. One or more bondsin the
ring becomes temporarily breakable. The break is hidden from the force
field so only astretched bond is seen. Subsequent energy minimizationis
used to restore the bond to its equilibrium length.

Define Peptide Backbone Tor sionsautomatically definesand selectsall
backbone torsion angles of a peptide. It detectsif the peptide islinear or
cyclic. Cyclization detection is limited to cyclization through the back-
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References

bone atoms. After backbone torsion angles are selected for cyclic pep-
tides, the Go-Scheraga method is employed in conformational searching.

Thelnitialize Go Scheraga Cyclization option sets up the Go-Scheraga
cyclization procedure. Define Peptide Backbone Tor sions must be used
todetect acyclic structure beforethel nitialize Go Scheraga Cyclization
option is employed. I nitialize Go Scheraga Cyclization establishesthe
Go-Scheraga cyclization solution type.

In addition to torsions, other geometry properties such asinteratomic dis-
tances, additional torsions, and general dihedral angle monitors can be
defined either during a search or from within the Analysis application.

I nteratomic Distances from the Conformational Search paletteis
selected to define specific interatomic distancesin adisplayed structure,
A dialog box opens offering distance handling options. The CHARMmM
constraints facility can also be accessed from this dialog box.

Using the Geometry palette, you can define and monitor distance, bond,
and dihedral parameters. These monitors can becarried into Analysisand
used in the same way as other geometry measures. Dihedral Monitors
allowsyou to define general dihedrals composed of any four atoms (con-
nected or not).

Other definable properties include Radius of Gyration, Dipole Moment,
Number of Hydrogen Bonds, and Fractional Free Volume. They are
defined using Define Property in the Conformational Search palette.
There properties can be calculated for each conformation during a search
procedure. They also can be analyzed using the Analysis application.

1. Nobuhiro Go and Harold A. Scheraga. 1970. Macromolecules 3:178.
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This chapter describes the various search methods available in the
QUANTA Conformational Search application. It is a continuation of
information on Conformational Search begun in Chapter 3, Defining
Geometric Properties. Read this chapter to get information for planning
your conformational search. Then continuewith Chapter 5, Performing a
Search, for specific procedural information and practice exercises.

Conformational search procedures explore conformational space by
varying torsion angles in one or more molecular structures or by varying
the relative displacements and orientations of several molecular struc-
tures. Therefore, search procedures are accessible only when one or more
structures for which a CHARM energy can be calculated aredisplayed in
the viewing areas, and after torsions are defined.

chapter

The Conformational Search application provides avariety of search pro-
cedures for exploring the conformational space of a molecular system.
Search procedures may be broadly classified into two categories:

Systematic (deterministic) search procedures
» Grid Scan

* Custom Search

e Cyclic Modeling

Stochastic (probabilistic) search procedures
e Random Sampling

» Random Minimization

e Boltzmann Jump

e Hybrid Jump

* Custom RIS Search

* RIS Random Sampling

* Filter Search

e Peptide Flip
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* Loop Modeling

An exhaustive systematic search of the entire conformational spaceisa
very time consuming process for most flexible molecules. The size of the
conformational space to be searched increases dramatically with the
number of rotatable torsion angles. A thorough search of conformational
space can be done in areasonable length of computer time only for mol-
ecules with a small number of rotatable bonds.

There aretwo factorsinvolved in the increased complexity of asearch as
the size of amolecule increases:

* Thenumber of variabletorsion anglesgenerally increases. If M; states
have to be considered for the i-th torsion angle, then the total number
of statesfor the moleculewith n torsion anglesisthe product M; x M,
X ...x M1 x M. With increased number of torsion angles, the total
number of conformational states to be considered increases drasti-
caly.

» Theresolution with which each torsion angle needsto be scanned also
generally increases. For larger molecules, avariation of atorsion
angle produces larger Cartesian displacements of many atoms. A
larger number of states (M;) have to be considered for the i" bond as
the molecular sizeisincreased.

Both these factors compound to enhance the difficulty of locating mini-

mum energy conformations of alarge molecule. A systematic search can
be carried out in reasonabl e length of time only for very small molecules
with four or fewer variable torsion angles. In the case of larger systems,

either a systematic search ismorelocal, in the sense that the searchis car-
ried out only in part of the conformational space, or astochastic searchis
used to sample the conformational space.

Using a Systematic Search Method

There are two ways to perform a systematic search, Grid Scan and Cus-
tom Search. In a Grid Scan search, each specified torsion angle is varied
over agrid of equally spaced values. If more than one torsion angleis
involved, the variation of the torsion angles are nested. If there are two
angles a and B3, for agiven value of o, angle B assumes a grid of values.
If B isthefaster torsion angle, the 3 loop isinsidethe o loop (see case 1).
Although the application is capable of handling up to 10 grid torsions, it
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isimpractical in most casesto employ grid scan for morethan four torsion
angles.

In a Custom Search, torsion angles are assigned specific values. These
values do not need to be equally spaced. Thisis an advantage in those
cases where favorabl e states of atorsion angle are known from previous
modeling studies and theintent isto restrict the systematic search to these
values. A further advantage of Custom Search isthat it can handle, if so
desired, simultaneous changesin several torsion angles. Asin Grid Scan,
these changes may also be nested.

Using a Stochastic Search Method

By definition, stochastic procedures involve random perturbations to a
conformation as a method of moving in the conformational space. The
nature of the random moves and the criteria employed for accepting the
results of the random moves vary from one procedure to another.

In Boltzmann Jump, thetorsion angles of amolecule arerandomly altered
within a specified angular window. In the Peptide Flip procedure, a pep-
tide unit isrotated about the C%; - C%, 4 line. The angle of rotation can be
arandom value, and the peptide units to be rotated can be chosen ran-
domly from the polypeptide sequence. When there is more than one
molecular fragment in the system, the random moves may also involve
random reorientation of one fragment with respect to another.

In some stochastic procedures, after each random move a selection crite-
rion isemployed to either select or reject the move. The most commonly
employed selection criterion isthe Metropolis criterion (seecitation 1 in
the References section):

« If the move resultsin a decrease of energy, the move (perturbed con-
formation) is selected.

« If energy increases, the value of f = e (-AE/RT) is computed (where R
is the Boltzmann gas constant and T is the temperature in K), and a
random number from 0 to 1 is generated. The move is selected if the
random number generated is less than f.

At higher temperatures, larger upward jumpsin energy are likely to be
accepted. If the temperature istaken to be zero degrees, no upward jumps
in energy are allowed. This special case is employed by the procedure
Random Minimization.
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Performing a Conformational Search

The general procedure for performing a conformational search includes
the following steps:

. Define torsions and other geometric quantities.
. Specify atorsion subset (optional).
. Select the tag generation method (optional).

. Specify search parameters.

1
2
3
4. Choose a search procedure.
5
6. Initiate the search.

7

. Provide afilename, supply the tag prefix and number, if prompted.

With these steps compl eted, the search executes. After the procedureis
complete, you have several choices for next steps. You can select:

» Do Search to repeat the procedure

» Setup Search to perform another search procedure

» Analysisto analyze conformations generated by the search procedure
» Exit Conformational Search to return to the Modeling palette.

Conformations generated during a search procedure are saved in binary
search files, (filename.csr). Search files contain coordinate data, identify-
ing tags, and optionally, the potential energy for each conformation gen-
erated by a search procedure.

The Conformational Search palette, displayed when you select Confor -
mational Search from the Applications menu, includes selections for
defining torsions and other geometric properties, selecting a search
method, specifying search parameters, and initiating search procedures.
The Conformational Search palette also alows you to transfer to the
Analysis application without exiting from Conformational Search.
Table 14 lists and briefly describes the selectionsin this palette.

Setup Search in the Conformational Search palette provides access to
search procedures and search procedure parameters. When Setup Search
is selected, the palette changes by making all the search procedures
selectable.
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Table 14. Conformational Search Palette

Selection

Description

Torsions...

Interatomic
Distances...

Dummy Atoms...

Define Properties

Cyclization...

Rigid Body Options...

Setup Search...

Do Search
Grid Scan

Random Sampling

Filter Search

Random Minimization

Boltzmann Jump

Hybrid Jump

Custom Search

Custom RIS

RIS Sampling

Displays the Torsions palette that contains selections for defining and
selecting torsions.

Provides options for working with interatomic distances including Pick
Distances, Read Distances, Save Distances, and List Distances.

Provides options for working with dummy atoms including Define
Dummy Atoms, Read Dummy Atoms, and Save Dummy Atoms.

Provides options for working with properties including Radius of
Gyration, Dipole Moment, and Fractional Free Volume.

Provides options for working with cyclic structuresincluding I nitialize
Go Scheraga Cyclization and Find Go Scheraga Cyclization Type.

Provides options for carrying out manipulations on rigid structures dur-
ing search procedures. This option makes it possible to execute a
search with more than one molecular fragment

Activates all search setup selectionsin the pal ette and initiates the setup
of the selected search procedure.

Executes the selected search procedure.

Generates conformations systematically by varying torsions over agrid
of equally spaced values.

Generates conformations by randomly changing torsion angle variables
within a specified torsion window.

Appliesfilters to randomly generate conformations, eliminating those
conformations that do not meet specified geometric or energetic crite-
rion.

Locates a minimum energy structure by accepting only those random
perturbations that result in lower energy.

Uses the Metropolis algorithm to explore conformational space for
energy minima. Random perturbation is performed in torsional space
while quenching is performed in Cartesian space.

Searches conformational space by varying two sets of torsion variables.
Thefirst set isvaried using the Boltzmann jump perturbation; the sec-
ond set isvaried using RIS sampling.

Reads a user-defined loop setup file (filename.LSF) that definestorsion
variables for systematically searching conformational space.

Reads a user-defined random setup file (filename.RSF) that defines
states and statistical weights for each torsion family. New conforma-
tions are generated randomly.

Assignstorsion values randomly to energetically preferred states (180°,
-60°, and 60°) or user-defined states, according to statistical weighting
factors supplied for each state.
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Table 14. Confor mational Search Palette (Continued)

Selection Description

Peptide Flip Reorients peptide units randomly in a peptide using sclerotizations
about inter-alpha carbon atom lines. Using such flips followed by
energy minimization, searches conformational space of cyclic and lin-

ear peptides.
Cyclic Modeling Provides an interactive method of making torsion angle changesin any
cyclic structure using dihedral constraints and energy minimization.
Loop Modeling Modifies peptide loops in polypeptide chains.
Show Search Setup Reports the current status of the search parametersin the Textport.
Set Background Records a search procedure for use in non-graphic QUANTA.
Search...
Analysis Exits the Conformational Search application and starts the Analysis

application. If asearch procedure hasjust been compl eted, the current
search fileis automatically used as the file under analysis, enabling
analysis of conformations contained in that file.

Exit Conformational  Exitsthe Conformational Search application.
Search

When a search procedure is selected, dialog boxes are displayed to set
appropriate parameters for the procedure, then the pal ette changes to
highlight the particular search procedure. All the remaining search proce-
dures are grayed out and not selectable. Do Search becomes selectable.

When Show Search Setup is chosen, alist of parameters for the search
procedures that have default parameter settings are displayed in the text-
port.

A search is executed by selecting Do Search from the Conformational
Search palette. A File Librarian dialog box isdisplayed for you to specify
an output search file where the conformations cal culated during the
search procedure are stored. All search files have the file extension .csr
automatically appended to the base filename.

A search procedure can be interrupted by clicking any mouse button. A
dialog box offers the option to continue or terminate the search.

Setting Up a Background Search

All Conformational Search procedures can be run using non-graphical
QUANTA by typing the appropriate commands. Set Background
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Sear ch in the Conformational Search palette facilitatesthe setup and exe-
cution of a non-graphical search. The selection turns on the command
record option that automatically records all steps taken to set up and run
asearch including defining torsions.

When Do Sear ch is selected, the recorded commands are manipul ated so
that they can be run in afresh directory. A new directory containing
appropriate filesis created. In some cases, it may be necessary to manu-
aly copy somefiles. In addition, if a constraints table is to be read and
applied during the search, the command record must be edited to include
commands to read the table and activate the constraints.

QUANTA is started in non-graphical mode and the recorded search pro-
tocol is executed. The current graphical QUANTA session can continue
without interference while the non-graphical procedure runs.

Complex search procedures that require alot of CHARMmM processing
can generate very large CHARMM.LOG files that may exceed available
disc space. To address thisissue, select I nitialization Options from the
CHARMmM menu. Inthe Print Level field, enter an integer smaller than
the default value 5 to generate less output for the log file. To suppress
nearly all output, enter zero.

Alternatively, the log file can be suppressed altogether by selecting the
option, User-specified file, under CHARMmM log destination. Use the
filename /dev/null.

Performing a Search on More than One Structure

All conformational search procedures sample conformational space by
mani pulating specified torsions. In systems comprised of more than one
molecular fragment, manipulations of internal coordinates may not be
sufficient to explore conformational space.

The selection Rigid Body Manipulation in the Conformational Search
pal ette rotates a structure’s coordinates about a randomly oriented vector
placed at the center of mass. The extent of rotation is determined by ran-
dom selection within the specified angular window. After rotation, each
fragment is trandated along a direction chosen at random by an amount
specified by the trandlation window.

Oneor more structures may be held rigid during the search. All fragments
to be held rigid areloaded into the same M SF. That MSF isdesignated as
the first M SF encountered by the system and al fragmentsin it are fixed.
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Using Tags

Remaining fragments held in other M SFs are manipulated during the
search procedure.

Tags are unique names that identify conformations. They are assigned
during a search procedure just prior to initiating the search. The general
format of atag is:

prefix[code] :number

where prefix is a character string, code designates the search procedure,

and number isthe rank number (the position in the search file at the time
the structure was created by a search procedure). Generally, many confor-
mations are saved into a search file by a single search procedure. The tag
format enablesthe generation of uniquetagsfor each structure saved into
the search file.

When aconformation isdisplayed in either the Conformationa Search or
Analysisapplication, the assigned tag is displayed in the upper | eft corner
of the viewing area. Tags also provide a mechanism for identifying the
search techniques that generate a set of conformations

When you select Do Search from the Conformational Search palette, a
Define Output Search File dialog box is opened with options for defining
tag specifications. The application automatically generates atag contain-
ing a prefix, acode, and a starting number for the suffix. The default tag
prefix is determined by a set of rules based on the origin of the starting
structure at the time the search procedure is started.

Therules for generating the tag prefix are:

* Whenthestarting structureisfrom asearch file, thetag of the starting
structure becomes the default tag prefix for the search procedure.

* When the starting structure isfrom an M SF, the tag prefix consists of
the M SF filename (filename.msf).

» When the starting structure is from a dynamics tragjectory, the tag pre-
fix isthe filename of the dynamics trgjectory (filename.DCD).

A two-letter search key isinserted in the tag if the option Insert Search
Key into Tagisselected in the dialog box. Search keys are two-character
abbreviations of a search procedure enclosed in brackets. Table 15 lists

the keys and the procedures that they identify.
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Table 15. Search Keys

Key Procedure That Generated File
[gs] Grid Scan Search

[rg] Random Sampling Search
[rm] Random Minimization Search
[ri] RIS Sampling Search

[fs] Filtered Search

[bj] Boltzmann Jump Search

[hj] Hybrid Jump Search

[cs Custom Search

[er] Custom RIS Search

[hI] Helix Modeling (generated by the Helix Modeling application)

[ey] Cyclic Modeling

[pf] Peptide Flip

[mg] Torsional Flexible Fitting (generated by Molecular Similarity applica
tion)

[ag] Amorphous Builder application

[?7] Any other unspecified procedures

As an example of automatic tag generation, consider a search file gener-
ated by the Random Sampling Search method. The fifth conformation in
a search file generated by this search procedure will automatically have
the tag: filename.msf[rg] ;5. If this conformation is then used for a Grid
Scan search, the first conformation generated by the Grid Scan search is
assigned the tag filename.msf[ rs] :5[gs] : 1.

Understanding the Grid Scan Search

The Grid Scan selection in the Conformational Search palette initiates a
grid scan search that generates conformations systematically by varying
specified torsion angles over agrid of equally spaced values. The number
of torsion angles that can be employed in agrid search must be less than
or equal to 10. Not more than four torsions are recommended to keep
search time reasonable. If more than 10 torsions are defined, a subset of
10 or less must be specified with the Select Tor sionstool.
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A dialog box is displayed for entering theinitial value, afinal value, and
atorsion increment for each torsion variable. In this box, the numbers
entered can be absolute values or values relative to the torsion angles of
the starting reference conformation. For example, consider atorsion
angle with theinitial value of 160°. If the values -30°, 30°, 10° are set in
the Grid Scan Torsion Angle dialog box, and if the relative values are
specified in the dialog box, the angle will vary from 130° to 190° in steps
of 10°. If absolute values are specified in the dial og box, the angle varies
from - 30° to 30° in steps of 10°.

A second dialog box isdisplayed at the start of the grid scan procedure to
specify the grid scan processing options. Any combination of these
optionsis selectable. The options are used to specify how the conforma-
tions generated on the grid are to be processed. Table 15 lists and briefly
describes the options.

Table 16. Grid Scan Setup Dialog Box

Option

Description

Calculate CHARMm energy  Calculates the potential energy of each conformer.
for each structure

CHARMmM minimization for ~ Minimizes each structure before generating another conforma-

each structure tion.
Constrain Torsionsduring Constrains the grid torsion to the grid point using a penalty
Minimization energy function. All other torsionanglesareallowedtorelax.

The precision with which the conformation is fixed at the
grid point depends on how strained the initial conformation
isand how far energy minimization iscarried out. The extent
of energy minimization (the number of steps and the conver-
gence criteria) depends on minimization options setup using
the CHARMm menu.

Keep Minimized Conforma-  Usesaminimized conformation to apply subsequent modifica-
tions (do no reset) tions. Adjustments are worked into the structure due to

energy minimizations. If this option is not selected, al con-
formations on the grid are obtained by torsional manipula-
tions of the same initia starting structure.

Display Each Sructure Displays each structure as search proceeds.

The simplest option isjust to generate all the conformations and save
them into the output .csr file. The CHARMmM energy of each generated
conformation can also be calculated by turning on the appropriate toggle
in the options dialog box. There may be cases where an energy minimi-
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zation on each conformation is desired. For example, consider atwo
dimensional grid scan (with two grid torsions o and 3) as shown below:

Conformation from
Grid Scan Search

The grid scan exploreslow and high energy regions. If an energy minimi-
zation is not performed at each grid point, the resulting energy variation
with oo and B isaquick way to identify low and high energy regions. But
the conformation will not be a minimum energy structure. Selection of
the energy minimization option gives a minimum energy structure but
increases the computing time.

The CHARMmM energy minimization option is an unconstrained Carte-
sian minimization processin which all coordinates are adjusted to obtain
aminimum energy conformation. During minimization, the grid torsion
angles (grid torsion angles . and B in this example) will tend to wander
away from the grid point. As shown bel ow, minimizations from some set
of grid points may converge towards one region while other grid points
may move towards other regions.
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® Sarting Sructure
® Minimized Sructure

Depending on the grid resolution and the size of the grid, thismay be a
good way to explore low energy regions of this conformational space. A
contour plot (see Analysisin the Applications menu) obtained from this
search file exhibits a distorted contour shape because the drift of the con-
formation away from the grid points due to energy minimization is
ignored by the contouring scheme which computes a contour of a prop-
erty varying over a set of grid points.

For this reason, it is often necessary to constrain the grid torsion angles
(oo @and B in the diagram) during the energy minimization using the Con-
strain Grid Torsions During Minimization option in the dialog box. If
this option is selected, during the CHARMmM energy minimization, the
grid torsion is constrained to the grid point using a penalty energy func-
tion. All other torsion angles are allowed to relax in this process. The pre-
cision with which the conformation is fixed at the grid point depends on
how strained theinitial conformation isand how far energy minimization
has been carried out. The extent of energy minimization (the number of
steps and the convergence criteria) depends on minimization options
setup using the CHARM m menu.
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With an energy minimization calculation available for each grid confor-
mation comes another interesting question: how does the program go
from one grid point (i,j) to the next grid point (i,j+1) as part of the scan?
Consider the scheme shown below:

Off

S J mlnlmlzatlon sﬁ S ,J+1

A conformation, § , is generated at the grid point (i.j). If an energy min-
imization is performed (with or without torsional constraints), anew con-
formation S'j' , isobtained. The minimized conformation is then saved
intoa.csr file. The (i,j+1) conformation can be generated, by suitabletor-
sional changes, from either Sjor S’ . Note that these two starting con-
formations may differ in bond lengths, bond angles, and in non-grid
torsion angles even if the Constrain Grid Tor sions option was
employed.

The program provides achoice: to construct S j+1 out of Sij or Sijmn. This
choice is made by either selecting or deselecting the option Keep Mini-
mized Conformation. If thisoption isnot selected, al conformationson
the grid are obtained by torsional manipulations of the same initial start-
ing structure. If this option is selected, the conformational changes pro-
duced by minimization are carried over to the next state, rather than
starting with the original conformation of the structure.

In this case, in scanning through the grid points, adjustments are worked
into the structure due to energy minimizations. The resulting structure is
used as the reference template from which to generate the subsequent
conformations by torsional manipulations.

The following figureillustrates these options:
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Display each Sructureisan option that enables each structure generated
by the grid scan to be displayed asthe search procedure progresses. When
Display each Structureisnot selected the procedure is somewhat faster
since the display of the generated structures is suppressed.

Understanding the Custom Search

The Custom Search method performs a systematic search, varying an
arbitrary number of torsion anglesto sample aset of torsion angle values.
The values assumed by atorsion angle are not required to be grid values
at equal intervals.

Custom Search also permits a set of torsion angles to be varied simulta-
neously. The scope of the search (the torsion angles to be varied and the
values to be assigned) is specified in aloop setup file. Prior to selecting
Custom Search, aloop setup fileis created to describe the scope of the
search.
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Theloop setup file (filename.lsf) is a pre-existing user-defined ASCI|
file. The file consists of several blocks of data, each block specifying a
loop in the search. Even though blocks are listed in sequential order, they
specify anested set of loopsin the search. Thefirst block isthe outermost
loop, and the last block isthe innermost loop. Therefore, the torsions
specified in the last block will be the fastest varying angles.

Each block can consist of several records (lines). The first record gives
the number of torsion anglesto vary simultaneously in the loop. The sec-
ond record gives the angle numbers or names of these torsions. The third
and subsequent records list the set of valuesfor these torsion angles. The
last set of valuesisfollowed by an end of block signal (arecord contain-
ing the number 999.0). One column is devoted to each torsion angle.

For example, this block of aloop setup file:

Data Description

1 total number of torsions

22 torsion number/torsion name
180.0 torsion value

-160.0 torsion value

-145.0 torsion value

55.0 torsion value

60.0 torsion value

65.0 torsion value

999.0 end of block

assigns six values to torsion angle number 22: -180.0°, -160.0°,
-145.0°, 55.0°, 60.0°, and 65.0°.
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In the next example, torsion names are used to assign four backbone con-
formations to residue number 3:

Data Description
2 number of torsions
phi(3) psi(3) torsions number or name
-60.0 -50.0 torsion value
-65.0 70.0 torsion value
-70.0 120.0 torsion value
60.0 55.0 torsion value
999.0 999.0 end of block

This example assumes the torsion angles of the residue are defined using
atorsion template file that includes entries for phi and psi, and the two
torsion angles, phi (3) and psi (3), will vary simultaneously.

A maximum of 10 angles can be included in a given specification, and a
maximum of 200 sets of values can be assigned in ablock. A maximum
of 20 specifications (blocks) can be supplied for a given Custom Search.

Understanding Cyclic Modeling

Cyclic Modeling is an interactive method that makesit possible to drive
the torsion angles of acyclic molecule. This procedure providestoolsfor
changing the value of any specific torsion angleinthering system. It then
employs CHARMmM energy minimization, with suitable dihedral con-
straints, to achieve low energy structures with the desired torsional val-
ues.

Stepsinvolved in initiating Cyclic Modeling are:

1. Select Conformational Search in the Applications menu. Open the
Torsions palette by selecting Tor sions from the Conformational
Search palette.

2. Select Elastic Bond from the Torsions pal ette and specify the bond to
break by clicking onit. The bond will be highlighted momentarily. For
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cyclic peptides, you can bypassthe Pick Torsionsand Elastic Bonds
steps by selecting Peptide Backbone Torsions instead.

Define all torsions using Pick Tor sions from the Torsions palette.

Select Setup Search and then Cyclic Modeling. The Cyclic Model -
ing palette is displayed. This palette contains tools to modify the con-
formation of the molecule. Table 17 lists selections and a brief
description of each. Make selectionsfrom this pal ette, exit, and return
to the Conformational Search palette.

Select Do Sear ch from the Conformational Search pal ette and specify
an output search filename. A new paletteis displayed. The conforma-
tion of the molecule may be modified by selecting varioustools from
this palette.

Since cyclic modeling uses CHARMmM energy minimization, set up
CHARMmM minimization options before running Cyclic Modeling. Also
minimize the starting structure before you begin.

Table 17. Cyclic Modeling Palette
Selection Description
Up Scrollsup thelist of torsion anglesif there are more torsion angles than can be

Torsion Angles
Down

1.0
20
5.0
10.0

Custom Value
Set Value

Torsion Name
Value

Add
Subtract

Cyclize Each
Structure

accommodated in the space provided in the palette. Toggles with Down.

Listsall defined torsion anglesin the active structures displayed in the viewing
area.

Scrollsdown thelist of torsion anglesif there are more torsion anglesthan can
be accommodated in the space provided in the pal ette.

Changes torsion angle in one-degree increments.
Changes torsion angle in two-degree increments.
Changestorsion angle in five-degree increments.
Changes torsion angle in ten-degree increments.
Changes torsion angle according to a custom value.
Specifies a custom value torsion angle increment.

Changes the value of a specified torsion angle. The change in thevalueisa
constant amount determined by the angular value highlighted and also by the
use of Add or Subtract.

Changes torsion angle by the increment highlighted. Subtract isinactive.

Changes torsion angle by the decrement highlighted. Add isinactive

Changes torsion angles and automatically generates an energy minimum to
keep the molecule cyclic. When the selection isinactive, each changein tor-
sion angle will not take effect until the next energy minimization.
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Table 17. Cyclic Modeling Palette (Continued)

Selection Description

Energy Minimize Initiates an energy minimization on the current structure with changes, if any,
in the torsion angles that have been specified since the last energy minimi-
zation.

Continuous Save Automatically saves each new structure into the output search file.

to Search File

Saveto Search  Savesthe displayed structure into the output structurefile.

File

Peptide Flip Performs a rotation through a specified angle of a segment of specified range
of consecutive peptide units about the line connecting the two alpha carbon
atoms at the ends of the segment.

Saveto MSF Savesthe current structureinto an M SFfile using the normal method currently
in effect in QUANTA for saving structuresinto MSFs.

Exit Cyclic Exits Cyclic Modeling and returns to the Conformational Search palette.

Modeling

Understanding Random Sampling Search

The Random Sampling search method is a procedure applicable to mole-
culeshaving alargenumber of variabletorsion angles. Random Sampling
randomly changes all defined torsion angles within a predefined angular
window. The range of the torsion angle varies during the search proce-
dure and generates new conformations. The search continues for a speci-
fied number of steps defined as the Number of Samples. CHARMm
energy can be calculated for each randomly altered conformation.
CHARMmM energy minimization also can be performed. All perturbed
conformations are saved to the output search file.

An angular window specification controls the variation in torsion angles
for each conformation. If alarge angular window valueisused, large per-
turbations are produced. These generate high energy conformations. If a
small angular window is used, perturbations are more likely to produce
reasonable conformations. However, several cumulative perturbations
may be required to significantly migrate from one of part of conforma-
tional spaceto adistant part.
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When Random Sampling is selected, adialog box is displayed to specify
Random Sampling parameters. Table 18 lists and briefly describes the
options.

Table 18. Random Sampling Setup Dialog Box

Option Description

Number of Samples  Specifiesthe number of conformationsto generate and write to the out-
put search file.

Torsion AngleWindow Determines the angle each selected torsion can vary during the search.

Calculate CHARMmM  Calculatesthe CHARMmM energy for each new conformation.
Energy for Each

Structure
Minimize Each Performs a CHARMmM minimization of each new conformation.
Structure
Cumulative Random  Specifies that the random modification is to be performed on the previ-
M odifications ously obtained conformation. Normally all random modificationsare
made on the same starting structure. However, if thisoptionis set, the
nth perturbed or minimized conformation becomes the starting con-
formation for perturbation number n+1.
Go-Scheraga Uses mathematical procedure to maintain closed peptide rings.
Cyclization in
Peptide Rings
Display Each Displays each new conformation in the viewing area.
Structure

Understanding Random Minimization

Random Minimization performs a minimization based on arandom
search. No upward jumpsin energy are permitted. Torsion anglesare used
as variables. When Random Minimization is selected from the Confor-
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mational Search palette, adialog box isdisplayed to set the search param-
eters. Table 19 lists the options and provides a brief description of each.

Table 19. Random Minimization Setup Dialog Box

Option Description

Number of Trials Specifiesthe number of conformationsto generate and writeto the out-
put search file.

Torsion AngleWindow Determines the angle each selected torsion can vary during the search.
Maximum Number of  Specifies the maximum number of conformations that do not fall

Failures within the specified energy parameters.

Go-Scheraga Uses mathematical procedure to maintain closed rings.

Display Trial Displays each new conformation in the viewing area.
Structures

Display Successful Displays only new conformations that meet the specified energy
Trialsonly parameters.

When more than one fragment is displayed in the viewing area, the
options Rigid Body Transdlation Window, Rigid Body Angular Win-
dow, and Perform Rigid Body M anipulations appear in the dial og box.
Perform Rigid Body M anipulationstrand ates and rotates the rigid bod-
iesalong arandomly oriented vector placed at the center of mass of each
rigid body. The magnitude of thetranslation and rotation iswithin the pre-
scribed windows. This option is available only when more than one frag-
ment is displayed in the viewing area.

Conformations displayed inthe viewing areaare randomly altered within
the Torsion Angle Window. If anew conformationisof lower energy than
the specification, the next perturbation is performed on that conforma-
tion. If the new conformation isof higher energy, it isrejected asafailure,
and the previous conformation isretained. The procedureisterminated if
a specified number (M aximum Number of Failures) of consecutive
conformations results in high energy conformations.

Understanding the Boltzmann Jump Search

The Boltzmann Jump search method explores conformational space
through random perturbation of torsion angles. Boltzmann Jump differs

84 QUANTA 2006 Smulation, Search, and Analysis



Understanding the Boltzmann Jump Search
from Random Sampling in that a Metropolis selection criterion is
employed to accept or reject perturbed conformations. Seecitations 1 and
2 in the References section for information on the Metropolis criterion.

The Boltzmann Jump search is a useful procedure for getting from point
A to point B in conformational space using alow energy pathway.

Unlike Random Minimization, in the Boltzmann Jump method, upward
jumps in energy are permitted. If an upward jump occurs, a stochastic
decision is made to select or reject the new structure.

The probability of selecting the new conformation is equal to the Boltz-

mann factor defined as e “2F/RT)- The chances of making an upward jump
in energy are greater at ahigher temperature (T) or at asmaller energy dif-
ference (AE).

Starting with an energy-minimized conformation, arandom perturbation
is carried out within the specified torsion angle window. If the resulting

conformation is of lower energy, that conformation is selected. If the per-
turbed conformation is of higher energy, a stochastic decision is madeto
select or reject the new conformation.

Random perturbation, followed by a conditional selection of the per-
turbed conformation, is continued until the root mean square difference
(rmsd) in torsion angles between the current conformation and the start-
ing minimum conformation exceeds the specified maximum rmsd. This
causes the thermal perturbation sequence to terminate, and a CHARMm
energy minimizationis performed on the conformation. Thisprocedureis
repeated a specified number of times to generate a collection of low
energy conformations for the molecule.

A sequence of random perturbation followed by an energy minimization
congtitute a Boltzmann Jump cycle. An example of an energy profile dur-
ing acycleisillustrated in the following figure:
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Energy Trace During One Cycle of
Boltzmann Jump Sequences
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When Boltzmann Jump is selected from the Conformational Search pal-
ette, adialog box is displayed to select parameters for the search proce-
dure. Table 20 lists and briefly describes the options.

Choosing Boltzmann Jump Parameters
There are three parameters that need to be set for a successful execution
of the Boltzmann Jump procedure:
» Torsion angle window
* Temperature

* Rmslimit
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Table 20. Boltzmann Jump Setup Dialog Box

Option Description
Number of Samples The number of conformations to generate and write to the output
searchfile.

Temperature (Kelvin) The value used in the formula, e"2E/RT), that determinesif a confor-

mation is accepted or rejected.

Set Torsion Window Determines the maximum angle each selected torsion can vary during
each perturbation.
Maximum RM S Determines the conditional selection criteriafor termination of ather-
Difference mal perturbation sequence.

Torsion Space

Specifies the value (degrees in torsion space) used as the cutoff for
RMS calculations. Reaching this val ue causes the thermal perturba
tion sequence to terminate and a CHARMm energy minimization to
be performed.

Cartesian Space Specifies the value (degrees in Cartesian space) used as the cutoff for

RMS calculations. Reaching this value causes the thermal perturba
tion sequence to terminate and a CHARMm energy minimization to

be performed.
Display Each Sructure Displays each new conformation in the viewing area.
Save Minimized Savesonly minimized structures asaresult of the search. If thisoption
Sructures Only isnot selected, al structures accepted during the jJump sequence are
saved.

Go-Scheraga Cyclization Uses mathematical procedure to maintain closed peptide rings.
in Peptide Rings

The magnitude of the torsion angle window determines the magnitude of
the conformational change produced by one perturbation. As this magni-
tude increases, the chances of producing higher energy conformations
increases. At agiven temperature, the rate of conformation rejection will
increase. If the angular window is decreased, the rate acceptance of con-
formation by the Metropolis criterion will increase. If too small avalue
for the window is employed, alarge number of perturbations may be
required to develop an RM S difference greater then the specified limit.

For a given temperature, it isrecommended that trial calculations be per-
formed by gradually increasing the angular window. The highest window
value that results in a reasonable number of successful jumpsis the opti-
mal value for the window.

Thermslimit specified should neither be very small or very large. If itis
too small, the perturbation sequence istoo short, energy minimization is
initiated too soon, and the minimization will most likely bring the confor-
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mation back to the starting conformation. If thermslimit is set at too high
avalue, it may taketoo many perturbations for the conformation to move
very far away from the reference conformation.

Conformation may not change at all if aconformation is unable to
develop the specified rms difference. Thissituation can happen if thereis
an appreciable energy barrier separating the current class of conforma-
tions and the conformations that are farther away. In such acase, alarger
rms difference can be obtained only with a higher temperature and possi-
bly alarger angular window. A low value for the rmslimit is recom-
mended during trial calculations, followed by iterative increases in the
rms limit if the minimization is reached too soon, that is, before a dozen
perturbations are performed.

Understanding the Hybrid Jump Search

The Hybrid Jump search method is a variation of the Boltzmann Jump.
The procedure searches conformational space by varying two sets of tor-
sionvariables. Thefirst set, Selection A, ismodified using the Boltzmann
Jump random perturbation method. The second set, Selection B, usesRIS
Sampling.

When Hybrid Jump is selected, the pal ette changes to accommodate tor-
sion selectionsfor the first set of torsion angles. After you select thefirst
set, the pal ette changes to accommodate torsion sel ections for the second
set of torsion angles. When the torsion sets are selected, adialog box dis-
playsthe parametersfor the Hybrid Jump search procedure. Table 21 lists
the options and provides a brief description of each.

Table 21. Hybrid Jump Setup Dialog Box

Option Description

Number of Samples Specifies the number of samplesin the run. Default is 3.

Torsion Window Specifies atorsion window value. Default is 15.
(random)

Temperature (Kelvin) Specifies the run temperature. Default is 5000 Kelvin.

RMSD Trigger (degrees)  Specifiesthe RMSD trigger for asearch. Default is 5.00.
Options for Torsions Set using RIS Sampling (heading)

Sample Satet,g+, g- Specifies assignment to a sample state trans, gauche + or gauche -.

Thisisthe default selection
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Table 21. Hybrid Jump Setup Dialog Box

Option Description
Exclude g+/g- or g-/g+ Excludes the specified sequences. Thisis adefault selection.
sequences
User Defined Three-State  Specifies user-defined sampling with the states and wei ghts defined
Sampling as in the next datafields.
below:
Sates Specifies user-defined states. Defaults are 60.00, -60.00, and
180.00.
Weights Specifies user-defined statistical weights. Defaults are 0.25, 0.25,
and 0.50.

Display Each Sructure Displays each conformation asit is generated.

SaveMinimized Structures Saves only conformations that have been minimized.
Only

Go-Scheraga Cyclization  Uses mathematical procedure to maintain closed peptide rings.
in Peptide Rings

Do Search in the Conformational Search palette starts the search. The
first set of torsion angles (Selection A) is randomly perturbed within the
Torsion Angle Window. The second set (Selection B) is assigned to the
rotational isomeric low-energy states or user-defined states. Thisis done
for a specified number of conformations (Number of Samples).

Understanding the Custom RIS Search

The Custom RIS Search method randomly samples torsion angles of a
given torsion family from alist of possible states with corresponding sta-
tistical weights. The states and the weighting factors must be suppliedin
apre-existing, user-defined rotational state file (filename.rsf).

The random search setup file can have up to 20 blocks of data, one block
for each torsion family. Each block consists of several records. The first
record of each block contains the torsion family name. The second and
subsequent records contain specific torsion values and associated statisti-
cal weightsthe family can sample. Up to 20 such records can be supplied,
allowing a 20-state model for each family of torsions.

Thefirst record in the .rsf file must contain a0 in the first space. This
record is necessary for other applications using thisfile thoughiit is
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ignored by Conformational Search. The last record for each family con-
tains the entries 999.0 and 0.0, to mark the end of each block.

In the following example, five different states are assigned for the fami-
liesphi and psi, and two states are assigned for the family omega. The sta-
tistical weights are automatically normalized to 1.0.

Data Description

0

phi torsion family name

50.0 0.1 torsion value, statistical weight
70.0 0.3 torsion value, statistical weight
-60.0 1.0 torsion value, statistical weight
-145.0 20 torsion value, statistical weight
-180.0 0.7 torsion value, statistical weight
999.0 0.0 end of block

psi torsion family name

30.0 0.3 torsion value, statistical weight
-20.0 1.0 torsion value, statistical weight
80.0 20 torsion value, statistical weight
90.0 9.2 torsion value, statistical weight
140.0 0.1 torsion value, statistical weight
999.0 0.0 end of block

omega torsion family name

180.0 05 torsion value, statistical weight
0.0 05 torsion value, statistical weight
999.0 0.0 end of block

END

To execute a Custom RIS Search, torsion families must be defined first
by reading the appropriatetorsion templatefile (filename.trn). Do Search
starts the search procedure.
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Understanding RIS Random Sampling

The RIS Random Sampling search method uses a rotational isomeric
state model to limit torsion values to the energetically preferred trans,
gauche+, and gauche- states. These states correspond to 180°, -60°, and
60°, respectively.

When RIS Random Sampling is chosen from the Conformational Search
palette, adialog box is displayed to specify the parameters for the search
procedure. Table 22 lists the options and provides a brief description of
each.

Statistical weights entered in the dialog box are normalized to 1.0, based
on their sum. For example, if the values are 10, 4, and 2, the statistical
weightswill be0.625, 0.25, and 0.125, respectively. At each perturbation,
each torsion angle is reassigned to the trans, gauche+, or gauche- state
with the probability of assignment determined by the statistical weights.

Table 22. RIS Sampling Setup Dialog Box

Option Description

Number of Samples Specifies the number of conformations to generate and write to
the output search file. Default is 10.

Torsion States Specifies assignment of torsions states. Default istrans,
gauche+, and gauche -.

User-defined Three-state Specifies user-defined sampling with the states and weights

Sampling defined in the next set of datafields.

Sates Specifies user-defined states. Default values are 60, -60, and
180.

Weights Specifies user-defined statistical weights. Default values are

0.250, 0.250, 0.500.

Calculate CHARMm energy  Calculates the potential energy of each conformer asit is gener-
for each structure ated.

CHARMmM minimization for ~ Minimizes the energy for each conformation as it generated.
each structure

Display each structure Displays each conformation asiit is generated.
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Understanding the Filter Search

The Filter Search method is avariation of the Random Sampling and the
RIS Random Sampling procedures. After new conformations are gener-
ated, property filters are applied to reduce the number of conformations
chosen for further processing. A filter is specified in terms of ageometric
property or in terms of an energy value. If the filtering conditions are too
stringent, an empty output file may be created. An empty output fileis
rejected by the Analysis application.

Filter Search offerstwo methods for generating conformations: arandom
sampling technique and random choice of arotational isomeric state
(RIS). A dialog box is displayed to choose the generation method.

After the generation method is selected, the Filter Search paletteisdis-
played with additional selectionsto process conformations, definefilters,
and save new conformations. Table 23 lists and briefly describes the pal-
ette selections.

Table 23. Filter Search Palette

Selection

Description

Energy
Minimize

Calculates energy for each generated conformation.
Minimizes energy for the conformations that are generated by the search.

DynamicsBurst  Performsaquick dynamics calculation on generated conformations that fall

within specified parameters.

Jump Sequence  Specifies the method and sequence for generating conformations.

Define Filter

Save/Finish

Displaysthe Filter palette listing property type selectionsto define the filter.
Each filter can include up to 10 different properties.

Saves filter search selections and exits the Filter Search palette.

Filtersimpose criteria on new conformations. The conformations that
meet the criteria proceed to the next step in the process. Filters can apply
to torsions, distances (including distances to dummy atoms), energy,
radius of gyration, and dipole moment. When Define Filter is selected
from the Filter Search palette, the Filter palette is displayed listing prop-
erty type selectionsto definethefilter. Each filter caninclude up to 10 dif-
ferent properties.
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Properties are combined by selecting an appropriate Boolean operator
from the Filter Search palette. The operators .AND. and .OR. are pro-
vided for making combinations. These operators appear on the palette
after the first property is defined.

Each time a new property is selected, it is combined with the previously
defined property by the highlighted operator. For example, let A, B, C,
and D be a set of interatomic distances defined using the Geometry pal-
ette. If the .OR. tool is highlighted, selection of the Distance property,
followed by a distance name specification for each distance, constructs
the following filter:

(((A or B) or C) or D)

After afilter is defined, two additional selections appear in the palette:
AND. Filter and .OR. Filter. These selections combine filters. For
example, two filters are combined by first defining the first filter, select-
ing .AND. Filter or .OR. Filter, then defining the second filter. For
example,

Filter#1 or Filter#2 == (A or B) and (C or D)

Understanding the Peptide Flip Search

The Peptide Flip search method locates |ow-energy conformations for
cyclic peptides. It isaspecial random sampling procedure where peptide
units are permitted to rotate about pseudobonds connecting alphacarbon
atoms. Cyclization algorithms built into the search procedure ensure that
acyclic structure is preserved during torsional manipulation.

In acyclic system, flexibility of the molecule is often characterized by
correlated changes in torsion angles. Thisis particularly the case where
two single bonds are roughly colinear and a crankshaft motion of the
intervening section can occur. Such amation resultsin a change in the
torsion about thefirst bond and a change of roughly equal magnitude but
opposite sign around the other bond.

Such asituation exists approximately for a planar trans peptide unit
where atilt of the peptide plane about the line joining its terminal apha
carbon atoms corresponds to a change in psi;. A change of roughly the
same magnitude but opposite in sign aso occursin phij,;. Aslong asthe
magnitude of these changesis not too large, they produce alocal defor-
mation that can be used to rapidly search for better energy minima.
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The Peptide Flip procedure utilizestwo types of pseudorotations: peptide
flipsand segment rotations. A peptideflip consists of the rotation of asin-
gle peptide unit about the line joining the alpha carbons at both ends of
the peptide bond. The following figure locates the rotation axis for a pep-

tideflip:
. ROtALION
AXis
Peptide
Pﬁgne
O§

Ring Closure

A segment rotation isarotation of asequence of connected peptide units,

as awhole, about the line joining the two alpha carbon atoms at the ends
of the segment. Thefollowing figurelocates the axis of rotation for aseg-
ment rotation:
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Two features of these rotations should be noted:

* The conformation of the rotating group is preserved in the process.

« Theonly changesresulting from such arotation arein the two skeletal
bond angles at the alpha carbon atoms, and the four torsion angles at
the alpha carbon atoms. Such rotations lead to localized changesin
conformation.

The Peptide Flip and Segment Rotation procedures affect the conforma-
tion of the cyclic system in different ways and therefore, the parameters
used for them are different. In most cases peptide flips of 180 degrees pro-
duce satisfactory results. On the other hand segment rotations have to be
small, preferably between 30 and 60 degrees.

While peptide flips generally do not dramatically alter the alpha carbon
atom framework of the peptide after the energy minimization, segment
rotation does change the shape of the molecule. Peptide flips do dramat-
ically alter the backbone torsion angles and the hydrogen bonding pat-
ternsin the system.

Segment rotation can be viewed as starting a new shape of the molecule,
while peptide flips explore the variation of the overall shape. It isfor this
reason the algorithm employs a series of segment rotations, with each
segment rotation being followed by several peptideflips. Onestartsanew
shapefor thecyclic system and the other devel ops energetically favorable
peptide plane orientations consistent with that shape.
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Results of the Peptide Flip search also depend on:

* The number of segment rotations per search
» The number of peptide flips performed within each segment rotation

» The number of random peptide flip rotations performed before the
lowest energy structure is selected, minimized, and saved

Peptide flips can be performed on more than one peptide unit. When one
or more peptide units are rotated, the peptides that undergo such rotations
are selected randomly from the total number of rotatable peptide units.
Peptide flips are not performed on a prolyl peptide unit.

Segment rotations can have an angular value that is either fixed or awin-
dow for random variation. The length of the segment also must be speci-
fied using the number of connected residues that make up the segment to
be rotated.

Parameters required for setting up a Peptide Flip procedure are specified
in adialog box. Table 24 lists and briefly describes the options.

Table 24. Peptide Flip Options Dialog Box

Option Description

Perform Segment Rota- Performs a segment rotation as part of the search. If this option is not
tion selected, only peptide flips are performed, randomly selecting any
peptide in the peptide backbone.

Number of TimesRota- Defines the number of times a segment rotation is performed in one
tions are Repeated peptide flip search procedure.

Length of the Defines the number of connected residues that compose the segment to
Segment be rotated.

Use Random Uses a segment of random size in the search procedure.
Segment Length
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Table 24. Peptide Flip Options Dialog Box (Continued)

Option

Description

Rotation Angle/Win-

dow (degrees)

Number of Energy

Minimum

Confor mations per

Segment Rotation
Number of PeptideFlip

Trials Before Energy

Minimization

Peptide Flip Angle/
Window (degrees)

Number of Peptide
UnitsInvolved in a

Flip

Specifies the angle for segment rotations.

Constant Angle— rotations occur in increments of the specified
value.

Random Rotation — rotations occur anywhere within arange of the
specified number.

Defines the number of peptide flip sets that are performed after each
segment rotation. Each set of peptide flips consists of a series of pep-
tideflip trials followed by an energy minimization.

Defines the number of peptide flips that are performed before the low-
est energy structureis selected and submitted to CHARMmM for min-
imization.

Specifies the angle for peptide flip rotations.

Constant Angle— rotations occur in increments of the specified value.

Random Rotation — rotations occur anywhere within arange of the
specified number.

Allows rotation of more than one peptide unit. Peptide units are
selected randomly from the total number of rotatable peptide units.

For acyclic peptide with n residues, use a procedure similar to the follow-
ing set of steps. In this description, each parameter isidentified by the
name used for it in the dialog box.

1

Choose a segment of length L (Length of the Segment) randomly
from nresidues. Alternatively, choose a segment of arandom size by
turning the Use Random Segment L ength toggle on in the dialog

Rotate the chosen segment either through a constant angle or through
arandom angle within awindow of -1/2ato 1/2a. Select Constant
Anglefor thefirst option and Angular Window for Random Rota-
tionsfor the second case.

3. Energy minimize the conformation.

Perform M (Number of Peptide Flip Trials before Energy Minimi-
zation) trialsof peptideflips. Eachtrial of the peptide flips consists of
the following:
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» Randomly choose m (Number of Peptide Units) peptide units. These
are rotated about their own inter-C* line through either a constant
angle b (Peptide Flip Angle/Window) or through arandom angle
within awindow 180-1/2b to 180+1/2b.

e Calculatethe CHARMmM energy of theresulting structure. Onceagain
thetwo radio buttonsin the dialog box, Constant Angleand Angular
Window for Random Rotations, may be employed to apply either
case.

5. Recall the lowest energy structure from the M trials donein Step 4.
Energy minimize this structure in CHARMmM and save the structure.
A single execution of Steps4 and 5 resultsin one minimized structure
being saved into the output structure file.

6. Repeat the Steps 4 and 5 N times (Number of Energy Minimum
Conformations per Segment Rotation), so that atotal of N struc-
tures are saved into the search file.

7. Repeat Steps 1to 6 atotal of K times (Number of Times Rotations
arerepeated). At the end of this procedure, atotal of NxK energy
minimized conformations are saved into the output search file.

Understanding Loop Modeling

Loop Modeling is used to generate low energy conformations in loop
regionsof apolypeptide or protein. Only the loop portion of the molecule
isinvolved in generating new conformations. The rest of the moleculeis
held rigid during the procedure. Torsion angles within theloop region are
adjusted to ensure acceptable joining of the loop region with the rest of
the molecule.

You identify theloop region you want to model by identifying theresidue
numbers at either end of the loop. An anchor residue is added by the pro-
gram at each end. These residues belong to the fixed region of the protein.

Torsion angles within the loop are randomly altered. Each torsion angle
chi isaltered such that each new valueiswithin the chi -0.5* window and
chi +0.5* window. Thewindow isan angular parameter that is specified
in the setup dialog box.

When al torsion angles of the loop are modified, the loop adopts a con-
formation with anchor residues displaced from their original positions.
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The loop then goes through rigid and flexible fit procedures and energy
minimization. Non-loop portions of the molecule are kept fixed during
minimization. Conformation of the proteinis saved to an .csr output file.
This modeling procedure may be repeated a specified number of times.

The starting and ending residues of the loop are specified along with the
torsion windowsfor the ends and the middl e of theloop. Matches may be
displayed during the procedure and the loop can be minimized at the end
of the design phase.

When Loop Modeling is chosen from the Conformational Search palette,
adiaog box is displayed to specify the parameters of the search proce-
dure. Table 24 lists and briefly describes the options.

Table 25. Loop Modeling Setup Dialog Box

Option Description

Number of L oop Determines the number of conformations to be generated. Default is 1.
Conformations

Sart and End residue Lists the numbers of the residues at either end of the loop region in the

protein.
Torsion window at  Specifiesthetorsion window to be applied to torsion angles at the ends of
ends theloop. Generally, changesin thetorsion angles at the ends of theloop

are larger than in the middle, so a smaller window can be specified to
give satisfactory results. Default is 60.0.
Torsion window at  Specifiesthetorsion window to be applied to torsion anglesin the middle
middle of theloop. Generally, changesin the torsion anglesin the middle of the
loop are smaller than at the ends, so alarger window can be specified to
give satisfactory results. Default is 120.0.

Maximum number of Specifies the number of iterations for flexible fitting, simplex minimiza-

iterationsin sim- tion of the RMS. Default valueis 200. Generally values between 200
plex and 400 are appropriate.

Tolerance of simplex Specifies the tolerance value for the simplex minimization. Default is

0.00.

Display matches dur- Shows displacement of anchor residues from their original positions as
ing design the procedure progresses.

Energy minimization Executesan energy minimization procedure at the end of the modeling
after design procedure. Strongly recommended.
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Additional Processing of Conformations

Conformations can be processed to update pre-existing search or dynam-
ics files without running a search procedure. For example, when a struc-
ture does not converge to areal minimum, additional cycles of energy
minimization can be carried out.

Summary

This chapter describes avariety of conformational search methods avail-
ablein QUANTA. These methods explore conformational space by vary-
ing torsion angles in one or more molecular structures or by varying the
relative displacements and orientations of several molecular structures.
The search procedures may be broadly classified into two categories:

1. Systematic (deterministic) search procedures
» Grid Scan

* Custom Search

» CyclicModeling

2. Stochastic (probabilistic) search procedures
* Random Sampling

* Random Minimization

* Boltzmann Jump

* Hybrid Boltzmann Jump

* Custom RIS Search

* RIS Random Sampling

*» Filter Search

» Peptide Fip

* Loop Modeling

An exhaustive systematic search of the entire conformational spaceisa
very time consuming process for most flexible molecules. The size of the
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conformational space to be searched increases dramatically with the
number of rotatable torsion angles. In addition, as molecular size
increases, the resolution with which each torsion angle needsto be
scanned generally also increases. Both these factors compound to
enhance the difficulty of locating minimum energy conformations of a
large molecule.

A systematic search can be carried out in reasonable length of time only
for very small moleculeswith four or fewer variabletorsion angles. Inthe
case of larger systems, either a systematic search is more local, in the
sense that the search is carried out only in part of the conformational
space, or astochastic search is used to sample the conformational space.

The genera procedure for performing a conformational search includes
the following steps:

Define torsions and other geometric quantities.

Specify atorsion subset (optional).

Select the tag generation method (optional).
Choose a search procedure.

Specify search parameters.

© o M W DN PP

Initiate the search by selecting Do Sear ch.
7. Provideafilenameand supply thetag prefix and number, if prompted.

Begin a Conformational Search by selecting Confor mational Search
from the Applications menu and displaying the Conformational Search
palette. This palette includes selections for defining torsions and other
geometric properties, selecting a search method, specifying search
parameters, and initiating search procedures. Each searchisinitiated after
torsion definition is completed.
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5. Performing a Search

This chapter describes the basics of performing simple searches within
the Conformational Search application. It isthethird chapter to describe
conformational search procedures. Read this chapter for specific infor-
mation on setting up and running a conformational search. The chapter
includes practice exercises for the following search methods:

e Grid Scan
e Random Sampling
e Boltzmann Jump

e Peptide Flip

The Conformational Search application enables the exploration of a
molecular structure's conformational space. Torsion angles are modified
to generate various conformations and each conformation is processed
according to user-defined criteria. When two or more structures are under
study, it is also possible to explore spatial orientations of one structure
with respect to the other. There are three basic steps for defining a search
procedure;

chapter

1. ldentify geometric properties
2. Select a search procedure
3. Define the scope of the search

Files containing the conformations generated during a search procedure
are assigned user-defined names. These files contain: coordinate data,
identification tags for each conformation, and a potential energy for each
conformation generated by the search procedure (optional).

Selecting Conformational Search in the Application menu calls the
Conformational Search palette. This palette provides aset of toolsto exe-
cute the steps listed above.

Selectionsfrom the QUANTA Geometry palette are al so accessible from
within Conformational Search. Other pal ettes providelogical grouping of
selections based on the functions they perform.
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It is possible to move directly from the Conformational Search paletteto
the Analysis application. Transferring to Analysis from Conformational
Search removes the Conformational Search palette. Subsequent exiting
from Analysis returns to Conformational Search and restores the appro-
priate palette.

Many palette tools are dimmed when the Conformational Search palette
isfirst displayed. Dimmed tools represent unavailable choices based on
the currently active tool or the current point within the procedural defini-
tion. Dimmed tools cannot be selected, providing a safeguard against
making inappropriate selections. Dimmed tools are restored to an active
status (bright) when usage is permitted.

Performing a Grid Scan Search

The Grid Scan search explores conformational space by systematically
varying torsion angles over agrid of equally spaced valuesto generate
new conformations. Up to 10 torsion angles can be used in agiven search.
If more than 10 torsions are defined, a subset of 10 or fewer must be
selected.

To perform a grid scan:

» Define (and, if necessary, select), the torsionsin the displayed struc-
ture(s).

» Define the scope of the search by specifying the search method and
associated criteria.

Separate palettes are provided for each step.

Sample Procedure — Grid Scan Search

Thefollowing exercise completes the three search steps for searchl.msf.
The structure was generated in Chapter 2 of QUANTA Generating and
Displaying Molecules.

Steps 1-5 of this exercise repeat steps taken to define torsionsin an exer-
cisein Chapter 3 of thisbook. If you have completed these steps already,
go on to Step 6. After search setup procedures are established, the grid
scan search for searchl.msf takes 5-10 minutes to complete.
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1. Open searchl.msf.

Display the File menu. Select the Open function. A FileLibrariandia-
log box is displayed.

Select searchl.msf from the scrolling list.

Select the Open button. The structure searchl isdisplayed in the
viewing area.

2. Sart Conformational Search.

Display the Applications menu. Select Confor mational Search. The
Conformational Search palette replaces the Modeling palette and the
Geometry palette remains displayed.

The textport reports the following information about the displayed
structure, searchl.msf:

Number of Fragments = 1
Number of Ring Bonds= 6
No of rotatable bonds= 6

3. Display atom labelsfor all atoms. Display the Draw menu. Select
Label Atoms.

From the pull-right menu that opens, select Selection Tools. The
Label Atomsand Label Components and Utilities palettes are dis-

played.
From the Label Componentsand Utilities pal ette, select Atom Name,
Residue | D, and Show L abels.

From the Label Atoms palette, select Includeand All Atoms. A label
containing the atom nameisdisplayed for al atoms. These labels per-
mits identification of the atoms composing the available torsions.

From the Label Atoms palette, select Finish. The Conformational
Search paletteis redisplayed

4. Definetorsionsin the displayed structure.

From the Conformational Search palette, select Torsions. The Tor-
sions palette is displayed.
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From the Torsions palette, select Define All Tor sions. The command
line displays:

No of Torsions = 6 Families = 6

Select List Torsions. Thefollowing torsion definitionsarereportedin
the textport:

storl [PHEN1] C1C2C14C15 -77.9 back
stor2 [PHEN1] C3C409H131 179.5 back
stor3 [PHEN1] C4C5011H121 -147 back
stord [PROP2] C2C14C15C161 -63 back
stor5 [PROP2] C14C15C16N211 -60 back *
stor6 [PROP2] C15C16N21H221 179.9 back*

* X o+ %

OO WNPE
OO WNPE

Actua atom names may differ, depending on the sequence in which
bonds and atoms were placed when the structure was built.

. Specify a torsion subset.

From the Torsions palette, select Select Torsions. The Torsion Selec-
tion palette isdisplayed. Selected torsion bondsin the displayed struc-
ture are blue, and all other bonds are red.

The message line reads:

Torsion Selection: INCLUDE on 6 Torsns SLCTD out of 6.

From the Torsion Selection palette, select Include and Select a Sub-
set of Torsions. A dialog box is displayed offering options for the
selection of one torsion from all torsions currently available.

Select the options:

Include
and Exclude all others
4tor4(2) C2-C14-C15-C16

Select the OK button. The dialog box is cleared from the screen. The
torsion named tor4(2) comprised of the bond between the carbons
alphaand betato the pararing carbon, is selected. Thisbond remains
displayed in blue. All others bonds are red.

The message line reads:

Torsion Selection: INCLUDE on 1 Torsns SLCTD out of 6

From the Torsion Selection palette, select Finish. The paletteis no
longer displayed. The searchl structure is redisplayed in the origina
colors. The message line reads:
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1 of the 6 torsions selected

From the Torsions palette, select Exit Torsions. The paletteis
removed from the screen. Defining torsions for the search procedure
is completed.

6. Definethe scope of the search
From the Conformational Search palette, select Setup Search. All of

the search procedure sel ections become active.

Select Grid Scan. A dialog box is displayed permitting the entry of
valuesthat definetherotational range (initial and final torsion values)
and the torsion angle increment within this range.

You can also specify torsion values as absolute or relative values.
Select the option:
Torsion Valuesare ABSOLUTE

Enter the values:

From: 0.000
To: 330.000
Sep Size: 30.000

Select the OK button. A dialog box is displayed, offering options for
specifying how each conformation is processed.

Select the options:

CHARMM Minimization for each structure
Constrain Grid Torsion during Minimization
Display Sructure

Thesecond optioninthelist above constrainsthetorsion angleswhich
the previous dialog box specified. Thisensuresthey are not atered by
the subsequent energy minimization in CHARMmM. The program
employs dihedral constraintsin CHARMmM to retain grid values for
these torsions.

Select the OK button. Grid Scan remains checked and highlighted,
indicating it is the selected search method. All other procedure selec-
tions are dimmed. Do Search is activated, indicating the appropriate
conditions now exist for starting a search.

7. Setup minimization for conformations.
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Since each conformation is to be minimized, establish CHARMm
minimization specifications.

Display the CHARMmM menu. Select Minimization Options. A dia-
log box containing the minimization setup optionsis displayed.

Select the option:
Seepest Descents
Enter the values:

Number of Minimization Seps. 50
Coordinate Update Frequency: 5
Energy Gradient Tolerance: 0.010000
Energy Value Tolerance: 0.000000
Initial Step Size: 0.020000

Sep Value Tolerance: 0.000000

Select the OK button. The dialog box is cleared from the screen. The
new minimization conditions are established.

. Start thegrid scan search.

From the Conformational Search palette, select Do Search. A File
Librarian dialog box is displayed.

Enter the name gridl for the file to contain search results. The appli-
cation automatically adds the extension .csr.

Accept the default values:

Tag prefix: searchl.msf
Sarting Tag Number: 1

Select the New button. The search procedure is started. Asthe search
proceeds, each conformation isdisplayed in the viewing areaand min-
imized before proceeding to the next conformation. Tags are dis-
played in the upper-left corner of the viewing area, identifying which
conformation is currently displayed.

This search procedure takes 5-10 min. When the search is completed,
the last conformation is displayed in the viewing area. The message
line reads:

GRID SEARCH completed.
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Performing a Second Grid Scan Search

A second grid scan search, employing two torsion angles in the searchl
structure is performed in the same manner as the first. The results, how-
ever, are much different when two torsions are used. After search setup
procedures are established, the Grid Scan search takes 30 to 35 minutes.

1. Definetorsionsin thedisplayed structure.
Display the Conformational Search palette. Select Torsions. The Tor-
sions palette is displayed.

Select Define all Torsion. Use Default Namesis already selected. A
dialog box isdisplayed, providing optionsto add or replacethe current
torsion definition.

Qo
=
e}

chapter

Select the option:

Define New Torsion Angles

Select the OK button. The message line reads:
No of Torsions= 6 Families=6

The following torsion definitions are reported in the textport:

1 ltorl C1 c2 Ci4 C15 1
2 2tor2 C3 C4 09 H13 1
3 3tor3 C4 C5 011 H12 1
4 4tor4 C2 Ci14 C15 C16 1
5 5tor5 Ci14 C15 Ci6 N21 1
6 6tor6 C15 C16 N21 H22 1

The torsions may have different designationsin your system depend-
ing how the structure was generated.

2. Select two torsionsfor the search.

Display the Torsions palette. Select Select Torsions. The Torsion
Selection palette supplements the display of the Torsions, Conforma-
tional Search, and Geometry palettes. Selected torsion bondsin the
displayed structure are colored blue. All other bonds are colored red.

The message line reads:

Torsion Selection: INCLUDE on 6 Torsns SLCTD out of 6
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From the Torsion Selection palette, select Select a Subset of Tor-
sions. A dialog box is displayed, permitting the selection of specific
torsions from al torsions currently available.

Select the options:

Include

and Exclude all others
2tor2(1) C3--C4--09--H13
3tor3(1) C4--C5--011--H12

Select the OK button. The dialog box is cleared from the screen. The
torsions named tor2(1) and tor3(1) are selected. Thebondsremain dis-
played in blue (between C4 and O9, and C5 and O11). All other bonds
aredisplayed in red.

C4—po

La—C5

o
=
%"Il'""

09—~

The message line reads:

Torsion Selection: INCLUDE on 2 Torsns SLCTD out of 6.

From the Torsion Selection palette, select Finish. The paletteis
removed from the screen. The structureis redisplayed in the original
colors. The message line reads:

2 of the 6 torsions selected.

From the Torsions palette, select Exit Torsions. The paetteis
removed from the screen. The definition of torsionsfor the search pro-
cedure is completed.

. Select the Grid Scan search method and define specifications.

From the Conformational Search palette, select Setup Search. All of
the search method tools become active.
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Select Grid Scan. A dialog box is displayed, permitting the entry of
an initial value, the final value, and the torsion angle increment for
both torsions.

Select the option:
Absolute Value
Enter the values:

tor2(1) From: 0.00
To: 330

Sep Size: 30.00
tor3(1) From:0.00
To: 330

Sep Size:30.00

Select the OK button.

A dialog box is displayed, offering options to specify how each con-
formation is processed.

Select the options:

CHARMM Minimization for each structure
Constrain Grid Torsion during Minimization
Display Sructure

Select the OK button.

The following information is reported in the textport:
There are 12 states for tor2(1)

There are 12 states for tor3(1)

Number of conformations will be: 144

Grid Scan remains checked and highlighted, indicating thisis the
defined search method. All other method selections are dimmed. Do
Sear ch is activated, indicating the appropriate conditions now exist
for starting a search.

. Setup minimization for confor mations.

Display the CHARMmM menu. Select Minimization Options. A dia
log box containing the minimization setup optionsis displayed.
Select the option:

Steepest Descents
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Enter the values:

Number of Minimization Seps. 50
Coordinate Update Frequency: 5
Energy Gradient Tolerance: 0.010000
Energy Value Tolerance: 0.000000
Initial Step Size: 0.020000

Sep Value Tolerance: 0.000000

Select the OK button. The dialog box is cleared from the screen. The
new minimization specifications are established.

. Sart the Grid Scan search.

From the Conformational Search palette, select Do Search. A File
Librarian dialog box is displayed. Enter the name grid2 for thefile to
contain search results.

Accept the default values:

Tag prefix: searchl.msf
Sarting Tag Number: 1

Select the New button. The search processis started. This search pro-
cedure takes about 30 minutes to complete. When the search is com-
pleted, the last conformation is displayed in the viewing area.

The message line reads:

GRID SEARCH Completed.

. Exit Conformational Search.

From the Conformational Search palette, select Exit Confor mational
Sear ch. The Conformational Search paletteis removed and the Mod-
eling palette is displayed.

. Reect changesto the structure.

Fromthe Modeling pal ette, select Reject Changes. Searchl returnsto
its original conformation.
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Performing a Random Sampling Search

The Random Sampling procedure randomly changes all defined torsion
anglesin a structure using a predefined range. This range (angular win-
dow) specifies the maximum angle that torsions may vary during each
perturbation in the search procedure and generates the user-defined num-
ber of conformations. Torsion angle modifications can be performed
using a starting structure or a previously obtained conformation.

As the search progresses, CHARMm energy and/or CHARMmM minimi-
zation can be calculated for each randomly altered conformation. When
the search is complete, all conformations are saved to a search file and
given a user-defined name.

Sample Procedure — Random Sampling Search

Complete the following exercise to become familiar with the stepsin a
Random Sampling search. After search setup procedures are established,
the random sampling search for the searchl structure takes five to ten
minutes to compl ete.

1. Display theoriginal conformation of the structure.

Open searchl.msf. Theoriginal conformation of the structurereplaces
the conformation displayed after exiting conformational searchinthe
previous exercise.

2. Sart Conformational Search.

Display the Applications menu. Select Confor mational Search. The
Search palette replaces the Modeling pal ette and supplements the dis-
play of the Geometry palette. The textport reports the following infor-
mation about the displayed structure:

Number of Fragments = 1

Number of Ring Bonds = 6
No of rotatable bonds = 6

3. Definetorsionsin thedisplayed structure.
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From the Conformational Search palette, select Tor sions. From the
Torsions palette, select Define All Torsions. The message line reads:

No of Torsions= 6 Families=6

The following torsion definitions are reported in the textport:

1 ltorl C1 Cc2 Ci14 C15 1
2 2tor2 C3 C4 09 H13 1
3 3tor3 C4 C5 011 H12 1
4 4tor4 C2 C14 C15 C16 1
5 S5tor5 Ci14 C15 C16 N21 1
6 6tor6 C15 C16 N21 H22 1

The actual atoms that define your torsions may differ, depending on
the sequence in which bonds and atoms were placed when the struc-
ture was built.

From the Torsions palette, select Exit Torsions. The Torsions pal ette
isremoved from the screen. The torsionsfor the search procedure are
now defined.

. Select a search method and define specifications.

From the Conformational Search palette, select Setup Search. All of
the search procedure selections become active.

From the Conformational Search palette, select Random Sampling.
A dialog box isdisplayed, permitting the entry of setup specifications
for the search.

Enter the values:

Number of Samples: 25
Torsion Angle Window: 60

Select the options:

Minimize Each Sructure
Cumulative Random M odifications
Display Each Sructure

Select the OK button. Random Sampling in the Conformational
Search palette remains checked and highlighted, indicating it isthe
defined search method. All other procedure selections are dimmed.
Do Search is activated, indicating the appropriate conditions now
exist for starting a search.

5. Setup minimization for conformations.
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Display the CHARMmM menu. Select Minimization Options. A dia
log box containing the minimization setup optionsis displayed.

Select the option:
Adopted-Basis Newton Raphson
Enter the values:

Number of Minimization Seps: 50
Coordinate Update Frequency: 5
Energy Gradient Tolerance: 0.010000
Energy Value Tolerance: 0.000000
Initial Step Size: 0.020000

Sep Value Tolerance: 0.000000

Select the OK button. The dialog box is cleared from the screen. The
new minimization specifications are established.

6. Sart therandom sampling search.

From the Conformational Search palette, select Do Sear ch.

A File Librarian dialog box is displayed. Enter the name random for
thefileto contain search results. The extension .csr will automatically
be added.

Accept the default values:

Tag prefix: searchl.msf
Sarting Tag Number: 1

Select the New button. The search procedure is started. Asthe search
proceeds, each conformation isdisplayed in the viewing areaand min-
imized before proceeding to the next conformation. Tags are dis-
played in the upper left corner of the viewing area (search_msf:1),
identifying which conformation is currently displayed.

This search procedure takes 5-10 minutes. When the search is com-
pleted, the last conformation is displayed in the viewing area. The

message line displays:
Random Sampling Completed

7. Exit Conformational Search.
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From the Conformational Search palette, select Exit Confor mational
Search. The Conformational Search palette is removed from the
screen and the Modeling palette is displayed.

Performing a Boltzmann Jump Search

The Boltzmann Jump search explores conformational space for energy
minima, generating the user-defined number of conformations through
random perturbation of torsion angles. Upward jumps in energy are per-
mitted.

Starting with aminimized structure, arandom perturbation is carried out
within apredefined range, specifying how much torsion angles may vary
for each conformation during the search. If the resulting conformation is
of alower energy, the conformation is selected. If the perturbed confor-
mation is of ahigher energy, a stochastic decision is made to select or
reject the new conformation.

Even after a conformation is selected, random perturbation continues
until the RM S differences in torsion angles between the selected confor-
mation and the starting minimum energy conformation exceeds a user-
defined value. This causes the perturbation sequence to terminate, and a
CHARMmM energy minimization to be performed on the conformation.

Search procedures can aso be performed on cyclic structures. Cycliza-
tion agorithms work transparently during a search procedure to ensure
that the cyclic structure is preserved during torsional manipulation.

When you select Boltzmann Jump from the Conformational Search pal-
ette, adialog box isdisplayed, offering optionsto set up the specifications
for the search.

Sample Procedure — Boltzmann Jump Search

The exercisethat follows uses the cyclic structure CCK7 built in Chapter
4 of QUANTA Generating and Displaying Molecules. Thefile CCK7.msf
should be displayed and active in the viewing area. After search setup
procedures are established, the Boltzmann Jump search takes 30—35 min-
utes to complete.

1. Sart Conformational Search.
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From the Applications menu. Select Confor mational Search. The
Conformational Search pal ette replaces the Modeling pal ette and sup-
plementsthe display of the Geometry palette. The textport reportsthe
following information about the displayed structure (CCK7.msf):

Number of Fragments = 1

Number of Ring Bonds= 43
No of rotatable bonds= 15

. Select thetorsion template to define backbone torsions.

From the Conformational Search palette, select Torsions. The Tor-
sions pal ette displaces the Conformational Search palette and supple-
ments the display of the Geometry palette.

From the Torsions palette, select Read Torsion Template. A File
Librarian dialog box is displayed.

Select the torsion template:

protein.trn

Select the Open button. The templateis applied to the structureand a
list of torsionsis displayed in the textport.

. Define élastic bonds for cyclization.

From the Torsions pal ette, select Define Peptide Backbone Tor sions.
An elastic bond is automatically defined.

From the Torsions palette, select Exit Torsions. The paletteis
removed from the screen.

. Select Boltzmann Jump and define specifications.

From the Conformational Search palette, select Setup Search. All of
the search procedure sel ections become active.

Select Boltzmann Jump. A dialog box is displayed, permitting the
entry of specifications for the search.

Enter the values:

Number of Samples: 20
Torsion Angle Window: 10.00
Temperature (Kelvin): 2000.00
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If the Boltzmann Jump success rate is too low, you can reduce the
Torsion Angle Window and increase the temperature.

Select the option:
Torsion Space
Enter the value:
Torsion Space: 5.00
Select the options;

Display Each Structure
Save Minimized Structures Only

Select the OK button. Thedialog box is cleared from the screen. Bolt-
zmann Jump remains checked and highlightedin the Conformational
Search palette. All other procedure tools are dimmed.

. Setup minimization for conformations.

Display the CHARMmM menu. Select Minimization Options. A dia-
log box containing the minimization setup options, is displayed.

Select the option:
Adopted-Basis Newton Raphson
Enter the values:

Number of Minimization Seps: 50
Coordinate Update Frequency: 5
Energy Gradient Tolerance: 0.010000
Energy Value Tolerance: 0.000000
Initial Step Size: 0.020000

Sep Value Tolerance: 0.000000

Select the OK button. The dialog box is cleared from the screen. The
new minimization specifications are established.

. Start the Boltzmann Jump search.

From the Conformational Search palette, select Do Search. A File
Librarian dialog box is displayed.
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Enter the name jump for the file to contain search results. Select the
Save button. A dialog box is displayed, enabling the definition of tag
specifications.

Enter the values:

Tag prefix;: CCK7.msf
Sarting Tag Number: 1

Select the OK button. The search procedure is started. This search
procedure takes 30—35 minutes. When the search is completed, the
last conformation may be displayed off an edge of the viewing area.
Select Reset View from the Dial Emulator to bring the entire structure
into view.

The message line reads:

Boltzmann Jump Sequence Completed.

7. Exit Conformational Search.

Select Exit Conformational Search. The Conformational Search
palette is removed from the screen and the Modeling palette isdis-

played.
8. Regject changes made to CCK7.msf asaresult of the search.

From the Modeling palette, select Regject Changes. The changes
madeto CCK7.msf are not saved inthe M SF. Theoriginal coordinates
(the coordinates saved after minimization) of CCK7.msf are redis-
played in the viewing area.

Performing a Search Using the Peptide Flip

The Peptide Flip search randomly locates low-energy conformationsin
cyclic pipettes by rotating peptide units about pseudo-bonds connecting
alpha carbon atoms. Cyclization algorithms built into the search proce-
dure work transparently to ensure a cyclic structure is preserved during
torsional manipulation. This search procedure usestwo types of rotations:

e Segment rotation
e Peptideflip
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The segment rotation creates an initial conformation by rotating a
sequence of connected peptides (a segment) about the pseudo-bond join-
ing the alpha carbon atoms at each end of the peptide sequence. A user-
defined number of peptide flipsis then performed on a peptide unit con-
tained within the defined segment.

A random conformation for the Peptide Flip is selected after a series of
random rotations and the lowest energy structure resulting from this ran-
dom sampling is submitted to CHARMmM for minimization.

A Peptide Flip Search can be set up so several segment rotations can be
performed. Each segment rotation can have its own series of nested pep-
tide flips. Once the search is completed, all resulting conformations are

stored in asearch file (.csr).

Sample Procedure — Peptide Flip Search

The exercisethat follows uses the cyclic structure CCK7 built in Chapter
4 of QUANTA Generating and Displaying Molecules. If you are progress-
ing through this chapter, the structure CCK7 should be open and dis-
played inthe viewing area. After search setup procedures are established,
the Peptide Flip search takes 30-35 minutes to complete.

1. Sart Conformational Search.

Display the Applicationsmenu. Select Confor mational Search. The
Conformational Search palette replaces the Modeling pal ette and sup-
plementsthe display of the Geometry palette. The textport reportsthe
following information about the displayed structure:

Number of Fragments = 1

Number of Ring Bonds= 43
No of rotatable bonds= 15

2. Definethe backbonetorsions.
From the Conformational Search palette, select Torsions. The Tor-
sions paletteis displayed.
Select Define Peptide Backbone Tor sions. The message line reads:

Peptide is CYCLIC. Number of skeletal atoms = 21 No of
torsions = 18 Families = 3.
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From the Conformational Search palette, select Exit Torsions. The
Torsions palette is removed from the screen. The definition of back-
bone torsions for the search procedure is completed.

. Select Peptide Flip search and define specifications.
From the Conformational Search palette, select Setup Search. All the

search method sel ections become active.

Select Peptide Flip. A dialog box is displayed, permitting setup of
specifications of asearch that performsonly peptide flips (no segment
rotation).

Select the option for the Rotation Angle/Window:
Constant Angle

Enter the values:

Number of Energy Minimum Conformations per Segment
Rotation: 20

Number of TrialsFlipsPrior to Minimization: 5

Peptide Flip Angle/Window (degrees): 180.0

Number of Peptide Unitsinvolved in aflip: 2

Select the OK button. The dialog box is cleared from the screen. Pep-

tide Flip remains checked and highlighted. All other method selec-
tions are dimmed. Do Search is activated.

. Setup minimization for CCK7.msf.

Display the CHARMm menu. Select Minimization Options. A dia-
log box containing the minimization setup optionsis displayed.
Select the option:

Adopted-Basis Newton Raphson

Enter the values:

Number of Minimization Steps: 100
Coordinate Update Frequency: 5
Energy Gradient Tolerance: 0.0100000
Energy Value Tolerance: 0.000000
Initial Sep Size: 0.020000

Sep Value Tolerance: 0.000000
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Select the OK button. The dialog box is cleared from the screen. The
new minimization parameters are established.

. Start the Peptide Flip search.

From the Conformational Search palette, select Do Search. A File
Librarian dialog box is displayed.

Enter the name flip for the file to contain search results.
Accept the default values:

Tag prefix: CCK7.msf
Sarting Tag Number: 1

Select the New button. The search procedure is started. This search
procedure takes 30-35 minutes to complete. When the search is com-
pleted, the last conformation is displayed in the viewing area. The
message line reads:

Peptide Flip Completed

. Exit Conformational Search.

Select Exit Conformational Search. The Conformational Search
palette is removed from the screen and the Modeling palette isdis-

played.

. Reect changesto CCK7.msf asaresult of the search.

From the M odeling palette, select Reject Changes. The changes
made to CCK7.msf are not saved in the M SF. The coordinates saved
after minimization of CCK7.msf are redisplayed in the viewing area.

Summary

The Conformational Search application enables the exploration of a
molecular structure’'s conformational space. Torsion angles are modified
to generate various conformations and each conformation is processed
according to user-defined criteria. When two or more structures are under
study, it is also possible to explore spatial orientations of one structure
with respect to the other.
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Summary
Selecting Conformational Search in the Application menu calls the
Conformational Search palette. Selections from the QUANTA Geometry
palette are al so accessible from within Conformational Search. Other pal-
ettes provide logical grouping of selections based on the functions they
perform.

This chapter includes practice exercises for the following search meth-
ods: Grid Scan, Random Sampling, Boltzmann Jump, and Peptide Flip.

The Grid Scan search explores conformational space by systematically
varying torsion angles over agrid of equally spaced values to generate
new conformations. Up to 10 torsion angles can be used in agiven search.
If more than 10 torsions are defined, a subset of 10 or fewer must be
selected.

To perform a Grid Scan search:

» Define (and if necessary, select), the torsions in the displayed struc-
ture(s).

» Define the scope of the search by specifying the search method and
associated criteria.

The Random Sampling procedure randomly changes all defined torsion
anglesin a structure using a predefined range. This range (angular win-
dow) specifies the maximum angle that torsions may vary during each
perturbation in the search procedure and generates the user-defined num-
ber of conformations. Torsion angle modifications can be performed
using a starting structure or a previously obtained conformation.

The Boltzmann Jump search explores conformational space for energy
minima, generating the user-defined number of conformations through
random perturbation of torsion angles. Upward jumpsin energy are per-
mitted.

Starting with aminimized structure, arandom perturbation is carried out
within a predefined range, specifying how much torsion angles may vary
for each conformation during the search. If the resulting conformation is
of alower energy, the conformation is selected. If the perturbed confor-
mation is of a higher energy, a stochastic decision is made to select or
reject the new conformation.

Even after a conformation is selected, random perturbation continues
until the rms differencesin torsion angles between the selected conforma-
tion and the starting minimum energy conformation exceeds a user-
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defined value. This causes the perturbation sequence to terminate, and a
CHARMmM energy minimization to be performed on the conformation.

Search procedures can aso be performed on cyclic structures. Cycliza-
tion agorithms work transparently during a search procedure to ensure
that the cyclic structure is preserved during torsional manipulation.

The Peptide Flip search randomly locates low energy conformationsin
cyclic peptides by rotating peptide units about pseudo-bonds connecting
apha carbon atoms. Cyclization algorithms, built into the search proce-
dure work transparently to ensure a cyclic structure is preserved during
torsional manipulation. Thissearch procedure usestwo typesof rotations:
segment rotation and peptide flip.

Segment rotation creates an initial conformation by rotating a sequence
of connected peptides (a segment) about the pseudo-bond joining the
alpha carbon atoms at each end of the peptide sequence. A number of
peptide flipsis then performed on a peptide unit contained within the
defined segment.

A random conformation for the peptide flip is selected after a series of
random rotations and the lowest energy structure, resulting from thisran-
dom sampling, is submitted to CHARMmM for minimization.
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6. Analyzing Results

This chapter describes the Analysis application. This application pro-
vides tools to compute, access and analyze physical properties of struc-
tures generated by dynamics simulations or conformational search
procedures. Read thischapter if youintend to analyze theresultsof search
procedures or dynamics simulations.

The Conformational Search and Dynamics Simulation applications pro-
duce files that contain multiple conformations of molecular structures.
Up to 6000 structures can be handled by the Analysis application, but per-
formance is best when smaller datasets are used.

chapter

The Analysis application provides tools to read or compute physical
properties of these structures. It sorts, sel ects, and comparesthe structures
using available physical properties data. Trends, correlations, and
extremes of the data are revealed through a variety of plotting options.
Use other | tools are provided to view structures one at atime or to view
them overlaid after aleast squares fitting procedure is applied. You can
also cluster structuresinto subsets that have common conformational fea
tures.

Enter the Analysis applications either directly from the Applications
menu or from the Conformational Search palette.

When you start Analysis, conformationsin the input file are read and a
table of propertiesis created. Each conformation has an identifying tag
that consists of ameaningful prefix and anumber that designatesitsorder
at the time it was created in the set of conformations.

Initially, the only defined property is energy. In some cases even energy
values may not exist. If you only want to browse through the set of con-
formations, you need no additional properties.

To sort structures or plot information about them, define additional phys-
ical propertiessuch astorsions or distances. Torsionsdefined in Analysis
need not be the same as those used in a search procedure. The Torsions

selection on the Analysis pal ette uses the same facility as the one on the
Conformational Search palette. For moreinformation about thefacility as
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itisused in Conformational Search, see Chapter 3, Defining Geometric
Properties.

To defineageneral dihedral angle, bond angle, or interatomic distance as
aproperty to be used in your analysis, use the Geometry pal ette to set up
geometry monitors before you enter the Analysis application.

When aset of physical propertiesisdefined, you can usethe plotsfacility
and its powerful selection toolsto look for structures that satisfy the cri-
teriayou specify. For example, you can display thevariation in aproperty
through a set of conformations by generating a trace that plots the value
of the property against the conformation number. The structures that dis-
play a specified value can be selected directly from the plot. Using Save
Selected Structures, you can save the selected structuresinto anew file,
read the new file, and resume work on areduced data set.

The power of the Analysis selectionsis enhanced when you use | nter sec-
tion accessed in the Analysis palette. Thistool allows selectionsto be
based on more than one property. For example, to select structures that
are low energy and possess at least two hydrogen bonds: first select the
low energy structures and then, changing the property, select the struc-
turesthat have at least two hydrogen bonds. The result, depending on the
status of the I nter section selection, is a set of structures that have both
low energy and at | east two hydrogen bonds, or aset of structuresthat are
either low energy or possess at |east two hydrogen bonds.

You can generate a histogram to see the distribution of a property value.
Scatter plots and correlation maps are used to show correlation between
two properties. Specialized range mapsand box range plots provide quick
visua overviews of variations in geometric properties.

The range of conformational space spanned by a search procedure can be
visually inspected using overlays. Differencesin structures dueto simple
rotations and tranglations are removed by fitting each structure to an
external reference or acommon frame. Root mean sguare difference in
Cartesian coordinate space, torsion space, or distance space can be used
asthe basis for comparing or clustering structures.

During a search procedure, coordinates are saved to a.csr file along with
header lines to identify the system under study. The header includes the
total number of active atoms, the number of active molecules, and alist

of atom numbers and names for each active molecule. When a..csr fileis
read into Analysis, the total number of active and inactive atomsis com-
pared with the total number of active atomsin the .csr file. If these do not
match, thefileisrejected. It they do match, further testing is done to see
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if the molecule names recorded in the file agree with the current list of
M SF names. If the names do not agree, awarning isissued before analy-
sis can proceed.

If you want to work with morethan one active M SF in Analysis, the order
in which the M SFs are opened does not have to be the same astheir order
at the time the search file was created. | nactive M SFs areignored even if
their names are in the search file. Inactive M SF coordinates are not read
from the search file, and the coordinates are | eft unaltered during analy-
sis.

When Analysisis started from Conformational Search and an output
searchfileiscurrently open, thefileisclosed and reopened asan analysis
file. Inthiscase, Analysisdoesnot prompt for afilename. If an output file
is not open, dialog boxes prompt for afile type and a filename.

Using the Analysis and Plots Palettes

The Analysisapplication employstwo main palettes, the Analysis palette
and the Plots palette. Other palettes are opened depending on selections
made from these two pal ettes.

The Analysis pa ette contains tools to browse through structuresin the
analysisfile, to invoke overlay tools, and to control the display of the
Plots palette. The Analysis palette also contains selections to define tor-
sion angles, interatomic distances, dummy atoms, and other properties
such asthe radius of gyration and dipole moment. The second group of
selections are the same as those found in the Conformational Search pal-
ette. Table 26 lists and briefly describes the selections.

Sample Procedure — Using the Analysis Palette

Complete the following exercise to become familiar with the basics of
using the Analysis palette. This exercise uses searchl.msf and the
gridl.crsfile generated during the first Grid Scan conformational search
exercisein Chapter 5.

1. Open searchl.msf.
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Table 26. Analysis Palette

Selection Description
Torsions... Displays the Torsions pal ette that contains selections for defining and
selecting torsions. (Use Geometry monitors for general dihedrals.)
Interatomic Provides options for working with interatomic distances, including Pick
Distances Distances, Read Distances, Save Distances, and L ist Distances.
Dummy Atoms Provides options for working with dummy atoms, including Define
Dummy Atoms, Read Dummy Atoms, and Save Dummy
Atoms.
Calculate Provides options for working with properties, including Radius of
Properties Gyration, Dipole Moment, and Fractional Free Volume.

Sort By Property
File Optiong/Filters

Get Sructure

First Sructure
Next

Sructure
Previous Sructure

Last Structure

L owest Energy
Sructure

Use Selected
Sructures

Use Sorted Order

Sorts structures by ascending values of a selected property.

Provides options that include changing the file under analysis, displaying
asynopsisof thefileunder analysis, writing coordinates of thedisplayed
conformation to an M SF, converting asearch fileto adynamicsfile, con-
catenating search or dynamicsfiles, showing tags, redefining tags, pro-
cessing conformations, saving sorted conformations, and building the
RSF.

Displays the conformation identified by number. For example, the second
conformation is displayed by entering the integer 2 in the resulting dia-
log box.

Displays the first conformation in the file under anaysis.

Displays the next conformation in the file under analysis. If the last con-
formation in thefileis currently displayed, thefirst conformationisdis-
played when this selection is made.

Displays the previous conformation in the file under analysis. If the first
conformation in thefileis currently displayed, the last conformation is
displayed when this selection is made.

Displays the last conformation in the file under analysis.

Displays the lowest energy conformation in the file under analysis. This
selection is useful for extracting the lowest energy conformation. You
can return to the Conformational Search application to initiate another
search procedure, starting with the lowest energy conformation.

Allows all the browsing selection, Get Structure, First Structure,
Last Structure, Next Structure, Previous Structure, and Auto
Browse, to display only selected structures. This selection becomes
active only after structures are designated.

Allowsall browsing selections, Get Sructure, First Structure, Last
Sructure, Next Sructure, Previous Sructure, and Auto
Browse, to use the sorted order previously established by Sort By
Property. This selection becomes active only after a sort is created.
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Table 26. Analysis Palette (Continued)

Selection

Description

Auto Browse

Continue Auto
Browse

Average Sructure

Sore Sructure
Recall Sructure

Compare Torsion

Overlay
Structures...

Cluster Analysis
Select Clusters

Clear Selection

Complement Selec-
tion

Displays all structures automatically, one at atime. The structures dis-
played and the order in which they are displayed may be modifiedif Use
Selected Structuresand/or Use Sorted Order are selected.

Resumes automatic browsing if the action of Auto Browseisinterrupted
with amouse click. The display of structures resumes from the point
where it was interrupted.

Computes an average structure from all conformations in the file under
analysis and displaysthe structure. Coordinates are obtained by comput-
ing the average x, y, and z cartesian coordinates for each atom over the
entire set of conformations. An average structure may not always be a
reasonable structure, especially when the file under analysis contains a
wide range of conformations. The average structure also may have spu-
rious bonds, depending on theinteratomic distancesfound inthe average
structure.

Stores the displayed conformation in the storage buffer, overwriting any
previously saved structure.

Recalls the conformation last saved in the storage buffer using Store
Structure.

Compares torsion angles of the displayed conformation with those of the
conformation in the storage buffer. RMSD of torsion angles is reported
in the Textport. Torsion anglesthat differ by morethan 20° are also iden-
tified. Thistool becomes active only when torsion angles are defined.

Allows comparison of structures, clustering of structuresinto groups, least
squares fitting of structures using optimal multiple superposition, and
simultaneous display of al the structures.

Provides toolsto cluster structuresinto geometrically similar subsets.

Selects all members of acluster or the lowest energy member from aclus-
ter.

Clears any previous structure selection that may be in effect.

Replaces currently selected structures with all currently unselected struc-
tures
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Table 26. Analysis Palette (Continued)

Selection

Description

Plots
Intersection

Toggles the display of the Plots palette.

Adds subsequent selections to the selection list (union), or makes subse-
guent selections based on existing conformations in the selection list
(intersection). When I nter section ison, al unselected structures are
ignored when making further selections.

Show Cell Contents Shows the contents of the periodic cell instead of a structure. This selec-

Show Table
Exit Analysis

tion becomes active only when periodic boundary conditions are in
effect.

Shows potential energy table for all conformations.

Exits the Analysis application returning to the application from which
Analysis was started.

Display the File menu and select Open. From the scrolling list in the
File Librarian, select searchl.msf.

Select the Replace button, then select the Open button. The structure
searchl is displayed in the viewing area.

. Start the Analysis application.

From the Applications menu, select Analysis. A dialog box is dis-
played to permit selection of the type of input file to use for analysis.
Select:

Search File (.csr)

Select the OK button. A File Librarian dialog box is displayed with a
scrolling list of available search files.

Select thefile gridl.csr, then select the Open button.

From the Analysis palette, select Show Table. A tablelisting the 12

grid scan conformations is displayed along with their corresponding

potential energies. The Analysis and Plots palettes are al so displayed.
A tag associated with searchl is displayed in the upper-left corner of
theviewing area, and apotential energy isdisplayed inthe upper right
corner.

3. Browsethrough all conformationsin the search file.
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Fromthe Analysis palette, select Auto Browse. Each conformationis
automatically displayed in the viewing areain sequential order. The
automatic browsing procedure stopswhen thelast conformationin the
search fileis displayed.

The Auto Browse procedure can be interrupted by clicking the left
mouse button in the viewing area. The procedure isresumed by select-
ing Continue Auto Browse from the Analysis palette.

4. Display thefirst conformation in the search file.
From the Analysis palette select First Sructure. The first conforma:
tion in the search file is displayed in the viewing area. The tag
searchl _msf:1 isdisplayed in the upper-left corner and the potential
energy is displayed in the upper-right corner.

5. Display theremaining conformationsin the search file.

From the Analysis palette, select Next Sructure. The second confor-
mation in the search file (searchl_msf:2) is displayed in the viewing
area.

Continue selecting Next Structure. Each conformation in the search
fileis displayed in sequence. Selecting Next Structure when the last
conformation is displayed redisplays the first conformation.

6. Display thelast conformation in the search file.

From the Analysis palette, select L ast Sructure. The last conforma-
tion in the search file (searchl_msf:12) is displayed.

7. Display other conformationsin the search file.

From the Analysis palette, select Previous Sructure. The previous
conformation in the search file (searchl_msf:11) is displayed in the
viewing area.

Continue selecting Previous Sructure. Each conformation in the
search file is displayed in reverse sequence. Selecting Previous
Sructure when the first conformation is displayed, displays the last
conformation.

8. Display the conformation with the lowest potential energy.
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From the Analysis palette, select L owest Ener gy Structure. Thecon-
formation with thelowest energy (searchl_msf:11) isdisplayed in the
viewing area aong with its associated energy. The actual conforma:
tion number may differ, depending on the geometry and resulting
energies of the structure as it was built.

. Sort conformations by potential energy.

From the Analysis palette, select Sort By Property. A dialog box is
displayed, permitting the selection of a property.

Select the option:
Potential Energy

Select the OK button. The dialog box is cleared from the screen and
Use Sorted Order isactivated in the Analysis palette.

10.Display confor mations by ascending potential energy values.

From the Analysis palette, select Use Sorted Order. The selectionis
checked and highlighted.

From the Analysis palette, select First Sructure. The structure with
the lowest energy (searchl_msf:11) isdisplayed since thisis now the
first conformation in the sorted order. The actual conformation num-
ber may differ, depending on the geometry and resulting energies of
the original structure.

From the Analysis palette, select Next Sructure. The structure with
the next-lowest energy (searchl_msf:7) is displayed.

Select Last Sructure. The structure with the highest energy
(searchl _msf:1) isdisplayed.

Select Auto Browse. The conformations are displayed in order of
ascending energy values. The display stops when the highest energy
conformation is displayed.

Select Use Sorted Order again to turn it off.

11. Display a trace of potential energy.

From the Plots palette, select Trace. A dialog box is displayed, per-
mitting the selection of the property to plot.
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Select the option:

Potential Energy

Select the OK hbutton. The Trace plot is displayed along with the
Trace palette. The x axis represents the conformation number; the Y
axis represents the corresponding potential energy value.

To remove the plot from the screen, open the Trace File menu and
select Quit. A dialog box is displayed offering options for saving the
plot.

Select the No button. The plot is removed from the screen.
12.Exit Analysis.
From the Analysis palette, select Exit Analysis. The Analysis and

Plots palettes are removed from the screen. The highest energy con-
formation of the search file remains displayed in the viewing area.

The Plots palette provides tools to generate plots of various types from
the data supplied in the analysisfile.

Within the Analysis application, you can generate the following type of
plots:

e Property Traces

» Histograms

* Box Range Maps

* Range Maps

o Scatter Plots

» Backbone Plots

» Contour Plots

« Pair Distribution Histograms

After you have specified the properties to be plotted, the plot appearsin
anew window with its own menu selections to change plot dimensions,
inquire about specific conformations, make conformation selections, and
create hard copy output.

Table 27 lists and briefly describes the selections.
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Table 27. Plots Palette

Selection

Description

Trace...
Residue Plots...

Histogram...

Correlation Map...

Scatter Plot...
RangeMap...

Box Range Map...

Backbone Plot
Contour Plot...

Pair Distribution
Function...

Site Plot...

Exit Plots

Displays atracing of a specified property through conformational space.

Displays atracing of a specified property as a function of a conformation
number.

Displays a histogram of a selected property.

Using acontour plot for al conformations, displays the partition function
(the sum over Boltzmann factors) of any two properties.

Displays a scatter plot of any two properties for all the conformations.

Displays the variation of torsion angles or interatomic distances in a col-
lection of conformations. Individua tick marks represent each confor-
mation that has a specific property value.

Displays the variation of torsion angles or interatomic distancesin a col-
lection of conformations. Boxes represent the range of val ues spanned
by conformations.

Displays a scatter plot of phi-psi valuesfor all conformationsin a peptide.
Displays a contour plot of a specified property for apair of torsion angles.

Displaysthe distribution of all pair-wise distancesin agiven set of confor-
mations.

Displays the variation of inter-residue distance as afunction of separation
for any user-specified conformation in the file under analysis. Thefirst
atom in each residue is used as the reference atom for distance calcula-
tions.

Removes the Plots palette, any of the displayed plots, and their pal ettes
from the screen.

For example, contour plots are generated when Contour Plot is selected
from the Plots palette. By selecting Contour Plot, the results of a Grid
Scan search can be displayed in a contour plot comparing a property of
two torsion angles. In the plot, the angle of onetorsion is represented on
the x axis of the plot, the angle of the second torsion is represented on the
y axis of the plot. A legend to the right of the plot assistsin color inter-
pretation by displaying numbers representing the range of the selected
property in the same colors as the corresponding contours in the plot.

Contour levels can be displayed in one of three ways:

» Withaconstant interval wherethe starting level, level difference, and
number of levelsis specified

» With levels on alogarithmic scale
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«  With custom specifications for levels

A maximum of 50 property levels can be used.

The Contour Plot palette provides tools for manipulating data to display
in the plot. Table 28 lists and briefly describes the pal ette selections.

Table 28. Contour Plot Palette

Selection

Description

Select Contour Prop-
erty

Select X, Y Axis
Torsions

For Other Torsions

Display L owest Value

Display Highest Value

Display Z-Sections

Next Z-Section

Prev Z-Section

Other Options
Set Contour Levels

Automatic Levels

Displays a dialog box, allowing the plotted property to be changed.

Displays a dialog box, allowing the two torsionsused as X and Y axis
variables to be changed.

Provides alabel for Display L owest Value, Display Highest
Value, and Display Z-Sections. No action is performed by select-
ing this label.

Displays aplot of the lowest contour property where, as aresult of the
search, the other torsions are adjusted for each grid point. The refer-
ence property is selected or changed using Select Contour Prop-
erty.

Displays aplot of the highest contour property where, as aresult of the
search, the other torsions are adjusted for each grid point. The refer-
ence property is selected or changed using Select Contour Prop-
erty.

Displays a plot containing a 2D section of multidimensional dataas a
result of the search. The non-XY axestorsions are fixed at values
shown in the palette. The Z-axis assignment is modified by selecting
one of the torsions from thelist in the palette.

Changesthe value of the Z-axistorsion to the next value and obtainsthe
contours for that section. Thisis applicable only if Display Z-Sec-
tionsis aready selected.

Changesthevalue of the Z-axistorsionto the previousvalue and obtains
the contours for that section. Thisis applicable only if Display Z-
Sectionsisalready selected.

Redefines the contour property to be used.

Displays a dialog box, alowing a change in specifications that control
contour levels, the number of levels, and the value of each level. Spec-
ifications are only applied if Fixed L evel is not selected.

Adjusts contour levelsto obtain 10 equally spaced levels between the
lowest and the highest values of the property being contoured. When
thistool is selected, contours are automatically readjusted after
manipulation, using the lowest and highest valuesin the current 2D
section.
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Table 28. Contour Plot Palette (Continued)

Selection Description

Fixed Levels Uses the current values for contour levels. Subsequent manipulation of
contours has no effect until this selection is turned off.

Display Grid Points Toggles the display of grid points over the contour plot.

Select Subset of Defines a subset of structuresinvolved in the current 2D contours by
Sructures selecting grid points. Each grid point represents a unique structure in
the search file.
Redraw Toggles the automatic redrawing of plots. When selected, the contour

plot isredrawn according to the current settings whenever achangeis
made to the plot through the use of other palette tools.

Write Plot File Writes the currently displayed plot to an output device to create a hard
copy.
Exit Plots Clears the Contour Plot palette from the screen.

Sample Procedure — Using the Plots Palette

Complete the following exercise to become familiar with the basics of
using the Plots palette and, specifically, the Contour Plot selection. This
exercise uses searchl.msf and the grid2.csr file that was generated in the
second Grid Scan search exercise in Chapter 5.

1. Open searchl.msf.
Display the File menu and select Open. From the scrolling list in the
File Librarian, select searchl.msf.
Select the Replace button, then select the Open button. The structure
searchl.msf is displayed in the viewing area

2. Sart the Analysis application.

From the Applications menu, select Analysis. A dialog box isdis-
played permitting the selection of the type of input file to use for anal-
ysis. Select:

Search File (.csr)

Select the OK button. A File Librarian dialog box is displayed with a
scrolling list of available search files.
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Select thefile grid2.csr, then select the Open button.

From the Analysis pal ette, select Show Table.

A potentia energy table containing all 144 conformations (scrolling
table) isdisplayed. The Analysis and Plots pal ettes replace the Mod-
eling palette and supplement the display of the Geometry palette. A
tag associated with searchl is displayed in the upper-left corner of the
viewing areaand a potential energy isdisplayed inthe upper-right cor-
ner.

3. Display a contour plot.

From the Plots palette, select Contour Plot. A dialog box isdis-
played, permitting the selection of the property to plot.
Select the option:

Potential Energy

Select the OK button. A dialog box is displayed, allowing the choice
of the torsion angles to plot.

Select the Torsion Angle for the X Axis option:
2:¢c3[1]-C4[1]-09[1]-H13[1]

Select the Torsion Angle for the' Y Axis option:
3:c4[1]-C5[1]-011[1]-H12[1]

Select the Apply button. The Contour Plot palette and the plot are dis-
played. The contour levels indicate the potential energy for each con-
formation.

4. Smooth color to reflect energy values of contour levels.

Move the cursor into the command line of the Molecul e window
behind the plot window.

Type the command:
> set color smooth

Thisisthe command equivalent to selecting Blueto Red Smooth
Range from Color Definitionsin the Preferences menu. Changes
may not show until Redraw is selected in the Contour Plot palette.

5. Display grid pointson the plot.
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From the Contour Plot palette, select Display Grid Points. The tool
is checked and highlighted.

From the Contour Plot palette, select Redraw. The plot isredisplayed
with grid points. The colors of the contour levels are changed so the
low energy conformation levels are represented by blue and the high
energy conformation levels are represented by red.

Redraw remains checked and highlighted. The plot is redrawn each
time achange is made.

. Select conformationswith the lowest potential energy values.

From the Contour Plot palette, select Select Subset of Structures.
The message line reads:

No structures selected

Movethe mouse so the cursor isover agrid point located in the lowest
energy contour. Click the left mouse button. The grid point is marked
with an X, indicating the conformation has been selected.
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Continue selecting grid points (conformations) located in or near the
lowest energy contour level. When all conformations are selected,
move the mouse until the cursor is outside the plot but still inside the
plot window. Click the left mouse button. The selection processis
concluded. The message line indicates the number of structures that
have been selected.

From the Contour Plot palette, select Exit Plots. The plot and the Con-
tour Plot palette are removed from the screen.

Save selected structures.

From the Analysis palette, select File Optiong/Filters. A dialog box
is displayed offering several options for processing files.

Select the option:

Save Selected Conformations
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Select the OK button. A dialog box is displayed, offering options for
saving the conformation.

Select the option:
.csr File

Select the OK button. A File Librarian dialog box is displayed. Enter
thenamegrid2_low_energy for thefileto contain the structure subset.

Select the Save button. The conformations are saved as the new file
grid2_low_energy.csr.

8. Display the structures contained in the new file.
From the Analysis palette, select Use Selected Structures. The selec-
tion is checked and highlighted.

Select First Sructure. The first structure of the selected subset of
structuresis displayed.

Several times select Next Sructure. Each conformation in the
selected set of structuresis displayed.

9. Exit the Analysisapplication.

From the Analysis palette, select Exit Analysis. The Analysis and
Plot palettes are removed from the screen. The Modeling palette is
redisplayed.

The searchl structureisdisplayed in the viewing area. The associated
tag and energy are no longer displayed.

10.Reset the atom colors.
With the mouse in the Mol ecule window, type the command:
> Set color atom

The structure is redisplayed in the original atom colors. The coordi-
nates are not saved in a.msf file.
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Additional Processing of Conformations

Conformations can be processed to update pre-existing search or dynam-
ics files without running a search procedure. For example, when a struc-
ture does not converge to areal minimum, additional cycles of energy
minimization can be carried out.

Inthe Analysispalette, the File Options/Filter s sel ection provides access
to further processing functions. In addition, this selection provides
optionsfor filing and tagging operations. When File Optionsis selected,
adiaog box is displayed with a set of options. Table 29 lists and briefly
describes the options.

Table 29. File OptiongFilters Dialog Box

Option Description

Change File Closesthe current input file, and allows another file to be selected for anal-
ysis. Thefile can be abinary search file, ASCII search file, or dynamics
trajectory file. The specified file must correspond to the current M SF.

File Summary Listsinformation about the current analysisfile in the Textport. The
information contains the input file name, lowest and highest energy
structures, and the number of conformations currently selected.

Write MSF File Createsanew M SFfilefor the conformation in the viewing area, after pre-
senting file output options.
Convert a.csr fileto Creates adynamics trgjectory file, corresponding to the specified search
.DCD format file. The search file (filename.csr) is not modified.
Concatenate Files  Displaysaseriesof File Librarian dialog boxes to select an output file and
input files to concatenate and write to the output file.

Redefine Tags Displaysascrolling list dialog box to select atag to rename. After the tag
is selected, adialog box is displayed to enter the new tag name.
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Table 29. File Optiong/Filters Dialog Box (Continued)

Option Description

Show Tags Displays ascrolling list dialog box containing a sequential list of tags for
all conformationsin the current analysisfile. When atag is selected, the
corresponding conformation is displayed in the viewing area.

Build RSF File Constructs a rotational isomeric-state statistical weightsfile (file-
name.RSF) by analyzing the conformationsin theinput file for probable
states of the various defined torsion angles using the conformational

energies.
Save Sorted Save the conformationsin the input file into anew output file in a sorted
Conformations order.
Process Processes conformations by performing energy minimization and/or
Confor mations dynamics simulations for conformations contained in a previously gen-
erated search file (filename.csr).
Save Selected Saves all the currently selected conformations into either a new search
Confor mations (.csr) fileor aset of new M SFs. In the second case, the names of the new

MSFsare automatically assigned by the program. The namesarederived
from the tags of each selected conformation.

Process Confor mationsisthe selection to choose to read conformations
from an existing search or dynamics trajectory file and perform calcula-
tions on each conformation in thefile. This selection does not require any
torsionsto be defined.

When Process Conformationsis selected, aFile Librarian is displayed
to choose an input structure file. Then another File Librarian isdisplayed
to choose the output structure file. After the files are specified, adialog
box asksif atag should be assigned to identify the set of conformations.
A tag is useful to identify the procedure used to generate a particular set
of conformations. The tag remains part of the conformation definition
throughout the search and analysis procedures.

Finally, the calculations that process the conformation are selected from
adialog box. The calculations that can be applied to each structure
include CHARMm energy, CHARMmM energy minimizations, and
CHARMM burst dynamics. In addition, a CHARMmM command script
can be applied.

When the CHARMm Burst Dynamicsfor Each Structure optionis

selected, aquick dynamicssimulationis performed on each conformation
if the energy of the conformation does not exceed a specified limit. This
option is aways calculated before an energy minimization is performed.
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When this option is set, adialog box is displayed to specify the tempera-
ture, number of steps, and energy upper limit to be employed in the cal-
culation If theinitial energy of the conformation exceeds the upper limit,
the burst dynamics calculation is not performed.

When the conformations are processed, the CHARMmM energy for each
conformation is displayed in the upper right corner of the viewing area.
Thetag identifying each conformation, is displayed in the upper-left cor-
ner. To terminate calculation, click any mouse button. Processing isinter-
rupted and adialog box is displayed to specify if the cal culations should
be continued or terminated

Using Overlay Structures

When you select Overlay Structures from the Analysis palette, the
Overlay Structures palette is displayed. This palette has selections that
create and manipulate overlaid structures in the viewing area. When this
palette is open, the Analysis, Plots, and Geometry palettes are not avail-
able.

Selections on this palette enable comparison of structures, clustering of
the structuresinto groups, least squaresfitting of structuresusing optimal
multiple superposition and simultaneous display of all the structures.
Table 30 lists and briefly describes the pal ette selections.

Sample Procedure — Using Overlay Structures

Complete the following exercise to become familiar with Overlay Struc-
turesfunctionality. This exercise uses the results of the Random Sam-
pling search completed in Chapter 5 on the structure, searchl. The
Random Sampling search used al six torsions contained in searchl.msf
for its search procedure. Each torsion was sampled 25 timeswithin arota-
tional range of 60°. The results of this search are stored in the search file
random.csr.

1. Open searchl.msf.

Display the File menu and select the Open function.

Select the file searchl.msf from the scrolling list.
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Table 30. Overlay Sructures Palette

Selection Description

Clear ID Clears identification tags from a structure.

Select Atom Subset for Governs the atoms that are to be included in the molecular display.
Display... Default entry isAll.

Select Atom Subset for Provides options for selecting a subset of atomsto be used in fitting pro-
Fit... cedures. Does not have to be the same subset as that used for display.

Least SquaresFit to
Reference

Least SquaresFit to
Common Frame

SructuresOnly
Selected

Display All
Display Selected
Single Step
Current Colors
Color by Energy

Coalor by Clusters
Generate Clusters
Get Cluster

All Clusters

Next
Cluster

Performs aleast squares fit procedure on each conformation using a ref-
erence conformation. Saves the new coordinates for all conformations
into anew search file. Opensthat file asthe analysisfile. Thereference
conformation employed is the one previously stored in the structure
buffer using Store Structure. If no structure is stored in the buffer,
thefirst conformation is taken to be the reference conformation.

Performs amultiple least squares fit procedure for all structuresin the
searchfile, reorienting all structuresto acommon framework based on
three or more user-defined atoms.

Performs amultiple least squares fit procedure for selected structuresin
the search file, reorienting all selected structures to a common frame-
work based on three or more user-defined atoms.

Displays al conformationsin the search file.

Displays all selected conformationsin the search file.
Displays the next conformation.

Colors all atoms according to the current set of display colors.

Assigns acolor value to atoms (1 through 14) that matches the energy
value.

Assigns a color value to an entire structure according to the cluster to
which it belongs.

Classifies all conformationsin the analysisfile into families by compar-
ing them on the basis of interatomic distances, torsion angles, or least
sguares optimal superposition.

Selects acluster for display.

Displaysthe nuclei of al the clusters.

Displays al conformations of the next cluster in sequence.
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Table 30. Overlay Structures Palette (Continued)

Selection Description

Previous Cluster Displays all conformations of the previous cluster in sequence.

Plot Overlaid Produces a plot file on the screen of the molecular display in one of the
Structures following formats: HP-GL, PostScript, or QUANTA plot file.

RMSD Table Opensthe Pairwise RM SD Cal culations palette with selections for deter-

CompareFiles

mining cal culations and formatting of an RMSD table. The table con-
tains al pairwise RMSD values for the selected conformation set.

Comparesall conformationsintheanalysisfilewith all conformationsin
a specified search or dynamics file. The comparison is performed on
the basis of defined torsion angles or interatomic distances. This selec-
tion is available only when torsions or interatomic distances are
defined.

Exit Overlay Struc- Clears the Overlay Structures palette from the screen. Returnsto the

tures

Analysis palette.

Select the Replace button and then the Open button. The structure
searchl is displayed in the viewing area.

Sart Analysis.

Display the Applications menu. Select the Analysis function. A dia-
log box is displayed permitting you to select the type of input fileto
analyze.

Select the option:
Search File (.csr)

Select the OK button. A File Librarian dialog box isdisplayed listing
the available search files in the current directory.

Select the file random.csr from the scrolling list.

Select the Open button. The Analysis Property Table, listing all the
random.csr conformations and their respective potential energies, is
displayed in the viewing areain a separate window. The Analysisand
Plots pal ettes replace the M odeling pal ette and supplement the display
of the Geometry palette.

The search file random.csr is used asthe file for analysis. Thefirst
conformation from thisfileis displayed in the viewing areaand is
tagged as searchl.msf; 1.
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3. Select Atomsto define a common framework.

From the Analysis palette, select Overlay Sructures. The Analysis,
Plots, and Geometry pal ettes are removed from the screen. The Over-
lay Structures palette is displayed.

From the Overlay Structures palette, select Select Atom Subset for
Fit... The Overlay Structures palette isremoved and the Select Atoms
and Selection Utilities palettes are displayed. These palettes are iden-
tical to the Active Atoms and Active Atoms Utilities palettes
(described in QUANTA Basic Operations). From the Select Atoms
palette, select Pick Atom and Include.

Pick the following atoms by clicking each:

atom C3 PHEN:1
atom C4 PHEN:1
atom C5 PHEN:1

Each atomisidentified in the viewing areawith acorresponding label
and a colored dot.

From the Select Atom pal ette, select Finish. The selection palettesare
removed and the Overlay Structures palette is redisplayed.

. Display all conformationsto common frame.

From the Overlay Structures palette, select L east Squares Fit to
Common Frame. After ashort interval, all conformationsin ran-
dom.csr are displayed with each structure showing the three selected
atoms in the same location. All other atoms are placed accordingly.

Visual inspection of the overlaid structures show the areas of confor-
mational space that have been sampled during the search. A new file
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containing modified coordinates corresponding to the overlay,
random_ovrlyl.csr, is created and becomes the current analysisfile.

This new .csr file contains the same molecular conformations as the

previous file, but each molecule has been rotated and translated as a

whol e to obtain an optimum fit for the three atoms selected to define
the common frame.

Select Exit Overlay Strructures. The Overlay Structures paletteis
removed from the screen. The Analysis, Plots, and Geometry pal ettes
are redisplayed. Thefirst conformation (searchl_msf:1) is displayed
in the viewing area.

Creating 2D Plots and Making Selections

A variety of 2D plots are available with this application, supplying avari-
ety of tools for visualizing data and for selecting subsets of structures
based on property values. Plots are created in a separate window with
their own pull-down menus, containing additional tools for plot manipu-
lation. Different properties can be plotted and union and intersection tools
alow conformation selection to span multiple properties.

Properties available for plotting are those originaly present in the search
or dynamics file and those defined using the torsions, interatomic dis-
tances, and calculate propertiestools. Values for these properties may be
assigned to the x axis and/or y axis of two-dimensional scatter plots.

Using a Potential Energy Trace to Create a Subset of
Conformations

Conformations generated during the random sampling search include the
base structure. To analyze only the conformations that result from the
search, create a subset that excludes the base structure and includes all
others.

Sample Procedure — Create a Conformation Subset

Complete the following exercise to create a subset of searchl conforma-
tions for analysis. Before proceeding, be sure that the Analysis applica-
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tion is active, the file searchl.msf is displayed in the viewing area, and
random_ovrlyl.csr isthe current search file. If you have completed the
previous section of this chapter, you are ready to continue with this exer-
cise.

1. Display a potential energy trace.

From the Plots palette, select Trace. A dialog box is displayed, per-
mitting the selection of a property to plot.

Select the option:
Potential Energy

Select the OK button. The trace plot is displayed. The x axis repre-
sents the number of conformations. The y axis represents potential
energy valuesfor the conformations. The plot shows a sharp decrease
in energy from the first conformation to the second.

. Define conformationsto be generated in the random sampling

search.
In the Plot window, display the Trace Tools menu. Select Select X
Range.

Click onthe point in the plot representing the second conformationin
random_overlyl.cs.

Click the point in the plot representing the last conformation in
random_ovrlyl.csr. Selected points are marked with a plus sign.

A message in the upper-l€eft corner of the viewing area reads:
Number Selected = 25
The selection of the conformational subset is completed.

Display the Plot Window File menu and select the Quit function. The
plot is removed from the screen.

. Savethe subset of confor mations.

From the Analysis palette, select File Optiong/Filters. A dialog box
providing options for manipulating filesis displayed. Select the
option:

Save Selected Conformations
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Creating 2D Plots and Making Selections
Select the OK button. A new dialog box is displayed.

Select the option:

.csr File

Select the OK hbutton. A File Librarian dialog box is displayed.
Enter the text:

random

in the data entry field. The existing file, random.csr, is overwritten.

From the Analysis palette, select File Options/Filters. A dialog box
isdisplayed, offering several options.

Select the option:

ChangeFile

Select the OK button. A dialog box is displayed, asking what type of
fileto use for analysis.

Select the option:
Search File (.csr)

Select the OK button. A File Librarian is displayed listing the avail-
able search filesin the current directory.

Select the file random.csr from the scrolling list.

Select the Open button. The updated random.csr becomes the current
search file. The tag in the upper-left corner of the viewing area shows
searchl_msf:2, indicating the second conformation, from the original
fileis now thefirst conformation in the search file.

. Display a potential energy trace of the new file.

Display the Plots palette and select Trace... A dialog box isdisplayed
offering an opportunity to select the property to plot.
Select the option:

Potential Energy
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Creating a Range Map

Select the OK button. Thetrace plot isdisplayed. Compareit withthe
previous plot.

Display the Plot Window File menu, select the Quit function. The
Plot window is removed.

Selecting Range M ap from the Plots palette creates a plot for visually
assessing the variation of torsion angles or interatomic distancesin acol-
lection of conformations. The x axis in the range map represents the tor-
sion angle number or interatomic distance. They axis represents the
torsion angle value or interatomic distance. The plot consists of a set of
horizontal tick markswhere each mark representsavalue of aproperty in
each conformation. When the values are plotted, the range spanned by
each torsion angle or interatomic distance is evident, and the density of
tick marks help to visualize the number of conformationshaving atorsion
angle or interatomic distance in a given range.

1. Select torsionsfor plotting.

From the Analysis palette, select Torsions. The Torsions palette sup-
plements the display of the Analysis, Plots, and Geometry pal ettes.

From the Torsions palette, select Define All Torsions. The message
line displays:

No of Torsions= 6 Families=6

The following torsion definitions are reported in the textport:

1 ltorl C1 Cc2 C14 C15 1
2 2tor2 C3 Cc4 09 H13 1
3 3tor3 C4 C5 011 H12 1
4 4tor4 C2 Ci14 C15 C16 1
5 5tor5 Cl14 C15 Cl6 N21 1
6 6toré C15 C16 N21 H22 1

Select Exit Torsions. The Torsions paletteis cleared from the screen.
Range M ap is activated (but not selected).

2. Display arange map.
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Creating 2D Plots and Making Selections
From the Plots palette, select Range Map. A plot is displayed show-
ing six torsions and the associated conformations that constitute the
range of torsional values sampled in each minimized structure.

Scatter Plot creates a plot of any two properties for al conformationsin

thefile under analysis. When Scatter Plot isselected, adialog box isdis-
played, permitting the choice of the property to be assigned to the x axis.

A second dialog box isthen displayed, permitting the choice of the prop-
erty to be assigned to the y axis.

The plot consists of aset of points. Each point represents a conformation
with the corresponding property values given by the coordinates of that
point. When the plot isdisplayed in the viewing area, the Scatter Plot pal-
etteisdisplayed. It is used to change the plot dimensions, make structure
selections, and make a hard copy of the plot.

When you are observing cyclical characteristicsof torsion rotationsin 2D
space plots, select the scale and range carefully. A conformation showing
an angle of 1° and another conformation showing an angle of 360° are
placed at extreme ends of aplot if ascale of 0° to 360° is chosen. In real-
ity, thereis only 1° difference between these two conformations.

Alternatively, data could be displayed showing a 360° rotational range
using a-180° to 180° scale. The effects of repeated 360° rotations can be
displayed as a scatter plot using a cumulative scale. In this situation, for
example, torsion angle at 30° after one full rotation would be shown on
the plot as 390°. Plotting search results using a different 360° rotational
scale makes it possible to change the location of conformationsin a plot
and compare the same search results using a different format.

Table 31 lists and briefly describes the pal ette selections.

Sample procedure — Scatter Plot

Complete the following exercise to become familiar with generating and
manipulating a scatter plot.

1. Display a scatter plot.
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Table 31. Scatter Plot Palette

Selection

Description

Select Sructure
Select X Range
Select Y Range
Select X-Y Range

Select Window

Change X-Y Prop-
erty

Next X Property
Prev X Property
Next Y Property
PrevY Property

Use Energy Based
Squares

Color by Energy

Color by
Selection

Show Trails

Cumulative Scale

Selects structures by picking corresponding data pointsin the plot. Click the
<F1> key to exit thistool.

Selects al structures lying within the range of designated x values. This
range is defined by picking data pointsin the plot.

Selects al structures lying within the range of designated y values. This
range is defined by picking data pointsin the plot.

Selects all structures lying within arectangular area of the plot. This rectan-
gleis defined by picking data pointsin the plot.

Selects al structures displayed in the plot window. When automatic X and
Y scalesarein effect, thistool islabeled Select All and selectsall plotted
structures. When zooming or manual scaling arein effect, thistool is
labeled Select Window and only selects the structures currently visible
in the plot window.

Changes the property plotted on the X axisand/or Y axis without having to
exit the Scatter Plot palette and reenter to define new specifications.

Displays the scatter plot with the next property for the x axis.

Displays the scatter plot with the previous property for the x axis.

Displays the scatter plot with the next property for they axis.

Displays the scatter plot with the previous property for they axis.

Displays each datapoint in the scatter plot as arectangle whose sizeis
inversely related to the energy of the conformation (the larger the size of

the rectangle, the lower the energy of the conformation). If thistoggleis
off, all data rectangles have the same size.

Colors each data point (rectangle) by the energy of the conformation, using
asmooth range of colors: blue corresponds to the lowest energy and red
corresponds to the highest energy.

Colors data rectangles using atwo color system, one for selected conforma-
tions and the other for unselected conformations.

Togglesthedisplay of either linesjoining pointsin the scatter plot or plotting
points only.

Adjustseach torsion value by plus or minus 360 degrees, so that the modulus
of thenumerical difference between valuesof agiventorsion anglefor two
adjacent conformations does not exceed 180 degrees.
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Table 31. Scatter Plot Palette (Continued)

Selection Description
180 Degree Scale  Adjuststhetorsion valuesto lie within the range of -180° to +180°.
360 Degree Scale  Adjusts the torsion values to lie within the range of 0° to 360°.

Full Torsion Scale

Set Scale

Reset Scale

Uses the full torsion scale either from -180° to 180° or from 0° to 360°,
depending on current scale type. This tool has no effect if Cumulative
Scaleis used.

Changesthescaleof thex axisand y axis. A dialog box iscalled that permits
the entry of minimum and maximum values for each axis.

Resets the scale to automatic scale value. This selection is equivalent to
usingthe Auto X Scale/AutoY Scaletools. Reset Scaledoesnot alter the
manual scales already defined by the most recent Zoom, Set X Scale, or
Set Y Scale. If manual scales are defined, arectangle is displayed show-
ing the area covered by the manual scales, if it is contained within the plot.

2.

From the Plots pal ette, select Scatter Plot. A dialog box isdisplayed
to permit selection of the property for the x axis.

Select the option:
Torsion Angle

Select the OK button. A dialog box isdisplayed to permit you to select
the torsion to display along the x axis.

Enter the value:
Enter>: tor2(1)

Select the OK button. A dialog box isdisplayed to permit you to select
the property to be displayed on the y axis.

Select the option:
Torsion Angle

Select the OK button. A dialog box isdisplayed to permit you to select
the torsion to display along they axis.

Enter the value:
Enter>: tor3(1)
Select the OK button. The Scatter Plot is displayed.

Changethetorsion value scale of the x and y axes.

QUANTA 2006 Smulation, Search, and Analysis 153



6.. Analyzing Results

Using Correlation Maps

From the Plot window, open the Scatter Tools menu.

Select Set 360 deg Scale. The scale of both axes are changed to 0 to
360. The location of the conformations in the plot change, based on
the new scale.

Display the File menu and select Quit.

A scatter plot generally shows several regions sampled by a conforma-
tional search. Different regions may correspond to different energies and
have different statistical weights. Statistical weights are not indicated in
the scatter plot.

A correlation map adds a third dimension to a 2D plot by using contours
to delineate regions of statistical weight based on the Boltzmann factor.

The more dense the contours, the higher the statistical weight of aregion.
These regions can also be identified by color if the color definition is set
to asmooth range. In this case, red represents regions of the highest sta-
tistical weight and blue representsregions of thelowest statistical weight.
The empty spaces represent zero statistical weight.

Any two properties for all conformations can be plotted including:
» Kinetic energy

» Potential energy

» Total energy

e Torsion angles

* Interatomic distances

» Radius of gyration

» Dipole moment

When the plot is displayed in the viewing area, a paletteis displayed
offering selections to change the plotting properties of the x and y axes,
alter the format used to label intervals on these axes, and generate of a
hard copy of the plot.

Table 32 lists and briefly describes the pal ette selections.
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Table 32. Correlation Map Palette

Selection Description

Select Property Pair  Changes x/y axis properties without having to exit the Correlation Map
palette and reenter to define new specifications.

Options Changestheformat of thex and y scale values, using astandard Fortran
format notation.
Write Plot File Writes currently displayed plot to an output deviceto create ahard copy.

Exit Correlation Map Clears the Correlation Map palette from the screen.

Sample Procedure — Generating a Correlation Map

Complete the following exercise to become familiar with the procedure
for generating a correlation map.

1. Display a correlation map.

Display the Plots palette and select Correlation Map. A dialog box is
displayed to permit selection of the property to be displayed on the x
axis.

Select the option:
Torsion Angle

Select the OK button.
Enter the value:
Enter>: tor5(1)

Select the OK button. A dialog box isdisplayed to permit selection of
the torsion to display along they axis.

Enter the value:

Enter>: tor6(1)

Select the OK button. The correlation map and the Correlation Map
palette are displayed.

2. Smooth color to reflect statistical weights of contour levels.
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Move the cursor into the QUANTA window. Enter the following in
the command line:

set color smooth

Thisisthe command equivalent of selecting Blueto Red inthe Color
Definitions pull-right menu of the Preferences menu. The colors of

the contour levels are changed so that the low statistical weight con-

formation level sarerepresented by blue and the high statistical weight
conformation levels are represented by red.

. Changethe property plotted in the map.

Display the Correlation Map palette and select Select Property Pair.
A dialog box isdisplayed to permit selection of the property to be dis-
played on the x axis.

Select the option:
Potential Energy

Select the OK button. A dialog box isdisplayed to permit selection of
the property to be displayed on they axis.

Select the option:
Potential Energy

Select the OK button. The plot is redrawn, showing potential energy
correlation between the torsions tor5(1) and tor6(1).

. Reset structurecolors.

Enter the following in the command line:
set color atom

Thisisthe command equivalent to selecting Reset All in the Color
Definitions pull-right menu of the Preferences menu. All structure
colors are returned to their default colors.

. Clear the correlation map from the screen.

Display the Correlation Map palette and select Exit Correlation
Map. The map and the palette are removed from the screen.
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6. Exit the Analysisapplication.

From the Analysis palette, select Exit Analysis. The Analysis and
Plots palettes are removed from the screen and the Modeling palette
is redisplayed.

Comparing Conformations

Itispossibleto compareall structuresinthefile under analysiswith struc-
turesin other search or dynamicsfiles. Thefiles selected for comparison
do not need to be generated from the same M SF.

When datain both files pertainsto the same structure, the comparison can
be performed on the basis of either aset of defined distances, torsions, or
least squares superposition. If the two files contain coordinates for differ-
ent structures, the comparison may be done on analogous torsion angles.
Distances cannot be compared.

In either case, each structure in the file under analysisis sequentially
compared to each structure in the selected search or dynamicsfile. Pair-
wise root mean sguare differences (rmsd) between the structuresin the
file under analysis and the comparison file are computed and presented in
an rmsd histogram upon compl etion of the calculation.

Thex axisof thisplot representsthermsd. The Y axisrepresentsthe num-
ber of structure pairs with agiven rmsd. From these results, it ispossible
to determine if the current analysis file contains any structures that are
similar to any of those in the comparison file, or if the analysisfile con-
tains structures that are not found in the comparison file.

Whenever an rmsd between a given structure pair is below a specified
threshold, the structure pairs are considered similar to each other. The
classification of structure pairsassimilar or dissimilar can be changed by
supplying a different rmsd threshold value. Decreasing the threshold
value, decreases the number of similar structure pairs. Increasing the
threshold increases the number of similar structure pairs.

The threshold can be reset repeatedly and the selections can be reclassi-
fied. The selected structures, corresponding to thelast comparison, can be
saved and reviewed with any of the browsing selections or with plots.
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The Compar e Files pal ette contains sel ections for setting rmsd threshold
values and structure selection. Table 33 listsand briefly describesthe pal -
ette selections.

Table 33. Compare Files Palette

Selection

Description

Sdlect Similar
Structures

Select Unique
Sructures
Set Threshold

Exit Compare
Files

Selects all structuresin the file under analysisthat are similar (within the pre-
scribed rmsd threshold) to any structure in the template file.

Selects all structuresin the file under analysisthat differ from al the structures
in the template file (unique structures).

Defines the RM SD threshold used for comparison calculations.
Exits the Compare Files palette.

Sample Procedure — Comparing Structures from Two Files

Complete the following exercise to become familiar with procedures for
comparing conformations from two .csr or .DCD files.

1. Open CCK7.msf.

Display the File menu and select Open. A File Librarian dialog box
isdisplayed.

Select CCK7.msf from the scrolling list of files.
Select the Replace button.

Select the Open button. The structure CCK7.msf is displayed in the
viewing area.

. Start Analysis.

Display the Applications menu and select Analysis. A dialog box is
displayed to permit selection of the type of input file to analyze.

Select the option:
Search File (.csr)
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Select the OK button. A File Librarian dialog box isdisplayed listing
the available search filesin the current directory.

Select flip.csr from the scrolling list. Select the Open button. The
Analysis and Plots pal ettes replace the Modeling palette and supple-
ment the Geometry palette. The search file flip.csr is used asthe file
for analysis.

. Select torsionsfor plotting.
Display the Analysis pal ette and select Tor sions. The Torsions pal ette
supplementsthe display of the Analysis, Plots, and Geometry pal ettes.
From the Torsions palette, select Define All Torsions.
The message line reads:
No of Torsions = 15 Families =4
Definitions for these torsions are listed in the textport.
Select Exit Torsions. The Torsions palette is cleared from the screen.

. Compareresults of the Boltzmann Jump and Peptide Flip
sear ches.

From the Analysis palette, select Overlay Structures. The Overlay
Structures palette is displayed.

From the Overlay Structures palette, select Compare Files. A dialog
box isdisplayed asking if the structures contained in the .csr filesfor
comparison are chemically identical. If the same base M SF isused for
comparison, the structure is considered chemically identical. If differ-
ent M SFsare used, the structures are not chemically identical, and the
File Librarian prompts for the name of the second MSF.

Select the Yes button. A dialog box is displayed, to choose the basis
for comparison.

Select the option:
Torsion Angles option

Select the OK button. A dialog box isdisplayed to permit selection of
the type of file template to compare with the current file (flip.csr).

Select the option:
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Search File (.csr)
Select the OK button. A File Librarian dialog box is displayed.
Select jump.csr from the scrolling list.

Select the Open button. An rmsd histogram showing the pair-wise
rms differences between the structuresin flip.csr and jJump.csr isdis-
played along with the Compare Files palette. By default, the rmsd
threshold is set at:

rmSpin + 0.3(rmSyax—rMSpin)

where rms,,ip, and rmsy,o are the lowest and highest rmsd values
found in the histogram.

. Define comparison specifications.

From the Compare Files palette, select Select Similar Sructures.
The following information is reported in the textport:

Number of Selected SIMILAR Structures= 9

Since a user-defined threshold value is not specified, the number of
similar structuresis based on the default threshold value.

Using the default threshold value, there are nine structuresin flip.csr
that are similar to structuresin jump.csr. Therest of the structuresin
flip.csr are different from all the structuresin jump.csr.

Select Exit Compare Files. The Compare Files palette and the histo-
gram are removed from the screen.

Select Exit Overlay Structures. The Overlay Structures paletteis
removed from the screen. The first conformation is displayed in the
viewing area.

. Display similar structuresin a scatter plot.

From the Plots palette, select Scatter Plot. A dialog box isdisplayed
to permit selection of the property to be displayed on the x axis.

Select the option:
Torsion Angle

Select the OK button. A dialog box isdisplayed to permit selection of
the torsion to display along the x axis.
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Enter the value:

Enter: tor2(2)

Select the OK button. A dialog box isdisplayed to permit selection of
the property to be displayed on they axis.

Select the option:
Torsion Angle

Select the OK button. A dialog box isdisplayed to permit selection of
the torsion to display aong they axis.

Enter the value:
Enter>: tor3(1)

Select the OK button. Theplot isdisplayed along with the Scatter Plot
palette. Plus signson the plot indicate conformations from the Peptide
Flip search that are similar to some conformations from the Boltz-
mann Jump search.

From the Scatter Plot palette, select Quit. The plot and the palette are
removed from the screen. The Analysis and Plot palettes are redis-

played.
From the Analysis palette, select Exit Analysis. The Analysisand

Plot palettes are removed from the screen and CCK7 isdisplayed in
the viewing area.

Creating and Analyzing Clusters

The Analysis application provides the ability to classify al conforma-
tionsina.csr or .DCD fileinto familiesby calculating al pair-wiseRMS
differences among structures using torsion angles, interatomic distances,
or least squares superposition as the basis for calculation. By selecting
Generate Clustersin the Overlay Structures palette, you begin the pro-
cess. When you make this selection, the Generate Clusters paletteis dis-
played. Table 34 lists and briefly describes the palette selections.

To classify structures into conformational groups, you must establish an
rmsd threshold as asimilarity criterion. Thefollowing algorithm for clas-
sifying and grouping conformations is employed in QUANTA.:
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Table 34. Generate Clusters Palette

Selection

Description

Define Torsions
Define Distances

Clustering by
Torsions

Clustering by
Distances

Clustering by
Coordinates

Use Atom Subset...

ComputeRMS
Differences

Show RM S
Distribution

Set RM S Clustering
Threshold

RM S Difference
Map

WriteRMS
Differences

Exit Generate
Clusters

Opensthe Torsion palette for defining torsions. Must be used if clustering
isto be based on torsion angles.

Opens adialog box that presents options for defining interatomic dis-
tances. Must be used if clustering is to be based on distances.

Performs clustering using torsion angles as the defining property.
Performs clustering using interatomic distance as the defining property.

Performs clustering using least squares superposition as the defining
property.

Allows subset specification for clustering by coordinates

Calculates rmsd between all pairs of conformations that have been speci-
fied by other selections.

Displays a histogram plotting the distribution of rmsd.

Allows setting of a user-defined clustering threshold. When selection is
made, a dialog box opens providing information on the current thresh-
old, the range of values, and the number of clusters generated with this
threshold. Values can be accepted and applied, or rejected.

Displays an rmsd map where the difference between thei-th and the j-th
conformation isindicated by atriangular plot with a continuous range of
colors employed to indicate the rmsds.

Writes calculated RMSD to afile (filename.rms).

Exits the Generate Clusters facility and returnsto Overlay Structures.

1. Choose abasisfor comparing conformations by computing rmsd val-
uesin selected torsion angles or interatomic distances. Alternatively,
compute rmsd valuesin Cartesian coordinates of all atoms or a subset
of atoms using least squares superposition. If there are N conforma-
tions to be analyzed, there are N(N-1)/2 rmsd that can be computed.

2. Choose athreshold value of rms below which a conformational pair
will be considered similar for the purpose of the algorithm. If the rmsd
between a pair conformations exceeds the threshold, they are consid-
ered dissimilar.
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3. Fromalist of al conformations, choose the lowest energy conformer
and remove it from the list. This conformation is taken to be the
nucleus of acluster.

4, Examinethe rmsds between this conformation and the remaining con-
formationsin thelist. If aconformation in thelist has an rmsd with
this nucleusthat isless than the chosen threshold value, it is removed
from the list and added to thefirst cluster. thisis done until there are
no more structures in the list with an RM S less than the threshold. At
thispoint, acluster isformed containing all the conformations similar
to the lowest energy conformation.

5. Choose the lowest energy conformer from the remaining conformers.
Start anew cluster with this structure as the nucleus.

6. Repeat Step 4 until the definition of the new cluster is complete.
7. Repeat Steps 5 and 6 until there are no more conformationsin thelist.

This sequence of steps describes the algorithm principles used in gener-

ating clusters. In practice, thelist of generated clustersisnot presentedin
sorted order. Thismeansthat cluster 1 is not necessarily the one that con-
tains the lowest energy structure.

In the clustering procedure, the energy of the conformers playsakey role
in the choice of the nucleus of each cluster. When the nucleus is chosen,
the membership is decided purely on the basis of the rmsds with the
nucleus. Notethat two conformerswith an rmsd between them exceeding
the threshold may enter the same cluster aslong their RM SDs with the
nucleus is less than the threshold.

Asthe process proceeds, arange of possible threshold valuesis sampled.
At the end of the process, a plot of the number of clusters versus the
threshold valuesis displayed. The final number of clustersthat are
obtained from the procedure depends on the value of the threshold that
you close by double clicking on the value in the plot. Alternatively, you
may enter athreshold value in adialog box by selecting Set RM S Clus-
tering Threshold in the Generate Clusters palette.

At the end of the process, results can be displayed in armsd histogram.

This histogram plots the number of pairs of conformationswith agiven
rmsd against the rmsd. it delineates the range of rmsds seen in the set of
conformations.

Large peaks in this histogram correspond to rms values found among
large number of conformational pairs. Thedistribution of conformational
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pairs gives someideaof therange of variation in the rmsd. It helpsyou to
choose athreshold value for the rmsd. The threshold value is needed for
performing cluster analysis.

The histogram provides valuable clues regarding what may be too small
or too large avalue for the threshold. If a pronounced peak is seenin the
histogram corresponding to an rms value of Ry, Setting athreshold
equal to Ry Will not successfully separate most of the conformational
pairsinto different clusters. Very few clusters are generated, in this case.
Setting athreshold at a smaller value than R, givesrise to areasonable
number of clusters. The conformational pairs giving rise to rmsds of
roughly Ry« are partitioned into different clusters.

Asan example, consider the simple case of a collection of conformations
that fall into two clusters such as the ones schematically shown in dia-
gram A. The rmsds between members of the same cluster are much
smaller than the rmsds between members belonging to different clusters.
Therefore, you might expect the rmsd histogram to have two peaks, one
corresponding to intracluster rmsds and the other corresponding to inter-
cluster rmsds. (See diagram B.) If you expected to get the two clusters
seen in the drawing, then the threshold must be set somewhere between
the two peaks, asindicated by the bold arrow.
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Selecting Clusters

Select Cluster s appears active in the Generate Clusters pal ette after
structures are clustered. If this selection ismade, adialog box is dis-

played.
All the structures belonging to a specific cluster or the lowest energy
structuresfrom all clusterscan be selected. Thelatter option selectsall the

cluster nuclei. When thisis done, selected structures are viewed using
browsing tools or with graph analysistools.

Sample Procedure — Generating and Analyzing a Cluster

Complete the following exercise to become familiar with the procedures
for generating and analyzing clusters. Before you begin, be sure that
CCK7.msf is displayed in the viewing area.

1. Sart Analysis.
Display the Applications menu and select Analysis. A dialog box is
displayed to permits selection of the type of input file to analyze.
Select the option:
Search File (.csr)

Select the OK button. A File Librarian dialog box isdisplayed, listing
the available search filesin the current directory.

Select flip.csr from the scrolling list. Select the Open button. The
Analysis and Plots palettes replace the Modeling pal ette and supple-
ment the Geometry palette. The search file flip.csr is used as the file
for analysis.

2. Define clustering specifications.
From the Analysis palette, select Overlay Structures. The Overlay
Structures palette is displayed.

From the Overlay Structures palette, select Generate Clusters.

From the Generate Clusters palette, select Define Torsions. The Tor-
sions palette is displayed.
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From the Torsions palette, select Define All Torsions. Then select
Exit Torsions. The Torsions palette is removed and the Generate
Clusters palette is redisplayed.

From the Generate Clusters palette, select Clustering by Torsions.
Thetextport liststhreshold val ues and the number of clustersthat will
be produced for each value. When the calculation is complete, a his-
togram of the number of clustersversusthe clustering threshold isdis-
played in a separate window. The message line reads:

Select a cluster threshold. Double click on graph.

. Select athreshold value.

Double-click the threshold value you want to select in the x axis. The
textport reportsthetrial clustering threshold value and the number of
clusters that will be generated. If there are more than five clusters,
repeat the process, selecting alower threshold value.

From the Generate Clusters palette, select Set RM S Clustering
Threshold. A dialog box is displayed that reports the current thresh-
old value, the maximum and minimum rmsds, and the number of clus-
tersthat will be generated with these values. The information should
coincide with the information in the textport for your last threshold
value selection.

Select the OK button. The dialog box is removed.

Select Exit Generate Clusters. The histogram and the Generate
Clusters palette are removed from the screen. The Overlay Structures
palette is redisplayed.

. Display generated clusters.

From the Overlay Structures palette, select All Clusters. The struc-
tures, representing the nuclel structures, are overlaid in the viewing
area.

Select Next Cluster. The conformations composing the first cluster
areoverlaid in the viewing area. The number of structures selected is
reported in the upper-left corner of the viewing area. A maximum of
150 structures can be shown simultaneously.

Again select Next Cluster. The conformations composing the second
cluster are overlaid in the viewing area.
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Select Next Cluster several more times. Clusters continue to be dis-
played in ascending order, based on the order in which they were
defined.

Select Exit Overlay Structures. The palette is removed from the
screen.

5. Exit the Analysis application.

From the Analysis palette, select Exit Analysis. The Analysis and
Plots palettes are removed from the screen and the Modeling palette
is redisplayed.

Analyzing Trajectory Files

The Dynamics Animation application simulates the natural motion of a
molecular structure, producing a set of coordinates and velocities that
describe atomic motions of that structure through time. Using CHARMmM
dynamics, calculations are performed for heating, equilibration, and sim-
ulation stages of dynamics. The results of these calculations are saved in
tragjectory files. A separate trgjectory fileis created for each stage.

In the heating stage of a dynamics run, as kinetic energy is added to the
structure, CHARMmM potential energy and total energy increases propor-
tionately. This can beillustrated in Analysis on aplot. In the plot, the x
axis indicates the number of conformations while they axis cycles
through representations of temperature, potential energy, kinetic energy,
and total energy.

In the second stage of adynamicsrun, equilibration isachieved by allow-
ing the structure to evolve spontaneously for aperiod of time by integrat-
ing the equations of motion until the average temperature and structure
remain stable. Equilibration is facilitated by periodically scaling the
velocities appropriate to the desired temperature. Generally, the proce-
dure is continued until various statistical properties of the structure
become independent of time.

Potential energies decrease in value during equilibration, as do the total

energy valueswhen more stable conformations are found. Kinetic energy
and temperature both fluctuate as aresult of velocities being scaled to the
desired temperature. Fluctuationsareillustrated by creating plots, cycling
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through representations of potential energy, kinetic energy, total energy,
and temperature.

Simulation takes an equilibrated structure as its starting point and pro-
duces adynamicstrgjectory. In atypical simulation, the trgjectory traces
the motion of the structure through a specific period of time. Aswith
energy minimization, provision is made to update the nonbonded and
hydrogen bonded lists periodically.

Trajectory file analysis uses the same methods as analysis of aconforma-
tional search file. You can browse through all conformations. You can
inspect the results of any stage of dynamics at any time. You can create
any number of two-dimensional plots and save any conformation into an
MSF.

When the results of the various stages of dynamics are analyzed, you can
determine the effects of aparticul ar stage on additional propertiessuch as
dipole moment and radius of gyration. Any number of properties can be
plotted using any of the trgjectory files.

Analysisis not limited to one trgectory file. Tragectory files can be con-
catenated to concurrently view the results of al three stages of dynamics.
Concatenation creates a composite .csr file. Since a.csr file stores only
energy and coordinates, some dynamics-related information such astime
stepislost. In the plot of a concatenated file, the x axis shows the total
number of conformations contained in thefiles, and the y axis shows val-
ues of the property selected for plotting.

Sample Procedure — Analyzing a Trajectory File

Complete the following exercise to become familiar with the process for
analyzing tragjectory files. For this exercise, you need the M SF mypep-
tide.msf, created in Chapter 4 of QUANTA Generating and Displaying
Molecules. Y ou also need the dynamics files, mypep_h.DCD, mypep_
€.DCD, and mypep_s.DCD created in Chapter 1 of this book.

1. Open mypeptide.msf.

Display the File menu and select the Open function. A File Librarian
dialog box opens.

Select mypeptide.msf from the scrolling list.
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Select the Replace button, then the Open button. The structure
mypeptide.msf is displayed in the viewing area.

. Sart Analysisand open the heating dynamics file mypep_h.dcd.

Display the Applications menu. Select the Analysis function. A dia-
log box is displayed to permit selection of thetype of input file to ana-
lyze.

Select the option:
DynamicsFile (.DCD)
Select the OK hutton. A File Librarian dialog box is displayed.

Select mypep_h.DCD from the scrolling list, then select the Open
button. The Analysis and Plots palettes replace the Modeling palette
and supplement the display of the Geometry palette. The first confor-
mationin mypep_h.dcdisdisplayedintheviewing areaalong withthe
tag mypep_h.DCD:1. The message line displays:

S
S0
g=
s-l—'
(&]

Rank=1 Time Step=0.010 ps 1st conf

If thefilemypeph.ENE ispresent, itisautomatically read. If the . ENE
fileisnot present in the current directory, aFile Librarian isdisplayed
to permit selection of the .ENE file from a different directory. Since
the .ENE file contains conformational energies (and pressures),
energy analysis cannot be doneif an .ENE file is not used.

. Display all conformationsin mypep_h.DCD.

Fromthe Analysis palette, select Auto Browse. Each conformationin
mypep_h.DCD isautomatically displayed in the viewing areain
sequential order, replicating the Dynamics Animation display. The
automatic browsing procedure stopswhen thelast conformationinthe
trgjectory fileis displayed.

. Display atrace of temperature during heating.

From the Plots palette, select Trace... A dialog box is displayed, to
permits selection of the property to plot.
Select the option:

Temperature
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Select the OK button. The Trace plot is displayed, showing the num-
ber of conformations on the x axis and temperature values on the y
axis. Theplot showsasteady increasein temperature askinetic energy
is added to the structure during the heating stage.

. Display atrace of potential energy during heating.

Display the Trace Tools menu. Select the Next Property function.
The property plotted on the y axis changes to CHARMmM potential
energy. The plot showsasteady increasein potential energy askinetic
energy is added to the structure during the heating stage.

. Display atrace of kinetic energy during heating.

Select Next 1tem again. The property plotted on they axis changesto
CHARMmM kinetic energy. The plot shows the steady increase of
kinetic energy added to the structure during the heating stage.

. Display atrace of total energy during heating.

Select Next 1tem again. The property plotted on they axis changesto
CHARMmM total energy. The plot shows a steady increase in total
energy as kinetic energy is added to the structure during the heating

stage.

. Redisplay a trace of temperature during heating.

Select Next Item again. They axis property returns to temperature.

Display the Trace File menu and select Quit. The plot is removed
from the screen.

. Open the equilibration dynamicsfile mypep_e.DCD.

Fromthe Analysispalette select File Optiong/Filters. A dialog box is
displayed to permit changing of thetrgjectory filein use.

Select the option:
ChangeFile

Select the OK button. A dialog box is displayed, prompting for the
selection of the type of input file.
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Select the option:

DynamicsFile (.DCD)
Select the OK hbutton. A File Librarian dialog box is displayed.

Select mypep_e.DCD and then select the Open button. Thefirst con-
formation in mypep_e.DCD is displayed in the viewing area along
with the tag mypep_e.DCD:1. The message line displays:

Rank=1 Time Step=0.610 ps 1lst conf

10.Display a trace of potential energy during equilibration.
From the Plots pal ette select Trace. A dialog box isdisplayed, permit-
ting the selection of the property to plot.
Select the option:
Potential Energy

Select the OK button. The Trace plot is displayed, showing the num-
ber of conformations on the x axis and CHARMmMm potential energy
values on they axis. The plot shows a steady decrease in potential
energy during the equilibration stage.

11. Display a trace of kinetic energy during equilibration.

Display the Trace Tools menu and select Next |tem. The property
plotted on the y axis changesto CHARMmM kinetic energy. The plot
shows fluctuations in kinetic energy during the equilibration stage.

12.Display atrace of total energy during equilibration.

Select Next Item again. The property plotted on they axis changesto
CHARMmM total energy. The plot showsadrop intotal energy asmore
stable conformations are found during the equilibration stage.

13.Display atrace of temperature during equilibration.

Select Next Item again. The property plotted on they axis changesto
temperature. The plot showsthat although temperatures fluctuate dur-
ing the equilibration stage, an overall decrease in temperatureisreal-
ized.
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Display the File menu. Select Quit. The plot is removed from the
screen.

14.Open the simulation dynamicsfile mypep_s.DCD.

Display the Analysis palette. Select File Optiong/Filters. A dialog
box is displayed to permit the trajectory file in use to be changed.

Select the option:
ChangeFile

Select the OK button. A dialog box is displayed to permit the type of
input file to be chosen.

Select the option:
DynamicsFile (.DCD)
Select the OK button. A File Librarian dialog box is displayed.

Select mypep_s.DCD, then select the Open button. The first confor-
mation in mypep_s.DCD is displayed in the viewing area along with
the tag mypep_s.DCD:1. The message line reads:

Rank=1 Time Step=1.210 ps 1st conf

15.Display atrace of potential energy during simulation.

Display the Plots palette and select Trace... A dialog box isdisplayed
to permit selection of the property to plot.

Select the option:
Potential Energy

Select the OK button. The Trace palette and the plot are displayed,
showing the number of conformations on the x axis and CHARMm
potential energy valuesonthey axis. Theplot showsasteady decrease
in potential energy during the simulation stage.

16.Display a trace of kinetic energy during simulation.

Display the Trace Tools menu and select Next Property. The prop-
erty plotted on the y axis changes to CHARMmM kinetic energy. The
plot shows a steady increase in kinetic energy during the simulation
stage.

172 QUANTA 2006 Smulation, Search, and Analysis



Analyzing Trajectory Files
17.Display a trace of total energy during simulation.

Select Next Property again. The property plotted on they axis
changesto CHARMmM total energy. The plot shows a fluctuation in
total energy during the simulation stage. Although these fluctuations
appears quite dramatic when plotted, the scale of the Y axis shows
these fluctuations are small.

18.Display a trace of temperature during ssmulation.

Select Next Property again. The property plotted on they axis
changes to temperature. The plot shows a steady increase in tempera-
ture during the simulation stage.

Display the File menu and select the Quit function. The plot is
removed from the screen.

19.Define the Dipole Moment property for analysis.

From the Analysis palette, select Calculate Properties. A dialog box
isdisplayed to permit selection of the propertiesto define. Thelist of
options available varies, depending the structure being studied, for
example, a polymer versus a monomer.

Select the option:
Dipole Moment

Select the OK button. The dialog box isremoved from the screen and
the dipole moment property is defined for all the conformations
included in mypep_s.DCD.

20.Display a trace of dipole moment during simulation.

From the Plots palette, select Trace. The dialog box is displayed to
permit selection of the property to plot. Since the dipole moment prop-
erty isnow defined, the Dipole M oment option has been added to the
dialog box.

Select the option:
Dipole Moment

Select the OK button. The Trace palette and the plot are displayed,
showing the number of conformations on the x axis and dipole
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moment values on the y axis. The plot shows a decrease in dipole
moment as more stable conformations are found during the simulation

stage.

Display the File menu, and select the Quit function. The plot is
removed from the screen.

21.Createasinglefilefor analysisfrom the .DCD files.

From the Analysis palette, select File Optiong/Filters. A dialog box
isdisplayed to permit changing of thetrgectory filein use. Select the
option:

Concatenate Files

Select the OK button. A File Librarian dialog box is displayed to per-
mit creation of anew search file (.csr), containing the concatenated
tragjectory files.

Enter the name mypep_all and select the Save button. A dialog box is
displayed to permit selection of the type of input file. Select the
option:

DynamicsFile (.DCD)

Select the OK button. A File Librarian dialog box is displayed to per-
mit selection of the first file to be concatenated.

Select mypep_h.DCD, then select the Open button. A dialog box is
displayed to permit selection of the type of input file. Select the
option:

Dynamics File (.DCD)

Select the OK button. A File Librarian dialog box is displayed to per-
mit selection of the second file to be concatenated.

Select mypep_e.DCD, then select the Open button.
Select the option:
Dynamics File (.DCD)

Select the OK button. A File Librarian dialog box is displayed to per-
mit selection of the third file to be concatenated.

Select mypep_s.DCD, then select the Open button. A File Librarian
dialog box is displayed to permit selection of the type of input file.
Select the Exit button, indicating there are no other files to concate-
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nateinto mypep_all.csr. The new fileiscreated and opened as the cur-
rent analysisfile.

22.Display all of the conformations contained in mypep_all.csr.

Fromthe Analysis palette, select Auto Browse. Each conformationin
mypep_all isautomatically displayedintheviewing areain sequential
order, starting with the first conformation of mypep _h.DCD. The
automatic browsing procedure stops when the last conformation in
mypep_s.DCD is displayed.

23.Definetheradius of gyration property for analysis.

From the Analysis palette, select Define Properties. A dialog box is
displayed to permit selection of the properties to define.

Select the option:

Radius of Gyration

Select the OK button. The dialog box isremoved from the screen and
the radius of gyration property is defined for al the conformations
included in mypep_all.csr.

24.Display a radius of gyration trace of all dynamics stages.
From the Plots pal ette, select Trace... A dialog box isdisplayed to per-
mit selection of the property to plot. Select the option:

Radius of Gyration

Select the OK button. The Trace palette and the plot are displayed,
showing the total number of conformations on the x axis and the
radius of gyration values on the y axis.

25.Exit Analysis.

From the Trace File Menu, select Quit.

From the Analysis palette, select Exit Analysis. The Analysis appli-
cation is exited.
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Summary

The Analysis application provides tools to read or compute physical
properties of conformations generated during conformational search or
dynamics simulations. It sorts, selects, and compares the structures using
available physical properties data. Trends, correlations, and extremes of
the data are revealed through a variety of plotting options. Additional
tools are provided so that you may view the structures one at atime or
view them overlaid after aleast squaresfitting procedureis applied. You
may also cluster structures into subsets that have common conforma:
tional features.

You enter the Analysis applicationseither directly fromthe Applications
menu or from the Conformational Search palette. Up to 6000 structures
can be handled by the Analysis application, but performanceisbest when
smaller datasets are used.

When you start Analysis, conformationsin the input file are read and a
table of propertiesis created. Each conformation has an identifying tag
that consists of ameaningful prefix and anumber that designatesits order
at the time it was created in the set of conformations.

Initialy, the only defined property is energy. In some cases even energy
values may not exist. If you only want to browse through the set of con-
formations, you need no additional properties. To sort structures or plot
information about them, you must define additional physical properties
such astorsions or distances.

When aset of physical propertiesisdefined, you can usethe plotsfacility
and its powerful selection toolsto look for structures that satisfy the cri-
teriayou specify. The power of the Analysis selectionstoolsis enhanced
when you use | nter section from the Analysis palette. Thistool allows
selections to be based on more than one property.

Inthe Analysis palette, the File Options selection provides accessto fur-
ther processing functions. In addition, this selection provides options for
filing and tagging operations.

The Plots palette provides tools to generate plots of various types from
the data supplied in the analysisfile. Within the Analysis application, you
can generate the following type of plots: property traces, histograms, box
range maps, range maps, scatter plots, backbone plots, contour plots, and
pair distribution histograms.

176 QUANTA 2006 Smulation, Search, and Analysis



Summary
After you have specified the properties to be plotted, the plot appearsin
anew window with its own tools to change plot dimensions, inquire
about specific conformations, make conformation selections, and create
hard copy output.

When you select Overlay Structures from the Analysis palette, the
Overlay Structures palette is displayed. This palette has selections that
create and manipulate overlaid structuresin the viewing area. Selections
on this palette enable comparison of structures, clustering of the struc-
turesinto groups, least squaresfitting of structuresusing optimal multiple
superposition, and simultaneous display of all the structures.

Itispossibleto compareall structuresinthefile under analysiswith struc-
turesin other search or dynamicsfiles. Thefiles selected for comparison
do not need to be generated from the same M SF.

When datain both files pertain to the same structure, the comparison can
be performed on the basis of a set of defined distances, torsions, or least
squares superposition. If the two files contain coordinates for different
structures, the comparison may be done on analogoustorsion angles. Dis-
tances cannot be compared.

In either case, each structure in the file under analysisis sequentially
compared to each structure in the selected search or dynamicsfile. Pair-
wiseroot mean square differences between the structuresin thefile under
analysis and the comparison file are computed and presented in an rmsd
histogram when the calculation is completed.

From these results, it is possible to determine if the current analysisfile
contains any structuresthat are similar to any of those in the comparison
file, or if the analysis file contains structures that are unique compared
with all the structures in the comparison file.

The Analysis application also provides the ability to classify all confor-
mations into families by calculating all pair-wise RMSDs among struc-
tures using torsion angles, interatomic distances, or least squares
superposition. By selecting Gener ate Cluster sin the Overlay Structures
palette, you begin the process. When you make this selection, the Gener-
ate Clusters palette is displayed.

Trajectory file analysis uses the same methods as analysis of a conforma-
tional search file. You can browse through all conformations. You can
inspect the results of any stage of dynamics at any time. You can create
any number of two-dimensional plots and save any conformation into an
MSF.

QUANTA 2006 Smulation, Search, and Analysis 177




6.. Analyzing Results
When the results of the various stages of dynamics are analyzed, you can
determine the effects of aparticul ar stage on additional propertiessuch as
dipole moment and radius of gyration can be accessed. Any number of
properties can be plotted using any of the trgjectory files.

Analysisis not limited to one trgjectory file. Tragjectory files can be con-
catenated to concurrently view the results of al three stages of dynamics.
Concatenation creates a composite .crsfile. However, in the process,
some dynamics-related information is lost. In the plot of a concatenated
file, the x axis shows the total number of conformations contained in the
files, and the y axis shows values of the property selected for plotting.
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This chapter describes methods available to compare two or more molec-
ular structures by overlaying the structuresin the viewing area. Read this
chapter if you plan to evaluate molecules for structural similarity.

Structures needed for the exercises in this chapter are built using the 2D
Sketcher (ChemNote) application and are minimized using CHARMm. If
you are not familiar with ChemNote, read Chapter 2 of QUANTA Gener-
ating and Displaying Molecules. Read Chapter 3 of the same book for
information on energy minimization procedures.

chapter

The Molecular Similarity application provides a visual comparison of
two or more molecular structures by overlaying these structures in the
viewing area. Comparisons can be made between:;

« Different structures
« Different conformations of the same structure
« Different parts of the same structure

Theonly requirement isthat each structure must be contained in aunique
M SF. The application does not permit use of different generations of the
same MSF.

The procedure used in Molecular Similarity to compare structuresis
divided into four basic steps:

1. Load the structures to be compared.

2. Define atom equivalencesin these structures, that is, establish atom
matches.

3. Perform afitting operation.
4. Anayzetheresults.

Each structureis identified by the name of its corresponding MSF. One
structure isidentified as the target or fixed structure. All other structures
are working or moving structures. Although only one structure can be
designated asthe target at a given time, the target definition can be
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changed from within the application using Define Target Moleculein
the Molecule Similarity palette.

The Molecular Similarity application makes no assumptions about the
equivaency of atoms on different structures. Equivalency is defined
through your input. When atom equivalencies are defined, they can be
used for any fitting operation.

Fitting operations employ either arigid or flexible method. If arigid
method is used, working structures are translated and rotated to obtain an
optimum fit with the target structure. If aflexible fitting method is used,
conformations of the working structures are changed to obtain an opti-
mum fit.

Fitting operations use a least squares fitting algorithm. The least squares
algorithm computes the optimum translation and rotation to be applied to
the moving structure such that rmsd of the fit over the specified pairs of

equivaent atomsis an absolute minimum. Although the algorithm deals
only with apair of structures at atime, fitting tools available in the appli-
cation can handle a collection of molecules.

Several methods are provided for analyzing the results of afitting opera-
tion. The target and working structures can be aternately displayed to
examine the differences between the overlaid structures. Distance dis-
plays that include dashed lines and a numeric value between equivalent
atoms on two structures provide indications of the quality of the fit.

N i3

A
B
— Sructures A and B
--- Distance Display
Distance Display

Fitted structures can also be analyzed by computing the volume of over-
lap between the structures. If similarity calculations do not generate an
optimal fit between structures, atom equival ences can be modified and
fitting operations can be repeated.
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Creating Structures

In this section, use the 2D Sketcher (ChemNote), accessed through the
Applications menu, to create three structures. quinupramine, imipramine,
and amitriptyline. Use these structures as test molecules in the exercises
that introduce the Molecular Similarity application.

The minimum energy conformation of these structuresis determined and
saved before fitting operations proceed. The structures imipramine and
amitriptyline are minimized using simple CHARMmM minimization pro-
cedures. The structure quinupramine is amore rigid structure. Run Con-
formational Search using the Grid Search method to ensure that the
lowest energy conformation of quinupramine isfound. If you are not
familiar with Conformational Search, see Chapters 3-5. When the Grid
Search is completed, run Analysis to select and save to the M SF the low-
est energy conformation. If you are not familiar with the Analysis appli-
cations see Chapter 6.

}
S
g=
s-l—'
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Sample Procedure — Building Molecules

Complete the following exercise to build and minimize the test mole-
cules.

1. Build and save the quinupramine structure.

Display the Applications menu and select Builders. From the pull-
right menu that opens, select 2D Sketcher. The ChemNotewindow is
displayed over the QUANTA window.

Sketch the structure quinupramine illustrated bel ow.
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Sketch of Quinupramine

Display the ChemNote File menu. Select the Save function. A File
Librarian dialog box is displayed.

Enter thename quinpr inthe File Librarian namefield. Select the Save
button. A dialog box is displayed, offering several methods for the
adjustment of partial charges.

Accept the default value:
The desired net charge is: 0.000
Accept the default option:
CT, CH1E, CH2E, CH3E, C5R, C6R, C5RE, C6RE, HA types

Select the OK button. The dialog box is cleared from the screen. The
partial charges are changed, and the new charges are saved in the
quinpr.mol file. The sketch remains in the ChemNote window, pro-
viding the opportunity to use it as a base for creating a.mol file for
imipramine.

2. Build and save imipramine.

Sketch the structure imipramine illustrated below.
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Sketch of Imipramine

Display the ChemNote File menu. Select the Save function. A File
Librarian is displayed.

Enter the name imip in the File Librarian name field. Select the Save
button. A dialog box is displayed, offering alist of methods for the
adjustment of partial charges.

Accept the default value:

The desired net charge is: 0.000

Accept the default option:

CT, CH1E, CH2E, CH3E, C5R, C6R, C5RE, C6RE, HA types

Select the OK button. The dialog box is cleared from the screen. The
partial charges are changed, and the new charges are saved in the
imip.mol file. The sketch remains in the ChemNote window, provid-
ing the opportunity to use it as a base for creating a.mol file for ami-
triptyline.

. Build and save amitriptyline.

Sketch the structure amitriptyline illustrated bel ow.

QUANTA 2006 Smulation, Search, and Analysis 183




7.. Examining Molecular Similarity

O

/N\

Sketch of Amitriptyline

Display the ChemNote File menu. Select the Save function. The File
Librarian dialog box is displayed.

Enter the name amit in the File Librarian name field. Select the Save
button. A dialog box is displayed, offering several methods for the
adjustment of partial charges.

Accept the default value:

The desired net charge is: 0.000

Accept the default option:

CT, CH1E, CH2E, CH3E, C5R, CBR, C5RE, C6RE, HA types

Select the OK button. The dialog box is cleared from the screen. The
partial charges are changed, and the new charges are saved in the
amit.mol file. The sketch remainsin the ChemNote window.

Display the ChemNote File menu. Select the Return to Molecular
M odeling function. The ChemNote window is removed from the
screen, revealing the Modeling window.

Thefileamit.mol isautomatically converted to amit.msf in the Molec-
ular Modeling mode. When amit.msf creation is completed, adialog
box is displayed offering options to save the structure.

Select the option:
Use the new molecule amit.msf only

Select the OK button. The structure amitriptylineis displayed.

4. Energy minimize amitriptyline.
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Display the CHARMmM menu and select Minimization Options. A
dialog box is displayed in which you can select a minimization tech-
nique and specify associated parameters.

Select the option:
Steepest Descents
Enter the values:

Number of Minimization Steps: 50
Coordinate Update Frequency: 5
Energy Gradient Tolerance: 0.010000
Energy Value Tolerance: 0.000000
Initial Step Size: 0.020000

Step Value Tolerance: 0.000000

1S

Q
Select the OK button. The dialog box is cleared from the screen. The 2§ %
new minimization parameters are established. The steepest descents f__U =
method is chosen primarily to improve conformation. o

From the Modeling palette, select CHARMmM Minimization. The
CHARMM calculation is started. The cursor changes from an arrow
to awatch. Minimization is completed when the watch is restored to
an arrow. The minimized energy results are displayed in the upper-
right corner of the viewing area and in the textport.

. Change parametersand continue minimizing amitriptyline.

Display the CHARM m menu and select the Minimization Options
function. A dialog box is displayed in which you can select a minimi-
zation technique and specify associated parameters.

Select the minimization option:
Adopted-Basis Newton Raphson
Enter the values:

Number of Minimization Steps: 800
Coordinate Update Frequency: 5
Energy Gradient Tolerance: 0.010000
Energy Value Tolerance: 0.000000
Initial Step Size: 0.020000

Step Value Tolerance: 0.000000

Select the OK button. The dialog box is cleared from the screen. New
minimization parameters are established.
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Select CHARMmM Minimization. The minimization process pro-
ceeds using the new parameters. It stops when the rms force reaches
zero.

6. Save minimization resultsin afile.
From the Modeling pal ette, select Save Changes. A dialog box isdis-
played, permitting the new coordinates of amit.msf to be saved.
Select the option:
Overwrite amit.msf
Select the OK button. The new coordinates replace the original coor-
dinates in amit.msf.

7. Convert imip.mol toan M SF.

Display the File menu and select Import. A File Librarian dialog box
isdisplayed listing the available externa file formats and the files
available for the selected format

From the bottom scrolling list, select the data format:
ChemNote

The upper scrolling list displays the .mol files that are present in the
current directory.

Select the file imip.mol from the scrolling list.

Select the Import button. When the creation of imip.msf is com-
pleted, adialog box is displayed offering the option to use the struc-
ture just created.

Select the option:

Use the new molecule imip.mol only

Select the OK button. The structure imipramine replaces the display
of amitriptyline in the viewing area.

8. Minimizeimipramine.

Display the CHARM m menu and select Minimization Options. The
dialog box containing minimization techniques and parameters
choicesis displayed.
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Select the minimization option:

Steepest Descents
Enter the values:

Number of Minimization Steps: 50
Coordinate Update Frequency: 5
Energy Gradient Tolerance: 0.010000
Energy Value Tolerance: 0.000000
Initial Step Size: 0.020000

Step Value Tolerance: 0.000000

Select the OK button. The dialog box is cleared from the screen. New
minimization parameters are established.

From the Modeling palette, select CHARMmM Minimization. The
CHARMM calculation is started.

When minimization is complete, display the CHARM m menu again.
Select Minimization Options. The dialog box containing minimiza-
tion techniques and parameters choices is displayed.

Select the minimization option:
Adopted-Basis Newton Raphson
Enter the values:

Number of Minimization Steps: 800
Coordinate Update Frequency: 5
Energy Gradient Tolerance: 0.010000
Energy Value Tolerance: 0.000000
Initial Step Size: 0.020000

Step Value Tolerance: 0.000000

Select the OK button. The dialog box is cleared from the screen. New
minimization parameters are established.

From the Modeling palette, select CHARMmM Minimization. The
minimization process proceeds, using new parameters. It stops when
the rms force reaches zero.

. Save minimization resultsin afile.

From the Modeling pal ette, select Save Changes. A dialog box isdis-
played offering options to save the new coordinates of imip.msf.
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Minimized Sructure
Imipramine
Select the option:
Overwrite imip.msf
Select the OK button. New coordinates replace the original coordi-
natesin the MSF.
10.Convert quinpr.mol to an M SF.

Display the File menu and select Import. A File Librarian dialog box
isdisplayed listing the available external file formats and the files
available for the selected format

From the bottom scrolling list, select the data format:
ChemNote

The upper scrolling list displays the .mol files that are present in the
current directory.

Select the file quinpr.mol from the scrolling list.

Select the Import button. When the creation of quinpr.msf is com-
pleted, adialog box is displayed offering the option to use the struc-
ture just created.

Select the option:
Use the new molecule quinpr.mol only

Select the OK button. The structure quinupramine replaces the dis-
play of imipramine in the viewing area.
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11. Minimize quinpr.msf.

Display the CHARM m menu and select Minimization Options. The
dialog box containing the minimization techniques and parametersis

displayed.
Select the minimization option:
Steepest Descents

Enter the values:

Number of Minimization Steps: 50
Coordinate Update Frequency: 5
Energy Gradient Tolerance: 0.010000
Energy Value Tolerance: 0.000000
Initial Step Size: 0.020000

Step Value Tolerance: 0.000000

Select the OK button. The dialog box is cleared from the screen. The
new minimization parameters are established.

From the Modeling palette, select CHARMmM Minimization. The
CHARMM calculation is started.

When the minimization is completed, display the CHARM m menu
and again select Minimization Options. The dialog box containing
the minimization techniques and parametersis displayed.

Select the minimization option:
Adopted-Basis Newton Raphson
Enter the values:

Number of Minimization Steps: 800
Coordinate Update Frequency: 5
Energy Gradient Tolerance: 0.010000
Energy Value Tolerance: 0.000000
Initial Step Size: 0.020000

Step Value Tolerance: 0.000000

Select the OK button. The dialog box is cleared from the screen. New
minimization parameters are established.

From the Modeling palette, select CHARMmM Minimization. The
minimization process proceeds using new parameters. It stops when
the rms force reaches zero.
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Minimized Sructure
quinupramine

12.Save minimization resultsin afile.

From the Modeling palette, select Save Changes. A dialog box isdis-
played, permitting you to save the new coordinates of quinpr.msf.
Select the option:

Overwrite quinpr.msf
Select the OK button. New coordinates replace the original coordi-
nates in the MSF.

13.Sart Conformational Search.

Display the Applications menu and select Conformational Search.
The Conformational Search palette replacesthe Modeling palette and
supplements the display of the Geometry palette.

The textport reports:
Number of Fragments=1

Number of Ring Bonds=26
Number of Rotatable Bonds=1

14.Definetorsions for the search.

From the Conformational Search palette, select Torsions. The Tor-
sions pal ette supplements the display of the Conformational Search
and Geometry palettes.

From the Torsions palette, select Define All Torsions.
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The message line displays:

No of Torsions=1 Families=1
From the Torsions palette, select Exit Torsions. The paletteis
removed from the screen.

15. Select the Grid Scan search method and define specifications.

From the Conformational Search palette, select Setup Search. All of
the search method sel ections become active. Sear ch Setup ischecked
and highlighted.

From the Conformational Search palette, select Grid Scan. A dialog
box is displayed alowing you to edit the values that define rotational
range and torsion angle increments within this range.

Select the option:

Absolute Values
Accept the default values:
0.00, 330.0, 30.0

Select the OK button. A dialog box is displayed, offering options for
processing each conformation.

Select the options:

CHARMm Minimization for each structure
Keep Minimized Conformation (do not reset)
Display Each Structure

Select the OK button. Thedia og box iscleared from the screen. Grid
Scan remains checked and highlighted. All other method selections
are dimmed.

16. Setup minimization for the search.

Display the CHARM m menu and select M inimization Options. The
dialog box containing the minimization techniques and parametersis

displayed
Select the minimization option:
Adopted-Basis Newton Raphson

Enter the values:

QUANTA 2006 Smulation, Search, and Analysis 191



7.. Examining Molecular Similarity
Number of Minimization Steps: 100
Coordinate Update Frequency: 5
Energy Gradient Tolerance: 0.01000
Energy Value Tolerance: 0.000000
Initial Step Size: 0.020000
Step Value Tolerance: 0.000000
Select the OK button. The dialog box is cleared from the screen. New

minimization parameters are established.
17.Sart the Grid Scan search.

From the Conformational Search palette, select Do Search. The
selection is checked and highlighted. A File Librarian dialog box is

displayed.
Enter the name quinpr for the file that holds the search results.

Accept default values for tag specifications:

Tag prefix: quinpr.msf

Starting Tag Number: 1

Select the New button. The search procedure is started. New confor-
mations are displayed in the viewing area every few seconds. When
the search is completed, the last conformation is displayed in the
viewing area and the message line displays:

GRID SEARCH Completed

18.Sart Analysis.

From the Conformational Search palette, select Analysis.

The Conformational Search application istemporarily exited. The
Analysisand Plots pal ettes repl ace the Conformational Search palette.
The Geometry palette remainsin view.

Thefirst conformation from the search is displayed. The conforma-
tionislabeled in the upper-left corner: quinpr_msf:1. Thereisalso an
informational line indicating the total number of conformations gen-
erated in the search and the number that is currently selected. Theline
reads:

Number Selected 0/12.

19.Display the conformation with the lowest potential energy.
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Fromthe Analysis palette, select L owest Energy Structure. Thecon-
formation is displayed in the viewing area along with its associated
energy and label. Theactual conformation may vary, depending onthe
initial energy of the minimized structure.

Lowest Energy Conformation
of Quinupramine

20.Save the confor mation.

From the Analysis palette, select File Options/Filters. A dialog box
is displayed offering the option to write the coordinates of the dis-
played conformation to an MSF.

Select the option:

Write MSF File

Select the OK button. A File Librarian dialog box is displayed.
Select quinpr.msf from the scrolling list.

Select the OK button. A dialog box is displayed asking if it is OK to
overwrite the existing file.

Select the Yes button. The low energy conformation replaces existing
coordinates in quinpr.msf.

21.Exit Analysisand Confor mational Search.

From the Analysis palette, select Exit Analysis. The Analysis and
Plots pal ettes are removed from the screen and the Conformational
Search paletteis redisplayed.
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From the Conformational Search palette, select Exit Confor ma-
tional Search. The Conformational Search palette is removed from
the screen and the Modeling palette is redisplayed.

22.Rgect the changes made during the sear ch.

From the Modeling palette, select Reject Changes. All modeling
changes made during the search and minimization are discarded. The
lowest energy conformation as aresult of the search remainssaved in
the file quinpr.msf.

Managing Structures

The Molecular Similarity palette provides selections to:
» Rotate and translate selected structures

» Control the display of structures

» Change target structure definitions

» Compare molecules

Rotation, translation, and display selectionsin the Molecular Similarity
palette are used during atoms picking and after fitting procedures to
obtain a clearer display of structures. If additional fitting operations are
needed to resolve other similarity questions, superimposed structures can
be separated and the target structure assignment can be changed.

Other palette selections are used to manage the files that are generated
during fitting and comparison operations. Table 35 lists and briefly
describes al palette selections.

The Molecule Management Table is used to change the activity and dis-
play of structures. Clicking on the activity column of amoleculein the

table toggles the activity of the molecule. Molecule activity can aso be
changed by clicking on any atom of amoleculein the viewing area.

The activity toggle can be disabled by selecting Optionsinthe Molecule
Similarity palette, opening the Other Options dialog box, and desel ecting
Enable Atom Picksto Control Molecular Activity. If thisfeatureis
enabled, aclick on an atom is equivalent to clicking on the activity col-
umn of the Molecule Management Table. The molecular display momen-
tarily highlights whenever a molecul€'s activity changes.
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Table 35. Molecular Similarity Palette

Option Description

Move Molecules Moves molecules using standard fragment notation and translation dials
or mouse movements.

Rotate Molecules Rotates molecules using dials. Note that xyz rotations are done relative to
in Place the model coordinate system, as indicated by the axes in the upper-left
corner of the viewing area.
Flash Molecules Alternates the display of the target and working structuresin rapid succes-
sion to assist you in visualizing structures after afitting operation.
Define Tar get Changes the target molecule to the molecule in the currently selected row
Molecules of the Molecular Management Table. The default target moleculeisthe
first structure displayed in the viewing area.
Use MSF Bundles  Applies MSF bundles to volume cal culations. Bundles are collections of
MSFsthat are related through their names. All MSFsin abundle are
assumed to have the same covalent structure.

Match Atoms... Displays the Match Atoms palette for atom selection and matching.
Torsions Displays the Torsions palette for defining torsions.
CHARMmM Performs a CHARMmM minimization on the displayed structures.

Minimization
Rigid Body Fit to Fits each active working structure to the target structure. Theresult isa

Tar get superimposed display of structuresin the viewing area.
Rigid Body Fit to Fits each structure to acommon frame, consisting of a set of points corre-
Common Frame sponding to mean positions of al matched atoms.

Torsional Flexible Fit Fits each active working structure to the target structure by varying the
rotatable torsion angles.

Cartesian Flexible  Fitseach active working structureto the target structure using CHARMm

Fit energy minimization. Cartesian coordinates of all atomsin the working
structures are treated as variables during optimization.
Options Provides a series of preference settings and specifications that influence

fitting operations.
Calculate Volume...  Calculates the Van der Walls volumes for target and working structures.
Volume maps are displayed at the end of the calculation.

Compare Volume Compares volume maps using logical operators. Two maps are combined
Maps... with AND, OR, AND NOT, or EXCL to generated a third map.

Construct Volume  Readsthe specified volumefile and displays agraphical object of the vol-
Map Object... ume.
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Table 35. Molecular Similarity Palette (Continued)

Option Description

Undo Last Revertsthe coordinates and display back to the state prior to thelast fitting
operation, CHARMmMm minimization, or use of Rotate Moleculesin
Place or Move Molecules.

Undo Changes Revertsthe coordinates and display back to the state when last saved with
Save Changes.

Save Changes Saves all the current coordinates to an MSF. The method for creating the
MSF can be selected using Options... from this palette.

Revert Changes Reinstates the coordinates previously saved into aset of MSFsusing Save
Changes.

Exit Molecular Simi- Exits Molecular Similarity and returns to the Modeling application.

larity

Thedisplay of amoleculein theviewing areamay betoggled fromvisible
toinvisible, or the reverse, by clicking on the appropriate cell of the Vis-
ible column for the molecule of interest.

Take time to note areas of the structures you are studying that appear to
be similar. Thiswill help you identify candidates for atom matching pro-
cedures. To make them easy to locate, label candidate atomsin each
structure using L abel Atomsin the Draw menu. Also use Bond Stylein
the Draw menu to alter color and vector representations of bonds, so that
double and triple bonds are easy to identify.

Sample Procedure — Atom Matching Preparation

Complete the following exercise to prepare amitriptyline and quinu-
pramine for atom matching.

1. Open amit.msf.

Display the File menu and select the Open function. A File Librarian
dialog box is displayed.

Select amit.msf from the scrolling list and then select the Replace but-
ton. Select the Open button. Amitriptyline replaces quinupraminein
the viewing area.

2. Display the multiple bond in amit.msf.
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Display the Draw menu and select Bond Style. From the pull-right
menu that opens, select Draw Half-bond Vectors. Make a second
selection, Multi-vector Bonds. The two aromatic rings and the dou-
ble bond are now clearly visible in the viewing area.

3. ldentify atomsat the double bond endpoints.
Pick the atom at each end of the double bond. An ID is displayed for

each atom. Note the names of the two atoms, so that you can identify
the double bond during fitting procedures.

2nd atom

Atom IDs in amit.msf

4. Open quinpr.msf.

Display the File menu and select the Open function. A File Librarian
dialog box is displayed.

Select quinpr.msf from the scrolling list and then select the Append
button. Select the Open button. Quinupramine and amitriptyline both
appear in the viewing area. In the Molecule Management Table, the
status of both structuresisindicated as visible and active.

5. Sart Molecular Similarity.
Display the Applicationsmenu and select M olecular Similarity. The
Molecular Similarity palette replaces the Modeling pal ette and sup-
plements the Geometry palette.

6. Spacestructuresin the viewing area so they do not overlap.

QUANTA 2006 Smulation, Search, and Analysis 197



7.. Examining Molecular Similarity
Display the View menu and select Samp. This selection dividesthe
viewing areainto several smaller viewing areas. Each of the areasis
stamped with only one molecule so that the structures in the viewing
areano longer overlap.

7. Make amit.msf inactive.

In the Molecule Management Table, select the Active cell for
amit.msf to make it inactive.

8. Rotatestructures.

From the Molecular Similarity palette, select Rotate Moleculesin
Place. The dial emulators change to provide task-specific dialsfor x,
y, and z rotations.

Select the X Rotation dial. Since quinupramine isthe only active
structure in the Molecule Management Table, it is the only structure
to rotate about the x-axis.

Make quinupramine inactive by clicking on the structure’s activity
cell inthe Molecule Management Table. Make amitriptyline active by
clicking on its activity cell in the Molecule Management Table.

Select the Y Rotation dial. Amitriptyline rotates about the y axis.

Make quinupramine active again. Select the Z Rotation dial. Since
both structures are now active, they both rotate about the z axis.

Select Rotate Moleculesin Place to deselect it. The task-specific
dialsfor x, y, and z rotation are replaced with Dial Set 1.
9. Control the display of quinpr.msf.

Click on the Visible cell for quinupramine in the Molecule Manage-
ment Table. The structureis no longer displayed in the viewing area
although it is still marked activein the table. Click again on the same
Visible cell. Quinupramine is redisplayed.

10.Exit Molecular Similarity.

From the Molecular Similarity palette, select Exit M olecular Simi-
larity. The program returns to Molecular Modeling mode.
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Matching Atoms

In Molecular Similarity, the first-loaded structure isidentified by default
asthetarget structure. The target molecule has an * after its namein the
Molecule Management Table. All other structures areworking structures.

The target molecule is changed by selecting arow in the Molecule Man-
agement Tabl e, then selecting Define Tar get M olecule on the Molecular
Similarity palette.

The Match Atoms procedure links equivalent or near equivalent atoms
on one or moreworking molecul esto the corresponding atom in thetarget
structure. Atom equivalences are always defined in pairs. When you use
multiple working structures, equivalent atoms are individually paired
with the target atom, not collectively grouped with each other. The fol-
lowing figure illustrates these matches.

Target
Match Atoms Match Atoms
(two structures) (morethan two structures)

Target

N4
SN

With matches established, relationships between target and working
atoms are defined, permitting sophisticated structural comparisons.

An atom equivalence list containing atom pairsis required before any
type of fitting operation can be performed. A list isautomatically created
by picking equivalent atomsin the displayed structures. The tools needed
for defining this list are contained in the Match Atoms palette. This pal-
ette opens when M atch Atomsis selected from the Molecular Similarity
palette. Table 36 lists and briefly describes the palette selections.
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Table 36. Match Atoms Palette

Selection

Description

Pick Equivalent Atoms

Undo L ast
End Atom Picking
Quit Atom Picking

Select Residue Ranges
Sdlect All Atom Pairs

Select Subset of Atom
Pairs
Display Atom Matches

Display Distances

Remove Distant Atom
Matches

Select Mutually Close
Matches

List Atom Matches
Read Atom Matches
Save Atom Matches
Exit Match Atoms

Picks equivalent atoms in two or more structures that are not chemi-
cally identical.

Reverses the most recent atom pick.
Exits from the atom picking procedure with no picks saved.

Exits from the atom picking procedure and saves the picksfor further
work.

Selects the range of residues in structures that are chemically identi-
cal.

Selects all atoms on structures that are chemically identical (same
number of atoms, same atom names).

Selects a subset of atoms in atarget structure to be matched with
atoms in chemically identical working structures.

Using dashed lines between atom pairs, displays the atom matches
that have been selected for two or more structures. Thisisadefault
selection.

Displaysasalabel the distance (in angstroms) between matched atom
pairs.

Eliminatesall atomsmatchesthat are not within the cutoff distancefor
mutually close matches. Default cutoff distanceis 0.50.

Eliminates all atom matchesthat are not within the cutoff distance for
mutually close matches. Default cutoff distanceis 0.50.

Lists atom match information in the Textport.
Reads atom match data from an existing .mch file.
Saves current atom matches to a.mch file.

Exits the Match Atoms palette, returning to the Molecular Similarity
palette.

With two structure involved in amatching procedure, there are two meth-
ods available to establish atom matches:

» Alternating atom picks of equivalent atoms between target and work-
ing structures.

» First selecting al the target molecule atoms, then the corresponding
atoms on the working molecule.

When more than two structures are involved in atom matching, amodifi-
cation of the second matching method is used.
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Sample Procedure — Matching Atoms in Two Structures
Complete the following exercise to become familiar with procedures
for matching atomsin two structures. In this exercise, the structure ami-
triptyline is designated as the target structure and the structure quinu-
pramineis designated as the working structure.
1. Start the Molecular Similarity application.

Display the Applications menu and select M olecular
Similarity.

2. Set up Molecular Similarity options.

From the Molecular Similarity palette, select Options. A dialog box
is displayed.

Select the options:

Other Options
Save the Options to File: Isg40.options

Select the OK button. The Set Other Optionsfor Molecular Similarity
dialog box is displayed.

Accept the defaults:

Enable Atom Picks to Control Molecular Activity
Automatically Generate New MSF File Names

Save Only Changed Molecules

Pick pairs of atoms.

Use one color for all atom matches

Use the default values:

Suffix (3 characters): LSQ

Start Counter: 1

Cutoff distance for mutually close matches: 0.5
Fraction of Upper Distances for Match Deletion: 0.7

Select the OK button.
3. Rotate structuresuntil their viewsare parallel.
From the Molecular Similarity palette, select Rotate Moleculesin

Place. The Dial Emulator changesto provide task-specific dialsfor x,
y, and z rotations for active molecules.
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Parallel View of Sructures
Amitriptyline and
Quinupramine

Use acombination of Activecell choicesand x, y, and z dial rotations
to adjust the position of each structure until the view of one structure
isparale to the view of the other, asin theillustration. The similarity
of structure positions assistsin locating equivalent atoms during atom
matching procedures.

4. Deselect Rotate Moleculesin Place.

I:N
amitriptyline quinupramine
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5. Pick equivalent atoms.

From the Molecular Similarity palette, select Match Atoms. The
Match Atoms pal ette supplements the display of the Molecular Simi-
larity and Geometry palettes.

From the Match Atoms palette, select Pick Equivalent Atoms.
The textport displays instructions for picking atom matches:

All Matches Cleared!
Pick atom Pairs
Pick <End Atom/Molecule Picking> to end picking

From the amitriptyline molecule, pick the nitrogen atom indicated in
theillustration above. The atom ID is displayed. Note that incorrect
choices can bereversed by using Undo L ast inthe M atch Atoms pal-
ette.

Pick the indicated equivalent nitrogen atom in quinupramine. The
atom ID is displayed along with a dashed line to the nitrogen atom in
amitriptyline.

Continue picking equivalent atoms until nine pairs are selected.
Rotate structures as needed to see the atomsto be picked. Dotted lines
are drawn to indicate all atom matches.

From the Match Atoms palette, select End Atom Picking. Pick
Equivalent Atomsisturned off. The textport reports the number of
atoms matched:

No of Matches 9
No of atom pairs= 9

6. List theatom matches.

From the Match Atoms palette, select List Atom Matches. A list of
matchesisdisplayed inthetextport. Asin the example below, the first
columnin thislist indicates the number associated with that atom
match. The second and third column indicate the atoms composing
these matches. Thefourth columnindicatesdistance between matched
atoms. The rms distance deviation over al atom matchesisindicated
at the end of thelist.

N34:1 N30:29.28
C23:1 C20:29.54
C22:1 C21:29.56
C21:1 C22:29.35

B w N R
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5 C20:1 C23:29.20
6 Cl5:1 C12:29.47
7 Cl4:1 C13:29.78
8 Cl3:1 C14:29.94
9 Cl12:1 C15:29.79

Overall RMS deviation= 0.9548E+01

Actua atom names may differ, depending on the sequence in which
bonds and atoms were placed when the structures were created in
ChemNote. Actual rms deviation will differ if the degree of minimi-
zation for the structures was not the same.

Exit Match Atoms.

From the Match Atoms pal ette, select Exit Match Atoms. The Match
Atoms palette is removed from the screen.

Exit Molecular Similarity.

From the Molecular Similarity palette, select Exit Molecular Simi-
larity. The Molecular Similarity palette is replaced by the Modeling
palette.

Reject the changes made from the Manage Atoms palette.

From the Modeling palette, select Reject Changes. The changes are
discarded to prepare for matching atoms in three structures.

Matching Atoms in Three or More Structures

When there are more than two structures for atom matching, aternately
sel ecting match atoms between target and working structuresisno longer
possible. When three or more structures areinvolved, matching atomsare
selected in the following manner:

1

The target structure is displayed in the viewing area by itself in an
enlarged size. Matching atoms on the target structure are picked.

The first working structure is displayed with the target structure. Cor-
responding atoms on the working structure are picked in the same
order they were chosen on the target structure.
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3. The second working structure is displayed. Corresponding atoms on
this structure are picked in the same order they were chosen on the tar-
get structure.

4. The corresponding atoms on any additional structures are picked, one
structure at atime.

Sample Procedure — Matching Atoms for Three or More
Structures

Complete the following exercise to become familiar with the procedure
for matching atoms on three or more structure. The equivalent atoms
established in this exercise are used in the fitting method section of this
chapter. You are automatically prompted through the stepsin this proce-
dure.

1. Open quinpr.msf, amit.msf, and imip.msf, changing the tar get.

Display the File menu and select M ono. When the files are opened,
the structures are displayed one on top of the other.

Display the Draw menu and select Open. A File Librarian dialog box
isdisplayed.

Select quinpr.msf, amit.msf, and imip.msf from the scrolling list. The
structureswill be displayed in the order selected. Quinupramineisthe
target molecule.

Select the Replace button and then the Open button. All three struc-
tures are displayed stacked on top of each other. The Molecular Man-
agement Table indicates all three structures are active and visible.

2. Sart Molecular Similarity.
Display the Applicationsmenu and select M olecular Similarity. The
Molecular Similarity palette replaces the Modeling pal ette and sup-
plements the display of the Geometry palette.

3. Setup Molecular Similarity options.

From the Molecular Similarity palette, select Options. A dialog box
isdisplayed.
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Select the options:;

Other Options
Save the Options to File: Isq40.options

Select the OK button. A second dialog box is displayed.
Select the options:

Pick all target atoms first and then corresponding
equivalent atoms

Accept al other defaults selections and the default val ues:

Suffix (3 characters): LSQ

Start Counter: 1

Cutoff distance for mutually close matches: 0.5
Fraction of Upper Distances for Match Deletion: 0.7

Select the OK button.
4. Select matching atoms.

From the Molecular Similarity palette, select Match Atoms. The
Match Atoms pal ette appears.

From the Match Atoms palette, select Pick Equivalent Atoms. Only
guinupramine isvisible in the viewing area.

Usethe Dials paletteto orient and scal e the structure for atom picking.
Click on each atom that is selected to match it with equivalent atoms
on amitriptyline and imipramine. Refer to the illustration for desig-

nated atoms. As picking proceeds, a colored circleis placed on each
picked atom.
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Quinupramine Atoms Picked
for Matching

When al nine atoms have been picked, select End Atom Picking
from the Match Atoms palette.

. Select matching atoms from amitriptyline.

Amitriptylinereappearsin theviewing areabeside quinupramine. The
first quinupramine atom requiring a matching atom has an enlarged
crosshair placed on the circle that marksit.

-1

Amitriptyline Atoms Picked for
Matching

Pick the corresponding atom from the amitriptyline structure. When
the equivalent atom is picked, the large crosshair shifts to the next
atom in the target molecule. Select the matching atom in the working
molecule. Repeat this procedure until all nine matching atoms on ami-
triptyline have been picked. When the last matched pair is selected,
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the quinupramine match atoms are no longer highlighted. Amitrip-
tylineis removed from the viewing area and quinupramine and imi-
pramine are both displayed.

6. Select match atomsfrom imipramine.

Sel ect the imipramine match atoms in the same manner as for amitrip-
tyline match atoms. When all match atoms are chosen, al three struc-
tures are displayed in the viewing area, with equivalent atoms on all
structures connected by dashed lines.

I'mipramine Atoms Picked
for Matching

Pick Equivalent Atomsisturned off and the textport reports the
number of atoms matched:

No of Matches 9
No of atom pairs= 9

7. List theatom matches.

From the Match Atoms palette, select List Atom Matches. A list of
matches is displayed in the textport. The first column in thislist indi-
cates the number assigned to each match. The second and third col-
umns indicate the atoms composing the matches The fourth column
indicatesthe rmsdistance difference for each match, whilethe overall
rms distance deviation isindicated at the end of the list.
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1 N34:1 N30:2 9.28
2 C23:1 C20:2 9.54
3 C22:1 C21:2 9.56
4 C21:1 C22:2 9.35
5 C20:1 C23:2 9.20
6 C15:1 C12:2 9.47
7 C14:1 C13:2 9.78
8 C13:1 C14:2 9.94
9 C12:1 Ci15:2 9.79

Overall RMS deviation= 0.9548E+01

Actual atoms names may differ depending on the sequence in which
bonds and atoms were placed in ChemNote when the structures were
created.

8. Exit Match Atoms.
From the Match Atoms palette, select Exit Match Atoms. The equiv-

alent atoms established in this exercise are used in the fitting methods
section that follows.

Performing Structural Fitting

Therearetwo typesof fitting procedures available: rigid-body fitting and
flexiblefitting. Rigid-body fitting transl ates and rotates working struc-
tures to minimize the rms of the fit to the target structure. Flexiblefitting
modifies the conformations of the working structures to improve the
quality of the fit.

Two methods of rigid-body fitting are available when an equivalence list
isestablished: rigid body fit to common frame and rigid body fit to target.

Rigid Body Fit to Common Framein the Molecular Similarity palette
performs an optimal overlay of structures when no one particular struc-
ture hasauniguerole astarget molecule. A common frameis created that
consists of aset of points corresponding to mean positions of all matched
atoms. The structures are then fit to this frame with the frame acting as
the target structure. The fitting procedure is repeated each time, re-eval -
uating the common frame.

Rigid Body Fit to Target in the Molecular Similarity palette fits each
activeworking structureto thetarget structure, providing a superimposed
display of structuresin the viewing area. The rms difference of the work-
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ing structures, with respect to the target structure, is reported in the text-
port. The overall rms deviation (the sum of the rmsd of each working
structure divided by the rmsd of the target structure) is reported.

There are aso two methods of flexible fitting: torsional flexible fit and
Cartesian flexible fit.

Torsional Flexible Fit in the Molecular Similarity palette manipul ates
the conformation of each working structure by suitably modifying its
rotatable torsion angles. The target structure remains fixed. As the con-
formation ismodified, it isrigid body fitted to the target, and the rms dif-
ference of thefit isevaluated. The rmsdifference isthen minimized with
respect to the torsion angles of the working structure. The rms minimiza-
tion procedure is performed for one working structure at atime.

Cartesian Flexible Fit in the Molecular Similarity palette usesa
CHARMmM energy minimization with target constraintsto achieve afit of
the working structures to the target structure. Through this process, the
working structure is forced to conform to the conformation of the target
structure, that is, the distances between matched pairs of atoms are effec-
tively reduced to zero. After minimization, al target constraints are
cleared.

Sample Procedure — Fitting

Complete the following exercise to become familiar with fitting proce-
dures.

1. Fit amitriptyline and imipramineto thetarget structure
quinupramine.

From the Molecular Similarity palette, select Rigid Body Fit to Tar-
get. The structures amitriptyline and imipramine are superimposed
over the structure quinupramine, using picked equivalent atomsasthe
overlay points.

The textport reports the rms difference of each structure, with respect
to the target structure, and the overall rms deviation.

Molecule2 RMS diff
Molecule3 RMS diffF
No of Matches9

0.6271293
0.7524440

Overall RMS deviation= 0.6926E+00
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2. Review results of thefitting procedurein the Textport.

Select the Reset View dial emulator. The structures are repositioned
in the viewing area.

From the Match Atoms palette, select List Atom Matches. The text-
port reports the rms distances for each atom pair and the overall rms
deviation.

The first column indicates the number of the atom pair. The second
column indicates the picked atom in the target structure, and the third
column indicates the equivalent atom picked in the first working
structure. The fourth column (labeled 2) indicates the distance
between the pair of atoms. The fifth column shows the equivalent
atom in the next working structure, while the last column (labeled 3)
indicates the distance of this atom from the equivalent atom in the tar-
get structure. The overall RM S deviation is the same value that was
reported in the brief Textport summary at the completion of thefitting
procedure.

chapter

No of Matches 9

23

1 C12:1 C15:2 0.72 C15:30.26
2 C13:1 C14:2 0.49 C14:30.36
3 Cl4:1 C13:2 0.17 C13:30.33
4 C15:1 C12:2 0.36 C1l2:30.26
5 C23:1 C20:2 0.20 C20:30.48
6 C22:1 C21:2 0.17 C21:30.56
7 C21:1 C22:2 0.42 C22:30.57
8 C20:1 C23:2 0.50 C23:30.5

9 N30:1 N34:2 1.45 N35:31.89

Overall RMS deviation= 0.6926E+00
3. Analyzevisual resultsof thefitting procedure.

Dashed lines between equivalent atoms are displayed by default. Dis-
play Atom Matchesis checked and highlighted in the Match Atoms
palette.

From the Match Atoms palette, select Display Distances. The dis-
tance between equivalent atoms is displayed next to these atom loca
tionsin the viewing area.
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From the Match Atoms palette, select Display Distances. The dis-
tance between equivalent atomsisdisplayed next to theseatomsin the
viewing area. The Match Atoms palette is cleared from the screen.

4. Definetorsionsfor thetorsional flexible fit procedure.

Fromthe Molecular Similarity palette, select Torsions... The Torsions
paletteis displayed. Check to see that Define All Torsionsisdis
played. From the Torsions palette, select Define All Torsions. The

message line displays:
No of Torsions=13 Families=8
Torsion definitions are reported in the textport.

From the Torsions pal ette, select Select Torsions. The Torsion Selec-
tion palette is displayed.

From the Torsion Selection palette, select Select a Subset of Tor-
sions. A dialog box containing alist of all defined torsionsis dis-
played. All torsions are selected.

5. Excludethetorsion associated with the double bond in
amitriptyline.
Select the option:
Include and Exclude all others

Deselect the torsion that includes the carbon atoms you marked in
Step 3 of the exercise in Managing Structures on page 197.

Select the OK button. The dialog box is cleared from the screen.

Display the Torsion Selection palette and select Finish. The paletteis
cleared from the screen.

From the Torsions palette, select Exit Torsions. The paletteiscleared
from the screen.

6. Perform atorsional flexiblefit procedure.

Display the Molecular Similarity palette and select Torsional Flexi-
ble Fit. Structures are displayed asthefitting procedureis performed.
The rms distances between each structure and the target isreported in
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the textport, and the overall rmsdeviation is shown, at the completion
of the procedure.

. Review theresults of thefitting procedurein thetextport.
Select the Reset View dial emulator. The structures are repositioned
in the viewing area.

Display the Match Atoms palette. Select thetool List Atom Matches.
The textport reports the rms distance for each atom pair and the over-
all rms deviation.

No of Matches 9
2 3

1 Cl2:1 C15:2 0.28 C15:3 0.26
2 (C13:1 Cl4:2 0.33 Cl14:3 0.36
3 Cl4:1 C13:2 0.30 C13:3 0.33
4 Cl5:1 Cl2:2 0.24 Cl2:3 0.26
5 Cc23:1 C20:2 0.13 C20:3 0.48
6 (C22:1 (C21:2 0.11 C21:3 0.56
7 c21:1 C22:2 0.14 C22:3 0.57
8 Cc20:1 C23:2 0.1l6 C23:3 0.51
9 N30:1 N34:2 1.29 N35:3 1.89

Overall RMS deviation= 0.6311E+00

Comparing the results of the torsional flexible fitting with the results
of therigid body fitting shows the RM S values are the same or lower
between quinupramine and imipramine (structure 2) and between
quinupramine and amitriptyline (structure 3).

. Setup CHARMmM minimization conditions.

Display the CHARMm menu and select Minimization Options. A
dialog box is displayed, permitting a minimization technique to be
selected and associated parameters to be specified.

Select the option:
Adopted-Basis Newton Raphson
Enter the values:

Number of Minimization Steps: 200
Coordinate Update Frequency: 5
Energy Gradient Tolerance: 0.010000
Energy Value Tolerance: 0.000000
Initial Step Size: 0.020000

Step Value Tolerance: 0.000000
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Select the OK button. The dialog box is cleared from the screen. The
new minimization parameters are established.

9. Perform a Cartesian flexiblefit procedure.

From the Molecular Similarity palette, select Cartesian Flexible Fit.
The cursor changes to awatch during the fitting operation. The mes-
sage line shows CHARMmM status, and the structures are dynamically
positioned in the viewing area as the fitting procedure is performed.
The procedure is complete when the cursor returns to an arrow.

From the Molecular Similarity palette, select Save Changes.

10.In the Textport, review theresults of the fitting procedure.
Select the Reset View dial emulator. The structures are repositioned
in the viewing area.

From the Match Atoms palette, select List Atom Matches. The text-
port reportsthe rmsfit of each atom pair and the overall rmsdeviation.
An example of the data follows:

No of Matches 9

2 3
1 Cl2:1 C15:2 0.00 C15:30.00
2 (C13:1 Cl1l4:2 0.00 Cl14:30.00
3 Cl4:1 C13:2 0.00 C13:30.00
4 C15:1 Cl2:2 0.00 C12:30.00
5 C23:1 C20:2 0.00 C20:30.00
6 C22:1 C21:2 0.00 C21:30.00
7 C21:1 C22:2 0.00 C22:30.00
8 C20:1 C23:2 0.00 C23:30.00
9 N30: N34:2 0.01 N35:30.00

Overall RMS deviation= 0.2852E-02

The results of the Cartesian flexible fit show that the rms values are
reduced to zero or close to zero.
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Performing Volume Fitting

In addition to the visual inspection of overlaid structures, it ispossibleto
calculate the van der Waals volume of structures and display thisinfor-
mation in avariety of volume maps.

Three types of volume maps can be displayed:
* Union volume

* Intersection volume

¢ Volume density

The union volume map displays all van der Waals volumes cal cul ated for
every structure. The intersection volume map displays only the area
where structures overlap. The volume density map superimposes agrid
over the cumulative union volume map and, through the use of color, dis-
playsthe proportional number of structures occupying agiven grid point.

Additional functions, such as making each structure a different color or
aternating the display of structures, can help in the analysis of volume
maps. Selections used to calculate, display, and compare volume maps
are located in the Molecular Similarity palette.

Sample Procedure — Volume Calculations

Complete the following exercise to become familiar with volume calcu-
lations and display options.

1. Calculate volumes.
From the Molecular Similarity palette, select Calculate Volumes. A
dialog box is displayed to permit adjustment of the grid resolution.
Accept the default value:

Grid Resolution (angstrom): 0.5

The dialog box is cleared from the screen and the cursor changesto a
watch during the calculation. The textport reports the results of the
calculation.
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Asthe calculation proceeds, the Object Management Tableis dis-
played to provide standard object information on each map display.

2. Display volume maps separ ately.

Select the density1 Visible cell. The cell entry changes from Yesto
No. The map showing the total volume of all three structuresis
removed from the viewing area. The union and intersection maps
remain displayed.

Select theunionl Visible cell. The cell entry changesfrom Yesto No.
The map showing the van der Waals volumes calculated for every
structureisremoved from the viewing area. Only the intersection map
remains displayed.

3. Determinethe structuresthat have non-overlapping areas.

Display the Draw menu and select Color Atoms.

From the pull-right Color Atoms menu, select Color by Molecule.
Each moleculeis displayed in asingle color.

Rotate the intersection map and locate areas where bonds and atoms
extend beyond the map boundaries. To help determine the molecule
that has non-overlapping areas, toggle visibility of each atom on and
off.

From the Molecule Management Table, select the amit Display cell.
The cell entry reads No to indicate amitriptylineis not displayed.
Examine the display of the remaining molecules and the color map.

From the Molecule Management Table, select the imip Display cell.

Imipramineis removed from the viewing area. Only quinupramineis
till displayed. Examine the structure and map to determine what por-
tions of the molecul e extends beyond the map boundaries.

From the M ol ecule Management Table, select the quinpr Display cell.
Quinupramine is removed from the viewing area.

Select the amit Display cell again. The display of amitriptylineis
restored. Examine it for portions of the molecule that extend beyond
the map boundaries.

From the Molecule Management Table, select both the quinpr and
imip Display cells. All structures are restored to the viewing area.
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4, Delete volume maps.

From the Object Management Table, select the heading cell for the
Delete column. All objects are removed from the viewing area and
from the table. The tableis cleared.

5. Exit Molecular Similarity.

From the Molecular Similarity palette, select Exit Molecular Simi-
larity. The Molecular Similarity palette is removed from the screen
and the Modeling palette is redisplayed.

6. Rgject the changes made during thefitting procedures.

From the Modeling palette, select Reject Changes. The changes
made to quinpr.msf, imip.msf, and amit.msf are not saved. The coor-
dinates saved after minimization of quinpr.msf, imip.msf, and
amit.msf are redisplayed in the viewing area.

7. Closethe M SFs.

Display the File menu and select Close. A dialog box is displayed
with options for what file to close.

Select the Close All button between the two scrolling file lists.
Amit.msf, quinpr.msf, and imip.msf are moved to the Close scrolling
list of files.

Select the OK button. The dialog box isremoved from the screen and
the structures are removed from the viewing area.

Using MSF Bundles for Multiple Conformers

Multiple conformers can be studied in the Molecular Similarity applica-
tion using M SF bundles. An MSF bundle is a collection of MSFswhich
are related by the application through their names. All MSFsin abundle
are assumed to have the same covalent structure. Normally, the M olecul ar
Similarity application works through a collection of M SFs, considering

each M SF as a separate molecule. M SF bundles are defined to efficiently
compare sets of multiple conformers as units.
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Use M SF Bundlesalterstheway atom matching and volume calcul ations
operate in Molecular Similarity. Normally, atom matching is specified
for all active M SFs. When Use M SF Bundlesis selected, matched atoms
are only specified for the first MSF in each bundle.

For volume cal culations, the normal procedureisto calculate an intersec-
tion map among all active M SFs. With Use M SF Bundles, volume maps
are calculated for each M SF, then maps are combined by taking the union
of the structures within each bundle. The resulting union maps are used
to calculate the intersection between bundles.

Sample Procedure — Using MSF Bundles

Use the following exercise to become familiar with the use of MSF Bun-
dlesin volume calculations. This exercise uses the Conformational
Search and Analysis applications. If you are not familiar with these, see
chapters 3 through 6.

1. Generate six conformations of amitriptyline.

From the File menu, select Open. A File Librarian dialog box
opens. Select amit.msf from the scrolling list, Replace, and the OK
button.

Display the Applications menu, and select Confor mational Sear ch.

From the Conformational Search palette, select Torsions. The Tor-
sions pal ette opens.

From the Torsions palette, select Define All Torsions.
Select Exit Torsions.

From the Conformational Search palette, select Setup Sear ch, then
select Random Sampling. The Random Sampling Setup dialog box
isdisplayed.

Enter the values:

Number of Samples:5
Torsion Angle Window:50

Select the options:
Calculate CHARMm Energy for each Structure

Minimize each Structure
Display Each Structure.
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Select the OK button.

From the Conformational Search palette, select Do Sear ch.
A FileLibrarian is displayed.
Enter the text:
amit.
Accept the defaults:

Tag prefix: amit
Starting Tag Number: 1

Select the New button. The conformational search begins. Whenitis
completed, the Message Line reads:

Random Search Completed

Six different conformations of amit.msf are created.

From the Conformational Search palette, select Analysis. The Analy-
sis palette is displayed.

From the Analysis palette, select Trace.
The Select Property for Plotting dialog box is displayed.
Accept the default option:

Potential Energy

Select the OK button. A plot of CHARMm potential energy asafunc-
tion of conformation number is displayed. A series of menus (File,
Edit, Display, Trace Tools) are aligned across the top of the Trace
Plot window.

Display the Trace Tools menu. Select the Select Window function.
All six conformations plotted in the display are selected.

Select the File menu in the Plotting window. Select Quit. The Plotting
window is cleared.

Display the Analysis palette. Select File Optiong/Filters. A diaog
box is displayed.

Select the option:
Save Selected Conformations

Select the OK button. The Select the Output File Type dialog box is
displayed.
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Select the option:

msT file(s)

Select the OK button. Six M SF files are created with namesthe same
asthetags for each conformation (amit.msf;1 through amit.msf:6).

Display the Analysis palette, and select Exit Analysis. The Plot and
Analysis palettes are cleared.

From the Conformational Search palette, select Exit Confor mational
Search. The Conformational Search palette is cleared.

From the Modeling palette, select Reject Changesto reject the cur-
rent conformation.

2. Generate and store six imipramine conformations.

Open imip.msf and replace the amit.msf conformation displayed in
the viewing area.

Repeat the search and analysis procedure just completed for amit.msf.
Substitute imip for amit where appropriate.

3. Start Molecular Similarity Calculations.

From the File menu, select Open. A File Librarian dialog box isdis-
played.

Open all six amitriptyline and six imipramine M SFs by selecting each
file consecutively. The files are named amit*1.msf through
amit"6.msf and imip”™1 through imip"6.msf.

Select the Replace button and then select the OK button. All 12 con-
formations are displayed, stacked on top of one another, in the view-
ing area.

Display the Applications menu. Select Molecular Similarity. The
Molecular Similarity palette is displayed.

Select Use M SF Bundles and Match Atoms. The Match Atoms pal -
etteis displayed.

Select Pick Equivalent Atoms. A single conformation (amit*1) of
the target molecule amitriptyline is displayed.

Pick the 12 carbon atoms that are to be matched with atomsin theimi-
pramine structure.
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From the Match Atoms palette, select End Atom Picking.
Both amitriptyline and imipramine are displayed in the viewing area.
The match atoms in amitriptyline are accentuated by colored circles
with + marksinside.

Select the corresponding match atoms on imipramine in the same
order the match atomswere chosen for amitriptyline. A large cursor is
present on the amitriptyline atom that needs a corresponding imi-
pramine match.

When all match atoms have been sel ected, the atom matchesfor all 12
conformations are automatically defined.

From the Match Atoms palette, select Save Atom Matches. A File
Librarian dialog box appears, requesting a name for the .mch file.

Enter the text:

bundle
Select the Save button.

From the Match Atoms palette, select Exit Match Atoms.

From the Molecule Similarity palette, select Rigid Body Fit to Tar-
get. A fitis performed to fit al molecules to the target molecule.

From the Dial Emulator window, select the Reset View dial. The
structures are realigned in the window for better viewing.

From the Molecule Similarity palette, select Calculate Volumes.
The Set Grid Resolution and Size dialog box is displayed.
Accept the default value:

Grid Size: 0.5
Select the OK Button.

An intersection volume map between union mapsis calculated and
displayed. For M SF bundles only thisintersection map is displayed.
The numerical volumeisreported in the Volume M aps column of the
Object Management Table and in the textport.

From the Molecular Similarity palette, deselect Use M SF Bundles.

Select Calculate Volumes. The Set Grid Resolution and Size dialog
box is displayed.

Accept the default value:
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Intersection Value, Without
MSF Bundles

Grid Size: 0.5
Select the OK button.

A volume for each MSF is calculated and overall intersection and
union maps are calculated and displayed, along with a density map.
The reported volume cal culated without MSF bundlesis lower than
the calculated volume for the MSF Bundles.

Because the intersection map is now the intersection among all the
individual M SFs, the result is alower intersection volume than that
cal culated between union volumes of each M SF bundle.

Summary

The Molecular Similarity application provides a visua comparison of
two or more molecular structures by overlaying these structuresin the
viewing area. Comparisons can be made between different structures, dif-
ferent conformations of the same structure, and different parts of the same
structure.

The only reguirement isthat each structure must be contained in aunique
M SF. The application does not permit use of different generations of the
same MSF.

The procedure used in Molecular Similarity to compare structuresis
divided into four basic steps:

1. Load the structures to be compared.

2. Define atom equivalencesin these structures, that is, establish atom
matches.

3. Perform afitting operation.
4. Analyzetheresults.

Each structure isidentified by the name of its corresponding M SF. One
structure isidentified as the target or fixed structure. All other structures
are working or moving structures. Although only one structure can be
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designated as the target at a given time, the target definition can be
changed from within the application.

The Molecular Similarity application makes no assumptions about the
equivalency of atoms on different structures. Equivalency is defined
through user input. When atom equivalencies are defined, they can be
used for any fitting operation.

Fitting operations employ either arigid or flexible method. If arigid
method is used, working structures are translated and rotated to obtain an
optimum fit with the target structure. If aflexible fitting method is used,
conformations of the working structures are changed to obtain an opti-
mum fit.

The Molecular Similarity palette provides selections to rotate and trans-
late selected structures, control the display of structures, change target
structure definitions, and compare molecul es. Other pal ette selectionsare
used to manage the filesthat are generated during fitting and comparison
operations.

The Molecule Management Table is used to change the activity and dis-
play of structures.

TheMatch Atoms procedure links equivalent or near equivalent atomson
one or more working molecules to the corresponding atom in the target
structure. Atom equivalences are always defined in pairs. When you use
multiple working structures, equivalent atoms are individually paired
with the target atom, not collectively grouped with each other. With
matches established, rel ationshi ps between target and working atoms are
defined, permitting sophisticated structural comparisons.

With two structure involved in amatching procedure, there are two meth-
ods available to establish atom matches:

» Alternating atom picks of equivalent atoms between target and work-
ing structures.

» Selecting all the target molecule atoms first, then selecting the corre-
sponding atoms on the working molecule.

When more than two structures are involved in atom matching, a modifi-
cation of the second matching method is used.

In addition to the visual inspection of overlaid structures, it isaso possi-
ble to calculate the van der Waals volume of structures and display this
informationin avariety of volumemaps. Threetypesof volume mapscan
be displayed: union volume, intersection volume, and volume density.
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Normally, the Molecular Similarity application works through a collec-
tion of MSFs, considering each M SF as a separate molecule. Alterna-
tively, multiple conformers can be studied in the Molecular Similarity
application using MSF Bundles. An MSF bundleisacollection of MSFs
that are related by the application through their names. All MSFsin a
bundle are assumed to have the same covalent structure. MSF bundlesare
defined to efficiently compare sets of multiple conformers as units.
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This chapter describes the use of the Tables utility. QUANTA applica-
tions use tables for displaying data and allowing you to manipulate the
data. Read this chapter for specific information on how to use these
tables.

The Tables utility is used by the following QUANTA applications:
Molecular Modeling and Molecular Similarity (Molecule Management
Table), Maps (Maps Management Table), Graphical Objects (Object
Management Table), Atom Property Editor (Edit Residue Table) and
Constraint Options (Constraints Table). In addition, the utility is used by
applications that may be purchased with QUANTA.

chapter

Tables present data appropriate for the application in which they are dis-
played. A table window opens when data to be presented in tabular form
is generated.

Using Objects Specific to Tables

The Tables utility is composed of the following objects:

» Table— Consistsof acollection of cellsorganized asan array of rows
and columns. Y ou can control the font used to render cell data, the
background color, foreground color, and tabletitle. Y ou aso can con-
trol the way grid lines are displayed.

e Column— A vertical dlicethrough the table, one cell wide. Columns
have a default data type and can have user-assignable labels. Cells of
adifferent type can beinserted into acolumn. Y ou can control column
width, font, format, and foreground color, overriding table-wide
defaults.

* Row — A horizontal dice of the table, one cell high. Rows can have
user-assignable labels. You can control row height and foreground
color, overriding table and column-wide defaults. Unlike columns,
rows have no data type.
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e Cell — Anindividual dataitem at the intersection of a specific row
and column. Table cells contain user-assignable and application-
assignable data consisting of numbers, character strings, file names,
and Boolean values. Y ou can control cell font, format, and foreground
color, overriding table, column, and row-wide defaults.

* Group — A named set of rows and/or columns. Tables can contain
multiple groups, and different groups can share rows and columns
with other groups.

» Derivation — An equation that can be associated with an entire col-
umn. Derived columns are automatically recalculated when a cell on
which the derivation depends changes.

» Table Selection — Y ou select rows, columns, and cellsin atable
where subsequent actions will be performed. These selections are
called table selections.

» Current Row, Column, and Cell — Tablestrack acurrent row, column,
and cell, using them to control cell editing aswell asto anchor opera-
tions like row and column insertion. The current cell defines the cur-
rent row and the current column. If the current cell isbeing displayed,
arectangular border enclosesthe cell. By default, the current cell is
aways selected. Similarly, every table selection always contains a
current cell.

Operating Within the Table Window

The Table window consists of atitle bar, table display, message line, and
scroll bars. In some tables, there is also a menu bar. You move through
the table using scroll bars or cursor keys.

Table operations fall into two categories: operations over an entire table,
and operations over aportion of the table. Examples of operators that
affect theentiretableinclude Open, Save, Save As, Revert, and Sort. No
explicit table selection is required to perform these operations.

To apply operators of the second type, table selections are required to
identify aregion of atable. Examples of these operations include For -
matting, Fonts, Alignment, Color, Cut, Copy, Paste, and Clear.

Table selections are made using the mouse and keyboard. Visually, table
selections appear in the highlight color.
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Operating Within the Table Window

Thefollowing section describes mouse and keyboard actions permitted in
the table window.

When the cursor iswithin the table window, the following mouse actions
are supported:

Cdll Click — Single clicking within a cell causes the cell cursor to
movetothecell. Thecell isthe selected and current cell. Therow con-
taining this cell isthe current row, and the column containing the cell
isthe current column.

Column Click — Single clicking within a cell heading a column
selectsthe column. Visually, the entire column (except for the current
cell) isdisplayed in the highlight color. The selected column isthe
current column, and the first visible cell in the column is the current
cell. The row containing this cell isthe current row.

Row Click — Single clicking within a cell to the far left of arow
selectstherow. Visualy, the entire row (except for the current cell) is
displayed in the highlight color. The selected row is the current row,
and thefirst visible cell in the row isthe current cell. The column con-
taining this cell isthe current column.

Shift Click — If the shift key is held down when arow or column is
selected, the selection is added to the selection set.

Cell Double Click — Double clicking on a cell causesit to become
selected and current. The command associated with the cell is sent to
the command dispatcher. Double clicking on a cell that has no com-
mand associated with it is treated as a cell click operation. In either
case, the cell becomes the current cell.

Column Double Click — Double clicking on a column causes the col-
umn to be selected and the command associated with the column to be
sent to the command dispatcher. Doubl e clicking on acolumn that has
no command associated with it is treated as a column click operation.

Row Double Click — Double clicking on arow causes the row to be
selected and the command associated with the row to be sent to the
command dispatcher. Double clicking on arow that has no command
associated with it istreated as arow click operation.
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Keyboard Actions

» Citrl Click — If arow or column has been double-clicked to select it,
you can then move the mouse to anew row or column and select it by
clicking while you hold down the control key. This action causes al
rows or columns between the selected two to be selected also. Thisis
an rapid method for selecting a range of rows or columns.

The following keyboard actions are supported:

e Cursor keys— Usingtheleft, right, up, and down keys, you can move
the cell cursor to anew cell. The new cell is the selected and current
cell. If the cursor is moved beyond the bottom or right edge of the
table, anew row or column is added if Expand Table in the Edit
menu has been enabled.

e Tab — Pressing the tab key causes the cursor to advance to the right
by one cell.

* Return— Pressing the return key causesthe cursor to move down one
cell.

» Escape — Pressing the escape key cancels cell editing and returns an
edited cell to its previous value.

» Text keys— If acell isnot read-only, you may type new information
into the current cell.

Using Table Menus

The File, Edit, Format, and Data menus are common to tables that
include a menu bar. In addition, some tables may include a Table Tools
menu that contains sel ections specific to the table that is displayed.
Menus may contain some or all of the selections described bel ow.

The File menu provides selections to save, export, and graph table data.
You also quit the Tables utility through this menu. Table 37 lists and
briefly describes the selections.

The Edit menu provides facilities to modify the contents of cells and the
general organization of the table. Users can insert and delete rows and
columns, clear table cells, and select table components. Most of theitems

228 QUANTA 2006 Smulation, Search, and Analysis



Using Table Menus
Table 37. Tables Utility File Menu

Selection  Description

Save Writes the contents of the table into the file named in the title bar of the Table win-
dow. Selecting Save always causesthe applicationto write atablefile evenif there
have been no changesto the displayed table. If no file name has been specified for
the table, the Save As operation is performed to prompt for a filename.

SaveAs  Writesthe contents of the table into a new file. The standard Save As dialog box is
displayed to prompt for the name of thefile. All modifications are written into the
disk file.

Export Allowstablesto bewritten to filesusing avariety of formats. From the Export dialog
box, you select the file to be used for export, the file format (ASCII, DIF), and a
table group. The group designation controls the rows and columns exported. The

Options button allows you to customize the selected file export method. If no 5
options exist for amethod, the Options button is disabled. B

Quit Terminates the Table utility and removes the table from the screen. If the table has f__U
been modified, the Save Asdialog box isdisplayed, allowing you to preservetable i)
changes.

onthe Edit menu operate on the current table selection. Table 38 listsand
briefly describes selections.

Table 38. Tables Utility Edit Menu

Selection Description

Select Group Allows you to select table cells based on the contents of a named group. The
operation displays a dialog box that contains a scrolling list of the groups
defined within thetable. When agroup is selected, the cellswithin the group
are redrawn using the highlight color. The table window is scrolled, as
appropriate, to show the upper left cell of the group. Thiscell isthe new cur-
rent cell. If there are no groups defined, Select Group is disabled.

Select All Selects al cellsin thetable.

Insert Row Inserts anew row before the row containing the current cell. The number of
rows selected prior to selecting | nsert Row determinesthe number of rows
that areadded. Cellsin the new rowsareinitialized to null and appear empty.
Thetableis reorganized by this operation (new rows are inserted before old
ones). New rows are always added before the row containing the current
cell.

QUANTA 2006 Smulation, Search, and Analysis 229



8.. Using Tables

Table 38. Tables Utility Edit Menu (Continued)

Selection

Description

Insert Column

Inserts anew column before the column containing the current cell. The num-

ber of columns selected prior to selecting I nsert Column determines the
number of columns that are added. The cellsin the new columns areinitial-
ized to null and appear empty. New columns are assigned the default column
data type, which can be modified using the Column Properties dialog box.
New columns are always added before the column containing the current
cell.

Deletes the selected rows and data from the table. Rows below those being
deleted are moved up.

Delete Column  Deletes the selected columns and data from the table. Columns next to those

Expand Table

being deleted are moved to the | eft.

Displays adialog box through which you can modify row and column labels
and units. Rows and columns can have alphanumeric |abels that can be dis-
played aswell as used to reference rows and columnsfor various operations.
Columns can have an optional Unitsfield for display purposesonly. If more
than one row (or column) is selected, then the entered label (and units) is
applied to all rows (columns). Labels and units can contain letters, numbers,
spaces, punctuation characters, and any other special characters supported
by the base display. Carriage returns can also be inserted using the UNIX
special character convention “\n”.

Controls whether new rows and columns can be added to the table. If Table
Expandsis on (checked), then the Insert Row and Insert Column
menu items are available. New rows and columns are created if you attempt
to go beyond the current bounds of the table. If Table Expandsisoff, then
Insert Row and Insert Column are disabled, and the cell cursor moves
to the next lineif you attempt to go beyond the bounds of the table.

The For mat menu controlsthe appearance of thedatadisplayed in atable
aswell as attributes of the table display itself. You can specify the format
of cell dataand can control thefont and alignment used to render numbers
and text, the row, column, and cell coloring, and the appearance of the
grid lines drawn between cells. Selections in this menu also control the
visibility of table components such as row and column labels and the
tabletitle. Table 39 lists and briefly describes selections.

The Data menu provides facilities to manipulate, organize, and find data
stored in tables. You can create and del ete groups, go to specific cellsor
to agroup, search for datawithin atable, sort rows and columns, and per-
form calculations. Table 42 lists and briefly describes selections.
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Table 39. Tables Utility Format Menu

Selection

Description

Numeric

Molecule

Data Type
Font

Alignment
Width/Height

Color

Grid

Display

Displaysthe available numeric and Bool ean formatting options, and allows users
to set the format of numeric columns and cells. The format you chooseis
appliedto adl columns and cellsin the current selections. See Table 40 for avail-
able numeric and Boolean formatting options

Displays the available molecule formatting options, and allows users to set the
format of columns and cells that contain molecules. The format you chooseis
applied to al columns and cellsin the current selection. See Table 41 for for-
matting options.

Modifies the data type of a set of columns or cells.

Selects the font family, size, and style used to render textual and numeric table
data, column and row labels, and the tabletitle. Thefont families supported are
Times Roman, Helvetica, Courier, and Symbol. The sizes supported are 8. 10,
12, 14, 18, and 24 points. The styles supported are bold, italic, and underline.

Specifies the alignment of textual and numeric datainside table cells.

Changes the display width and height of table rows and columns as well asthe
width and height of the column labels and row labels. In order for these fields
to be active, the table selection must contain complete rows or complete col-
umns. If it contains asimple cell range, the fields are disabled.

Selectively colors entire rows, columns, and/or cells. The color value entered in
the dialog box is applied to the current table selections. The color value must
be between 1 and 14.

Controls the appearance of the grid lines drawn between table cells. It is not pos-
sible to control grid lines on a per cell, per row, or column basis.

Controlsthevisibility of various table components such as row and column num-
bers and labels, the tabletitle, and the edit window. When a component is dis-
abled, it is removed from the display, and the table cell display is expanded to
fill the vacant space.

Table 40. Numeric and Boolean Format Options

Format Description

0 Displays numbers as integers.

0.00 Displays numbers as floating point.

0.00E+00 Displays numbers using scientific notation.

True/False Displays zero and FAL SE values as False, all othersas True.
Yes/No Displays zero and FALSE values as No, al others as Yes.
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Table 41. Molecule Display Options

Format Description

Structure Displays a pictograph of the structure.

Formula Displays a molecular formula such as CgH,CIO,.

File Name Displays the name of the basefile that contains the structure.

Chemical Name Displays the chemical name of the structure.

Table 42. Tables Utility Data Menu

Selection Description

Groups Creates, manipulates, and del etes table groups, and collections of related rows
and columns designated by the user. Groups can be used to limit sorts and que-
ries and to view a subset of atable. They can be created manually through the
Groups menu item, through a query, or through an application.

Restore View Causes the table display to show the entire table rather than a specific group.

Find Allowsthetable to be queried by row or by column. Relational operators can be
specified to perform comparison operations. Options are listed in Table 43. If
you select Case Sensitive in the box, character caseis considered for string
comparisons. If View Resultsis selected, the rows and columns that meet the
query are displayed, and the Restore View menu item is activated. Theresults
of aquery can be saved as a group

Sort Reorganizestable rows and columns by performing multi-level sortson table col-
umns or rows. All datain the table is reorganized.

Derivation Derives an equation to be associated with a column. The equation is used to fill
the column with data. Derivations are simple mathematical equations that can
include math operators, math functions, and subroutine calls. Derivations can
reference other table columns either by name or index. They are evaluated by
selecting Recalculate. The derivationischecked for correct syntax and applied
tothe column. Thetableisredisplayed to show theresults. If the derivation can
not be parsed, an error messageisdisplayed, and the user isreturned to the Edit
Derivation dialog box. It isnot possibleto store an incorrect derivation in acol-
umn. Supported binary math operators, unary math operators, trigonometric
functions, scientific constants, table functions, and 2D molecular functions are
listed in Table 44.

Recalculate  Recalculatesall derived columns. Recal culate must be selected for derived col-
umns and cells to be updated.
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Table 43. Relational Operatorsfor Find

Option  Description

= Equality
~ Approximate equality using user-defined tolerance value
I= Inequality (not equals)

> Greater than

>= Greater than or equal

< Lessthan

<= Lessthan or equal

in Query is contained within avalue (text comparison)

lin Query is not contained within a value (text comparison)

Table 44. Math Operatorsfor Table Equations

Operators Description

Binary Math Operators

+ Addition

- Subtraction

* Multiplication

/ Division

% Modulus (also “mod”)
N Exponentiation

Unary Math Operators
- Negation (also “neg”)

abs Absolute value

sart Square root

log10 Log base 10

exp Exponentiation (inverse of 1og)
In Natural log (also “In")
rand Random number
Trigonometric Functions

sin Sine (radians)

cos Cosine (radians)

tan Tangent (radians)

asin Arc-sine (radians)
acos Arc-cosine (radians)
atan Arc-tangent (radians)
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Table 44. Math Operatorsfor Table Equations (Continued)

Operators Description

sind Sine (degrees)

cosd Cosine (degrees)

tand Tangent (degrees)

asind Arc-sine (degrees)

acosd Arc-cosine (degrees)

atan Arc-tangent (degrees)

Scientific Constraints

pi Pi (3.1415926)

k Boltzmann constant (1.98713 E-3 kcal/mol deg)
h Planck constant (9.53709 E-14 kcal sec/mol)

r Gas constant (0.08206 liter atm/mol deg)

e Base of the natural logarithm (2.71828)

n Avogadro’s number (6.02217 E+23 particles/mole)
Table Functions

row# Current row index

col# Current column index

2D Molecular Functions

mw

Molecular Weight

Summary

QUANTA applications use tablesfor data display and manipulation. The
Tables utility isused by the following QUANTA applications: Molecular
Modeling and Molecular Similarity (Molecule Management Table),
Maps (Maps Management Table), Graphical Objects (Object Manage-
ment Table), Atom Property Editor (Edit Residue Table) and Constraint
Options (Constraints Table). In addition, the utility is used by applica-
tions that may be purchased with QUANTA.. Tables present data appro-
priate for the application in which they are displayed.

A Table window opens when an application generates data to be dis-
played in tabular form. The Table window consists of atitle bar, table dis-
play, message line, and scroll bars. In some tables, there is also amenu
bar. The File, Edit, Format, and Data menus are common to tables that
include a menu bar. In addition, some tables may include an application-
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specific menu that contains selections specific to the table that is dis-

played.

Table operationsfall into two categories. operationsthat impact an entire
table, and operations that impact only a portion of the table. Table selec-
tions are made using the mouse and keyboard. Visually, table selections
are rendered in the QUANTA highlight color.
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This chapter describesthe QUANTA Graph Plotting Utility that provides
tools and capabilities for displaying and manipulating datain graphic
form. Read this chapter if you are running applications where you want
use graphs.

Each application with graphic capabilities opensagraph plotting window
to display graph data compiled by the application. In the graph plotting
window, you have a number of operations and tools available to manipu-
|ate the appearance of the graph and to interact with the application’s pro-
gram requests.

chapter

Alternatively, when you select XY Graphsfrom the File menu, you have
access to the Graph Editor. Although this application does not create
graphic data, it allowsyou to select graph files that have previously been
created by other applications, load the files for display, edit the appear-
ance of the graphs, and save the changes. A base set of toolsis provided
using a menu bar and pulldown menusin aplot window. This set of tools
iswhat makes up the Graph Editor.

When the Graph Plotting utility isinvoked by an application other than
the Graph Editor, only a subset of the functions are available. A number
of itemsin the pulldown menus are dimmed to prevent changing applica
tion data. If you want to do more editing, save the graph using Save As...
in the File menu, then open it again in the Graph Editor by selecting XY
Graphs also in the File menu.

Using Objects Specific to Graph Plotting

The graph plotting interface includes the following objects:

* Plot window — the window where graphs are plotted displayed, and
manipulated. It is a standard rectangular window with window man-
ager function similar to all other QUANTA windows. It is composed
of amenu bar, aviewing area, and a message line. The viewing area
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includes a plot title, one or more graphs views, and a number of leg-
ends.

In QUANTA the window is created when an application invokes the
Graph Plotting Utility or when you request the Graph Editor.

Graph View — Areawithin the plot window where agraph isdis-
played. Each graph view contains one graph and has a border that
framesthe graph view area. The border may or may not be displayed.
There may be more than one graph view in a plot window.

Graph — Elements include datasets, axes, annotations, a graph title,
and a border.

Dataset Object — Defines all coordinates of the data to be graphed.
Each object can be displayed in more than one graph view.

Axes Object — Elementsinclude the x axis and the y axis. Each axis
includes aleg and its label, tic marks, and tic labels.

Annotation Object — Text string or asymbol displayed in aplot win-
dow in the graph view or legend view.

Legend View — Areawithin the plot window where alegend is dis-
played. Each legend view contains one legend and has a border that
framesthelegend view area. The border may or may not be displayed.
There may be more than one legend view in a plot window.

Legend — Areamade up of annotation objects, alegend title, and a
border.

Title Object — Text string that is specifically tied to a plot window, a
graph view, or alegend view.

Border Object — Linethat outlinesthe edge of a plot window, agraph
view, or alegend view.

Graph File— Archived definition of all the objects displayed in the
plot window. The native format file (filename.graph) for the Graph
Editor. Maintains all the data necessary to reproduce the same image
the next time thefile is opened.

XY File— Two-column file created by QUANTA applications (file-
name.plt). Used in creating 2D plots.

CHARMM Energy File — Filename.ENE created by CHARMm to
store energy values calculated during a dynamics calculation.
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» User-Specified Format File — File that specifies columns the user
wantsto use for x,y data.

» PostScript File — File that defines objects displayed in the plot win-
dow in PostScript format.

Using Graph Plotting Menus

File, Edit, and Display menus are displayed on the menu bar regardless
of the access point to the Graph Plotting Utility.

The File menu is made up of selectionsthat provide accessto graph data
infilesand allow storage of graph datain different formats. Table 45 lists
and briefly describes the menu selections.

Table 45 . Graph File Menu

Selection  Description

Open Opens alist of existing graph (filename.graph) files that can be selected, loaded,
and displayed. If agraphiscurrently displayed, the system will provide the user
with a chance to save the current environment to a graph file.

Close Removes the currently displayed graphs from the graph plotting environment. I
the displayed graphs have been changed since they were loaded, the Save
Changes First dialog box is displayed.

Save Writes the currently displayed graphsto afile. The filename used will be the last
specified filename. If thereis none, the Save Asfunction isinvoked to prompt
the user for afilename. The .graph extension is automatically added to the file-
name. The displayed graphs remain active and displayed.
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Table 45 . Graph File Menu (Continued)

Selection  Description

Save As... Writesthe currently displayed graphsto anew file. The standard file access dialog
box is displayed to allow specification of the filename. The .graph extension is
automatically added to the filename. The displayed graphs remain active and
displayed.

Revert Rereadsthe graph file. All changes made since the file waslast read are removed.
A confirmation dialog box will be displayed before the action is performed.

Import  Allowsyou to select afile with aforeign format to be loaded and displayed. A
number of file formats are supported: x y format (.plt), CHARMm Energy file
format (.ENE), and user-specified column format.

Export  Allowscrestion of filesthat can be output to printersthat accept PostScript format.
Three file formats are supported: image PostScript (.ps), inverted image Post-
Script (.ps) and x,y format (.plt).

Quit Terminates graph plotting. The plot window isremoved from the screen. If graphs
are displayed and have been changed since they were |oaded, the Save Changes
First dialog box is displayed.

The Edit menu consists of functions that allow you to change and add
objects displayed in the plot window. Objects to be edited must be
selected before an Edit selectionisapplied. If no object is selected, anew
object will be added automatically to the graph.

To select an object or a specific location in a graph, move the mouse so
the cursor is over the object or location, and click the left mouse button.
To select atext string, position the cursor at the lower-left corner of the
text string.

Selections are displayed as follows:
» A selected object isdisplayed in the highlight color (purple).

» A selected location is denoted by a small crosshair, also displayed in
the highlight color.

» Selected data sets are not highlighted. If amouse click is performed
over asection of the dataset and alocation crosshair symbol isnot dis-
played, the data set is selected.

Table 46 lists and briefly describes the menu selections.

The Display menu consists of selections that manipulate the display of
objects and viewing of graphs. Table 47 lists and briefly describes the
menu selections
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Table 46 . Graph Edit Menu

Selection Description

Title... Modifies selected titles or adds anew title if notitle is selected.

Border... Modifies selected borders or adds a new border if no border is selected.

Data Set... Modifiesthe appearance of selected data sets. If no data set is selected, you are

prompted in the message line to select one. When selection is compl ete, one
of four dialog boxes (depending on the dataset type) is displayed.

Text... Modifies selected annotation text or adds a new text object if no object is
selected.

Symbol... Modifies selected annotation symbol or adds a new symbol object if no object
is selected.

AXes... Modifies the color and visibility of selected axes or adds anew axisif noneis

selected. If you are adding anew axis object, entering OK intheinitial dialog
box causes each of the axislegs, the axistic marks, and the axistic labelsdia-
log boxes to be displayed.

AxesLegs... Modifies the legs and labels of the x and y axes. If no axisis selected, you are
prompted to select an axis object. When selection is complete, a dialog box
isdisplayed. When thisdialog box is approved, asimilar dialog box for they
axisisdisplayed. The only difference between the x and y axisdialog box is
the reference to the legs. For the y axis these would be ‘leg at left’, ‘leg at
right’, and ‘ both legs'.

AxisTic Modifiestic marks of the x axis and y axis.

Marks...

Axis Tic Labels Modifiesthetic labels of the x and y axes. If no axisis selected, you are
prompted to select one. When selection is complete, adialog box isdis-
played. When this dialog box is approved, a similar dialog box for the other
axisisdisplayed. The only difference between the x and y axis dialog boxes
isthereferencetothelegs. for they axisthesewould beleg at left, leg at right,
and both legs.

Delete Object Removes selected objects from the display.

S
S0
g=
s-l—'
(&]

Depending on the point of access to the Graph Plotting utility, an addi-
tional menu may be accessed from the menu bar. This menu consists of
tools for manipulating the display of specific types of graphs. For exam-
ple, if you are plotting data from a dynamics calculation on atrace plot,
the additional menu will bethe Trace Tools menu. Thetoolsin thismenu
are specific for adjusting data display for atrace plot.

For a number of examples and exercises that use the Graph Plotting util-
ity, see Chapter 6, Creating 2D Plots. Other sections of Chapter 6 also
contain examples and exercises that use this utility.
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9.. Generating Graphs

Table 47 . Graph Display Menu

Selection Description
Display All Makes al invisible objects visible.
Display Handles Toggles on and off the display of text strings that identify the plot win-

Echo L ocation

Select Cursor Type...
Zoom In

Zoom Out

Zoom Window

Reset View

dow, graphs, and legends. When the display is turned on, the text
string that identifies the plot window isdisplayed in the upper-left cor-
ner of the window. Thetext string that identifies each graph is dis-
played in the lower left corner of each graph’s view. The text string
that identifies each legend is displayed in the lower-l€eft corner of each
legend’'s view.

Toggles on and off the display of the cursor location. When echo is
turned on and the cursor is within agraph area, the X and Y location
isdisplayed in the plot window’s message line.

Displays adialog box with choices for the appearance of the cursor.

Extends the current graph to expand a small range of the data (80% of
what is viewed) into the graph’s viewing area. You are prompted for
the center of the zoom area. Clicking the left mouse button on aloca-
tioninagraph view causesthe view to be centered around the sel ected
location.

Extends the current graph to include alarger range of the data around a
selected locationinthegraph’sviewing area. You are prompted for the
center of the zoom area. Clicking the left mouse button on alocation
in agraph view causes the view to be centered around the selected
location and decreased in range.

Prompts the user to select two points within a graph’s viewing areato
define the rectangular range of datato be viewed within that area. The
two pointsare sel ected by holding down theleft mouse button over the
first location, sliding the mouse to the second location, and releasing
the button. When the second point is selected, the viewing areais
updated to display the new range.

Resets the graph to display the origina data.

Summary

The QUANTA Graph Plotting utility provides tools and capabilities for
displaying and manipulating datain graphic form. Each application with
graphic capabilities opens a plotting window to graphically display data
compiled by the application. In the graph plotting window, a number of
operations and tools are available to manipul ate the appearance of the
graph and to interact with the application’s program requests.
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Summary
When you select XY Graphsfrom the File menu, you have accessto the
Graph Editor and the full range of utility capabilities. When the Graph
Plotting utility isinvoked by an application other than the Graph Editor,
only asubset of the functions are available.

File, Edit, and Display menus are displayed on the menu bar regardless
of the access point to the Graph Plotting utility. Depending on the point
of access to the Graph Plotting utility, an additional menu may be
accessed from the menu bar. Thismenu consists of toolsfor manipulating
the display of specific types of graphs.
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IndeX 2D Plots

create 147157

A
amit.msf 186
amitriptyline 181, 183
Analysis palette 127, 128, 175
Auto Browse 131, 169
Average Structure
Calculate Properties
Clear Selection
Cluster Analysis
Compare Torsion
Complement Selection
Continue Auto Browse 131
Dummary Atoms
Exit Analysis 140
File Optiong/Filters 139, 141
First Structure 131, 140
Get Structure
Interatomic Distances
Intersection
Last Structure 131
Lowest Energy Structure 132
Next Structure 131, 140
Overlay Structures 143—147
Plots
Previous Structure 131
Recall Structure
Select Clusters
Show Cell Contents
Show Table 130
Show Tables
Sort by Property 132
Store Structure
Torsions
Use Selected Structures 140
Use Sorted Order 132
Analysis Property Table 145
Analysis, see Applications menu
Applications menu
Analysis 5, 47, 125, 130
Conformational Search 47, 103, 125
Dynamics Animation 5, 15, 21-25, 167
Dynamics Simulation 125

chapter
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Molecular Similarity 5, 179—180
.atcfile 33
atom constraints 29, 30—35
apply 35
define 34
select minimization options 35
Atom Constraints Utilities palette 32, 33
Append Selection-Commands
Edit File Manually
Help on Commands
List Selection-Command
Read Selection-Commands
Retrieve Labeled from MSF
Save Selection-Command
atom matching 199—209
prepare 196—198
use three structure 204—209
use two structures 201—204

B
Boltzmann factor 85
Boltzmann Jump
see Conformational Search palette
Boltzmann Jump parameters 86
Boltzmann Jump Setup dialog box 87
Cartesian Space
Display Each Structure
Go-Scheraga Cyclization in Peptide Rings
Maximum RMS Difference
Number of Samples
Save Minimized Structures Only
Sort Torsion Window
Temperature (Kelvin)
Torsion Space
Boolean Operators
usein Filter Search 93
burst dynamics 142

C
CCK7 120
CCK7.msf 116, 165
CHARMM burst dynamics, see burst dynamics
CHARMM menu
Congtraints Options 29, 44
Initialization Options 71
Shake Options 12
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charmm.cisfile 12
CHARMmM.LOG
suppress output 71
CHARMmM.LOG file 12
cluster nucleus 163
clusters
define specifications 165
clusters, see Overlay Structures palette
Compare Files palette 158
Exit Compare Files 160
Select Similar Structures 160
Select Unique Structures
Set Threshold
.con file 38
conformation
compare 157-161
similarity criterion 161
conformational search
additional processing 100
also see Applications menu
define a procedure 103
interrupt 70
multiple structures 71
non-graphical run 70
perform 68—73
procedures 65
use tags 72—73
Conformational Search palette 48, 68
Analysis 104
Boltzmann Jump 84—88, 116—119
Custom RIS
Custom RIS Search 89—90
Custom Search 78—80
Cyclic Modeling 80—82
Cyclization
Define Properties
Define Property 59
Do Search 70, 107, 112, 115, 118
Dummy Atoms
Exit Conformational Search
Filter Search 92—93
Grid Scan 73—78, 104—112
Hybrid Jump 88—89
Interatomic Distances 58
List Torsions 53
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Loop Modeling 98—99
Peptide Flip 93—98, 119122
Random Minimization 83—84
Random Sampling 82—83, 113—116
Read Torsion Template 53
Read Torsions from File 53
Rigid Body Manipulation 71
Rigid Body Options
RIS Random Sampling 91—92
RIS Sampling
Save Torsion Template 53
Save Torsions 53
Set Background Search 70
Setup Search 68, 107, 110, 114, 117
Show Search Setup
Show Setup 70
Torsions 60
Constraints Options menu 30
Atom Constraints Off 33
Atom Constraints On 33
Dihedral Off 42, 44
Dihedral On 42
Dihedral/Distance
Distance Off 40, 44
Distance On 40
Edit Constraints 36
Select Atom Constraints 30
Stochastic Bdry Settings 44
Stochastic Bdry Settings Off
Stochastic Bdry Settings On
Constraints Table 38, 39, 40
Data menu 39
Edit menu 39
File menu 39
Format menu 39
making selections 40
Special Tools menu 39
Status column 42
constraints, see atom constraints, distance constraints, dihedral constraints,
stochastic boundary constraints
Consgtraints Database.con 38
Contour Plot palette 135
Automatic Levels
Display Grid Points 138
Display Highest Value
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Display Lowest Vaue

Display Z-Sections

Exit Plots 139

Fixed Levels

For Other Torsions

Next Z-Section

Other Options

Redraw 138

Select Contour Property

Select Subset of Structures 138

Select XY Axis Torsions

Set Contour Levels

Write Plot File
Contour Plot palettePrev Z-Section
Correlation Map palette 155

Exit Correlation Map 156

Options

Select Property Pair 156

Write Plot File
correlation map, see Plots palette
.CRD file 12
.csr file 74, 99, 158
Custom RIS search, see Conformational Search palette
Custom Search

see Conformational Search palette
Cyclic Modeling palette 81

Add

Continuous Save to Search File

Cusom Value

Cyclize Each Structure

Down

Energy Minimize

Exit Cyclic Modeling

Peptide Flip

Saveto MSF

Saveto Search File

Set Value

Subtract

Torsion Angles

Torsion Name Vaue

Up
Cyclic Modeling, see Conformational Search palette
cyclic structure 116

define torsions 54

search conformations 54
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cyclization agorithms 116

Cyclization dialog box
Find Go Scheraga Cyclization Type 58
Find Go Sheraga Cyclization Type 55
Initialize Go Scheraga Cyclization 55, 56

D

.DCD file 12, 158

dihedra constraints 29, 4042
apply 43
define 42

Dihedral Options dialog box 41
Activity setting
CHARMmM force constant
Consgtrain to
Current value
Solve Karplus equation
Specified target
Type

dipole moment 173

disfile 59

Display 20

distance constraints 29, 36—40
apply 43
define 42

Distance Options dialog box 38
Activity Setting
CHARMmM Force Constant
Class
Type
Upper/Lower Bound

Draw menu
Bond Style 197

.DVL file12

Dynamics Animation palette 16
Clock 24
Create Animation 24
Cycle 26
Delete Dynamics Frames
Display Energy Trace
Exit Dynamics Animation 26
Fix Atom Position
List Settings
Open Energy Files
Release Atom
Select Frame
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Select Trajectories 17
Set Up Animation 19, 23
Write Frame to MSF
dynamics calculation 5—15
equilibrating 10, 13
executing 15
heating 8, 13
saving output 11
simulating 11, 14
Dynamics Dial Emulator 17, 24
dynamics output files 12
.CHARMmM.LOG file
.CRD file
.DCD file
.DVL file
.ENEfile
.RST file
charmm.cisfile
Dynamics Setup dialog box 9
Coordinate Trajectory File
Do Not Run
Dynamics Steps
Energy VauesFile
Final Temperature
Initial Temperature
Output Frequency
Restart Read File
Restart Write File
Restart...from the Restart File
Start...from the beginning
Time Step
dynamics speed dial 17
dynamics trajectory 5, 168
dynamics trajectory, see also tragjectory file

E

Edit Constraints palette 36
Atom of Picked Segment
Atoms of Picked Residue
Define Dihedral Constraints 40
Define Distance Constraints 38
Delete Selected Constraints
Dihedral Families 41
Dihedral Options 41
Distance Options 38
Exit Edit Constraints
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Export Constraints
Generate Dihedral Constraints
Import Constraints
Individual Atom
Propagate a Dihedral Pick 41
Protons Bound to Picked Atom
Protons of Picked Residue
Protons of Picked Segment
Read Constraints
Save Constraints
Save Constraints As
Select Constraints 40
Show Constraints
Show Violation Labels

.ENE file 12, 169

energy trace 25

F
File menu
Mono 205
XY Graphs 237
File Options/Filters dialog box 141
Build RSF File
Change File
Concatenate Files
Convert a.csr fileto .DCD format
File Summary
Redefine Tags
Save Selected Conformations
Save Sorted Conformations
Show Tags
Write MSF File
Filter Search palette 92
Define Filter
Dynamics Burst
Energy
Jump Sequence
Minimize
Save/Finish
Filter Search, see Conformational Search palette
fitting operations
flexible fitting 180, 210—214
rigid body fitting 180, 209—214
volume fitting 53—62, 180, 215—222
flexible fitting, see fitting operations
flip.csr file 159
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G

Generate Clusters palette 162
Clustering by Coordinates
Clustering by Distance
Clustering by Torsions 166
Compute RM S Differences
Define Distances
Define Torsions
Define Torsions. 165
Exit Generate Clusters
RMS Difference Map
Select Clusters 165
Set RM S Clustering Threshold 163, 166
Show RM S Distribution
Use Atom Subset
Write RMS Differences

geometric properties (non-torsion) 47
define 5859

Geometry palette 59
Angle Monitor
Bond Monitor
Dihedral Monitor
Distance Monitor

Graph Editor 237

graph plotting menus 239241
Display
Edit
File
Trace Tools

graph plotting objects 237
annotation object 238
axes object 238
border object
CHARMM energy file
dataset object 238
graph 238
graphfile
graph view 238
legend 238
legend view 238
plot window 237
PostScript file
title object 238
user-specified format file
XY file
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graph plotting utility 237
Grid Scan Setup dialog box 74
Constrain Torsions During Minimization 76
Display Each Structure 78
Keep Minimized Conformation 77
Grid Scan, see Conformational Search palette
gridl.csr 130
grid2.csr 136

H
Hybrid Jump Setup dialog box 88
Display Each Structure
Exclude g+/g- or g-/g+ sequences
Go-Scheraga Cyclization in Peptide Rings
Number of Samples
RMSD Trigger
Sample State
Save Minimized Structures Only
Temperature
Torsion Window (random)
User-defined Three State Sampling
Hybrid Jump, see Conformational Search palette
hydrogen bond 15

I
imip.msf 188
imipramine
build 182
imipramine 181
Interatomic Distances dialog box
Constraints Table Distances 59
Interatomic Distances palette 58
All Atoms
Atom to Atom
End Picking Atoms
Finish
Ignore Hydrogens
Only C-alpha Atoms
Pick Distances
Read Distances 59
Residue to Residue
Save Distances 59

J
jump.csr file 160
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K
KMAX 39
KMIN 39

L

Loop Modeling Setup dialog box 99

Loop Modeling, see Conformational Search palette
Isf file 79

M
Match Atoms palette 200
Display Atom Matches
Display Distances
End Atom Picking 203, 207
Exit Match Atoms 204, 209
List Atom Matches 203, 208
Pick Equivalent Atoms 203, 206
Quit Atom Picking
Read Atom Matches
Remove Distant Atom Matches
Save Atom Matches
Select All Atom Pairs
Select Mutually Close Matches
Select Residue Ranges
Select Subset of Atom Pairs
Undo Last
.mchfile 221
Metropolis criterion 67, 85
Molecular Similarity palette 194, 195
Calculate Volume
Calculate Volumes 215, 221
Cartesian Flexible Fit 210, 214
CHARMmM Minimization
Compare Volume Maps
Construct Volume Map Object
Define Target Molecules
Exit Molecular Similarity
Flash Molecules
Match Atoms 206
Move Molecules
Options 201, 205
Revert Changes
Rigid Body Fit to Common Frame 209
Rigid Body Fit to Target 209, 210
Rotate Moleculesin Place 198, 201
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Save Changes
Torsional Flexible Fit 210
Torsions
Undo Changes
Undo Last
Use MSF Bundles 217—222
Molecular Similarity, see Applications menu
Molecule Management Table 194
M SF bundles, see Molecular Similarity palette
mypep_e.DCD 21, 168
mypep_h.DCD 21, 168
mypep_s.DCD 21, 168
mypeph.ENE 169
mypeptide.msf 12, 21, 34

N
NMR Constraints Editor 36
NMR Structure Determination 36

(0]
Object Management Table 216, 217
Overlay Structues palette
Structures Only Selected
Overlay Structures palette 144
All Clusters
Clear ID
Color by Clusters
Color by Energy
Compare Files
Current Colors
Display All
Display Selected
Exit Overlay Structures 147
Generate Clusters 161—-167
Get Cluster
Least Squares Fit to Common Frame 146
Least Squares Fit to Reference
Next Cluster
Plot Overlaid Structures
Previous Cluster
RMSD Table
Select Atom Subset for Display
Select Atom Subset for Fit 146
Single Step
Overlay Structures, see Analysis palette
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P
Peptide Flip Options
specify parameters 97
Peptide Flip Options dialog box 96
Peptide Flip, see Conformational Search pal ette
Pick Torsions palette 50
Finish
Quit
Undo
Plot window
File menu 148
Trace Tools menu 148
Plots palette 127, 133
Backbone Plot
Box Range Map
Contour Plot 137
Contour plot 76
Correlation Map 154—156
Exit Plots
Histogram
Pair Distribution Function
Range Map 150—77
Residue Plots
Scatter Plot 151154, 160
Site Plot
Trace 148, 169
potential energy trace 147
pseudobonds 93
pseudorotations 94

Q
quinpr.msf 189

quinupramine
build 181
quinupramine 181

R

radius of gyration 175

Random Minimization Setup dialog box 84
Display Successful Trials Only
Display Trial Structures
Go-Scheraga
Maximum Number of Failures
Number of Trails
Perform Rigid Body Manipulations
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Rigid Body Angular Window
Rigid Body Trangation
Torsion Angle Window
Random Minimization, see Conformational Search palette
Random Sampling search 143
Random Sampling Setup dialog box 83
Calculate CHARMmM Energy for Each Structure
Cumulative Randome Modifications
Display Each Structure
Go Scheraga Cyclization in Peptide Rings
Minimize Each Structure
Number of Samples
Torsion Angle Window
Random Sampling, see Conformational Search palette 82
random.csr file 145
range map, see Plots palette
rigid body fitting, see fitting operations
risfile 89
RIS Random Sampling, see Conformational Search palette
RIS Sampling Setup dialog box 91
Calculate CHARMmM Energy
CHARMmM Minimization
Display Each Structure
Number of Samples
States
Torsion States
User-defined Three-state Sampling
Weights
RMAX 39
Rmax 164
RMIN 39
RMSIimit 86
RMSD 85, 157
RMSD histogram 163
RMSD threshold 161
rmsmax 160
rmsmin 160
root mean square difference, see RMSD
rotational statefile, see .risfile 89
.RST file 12

S

Scatter Plot palette 152
180 Degree Scale
360 Degree Scae
Change X-Y Property
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Color by Energy

Color by Selection

Cumulative Scale

Full Torsion Scale

Next X Property

Next Y Property

Prev X Property

Prev Y Property

Reset Scale

Select Structure

Select Window

Select X Range

Select X-Y Range

Select Y Range

Set Scale

Show Trails

Use Energy Based Squares
scatter plot, see Plots palette
search file 145
searchl.msf 60, 136
searchl.msf. 104
segment rotation 94—96
Select Atoms palette 146
Select Constraints palette 40
Select Torsions palette 54, 55

All Backbone Torsions 54

All Side Chain Torsions

All Sidechain Torsions 54

All Torsions 54

Double & Peptide Torsions

Exclude 54

Finish

Include 54

List Torsions

Make a Custom Selection 54

Quit

Select a Subset of Torsions 54
Select Trajectories Options 17

Add aFile

Binary of Hexadecimal Files

Change aFile

DeleteaFile

Initialize Dynmaics Files

List Current Files

Show File Headers
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Selection Utilities palette 146
Set Atom Constraints palette 31
All Atoms
All MSFs
All Non-Hydrogen Atoms
Alpha-Carbon Atoms 34
Apply to All MSFs
Atom Type
Clear
Color by Vaue 34
Finish 33, 34
Fix 34
Free
Harmonic Force 33
Nucleic Acid Backbone
One MSF
Pick Atom
Pick Molecule
Pick Residue
Pick Residue Range
Pick Segment
Protein Backbone
Proximity Tools
Quit
Residue Range
Residue Type
Revert
Show Force Constants 34
Solvent
Typein a Selection
Undo
Set Up Animation dialog box 19
Clock Speed
Dataset Range
Dataset Range From 18
Dataset Range To 18
Display Atom Labels
Display Dipole for Each Residue
Display Dipole for Whole Molecule
Display Energy Trace
Display Geometry Monitors
Display Trails
Do Not Display Dipole
Index Sequentially
Number steps to Average Over

260 QUANTA 2006 Smulation, Search, and Analysis



Pack Atomsinto Cell
Regenerate Hydrogen Bonds
Regenerate Selections and Hydrogen Bonds
Step Size 18
Use CHARMmM Header
stochastic boundary constraints 29, 44
stochastic search 65, 67
a so see Boltzmann Jump
also see Peptide Flip
also see Random Minimization
structure
create 181—194
manage 194—198
structures
plot properties 147
save subset 148
select subset 147
systematic search 65, 66
also see Custom Search
also see Grid Scan

T
table
math operators 233
molecule display options 232
numeric and Boolean format options 231
relational operators 233
table menus 228
Data 232
Edit 229
File 228
Format 231
Table objects 225
cell
column
current row, column, cell
derivation
group
row
table
table selection
table operations 226
table selections 226—228
keyboard actions 228
mouse actions 227
table window 226
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target structure 179
change 199
.tor file 48, 52, 53
torsion angle
define 49-51, 59—62
restore definition 52
save definition 52
select 52—54
set for Grid Scan 74
specify 51
torsion driving 47
torsion family 51
Torsion Selection palette 61
Include
Select a Subset of Torsions
torsion template file 51-52
torsion template library 52
torsion, seetorsion angle
Torsions palette 48, 109—110
Clear All Torsions
Define All Torsions 49, 60
Define Peptide Backbone Torsions 55
Elastic Bond 56
Exit Torsions
List Elastic Bonds
List Torsions 61
Pick Torsion Sequences
Pick Torsions 50
Pick Torsions Sequences 50
Read Torsion Template
Read Torsions from File
Save Torsion Template
Save Torsions
Select Torsions 61
Use Default Names 49
Use Names from Template 49
Trace Tools menu 170
trace, see Plots palette
trajectory file 18
analyze 167-175
trnfile 48, 49, 51, 53, 90

\Y
volume fitting,see fitting operations
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W
working structure 179, 199
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