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Preface

preface

Who should read this book

QUANTA Generating and Displaying Moleculesis designed primarily for
first-time users. You can read it to understand how to create, import, and
edit molecules 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 changes since previous versions of
QUANTA.

What this book contains

This book contains information for building, importing, editing, and
manipulating 2D and 3D molecules. Performing these functions, using a
variety of sketchers and builders, is described in Chapters 1, 2, 4, and 5.

Chapter 3 describes CHARMmM, the calculation engine of QUANTA, and
the processes for performing molecular energy and minimization calcula-
tionsusing CHARMmM. Chapter 10 describes how to connect to other exter-
nal applications for additional calculations and functions.

Chapters 6 and 7 describe ways to use graphical objects and various molec-
ular representations to display and study structures.

Chapter 8 describesimporting and exporting files to and from non-
QUANTA programs. It includes the steps you take to make sure that any
imported molecule is accurately represented within QUANTA.

Chapter 9 describes connecting to specific external calculation applica
tions.

Information provided in progressive chapters is based on the assumption
that you are familiar with basic software operations and with material in
previous chapters.

Sincethisbook isdesigned primarily for new users, neither the descriptions
nor the tutorial exercises comprehensively document all aspects of using
QUANTA.
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The book iswritten assuming that you are familiar with:
e Basic UNIX commands and file and directory structures.
«  Windowing software on your workstation.

* Thedifference between a shell window and a console window on your
workstation.

* How your workstation mouse works.

Assumptions also are made that you have a home directory where you can
create subdirectories and alicensed copy of QUANTA installed on your
workstation.

How to use the QUANTA introductory
documentation set

Thisbook is part of adocumentation set that introduces QUANTA.. The set
consists of:

« Basic Operations
* Generating and Displaying Molecules
e Smulation, Search, and Analysis

Although each book is self-contained, information within the set flowsina
logical sequence. You must be familiar with basic operations to success-
fully complete building and editing tasks. Molecule preparation in the
building and editing phase must precede simulation and analysis.

Within each book, exercises are step-by-step proceduresthat may belinked
across chapters. Datafiles may be 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 sequential order.

Documentation set roadmap

The table below lists key topics and where to find information about them
in the introductory set of QUANTA books. Book names are abbreviated:

¢ Ops— Basic Operations

¢ Gen— Generating and Displaying

2 QUANTA 2006 Generating and Displaying Molecules



Related documentation

e SA — Smulation, Search, and Analysis

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

Building structures

Editing structures

Applying constraints for CHARMmMm calculations

Importing and exporting files

Executing calculations using CHARMmM or external
programs

Handling data - visual displays, tables, graphs

Performing experimental simulations
Analyzing data

Ops Chapter 2, Gen Chapters 6 And 7

Gen Chapters 1,2,4, and 5

Gen Chapters 1, 2 And 8, SSA Chapter 4

SSA Chapter 2

Gen Chapter 8

Gen Chapters 2, 3, 4, 6, And 9, SSA Chapter 1

Ops Chapter 2, Gen Chapters 6 and 7 SSA Chap-
ters8and 9

Gen Chapter 3, SSA Chapters 1, 3-5, 7
SSA Chapter 6

Related documentation

In addition to the introductory books, other books in the QUANTA docu-

mentation set include:

*  QUANTA Installation and Administration

e« CHARMmM Principles

e CHARMM Dictionary | and Il

Other QUANTA -related documentation is included with specific software
application packages. This documentation includes:

* 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
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Restarting QUANTA

This book assumes you have already run QUANTA. If you have not, refer
to Setting the QUANTA Environment and Sarting QUANTA on pages 4-6
in the book QUANTA Basic Operations.

For this and subsequent startups, enter the command:
> cd ~/subdirectory

Then enter the command:

> quanta

QUANTA opens displaying the structure you worked on most recently in
this directory. The Molecule Management table displays the structure’s
name and status.

Conventions

Typographical conventions used in this book are:

This Lookslikethis

Examples of file contents, information in the textport or on the mes- Fixed-width
sageline

Menu and palette names and choices Bold

Place-holders that you replace with another word Italic
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1. Sketching 2D Molecules

This chapter describes ChemNote, the QUANTA application for building
2D molecules. Read this chapter if and when you plan to generate or sig-
nificantly modify structuresto usein QUANTA.

With ChemNote, you can create 2D molecular sketches that can be con-
verted to 3D structures for use in other QUANTA applications. Sketches
are created by progressively selecting and positioning various rings, bonds,
and atoms, or by selecting and modifying sketches supplied with the appli-
cation.

(@)]
C
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In addition to using drawing and editing toolsin ChemNote, you can assign
and display chemical properties such as partial atomic charges, saturation,
chirality, isotopes, and cis/transand axial/equatorial marks. Theapplication
also provides control over the display of carbon and hydrogen symbols
within the sketch.

Information about a sketch is saved in a.mol file. ChemNote creates a .pct
file that saves the 2D graphical datafor continued use within ChemNote.
ChemNote also creates a residue topology file (RTF) that is used by
CHARMmM to generate a principle structurefile (PSF). ChemNote automat-
ically names the RTF by capitalizing the first four letters of the .mol file-
name and adding a .rtf extension.

The ChemNote .mol file automatically converts to a molecular structure
file (M SF) when you exit ChemNote and return to the Molecular Modeling
application. This conversion also occurs when an existing .mol fileis
imported into Molecular Modeling.

Note: ChemNote commands cannot be recorded using the File | Record
Session commands.

Starting ChemNote

ChemNote runsin a separate window that is opened over the startup
QUANTA windows. Activity in Molecular Modeling mode is frozen until
you return to the Molecular Modeling window.
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1. Sketching 2D Molecules

1. Start QUANTA

If you have not already started QUANTA, do so.

If you have been working systematically through the tutorial exercises,
the file newpeptide.msf is displayed in the viewing area.

Sart ChemNote

ChemNote is started from QUANTA’s menu bar.

To start ChemNote, display the Applications menu. Select Builders,
open the pull-right menu, and select 2D Sketcher.

The ChemNote window is displayed over the QUANTA windows,
which are frozen until you exit ChemNote.

Understanding the ChemNote window

The ChemNote window can be moved, iconified, pushed, and popped in
the same manner as al other standard workstation windows. The window
has these four distinct areas:

Menu bar
Palette
Viewing area

Message line

Although some window areas are the same as those of other QUANTA
applications, the menu bar and palette are specifically customized for
ChemNote.

Menu bar

The menu bar contains five menus, whose functions are summarized in
Table 1.

6 QUANTA 2006 Generating and Displaying Molecules




Understanding the ChemNote window
Table 1. ChemNote menu bar

Menu Description

File Creates, retrieves, appends, saves, or prints structures. Returns to the Molecular
Modeling application.

Edit Provides editing operations such as copy, cut, and paste. Controls marking func-
tions. Compresses the display of agroup of atoms and aternates between com- FgN
pressed and expanded views at will. =

L ayout Controls the display and appearance of atoms and their names. Specifies bond % o
attributes. 5 N

Properties  Assignsand displays atom properties. Checks atom valence. Specifies structure %

geometry, typing, and charging. Controls CHARMmMm parameters and provides
aselection of CHARMmM conversion options. Offersthree methodsfor defining
monomers.
Help infor-  Provides software copyright and version number
mation

ChemNote menus are displayed as pull-down or sticky menus. Tables 2
through 6 list the selections on each menu and briefly describe their func-
tions.

Table 2. Filemenu

Selection Description
New Stores the contents of the viewing areain a specified file and clears the viewing
areain preparation for creating another file.
Open Displays a previously stored filein the viewing area.
Append Addsapreviously created fileto thefile currently displayed in the viewing area.
Template Displaysthe template window to incorporate structures or portions of structures
into a sketch.
Save Saves the content of the viewing areain a specified file.
Saveas Tem-  Savesthe content of the viewing area as a specified template.
plate
Print Prints the contents of the viewing area.
ReturntoMol. Exits ChemNote and returns control to Molecular Modeling.
Modeling
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1. Sketching 2D Molecules
Table 3. Edit menu

Selection Description

Cut Deletes marked objects from the viewing area and places them on the
ChemNote clipboard.

Copy Creates an exact duplicate of marked objects in the viewing area and
placesit on the ChemNote clipboard.

Paste Inserts the contents of the ChemNote clipboard into the viewing area.

Delete Deletes marked items.

Mark All Atoms Marks all of the objectsin the viewing area.

Reverse Marks Marks any objectsin the viewing area that are not currently marked and
vice versa

Unmark All Removes marks from all of the objectsin the viewing area.

Create Shortcut Creates a shortcut from the currently delimited part of a structure.

Compress Shortcut Reduces the previously defined shortcut group to a place holder.

Expand Shortcut

Destroy Shortcut

Regenerates the drawing by replacing the placeholder atom with the orig-
inal shortcut grouping.

Removes the association of atoms forming a shortcut group.

Table 4. Layout menu

Selection

Description

Element Name
Atom Name
lonic Charge
Partial Charge

Display Carbons
Suppress Carbons

Display Hydrogens

Displays the atomic symbol for marked atoms.
Displays a user-defined atom name for marked atoms.
Displays an integer representation of the charge on an atom.

Displays an approximation of the charges shared between neighbor-
ing atoms.

Displays the atomic symbol “C” for the marked carbon atoms.
Hides the atomic symbol “C” for the marked carbon atoms.

Displays automatically supplied hydrogen atoms attached to the
marked atoms as bonded “H” atomic symbols.

Abbreviate Hydrogens Displays automatically supplied hydrogen atoms attached to the

Suppress Hydrogens

Saturate Atoms
Unsaturate Atoms

marked atoms in a condensed notation such as CHa.

Hides automatically supplied hydrogen atoms attached to the
marked atoms.

Displays marked atoms as saturated.
Displays marked atoms as unsaturated.
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Understanding the ChemNote window

Table 4. Layout menu

Selection Description
Thin Bonds Displays all bonds as thin lines.
Thick Bonds Displays all bonds asthick lines.
Standard Length Defines bonds of afixed length that match the length of the bonds

in rings or match a user defined length. g
Standard Angles Defines bond angles to be drawn at 15° increments or toauser- el

defined value. SN
Redraw Screen Redisplays all itemsin the viewing area o

7

Table 5. Properties menu

Selection Description

Assign Atom Properties Assigns propertiesto individually marked atoms.

Display Atom Proper-  Controlsthe visibility of atomic properties of amarked atom.
ties

Conversion Options Sets CHARMm conversion options.

Check Valence Checks that all atoms have the proper valence.

CigTransMarks Specifies cis/trans orientation for double bonds. Thisfunction can be
accessed from the palette.

Axial/Equatorial Sets axial/equatorial bond orientation.

Torsion Angle Setstorsion angle.

Reset Types Resets all CHARMm atom types to unknown type.

Reset Charges Sets all partial chargesto zero.

Type Atoms Assigns CHARMm typesto al atoms.

Charge Atoms Calculates partial charges for all atoms.

Charge Marked Atoms Calculates partial charges for marked atoms.

Define Monomer Converts amolecule into a monomeric unit.

Rename Backbone Renames backbone atoms in monomeric unit.

Table 6. Information menu

Selection Description

About ChemNote Provides current program version information.

QUANTA 2006 Generating and Displaying Molecules 9



1. Sketching 2D Molecules

Palette

The palette contains selections that you use to create and edit a 2D sketch.
Use these tools either to perform various operations or to create actual

sketch components such as atoms, bonds, and rings. The palette highlights
the current selection. Table 7 lists and briefly describes the selections and

tools.

In addition to the palette tools, ChemNote provides techniques for manip-
ulating sketches. These include dragging a sketch or portion of a sketch
with the right mouse button to reset it in the viewing area, or marking a
sketch or portion of a sketch with arubber band rectangle technique

Table 7. ChemNote palette

Selection Description

Point Marks objectsfor subsequent action. Thisselection isautomatically in effect
at the start of a ChemNote session.

L asso Encirclesirregularly shaped areasin the structure for marking atoms.

Font Establishes type attributes such as type style and size for displayed atom
labels.

Merge Struc- Merges atomic structures.

tures

Move Items Moves marked atoms and bonds.

Eraser Erases marked atoms and bonds.

Periodic Table Displaysadialog box containing the Periodic Table for atom selection.

Atom Symbols  Allows selected atoms to be placed in the viewing area.

Bond Icons Allows selected bond to be placed in the viewing area

Ring I cons Allows selected ring to be placed in the viewing area.

Reflect Y-Axis  Flips marked objects about the y axis.

Reflect X-Axis  Flips marked objects about the x axis.

Rotate Rotates marked objects.

Scale Scales marked objects.

Aromatize Aromatizes or dearomatizes marked rings.

Axial/Equatorial Definesthe marked bond as axial, equatorial, or neither.

CidTrans Defines the marked bond as cis, trans, or neither.

Set Torsion Allows specification of adihedra angle for viewing and calculations.
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Creating a 2D sketch

Message line

Help messages are displayed at the bottom of the application window inthe
message line. Information is provided in dialog boxes displayed in the
viewing area. These generally provide options for defining selection crite-
ria

(@)]
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Creating a 2D sketch

Various rings and bonds are available from the palette to create 2D
sketches. Using the mouse, you can add objectsto the viewing areaby mak-
ing a selection from the pal ette, moving the cursor to the viewing area, and
anchoring each object. You can move, rotate, or merge anchored objects
with other objects.

ChemNote highlights atoms and bonds as the cursor is moved over them.
Thisgivesavisual cueto help select objects once they have been placed in
the viewing area.

When you use the mouse to select and place various parts of a molecule,
click rapidly. Delay in clicking the mouse can yield a different event.

Rings

Rings are defined from the pal ette by selecting one of nine availableicons.
ChemNote automatically assigns carbon atoms to each ring asit is drawn,
and automatically supplies hydrogen atoms to meet valence requirements.
Carbon and aliphatic hydrogen element symbols are not displayed by
default. However, both carbon and hydrogen symbols can be displayed.
Use the following practice exercise to become familiar with using ring
tools.

1. Placeasix-membered ringin theviewing area.

Move the cursor over one of the six-membered ring tools. Two graphi-
cal representationsfor each of thefive- and six-membered ringsare pro-
vided as a drawing aid. They have the same 3D conformation.

Click the left mouse button and aring icon is highlighted, indicating it
is selected.

Move the cursor into the viewing area. An image of the selected ring
follows the cursor into the viewing area, replicating mouse movement.
One atom in the ring is attached to the cursor.

QUANTA 2006 Generating and Displaying Molecules 11



1. Sketching 2D Molecules

Bonds

Press and hold the left mouse button. The atom under the cursor pro-
vides an anchor point for the ring.

Continue to press and hold the mouse button as you move the cursor
around the viewing area. The image of the ring rotates around the
anchored atom as the image follows the cursor.

Release the mouse button. The ring is placed in the viewing area. The
ring icon remains highlighted to indicate it is still selected.

. Mergeasecond ring with thefirst ring.

Again, move the cursor in the viewing area. An image of aring contin-
uesto follow the cursor.

Move the ring image over the ring already placed in the viewing area.
The atomsin the placed ring are highlighted with asmall square asthe
atoms in the ring image pass over them.

Movethering image so two atoms are highlighted. Click theleft mouse
button. A second ring is merged with the first, joined at the bond
between the two previously highlighted atoms. The ring icon remains
highlighted to indicateiit is still selected.

. Turn off thering selection.

Move the cursor over to the palette and the point icon. Click the left
mouse button and the six-membered ring icon is no longer highlighted,
indicating that the ring is no longer selected.

You can aso turn off palette tools by positioning the cursor away from
the structure in the viewing area and clicking the left mouse button
twice.

Bonds are selected from the palette by clicking on one of seven available
bond icons. ChemNote automatically assigns carbon atomsto each bond as
itisdrawn, and supplies hydrogen atomsto meet valence requirements. As
with rings, carbon and hydrogen symbols are not displayed by default.
However, both can be displayed.

Single, double, and triple bonds are displayed by icons of solid single, dou-
ble, and triple solid lines, respectively. Resonant bonds are represented by
an icon containing a solid and a dotted line.

Since ChemNote requires all atoms to be associated with a structure, a
coordination bond icon that contains asingle dotted line can be used to con-
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Creating a 2D sketch

nect atoms that would normally exist without bond representation, for
example, between sodium and the rest of the structure in sodium dodeca-
sulphate.

Wedge bonds are used to definetherel ative position of side groups attached
to an diphatic ring. This alows you to position ring substitutes either axi-
aly or equatorially and build rings with substituents that are cis or transto
each other.

As described by lUPAC Rules and by Cahn, Ingold, and Prelog, filled
wedge bonds extend from the display planetoward the viewer. Open wedge
bonds extend from the display plane away from the viewer. The wide end
of the wedge is closest to the viewer.

sketching

Using wedge bonds does not define chirality in ChemNote. You must spec-
ify R or Swithin atom properties for this purpose.

Use the next exercise to become familiar with using bond tools.

1. Add abond totherings.

Select the single bond icon and it becomes highlighted.

Move the cursor over the rings in the viewing area.

The atoms and bonds in the rings are highlighted with asmall square as
the cursor passes over them.

Movethe cursor over thetop-right atom in the structure and the atom is
highlighted. Press and hold the left mouse button.

The message line displays:

Drag the mouse and release to place bond; double click the left button
to exit.

Continue to press and hold the mouse button and move the cursor.
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1. Sketching 2D Molecules

An image of the bond rotates around the anchor position, following the
movement of the cursor.

Rel ease the mouse button and the bond is placed in the viewing area.

The single bond icon remains highlighted to indicate it is still selected.

. Add a second bond

Move the cursor over the unanchored end of the bond just drawn and
the atom is highlighted.

Press and hold the left mouse button. Move the cursor to position the
bond image at an angle to thefirst bond. Rel ease the mouse button and
the second bond is placed in the viewing area.

The single bond icon remains highlighted to indicate it is still selected.

Move the cursor away from al objects placed in the viewing area, and
quickly click the left mouse button twice.

The single bond icon is no longer highlighted, indicating the tool is no
longer selected. The bond icon aso can be turned off by selecting the
point tool in the palette.
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Changing atoms within a structure

Changing atoms within a structure

It is possible to use atoms other than default carbon and hydrogen atoms.
Using the mouse, you can select other elementsfrom the Periodic Tableand
place them in structures. You can also choose to display undisplayed car-
bons and hydrogens.

Carbon substitution

sketching
2D

Carbon atoms are automatically assumed to be bond endpoints and ring
members. These atoms can be changed to any other element contained in
the periodic table.

Complete the following exercise to practice making a carbon atom substi-
tution.

1. Change a carbon atom to oxygen

Move the cursor over the symbol for oxygen located in the pal ette.
Click the left mouse button and the O is highlighted to indicateit is
selected.

Move the cursor over the rings and bonds in the viewing area.

The atomsin the rings and bonds are highlighted with asmall square as
the cursor passes over them.

Movethe cursor so that the atom located at the end of the second single
bond is highlighted. Click the left mouse button.
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1. Sketching 2D Molecules

The symbol OH is displayed near the atom, indicating the atom is now
an oxygen automatically supplied with a hydrogen.

Select the point icon. The O tool isno longer highlighted, indicating the
tool isno longer selected.

OH

. Display an undisplayed carbon atom.

Move the cursor over the hydroxyl carbon and the atom is highlighted.

Click the left mouse button and move the cursor away from the atom.

The atom remains highlighted to indicate it is marked.

Display the L ayout menu and select Display Carbons.

The symbol CH, isdisplayed near the marked atom indicating the atom
isacarbon with two automatically supplied hydrogens. The atom
remains marked.

OH
4

SO
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Changing atoms within a structure

Hydrogen atoms

Hydrogen atoms are automatically supplied to meet valence requirements
as additional rings or bonds are drawn. The actual number of supplied
hydrogens is determined by an atom’sionic charge.

Hydrogen atoms do not merge with nearby hydrogen atomswhen aring is
placed. Dependent hydrogens are automatically deleted when their associ-
ated atoms or bonds are deleted. Bond placement does not allow attaching
abond to an automatically supplied hydrogen or replacing abond attached
to an automatically supplied hydrogen with a new bond.

sketching

Complete the following exercise to become familiar with placement and
display of hydrogens:

1. Changethedisplay of the hydrogen atoms.

Display the L ayout menu and select Display H’s.

The symbol CH, is changed to C and the hydrogens are now displayed
separately.

Display the L ayout menu and select the SuppressH'’s.

The hydrogen symbols are removed from the display. The carbon atom
remains displayed as C.

Display the L ayout menu and select Abbreviate H's.

The group symbol returns to CH,.
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OH
4

SO

2. Removethe mark on the carbon atom

Movethe cursor away from all objectsin theviewing areaand click the
left mouse button.

This removes marks from all atoms and bonds.

Marks also can be removed by selecting Unmark All from the Edit
menu.

The carbon atom and attached hydrogens are no longer highlighted,
indicating the group is no longer marked.

. Delete the oxygen atom and bond

Mark the oxygen atom and select the Eraser tool. The oxygen atom and
its bond connections are deleted.

The CH,, group is changed to CHg, indicating another hydrogen was
automatically added to the carbon when the OH group and bond were
removed.
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Customizing bonds

Customizing bonds

During the 2D to 3D conversion process, single or double bonds designated
cig/trans or axial/equatorial are automatically placed correctly. Marking a
bond and selecting either the Cis/Trans or Axial/Equatorial toolsin the
palette begin to cycle the bond through the available selections. Table 8,
indicates the tools that are selected for each cycle.
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Table 8. Cis/transand axial/equatorial cycles

Cycle number Cigdtranstool Axial/equatorial Tool

1 Cis Equatorial
2 Trans Axial
3 None None

You can determine what cycle thesetoolsarein by theletter that appearsin
the middle of the bond. A marked bond will beidentified by ac (cis), t
(trans), a (axial) or e (equatorial) in the middle of the bond. A highlighted
bond marked is opaque so it coversthe bond indicator when it is activated.
To seetheindicator (c, t, g, or €), remove the highlighting by unmarking the
bond.

Use the following exercise to practice marking bonds for the conversion
process.

1. Defining the merged ring bond ascisor trans

Move the cursor over the common bond between the two ringsin your
structure.

The bond is highlighted.

Click the left mouse button, then move the cursor away from the bond.
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The bond remains highlighted to indicate it is marked.

Select the Cisg/Transtool.

A cisdisplayed on the bond, indicating the bond is defined as cis. The
bond remains highlighted, indicating it is still marked.

Again, select the Cis/Transtool.

A tisdisplayed on the bond to indicate the bond isnow defined astrans.

2. Unmark the merged ring bond.

Move the cursor over the shared bond and click the |eft mouse button.

The bond is no longer highlighted, indicating it is no longer marked.

Saving ChemNote structures

ChemNote allows only one structure to be saved at atime. It checks each
sketch for the following before converting it to a3D structure and saving it
ina.mol file.

» Unattached atoms or bonds.
e Unknown CHARMmMm atom types.
* Net charge.

If aproblem isfound, ChemNote provides a dialog box prompt that identi-
fies the problem and provides options for fixing it. For example, when a
structureis saved, ChemNote checksthat thetotal ionic charge of the struc-
ture is the same as the sum of the partial charges of the atoms. The net
charge assignment number reported at the top of the dialog box represents
the sum of the partial charges. The net charge number reported in the data
entry field represents the sum of the ionic charges.
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Saving ChemNote structures

If the sum of the partial charges and the sum of theionic chargesare not the
same, the dialog box provides several methods for adjusting partial
charges.

After addressing these issues, ChemNote stores the 2D sketch in a.mol
structurefile. The application also createsa CHARMmM RTF using thefirst
four characters of the .mol filename as the RTF filename. To avoid ambi-
guity in RTF and residue naming, be sure that the first four characters of
each .mol filename you create are unique. ChemNote checks against alist
of known residues to prevent accidental duplication of names.

sketching

Use the following practice exercise to become familiar with the Save pro-
cedure.

1. Saveastructure.

From the File menu, select Save.

A FileLibrarian is displayed.

Enter the name trans in the File Librarian filename field and click the
Save button.

TheFileLibrarian disappears from the screen and adial og box appears.
2. Smooth the partial charges over the specified atoms.
ChemNote checksthe net charge and finds it does not equal the sum of

theindividual partial chargesof theatomsin thisstructure. A dialog box
enables you to select amethod for adjusting the partial charges.

Enter the default value in the charge field.

The dialog box reads:

The desired net charge is: 0.000
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Chose the default option:

CT, CH1E, CH2E, CH3E, C5R, C6R, C5RE, C6RE, HA types

Click the OK button and the dialog box is closed.

The partial charges are changed, and new charges are saved in the
trans.mol file. The sketch remainsin the ChemNote window to provide
the opportunity to use it as a base for creating another .mol file.

3. Changethe merged ring bond to cis.

Mark the merged ring bond currently defined as trans.

Select Cig/Transand thet displayed onthebond isremoved, indicating
that the bond is neither cis nor trans.

Again select Cig/Trans.

A cisdisplayed on the bond, indicating the bond is defined as cis.

Unmark the merged ring bond, and the bond is no longer highlighted.

4. Savethestructure and smooth the partial charges.

From the File menu, select Save.
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Returning to Molecular Modeling
The File Librarian is displayed.

Enter the name cisin the File Librarian and click the Save button.
Repeat the procedurein Step 2 for adjusting partial charges by selecting
the default value and option in the dialog box that is displayed. Click
the OK button to complete the procedure.

The dialog box is closed. The partial charges are changed, and new
charges are saved in the cismol file. The sketch remains in the Chem-
Note window.
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Returning to Molecular Modeling

When the 2D sketch is compl eted, the structure contained inthe .mol fileis
brought into the Molecular Modeling application converted to a 3D .msf
file for further modeling and analysis. The conversion is done automati-
cally when you return to Molecular Modeling mode.

If an MSF is active in the viewing area of the molecule window, from pre-
vious work, adialog box is displayed that presents options for displaying
the structure converted from ChemNote.

Table 9 liststhe optionsin thisbox and provides abrief description of each.

Table 9. Structure selection options

Option Description

Usethe new moleculefilename only Clears the viewing area of any structure(s) and dis-
plays only the structure in the new MSF.

Add thisto your previous selection Supplements the displayed structure(s) with the struc-
turein the new M SF, maintaining the new MSF asa
separatefile.

Retain your previous selection Maintains the displayed structure(s) in the viewing
area and does not open the new M SF.

Use the following exercise to become familiar with the process of moving
a structure from ChemNote to 3D Molecular Modeling mode.
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1. Return cis.mol to Molecular M odeling.

Display the File menu and select Return to M olecular Modeling.

The ChemNote window is removed from the screen, revealing the
Molecular Modeling window. The last saved structure in ChemNote,
contained in the .mol file, is then automatically converted to an MSF.

. Display cismsf in Molecular M odeling

If you aready have a structure displayed in the viewing area, adialog
box opens.

Select the default option Use the new molecule cis.msf only and click
the OK button.

Thestructureisdisplayed inthe Molecular Modeling viewing area. The
Molecular Management Table is updated, and this information on the
fileis displayed in the textport:

31 atoms and 32 bonds read in

Setting bonding mode to use read-in connectivity

31 atoms selected for molecular structure cis.msf
31 atoms will be displayed

Importing a .mol file into Molecular Modeling

The Import selection in the File menu of the QUANTA menu bar allows
you to import stored ChemNote.mol files. Completethefollowing exercise
to become familiar with the import process.

1. Import thetrans molecule into Molecular Modeling.

Display the File menuin Molecular Modeling mode and select Import,
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Importing a.mol fileinto Molecular Modeling

A File Librarian dialog box lists the available external file formats and
ascrolling list of available files of each format.

From the data format scrolling list, select ChemNote.

Thetop scrolling list and filenamefield changeto reflect your selection.
The scrolling list contains the .moal filesthat are available for selection.

sketching
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Select the trans.mol file from the scrolling list and then select the
Import button.

When the creation of trans.msf iscomplete, adialog box isdisplayed so
that the structure just created can be used.

Select the option Add thisto your previous selection and click OK.

The structure trans.msf is added to the display of cis.msf in the M ol ec-
ular M odeling viewing area. Information about the active molecules
isdisplayed in the textport.

. Moveone M SF away from the other.

From the Modeling palette, select M ove Fragment.

The message line reads:

Pick one atom - Reselect palette item tot qui. Pick atom to
define center of moving fragment.

Pick any atom in the cis structure.

An D isdisplayed next to the picked atom and the message line reads:

Fragment On
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Undo Changes, Save Changes, and Reject Changes are activated in
the Modeling pal ette. The Dial Emulator changes automatically to Dial
Set 2.

Using the Y Trandate dial, move the cis structure upward until it no
longer overlaps the trans structure.

. Savethe new transformation of cis.msf

From the Modeling palette, select Save Changes and a dialog box
offers saving options. Select the option Select new gener ation of
cismsf and click OK.

The textport reads:
The old structure file is renamed cis.msf,001.

The Undo Changes, Save Changes, and Rej ect Changes selectionsin
the Modeling pal ette are dimmed, indi cating there are no changes need-
ing action. The Dial Emulator returns to its default setting.

. Reset the display.

Move the cursor over the Reset View dial and click the left mouse but-
ton.

The structuresin the viewing area are repositioned. Both structures are
now visible, and the conformational differences are easy to see.

Using templates

A template is any single connected structure of atoms and bonds that can
be used as a building block for creating a new chemical structure. Tem-
plates are stored in standard ChemNote .moal files, each file containing one
or more templates.
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Using templates

Templates allow chemical structures to be copied from the Template win-
dow and pasted into an existing sketch. The cut-and-paste procedure uses a
clipboard that provides temporary storage for atemplate. The clipboard
subdirectory is automatically created under your home directory. When a
templateis placed in the clipboard, it can be incorporated into the viewing
area with the Paste selection from the ChemNote Edit menu.

The Template window
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The Template function opens from the ChemNote File menu. Whenit is
selected, the Template window opens over the ChemNote window. Since
you work in both windows to build a structure using atemplate, position
the windows so both are visible on your screen.

The template window has five distinct areas:
*  Menu bar

+ Titlebar

» Buttons

* Command line

e Messageline

Although some window areas are the same as in other QUANTA applica-
tions, the menu bar, title line, and buttons are specifically customized for
the Template Viewer.

Title bar
Thetitle bar appears at the top of the window and contains the name of the
current template file and the minimize/maximize button.

Menu bar
The menu bar contains three menus. Menu names and a brief functional
description are listed in Table 10. Template menus are displayed as pull-
down or sticky menus.

Buttons

The buttons allow the keyboard to be used instead of the mouse for select-
ing atemplate, by entering an atom or element namein the dataentry field
located to the right of the buttons.
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Table 10. Menu bar

Menu Description

File Opens any .mol filefor display in the template window. Views the contents of the clip-
board. Exits the Template Viewer.

Template Displays an alphabetical list of available templatefilesfor direct access. Templatefiles
contained in thislist are located in the subdirectory QNT_CHEM/templ ates.

Help Provides software copyright and version number information. Accesses on-line help.

The Sear ch button looks through the template file for the atom name that
was entered in the data entry field, highlights the atom, and copies the tem-
plate containing that atom to the clipboard. If there is more than one tem-
plate with an atom of that name, the first one encountered is copied. If a
nameisnot found, amessageisdisplayed. The Clear button erasesany text
from the data entry field.

Building a template-based structure

The following exercise involves building Orange 11, the sodium salt of 4-
(2-hydroxy-1-napthylazo) benzenesulfonic acid. Use this exampleto
become familiar with the template, the editing, bonding, and atom func-
tions, and the toolsin ChemNote. Because of the ionic bond that sodium
forms with the organic sulfate, the exercise also demonstrates the use of
multiple M SFs.

This procedure creates the components for Orange |1 and then imports the
structure to Molecular Modeling, where the CHARMmM energy can be cal-
culated.

1. Sart ChemNote and the Template Viewer

In the Molecular Modeling window, display the Applications menu.
Select Builder and then 2D Sketcher from the pull-right menu.

The ChemNote window is displayed.

In the ChemNote window, open the File menu and select Template.

The Template Viewer window isdisplayed over the ChemNote window.
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Using templates
By default, a selection of carbocyclic group templates are displayed.

Move the ChemNote and Template Viewer windows so the viewing
areas of both are visible.

. Select naphthalene from the Template Viewer window

Move the mouse so that the cursor is located in the Template viewing
area. Movethe cursor over an atom in the naphthal ene structure and the
atom is highlighted with a small square.

Click the left mouse button.

The message line reads:
Copying. ..

indicating that the naphthalene structure is being copied to the clip-
board. When the process is complete, the message line reads:

Structure copied to clipboard.

Move the mouse so the cursor islocated in the ChemNote window. Dis
play the Edit menu and select Paste.

The naphthalene structure is displayed in the center of the ChemNote
viewing area.

The pasted structure may not be visibleif the Template Viewer window
is displayed over the center of the ChemNote viewing area.

Move the structure by placing the cursor over any atom or bond and
pressing and holding the left mouse button while moving the mouse. To
release and place the structure, release then click the mouse button.
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1. Sketching 2D Molecules

Select Rotate on the pal ette to rotate the structure counterclockwise
90° to avertical position.

Using the Point icon, drag a box around the naphthalene molecule
selecting al its atoms. Then from the L ayout menu select Atom
Name.

All of carbon atoms in the molecule will be shown in their numbered
sequence. Numbering is according to the build sequence for the mole-
cule.

3. Add nitrogen to the structure.

With the single bond icon on the palette, add a single bond to the C10
carbon.

Select N from the atom tool s portion of the palette. Click the new car-
bon, changing it to a nitrogen.

Select the double bond icon and add a double bond to the nitrogen.

Select N again and click the new carbon at the end of the double bond,
also changing it to nitrogen

4. Select and paste benzenesulfonic acid into ChemNote
The atom is highlighted with a small square.
The message line reads:
Copying

indicating that the benzenesulfonic acid structure is being copied to the
clipboard. When the copy is complete, the message line reads:
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Return to the Template Viewer window. From the Template menu,
select Functional_Groups-2.

Move the mouse so that the cursor is located in the Template viewing
area. Move the cursor over an atom in the benzenesulfonic acid struc-
ture.

Click the left mouse button.

Structure copied to Clipboard

Move the mouse so the cursor islocated in the ChemNote window. Dis
play the Edit menu and select Paste.

The benzenesulfonic acid structureis displayed in red in the center of
the ChemNote viewing area.

Position the two structures so that the final nitrogen of the parent naph-
thalene structure and the nonsulfonic carbon of the benzenesulfonic

acid structure are aligned end to end. Click theleft mouse button to con-
nect the two structures. Make sure the structures are bonded correctly.
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5. Select all atoms

Using the Point icon, drag a box around the naphthalene molecule,
selecting al its atoms. Then from the L ayout menu, select Atom
Name.

All the nonhydrogen atomsin the moleculeare shown in their numbered
sequence.

6. Closethe Template Viewer window

Move the mouse so the cursor islocated in the Template Viewer win-
dow. Display the File menu and select Quit.

The Template Viewer window is removed from the screen.

7. Add additional oxygensto the structure

Move the mouse so the cursor islocated in the ChemNote window.
Select the single bond icon and add a single bond to the C9 carbon on
the parent naphthalene structure.

Select the oxygen symbol from the atom selections. Click the new car-
bon changing it to oxygen.
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Using templates
A hydrogen is automatically supplied, creating an OH group.

With the O symboal still selected, click the C of the sulfonic acid group,
substituting an oxygen.

. Assign partial and ionic charges

sketching
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Double click the new oxygen atom that is part of the sulfonic acid
group. A dialog box for assigning properties opens. This box also can
be opened by selecting Atom Propertiesin the Properties menu.

Select the following options:

lonic Charge: -1
Partial Charge: -1.000 L ock
Ignore Valence Check: Yes

Click the OK button.

. ReturntoMolecular Modeling.

Display the File menu and select Return to M olecular M odeling.
Since the Orange structure has not been saved to afile, a dialog box
asksif the changes are to be saved. Select the Yes button.

Inthe File Librarian dialog box that opens, enter the name or ange and
click the Save button.

In another dialog box that prompts you to select the method for adjust-
ing partial charges, enter the value: The desired net chargeis: -1.000,
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Select the following option CT, CH1E, CH2E, CH3E, C5R, C6R,
C5RE, C6Re, HA typesand click the OK button.

The ChemNote window is removed from the screen, revealing the
Molecular Modeling window and a dialog box.

Select the option Usethe new molecule orange.msf only and click the
OK button.

If any structures were displayed in the Molecular Modeling viewing
area, they are removed and replaced by the structure orange.msf.

10.Return to ChemNote and create theion file sodium.msf

In the Molecular Modeling window, display the Applications menu.

Select Builder then 2D Sketcher from the pull-right menu.

The ChemNote window is displayed.

Click the Periodic Tableicon and select the Na symbol. Click the OK
button

With the mouse, move the cursor to the ChemNote window and click
on the screen, placing the sodium atom.

Select the point tool. The Periodic Table is no longer selected.
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11. Assigning ionic charge

Double-click the sodium atom, and the Assign Propertiesdialog box is
displayed. Select the following options:

lonic Charge: 1
Ignore Valence Check: Yes

Click the OK button.

sketching
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12.Return the sodium ion to M olecular M odeling

Display the File menu and select Return to M olecular M odeling.
Since thisfragment has not been saved to afile, adialog box asksif the
changes are to be saved.

Click the Yes button and the File Librarian is displayed.

Enter the name sodium in the File Librarian and then click the Save
button. A dialog box prompts you for the method for adjusting partial
charges.

Enter the value The desired net chargeis: +1.000.

Select the following option CT, CH1E, CH2E, CH3E, C5R, C6R,
C5RE, C6Re, HA typesand click the OK button.
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The ChemNote window is removed from the screen, revealing the
Molecular Modeling window and a dialog box.

Select the option Add thisto your previous selection and click the
OK button.

Theion sodium.msf is added to the Molecular Modeling viewing area
along with organge.msf, and information on the structureis added to the
Molecule Management table. A hydrogen has been removed from the
sulfide group as aresult of the charge adjustments made to the Orange
molecule.

To close thefiles, go to the File menu and select Close.

A dialog box alows you to choose the files you want to close.

Select the Close All button between the two scrolling lists. Both MSFs
are moved into the Close scrolling list. Click the OK button.

Both structures are removed from the viewing area and saved in their
respective MSFs. You will use them again in later chapters.

Summary

ChemNote is QUANTA's 2D molecular sketching application. The appli-
cation runs in a separate window that is opened over all QUANTA win-
dows. Other activity in QUANTA isfrozen until ChemNoteis closed.

In ChemNote, sketches are created by progressively selecting and position-
ing various rings, bonds, and atoms or by selecting and modifying tem-
plates supplied with the application. Templates are accessed through a
template window.

Chemical properties such as partial atomic charges, saturation, chirality,
isotopes, and cis/trans and axial/equatorial geometry can be assigned in
ChemNote. The application also provides control over the display of car-
bons and hydrogens within the sketch.
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Summary

Any 2D sketch created in ChemNote is automatically converted to a 3D
structurein a.mol filewhen the structureis moved into the Mol ecular Mod-
eling application. ChemNote creates a .pct file that savesthe 2D graphical
datafor continued use within ChemNote. The application also creates an
RTF that isused by CHARMmM to generate a PSF. The ChemNote .moal file
automatically convertsto an M SF when ChemNoteis closed and Molecular
Modeling reactivated. This conversion also occurs when an existing .mol
fileisimported into Molecular Modeling.
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2. Editing 3D Structures

This chapter describes the basics of using the QUANTA Molecular Editor
for editing 3D structures and preparing them for various operationsand cal -
culations. It also includes a description of additional editing options,
including the Atom Property Editor available on the Edit menu in the
Molecular Modeling menu bar. This chapter should be read by all
QUANTA users.

The Molecular Editor provides toolsto construct and modify any 3D
molecular structure. The application’s basic editing capabilities provide
ways for you to add or delete atoms, change atom types, and build a struc-
ture by merging a number of molecular fragments. !

If you want to combine structures stored in morethan one M SFinto asingle
M SF, open the files before you enter the Molecular Editor. Usethe Save As
selection in the Molecular Modeling File menu to combine the structures
into asingle MSF.

The Molecular Editor also prepares a structure for CHARMmM operations.
It assigns atom types and chargesto all atoms and satisfies valence require-
ments by adding hydrogens to the structure during editing procedures.

When you exit the Molecular Editor, afinal valence check isautomatically
performed to minimizeinconsistencies that may have occurred during edit-
ing. A single M SFiscreated even if multiplefragmentsexist. You also may
choose to create a CHARMmM RTF for a single fragment. After the MSF
and any optional RTFs are created, QUANTA returns to the Molecular
Modeling application.

The Edit menu includes other editing options including Bond Options,
Atom Data, and the Atom Property Editor. Each of these operateson
molecular properties defined in an MSF.

Creating a base structure

Although the Molecular Editor allows 3D structuresto be built by merging
anumber of molecular fragments, it is often faster and easier to sketch the
base structure in ChemNote. This approach also may provide a more accu-
rate structure for beginning your 3D editing procedures.

ChemNote checks each sketch for unattached atoms or bonds, unknown
CHARMmM atom types, and net charges before 3D conversion takes place.
If any inconsistency is found, adialog box is displayed that identifies the
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problem and provides a set of options for resolving it. Only when the 2D
sketch is verified as correct, does ChemNote convert it into a 3D structure
file

Use the following exercise to create a base structure for editing in the
Molecular Editor. If you have not built 2D molecules in ChemNote, go
through chapter 1 of this volume before continuing.

1. Create phenol in ChemNote

In the Molecular Modeling window, display the Applications menu.
Select Builders, then select 2D Sketcher from the pull-right menu and
the ChemNote window is displayed.

Sketch the structure phenol and save it as phenol.mol.

OH

2. Return the phenol structureto Molecular Modeling

Display the File menu in the ChemNote window and select Return to
Molecular Modeling. A dialog box asksif the changes made are to be
saved.
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Click the Yes button and a File Librarian dialog box is displayed.

Enter the name phenal in the dialog box and click the Save button.

The ChemNote window is removed from the screen and the Molecular
Modeling window is reactivated.

The phenol.mol fileisautomatically converted to the M SF phenol.msf.
A diaog box givesyou the choice of using either the structure that was
just created or another M SF. Select the option:

Use the new molecule phenol.msf only and click OK.

The structure phenol.msf is displayed in the viewing area. The textport
message indicates that 13 atoms are active, and the Mol ecule Management
Table displays the status of phenol.msf.

Editing bonds and fragments

The Molecular Editor provides tools for editing bonds and molecular frag-
ments. Some of these editing tools include functions such as adding and
deleting bonds and fragments, replacing and merging fragments, and
changing bond types.

Editing tools are located in the Molecular Editor palette that opens when
you select Molecular Editor from the Edit menu inthe menu bar. Thispal-
ette can also be accessed through the Applications menu in the menu bar
by selecting Builder s and then 3D Builder from the pull-right menu.

The palette functions like other QUANTA palettes. When a selection is
chosen, it is checked and highlighted to indicate it is active. Some selec-
tionsremain active until they are manually turned off or until another selec-
tion is made. Other selections are automatically turned off when the
associated function is complete

Table 11 lists the Molecular Editor palette selections with a brief descrip-
tion of each.
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Table 11. Molecular Editor palette

Selection

Description

Display Atom
Labels

Add Atoms

Change Atoms

Edit Atoms

Delete Atoms

Add Bond

Change Bond

Edit Bonds

Swap Bonds
Torsions

Delete Bond

Display Frag-
ment Table

M ove Fragment

Merge Frag-
ments

Replace All With
Fragment

Delete Fragment

Add All Hydro-
gens

Add Polar
Hydrogens

Delete Hydro-
gens

Labelsall atoms each timethetool is selected, using the following cycle: atom
names, residue names, atom types, atom charges, no |abels.

Toggles the display of the Add Atoms palette, which provides tools to add
atoms or functional groups to the molecular structure.

Changes the selected atom to the user-specified element. The atom number is
automatically appended to the element name to generate anew atom nameto
guide subsequent atom typing.

Togglesthedisplay of the Edit Atoms palettethat hasavariety of editing selec-
tions for atoms.

Removes selected atoms and their associated bonds from the molecular struc-
ture. Deleting an atom may generate a fragment. This selection can be used
to delete a single atom fragment.

Creates a bond between two selected atoms. If abond exists between the
picked atoms, the application asks for information on the bond type of the
new bond (single, double, triple, aromatic). Minimization can correct
improper bond lengths and angles.

Changes bond types each time the tool is selected using the following cycle:
single, double, triple, aromatic. The selected bond is set to the next bond type
in the cycle.

Togglesthe display of the Edit Bonds palette that has avariety of editing selec-
tions for bonds.

Interchanges sel ected bonds.

Modifies the structure by torsional rotations around a set of user-specified
bonds.

Removes a selected bond from the structure, possibly creating anew fragment.

Displaysthe Fragment and Categoriestables. Through toggle selection, one or
more fragments can be placed in the active M SF displayed in the viewing
window.

Allows afragment to be moved using any of the X, Y, Z trandate or rotate dial
emulators. Only one fragment can be moved at agiventime. Selecting anew
palette tool automatically saves the current transformation of a fragment.

Joins two fragments after selecting one bond in each fragment. Thistool only
operates on terminal bonds.

Removes all displayed molecular structures from the viewing areaand allows
anew fragment to be read into the application.

Removes a selected fragment from the viewing area.

Satisfies valence requirements based on atom type by adding hydrogensto all
atoms. Atoms are not retyped automatically. In the Edit Atoms palette, use
Type All Atoms for correct atom type assignments.

Adds hydrogensto all oxygen and nitrogen atoms. Atoms are not retyped auto-
matically. In the Edit Atoms palette, use Type All Atoms for correct atom
type assignments.

Deletes al hydrogen atoms from the molecular structure. Atoms are not
retyped automatically. Use Type All Atoms for correct atom type assign-
ments.
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Table 11. Molecular Editor palette

Selection

Description

CHARMmM Mini- Minimizes the current structure in the viewing area.

mize

Editor Options... Displaysthe dialog box from which the Molecular Editor defaults can be

Undo

changed. The Keep Display Selection option allows adisplay mask set from
Molecular Modeling to be maintained in the Molecular Editor.

Undoes the last edit operation. The number of steps which can be undoneis
controlled by the M aximum number of UNDO stepsfield in the Editor
Optionsdialog box. If thereare no more stepswhich can be undone, the Undo
tool is masked.

Revert to Initial Restores the structure as it was on entering the molecular editor.

Sructure
Quit
Save and Exit

Exits the Molecular Editor without saving any changes made during editing.

Exitsthe Molecular Editor and returnsto the Molecular Modeling application. ;
The structure is saved accordi ng to current save options.

Use the following exercise to become familiar with the Molecular Editor.

1. Sart theMolecular Editor

Display the Edit menu and select Molecular Editor. The Molecular
Editor palette replaces the Molecular Modeling palette.

. Change a bond in the phenol ring

Select Change Bond from the palette.

The message line prompts:

Pick bond to change.

Position the cursor over any bond in the phenol ring. Click the | eft
mouse button. The bond isbriefly highlighted, indicating it is selected,
and it changes from an aromatic bond to a single bond.
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Select the bond again and the bond changes to a double bond.

Cycle through the remaining bond types by selecting the bond two
more times.

It changesto atriple bond and then back to an aromatic bond.

. Changethedisplay to a Kekule Sructure

Select Edit Bonds in the Molecular Editor palette to open the Edit
Bonds palette.

SeeTable 12 for alist of selectionsin the Edit Bonds palette and a brief
description of each.

Select Display Kekule Structures. The bondsin the aromatic ring
change to aternating double and single bonds. Select Display K ekule
Structures again. The display returns to aromatic bonds.

Select Exit Edit Bonds. The Edit Bonds palette is removed from the
screen.

4. Add afragment tothe M SF.
The message in the textport reads:

Adding fragment .../quanta/fragment/propyl.mol

The number of atomslisted in the M olecule Management table changes
to 24.

. Mergethe propyl fragment with the phenol ring

TheMove Fragment dialsare automatically closed and the messageline
reads:
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Table 12. Edit Bonds palette

Selection Description

Set Bond Length Adjusts the length of any bond that is not part of aring
Set Bond Angle  Adjusts the angle between two adjacent bonds that are not part of aring.
Set Torsion Angle Sets a user-specified dihedral or improper dihedral angle.

Aromatize/Dear- Toggles bond types of aring from single to aromatic or visaversa, depending
omatize oninitial bond type. Retypes atoms accordingly. Hydrogens are not added or
deleted by this operation, nor isthe geometry of the ring modified. The Add

All Hydrogens selection in the Molecular Editor palette may be used to sat-

urate aring.
Display Kekule  Toggles rings with aromatic bonds to rings linked by alternating single and
Sructures double bonds or visa versa, depending on initial ring type.
Set Bond Types Toggles the bond type by bond distances.
By Distance
Set Bond Types Toggles the bond type by atom type.
By Atom Type

Exit Edit Bonds Exitsthe Edit Bond palette.

Select Display Fragment Table from the Molecular Editor palette and
the Fragment and Categories Tables open on the left of the viewing
area. A number of categories of fragments are availablein ascrolling
list in the Categories Table.

Select the category Functional Groups and the Fragment Table dis-

playsfunctional group fragmentsin ascrollinglist. If you click Toggle
I cons at the top of thetable, thelist displays both the name and a chem-
ical representation of each fragment.

Click the propyl fragment in the Fragment Table and apropyl fragment
isadded totheviewing area. Click only once since additional clicksadd
additional propyl fragments.

Again click Display Fragment Tableto deselect it. The Fragment and
Categories Tables are removed from the screen.
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Select Move Fragment from the Molecular Editor palette then select
any atom in the propyl fragment. Use the translate and rotate dialsin
the Dial Emulator to position the fragment so that the propyl structure
isfully visible relative to the phenol structure.

Select Merge Fragment from the Molecular Editor palette.

First bond

‘ Second bon

j=m

Pick the first bond to merge.

Pick the bond between the para carbon and hydrogen in the phenol ring.

The bond is briefly highlighted, indicating it is selected, and the mes-
sage line reads:

Pick the second bond to merge.

Pick a bond between aterminal carbon and a hydrogen in the propyl
fragment.

The selected bonds are joined, merging the propyl fragment with the
phenol ring. The selection is automatically turned off when the merge
operation is completed. The number of atoms listed in the Molecule
Management Table now reads 22, because two atoms were eliminated
in the merger.
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6. Rotatethestructurefor better visibility

Press and hold the middle mouse button while moving the mouse to
rotate the structure until all bonds can be seen. Rel ease the mouse but-
ton and the structure stops rotating.

Customizing the Fragment Table

The Fragment Table can easily be customized to contain your own frag-
ments, in the form of ChemNote .mol files, or to present the categories §
in adifferent order if you use some more often than others.

Make a copy of thefile SHYD_LIB/fragment.lib. Make this copy edit-
able (chmod u+w fragment.lib) and read it into an editor. Add aline
consisting of the pathname of adirectory containing acollection of .mol
files, followed by adescription. You can add as many lines as you wish
if you want to organize your fragments into separate directories to con-
stitute your own categories, and rearrange or even comment out any of
the standard categories you don’'t want to use

Your modified fragment.lib file can be placed either in the directory
from which you run Quanta, or you may wish to create a directory con-
taining thisand other default fileswhich can be anywhere, pointed to by
an environment variable QNT_USR.

If you want to minimize the coordinatesin your .mol files, without alter-
ing the 2D coordinates which are used to draw theiconsin the fragment
table, thereisan unsupported utility avail able accessed by the command
Z118.

Altering atoms

There are severa options for adding, changing, and editing atomsin the
Molecular Editor. You can add or modify oxygen, carbon, or hydrogen by
using the Add Atoms selection in the Molecular Editor palette. When you
select Add Atoms, apalette is displayed. Table 14, liststhe Add Atom
selections and briefly describes each.

If you want to make changes with elements other than hydrogen, carbon, or
oxygen, use Change Atomsin the Molecular Editor palette This selection
opens a diaog box where you enter the element of your choice.
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Table 13. Add Atoms palette

Selection Description

Add H to sp3 Adds a hydrogen atom to an sp3 target atom, placing the new atom at
109.47° to the existing bond.

Add H to sp2 Addsahydrogen atom to an sp2 target atom, placing the new atom at 120°
to the existing bond.

Add H tospl Addsahydrogen atom to an spl target atom, placing the new atom at 180°
to the existing bond.

Add C to sp3 Adds a carbon atom to an sp3 target atom, placing the new atom at
109.47° to the existing bond.

Add C to sp2 Adds a carbon atom to an sp2 target atom, placing the new atom at 120°
to the existing bond.

Add Ctospl Adds a carbon atom to an sp2 target atom, placing the new atom at 180°
to the existing bond.

Add O tosp3 Adds an oxygen atom to an sp3 target atom, placing the new atom at
109.47° to the existing bond.

Add O to sp2 Adds an oxygen atom to an sp2 target atom, placing the new atom at 120°
to the existing bond.

Convert to Methyl Converts the selected atom to a methyl group. The selected atom is con-

Convert to Hydroxyl

Convert to Amine

Convert to Amide

Convert to Carbonyl

Exit Add Atoms

verted into atetrahedral carbon atom, and three hydrogens are added at
tetrahedral positions.

Convertsthe selected atom to ahydroxy! group. The selected atomis con-
verted into an oxygen atom, and a hydrogen as added to it at a tetrahe-
dral angle.

Converts the selected atom to an amine group. The selected atom is con-
verted to atetrahedrally coordinated nitrogen atom, with two hydrogen
atoms attached.

Converts the selected atom to an amide group. The selected atom is con-
verted into a planar nitrogen atom, with two hydrogen atoms attached.

Convertsthe selected atom to a carbonyl group. The selected atom is con-
verted into an sp2 carbon atom, and a double-bonded oxygen and a
hydrogen atom are attached.

Removes the Add Atoms palette from the screen.

You can edit atoms singly or in groups by using the Edit Atoms selection
in the Molecular Editor palette. When you select Edit Atoms, a paletteis
displayed. Table 14, lists the selections on this palette and provides a brief
description of each.

New atoms are named by adding a sequential number to the element name
(01, 02, O3, H1, H2, H3). An automatic renaming procedure executes
when you exit the Molecular Editor to ensure atom name uniqueness. This
procedure is selected as a default in the Editor Options dialog box.

Atom names aswell as other important information about each atom in the
structure are used as atom labels by selecting Display Atom L abels from
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Table 14. Edit Atoms palette

Selection

Description

Set Atom Type...

Type All Atoms
Set Atom Charge
Charge All Atoms

Report Total Charge
Rename Atoms

Rename Residue
Edit Coordinate

Invert Z Coordinates
Report Chirality

Exit Edit Atoms

Requests an atom pick for type setting, then displays adialog box with
type, filter, and lock choices.

Types al atomsin the molecule using CHARMm-based templates.
Opens a Select palette for choosing atoms to charge.

Displays adialog box alowing you to choose the charge template or
Gasteiger method for determining the charge.

Reports total molecular charge in textport.

Requeststhat you pick specific atom(s) to be renamed. Opensdial og box
with new name field.

Requests that you pick specific residue(s) to be renamed. Opens dialog
box with new name field.

Opens a coordinate table. Edit coordinates directly using the table Edit
menu and table editing functions.

Repositions structure with respect to the z axis.
Requeststhat you pick achiral center. After center ispicked, chirality is
reported in the Textport.

Exists the Edit Atoms palette and redisplays the Molecular Editor pal-
ette.

the Molecular Editor palette. This selection provides atom label informa-
tion each timeitisused in thefollowing cycle: atom names, residue names,
atom types, atom charges, no labels

Three tools are provided in the Molecular Editor palette for working with
hydrogen.

e TheAdd All Hydrogens selection satisfies valence requirements by
adding hydrogensto all atoms. Valence requirements are determined by
bond type

» TheAdd Polar Hydrogens selection adds hydrogensto all oxygen and
nitrogen atoms.

» The Delete Hydrogens selection deletes al hydrogen atoms from the
molecular structure.

Altering the molecular structure by adding or deleting hydrogensaswell as
making other structural changes requires atoms to be retyped. There are
two typing procedures: automatic and manual. Automatic typing is done
when you exit the Molecular Editor. If the parameters you are using differ
from the defaults, they need to be redefined.

You initiate manual retyping by selecting Type All Atomsin the Edit
Atoms palette that opens when you select Edit Atoms from the Molecular
Editor palette.
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Complete the following exercise to become familiar with procedures for
adding or modifying oxygen, hydrogen, or carbon atomsto a structure.

1. Display atom labels

Select Display Atom L abelsfrom the Molecular Editor palettetocycle
through the variouslabel options: atom name, residue name, atom type,
atoms charge, or no label.

Each time the selection is chosen, the labels cycle to the next option.
Cycle through until you return to the atom name option.

2. Display the Add Atoms palette

Select Add Atoms from the Molecular Editor palette and the Add
Atoms pal ette opens over the Molecular Editor palette.

3. Convert a hydrogen to a hydroxyl group

Select Convert to Hydroxyl from the Add Atoms palette.

The message line reads:

Pick atom to convert

Select the ortho hydrogen atom and the atom changes to a hydroxyl
group.

4. Convert a hydrogen of the terminal methyl group to an amine
group

Select Convert to Amine from the Add Atoms palette.
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The message line reads:

Pick atom to convert

Select a hydrogen atom in the terminal methyl group and the atom is
changed to an amine group.

The geometry is regularized for the M SF.

. Exit the Add Atoms palette.

Select Exit Add Atoms from the Add Atoms pal ette.

The palette is removed from the screen.

. Display atom typesinformation in the atom labels.

Select Display Atoms L abels from the Molecular Editor palette and
the label s change from atom namesto residue names. Choose the selec-
tion again and the labels change from residue names to atom types.

. Delete two methylene hydrogens from the alkyl chain

Select Delete Atoms from the Molecular Editor palette.

The message line reads:

Pick an atom to delete

Select the two methylene hydrogensin the alkyl chain and these atoms
are removed from the structure.
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The atom type changes from CT to CH2E for the carbon in the alkyl
chain where the hydrogen atoms were deleted automatically.

8. Add hydrogens back to the structure.

Select Add All Hydrogens from the Molecular Editor palette.

Hydrogen atoms are added back to the structure, satisfying valence
requirements. The atom type automatically changesfrom CH2E back to
CT for the carbon in the alkyl chain where the hydrogen atoms were
added.

Minimizing a structure

Structures created with the Molecular Editor may not have accurate geom-
etries including bond lengths and bond angles. These geometries can be
refined using an energy minimization process before you exit from the
Molecular Editor. The processisinitiated by selecting CHARMmM Mini-
mize from the Molecular Editor palette.

The energy minimization process also may be initiated by selecting
CHARM m Ener gy fromthe Modeling palette. Chapter 3, Calculating and
Minimizing Energy, is devoted to a more extensive description of energy
minimization.

The following exercise goes through the minimization process asit is exe-
cuted from within the Molecular Editor.

1. Setup minimization for the displayed structure.

Display the CHARMm menu and select the Minimization Options
function.

Inadiaog box containing minimization setup options, select the option
Steepest Descents
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For each datafield, enter the values indicated:

Number of Minimization Steps: 50
Coordinate Update Frequency: 5
Energy Gradient Tolerance: 0.010000
Energy Value Tolerance: 0.000000
Initial Sep Size: 0.020000

Step Value Tolerance: 0.000000

and click the OK button.

Thedialog box is cleared from the screen and new minimization param-
eters are established.

2. Sart minimization for your structure.

Select CHARMm Minimize from the Molecular Editor palette.

Asthe CHARMmM calculation starts, the cursor changes from an arrow
toaclock. The message line and textport display minimization informa-
tion during the CHARMmM process.

Minimization is completed when the cursor isrestored to an arrow. The
minimized energy result is displayed in the upper- right corner of the
viewing area and reported in the textport.

If you wish to repeat minimization using another minimization method,
repeat Steps 1 and 2, making sel ections appropriate for the method you
choose.

Saving a structure

When you exit from the Molecular Editor, your structure is saved using
options specified in the Editor Options dialog box. These options specify
whether atomsare retyped or renamed, if chargesare assigned, or if an RTF
is created.

Charges are assigned using QUANTA charge templates or the Gasteiger
method. The charge templates are derived from the CHARMm RTFs used
for proteins and peptides. The templates have been expanded to include
drug ligands and some polymers. In general, charge templates can be used
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for any molecule that can be successfully typed in the Molecular Editor.
Gasteiger charge methods should be applied to molecules that cannot be
typed by in the editor.

The Editor Options dialog box is displayed when you select Editor
Options from the Molecular Editor palette. By selecting Prompt for
Optionsduring Exit inthedialog box, you chooseto have asimilar dialog
box displayed each time Save and Exit is selected from the Mol ecul ar Edi-
tor palette.

Table 15 summarizes the Editor Optionslisted in the dialog box..

Table 15. Molecular Editor options

Option Description

Structure Regularization options
Retype Changed Atoms/  Automatically retypes all atoms when you save the molecular

Reassign structure. Default option.

Automatically Adjust Bond  Automatically adjusts bond lengthswhen you save the molecul ar
Lengths structure.

Automatically Optimize Automatically optimizes angle values when you save the molec-
Angles ular structure

General Options
Keep Display Selection when  Retainsdisplay format chosen prior to performing editing proce-

Entering Editor dures.

Maximum Number of UNDO  Specifies the maximum number of edit operations which can be
Seps undone.

First-picked Fragment in If this box is checked, then when merging two fragments, the
Merge stationary instead of  second one picked will move to join the first picked. Other-
thelarger wise, the smaller fragment will move to the larger one.

Exit options

Reassign Atom Types Assigns appropriate atom typesto atomsthat are changed during

editing. Does not retype locked atoms.

Remove L ockson Atom Types Removes atom type restrictions.

Reassign Atom Charges See next two choices.

Use Charge Templates Assigns charges to atoms using the charge template method.
Atom types, locked with the Set Atom Char ge selectioninthe
Molecular Editor Options palette, are not recharged. Default
option.

Use Gasteiger Method Assigns charges to atoms using the Gasteiger method. Atom

types, locked with the Set Atom Char ge selectionin the
Molecular Editor Options palette, are not recharged.
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Table 15. Molecular Editor options (Continued)

Option Description

Rename Atoms Automatically Renamesall atoms during the save and exit procedure by concat-
enating the element name and the atom number to generate a

unigque name.
Generate RTF See next two choices.
Single Residue Creates an RTF when the structureis saved, modifying the struc-

ture so all atoms are contained in a single residue. Default
option. This option should not be used for structures with mul-
tiple residues.

Peptide Residue Createsanew RTFfor each changed peptide residue (containing
connected atoms named N, Ca, and C) in the structure. All
non-peptide residues bonded to a peptide residue are merged
into the single peptide residue.

Prompt for Optionsduring Displays adialog box specifying save options each time Save

Exit and Exit is selected from the Molecular Editor palette.

The following exercise takes you through the Save and Exit procedure.

1. Savethestructure and exit the Molecular Editor

Select Save and Exit from the Molecular Editor palette and adialog
box displays the default saving options:

Reassign atom types
Reassign atom charges - Use Charge Templates
Rename Atoms Automatically During Exit

Select the OK button.

A dialog box prompts you to choose the method for adjusting charges.

In the Total Char ge datafield, enter the value 0.0000

Select the option Carbon and nonpolar hydrogen and click the OK
button.
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In the Saving Options dialog box, select Saveto New Filename.

Inresponseto aprompt from aFile Librarian dial og box, enter the name
searchlin the filename data field and click the Save button.

The Modeling palette replaces the Molecular Editor palette.

Saving and exiting with multiple structures

You can work on several structures at the same time. When you have mul-
tiple M SFs open in the Molecular Editor, thefinal Save Options dial og box
differs from the one displayed when you save asingle MSF.

If you want to combine structures stored in more than one M SF, open the
files before you enter the Molecular Editor. Use the Save As selection in
the Molecular Modeling File menu to combine the structuresinto asingle
MSF. Then proceed to editing.

The following exercise creates an additional structure and M SF using
ChemNote and the Molecular Editor, then leads you through the save and
exit process with several MSFs.

1. Create methanol in ChemNote

Display the Applications menu. Select Builders and then 2D
Sketcher from the pull-right menu that opens.

In the ChemNote window that opens, sketch the structure methanol
(CH30H) and save it as methanol.mol.
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2. Return the methanol structureto Molecular Modeling.

Display the File menu in ChemNote and select Return to M olecular
Modeling.

A dialog box asksif the changes made are to be saved.

Click on the Yes button.

A File Librarian dialog box opens.

Enter the name methanol and click the Save button.

In the smoothing dialog box, the smoothing algorithm adjusts the net
charge to zero using the atoms you select.

Accept the default values by selecting OK to continue.

The ChemNote window is removed from the screen and the Molecular
Modeling window is reactivated.

The file methanol.mol is then automatically converted to the MSF file
methanol.msf. A dialog box gives you the options of using either the
structure that was just created, another M SF file, or one added to the
other.

Select the option Add thisto your previous selection and click the
OK button.

The structure methanol.msf is displayed along with searchl.msf in the
viewing area. The textport message indicates that 31 atoms are active.
The Molecule Management Table displays the status of both
searchl.msf and methanol.msf.
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3. Restart the Molecular Editor with multiple M SFs

Display the Edit menu and select the M olecular Editor function.

The Molecular Editor palette replaces the Molecular Modeling pal ette
and the textport reads:

Only one MSF can be active in the editor at one time,
searchl.msf will be kept active.

4. Changethe active M SF.

In the Molecule Management Table select the Active cell for metha
nol.msf.

The Active cell in the searchl.msf changes from Yesto No. The bonds
of the methanol structure brighten while the bonds of the searchl struc-
ture are dimmed.

5. Movethemethanol fragment.

Select M ove Fragment from the Molecular Editor palette.

The message:
Pick atom in fragment to move

isdisplayed.

Pick any atom in the methanol structure.

The Fragment & Set Transformation Dials (Dial Set 2) are displayed.

Use translation dials to separate methanol from searchl.
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6. Convert methanol to methylhydroxyl.

Select Add Atoms from the Molecular Editor palette.

The Add Atoms palette is displayed and the Molecular Editor paletteis
removed.

Select Convert to Hydroxyl from the Add Atoms palette.

The message line reads:
Pick atom to convert

Pick ahydrogen in methanal. It is converted to a hydroxyl group.

Select Exit Add Atoms.

The Add Atoms palette is removed from the screen.

7. Select Save and Exit.

Select Save and Exit from the Molecule Editor palette.

A dialog box lists each of the open M SFs that can be saved.

Select only methanol to be saved and then select OK.

The 3D Molecular Editor Save Options dialog box displays the default
options:

Reassign atom types
Reassign atom charges - Use Charge Templates
Rename Atoms Automatically During Exit
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Select the default options by clicking the OK button.

Inthe Adjust Total Charge dialog box, select the option All Atomsthen
click OK.

In the Saving Options dialog box, select the option Save to New File-
name.

In the File Librarian dialog box, enter the new name methylhydroxal
in the filename entry field, and click the Save button.

The Molecule Management Tabl e updates to anew name and new num-
ber of atoms.

Other editing options

The Atom Property Editor itemin the Edit menu provides editing
options, using a consistent interface, for atomic datafunctions contained in
an MSF. This editor provides functions for editing residue and segment
data as well as atomic data. It does not allow reordering of atoms or resi-
dues. The Atom Property Editor operates using a combination of the Prop-
erty Editor palette, dialog boxes and the Atom and Residue tables.

Table 15 lists the selections in the pal ette and provides a brief description
of each.

The Atom Table is an editable table containing one row per atom. For
multi-residue structures, thistable does not appear by default. It can be gen-
erated by selecting Atom Table from the Property Editor palette or by dou-
ble-clicking rows in the Residue Table. Only atoms that are currently
displayed (visible) arelisted in the table. For large structures, the table can
display atoms, one residue at atime.
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Table 16. Property Editor palette

Selection Description

Atom Table For singleresidue structures, toggles the display of the atom table. For
multi-residue structures, creates an atom table containing informa-
tion about all atoms.

Residue Table Toggles the display of the residue table for multi-residue structures.

Coordinatesfrom file...  Updatesthe atomic coordinates from an external dynamics, search, or
general ASCII file.

Load Fourth... Displaysascrolling list of extrainformation of types REAL, INT4, or
ASTR (atom constraints) that can be loaded as current fourth param-
eter values.

Show Extra... Liststhe names of extrainformation stored within the M SF in the Tex-
tport.

Incor porate Extra... Allows per-atom data contained in an external fileto beincludedinan §
MSF as extrainformation. The datawill automatically be loaded as §
the current fourth parameter.

Copy to Extra... Allowsinternal datato be copied to extrainformation so that it can
then be output to PDB/CRD files or used in labeling and coloring.
The options include atomic charges, masses, and van der Waals

radii.

Delete Extra... Allows extrainformation to be deleted from the M SF.

Options... Displays adialog box containing options for the functionality of the
editor.

Highlight Edit Resi-  Toggles coloring of atoms available for editing. Available atoms are

dues those listed in the Atoms Table. Default selection.

Saveto M SF... Causes current datain the displayed table to be saved to an MSF.
Enabled when datain atableis edited.

Quit Exits the Atom Property Editor without saving any changes to the
tables.

Finish Exits the Atom Property Editor saving all changes.

Table headings for the Atom Table are, from left to right:

* Row label — number of the atom in the M SF segment

* Segment name — read only

* Residue—residue ID (allows residues to be redefined)
* Name-—atom name

» X coord — X coordinate

e Y coord-Y coordinate

* Z coord —Z coordinate

» Charge—atomic charge
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¢ Type-—atom type name
» Fourth —current fourth parameter or Bvalue (or Bvalue plus occupancy)

Thetable is automatically updated if the coordinates are changed using
Coordinates from File, if residue centers are changed, or if a different
fourth parameter isloaded. Altering datain the table automatically causes
|abels to be redrawn or a new conformation to be displayed.

The Residue Table is an editable table that is displayed when the structure
to be edited contains more than one residue. If you double click with the
mouse on aresidue row or it you select Atom Table from the Property Edi-
tor palette, the Atom Tableisalso displayed. Double clicking aresidue row
when the Atom Table is displayed removes the atoms in the residue from
the Atom Table.

Table headings for the Residue Table are, from left to right:
¢ Row label — number of the atom in the M SF segment.

*  Seg—MSF segment name. Allows segment redefinition and renaming.
Double clicking on the column header displays a dialog box for renam-
ing each whole segment. Segments given the same name will be
merged.

¢ |ID —residue ID. Double-clicking the column header displays adialog
box for the automatic sequential number of residues within various seg-
ments.

* Name-residue name.

e Atoms—number of atomsin the residue. Read only.
* Cent X —the X coordinate of the residue centroid.

e CentY —theY coordinate of the residue centroid.

* Cent Z —the Z coordinate of the residue centroid.

* Radius— maximum radius of the residue. Read only.
¢  MSF—-MSF name. Read only.

The Atom Data selection in the Edit menu opens a pull-right menu that
allows you to make changes in an atom charge, atom type, or other atom
parameters such as hydrogen bonding or E,;;,, values. The changes are
made in dialog boxes that open when you make a selection from the pull-
right menu.

The Bond Options selection in the Edit menu displays adialog box where
bond options are selected.
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Summary

The Molecular Editor provides toolsto construct and modify any 3D
molecular structure. The application’s basic editing capabilities provide
ways for you to add or delete atoms, change atom types, build a structure
by merging a number of molecular fragments, and prepare a structure for
CHARMM operations. It assigns atom types and chargesto all atoms and
satisfies valence requirements by adding hydrogens to the structure during
editing procedures.

Editing tools for this applications are located in the Molecular Editor pal-
ette that opens when you select M olecular Editor from the Edit menuin
the menu bar.

Although you can build molecules from scratch, it is generally easier to
begin construction in ChemNote, moving to the Molecular Editor when
you have completed the basic structure.

Structures created with the Molecular Editor may not have accurate geom-
etries. These geometries can be refined using an energy minimization pro-
cess before you exit the Molecular Editor. The processisinitiated by
selecting CHARMmM Minimize from the Molecular Editor palette.

Inthe Molecular Editor, asingle M SF is created even if multiple fragments
exist. You also may choose to create a CHARMmM RTF for asingle frag-
ment. After the M SF and any optional RTFsare created, QUANTA returns
to the Molecular Modeling application.

The Atom Property Editor provides editing options, using a consistent
interface, for atomic data functions contained in an MSF. This editor pro-
videsfunctionsfor editing residue and segment dataaswell as atomic data.
It does not allow reordering of atoms or residues. The Atom Property Edi-
tor operates using a combination of the Property Editor palette, dialog
boxes, and the Atom and Residue tables.

The Atom Data selection in the Edit menu allows you to make changesin
atom charge, atom type, or other atom parameters such as hydrogen bond-
ing or Ey,i, values.

The Bond Options selection in the Edit menu give you options for editing
bonds.
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3. Calculating and Minimizing Energy

This chapter covers potential energy and energy minimization calculations
asthey are executed in QUANTA using the CHARMm program. Read this
chapter to understand basic information about CHARMm, the QUANTA—
CHARMmM interface, and how potential energy and energy minimization
calculations are set up and completed.

For more detailed information about CHARMm, consult CHARMm Prin-
ciples and the CHARMm Dictionary. For more information on forcefields
and their uses, please see Forcefield-Based Smulations.

The exercises in this chapter use structures that were created in an earlier
chapter. If you did not create and store the M SFs orange.msf and
sodium.msf files, go through the exercisesin Chapter 1 and do so. If you
need to restart QUANTA, refer to the restart procedure in the Preface.

Understanding basic CHARMm operations
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QUANTA usesthe CHARMmM program to execute many of the cal cul ations
needed for modeling. CHARMmMm is a general and flexible software appli-
cation devel oped and maintained at Harvard University to model the struc-
ture and behavior of molecular systems. See the References at the end of
this chapter for more information.

A variety of systems, from isolated small moleculesto solvated complexes
of large biological macromolecules, can be simulated using CHARMmM.

CHARMmM usesempirical energy functionsto describe the forceson atoms
in molecules. These functions, plus the parameters for the functions, con-
stitute the CHARMm forcefield. CHARMm usesthese functionsto rapidly
calculate conformational energies, local minima, barriers to rotation,
energy surfaces, and time-dependent dynamic behavior.

The CHARMm energy functions

The CHARMmM energy functions include internal coordinate terms and
pairwise nonbond interaction terms. The total energy can be expressed by
the eguation:
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3. Cdculating and Minimizing Energy

Energy = Epoqt E E

+ EvdW +E

+Eqop * Egec Eq. 1

angle + torsion

cons + EUSGI’

Theinternal energy termsinclude:

» Bond length (Eyong)

* Bond angle (Exngle)

» Torsion (dihedral) angle (Eiorsion)

* Out-of-plane (improper) torsion (Eqp)
The external (i.e., nonbond) energy termsinclude:
» Electrostatic potential (Egec)

» van der Waals interactions (E,gw)
The extra energy termsinclude:

» Congtraint energy (Econs)

*  User-defined energy (E ser)

The hydrogen-bond function is available but is not included by default in
CHARMM calculations.

CHARMmM theory

The standalone CHARMm 31b1 documentation can be found on the web
here:

http://www.accel rys.com/doc/life/charmm/31b1/doc/Charmm31.Html

CHARMmM calculations

CHARMM uses data from these three sources to calculate energies:
» Principle structure file (PSF)

¢ CHARMM parameters

» Cartesian coordinates for all atoms

The PSF identifies, by number and type, all atoms contained in the struc-
ture. Individual atomic masses and charges are included in thisfile. Addi-
tionally, the PSF lists all intramolecular parameters that contribute to the
CHARMmM energy function. These parametersinclude bonds, bond angles,
torsion angles, and out-of-plane angles. A PSF is constructed from the data
contained in an RTF and the CHARMm parameter file. For more informa-
tion on PSFs and RTFs, see Chapter 1 of QUANTA Basic Operations.
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Understanding basic CHARMm operations

The CHARMmM parameter file defines force constants and reference geom-
etries for each type of atom and interaction contained in structures. Carte-
sian coordinatesare provided to CHARMmMm or are calculated by CHARMmM
from the standard geometry data contained in an RTF and thereference val-
ues stored in the CHARMmM parameter file.

QUANTA interaction with CHARMmM

QUANTA provides interactive access to CHARMm through a menu-
driven graphical interface. QUANTA allows complex modeling problems
to be solved by users with relatively little experience with CHARMm. In
addition, QUANTA enables experienced CHARMmM usersto tap all of
CHARMmM's inherent flexibility.

Along with sending commands to CHARMm, QUANTA also sends the
appropriate molecular definition and Cartesian coordinatesrequired for the
requested calculation. The molecular definition is contained in an RTF
selected from the $CHM_DATA directory, created by ChemNote or the
Molecular Editor, or located in a PSF constructed by QUANTA. The Car-
tesian coordinates are contained in an M SF.

QUANTA providesan easy mechanism to set up, run, and monitor avariety
of CHARMmM calculations on structures. Some of these calculations, such
as energy, minimization, and dynamics calculations, are explicitly called.
These functions are selected from the Modeling palette that is displayed
when QUANTA isinthe Molecular Modeling mode. Other calculationsare
started automatically by QUANTA applications such as Sequence Builder.
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The CHARMm menu, opened from the menu bar, controls both
CHARMmM access and calculation setup. Table 17 lists the menu items and
provides a brief description of each.

Table 17. CHARMm menu functions

Selection Description

Select CHARMmHost Opensapull-right menu with choicesfor interactive, batch, or NQSjobs.
When a selection is made, the names of available CHARMm hosts are
listed. The selected host is used for subsequent invocations of
CHARMM. If no host is specified, QUANTA triesto run CHARMm
locally.

Initialization Options Opensadialog box with avariety of initialization options, including the
option to enter additional initialization commands.

CHARMmM Process  Opens a pull-right menu that includes selections for starting, terminat-
ing, and reporting the status of interactive, batch, and NQS jobs. Does
not detect the status of CHARMm jobs detached from QUANTA or
started stand-alone.

Energy Terms Allows the specification of energy terms to be included in the calcula-
tion. When possible, use all available energy terms.

Update Parameters  Allows the specification of parameters that control nonbond termsin
CHARMmM energy calculations.

Minimization Options Allows the selection of aminimization technique and defines additional
specifications that control the minimization calculation.

Dynamics Options Allows the definition of specifications that control dynamic animation
calculations.

Constraints Options  Opens a pull-right menu that allows the set up of constraints that cause
CHARMmM to fix or restrict the motion of atoms during minimization.

SHAKE Options Allows the removal of very high-frequency vibrations from consider-
ation in dynamics simulations.
Parameters Opens a pull-right menu with Specify Files, Save Parameters, and Set

Options Files selections. Choosing the Set Options selection opensa
dialog box to select options on missing and relevant parameters and on
report generation.

CHARMmM Mode Opens a pull-right menu with PSF, RTF, MM FF and MM FFS modes,
PSF Terms, and RTF Options selections. The PSF Terms selection
controls energy terms that are generated. The RTF Options selection
controls the format of PSFs aswell asthetermsincluded in an RTF.

GetFourthParameter Returns various per-atom scalar values or forces from CHARMm to
MSF Extralnformation so that theinformation is available for further
display and calculation within QUANTA.

Periodic Boundaries  Allowsentry of specific boundaries using shape matrix, | attice constants,
or datafrom an MSF.

Optimize Hydrogens Sendsthe HBUIL D command to CHARMmM for the current active
structure.
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Table 17. CHARMm menu functions (Continued)

Selection Description
Solvate Sructure Allowsselection of asolvent and image model for solvation. Initiatesthe
process.
Send CHARMm Allows sending of CHARMm command(s) to CHARMm from
Command QUANTA. Initializes CHARMmM if it is not already running.

Sream CHARMm Allows sending a command directly to CHARMm from QUANTA. Ini-

File

tializes CHARMm if it is not already running.

CaptureCommands  Opens a pull-right menu with On, Off, Suspends, and Restart selec-

Settings

tions. Allows CHARMm commands sent from QUANTA to be cap-
tured in ascript file and used again at alater time.

Opens a pull-right menu that includes Show Setup, Save Setup, and
Restore Setup. Allows viewing of any portion of the current
CHARMmM setup, saving the setup, or replacing the current setup file
with the contents of a saved setup file.

Table 18.

Results from CHARMmM calculations are periodically sent back to
QUANTA. Some results, such as energies, are displayed in the viewing
area and in the textport. If new coordinates are calculated for a structure,
these coordinates are incorporated into the M SF and the structure isredis-
played in the viewing area.
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You have several options for saving M SF changes that result from
CHARMmM calculationsor other structural modifications. These optionsare
accessed through the dialog box that is displayed when Save Changesis
selected in the Modeling palette. The Modeling paletteis displayed when-
ever QUANTA isin Molecular Modeling mode. The options for saving
changes are listed and described in Table 18.

Save Changes Options dialog box

Option

Description

Create New Creates anew version of an MSF. Thisisthe default action unless
Generation another default is specified within the Set M SF Savings

Options selection in the Preferences menu.

Overwrite Places the modified coordinates in the M SF by overwriting the

current file. The previous conformation is lost.

Saveto New File-  Writes coordinates to a new file after anew basefilenameis

name

entered in a dialog box.

Abort Saving to Retains coordinates in memory, but does not update the MSF on

Disk

disk.
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Generating a potential energy value

A CHARMmMm empirical energy calculation produces a potential energy
value. A single-point energy calculation is useful in comparing conforma-
tions, computing thermodynamic properties, calculating interaction ener-
giesand forces, and evaluating structures during conformational searching.
In addition to energy, CHARMmMm al so calculatesthe forces on each atomin
amolecular system.

When you request an energy calculation, CHARMmM is automatically
started from QUANTA. It remains running throughout the QUANTA ses-
sion, accepting requests from QUANTA until it isexplicitly stopped or the
QUANTA session is ended.

Complete the following exercise to become familiar with the potential
energy calculation process.

1. Visually set up orange.msf and sodium.msf for calculations.

In the File menu, select Open to display the File Librarian dialog box.

Select sodium.msf and orange.msf from the scrolling list of MSFsthen
select the Replace and Open buttons. The structures are displayed in
the viewing area.

Select M ove Atom from the Modeling pal ette. Pick the sodiumion and
moveit near the sulfide group of the organic sulfide molecule using the
Trandate dials on the Dial Emulator palette.

2. Savethe coordinatesfor the new location of the sodium ion and
display distance monitors.

Select Save Changes from the Modeling palette. In adialog box that
opens, select the option:
Create a new generation of sodium.msf

Select Distance from the Geometry palette. Show Distance Monitors
is checked and highlighted in the palette by default.

Select the sodium ion and then select one of the three oxygen atoms on
the organic sulfide molecule. Repeat this procedure two more times.
You see avisua representation of the closeionic bondsthat hold sodium
and the rest of the molecule together.

Select Distance again to inactivate the selection.

3. Calculatethe CHARMmM potential energy.
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Performing a minimization

Select CHARMm Ener gy from the Modeling palette. The tool is
checked and highlighted.

CHARMmM automatically starts and status information indicating the
progress of the CHARMmM calculation is displayed on the message line.

Additiona statusinformation, similar to theinformation listed below, is
displayed in the textport.

RJRDMAIN: server created

CHARMm changing to directory /usr/marj/accelrys_quanta
CHARMm job watsoncharmm22r2exe0 started on watson
UNIT 99 OPENED FOR READ ONLY ACCESS TO charmm.cis
INPUT STREAM SWITCHING TO UNIT 99

RDTITL> *.....

RDTITL> * CHARMM STARTUP FILE FOR QUANTA RDTITL *
CHARMM>! Redirect the CHARMM output

CHARMM> open write unit 7 Card name CHARMM.LOG line
UNIT 7 OPENED FOR WRITE ACCESS TO CHARMM.LOG

Line Buffering was set for I/0 unit 7 if applicable.
CHARMM> outu 7

Using RTF as CHARMm data structure

4. Completethe CHARMm calculation.

When the calculation is complete, the potential energy isdisplayed in
the upper-right corner of the viewing area. CHARMmM Energy isno
longer checked and highlighted on the Modeling pal ette.
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A breakdown of the energy contributionssimilar to thetext below isdis-
played in the textport. Y our results will depend on the calculation
parameters you chose and the position of the sodium ion.

The total CHARMm energy is: -32.8911

The individual contributions are as follows:

Bond energy . 0.7448
Angle energy 1 25.7481
Dihedral energy : 11.0324
Improper energy : 7.3459

Lennard-Jones energy : 225131.1582
Electrostatic energy :-121.8766
Constraints, other : 0.0016

Performing a minimization

CHARMmM minimization locates the molecular conformation with the low-
est potential energy. Minimization is often used to prepare a structure for
molecular dynamics.

CHARMmM offersachoice of minimization techniques. With these choices,
global minimum-energy conformations for small molecules or local mini-
mum-energy conformations for larger molecular systems can be deter-
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mined. You choose the best minimization technique for your structure.
Table 19 lists the choices and describes each.

Table 19. Minimization techniques

Method Description
Seepest A first-derivative method that improves a very poor conformation. Does not
Descents generally converge, but rapidly improves the conformation. The default
method.
Conjugate Gra- A first-derivative method that slowly converges to alocal minimum. Suitable
dient for molecular systemsthat start with reasonabl e conformations. Shows better

convergence than steepest descents and allows larger coordinate shifts. Very
poor conformations are more likely to fail than with steepest descents.

Powell Conju- A more efficient implementation of the conjugate gradient method. Does not
gate Gradient  provide an automatic facility to update the nonbond and hydrogen-bond
interaction lists and is therefore recommended only in limited cases.

Newton-Raph-  Newton-Raphson minimization. Exhibits rapid convergence. Includes a facil-
son ity for avoiding saddl e points. Often requires excessive storage requirements
or long computation time for large molecules. Restricted to molecular sys-
tems with 200 or fewer atoms.

Adopted Basis  Appliesthe Newton-Raphson a gorithm to a subspace of the coordinate vector
Newton-Raph-  spanned by the displacement coordinates of thelast positions. Similar to con-
son jugate gradients, but resultsin fewer energy evaluations. Can be used to effi-

ciently minimize very large molecular systems. No atom limitationsin
CHARMmM.

When you run aminimization, define the minimization method and param-
etersfirst by choosing Minimization Options from the CHARM m menu
in the menu bar. Table 20 liststhe parameters you must definein the dialog
box that is displayed when you select Minimization Options.
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Table 20. Minimization Options dialog box

Parameter

Description

Number of Min- If atoleranceis met before the maximum number of iterations, the calculation

imization
Seps
Coordinate

ends.

Number of minimization steps between each coordinate update from

Update Fre- CHARMmM to the QUANTA display and to the CHARMm log file.

quency

Energy Gradi- Tolerance applied to the energy gradient during each cycle of minimization. If
ent Tolerance  the average gradient is less than the tolerance, the cal culation ends.

Energy Value  Tolerance applied to the differences between the energy values at each step dur-

Tolerance

ing acycleof minimization. If the energy differenceislessthan thetolerance,
the calculation ends.

Initial Step Size Initial step sizefor the minimization. For adetailed explanation, see CHARMmM

Sep Value Tol-  If the step sizeisless than this tolerance, the calculation ends.

erance

Principles. The default is 0.020.

Run aminimization by selecting CHARM m Minimization from the Mod-
eling palette. If CHARMmM is not aready running, it is automatically ini-
tialized when you select CHARMm Minimization.
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The next exercise goes through the process of setting up and running amin-
imization calculation for the structures in orange.msf and sodium.msf.

1. With the structuresdisplayed in the viewing area, select the
minimization technique and parameters.

Display the CHARM m menu and select Minimization Options. A
dialog box allows you to select a minimization method and specify
associated parameters controlling the calculation.

Select the option:
Steepest Descents
Enter the values:

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

Sep Value Tolerance: 0.000
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Select the OK button. The minimization technique and associated
parameters are defined, and the dialog box is cleared from the screen.

Start the calculation.

From the Modeling palette, sslect CHARMmM Minimization.
CHARMmM automatically starts the minimization calculation, using the
specified minimization technique and parameters.

Statusinformation is printed in the message line indicating the progress
of the CHARMm calculation. Additional statusinformation isdis-
played in the Textport. Undo Changes, Save Changes, and Rej ect
Changes are activated in the Modeling palette.

Asthe calculation proceeds, the coordinates representing a new confor-
mation of the displayed structure are periodically sent back to
QUANTA. The points at which these coordinates are sent to QUANTA
is controlled by the Coor dinate Update Frequency option in the Min-
imization Setup dialog box.

The structure is redisplayed with the new coordinates. In addition, the
energy value calculated from these new coordinatesis displayed in the
upper right corner of the viewing area. The textport displays aminimi-
zation log similar to.

Minimization method: Steepest Descents Total steps = 50

At
At
At
At
At
At
At
At
At

step number 5

step
step
step
step
step
step
step
step

number
number
number
number
number
number
number
number

15
20
25

energy
energy
energy
energy
energy
energy
energy
energy
energy

= -19.5813; rms force = 7.349291
= -22.4063; 1rms force = 7.018281
= -23.1046; rms force = 6.854839
= -24.0076; rms force = 2.107744
= -24.2339; 1rms force = 7.462957
= -25.1297; rms force = 2.279270
= -25.5521; rms force = 1.715047
= -26.0209; 1rms force = 3.248627
= -26.4346; rms force = 2.168422

When the calculation isfinished, thefinal conformation of the structure
isdisplayed in the viewing area. The final energy is displayed in the
viewing area and in the textport.

Performing repeated minimizations

If the requested Ener gy Gradient Tolerance or Energy Value Tolerance
is not met before reaching the maximum number of minimization steps
defined in the Minimization Setup dialog box, minimization calculations
can be repeated. A repeat minimization calculation can use the same mini-
mization method and parameters or a new method and new parameters.

Complete the following exercise to continue the minimization process for
the structures in orange.msf and sodium.msf.
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Performing a minimization
1. Select a new minimization technique.
Display the CHARMmM menu and select Minimization Options. A

dialog box allows you to select a minimization method and to specify
associated parameters controlling the calculation.

Select the option:
Adopted-Basis Newton Raphson
Enter the values:

Number of Minimization Seps: 50
Coordinate Update Frequency: 5
Energy Gradient Tolerance: 0.0000
Energy Value Tolerance: 0.0001
Initial Sep Size: 0.020

Sep Value Tolerance: 0.000

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

2. Sart the second calculation.
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From the Modeling palette, sslect CHARMmM Minimization.
CHARMmM automatically starts the minimization calculation, using the
specified minimization technique and parameters.

min energy

Status information is printed in the message line and textport.

Asthe calculation proceeds, the coordinates representing a new molec-
ular conformation of the displayed structure are periodically sent back
to QUANTA.

When the calculation is complete, the structureis redisplayed with new
coordinates. In addition, the energy value calculated from these new
coordinates is displayed in the upper right corner of the viewing area
and in the textport.

Saving or rejecting calculation results

When aminimization calculation has produced an appropriate structure,
the new coordinates of the minimized structure can be saved in an M SF by
selecting Save Changes in the Modeling pal ette.

If you do not want to save minimized coordinates, select Reject Changes
in the Modeling palette. When Rej ect Changes is selected, the minimized
structure is replaced by the structure that was last saved to disk. All coor-
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dinate changes, whether made by the minimization calculation or by any
other calculation, such as M ove Fragment, arelost.

Thefollowing exercise goes through the process of saving the structuresin
orange.msf and sodium.msf.

1. Save minimization results.

From the Modeling palette, select Save Changes.

A dialog box allows you to reject or save current changes for the file
sodium.msf.

Select the option:
Save as a new gener ation of sodium.msf
Click Save to save the minimization results.
In the dialog box that opens for the orange structure, select the option:
Save as a new gener ation of orange.msf

Click Save to save the minimization results.
2. Rename and savethe structuresasasingle M SF.

Display the File menu and select Save As. In the Write Options dialog
box, select the following write options:

Write out current connectivity
Write out current bondtypes
Usethe new M SF now

Select the OK button. In aFile Librarian dialog box, enter the name
orangell and click Save. The new file orangell.msf is displayed in the
Molecule Management Table and the textport reads:

35 atoms selected for molecular structure orangell.msf 35
atoms will be displayed

The Merck Molecular Force Field

The Merck Molecular Force Field (MMFF), developed by Halgren at the
Merck Research laboratories, is designed for use with alarge variety of
chemical systems. Its pivotal application isthe study of receptor—igand
interactions involving proteins or nucleic acids as receptors and awide
range of chemical structures as ligands. The forcefield can describe ligand
and receptor in isolation as well as bound.
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Summary

MMFF isacomputationally derived energy expression that can accurately
be applied to condensed-phase and agueous processes. It uses a unique
functional form for describing van der Waals interactions and employs
novel combination rulesthat systematically correlate van der Waal s param-
eters with those that describe experimentally characterized interactions
involving rare-gas atoms. The MMFF energy expression is:

Emmer = ZEBij +ZEAijk+ZEBAijk+ZEOOPijk;I
Eq
+ZETijk| +ZEvdWij +Z:EQij
where:

EB;;bond stretching

EAjjangle bending
EBAjjstretch—bend interactions

.2

EOOP;;,;|out-of -plane bending at tri-coordinate centers

ETjjtorsion interactions
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Evdw;;van der Waals interactions

EQjjelectrostatic interactions

Constituent termsof the energy expression are calculated in kcal/mol. They
are described in detail elsewhere?3

To allow straightforward application to condensed-phase simulations
employing explicit solvent molecules, MMFF uses a dielectric constant in
its electrostatic interaction terms.

To apply the MMFF 1. Select CHARMm mode from the CHARM m menu.

2. Select MM FF from the CHARM m mode pull-right menu. A textport
message reads:

Subsequent CHARMm calculations will use MMFF mode.

Thetask is now complete.

Summary

This chapter describes the basis and procedures for running potential
energy and energy minimization calculations. These calculations are exe-
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cuted in QUANTA using the CHARMmM program created and maintained
by Harvard University.

QUANTA provides interactive access to CHARMm through a menu-
driven graphical interface. When you request an energy calculation in
QUANTA, CHARMm isautomatically started and remains running until it
isexplicitly stopped or the QUANTA session is ended.

Energy functions plus parameters for the functions constitute the
CHARMmM forcefield. Much of QUANTA’'s modeling analysisis based on
the CHARMmM forcefield.

CHARMmM uses data from three sources to calculate energies: aprinciple
structure file (PSF), CHARMmM parameters, and Cartesian coordinates for
al atoms. A CHARMmM empirical energy calculation produces asingle
potential energy value.

Sequential potential energiesand their rate of change arethe basisof energy
minimization. CHARMmM minimization locates the molecular conforma-
tion with the lowest potential energy. You may select one or any combina-
tion of five methods used in CHARMm for aminimization calculation. The
results of a calculation may be accepted and saved or rejected
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This chapter describes the basics of using the QUANTA Sequence Builder
application. Read this chapter to learn procedures for building and editing
sequences for proteins, nucleic acids, and other polymers

In Sequence Builder, you can construct residue sequence lists for proteins,
amino acids, and polymers using predefined residue libraries and structure
fragments. The application can also read existing sequence files.

After asequenceis defined, it is automatically sent to CHARMmM where
Cartesian coordinates are constructed using CHARMm internal coordinate
information. The graphical representation of the structureisthen displayed
in Molecular Modeling mode.

An RTF describesthe molecular topology of each residuein asequenceand
contains the information necessary to compute the energy of a structure as
well as perform other calculations. Atom names, types, masses, and partial
atomic charges areincluded in an RTF. Coordinates are not included.

Patch residues modify atoms after a sequence is assembled. These
patches describe a deviation from the standard residue definition. For
example, the RTF for cysteine generates a single cysteine residue, but does
not contain information for linking two cysteine residuestogether viaadis-
ulfide bond. The disulfide bond is specified by applying the patch residue
DISU to each of the two cysteines. A disulfide bond can also be applied to
form linkages between segments.
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Patches can be applied to any residue, and aresidue can have morethan one
patch. Selecting a patch name from the palette automatically inserts the
patch at the insertion point.

When asequence of residuesis specified, asecondary conformation can be
applied, using conformations provided by QUANTA. Seguences can aso
have user-defined conformations.

The basic steps in creating a structure with the Sequence Builder are:
e Select aset of residue topology files.

» Define the sequence.

* Apply patches as required

» Apply secondary conformations as required.

» Exit Sequence Builder, sending the sequence definitionsto CHARMmMm
for minimization.
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Sequence Builder is started from the within Molecular Modeling. To start
Sequence Builder, open the pull-right Builders menu in the Applications
menu and select Sequence Builder. Once Sequence Builder is started, all

work in Molecular Modeling is suspended until Sequence Builder isexited.

Understanding the Sequence Builder window

The Sequence Builder application displays a new window over the other
QUANTA windows. Thiswindow can be resized, moved, iconified,
pushed, and popped in the same manner as al other standard workstation
windows.

4 . QUANTA Seq
Sequence Builder  Data  Edit  Conformation

Sequence Name: Naname
Segment Name: segl

Please continue J

The Sequence Builder window is made up of four distinct areas. Although
somewindow areas are the same as other QUANTA applications, themenu
bar and palette are specifically customized for Sequence Builder.

1. Menu bar

Themenu bar containsfour menuitems: SequenceBuilder, Data, Edit,
and Conformation. Sequence Builder menus are displayed as pull-
down or sticky menus. Table 21 lists these selections and provides a
brief description of each.
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Understanding the Sequence Builder window

Table 21. Sequence Builder menus

Selection Description

Sequence Builder Provides information about the application and returns QUANTA to the
Molecular Modeling application.

Data Reads previously created sequence files into the Sequence Builder. Saves
newly generated residue sequences. Deletes and renames sequences.

Edit Modifies aresidue sequence using operations such as delete, copy, and
move. Itemsin a sequence are selected by marking residues or sets of res-
idues.

Conformation Includes functions for applying secondary conformations to aresidue

seguence and examini ng the values of residue dihedral angl €s.

Tables 22 through 24 list the selections in the menus under the entries
of the menu bar.

2. Palette

Residuesavailablein aselected RTF are displayed inthe palette. Palette
selections a so include repeat numbers to specify multiple residues of
the same type and residue specifications based on single-letter amino
acid codes.

3. Viewing area

Theviewing areais used as a hotepad to list residue names in sequence

from left to right. The beginning of each line contains an integer desig- o
nating the residue number of the first residue in that line. The name of & =
the current sequence and segment are displayed at thetop of theviewing § 2
area = ;

. Q9

4. Messageline n

The message line provides information about current operations or
directions about how to proceed.

Table 22. Sequence Builder menu

Selection Description
About the Sequence Builder  Provides general information about the Sequence Builder
application.
Return To Molecular Model- Exits from the Sequence Builder application and returns to
ing the Molecular Modeling application.
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Table 23. Data menu

Selection

Description

Read Sequence File
Read PDB File

Append Residues/
Patchesto Palette

Rename Sequence
Rename Segment

Delete Sequence and
Restart

Create New Segment

L oad New Segment
From File

Write Segment File

Write Sequence File

Prompts for the name of a sequence file. Reading a sequence file over-
writes any sequence currently displayed in the viewing area.

Reads a Protein Data Bank (PDB) file and overwrites any sequence
currently displayed in the viewing area.

Displays the File Librarian, listing RTFs in the current directory.
Selecting an RTF adds the residues and patches defined in the RTF
to the palette for a broader selection.

Prompts for a new name for the sequence being defined. The new
name is displayed above the current sequence.

Prompts for a segment selection and a new name, which is then dis-
played at the top of the selected segment.

Clears the current sequence from the viewing area. Any work not pre-
viously saved islost.

Prompts for a new segment name. The name appears below the last
line in the sequence.

Creates a new segment by reading a sequence from afile.

Saves a marked segment to a specified file. The current sequence
remains unchanged.

Savesthe current sequencein aspecified file. The sequenceremainsin
the viewing area after it is saved.

Write CHARMm File Createsa CHARMm command input file to build the CHARMm PSF

Write Hydrophobic-
ity File

for this sequence. Thisfile is automatically generated when exiting
Sequence Builder and saving the sequence.

Createsafileof X, Y data, representing the residue number versusthe
residue hydrophobicity. The data can later be viewed with Graphsin
the Molecular Modeling File menu. Hydrophobicity information is
available only for proteins.

Starting Sequence Builder

When you open Sequence Builder, the application displays a new window
over other QUANTA windows. The window can be manipulated in the
same manner as other windows in QUANTA. The Sequence Builder is
started from Molecular Modeling. When Sequence Builder is running, all
work in Molecular Modeling is suspended.

Sequence Builder isaccessed from the Applications menu opened from the
menu bar in QUANTA. Select Builder sfromthe Applicationsmenu. Then
select Sequence Builder from the Builder s pull-right menu.
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Table 24. Edit menu

Selection Description
Add ResiduesTo  Displays a palette that contains the available residues. A number of iden-
Sequence tical residues are added consecutively to the sequence by selecting a

repeat number followed by the residue name. Residues are always
inserted at the current insertion point.

Apply Patchesto  Displaysapalette that contains the available patches. Patches are applied
Residues by first selecting a patch from the pal ette, then marking residues where
the patchisto be applied. Patch atoms are compared to the atoms of the
marked residue for validation. If atoms are missing, the patch is not
applied to the residue.

Link Polysaccha- Createslinkage points for polysaccharide monomers. Thefile
ride Monomers POLY SACH.RTF does not contain linkage points. Therefore, when
polysaccharide monomers are added to the viewing area, they are not
linked together.

Unmark Items Removes marks from all residues, patches, or segments in the sequence.

Move Marked |tem Moves marked residuesto theinsertion point. Theinsertion point may not
be defined within a marked residue range.

Copy Marked Item Copies marked residues to the current insertion point. The marked resi-
duesremain in their current position. The insertion point may not be
within the marked residue range.

Copy Item n Times Promptsfor the number of timesto duplicate marked residues, then copies
the marked residues at the current insertion point the designated number
of times. The marked residues remain in their current position. The
insertion point may not be defined within a marked residue range.

Scroll Down Movestheviewing areadown 26 lines. Thisisuseful when there are more
residues in the sequence than can be displayed in the viewing area.

Delete Marked Deletes all marked residues, patches, and segments. 5
(o))

Item c

Scroll Up Moves the viewing area up 26 lines. Thisis useful when there are more § 2

residues in the sequence than can be displayed in the viewing area. ‘5 >

2 g

(7]

Sequence Builder isinitialized by readinga CHARMm RTF containing the
building blocks from which a sequenceis constructed. RTF definitionfiles
aredistributed in the directory $CHM_DATA and are accessed viathe File
Librarian. A File Librarian dialog box is opened whenever Sequence
Builder is started.

See Appendix D of QUANTA Basic Operations for tables identifying the
residues and patch residues contained in the RTF definition files.
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Table 25. Conformation M enu

Selection

Description

Set Secondary Confor-  Provides a secondary conformation for a protein sequence. The

mation

palette changes, giving the instruction to mark aresidue or resi-
due range and to designate where the folding will take place. A
scrolling list dialog box displays alist of the secondary confor-
mations to choose from.

Examine and/or Edit Displaysthe values of dihedral angles and alows them to be mod-

Torsions

ified by directly specifying new dihedral angles. The palette
tools change to provide prompts for selecting residues. After
each residue selection, adialog box displaysthe current value of
the dihedral. Entering a new value changes the residue’s confor-
mation. Phi, psi, and omega angles can be changed.

Highlight Torsional Indicates which residues have had conformational changes by

Changes

highlighting their residue names.

Building a sequence

When you start Sequence Builder, an insertion point appearsin theviewing
area as a highlighted dash. Residues are added to the sequence before the
insertion point, thus keeping the insertion point at the end of the sequence.
Y ou can movetheinsertion point to alocation preceding any residue. After
theinsertion point is moved, selected residues are added to the sequence at
this new location rather than at the end of the sequence.

A sequence is comprised of one or more residues. Residues are grouped
together into segments. You can add a single residue to a sequence by
selecting the residue name from the pal ette. Several residues of the same
type can be added by selecting arepeat number from the palette prior to
selecting the residue name.

Patch residues modify atoms after a sequenceis assembled. These patches
describe a deviation from the standard residue definition. For example,
patches can modify N- and C- terminal groups or form disulfide bridges
within or between segments.

When apatch that links two residuesis applied, the residues are counted as
residues 1 and 2 in the opposite order of their selection.

Complete the following exercises to open Sequence Builder and become
familiar with basic building techniques.

1. Open Sequence Builder.
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Building a sequence

Display the Applications menu and select Builders. Open the pull-right
menu and select Sequence Builder from the pull-right menu. The
Seqguence Builder window, containing a File Librarian dialog box, is
displayed over the QUANTA windows.

. Select aresidue definition file.

From the File Librarian dialog box scrolling list, select AMINO.RTF
and then click Open. TheFileLibrarianisremoved from the screen and
residues contained in AMINO.RTF are displayed in the palette.

. Construct a sequence.

Select the repeat number 10 from the pal ette and the message line
prompts:

Pick the residue you want repeated.

Select theresidue ALA fromthe palette. Ten ALA (alanine) residuesare
displayed in the viewing area with a hyphen before each residue. The
insertion point is positioned immediately after the tenth residue. A num-
ber appears at the beginning of each line designating the residue number
of thefirst residue on that line.

. Add 100 residuesto the end of the sequence.

Select the repeat number 100 on the pal ette and then select the residue
ARG

One hundred ARG residues are added to the end of the 10 ALA resi-
dues.
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. Mark thefirst 10 residuesin the sequence.

Move the cursor over the first ALA residue in this sequence and click
the left mouse button. The residueis highlighted, indicating itis
marked.

Move the cursor over the last ALA residuein this sequence and click
the left mouse button again. All 10 ALA residues are now highlighted,
indicating they are al selected. Theinsertion point, however, remains at
the end of the entire sequence of ALA and ARG residues.

. Add a copy of thefirst 10 residuesto the end of the sequence.

Display the Edit menu and select Copy Marked Item. The 10 ALA
residues are copied and inserted at the end of the sequence before the
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10.

1n.

insertion point. The sequence now consistsof 10 ALA - 100 ARG - 10
ALA.

Unmark the ALA residues.

Display the Edit menu and select Unmark Items. The 10 ALA residues
are no longer highlighted, indicating they are no longer marked.

Insert 100 residues before the ARG residues.

Move the cursor to the dash before the first ARG residue and click the
left mouse button. The insertion point moves to this location.

Select the repeat number 100 and then select the residue GLU. One hun-
dred GLU residues are added betweenthe ALA and ARG residues. The
insertion point is still located before the first ARG residue. The
sequence now consists of 10 ALA - 100 GLU - 100 ARG - 10 ALA.

Scroll through the entire sequence.

Display the Edit menu and select Scroll Down. The last section of the
sequenceisnow displayed in the viewing areaand thefirst sectionisno
longer displayed.

Redisplay the Edit menu and select Scroll Up. The first section of the
sequence is again displayed in the viewing area.

Deleteresidues.

Mark thefirst 10 residuesin the sequence. Then display the Edit menu
and select Delete Marked Item. The 10 ALA residues are removed
from the sequence.

The sequence now consists of 100 GLU - 100 ARG - 10 ALA. The
insertion point is still located before the first ARG residue.

Deletetheremainder of the sequence.

Display the Data menu and select Delete Sequenceand Restart. A dia-
log box is displayed, requesting a name for the new sequence.

Enter peptideinthedialog box and click the OK button. Another dialog
box warns that the currently displayed residue will be deleted.

Click the Yes button, indicating the current sequence is to be deleted,
and the dialog box is removed from the screen. The old sequenceis
removed, and the new sequence name peptide is displayed at the top of
the viewing area.
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Creating a peptide

Creating a peptide

In QUANTA Basic Operations, the small peptide molecule, PEPTIDE.msf,
was displayed. This section builds this molecule with Sequence Builder
just as the original structure was built.

The Sequence Builder provides common secondary conformationsthat can
be applied to residue sequences. The application also providesthe optionto
assign specific dihedral angles to selected residues.

Available secondary conformations include:
» Extended Backbone (180.0°)
¢ Right-Handed Alpha Helix

e Left-Handed Alpha Helix

¢ Antiparallel Beta Sheet

» Pardllel Beta Sheet

* Modified Beta Sheet

e Prolinel

e Proline2

e C7Equilateral

« C7Axid

e BetaTurn Typel (-,-,-,0)
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« BetaTurn Typel’ (+,+,+,0)

e BetaTurn Typell (-,+,+,+,0)
« BetaTurn Typell’ (+,-,-,0)

When you save a sequenceto afile, the file extension .seq is automatically
appended to the base filename. When you exit Sequence Builder, theinfor-
mation in the .seq file is used to create a CHARMmM command input file
(filename.STR). Thisfileisautomatically created and submitted to
CHARMM, where the Cartesian coordinates are built. These coordinates
are then returned to the Molecular Modeling application for display and
inclusion in an MSF.

Complete the following exercise to build, modify, and save apeptide to an
MSF.

1. Enter residuesin the new sequence.
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4. Building with Sequence Builder

Inthelisted order, select each of the following 20 residuesto create the
sequence. Aseachresidueisselected, itisdisplayed intheviewing area.

ALA,PHE, VAL, LEU, THR, SER,ASP, TYR, SER,LYS, TYR,
LEU, ASP, SER, ARG, LYS, ILE, VAL, LEU, ALA

Apply secondary conformation.

Display the Confor mation menu and select Set Secondary Confor-
mation. Thelist of residuesin the paletteisreplaced by theinstructions:

Pick residue or range of residues.

Mark thefirst four residues, ALA, PHE, VAL, and LEU, inthe sequence
and click the OK button. In adialog box containing a scrolling list of
the secondary conformation options, select the option:

Extended Backbone (180.0)

Select the OK button. The dialog box is removed from the screen, the
secondary conformation is applied to the marked residues, and the
marks are removed from the residues.

Select additional secondary conformationsfor therest of the
peptide.

Consulting Figure 1., mark each remaining group of residues and select
the indicated secondary conformation. When you have assigned all sec-
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Creating a peptide

ondary conformations, click the Done button in the pal ette. The second-
ary conformation palette is replaced with alist of residues.

Figure 1. . Secondary conformation for peptide

ALA
PHE
VAL
LEU

THR
SER

TYR
SER
LYS
TYR
LEU
ASP
SER

ARG > BetaTurn | (-,-,-,0)

LYS

ILE
VAL
LEU
ALA

Extended Backbone (180.0)

Right-Handed Alpha Helix

Parallel Beta Sheet (B)

4. Createan M SF from the sequence.

Display the Sequence Builder menu and select Return to M olecular
M odeling. Since the peptide structure has not been saved, adialog box
asks if the changes are to be saved. Click the Y ES button and the mes-
sage line reads:

Validating links between residues.
Sequence Builder checksto make surethat residues are properly assem-
bled and patches applied appropriately.

The File Librarian is displayed. Enter mypeptide in the Filename data
entry field and select the Save button. The File Librarian and the
Sequence Builder window are removed from the screen, revealing the
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4. Building with Sequence Builder

Molecular Modeling window. QUANTA automatically startsa
CHARMmM command input file to build the Cartesian coordinates for
the sequence.

Minimizing a peptide

Structurescreated in Sequence Builder have approximate geometries (bond
lengths and bond angles). These geometries need to be refined through a
minimization process before continuing with other modeling operations.

Complete the following exercise to minimize the structure in mypep-
tide.msf.

1

Display mypeptide in the M olecular M odeling window.

When the creation of mypeptide.msf is complete, adialog box allows
the structure that was just created to be used.

Select the option:

Use the new molecule mypeptide.msf only

then click the OK button. The structure mypeptide is displayed in the
Molecular Modeling viewing area.

Minimizethe peptide.

Display the CHARMmM menu and select the Minimization Options
function. In a dialog box that contains the minimization setup options,
select the option:

Adopted-Basis Newton Raphson
Enter the values:

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

Sep Value Tolerance: 0.000

Click the OK button and the dialog box is cleared from the screen and
new minimization parameters are established.

From the Modeling palette, sslect CHARMm Minimization to start
the CHARMmMm calculation. The cursor changes from an arrow to a
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Creating a cyclic peptide

watch and the message line displays information regarding progress of
the minimization process.

Minimization is completed when the cursor isrestored to an arrow. The
final conformation of the structureisdisplayed in the viewing area. The
minimized energy results are displayed in the upper-right corner of the
viewing area and in the Textport.

3. Save minimization results.
From the Modeling palette, select Save Changes and a dialog box
enables the new coordinates of mypeptide.msf to be saved.
Select the option:

Create New Generation of mypeptide.msf

Click the OK button. The dialog box is cleared from the screen, the tex-
tport indicatesthat the old structurefile is renamed mypeptide.msf,001,
and the minimized structure is saved in mypeptide.msf.

Creating a cyclic peptide

You aso can build cyclic peptides in Sequence Builder using the sameres-
idue and patch libraries used for linear peptides. Complete the following
exerciseto construct the cyclic peptide, CCK7. Thispeptidewill beusedin
a search exercise in Chapter 4 of QUANTA Smulation and Analysis.
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4, Sart Sequence Builder.

Display the Applications menu. Select Builder s and then select
Sequence Builder from the pull-right menu that is displayed. The
Seguence Builder window and aFile Librarian dialog box are displayed
over the QUANTA window.

Fromthescrolling listinthedialog box, select thefile AMINO.RTF and
then click the Open button. The File Librarian is removed from the
screen, and the residues contained in AMINO.RTF are displayed in the
Sequence Builder palette.

5. Enter theresiduesin the sequence.

Select the following residues (in the order shown) to create a peptide
sequence;

QUANTA 2006 Generating and Displaying Molecules 91



4. Building with Sequence Builder

9.

TYR
MET
GLY

TRP
MET
ASP

PHE

Aseachresidueis selected, it isdisplayed in the viewing area.

Set Secondary Conformation.

Display the Confor mation menu and select Set Secondary Confor-

mation. Thelist of residuesin the paletteisreplaced by theinstructions:
Pick residue or range of residues

and by the OK, Done, and Unmark buttons.

Mark the GLY and TRP residues and click the OK button in the palette.
Inadialog box containing ascrolling list of available secondary confor-
mations, select the scrolling list entry:

Beta Turn 1 (-,-,-,0)

Click the OK bhutton. The dialog box is removed from the screen and
the conformation is applied to the two residues.

Click the Done button in the palette. The Secondary Conformation pal-
etteisreplaced by alist of residues, along with the Sequence Builder
window.

Apply Patches.

Display the Edit menu and select Apply Patchesto Residues. The
patches contained in AMINO.RTF are displayed in the palettereplacing
the display of residues.

Apply a patch to the sequence.

Select the LINK patch from the palette and the message line reads.
Please select 2 residues to apply patch to.

Mark TRY, the first residue in the sequence, and the residue is high-
lighted.

Mark PHE, the last residue in the sequence, and the sequence changes
to indicate the link between the residues.

Return to M odeling and save the peptide.
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Creating a cyclic peptide

From the Sequence Builder menu, select Return to Molecular M odel-
ing. In adiaog box that offers the option to save the changes, click the
Y ES button.

In aFileLibrarian dialog box, enter the name:
CCK7

Click the Save button. The File Librarian and the Sequence Builder
window are removed from the screen revealing the Modeling window.
QUANTA automatically starts CHARMmM to build Cartesian coordi-
nates for the sequence. A dialog box asksif the just created structureis
the structure to use.

Select the option:
Use the new molecule CCK7.msf only

Select the OK button and the structure CCK7.msf is displayed as a

cyclic structure. Thelink patch imposes a covalent bond between the N
aphaand C-termina atoms. The cyclic conformation is created during
minimization, when the lowest energy value is calculated for this bond.

10. Set up minimization for CCK7.msf.

Display the CHARMm menu and select Minimization Options. In a
dialog box containing the minimization setup options, select the option:
Adopted-Basis Newton Raphson

Enter the values:

building

Number of Minimization Steps: 200
Coordinate Update Frequency: 5
Energy Gradient Tolerance: 0.0100000
Energy Value Tolerance: 0.000000
Initial Sep Size: 0.020000

Sep Value Tolerance: 0.000000

Select the OK button and the dialog box is cleared from the screen.
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11. Run a minimization for CCK 7.msf.

Display the Modeling palette and select CHARMm Minimization to
start the CHARMmM calculation.

When minimization is completed, the final conformation of the struc-

tureisdisplayed in the viewing area. The minimized energy results are
displayed in the upper-right corner of the viewing area and reported in
thetextport. The cyclic conformation iscreated asaresult of calculating
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the lowest energy value of the covalent bond between the N aphaand
C terminal atoms.

12.Save minimization results.

Display the Modeling palette and select Save Changes.

In adialog box that offers the opportunity to save the new coordinates
of CCK7.msf, select the option:

Overwrite CCK7.msf
Select the OK button and the dialog box is cleared from the screen.

Summary

Sequence Builder is used to construct residue sequence lists for proteins
and polymers using predefined residue libraries and structure fragments.
Sequence Builder also can read and edit previously created sequencefiles.
After a sequence is defined, it is automatically sent to CHARMmM, where
Cartesian coordinates are constructed using CHARMm internal coordinate
information. Using patch residues, cyclic peptides and other modifications
can be applied to linear structures.

The basic stepsin creating a structure with Sequence Builder are:
1. Select aset of residue topology files.

2. Define the sequence.

3. Apply patches as required.

4, Apply secondary conformations as required.
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Summary
5. Exit Sequence Builder, sending the sequence definitionsto CHARMmM
for coordinate construction and minimization.

When a structural build is complete, the molecule is ready to usein other
QUANTA operations.
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5. Using Other Build Applications

This chapter describes building and modeling applications accessed
through the Applications menu. These applications extend the capabilities
of QUANTA for particular types or forms of molecules or for particular
approaches to modeling. The applications include:

e Crystal Modeling.

» Solvent/Amorphous Builder.

* Protein applications.

* X-ray applications.

» Denovo design applications.

* NMR Structure Determination.

All these applications are supplied as optional packages with core
QUANTA.

Read this chapter or portions of it to become familiar with how to access
and use any of these applications. Additional documentation is available
for optional applications. See the preface for a complete list of QUANTA
and QUANTA-related documentation.

Using Crystal Modeling

Crystal Modeling providestoolsto generate and modify a system based on
tranglational periodicity or crystallographic symmetry. Crystal Modeling
can interactively build periodic or crystalline structures from:

* Proteins.
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» Polymer segments.

» Biopolymer segments.

* Small molecules.

e Other QUANTA molecules.

Crystallographic spacegroups can be used to create symmetry-related cop-
ies of the original molecule. The appropriate symmetry information can be
sent to CHARMmM.
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Crystal Modeling operates in two modes. real atom mode and symmetry
atom mode. In real atom mode, symmetry copies extend the size of the
structure by creating new atoms. The size of a system generated in real
atom mode is subject to the normal QUANTA atom limits.

In symmetry atom mode, symmetry copies exist only as abstract data. No
physical atoms are created. Any changes to the asymmetric unit are imme-
diately reflected in the symmetry copies. Symmetry atoms are displayed as
graphical objects and cannot be picked or manipulated as real atoms can.

Symmetry information can be saved to an atom selection file, filename.asd,
and used subsequently in Crystal Modeling to generate symmetry copies.
Symmetry information can also be sent to CHARMmM to obtain a correct
energy computation for the crystal. Once CHARMm is provided with sym-
metry information, subsequent energy minimization and dynamics opera-
tions also use symmetry imagesin their calculations. Crystal Modeling
additionally provides atool to perform lattice optimization in CHARMmM,
where CHARM m minimization modifiesthe unit cell parametersaswell as
the atom positions to optimize the crystal structure.

The atoms selected in QUANTA just before entering Crystal Modeling are
used as the template from which symmetry-related copies are built.
Although astructure might haveitsown internal symmetry, thisatomic sys-
tem isreferred to as the asymmetric unit. If CHARMmM calculations are to
be performed on the crystal, the asymmetric unit must be an MSF.

When you exit Crystal Modeling, symmetry copies can be retained or dis-
carded. When they are retained, additional modeling, including minimiza-
tion, dynamics, and conformational searches, can be carried out on the
molecular structurein the crystalline environment. However, all symmetry
copies should be removed before attempting to reenter Crystal Modeling to
correctly calculate CHARMmM images.

Defining and incorporating symmetry information

Asyou enter the Crystal Modeling application, it detects whether the MSF
contains symmetry information. If thereis no symmetry information in the
current MSF, adialog box displays alist of spacegroups available in the
symmetry library file $HYD_LIB/symlib.sym.

Thisfile lists symmetry operators that generate all equivalent positionsin
aunit cell for each of the standard spacegroups. Thelist of available space
groups can be expanded to include nonstandard settings by editing the sym-
metry library file and adding the appropriate information.

When the M SF contains symmetry information, an opportunity to use this
information or select another space group is offered. If symmetry informa:
tion stored in the current MSF is not used, anew MSF is created to store
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the specified symmetry information with the molecular structure. A dialog
box is displayed offering M SF saving options.

Theinitia unit cell dimensions (a, b, ¢, a, B, y) must be specified. Enter
only the dimensions that can be defined independently for a given space-
group. If spacegroup C2 is selected, for example, adialog box is displayed
to enter the unit cell dimensions a, b, ¢, and .

In some cases, you are also prompted to define a unique axis by providing
an orthogonalization method code. Orthogonalization codes determine the
orientation of the unit cell axis and its reciprocal (abc and a* b* c*, respec-
tively), with respect to the xyz modeling axis. The orthogonalization code
isusually set to 1. Table 26 lists the codes and their definitions.

Table 26. Orthogonalization codes

Code Codedescription

1 aispardlel tox, c* isparale to z (Brookhaven default)

bisparale tox, a isparallel to z

cispardlel tox, b* isparalel to z.

hex at+b parallel to x, c* is parallel to z (Gerard Bricogne/ trigonal space groups)
a* isparald tox, cisparald to z (FRODO default)

a b~ WN

Crystal Modeling alows the asymmetric unit to be modified while symme-
try copies exist. Symmetry copies are updated to reflect modificationsin
the asymmetric unit. When M odify Asymmetric Unit isselected, apalette
is presented to provide a specific set of selections for this function.

Using the Crystal Modeling palette

The Crystal Modeling palette provides selections for interactively generat-
ing a crystal by creating symmetry copies, displaying the unit cell, and
changing the unit cell dimensions. The palette al so provides access to
CHARMM for calculating the energy of the crystal structure and creating
symmetry images. Table 27 lists the pal ette selections and provides a brief
description of each.
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Calculating CHARMm energy using images

CHARMmM makes symmetry copies of aprimary molecule or collection of
molecules by creating a set of images. Each image is given a unique name
and a set of instructions. These instructions are in the form of matrices
describing the rotation and translation needed to generate the image.
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Table 27. Crystal M odeling palette

Selection

Description

Show Unit Cdll

Show L egend

M odify Cell Parameters...
Define Symmetry...

List Copies

M odify Symmetry Copies...

M odify Asymmetric Unit...

Normalize Unit Cell

M odify Fractional Coordi-
nates

Surfaces...

Display/Use Symmetry
Bonds

CHARMmM Energy/lmage

Minimize Crystal

Save

Generates and displays the edges of the unit cell, which is helpful
invisualizing placement of the symmetry copies. Show L egend
must already be selected. The dimensions of the unit cell are dis-
played in the upper-right corner of the viewing area.

Displays alegend containing structural information in the lower-
right corner of the viewing area.

Adjusts cell parameters, including cell size.

Displays a series of dialog boxes to define or edit the space group,
dimensions of the crystal cell, and orthogonalization code.

In the textport, displays alist of operators and translations for sym-
metry copies.

Opens a palette that allows you to add and delete copies and to cre-
ate symmetry copies within an LMN box of user-defined dimen-
sions.

Modifies the conformation and orientation of the asymmetric unit
while retaining the crystal symmetry. The coordinates of the
asymmetric unit are modified by arotation, translation, or torsion
angle adjustment. Then each symmetry copy is created by taking
the new coordinates and applying the symmetry data. The sym-
metry copies are updated and redrawn as the asymmetric unit is
modified.

Moves all atoms to positions within the unit cell.

Displays atablethat list all atoms and their coordinates. Coordi-
nates may be edited in the table.

Displays a palette from which planes of the crystal can be defined
and displayed.
Displays and alows manipulation of symmetry bonds.

Createsa CHARMm imagefile and sendsit to CHARMm to calcu-
late the energy of the crystal structure.

Minimizesthe crystal using CHARMm. The energy reported when
al atoms are physically present includes an intramol ecular
energy term for each symmetry copy and all pairwiseinteractions
between copies falling within the prescribed nonbond cutoff.
Whenimagedataisin effect, only theintramolecular energy term
for the asymmetric unit is calculated, in addition to al interac-
tions between the asymmetric unit and image atomsfalling within
the cutoff.

Saves minimized crystal information to an MSF.
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Table 27. Crystal M odeling palette (Continued)

Selection Description

Reject Rejectsthe crystal structure that is displayed. Returns to the origi-
nal structure.

Powder Diffraction Displays the Powder Diffraction palette with selections for execut-
ing a powder diffraction and calculating and plotting the results.

Writeto File Saves symmetry information in the format of symmetry selection
commands and writes to an atom selection definition file, file-
name.asd. The commands in the file can be read in subseguent
sessions to re-create the symmetry copies.

Read From File Reads symmetry information from an atom selection definitionfile,

filename.asd, and displays symmetry copies as graphical objects.
Symmetry copies defined in the file can be included in the view-
ing area with existing copies or can be displayed alone.

Exit from Crystal Builder  Exits Crystal Modeling and returns to Molecular Modeling. Sym-

metry copies can be retained as graphical objects or discarded.

The CHARMmM Ener gy/l mage selection createsa CHARMm image file
and sends it to CHARMm with arequest for the energy of the crystal struc-
ture. This file includes the coordinates of the asymmetric unit and the
image commands needed to generate acrystal identical to the one displayed
in the viewing area.

Update Parametersinthe CHARMm menuisused in thiscal culation and
should be set prior to starting Crystal Modeling. Appropriate values for
Image Update Frequency and | mage Cutoff Distanceare specified in the
Update Parameters dialog box.

The energy computed when images are in effect includes the intra-mol ecu-
lar energy of the asymmetric unit alone, plustheinteraction energy between
the asymmetric unit and image atoms falling within the image cutoff, each
interaction being evaluated only once.

If the cell constants or other parameters defining the crystal are subse-
guently changed, the CHARMm image fileis also updated. The modified
image fileis used in subsequent selections of CHARMm Ener gy/l mage.

After the selection is used, you can exit Crystal Modeling and perform
more extensive CHARMmMm calculations on the displayed crystal in the
Molecular Modeling application. All modeling operations including mini-
mization, dynamics, and conformational search can be performed with the
CHARMmM imagesin effect, preserving the specified crystal symmetry.

During energy minimization or molecular dynamics, the atoms of the
asymmetric unit and the symmetry copiesaredisplayed intheviewing area.
However, only coordinatesfor the atoms of the asymmetric unit arewritten
to the dynamics trajectory files. Despite the fact that all atoms are not
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5. Using Other Build Applications

explicitly present, the energiesreported are those of the molecular structure
in the defined crystalline environment.

CHARMmM energies for acollection of real atoms differ from those
obtained using image data. The energy reported when al atoms are physi-
cally present includes an intra-molecular energy term for each of the sym-
metry copiesand all pairwiseinteractions between copiesfalling within the
prescribed nonbond cutoff.

When image dataisin effect, only the intramolecular energy term for the
asymmetric unit is calculated, in addition to all interactions between the
asymmetric unit and image atoms falling within the cutoff range.

Nevertheless, reliable conformational modifications, such as minimiza-
tions, can be performed using energies obtained with CHARMmMm images.

In subsequent QUANTA sessions, the image file created in Crystal Model-
ing can be sent to CHARMmM. Thisisaccomplished by renaming theimage
file (charmm.img) to charmm_img.str, so that it is recognized as a stream
file. The Sream CHARMmM File selection in the CHARM m menu can
then send the file to CHARMmM. These image files function correctly only
when the original asymmetric unit is displayed in the viewing area.

Modifying the asymmetric unit

The Modify Asymmetric Unit selection provides away to modify the
asymmetric unit in Crystal Modeling while retaining the crystal symmetry.
When you make this selection, the Modify Asymmetric Unit pal ette opens
over the Crystal Modeling palette. Selections on this palette are listed in
Table 28. A torsion template file must be selected prior to modeling the
asymmetric unit. When you select Read Tor sion Templatefromthe Model
Asymmetric Unit palette, a File Librarian allows you to select the file that
defines adjustable torsions. Torsionsthat are part of aring system or cyclic
structure should not be defined in atorsion template file.

The Model Asymmetric Unit palette contains selections for rotating and
translating the entire molecular structure or changing specific torsions. If
you select Rotate Atoms or Translate Atoms, a palette opens over the
Model Asymmetric Unit palette. These pal ettes contain adjustable torsions
displayed as selections.

The Rotate and Trandlate selections cause a transformation of the asym-
metric unit to occur. The unit of change is degrees when Rotate is active
and angstroms when Trandate is selected.

In the following exercise, Crystal Modeling procedures define a space-
group, specify unit cell dimensions and orthogonalization code, specify lat-
tice trangdlations, display symmetry copies, and incorporate symmetry
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Table 28. Modify Asymmetric Unit palette

Selection

Description

M odify Torsions
Translate Atoms
Rotate Atoms

Read Torsion
Template

Select Atoms
Update Image
Exit M odify

Asymmetric
Unit

Modifies the named torsion angle.

Opens a palette for trandlating the asymmetric unit along the z axis.
Opens a palette for rotating the asymmetric unit about the z axis.
Opens adialog box with alist of torsion template files.

Opens palette for selecting portions of the molecule and modifying the dis-
play of the structure.

Updates image information for the symmetric unit display to incorporate
asymmetric unit changes.

Exits Modify Asymmetric Unit and returnsto Crystal Modeling.

information into an M SF. For thisexercise, build the structure nitrobenzene
in ChemNote. If you have not completed Chapter 1 on 2D structure sketch-
ing, do so before you continue with this exercise.

1. Createastructuretousein generating a crystal.

Display the Applications menu and select Builders. From the pull-
right menu, select 2D Sketcher. The ChemNote window is displayed.

Sketch the structure nitrobenzene.
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5. Using Other Build Applications
2.

Return to Molecule M odeling mode with the structure.
Display the ChemNote File menu and select Return to Molecule
Modeling. A dialog box asksif the changes should be saved.
Select Yes and the File Librarian dialog box is displayed.

Enter the text nitrobenzene and click Save. A dialog box is displayed
offers several options for adjusting partial charges.

Enter the value:

Thedesired net chargeis. 0.000
Select the option:

CT, CH1E, CHZ2E, CHSE, C5R, C6R, C5RE, C6RE, HA types
Click the OK button.

The ChemNote window is removed from the screen, revealing the
Molecular Modeling window. When the conversion of nitroben-
zene.mol to nitrobenzene.msf is complete, adialog box offers options
for displaying MSFs.

Select the option:

Use the new molecule nitrobenzene.msf only
Click the OK button, and the nitrobenzene structure is displayed in the
viewing area.
Setup energy minimization for nitrobenzene.msf.
Structures created in ChemNote frequently need to be optimized using
energy minimization before modeling operations are started.

Display the CHARM m menu and select Minimization Options. Ina
dialog box containing the minimization setup options, select the option:

Adopted-Basis Newton Raphson
Enter the values:

Number of Minimization Steps: 100
Coordinate Update Frequency: 5
Energy Gradient Tolerance: 0.001
Energy Value Tolerance: 0.000
Initial Sep Size: 0.020

Sep Value Tolerance: 0.000

Click the OK button. The dialog box iscleared from the screen and new
minimization parameters are established.
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4, Sart minimization for nitrobenzene.msf.

From the Modeling palette, sslect CHARMmM Minimization. Asthe
CHARMM calculation begins, the cursor changes from an arrow to a
watch. The message line displays information regarding the progress of
the minimization process, which 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.
5. Savetheminimization results.
In the Modeling palette, select Save Changes. A dialog box offers the
option to save the new coordinates of nitrobenzene.msf.
Select the option:
Create New Generation of nitrobenzene.msf

Select the OK button and the dialog box is cleared from the screen. The
textport indicates that the old structure file is renamed nitroben-
zene.msf,001 and the minimized structure is saved in nitrobenzene.msf.

6. Sart the Crystal Modeling application.

Display the Applicationsmenu and select Crystal M odeling. Fromthe
scrolling list in the Space Group dialog box, select the option:

P1#1 triclinic
Click the OK button.
In the Enter Dimensions for Triclinic Cell dialog box, enter the values:
a 10
b: 10
c: 10
alpha: 90
beta: 90
gamma: 90
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Click the OK button and the Enter Orthogonalization Code dial og box
isdisplayed.

Accept the default value:
Integer Value: 1
Click the OK button and the Crystal Modeling palette is displayed.
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7. Modify Symmetry Copies.
From the Crystal Modeling palette, select M odify Symmetry Copies
and the Symmetry Copies palette is displayed.

Select Add LxMxN Box. In the Enter Box Dimensions dialog box,
enter the values:

from to
| -1 1
m -1 1
n -1 1

Click the OK button. The 26 symmetry copiesare created and displayed
in the cubic volume.

Click the Reset View buttonin the Dial Emulator palette and apply glo-
bal rotations so that all copies can be seen.

From the Symmetry Copies palette, select Exit Symmetry Copiesand
the palette is removed from the screen.

8. Select Symmetry mode.

From the Crystal Modeling palette, select Symmetry M ode. Each sym-
metry copy is converted from structures with real atoms to images that
are graphical objects. The Minimize Crystal selection is also enabled.

9. Select Minimize Crystal.

From the Crystal Modeling palette, select Minimize Crystal. The lat-
tice parameters are optimized along with the molecule in the crystal
environment. Save and Reject are enabled.

From the palette, select Save and the new coordinates are saved in
nitrobenzene.msf
10.Exit Crystal Builder.
From the Crystal Modeling palette, select Exit Crystal Builder. A dia-
log box asks if copies are to be retained.
Select the option:
Delete copies

Click the OK button. The copies are deleted and the Modeling palette
isredisplayed.
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Using protein applications

The QUANTA Applications menu contains optional protein applications:
e Protein Design.

e Protein MODELER.

* Protein Hedlth.

e Protein Profile Analysis.

Protein Design is an application for manipulating and analyzing protein
structures. It uses and extends the molecular graphics capabilities of
QUANTA and itsinterface to CHARMmM for proteins.

Protein MODELER is an automated protein homology package that builds
a 3D modé for a protein sequence using data from the alignment of the
seguence with one or more homologous proteins.

Protein Design includes tools for predicting secondary and tertiary struc-
ture, aignment, superimposition, homology, and protein modeling. It can
only be accessed from the Application menu and activates two palettes,
Protein Design and Protein Utilities.

The Protein Health application provides tools for qualitative analysis of
protein structures. With this application, you may examine the quality of
structural parameters, such as backbone and sidechain conformation and
overall molecular packing, to visually determine nonstandard areas or con-
ditionsin the molecule.

Protein Health is packaged with Protein Design or may be used in combi-
nation with the X-ray or NMR applications. It can be accessed from the
Applications menu or from within Protein Design.

The Protein Profile Analysis application characterizes the environment
around each residuein aprotein structure to generate aprotein profile. The
profile, composed of amatrix of characteristics, can be used to compare
protein structures globally and locally and to evaluate the quality of a gen-
erated homology model.
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Protein Profile Analysis can be accessed from the Applications menu or
from within Protein Design.

Documentation of the protein applicationsisavailableinthe Protein User’s
Guide and the Protein Reference.
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Using X-ray applications

The X-ray applications X-AUTOFIT, X-BUILD, X-POWERFIT,X-
LIGAND and X-SOLVATE provide toolsfor building the 3D coordinates
of proteins and nucleic acids into electron density. The interfaces to CNX
and X-PLOR facilitate structure refinement.

The X-AUTOFIT application provides tools to trace Ca coordinates into
electron density as part of the de novo process of X-ray structure determi-
nation. The application provides semi-automated tools to build Ca atoms
using “bones’ skeletonization of the electron density. Sequence assignment
using fuzzy logic and three automated methodsto convert the Ca trace into
al-atom models are provided.

The X-POWERFIT application provides automated methods for tracing
Ca. coordinates into electron density maps and represents a rapid method
for map interpretation.

X-BUILD providestoolsfor building all-atom models into el ectron den-
sity. Theseincludethreetypesof real-spacetorsion angle refinement (rigid-
body refinement, loop fitting, and regularization) and several manual tools
for model building.

X-LIGAND isan application for the automated fitting of complex ligands
into omit/difference el ectron densities, including conformational searching
of flexible ligands.

X-SOLVATE provides an automated method for water fitting into electron
density.

Theinterfacesto CNX and X-PLOR allow refinement of crystal structures
using both crystallographic data and intramolecular and crystal interac-
tions.

Documentation of the X-ray applicationsis available in X-Ray Sructure
Analysis.

Using NMR Structure Determination

The NMR Structure Determination application provides tools to build and
refine 3D molecular models from NMR data. This application features an
interactive link between spectrum and structure. It also features interfaces
to CNX and X-PLOR for structure calculation and refinement, including
distance geometry, simulated annealing, restrained molecular dynamics,
energy minimization, NOESY back calculation, and relaxation matrix anal -
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Summary

ysis. NMR Structure Determination provides a complete set of graphical
and statistical tools for evaluation of the quality of structures.

Summary

Crystal Modeling generates and modifies structures based on trand ational
periodicity or crystallographic symmetry. The applications can build peri-
odic or crystalline structures from proteins, polymer segments, biopolymer
segments, and small molecules. Symmetry information can be sent to
CHARMmM, and additional investigations can be performed in other
QUANTA applications.

The Protein applications are used to manipulate, analyze, and evaluate pro-
tein structures. They may be used together or individually with other build-
ing and refining applications.

The X-ray applications provide tools to build and refine 3D molecular
models from X-ray crystallographic data.

The NMR Structure Determination application provides tools to build and
refine 3D molecular models from NMR data.
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6. Using Graphical Objects

This chapter describes the graphical representation of calculationsin the
QUANTA Molecular Modeling application. Read this chapter if you plan
to use graphical objectsto visualize structural data. The objects coveredin
this chapter include:

* Ribbons.

» Grid contour meshes for displaying atom surfaces determined by van
der Waals radii.

» 3D vector displays.

» Displaying Quantaplot files.

» Color scale.

« Connoally solvent surfaces.

» Brick maps from probe and molecul e interaction energy field maps.
» Electrostatic potential energy surfaces (2D and 3D).

* Electrostatic fields.

In addition, the chapter includes a section on generating and displaying
hydrogen bonds.

Graphical objects are displayed in relation to, but separate from, the struc-
tures on which they are based. Although each object is a representation of
datarelated to a structure, it is not part of the MSF. However, the option,
Attach to M SF in the Object Creation dialog box is checked as a default
selection. This option allows you to attach an object to an MSF so that it
may be moved and deleted with the structure. Using the Attached column
of the Object Management Table, you may toggle the object/M SF attach-
ment. The Object Management Table also provides object display, naming,
and deletion options. Each graphical object is uniquely identified so that
you can manage it throughout a QUANTA session.

Some objects such as ribbons, Connolly solvent surfaces, and grid contour
meshes are generated within QUANTA.. Other objects such as brick maps
and 3D vectors are generated from results of cal culations outside of
QUANTA.
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Generating ribbons

Ribbons are graphical objectsthat trace peptides, protein backbones, or any
other molecular chain through guide atoms that occur in all residues of a
molecular structure. The ribbon-drawing algorithm used in QUANTA is
from methods cited in references 1 and 2 in the Reference section of this
chapter.

In QUANTA, the alpha carbon and carbonyl oxygen atoms of each protein
residue act as default guide atomsfor drawing aribbon. Guide atoms occur
in al residues. The ribbon is offset 1.2 A from the alpha carbon position.
Ribbon defaults are set to optimally display alpha helicesin proteins.

Guide atoms, ribbon width, number of threads, and ribbon color can be
changed through the Draw menu by accessing the pull-right menu Obj ect
Parameter s and selecting Ribbon Parameters. A dialog box enablesyou
can make changes.

Complete the next exercise to become familiar with the procedure for gen-
erating and manipulating a ribbon. To complete this exercise, you need to
use the M SF mypeptide.msf. Thisfile was created as part of an exercisein
the section Creating a Peptide in Chapter 4. Compl ete that exercise before
you proceed.

1. Display the structure.
Display the File menu and select Open. Inthe Open MSF File Librarian
dialog box, select mypeptide.msf from the scrolling list.
Click the Replace button and then the Open button. The structure con-
tained in the file mypeptide.msf is displayed in the viewing area.

2. Createaribbon.
Display the Draw menu and select Create Objects. A dialog box offers
options for creating several graphical objects.

Select Ribbon Structur e and then enter ribbon and 81N the respective
Object Name and Object Color dataentry fields.

Accept the default option, Attach to M SF. The name of the open MSF,
mypeptide.msf, isdisplayedinthe box next to thisselection. Theribbon
is attached to this M SF and can be moved and deleted with the MSF.

Click the OK button.

Thedialog box isclosed, and aribbon consisting of six strandsisdrawn
through the Ca and O atoms in the backbone of mypeptide.msf.
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The four middle strands are displayed using color 8. The two outside
threads are a different color, providing a 3D representation of the back-
bone chain.

The Object Management Table opens over the Molecule Management
Table, displaying the name and status of the ribbon.

Generating a grid contour mesh

Grid contour meshes are graphical objects that provide an efficient and
visually effective method of displaying surfaceson atoms. All active atoms
or aselection of atoms may be used in generating the grid. Atom surfaces
are determined by the van der Waals radii of the current atom selection.
Selected atoms are defined in the context of other atoms in the structure.

When a grid contour mesh is created about a methyl group attached to a
phenyl ring, you may include or exclude the atoms in the phenyl ring.
Including the atomsin thering createsagrid that is open at the point where
the methyl group is attached to the phenyl ring. If the atomsin thering are
excluded, an enclosed grid is created.

1. Createagrid contour mesh for all atoms.

Display the Draw menu and select Create Objects. In the dialog box
for creating objects, select the option Grid Contour M esh. Then enter
gridland 4 inthe Object Nameand Default Object Color dataentry
fields, respectively.

Select the option Attach to M SF and the name of the open MSF,
mypeptide.msf, is displayed in the box next to the option.

Click the OK button and a dialog box offers options for the selecting
atomsto define the grid.

Accept the default text all by clicking the OK button. A dialog box
appears with options that select atoms to define the context of the grid.

Accept the default text all by clicking the OK button The dialog box is
cleared from the window, and a grid contour mesh is displayed around
the structure mypeptide.msf in color 4.

Two graphical objects are now displayed with the structure mypep-
tide.msf: the ribbon and the grid contour mesh. The Object Manage-
ment Table lists both objects.

Turn off the display of both objects by selecting the top cell in the Dis-
played column. Both objects are removed from the screen, and the entry
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for each in the Displayed column of the Object Management Table
changes from yes to no.

2. Createa Grid Contour Mesh from Selected Atoms.

Display the Draw menu and select Create Obj ects. A dialog box offers
options for creating several graphical objects.

Select the option Grid Contour Mesh, then enter grid2 and 14 inthe
Object Name and Object Color data entry fields, respectively.

Select Attach to M SF and the name of the open M SF, mypeptide.msf,
is displayed next to the option.

Click thel nter active button and the Atom Selection Utilitiesand Sel ect
Atoms palettes are displayed.

From the Select Atoms palette, select Include and Pick Atom.

In the viewing area, pick any three atoms in different areas of mypep-
tide.msf, and the ID for each selected atom is displayed. The three
picked atoms define the center of each portion of the grid contour mesh.

From the Select Atoms palette, select Finish and the palettes are
removed from the screen. A dialog box offers options for selecting
atoms to define the context of the grid.

Enter thetext All and click the OK button. The grid contour meshes are
displayed around the selected atoms in the viewing area and the Object
Management Table lists the object GRID2 and its status.

3D vector displays

To display 3D vectors

If your structure has 3D vector information, you can display avector for
each atom. Theinformation is stored as fourth parameter information of
type REA3 in the .msf.

Vector data representing forces can be transferred from CHARMmM to the
.msf using Get Fourth Parameter in the CHARMmM menu and selecting
Forcesfrom the pull-right menu. Thisextrainformation islabeled FORCE.

Vector datafrom external sources can be imported into a.msf by selecting
Incor por ate Data from the Edit menu, selecting Vector s from the pull-
right menu, and specifying afile from thelist in the File Librarian that is
displayed.

1. Select Create Objects from the Draw menu, select 3D Vectorsin the
dialog box that is displayed, then click OK. A dialog box is displayed

114 QUANTA 2006 Generating and Displaying Molecules



QUANTA plot files

prompting you to enter the label under which the vector datais stored.
A list of labels and their typesis output in the textport.

2. Enter alabel of type REA3, then click OK. A new dialog box isdis-
played.

3. Select the options you want to use for your vector display. The linear
scaling factor may need trial-and-error adjustment depending on the
magnitude of the vectors to be represented. By default, the color of a
vector isrelated to its magnitude and the colors are scaled from number
71to 14.

4. When you have selected the options you want in this dialog box, click
OK. Vectors are displayed as arrows attached to atoms on your struc-
ture.

Thetask is now complete.

QUANTA plot files

You can generateaQUANTA plot file (.gpt) to move graphical information
to or from another application, to generate hardcopy images, or for other
purposes. When a.gpt fileis available, you can display the graphical infor-
mation in it by creating a QUANTA plot file object. This display mecha-
nism is an aternative to using Plot M olecules/Preview in the File menu.

To display a QUANTA plot 1. Select Create Objects from the Draw menu, choose QUANTA Plot
file Fileinthe dialog box that is displayed, then click OK. A File Librarian
isdisplayed.

2. Select the.qpt filethat you want to display, then click OK . A dialog box
isdisplayed.

3. Select one of the two display options for the extent of display that you
want, then click OK. The 2D image is displayed in the model window.
You may have to scale this window to see a complete view of the struc-
ture.

Color scale
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Inthelower left corner of the molecule window, you can display ascalethat
shows the current color values. You also may add a maximum and mini-
mum value to this display to indicate the val ue range to which these colors
apply. Typically, thisscaleisused in conjunction with work whereyou have
colored the structure according to some property, such as atomic charge.
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To generate a color scale

1. Select Create Objectsfrom the Draw menu, choose Color Scaleinthe
dialog box that is displayed, then click OK. A dialog box is displayed.

2. Inthedialog box, indicate the range of color numbers, toggle Annotate
Scaleonor off and, if you are annotating the scale, supply minimum and
maximum values, then click OK. A color scaleis displayed in the mol-
ecule window.

Thetask is now complete.

Managing objects

The Object Management Tableisthe primary means for managing objects.
Each graphical object is uniquely identified so that you can manage it
throughout a QUANTA session. The Object Management Table lists:

« Name of current objects

* MSFswith which the objects are associated

« Display status of each object

» Deletion status of each object

« Attachment status of each object and its associated structure

Each object is manipulated with a set of togglesthat are activated by select-
ing the appropriate cell in the Object Management Table. The table func-
tionsin amanner similar to the M olecule Management Table. For example,
you can mask the display of grid1 generated in a previous section by select-
ing the cell in the Displayed column of the Object Management Table that
corresponds to gridl. When you make this selection, the cell information
changes from yesto no and the grid is removed from the viewing area.

Complete this exercise to become familiar with the Object Management
Table.
1. Display all objects.
The Object Management Table lists three objects: RIBBON, GRID1,
and GRID2.
Select the Displayed cellsfor RIBBON and GRID1. All three objects
are displayed, and each Displayed cell reads yes.

2. Mask thedisplay of one object.
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Select the Displayed cell again for gridl. The cell information changes
from yesto no and gridl isremoved from the viewing area. The ribbon
and grid2 remain displayed.

3. Detach an object from its associated M SF.

Select the Attached cell for grid2. The cell information changes from
yesto no. No change is observed in the viewing area.

Go to the File menu and select Open. In the Open MSF File Librarian
dialog box, select PEPTIDE.msf from the scrolling list. Then select the
Replace option and click the Open button. The mypeptide structure is
replaced by the PEPTIDE structure and the RIBBON and GRID1
objects are deleted. Grid2 remains displayed and listed in the Object
Management Table.

4, Attach an object toan M SF.

Select the Attached cell for GRID2. The cell information changesfrom
no to yes, and the file name PEPTIDE.msf appearsin the M SF column.

5. Change the name of the object.

Select the Name cell for GRID2 and a dialog box offers the option to
rename the object.

Enter TESTGRI D inthenamefield and click the OK button. The name
in the Object Management Table changes from GRID2 to TESTGRID.
6. Closethe M SF and delete the remaining object.

Gotothe Filemenu and select Close. When the dial og box opens, select
Close All then OK. The peptide structure is removed from the viewing
area and the object is deleted

Solvent surfaces

Connolly solvent surfaces are graphical objects that are used to study the
shape, depth, and chemical characteristics of receptor sitesin amolecular
structure. These surfaces provide effective representations of such impor-
tant atomic and molecular properties as surface-solvent accessibility and
electrostatic potential.
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In the Calculate menu, the Solvent Surfaces selection provides an inter-
face to an external program that calculates Connolly surfaces by rolling a
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probe sphere over the surface of amolecular structure. See citation 3inthe
References section of this chapter.

Calculations can be run on hosts other than thelocal system. To do this, dis-
play the Calculate menu and select Select Host. In the dialog box that
opens, select a host. Then proceed with the calculation by returning to the
Calculate menu and selecting Solvent Surfaces.

Calculation results are written to a surface file, filename.srf, and a solvent
surface is displayed as a graphical object. You can have the map be dis-
played automatically on completing the calculation or at alater time by
selecting Create Objects from the Draw menu.

Complete the following exercise to become familiar with the process of

creating a Connolly surface. The exercise uses the structure, nitrobenzene
created in the Crystal Modeling section of Chapter 5. If you have not com-
pleted thefirst part of the exercisein thischapter, do so before you proceed.

1. Open nitrobenzene.msf.
Open nitrobenzene.msf and display the structure in the viewing area.
2. Sart a Connolly solvent surface calculation.

Display the Calculate menu and select Solvent Surfaces. From the
pull-right menu that opens, select Calculate. A dialog box provides sur-
face options. See Table 29 for alist of the optionsand abrief description
of each.

Select the option:
Wait for Calculation to Complete
Enter the values:

Probe Radius: 1.4
Dot Density: 20.0

Select the options:

Solvent Accessible Surface
Use Active Atoms

These selections specify the type and display of the surface and the
atomic context for the calculation.

Click the OK button and the Select Atoms and Selection Utilities pal-
ettes open.

From the Select Atoms palette, select Include and All Atoms, and then
select Finish.
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3. Namethe Surfacefile.

In aFileLibrarian dialog box, enter the name:
nitrobenzene

Click the Save button and the filename extension .srf is automatically
entered in the data entry field. The calculation starts and the cursor
changesto awatch while the calculation isin process.

4. Display the Connolly solvent surface asa graphical object.
When the calculation of the surfaceis complete, adialog box offersthe
opportunity to enter a name for the surface object.
Enter the name:
Connollyl

Click the OK button and a dialog box opens with options for selecting
the atoms to be surfaced and the color of the surface.

Select the options:

All Atoms
Use Atom Colors
Display Big Dots

Click the OK button and the surface is displayed over all atoms, using
the atom colors. The Object Management Table lists Connolly1 and its
status.

5. Deletethe surface object.
In the Object Management Table, toggle the Delete cell of the
Connolly1 object listing from no to yes. The surfaceis deleted from the
viewing area. However, the file nitrobenzene.srf is not deleted.

6. Re-createthe surface abject.

Once asurfacefile has been created, the surface object can be displayed

at any time. _g,

Display the Draw menu and select Create Objects. In the dialog box ? =

that opens, select: g g_
©

Solvent Surface Maps S

Attach to M SF

Enter the object name:
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Connolly2

Accept the default color and click the OK button. In the File Librarian
dialog box that opens, select nitrobenzene.srf from the scrolling list
and then click the Open button.

A dialog box opens for entering information on a variety of object dis-
play parameters. See Table 30 for alist of optionsand abrief description
of each.

Select the options:

All Atoms
Single Color
Display Plus Symbols

Enter the text:
Color Number: 14
Click the OK button. The surfaceis displayed and the Object Manage-
ment Table opens listing the Connolly2 object.
7. Deletethe graphical object.

Repeat the process used for Connolly1.

In the Object Management Table, toggle the Delete cell of the
Connolly2 object listing from no to yes. The surfaceisdeleted from the
viewing area. However, the file nitrobenzene.srf is not deleted.

Table 29. Solvent surface options

Option Description

Wait for Calculationto Runsthe surface program as a foreground process. No modeling opera-
Complete tions are performed until the surface is calcul ated.

Don’t Wait; Run in Runsthe surface program in the background. M odeling tasks can be per-
Background formed while the surface is being cal culated, and the job status can be

checked using Show Satusin the Calculate menu. Solvent Surfaces
in the Draw menu displays the surface when the calculation ends

Don’t Run; Savelnput Createstheinput files for later use. Does not run a calculation.
Files.

Probe Radius Specifies the diameter of the probe sphere. This value determines the
surface sampling rate. The default value for the probe radiusis 1.4 A,
which is the approximate size of awater molecule.

Dot Density Specifies the number of dots per square angstrom (dots/A). The default
is20.0 per angstrom. This value produces a useful surface in areason-
able time (for small molecules).
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Table 29. Solvent surface options (Continued)

Option Description

Type of surface

Molecular Surface Calculates the surface traced out by the edge of the probe of aparticular
Calculation radius.

Electrostatic Potential Uses partial atomic charge values to calculate an electrostatic potential
Surface molecular surface x.

Solvent Accessible Calculates the surface traced out by the center of the probe sphere as it
Surface rolls over the surface.

Calculate Buried Sur- Calculates a surface point generated when the probe’'s van der Waals
face Only radius overlaps with atoms in another structure. Thisisthe surface at
theinterface between two molecul es, inaccessibleto the probe spheres.
This option is only available when two M SFs are active.

Atoms forming context of calculation

Use Active Atoms Considersthe currently selected atoms for the surface. This produces an
accurate surfaceif all atomsareincluded inthe selection. If the surface
isconfined to aspecified area, an inaccurate surface may be generated.

Use All Atomsfrom Considers the contribution of all atomsin the current molecular struc-
Current MSFs tureswhen the surfaceis calculated. This option calculates the surface
for an entire structure.

Table 30. Surface display options

Option Description

Display surface for which atoms?

All Atoms Uses all information in the surface file to display the surface. The sur-
face surrounding all atoms selected when the surface was calcul ated
is displayed as a graphical object.

Selected AtomsOnly  Displays the surface for the current atom selection. The surface may
have been calculated for an entire molecul ar structure, but if the atoms
are not currently selected, the corresponding surface is not displayed.

Coloring options

Use Atom Colors Uses the current color selection information to color the surface the
same color as the atoms associated with it.
Color On Energy Colors each surface point according to the surface energy, used in con-

junction with the electrostatic potential surface. The maximum and
minimum energies and arange of colors are shown in a series of dia-
log boxes. These values can be accepted or re-specified. By default, a
smooth range of colorsis assigned to color numbers 7-14.

Single Color Assigns asingle color to the entire surface.
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6. Using Graphical Objects

Table 30. Surface display options (Continued)

Option Description
Color Number Assigns a color number for the single color option.
Dot Symbol

Display Little Dots Surface display uses small dots.

Display Big Dots Surface display uses big dots.

Display Plus Symbols  Surface display uses plus symbols.
User-Defined Symbol  Surface display uses user-defined symbol.

Symbal:

Data entry box to specify user-defined display symbol.

Displaying probe interaction results

Probe Interaction calculates empirical energy field maps, called brick
maps, and displaysthem. A probeis used to sample the environment of the
displayed structure. The probe is apoint charge with van der Waals charac-
teristics. Asthe structure is sampled, the energy is calculated between the
probe and the structure at al points within a sampling box.

The energy calculated isthe van der Waals energy, the electrostatic energy,
or the sum of both energies. The van der Waals energy is calculated using
the atom types currently assigned. The electrostatic energy is calculated
using the charges currently assigned to the atoms.

Theresultsof the calculation arewritten into aspecifiedfil e, filename.mbk,
and abrick map isdisplayed asagraphical object. The number of contours
contained in this map and the color of each contour can be changed within
QUANTA. The map can be displayed automatically on completion of the
calculation, or at alater time.

In this section, empirical energy field maps are calculated for the interac-
tion of aproton with nitrobenzene (nitrobenzene.msf). Procedures include:

» Setting up probe and molecule interaction calculations
» Displaying results as brick maps

¢ Manipulating graphical objects

« Adjusting contour colors and levels

Complete thefollowing exercise to become familiar with the procedure for
generating and manipulating a brick map.
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Displaying probe interaction results
1. Sart a Probelnteraction calculation.
Display the Calculate menu and select I nteraction Maps. From the
pull-right menu that opens, select Probe. A dialog box offers probe

interaction options. See Table 31 for alist of the options and a brief
description of each.

Select the options:

Wait for Calculation to Complete
van der Waals + Electrostatics

Enter the values:

Probe Name: prot (four lettersonly)
Probe Charge: 1.0

Box Dimensions (angstroms): 10
Grid Size (angstroms): 0.5
Maximum Energy: 100

Minimum Energy: -100

Select the option:
Center on an Atom
Click the OK button and the message line reads:

Pick one atom - Pick any palette tool to quit.
Pick atom for center of box.

Pick the N
" atom

Pick the nitrogen atom in the structure. A File Librarian dialog box
reguests a name for the brick map file (.mbk). In the text entry field,
enter the text:
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Click the Save button. The calculation starts and the cursor arrow
changes to await watch.

2. Display the brick map as a graphical object.

QUANTA 2006 Generating and Displaying Molecules 123



6. Using Graphical Objects

When the calculation of the brick map is completed, a dialog box
requests a name for the map graphical object. Enter the name;

probemapl

Click the OK button. A dialog box offers options for selecting the area
of the brick map to be displayed.

Select the option:
All of the map displayed

Click the OK button. A dialog box asksfor the number of contour levels
to map.

Enter the value:
Enter theinteger: 2

Click the OK button. A dialog box offers optionsfor specifying the val-
ues and colors for each contour level.

Enter the level values:

1st contour level: -4.0
2nd contour level: 2.0

Enter the color numbers:

1st contour color: 14
2nd contour color: 13

Click the OK button and the brick map is displayed using the new con-
tour values and color specifications. The energy value at grid intersec-
tionsin each contour is displayed in the grid's associated color in the
lower-right corner of the viewing area. You may wish to scale down the
display using the Dial Emulator to see the entire surface.

The brick map object can also be created by selecting Create Objects
from the Draw menu.

. Deletethebrick map object.

In the Object Management Table, toggle the Delete cell of the
probemapl object from no to yes. The surface is deleted from the view-
ing area, but the file nitrobenzene.mbk is not deleted. The brick map is
deleted and no longer displayed.
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Table 31. Probe interaction options

Option Description

Wait for Calculation Runsthe probe interaction calculation as a foreground process. No model-
to Complete ing operations are performed until the surface is cal culated.

Don’t Wait; Run in Runsthe probe interaction calculation in the background. Other tasks can
Background be performed during the cal culation. Show Statusin the Calculate menu
enables you to determine when the job is done. Create Objectsin the
Draw menu displays the surface when the calculation is done.

Calculation

van der WaalsCal- Includes only the van der Waals term when cal culating the energy.
culation

Electrostatics Cal-  Includes only the electrostatics term when the energy is calcul ated.
culation

van der Waals + Includes both the van der Waals term and el ectrostatics terms when cal cu-
Electrostatics lating the energy.

Use distance depen- Modifies the dielectric “constant” to be afunction of distance.
dent dielectric

Probe Name Specifiesan atomtype, typically water (WATE), methane (METH), oxygen

(OXYG), or aproton (PROT) to be aprobe. The probesare defined inthe
file $HYD_LIB/param.par. Any valid CHARMm atom type in thefile
can be used as a probe.

Probe Charge Specifies a charge for the probe. Any value can be entered to specify inte-
ger or partia charges.

Box Dimensions Specifies the length of each side of the square sampling box.

(Angstroms)
Grid Size (Ang- Specifies the mesh size used when generating the brick map. The default
stroms) value, 0.5 A, is appropriate for small molecules. Larger molecules may

require alarger mesh size (2.0 A).

Maximum Energy  Setsthe maximum energy value. Any calculated energiesthat are greater
than the maximum energy are set to this value.

Minimum Energy  Setsthe minimum energy value. Any calculated energiesthat arelessthan
the minimum energy are set to this value.

Center on an Atom Specifiesan atom position asthe center of the sampling box used in the cal-

culation.
Center at a Coordi- Specifiesacoordinatelocation asthe center of the sampling box usedinthe
nate calculation

Displaying molecule interaction results
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The Molecule Interaction function computes the interaction between two
molecules: aprobe and atarget. The interaction energy between probe and
target is the sum of two nonbond interactions:
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¢ van der Waals (Lennard-Jones term).
» Electrostatic.

The probe molecule is tumbled about the target at specified angles and
increments. An energy calculation is performed at each point of agrid
superimposed on the target, using all possible combinations of probe rota-
tion angles. A contour map is computed by taking the minimum energy
value from each grid point. For fine grids or small rotation increments, the
molecul e interaction calculation can be lengthy. For example, for a probe
tumble angle of 60°, 216 energy calculations are performed at each grid
point.

Theelectrostatic and van der Waal sinteractions of aprobe molecule, water,
and target molecule, searchl.msf, are calculated in the following exercise
and displayed as brick maps. The structure, searchl, was constructed in
Chapter 2. If you did not complete the exercisesin Chapter 2, do so before
proceeding with this exercise.

1. Build awater molecule probe.

Display the Applications menu, select Builders, and then select 2D
Sketcher from the pull-right menu. In the ChemNote window that
opens, place an O (oxygen) atom in the viewing area. The 2D function
automatically adds the appropriate hydrogens.

Display the ChemNote File menu and select the Return to M olecular
M odeling function. A dialog box asks if the changes should be saved.

Click the Yes button. In the File Librarian dialog box that opens, enter
the text:

water

Click the Save button. The ChemNote window is removed from the
screen and a dialog box offers options for displaying M SFs.

Select the option:
Use the new molecule water.msf only

Click the OK button and the structure stored in water.msf is displayed.
2. Open thetarget moleculefile (searchl.msf).

Display the Filemenu and select Open. Inthe Open MSF FileLibrarian
dialog box, select the file searchl.msf from the scrolling list.
Select the option:

Append
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Click the Open button and both the water molecule and the searchl
molecule are displayed in the viewing area.

Select Reset View from the Geometry palette to reposition the M SFsin
the center of the viewing area.

3. Set up the moleculeinteraction calculation.

Display the Calculate menu and select I nteraction M aps. From the
pull-right menu that opens, select M olecule and the Molecular Interac-
tion Grid dialog box opens. See Table 32 for alist of the optionsand a
brief description of each.

Select the options:

Wait for Calculation to Complete
van der Waals + Electrostatic

Enter the values:

Probe Tumble Increment: 180
Box Dimensions (Angstroms): 15
Grid Size (Angstroms): 1
Maximum Energy: 100
Minimum Energy: -100

Select the option:

Center on an atom

Click the OK button. The 180° increment and 1 A grid size expeditethe
calculation. Valuesin the vicinity of 60° and 0.1 A are more typically
used in accurate molecule interaction calculations.

4. Definetheatom to bethe center of the box.

A message in the message line reads:

Pick an atom - Pick any palette tool to quit. Pick an atom
for center of box.

Pick the searchl.msf ring carbon that is the connection point for the
longest branch. In the File Librarian dialog box that opens, enter the
name of the brick map.

Enter the text:

using

mol_inter

Click the Save button.
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5. Select the probe molecule and begin calculation.
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In the dialog box that asks for which molecule to display, select the
structure:

water.msf

Click the OK button. The calculation begins and the cursor changes to
awatch until the calculation finishes in approximately 10 minutes,
depending on the hardware. When the calculation is complete, adialog
box is asks you to choose a save option.

Select:
Create New Generation of water.msf
The structure is saved and the textport reads:

The old structure is renamed water.msf,001

6. Display the brick map.
A dialog box asks for the name of the map just calculated. Enter the
name:
probemap?2

Click the OK button. A dialog box asks which molecule to attach the
interaction map to.

Select searchl.msf from the scrolling list.

Click the OK button. A dialog box offers optionsfor selecting the area
of the brick map to be displayed.

Select the option:
All of the map displayed

Click the OK button. A dialog box asksfor the number of contour levels
to map.

Enter the value:
Enter theinteger: 2

Click the OK button. A dialog box offers options for specifying the val-
ues and colors for each contour level.

Enter the level values:

1st contour level: -3
2nd contour level: 3

Enter the color numbers:

1st contour color: 7
2nd contour color: 8
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Click the OK button.

Calculation time depends on the hardware, but is usually short. When
the calculation is complete, a brick map of the contoursis displayed.
The low-energy attractive regions of the surface are displayed in color
7, default green. High-energy repulsiveregionsare displayed in color 8,
default purple.

Rotate and tranglate the structure to observe the relationships between
chemical structure and contour shape.

. Deletethebrick map object.

In the Object Management Table, togglethe Delete cell of themol _inter
object listing from no to yes. The surface is deleted from the viewing
area, but the file mol_inter.mbk is not deleted.

. Reconstruct a brick map.

Brick maps and other graphic objects are not saved when QUANTA is
exited. However, graphic objects, abrick map in this case, can be recon-
structed without repeating the calculation.

Display the Draw menu and select Create Objects. In the Graphic
Object Generation Options dialog box that opens, select the option:

Brick Maps
Enter the values:

Object Name: probemapl
Object Color (1-14): 1

Select the option:
Attack to M SF
Select searchl.msf from the scrolling list.

Click the OK button. From the scrolling list in the File Librarian dialog
box, select mol_inter.mbk, and then click the Open button.

In the new dialog box that is opens, select the option:
All of the map displayed

using

Click the OK button. In the contour level dialog box that opens, enter
thevalue:
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Click the OK button. In adiaog box for entering the contour levelsand
color numbers, note the minimum and maximum val ues reported, and
enter the values:

1st Contour: -3
2nd Contour: 3
1st Contour Color: 7
2nd Contour Color: 8

Click the OK button and a brick map of the contoursis displayed. The
low-energy attractive regions of the surface are displayed in color 7,
default green. High-energy repulsive regions are displayed in color 8,
default purple.

Rotate and tranglate the structure to observe the relationships between
chemical structure and contour shape.

9. Deletethebrick map object.

In the Object Management Table, togglethe Delete cell of themol _inter
object listing from no to yes. The surface is deleted from the viewing
area, but the file mol_inter.mbk is not deleted.

Calculating electrostatic interactions only

You can calculate and generate a brick map display based on electrostatic
interactions, ignoring van der Waals interactions.

Complete the following exercise to show the interaction of awater mole-
cule with searchl.msf, without van der Waals interactions being modeled
in the calculation.

1. Sart themoleculeinteraction calculation.

Display the Calculate menu and select I nteraction M aps. Then select
M olecul e from the pull-right menu that opens and the Molecular Inter-
action Grid dialog box opens. See Table 32 for alist of the options and
abrief description of each.

Select the options:

Wait for Calculation to Complete
Electrostatic Calculation

Enter the values:

Probe Tumble Increment: 180
Box Dimensions (Angstroms): 10
Grid Size (Angstroms): 1
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Maximum Energy: 100
Minimum Energy: -100

Select the option:
Center on an atom:

Click the OK button and the 180° increment 1 A grid size expedite the
calculation. Values in the vicinity of 60° and 0.1 A are more typically
used in accurate molecul e interaction calculations.

A message in the message line reads:

Pick any atom - Pick any palette tool to quit.
Pick an atom for center of box.

Using the mouse, select the same ring carbon used in the previous cal-
culation.

A FileLibrarian dialog box asksfor the name for the map file. Enter the
filename:

electrol.mbk

Click the Save button and a dialog box asks which moleculeis the
probe. From the scrolling list, select:

water.msf

Click the OK button. The calculation begins and the cursor changesto
awatch. When the calculation is complete, a dialog box asks you to
choose a save option.

Select:
Create New Generation of water.msf
The structure is saved and the textport reads:

The old structure is renamed water.msf,002
. Display the brick map as a graphical object.

When the calculation of the brick map is completed, a dialog box
reguests a name for the map graphical object.
Enter the name:

electrol
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Click the OK button and a dialog box opens for attaching the graphical
object to an MSF. Select the scrolling-list entry:
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Click the OK bhutton. A dialog box offers options for selecting which
area of the brick map to display.

Select the option:
All of the map displayed

Click the OK button and a dialog box asks for the number of contour
levels to map.

Enter the value:
Enter theinteger: 1

Click the OK button and a dialog box offers options for specifying the
values and colors for each contour level.

Enter the level values:

1st contour level: -50

Enter the color numbers:

1st contour color: 12

Click the OK button. The brick map is displayed with electrostatic
interactions in contours of light blue.

3. Deletethebrick map object.

In the Object Management Table, toggle the Delete cell of the electrol
object listing from no to yes. The surface is deleted from the viewing
area, but the file electrol.mbk is not deleted.

Table 32. Molecular probeinteraction options

Option Description

Wait for Calcula- Runsthe probeinteraction calculation in the foreground. No other operations
tion to Complete are performed until the surface is calcul ated.

Don’'t Wait; Run  Runsthe probeinteraction calculation in the background. Modeling tasks can
in Background be performed whilethe surfaceisbeing calculated. Show Statusinthe Cal-
culate menu makesit possible to determine when the job is done. Create

Objectsin the Draw menu displays the surface when the calculation is

completed.
Calculation
van der WaalsCal- Includes only the van der Waals term when calculating the energy.
culation
Electrostatics Cal- Includes only the el ectrostatics term when the energy is cal culated.
culation
van der Waals+  Includes both the van der Waals term and el ectrostatics terms when calcul at-
Electrostatics ing the energy.
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Table 32. Molecular probeinteraction options (Continued)

Option Description

Use Distance Modifies and uses the dielectric “constant” as a function of distance.
Dependent
Dielectric

Probe Tumble Specifies the tumble increment parameters for the probe.
Increment

Box Dimensions  Specifiesthe length of each side of the square sampling box.
(Angstroms)

Grid Size(Ang-  Specifies the mesh size used when generating the brick map. The default
stroms) value, 0.5 A, is appropriate for small molecules. Larger molecules may

require alarger mesh size (2.0 A).

Maximum Energy Setsthe maximum energy vaue. Any calcul ated energiesthat aregreater than
the maximum energy are set to thisvalue.

Minimum Energy Setstheminimum energy value. Any calculated energiesthat arelessthan the
minimum energy are set to this value.

Center on an Atom Specifies an atom position as the center of the sampling box used in the cal-
culation. A dialog box is displayed, enabling the selection of the atom.

Center at a Coor- Specifiesa coordinate location as the center of the sampling box used in the
dinate calculation. A dialog box opens for specifying the coordinate |ocation.

Managing maps

The Maps Management table provides an interface to the general-purpose
volume visualization capabilities of QUANTA. 3D volume information is
stored in brick maps, which are used for storing el ectron density, molecul ar
probe maps, volumes, electrostatic potential, and molecular surface infor-
mation generated within QUANTA. In addition, the maps can be generated
by external programs for display within QUANTA. The molecular or vol-
ume properties that these maps contain are displayed within QUANTA as
chicken-wire contours or solid surfaces.

The Maps Management table is available in any application in QUANTA
and provides a spreadsheet-like interface to tools that manage and display
the 3D information held in QUANTA brick map files. Its display can be
turned on or off using the M ap Table pull-right menu on the Draw menu.
These tools convert map formats to QUANTA-compatible brick maps and
define active maps, contour levelsand display styles. Additional tools save
and retrieve the contents of brick map display listsand purge the brick map
database of undisplayed bricks to reduce memory requirements.
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Thefollowing figure shows the Maps Management table. The table hasthe
following components:
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* Itsown menu bar of commands (A on the figure).

« Anedit line in which the contents of the currently selected cell isdis-
played (B on the figure).

¢ A column heading line (C on the figure).

P Maps Contour Utils
85T C11 (Fead Orly]: .0 ok
Map Display Level 1 Level ? - C

...0_fc.mbk Yes . 0.00 | < D

Some tools available on the Maps Management table are not relevant
within X-LIGAND, X-SOLVATE, X-AUTOFIT, X-POWERFIT, and X-
BUILD. These applicationsautomatically control the map display; changes
to some general map options can interfere with the tools' use of the maps,
with serious detriment to speed and results. Please refer to the X-Ray Sruc-
ture Analysis User’s Guide for further detailsif you use these applications.

Generating an electrostatic potential energy
surface

The Electrostatics selection in the Calculate menu provides the ability to
calculate and display an electrostatic potential energy surface on amole-
culein either:

» 3D surface mode.
« 2D isoenergetic contour plot mode.

The electrostatic potential can be calculated using partial atomic charges
obtained from a previous CHARMmM calculation or with the VSS method
based on the work of Giessner—Prettre and Pullman. (See Method 11
described in citation 6 in the References section of this chapter.) 3D poten-
tials can be displayed as a grid map or a dot matrix.
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On the electrostatic potential grid map, large negative potential contours
correspond to very electronegative regions on the van der Waals surface
and appear where negative partial atomic charges control the electrostatic
potential. Regions corresponding to positive electrostatic potential occur
where the resulting charge is positive. A color-coded scale of electrostatic
potential islisted in the lower-right corner of the viewing area. The color
display scale can be adjusted to fit the data for the displayed structure.

A dot matrix display uses dots to outline the van der Waals surface. Color
may also be used to display areas of relative electronegativity or positivity.

Calculating and displaying an electrostatic potential grid
map

Complete the following exercise to build the structure cyclohexanol and
then generate an electrostatic grid map for it:

1. Create cyclohexanol using ChemNote.

Display the Applications menu, select Builders, and then select 2D
Sketcher from the pull-right menu that opens. In the ChemNote win-
dow, sketch the structure cyclohexanol, using appropriate bond, ring,
and atom selections. If you have never used ChemNote, complete the
exercises in Chapter 1 to become familiar with its operations.

2. Return the cyclohexanol structureto Molecular Modeling.
Display the ChemNote File menu and select Return to Molecular

Modeling. A dialog box asks if the changes should be saved.

Click the Yes button. In the File Librarian dialog box that opens, enter
the text:

cyclohexanol

Click the Save button. The ChemNote window is removed from the
screen, and a dialog box offers options for displayed M SFs.

Select the option:

Use the new molecule cyclohexanol.msf only

using

Click the OK button and the structure is displayed in the viewing area.
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Rotate the structure to visualize the orientation of the hydroxy! hydro-
gen relative to the ring atoms.

3. Movethehydroxyl hydrogen.
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From the M odeling palette, select Torsions. The Select Tor sions pal-
ette is displayed and the message line reads:

Pick 1st atom defining torsions or pick FINISH to continue
Pick the carbon atom attached to the oxygen and the message line reads:
Pick 2nd atom defining torsions or pick FINISH to continue

Pick the oxygen atom as the second atom involved in the torsional rota-
tion and the message line reads:

Pick 3rd atom defining torsions or pick FINISH to continue

From the Select Torsions palette, select Finish.

Dial Set 3isdisplayed in the Dial Emulator. Use the Torsion 1 dial to
rotate the hydroxyl hydrogen to a position in which it istrans (180°) to
the hydrogen on the carbon that is attached to the hydroxyl oxygen.
Ignore the numbers in the lower left of the viewing area.

. Savethetorsion changes.

From the Modeling palette, select Save Changes. A dialog box offers
options to save the new coordinates of cyclohexanol.msf.

Select the option:
Overwrite cyclohexanol.msf

Click the OK button and the coordinates are saved.

. Minimizethestructure.

Display the CHARMm menu and select Minimization Options. A
dialog box offers minimization setup options.
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Generating an electrostatic potential energy surface
Select the option:
Newton Raphson
Enter the values:

Number of Minimization Seps: 15
Coordinate Update Frequency: 1
Energy Gradient Tolerance: 0.000001
Energy Value Tolerance: O

Initial Setup Size: 0.02

Sep Value Tolerance: 0

Click the OK button and the new minimization parameters are estab-
lished.

From the Modeling palette, sslect CHARMmM Minimization. The
CHARMM calculation is begun and stops when the rms forceisless
than 0.000001.

. Save the minimization changes.

From the Modeling palette and select Save Changes. A dialog box
offers the option to save the new coordinates of cyclohexanol.msf.
Select the option:

Overwrite cyclohexanol.msf

Click the OK button and the minimized coordinates are saved.
. Calculate electrostatic potential.

Display the Calculate menu and select Electrostatic. From the pull-
right menu, select Potential and the Calculate Electrostatic Potential
palette is displayed.

Select Calculate 3D Surface, Calculate from Partial Charges, and
3D Surface Parameters.

From the Setup 3-D Surface Parameters dialog box, select the default
options:

(7]
Reentrant o)
Solvent Probe Radius: 1.4 g =
Medium g g_
Big Dots o
(@))

Grid Contour Mesh
Click the OK button.
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8. Run electrostatic potential.

Fromthe Calculate Electrostatic Potential pal ette, select Run and Wait.
Inthe File Librarian dialog box that opens, enter the text:

3dcyclo

Click the Save button. The electrostatics cal culation starts and the cur-
sor changesto awatch. You can follow the cal culation status in the tex-
tport. When the calculation is completed, the cursor returnsto an arrow.

. Display theresults.

From the Calculate Electrostatic Potential palette, select Display
Results. The Display Potentials palette and aFile Librarian dialog box
are displayed.

From the File Librarian, select the 3dcyclo.epo file and then click the
Open button.

From the Display Potentials palette, select Show 1-M olecule Potential
and adialog box opens for entering an object label.

Enter the name:
potential 1

and click the OK button. A grid map appearsin colors described in the
color scalein the lower-right corner of the viewing area. The colors
indicate the potential near the surface of the molecule.

The Object Management Table opens listing the object, potential 1, and
its status.

10.Reset the contour scale.

In the Display Potentials palette, select Set Contour Levelsand adia
log box openswith aset of eight Potential Value dataentry fields. The
minimum and maximum potential values (in units of kcal/mol) for the
simulation are reported at thetop of the dialog box. These values can be
used to create more realistic contour values.

Referring to the values at the top of the box, enter the value for theMin-
imum Value of Potential in the Potential Value 1 data entry field.

Enter the value for the M aximum Value of Potential in the Potential
Value 8 dataentry field. These are the upper and lower limits for the
potentials of the electrostatic field for cyclohexanol in this calcul ation.

Click the Auto Scale button. The valuesin the Potential Value 2
through Potential Value 7 boxes are automatically incremented
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Generating an electrostatic potential energy surface

between the minimum and maximum potential values that you enter.
You can aso set values 2 through 7 manually.

Click the OK button to display the contours using the new values.

From the Display Potentials palette, select Finish. The Display Poten-
tials paletteis closed and the Cal cul ate Electrostatic Potentials paletteis
redisplayed.

Calculating and displaying an electrostatic potential dot
surface

The electrostatic potential can also be displayed as a dot surface. The dot
surface electrostatic potential is calculated and displayed in the same man-
ner as the electrostatic potentia grid map.

Complete the following exercise to display a dot surface electrostatic
potential for cyclohexanol.

1. Set up adot surface electrostatic potential.

Display the Calculate Electrostatic Potentials palette.

Select Calculate 3D Surface, Calculate from Partial Charges, and
3D Surface Parameters.

In the Setup 3-D Surface Parameters dialog box that opens, select the
option:

Reentrant

Enter the value:

Solvent Probe Radius: 1.4

To specify density points, select the option:
Medium

To specify surface representation, select the option:
Dot Surface

To specify the type of dot symbol, select the option:
Big dots

Click the OK button.
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2. Run the electrostatic potential.
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6. Using Graphical Objects

Fromthe Calculate Electrostatic Potential pal ette, select Run and Wait.
Inthe File Librarian dialog box that opens, enter the text:

points

Click the Save button. The electrostatics cal culation starts and the cur-
sor changesto awatch. You can view the calculation status in the text-
port. When the calculation is completed, the cursor returnsto an arrow.

. Display Results.

From the Calculate Electrostatic Potential palette, select Display
Results. The Display Potentials palette and aFile Librarian dialog box
are displayed.

Select the points.epo file from the File Librarian and then click the
Open button.

Fromthe Display Potential s pal ette, select Show 1-M olecule Potential.
In the dialog box that opensfor entering an object label, enter the name:

potential2

and click the OK button. A dot surface appearsin several colors over
the cyclohexanol structure. A color-coded potential values scale (in
kcal/mol) is displayed in the lower-right corner of the viewing area.

. Reset the contour scale.

In the Display Potentials palette, select Set Contour Levels. A dialog
box offersaset of eight Potential Value dataentry fields. Theminimum
and maximum potential values (in units of kcal/mol) for the simulation
arereported at thetop of the dialog box. These values can be used to cre-
ate more realistic contour values.

For example:

Enter the value for the Minimum Value of Potential in the Potential
Value 1 dataentry field. Enter the value for the Maximum Value of
Potential inthePotential Value 8 dataentry field. Click the Auto Scale
button:

Click the OK button to display the contours using the new values.

. Hidethe point map.

From the Display Potentials palette select Finish. The Display Poten-
tials palette is replaced by the Calcul ate Electrostatic Potential palette.
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Select the Displayed column for potential 2 in the Object Management
Table. The dot surface is removed from the viewing area. Objects
potential 1 and potential 2 are both hidden but still attached to the cyclo-
hexanol structure.

Calculating and displaying an isoenergy 2D contour plots

A 2D isoenergetic contour plot can be calculated and displayed using a
method similar to that for generating grid maps and dot surfaces.

Completethefollowing exerciseto cal culate and display thistype of object.
1. Set up a 2D contour plot for cyclohexanal.

From the Cal cul ate Electrostatic Potential palette, select Calculate 2-D
slice, Calculate from Partial Charges, and Define Plane.

The message line prompts you to pick three atoms in the molecule to
define the plane of interest:

Pick one atom — other input disabled. Pick three atoms
to define plane.

From the Select palette, select the cyclohexanol atoms 1, 2, and 3, as
indicated in the figure below. When the third atom is selected, the struc-
tureis reoriented so the selected planeis parallel to the screen. The
Select palette is removed from the screen.

2

TN

2. Definethe zero plane.

From the Calculate Electrostatic Potential palette, select Run and
Wait. A box requests that you specify the atom upon which the zero
plane will be defined.
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Click the I nteractive button and the message line reads:
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Pick one atom — pick any palette tool to quit.
Pick atom instead of typing.

Pick one atom to define the center of the plane. When you make your
pick, aFileLibrarian dialog box requeststhe namefor anew output file.
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Enter the text:
2dpartial

Click the OK button and the calculation proceeds. The cursor appears
as an arrow to awatch until the calculation is complete.

. Display theresults.

Select Display Results from the Calcul ate Electrostatic Potential pal-
ette and a File Librarian dialog box opens.

Select the file 2dpartial .epo and click the Open button. A dialog box
asks you to save or reject the current model. Select Save.

From the Calculate Electrostatic Potential palette, select Show 1-Mole-
cule Potential. In the File Librarian dialog box that opens, enter the
name potential3 and click the OK button. A 2D contour plot appears
in several colors. A color-coded potential values scale (in units of kcal/
mol) isdisplayed in the lower-right corner of the viewing area.

. Reset the contour scale.

In the Display Potentials palette, select Set Contour Levels. A dialog
box offersaset of eight Potential Value dataentry fields. The minimum
and maximum potential values (in units of kcal/mol) for the simulation
arereported at thetop of the dialog box. These values can be used to cre-
ate more realistic contour values.

In the Potential Value 1 data entry field, enter the value for the Mini-
mum Value of Potential. In the Potential Value 8 data entry field,
enter the value for the Maximum Value of Potential. Click the Auto
Scale button.

Click the OK button to display the contours using the new values.

. Hide the 2D contour plot object.

From the Display Potentials palette select Finish. The Display Poten-
tials palette is replaced by the Calculate Electrostatic Potential palette.

Select the Display column for 2dpartial in the Object Management
Table. The text changes from no to yes and the 2D contour plot is
removed from the viewing area. No objects are displayed with cyclo-
hexanol.
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Generating an electrostatic field

Electrostatic field calculations are performed using the fieldcalc program
developed by F. Blaney. The electrostatic field is calculated using essen-
tially the same procedure as employed for the electrostatic potential. The
calculated field is shown as colored arrows.

Complete thefollowing exercise to become familiar with the procedure for
calculating and displaying an electrostatic field.
1. Set up an electrostatic field calculation.
Display the Calculate menu and select Electrostatic. From the pull-
right menu that opens, select Field.

From the Calculate Electrostatic Field palette, select Calculate 2-D
Slice, Calculate from Partial Char ges, and Define Plane.

The message line prompts you to select the three atoms that define the
plane on which the electrostatic field is displayed:

Pick one atom — other input disabled. Pick three atoms
to define plane.

2

AN

From the Select palette that is displayed, select the cyclohexanol atoms
1, 2, and 3, asindicated in the figure above. When the third atomis
selected, the structureisreoriented so the selected planeisparallel tothe
screen. The Select palette is removed from the screen.

2. Definethe zero plane.

From the Calcul ate Electrostatic Field palette, select Run and Wait. A
dialog box requeststhat you specify the atom upon which the zero plane
will be defined.

Click the I nteractive button and the message line reads:
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Pick one atom — pick any palette tool to quit.
Pick atom instead of typing.
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Pick one atom to define the center of the plane, and aFile Librarian dia
log box requests the name for a new output file.

Enter the text:
2dfield
Click the Save button.

. Display theresults.

When the calculation is complete, select Display Results from the Cal-
culate Electrostatic Field palette. In the File Librarian dialog box that
opens, select the file 2dfield.efo and click the Open button. A dialog
box asks you to save or reject the current model.

Select Save and the Display Field palette allows you to modify vector
arrow size and exclude small vectors to simplify the plot.

Select Display Field. Inthe File Librarian dialog box that opens, enter
thenamefield1 and click the OK button. A vector field of arrows of dif-
ferent size, color, and direction are displayed. Larger arrows indicate
greater field magnitudes, with a blue arrow indicating a negative field
and ared arrow indicating a positive field.

From the Display Field palette, select Finish. From the Calculate Elec-
trostatic Field palette, select Finish. The Modeling palette is displayed.

. Delete all objects.

Select thetitle cell for the Delete column in the Object Management
Table. Thevector field isremoved from the viewing areaand all objects
are deleted from the Object Management Table. The table closes.

Generating and displaying hydrogen bonds

Although hydrogen bonds are generated and displayed like the graphical
objects discussed in other sections of this chapter, hydrogen bonds are han-
dled quite differently.

The hydrogen bond function searches a displayed structure for possible
hydrogen bonds and monitors the interaction of amolecular structure with
asubstrate. Inthe QUANTA Calculate menu, Hydrogen Bond calculates
and displays hydrogen bonds any time the structure is changed. The pres-
enceor absence of ahydrogen bond isevaluated by whether the prospective
atoms meet defined distance and angle criteria.
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Generating and displaying hydrogen bonds

In the Modeling palette, Hydrogen Bond performs a one-time calculation
of hydrogen bonds for the displayed structure and displays the results.
Hydrogen bonds are indicated by dashed white lines between the involved
atoms.

The hydrogen bond function relies on information in the atom parameter
filethat indicates whether aparticul ar type of atomisapotential hydrogen
bond donor or acceptor. The parameter file contains a hydrogen bond col-
umn for each atom type, consisting of one of four letters that indicate the
hydrogen-bonding capability of a particular atom type. The letters are:

» D for donor

e A for acceptor

« Efor either donor or acceptor

« N for neither donor or acceptor

A polar hydrogen atomisflagged asadonor. When hydrogen atoms are not
included in atom data files, atoms attached to polar hydrogen atoms are
flagged as donors.

In checking hydrogen bond geometry, the hydrogen bond function consid-
ersthe donor and acceptor atoms as well as the atoms bonded to the donor
and acceptor. Criteria used in checking geometry are:

» The separation of the two hydrogen bonding atoms must be less than a
specified limit.

» The angles between groups of three atoms must be greater than a spec-
ified limit.

Thelimit values can belisted and changed using Bond Optionsin the Edit

menu. Parameters are designated as: d1don, d2don, d1hyd, d2hyd, angld,
angla, and anglh.

The default values for these parameters are shown in Table 33.

Table 33. Default valuesfor hydrogen bond

parameters

Distance Angle
dlhyd=25 angla=90°
d2hyd =3.0 anglh = 90°
dldon=3.3 angld = 90°
d2don=4.0 angld =90°
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6. Using Graphical Objects

The distance criteriafor d2don and d2hyd are greater than for d1don and
dlhyd. These criteriaare used as the limit for near- hydrogen bonds to be
listed to afile. Near-hydrogen bonds are potential hydrogen bonds that do
not satisfy the strict criteriato be hydrogen bonds, but have appropriate
chemical groups sufficiently close to the distance and angle limitsto be
considered possible hydrogen bonds. The d2don parameter is used in the
same situation as d1don.

The default parameters used in QUANTA are based on the results of the
analysis of hydrogen bonding in proteins. See citation 5 in the Reference
section at the end of this chapter.

All hydrogen bonds, including near-hydrogen bonds and changesin
defaults, can be displayed on screen and listed to afile. In thefile,
QUANTA liststhe atoms used in calculating the hydrogen bond geometry,
the angles (see angl 123 and angl 234 in the figure below), and distances
(see d23 below). If al atom are not defined, some angles and distances are

not calcul ated.
- — - d23 - — — >
A A,
angl 123 angl 234
1 4

Various situations are possible for hydrogen bonding. For example, the
atoms attached to a donor or acceptor may not be defined. The next figure
illustrates several situations where hydrogen bonding may occur.

In thisfigure, atoms are labeled:

* H for hydrogen atoms

« D for non-hydrogen atom donors
» A for acceptors

» X for atoms bonded to donor

» Y for atoms bonded to acceptor

The interatomic distances and angles that are calculated in the geometry
checking are indicated and labeled with the name of the limiting value.
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Case 1 H anvd A
asel 0 o H -——=—X__
N N Ty
D anglh 9
D dldon A
Case2 /\/4 M v
X angld angla
D dldon A
co e
angla Y
o _didon
Case4
T
d1hyd
H ______
Case5 /‘/4
D anglh
Case6 D-— 1P A

In Cases 1 and 2, four atoms define the geometry. In Case 1, the hydrogen
atom isdefined. In Case 2, it isnot. In both these cases, adistance criterion
and two angle criteria are applied.

In Cases 3 through 5, three atoms define the hydrogen bond geometry.
Therefore, only one bond angle criterion can be applied.

In Case 6, only two atoms are defined. Therefore, only the distance crite-
rion can be applied.

Complete the following exerciseto become familiar with proceduresto cal-
culate, display, and save hydrogen bonds. Bond angle and distance criteria
are changed, which changes the number of hydrogen bonds cal cul ated.
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Use mypeptide.msf for this exercise. The structure was constructed in the
section, Creating a Peptide, in Chapter 4. If you did not complete this sec-
tion, do so before proceeding.
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1. Open mypeptide.msf.

Display the File menu and select Open. Inthe Open MSF FileLibrarian
dialog box that opens, select mypeptide.msf from the scrolling list.

Select the option:
Replace
Click the Open button to display the structure in the viewing area.

. Sart the Hydrogen Bonds application.

Display the Calculate menu and select Hydrogen Bonds. The Hydro-
gen Bonds palette is displayed. See Table 33 for alist of the selections
in this palette and a brief description of each.

. Set the hydrogen bond parameters.

From the Hydrogen Bonds pal ette, select Set Parameter s. Inthe Set up
hbond parameters dialog box that opens, enter the values:

Max distance between hydrogen atom and acceptor: 2.5
Asabove but for “near” hydrogen bonds: 3.0

M ax distance between atom bearing hydrogen and acceptor: 3.3
Asabove but for “near” hydrogen bonds: 4.0

Minimum angle at the acceptor: 90.0

Minimum angle at the hydrogen: 90.0

Minimum angle at the atom bearing the hydrogen: 90.0

Click the OK button.

. Calculate and display hydrogen bonds.

From the Hydrogen Bonds palette, select Calculate Hbonds. Dashed
white lines connect atoms that are calculated to meet the default dis-
tance and geometry criteria set up in the hbond parameters dialog box.
Show Hbonds is automatically selected.

. Hide hydrogen bonds.

From the Hydrogen Bonds palette, select Show Hbonds to turn it off.
The dashed lines disappear and the selection is no longer highlighted.

. Writethelist of hydrogen bondsto afile.

From the Hydrogen Bonds palette, select List to File. A FileLibrarian
dialog box prompts you for afilename. Enter the name: mypeptide.
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DONOR

SEG RES
ATPP ILE
ATPP ILE
ATPP VAL
&ATPP VAL
&ATPP TYR

Generating and displaying hydrogen bonds

Click the Save button and adialog box asksfor atitlefor the hbond file.
Click the OK button to indicate there isno title for thisfile. The hydro-
gen bond information is stored in mypeptide.hbo.

Thelist of hydrogen bonds is written out to an ASCII file:

ACCEPTOR

ATOM2 ATOM3 ATOMA4 RES SEG Al123 D23  A234 ACON DON  AHNO
16 HT2 143 © 143 ¢ ASN ATPP 132.9 2.06 140.2 128.6 2.87 31.7 |
16 HT3 194 OD1 194 CG ASP ATPP 127.6 1.85 106.3 123.4 2.61 34.1 |
17 H 189 O 189 C ASP ATPP 149.0 1.96 164.9 170.7 2.88 20.5 |
27 N 717 O HOH ESOL 140.0 2.84 0.00 S|S

29 OH 499 © HOH ESOL 115.2 2.85 0.00 S|s

Each line of thisfile reportsadifferent hydrogen bond. The atomsdefining
the donor are listed first, followed by the acceptor atom(s).

The columns are labelled as:

An & symbol in column 3 signifies that the hydrogen bond isin the
“near” list.

SEG - the segment name of the donor atom.

RES - the residue name of the donor atom.

ATOM1 - the name of the connecting atom in the donor group (Atom 1).
ATOM2 - the name of the donor atom in the donor group (Atom 2.)
ATOM 3 - the name of the acceptor atom in the acceptor group (Atom 3).

ATOMA4 - the name of the connecting atom in the acceptor group (Atom
4). (Atom 4 isnot present for hydrogen bondsto waters). (Atom Lisnot
present for hydrogen bonds from waters).

RES - the residue name of the acceptor atom.

SEG - the segment name of the acceptor atom,

A123 - the angle made between Atom1-Atom2-Atom3,
D23 - the distance between Atom2-Atom3,

A234 - the angle made between Atom2-Atom3-Atom4,

ACON - the angle made between Carbon, Nitrogen and Oxygen when
they are in the Hbond (thisis an additional measure emulating no-
hydrogens on the protein).

DON - the distance between the oxygen and nitrogen (equivalent to
ACON).
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AHNO - the angle between the hydrogen, nitrogen and oxygenin a
hydrogen bond.

The remaining symbolsindicate whether the donor/acceptor are symmetry
generated (S) or not ().
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7. Display the hydrogen bond list on screen.

From the Hydrogen Bond palette, select List to Screen. The hydrogen
bonds that meet the default criteria are reported in the textport.

8. Change the hydrogen bond parameters and recalculate.
From the Hydrogen Bonds palette, select Set Parameters. In the Set up

hbond parameters dialog box, enter the values:

Max Distance between hydrogen atom and acceptor: 2.1
Minimum angle at the acceptor (Min 0 Max 180): 105

Leave all other parameters at their default values.

Click the OK button.

From the Hydrogen Bonds palette, select Calculate Hbond and the hydro-
gen bonds are recal culated.

9. Display the new hydrogen bond list on the screen.

From the Hydrogen Bonds palette, select List to Screen. Fewer hydrogen
bonds are calculated as aresult of tightening the distance and geometry cri-
teria.

10.Exit Hydrogen Bonds.
From the Hydrogen Bonds pal ette, select Finish and adial og box asks how
the hydrogen bonds should be used.
Select the option:
No further hydrogen bond calculation

Click the OK button. The Hydrogen Bonds palette is removed from the
screen, and the Modeling palette is redisplayed. Hydrogen Bondsis auto-
matically selected in the Modeling palette, and the hydrogen bonds con-
tinue to be displayed.

From the Modeling pal ette, select Hydr ogen Bond. The selectionisturned
off and the hydrogen bonds are del eted.

Applying settings to other structures

When you have established parameters, they can be applied to any structure
by selecting Hydrogen Bondsin the Modeling palette.
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Complete thefollowing exercise to apply the hydrogen bond parametersto
adifferent structure. The M SF newpeptide.msf was created by modifying
the structure in the Selecting Active Atoms section of Chapter 2in QUANTA
Basic Operations. If you did not complete this exercise, do so before pro-
ceeding.

1. Open thenew structure, newpeptide.msf.

Display the File menu and select Open. Inthe File Librarian dialog box
that opens, select newpeptide.msf from the scrolling list. Select
Replace and then select Open to display the structure in the viewing
area.

2. Calculatethe hydrogen bonds.

From the Modeling palette, select Hydrogen Bonds and the hydrogen
bonds are calculated using the last specified parameters. The hydrogen
bonds are displayed. See Table 34 for alist of the options and a brief
description of each.

Select Hydrogen Bonds again to turn it off. The hydrogen bonds are
deleted and Hydrogen Bondsis no longer highlighted.

Table 34. Hydrogen Bond palette

Selection

Description

Show Hbonds Togglesthe display of the hydrogen bonds (default ison). Has the same effect as

Calculate
Hbonds

the Hydrogen Bonds option in the Manage Display dialog box.

Calculates hydrogen bonds using the parameters and selection sets currently
defined. If Show Bondsiis selected, the bonds are displayed.

Edit Selection Allows you to search for hydrogen bondsin alimited portion of the selected

Include
“Near” Hb

structure. Two sets of atoms can be defined. (The second set can be same asthe
first.) The setsare used in displaying and listing hydrogen bondsand remainin
effect for the current QUANTA session only.

Toggles the inclusion of the near-hydrogen bonds in the list of hydrogen bonds.
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6. Using Graphical Objects
Table 34. Hydrogen Bond palette (Continued)

Selection

Description

Inter/Intra
Hbonds

Set Parame-
ters

List to File

Opensadial og box offering optionsto exclude either intermolecular, intramol ec-
ular, intersegment, or intrasegment bonds.

Setsthe parametersto define hydrogen bonds. Parameters are used to display and
list hydrogen bonds and are retained for future sessions until edited.

Bonds are listed to file (prompts for filename).

List to Screen  Bondslisted to textport.

Finish

Provides three options for finishing:
1. No further hydrogen bond cal culation.
2. No further calculation, delete displayed hydrogen bonds.
3. Update hydrogen bonds when structure is updated.
If option 3 isselected, the displayed hydrogen bonds are updated when Tor sions
or Move Fragment is active in the Modeling palette

Summary

Graphical objects are displayed in relation to but separate from the struc-
tures on which they are based. Although each object is arepresentation of
data related to a structure, it is not part of the MSF. However, using the
Object Management Table, you may attach an object to an MSF so that it
can be moved and deleted with the structure. The Object Management
Table also provides object display, naming, and deletion options. Each
graphical object isuniquely identified so that you can manage it throughout
aQUANTA session.

Some objects, such as ribbons and grid contour meshes, are generated
within QUANTA. Other objects, such as brick maps, Connolly solvent sur-
faces, and 3D vectors, are generated from results of cal culations outside of
QUANTA.

Although hydrogen bonds are optionally generated and displayed the same
asthe graphical objectsdiscussed in this chapter, they are handled quite dif-
ferently. The hydrogen bond function searches a displayed structure for
possible hydrogen bonds and monitors the interaction of amolecular struc-
ture with a substrate. In the QUANTA Calculate menu, Hydrogen Bond
calculates and displays hydrogen bonds any time the structure is changed.
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6. Using Graphica Objects
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7. Generating Visual Representations

This chapter describes several mechanisms for displaying and studying
structures as solid models. Read this chapter to become familiar with the
options for visual representation of your structures.

Some of the visual representations can be manipulated as objectsin
QUANTA (solid models), some are for display purposes only (raster and
raytrace images), and some can be printed as hardcopy (artist plots).

Rendering solid models

Solid Models in the Draw menu of the main menu bar provides a number
of rendering styles for creating space-filling models. Depending on your
workstation, you can display solid models in the viewing area of the Mol-
ecule window or in a separate Solid Model window that opens when you
make a solid model selection. Displaying solid modelsin the viewing area
reguires RGB graphics. Machines with color map graphics use the Solid
Model window. The interface for generating solid models is the same for
both display mechanisms.

Solid modelsgenerated in the viewing area are treated as graphical objects.
When asolid model is selected, the Object Management Tableisdisplayed,
listing the model as an object. Only one solid model object can be applied
to astructure at atime, but several objects (with different names) can be
simultaneously displayed.

Different rendering styles can be used in different parts of the structure.
Different rendering styles also can be applied to different structures dis-
played at the same time, but stored in separate M SFs. For more general
information about manipulating and displaying graphical objects, see
Chapter 6.

Therendering stylesavailablein the Solid M odel s pull-right menu include:
« Ball and stick figures

e van der Waalsfigures.

e Liquorice models.

» Cartoon models.

Table 35 lists and briefly describes all the selections on the Solid M odels
pull-right menu.
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7. Generating Visual Representations

Table 35. Solid Models pull-right menu

Selection

Description

Selection Tools
Protein Cartoon

Van der Waals
Spheres

Ball and Stick

Liquorice Bonds

Opensthe Solid Display and Solid Schemes and Utilities palettes.

Generates a schematic model for proteins. Protein molecules must have sec-
ondary structures defined.

Generates amodel where atoms are represented by sphereswith radii propor-
tional to the van der Waals radius listed for the atom type in the parameter
filethat is automatically read in at the start of each Quanta session.

Generates amodel where atoms are represented by spheres and bonds by cyl-
inders. Theradius of the sphere is defined by the plotting radius listed for
that atom type in the parameter file that is automatically read in at the start
of each Quanta session. The bond thicknessis defined by the thin bond
specification also contained in the dialog box.

Generates amodel where bonds are represented by cylinders, with the thick-
ness defined by the thickness of liquorice bonds specification (also con-
tained in this dialog box).

Redraw Model  Redraws model with any changes applied.

Settings Opensadialog box allowing solid model parametersto be changed. Same as
the Parameter s selection in the Solid Schemes and Utilities pal ette.

Translucency Opens adialog box for setti ng translucency of solid models.

Additional modeling choices are available in the Solid Schemes and Utili-
ties palette, opened when you select Selection Tools from the Solid M od-
elspull-right menu. The Solid Display paletteisalso opened. Tables 36 and
37 list the selections on these palettes and provide a brief description of

each.

Table 36. Solid Display palette

Selection Description

All MSFs Display selections affect all MSFslisted in the Molecule Manage-
ment Table.

OneMSF... Display selections affect specified atoms contained in the specified
MSF.

Apply to All MSFs
All Atoms

Copies selection commands to all active structures.
Selects all atomsin the structure.

All Non-hydrogen Atoms  Selects only the nonhydrogen atomsin the structure.

Solvent Selects all residues of type: WAT, HOH, TIP, TIP3, SOL, SOLV,
ST2, NON, H20, TIP4.
Alpha-Carbon Atoms Selects only protein a pha-carbon atoms.
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Rendering solid models

Table 36. Solid Display palette (Continued)

Selection

Description

Protein Backbone
Protein Sidechain
Nucleic Acid Backbone
Nucleic Acid Sidechain
Residue Range...

Residue Types...
Atom Types
Pick Molecule
Pick Segment

Pick Residue

Pick Residue Range
Pick Atom
Proximity Tools
Typein a Selection
Undo

Clear
Revert

Quit

Finish

Selects only protein backbone atoms.

Selects only protein sidechain atoms.

Selects only nucleic acid backbone atoms.

Selects only nucleic acid sidechain atoms.

A residuerangeis selected for display by completing information
in adialog box. The selection process may be repeated.

Residue types are selected for display by completing information
in adialog box. The selection process may be repeated.

Atom types are selected for display by completing informationina
dialog box. The selection process may be repeated.

One molecular structureis picked for display using the mouse

A segment in amolecular structure is picked using the mouse. All
atoms in the segment are selected for display. The process may
be repeated.

A residuein amolecular structureis picked using the mouse. The
atoms are selected for display. The selection process may be
repeated.

A residue range is picked using the mouse. All atomsin the range
are selected for display.

An atomin amolecular structure is picked using the mouse. The
selection process may be repeated.

Opens the Proximity Tools palette, which has selections for dis-
playing nearby portions of a structure.

Selection commands for picking portions of a structure can be
typed into a dialog box.

Returns the display selection to the state before the previous selec-
tion.

Deletes all selections.

Returns the display selection to the state when the function was
first entered.

Returnsthedisplay to the atoms contained in the original selection,
and exits the pal ette without saving.

Displays the atoms contained in the new selection, and exits the
palette.

Manipulating solid models

When a solid model is displayed in the QUANTA viewing area, the model
can be manipulated using the techniquesthat you usefor any structure. For
example, you can perform global transformations using dials on the Dial
Emulator or the mouse and keyboard.
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7. Generating Visual Representations
Table 37. Solid Schemes and Utilities palette

Selection Description

Nothing No solid model is selected or applied.

Stick Renders subsequently selected atoms using a stick model. Standard default
display

Ball and Stick Renders subsequently selected atoms using a color-coded ball and stick
model.

Liquorice Renders subsequently selected atoms using a liquorice model.

VDW Renders subsequently selected atoms as spheres with radii proportional to
the van der Waalsradii in the atom type parameter file.

Sheet Renders subsequently selected atomsin a protein using athick ribbon
model of protein backbone.

Ribbon Renders a designated portion of a molecule using athin ribbon model.

Helix Renders a helical portion of a molecule using athick ribbon model.

Cylinder Displays a cylinder through the helical portion of a molecule

Secondary Struc-  Applies secondary structure to a protein molecule.

ture

Parameters Opens adialog box allowing changesin solid model parameters. Same as
Settings selectionsin the Solid M odel menu.

Translucency Opens adialog box for setting translucency of solid models.

File and Edit Options

Read Selection Reads commands from file.ssd and updates the viewing area to reflect the

Commands new set of commands.
Append Selection  Appends the current .sol with a set of commands from another file, file.ssd
Commands f and updates the viewing area to reflect the new combined set of com-
mands.
Save Selection Saves the current set of commands to a new file.ssd. Only available when
Commands One M SF is selected in the Display Atoms palette. Selections can be

saved for only one MSF at atime.

List Selection Com- Displays the current selection commands in the textport.
mands
Edit File Manually Allowsa.dsf file to be manually edited. A new window is opened which
uses the vi editor for editing the file®.

Help on Commands Provides alist in the textport of display selection commands that can be
used from the keyboard. Each entry includes a short example.

2You can change the default editor by using the UNIX setenv command before QUANTA isstarted. The
syntax is: setenv EDITOR name_of _text_editor.

When you move a structure to which you have attached an object, the
object, by default, is hidden during the movement. This helps speed up
manipulation, particularly of complex molecules.
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Using the Solid Model window

If you want to the object to be visible throughout the manipulation, open
the Preferences menu, select Suppress Objects, then select Off from the
pull-right menu that opens. All objectswill be displayed during movement
of the structure until you change the preference.

Using the Solid Model window

Solid model display in the viewing area requires that a machine use RGB
graphics. Machines with color map graphics use the Solid Model window.
The interface for generating solid modelsis essentially the same for both
display mechanisms. The difference is that with machines using the Solid
Model window, solid model graphical objectsare displayed in thiswindow,
not as an integrated display in the Molecule window.

If your machine uses the Solid Model window, models are manipul ated by
placing the cursor in the window and using standard cursor—keyboard com-
binations for trandation and rotation. Structures containing more than 15
atoms may require a considerable period of time to redraw in the new ori-
entation.

The size and position of the Solid Model window can be changed using the
standard workstation window manager. When awindow is open, the left
mouse button can be used to display a popup for modifying various aspects
of the solid model display. Selections are made from this menu (and other
menus called by this menu) by using the right mouse button.

Table 38 lists and briefly describes the selectionsin this popup. Tables 39
and 40 list and describe the selections in submenus of the Solid Model win-
dow popup.

Table 38. Solid M odel Window menu

Selection

Description

Settings

Spheres
Cylinders
Ribbons
Full Screen
Sereo

Defines the model image sharpness, from Rough and Ready (coarser image-fastest
screen rewrite) to Maximum (highest resolution, slowest screen redrawing).

Defines the tessellation level for spheres (2—20).

Defines the number of polygonsin bond cylinders (5-100).
Defines the number of interpolation points for each residue (2-20).
Enlarges the Solid Model window to fill the monitor screen.
Opens adialog box to set parameters for the stereo image.
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7. Generating Visual Representations
Table 38. Solid M odel Window menu (Continued)

Selection Description

Reset View Resetsthe view to the original view when the solid model was started or to the last
saved view if aview was saved.

SaveView Savesthe current view.

TitleOn Displays the mouse instruction for displaying the Solid Modeling menu (in the
lower-left corner of the Solid Modeling window).

Title Off Erases the mouse instruction for displaying the Solid Modeling menu.
Exit Exit Solid Modeling and return to Quanta.

Table 39. Solid Model Window stereo selections

Selection Description

Sereo Off Turns stereo off.

Internal Stereo  Displays two views of the structure, one above the other, for use with SGI's
Stereo View hardware to view stereoscopic images.

External Sereo Displaystwo viewsof thestructure, one abovethe other, for use with SGI’s ste-
reoscopic display to view stereoscopic images.

Side-by-Side Displaysboth views of the stereo pair side by side within the molecule window.

Table 40. Solid Model Window settings selections

Selection Description

Rough ‘n’ Ready Sets model resolution to coarsest setting and fastest redraw.
Reasonable Sets model resolution to afiner setting than Rough ‘n’ Ready.
Very Good Sets model resolution to an even finer setting than Reasonable.

Sample procedure — Generating a solid model

Complete the following exercise to become familiar with creating and
modifying solid models. This exercise uses the structure mypeptide, built
in the Creating a Peptide section of Chapter 4. It assumes you are working
on aworkstation with RGB graphics.
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Sample procedure — Generating a solid model
1. Open mypeptide.msf.
Display the File menu and select the Open function. Select mypep-

tide.msf from the File Librarian dialog box scrolling list. Select the
Replace option and then the Open button.

2. Choose a solid model to display.

Display the Draw menu and select Solid M odels. From the pull-right
menu that opens, select Ball and Stick. The structure mypeptideisdis-
played in the viewing area using the ball and stick model. The Object
Management Table is displayed listing the object SOL _object.

3. Select another solid model rendering.

Display the Draw menu again. Select Solid M odels and then select
Liquorice from the pull-right menu. The mypeptide structure changes
to aliquorice model. There is no change in the Object Management
Table.

Select the Displayed column for SOL_object. The text changes from
yesto no, and the structure returns to the standard stick display.

Select the Displayed column again. The text changes from no to yes,
and the liquorice model is displayed again.
4. 4.Change solid model settings.

In the Modeling palette, select Hydrogen Bonds

From the Draw menu, select Solid M odels, and then select Settings
from the pull-right menu. In the dialog box that opens, enter the value:

Thickness of Liquorice Models: 0.4
Select the option:

Solid Hbonds On

Enter the value:

Hbond Thickness: 0.2

Select the Redr aw button and the display changesto reflect the changes
you have made.

Return to the Draw menu, select Solid M odels, and then select Ball
and Stick from the pull-right menu. The Object Management Table
remains unchanged.

o
c
Jra]
©
—
Q,
c
O
(@)

QUANTA 2006 Generating and Displaying Molecules 161




7. Generating Visual Representations
5. Apply Selection Tools.

From the Draw menu, select Solid M odels, and then select Selection
Tools from the pull-right menu. The Object Management Tableis
removed, and the Solid Display and Solid Schemesand Utilities pal ettes
are opened.

In the upper-right corner of the viewing area, modeling choices are pre-
sented in a color-coded list, which duplicates the choices in the Solid
Schemes and Utilities palette.

The molecule display changesto ared stick model. (The red color indi-
cates the Ball and Stick model has been selected.) In the viewing area
list, Ball and Stick is marked with a*, and Ball and Stick is checked
and highlighted in the Solid Schemes and Utilities palette. No model is
actually displayed until you exit Selection Tools.

6. Clear all solid models.

Select Clear from the Solid Display palette and Nothing from the Solid
Schemes and Utilities palette. Nothing is checked and highlighted and
the structure turns pale green.

7. Select several solid renderingsfor different partsof the structure.

From thelist in the upper-right corner of the viewing area, select Rib-
bon. Thin Ribbon ischecked and highlighted in the Solid Schemes and
Utilities pal ette.

In the Solid Display palette, select Protein Backbone and the struc-
ture's protein backbone is displayed in purple.

From thelist in the upper-right corner, select VDW Spheres.

From the Solid Display palette, select Pick Residue and the message
line reads:

Select the atoms to be type VDW. Pick atom to select residue.

Pick an atom in the residue of your choice and the residue turns white.
8. Apply your selections.

From the Solid Display palette, select Finish and the Selection Tools
palettes are closed. The structure is displayed in the viewing area with
a pal e green ribbon backbone and a single residue modeled as van der
Waals spheres. The Object Management Table reopens listing SOL_
object.
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Sample procedure — Generating a solid model
9. Deleteall solid objects.
Select the Delete column of the Object Management Table. The struc-

ture returns to a standard stick display and the Object Management
Table closes.

Generating cartoons of proteins and nucleic acids

Cartoons can be generated for different types of molecules including pro-
teins and nucleic acids. To generate a cartoon from a protein file, the sec-
ondary structure must be defined. If you have a protein without a defined
secondary structure, usethe Protein Design applicationinthe Applications
menu to define the structure before you generate a cartoon solid model.

Complete the following exercise to become familiar with creating protein
and DNA cartoons. This exercise uses the structures complex_dnaand
complex_prot. To copy the MSFsinto your QUANTA tutorial directory,
issue this UNIX command while in that directory:

> cp $QNT_ROOT/userguide/complex_*.msf .

The structures represent a modeled interaction of a modified DNA with a
protein. Complex_prot.msf already contains secondary structure informa-
tion for the molecule.

1. Open complex_prot.msf and complex_dna.msf.

From the File menu, select Open and aFile Librarian dialog box opens.

From the dialog box scrolling list, select complex_prof.msf and then
complex.dna.msf.

Select the Replace option and then the click the Open button.
2. Apply Solid Selection Tools.

From the Draw menu, select Solid Models. From the pull-right menu
that is displayed, select Selection Tools. The Solid Display and the
Solid Schemes and Utilities pal ettes are displayed.

3. Set up protein cartoon parameters.

From the Solid Display palette, select One M SF... and a dialog box
opens. From the dialog box scrolling list, select complex_prot.msf.

From the Solid Schemes and Utilities pal ette, select Parameters... In
the Solid Models Settings dialog box that opens, click the Reset to
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7. Generating Visual Representations

Default Values button. This sets the appropriate parametersfor protein
cartoon drawing.

If you want apha helices to be drawn as cylinders, check the Draw
Helices as Cylinder s option, and then click the OK button.

4, Select the protein cartoon.
From the Solid Schemes and Utilities palette, select Secondary Struc-
ture.

Then from the Solid Display palette, select All Atoms. The protein
backbone is colored to show the zones that are sheet, ribbon, helix, or
cylinder.

5. Set up DNA cartoon parameters.
Select One M SF... from the Solid Display palette and a dialog box
opens.
From the dialog box scrolling list, select complex_dna.msf.

From the Solid Schemes and Utilities palette, select Parameters... and
the Solid Models Settings dial og box opens.

Enter these values to optimize the settings for DNA display:

Atom defining path of ribbon: C1’
Maximum Distance Apart of Atoms: 7.0
Offset of ribbon from guide atom: 1.
Helix Thickness: 0.8

Ribbon Width: 0.6 Thickness: 0.6

Select:
Draw “rungs’ between double-helix “ladders’

Click the OK button.
6. Select the DNA cartoon.

From the Solid Schemes and Utilities pal ette, select Helical Ribbon.

From the Solid Schemes and Utilities palette, select All Atoms and the
C1' guide atoms are displayed in purple.

7. Display the cartoon.
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Sample procedure — Generating a solid model

From the Solid Display palette, select Finish and a solid model graphi-
cal object is displayed for each MSF. Ribbons are colored according to
the color of the guide atoms, in this case, the default color, light green.

The Object Management Table is displayed, listing an object for each
structure.

8. Changethe color scheme.

From the Draw menu, select Color Atoms. Then from the pull-right
menu that is displayed, select Selection Tools. The Color Schemes and
Utilities and the Color Atoms palettes are displayed.

From the Color Schemes and Utilities palette, select Color by Second-
ary Structure.

From the Color Atoms palette, select Pick Segment, and then pick an
atom in one of the DNA chains.

From the Color Atoms palette, select Next Color Number, and then
pick an atom in the other DNA chain.

9. Display the cartoonswith the new color scheme.

From the Color Atoms palette, select Finish. The protein should now be
colored according to the secondary structure, with the DNA chainsblue
and red.

From the Draw menu select Solid M odels. From the pull-right menu
that isdisplayed, select Redraw M odel, and the solid modelsarere-cre-
ated using the new color scheme.

10.Display the solid models only.

To show just the solid model s without the usual vector bond display,
open the Draw menu and select M anage Display.

From the dialog box that opens, toggle Bonds off. Then click the OK
button.

To restore the display of bonds, press the <F10> key.
11. Return the structuresto their original display.

In the Object Management Table, select the Delete cell for each object
and the objects are removed from the viewing area.
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7. Generating Visual Representations

Fromthe Draw menu, select Color Atoms, and then select By Element
from the pull-right menu that isdisplayed. The structuresare colored by
element.

Generating solid surfaces

The Solid Surfaces item on the Calculate menu offers the following
choices on the pull-right submenu:

Calculate ]Calculatesasolid surface for each currently displayed M SF
using the current settings and displays the surface. Each surface occupiesa
graphical object, so their display can be toggled or they can be deleted
using the Object Management table in the usual way. (For more informa-
tion about the Object Management table, see QUANTA: Generating and
Displaying Molecules, Chapter 6.) The surface objects are named SUR_
msfname. To create an alternative surface for an M SF while keeping an
existing one, click its name in the Object Management table and changeits
name from this defaullt.

The surface calculation can be aborted before completion by clicking the
mouse.

Options  Displaysadiaog box giving the optionsfor calculating and dis-
playing solid surfaces. The options are:

» Useafixed grid mesh size or calculatethe grid size so that thereis some
maximum number of grid points along one side. The fixed size param-
eter, in that case, is used as the minimum value.

» The surface can be calculated either as some percentage of the van der
Waals radii of the atoms or as the van der Waalsradii plus a probe
radius.

» Coloring options are: By Atom; Electrostatic; By Molecule; or All in
one specified color.

» Translucency: Four settings, ranging from opague to transparent.

*  Whether to save the surface to afile so that it can be re-displayed or
plotted subsequently. The surfaces can be retained indefinitely or until
its MSF is closed. The surface files will be called msfname_calc.tri.

If you choose to proceed with the calculation rather than just setting the
preferences, it will be displayed after calculation and the display adjust-
ment palette will be entered (see below). This allows ateration of the sur-
face display even if it hasn't been saved to file.
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Color as Nearest Atom
Color by Molecule

Color by Electrostatics

Re-bin Electrostatics

Tonal Color Ramp

Spectral Color Ramp

Default Colors
Opaque

Nearly Translucent
Translucent

Finish

Preferences/All Settings/
Solid Patterns (command
SET PATT)

Command VIEW SINGle
ON/OFF

Command SET BACK
ON/OFF

Generating solid surfaces

Re-Display If you opted to save surface files, the surface can be recre-
ated in different styles. A paletteis displayed with the following tools:

Each vertex is colored like the nearest atom.
The surface for each MSF is colored differently.

The electrostatic potential at the surfaceis calculated, using the current
atomic charges. A dialog box appears that alows you to control the energy
range and color numbers for the color ramping.

Allows you to re-display the electrostatic surface with different ramping
without recalculating it.

Displays adialog box that allows control of the tonal color ramping (for
example, the blue to red to white that is used for electrostatics).

Displaysadiaog box that allows you to control the spectral color ramping
(for example, red to blue to green).

Resets the color values to default settings.

Make the surface opaque. Nearly Opaque Make the surface nearly opague.
Make the surface nearly tranducent.

Make the surface translucent.

Exit the pal ette.

Related commands The quality of the solid surface representation
depends on the graphics hardware. Even with base-level graphics, you can
improve the display using the following options:

Togglesbetween two alternative pattern setsto be used for the semi-opague
surfaces.

Setsthe system to single-buffer mode when the moleculeis stationary. This
allows all the available bitplanes to be used for rendering the picture. Dou-
ble-buffer mode is resumed when the molecul e starts to move. Inevitably,
you will see the picture being redrawn in between, so thisoption isnot rec-
ommended for normal use, rather it should be turned on prior to taking pho-
tos, etc., and turned off afterwards.

Turnson or off backface polygon removal for the solid surface. Thishasthe
effect of removing any polygonsfor which the face (normal) of the polygon
isfacing away from the viewer. This has the effect of additional clipping,
allowing buried molecular surfaces to be clipped for viewing purposes.

QUANTA 2006 Generating and Displaying Molecules 167

o
c
Jra]
©
—
Q,
c
O
(@)




7. Generating Visual Representations

Generating raytrace van der Waals models

Raytraceis apull-right menu in the Draw menu that contains several
options for creating a pseudo-3D rendering of structures displayed in the
workspace. The rendering employs both highlight and shadow detail to
provide a better defined image. Ray-traced movies can be scripted.

Original Raytrace This option executes the original raytrace program
that has been available with QUANTA for many years, which produces an
image of avan der Waals representation of the currently displayed atoms.

1. Display the 3D rendering of a structure.

Display the Draw menu and select Raytrace/Original Raytrace. A ray-
traced image of a van der Waals representation of mypeptide.msf is gener-
ated in the Ray Tracing window.

2. Removetherendering and return to original display.

With the cursor isin the Ray Tracing window, click the left mouse button
and the Ray Tracing window closes.

Rayshade Solid  This option executes the Rayshade program (see
below) to produce a ray-traced image of the currently displayed solid
graphics objects (e.g. van der Waals, protein cartoon, or solid surfaces).
QUANTA generates an intermediate file called run.rayshade containing
commands and graphics primitives for the rayshade program. Thisis run
and the output placed in afilecalledr.rle. The RLE file can be viewed using
the Utah Raster Toolkit.

On requesting a Rayshade Solid drawing, a dialogue box is displayed
which promptsfor the size of theimageto be produced and whether a back-
ground planeisto beincluded in theimage. Images of 300 pixels should be
generated to start with, since generation can take considerable time.

The Rayshade program is in the public domain and can be obtained over
the internet from several sites. Contact your Accelrys support office for
information on how to obtain the program.
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Generating display-only raster models

Generating display-only raster models

The Raster M odels selection in the Draw menu generates space-filling
representations of adisplayed structure. When Raster M odelsis selected,
apull-right menu opens with selections for the style of raster model to be
displayed. Table 41 lists the selections and provides a brief description of
each.

Table 41. Raster Models pull-right menu

For all options, the displayed disks or spheres represent atoms and are col ored according to the cur-
rent color selection.

Selection Description

Z-buffered Spheres Generates CPK representation of the structure using correctly intersecting
and smooth-shaded spheres. Available only on workstations with z-
buffering hardware.

Flat Disk Generates colored disks.

Outlined Disk Generates colored disks outlined in black.
Smooth Spheres Generates shaded spheres.

Metallic Spheres Generates shaded spheres with ametallic hue.

I nter penetrating Generates interpenetrating spheres. If z-buffering is on, individual atoms
Spheres aredrawn in the order they aredisplayed in the z plane. If z-buffering is
off, individual atoms are drawn in the order they arelisted in the MSF.

The representations are for display purposes only. Representations cannot
be rotated or interrogated, but can be printed if the workstation is equipped
with an output device capable of accepting screen dumps or photography.

Plots for hardcopy output

ThePlot Moleculesmenu inthe File menu isused to define and create plot
files for the generation of hard copies of structures. The plots can be pre-
viewed on the screen before hardcopies are generated.

The types of output files are:

Artist Plots Uses an external program to produce ball and stick, van der Waals, or user-
defined representations of structures for publication quality plots. The
User-defined option offersalist of commands that define how the struc-
ture(s) can be rendered.
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7. Generating Visual Representations

Sick Plots

Creates aplot of the molecule using the currently stored information about
bonds, labels, I1Ds, hydrogen bonds, and other pertinent parameters.
Graphic objects are not plotted in this mode.

Molecular Graphics View Createsaplot of all the currently displayed vector, dot, and text information

Plot

Mol <ript Plots

in the graphics window. The image is clipped as seen on the screen. This
option is only available on Silicon Graphics workstations that support the
feedback buffer mechanism used.

Creates high-quality hardcopy output of molecular structures including
protein cartoons.

Color Screen Images Available only on certain Silicon Graphics workstations, creates an image

Solid Plots

file of the current screen and converts the image to PostScript format. The
UNIX programs scrsave, iflip, and tops must be in your path.

Creates a PostScript plot of any solid models or surfaces.

Thefirst five of these plottypes are created by selecting Gener ate from the
Plot M olecules menu. Table 42 lists the plot options available in the Setup
Hard Copy Plot of Molecules dialog box.

Table 42. Hard Copy Plot options

Option Description

Plot type

Artist Plot Creates plot using the Artist program, in one of the following three styles. The
output isa QUANTA plot format file which can be further processed.

Ball and Stick Renders a molecule using the ball and stick model.

Van der Waals Renders amolecule using atoms represented by spheres with radii proportional
to the van der Waals radii in the parameter file.

User Defined  Renders amolecule using a user-defined model. Opens a dialog box that allows

you to specify the model.
Sick Plot Renders amolecule using stick plot model.
Molecular Renders the current vector, dot, and text objectsin a QUANTA plot format file
Graphics for further processing.

View
MolScript Plot Uses the third-party program Mol Script to create a high quality PostScript plot
of the molecules, including solid models.
Color Screen  Usesthe GL scrsave utility to create an image file of the current screen and con-
Image verts theimage to PostScript format; SGI machines only — scrsave, iflip, and

tops must be in your path.
View To Use (not applicable to all types of plot)

Current View Renders amolecule using the current view.
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Table 42. Hard Copy Plot options

Option Description

From View File CallsaFileLibrarianthat allowsyouto select aview fileto definethemolecule's
orientation for the plot file.

I dentify Plots the molecule in the orientation that is stored in the MSF.
Matrix

Plot Scale Calculates the scale automatically for the plot to fill the page. Can be modified.
(mm/A)

Plot Titlesand Generates the plot file containing title and border.
Borders

Title Allows you to enter atitle for the plot.

The MolScript and Color Screen I mage create PostScript plot files
directly. These may be previewed using the Preview selection in the Plot
M ol ecules menu; the function automatically detectsif thefile isin Post-
Script format and if so uses the xpsview program instead of the usual
QUANTA preview program.

The other plot types first produce a QUANTA plot file, which is a general-
purpose binary file containing graphical information.(Please see Appendix
C in the Basic Operations guide for further details). A dialog box isthen
displayed giving a choice of plot disposition options.

You can also use the Preview selection in the Plot M olecules pull-right
menu (under the File menu) to view the contents of aQUANTA plot fileon
the screen. Or you can use an interactive figure editor in the user_group
files areato convert the file to aformat accepted by the xfig program dis-
tributed by Silicon Graphics.

Table 43 lists and briefly describes the optionsin the Plot Disposition dia-
log box.

Table 43Plot Disposition options

Option Output Type

Preview Plot Renders a structure in the QUANTA Preview window approximating the
hardcopy appearance.

Regenerate Plot  Returnsto the Setup Hard Copy dialog box, to modify the plot characteristics.

HPGL Format  Creates an output filein aformat compatible with Hewlett—Packard plotters
or other devices that are HPGL compatible.
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Table 43Plot Disposition options (Continued)

Option

Output Type

Color Idraw
B& W ldraw
Color PostScript

B& W Poost-
Script

QUANTA Plot
File

Creates an output filein idraw format.
Creates an output filein idraw format, converted to black and white

Inserts RGB color values for each colored object. Color isonly visible on
color PostScript output devices.

Creates a black and white PostScript file

Saves aQUANTA plot file.

Producing a hardcopy plot is atwo-stage process. Thefirst stage involves
specifying the type of plot required. The second stage involves specifying
how the plot isto be output.

Complete the following exercise to become familiar with the procedure for
producing hardcopy plot.

1

Produce a ball and stick artist plot with a scale of 5 mm per
angstrom.

Display the File menu and select Plot M olecules. From the pull-right
menu that opens, select Gener ate. In the Setup Hard Copy Plot of Mol-
ecules dialog box that opens:

Select the options:

Artist Plot
Ball and Stick
Current View

Enter the value:

Plot Scale (mm/A):5.0
Select the option:

Plot Titlesand Borders
Enter the text:

Title: mypeptide

Click the OK button. After ashort wait, the Plot Disposition dial og box
offers options for viewing and printing the plot.

Select the option:

Preview Plot
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Click the OK button and the ball and stick rendered peptide moleculeis
displayed in the QUANTA Preview window. Information about the ren-
dering is displayed at the bottom of the window.

Movethecursor insidethe QUANTA Preview window and click theleft
mouse button. The window isremoved from the screen and the Plot Dis-
position dialog box opens.

At thispoint, you can return to the Setup Har d Copy Plot optioninthe
Molecules dialog box to alter the appearance of the plot. If you do so,
select the Regener ate Plot option after making your changes. Or you
may create output of the plot displayed on the screen.

2. Createa PostScript Fileusing ball and stick rendered peptide.

From the Plot Disposition dialog box, select the options:

PostScript Format
Trandate as Color and Texture (under PostScript options)

Click the OK button and a File Librarian dialog box opens.

Enter the text mypeptide and click the Save button to save the Post-
Script file as mypeptide.ps. Thefileis created and you are returned to
Molecular Modeling mode.

3. Output hard copy of a PostScript (.ps) file.

The procedure for sending the .ps file to a particular PostScript output
device depends on how the computer is set up, network hardware and
software being used, and the output device. Please consult with your
system administrators.

4. Generate a user-defined output file.
Display the File menu and select Plot M olecules. In the Setup Hard-
copy Plot of Molecules dialog box that opens, select the option:
User Defined

Click the OK button and a dialog box opens to accept commands specify-
ing how the structure is rendered.

Enter the text Help in the data entry field to view alist of available com-
mandsin the textport. These commands, their form, and a brief description
of each arelisted in Table 44.
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Table 44. Artist Plot user-defined commands

Com-

mand Form Description

Bond BOND type Definesthe color (col) and drawing style of bonds (type) associated with the atoms iden-
col s tified with the atom selection command (sel). For example, BOND 1 1 selezone 1to

21 specifiesthe bondsin residues 1 to 21 are drawn with bond type 1 using color number
1

Color COLO col Definesthe color (col) for atoms identified with the atom selection command (sel). For

sel example, COL O 7 selepick n specifiesall nitrogen atoms are drawn in color number
7.

Define  DEFI type Defines the style of bonds (type), the thickness of the bond in angstroms (thick), and the
thick number of vectors (vector) used to create each bond. For example, DEFI 2 0.05 5
vector defines vector thickness of 0.05 A represented by 5 lines for bond type 2.

Radius RADI rad Definesthe radius of the sphere in angstroms (rad) used to represent the atoms identified
sel with the atom selection command (sel). For example, RADI 1.0 sele pick h draws

hydrogen atoms using a radius of 1 A.

Shade  SHAD ON Defines the direction of rotation for shading from the x and y planes (ang, ang2) for atoms
angl identified with atom selection command (sel). For example, SHAD 90 0 sel pick CA
ang2 sel  end specifies that alpha carbons are shaded and the vector representing the shading is

drawn at 90°. SHAD NONE sele all specifies no atoms are shaded.
SHADE  Turnsshading off.
OFF sl
Set SRAD sel  Definesplotting radius of the spheresfor atomsidentified with atom selection command (sel).
Radius
vander VDW% sel Defines the percentage (%) of the van der Waals radius for atoms identified with the atom
Waals selection command (sel). For example, VDW 50 sele pick CA N C O end specifies
the mainchain atoms of a protein are drawn at a radius of 50% of their van der Waals radii.
Draw DRAW Generates the plot.

MolScript plots

Mol Script isaprogram for creating molecular graphicsin the form of Post-
Script plot files. Possible representations are simple wire models, CPK
spheres, ball-and-stick models, text labels, and Jane Richardson-type sche-
matic drawings of proteins, based on atomic coordinatesin variousformats.
Color, grayscale, shading, and depth cueing can be applied to the various
graphical objects.

The QUANTA interface to Mol Script generates the input script and coor-
dinate files to reproduce as nearly as possible the current representation.
Objects rendered include bonds, solid models, hydrogen bonds, distance
monitors, labels, and atom IDs.
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Quanta supports several versions of Molscript that have afew differences
in capability and keywords. Please make sure you fill in the correct version
number in the Mol Script options dialog.

Theinterface is accessed by using the function Plot M olecules — Gener -
ate onthe File menu. Thisdisplaysthe usua Setup Hard Copy Plot of Mol-
ecules dialog box, which includes aM ol Script Plot radio button. When
thisisused, adialog box is displayed containing the Mol Script interface
options.

Version Number  Specifies which version of Molscript you have
installed.

Root namefor files Theinterface producestwo files, filename.pdb con-
taining the molecular coordinates, and filename.in containing the Mol-
Script commands. Running the program produces the PostScript file
filename.ps or filename.eps.

Maximum bond distance Thisisused to control the maximum bond
distance allowed in ball-and-stick plots. The default 2.1 A is suitable for
proteins containing disulfide bridges but no hydrogen atoms; if hydrogen
atomsare present, asmaller value is needed to prevent the hydrogen atoms
from being bonded together. Vector bonds are generated using the LINE
command, so that the exact bonding generated by QUANTA can be repli-
cated regardless of this setting.

Draw thin ribbonsasturn or coil  MolScript alows for optional
smoothing of thin ribbons. This can makefor aclearer diagram, but should
be avoided if sidechains are a so displayed.

Thinribbon all onecolor  This can sometimes make for aclearer dia-
gram.

Changeto solid color scheme Changes the color settings to be opti-
mized for the drawing of solid models. The plot always has a white back-
ground regardless of the QUANTA background color.

Retain input MolScript and pdb files Allowsthe input filesto be
retained — expert users may want to manually adjust the input and rerun
Mol Script. If thisoption isunchecked, then theinput fileswill be deleted if
Mol Script is run successfully.

Preview plot  This option causes the resulting PostScript plot to be dis-
played with the xpsview viewing program. Xpsview or an alias pointing to
it must bein your path.
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To obtain Mol Script

If both solid model sand vector bonds are displayed on screen, then both are
included in the Mol Script plot. Remember that vector bonds can be rapidly
toggled using function key <F10> if the default key bindings are set up.
Otherwise, enter the commands HIDE BOND and SHOW BOND.

When the OK buttonisclicked, theinput filesare created and Mol Script is
run.

The Mol Script program must be obtained from its author, Dr. Per Kraulis.

Per Kraulis, Ph.Dphone:+46 (8) 695 78 34
Pharmacia & Upjohn, Inc.fax:+46 (8) 695 40 82
PPC Sweden Research, N62:5e-mail:

S-112 87 Stockholmkrpx @sgikrpe.sto.se.pnu.com
SWEDENor p.j.kraulis@bioc.cam.ac.uk

or molscript@hbioc.cam.ac.uk

The software is provided under license — details from Per Kraulis.
In publications, you must refer to:

Per J. Kraulis“MOLSCRIPT: aprogram to produce both detailed and sche-
matic plots of protein structures’ J. Appl. Crystallog. 24 946950
(1991).

Summary

This chapter describes several mechanisms for visually representing struc-
tures. Some of the visual representations can be manipulated as objectsin
QUANTA (solid models), some are for display purposes only (raster and
raytrace images), and some can be printed as hardcopy (artist plots).

The Solid M odédl s function in the Draw menu provides severa styles for
rendering space-filling models. Depending on your workstation, solid
models are displayed in the viewing area of the Molecule window or in a
separate Solid Model window

Solid modelsgenerated in the viewing areaaretreated as graphical objects.
Only one solid model object can be applied to a structure at atime, but dif-
ferent rendering styles can be used in different parts of the structure. Dif-
ferent rendering styles also can be applied to different structures displayed
at the same time but stored in separate M SFs.

Therendering stylesavailableinthe Solid M odel s pull-right menuinclude:
ball and stick, van der Waals, liquorice, and cartoon models.

Raytracein the Draw menu isaselection that creates a pseudo-3D render-
ing of structures. The rendering employs a van der Waals model and uses
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Summary

the default atom sizes and colorsthat are set up before Raytraceis selected.
It employs both highlight and shadow detail to provide a better defined
image. The image cannot be manipulated.

The Raster Models selection in the Draw menu also generates space-fill-
ing representations of adisplayed structure. The representationsare for dis-

play purposes only.
The Plots selection in the File menu is used to define and create plot files

for generating hard copies of structures. The plots can be previewed on the
screen before hardcopies are generated.
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import

Molecular structures are held in various applications. The files containing
data on these structures use formatsthat are different from the M SF format.
The Import and Export functionsin the File menu alow you to read and
write external file formatsto and from QUANTA. Imported files usually
reguire a certain amount of processing before they can be used in calcula-
tions such as CHARMmM energy calculations. This can be done using the
Split and Clean function.

The Import function allows an external file format to be read into
QUANTA, creating an MSF and displaying its associated structure. The
MSF is assigned the same name as the external file, and QUANTA auto-
matically adds the extension .msf. An external file format can also be read
into the MSF of a structure that is currently displayed.

The Export function reverses the import process, allowing structuresin
M SFsto be converted to the appropriate format and read into an external
database.

The Split and Clean function on the Edit menu facilitates adding hydro-
gens and assigning atom types and bond orders using tools appropriate to
various classes of molecules.

Formats that can be handled by QUANTA include:
* Protein Data Bank.

e CNX/X_PLOR/CHARMmM PDB.
« CHARMM CRD.

e CHARMM PSF and CRD.

* ChemNote.

e QM Coordinate.

» BioDesign BGF.

e MDL 2D/3D.

» Cambridge FDAT.

* Fractional Coordinates.

* Gromos.

Although a standard processis used to create an M SF, the actual steps may
vary depending on the format that is selected. Selection criteria may be
manually or automatically specified at the time the MSF is created.
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Importing PDB files

PDB import/export preferences

Several conditions may require special handling when aPDB fileis
imported. If this happens, QUANTA displays adialog box asking you to
choose what should be done. For example, if the crystall ographic space-
group is missing, QUANTA asks you to confirm that it is. Or, in the
Brookhaven standard format, a character in column 17 is an aternate posi-
tion indicator, but some programs create “ pdb” filestreating thisfield as
part of the atom name. So correct interpretation of the data requires you to
have some knowledge of the provenance of the file. However, for genuine
Protein Data Bank files, theimport process can be simplified by turning off
some or al of these prompts and assuming that the datais in the standard
format. This can be done by selecting PDB | mport/Export from the Pref-
erences menu and turning on some or all the toggles. During subsequent
PDB importation, if any of the conditions arise, a message is output to the
textport.

Additionally, during both import and export, atoms may need to be
renamed to match aformat’s conventions. To automatically rename PDB
files, display the Preferencesmenu and select PDB I mport/Export. Inthe
Automatic PDB File Renaming Options dialog box, the standard options
for import and export, respectively, are:

Changeto QUANTA Sandard Names
Changeto |lUPAC/Brookhaven Names

PDB files containing multiple models

Some PDB files contain multiple conformers— usually asaresult of NMR
structure determination. By default, QUANTA reads the first conformer
and creates an M SF containing this structure. If you turn onthe Prompt for
Multi-M ODEL optionstogglein the PDB Import/Export Preferences dia-
log box, then, whenever you import afile containing MODEL records, you
are prompted to choose which conformer should be used to create the M SF
and also whether to create a .csr file containing the coordinates of all con-
formers. The .csr file can then be used in the Analysis application.
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Importing Protein Data Bank files

You can create an .msf from any single structurein aProtein DataBank file
that contains more than one model. For Protein Data Bank filesthat contain
conformers, you also can createa.csr fileto contain all the conformers (see

import

above).
To set preferences for 1. Select PDB Import/Export from the Preferences menu. The Auto-
multi-model PDB files matic PDB File Renaming Options dialog box is displayed:

2. Check Prompt for Multi-Model options, then click OK.
3. Select Import from the File menu. A File Librarian is displayed:

4. Select the file you want to import and the Protein Data Bank format
(the default selection), then click Import. A dialog box with multi-
model file optionsis displayed:

5. Indicate the model number you want to import and check the check box
if you want to create a.csr file for al the modelsin the Protein Data
Bank file. Then click OK. Thefileisimported. If there are any non-
standard atom typesin the file, QUANTA prompts you to choose
options for typing the atoms.

The task is now complete.

Importing multiple PDB files

The function Import Multiple PDBs on the File menu facilitates import-
ing several PDB files at atime. All the prompting described above is sup-
pressed during this operation. A dialog box similar to that used for opening
MSFsis displayed, allowing one or more PDB filesto be selected. These
can be all standard Brookhaven format or all CNX/X-PLOR/CHARMmM
style. The resulting M SF files can replace any currently open M SF file or
be appended to it.

Cleaning imported structures

Structuresimported from external sources, for example, Protein Data Bank
(PDB) files, frequently need some editing prior to further work within
QUANTA. Thefilesmay contain avariety of different chemical entities
(protein, solvent, nucleic acid, ligands, ions) for which different editing
tools are most suited. For instance, amino acids can have names standard-
ized, forcefield types and bonds correctly assigned, and hydrogens added
by means of toolsin the Protein Design application which uses templates
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Splitting tools

for these structures. Ligand molecules within PDB files more often need
manual editing to generate correct bonding and atom types; this can be
donequickly and easily withinthe Molecular Editor, especially if theligand
istreated aone rather than as part of the entire protein-igand complex.

Split and Clean on the Edit menu facilitates such operations. It providesa
straightforward method for dividing a structure into its constituent parts
and the tools necessary for editing each part.

On entering thisfunction, each residue within the structureisautomatically
classified as protein, solvent, nucleic acid, or other and colored accord-
ingly. You may add extraclassifications(e.g., ligand, ions) and can reassign
residues or whole segments. A pickable color-coded legend appearsin the
top right corner of the molecule window.

Color by Classification  Thistool toggles between coloring the structure
according to the classification of each residue and the normal color selec-
tion.

Default Classification Thistool can be used to return to the default clas-
sifications set by the program.

Classify Separate Segments Operates on residues classified as other,
making a new classification for each segment.

Classify Picked Residue Before using thistool, click the desired classi-
fication from the legend, denoted by a star. When the tool isturned on, you
are prompted to click the residue(s) that are to become this type. Clicking
the tool again turnsit off.

Classify Picked Segment Asabove, but reclassifies an entire segment.
Classify Residue Type A dialog box is displayed which contains a
scrolling list of the residue types within the system. One or more can be

selected to be reclassified.

Undo Last Classification Undoesthe last change to the residue classifi-
cations.

Add Classification Displaysadialog box in which you can indicate the
name of an additional classification.

182 QUANTA 2006 Generating and Displaying Molecules



Cleaning imported structures

Change ClassNames Displaysadiaog box containing the editable
names of all the existing classifications, each of which must be unique. %‘

o
Save to Separate MSFs  Once residue classification has been performed |
to your satisfaction, use thistool to create a separate M SF for each classi-
fication, the name of which isthe original root name followed by an under-
score and the class name.

Revert Returnstotheoriginal M SF (asit waswhen the function wasfirst
entered).

Cleaning tools

Disorder handling

Atom Name standardiza-
tion

Termini fixing

Residue completion

Hydrogen addition/dele-
tion

Atom typing
Bonds
Unbundle

Once the system consists of M SFs, each containing one type of residue
(i.e., after the use of Split and Clean or immediately, if the function is
entered with a set of such structures), the tools that facilitate cleaning the
structure are enabled. The file protein_structure.gsd holds the definitions
used to clean the protein.

Clean Options Displays adialog box that allows you to choose which
hydrogen representation should be applied — Polar, All, or None.

Clean Protein  Operates on any active MSFsthat consist entirely of res-
idues recognized as amino acids or classified as protein. The clean process
includes:

If the structure contains disordered atoms, gives you the choice of whether
to retain them or to keep just one set.

Atom names are changed to conform to the standard amino acid nomencla
ture as defined in the protein template files ($HY D_LIB/protein_struc-
ture.gsd).

Ensures all terminal atoms are present and correct.

If the residue is missing atoms, these are added using the standard amino
acid templates, but given an occupancy of zero.

Hydrogens are added or deleted according to the choice set in the Clean
Options dialog

At theend of this operation, the atom types should all be correctly assigned.
Connectivity and bond orders are assigned.

Some external programs output solvent with more than one molecule per
residue. Thistool operates on active residues recognized or classified as
solvent and makes sure they have one molecule per residue.
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Clean Solvent

Auto Edit

Acts on active residues recognized or classified as solvent. It adds hydro-
gens as specified by the Clean Options dialog, adjusts atom types, and cor-
rects bonding.

Molecular Editor For those structures for which QUANTA does not
have template information, it is often necessary to go through the process
of assigning correct bond orders and/or atom types (one must be correct
before the program can determine the other accurately) and adding hydro-
gens. The Molecular Editor has acomplete set of tools designed to do this,
particularly aimed at small molecules rather than proteins. Thistool in the
Split and Clean palette first asks you to select one M SF on which to work
and then takesthis alone into the Molecular Editor. Thisis much more effi-
cient than taking in a whole protein-ligand complex.

Structures built within QUANTA by ChemNote or the Molecular Editor
itself should not need further editing here.

Attemptsto automatically take achosen M SF through the Mol ecul ar Editor
to generate bond orders and atom types and to add hydrogens. Whether this
operation is successful critically depends on theinitial quality of the struc-
ture, i.e., whether it has good enough geometry to determine bond types
correctly or if has been typed properly beforehand via dictionaries. An
explanatory dialog box is displayed before the edit is attempted. It isup to
you to decide whether it would be better to clean up the structure manually.

Clean Nucleics Operateson al active residues classified as hucleic
acids. Atom types are assigned using the standard nucleic acid dictionaries,
hydrogens are added, retyping is performed as required, and bond orders
are determined from these types.

Quit  Quitsthe Split and Clean palette and restores the M SK(s) as they
were before entry.

Finish Exitsthe palette, retaining the new or corrected M SFs.

Exporting an MSF

The Export function allows structures in MSFs to be converted to the
appropriate format and read into an external database.

Complete the following process to export afile using the PDB format.

1. Select aformat.
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From the File menu, select Export, and aFile Librarian dialog box
opens.

Select 1crn.msf from the scrolling list.
Select the default options:

Atomsto export: All Atomsfrom M SF
Rotation transformations: Discard

Click the Export button.
2. Append remarksto the structurefile.

In dialog boxes that offer the opportunity to enter remarks, enter no
more than one line of text per dialog box.

Select the OK button, and the .pdb file is generated.
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This chapter describes the interfaces between QUANTA and a variety of
third-party computational chemistry programs. Some of these applications
are bundled with core QUANTA; several are additional options. Read this
chapter or portions of it to become familiar with access procedures for the
following programs:

* Molecular orbital calculations— CINDO and MOPAC
» Poisson-Boltzmann electrostatics and Brownian dynamics — UHBD

Asfar as possible, the options available within QUANTA cover al func-
tionality intheoriginal versions of these external programs. |n addition, the
default optionsin the cal cul ation setup dial og boxes have been specified so
that changes are rarely necessary.

Accessing external programs from QUANTA

Specifying a host

External third-party programs are automatically started from QUANTA
when arequest ismadefor acalculation. While QUANTA requiresagraph-
icsworkstation for itsinteractive graphics and molecular displays, themore
computationally intensive programs run either on the local workstation or
on arange of available network hosts.

For each third-party application, you may select a host from thelist in the
applcomm.db file, which is customized to contain site-specific information
at thetime QUANTA isinstalled.

To select ahost for the CINDO, MOPAC, or UHBD applications, display
the Calculate menu, select Select Host, and then select the appropriate
application from the pull-right menu.

For all applications, selecting Select Host opens adialog box with ascroll-
ing list of network-available hosts. You can select a different host for each
application.

When you select a host, the selection isretained for the duration of the
QUANTA session. If no host is specified, QUANTA automatically triesto
run the application on your local workstation.
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When you select a host, another dialog box opens with fields containing
necessary information for running the job over the network. Table 45 lists
the options and describes each briefly. Although there already is default
information in certain fields, you may change or add more information.
Thisinformation remainsin effect for the entire QUANTA session unless
explicitly changed.

Table 45. Select Host dialog box

Data Entry Field Function

Machine
Pathname

Account

Password

The name of the host selected from the previous scrolling list dialog box.

Thefull pathname of the program executable on the selected host. Environ-
ment variables are valid only if you are running the application on the
local machine.

The user ID to run the program on the selected host. A valid user account
must exist on the selected host to successfully launch the program.

The password for the user identified in the Account field. A password typed
inthisfield isnot revealed on the screen, as all characters are represented
as asterisks. By default, no password is used. Depending on site-specific
system setup, the host may not require a password to run a remote job.

Working Directory  The directory from which the program is run on the selected host. If the

selected host islocal, the default working directory is the current
QUANTA directory. If the selected host is remote, the default working
directory isthelogin directory of the user identified in the Account field.

Number of Nodesto Number of nodes needed to run the application. Defaultis 1.

Use

Performing a calculation on a remote host

QUANTA network communication requires one additional program, the
remote job remote daemon (RIJRD). QUANTA uses RJRD to run each
third-party application. After it is started, RIRD establishes a connection
back to QUANTA, then receives the path to the third-party application to
run and the necessary files to start the program. After the third-party calcu-
lationiscompleted, RIRD sendstheresulting file back to QUANTA. RJIRD
remains active until the calculation is completed and the resulting files are
sent back to QUANTA.

Using CINDO

The CINDO function in the QUANTA Calculate menu provides an inter-
active interface to the CINDO program (QCPE Program 141). Charges
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generated by the program are stored either in a quantum mechanical (QM)
coordinate file or incorporated directly into the MSF. Once incorporated
into the M SF, these charges can be used in subsequent QUANTA and
CHARMmM calculations or displayed using the L abel Atoms function on
the Draw menu.

The CINDO program has an upper limit of 200 atoms. The options avail-
able in the QUANTA interface cover virtually all functionality in the orig-
inal version of the external programs. The default optionsin the CINDO
calculation setup dialog box have been set up so that changesarerarely nec-
essary. Information on the methods used in the CINDO calculation can be
found in Citation 2 in the References section of this chapter.

The CINDO program, although started from QUANTA, can be run in the
background so that other QUANTA tasks can be performed during CINDO
calculation.

Since CINDO and QUANTA are separate programs, files are used to send
information between them. All files associated with aparticular calculation
have the same user-defined base filename. Table 46 lists the file types asso-
ciated with CINDO calculations

Table 46. CINDO files

File Description

filename.cin Input file to CINDO, automatically created by QUANTA. Contains data that
describe the molecular structure and selected calculation options.

filename.out Log file from the CINDO calculation.

filename.gmc  Quantum mechanical (QM) coordinate file containing the final cal culated
charges.

CINDO.in File where CINDO specifically looks for input for running ajob.

If you run CINDO in the background, results are not automatically incor-
porated into the MSF. The calculated atomic charges are stored in the QM
coordinate file.

To read the charges stored in the QM coordinate file into the M SF, display
the Calculate menu and select Read/Display Results from the pull-right
menu that opens when CINDO is selected. A dialog box alows you to
choose to:

» Change the current MSF

» Check output for errors

* Report results

* Read chargesinto the MSF
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« Display the dipole moment vector

The contents of the QM coordinate file al'so can be incorporated into the
MSF using the Import function in the File menu.

All other resultsto be output can be retrieved from the CINDO.out log file.
Thisfileisoverwritten when another CINDO calculationisrun. To savethe
datain thelog file, change the name of the fileat UNIX level.

Complete the following exercise to become familiar with the QUANTA/
CINDO interface. To do the exercise, the structure cyclohexanol must be
displayed inthe QUANTA viewing area. Thisstructure wasbuilt in the sec-
tion Generating an Electrostatic Potential Energy Surface in Chapter 6. If
you have not completed that section, do so before proceeding.

1. Sart CINDO.

Display the Calculate menu and select the CINDO function. From the
pull-right menu that opens, select Calculate. A dialog box opens for
selecting CINDO options. Table 47 lists these options and provides a
brief description of each.

Enter the values:

Titlefor Calculation: CINDO Calculation on cyclohexanal
Set Charge On System: 0

Select the options:

Specify which Hamiltonian to use: CNDO
Specify Open or Closed Shell Calculation: Closed
Specify Multiplicity: Singlet

Specify the print options:
Minimum - Final energy, partial chargesand dipole

Click the OK button and aFile Librarian dialog box requests the name
for aCINDO input file.

Enter the text:
cyclohexanol

Click the Save button and the filename extension .cin is automatically
added, and a dialog box opens for selecting run options. Table 48 lists
the options and provides a brief description of each.

Select the option:

Run in Background
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Click the OK button and the cursor changes to awatch while the calcu-
lation is running. The message line reads:

Submitting CINDO calculation to batch
Other QUANTA functions can be used while the CINDO calculation
runsin background mode.

. Check the status of the CINDO calculation.

Display the Calculate menu and select Show Status A dialog box dis-
plays alist of background jobsthat can be started by QUANTA.

external

Select the option:

CINDO

Click the OK button and the textport reportsif the CINDO calculation
isin progress or completed.

. Display the chargesfor the atoms.

Display the Draw menu and select L abel Atoms. On the pull-right
menu that opens, select Atomic Char ge and the atomic charge assigned
by QUANTA isdisplayed next to each atom.

. Display CINDO results.

Display the Calculate menu and select CINDO. From the pull-right
menu that opens, select Read/Display Resultsand click the OK button.
The CINDO Postprocessing Options dialog box opens.

Select the options:

Check output for errorsand report results
Read chargesinto M SF
Display Dipole Moment Vector

Click tns, select Atomic Charge and the atomic charge is assigned by
the OK button.

A File Librarian dialog box requests the name of a CINDO output file.
Thefilename extension .out isautomatically contained in the data entry
field.

Select the entry:
cyclohexanol.out

Click the Open button and the calculation results are displayed in the
textport. In adialog box that offers the option of saving the structure,
select the option:
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Create New Generation of cyclohexane.msf

Click the OK button. The dialog box is cleared from the screen, the tex-
tport indicates that the old structure file is renamed cyclohex-
anol.msf,002, and the new charges are saved in cyclohexanol.msf. The
atom labels are al'so changed to reflect the new CINDO-generated
charges.

The dipole moment vector, agraphical object, is displayed in the view-
ing area. The Object Management Table opens, listing Dipole_1.

5. Deletethe dipole moment vector.
Select the Deletecell for Dipole_1. Thetext changesfrom notoyes, the
dipole moment vector is no longer displayed, and the Object Manage-
ment Table closes.

6. Deletethelabelsfor the structure cyclohexanol.ene.

Display the Draw menu and select L abel Atoms. From the pull-right
menu that opens, select Off and the labels are no longer displayed.

Table47. CINDO Setup options

Option Description
Titlefor Calcula- Offersadataentry field to enter an optiond title. If atitleisentered, it appears
tion at the top of the input file and log file.
Set Chargeon Allows the charge on the system to be specified. The value contained in this
System field isthe nearest integer to the current net charge of the structure.
Specify which Opens adialog box for selecting which Hamiltonian optionsto usein the cal-
Hamiltonianto  culation. The CNDO Hamiltonian (CNDO/2) is the defaullt.
Use
Specify Open or  Opensadiaog box for selecting an open- or closed-shell calculation to ana-
Closed Shell lyze the molecule. The default is Closed Shell Calculation.
Specify Multiplic- Opensadialog box for selecting the structure multiplicity (singlet, doublet, or
ity triplet). The default is singlet multiplicity.
Specify Print Opens adialog box selecting the amount of output generated in the CINDO
Options log file, CINDO.out. Thislog file is overwritten by later CINDO runs. To
save the data it contains, the name of the log file must be changed at the
UNIX level.
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Table 48. CINDO Run options

Option

Description

Run Calculation

Now

Run in Back-
ground

Do Not Run Save Stores the specifications for the calculation in an input file, filename.cin.

Input File(s)

Runs CINDO in foreground mode, which halts other QUANTA tasks. A QM
coordinate file, filename.qgmc, is created to store the results of the com-
pleted calculation.

Runsthe CINDO calculation in the background and stores the chargesin the
QM coordinatefile, filename.gmc. Other tasksin QUANTA can be per-
formed while CINDO is running.

external

Thisfile can be reloaded to run a CINDO calculation later.

Using MOPAC

MOPAC isasemi-empirical molecular orbital program that is generally
used in the study of chemical reactions and molecular structure problems.,
The interactive interface allows you to run the MOPAC program and dis-
play some of the results within QUANTA. For example, you can process
results of calculations to obtain molecular orbitals and display them as
graphical objects.

Versions of MOPAC that can be used with QUANTA include MOPAC 5
and MOPAC 6. MOPAC 93 is not known to work.

The semi-empirical Hamiltonians available within MOPAC include;

PM3
AM1
MNDO
MINDO/3

Available calculations include:

Vibrational frequencies
Thermodynamic quantities
Polarizability

| sotopic substitution effects

Geometries

In MOPAC, calculations may be performed when more than one molecul ar
structure is selected, for example, during drug docking studies. However,
do not perform MOPAC cal culations on multiple molecules that are not
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connected by covalent bonds. If MOPAC results are to be read back into
QUANTA, al selected structures must be contained in asingle MSF.

MOPAC creates a series of files for each calculation. All files associated
with a particular calculation have the same user-defined base filename.
Table 49 lists the files and provides a brief description of each.

Table 49. MOPAC files

File

Description

filename.ain
filename.out
filename.arc

filename.shu

filename.den
filenameres
filename.gra
filename.gmc

filename.gpt

Input fileto MOPAC.
Log file from the MOPAC calculation.

Archivefile containing a short summary of the calculation results (final heat of
formation, dipole moment, geometry, etc.).

Shutdown file automatically created by the Shutdown M OPAC option. Writ-
ing anything to thisfile shuts down MOPAC, creating filename.den and file-
name.resfor restarting the calculation.

Density matrix file automatically created during normal shutdown. Thisfileis
needed for the Restart Calculation option.

Restart file automatically created during normal shutdown. Thisfileis needed
for the Restart Calculation option.

Resultsfile containing calculation results in aform suitable for processing into
graphical output (for example, orbital and electron density maps).

Quantum mechanical (QM) coordinate file containing the final Cartesian coor-
dinates and calculated charges.

Results file containing the dipole moment vector for the calculated structure

Completethefollowing exercisesto learn the basics of usingthe QUANTA
MOPA C application. The exercises use cyclohexanol.msf, which was built
in the Electrostatic Potential section of Chapter 6. If you did not complete
that section, do so before proceeding.

1. Display a structure.

From the File menu, select Open. From the scrolling list in the Open
MSF File Librarian, select cyclohexanol.msf.

Select the option:
Replace

Click the Open button and the structure cyclohexanol isdisplayed inthe
viewing area.

2. Sart the QUANTA/MOPAC interface.
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Display the Calculate menu and select the M OPA C function. From the
pull-right menu that opens, select Calculate.
. RunaMOPAC/AM1 calculation.

Select the option:
Set up Calculation

Select the OK button and the Setup MOPAC Calculation dialog box
opens.

external

Fill in (or leave the default) for the title for the calculation:
MOPAC calculation on cyclohexanol
Select the options:

AM1
Z-matrix with Automatic Setup

Enter the value:
Molecular charge: O

Click the OK button and the Geometry Optimization Options dialog
box opens.

Select the option:

Full Geometry Optimization

In the File Librarian dialog box that opens, enter the text:
cyclohexanol

Click the Save button and theinput file cyclohexanol .ainissaved. Inthe
MOPAC Run Options dialog box that opens, select the option:

Run Calculation Now

Click the OK button. This sends the coordinates and element types to
MOPAC and starts the MOPAC calculation. This calculation takes sev-
eral minutes since a geometry optimization (energy minimization) is
reguested. For large molecules, run calculations of thistypein the back-
ground. The textport reports the progress of the MOPAC calculation.

. Process M OPAC results and incor por ate them into the M SF.

After the calculation finishes, the MOPAC Postprocessing Options dia-
log box opens.

Select the options:
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Check output for errorsand report results
Read coordinatesinto M SF
Read chargesinto M SF

Select the OK button. In the M SF Saving Options dialog box, select the
option:

Save to New Filename

InaFile Librarian dialog box that opens, enter a new filename:
cyclohexanol_mo

Select the Save button to save the MOPAC-generated structure. This
ensures that the molecul e on the screen has the same Cartesian coordi-
nates as the molecule saved in the MSF file. It permits comparison
between the initial cyclohexanol structure (cyclohexanol.msf) and the
MOPA C-processed cyclohexanol structure (cyclohexanol_mo.msf).
QUANTA automatically returns to Molecular Modeling mode.

. Display MOPAC AM1results—Bond lengths.

Display the Calculate menu and select I nternal Coor dinates. From
the pull-right menu that opens, select Bond L engths and the Select
Atoms and Selection Utilities palettes open.

From the Select Atoms palette, select I nclude and All Atoms.

Select Finish. The palettes close and a dialog box asks for directions
about what to report when both atoms in a bond are selected.

Select the option:
Report bond length once only

Select the OK button and alist is displayed in the textport showing the
bond assignments and lengths. The atom labels for defining the bonds
are the same as those shown on the structure in the viewing area.

This same procedure can be used to display alist of bond anglesor dihe-
dral angles. The only difference isin the selection from the Internal
Coordinates pull-right menu.

. Display bond lengthsin the viewing area.

From the Geometry palette, select Distance and Show Distance M on-
itors.

Pick any two carbon atoms. The bond length between them is displayed
in the viewing area in the space between the two atoms picked. The
bond length is the same as that listed earlier in the textport.
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Continue picking atom pairsto display other bond lengths. Use Delete
Distance Monitorsin the Geometry palette to remove reported bond
lengths from the screen. Deselect Distance.

Executing a single-energy AM1 calculation

AM1 (Austin Model 1) is parameterized to be especialy useful for hydro-
carbons and other polar structures that have appreciable hydrogen bonding
interactions. For more information about this calculation, see citation 3 in
the references section of this chapter.

external

1. Set Up the AM1 Calculation.
Display the Calculate menu and select MOPAC. Inthe Select MOPAC
option dialog box, select the option:
Setup Calculation

Click the OK button. In the Setup MOPAC Calculation dialog box,
select the option:

AM1

Click the OK button. In the Geometry Optimization Options dialog
box, select the option:

No Geometry Optimization
Click the OK button. In the File Librarian dialog box, enter the text:
cyclohexanol_single.ain

Select the Save button and the MOPAC Run Options dialog box opens.
2. Run MOPAC.

Select the option:
Run Calculations Now
Select the OK button and the MOPAC calculation starts.

3. Display theresults.

When the calculation is complete, the MOPAC Post Processor Options
dialog box opens.

Select only the option:
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Create MO or Charge Density Map

Select the OK button. In the Molecular Orbital Postprocessing dialog
box, enter the values:

Select the MO [HOMO]: 21
Grid points per map edge: 20
Conformation Number: 1

Select the options:

Molecular Orbital Map
Wait for Calculation to Complete

Click the OK button.

The orbitals are calculated for the coordinates of the molecule as it
appears in the viewing area. When you run this calculation, the mole-
cule should not be moved relative to the saved MSF.

When the calculation of the orbitalsis completed, adefault namefor the
graphical object, MOLORBL, is offered.

Click the OK button to accept the name, and the Object Management
table is displayed with MOLORBL listed.

In adialog box that lists display options for the brick map, select the
option:

All of the map displayed

Select the OK button and the dialog boxes for displaying the objects
open. In each of the dialog boxes, accept the defaults for contour levels
aswell as the colors associated with them.

The brick map is displayed on the screen.

. Deletethebrick map object.

Select the Delete cell in the Object Management Table for MOLORB1.
The text changes from no to yes, the brick map is removed from the
screen, and the Object Management Table closes.

. Repeat the calculation using a different Hamiltonian.

To obtain datato compare with AM 1, rerun the MOPAC calcul ation,
Steps 1 through 4, using the Hamiltonian PM 3 instead of AM 1.
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Table 50. MOPAC pull-right menu

Selection Description

Calculate Establishes specifications for the calculation.

Uselnput File Starts a calculation with a previously created input file.

Read/Display Results Reads results of calculations and creates an M SF containing the
results. —

Restart MOPAC Restarts a shut down MOPAC calculation. g

Shutdown MOPAC Stopsa MOPAC calculation in progress. 3

Cleanup Filesfor MOPAC CallsaFile Librarian for choosing datafiles to be cleaned up x
(deleted). o

Table51. Set Up MOPAC Calculation dialog box

Option Description

Titlefor Calculation Title for the calculation to be performed.

Specify Which Hamiltonian To Use

PM3 Performs cal culation using PM 3 Hamiltonian.
AM1 Performs calculation using AM 1 Hamiltonian.
MINDO Performs calculation using MINDO Hamiltonian.
MINDO/3 Performs calculation using MINDO/3 Hamiltonian.

Specify I nput Format

Z-Matrix with Automatic Automatically createsaz-matrix (internal coordinatetable) to specify
Setup theinitial geometry. The starting chainincludes nonhydrogen atoms
and excludes terminating groups such as methyl.

Z-Matrix with User Spec- Specifies the atom ordering of the z-matrix.
ified Order

Cartesian Coordinates  Indicates that the input file contains Cartesian coordinates (not z-
matrix). Useful for comparing similar systems. Geometry optimiza-
tionislimited to all or nothing. Symmetry constraints cannot be

applied.
Setup Dummy Atomsin Allows dummy atoms to be created and included in the z-matrix.
theZ-Matrix Allowsthe formation of dummy bondslinking fragments. Essential
for reaction coordinate studies.
Use Symmetry Simplifiesoptimization by requiring bond lengths, angles, and torsion
Constraints anglesto equal those for reference bonds, angles, and torsions.
Molecular Charge Specifies the net charge on the structure.
Other Options Displays a dialog box of several advanced options.
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Table 52. MOPAC Geometry Optimization options

Option Description

Full geometry  Optimizes all bonds, angles, and torsion angles.
optimization

All bondsonly  Optimizes only bond lengths.

All anglesonly  Optimizes only the bond angles.

All torsion Optimizes only the torsion angles.
anglesonly

User selected Opensapalette with selectionsto control which bond lengths, bond angles, and
parameters torsion angles are optimized.

No geometry Performs no geometry optimization.
optimization

Table 53. MOPAC Post Processing options

Option Description

Check Output for Checksthe .out and.arc filesfor error messages. Also reports some results. If
errorsand the MOPAC run fails, some post-processing options are invalid and corre-
report results sponding results files are not created. If this option detects afatal error,

selected post-process options are not performed. If warning messages are
encountered, you are given the choice of continuing or not. Use of this
option is strongly recommended.

Make.gmcand Allows datato be processed to form individual files containing coordinates
dipolefilefor and charges that can be read into QUANTA M SFsand .qpt filesfor the cor-

different con- responding dipole vectors.
formation

Read Coordinates Extracts coordinates from the .gmc file and updates the M SF with them.
into M SF

Read Charges Extract the charges from the .gmc file and updates the M SF with them.
into M SF

Create.csr File  Storesconformersin a.csr file that can be studied later using the Analysis

application.

Display Dipole  Retains the dipole moment information in the form of a QUANTA plot file
Moment Vector  (.gpt), so that the vector can be displayed as a graphical object.

CreateMO or Processes molecular orbital datafor a QUANTA .mbk file containing a con-
ChargeDensity  toured map of specified molecular orbitals or the corresponding charge den-
Map sity. If areaction coordinate study was performed, maps can be generated

for the different structures.

Cleanup Files Presentsalist of files created for the MOPAC run and allows their selective

deletion. Thefilesare ordered so that thefilesleast likely to be needed again
are at the top of thelist.
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Comparing MOPAC data

MOPAC AM1 and PM3 data for cyclohexanol, along with similar data
from calculations using CHARMmM, are reported in Tables 54, 55, and 56.
How atom numberswere assigned in these tables depends on how the struc-
ture was built, so there may not be aligand with the data you generate.
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Table 54. Comparison of bonds o
Bond CHARMmM AM1 PM3
H-O 0.950 0.964 0.949
O-C1 1411 1418 1.409
C1l-C2 1.538 1527 1.537
C2-C3 1534 1.513 1.520
C3-C4 1.535 1.516 1.520

Table 55. Comparison of angles

Bond CHARMmM AM1 PM3
H-O-C1 109.7 107.3 107.4
0O-C1-C2 111.9 111.0 112.0
C1-C2-C3 110.7 110.6 110.6
C2-C3-C4 1111 111.3 1111
C2-C1-C6 1111 110.9 110.4

Table 56. Comparison of ring torsions

Torsion CHARMM AMI PM3
Cl-C2-C3-C4 56.3 56.1 56.8
C2-C3-C4-C5 56.0 56.0 56.4
C3-C4-C5-C6 55.9 56.0 56.1
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Using UHBD

The QUANTA/UHBD interface simplifiesthe process of creating input for
and running the University of Houston Brownian dynamics (UHBD) pro-
gram. Theinterface provides access to these UHBD applications such as:

» Electrostatic calculations for macromolecules in solution using the
Poisson-Boltzmann equation

e Calculation of diffusion-controlled rate constants using Brownian
dynamics

The QUANTA/UHBD interface provides tools for displaying results of
UHBD calculations. A 3D contour mesh of the electrostatic potential, the
electrostatic potential, and Brownian dynamicstrajectories may also bedis-
played superimposed on the structure. Manipulation of these types of
graphic objects is discussed in Chapter 6.

Summary

QUANTA provides access to severa externa programs that provide alter-
native or supplemental approaches to modeling. These include:

* Molecular orbital calculations— CINDO and MOPAC
» Poisson-Boltzmann el ectrostatics and Brownian dynamics — UHBD

Asmuch as possible, the options available within QUANTA cover al func-
tionality within the original versions of these programs. In addition, the
default optionsin the cal culation setup dial og boxes have been specified so
that changes are rarely necessary.

External third-party programs are automatically started from QUANTA
when arequest ismade for acalculation. While QUANTA requiresagraph-
ics workstation for its interactive graphics and molecular displays, these
computationally intensive programs may be run either on the local work-
station or on arange of available network hosts.

Following isabrief summary of each program documented in this chapter.

CINDO

The CINDO program (QCPE Program 141) isamolecular orbital program
supplied by the Quantum Chemistry Program Exchange, Department of
Chemistry, Indiana University. The program has an upper limit of 200
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Summary

atoms. Options available within the QUANTA interface cover virtually all
functionality within the original version of the externa programs.

Charges generated by the program are stored in a quantum mechanical
(QM) coordinate file or incorporated directly into the M SF. Once incorpo-
rated into the M SF, these charges can be used in subsequent QUANTA and
CHARMM calculations or displayed.

MOPAC

external

MOPAC (QCPE 445) isasemi-empirical molecular orbital programthat is
generally used in the study of chemical reactions and molecular structure
problems. It is aso provided by the Quantum Chemistry Program
Exchange, Department of Chemistry, Indiana University.

The semi-empirical Hamiltonians available within MOPAC include;
« PM3

« AM1

« MNDO

 MINDO/3

Available calculations include:

« Vibrational frequencies

e Thermodynamic quantities

* Polarizability

 |sotopic substitution effects

*  Geometries

UHBD

The QUANTA/UHBD interface simplifiesthe process of creating input for
and running the University of Houston Brownian dynamics (UHBD) pro-
gram and provides tools for displaying results of UHBD calculations. The
interface provides access to UHBD applications:

« Electrostatic calculations for macromolecules in solution using the
Poisson—Boltzmann equation

» Calculation of diffusion-controlled rate constants using Brownian
dynamics
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References
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See CINDO calculation methodsin Approximate Molecule Orbital Theory,
J. A. Popleand D. L. Beveridge, McGraw Hill Inc., New York, 1970.

See MOPAC AM1 calculation methods in Reviews in Computational
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ers, New York, 1990.
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Molecule 127
Probe 123
G Internal Coordinates menu
Geometric Structure Definition files (gsd) 183 Bond Lengths 196
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M
.mbk file 122
Merck Molecular Force Field 76
methanol.mol 56
methanol.msf 57
minimization 71—76
repeat 74
save results 75
Minimization Options dialog box 72
minimization techniques 72
MMFF energy expression 77
Model Asymmetric Unit palette 102
Modeling palette
CHARMM Energy 52, 71
CHARMmM Minimization 73, 74
Hydrogen Bond 145, 150
Move Atom 70
Move Fragment 25
Reject Changes 75
Save Changes 26, 70, 75
.mol file 5, 21
mol_inter.mbk 130
Molecular Editor 182
Molecular Editor palette 41
Add All Hydrogens 49, 52
Add Atoms 47
Add Polar Hydrogens 49
Change Atoms 47
Change Bond 43
CHARMM Minimize 52
Delete Atoms 51
Delete Hydrogens 49
Display Atom Labels 48, 50, 51
Display Fragment Table 45
Edit Atoms 48
Edit Bonds 44
Editor Options 48, 54
Merge Fragment 46
Move Fragment 46, 58
Save and Exit 55, 59
Molecular Modeling
import 24—26
return from ChemNote 23—24

Molecular Probe Interaction Options dialog box
132
molecule interaction 125—132
Molecule Management Table 57
Molecule window 155
Mol Script interface 174
MOPAC
AM1 calculation 197—198
calculations 193
compare data 201
geometry optimization options 200
Hamiltonians 193
post processing options 200
MOPAC files 194
MOPAC menu 199
MOPAC Postprocessing Options dialog box 195
MOPAC versions 193
MOPAC, see Calculate menu 193
MSF
calculating solid surfaces from 166
export 184
.msf file 181
mypeptide 89, 160
mypeptide.msf 91, 112, 147

N
newpeptide.msf 6, 151
nitrobenzene.msf 104, 118, 122
NMR Structure Determination 108
nucleic acid cartoon 163

set up parameters 164

O
Object Creation dialog box 112, 113
Object Management 166
Object Management Table 111, 113, 116, 124,
129, 155, 161
Object Parameters menu
Ribbon Parameters 112
orange.msf 34, 65, 70
orthogonalization code 99
.out file 189, 194
out-of-plane bending at tri-coordinate centers 77
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P
patch residue 84
pctfiles
PDB file renaming 180
PDB, see Protein Data Bank
peptide
create 87—90
minimize 90—91
secondary conformation 87
phenol.mol 40
phenol.msf 41
plot
disposition options 171
preview 171
Plot Molecules menu
Generate 172
potential energy
generate avalue 70—71
Preferences menu
PDB Import/Export 180, 181
probe 122
probe interaction 122—124
probe interaction energy 122
Probe Interaction Options dialog box 125
Prompt for Multi-Model options 181
Property Editor palette 60
Atom Table 60
protein cartoon 163
set up parameters 163
Protein Data Bank dataformat 181
Protein Data Bank files
importing 181
Protein Design 107
Protein Health 107
Protein Profile Analysis 107
protein_strucutre.gsd 183
PSF 5, 66

Q
.gmc file 189, 194

.gpt file 115
.qpt file 194

Quantum Mechanical coordinate file 189

R
raster model 169
Raster Models menu 169
raytrace model 168
Remote Job Remote Daemon 188
rendering styles 155
resfile 194
residue 84
Residue Table 60, 62
Residue Table headings 62
RGB graphics 155
ribbon

generate 112—113
ring icons 11
RJRD 188
RTF 5, 66, 83

S
Save Changes Options dialog box 69
searchl.msf 57, 126
Select Atoms palette 118, 196
Select Host Dialog Box 188
Selection Utilities palette 118, 196
.seq file 87
STR file 87
sequence
build 84—77
Sequence Builder
see Builders menu 79
start 82
Sequence Builder Conformation menu 84
Set Secondary Conformation 88, 92
Sequence Builder Data menu 82
Delete Sequence and Restart 86
Sequence Builder Edit menu 83
Apply Patches to Residues 92
Copy Marked Item 85
Delete Marked Item 86
Scroll Down 86
Scroll Up 86
Unmark Items 86
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Sequence Builder menu 81
Sequence Builder Message Line 81
Sequence Builder palette 81
Sequence Builder window 80—81
Set Up MOPAC Calculation dialog box 199
.shufile 194
sodium.msf 34, 65, 70
Solid Display palette 156, 162
Protein Backbone 162
solid model
create 77-163
generate cartoon 163—?7
hardware requirements 155
manipulate 157—77, 157—159
Solid Model Settings 161
Solid Model window 155, 159—7?
popup menu 159
settings selections 160
stereo selections 160
Solid Models menu 155
Ball and Stick 161
Liquorice 161
Solid Schemes and Utilities palette 156, 158, 162
Solid Surfaces 166
solvent surface map
recreate 119
Solvent Surface Options dialog box 118, 120
solvent surface, see Calculate menu 117
space group 105
Split and Clean 182
Cleaning Tools 183
Splitting Tools 182
stretch-bend interactions 77
structure
adjust charge 60
combine 56
minimize 52—53
rename 76
rotate 47
save 53—60
save multiples 56
selection options 23
Surface Display Options dialog box 119, 121
symmetry copies 98
symmetry library file 98

T
Table 38 159
Template Viewer window, see Template window
Template window 27
menu bar 27
title bar 27
Template window button 27
Template window menus 27
template, also see ChemNote template
torsion interactions 77
trans.mol 22
trans.msf 25

]

UHBD, also see Calculate menu 202
unit cell dimensions 99

unit cell parameters 98

Vv
van der Waals interactions 77
vector data
transferring 114
vectors 114

w
water probe 126
water.msf 128

X-Ray 108
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