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1. Introduction

ICM provides an easy to use general environment for a biologist or chemist who is curious about structure
In just a few seconds you can browse hundreds of structures of interest, analyze and visualize sequences
alignments and binding sites.... Also you can perform molecular modeling, fully—flexible ligand and
receptor docking, virtual ligand screening, chemical similarity searching, chemical clustering and much
more.... This book describes how to use the program via the GRAPHICAL USER INTERFACE (GUI)
without the knowledge of the commands and functions running through your terminal window. After
reading this book you may read the full ICM language reference for the dying breed of command line user:
and occasional programmers. This is a separate document which is provided with a full ICM distribution or

can be obtained from Molsoft in a printed form.
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1.1. Release Notes
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NOTE Additions to the manual describing new updates and improvements to ICM are available online at
www.molsoft.com or in PDF format from our FTP site.

Maintenance Release 3.0.28d. Mar 8, 2004

A problem with table column popup menus is fixed

« superimpose/Rmsd with align option has been extended to graphical alignment from the selection

« the linked alignment is shown more clearly

. thgl"save as sdf/mol file" now supports the names/formats of columns and ICM-actions for this
table.

« "color by alignment conservation" schemes added

¢ ICM-GUI manual improved

Maintenance Release 3.0.28c. Mar 1, 2004

About 1% of PDB entries had problems with the convert PDB operation. Now this problem is fixed.
The swissprot references for the PDB search tool have been updated.

The loop database for homology modeling was updated (it is now 2 times larger than before)

(28b) A major problem which caused crashes and slowdowns with some graphics cards (e.g. Intel(R)
82855/82865 ) has been identified and fixed in 28b.

ICM-Browser(Pro) and ICM: Release 3.0.28. Feb 20, 2004

The following functionality is added to the this version compared to the previous 3.025j/m version releasec
in January:

Graphical Interface:

* a detailed illustrated Graphics User Interface User's Manual (botn on-line and as a book).

« direct control of light to adjust brightness, shininess and other properties of the image (see the

"display" tab).

control over the default display of hydrogen atoms, (see the "display" tab)

new cylinder representation of the helices in addition to the ICM ribbons (right click+hold on the

Ribbon button and choose cylinders)

* nicer display of hydrogen bonds between space atoms shown as "balls—and-stricks" (need to
convert an object)

« showing distances and non-linearity angles for hydrogen bonds (try + and - next to the hbond

button)

new drag and drop: to link a molecule to an alignment drag the alignment to the molecule

ability to name graphical planes (left click on a plane button) and save the names with a project
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« the quick image button (a photo—camera icon in the top toolbar) for high quality images: set up
your preferred resolution (the File/Preferences/Image IMAGE.writeScale preference) and save a
png image of high resolution with one click.

Ligand Docking

« if multiple ligand conformations are retained (so called "stacks"), each low energy conformation
will be displayed in the hit list table.

« docking in the batch mode is possible under Windows now

 chemical table with properties of the original sdf/mol-file (including catalogue IDs etc.) can be
displayed side—-by-side with the hit list table.

Tools:

« Easy "on-the—fly" generation of biologically relevant complexes from a PDB file (see the viral
structures built with the "Tools.Biomolecules Generator")

Coppaghe Molact LLC, 3964 Raademd by KKMPo

« improved generation of crystallographic neighbors from a selected patch

 improved icmMacroShape (see the "meshes" tab)

« saving movie frames under Linux.

« limits for the number of arrays in tables/chemical tables trippled. (now they are controlled by a
separate parameter MnArrays in the icm.cfg file)

» PDB search tools: swissprot references added to the table, the list of ligands in each pdb entry
expanded and updated (try the "pdb search" tab and enter an asterisk)

« Direct downloading of swissprot sequences from the File/Load menu or from a molecule popup
menu (in this case direct alignment of the sequence to reveal omissions in the structure).

Alignment builder, viewer and editor

1.1. Release Notes 3



» Multiple alignments: building several types of evolutionary trees and rearranging sequences

accordingly

« reading and writing the secondary structure display information in multiple alignments

* a bug in writing alignments in the msf format is now fixed

« showing Pi and 3/10 helices in alignments with different colors (try 1c3w, then "Assign

Sstructure™)
Chem-Informatics:

* Built-=in Chemical Editor

* Improved chemical views, convenient shortcuts (Ctrl-3,4,5,6, Ctrl-T).
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« Chemical clustering, selecting one representative per cluster

* Printing/exporting chemical tables

Table Data manipulation and analysis

« selecting columns or column ranges, hiding columns, changing column order

« merging several numerical columns into in—line plots

« improve table editing
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1.2. Who Should Read This Book

Most of the things you will read here are sort of natural or can be figured out by common sense and
trial-and-error. However, if you like to read a "structured" description of the material, go ahead and read
this.

Since this book is intended for basically anyone who is even remotely interested in molecules, some basic
knowledge of biology and chemistry is implied. Do not try to find definitions of "atom" or "sequence" here,
but most terms beyond that will be explained. A keyword search of this manual is availble on the online
version at www.molsoft.com.

This book covers the graphical user interface only. For detailed information regarding ICM programming
please consult the seperate ICM language reference guide.

1.2.1. Basic Prerequisites and Assumptions

Before you can begin you need to download and install ICM-Browser, ICM-Browser—Pro, or ICM-Pro.
See the section entitled ICM Installation for instructions on how to do this.

1.2.2. Notations

Sometimes we will use Unix as a collective term for all non—Windows operating systems
( RH Linux, SUSE Linux, Irix, Dec OSF, etc.).

After all it is only fair to refer to the original.

GUI = Graphical User Interface

1.3. ICM Installation

Here we describe how you can download and begin using the ICM program.

1.3.1. Installing ICM

In order to install ICM you need to register with Molsoft LLC (http://www.molsoft.com). Your E-mail
address will become your username and you will obtain a password. This can be achieved by either sendi
an E-mail to support@molsoft.com or clicking on any download button on the site, which will take you to
a New Registration window.

Once registered and the necessary payments have been made you are able to download ICM by going to
Molsoft LLC Website (http://www.molsoft.com) by once again clicking on the download button.

 Enter your username (E—mail address) and password.

~ s
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NOTE: Instructions are provided on this page for registering with Molsoft or how to find out your
password if you have forgotten it.

* Click on the appropriate operating system for the machine on which you wish to run ICM. ICM
will run on the following platforms: Windows98/NT/2000/XP, MacOSX, RedHatLinux and SGI.

» Choose the appropriate ICM product that you wish to download.

You can either follow the instructions on the web page OR carry on reading this section of the manual
* Click on the word hostid
* Click the open button to obtain your unique hostid number.

If you see this window displayed on your screen then you are well on your way to downloading ICM.

I )olsoft ICM Hostid @@

Fie Copytocipboard Heb

The hostid of your system is
00055dd175aa

Click the 'Copy to clipboard' menu item and paste it into your mail
message to info@molsoft.com together with your license request

« Click the copy to clipboard button.

» Write an E-mail to info@molsoft.com and paste the id number into this E-mail to request a
license for the product.

» Download the ICM distribution package by clicking on ICM-3.0.021.exe
1.3.2. Windows Platform
There are several ways to start ICM under Windows, including the following:

1. Click the Start button on the taskbar, then select Programs/Molsoft/ICM

2. Double—click the file with one of the ICM extensions, including pdb files (*.pdb ) icm projects
and binaries ( *.icb ), and other ICM file types.

3. Create a shortcut to the ICM binary and click the

6 1.3.2. Windows Platform



4. Start a command prompt window and type the path the ICM binary, usually it is C:\Program

Files\Molsoft LLC\ICM\icm.exe —g . In this case you can start ICM with different

options.
1.3.3. Unix Platform
Under a UNIX platform your executables will reside in the $ICMHOME directory.
$ICMHOME is an environmental variable of your UNIX shell and it needs to be set to the actual location of
the icm files. The installation procedure does tell you to what value the ICMHOME variable needs to be
set.

Examples:

{usrficm/icm —=X # returns
lusrficm/icm —g # —g means
{usrficm/icm —h  # help

usrf/icm/icm —bio —g # starts ICM-bio program with gui

Once you are in ICM you can spawn another window by choosing File/New ICM Window .

In this case if you close the main ICM window, all the children will be closed too.

1.3.4. Activate the Graphical User Interface.

If you are running ICM in Windows then the graphical user interface will be displayed automatically.

However in Unix the GUI version of ICM can be activated by typing icm —g or icm —G and hitting
RETURN. Or, to start the graphical user interface from the ICM command line, simply type gui.

1.3.3. Unix Platform 7
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2. Graphical User Interface Overview
The graphical user interface (GUI) has many components and is designed to make the life of an ICM user

easier. Rather than constantly typing commands in the ICM command line you can now point and click on
buttons and menus.

2.1. Default GUI Layout

File operations Graphic layers Selection tools Move tools
View tools Display panel Clip tools

. ICM-Pro 3.0.25m ANDREW NewPro iect [O objects, 0 sequences, 0 alignments... @ﬂ@

i display Y labels r(analysm Ytdb search \" eshes \"mowe \
all atoms+ligand | }J }'J ._.'_-',?.:"""' /) | II- .-.l ‘ .
C} t
no selection u — 1 Ce
¢ T
o Ala
@ + |8
= |
w8
o
o) =
- 2
| Stantup> Loading libraries.. o
Stantup> Loading aliases..
Stantup> Loading modules.. _macro _biojinfo _rebel x=xx ULS option
loaded =
_dgcking
..1CHM startup file executed... Ll
.l .JWeIcome to ICH

Workspace panel Terminal 3D graphics window
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When you first use the GUI the default window layout is displayed as shown above.

2.2. Window Menu

This menu allows you to choose which windows you wish to display. The windows which open
automatically when you first open GUI are shown in the Default GUI section. Other windows can be
displayed by selecting the windows menu. For example, if you have loaded a table but cannot see it in the
GUI it may be because the Tables option in the window menu hasnt been selected.

To add or remove windows from the GUI display select the ‘window menu'. Other windows not included in
the default display such as tables and alignments can be added.

Windows Help
v 3D araphics window
v Teminal
Alignments
Tables
Backaround jobs
Display Panel
Workspace Panel
File Operations
Graphic Layers
Move Tools
Clip Tools
Misc Tools

View Tools

€ € €€ € € /< <«

Selection Tools

Default layout

To return to the default display option select the 'Default layout' option in the windows menu.
OR

Click the default layout icon.
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Default Layout

Icon
Bioinfo TLoIs Homology Docking

) v NRGE
s ¥ analysis ¥ pdbsearch Y

= | ZH[24 @)

2.3. Workspace Panel

The workspace panel (see GUI Overview for location in GUI) is an important place within the graphical
user interface because it displays which sequences, structures, objects, tables and alignments are current
loaded into ICM. Also, from this panel you can make graphical selections and drag and drop objects and
sequences to other locations within the GUI.

Selected atoms and
residues

539 106 Ators 23 Res.1 Mol 1 (=]

+-cfl53  len=77 Amino
Lol len=88 Amino
Workspace --¥- alignments (1 items) |

anel ID=23% pP=2.7
i LEE f;bles R itefns) Expand here for more
_ L.PDBSearchResults 13 | information.

—3 iﬁquences (2 items)

;]
A g | =¥ |8 ||

Display all J ‘ ‘_ Tables
Objects ——— Alignments

Sequences

2.4. GUI Helpful Tips

This section describes some useful tips and suggestions to make life using the graphical user interface
easier and more time efficient.
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2.4.1. Drag and Drop
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NOTE: "Drag and Drop" is a useful way of moving objects and sequences around the graphical user
interface.

Sequences and objects can be moved around the graphical user interface by dragging and dropping them
All loaded sequences and objects are always displayed in the workspace panel. Select the desired object
sequence from the workspace panel by clicking and holding, move the selection to the desired location an
release.

This is a useful application in the graphical user interface. For example, you may have an alignment
displayed and you wish to add another sequence to the alignment. This can simply be accomplished by
dragging a loaded sequence from the workspace panel into the alignment display panel. Or, you can

quickly view an object by dragging and dropping it from the workspace panel into the 3D graphics
window.

2.4.2. Right Click

NOTE: Use the Right Click Mouse Option
The right click mouse option can be used throughout the graphical user interface. It is a very useful means
of opening up a whole new world of menus and options. Most of these options are described in this book.

However, when using the graphical user interface it is always a good idea to try right clicking the mouse ol
an object and seeing which extra options that are available for you to use.

2.4.3. Moving Windows

It is possible to move some windows around the graphical user interface to make viewing easier.
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Click here to dragthe  /|icn/tempMiniobj> cursorF:

window to another icm/tempMiniObj> cursorF:

location within the icm/tempMiniObj> PDBSeart
icm/tempMiniObj> cursorF:

graphlcal user icm/tempMiniObj> cursorF:
interface. icm/tempMiniobj>

X HITUST | hitst ]
mol |

Click here to close
window (KO

For example, you may wish to edit an alignment by moving the alignment display into a more accessible
place.

| :'-ILIIIQyIIII . ||

. m 4R A
Alignments
s |
10=23% pP=1.1 e...L.CY .CH.%..... C...HtC..... #eH. . .A. View options
1y6 1 AGYTLECY-QCYGUPFETSCP-SITCPYPDGUCUTQEAF [ tile ¥ consensus
cd59 1 ——--LQCY-NCPNP--TADCKTAUNCSSDFDACLITKAC
[V sequence offset
P N.Ci#...HC.HN.#t..#..t.. Comment: [ 1 [
1yé 36 AAVIUDSQTRKUKNNLCLP--ICPPNIISMUILGTKU-- [ Tree ave
cd59 31 AG-——-————- LQUYNKCWKFEHCNFNDUTTRLREN-—-- .
[ Sync with workspace
. #...CC..DLCN#...... [ tree only [ as
1yé6 71 N-——- UKTSCCQUDLCNUAUPN--
cd59 58 E-—- LTYYCCKKDLCNFNEQLEN Color scheme | icm-com
;I Strenath 50%] —

P ,dREQ |lan=77 A

Alignment window seperated from GUI

It is also possible to seperate menus from the GUI.
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View Tools Bioinfo Homology Docking

1 ; — Click here to tile menu
i Undisplay All

"FO6 Fog CHieD

1 [8] Side-bySide Stereo  Ctrl+S
" ¢d" Hardware Stereo Al+S

( E Full-screen Alt+F
L[ Perspective Clrl+Alt+P
: }_\ EasyRotate
Drag Res Labels [MdMB)
Antialias Lines Undisplay Al
Color Background FOG Fog Ctl+D
Center [S] Sideby-SideStereo  Ctil+S
1 Electrostatic Potential @ Hardware Stereo Alt+5
! Macro Shape BH Full-screen Alt+F
k Select by Purple 3D Box Perspective Crl+Alt+P
: ;_\ EasyRotate
Drag Res Labels (MdMB)
Antialias Lines
Color Background
Center

Menu becomes a
separate window
Macro Shape for easy viewing
Select by Purple 3D Box and access.

Electrostatic Potential

NOTE: To return to the default display option select the 'Default layout' option in the windows menu.
OR

Click the default layout icon.
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Default Layout

Icon
Bioinfo TLoIs Homology Docking

=ls ‘( analysis Ypdb search "\f_

| £Bl21 @

OR

Double click on the window header.

2.4.4. ICM Projects

Save your data in an ICM project. It is a convenient way of keeping all your structures, alignments, tables,
docking results etc... in one place. A description on how to save an ICM project is described in the GUI
Basics section of this manual.

2.4.5. Making a Picture

There are several ways of taking a picture of the contents of the 3D graphical display window see the
write image section. However the easiest way is to simply click on the camera button in the view
tools panel.

Simply click here to save a good high
quality picture

File Edit View
L@ anm
E

dlspla}' Y labels Y analyms Y pdb search

a1 | AH 2H 4

The picture will be automatically saved as a PNG file in the directory from which you loaded ICM. The
default picture name is icm[n].png, where n is the number of pictures taken in one ICM session. To save ir
other picture formats and to change the file name see the write image section.

Tools Bioinfo Homology Docl

R

1 T

(11
{1
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3. Graphical User Interface Basics

In this section you will learn the basics of ICM-GUI including, opening ICM files, saving them and
constructing new ICM objects.

3.1. Reading and Saving Your ICM Data

There are two ways to save your work and data in ICM 1) save project and 2) save object. Both will be
discussed in this section of the manual. If you finish working with ICM and you know you will want to
return to the project at a later date then the easiest thing to do is use the save project option. This
option is useful for sharing your project with other members of your team.

Any file that ICM can understand can be loaded into ICM by selecting File/Open.

3.1.1. Open an ICM File
Any file that ICM can understand can be opened by:
« Selecting File/Open.

The file types ICM can read and the File/Open screenshot is shown below:

PDB and ICM files [*.pdb™ *.ent” “.ich)

All supported files (*.icb *.ob *.pdb *.brk ".e
All files [¥)

ICM projects (*.ich)

ICM objects [*.ob]

PDB entries [*.pdb *.brk *.ent”]

MDL mol format (*.mol *.sdf)

Tripos mol2 format [*.ml2 *.mol2)

Tables in csv or icm format [*.csv *.tab)
Sequence format [*.seq “.fa ".fsa " fasta)
Alignment in ICM farmat [*.ali)

Alignment in fasta format (“.fa " fsa "fasta)
Swissprot format [*.swi *.dat)

ICM movies [*.mov)

conf stack (".cnf)

3D mesh [*.obj)

ICM maps [*.map]

Amino acid comparison matrix [*.cmp]
Sequence profile [*.prf]

3. Graphical User Interface Basics 17



Choose a file to open

21X

Loading libraries..
Loading aliases..
Loading modules.. _macro

artup file executed...

All files [¥)
ICM projects [.ich)
ICM abjects [*.ob)

Tables in csv or icm for
Sequence format [*.seq

All supported files [*.ich *.ob *.pdb ".brk *.ent™ .1

PDE entries [*.pdb ".brk *.ent”)

MDL mol format [*.mol *.sdf)

Tripos mol2 format [*.ml2 *.mol2)

mat [*.csv *.tab)

“ fa " fsa ".fasta) N

Look in: I@icmd e &k E-
L_“b ()bee ] 2ins
| Dcvs ] big
MyRecent  |[)data =] bigea
Documents |~ gictrip %] bitbb
"‘E ) dockrest £5] bjzbb
() Flexim @ chg
Desktop (C)icm_old &) crn
) (D)lite £ deLoopt
/] [man %3] example_alignment
N DE '{3 pixmaps @ example_docking
[test @ example_pocket
— [D)tools @ example_search
;%! @ lcse icm.ent
My Computer [:;j 1sti @ shapes
@ 1stp @ small
] ‘N\% k i | u] I
yplaecl:sm File name: I _| pen
Files of type: |PDB and ICM files [* pdb* * ent* *ich) | Cancel
PDE and ICM files [* pdb™ * ent* *.ich &

~

option loaded

Select ICM file type here

3.1.2. Saving an ICM Project

Saving a project will allow you to quit from ICM and then return to the exact set-up at which you left off at
a later date. A complete history of your ICM actions will be saved so that you can pick up exactly where

you finished on your previous ICM session.

To save a project:

« Select File/Save Project and a data entry window will be displayed. This window will only

appear if this is the first time you have saved a project.
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 Enter the unigue name you wish to call your project in the box labeled File name:

Choose project file|*.icb

Save in: I@ICM _'T_l (] IfF '

{ 2)
My Recent
Documents
@,
Desktop

Browse file directory here

=

e
My Documents

My Computer
My Network  File name: NewProject Ll Save I
Places
Save as type: | *ich LI Cancel |

/e

3

Enter filename here

» Choose which folder or directory you wish to save your project in by scrolling down in the box
labeled Save in:

» Once the appropriate information has been entered click on the Save button in the bottom right
hand section of the window.

* The project is now saved as yourfilename.icb.

NOTE: An alternative way to save a project is to click on the save icon on the toolbar.
D &

Save'lcon

3.1.2. Saving an ICM Project 19



3.1.3. Renaming a Saved Project.

If you wish to re—name the project or save different versions of the same project use the Save Project As
option.

To rename a project:

« Click on the File/Save Project option and a data entry window will be displayed. This window
will only appear if this is the first time you have saved a project.

 Enter the uniqgue name you wish to call your project in the box labeled File name:

« Choose which folder or directory you wish to save your project by scrolling down in the box
labeled Save in:

« Once the appropriate information has been entered click on the Save button in the bottom right
hand section of the window.

 The project is now saved as yourfilename.icb.
3.1.4. Reloading a Saved Project When ICM is Running
To reload a saved project when ICM is running:

« Select File/Open and a data entry window will be displayed.

Open @

Open [ Ll
Dpen s | Auto ~]
Auto -
I” Clear workspace
ICM archive
ICM objects - =
PDB entries ancel TOWSE ...

MDL mol format oy
Tripos mol2 format

Tables in csv or icm format
Sequence format

Alignment in ICM format i

* Locate your saved project by clicking on the Browse button in the bottom right hand section of the
window.

3.1.3. Renaming a Saved Project.



NOTE: All ICM project files are labeled yourfilename.icb . To make your search easier you can limit the
number of files you search through by scrolling down in the "Open as" section and selecting ICM projects.

* Click on OK button when the file has been located and your saved project will load.

NOTE: If the file you wish to load has been viewed recently then it will be in the drop down menu in the
Open box.

3.1.5. Reloading a Saved Project in Windows when ICM is not Running

To reload a saved project in Windows simply find the file in My Computer and double—click on the icon.

3.1.6. Recent Files
Recently viewed saved projects can be easily downloaded from the "Recent Files" option. To access this:
* Select File/Recent Files.

« Select the desired project by clicking on it once.

3.1.7. Saving an Object
Any ICM object such as a structure, sequence, or alignment, can be saved for use at a later time.
To save an object:

* Right click on the object name in the ICM workspace or ICM alignment editor and a menu will be
displayed.

* Click on the Save As... option.
« Enter the unigue name you wish to call your object in the box labeled File name:

» Choose which folder or directory you wish to save your object by clicking scrolling down in the
box labeled Save in:

» Choose which file type you would like to save your object as by scrolling down in the box labeled
Save as type . ICM structure objects should have the file ending yourfilename.ob and alignments
yourfilename.ali

» Once the appropriate information has been entered click on the Save button in the bottom right
hand section of the window.

» The object is now saved.
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3.1.8. Reloading a Saved ICM Object when ICM is Running
Once an ICM object has been saved you can re-read it by:
* Click on File/Open and a data entry window will be displayed (below).

« Locate your saved ICM Object by clicking on the Browse button in the bottom right hand section
of the window.

\/
~ -

NOTE: To make your search easier you can limit the number of files you search through by scrolling down
in the Open as section and selecting the appropriate file ending.

* Click on the OK button when the file has been located and your saved ICM Object will load.

\
~ -
3

NOTE: If the file you wish to load has been viewed recently then it will be in the drop down menu in the
Open box.

3.1.9. Reloading a Saved ICM Object in Windows when ICM is not Running

To reload a saved project in Windows simply find the file in the "My Computer" file store and
double-click on the icon.

3.1.10. Writing an Image
Once a beautiful ICM image has been constructed you have the option of saving it as an image.
To save and write an image:

« Select File/Write Image and the following window will be displayed:
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. Write image to a file @@

Screen resolution IHigh resolution IVectorized Postscript I
File Name |def Browse

{* tif " png " b " targa " eps

Ok | Cancel Help

« Enter the name for the picture in the File name data entry box.

* Select which file format you would like to save the picture in by clicking in the circular selection
button next to the file types. The options are .tif; .png; .rgb; .targa .eps.

« To specify which resolution you wish the picture to be saved click on the High resolution button

at the top of the panel.

* Click the drop down arrow in the Resolution Increase data entry box and select which resolution
you require the picture to be. Alternatively you can type the resolution you require into this box.

3.2. Exiting ICM

No problem. You do one of the following:

1. Select File/Quit. ICM will quit without saving files.

2.Choose the File/Save As menu item to save the project for the first time and then select File/Quit

3. Click the Save icon to save the project and then click File/Quit

4. Save and Click X at the upper right corner of the ICM window.

5. Type quit in the terminal window.

3.3. Constructing New Objects

All the processes in this section can be found under File/New, in the New molecule/sequence/grob

window

3.2. Exiting ICM



o New molecule/sequence/grob E]
Peptide lCompound [ Nucleotide ] Sequence ] Arrow ] Box ] Sphere ] 3D Label ]

Object Name [pep LI

One Letter Code |EACARVAAACEAAARD LI
N-Terminus | nter ~| C-terminus | cach >l
Iv Display Molecule I” Delete Other Objects IV Assign A-Helix

HE\D

To construct a new peptide:

« Select File/New and the New molecule/sequence/grob window will appear.

» Type the peptide sequence into the One letter code data entry box. Remember to delete the
previous entry if it is in the box.
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NOTE: If the peptide you wish to make has been made previously then it will be in the drop down menu in
the One letter code box.

* Select the appropriate N-terminal and C-terminal from the drop down menu.

» Check the boxes Display Molecule Delete Other Objects Assign A-Helix (Alpha Helix) according
to your particular preference.

* Click the OK button.

3.3.2. Constructing a New Compound

To construct a new compound:
« Select File/New and the New molecule/sequence/grob window will appear.
* Click the Compound tab at the top of the window.
OPTION 1:
 Type in the Smiles String in the Smiles String data entry box. Remember to delete the previous
ts)tJitrsc%]r.Llf a string has been entered previously it will be available by clicking on the drop—down
» Check the boxes Display Molecule Delete Other Objects according to your preference.

¢ Click the OK button.
OPTION 2:

3.3.2. Constructing a New Compound 25



* Click the Launch Molecule Editor button.

Please refer to the Launch Molecule Editor section of this manual for instructions.

3.3.3. Constructing New DNA or RNA

To construct new strand of DNA or RNA:
* Select File/New and the New molecule/sequence/grob window will appear.
« Click the Nucleotide tab at the top of the window.

» Check the appropriate box for the nucleotide you are constructing, either DNA RNA or DNA
Duplex

 Enter the nucleotide sequence into the One Letter Code data entry box. Remember to delete the
previous nucleotide sequence. If a sequence has been entered previously it will be available by
clicking on the drop—down button.

« Check the boxes Display Molecule or Delete Other Objects according to your preference.

* Click the OK button.

3.3.4. Constructing New Protein and Nucleic Acid Sequences

To construct a new protein and nucleic acid sequence:
* Select File/New and the New molecule/sequence/grob window will appear.
« Click the Sequence tab at the top of the window.

» Copy and paste a Fasta—format sequence into the Sequence data entry box.
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« ICM will automatically determine what kind of sequence you have constructed but if you wish to
specify then you can check either the protein or nucleic acid box.

* Click the OK button.
3.3.5. New Graphical Objects

To construct a new graphical object, such as a arrow, box, sphere, or text:
« Select File/New and the New molecule/sequence/grob window will be displayed.

« Click the Arrow, Box, Sphere, or Text tab at the top of the window, according to your desired
object.

« Adjust the color and size of your graphical object.

¢ Click the OK button.
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4. Working with the PDB

Protein structures solved by X-ray crystallography, NMR or other experimental methods are stored in the
Protein Data Bank (PDB). These structures can be easily accessed, displayed and analyzed using ICM.

4.1. Finding a PDB Structure

There are four ways to find a structure from the PDB database and load it into ICM:
1. Query by keyword or PDB code.
2. Query by sequence pattern.
3. Query by sensitive similarity search.

4. Load the PDB file directly from FTP, http, local drive.
4.1.1. Querying PDB by Keyword or PDB Code

There are four ways of querying the PDB using ICM and keywords. OPTION 3 allows for a much more
refined search.

OPTION 1:

« Select Edit/PDB search and the "Find PDB Entries by Keyword" data entry window will be
displayed.

» Enter a keyword or PDB code into the Keywords data entry field.

~ vl
\’.
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NOTE: If a keyword has been entered previously it will be available by clicking on the drop—down button.

* Click the OK button and a list of related PDB entries will be displayed in the PDBSearchResults
section of the graphical user interface.
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Click here to go to the Click here to preview Double click here to

PDB website the file download the file
|
| PDBSeafchResults |
ID| |head dite | het | title
1 |1cth |PLANT SEED PROTEIN |30 Apr 1931 Raman spectroscopy of homologous plant toxir
2 |1chn |PLANT SEED PROTEIN |11 Oct 1991 Atomic resolution (0.83 A) crystal structure of th
3 1cem |PLANT SEED PROTEIN |14 Apr 1933 "Ensemble" iterative relaxation matrix approach
«| [

. . 13 rows, 10 columns

OPTION 2:

Use the pdb search tab on the tool bar. Select which parameter you wish to search by. Enter some text an
this will be searched against the PDB.

Seq Pattern— Enter a protein sequence and this option will tell you whether a protein structure exists in the
PDB for that sequence.

Close Match — Enter a protein sequence and this option will tell you which sequences are similar to your
entered sequence.

Homology — Enter a protein sequence and homolopgous proteins in the PDB will be displayed in a table.

Ligand Code - Enter the PDB ligand code.(e.g. 1crn)

[ display Y labels Y aﬁalysis Yﬁb search Yméngmovne \

[ PDB search Ll I _(I-?g CSkeﬂz re
PDB search Search

by seq.pattern
close match
by homology
ligand code

Type Here
Choose Option To Search By Here

OPTION 3:

« Select Edit/PDB search by field and the ** Find PDB Entries by Keywords and Fields ** data
entry window will be displayed.
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Find PDB Entries by Keywords and Fields

Authors |i LI Experiment Type * _j
Compound [~ | Resolution Better Than |93 >l
Pdb Header [~ | Ligand code * |

Update PDE Index |
Ok | Cancel | Help |

 Enter your search words into the appropriate fields: Author; Compound; PDB Header;
Experiment Type; Resolution Better Than

* Click the OK button.
OPTION 4:
« Select File/Load and the PDB data entry window will be displayed.

 Enter the PDB code and select the source of your PDB file.

PDB @

pdbCode [] |

& from PDB by ftp " from PDB by http " from local PDB " from xpdb

v delete water

Ok | Cancel Help

4.1.2. Querying PDB by Sequence Pattern

There are two ways to query the PDB by sequence pattern.
OPTION 1:
 Select Edit/PDB Search by sequence pattern

« Cut and paste or type your sequence into the Sequence data entry field.
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» Choose whether you wish to display All entries or Entries with unique sequence by checking the
appropriate button.

* Click the OK button.
OPTION 2:

Use the word search option on the tool bar

[ display ¥ labels Y analysis ¥ pdbsearch ' meshes Y movie 1\

I PDEB search LI l Ll E,i ?loicsket:zre

PDB search
by seq.pattern ‘ ‘ Search

close match
by homology
ligand code

Type Here
Choose Option To Search By Here

4.1.3. Sensitive PDB Similarity Searches
There are two ways to search a sequence against the PDB database.
OPTION 1:
If your sequence is already loaded into ICM:
* Select Edit/PDB Search by sensitive similarity

 Type the sequence name into the Sequence name field. Sequences which are already loaded intc
ICM can be seen by clicking the drop—down button

« Select the number of hits you wish to see by typing the number into the Limit field. A number can
also be selected by clicking on the up and down arrows. (Default is 50)

« Select the sensitivity of your search by typing a value into the Expect field. This value is a
database-size error estimate and the default value is 0.01.

» Choose whether you wish to display All entries or Entries with unique sequence by checking the
appropriate button.

« If you wish to load the sequences leave the Load Sequences box checked.

« If you merely want to see the PDB codes which are similar to your sequence then un—check the
Load Sequences box.
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* Click the OK button.
OPTION 2:
If your PDB sequence is not loaded into ICM:
* Select Edit/Search with external sequence
« Cut and paste or type (shown below) your sequence into the Sequence data entry field.

« Select the number of hits you wish to see by typing the number into the Limit field. A number can
also be selected by clicking on the up and down arrows. (Default is 50)

« Select the sensitivity of your search by typing a value into the Expect field. This value is a
database-size error estimate and the default value is 0.01.

» Choose whether you wish to display All entries or ** Entries with unique sequence ** by
checking the appropriate button.

« If you wish to load the sequences leave the Load Sequences box checked.

~ 7/
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NOTE: If you merely want to see the PDB codes which are similar to your sequence then un—check the
Load Sequences box.

* Click the OK button.

~ 7
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NOTE: You can also use the toolbar search option by homology if you wish.

4.1.4. Working with PDB Search Results
Once you have searched for a PDB structure, a table with the search results will be displayed on the botto
of the ICM window. See the Tables section for more information on how to use ICM tables. See the next

section loading your PDB file for information how to view the PDB file. More information about
working with tables can be found in the Tables Section of this manual.

4.1.5. Loading Your PDB File
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Click here to go to the Click here to preview Double click here to

PDB website the file download the file
|
x| PDBSea]chR esults I
ID [ head I date I het | title:
1 |1cth |PLANT SEED PROTEIN 3q Apr 1981 Raman spectroscopy of homologous plant toxir
2 |1cbn |PLANT SEED PROTEIN |11 Oct 1991 Atomic resolution [(0.83 &) crystal structure of th
3 1cem |PLANT SEED PROTEIN |14 4pr 1933 "Ensemble" iterative relaxation matrix approach
«| [

.l . 13 rows, 10 columns
More information about working with tables can be found in the Tables Section of this manual.

4.2. Converting PDB Files Into ICM Objects

Sometimes it is necessary to have a PDB file in the form of a true ICM-object for which you may calculate
energy, build a molecular surface and perform all operations. There are two ways of converting a PDB file
into an ICM object.

OPTION 1:

« Right click on the name of the protein, displayed in red, in the ICM workspace panel and a menu
will be displayed.

 Select ConvertPDB in the menu and the following data entry box will be displayed as shown
below.

OPTION 2:

« Select MolMechanics/Convert/Protein and the following data entry box will be displayed as
shown below.
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«. Convert to ICM object @@

optimize hydrogens

replace the original

< 71 71

undisplay during conversion

<l

display the result

I” background
Ok I Cancel Help

Six options can be selected:

1. Delete water molecules if you are not interested in them.

2. Optimize hydrogens if you wish but this takes time.

3. Delete the original PDB file and replace it with the converted ICM object.
4. Undisplay during conversion will speed up the conversion procedure.

5. You can display the final converted object if you wish.

6. Running the conversion in the background will speed the procedure up.

4.3. Creating Symmetry Related Molecules and
Crystallographic Cells

Here we will describe how you can generate symmetry related molecules and display the crystallographic
cell of a PDB structure.
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4.3.1. Creating Symmetry Related Molecules

Molecular objects and 3D density maps may contain information about crystallographic symmetry. It
consists of the following parameters:

1. Crystallographic group eg. P2121 that determine N (depends on a group) transformations for the
atoms in the asymetric unit.

2. Crystallographic cell parameters A, B, C, Alpha, Beta and Gamma

To generate the coordinates within one cell one needs to apply N transformations and then to generate
neigboring cells the content of one cell needs to be translated in space according to the cell position.

ICM has a function which generates crystallographic neighbors for the selected atoms. For large proteins i
is impractical to generate neighbors for the whole molecule due to the high number of atoms in all
neighboring molecules.

This information allows to generate symmetry related parts of the density or molecular objects.

To generate symmetry related molecules around a selection of atoms:

» Read a PDB file into ICM. For instruction see the section entitled Finding a PDB
Structure.
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« Display the structure and select the residues around which the symmetry will be generated. For
information on how to select residues see the Making Graphical Selections section.

« Select the menu Tools/Crystallograhic Cell.

View  Tools Bioinfo Homology Docking MolMechanics

El L Crystallographic Cell HE R
——

labe ;
i BioMalecule Generator

Assign Helices and Strands

Geometry >

oms ” Distance

Protein Health
Evaluate Local Flexibility

Closed Cavities

icmPocketFinder

Overlay »
[ Chemical Search
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A data entry box as shown below will be displayed.

Display crystallographic ce... @@

radius | 7.0 L]

IV create symmetry related molecules
[V merge with source object

Iv display symmetry neighbors

Ok | Cancel Help

* Select the radius around your selction from which you wish to construct the symmetry related
molecules.

* Tick the create symmetry related molecules box.

« Select whether you want the symmentry generated molecules to be merged into the original PDB
object.

« Select whether you wish for the symmetry related generated molecules to be displayed.

* Click OK.
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38 71 Atoms 18 Res, 1

-l 1emSym2
Coplm 46 A
=B 1cmSym3
Coplm 46 A
B 1cmSymd .
Caflm A
=Bl 1cmSymb5
Caflm A
S 1cmSyme
Coplm 46 A
2B 1cmSym7 | .
+lm 46k
B meshes (1 iter
Ll gCrystCell

Original PDB

——— Crystallographic Cell Displayed as Purple Box

Symmetry Generated

Molecules

The crystallographic symmetry neighbors will be displayed in the Workspace Panel along with the

crystallographic cell.

For packing analysis and display you can color each symmetry unit a different color as described in the
Structural Representations Color section. This is shown in the picture below.
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4.3.2. Displaying the Crystal Cell

To display the crystal cell of a PDB structure:

» Read a PDB file into ICM. For instruction see the section entitled Finding a PDB
Structure.

* Select the whole object.

« Select the menu Tools/Crystallograhic Cell and a data entry box will be displayed.
* Click the tab labeled Cell.

* Click OK

The crystallographic cell will be displayed as a purple box as shown below.
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4.4. Generating Biologically Meaningful Structures from a PDB
File

It is very useful to know how a protein from the PDB may look in a biological environment. The PDB
entries solved by X-ray crystallography and deposited in the PDB contain the information about the crysta
structure rather than the biologically relevant structure. For example, for a viral capsid only one instance o
capsid protein complex will be deposited and only one or two molecules of haemoglobin that is a tetramer
in solution maybe deposited.

In some other cases the asymetric unit may contain more than one copy of a biologically monomeric
protein. ICM reads the biological unit information and has a tool to generate a biological unit. Not every
PDB entry has the biological unit information.

A gallery of images created using the ICM Biomolecule generator is shown below:
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Left: PDB: 1DWN Bacteriophage Pp7 From Pseudomonas Aeruginosa At 3.7 A Resolution Right: PDB:
1C8E Feline Panleukopenia Virus Empty Capsid Structure At 3.0 A Resolution

Left: PDB: 1AL2 P1/Mahoney Poliovirus, Single Site Mutant V1160l At 2.9 A Resolution Right: PDB:
1LP3 Adeno-Associated Virus (Aav-2), A Vector For Human Gene Therapy At 3.0 A Resolution

NOTE: Right click on a PDB structure in the ICM workspace to determine whether a structure from the
PDB has biological unit information. If it does have this information then there will be an option in the
menu entitiled "Generate Biomolecules" if not the option will be blanked out.
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To generate a biological unit with ICM:
* Select the menu Tools/Biomolecule Generator.

View | Tools Bioinfo Homology Docking Molk

a L Crystallographic Cell

—=
i late BioMolecule Generator

th - Assign Helices and Strands
—— Geometry >
Aion Distance
jects Protein Health
1ce Evaluate Local Flexibility
|“1 Cﬁi Closed Cavities
| |E icmPocketFinder
g QOverlay »
: E® Chemical Search
[S

 Tick the makeAllBiomolecules box

* Click OK

Build Biological Units and app... @
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5. Working with Chemical Structures

ICM provides an environment under which many chemical structure analysis functions can be undertaken.
These functions are critical for enhancing any drug discovery project. They include:

1. Chemical structure drawing.
2. Chemical structure similarity searching.
3. Chemical structure clustering.

___ICM Chemical Search: connected as root@vega database ‘test’

File Edit Yiew D
~Data Source
~ TR |
Ty [CZR A Ml 5> | ¢ yoex | o
File Edit View T =
Opti

"BD'* D wN N Query Options .

0 Database AsinexG

= Search Type lm

P Max hits |1DUU

Clustering tree for ‘result1’. Number of clust..

. EEX

PN

C ——BAS 0016643

—+—BAS 0016659 —

——BAS 0016651
_EBAS 0016645

' BAS 0016654 -

BAS 0018131

BAS 0018140

BAS 0018146

BAS 0018144
BAS 0018145

Lo ~c,, ——————BAS 0000525

|| | Ll BAg 0012230 on
BAS 0023060 |

Coin 5 BAS 0025597

IVOEO NN\ mZouwovmnozoal

5.1. Reading Chemical Structures

Chemical structures can be read into ICM from MOL/MOL2 and SDF files OR you can construct your own
structures by drawing them in the ICM molecular editor.
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5.1.1. Loading Chemical Structures

Chemical structures from pre—existing molecular files such as MOL, MOL2 or SDF can be read into
ICM by:

* Select File/Open and the window as shown below will be displayed.
* Select the chemical structure file you wish to open: MOL, MOL2 or SDF

« Once selected the file will be displayed as a chemical table (See ICM molecular tables

section).
Choose a file to open @
Look in: | ) ICM v « e E3-
} () data |®) example_alignment A
\_\>" man !] example_docking
My Recent |5 pixmaps |®) example_pocket
Docimenls ﬂ 1cse !] example_search
?L' ﬂ 1sti @ icm.ent
ﬂ 1stp !] shapes
Desktop ﬂ 2ins !] small
] big LIE

J ﬂ bigca
|®]bjtbb

|H] bjzbb
. ®]chg
\%! ﬂ crn
My Computer ﬂ deLoop!
ﬂ EF_andy
” | E |
My Network  File name: v Open
Places
Files of type: PDB and ICM files (*.pdb™ *.ent* “.ich) LI Cancel |
Allfiles ) ~ 7
ICM projects (*.ich) B
ICM objects [*.ob]
PDE entries [*.pdb . brk " ent* :
MDL. ool formnat & mol * s | Selectthe chemical file
| |[Tripos mol2 format (*mi2 *mal2) B type here: SDF, MOL,
Tables in csv or icm format [*.csv ".tab)
Al £ Sequence format [*.seq “.fa ".fsa " fasta) MOL2
Alignment in ICM format (*.ali)
x| [ Alignment in fasta format (*.fa *.fsa " fasta) b
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5.1.2. Chemical Smiles

If you know the chemical smiles string for the compound you wish to construct:
« Select File/New and the New molecule/sequence/grob window will appear.
* Click the Compound tab at the top of the window.

 Type in the Smiles String in the Smiles String data entry box. Remember to delete the previous
string. If a string has been entered previously it will be a

» Check the boxes Display Molecule Delete Other Objects according to your preference.
« Click the OK button.
5.2. Molecular Editor

In ICM you can draw compounds by using the ICM Molecular Editor.

The molecular editor can be activated by:

« Select Edit/Molecular Editor and the editor as shown below will be displayed.

ICM Molecule Editor [new file *] Q@@

File Edit View

DzE a0 mae 7 G

3 B
N N

0 o

¢ |

P P |
S

cl

Br

I

5.2.1. Drawing a New Chemical Structure

To draw a new chemical structure the ICM Molecular Editor should be loaded.

To do this:
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« Select Edit/Molecular Editor
Now you can start drawing your structure.
« First select one of the appropriate buttons on the left hand side of the molecular editor.

 Then click in the white Molecular Editor Workspace and your element, ring or bond will be
displayed.

File Edit Yiew

D@ oo mar o O &

I(\:I Molecular Editor Workspace
0]
F
p — Elements
S
Cl
Select one of these Br
buttons to begin —
drawing g L — Click anywl)ere
/ here to begin
5 L Bonds drawing
an
O _
@
[>| I Rings
]
O —_
— v |4 |

* You can extend your structure by selecting another button from the left hand-side as before.

« Select where on the structure you would like to add the new group by hovering the mouse over the
desired position. The position you will add to will be highlighted in a red box.
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File Edit View

bz av maa 2 &G

New structural elements
will be added from the
position highlighted by a
red box.

Simply hover the
mouse over the
position you wish to
add to.

VOO IN\N\|mFowovsmnoZo

To change the direction of a bond:

« Right click on the bond and a menu as shown below will be displayed.

« Select which bond direction you desire from up, down or either.

5.1.2. Chemical Smiles
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Up Down
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Carry on drawing until your structure is complete! See the other sections in this chapter.

50

1. To save your structure read the save and append chemical structure section.

2.To append your structure to an existing SDF file read the save and append chemical
structure section.

3. To save your structure to an ICM table read the save and append chemical
structure section.
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4.To edit your structure read the edit your structure section.

ICM Molecule Editor [new file *]
File Edit View

bR o man 2 0 &

O00OVEOED NN\ mF2notm0Zo

< |

5.2.2. Save and Append Chemical Structures

Once you have drawn a chemical structure (see Drawing a New Chemical Structure) then
you can save the structure in the following ways:

1. By saving the structure as a MOL file or SDF file on your machine or fileserver.
2. Appending the structure to an already created SDF file.
3. Appending the structure to an ICM Molecular table.

To save the structure as a MOL or SDF file on your machine or fileserver.
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« In the Molecular Editor window select File/Save

« Enter a filename and select where you wish to save the file.

~ s
\,
J

NOTE: Other save options can be found on the ICM Molecular Editor Toolbar.
File Edit View
Save Options O = €

C
N

To append the structure to an already created sdf file.
* In the Molecular Editor window select File/Append to SD file...

« Search for the SDF file you wish to append to and select OK. This SDF file can be read into ICM
as described in Read Chemical Structure section of this manual.

To append your structure to an ICM table:
« In the Molecular Editor window select File/Append to table

* A list of loaded ICM tables will be displayed as shown below. If you dont have any ICM table
loaded or you wish to add the structure to a new table select the "new" option.

* The structure will be automatically added to an ICM table and displayed in the GUI.
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ICM Molecule Editor [new file *]

File Edit View
0 New a sz 0
& Open Ctrl+0
Save Ctrl+S
Save As ...

Append to SD file ...

g Append to table » New

Ezit gpcr_adreno
kinase
Cl
Br
I
s
e

NOTE: For more information on how to manipulate standard ICM Tables and Molecular Tables see the
Table section of this manual.

5.2.3. Editing a Chemical Structure

If you make a mistake whilst drawing a chemical structure or if you wish to change an already saved and
loaded structure there are a number of editing tools and techniques which can be used.

To edit a structure which is in a loaded ICM molecular table:

« Right click on the structure in the table and a menu as shown below will be displayed.
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Al | B J

Edit Mode

d|icmsdef> openFile "Z:/a v Cursoraction
icm/def> if(openFilePRJ|, Show giid
icm/def> call openFil

icm/def> s_currentPro Select Al Clil+4,
icm/endifendif .
icm/def> Invert selection

Filter by cell value —

q gpcr_adreno I kinase | bb
Insert row before

mol Insert row after

Display style 4

Clustering

Copy molecule image

0 Copy molecule
@ Paste molecule
2 / \)kﬁ & Edit molecule
‘ || B Query molecule
SN & Fint .. CHl+P
Fit to screen

~hiral T.RULAEA

<| |

« Select the Edit Mode and a black square will be displayed around the chemical you wish to edit.

* Double click on the structure and the ICM Molecular Editor will be activated.
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mol MOLNAME

1,2-NAPHTHOQUINONE

‘ liaat R N Tl

Double click here to edit

To edit a bond or atom in the structure:

« First select the new bond, atom or ring from the buttons on the left of the ICM Molecular Editor.

File Edit View
Dz we mnaa 2 0 Q
I g
N
Select the o
element, bond or
ring you wish to F
add to your P
structure from S
here Cl
Br
I
y
4
@uble bondl
¥
™
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» Hover over the element or bond you wish to change in the ICM Molecular Editor workspace. A
red square will be displayed over the bond or element you select as shown below.

File Edit View

DR oo man 2 O G

The bond to be changed is
highlighted in a red square

YNNI\ wPonvmozo

« Click on the bond or element and it will automatically change to your selection.

To delete parts of a structure:

» Select the eraser button on the ICM Molecular Editor Toolbar.

@ maa 7 &

0 L Eraser button

« Click on the regions you wish to delete.

Alternatively you can select the delete option in the ICM Molecular Editor "Edit" menu.
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5.2.4. Molecular Editor Selections

Selections can be made in the ICM Molecular Editor using the two buttons shown below.

@ mama 2 &

0 \— Lasso select

Box select

N,

-~

Selections are displayed in green.
File Edit View

bz v 2ne 2 0§ G

0

YNN\\N | mPowovmozol

5.2.5. Copy, Cut and Paste
To copy, cut and paste part or all of your structure.

« First select the parts you wish to copy or cut by reading the instructions in the Molecular
Editor Selections section of this manual.
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« Select copy or cut from the ICM Molecular Editor "Edit" menu.

 The selected regions will then be placed on the copy clipboard and can be pasted into the ICM
Molecular Editor or any other program.

The copy and paste buttons and menus are shown below:
File Edit View
g we ane 2 0§ G

Copy selection to Paste
clipboard

Cut the selection to
clipboard

cn'o-nOan

i
a
m
=
<
@

S

¥ Undo Cl+Z t
& Redo Ctel+y

EZBETEN - Ciick here

Copy as SMILES

Cut Ctel+X

Paste Ctrl+P

Select All Crl+&,
% Delete Del

\ I

]

(n'o-nOan

3

T

To copy your structure as a smiles string:
C1C=CC=C(C=1C(C)=0)CC(CC=C1)=C1
« Select the "Copy as SMILES" option in the ICM Molecular Editor "Edit" menu.
This will place the SMILES string on the clipboard which can then be pasted into any application.
5.2.6. Undo and Redo

The undo and redo options for the ICM Molecular Editor are located in the Edit menu and on the toolbar a:
shown below.
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File Edit View
bz o man 2

c ’ B
N redo
0 undo
F
P
OR
Edit View
‘(& Redo Ctel+y
[ Copy Ctrl+C
Copy as SMILES
W Cut Crl+%
- Paste Ctrl+P
Select All Clrl+4,
% Delete Del

5.3. Converting Chemical Structures from 2D to 3D

To convert a chemical structure from 2D to 3D:

* Select which structures you wish to convert in the molecular table. For instructions on making
selections within tables see the Making Table Selections part of this manual.

* Right click on one of the selections you have made and a menu as shown below will be displayed.
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bb
‘v EditMode

v Cursor action

7 Show grid
Select All Clrl+,

gper_adreno I kinase | bb I Invert selection

Display style »

mol MOLNAME .
Clustering

& PFiint ... Ctil+P

Color

Fit to screen
Duplicate row(s)

¥ Delete rowls)

17

Copy selection to ICM table

Save selection &s

« Select the Convert to 3D option and you will see the compounds being converted and minimized
in the 3D graphical display window.

Once converted the compounds will be displayed in the 3D graphical display window and also in the ICM
workspace.
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no selection I—J

—n I%:Fec’(s (3 items)

ml  X-Ray; 0.00.
m 1 Hetatm

B m2  %Ray; 0.00.
n m 1 Hetatm
S[=]mbé  %-Ray; 0.00.
L[ ]m 1 Hetatm
=-BE tables (1 items)
‘“-bb 1067 rows 26 co

Converted chemical
stuctures are displayed
in the 3D graphical
window and the ICM
workspace

5.4. Chemical Clustering

To perform clustering based on chemical similarity first you must have an SDF file or a molecular table
loaded into ICM.

« Right click on the table and a menu will be displayed as shown below.
« Select the clustering option either tree or k—-means.

The 'tree’ method is a vigorous clustering apporach and computes all to all distances and might be slow fo
more than 1000 compounds. The k-means approach is less vigorous and therefore quicker.
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Ireno ] kinase \ bb I

mol | MOLNAME

chiral  [--GMC-1111

[N /—/
D

GMC-1111

S&/Q:;rth /—/

hM—~ 1 |

The clustering may take a few sections to complete. Once completed a tree of the clustered compound

names will be displayed.
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bb

v EditMode

'v Cursor action

' vr Show grid
Select &ll

Invert selection

Chrl+4,

Display style »

Clustering

& Frint ... Ctrl+P

Color

Fit to screen

Copy selection to |CM table
Convert to 3D

Save selection As

GHT
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Clustering tree for *bb’. Number, of clusters=489, Ma... Q@
’i ﬂiﬂ ﬂié ni: Di lll ”7
1 1 1 1 1 1 1 1 1 1 1 1 U 1 1 1

! (-)-GMC-1111

! GMC-1111
s

; PD-156586

NSC-16377

' PIRIBEDIL

| EPIRIBEDIL MEST
5-3608
14839-JL

___£i:::::PRAMIPEXOLE

SND-919-Y
—{ o

I | PD-128483

|

I FENTANYL-ISOTH

—
, PD-157695

——+—PD-158771
|

The color coding within the tree refers to the color coding in the table.

5.5. Chemical Similarity Searching

Chemical similarity searching can be used to screen a database of compounds for structural similarity to a
guery chemical structure. The chemical similarity search window is shown below.
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ICM Chemical Search: connected as root@vega database ‘test’

File Edit View Data Source
24 ] B Loy
” O & N & By & % QVS} * MolCart 9 " Local Tables
c Query Options
N -
Database AsinexGold ¥
O 0
F Search Type Substructure ¥
p ‘ ” Max hits 1000 —
S / Max Distance 0.4 &
cl Matches number | any 4
Br
I Result
Iresult2 'l V' Auto numbering
s Ay
[V Highlight substructure
4
Vi Search |
< |
v | i

5.5.1. Query Setup

To set up a query first you must have either drawn or loaded a chemical structure into ICM. Instructions fo

this are described in the Reading Chemical Structures and Molecular Editor sections of
this manual.

To perform chemical similarity searching:

* Right click on the compound and a menu as shown below will be displayed.

64 5.5.1. Query Setup



El

_
F{openFilePR.
call openFi:
s_currentPri
ndif

plor backgron

2\

bb
Edit Mode
v Cursor action
v Show arid
Select &ll Clrl+,
Invert selection
Filter by cell value
Insert row before
Insert row after
Display style >
Clustering
Copy molecule image

Copy molecule
R Paste molecule

& Edit molecule

=Y Query molecule

& Print ... Ctrl+P

Fit to screen

* Select the "Query molecule” option and the ICM Chemical Search window with the query

structure will be displayed as shown below.
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ICM Chemical Search: not connected Q@@

File Edit Yiew Data Source

bR 9 B 7 B &  MolCart ﬁl o e s

-

Query Options

Database bb hd
0
‘ Search Type I Substructure ¥
0 Max hits 1000 <
/ Max Distance |0.4 v
Matches number | any S
Result

result3 v| V¥ Auto numbering

™ Select in origin

[V Highlight substructure

«HD\\\ mTowovTmOZo|

K — ;lﬂ

At this point your query can be modified as described in the Molecular Editor sections of this

manual. However, there are a number of ways to specifically modify your query and filter your search. The
way to accomplish this is to right click on a bond or atom and a menu as displayed below will be displayed
The menus differ depending on whether you right click on a bond or atom.

If you wish to specify a filter at an atom.

« Right click on the atom and the menu shown below will be displayed.
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ICM Chemical Search: not connected

File Edit View
ErrI I L I
==l
C
N
O 0
F | Right click atom
P ™
Symbol
> Hyd
ydrogens
Cl . .
Ring membership
Br e
ing size
I
Charge
7 Isotope
7 Hybridization
% Connectivity
<» Attachment point
v Ll_‘ ¥ Delete

v - v Y w ¥

EEX

Data Source

" MolCart 9 | (¢ Local Tables

—Query Options-
Database bb 7
Search Type IW[
Max hits 1000 <
Max Distance m
Matches number | any ¥
Result

|result3 'I [V &uto numbering

™ Select in origin
[V Highlight substructure

Search |

If you wish to specify a filter at a bond.

« Right click on the bond and the menu shown below will be displayed.

5.5.1. Query Setup
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ICM Chemical Search: not connected Q@@

File Edit Yiew
Data Source
=[O
HB & 9 “ = ‘ - & % Qﬁ " MolCart §| (¢ Local Tables
=] - — "
C
Query Options
N
Database bb v
O 0
. . Search Type W
F | Right click bond
p 0 Max hits 1000 <
S ' . Max Distance IEI.4 v I
v Single
cl Double Matches number | any v
Br Triple
I . Result
Aromatic
Iresult3 'I v Auto numbering
a Any
Y More N [™ Select in origin
7 Attibutes > [V Highlight substructure
@ _XDelet—e ot Search |
v |4 I »

To specify a particular atom type, aromatic, aliphatic or R—group at a particular atom site.
« Right click on the atom and select the "symbol" option as shown below.

« Select the desired atom type, aromatic, aliphatic or R—group and a symbol will be displayed as
shown below.
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P - || 0 Max hits 1000 =
s ~HEEEE . MaxDistarce  [0d =]
Hydrogens >
Cl vered N Matches number | any >
Br Ring membership  » 0
I \ Ring size 4 F Result
y Charge 4 P IresuItB 'I v &uto numbering
7 Isotope : 5 ™ Select in origin
i ,
Y Sncizaton &l IV Highlight substructure
v Connectivity 4 Br
<» Attachment point I Search |
v 14 I ¥ Delete Any
Any aromatic

—_ Any aliphatic

R1

0 R2 / /
= i R3 ‘

| R4

R5

\ RE

R7
0 RS

A, ‘ 0 Custom ...
2l | =
QU’ 0\
R1
e

NS

‘ Any not carbon

For example:
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Query:

N
™~
Right click atom - Symbol -N
P
Selection of chemical substructure search results
1 E |4 I
N T /=
| S/ Y OY\
:;i—’ \\\\\/

0 I//j/’)d\ﬁ
XA

)
N O “
>_<\J ST ) ‘ N”J

g

To specify a particular number of hydrogen atoms at a particular site:

« Right click on the atom and select the "Hydrogens" option as shown below.

 Select how many hydrogens you wish to specify and a symbol will be displayed as shown below.
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— [ Ma hits 1000 -

B Symbol %D
mbol 4
S / ¥ Max Distance 0.4 S
Hydrogens d v Off
Cl : : Matches number | any v
Ring membership  » HO
Br o
I T Ring size 4 H1 —— Result
y Charge 4 H2 result3 v| [V Auto numbering
»
Isotope H3 [~ Select in origin
V4 Hybridization » H4 ¥ Highiont sub
v Highlight substructure
// Connectivity 4 H5 o
@ Attachment point ﬂ Search |
v |4 | % Delete _ﬂ
0
C 11 ’ U

To specify the number of rings a particular atom will be a member of:
« Right click on the atom and select the "Ring membership" option as shown below.

* Select whether the atom should be part of 1, 2 or 3 rings.
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[ Max hits 1000 =

P ]
Symbol 4
S Cabli % Max Distance IIJ.4 'I
I Hydrogens 4
C Matches number | any v
Br K v O
I N Ring size 4 RO —Result
> Charge 4 R1— Iresull3 'I IV Auto numbering
Isotope ' R2 ™ Select in origin
4 Hybridization » R3 ¥ Highlight substruct
ighlight substructure
// Connectivity » e
«) Attachment point v Search I
v |4 | % Delete o
0
C?] ‘ U

For example:
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Query:

Cr.v
\\
Right click atom - Ring Membership - R3
s
Selection of chemical substructure search results
1 |2 |3 |4 I
i /N 0
o 0=S 0 o -
I TN mim ., Q0
] o :/"D/ 0 —C, :H/C P
P 0 Iz = == A )
22y - I N oy Crw. AR Y ®
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To specify the ring size connected to an atom:
« Right click on the atom and select the "Ring size" option as shown below.

« Select the size of the ring the atom should be connected to and a symbol will be displayed as
shown below.
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[ Mas hits 1000 <

o Symbol » .
mbo
[ 4 Max Distance I 04 w7 I
Hydrogens 4
Cl : : Matches number | any v
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- - v oot Result
p Charge » x] Iresult3 'l [V Auto numbering
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M
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For example:
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Query:
C.

BN,
Right click atom - Ring size -R7

L

Selection of chemical substructure search results

1 2 |3 | 4

| ol

To specify the charge at a particular point:

« Right click on the atom and select the "Charge" option as shown below.

s

0 *‘/”\r(“‘)“/l’l\o N_\é’ \\ , 48—\//=‘~/\th\

« Select the desired charge and a symbol will be displayed as shown below.
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> Symbol 4 .
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To specify an isotope at a particular atom
« Right click on the atom and select the "Isotope" option as shown below.

* Select the desired isotope from the list and a symbol as shown below will be displayed.
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[ o Ma hits 1000 4
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To specify the hybridization state of the atom:
* Right click on the atom and select the "Hybridization" option as shown below.

* Select the desired hybrization state and a symbol will be displayed as shown below.
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- | | 0 Max hits 1000 2

Symbol y b2
yrme - Max Distance m
Hydrogens »
. . Matches number | any -
Ring membership  »
\ Ring size » Result
Charge ’ [fesutt3 v] M Auto numbering
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Connectivity 4 SP1 Search |

Attachment point
‘I I % Delete spa

[V Highlight substructure

«g) NN\ "R O®n D

To specify the number of atoms you wish an atom to be connected to:
« Right click on the atom and select the "Connectivity" option as shown below.

« Select the number of atoms you wish the atom to be connected to and a symbol will be displayed
as shown below.
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5.5.2. Query Processing

To begin processing your query first you need to decide which database to search. The options are listed |
the "Data Source" section of the ICM chemical search window.

Data Source

" MolCat &2 | & Local Tables

|

To connect to MolCart database for the first time
click here.

You can either search a local table (molecular table) or you can search MolCart.

If you select MolCart you first need to setup the link to the correct database. Click on the button shown
above (yellow pencil) and the Connect to Molcart window will be displayed as shown below.
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o i el M i e " MolCat &2

~
|
-

Connect to Database @ —

Server Name Ilocalhost

Database Itest
User Iroot
Password | [bet
Ok | Save Cancel I
~] &

origin

[V Highlight substr

* Enter the Server Name in which the database is stored.
« Enter the database name.
 Enter your username and password for the server.

* You can save these details so you dont have to re—enter this information each time you use the
chemical similarity search.

If you are searching a local table, the names of your currently loaded tables are in the drop down menu
shown below.

Query Options

Database
Search Type
Max hits

Max Distance

Matches number | any w7

Now select a search type:

80

* Click on the drop down arrow next to the "Search Type" option in the Query Options panel.

« Select either substructure or FP similarity as shown below.
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A substructure search is a search whereby only the defined molecule in the query will be searched agains
the database. Whereas, a FP search which stands for fingerprint search enables any fingerprint within a
structure to be searched for in the database. The "Max distance" option is available for use with the FP
search and the "Matches number" option is for use with the substructure search. The option you do not
require based on your search method will be blanked out. A "Max distance" value of 0 means that the
search will only identify matches exactly the same as the fingerprint — the default is 0.4. The "Matches

number" option allows you to stipulate how many times within a structure in the database your query can
be found.

Query Options

Database bb S
Search Type Substructure | ¥
Max Distance 0.4 /
Matches number | any S

Enter how many hits you wish to be returned to you.

* Click on the up or down arrows or type into the "Max hits" data entry box.
Select the "Max Distance”. Only for use with fingerprint (FP) similarity search.

* Click on the drop down arrow next to the "Max Distance" data entry box.
Select the number of matches. Only for use with the substructure similarity search.

« Select the number of matches you require from the drop down box as shown below.

Query Options

Database bb v
Search Type Substructure ¥
Max hits 1000 =
Max Distance 0.4

Matches number | any 7
Result

[~ Select in origin | >=4

>=5
[V Highlight substroetTe
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Before processing the query see the next section entitled query results

5.5.3. Query Results

The query results will be displayed in a table. You can select the title of the table, and if you are doing a

large number of queries then this name can be incremented by 1. (See diagram below)

To run the query click on the "search" button.

Result
Enterthe ——resuid v | [V Auto numbering
n?me you [~ Select in origin
wish to call ———
your results ighlight substructure
table.
. Search Run I(_:M
resultd results l chemical
similarity
s search
N
.-;::'-'\/
W__._,__ﬂ | Query substructure
pU . highlighted in red.
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6. Making Selections

When using ICM there will be many occasions when you will have to make selections. For example, if you
only wish part of your structure to be displayed or if you want to select residues around a binding pocket. |
you have a molecule displayed in the graphics window, then selections will be displayed as green crosses

538 520 Atoms 92 Res,1 Mol,1 Obj
28 # Jobjects (1 items)

305 Amino OPSD
- MNGTEGPNFY
11  UPFSNKTGUU
21 RSPFEAPQYY
31 LAEPWOQFSHL
41 AAVTTFLITHL
51 GFPINFLTLY
61 VUTUQHKKLRT
71 PLNYILLHLA
81 VUADLF UFGB
921 El HEYTSLH
1681 GY[FUFGPT|
111 [[[H3 G
121 H3 SHUY
131 LAIERYUUUC
141 KPFGENHAIM
151 GUAFTWU mL
161 AFIPILUGY
171 SR GEEHY
181 TPH

4n4 CCTnncc=m

All

AN

Workspace and graphical selections
6.1. Graphical Selections
In this section you will learn how to select parts and certain regions of molecules from the 3D graphical
display. Graphical and molecule selections are required in many operations within ICM. For example, if

you wanted to display graphically part of a molecule or if you wanted to perform a minimization of
residues within a sphere of an imporant atom.
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Selection shown
in green.

6.1.1. Selection Tools

The following buttons can be used to make a selection once a structure is displayed.

DI B W R

g
Select ‘ | Filter
Atoms Selection
New
Select Invert
i Selection
Residues P
Salect Unselect
Molecules Toggle
Select Objects — Remove
Rectangular Selection —— i}
Lasso Selection ——— 2
Pick Atom — =

6.1.2. Basic Selections

To make a basic selection (ie nothing too complicated!) the following buttons can be used.
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Rectangular Selection ik
Lasso Selection ———— 2
Pick Atom =
To unselect everything you have previously selected:
» Simply click on the Unselect icon on the selection toolbar.
OR
« Right click and drag away from the displayed structure.
To select parts of your structure:

« Click on the Rectangular selection icon and click and drag around the part of your structure you
wish to select.

OR

« Click on the Lasso selection icon and click and drag your mouse around the area of your structure
you wish to select, forming a lasso around it.

To pick individual atoms:
* Click on the 'pick atom' button

You may want to specify which part of your structure you will be selecting. To select by a specific part of
the structure:

WS |
Select _l
Atoms
Select
Residues
Select
Molecules

Select Objects —

* Click on the Select objects , Select molecules, Select residues, or Select atoms icon, depending
on which part of the structure you wish to be highlighted.
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NOTE: The selection you have made is always recorded at the top of the ICM workplace. If you are
familiar with using the ICM terminal (See language manual) the atoms, residues, molecules or objects
selected interactively in the graphics window are automatically stored in the as_graph variable.

6.1.3. Altering a Selection

Once you have made a selection you may wish to add or remove parts of the selection. The buttons show
below allow you to accomplish this.

Oy B O | 9

New
Invert

Selection
Add

Unselect

Toggle
Remove
To add or remove from your current selection:
* Click on the Selection mode: add or Selection mode: remove icon on the toolbar.
* Click and drag around the part of your structure you wish to add or remove.
You may also wish to invert your selection in a specific part of the structure.
The parts that are currently selected will become unselected, and the unselected parts will become selecte
In order to invert a selection:
* Click on the Invert icon on the toolbar.
If you wish to select and unselect certain regions of a selection the toggle selection button is very useful.
* Click on the Toggle selection button.

* Right click around the selections you wish to select or unselect.

NOTE: The selection you have made is always recorded at the top of the ICM workplace. If you are
familiar with using the ICM terminal (See language manual) the atoms, residues, molecules or objects
selected interactively in the graphics window are automatically s
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6.1.4. Filter Selection

You may want to be very specific about a selection you want to make. For example you may only wish to
select protein backbone atoms.

The button shown below enables you to filter your selection:

o
Filter

Selection

Or

Right click on a selection and a menu as shown below will be displayed.

selection

-
Color :
Edit
Advanced
Connect to Molecule
Disconnect
Extract Sequence(s)
Center

Six Frame Translation

" Meighbors

Select

% Delete atom selection

« Select the Filter Selection option.

If you wish to filter and select by residue or atom type:

o
Filter

Selection
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« Click on the Filter graphical selection icon on the toolbar and a data entry box as shown below
will be displayed.

Mol | Res | Atom | Neighbors |

J by type

IV &mino ¥ Hetatm

Reload | Close

To select just the protein or just the hetatoms as well:

* Click on the Mol tab.
» Check the appropriate boxes depending on your desired selection.

To filter by residue type or secondary structure:
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Selection properties @

IAtom ] Neighbors I

V aa W gu ¥ phe
Vay Vhs Mie

Vleu W met ¥ asn
Vopo Wser Vih

V val W tp Vet

IV tyr

LI by category

_+‘ by secondary structure

Reload | Close

* Click on the Res tab.

« Check the appropriate boxes.

NOTE: You may need to click on the button marked with a '+' symbol to expand the options.

. + | by type
Click here =l
to expand —|_ +| by category

options
‘ﬂ by secondary structure

To filter by atom type.
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Selection properties

21X

Mol I Res : INeighbors ]
J by element

v cC VN v o
J by name

Ve v c4 V ca
IV cb V cd vV edi
V ed2 V cel V ce2
IV ca vV cal vV cg2
V ch2 V cz vV cz2
vV cz23 ¥V n vV nd2
vV nel Vo vV oel
vV oe2 IV og vV ogl

_-| by physical type

vV polar [V non-polar

J by b-factor

v [20:40] |V [40:60] [V [60:80]
v [30:100]

_-I by graphic representation

vV wire IV stick vV ball

Reload |

Close

* Click on the Atom tab.

» Check the appropriate boxes.
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NOTE: You may need to click on the button marked with a '+' symbol to expand the options.

Selection properties @ To select neighbors to a particular

Mol l Res INeighbors I
LI by element
Click abox +| by name
to expand
options. _+| by physical type
LI by b-factor
_+] by graphic representation
[ Rebsd | close
selection.

« See the select neighbours section for detailed instructions.

NOTE: The selection you have made is always recorded at the top of the ICM workplace. If you are

familiar with using the ICM terminal (See language manual) the atoms, residues, molecules or objects
selected interactively in the graphics window are automatically s

6.2. Workspace Selections

In the default GUI layout the workspace panel is located to the left of the 3D graphics display. It is a great
tool for keeping track of all your sequences, pdb structures, objects, tables and alignments. As you will see
in this section it also provides a way of making selections.
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539 106 Atoms 23 Res,1 Mol,1 (2
&8 # Jobjects (1 items)

]

Selected atoms and
residues

+-cii59  len=77 Amino

S len=88 Amino
Workspace == alignments (1 items) |

anel ID=23% pP=2.7
P ey f;bles ( iter'?ns) Expand here for more
L L.PDBSearchResults 13 information.

-=n siquences (2 items)

All F
Display all —‘ ‘— Tables

Objects ———— Alignments
Sequences

6.2.1. Workspace Navigation

Once you have mastered how to navigate the ICM workspace making a selection will become easier. Eacl
object is divided into 3 levels:

1. Object Level — Shown in red if it is the current object. Holds details about the structure — name,
X-ray, NMR, resolution etc. Importantly it will state whether the structure is an ICM object or a
structure straight from the PDB. To learn how to convert a PDB into an ICM object go to the
section on converting a PDB.

2. Molecular Level — Shows the individual subunits, ligands and hetatoms of a molecule.

3. Residue Level — Shows the sequence.
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r Current objectinred

=

: 1crn X-Ray: 1.50A; crambin
.
m 46 Amino
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Molecule level

Click to expand tree

no selection
Ii}u ohjects | (3 items)
@l ICh4
i n m ==cdh9 t sx 77 Amino
Ex X-Ray; 9.90 A
— @ Jm =cds8 F:-sx 77 Amino

§w1 TTCCPSIUAR SNFNUCRLPG
21 TPEAICATYT GCIIIPGATC |

Object level

Residue level

Object information

NOTE: You can expand each level of the ICM workspace by clicking the "+" button as shown above

6.2.2. Selecting the Whole Object

To select the whole object:

» Double click on the object level.

Double click here to select ALL
currently loaded objects.

6.2.3. Selecting Amino Acids

Double click here at the object
level to select the whole object

no selection LI
u ects (3items)
d ICh4
n m ==cdbh9 t sx 77 Amino
ﬂx X-Ray; 9.90 A
C wlm =cdsd Fosx 77 Amino
= lcm  X-Ray; 1.50 A crambin
Slm 46 Amino
‘.1 TTCCPSIVAR SNFNUCRLPG
21 TPEAICATYT GCIIIPGATC
41 PGDYAN

There are three options to select individual amino acid residues:

6.2.2. Selecting the Whole Object
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OPTION 1:

« Click and drag over the residues you wish to select in the ICM workspace. Selected residues will
be highlighted in dark blue in the workspace and with green crosses in the graphical display.

Selection information is recorded here

Click here to

l

538 184 Atoms 35 Res.1 Mol,1 Ohj
S8 {1 items)

Amino OPSD_BOWVIN

| a 338

expand treeto MNGLIEGPNFY [JPFSLKTEIY
show amino acid PXBRSPEEAPQYY QF SH
residues. 31 MFLLIML GFPINFLTLY
61 UTUQHKKLRI PLNYILLNLA
. 81 UADLFMUFGE FITTLYTSLH
Click and drag 101 [FUFGPTGC NLEGFFATLG
over residues 121 GEIALWSLUU LAIERYUUUC
select 161 WUMALACAAP PLUGWSRYIP
- 181 EGQESCGID YYTPHEETNN
201 ESFUIYHFUU HFIIPLIUIF
Selected 221 ECYGOLUFTU KEAAASATTQ
: : 241 KAEKEUTRHU IIMUIAFLIC
rg5|d.ues W'I.l be 261 WLPYAGUAFY IFTHQGSDFG
highlighted in 281 IFMTIPAFF AKTSAUYNPU
the workspace 301 IYIMMNKQFR NCHMUTTLCCG

and graphics 321 KNPSTTUSKT ETSQUAPA

window

OPTION 2:

Any selection is highlighted in the workspace as well as in the
3D graphics window if the structure is displayed.

* Click on the rectangular selection icon or lasso selection icon on the toolbar.

« Click and drag around the residues you wish to select. Selected residues will be displayed by gree
crosses on the graphical display and blue in the ICM workspace.

* Click on the Pick Atom button.

OPTION 3:

« Right click on the selected residue in the graphical display and a menu as shown here will be

displayed.
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|
Selection Dialog
Advanced 4
Residue atoms 4
Open with MolEdit
Connect to Molecule
Disconnect

Extract Sequence(s]
Center

Annotate selection

(%% Neighbors

Closed Cavities

Select »

XK Delete residue selection

* Click on Select and a further menu will be displayed.

* Click on Residue, Molecule or Object.

Closed Cavities

. . Residue
¥ Delete residue selection

Molecule
Object

NOTE: Ctrl + A will select everything in the ICM workspace, and Ctrl + Shift + A will unselect your
objects.

NOTE: The selection you have made is always recorded at the top of the ICM workplace. If you are
familiar with using the ICM terminal (See language manual) the atoms, residues, molecules or objects
selected interactively in the graphics window are automatically s
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6.3. Selecting Neighbors

In some instances you may only want to display or select only a subset of a structure. For example you mx
only wish to display the residues surrounding a ligand (as shown below (ligand red; graphical selection
green crosses). The "Selecting Neighbors" option selects the residues within a shpere of a defined radius.

There are two ways of selecting neighbours to a particular atom or residue in ICM. Either by right clicking
in the graphical display or by right clicking in the ICM workspace.

6.3.1. Selecting Neighbors: Graphical

To select neighboring atoms or residues around a sphere of a certain radius:

* First select the residue(s) or atom(s) around which you wish to select neighbors. (See the
Selection Toolbar Section)

« Right click on the selection and a menu as shown below will be displayed.

96 6.3. Selecting Neighbors



a_x1.m8/hd21
Filter Selection
Color
Edit
Advanced
Connect to Molecule
Disconnect
Extract Sequence(s)
Center
Six Frame Translation
"2 Meighbors
Select

x Delete atom

« Select the Neigbors option and a data entry box as shown below will be displayed.

.. Select Neighbors

Radius I 5. LI

type |same_obiect_othet_chains v
same_object_other_chains
IV exclude source| other_objects
same_object

[V unselect water [ ll_obiects
Ok | Cancel Help

« Enter the selection radius around which you wish to select.

* Select from which object you wish to make the selection from the drop down list in the "type" data
entry box.

« Select whether you wish your original selection to be selected by checking the "exclude source"
box.

* Select whether you wish water molecules to be selected by checking the "unselect water" box.

« Click OK and your selection will be displayed as green crosses.
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NOTE: The selection you have made is always recorded at the top of the ICM workplace. If you are
familiar with using the ICM terminal (See language manual) the atoms, residues, molecules or objects
selected interactively in the graphics window are automatically s

6.3.2. Selecting Neighbors: Workspace

To select neighboring atoms or residues around a sphere of a certain radius from a residue in the ICM
workspace:

« First select the residue in the ICM workspace around which you wish to select neighbors. (See the
Residue Selection)

« Right click on the selection and a menu as shown below will be displayed.

41 PGDYAN

Filter Selection

Color 4
. Advanced >
Selection made here
Residue atoms 4
Connect to Molecule
Disconnect

Extract Sequence(s)
Center
Annotate selection
Six Frame Translation
%
Closed Cavities

Copy Ctrl+C
% Delete

« Select the Neigbors option and a data entry box as shown below will be displayed.
* Follow the instructions in the previous section.

~ 7
\,
B
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NOTE: The selection you have made is always recorded at the top of the ICM workplace. If you are
familiar with using the ICM terminal (See language manual) the atoms, residues, molecules or objects
selected interactively in the graphics window are automatically s

6.4. Other Selections

Descriptions on how to make selections in Alignments and Tables are in the sections entitled Making
Selections in Alignments and Making Table Selections.
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7. Molecule Viewing and Graphical Representation

Once a structure has been loaded into ICM (see GUI Basics) then you may want to display the structure
in a way that allows for a more detailed inspection or the construction of a beautiful image. This section

will show you how.
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7.1. Displaying a Structure

Once a structure has been loaded into ICM the individual components of that structure (i.e. amino acids,
metal ions, binding sites etc) are listed in the ICM workspace.

lqoc
D63 MUTAGEN

K68 MUTAGEN

F65 MUTAGEN

E94 MUTAGEN

Cd6 METAL
T48 MUTAGEN
C49 METAL
C41 METAL
R42 MUTAGEN
C79 METAL

7.1.1. Displaying and undisplaying the entire structure
To display every component of the object except for binding sites and water atoms:

* Click on the white box next to the word object at the top of the ICM workspace. This box will be
colored blue once the structure is displayed
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Click to display ——

Double
click to
select all

To display the whole structure in wire, ribbon, cpk, skin, surface and xstick representations:

« Right click on the green box next to the word object. A menu will be displayed.

0

no selection

-]

]
cnag
chag?
dnag
dnag2
dman
enag
enag2

B

fhag

5l objects (1 items)
—%—i—ﬂaa xR

338 Amino
305 Amino

ay; 2.60

1 Heta:
1 Het:
1 Heta
1 Het

1 Hete
1 Heta
1 Het

1 Hetat

no selection [;l
right click — S JWorinee items)
here v wire L Ray: 2.80
ribbon 338 Amino
opk 305 Amino
) 1 Heta:
skin 2 1 Het
surface 1 Heta
. 2 1Het
v .HStICk 1 Hete
enag 1Heta
enag2 1 Het
fnag 1 Hetah

« Select which representation you desire for your structure by clicking on the appropriate word. A
check mark indicates the representation currently displayed. To un—display a particular
representation click on the word again.

In order to clear your graphical display:
« Select View/Undisplay All
7.1.2. How to display structural subunits

If you only wish to display part of the structure then click in the boxes further down the tree in the ICM
workspace.
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To display the selected regions of the structure in wire, ribbon, cpk, skin, surface and xstick

representations:

« Right click on the appropriate box in the ICM workspace. A menu will be displayed.

* Select which representation you desire for your structure by clicking on the appropriate word. A
check mark indicates the representation currently displayed. To un—display a particular

representation click on the word again.

-]

Click here
to select
subunits of
the

no selection

udeds (1 items)

structure

1T|||| /\F‘ﬂu L_‘|’|||
+{ Ja 338 Amino
R b 305 Amino

chag 1 Heta

chagZ 1 Het
dnag 1Heta
dnag2 1Het

dman 1 Hete
| |enag 1Heta
| |enag2 1Het
-{ [fhag 1 Hetat

nfnagZ 1 Hete

7.1.3. Undo and Redo

Most of the viewing and graphical representation functions descibed in this section can be undone or
restored using the ‘'undo’ and 'redo’ option located in the edit menu. It is an easy tool for correcting a
mistake. However all actions in ICM can be rectified by a variety of other ways. Such as, if you accidently
label the wrong reside, this label can be removed by selecting the residue and pressing the label button

again.
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Edit Yiew Bioinfo Tools Homology Docking MolMec

¥ Delete
Delete All
Select all Chrl+a
Unselect Al Chrl+Shift+4

Invert Selection

@& searchin workspace Ctrl+Shift+F
g? Selection
easily correct __ &) undo Ctrl+z
a mistake here & redo Chrl+R
ﬁ PDB Search
PDEB Search by Field

PDEB Search by Sequence Pattern
PDB Search by Similarity
PDEB Search by Homology

Search with External Sequence

7.2. Moving Your Structure

To move your structure it must first be displayed in the graphics window (for instructions on how to
display a structure see Molecule Viewing and Graphical Representation section). All
of the following options are displayed in the Move Tools toolbar (shown below).

Change lOI'SIOﬂ aZgles enter
axis (otauon I

Tranﬁlauon
C % 23 % @% PO
Rothtion Continuou rotation |
Z-translate Zoom

7.2.1. Rotation

In order to achieve the best pose for a picture or to enable the study of a certain region of your structure
in more detail you may need to rotate the structure:

« Click on the rotation icon on the toolbar.
« Click and drag on your structure in the display window until it is in the desired position.

To continuously rotate the picture:
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« Click on the continuous rotation icon on the toolbar.

« Click, hold, and slightly move your mouse anywhere on the graphical display window. The point
at which you hold your mouse, is the direction to which the object will turn.

In order to rotate your picture around the Z-axis:
* Click on the Z—-axis rotation icon on the toolbar.

* Click and drag your object around the Z-axis until it is in the desired position.

7.2.2. Translation
To translate your structure up, down, left, or right:
* Click on the translation icon on the toolbar.
« Click and drag on your structure in the display window until it is in the desired position.

When you are displaying more than one object and you wish to translate one object in relation to the other
on the Z—-axis:

« Right click on the name of the object you wish to move in the ICM workspace and select connect
to object. This object is now independent from the other object and can now be manipulated
separately.

* Click on the Z translate icon on the toolbar.

* Click and drag your structure along the Z-axis, moving it closer or further from your unconnected
structure.

» Once you are finished, right click on the name of the object which is connected, and click on
disconnect.

7.2.3. Zoom
To zoom in or out of your structure:
* Click on the zoom icon on the toolbar.

* Click and drag your mouse up to zoom in and down to zoom out.

7.2.4. Center
To restore your picture to the center of the graphical display window:

* Click on the center icon on the toolbar.
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7.2.5. Torsion Angles
To alter the torsion angle of certain residues of your structure:
* Click on the change torsion angles icon on the toolbar.

* Click and drag on the atom around which you wish to rotate a residue. The changing angle will be
displayed in orange.

7.2.6. Connect (Move)

When there is more than one object displayed in the graphical display window the objects are connected t
one another. If you wish to move or manipulate one object separately from the other you can use the
connect option.

« Right click on the name of the object you wish to move in the ICM workspace and select Connect
to Object

SE1em " wmaw i ’
S0m A 1"
“.1 TTCCPSI Read full PDE entry
11 SNHFNUCR
21 TPERAICA  -one
31 GCIIIPG Set to current
41 PGDYAN

Convert

Strip

Selection Dialog

Edit description
Advanced »
Open with MolE dit

Connect to Object

Disconnect [Esc)

Extract Sequence(s)

» The object is now controlled separately from the rest of your objects by your mouse.
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« Disconnect your object by once again right clicking on the name of the object and selecting
disconnect in the drop down menu.

7.3. Structural Representations

All structural representations can be controled from the display tab at the top of the screen. This tab is
shown below.

" display ¥ labels Y analpsis ¥ pdbsearch Y meshes Y movie 1

Toniss 31 | 1 2 0 8| al o | TN Q) | 9|6+
atoms+ribbon

all atoms+ligand
chemical

plastic model
show

neonh xstick
black and whlte

There are six main types of structural representation in ICM. They are wire, ball and stick (Xstick), ribbon,
skin, CPK and dot envelope (surface).

To display one of these representations:
« Click on the representation button you desire in the display tab (shown above).
To remove a displayed representation:

* Click on the corresponding representation button at the bottom of the graphical user interface
window.

Many characteristics of the graphlcal representatlon such as color can be changed by right clicking on the

Wire : Thin Wire : Normal Wire : Thick
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CPK : Default Skin : Default Skin : Transparent
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Surface : Tight Surface : Normal Surface — Sparse

7.3.1. Wire Representation

Click and hold on the wire representation button. A menu will be displayed as shown below.

analysis ¥ pdb search ¥ meshes Y movie

Wire %—I—ﬁﬂ 2H @ &l al o
Display —— Emm s
T @ color.
[ Wby > 4
wire
chemsitry
| tree
12 thin
;2 normal
n thick

! undisplay other representations

reset to default

To change the wire style:
« Click and hold on the wire representation button and then click on wire, chemistry or tree.
To change the size of the wire representation:

« Click and hold on the wire representation button and then click on thin, normal or thick.
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NOTE: Clicking on the arrow next to the wire representation button also changes the thickness of the
wire representation.

To undisplay representations other than wire:

« Click and hold on the wire representation button and then click on undisplay other
representations.

If you make a mistake or you are not happy with the way your structure is displayed with the wire
representation:

* Click and hold on the wire representation button and then click on reset to default.
7.3.2. Stick and Ball (Xstick) Representation

Click and hold on the stick and ball representation button. A menu will be displayed as shown below.

{ pdb search ¥ meshes Y movie

Stick and — 12 @ r:fié_:=||| o

Ball —

:I @ color..

by > >

thin sticks

thick sticks

balls and sticks

undisplay other representations

reset to default

transparent

To change the size and style of the Xstick representation:

« Click and hold on the stick and ball representation button and then click on thin sticks, thick

sticks or balls and sticks**.

NOTE: Clicking on the arrow next to the Stick and ball representation button can also change the
thickness of the xstick representation.

In order to make some parts of your picture clearer, the xstick representation can be set to transparent:
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« Click and hold on the stick and ball representation button and then click on transparent.
To undisplay representations other than xstick:

« Click and hold on the stick and ball representation button and then click on undisplay other
representations.

If you make a mistake or you are not happy with the way your structure is displayed with the xstick
representation:

« Click and hold on the stick and ball representation button and then click on reset to default.

7.3.3. Ribbon Representation

Click and hold on the ribbon representation button. A menu will be displayed as shown below.

Ribbon -i' | —— J -
ol | SEmEmw

@ color.
by >

assign sec. structure
ribbon

cylinders

pratein worm
DN& worm

undisplay other representations

reset to default

transparent

To change the style of the Ribbon representation:

« Click and hold on the ribbon representation button and then click on ribbon, segment, protein
worm or DNA worm.

In order to accurately represent the secondary structure of the molecule in ribbon representation you may
wish to assign secondary structure:

* Click and hold on the ribbon representation button and then click on assign sec. structure .
In order to make some parts of your picture clearer, the ribbon representation can be set to transparent:
« Click and hold on the ribbon representation button and then click on transparent.

To undisplay representations other than ribbon:
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« Click and hold on the ribbon representation button and then click on undisplay other
representations.

If you make a mistake or you are not happy with the way your structure is displayed with the ribbon
representation:

* Click and hold on the ribbon representation button and then click on reset to default .

\/
~ -

NOTE: Always use the ICM assign sec.** structure tool in the ribbon right click menu to get accurate
secondary structure assignment. This is particularly important when studying helices which may have
non—cannonical elements within them such as 3/10 or pi. To view non—cannonical helix segments use the
segment option in the ribbon right click menu.

The helices in rhodopsin and bacteriorhodopsin are shown below in segment representation.
Non-cannonical regions are represented as breaks in the helix segment.
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7.3.4. Skin Representation

Click and hold on the ** skin representation button . A menu will be displayed as shown below.
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meshes Y movie

sk [ 4|

— | | |
@ color.
by >

tight

normal

sparse

undisplay other representations

reset to default

In order to make some parts of your picture clearer, the skin representation can be set to tight, normal or
sparse:

« Click and hold on the skin representation button and then click on either tight, normal or sparse.
To undisplay representations other than skin:

* Click and hold on the skin representation button and then click on undisplay other
representations .

If you make a mistake or you are not happy with the way your structure is displayed with the skin
representation:

* Click and hold on the skin representation button and then click on ** reset to default**.

~ 7
\,
=S

NOTE: Sometimes due to singularity problems holes may appearwithin the skin surface. To cure this
infliction select atoms nearby and right click select Advanced—>RandomizeAtoms

7.3.5. CPK Representation

Click and hold on the ** CPK representation button . A menu will be displayed as shown below.
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h ¥ meshes ¥ movie Y
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9 color..

by > »

CPK

undisplay other representations

reset to default

To undisplay representations other than CPK:

« Click and hold on the CPK representation button and then click on undisplay other
representations .

If you make a mistake or you are not happy with the way your structure is displayed with the cpk
representation.

« Click and hold on the CPK representation button and then click on reset to default .

7.3.6. Surface Representation

Click and hold on the ** surface representation button . A menu will be displayed as shown below.

S
LLE
B @ color..

by - »

tight

— normal
resentatio

" reset to default

= 0 p—

sparse
?{ 1 undisplay other representations

To change the style of the surface representation:
« Click and hold on the surface representation button and then click on tight, normal, or surface.
To undisplay representations other than surface:

* Click and hold on the surface representation button and then click on undisplay other
representations.
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If you make a mistake or you are not happy with the way your structure is displayed with the surface
representation:

* Click and hold on the surface representation button and then click on reset to default .
7.3.7. Electrostatic potential
In order to color the skin of your molecule by electrostatic potential:

* Select View/Electrostatic potential.
« Areas colored blue represent positive areas and red represents negative areas.

7.3.8. Coloring

To change the color of a structural representation such as CPK, Xstick, wire or ribbon.

« Click and hold on the structural representation buttons in the Display tab.
« Select a color by clicking color.

OR, if you wish to color by a particular parameter such as atom type, b—factor etc...
« Right click on the structural representation buttons in the Display tab.

* Select ..by—> option
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:==- Tmm
l @ color.
atom e
wire residue
chemsitry chain
tree object
thin bfactor
normal occupancy
thick accessibility
undisplay other representations hydrophobicity
reset to default polarity
sec. structure
NtaC
user atom field
user res. field
alignment

To change the color of the whole of your displayed structure:
Ba TEme. o 8 4
x| @ color..
]ﬂ, | =
« Click on the color palate displayed on the toolbar.
« If you are not satisfied with these colors, click on the color wheel on the toolbar. A window as

shown below will be displayed. Select the desired color by either clicking on one of the basic
colors or by selecting the desired color on the right hand side of the window.
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Select color

Basic colors 4
HENENENNN
HENENMNT =
HENENENT =
HENENNE N
HENENENT ™
HENENNT T
_
Custom colors
l— I_ I_ I_ I_ l_ l_ I_ Hue: l-1 Red: l255
rrrrrrrr sat |o Green: |255
Define Custom Colors >> | Val: l255 Blue: |255
oK I Cancel | Add to Custom Colors |

» Once the desired color has been selected it can be added to custom colors for future use by
clicking on the Add to Custom Colors button.

* Click the OK button and the color will be applied to the structure.
To change the color of the desired representation by a defined structural characteristic:

« Click and hold on the wire representation button and then click ..by—>. A menu as shown below
will be displayed.
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@ color.

atom ype
residue
chain
object
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accessibility
hydrophobicity
polarity
sec. structure
NtoC
user atom field
user res. field

alignment

* Select the characteristic that you wish to color by and click on it.

7.3.9. Coloring Background
In order to change the color of your background:

« Select View/Color background.
+. Color. background @
Color [ black] Ll!l - il

Ok Cancel ‘ Help |

* Click on the square of your desired color. If you are not satisfied with the color palate, click on the
arrow next to the colors to customize a color.

7.4. Labeling

Click on the label tab shown below to enable access to the labelling options.
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| enter label %EI ~ﬂ 3’ 5*
remove
residue 2D 3D
label label
label label site -
atom
label
toggle variable enter label text
labels here remove 2D

label

7.4.1. Labeling Atoms

Select the atoms you wish to label (see display structure or selection toolbar).
* Click the label ATOM button.

To change the level of label detail:

* Click the +/- options on the label ATOM button until the desired level of label detail is displayed.

7.4.2. Labeling Residues

To label residues:
« Select the residues you wish to label (see display structure or selection toolbar).
* Click the label RES button.

To change the level of label detail:

* Click the +/- options on the label RES button until the required level of detail is displayed.

7.4.3. Move Residue Label
To change the location of your residue label:
 Select View/Drag res labels.

« If your mouse has a middle mouse button, then click on handle (as shown) of the label you wish tc
move, and drag it to your desired area.

7.4.1. Labeling Atoms 121



Click on
this area
to drag
your
label.

—dvabel

« If your mouse has no middle mouse button, then click on the Translation icon on the toolbar, and
click on the handle (as shown) of the label you wish to move, and drag it to your desired area.

7.4.4. Labeling Sites

Select the sites you wish to label (see Displaying structure or Selection Toolbar):
* Click the label SITE button.

To change the level of label detail:

* Click the arrow +/- option on the label SITE button until the required level of detail is displayed.

7.4.5. Changing Label Colors
To change the color of any label:
« Click and hold down the required label button and a menu as shown below will be displayed.

display abels ar

ngs:] ATOM | + rA!l o

A5 | -| @<4]-
) crocee ot
[ —

» Select color.

7.4.6. Customized Label

To add your own text to a label you must first select the atom or residue you wish to label (see
selecting structure).

» Type your label in the enter label text box which is shown below.

mgjﬁﬁ

* Click the 2D button.

* To remove the label click the 2D button with the red cross on the side shown above.
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NOTE: If you wish your label to be represented in 3D click the 3D button.

7.4.7. Delete Label
Any displayed label can be deleted by clicking on the corresponding label button in the labels tab. For

example if you wish to delete an atom label click the atom label button. If a label is displayed this button
will be shaded blue. When you delete the the button will return to grey.

7.5. Surfaces Meshes and Macroshape

If you click the tab button entitled 'meshes' three different graphical display tools are available for you to
use. The three displays are surface, meshes and macroshape and are collectively referred to as meshes.

[ display Y labels Y analysis Y pdb search ¥ meshes ' movie

CYEW clectiostatic. T e | ‘ - all - v| =T ‘ N|g Zstep|0. v|V color MacroShape

I | |
surfaces meshes macroshape

The benefits and applications of each display are described in this section.

Surface:

Meshes:
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Macroshape:

7.5.1. Surfaces

The surface of your structure can be displayed and colored. To undertake this

* Load a structure into ICM (see Molecule Viewing and Graphical
Representation section).

» Select the 'meshes' tab button.

The buttons and options you need to use are shown below:
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[ display Y labels ¥ analysis ¥ pdbs

v wire -l @l— activate surface

| | button

l

surfaces

First you need to decide by what parameter you wish to color the surface:
* Click on the drop down arrow menu shown below and select which parameter you wish to color
the surface by.

V' wire | electrostatic >l A

electrostatic
binding properties
§ plain solid

from display

-l 4

« Click the button next to the menu to color the surface of your molecule.
If you wish to have your surface displayed in wire check the ‘wire' box next to the menu.

To display or undisplay the surface click in the box in the ICM workspace as shown below:

ICM Workspace

no selection
a ohjects
1crn
+n -
ﬁ meshes
Bl g_electro_1cm_

—

check here to display
or undisplay surface

NOTE: All surfaces, meshes and macroshapes come under the one heading of meshes in the workspace

panel.
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7.5.2. Meshes

A variety of shapes can be constructed using ICM. These shapes are referred to as meshes. The types of
shapes you can build are shown below:

All the buttons for creating these shapes are shown here:

garch ¥ meshes ¥ movie

(et

meshes

To make a shape select it from the menu by clicking on the down arrow and then click the button next to
the menu. The shape will then be displayed in the 3D graphics window.
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membrane | v | T
Iblock. -

membrane
sphere
spiral
star
torus
triangle
wire_sphere
wire_zeppel
- all - e

click here

select here

7.5.3. Macroshape

A macroshape can be constructed which allows easy viewing and manipulation of the structural
representation. A macroshape representation is ideal for large structures which allows the user to easily
identify important regions of the structure and facilitate the return to the 'standard' view of a particular
molecule. All the buttons needed to display a macroshape structure are shown below in the 'meshes’ tab.

P

’ N |8 S step |0, |V color MacroShape

macroshape

To construct a macroshape:

* Load a molecule into ICM (see Molecule Viewing and Graphical
Representation section).

« Select the amount of detail required in the shape by increasing the values in 'N' or 'step’ data entry
box (note the default values are usually sufficient).

» Check the 'color" if you wish your molecule to be colored.
* Click the button labeled 'MacroShape'.
7.5.4. Move and Resize Mesh

Once a mesh has been created you can move it and resize it. To do this, locate the mesh you wish to eith
move or resize in the ICM Workspace and right click on it as shown below.
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ho selection

?Eab'ects

Tcrn

m
- meshes

i« |triangle
il g_electro_lcrn

g_electro_lcrn_

Connect to 3DMesh
click here —— Resize/Move Mode

Edit Label
Display Mode >
Invert Lighting
Split
Color »
Select Neighboring Atoms
Select
Undisplay
Clone

%K Delete
Rename

n Save As ...

* Select the Resize/Move Mode in the menu.

A purple box as shown below will surround the molecule.
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To resize the mesh click on one of the corners of the box and drag to the required size. The number
displayed on the edges of the box represent the dimensions.

To move the mesh click on it with the center mouse button or selct the connect option.

7.5.5. Color and Mesh Display

There are a number of options to color and change the display of the mesh. These options can be accesst
simply by right clicking on the mesh name in the ICM Workspace as shown below.
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ho selection

mab'ects

1crn
: m
- g meshes

| Jtiangle

g_electro_1crn_1

Connect to 3DMesh
Resize/Move Mode
Edit Label
Display Mode ’ mesh display
Invert Lighting options
Split
Color » mesh
Select Neighboring Atoms coloring
select options
Display
Clone
% Delete

Rename

u Save As ...

The lighting and display can be changed by selecting the options 'Display Mode' or ‘Invert Lighting'.

There are five different display modes as shown below:

P 1
=L Jo_electn g electro_tern_t
g_electn

Connect to 3DMesh
Resize/Move Mode
Edit Label

Display Mode » i
Solid Rugged

Invert Lighting

Solid Smooth
Split

Transparent
Color > ]

Wire
Select Neighboring Atoms

Dots
Select
Display

To change the lighting effects select 'Invert Lighting'.
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The mesh colors can be changed by using the 'Color' option in the menu.

7.6. Advanced Image Processing

Here we describe some more ways to improve your images.

7.6.1. View Tools

Fog toggle Hardware stereo toggle
Togglle Box Toggle perspective T

@H FFBé B K
Toggle high quality Side-b){-s\de sterej Toggle easy
0

Toggle

agle rotation
Origin Full-screen toggle

Toggle High Quality : this will make your ICM object to have better resolution and higher quality. The
change in quality is most visible at a high magnification. However, if your object is very large, this feature
could slow down your program.

Toggle Box around Selection - this creates a 3D box around your structure, allowing you to make 3D
selections. Click and drag the vertices of the box to obtain your desired selection, and then go to
View/Select by purple 3D box.

Toggle Origin : this shows the origin and the coordinate axes of your graphical display.

Fog Toggle (Ctrl + D) : this feature creates a fog-like environment for your object, so that the part of

your structure that is closer appears clear and the distant parts are faded as if they are in fog. The clipping
planes control the point at which the fog begins.

Side—-by-side stereo toggle (Ctrl + S) : this feature allows you to view your structure in 3D form without
any 3D goggles.

Toggle perspective Ctrl_P this will add perspective to your structure, enhancing depth in the graphical
display.

Full screen toggle Alt_F - this makes your graphical display fill the entire screen. If you wish to exit
this mode, press escape, or (.

Hardware stereo toggle (Alt + S) - if you have 3D goggles and you wish to view your structure in 3D
form, this feature will allow you to do so.

Toggle easy rotation : this feature is necessary if your structure is very large or perhaps your computer

cannot quickly rotate it. It will prevent your structure from fully loading each time you rotate it, therefore
speeding up the process.
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NOTE: Most of these options can be found in the View menu.

7.6.2. View Menu

The following options can be found in the View menu shown below.

View Bioinfo Tools Docking MolMe

Undisplay &l
FOO Fog Ctr+D
[S] Side-by-Side Steren  Chil+S
6" Hardware Stereo Alt+S

“BEH Fullscreen Alt+F
; Perspective Ctrl+P

| ;_\ EasyRotate

- Drag Res Labels (MdMB)
Antialias lines
Color backaround
Crystallographic cell

Electrostatic potential

Select by purple 3D box

In order to smooth your image by creating a more gradual transition between the color of a line and the
background color:

» Select View/Antialias lines.

In order to view the crystallographic cell (more information in the Displaying Crystal Cell
section) of your loaded PDB structure:

 Select View/Crystallographic cell.

7.6.3. Advanced Representations

There are several convenient representations that are preset in a drop down menu below the other
representations.
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ribbon+cpk

atoms+ibbon
all atoms+ligand

- chemical -

plastic model

show

neon xstick

black and white

green wireframe ™

| ibbon+cpk k4|

Neon Xstick Black and White Green Wireframe
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7.7. Clipping Tools

t —— Move Front Clipping Plane
T — Move Rear Clipping Plane
I — Slab

+ —— Unclip

The clipping tools allow you to adjust the frames of the ICM window, changing the clipping planes.

In order to move the front or rear clipping planes of your screen:
« Click on the Move front clipping plane or Move rear clipping plane icons on the toolbar.
« Click and drag the respective plane frontward or backward, depending on how you wish to clip it.

You can also move the slab of viewing window, keeping the distance between the front and back clipping
planes. In order to adjust the area of the structure where your viewing window is located:

« Click on the Slab icon on the toolbar.

« Click and drag the slab frontward or backward, depending on the desired area of the structure you
wish to see.

If you have made undesirable changes to the clipping planes or you wish to automatically fit your entire
structure within the clipping planes:

« Click on the Unclip icon on the toolbar. This will automatically set the clipping planes to fit your
object.
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8. Structure Analysis

Once you have loaded your structure or made a model there are a number of functions that allow you to
display and analyze specific regions.

8.1. The Structure Analysis Tab

All of these options can only be performed on ICM objects. (To convert your structure to an ICM object
see Convert PDB)

To perform any of the functions described in this section click on the analysis tab shown below:

“display Y labels ¥ analysis Y pdb search Y meshes Y movie

gl.lmces— Pl & 4"—4]| ;Ig;ﬁlf] il&lg; | 3| Superimipose

Two Objects

Between
X\t’vo ‘ Show T ’I L Toggle Tethers
oms Show __1 pjstances oggle L i
Distances Clashes Toggle Distance
Between Two Restraints
From One Objects Toggle H-Bond
Atom To
Many Delete All Distance Toggle Energy Gradient

8.1.1. Hydrogen Bonding
In order to display potential hydrogen bonds in your structure:
* Click the analysis tab.

* Click on the Toggle H-bonds icon in the analysis tab.

« Click the arrow to the right of the icon once to display the bond, twice to display the bond and the
distance between the two bonding atoms, and thrice to display the bond, the distance, and the
hydrogen bonding angle.
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NOTE: The hydrogen bonds labeled with a star represent the ones whose hydrogen bonding energy is of
exceptionally good quality.

8.1.2. Finding the Distance Between Atoms
In order to display the distance between two atoms:
* Click on the analysis tab.
* Click on the 'Show Distances Between Two Atoms' Button

« Select the atoms between which you would like to find the distance. (See selection
toolbar)

 The distance will be displayed in angstroms, in green.
In order to find the distance from one atom to many:
« Click on the analysis tab.
« Select the atom from which you wish to measure the distance from (See selection toolbar)
* Click on the 'Show Distances From One Atom To Many' button.

 The distances will be displayed in green.

NOTE: The maxinal and minimal distances can be selected by entering values in the boxes shown here
(below) in the analysis tab.

ol ¢ ol
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8.1.3. Displaying Tethers

A tether is a harmonic restraint pulling an atom in the current object to a static point in space. This point is
represented by an atom in another object. Typically, it is used to relate the geometry of an ICM molecular
object with that of, say, an X-ray structure whose geometry is considered as a target. Tethers can be
imposed between atoms of an ICM-object and atoms belonging to another object, which is static and may
be a non—-ICM-object. You cannot create tethers in ICM—Browser, however, if the project that you have
loaded contains tethers between two objects, then they can be displayed:

* Click on the analysis tab.

« Click on the 'Toggle Tethers' button.

8.1.4. Displaying Distance Restraints

A distance restraint imposes a penalty function on the distance between two atoms in the same object. Yo
cannot create distance restraints in ICM—Browser, however, if the project that you have loaded contains
distance restraints, then they can be displayed:

« Click on the analysis tab.

« Click on the 'Toggle distance restraints' button.

8.1.5. Virtual Atoms and Variables

Virtual atoms are additional immaterial geometrical points (referred to as "virtual atoms") attached to each
molecule for technical reasons, and internal coordinates ("virtual bonds, angles, torsions and phases")
associated with them. These points help to have a standard yet flexible treatment of parameters defining
absolute position (translation and rotation) of each molecule with respect to the coordinate frame. Each
molecule is connected to the origin via two virtual atoms attached to it. In order to display this part of the
ICM-molecular tree:

* Check the box next to virtualv vitual .

8.2. Calculating and Displaying Angles

All the tools required to calculate and display angles are in the Tools menu. Here we explain how to use
them.
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8.2.1. Finding the Planar Angle

If you wish to find the planar angle between three atoms:

* Select Tools/Geometry/PlanarAngle

Find planar angle between three atoms @

First atom Ia_pep. m/2/ca L'

Second atom Ia_pep. m/B/n LI

Third atom [ |

Help
To select atoms: Right-Click, slide down to atom name and release.
To see the results: look in the terminal window

Apply | Close Help

« Right click on the each of the three atoms which you wish to use, and select their name. The
spaces next to First atom, Second atom, and Third atom should now contain the name of your

atoms.

a_pep.m/2/0e2

Selection Dialog
Edit >
Advanced 4

* Click Apply to display the angle measure in the terminal window.

Angle { a_pep.m/6/hh21 a_pep.m/2/0e2 a_pep.m/3/0 ) = 74.72 deg.
1

8.2.2. Finding the Dihedral Angle

In order to find the angle dihedral angle between two sets of atoms:

* Select Tools/Geometry/Dihedral Angles.
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v Find dihedral angle formed by four atoms @@

First atom Ia_pep. m/3/n Ll Second atom [a_pep. m/4/ca LI
Third atom |a_pep.m/Bic ~|  Fourth atom I |
Help

To select atoms: Right-Click, slide down to atom name and release.

Apply | Close Help

« Right click on each of the four atoms which you wish to use, and select the name of the atoms.
The spaces next to Atom 1, Atom 2, Atom 3, and Atom 4 should now contain the names of your
atoms.

a_pep.m/2/oe2

Selection Dialog
Edit >
Advanced »

« To find the correct angle, select your atoms according to the following diagram:

Atom 1

Atom 3

Atom 4

« Click Apply to display your dihedral angle measure in the terminal window.

8.3. How to Superimpose Two Structures
In order to calculate the root mean square deviation (RMSD) between two structures it is necesary to

superimpose them. By using the superimpose button in the ‘analysis' tab, ICM will calculate the Ca—atom,
backbone atom and heavy atom differences between the two structures.
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To superimpose two structures which have the same number of residues and atoms:
* First load the two structures into ICM.

« Select which parts or all of the two structure you wish to superimpose (see selection
toolbar).

« Select the analysis tab at the top of the GUI.

* Select the superimpose button.

[ display Y labels Y analysis Y pdb search Y meshes Y movie 1

Al v R | 36H ol | #lds | G

Superimpose
Button

The rmsd will be displayed in the terminal window as shown below:

A1ITU/ US4 dLUIND DUpPET LIIpuUDtu, TFIDu—1.901U4%0

icm/1y6> superimpose { Res( as_graph ) & a_.//ca,c,n,0 ) & 0bj{ as_graph )[1]
Warning> [118] skipped 4 atom pairs with zero occupancies

Info> 64 atoms superimposed, rmsd=1.381643

icm/1yé6>

d |

RMSD displayed here
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9. Working with Tables

One of the easiest ways to store, sort and display data in ICM is by the use of a table. In most cases table:
are automatically created, for example, if you search for a PDB file or when you load a compound
database. It is also possible for you to create your own table. Once a table is created, ICM provides easy t
use tools to sort, add, edit and plot data.

Here we will concentrate on describing the actions you can perform on a table once it has been read into
ICM. We will start by describing a simple table and then describe a molecular table in the next section.

A standard ICM table:

| PDBSearchResults | HITLIST l

X NAME| Score | Natom| Nflex| Hbond | Hphob | Wwint il Tooks |
1 101578 ml 3380 37 2 662 557  -38.75
2 |101623 ml 3290 42 0 578 762 3836 " display Hbonds
B 101662 ml 3412 3% 1 777 608 -33.30 ¥ display docked structur
4 101671 ml 3817 48 4 530 684 4293
5 101722 ml -34.70 36 0 -7.97 -6.45 -31.44 calculate distances
3 101781 ml 3665 54 3 655 737 -46.09
7 101784 ml 3507 38 2 71 626 3498
8 101792 ml 251 32 0 611 -6B4 3507
3 101813 ml 4790 33 0 1188 629 3966 <
<« o ’ T e ™ | Ei B

9.1. Standard ICM Tables

9.1.1. Reading a Table

A table can be read and saved as a .csv file or a .tab file. Saving or reading your table as a csv (comma
seperated value) file enables the table to be transfered or loaded from other applications such as Microsof
Excel. A compound database such as an .sdf file can also be viewed as a table in ICM, additional details ¢
how to manipulate a molecular table is explained in the next section.

A table can be read into ICM by selecting:

« File/Open and then selecting the table you have saved.

J’,
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NOTE: If you have loaded a table and it is not displayed it maybe because the table display is not selectec
To select the table display, select the window menu and select table see the Window Menu Section.

OR
Sometimes data is naturally stored and displayed in a table — eg PDB data. A common use of tables is for
compound data. An explanation of how to use compound molecular tables is in the next section entitled
ICM Molecular Tables.
For an example of a table try the following:

* Select PDB search tab.

» Type * into data entry box.

* Click on the button next to the data entry box.

A table of all the PDB structures will be displayed at the bottom of the GUI.

9.1.2. Basic Table Navigation

To view the contents of a table you can move the table up and down using the scroll bars on the side and
bottom of the display.

\/
~ -

NOTE: If you have loaded a table and it isnt displayed it may be because the table display isnt selected. T
select the table display, select the window menu and select table (See Window Menu Section.

If you have read more than one table into ICM you can select a table by clicking the tab on the top of the
table (See Below).
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If you have more than one table loaded use the tabs here to navigate

between each one.

Xl HiTusT | PDBSearchResults I

PDE Search results for "™=*

ID | head date | het title
1 1sbt |HYDROLASE (SERINE PROTEINASE) 11 Aug 1972 Atomic coordinates for subtilisin BP
2 Tmbr OXYGEN STORAGE 05 Apr 1973 The Stereochemistry of the Pratein |
3 2dhb OXYGEN TRANSPORT 01 Nov 1973 'Il'hreq dimenslioln_al fotfigx §ynlhesis
4 3ldh OXIDOREDUCTASE, CHOH DONOR, NAD ACCEPTR 06Jun 1974 A Icon:nparison of thzla: struclure§ of a
5 2cha HYDROLASE [SERINE PROTEINASE) 01Jan 1975 '!'he $tr3_ctulg of E[y_s.tal.liptla IA.Iphi-_C
d |

® | ® | table: 22700 rows, 10 columns

Number of rows and columns in the displayed table

Scroll here

Right clicking on the tab allows you to clone, rename, delete or save a table.

9.1.2. Basic Table Navigation
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PDBSearchResults

Add Column

Query MolCart
Query Local Tables
Edit Molecule
Convert to 3D

Clustering

Save Compounds As

Ll

s CITLooy Append to other table
icm/tempMiniObj>
icm/tempMiniobj>  Select
icm/tempHiniObj> Clone

Lcnstempiiniob]s X 0okt =
icm/tempMiniObj>  Rename
< QiTUST | PDBSearchr cavehe !
Right
click
ID | head here

Tuot REGULATOR OF COMPLEMENT PATHW
1rlc ELECTRON TRANSPORT

105] UNKNOWN FUNCTION

105h STRUCTURAL GENOMICS, UNKNOWN |

- W N -

NOTE: Double clicking on the tab allows two tables to be displayed at once. Double cliking again returns
to the default table layout.

NOTE: Information regarding the number of rows and columns within a table is displayed at the bottom of
the table.

A table can be made to fit the screen by:

* Right clicking on the table and a menu will be displayed.
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* Select the "Fit to screen” option.

A table can be printed by:
« Right clicking on the table and a menu will be displayed.
* Select the "Print" option.

X HITLIST | PDBSearchResults

PDB Search results for *™=*

ID | head | date | het title

1 1sbt HYDROLASE (SERINE PROTEINASE) Mhugld ibtilisin BP
2 | 1mbr[OXYGEN STORAGE |05 &pr 197 : e Protein b
3 2dhb DXYGEN TRANSPORT 01 Nov 19/ Show grid r synthesis |
4 3idh OXIDOREDUCTASE, CHOH DONOR, NAD ACCEPTR  06Jun 137 Selectall Cied  otures of af
5  |2cha HYDROLASE (SERINE PROTEINASE) 01Jan197  Invert selection e Alpha Ch

4 | Filter by cell value
& Frirt ... Chlsp
!I !, table: 22700 rows, 10 cqlumns Fit to screen 1 non-ICM

Right click here or The table right click menu with the "Print" and

anywhere in the table "Fit to screen" options

The grid lines within the table can be removed from the view by:
« Right clicking on the table and a menu will be displayed.
* Select the "Show grid" option.

To change the width of column and rows:

You can change the width of a row or column by clicking on the separating line and dragging. You can
make each row the same width by holding down the Ctrl key and dragging.

9.1.3. Making Table Selections
To select one column of a table:

* Click on the column header
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Click here to select a column

X HITLST | PDBSearchResults

PDB Search results for ™=*

ID | head date | het] title
1 1sbt |HYDROLASE (SERINE PROTEINASE) 11 Aug 1972 Atomic coordinates for subtilisin BPN
2 1mbr OXYGEN STORAGE 05 Apr 1973 The Stereochemistry of the Protein M
3 2dhb OXYGEN TRANSPORT 01 Nov 1973 Three dimensional fourier synthesisc
4 3ldh OXIDOREDUCTASE, CHOH DONOR, NAD ACCEPTR  06Jun 1974 A companson ot the structures of ap
5 2cha HYDROLASE [SERINE PROTEINASE) 01Jan 1975 The Structure of Crystallrne Alpha -Ch
< l

® | .l table: 22700 rows, 10 columns

To select one row of a table:

¢ Click on the row header

Xl HITLST | PDBSearchResults

PDE Search results for ™*

ID | head date | het title
1 1sbt |HYDROLASE (SERINE PROTEINASE) 11 Aug 1972 Atomic coordinates for subtilisin BP!
2 Tmbr OXYGEN STORAGE 05 Apr 1973 The Stereochemistry of the Pratein b
3 2dhb OXYGEN TRANSPORT 01 Nov 1973 Three dimensional fourier synthesis
4 3ldh OXIDOREDUCTASE, CHOH DONOR, NAD ACCEPTR  06Jun 1974 A companson of the structures of g
5 2cha HYDROLASE [SERINE PROTEINASE) 01Jan 1975 The S lructure of Crystallrne Alpha -Cl
J |

.| ® | table: 22700 rows, 10 columns (1 selected records)

To select arow click here

To select more than one row or column:
* Click on one row or column whilst pressing the Ctrl key

« Select multiple number of rows or columns whilst still pressing the Ctrl key
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X HiTUST | PDBSearchResults

PDE Search results for "™=*

& comparnson of the structures of

01Jan 1975 The Structure of Crytalline Alpha-Ck

Al W N -

@ @ ’table: 22700 rows, 10 columns (3 selected records) I

Select multiple rows and columns by clicking
and selecting whilst pressing the Ctrl key.

NOTE: The Ctrl key acts as a toggle enabling select and unselect.
To select a range of columns or rows:
« Click on the first row or column in the range whilst pressing the Shift key.

* Click on the last row or column in the range whilst pressing the Shift key.

9.1.3. Making Table Selections
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To select arange of columns or rows - click on the
first member of the range and the last whilst pressing
the shift key.

Xl HITLIST | PDBSearchResults

PDE Search results for ™=*
ID I head I date | hel] title
7 3lyz HYDROLASE [0-GLYCOSYL) 01 Feb 1975 Real-space refinement of the struct
10
11
12
13
14 Thip ELECTRON TRANSFER (IRON-SULFUR PROTEIN) 01 Apr 1975 "I"vyo-Angst.r-:!rp crystal structure ofo
15 1gpd OXIDO-REDUCTSE(ALDEHYDE/DONR NAD/ACCPT) - 01 Jul 1975 .S_lu!:iiei ol.asyml:n‘et.ty ip tbe _three.-di
< |
EI [.] luable: 22700 rows, 10 columns (6 selected records) 1 non-ICM
Click here hold the shift key

Click here hold the shift key

To invert a selection:
« Right click on the original selection and a menu will be displayed.

« Select the 'Invert selection’ option.

NOTE: Invert selection can only be used on rows.

To select the whole table:
« Right click in the table and a menu will be displayed.
* Select the "Select All" option.

To remove a selection:
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* Click anywhere within the table.
A selection can also be made from a plot select(See Select plot section).
9.1.4. Editing a Table
To edit a table:

« Right—click on the table and a menu will be displayed.

« Select the "Edit Mode" option. A tick will be displayed if it is selected.

X|  PDBSearchResults

PDEB Search results for ™=*

ID | head | date | het title
1 1sbt |HYDROLASE (SERINE PROTEINASE) viEne Einales for subtilisin BPI
2 Tmbr OXYGEN STORAGE . nemistry of the Protein |
v Show arid
3 2dhb OXYGEN TRANSPORT sional fourier synthesis
Select All Ctel+& P
4 3ldh OX|DOREDUCTASE, CHOH DONOR, NAD ACCEPTR h of the structures of a)
5 2cha HYPROLASE (SERINE PROTEINASE) Invert selection = of Crystalline Alpha-Cl
P | Filter by cell value
& Frint .. Ctrl+P
. | .l table: 22700 rows, 10 columns Fit to screen
Right click anywhere in the table

to get the menu to display.
To edit a table the "Edit Mode™" needs to be selected.

To edit the text or values within a cell:

* Double click within the field you wish to edit and the text will be highlighted blue.
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rchResults I

PDB Search results for ™*

ID | head date | het| title
1sbt HYDROLASE [SERINE PROTEINASE) 11 Aug 1972 Atomic coordinates for subtilisin BPN' [or Noval.
1mbr OXYGEN STORAGE 05 Apr 1973
2dhb OXYGEN TRANSPORT 01 Nov 1973 Three dimensional fourier Isynthesw of horse
3idh OXIDOREDUCTASE, CHOH DONOR, NAD ACCEPTR 06 Jun 1974 XB’&&T&Q&BR’BT(he' stuctures of apo 5 dogiish MR 1
2cha HYDROLASE [SERINE PROTEINASE) 01Jan 1975 The Structure of Crystalllne Alpha Ch_vmolrypsm i
ible: 22700 rows, 10 columns 1k

Double click then edit text.

To edit the name of a column:
* Right click on the column header and a menu will be displayed.
* Select the option "Rename” and enter the appropriate new text.
9.1.5. Inserting Columns
To insert a column:
« Identify the position within the table where you wish the column to be inserted.
* Right click on the column header and a menu will be displayed.

* Select "Insert column before" or "Insert column after"”.
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Xl HITUST

S LT

IX NAME| Score | | N - ' Vwint | Eintl | Dsolv | SolEl
1 101573 ml 3380 | 37 e 3875 1N 1493 7.96
2 101623 ml |3290 | |42  Pename.. 3836 0.20 1682 |7.28
3 |101662 ml 3412 | 35 2% Delete columnis) 3331 146 1474 504
4 101671 ml 3617 | 4  ColorBy 4293 281 1324 380
5 101722 ml 3470 | 36 I 144229 1336 367
[ 101781 m1 -36.65 54 Insert column before ... -46.09 167 15.16 967
7 101784 ml 3507 | 38 son 3498 095 1347 457

T . T B Showcolumns » T s U T

!l ﬂ table: 12923 rows, 12 (of 14) columns Filter »

Right click on the column header and select insert column.

A data entry box will then be displayed.
 Enter the name of the column.
« Select which kind of data will be entered into the column text, integer, real or ariphmetrics.

Calculations can be performed on the data within columns and the results displayed in a new column
by:

« Selecting ariphmetrics in the column type data entry box.

« Selecting which mathematical operator you wish to use from the drop down menu and which
columns you wish to perform the calculation on.
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Insert New Column @

Column Name |ff]
Column Type I text LI

[+ RIS =l =l
Ok _l Cancel |

Calculations can be performed on the
data already in the table and entered into
the new column by selecting the
appropriate operators here.

9.1.6. Inserting Rows

To insert a row:

* Identify the position within the table where you wish the row to be inserted.
« Select the row (See table selection section).
« Right click and a menu will be displayed.

* Select insert empty row.
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Duplicate row(s
x icm/def> a o
icm/def> % Delete rowfs)
icm/def> -
icm/def> Copy selection to ICM table
icm/def> [, £ Mode -
Xl HITLIST v Show grid
— Select All Ctrl+dy
X ; o1, NI
1 1_01 Invert selection 2
2 101 Filter by cell value 0
3 1M & Frint .. Ctrl+P 1
4 101 Fit to screen 4
5 101 Append to other table 0 . .
3 10t7s - s Sl Select the row and right click.
<
. | . | table: 12923 rows, 13 [of 15) columns (1 selected recon

A blank row will be inserted. You can add data to this row by following the instructions in the edit
table section.

To insert a duplicate row:
« Identify the position within the table where you wish the row to be inserted.
* Select the row (See table selection section).
« Right click and a menu will be displayed.
« Select insert duplicate row.
9.1.7. Deleting Columns and Rows
To delete a column or row:

« Select the column(s) or row(s) you wish to delete. See the select table section for
information on how to make table selections.

* Right click and select the delete option from the menu.
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9.1.8. Hide and Show Columns

If you have a large table you may wish to only show and display certain columns and hide others. By
default any loaded table will have all the columns displayed.

To select which columns you wish to hide:

« Select the column(s) you wish to hide. See the select table section for information on how
to make table selections.

* Right click and select the hide option from the menu.

[ [

1% | NAME| Score | Natom Nflex| Hbond | Hphob | Vwint | Eintl g v FE
103476 ml -3/47 33 0 831 497 3381 149 i ,
103485 ol 4418 % 1 040 735 3444 5g 0 Colmnhistogam
103522 ml 3640 46 1 674 744 3830 1.0 FEHiee
103526 ml 3721 31 1 11en 532  a4es a2 X Delete colunls)
103547 m 3321 3% 0 753 589 3312 113 Color By
“|103566 ml 3513 49 4 513 -7.93 4410 448 Insert column after ...
B Insert column before ...

Sort .

able: 12923 rows, 13 (of 14) columns Filter 4

Select column(s), right click and then select the hide option.

To show hidden columns:
« Right click on the column header and a menu will be displayed.
« Select the show columns options.

« Select which column you wish to show from the drop down list.
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X | NAME| Score | Natom| Nflex| Hbond | Hphob | vy ™ Hfd" S

- ae
103476 ml 3547 33 0 831 437 33

" |103485 ml 4418 3 1 1040 735 34 Fename ..

— : : : % Delete column(s)
103522 ml 3640 46 1 674 744

e Color By
103526 m 721 3 1 160 532
103547 ml 3321 3% 0 753 583 a3 |neertcolumnafter..
103566 ml 3513 43 4 513 793 .44 [nsettcolumnbefore ..
103592 ml 3601 47 2 433 793 43  Sot
103614 m |w2x 4 5 an s oL
103615 ml 3495 43 1 784 768 38 Fiter N
103621 ml 3446 31 0 687 501 3927 208 4B
103626 ml 3270 34 0 700 472 3553 215  G6I
103648 ml 3611 a1 3 740 563 /08 433 293
103707 ml 3211 50 4 531 783 4316 212 1618

All

Dsolv

mfScore
FILE
POS

table: 12923 rows, 10 [of 14) columns

9.1.9. Table Sorting

To sort a table by a column value:

« Right click on the column header.

* Select the sort option.

9.1.9. Table Sorting
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| PDBSearchResuts | hitist |

PDE Search results for ™*

ID | head | date hetl fitle

Tuot REGULATOR OF COMPLEMENT PATHWAY 3 Sep 2003 Hide

1rlc ELECTRON TRANSPORT 3 Sep 2003 I. Column histogram UEAH e
105) UNKNOWN FUNCTION 9 Sep 2003 Rename ... - PERIPLASMIC DIVAL
105h STRUCTURAL GENOMICS, UNKNOWN FUNCTION 7 Sep 2003 % Delete column(s) PUTATIVE SERINE (
1651 OXIDOREDUCTASE 7Sep 2003 ort coummafter .. SOKOACYLIBCYL

Tqzr |ISOMERASE 7 Sep 2003 Insert column before ... 3 IHE 'EI\P.\A”SE AF.‘ EP lD
1qvq LUMINESCENT PROTEIN 1Sep 2[03 THE CYCLIZED SE5(C
t
1qyo LUMINESCENT PROTEIN 1 Sep 2003 " N ON INTERMEDIATE
1un Wb INE CVETER N Can 21N2 Fier MAIRT CAMBI EYER
le: 22700 rows, 10 columns 1 non-;
Right click in the column header —— —— The arrow represents ascending

or descending order.

9.1.10. Table Filtering and Appending

Here we will describe how you can filter your table so that you can then append the filtered data to a new
table or display only relevant information to your filter query.

To filter a table:

« Select the column you wish to filter. See the select table section for information on how to
make table selections.

« Right click on the column header.

« Select the filter option.
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Xl yiTusT | PDBSearchResults Ihitlist I

PDB Search results for ™=*

ID | head | d~n Tl
1 1sbt HYDROLASE (SERINE PROTEINASE) 7 Hide tes for subtilisin BPI
2 1mbr OXYGEN STORAGE ot [l Column histogram istry of the Protein |
3 2dhb OXYGEN TRANSPORT o Rename ... .aI fourier synthesis
4 3ldh OXIDOREDUCTASE, CHOH DONOR, NAD ACCEPTR 0 2§ Delete column(s) theisrt‘n:c'tures. of a)
5 2cha HYDROLASE (SERINE PROTEINASE) [ tmsert cotumn after .. ICr_y'lvs'tal'Iipn‘a.A.lpha-ICI
6 |4z HYDROLASE (0-GLYCOSYL) B 1nsert column before ... fement of the struct
7 3lyz HYDROLASE [D-GLYCOSYL) 1 Sort ement of the struct
g 1lyz HYDROLASE (0-GLYCOSYL) o' (c;ea'r-)'
[=] Elu= HYNRAOI ACE M.GIYENCY! N e v e o
< (Clear Al

(Custom ...}

® | [ ] | table: 22700 rows, 10 columns

* Select the "Custom" option and a data entry box as shown below will be displayed.

« Enter the appropriate operations and filter values for your search.

* Click OK.
Custom filter on "date’ @
| equals >

* And 0O

lequals LI I
[V Case Sensitive
Ok | Cancel

NOTE: When a column has been filtered a symbol as shown below will appear in the header of the
column.
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X HITUST | PDBSearchResuts | hitist |

PDB Search results for "™=*

ID | head £ date het| title
21260 |1njo RIBOSOME 02 Jan 2003 |PPL THE CHYSTAL STHUCTURE UF'
21261 |1nit HYDROLASE 02Jan 2003 ACE CDMFI’E@.( STﬁl_JETUHEDjiHCM‘
21262 |1njs TRANSFERASE 02 Jan 2003 HUE@H Gﬁl':_inTEﬁgE .IN..EQE“PLE’
21263 |1njg METAL BINDING PROTEIN 02Jan 2003 ACE NMFl STRUCTUHE DF THE SING
21264 |1njp RIBOSOME 02Jan 2003 PPL THE CHYSTAL STHUCTURE UF
21265 |1nju HYDROLASE 02Jan 2003 DNL Engﬂx STEIEIETURI:;QEHCM‘
21266 |loa7 HYDROLASE 02 Jan 2003 §TB‘L_I‘ETU5EDFF‘?\:_‘IELA‘NHDC.3F'}_PL
21267 |1oab HYDROLASE INHIBITOR 02 Jan 2003 IHE,.S...D._LU_TP,N...STEUCTUREQE
:Tm 1R HYNRAT ACE INHIRITAR N2 lan 2002 THE Al HITION CTRICTHRE AE
!l !l table: 1441 {of 22700) rows, 10 columns

This symbol means that the table has been
filtered according to data within this column.

To append the filtered information into a new table:
« Select the whole table either by right clicking or pressing Ctrl A.
« Right click on the table and select "Append to other table".
« Enter a new name for the table you are appending with your filter results.
OR
Selected rows can be appended to a new table by:
* Right clicking on the selected rows and a menu will be displayed.
« Selecting the "copy selection to ICM table" option.
A table can be filterd by a cell value:
* By clicking once in a cell.
« Right click and a menu will be displayed.

* Select the option "Filter by cell value”.
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A filter can be cleared by:

« Right clicking on the column selection and selecting Filter/Clear or Filter/Clear All

9.2. ICM Molecular Tables

An ICM molecular table is created when an SDF or Mol file is read into ICM. To read and open a mol or
sdf file go to File/Open (See Open an ICM file section) All of the table functions described in

the previous section Standard ICM Table can be applied to molecular tables.

An ICM molecular table:

| ex_mol | bb I

mol MOLNAME RNEXTREG| MOL_WEIGHT| UPD_CODE
chiral  |(--GMC-1111 DR0O052433 289.44 2001.3-2001.3

1,2-NAPHTHOQUINONE NaPHOUI2 158.16 1990.1-1990.1
0]
2 |/ |
\\\\\\/\/
chiral  1-RV-96-4 DROO14370 381.57 2001.1-2001.3

A
3%@

O
2
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9.2.1. Molecular Table Display

There are many ways in which a molecular table can be displayed. For example you can select whether y
want to have just the structure displayed or maybe you want to display the structure with alot of other
important information such as molecular weight, docking score, energy etc...

The default layout displays all the columns and tables. However using the table selection tools described i
the previous section Standard ICM Table you can customize the display.

« First select which columns you wish to display.

x| ex_mol | bb

mol MOLNAME I HNEXTHEGI MOL_WEIGH UPD_CODE
chiral  |(--GMC-1111 DRO052433 289.44 2001.3-2001.3

. ,/N-.i.l./io ~-'N/_/

1,2-NAPHTHOQUINONE NAPHQUI2 158.16 1990.1-1990.1
(0]
: 1]
\//‘\/
</—3 chiral 1-RV-96-4, DRO014370 38157 2001.1-2001.3

>~
9
v

< |

.l .l table: 1067 rows, 26 columns

Next,
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« Right click on the selection and the following menu will be displayed

nol | bb
mol MOLNAME | RNEXTHEGI MOL_WEIGH UPD_CODE RN
chiral  |[-}-GMC-1111 DRO052493 289.44 2001.3-2001.3 DRO
s Edit Mod
//N\/% it Mo .e
N—=¢ || //,Q N v Show grid
S Select All Cel+4,
Invert selection
Filter by cell value
. 1,2-NAPHTHOQUINONE NAPHQUINZ 15€ Display style N
Clustering
/ Copy molecule image
| " Copy molecule
\/\/ R Paste molecule
& Edit molecule
T chial  1-RV-96:4 DROOT4370 (381 = Quel molecule
¢ & Pt .. Ctl+P
A= Fit to screen
1%
&
A

] | table: 1067 rows, 26 columns

« Select Display Style

« Select which kind of display style you like — table, grid 3xn, grid 4xn, grid 5xn or you can
customize your own size.
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MOLNAME HNEXTHEGI MOL_WEIGH UPD_CODE RN I MF
chiral  |(-}-GMC-1111 DRO052433 289.44 2001.3-2001.3 DRO052493 C16H23N3 S

Edit Mode

1,2-NAPHTHOQUINONE NAPHQUI12 15816 v Show arid U2 C10HE D2
Select All Chrl+

Invert selection

Filter by cell value

L Table CuleT

Clustering Grid 3xN Ctrl+3
Copy molecule image Grid 4xN Ctil+4
chiral  1-RV-96:4 DRO014370 381.57 ' Copy molecule
I [ Paste molecule Custom ...
L‘//\ & Edit molecule imm @ |

2 Query molecule

=} & Fint .. Ctrl+P
Fit to screen

_

solumns 1ICH Obj

Here is an example of 5xn:
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x| ex_mol | bb

1 2 |3 | 4
chiral chiral
AR
0 i’%
; = fi
N~ I N 0 N
o [ ] N e O
S P = I%/I«N
W
Y
MF CI6H231 | MF CIOHED = MF C28H311 | MF C22H
MOL_WEIGHT 289.44 MOL_WEIGHT 158.16 MOL_WEIGHT 381.57 MOL_WEIGHT 409.5¢
0 chiral , chir
=, I
Ty o OO CT
s = F \l/ | Xy
n | I
MF C21H261 | MF C15H201 @ MF C20H251 @ MF C19H
MOL_WEIGHT 40258 MOL_WEIGHT 265.32 MOL_WEIGHT 464.34 MOL_WEIGHT 361.51
10

® | ® | agrid: 214 rows, 5 columns

9.2.2. Display and Convert Molecule
To display and convert a molecule from a molecular table in the 3D graphics display window:
« Select the molecule image or images in the molecular table.

« Right click and select the Convert to 3D option.

9.2.2. Display and Convert Molecule 163



results

Edit Mode

v Cursor action

(T |

icm/def> open
icm/def> if{o
icm/def> ca
icm/def> s_
icm/endifendi
icm/def>

v Show arid F
Select Al Ctel+a,

Invert selection E

X by I result] I r Display style »
Clustering
T L Clil+P
Fit to screen |

Duplicate row(s)

[ % Delete row(s)

1 N=_ I -
* Copy selection to ICM table
Select and right
click to display Save selection As
and convert to 3D. |

9.2.3. Copy Molecule

To copy a molecule to paste into another application such as Microsoft Word or Excel:

« Right click on the molecule and a menu will be displayed.

« Select the option "Copy Molecule Image"

To copy a molecule or image to paste into another row within an ICM table:

« Right click on the molecule and a menu will be displayed.
« Select the option "Copy Molecule"
* Right click in the cell into which you wish to paste the molecule.

« Select the option "Paste Molecule”

NOTE: To learn how to insert a row read the insert row section.
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9.2.4. Edit Molecule

To edit a molecule:
* Right click on the molecule and a menu will be displayed.
* Select the option "Edit Molecule" and the ICM molecular editor will be displayed.
« Edit the molecule.

« Click Exit in the ICM molecular editor.
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ICM Molecule Editor [new file ] Q@@

File Edit View

bR we maa 2 | QG

dl

fri.

«O0OvVOE NN\ mTonovmozZo|

hd
<| »

N-0318 N-0918 300.47 1991.2-1991.2

B
9.2.5. Color Table

You can color your table based on values within a column by:

« Selecting the column.

« Right click on the column header and a menu will be displayed.
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* Select the option "Color by".

x| ex_mol | bb I
mol l MOLNAME I RNEXTRE MOL_WEIGHT| UPD_CODE
24 N'J\N)\/l ”\n/O
! 0
N PD-128483 PD-128483 221.33 1994.1-19398..
M_;,<
S
25 \\ \
ORG-20333 0ORG-20333 321.33 1991.2-1991.;
& 0
o .
< |

. | . I table: 1067 rows, 29 columns

~ s
\,
)

NOTE: You can remove the color from the table by clicking the color option in the menu again.

9.3. Plotting Table Data

The data within a table can be plotted graphically. A histogram can be made for the data within one colum
or a plot can be constructed for the data within two columns.
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ICM Plot - Example
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35
« Select the "Column histogram" option.

* Right click on the column header.

* Select the column.

To plot a histogram of the data within one column:

9.3.1. Column Histogram
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auth I res vHide
3.AALDEN,J.) BIRKTOFT,JKRAUT J.D.ROBERTUS, 25 _
1. CWATSON,J.CKENDREW 20 [ Colmn histogam |
4. FPERUTZET AL 28 FIEnaS. ..
o
LLWHITE ML HACKERT MBUEHNER . ADAMS, 30 ¥ Delee cobimly
1) BIRKTOFT D M BLOW 20 Color By
3.DIAMOND.D.C.PHILLIPS C.CF BLAKE AC.TNORTH 20 Insert column after .
3.DIAMOND.D.C.PHILLIPS C.C.F.BLAKE AC.TNORTH 20 Insert column before ...
3.DIAMOND.D.C.PHILLIPS C.C.F.BLAKE AC.TNORTH 20 Sort
3.DIAMOND.D.C.PHILLIPS C.C.F.BLAKE AC.TNORTH 20 Fiter R
3.DIAMOND.D.C.PHILLIPS C.C.F.BLAKE AC.TNORTH 20 STEYTT
3.DIAMOND.D.C.PHILLIPS C.C.F.BLAKE AC.TNORTH 20 X-RAY 1.0
3.1 FREER.JKRAUTJ.D.ROBERTUS H.TWRIGHT, 25 X-RAY 1.0
3.N.REEKE “JUNIOR J\W.BECKER GMEDELMAN 20 X-RAY 1.0
A plot will then be displayed next to the table.
| RNEXTREG) MOL_WEIGH 4 | | Plot |
DROD52493 289.44 ICM P|0t
500 4 Fr----- R e TR ‘Saam B SFeeee 3
e
> ; E E 5 5 ; i i
© 300 —}+------ R B EREIEEEEES beme T AR :
NAPHQUITZ 158,16 @ E E ; : : : i 5
= | - ' ' ' ' ' ' '
T : : : : : : ! [
R [ A e
10 = zi==mes e [ e i b AEeaes :
DROD14370 38157 g ‘I e l" '''' S
[TT T[T T P[P T P[P T [T T P T [ rr1r]
=l 0 200 400 GO0 800 1000 1200 1400
o MOL_WEIGHT

9.3.1. Column Histogram
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9.3.2. Plotting two columns

To construct a plot from data within two columns:
* Select the two columns.
* Right click on the column header.

« Select the "Columns plot" option.

| Nator Nfiex| Hbond | Hphob [ veint | Eir || Plot |
ICM Plot
e e
| T . T . O A
e e e e e
EE 5| sreessresaipestoasaiasaanl bepeatanaatanaa
ey ' ' h ' ' ' ' ' ' '
R T T
43[4 |250 553 |94 1B 37 {Fi Mo
e [ S N A A A
o | D A L A e
BT ARt SURE SR SR SO
I A
e
[TTT T I [T [T T[T [ T [ I rIr[rrIr]|
= 26 -24 22 -20 18 -16 -14 -12 -10 -8
L,_I Score

9.3.3. Print Plot

To print a plot:
* Right click on the plot and a menu will be displayed.
* Select the print option.

9.3.4. Saving a Plot Image

To save a plot image:
« Right click on the plot and a menu will be displayed.

* Select the "Save as image" option.
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9.3.5. Hide a plot

To hide a plot:
« Right click on the plot and a menu will be displayed.
« Select the "Hide" option.

9.3.6. Plot Options

To change plot options such as color, scale etc...
« Right click on the plot and a menu will be displayed.

* Select "Options".

Plot Options @

Plat Title |ICM Plot
Curve Settings
X Source | Score v | Shape Triangle ¥
Y Source | Natom v| Size 8 =

Color blue v | ¥ Connect Points ¥ Regression

Common options

Rainbow Ired/0range/yeIIow/gleen/blue/darkblue/purpld LI

ok | sy | concel |

From the plot options data entry box you can

1. Change the title of the plot.

2. Select which columns will be plotted on each axis.
3. Change the shape of the dots in the plot.

4. Color the plot.

5. Connect points on the plot.

6. Perform regression analysis.

9.3.5. Hide a plot 171



9.3.7. Making Selections From a Plot
To make a selection from an ICM plot:
« Right click on the points in the plot you wish to select.

A red box will surround the points you select. The points within the box will be selected in the table.

ICM Plot - Example
8 qfF—— e —— e o e i
Ji| = ; E ; : :
A0 gy i prTTToTee i i proTeTeeees T
) =) e e S S e i
e e e e
1| : L : :
RCE | Femees o e s oo :
o il I ' ' ' H ' :
o | : : : : : :
018 - BEeEszcccsc e MEse=ccceccs beeecaceaas T
e R mime & e B e
1| : ;= : : : :
iy | K0 S | DR T . — I .
a : L] : : : :
{: | = : : : : : :
i | il LR i Reaacaaac [ aee Peemesesees pemememeses 4
]| == ; ; E : :
26 —f--e-eeeee- EEEEE CEEEEEE Lomooooonn-d SEEEEEETEEE EEETEEEE T LEEEELERLEE 2
I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I
35 40 45 50 55 60 65

IX

Selected points
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10. Sequence Alignments

ICM provides a powerful sequence alignment editing tool.

You can customize your sequence alignments in a number of ways:

1. Coloring according to a number of different consensus schemes.
2. Customizing your own consensus tables.

3. Shading areas of interest.

4. Boxing areas of interest.

5. Adding comments to an alignment.

6. Saving an alignment as a high quality image for publication.

7. Displaying and analyzing phylogenetic trees.

8. Direct selection from the alignment to the 3D object.

1ql6_a

1QL6_A_4
2PHK_A_58
1TKI_A_4
1IAN__ 23
1DI9_A_17
1WFC__5

1ql6_a

1QL6_A_4
2PHK_A_58
ATKI_A_4
1IAN__ 23
1DI9_A_17
1WFC__5

2086
213
146
187
194
194
212

coldocbii=acoonc #it. L . . #.##H _ #dIZHRDLKP .N#t#ti#td— D% .#HK#.DFG%. ..
TEKUTLSEKETRKIMRALLEVICALHKLNIUHRDLKPENILLDD--DMNIKLTDFEGF SC(
TEKUTLSEKETRKIMRALLUEVICALHKLNIUHRDLKPENILLDD--DMNIKLTDFGFSC(
TEKUTLSEKETRKIMRALLEVICALHKLNIUHRDLKPENILLDD--DHNIKLTDFGFSC(
TSAFEL REIUS?UHQUDERLQFLHSHNIGHFDIRPEHII?QTRRSSTIKII.FGQHR[
CQK--LTDDHUQFLIYQILRGLKYIHSADIIHRDLKPSNLAUNE--DCELKILDFGLAR}
CQK--LTDDHUQFLIYQILRGLKYIHSADIIHRDLKPSNLAUNE--DCELKILDFGLAR}
CQK--LTDDHUQFLIYQILRGLKYIHSADIIHRDLKPSNLAUNE--DCELKILDFGLAR}
Box your alignment

Shade your alignment

GZIMB.LL.G. . #F#....%. . L+%I#..... HG...H..HS.. B.DLE.+H#LU%Z...I
GUIMYTLLAGSPPFWHRKQMLMLRMIMSGNYQFGSPEWDDYSDT UKDLUSRFLUUQPQ
GUIMYTLLAGSPPFWHRKQMLMLRMIMSGNYQFGSPEWDDYSDT UKDLUSRFLUUQPQ
GUIMYTLLAGSPPFWHRKQMLMLRMIMSGNYQFGSPEWDDYSD DLUSRFLUUQPQ
GTLUYULLSGINPFLAETNQQITENIMNAEYTFDEEAFKEISIE AMDFUDRLLUKERK:

GCIMRELLTGRTLFPGTDHIDQL%LILRLUGTPGHELLKKISSE RUDLLE}MLULDSDE

GCIMAELLTGRTLFPGTDHIDQLKLILRLUGTPGAELLKKISSE AUDLLEKMLULDSD
GCIMAELLTGRTLEPGTDHIDQLKLILRLUGTPGAELLKKISSE AUDLLEKMLULDSD
Add comments to your alignment

Customize your alignment

10.1. Alignment Introduction

To align two or more sequences you need to use the options in the 'Bioinfo’ menu shown below.

10. Sequence Alignments
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Bioinfo Tools Homology Docking

| Residue Content

- Predict Secondary Structure
Six Frame Translation
Set Sequence Type
Align Two Sequences alignment
Sequence to Structure options
Align Dna vs Protein

Multiple Sequence Alignment

Find Unique Subset

To construct an alignment, two or more sequences need to be loaded into ICM. This can be done be done
in one of the following ways:

1. Constructing your own sequence see hew sequence section.
2. Extracting the sequence from a loaded PDB sequence by:
« Right clicking on the object name in the workspace panel

* Select 'extract sequence' and the name of the extracted sequence will be displayed in the termina
window.
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right click here

extract sequence
by clicking here

name of extracted
sequence will be
displayed here

10. Sequence Alignments

no selection -
_gs [DEbf'eds
=] 1168 a_1ig8.
H1 18
b Fead full PDE entry
<] cha Clone
1 ena Set to current
-_{dna
. |dna Convert PDB
-] dme Convert 2D Chemica
L ena Ch
Jena ™
_|fnac Filter Selection
"__I?ag Color
— hg? Edit description
T hg3 Advanced
14h99 Open with MolEdi
+{_|hgh
I hgk Connect to Object
: Zn Disconnect [Esc
{_fzne Extract Sequence(s]
1] ZhnJ
-] znd Center
e Erel Six Frame Translation
-water x Neighbors
- E] 13w Closed Cavities
e Select
|1 )
i li12 Display
A {1113 %K Delete
: ::-1'; Rename
4 1118 Save
A7 B Savess...
AL_{ 118 0 4
ina pen records
A i1 Close records
L]
L]l
L1113 <:J
All 55 =
X Info> 2 sequences extracted

icm/1£88> a=Sequence(''thklklkaaplk™")
icm/1£88> make sequence Mol{ a_1f88.a/1/n )
— Info> sequence 1f88_a1 extracted

icm/1£88>
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10.2. Align Two Sequences
To align two sequences:
« Select the 'Bioinfo' menu.

« Click on 'Align Two Sequences' and the following data entry box will be displayed.

Select two sequences of the same type @
Sequencel | 1c3w_a LI Sequence2 I 1f88_a Ll
alignmentName I 7tms L]
comp matrix | default L]
alignmentalgorithm IZE Ga LI
Gap Open I 2.4 L]

Gap Extension | 015 L]
maxPenalizedGap |99 ii
Help
maxPenalizedGap is ighored by the "ZEGA" method
’Tl Cancel Help

» Enter the name of your first sequence in the 'Sequence 1' data entry box.

 Enter the name of your second sequence in the 'Sequence 2' data entry box.

NOTE: Any sequences already loaded into ICM can be seen by clicking on the down arrow next to the
'Sequence 1 and 2' data entry boxes. This can save typing and trying to remember what you called your
sequence.

« Enter a unique alignment name in the 'alignmentName' data entry box.
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 Select a comparison matrix from the list shown below by clicking on the arrow next to the ‘comp
matrix' data entry box.

comp matrix |default ~

gonhet
blosum45
blosum50
blosumE2
dna

hssp
ident

— - = T ™™

alignmentalgorithm

Gap Open

Gap Extension

« Select the alignment algorithm you wish to use from the list shown below by clicking on the arrow
next to the 'alignmentAlgorithm' data aentry box.

alignmentalgorithm IZE GA LI

Gap Open H-align

« Enter the values you wish to use for Gap Open, Gap Extension and the maximum penalized gap
penalty.

* Click OK and the alignment will be displayed in the alignment editor window at the bottom of the
graphical user interface.

« Remember to save the project or write the alignment if you wish to keep the alignment for use at
another time.

-~
....................... #.HIHL.L..A..HW_HG....TLY..#.G | Yiewoptions
————————————————————— TGRPEWIWLALGTA--LMGLG----TLYFLUKG B 7k [T e (B oo
MLGFPINFLTLYUTUQHKKLRTPLNYILLNLAVADLFHUFGGFTTTLYTSLHG ¥ sequenceffsst [ ruer
CGE. It f.f. W ... ..., HAL#R.A...... #LUG..... #-Git. # Comment: [~ 1 [ 2 [ 3
—~GEQNPIYWARYADWLFTTPLLLLDLALLUDADQGTILALUG-———- ADGIMI T S b i
FGENHAIMGUAFT-WU-——-————- MALACAAP—--—- PLUGWSRYIPEGHMQC ™ Sunc with workspace
#AS....... K.f#.. B B AL . ... ... .... f#.  HHFHIE . #. [ tree only [ as group
UASTF---—- ULRNUTUULWSAYPUVUNL IGSEGAGIVUPLNIETLLEHULDUS
IAASATTQKAEKEVTRMUI IMUIAFLICHWL-———————-—— PYAGUAFYIFTHQ i Color scheme | icm-combo ¥

10.2.1. Align DNA to Protein
To align DNA to protein:
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» Select the 'Bioinfo' menu.
* Select the option Align DNA vs Protein

« Follow the data entry instructions shown in the previous section entitled "align
two sequences" but enter one DNA sequence and one protein sequence.

Select two sequences of different types @
DnaSequence Il LI ProteinS equence I LI
alignmentName I framedli L’
comp matrix Idefault Ll
Gap Open |2.4 Ll
Gap Extension IU.1 5 _'_l
maxPenalizedGap |1 0 jl

Help

maxPenalizedG ap is ignored by the '"ZEGA" method
’TI Cancel Help

10.3. Align Multiple Sequences

To construct a multiple alignment of more than two sequences the first thing you must do is group the
sequences together.

The easiest way to do this is:
« Locate the sequences in the 'workspace panel' as shown below.

 Then select the sequences you wish to group by holding down the CTRL button and clicking on
them. If the sequence is selected it will be highlighted in blue.
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Group sequences

Align sequences in background

-2occ_b Align sequences

Annotate selection

2oce e PDEB Search by Similarity

~-20C:0:f PDB Search by Homology
- Residue Content

200 | Six Frame Translation

--ZDCc:i Unselect

Al S.:S Edit sequence

| — % Delete

* Select the option 'Group sequences'.

» The sequences will then be displayed in the alignment window at the bottom of the graphical user
interface.

« The name of the group is displayed in the tab above the group sequences. Usual name for a grou
is newGroupl newGroup?2.... etc depending on how many grouped sequences you have.
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name of sequence group

Newdalignment I newGroup | newGroupl

1c3w_a TGRPEWIWLALGTALMGLGTLYFLUKGHGUSDPDAKKFYAITTLUPAIAFTHMYLSHMLLGYGLTHUPF
MNGTEGPNFYUPFSNKTGUURSPFEAPQYYLAEPWQFSHLAAYMFLLIMLGFPINFLTLYUTUQHKK
MNGTEGPNFYUPFSNKTGUURSPFEAPQYYLAEPYWQFSHMLAAYMFLLIMLGFPINFLTLYUTUQHKK
MFINRWLFSTNHKDIGTLYLLFGAWAGHUGTALSLLIRAELGQPGTLLGDDQIYNUUUTAHAFUMIF

!

grouped sequences for multiple alignment

Once the sequences are grouped you need to
* Select the 'Bioinfo' menu.

* Select the option 'Multiple Sequence Alignment' and the data entry window shown below will be

displayed.
Multiple Sequence Alignment @

Help

First, you need to select sequences in the
Workspace menu and right-Click to form a group

Sequence Group I newGroup L‘
comp matix | default -l
Gap Open I2.4 LI
Gap Extension I 015 L‘

Ok | Cancel | Help |

 Enter the name of your group of sequences in the 'Sequence Group' data entry box.
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* Select the comparison matrix you wish to use.
« Select the gap opening and gap extension penalties.

« Click OK and the alignment will be displayed in the alignment editor window (below).

A = an
IV VT PR vy S R S O S YLHSLSHNA . RESHE . HE [ tile ¥ consensus [ order
¢{MFLLIMLGFPINFLTLYUTUQHKKLRTPLN----¥ILLNLAUADLFHUFGGFT W sequenceoffset [ ruler
¢{MFLLIMLGFPINFLTLYUTUQHKKLRTPLN----¥ILLNLAUADLFHUFGGFT ‘
{FLU-—-KGH-—————————~— GUSDPDA----KKFYAITTLUPAIAFTHY--LS Cowzet W Wz WG
/LLFGAWAGHUGTALSLLIRAELGQPGTLLGDDQIYNUUUTAHAFUNIFF--HU [ Show cluster tree

[ Sync with workspace

TR S, % e - O%%%%0% % - - - Z%HHLE . BH%G. ... ... #.
JUUCKP--—————- FGENHAIMGUAFT---WUHALACAAPPLUGWSRY IPEGHQ L Lo
JUUCKPHS---NFRFGENHAIHGUAF T---WUHALACAAPPLUGYWSRY I PEGHQ Colorscheme [omoombo <]
JDADQET——————————m e ILALUGADGIMIG---—- TGLUG IGM-COomMbo
JEAGAGTGWTUYPPLAGNLAHAGASUDLTIFSLHLAGUSSIL-——————- GAIN < swenghgom —— )—

10.3.1. Drag and Drop

An easy way to add another sequence to an alignment is to drag and drop a loaded sequence from the IC|
workspace panel to the alignment window. The sequence automatically becomes part of the alignment.
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display Y labels Y analysis Y pdbsearch Y meshes Y movie Y\

3 | [P &l allet

no selection l;
—= sequences (10 itemns)
Click here ~1f88_a len=338 Amino

+-1y6  len=88 Amino
+-cdb9  len=77 Amino
+1TKI_A_4  len=272 Amino
+-1DI19_A_17  len=335 Amino
+-2PHK_A_58  len=213 Amino |
+-1WFC_5  len=353 Amino
#-1IAN_23  len=335 Amino  +|
ags = | E
X sk | newsl y
Id=67 aSPg=7 = = eeeeeaeaaans b
1qlé6_a 1 -
1Q0L6_A_4 1 AALPGSHSTHGFY
Drag to here 9PHK A58 NN e AN S s
1TKI_A_4 1 oo )
1IAN__ 23 1 TWEVF
1DI9_A_17 1 - TWEUF
1WFC__5 1 LEMSQERPTFYRQELNKTIWEVF

10.4. Alignment Editor

The default position for the alignment editor is at the bottom of the graphical user interface. If you have
made an alignment and you cannot see the alignment you can select Window/Alignments (See Window
Menu section of this manual) and it will be displayed.

ICM has an easy to use editor for pairwise and multiple alignments. ICM alignment editor is robust and

always protects the integrity of your alignment by protecting you from making unintended changes in the
alignment.

10.4.1. Edit an Alignment
To edit an alignment one only needs four types of operations:
« select a block with one or several sequences to be moved (press Ctrl to add blocks). Important:
since you can only move the selection to the gapped space , the moving front of the selection
must be next to the gaps.

* (optional) create space on both sides around a vertical section of the alignment
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« use the keyboard arrows to move the selected block with respect to the other sequences

* squeeze out the excessive gaps (an item in the alignment popup menu)

OPERATION

KEYS

set a vertical selection for ALL sequences in the alignment Double-Click

add white space by hitting the Space bar

remove white space

select a sub—block for shifting

shift the selected block next to a gapped area

SpaceBar

Backspace

Drag Left-Mouse—Button

Right and Left Arrows

x|
I0=238 pP=2.7 c...L.CY.CH.#..... C...HtC..... #eH. . .A View options
1yé 1 AGYTLECYQCYGUPFETSCP-SITCPYPDGUCUTQEA e | consenst
cd59 1 ——--LQCYNCPNP--TADCKTAUNCSSDFDACLITKA
[V sequence offset
............. N.CH#.._HC.HN.Ht. #..t... Comment: [ 1 [
1yé 37 AUIUDSQTRKVKNNLCLP--ICPPNIISMUILGTKUN ™ Tree ra
cd59 32 G-————- LQUYNKCWKFEHCNFNDUTTRLREN--E .
[ Sync with worksp.
#...CC..DLCN#...... [ tree only [
1yé 72 UKTSCCQUDLCNURUPN——
cd59 59 LTYYCCKKDLCNFNEQLEN Color scheme [ jem-c
Strength (50%)
Selection
[ Select by mouse il
By Consensus [X_
;] Select | Invert

10.4.2. Save, Print and Delete

To save your alignment as a picture:

* Right click on the alignment and select the Save as image option.

10.4.2. Save, Print and Delete
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* A data entry box as shown below will be displayed.

Save options @

b 51 Coowe |
Style full width v | |ncrease resolution |1 'I

Ok | Cancel |

« Enter the filename you wish to call your alignment. We advice you to keep the .png file
extensions.

« Select the drop down arrow next to the Style data entry box as shown below.

Save options @

e <1 Caowe |
Style full width v | Increase resolution |1 'I

EE 5 Ok | Cancel |

« Select the style you desire from full-width, as is, or 60.

Full-width:
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id=67 nSeq=7
lqlée_a

1QL6 A B

2PHK A 58
1TKI A B!
lIAN 23

1DIO A il
lWFC 5

Asis: As displayed in GUI.

id=67 nSeq=7
lqlée_a

1QL6 A 4
2PHK A 58
1TKI A 4
lIAN 23

1DIO A il
lWFC 5

lqlée_a

1QL6 A 4
2PHK_A 58
1TKI A 4
1IAN_ 23
1DI9 A 17
lWFC 5

60: 60 residues width

(ol el S S S Ce =

el

30

18
22
22
40

10.4.2. Save, Print and Delete

YMIAEDLGRGEFGIVHRCVETSSKKTY!
YONLSPVGSGAYGSVCAAFDTKTGLRVZ
YONLSPVGSGAYGSVCAAFDTKTGLRVZ
YONLSPVGSGAYGSVCAAFDTKTGLRVZ

YMIAEDLGRGEFGI
YONLSPVGSGAYGS
YONLSPVGSGAYGS
YONLSPVGSGAYGS

2% .%%.t. € $%$%+.%

VHRCVETSSKKTY FVKVK
VCAAFDTKTGLRVAVEKLSRP
VCAAFDTKTGLRVAVEKLSRP
VCAAFDTKTGLRVAVEKLSRP
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id=67 nSeq=7 B.88-+8..%.280.g%8g. 88,88 £, t. .. 288+, 8. ... ... 0 i+, tF+EF. HL

1q16_a 1 s o DIL
10Le_A_4 9 THGEYJJNYEPKEILGRGVSSVVRRCIHKPTCKEYAVRI IDVTGGGSFSAEET DIL
2PHK_A_58 1 o o o o 1L
1TKI_A_4 1 meee MIAEDLGRGEFGIVHRCVETSSKKTY] EVKVKGTDQVL = ISIL
1IAN_ 23 1 IWEV QNLSPVGSGAYGSVCAAFDTKTGLRVA LSRPFQSIIH. T LRLE
1DI% A 1 7 1 IWEV QNLSPVGSGAYGSVCAAFDTKTGLRVA LSRPFQSIIH. T LRLB_
1WFC__5 19 IWEV QNLS PVGSGAYGSVCAAFDTKTGLRVA LSRPFQSIIH. T LRLL
4.4, H.N¥I.LADt#.t%. ##LVS.LM.gidLid##. £.Ki. Lt=4. $.4L.
1q16_a 68 SGHPNITQLKBTYETNTFFFLVFDIMKKGELFDYL- TERVTES TRKIMRALHE
1QL6_A_4 75 SGHPNIIQLKBTYETNTFFFLVFDLMKKGELFDYL- TERVTLSERETRKIMRALLE
2PHK_A_58 8 SGHPNIIQLKBTYETNTFFFLVFDLMKKGELFDYL - TERVTLSERETRKIMRALLE
1TKI_A_4 52 -NIARHRNILHLHESFESMEELVMIFEFISGLDIFERINTSAFELNERETVSYVHOVCE
1IAN_ 2 60 |RHMK-HENVIGLLBVFTPARSLYLVTHELM-GADINNIVKCOR--LTBDHVOFLIYOIELR
1DI9_A_17 60  KHMK-HENVIGLLBVETPARSLYLVTHLM-GADLNNIVKCOR- - LTBDHVOFLIYOILR
WEC__S 78 MK-HENVIGLLBVFTPARS LYLVTHLM- GADENNIVKCOR-~LTBDHVOFLIYOILR
' . #FHERAINHRDLKR. N###d- DIC#K#IDEGH:+.iDpgd. #+.#4.Tp. YIAP
1qlé_a 126 VICALHKLN ENILL IKLT FSCQLEPGEKLESVCGTPSY
10Lé_A_4 133 VICALHKLN ENILL IRLT) FSCQLAPGEKLESVCGTPSYL
2PHK_A_58 66 VICALHKLNE ENILL IKLT FSCQLPPGEKLREVCGTPSY
ITKI_A 4 111 ALQFLIISHHIGH ENIIYQTRRSSTI II LKPGDN LLETAPEYY,
1IAN_ 23 121 GLKYIHSADII SNLAV? —-oamcwmaw
1DIS A_17 121 GLKYIHSADII m.rm --DEMTGYVATRWY
IWEC__3 139 GLKYIHSADII SNLAVI TB- - DEMTGYVATRWY
EI#...M...%..Yt. . VDEWSHGHIME.LLtG. tpF#s. . .4 . SL+#I#LS . 5LHG. .
1q16_a I1ECSMNDNHPGYGKEVEMES TGVIMY TLLAGS PPEWHRKOM IMSGNYQFGSP
1QLE_A_4 IIECSMNDNHPGYGKEVBMNS TGVIMYTLLAGS PPEWHRKOM GNYQFGSP
2PHK_A_58 [ TECSMNDNHPGYGKEVBMAS TGVIMY TLLAGS PPEWHRKOM GNYQFGSP
ITKI_A 4 170 fN------ HOHDVVSTATEMNS LGTLVYVLLSGINPELAETNOQI TENIMNAEYTFDEE
1IAN_ 23 MLNWHH- -~ -~ ¥NOTVBINSVGCIMAELLTGRTLEPGTDHIDOLRLILRLVGTPGAE
1pI8 A_17 MLNWMH = =~~~ ¥NQ I! SVGCEHAELI.TGRT PGTDHIDQ_ LﬂLRLVGTPGAE
1WEC__ 5 MLNWMH = ===~ ¥NOTVBINSVGCIMAELLTGRT LEPGTDHIDQLRLILRLVGTPGAE
LH+ . #S. . #0 DL“ +#LVH. . . KRETA. .ALAHpPHF. Q ...... L3
1qlé_a TAEEALAHP
10Lé_A_4 TAEEALAHP
2PHK_A_58 LV TAEEALAHP
1TKI_A_4 LLVKERKSRMTASEALOHPWLKQKIERVSTKVIRT
1IAN__ 23 L ITAAQALAHAYEAQYHDPDDEFPVADP
1DI9_A_17 ITAACALAHAYEAQYHDPDDEPVADP
IWEC__5 ITAACALAHAYEAQYHDPDDEPVADP

* Select the resolution for the image. We recomend 3.0.

« Select the browse button if you wish to save the picture in a directory other than the one you are
running ICM in. If you decide to change directories you will have to reenter the desired file name
and click ok. The path of the file will then be entered in the save options data entry box.

* Click OK.

To save an alignment or tree:
* Right click on the alignment or tree and a menu will be displayed.
* Select the save as option.

To print an alignment or tree:

186 10.4.2. Save, Print and Delete



« Right click on the alignment or tree and a menu will be displayed.
* Select the print option.

To delete an alignment or tree:
« Right click on the alignment or tree and a menu will be displayed.

* Select the delete option.

10.4.3. Add a Comment
To add a comment to an alignment:

« Click and drag over the region of the alignment under which you wish to add a comment. The
selected region will be highlighted in blue.

« Right click on the blue selected region and select 'Edit Comment' and either Line 1,2 or 3.
« Enter your comment text.
 Unselect by clicking away from the selection.

%+Ef.HL+ . #. .H.N#
(RKEUD ILRKUSGHP{ )¢
(AKEUD ILRKUSGHP )
(AKEUDILRKUSGHP{ )
KEISIL-NIARHR{)!
LRELRLLKHMK-HEQY
MRELRLLKHMK-HEQY
A RELRLLKHHK-HEGL

NOTE: The length of text added in a comment line can only be as long as the selected region in the
alignment. However, there are up to 3 comment lines which you can add.

To display and undisplay comments:

» Check and un—check the comment boxes in the view options section of the alignment editor
shown below.
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View options

[ title ¥ consensus [ order
[V sequence offset WV ruler
Comment W 1 WV 2 ¥ 3

Display and undisplay
comments here

To edit a comment:
« Select the comment in the alignment window.
* Right click and a menu will be displayed as shown below.

—————————————————— Hide block im-L HHK-H

__________________ Edit Comment 4 Line 1 3

Copy Ctrl+C Line 2
Line 3

L. .#.BHH.BAIZHR
RAMNI IO — Custom color ...
¥ LEVIcALHKLNTUHRI
¥ LEUICALHKLNIUHR
MYUCEALQFLHSHNIGH

N 1LRELKYIHSAD I THRDLKP SR
I LRGLKY IHSAD I THRDLKPSYINL]

Clear color/border

UILRGLKYIHSADI THRDLKP S W:11)
this 1s an example

« Select edit comment and the line number you wish to edit.

* Type the new comment.

10.4.4. Phylogenetic Trees

Before constructing a phylogenetic tree you need to align the sequences as described in the alignment
section

To view a tree:
» Check the 'Tree' option in the alignment editor.

The tree will be displayed in the editor as shown below:
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6.8 6.6 0.4 0.2 0
|||||||||I|||I||||||l1q16_a ——————————————————————————————————
bPHK A 58 e
10L6_A_4 THEFYENYEPKE ILGRGUSSUURRC IHKPTCKE!
1TKI_A_4 ————YEKYHIAEDLGRGEFGIUHRCUETSSKKT}

|

! IWEUPERYQNLSPUGSGAYGSUCAAFDTKTGLRL
} IWEUPERYQNLSPUGSGAYGSUCAAFDTKTGLRL
|

|

IWEUPERY(QNLSPUGSGAYGSUCAAFDTKTGLRL

To display the tree alone without the alignment:

« Check the 'tree only' option in the alignment editor.
10.4.5. Coloring an Alignment.
To color an alignment:

There are a number of ways to color an alignment in ICM. ICM offers a wide range of default coloring
options to choose from in the Alignment Editor.

* Click on the drop down arrow beside the "Color scheme" data entry box and a humber of color
schemes will be displayed.

» Select the color scheme.

Color scheme | consensus-str ¥

-~
Strength (39%) :Ligﬂ'zflype el |
icm-combo
St consensus-stre
areyscale

[ Select by m| function

Hydrophobicit, |

By Consensus | Structural

Helix Terminat

Select | | Helical M
' §

~ 7
\,
J

NOTE: You can keep selecting from the list until you find an appropriate color scheme. See the ICM
language manual for other ways of coloring, definitions of color schemes and customizing the color.

To color by strength of consensus:

10.4.5. Coloring an Alignment. 189



To color your multiple alignment by the strength of consensus at each point in an alignment:

« Click and drag on the consensus strength button shown below:

Stength (427 .
Consesnsus Click and drag for
strength is desired consensus
displayed here strength

10.4.6. Shading and Boxing an Alignment
To shade an alignment:

« Click and drag over the region of the alignment you wish to shade. It should be highlighted in
blue.

« Right click and a menu will be displayed as shown below.

* Select the Custom color... option

l"l’l‘ll.l!l.l\ﬂll’l’_ll‘ll’l’ —————— rLs
iHPNI ) |
HHRNI Hide block

-HENU Edit Comment >
HENU

-HENU Copy Ctrl+C

Custom color ...

Draw box

Clear color/border

Selected region to be shaded is
highlighted in blue.

* Select your desired shading color.
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D%.HK#.DFG%....D..—.#..#H#.T..Y.A
DMNI TPSYLA

TPSYLA
TPSYLA
APEYYA

TRWYRA
TRUWYRA
TRUWYRA

A shaded alignment

To box an alignment

« Click and drag over the region of the alignment you wish to shade. It should be highlighted in
blue.

* Right click and a menu will be displayed as shown below.

* Select the Draw box option.

KCQR-- "

KCQK-- Hide block th (50%) .
Edit Comment 4
Copy Ctrl+C on
Custom color ... lect by mouse in all

Clear colorfborder

Selected alignment region Select box color here
shown in blue

« Select which color you wish to box your alignment in.
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.'n‘...UDIﬂ\!S G%IM#.LL.G..
l.l

A boxed alignment

10.4.7. Alignment View Options
The alignment view options are located on the right hand side of the alignment editor.

View options 1

[ titte ™ consensus [ order

vV sequence offset [ ruler
Comment W1 WV 2 V¥ 3
[ Tree ave ¥

[ Sync with workspace
[ tree only [ as group

Color scheme W ﬁ

Stength(50%) —— b——

To add or remove the alignment title:

» Check the title box in the view options.

Alignment title displayed here

Ali_Example

R T+ TR P+ T S .. - %+EH.HL+_#..H.
————————————————————————————————— EUDILEKUSGHF
————————————————————————————————— UDILRKUSGHF
QQUURRI‘IHKPTI‘KFVQUHIIDUTPPPQFQQFF T UDTI REUSGHF

To rename an alignment:

« Right click anywhere in the alignment or on the alignment tab and a menu will be displayed.
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* Select the 'Rename’ option.

 Type the new name for your alignment in the data entry box which becomes activated in the ICM
workspace (See below).

. #-10L6_A_4  len=286
-t alignments (1 items

e | P H

Alg =] § |

Rename your alignment
here

To add or remove the alignment consensus display.
» Check the box labeled 'consensus’ in the view options.

Id=67 nSeqg=7 U 2 S %00 e % %%t B%% D %% . ZEH_HL+
The alignment consensus line

If you have a large alignment it may be convenient to show the number of each sequence
To number your alignment:
» Check the 'order' box in the view options.

Id=67 nSeg=7
1ql6_a
2PHK_n_58
10L6_A_ 4
1TKI_A_ 4
11AN__ 23
1D19_A_17
1WFC_ 5

SNV EWN -

\— Alignment order number
displayed here

To view the sequence offset number for each of your sequences in an alignment:

* Check the 'offset’ box in the view options.
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1qlé6_a
2PHK_A_58
1QL6_A_4
1TKI_A_4
1IAN__ 23
1DI9_A_17
1WFC__5

--K.

TEKL
TEKL
TEKL

TSAF

COR-
COK-
COK-

1686
46

113
21

163
163
121

Sequence offset number

To view the sequence ruler:

» Check the 'ruler’' box in the view options.

—————————————————— IWEUPERYQNLSPUGSGAYGSUCAAF
LEMSQERPTFYRQELNKTIWEUPERY(QNLSPUGSGAYGSUCAAF
0 10 20 30 40

Alignment ruler

—————————————————— lWtUPIHYUNLSPUGSGRYUSUURHI

To view secondary structure.

If one of the sequences of the alignment is linked to a structure then you can display the secondary
structure by:

» Check the "show secondary structure for" box.

#LU. .LH..
FLUFDLHKK
FLUFDLHKK
FLUFDLHKK
UMIFEFISG
YLUTHLH-G
. LUTHLH-G
Hide block LUTHLHM-G

TYETNTFF
TYETNTFF

A (RELRLLKHMK-HERUI{H N &
L (RELRLLKHHM Lo

€%....D..- Copy Cul+C Line 2
GFSCQL‘PG 1 Custom color ...

GFSCQL‘PG I Draw box

GFSCQLDPGEI

GQARQLKPGDI Clear color/border

Gl ARHTD--Diw vwwelH—————

The secondary structure will be displayed at the bottom of the alignment.
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SHLU. (LM, ..-L.d%#...K..|
-FLUFDLMKKGELFDYL-TEKUT|
-FLUFDLMKKGELFDYL-TEKUTI
-FLUFDLMKKGELFDYL-TEKUTI
-UMIFEFISGLDIFERINTSAFE|
UYLUTHLHM-GADLNNIVKCQK--|
UYLUTHLHM-GADLNNIVKCQK--|
UYLUTHLHM-GADLNNIVKCQ

sheet helix

10.4.8. Alignment Gaps

To make an alignment clearer you may wish to HIDE gap regions.

To hide all gap regions:

« Right click on the alignment and a menu as shown below will be displayed.

| newdli
Color
-rrv-vvr .
-NIARF  Alian
HHMK-F  Unique subset
HHK-F
HMK-F Select
o Clone
+.%D[
SCQLDF % Delete
SCQLDF Flename
SCI]L
l]L I{F Hlde gaps
Show gaps

Remove gap columns

Hide tools panel

""" @ Searchin alignment ... Ctil+F

______ @ Print ... Ctil+P

Save as image ...

KMNFAr [ Saveds ...

Ti
Ti
Ti
Ti
Ti
Ti

KMNFANUFTGANPCAVDECERMEVEDSDRRT T1

« Select the "Hide gaps" option.

10.4.8. Alignment Gaps
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The gaps in your alignment will be hidden according to the preference made in the alignment tools panel
shown below. Click on the drop down arrow in the "Hidden block format" data entry box.

Hidden block format ~ [slean1

) <length>
Hidden block length length
clean 0
clean 2
Show secondary struct

The different hidden block formats are shown here:

length: displays the length of the gap

S.. 27 #%D
SDT UKD
SDT UKD
SDT UKD
SIE  AHD
SSE 27 AUD
SSE 27 AUD
SSE 27 AUD

length: displays the length of the gap in .

IS..< 27 >H%D
'SDTL >UKD
'SDTL >UKD
'SDTL >UKD
SIE< >AMD
SSE< 27 >AUD
SSE< 27 >AUD
SSE< 27 >AUD

cleanO: displays no indication of a gap

IS . .#%D
'SDTUKD
'SDTUKD
'SDTUKD
SIEAHD
SSEAUD
SSEAUD
SSEAUD

cleanl: displays grey panel in the gap position.

196 10.4.8. Alignment Gaps



IS.. #%DI
'SDT UKPI
'SDT UK
'SDT UK
SIE A
SSE AV
SSE AU
SSE AuDI

clean2: displays a wider grey panel in the gap position

IS.. #%D!
'SDT UK ‘I
'SDT UKD
'SDT UKD
SIE AMDI
SSE Av ‘I
SSE AUD|
SSE AUD|

NOTE: The width of the hidden panel can be changed as shown below.

Hidden block length |3 3:

Enter length of hidden block here

If you have hidden all the gaps individual gaps (or blocks) can be displayed by:

« Right clicking on the gap and select "Show hidden block" option.

IS..  HXDL#.+HLUH...KRi
'SDT  UKPLUSRFLUUQPQKR

Rl o ssentioc |
SDT Show hidden block

SIE R R
SSE

SSE
SSE

To show all gaps:

« Right click on the alignment away from a gap region and a menu will be displayed.

* Select the "Show gaps option.

10.4.8. Alignment Gaps
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10.4.9. Searching an Alignment

If you have a large alignment and you wish to find a specific group of amino acids within that residue the
you can use the Alignment search tool.

« Right click on the alignment away from any hidden gaps and a menu will be displayed.

« Select the "Search in alignment option" and a data entry box as shown below will be displayed.

i, Find in alignment

|GYSSVR =l Find Next |
Select All
Cancel

| |
Type search sequence Previous search queries
here can be found here

NOTE: Another way of searching an alignment is to use the alignment selection tools which are linked to
the ICM workspace and 3D graphical window. This is described in the section entitled Making
Selections in Alignments.

10.5. Making Alignment Selections

ICM has a very powerful alignment selection tool which enables sequences and structures to be interlinke
with the 3D graphical window, the alignment window and the ICM workspace.
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File Edit View Tools Bioinfo Homology Docking MolMechanics Plot Windows Help

DEeRene B RN BREE WIS MBaBDO S

B E
isplay labels Y analysis Y pdb search Y meshes Y movie Y

3 | A2 @ 8l | R | @ Z|¢

I
1111}
1 {1
I
i
I

W

Tglb_a & ¢
STHEFYENYE PKEILGRGL
SUURRCIHKP TCKEYAUKI

41 DUTGGGSFSA EEVQELREFf
LRI N{3UD 1L RKUNSGHPNI 101}
CRIND TYE TNTFFFL UFDLHKKC
R FDYL TEKUTL SEKETRK I
gPAMRALLEVICALEHKL NIUHRE
141 ENIKLTDFC

wed- O oL+ Q

161 YCOLDPGEKL RSUCETPS}Y )
181 APELLECSHN DNHPGYGKE 4
201 DHWSTEUIMY TLLAGSPPF =
221 HRKQHMLHLRM IMSGNYQFC
241 HEWDDYSDTU KDLUSRFLL
261 (POKRYTAEE ALAHPFEQC
281 | v
alge | = || |
X newsli |
-~
HI.L.D.#..... View options
1q16_a 75 .
10L6_A_4 83 IIQLKDTYETNTFF [ title ' consen
2PHK_A_58 16 TIQLKDTYETNTFF [V sequence offset
1TKI_A_4 60 ILHLHESFESHMEEL Comment. [ 1
4T A an £ nmroLa HMETNANDRCI FCCANIINEL BT M OCARL MIMITHIRN

Selection is displayed in the ICM workspace (blue) the alignment
window (blue) and the 3D graphics display (green cross),

10.5.1. Basic Alignment Selections
To select a single column of an alignment:

* Double click.

10.5.1. Basic Alignment Selections
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$..<
SDTL
SDTL
SDTL
SIE<
SSE<
SSE<
SSE<

|
One column selected by double

clicking

To select parts of an alignment:

« Click and drag over the region you wish to select.

$..< 27
SDTL
SDTL
SDTL
SIE<
SSE< 27
SSE< 27
SSE< 27

Click and drag over to select

To select multiple discontinuous parts of an alignment:

« Click and drag whilst holding down the control key.

H#.DLH#. +ﬂLU%...KRﬁTﬂ..RLﬂH31

Click and drag whilst holding down the

>#.DL#. +HLU!
NUKDLUSRFLL
NUKDLUSRF(LL
NUKDLUSRF(LL
ManpFuDRL]
>AUDLLEKHLY
>AUDLLEKHLY
>AUDLLIEKHLY

control key.

To enable the easy selection of all sequences in an alignment:

» Check the box labeled "Select by mouse in all sequences".
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Selection

WV Select by mouse in all sequences

By Consensus  |X v

Select I Invert I Hide I

S..< 27 >H.DLH.+H#LUZ.
SDTL UKDLUSRFLUL
SDTL PUKDLUSRFLUUL
SDTL MUKDLUSRFLUUL
SIEL pAMDFUDRLLU[H
SSE< 27 >QULINNI ;R [
SSE< 27 >GUDINN ;L RUI [
RN S QY AUDL LEKHML UK

All sequences are selected
using the mouse

~ 7
\,
3

NOTE: All selections made in the alignment window are linked to the 3D graphics window and the ICM
workspace if a structure is in the alignment.

10.5.2. Select by Consensus

This is a very useful tool, for example, you may want to color the consrved regions of your structure in the
3D display windowa different color to the rest of the structure. This tool allows you to select the conserved
regions in the sequence alignment. Once the selection has been made it can be used for a number of
different ICM operations such as coloring and displaying secondary structure.

A selection can be made based on the alignment consensus. The buttons relating to this are in the alighm
tool panel.

Stength(50%) —— J——

Selection

[V Select by mouse in all sequences

By Consensus | v

Select I Invert ‘ Hide ‘
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Before selecting by consensus you first need to define a consensus strength:
« Click and drag on the bar labelled "Strength" and select your desired percentage.

 Enter which elements of the consensus you wish to select seperated by comma. Refer to the
language manual for definition of each consensus symbol.

Selection

[ Select by mouse in all sequences

By Consensus  |X.#.4 S

Hide |

Enter which elements of the consensus
you wish to select seperated by a
comma.

Select ’ Invert ‘

* Click the Select button and your selection will be highlighted in blue in the alignment windown
and ICM workspace and as green crosses in the 3D graphical display window.

Once the selection has been made it can be used for a number of different ICM operations such as
coloring and displaying secondary structure.

To invert a selection:
* Click on the invert button.
To hide a selection.

* Click on the Hide button

~ s
\,
J

NOTE: All selections made in the alignment window are linked to the 3D graphics window and the ICM
workspace if a structure is in the alignment.
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11. Molecular Modeling

11.1. Molecular Modeling Introduction

Molecular modeling is an essential method for predicting the main structural features of a protein. From
these models it is possible to derive useful functional information about the proteins concerned and also u:
them for molecular docking (see docking section of manual) or VLS (see virtual

ligand screening section of manual).

The basis behind molecular modeling is to use as much information as possible derived from solved
structures in the PDB and apply them to the wealth of newly generated gene sequences, derived from mal
genome programs. All the available parameters are considered. Whenever there are variables that are toc
uncertain to derive from experimental data, you can use powerful prediction algorithms such as the ICM
program to find the most probable solution. With today's need for high-throughput, molecular modeling is
often one of the best approaches to define priorities for researchers and corporations.

ICM has an excellent record in building accurate models by homology. The procedure will build the
framework and shake up the side—chains and loops by global energy optimization. You can also color the
model by local reliability to identify potential errors in your model.

ICM also offers a fast and completely automated method to build a model by homology and extract the be:
fitting loops from a database of all known loops. It just takes a few seconds to build a complete model by
homology with loops.

11.2. Getting Started

The three items you need for ICM protein molecular modeling are:

1. An alignment (see alignment section) of your protein sequence against a template structure
from the PDB. This is a *.ali file in ICM.

2. A template structure from the PDB converted (See convert object) into an ICM object.
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3. A sequence file of your query sequence for the structure you wish to construct and a sequence file
for your template. Note ICM automatically extracts this information from the alignment or
template structure.

Your graphical user interface window should look something like this:

. ICM-Pro 3.0.25/ ANDREW NewProject [ 1 object, 2 sequences, 1 alignment O runnin

File Edit View Bioinfo Tools Homology Docking MolMechanics Plot Windows Help

SR A B S BB M2 £ B e B

f display Y labels ¥ analysis Y pdb search Y meshes Y movie \

I wire | electrostatic ¥ 4B ‘ arrow v| T N|7 Hsteplo ~|V color _M
no selection ‘
template B8 objects
structure -i
“+lm =cdsa ¥
sequences | C-==sequences
of template f"lchSg
and que -y
query --¥: alignments
. L.EX
alignment 7

11.3. Build Model

To build a molecular model:
« Click on the 'Homology' menu at the top of the graphical user interface.

« Select Build Model and a data entry box will be displayed as shown below.
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. Build model by homology

Sources
Sequence | ~|
D template | |
Alignment | Ll
Preferences
Max loop length I999 il
Nterm extention |1 i’
Cterm extension |f] =
Expand gaps by |1 il
Options
v Display results ™ Minimize side chains
[” Sample side chains | Write object to file
Ok | Cancel Help

This data entry box is split into 3 sections, the first is 'sources’ where you need to specify your query
sequence, template and alignment. The second section is called 'preferences where penalty information fc

the model needs to be entered and the third section is called 'Options'. Each will be described in detalil
below.

To construct your model follow these steps:

 Enter the name of your QUERY (ie the sequence of the model you wish to build — NOT the
template) sequence in the data entry box labeled 'sequence. If you click on the arrow next to this
box a list of sequences loaded in ICM will be displayed click on your QUERY sequence. The
names of the sequences are also listed in the workspace panel on the left of the graphical user
interface.

 Enter the name of your template structure in the '3D template' data entry box. Once again the nan
of your template structure can be found by clicking the down arrow or in the workspace panel.

 Enter the name of your alignment in the 'Alignment' data entry box.
You could build your model now as ICM has enough infromation but it may be wise to take a look at some

of the preferences and change them accordingly. However in most cases the default values provided are
sufficient to produce a good quality model.
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To change the preferences either type the number you wish or use the up and down arrows next to the
data entry boxes.

Max loop length (default= 999) — longer loops are dropped Nterm extension (default=1) — the maximal
length of the N-terminal model sequence which extends beyond the template Cterm extension (default=1)
- the maximal length of the C—terminal model sequence which extends beyond the template Expand gaps
by (default=1) — additional widening of the gaps in the alignment. End gaps are not expanded

Now all you need to do to build your model is to select some options. Check the box if you would like ICM
to perform that option.

The options are:
Display results — displays your model in the 3D graphics window Minimize side chains — performs
minimization on the side—chains Sample side chains — performs monte—carlo optimization on the side
chains Write object to file — writes your new model as an ICM object
To build your model:

* Click OK

Once your model is built a new object will be seen in your workspace panel. This is your model (see
below).

no selection lL

E ohjects
your model -l 16

+n a ==lyb_
=+{=]

X
[ Im = cds9
--== sequences

+-ly6_

+-IyB

+-cd59

--J- alignments

é.“.s)(_

o GX

atable of loop -»@ tahles

your template

data — “-LoopTable
. [ﬁ@ maps
aset of maps__ """ WAFES —
,,,,, MAPT
used for loop MADQ
construction 4 | ] = ]

x| [icm/1yé> cursorBrowselLoops 2

A table of the loop data will also be displayed showing the RMSD from the template.
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LoopT able ’

1_Loop I 2_Conf 3_Rmsd 4 MNof 5 Type
1 |an6a/s758  1RRR 0.46 3 1
2 |alye.ar310 RRR3 058 3 1
3 alBa/3233  LIR322LLR2:0.54 2 1
4 |

11.4. Loop Modeling

Building an accurate model of a loop is very tough. However with small loops ICM has been very
succesful. ICM was used to design two new 7 residue loops and in both cases the designs were successfi
Moreover, the predicted conformations turned out to be exactly right (accuracy of 0.5A) after the
crystallographic structures of the designed proteins were determined in Rik Wierenga's lab.

Once you have built a model (see section Build Model) the loop regions or (inserted fragments) can be
viewed by:

* Click on the 'Homology' menu.
« Select 'Display Loops'
The loop regions in the model will be displayed in red. Information regarding the RMSD in the loops are

displayed in the Loop Table. If your template structure is still loaded this will be displayed in yellow as
shown below.
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To build a new loop to an existing structure or to improve your already modeled loops:
» Read your modeled structure into ICM. Or continue immediately after using build model.
* Select the '"Homology' menu.

« Select 'Build one loop' and the following data entry table (below) will be displayed.

. Build One Loop

Start residue |iE i‘
End residue |20 ij
Loop fit error |U,1 L‘

m Cancel ‘ Help |

« Enter the residue number at which you wish to start the loop modeling in the 'Start residue’ data
entry box — Note only one loop at a time.
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« Enter the residue number at which you wish to finish loop modeling in the 'End residue' data entry
box.

« Enter the value of the loop fit error

« Click OK and a new loop will be constructed.
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12. Small Molecule Docking Using the ICM Graphical
User Interface

As demonstrated in several recent papers, short flexible peptides can be successfully docked ab initio to
their receptors. This method is a blend of the peptide folding with the grid potentials representing the
receptor. A similar method can be applied to any chemical. A chemical can be built from a 2D
representation and optimized. The "drugable” pockets can be predicted with an algorithm based on the
contiguous grid energy densities.

This section is concerned with predictions of interactions of drugs or small biological substrates (less than
about 600-700 Da) to pockets of larger, more rigid, receptors (typically, protein molecules, DNA or RNA).

12.1. Docking Introduction

For accurate ligand docking, the goal is to have an adequate three—dimensional model of the receptor
pocket you are planning to dock ligands to. If this is the case then ICM docking has been shown to be very
accurate in a number of independent assesments.

However, there are a number of pitfalls which need to be overcome to achieve accurate ligand docking. Tt
pitfalls are that your model is not accurate overall, does not reflect the induced fit, or alternative
conformations of the receptor binding pocket are missed.

12.1.1. Receptor from a PDB File

If you have only a single entry with your receptor, convert the protein to an ICM object, delete water
molecules and irrelevant chains. However, if you have a choice between several templates, take the
following into account:

» X-ray structure is preferable to an NMR structure

« High resolution X-ray structure ( less than 2.1A) is much better than, say 2.5A . Watch out for
high—-B—factor regions and avoid them; sometimes crystallographers deposit fantasy coordinates
with high—B-factors.

* Place polar hydrogens and choose correct form of histidine.

» A bound conformation of the receptor is preferable, however if you use an apo—model, an NMR
structure or a model by homology, the side—chains in a pocket may be incorrect. Frequently they
stick out and prevent a ligand from binding. Those stubborn side—chains can be 'tamed’, (i)

manually; (i) by a side chain simulation with elevated surfaceTension; or (iii) by an explicit
flexible docking calculation with a known ligand.

12.1.2. Receptor from Homology Modeling

A model by homology can be built with the build model command (see molecular modeling section
of this manual).
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12.1.3. Identifying Binding Pockets
If a binding pocket is not known in advance, use icmPocketFinder or icmCavityFinder (for closed pockets).
icmPocketFinder can be accessed by

* Click on the menu Tools/icmPocketFinder

+. Predict binding pockets @@

Hint

Select one or several ICM molecules

tolerance [1.5 -]
I” create sequence sites

™ display results

Ok | Cancel |

 Enter a tolerance level (4.6 is the default value and we recommended you to use this).

» Check the box create sequence sites if you wish the site to be labeled.
» Check the box display results to see the predicted pockets as grobs in the display panel.

* Click OK to run icmPocketFinder

NOTE: A button for icmPocketFinder can be found on the Setup Receptor option in the docking menu.

12.1.4. What to dock. Ligand, Ligands, a Database or a Library.
Usually a good start is to try to dock the known ligand(s) to the receptor model. You may also want to dock

a library of compounds in order to identify lead candidates. In this case the main pitfall is that the library is
too restricted, molecules are not chemically feasible or not drug-like.

12.1.5. Converting a Chemical from the PDB.
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The protein data bank, due to unprecedented ignorance, for the last 15 years has not been storing any
information about covalent bond types and formal charges of the chemical compounds interacting with
proteins! This oversight makes it impossible to automatically convert those molecules to anything sensible
and requires your manual interactive assignment of bond types and formal charges for each compound in
pdb—entry. Therefore, if you apply the convert command to a pdb—entry with ligands, the ligands will just
become some crippled incomplete molecules that can not be further conformationally optimized.

Therefore, follow these steps to convert a chemical properly from a pdb form to an a correct icm object.

« Display the molecule in wire chemistry style mode by right clicking on the Wire Representation
button (see Wire Representation section).

To change the bond types in your ligand:

« Click on MolMechanics/Edit Structure/Set Bond Type and the Set chemical bond type data entry
box will be displayed.

You can either select (see selection menu section)the atoms you wish to change graphically using
the rectangular or lasoo selection button OR

. Set chemical bond type

By atom selection | By two atoms |

select two or more atoms

Bond Type E] |

You can select the By two atoms tabs and right click on the atoms you wish to change and then selecting
the atom descriptor with the left mouse button as shown below.
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a_1f88.bret/378/c19

Selection Dialog
Edit

Advanced

Open with MolE dit
Connect to Molecule
Disconnect

Extract Sequence(s)

Center

" Meighbor

- Select
X Delete atom

By atom selection | By two atoms ’

pick each atom manually right mouse click

first atom |_1f88.bret/978/c19 v| secondatom |

Bond Type |2 LI

Close

« Select the desired bond type either single, double, triple or aromatic.

. Set chemical bond type

By atom selection | By two atoms |

pick each atom manually right mouse click

first atom |_1f88 bret/978/c19 v| secondatom |

Bond Type |2 LI

Single

To set the formal charge of a compound:
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Click on MolMechanics/Edit Structure/Set Formal Charge and then select the appropriate charge.

+. Set formal charge

Formal charges influence the addition of hydrogens
Select charged atoms graphically and set formal
charges

Formal Charge |

Apply | Close

12.1.6. Overview of the Docking Procedure

Follow these steps to perform ICM small molecule docking

1. Receptor in ICM format

2.Ligand in ICM format

3. Establish a docking project name

4. Setup receptor for docking

5. Setup a ligand for docking

6. Setup electrostatic maps
After the receptor maps are built, you will start a docking simulation. The goal of the flexible docking
calculation is prediction of correct binding geometry for each binder. ICM stochastic global optimization
algorithm attempts to find the global minimum of the energy function that includes five grid potentials
describing interaction of the flexible ligand with the receptor and internal conformational energy of the

ligand. During this process a stack of alternative low energy conformations is saved (one of the choices in
the Docking menu ).

NOTE: Each docking step is described in more detail later on in this chapter.

12.1.7. Some facts about ICM docking:
« An average docking time is 20 seconds to 3 minutes per ligand per processor.

» ICM docking is probably the most accurate predictive tool of the binding geometry today.
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» The time per ligand was chosen to be the smallest possible to allow screening of very large data
sets. To increase the time spent per ligand, change the Docking_thoroughness parameter.

12.2. Docking Getting Started
ICM ligand docking procedure performs docking of the fully flexible small-molecule ligand to a known
receptor 3D structure. Before setting up the docking project, an ICM object of the receptor has to be
created. In most cases, x—ray structure of the receptor is initially in the PDB format. Thus, it has to be
converted to the ICM format. This process involves addition of the hydrogen atoms, assignment of atom
types and charges from the residue templates (icm.res) and imposition of internal coordinates tree
(icm-tree) on the original pdb coordinates. To convert a pdb structure into icm object is through GUI as
follows:

* Load pdb file into ICM by clicking File/Read Molecule/PDB

« Convert loaded structure into an ICM object by clicking MolMechanics/ICM-convert/Protein.

~ s
\’
J

NOTE: It is recommended that "optimize hydrogens" option is selected. To accelerate the procedure,
disable the 3D graphics window (side menu Clear/No Graphics ) When the procedure finishes, converted
object is the 'current’ object in icm. You can check the results by displaying the converted structure.

12.3. Docking Project Setup

Follow these instructions in order:

12.3.1. Set project name
Start the docking project setup by defining the project name:
« Click on Docking/Set project name
 Enter a unique name into the Project name data entry box. Avoid spaces and leading digits in the
name. All files related to the docking project will be stored under names, which start from the

project name. Most customized parameters will be saved in the table file under the project name a
well:
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Set project name

Project name I DOCK1 L]
Hint
Use 'Docking/Receptor Setup' to create new

project

* Click on the 'OK' button.

Now set up the receptor. Go to Receptor Setup

12.3.2. Receptor setup
The next step is to set up the receptor for docking.

* Click on Docking/Receptor setup

Setup the receptor

Project name I DOCK1

Receptor molecules(s) | a_1f88.a

Binding site residues |as_graph

I” Re-orient box floor v Display

Hint

Select binding site residues

|dentify Binding Sites
Ok | Cancel

« Enter the project name in the Project name data entry box. If the project name was established in
the same ICM session then it should automatically appear in this box.
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NOTE: Other docking project names that you have entered can be found by clicking on the arrow besides
the Project name data entry box.

~ 7
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3

Enter the receptor molecule in the Receptor molecule(s) data entry box. In most cases a_* will do
- all molecules in the current object will be included. The receptor molecule can also be found by
clicking on the arrow next to the data entry box. A list of potential receptors will be displayed.
Click on the receptor you wish to use for your docking experiment.

Enter the ICM binding site residues Binding site residues data entry box. Define the binding site
residues, either manually e.g. a_/123,144,152 for selection by residue numbers, or graphically
using lasso tool (don't forget to set selection level to residue). If the residues are selected using th
lasso tool then type as_graph in the Binding site residues data entry box. This selection is used
solely to define boundaries of the docking search and the size of the grids and doesn't have to be
complete, selecting some 4 residues delimiting the binding site is sufficient. Receptor setup dialog
also lets you run binding site identification routine to quickly locate putative binding sites on your
receptor.

NOTE: Potential ligand binding pockets can be identified using ICMPocketFinder or by clicking on the
Identify Binding Sites button in the Setup the receptor data entry window.

Click on the OK button.

After the receptor setup is complete, the program normally displays the receptor with the selected binding
site residues highlighted in yellow xstick representation.
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The position of the probe ie the initial position where sampling will begin can be changed at this point in
the procedure. Follow the instructions in the command line section as shown below. The size of the box in
which the electrostatic maps are constructed can be changed at this point or later on see section “review &
adjust binding site”.

|

1cm/TF88> 1F( Type{ as_graph ) == "aselection™ j tempsel = as_graph & a_T1F88.3a -
icm/1F88> if{ Type( as_graph ) == "unknown" ) tempsel = as_graph & a_1f88.a b

icm/1£88> dockSetupReceptor "DOCK1" a_1f88.a tempsel no no yes “none"

Two following receptor setup steps are:

1. adjustment of the initial ligand position; 2. adjustment of the box size/position.
1. If necessary, re-orient the red probe. Hold SHIFT for global rotation.

Press 'ENTER' to continue or to skip this step. v

< I i

Now set up the ligand(s). Go to Ligand Setup
12.3.3. Ligand Setup

To setup your ligand for a docking experiment it must be converted into an ICM object but it can be loadec
from a number of different locations.

* Click on the menu Docking/Ligand setup and then select one of the following options depending
on the current location of your ligand molecule — From Loaded ICM Object, From Loaded
Non-ICM Obiject, From File: ICM, From File Mol/Mol2, From Database or Substitution Scan
Loaded ICM Object. Explanations for each of these scenarios are described below.
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NOTE: The options from Database or Substitution Scan Loaded ICM Object are used in Virtual Ligand
Screening, this section only describes the docking of 1-100 compounds.

Docking Chemistry MolMechanics Plot Windows Help

L
i

][]
1[I

Set Project

Receptor Setup

.
From Loaded ICM Object

Review/adjust Ligand/Box
Make Receptor Maps

From Loaded non-ICM Object
From File: ICM
From File: MOL/MOL2

From Database

I Interactive Docking

Interactive Docking: Extern Ligand

Docking Preferences Substitution Scan Loaded ICM Object
Database Scan Preferences

Database Scan Batch
: Browse Scan Solutions

Browse Stack Conformations

] Make Hit List

: Flexible Receptaor 4
Protein-protein »
Display »

i Tools »

’E Load Example

L g s ¥

12.3.4. Ligand setup from a loaded ICM object
If your ligand is already loaded into ICM and converted into an ICM object then

* Click on the menu Docking/Ligand setup/ From Loaded ICM Object and a data entry box will be
displayed as shown below.
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. Setup ligand using loaded ICM...

Project name | DOCK1

Ligand molecule

Ligand name a;1 f88.b

a_1f88.cnag

{ a_1f838.dnag
Py =_1f88.dnag2
a_1f88.dman

1 5_1f88.enag
a_1f88.enag2

a_1f88.fnag

 Enter the name of the docking project followed by the ligand molecule name and you can also
change the name of the ligand if you wish.

Now go to Review Adjust Binding Site
12.3.5. Ligand setup from a loaded Non—-ICM object
If your ligand is already loaded into ICM but is not already converted into an ICM object then:

* Click on the menu Docking/Ligand setup/ From Loaded Non-ICM Object and a data entry box
will be displayed as shown below.

. Setup ligand using loaded non... @@

Project name I DOCK1 LI
Ligand molecule I ﬂ
Ligand name | DOCK1_lig Ll

I Build hydrogens I Assign charges

o ] e |

 Enter the name of the docking project followed by the ligand molecule name and you can also
change the name of the ligand if you wish.

LCancel Help

If you wish hydrogens to be added to your compound or charges to be assigned then click on the
appropriate boxes in the display panel. ICM will then convert your ligand to an ICM object.
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Now go to Review Adjust Binding Site

12.3.6. Ligand setup from File

If your ligand (s) is saved and converted to an ICM object but is not yet loaded into ICM then you need to
use this option.

* Click on the menu Docking/Ligand setup/ From File :ICM and a data entry box will be displayed
as shown below.

Setup ligands from ICM file

Project name [Docki

ICM object I Browse

Hint

Select a file with one or many ICM converted ligands

Ok | Cancel

 Enter the name of the docking project.

* Click OK

Now go to Review Adjust Binding Site

12.3.7. Ligand setup from MOL/MOL2 File
If your ligand is a MOL or MOL2 file then

* Click on the menu Docking/Ligand setup/ MOL/MOL2 File and a data entry box will be displayed
as shown below.
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Setup ligands from MOL/MOL2 file

Project name I DOCK1 Ll

Input file [

¢ Mol2 File " Mol File

IV Build hydrogens [V Assign charges

Ok | Cancel

« Browse for your ligand file.

* Select whether your ligand is in MOL or MOL2 format.

If you wish hydrogens to be added to your compound or charges to be assigned then click on the
appropriate boxes in the display panel.

* Click OK

Now go to Review Adjust Binding Site

12.3.8. Review and adjust binding site
ICM makes a box around the ligand binding site based on the information entered in the receptor setup
section. The position of the box encompasses the residues expected to be involved in ligand binding,
however you may wish to alter the size of the purple box or the position of the ligand probe (red spot).

« Click on the menu Docking/Review/Adjust Ligand/Box

A data entry window will be displayed as shown below.

Check project settings/adjust docking area ... @@

Project name DUCK1 Ll

Options
v Adjust ligand position/orientation [V Adjust box position/size

Ok | Cancel Help

« Select the option Adjust/ligand position/orientation and/or Adjust box position/size
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Follow the instructions in the command line display.

NOTE: Always check that the correct project name is displayed in the data entry window.
Now go to Make Receptor Maps.

12.3.9. Make Receptor Maps

The next step is to construct energy maps of the environment within the docking box.

* Click on the menu Docking/Make Receptor Maps

- Calculate receptor maps

Project name l DOCK1 LI

Grid cell size, & [0.5 |

Ok | Cancel | Help |
|

3’,

NOTE: Always check the correct project name is displayed in the data entry window.

« Select the resolution of the map by entering a value into the grid cell size data entry box. We
recommend a value of 0.5 for both accuracy and speed of calculation.

NOTE: Calculation of the maps may take a few minutes.

Now begin the docking procedure.

12.4. Begin the Docking Simulation
Once the receptor, ligand and maps have been correctly set up then the docking procedure can begin.

* Click on the menu Docking/Interactive Docking
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+. Dock ligand to receptor grid ... @@

Project name | JH[B =l

[V Calc REBEL score
IV Use current lig pos

IV Display run

Ok | Cancel Help

There are three check boxes that may be selected.

OPTION 1 Calc REBEL score will return a score after docking for the electrostatic free energy.REBEL
stands for Rapid Exact—-Boundary ELectrostatics. The energy calculated by this method consists of the
Coulomb energy and the solvation energy.

OPTION 2 Use current lig pos will start the docking simulation from the position at which the system is set
up.

OPTION 3 Display run will show you the position of the ligand as it samples the conformational space
during the simulation. Although this is fun to watch this significantly slows down the docking operation.

12.5. Docking Results

This section explains how to view and analyse your docking results.

12.5.1. Viewing Your Docking Results

The results of the batch docking job are saved in the folling files
PROJECTNAME_answers*.ob #icm—obiject file with best solutions for each ligand
PROJECTNAME_*.cnf # icm conformational stack files with multiple docked conf.
PROJECTNAME_*.ou # output file were various messages are stored.

Multiple conformations accumulated during the docking of the ligand can be visualized and browsed in
ICM

 Select menu Docking/Browse Stack.

The Browse scan-solutions data entry window will be displayed:
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Browse scan-docking solutions

Project name | DOCK1 LI
Docking [multijobject file ID 0CK1_answers1 Browse
Hint

To browse a series of files,
use expression, e.9. DOCK1_answers™

Iv Display binding pocket

IV Display H-bonds

Ok | Cancel I Help |

« Select the correct project name for the docking simulation results you wish to browse.

» Enter the name of the icm object file in the Docking (multi)object data entry field. This file will be
called PROJECTNAME_answers*.ob .The browse button can be used to search for the correct
file.

You can display the binding pocket or the H-bonds by selecting the appropriate boxes in the Browse
scan-solutions data entry window (shown above).

NOTE: If you are looking at the results immediately after the docking run then all the data fields (such as
Docking (multi)object and Project name)should already be correctly entered.

12.5.2. To view the multiple positions of your ligand in the docking
simulation.

 Select menu Docking/Browse Stack Conformations

The Browse Stack Conformation data entry window will be displayed.

226 12.5.2. To view the multiple positions of your ligand in the docking simulation.



Browse stack conformations @

Project name | ][] =l

Ligand or complex object file |DDCK1 _answers] Browse

Obiject number (if multi-object-file) |1 =
Ligand or complex stack file ID OCK1_answers1_1 Browse

I” Display binding pocket

I Display H-bonds

Ok | Cancel | Help I

« Select the correct project name for the docking simulation results you wish to browse.

» Enter the name of the icm object file in the Docking (multi)object data entry field. This file will be
called PROJECTNAME_answers*.ob .The browse button can be used to search for the correct

file.

 Enter the name of the icm conformational stack files with multiple docked conformations into the
Ligand or complex stack file data entry box. This file will be called PROJECTNAMEZL1_1.cnf.
The browse button can be used to search for the correct file. The second solution in the stack can
be viewed by changing the number 1 at the end of the file name to 2 (PROJECTNAMEL1_2.cnf)
and so on for each solution in the stack. You can display the binding pocket or the H-bonds by
selecting the appropriate boxes in the Browse scan—solutions data entry window (shown above).
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13. Virtual Ligand Screening

Virtual Ligand Screening can be used for screening as many compounds as you desire depending
on the anount of computer power you have available. ICM-VLS has been successfully used by thi
pharmaceutical industry and academia for identifing drugs and inhibitors for a wide variety of
disease.

13.1. VLS Introduction

Virtual Ligand Screening (VLS) in ICM is performed by docking a database of ligands to a
receptor structure followed by an evaluation of the docked conformation with a binding—score
function. Best-scoring ligands are then stored in the multiple icm-object file. The set-up of the
VLS process is largely identical to the set-up for the small molecule docking simulation (see
Small Molecule Docking section).

13.2. VLS Getting Started

Follow the instructions in the small molecule docking section manual from
docking project setup option to the calculate maps option. Remember to
select the From Database option in the Ligand Setup** menu.

13.2.1. Database File Format

In most cases the ligand input file will be an SDF or MOL2 file. These files need to be indexed by
ICM before they can be used in VLS runs. The index is used to allow fast access to an arbitrary
molecular record in a large file such as an SDF file which in some cases contains over one million
compounds.

To index an sdf file:

* Click on the menu Docking/Tools/Index Mol/Mol2 File/Database to generate the index. The
following data entry box will be displayed.

. Index Mol/MoI2 file/database

Input MOLAMOL2 file I Browse
Output index file |mydb4inx Browse

+ MOL File " MOLZ File

Ok | Cancel

» Enter the name of your Mol/Mol2 file and enter the name you wish to call your index file.
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 Select whether your file is in Mol or Mol2 format.

NOTE: Remember to set up the SDF/MOLZ2 file as a ligand source (menu Docking/Ligand Setup/From
Database ).

13.2.2. VLS Preferences

NOTE: It is important to setup the VLS preferences before undertaking VLS run.
VLS preferences can be setup by:

« Selecting the menu Docking/Display/Database SPreferences

Set database scan preferences @

Projectname  |DOCK1 =l
Score thieshold |32 =l
mfScore threshold | 993 LI
Min. ligand size, D |1DD LI
Max. ligand size, D 500 |
Max number of HB-donors |5 Ll
Max number of HB-acceptors |1D ﬂ
Max number of torsions |10 LI
I” Keep carboxyls neutral
Charge amino groups [none L]
Ok | Cancel | Help |
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Different options are available to select by clicking the down arrow next to the data entry field. These
options are described here:

Score Threshold:

An important parameter of the VLS run is the score threshold. Docked conformations for a particular liganc
will only be stored by ICM VLS procedure if its binding—score is below the threshold. The choice of the
threshold can be done in two ways: based on the scores calculated by docking known ligands. Generally,
value somewhat above typical score observed for known ligands is a good guess. If no ligands are known,
pre—simulation can be run using ~1000 compounds from the target database. Using the resulting statistics
for the scores, the threshold should be set to retain ~1% of the ligands.

Potential of mean force score:

Potential of mean force calculation ( pmf ) provides an independent score of the strength of ligand—-receptc
interaction. The pmf-parameters are stored in the icm.pmf file.

Other selection criteria:
Other selection criteria which can be changed include
Minimum/Maximum Ligand Size you wish to be screened Maximum number of H-bond donors Maximum

number of H-bond acceptors Maximum number of torsions An option to keep carboxyl groups neutral An
option to charge certain amino groups

13.2.3. Running VLS Jobs in PBS UNIX Cluster Environment

Before VLS jobs can be run make sure you follow the instructions in the manual entitled Small

Molecule Docking from docking project setup menu to the calculate maps menu.

Remember to select the "From database" option in the Ligand Setup menu. Jobs on the Linux cluster
are run through PBS queuing system. Several scripts are provided to facilitate submission of vIs jobs. To

submit a single job, use pbs script 'pbsrun’, which is a pbs wrapper for rundock gsub $ICMHOME/pbsrun
-v"JOBARGS=-f 1 -t 1000 -0 MYPROJECT"
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NOTE: The rundock arguments go in the quotes after JOBARGS= . The qsub command is a part of PBS.
Other rundock arguments are:

-| # change the length of MC docking, default is 1.

-L # dock selected compounds from the database

—-n # change the run name in the output files

—a # force docking and saving of all compounds
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—s # save stack conformations

—j # dock several ligands in parallel

—0 # redirect output to _from-to.ou

To submit multiple jobs, there is a simple shell script ‘pbsscan’ which executes multiple qsub's for databas
stripes: $ICMHOME/pbsscan MYPROJECT 1 6000 1000 —submits 6 jobs, 1 to 1000; 1001 to 2000 ... 500:
to 6000. Currently this script only supports default rundock arguments, copy/edit to change. The commanc
gstat is a part of PBS and can be used to check the status of the jobs. In addition, $ICMHOME/scanstat
script can be used to monitor the progress of the VLS jobs. It analyses the *.ou rundock output files.
$ICMHOME/scanstat *.ou

To delete the jobs, use PBS command qdel: qdel 1234 # deletes job number 1234

13.2.4. Parallelization

If the database size exceeds several thousand compounds, it is desirable to run a number of VLS jobs in
parallel to speed up calculations. Use —f and -t options of rundock to start multiple jobs on different parts
of the database, e.g.

rundock —f 1 -t 10000 —o rundock —f 10001 -t 20000 —o rundock —f 20001 -t 30000 -o ..

13.3. VLS Results Analysis

Once the compounds are docked, if the VLS option is installed, the procedure evaluates the score and sto
it in the 'comment’ of the ligand object.

13.3.1. Viewing docked structures

To view the poses of the best energy highest scoring compounds (determined by the value in
Scorethreshold in the Preferences table).

 Select the menu Docking/Browse Scan Solutions.

 Enter the name of the docking project.

» Browse for the appropriate object file usually called PROJECT_NAME_answersl.ob
» Check whether you wish to display the binding pocket or hydrogen bonds.

* Click OK.
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Browse scan-docking solutions

Project name | DOCK1 LI
Docking [multijobject file |DU CK1_answers1 Browse |
Hint

To browse a series of files,
use expression, e.q. DOCK1_answers™

I Display binding pocket

™ Display H-bonds

Ok | Cancel | Help |

You can browse the solutions by clicking the buttons at the bottom of the GUI and selecting either
NEXT(or type ‘n’), BACK (or type ‘b"), JUMP (or type ‘j’), RETAIN (or type ‘r"), STOP (or type ‘s’),
KEEP_STOP (or type k).

E| no S|

Solution 1 of 290: ATP,Adenosine 5'-triphosphate L |
10H16NS013P3 . .
CORES> No 2 Nat= 43 Nva= 10 dEhb= -3,703664 dEgrid -
-25,222208 dEge= -4,935398 dEsurf= 16,511684 dEel ‘ > ‘ >
27.966773 dEhp= -3,089227 Score= 7,919573

next/ back/ jump/ retain/ stop/ keep & stop {(n/b [fobonrcok
irisiky 7 % of)

I:, next | back jump retain stop I keep _stop ”

NOTE: When browsing scan answers, the SCORE>... line appears for each object viewed, containing the
value of the score and it's component terms. It can also be extracted from the icm object in shell using
Namex( a_1.) function, and Field() can be used to get particular component or the total: Field( Namex(
a_1.)"Score="1). The SCORE lines also appear in the output file and can be extracted by simple unix
grep command grep SCORE *.ou
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NOTE: An easy way to view the socres and the compounds is to construct a hitlist as described
later in this section.

13.3.2. Viewing the conformation stack

To construct conformational stacks of the top 40 energy solutions for each ligand docked by VLS use the
—-s argument in the rundock procedure.

rundock —-s
To view the different poses for your compound in the energy stack (*.cnf files).
« Select the menu Docking/Browse Stack Conformations
 Enter the name of the docking project.
* Browse for the appropriate object file usually called PROJECT_NAME_answersl.ob
« Enter the object file number (usually 1 unless it is a multi-object file)
« Enter the ligand stack file *.cnf
» Check whether you wish to display the binding pocket or hydrogen bonds.
* Click OK.

Browse stack conformations

Project name IDDCK1 LI

Object number (if multi-object-file) [f] =

Ligand or complex object file IDDCK1_answers1 Browse

Ligand or complex stack file |DUCK1 _answers1_1 Browse

I” Display binding pocket

I” Display H-bonds

You can browse the solutions in the stack by clicking the buttons at the bottom of the GUI and selecting
either NEXT (or type n), BACK (or type b), JUMP (or type j), RETAIN (or type r ), STOP (or
type s ), KEEP_STOP (or type k).
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E no
Solution 1 of 290: ATP,Adenosine 5'-triphosphate
10H16N3013P3
CORES> No 2 Nat= 43 Nva= 10 dEhb= -3,703664 dEgrid
-25,222208 dEge= -4,935398 dEsurf= 16,511684 dEel
27.966773 dEhp= -3,089227 Score= 7,919573
next/ back/ jump/ retain/ stop/ keep & stop (n/b
inisiky 7 ¢ of)

l:, next | back I jump | retain stop Ikeep_stop ”

13.3.3. constructing a HITLIST

To construct a table of scores and energies for each of your docked compounds in the database:
« Select the menu Docking/Make Hit List

» Choose options (the 2D option will insert molecular drawings into the table)

Prepare hit list spreadsheet

Project name | DOCK1 L'

Docking [multijobject file |DUCK1 _answers1 Browse

To process a series of files, use expression, e.g. DOCK1_answers™

List name |H|TLIST LI

™ make chemical keys

Ok | Cancel

 Enter the name of the docking project.

* Enter the PROJECT_NAME_answers*.ob
« Enter a name for the hitlist in the List name data entry box

 Select whether you wish to construct chemical keys to the compounds. This will enable distances
to be calculated from the HITLIST table.

* Click OK.
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A file called HITLIST_NAME.tab will automatically be saved and displayed

A HITLIST
% [NAME
1 pa ATP,Adenosine
P4 8 ADP,Adenosine
3 9 H304P
4 12 C2H4NOZR({C2HZNORIN
5 13 Pyrophosphate,Pyrophosphoric
?I 15 I INP | Iridine

I

13.3.4. Viewing compounds in your HITLIST
To view compounds in your hitlist:
« Click on the compound name in the HITLIST table
* Select on the side of the table
* Display docked structures and
« Display hydrogen bonds.
The receptor and ligand will be displayed in the ICM graphical viewer.
13.3.5. Sorting the compounds in your HITLIST

Compounds can be sorted according to their SCORE etc. See the tables section of this manual for
more information about manipulating tables.

13.3.6. How to Plot Histograms and Scatterplots of VLS Data

The hitlist contains many columns with numerical data. ICM can build interactive plots with the table
columns (See Tables section). However, there are some easy to use plotting options in the

docking menu which is described here.

13.3.7. To construct a histogram of your VLS data

 Select the menu Docking/Tools/Scan Results Histogram
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Plot histograms of scanned compounds properties

Scan Output files | BRG]

Property | Score

 Enter the name of the VLS output file (*.ou) you wish to construct a histogram for.

 Select which paramater you wish to plot against frequency (see below).

Plot histograms of scanned compounds properties

Scan Output files IDU CK1_*ou

Property | Score

* Click OK and a def.eps file will be saved with a picture of your histogram.

13.3.8. To construct a scatterplot of your VLS data

« Select the menu Docking/Tools/Scan Results Scatterplot

Scan Output files IDDCK1 _*ou

Property X | MFScore

Property ' | Score

™ Compound index as mark

™ Trim outliers
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» Enter the name of the VLS output file (*.ou) you wish to construct a scatterplot for.
« Select which paramater you wish to on the X axis.
« Select which paramater you wish to on the Y axis.

* Click OK and a def.eps file will be saved with a picture of your scatterplot.
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14. Making a Movie
ICM enables users to easily make a movie. Here we will describe how to make and convert a series of
frames and scenes into a movie. A movie is an excellent means of communicating results obtained in ICM

such as Monte Carlo and docking simulations. The resulting movie can easily be transfered into other
applications such as Microsoft Powerpoint.

~ s
\’
J

NOTE: We recommend that all movie making is undertaken on the Windows platform. The Windows
platform allows a series of images to be compressed into a movie file format. Unfortunately this facility is
not available on other platforms such as UNIX. If you make a movie on a platform other than windows a
series of picture files will be saved.

14.1. Movie Making

Before starting to make a movie:

1. First set up and make a directory into which you wish to store the movie.
2. Read the PDB files and objects you wish to include in the movie

A previously saved movie can be opened by:

* Clicking on the movie open button shown below.

81| @) 5] /)
|

Open existing movie

14.1.1. Movie Files and Resolution Setup
To start making a movie:

* Select the movie tab.
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{ display Y labels Y énalysfsTpdb search Y'mEes Y movie 1-
Gl

Open the directory of an
existing movie.

Choose a directory to make a
new movie.

« Click the button to choose a new movie directory (See Figure Above).

MovieNew

Movie Directory I Documents and Settingshandy\ty Documents Ll Browse

Locate your movie
directory.

Frame size | 7684576 =l

Ok Concel | Hep |

Define movie resolution

 Browse for your movie directory.
* Select which resolution you desire for your movie by selecting the appropriate frame size.

* Click OK.

14.1.2. Defining a Movie Scene
The first step is to make the first scene.

There are four choices of scene - still, tween, rotate or rock.

{ display Y labels Y analysis Y pdbsearch Y meshes ¥ movie 1

Eéj Eéjl|0/0new1 K|« »|" bl'l m@Framesla

no selection |;|
=l objects (1 items)

Select which scene you would like to start your movie with and follow the instructions for whichever one
of the four scenes you choose.
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14.1.3. Still

To make a still scene:

« Select the still option from the drop down list shown below.

Still v @" Frames |50 33

» Move the object to the starting position.
* Click on the "Define first view" button (see figure below).

 Type in the data entry box how many frames you desire for the scene.

Select the first frame

Select the number of
frames you want for
the first scene.

« If you wish to preview the still view click the "preview" button (see figure below)

« If you are happy with the scene, click the red record button.
Sl v Qé" Frames 50 = (ﬂ' ® |

Preview the still —
view

Record new
scene

The number of scenes you have recorded so far is displayed in the video panel (see figure below).
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|— Next scene number

[E:jl [%j| [Bj| @|1/1new2 « | '«I »l [ | | [> | §| ISliII vIﬁlﬁames 50 3: !I
' l_The number of scenes currently in your movie is recorded here

14.1.4. Tween

To make a "tween" scene (moving your object from one point to another):

* Select the tween option from the drop down list shown below.

* Move the object to the starting position.
« Click on the "Define first view" button (see figure below).

» Type in the data entry box how many frames you desire for the scene.
[Treen Bd| @‘-| Q'prames 50 4 ‘| 0 |

Define first view

* Move the object to the place you wish it to be translated to..

« Click on the "Define second view" button (see figure below).
| Tween I @' &'Flames 50 3: ‘l ® |

Define second view

* Click on the button shown below to preview the interpolation between the two views.
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m@ﬂﬁames[ﬂy Ll

Preview the interpolation J
between two views

* If you are happy with the scene, click the red record button.

mJJF B 2 §| Ll

Record new scene

The number of scenes you have recorded so far is displayed in the video panel (see figure below).

|— Next scene number

(81| 8| 1B [B[erzrens | | |0 | > | @ | TEES] oy g Jriomes oo 2 §

\_The number of scenes currently in your movie is recorded here

14.1.5. Rotate
To make a "rotation" scene:
« Select the rotate option from the drop down list shown below.
Tween 'I Qé" &lFrames 50 3:

Stil
Tween

Rock

» Move the object to the starting position.
« Click on the "Define first view" button (see figure below).

* Type in the data entry box how many frames you desire for the scene.

14.1.5. Rotate 243



[Fotate d QFrameslSD = Angle 350 .|‘|.| .|

Define first view

Now you have three preview options
1. Rotate around the x axis.
2. Rotate around the y axis.
3. Rotate around the z axis.

The buttons for each of the three options are shown below:

Rotate ¥ QQ Frames |50 ﬂ Angle |360 ﬂ @| ¢| @| 2 |

Rotate around x axis
Rotate around y axis

Rotate around z axis

» Enter by how many degrees you wish your object to be rotated.

« Click one of the three preview options - rotate x, rotate y and rotate around the z axis.

NOTE You can play with and change the number of degree option and which kind of rotation as many
times as you wish until you are satisfied with your scene.

Once you are satisfied with your scene:

« Click the red record button.
Rotate v by | Frames [50 < angle [200 =] @| ¢| @| @ |

Record new scene

The number of scenes you have recorded so far is displayed in the video panel (see below).
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Next scene humber

@|@|E§j|@|4/4mw5 [}q | 4(]| »|" |[> | §| m&lﬁamesﬂ Angle@

LThe number of scenes currently in your movie is recorded here

14.1.6. Rock
To make your object perform a "rock" motion:

* Select the rock option from the drop down list shown below.
M QQ Frames 50 =

* Move the object to the starting position.
* Click on the "Define first view" button (see figure below).

 Type in the data entry box how many frames you desire for the scene.

iy | Fames 50 3
|
Define first view
Now you have three preview options
1. Rock around the x axis.
2.Rock around the y axis.
3. Rock around the z axis.

The buttons for each of the three preview options are shown below:
[Rock e Qé‘l Frames |50 =] Angle [200 2 Times |20 3: ®| é| 0| ® |
Rock around x axis 4|

Rock around y axis

Rock around z axis
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To change the angle and the number of times the rock occurs, enter the desired numbers in the data entry
boxes shown below.

Rock ¥ QQ Frames [50 =] Ange [200 & Times 20 D—| é| 0| ® |

Change angle of rock J
Change number of rocks

Once you are satisfied with your scene:

* Click the red record button.
Rock QQ Frames |50 j] Angle |200 jl Times |20 3: b| é| 0| O |

Record new scene

The number of scenes you have recorded so far is displayed in the video panel (see below).

Next scene humber

@|@|@|@|4/4new5 K | <n| »|" | > | 9| mﬂﬁamesﬂ Angle |20

LThe number of scenes currently in your movie is recorded here

14.2. Edit a Movie

To edit a movie:

« Select the scene you wish to edit by using the buttons shown below. The scene number is
displayed in the movie panel.
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Preview scene
Go to last scene

Go to first scene Edit scene: change
I— and replace
34 new5 [}<1‘<}<]‘ D{>‘D{] ‘E> 9‘
Edit scene 3 out Go to next scene
of 4 Go to previous scene

« Click the "Edit scene: Change or replace scene" button.

« Make changes to the scene as described in the Movie Making section of this manual.

14.3. Preview and Export
To preview a movie;

* Click on the preview movie button shown below.

&) 2| 8] 18]

Preview Movie

To export a movie to a series of png,gif,tiff files or an avi file:

« Click on the export movie button shown below.

8| @] 81 18]
|

Export movie

« Select which format you wish to save your movie.

14.3. Preview and Export
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MovieExport

Frame size | aif

If you select avi a window as shown below will be displayed:

« Select which windows compression software you wish to use to make the movie.
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15. Tutorials
15.1. Lesson 1: Molecular Graphics and the Graphical User
Interface Tutorial

This lesson is divided into seven parts taking you through the basics of how to use the graphical user
interface and the many ways in which molecules can be displayed and saved in ICM.

The ICM graphical user interface offers a rich graphical environment in which molecular images can be
constructed and saved. High quality annotated structures and alignments can be easily prepared for
publication purposes with the minimum amount of effort. Display your molecules in wire, CPK, ballworm,
ribbon, accessible surface, transparent molecular surface, perspective, depth cueing, smooth and rugged
solid surfaces. Use both hardware and side—-by-side stereo. Save and print a screen image as a compact
vectorized postscript file (also in stereo) in addition to a compressed bitmap. You can painlessly create
movies featuring molecules dressed in solid representations such as CPK, smooth molecular surface,
ball-and-stick read, display, reshape and write any 3D object in the Wavefront format. ICM molecular
graphics has been used in television commercials and generated award winning molecular art.
The lessons described here cover the following subjects:

« Loading a structure into ICM and saving an ICM Project.

« Making new structures and using the connect tool.

« Displaying different structural representations.

* Basic selections.

« Surfaces and clipping tools.

» Sphere selections and electrostatic representations.

 Saving an image.
15.1.1. Lesson la: Loading a PDB structure and saving an ICM Project
Objective
To load a structure into ICM and save as an ICM Project.
Background
The save ICM project capability is a very helpful tool and will save you time. Saving a project will allow
you to quit from ICM and then return to the exact set—up at which you left off at a later date. A complete
history of your ICM actions will be saved so that you can pick up exactly where you finished on your

previous ICM session. Also, here, we briefly introduce the concept of loading a PDB file into ICM
however this is covered in more depth in Lesson 2.
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Instructions
1. Load the PDB file 1CRN using the PDB Search tab.
2. Move the structure around using the rotate and zoom options on the right hand side of the GUI.

3. Save the structure in an ICM Project . File/Save Project

. Mokaft M Pro 3.0 20 ANDRIW Newf'reject [1 sbject, O sequences, O alignments 0 runming jobs]
: Borfo Norckgy Dockig W ; .

# Ve 1

Mectercs Put wndes Het
A NP sRNwERx @

{display Y labels Y analysis Y pdbsearch Y meshes Y movie )
|PDB search ¥ | 1cml | m'

and Settings\andy\ . Lo inx/ron. tas

o POl %
M SITES ASSIONED
fem/tern>

Manual References (Web Links)
Saving an ICM Project

Loading a PDB Structure
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15.1.2. Lesson 1b: New Molecules and Connect

Objective

To make two new peptide structures and separate them using the connect function.

Background

The lesson described here will help you become familiar with constructing a new object, working with the
ICM Workspace, and the connect option. The connect option connects selected molecules to the mouse fc

independent rotation (by the LeftMouseButton) and translation (by the MiddleMouseButton) with respect
to the original coordinate frame.

Instructions
1. File>New> Peptide

2.0Object name = pepl; One Letter Code = WAAALPAAR; N-terminus = nter; C—terminus = cooh;
Click OK.

3. Repeat for second peptide but with new name pep2 and One Letter Code=
WAAALPAARWWWWWWPPPPPP

4. Right click in the ICM Workspace and select the connect option. Drag the two peptides apart.
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Mottt KN Pro 3.0, 28g ANDRIW MewProject [ 2 b jects. 0 sequences, O aligaments 0 runming jobs]

Lk Ve Took Deeds Mok
FEONAN % RSN O RIS nEvEGX X
Siey Y W Y wn ¥ o sewh Y i (m

[T ————

#wev+a

- QO sl

Yellow =
connected
object

Click and
drag using B
the middle

mouse

button You can use

these buttons to
connect tool

Notes and things to try
» The pepl structure is now independent of pep2. Use your mouse to move pepl.
* To release pepl from the connect mode hit the .Esc. key on your keyboard.

« Other ways of connecting to an object include right clicking on the object and selecting connect
OR using the buttons on right hand side of the GUI.

Manual References (Web Links)
Constructing New Objects

Connect and Move
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15.1.3. Lesson 1c: Graphical Representations
Objective

To display pep2 in ribbon and wire representation.
Background

There are many ways to represent structures in ICM. In this lesson you will become familiar with the ICM
Display tab and the ICM Workspace.

Instructions
1. Undisplay pepl using the ICM Workspace.
2. Select the display tab.

3. Select wire representation from the Display tab.

15.1.3. Lesson 1c: Graphical Representations 253
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Display Tab:
§ display Y labels Y analpsis Y pdb search Y meshes Y movie

wev+a

soi

e

noselecﬂon =i
-l objects
ﬁ;l |L_
IE]m

pep2
Click here to displayed in
display or ribbon and
undisplay pepl. wire format

Current object is
highlighted in red.

Notes and things to try

 The current object which in this case is pep2 is highlighted in red in the ICM Workspace display.

 Graphical representations such as ribbon and wire can be .toggled. on and off by clicking the

button in the Display Tab.
« Try holding down on the button and a number of display options will become available.
 Try displaying pep2 in different representations using the buttons in the Display Tab.
Manual References (Web Links)
Workspace Panel

Structural Representations
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15.1.4. Lesson 1d: Basic Selections
Objective To display specific regions of pep2 in different representation.
Background

For many ICM applications it is necessary to be able to select certain regions of a structure. Here you will
become familiar with the basic selection tools.

Instructions

Use the selection tools (lasso, box, atom) or the ICM Workspace to display pep2: residues 1 to 5 as ribbor
6 to 11 as xstick; 12 to17 as skin and 18 to 21 as wire.

Selectlor_m_ To_o!je.
1.0. 208 ANDRIW Newfreject [ 2 objects, 0 seq g' Sl ig g,'" 3{ E :‘ :-“' E'.E E{ n g §

Fie G0 wew Took Borfo Mosckgy Deding Mobedhascs Pt Windows 0
DSRONd & RSN ALGEE NI, BB 1
((Fivly Tk Y i Y ol wweh Y meer Y e |

e 3 | [/4[24 @ @lale?ist] | BB Q | O B|@) 4 = = %

m.ne-m- o) 2
- obeCh @ fams)
Wes: o F-)
.; 21 Ao ) :
.

B st ) (v}
-e- no selection [~] Selection ®
nﬁeds {2 tems) Tools: E
ep2 ICM -]
m 23 Amino 5.‘:5 '
1 MAAALPAR D 4
11 WWWWWPPE -

21 P

E] 11 Afino

-
M
You can select amino acid *
®

residues here in the ICM
Workspace or by using the
selection tools shown above.

2 lm)
— -

- epes e
T k-lmn -hpuy wstick os _graph
len/pep2> display skin white Res( as_graph ) Mol(as Qnyn)
Infe> finished surface search, s _of serisce atom -
Info> Finished basic surface elemest calculations
Llem/pep2> display wire as_graph 4
fcn/pep2>

!J!J 21 hes 1 Ml 1 0%
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Notes and things to try

 The basic selection tools (box, lasso and atom pick) are shown on the right of the graphical user
interface.

« More advanced selections can be made with the selection tools at the top of the graphical user
interface.

« Amino acid residues can be selected from the ICM Workspace.
Manual References (Web Links)

Making Selections

15.1.5. Lesson 1e: Surfaces and Clipping Tools
Objective
To display surface and meshes and then to cut them away using clipping tools.
Background
This lesson teaches electrostatic surfaces and the use of clipping planes. The electrostatic potential can b
projected on a molecular surface for the identification of possible binding sites. You can cut away the
surface using clippings planes of which there are two: the front one and the back one. The front clipping
plane determines the beginning of the visible part of your object, while the back clipping plane is where the
visible parts ends. The planes can be moved independently, or in concert.
Instructions

1. File/Open/1sri

2. Display the molecule in ribbon mode (see lesson 1c).

3. Select the Meshes Tab.

4. Display the surface of the molecule by electrostatic properties.

5. Use the clipping tools to slice away the surface and reveal the ligands and ribbon display.
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Notes and things to try
« Try cutting away the mesh to reveal the ribbon structure and ligands using the clipping tools.
« Right clicking on the meshes section of the ICM Workspace allows other options to be accessed.
« Try using the fog option.
Manual References (Web Links)
Structural Representations

clippingtools{Clipping Tools}
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15.1.6. Lesson 1f: Spherical Selections

Objective

Display the electrostatic properties surrounding the ligand binding site.
Background

A more advanced selection tool is described here whereby a sphere of a specified radius is made around .
atom(s). This is useful for making selections around a ligand binding pocket for example.

Instructions

1. This lesson still uses the 1sri structure from the previous lesson. Undisplay all meshes from the
previous lesson by clicking on the blue square in meshes section of the ICM Workspace.

2. Double click on the ligand name .admb. in the ICM workspace and it will be highlighted in blue.
3. Right click on the name and select the Neighbors option.
4.Enter 7.5 A for the sphere radius selection. Green crosses represent selected residues

5. Display the electrostatic properties as described in the previous lesson.
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Notes and things to try

» The "Neighbor" option selections can be made in other objects loaded into ICM by selecting the

drop down menu in the .type. data entry box.
Manual References (Web Links)
Selecting Neighbors
15.1.7. Lesson 1g: Saving an Image
Objective
To save an image.

Background

15.1.7. Lesson 1g: Saving an Image
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There are two ways to save a publication quality image in ICM. A quick one button click approach or a
more advanced approach which allows many parameters to be changed.

Instructions

1. Quick way: Click on the camera button and a default PNG image will be saved.

2. Not so quick way but just as effective: Select File/Writelmage and a number of different
resolution and file type options are available.

0 3.0. 204 ANDRIW NewPreject [1 object, 0 sequences, 0 aligimer

Fie (0 View Took Bowfo Womokgy Docking MaNechercs Pt sindows Meo
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"o selecton .
0o Quick » '
o

! Picture
L

Atterhion
Urcover the graph. vandow To get 9i. use mgcopy del tf
def o

L3P0 2O w1~ 0 sl Weav+n

Fibe Name del Browes

u)” -

(o S o
fem/isri> as graph = as
fem/1sri> GRAPNICS .seleg
fem/1sri> buildheshes ool
Positive correction 0.9,
Megative correction> 9.977980 1
fen/1sri> -

Notes and things to try

» The quick image approach using the camera icon will save a high quality image with a default
name icm.png and then subsequent pictures taken will be numbered sequentially icm1,2..n. The
resolution of this image is controlled in the preferences section of ICM. Flie/Preferences

« When saving a high resolution image we recommend using a resolution increase of 3 as shown
above.
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» Images can be saved in a variety of formats by using the Writelmage option.
Manual References (Web Links)
Making a Quick Picture

Writing an Image

15.2. Lesson 2: Sequence-Structure and Annotation
Overview

This lesson is divided into six parts taking you through the basics of PDB structures, sequence analysis ar
alignments.

Topics covered include:

 Loading a PDB structure.

» Converting a PDB structure into an ICM object.

« Pairwise sequence alignment.

 Drag and drop and the ICM alignment editor.

» Multiple sequence alignment.

* Box, shade and annotate an alignment.
Background

ICM provides state of the art sequence analysis, alignment and alignment editing tools. Many sequence
analysis tools can be found in the Bioinfo menu.

If you intend to use ICM alignment tools you can customize your sequence alignments in a number of
ways:

« Coloring according to a number of different consensus schemes.
« Customizing your own consensus tables.

 Shading areas of interest.

» Boxing areas of interest.

» Adding comments to an alignment.

« Saving an alignment as a high quality image for publication.
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« Displaying and analyzing phylogenetic trees.
« Direct selection from the alignment to the 3D object.
ICM has an easy to use editor for pairwise and multiple alignments. ICM alignment editor is robust and

always protects the integrity of your alignment by protecting you from making unintended changes in the
alignment.

15.2.1. Lesson 2a: PDB Searching
Objective
To display the crystal structure of a G—protein coupled receptor.
Background
Using ICM it is easy to quickly search and download PDB files using the .pdb search. tab.
Instructions
1. Click on the PDB Search Tab

2. Type .bovine rhodopsin. into the search box and click the button next to it. A table of hits will be
displayed at the bottom of the GUI.

3. Click on the ID field of structure 1F88 to display the structure.

4. Double click on the head field to display the XPDB structure and fully download the PDB
coordinates.
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Notes and things to try:

« Try searching for a PDB file by sequence or homology. Use the drop down menu next to the PDB
search box to define which kind of search you are undertaking.

- XPDB is a unique database developed by Molsoft which displays SWISSPROT annotation onto
protein structures.

« In order to fully transfer the coordinates from the PDBSearchResults table you need to double
click or else the PDB will be highlighted as a TempMinObject. Alternatively, right click menu in
ICM workspace gives an option .Read Full PDB Entry.
Manual References (Web Links)

Finding a PDB Structure
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15.2.2. Lesson 2b: Converting a PDB File into an ICM Object

Objective

To convert a PDB file into an ICM object.

Background

Sometimes it is necessary to have a PDB file in the form of an ICM molecular object. For example, it's a
convenient way to list and/or to change a torsion angle (or a series of them). It is also necessary to conver
PDB files into ICM objects for ICM functions such as docking.

Instructions

To convert a PDB file into an ICM object:

« Right click on the PDB file name in the ICM Workspace and select Convert PDB. OR Select
MolMechanics/ICM—-Convert/Protein
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Notes and things to try:

« Within the right click menu there are many other useful options such as: clone— which copies the
current object; set to current — if multiple structures are loaded you can set this object to be the
current one; Extract Sequence(s) . extracts the sequence of the whole object or the subunit
depending where you click. Experiment with some of these options.

» The ICM workspace will tell you whether a structure is an X-Ray or an ICM object.

Manual References (Web Links)

Converting PDB files into ICM Objects
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Objective
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To perform a pairwise sequence alignment between rhodopsin and a GPCR sequence.

Background

Here you will become familiar with sequence manipulation and pairwise alignment.

Instructions

266

1.
2.
3.

4

Read the PDB structure 1F88
File/Load/Swissprot and enter 5SH1A Human (human serotonin GPCR).

Now we need to extract the sequence data from subunit a of 1F88. Right click on the 1F88 subuni
.a. and select the .Extract Sequences. option..

. Click on the green/yellow/red sequences tab at the bottom of the ICM Workspace and you will see

your two extracted sequences aligned.

. Double click on one of the sequences, hold down the Ctrl key and click on the other . both

sequences should now be highlighted in blue.

.Right click on them and select Align Sequences. The alignment should be displayed in the

alignment editor.

. Check the box under the heading .Show secondary structure for. in the ICM Alignment Editor.

You may have to scroll down to see this option). The secondary structure of 1f88 is then shown in
the alignment.
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Instructions
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EESYsequences (2 items)
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Group sequences

Align sequences in background
Align sequences
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PDB Search by Similarity

PDEB Search by Homology
Residue Content

Six Frame Translation

Unselect

Edit sequence Show secondary structure for
¥ Delete
B saveas... v 1188_a

Open records

Close records 1
M — E | T This option is in the ICM Alignment

Editor

Manual References (Web Links)

How to Align Two Sequences

15.2.4. Lesson 2d: Sequence Drag and Drop and the Alignment Editor

Objective To add another GPCR sequence to the alignment made in lesson 2c and to improve the
alignment within the first helix using the ICM alignment editor.

Background Here you will become familiar with sequence .drag and drop. and the ICM Alignment Editor.

1. File/Load/Swissprot and enter D2DR_HUMAN (Human Dopamine GPCR)

2.Click on the D2DR_HUMAN sequence in the ICM Workspace and then drag it and drop it into

the ICM Alignment. A new alignment will be formed with the 3 sequences (1f88_a,
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5H1A_Human and D2DR_HUMAN).

3. You may need to restore the secondary structure display. Each red bar indicates a helix. There
should be 7 in total.

ASN 55 (hover

over the
alignment to

id=48 nSeg~3 AT . .ad .t LdetgRR.RtE. L. VRN ... LELUTTHNETIILC. . . NnSTUENRY . . h
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SHIA_WUMAN 1 MDULSPGOGNNTTSP- - -PAPFETGGNTTG1SDUTUS - - -¥QUI LLGTLIFCAUL CUUARTALE numbering)
D20R WUMAN 1 MOPLMLSWYDDDLERQNVSRPFNGSDGRADRPHYNY aru LLIRVIVF LUCHAUSRE] g
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17882 R e -YQuIT LLLGTLIFCAUL ACUVAAIALE

4 -YATLL LLIAVIVF ULUCHAVUSRE
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— IGAL CANCAURQEDDCAAL EVTE UHR
281 N SSISP"III‘VSPIPFSHIOI TLPDPSHHE

—
D20R_HUMAN

A Try shifting the sequence of SH1A and D2DR

from left to right to remove the gaps in the

g alignment. ASNSS is the only truely conserved
HCULPRETISRNTINT . . . TaSppRUTLBNL BEY' r88|due ol he“X 1 Ufm

1768 _a 259 ICHMLPYAGUAFYT - FTROGSDFGPIFMTIPAFF A

SHIA_WUMaN 356 LCMLPFFIVALULPFCESSCHMPTLLGATINVLE

D2DR_HUMaN

38N TCMLPFFITHILNIHCD - -CNIPPULYSAF TWLG
1688_a I —

Notes and things to try:

* Helix 1 in GPCRs are notoriously hard to align to the only currently available template structure
(bovine rhodopsin . 1f88). The ASN55 (is the only fully conserved residue in helix 1. Shift the
sequence of 5H1A and D2DR along to remove the gaps in this helix. To move a block of
sequences there needs to be a gap in front. To do this click and drag over the block and they will
be highlighted in blue. Use the right and left arrow cursors to move.

 Try hiding gaps using the menu displayed when right clicking on the Alignment Editor.

Manual References (Web Links)Alignment Editor Align Multiple Sequences

15.2.5. Lesson 2e: Multiple Sequence Alignments
Objective To perform a multiple sequence alignment.
Background

Here you will become familiar with grouping sequences in the ICM Workspace and performing an
alignment.

Instructions
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1. Select the sequences from lesson 2d (selected=highlighted blue)

2. Right click and select delete.

3. File/Open/zincFing.seq (sequence format files needs to be specified to locate the zincFing.seq file

4. Select the sequences tab at the bottom of the ICM Workspace.

5. Click on the first sequence and then the last whilst holding the SHIFT key. All the sequence
names should be highlighted in blue.

6. Right click on the selected sequences and select the Group Sequences option.

7. The grouped sequences will be displayed at the bottom of the GUI.

8. Right click on the sequence name and select Align Sequences.

The alignment will be displayed at the bottom of the graphical user interface.

X jem/def>

x|

icm/endif
icm/def>
icm/def>
Info> 10
icm/def>

newGroup

v
s_currentProject = openFilePRJNAME
Group sequences que)
s_out
in newGroup

Align sequences in background
Align sequences
Annotate selechon

PDB Search by Siendarity

PDB Search by Homology

Residue Content

K Delete from abgnment

A large number of
sequences can be
selected by clicking
on the first and then
holding down the
SHIFT key and
clicking on the last
one in the list.

. T . K
IKTKHSKE

Align
Unselect
Edt sequence

Notes and things to try:

BKDNHTAHUKIIHKI

« If you have many sequences in your multiple alignment then the option to run the alignment in the
background can be chosen.

» Multiple sequence alignments can also be undertaken by choosing Bioinfo/Multiple Sequence
Alignment.

» Try some other sequence manipulations at this point such as searching a sequence for homology
against the PDB direct from the ICM Workspace.
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» The next lesson describes some of the actions you can perform using the ICM Alignment Editor.

Manual References (Web Links)Alignment Editor Align Multiple Sequences
15.2.6. Lesson 2f: Boxing Shading and Annotating an Alignment
Objective
To box, shade and annotate an alignment.
Background
To become familiar with the ICM Alignment Editor.
Instructions
1. First let us place a red box around the conserved cysteine residues. To do this click and drag ovel
the residues in the alignment. Selected residues will be highlighted in blue. Right click on the

selected residues and select .Draw Box. and select a color.

2. Now try to shade a region of your alignment. Select the residues as before. Right click on the
selection and select Custom Color.

3. Now try annotating the alignment. Select the residues in the alignment in the same way as before.
Right click on the selection and select Edit Comment / Line 1. Type the text in the box provided
under the alignment. Note the length of text is limited by the length of the selection you made.

Selected residues are highlighted in blue. Use
the right click menu for shading, boxing and

annotation.

Id=5 nSseg + WeC . MCt+ . F.....L.+H....8tt. .+ + BEC.HCL+ F.....L.+H....Ht_ .+
1ard_nm 8 'SFUCEUCTRAFARQ HLI(.H-VRSII'I’NE TRAFARQEHLKRH-YRSHTNE
1arf_n 8 SFUCEVUCTH P e TRAFARQEYLKRH-YRSHTNE
1are_n E Hide block TRAFARQEALKRH-YRSHTNE
1znf_nm Edit Comment » ERSFUEKSALSRH---QRVHKN
1paa_n AFTRRDLL IRHAQK THSGNL
uznf m Copy Lk NF SFKTKGHL TRHHKSKAHSK
3znf_n f Custom color .. NFSFKTKGNLTEHMKSKAHSK
7znf_n Red EKRFADSSNLKTHIKTKHSKE
5znf_n EYRSADSSNLKTHIKTKHSKE
2drp_d Clear color/border Green FEEF TRKDNMTAHUKI IHKI--

Blue 2inc Finger Sequences

You can add another line
Custom and another?

Notes and things to try:
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 Try saving the alignment as an image. To do this, remove any blue selection and then right click
and a menu is displayed. Select save as image there are three alignment style formats to choose.

 Try searching in the alignment for a particular sequence string using the right click menu.
Manual References (Web Links)

Alignment Editor

15.3. Lesson 3: Homology and Modeling Tools

Overview

Lesson 3 is divided into seven parts (a—g) taking you through the basics of protein modeling.

Lesson 3a — Building a homology model.

Lesson 3b - Linked alignments and structures.

Lesson 3c — Protein health and regularization.

Lesson 3d - Crystallographic symmetry.

Lesson 3e — Crystallographic neighbors.

Lesson 3f — Superimpose structures.

Lesson 3g - Protein folding and structure prediction.

Background

ICM has an excellent record in building accurate models by homology. The procedure will build the
framework, shake up the side—chains and loops by global energy optimization. You can also color the
model by local reliability to identify the potentially wrong parts of the model.

ICM also offers a fast and completely automated method to build a model by homology and extract the be:
fitting loops from a database of all known loops. It just takes a few seconds to build a complete model by
homology with loops. Some selected publications related to modeling and structure determination are liste

here.

Abagyan, R.A., and Totrov, M.M. (1994). Biased Probability Monte Carlo Conformational Searches and
Electrostatic Calculations for Peptides and Proteins. J. Mol. Biol., 235, 983-1002

Cardozo, T., Totrov, M., and Abagyan, R. (1995). Homology modeling by the ICM method. Proteins:
Structure, Function, Genetics, 23, 403-414

Abagyan, R., and Totrov, M. (1999). Ab initio folding of peptides by the optimal-bias Monte Carlo
minimization procedure. Journal of Computational Physics, 151, 402-421
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Maiorov, V.N., and Abagyan, R.A. (1997). A new method for modeling large—scale rearrangements of
protein domains. Proteins, 27, 410-424

Schapira, M., Totrov, M. and Abagyan, R. (2002). Structural Model of Nicotinic Acetylcholine Receptor
Isotypes Bound to cetylcholine and Nicotine. BMC Structural Biology 2:1

ICM also provides powerful tools for determining crystallographic symmetry and neighbors which allows
the biological environment of a protein to be viewed and understood.

15.3.1. Lesson 3a: Homology Modeling
Objective
To make a protein model based on sequence homology.
Background
ICM has an excellent record in building accurate models by homology. The procedure will build the
framework, shake up the side—chains and loops by global energy optimization. You can also color the
model by local reliability to identify the potentially wrong parts of the model.
Instructions
1. Edit/Delete All . let us begin with a clear ICM session!

2.Homology/Load Example

3. Two sequences (ly6,CD59), one template structure (x) and an alignment (sx) should be loaded.
Sequence CD59 is the sequence of the template structure called x.

4. Homology/Build Model and fill in the table using the drop down options. Warning minimize
side—chains may take a few minutes.
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Notes and things to try:
 The four built in loops are shown in red as default.

* Try displaying the model and the template in different colors or representations to observe any
siginificant deviations between template and model.

Manual References (Web Links)

Homology Modeling

15.3.2. Lesson 3b: Linked Alignments and Structures
Objective

To select, display and label the conserved regions of the model.

Background
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Within the ICM Alignment Editor there is a rich array of tools. Some of these tools allow selections
between a linked alignment and a structure. The strength of consensus can be changed and selections ca
be made according to a variety of criteria. There will be an alignment symbol next to a structure in the ICM
Workspace if the structure is aligned.

Instructions

Using the alignment from lesson 3a we will display and label the conserved residues between our model
and the template in CPK format.

1. Change the strength of the alignment consensus to 50% in the ICM Alignment Editor.
2. Type in the consensus you wish to select. For example if you only want to select identical residue:
between the template and model type in X. Other symbols (such as #) from the alignment

consensus line can be entered here if desired. You may wish to play with this and the alignment
consensus value.

3. Click on the Select button and the residues selected will be highlighted with green crosses.

4.To label the residues select the labels tab and select the label residue button.
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Manual References (Web Links)
Alignment Editor

15.3.3. Protein Health

Objective

To remove clashes from a PDB structure.

Background

Here we will use a macro that calculates the energy strain (Protein Health) within a protein structure. The
macro is based on a paper by Maiorov and Abagyan (1998). The regularization macro will remove any
clashes and improve the energy of the structure.

Instructions
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1. Edit/Delete All . let us begin with a clear ICM session!
2.Search and display the PDB structure liva (see Lesson 2a)
3. Convert liva into an ICM object (see lesson 2b)

4. Tools/Protein Health

Note red coloring indicates clashes or high strain. Lets remove these clashes using the ICM
regularization tool.

5. MolMechanics/Regularization

6. Color and display in wire — all clashes should have been removed.

o Mokl ICM Pro 3.0 20 ANDRIW Newfreject [1 object, 0 sequences, 0 aligrments 0 running jeds)
Pl Bt Wew Took Peetn Monok T
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o
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| warning) [#5%] &% missing hydrogens added sutomatically Fo
fon/tenaifenalt
fen/1ive> calcimerggStrain Select() yes 7
L
(NG5t Red area represents region of strain
. “—r—r— - or clashes within the structure. ICM ~IT

N 2 T _ : o0 %0 Reqularization will remove that. -

Notes and Things To Try:
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 Always use the Protein Health tool and ICM Regularization after you have constructed a protein
model.

« It is always wise to check a protein structure from the PDB with the Protein Health tool and then
use ICM Regularization to remove any potential problems you may identify.

15.3.4. Lesson 3d: Crystallographic Symmetry

Objective

Here you will learn how to build crystallographic symmetry for a PDB structure.

Background

Most structure files contain some information regarding symmetry such as (i) crystallographic group eg.
P2121 that determine N (depends on a group) transformations for the atoms in the asymetric unit and (ii)
crystallographic cell parameters A, B, C, Alpha, Beta and Gamma. To generate the coordinates within one
cell one needs to apply N transformations and then to generate neigboring cells the content of one cell
needs to be translated in space according to the cell position. ICM has a function which generates
crystallographic neighbors for the selected atoms. For large proteins it is impractical to generate neighbors
for the whole molecule due to the high number of atoms in all neighboring molecules. This information
allows ICM to generate symmetry related parts of the density or molecular objects.

Instructions

1. To generate symmetry related molecules we first need to read a PDB file into ICM (for an
example choose 1crn)

2. Display the structure and select some residues around which you wish to generate the symmetry
related molecules.

3. Tools/Crystallograhic Cell.

4. Select the radius around your selction from which you wish to construct the symmetry related
molecules.

5. Tick the create symmetry related molecules box.

6. Select whether you want the symmentry generated molecules to be merged into the original PDB
object.

7. Select whether you wish for the symmetry related generated molecules to be displayed. The
crystallographic symmetry neighbors will be displayed in the Workspace Panel along with the
crystallographic cell. For packing analysis and display you can color each symmetry unit a
different color:

8. Select the Display tab hold down on the wire button and select the color by chain option.
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As an example the crystallographic unit cell {purple
box) and symmetry neighbors are shown for PDB
structure 1CRN.

Manual References (Web Links)

Symmetry

15.3.5. Lesson 3e: Biomolecule Generator
Objective
Here we will investigate the biological environment of a virus protein . PDB code 1DWN.
Background
It is very useful to know how a protein from the PDB may look in a biological environment. The PDB
entries solved by X-ray crystallography and deposited in the PDB contain the information about the crysta
structure rather than the biologically relevant structure. For example, for a viral capsid only one instance o
capsid protein complex will be deposited and only one or two molecules of haemoglobin that is a tetramer
in solution maybe deposited. In some other cases the asymmetric unit may contain more than one copy of
biologically monomeric protein. ICM reads the biological unit information and has a tool to generate a
biological unit. Not every PDB entry has the biological unit information.
Instructions

* Read and load the PDB file 1DWN

* Tools/Biomolecule Generator

« Tick the makeAllBiomolecules box (Warning this may take a few minutes to generate)

» The generated molecules will be listed in the ICM Workspace. Each one can be selected and
displayed.
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Manual References (Web Links)

Biomolecule Generator

15.3.6. Lesson 3f: Superimpose Structures
Objective
To superimpose two structures.
Background
In this lesson we demonstrate the use of a superposition based upon a sequence alignment. All
superposition analyzes can be performed using the button available within the Analyses tab. The example
here uses protein kinase structures to superimpose.
Instructions
1. File/Open/Example_Alignment.icb
2.Read PDB 2PHK

3. Extract the sequence from 2PHK and then drag it and drop it into the alignment.

15.3.6. Lesson 3f: Superimpose Structures 279



4. Select a region of the alignment around which you wish to superimpose. You can use the
propogate to all sequences in the Alignment Editor to make this selection.

5. Select the analysis tab and click on the superimpose button.
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Notes and Things To Try:
« Try making a superposition around the ligand binding pocket only by selecting the ligand.
 Try improving poorly superimposed regions such as loops.

Manual References (Web Links)

How to Superimpose Two Structures
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15.3.7. Lesson 3g: Protein Folding and Structure Prediction

Objective

To use a script to perform protein folding / structure prediction.

Instructions
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# Example folding script. Use as directed.
read libraries
S pepname="tetrapep"
build string "se nh3+ ala his trp glu coo-" nawe=g_pepname # you may also use
the uncharged nter and cooh termini
write IcmSecuence( a_ ) S _pepname+”.se’
#build "peple" # alternative: your peptide sequence is in peplé.se
file.
set synmmetry exact
rename a *. "f1" # specifies current name. Several runs (£2,£3 etc.) are
recormmuended
nvar = Nof{ v_//phi,psi,H,P | # nuwber of essential variables
#

#nProc =4

mncal 1sMC = 10000 + Integer (0.008*nvar*nvar*nvar*nvar*nvar) # maximal
nurber of energy evaluations

wncal lsMC = Min(wncallsMC 40000000) # impose maximal limit

mncalls = 170+4nvar*3 # max. n of minimization calls after each random
change

temperature = 600 # optimal temperature for the simulation

tolGrad = 0.01 # exit minimization when gradient is < 0.01

mcBell = 1.0 # the default width of the MC probability distributions
mncont = 20 + Z2*nvar # max. n of low-energy conformations saved in the
stack (fl.cnf file)

mnvisits = 10 + nvar # if stuck for >= 25 times, push it out

visitslction "random" # drastic, works better then "heat"
mnreject = 10 #
wnhighEnerogy 15 + nvar/2 #

1 bpnc = yes # use biased probability
electrolethod = "distance dependent”
surfacellethod = "atomic sglvation”

set terms "vw,14,hb,el,to,sf,en" # ECEPP/2 energy + sSolvation + entropy (see
icm,hdr file)

#

fix v_//?xg* # exclude irrelevant virtual variables specifying
# absolute molecular position

set vrestraints a /* # load preferred backbone and side-chain angle zones
# for the biased probability MC

randomize v_//'omg 180.0 # create random starting conformation

vicinity = 30.0 #

betastepPh = 2.

compare V_//ghi,gsi # use this variables to compare structure

montecarlo movie # run it and record a movie.

# watch the movie later by:

# read movie "f£1"; display ribbon; display movie "f£1" 4.

analyse the best conf. in the stack by:
build "tetrapep”: read stack; show stack all; load confl

B -
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15.4. Lesson 4. Cheminformatics — Working with Chemical
Structures

Overview

Background

15.4.1. Lesson 4a: Reading and Displaying Chemical Structures
Objective
To read and display chemical structures.
Background
Small molecules are generally stored in three different file types . SDF, MOL and MOL2. An SDF file is a
database of chemical structures. When chemical structure(s) are loaded into ICM they are automatically
displayed in a chemical table. In this lesson we will read a SDF file that contains compounds extracted
from the PDB.
Instructions

1. File/Open . locate the file called het03.sdf in the directory /home/share/training

2. The compounds will be displayed in a table called .het03. .

3. To arrange the compounds in a grid as shown below. Right click on the table and a menu will be
displayed select Display Style/ Grid 5xN
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Notes and Things to Try:
» Try inserting a row into the table.

* Try different ways of displaying the compounds. Try selecting different columns in the table and
displaying based on this. (see section 9.1.3 of the User.s guide on how to make table selections)

* Try selecting rows or columns.

« We will learn how to edit structures in the next lesson but if you want to edit a structure you can
select the Edit Molecule option and the ICM Molecular Editor will be displayed.

* You can copy and paste molecules into other applications such as word or other molecular
drawing software.

Manual References (Web Links)

Loading Chemical Structures

15.4.2. Lesson 4b: Drawing Compounds and Molecular Tables
Objective

To build a compound and save it in an ICM Molecular Table.
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Background
In ICM it is possible to not only edit structures that you have read into ICM but also create your own and
append them to a table, file or a database of structures. All these actions take place in the ICM Molecular
Editor.
Instructions

« Edit/Molecular Editor and the editor will automatically be displayed.

« Draw a compound within the editor using the rings, atoms and bonds on the left hand side of the
editor. Note more advanced options can be found by right clicking on either a bond or an atom.

« Once you have finished drawing you can either save the compound as a separate file, append it tc
an already existing compound database or you can save it into an ICM table.

« Save it to an ICM table by selecting File Append to table and then select either New or an already
loaded ICM table.

* File/Exit
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Manual References (Web Links)

Molecular Editor

15.4.3. Lesson 4c: Chemical Similarity Searching
Objective

To perform a basic substructure chemical similarity search.

Background

Using ICM you can perform a compound similarity search whereby a query structure will be searched
against a database of compounds. The database can be a compound database already loaded into ICM s
as an SDF file or Molsoft.s very own compound database called MOLCART.
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Instructions

1. Load the het03.sdf file into ICM as described in lesson 4a.

2. Right click and select the Query molecule option.

3. The ICM Molecular Editor and another menu for query search (on the right) will be displayed.

4. Edit/Select All to delete the current compound displayed.

5. Draw a structure in the editor. This will be your substructure query structure.

6. Select the option Local Tables
7. Select het03 as your database.

8. Select substructure search..

9. Select the other options as shown in the diagram below. You can experiment with different values

from the drop down menu.

10. Select the Search button.

11.A new table will be constructed called resultl with your substructure search results contained in it.

0 ICM Chemical Search: not connected
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Max Distance |04 -

Matches rumber | ary -
Resuk
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[~ Select in ofign

v Highight substructure

Search

Notes and Things to Try:
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» Note your substructure is highlighted in red.

* Try using the FP finger print option from the drop down .Search Type.. A substructure search is a
search whereby only the defined molecule in the query will be searched against the database.
Whereas, a FP search which stands for fingerprint search enables any fingerprint within a structur
to be searched for in the database. The "Max distance" option is available for use with the FP
search and the "Matches number" option is for use with the substructure search. The option you d
not require based on your search method will be blanked out. A "Max distance" value of 0 means
that the search will only identify matches exactly the same as the fingerprint — the default is 0.4.
The "Matches number" option allows you to stipulate how many times within a structure in the
database your query can be found.

Manual References (Web Links)

Chemical Similarity Searching

15.4.4. Lesson 4d: Advanced Chemical Similarity Searching
Objective
To perform advanced chemical searching.
Background
You can make your similarity search more refined by selecting certain criteria when you set up your query.
Instructions
1. Repeat steps 1-5 of lesson 4c.
2. Draw your query structure but use the right click options to filter your search.
For example you can set the connectivity of an atom In the example below we have set the connectivity of

the atoms in the ring to two. Therefore this search will only identify compounds with two bonds at that
position.
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Notes and Things to Try:

* Try filtering yout search by using the .Attachment point. and .Ring Membership. options.

 Try varying the query options.
Manual References (Web Links)

Chemical Similarity Searching

15.5. Lesson 5: Docking and Virtual Ligand Screening

15.5.1. Lesson 5a: Docking |
Objective
To dock biotin into the streptavidin receptor.
Instructions
1. Docking>Set Project Name (BIOTIN)

2. Docking>Load Example (streptavidin complexed with haba)
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3. Select biotin in workspace window, select .neighbors. atoms on .other objects. in a 5 A radius
4. Docking>Receptor setup (Receptor molecules: a_rec.a) Adjust box size / probe position

5. Select and delete a_rec.

6. Docking>Ligand Setup>From Loaded ICM object (Ligand molecule: a_biotin.biotin)

7. Docking>Make Receptor Maps

8. Docking>interactive docking (Ligand object: a_biotin.)

9. MolMechanics>View Stack

15.5.2. Lesson 5b: Docking Il

Objective

To dock a ligand into the ricin crystal structure.

Instructions
 Select tab .Pdb Search.. Type .ricin. and hit PDB button
* Double—click 1br6
« Right click on 1br6, .Clone., click OK, call it ligand.

» From the first object delete the small molecule (ptl) by right clicking on it in the ICM workspace.
From the clone, delete the receptor (a), and water

* MolMechanics >ICM-Convert >Protein (Object: a_1br6., replace)
« MolMechanics >ICM-Convert >Chemical (Object: a_ligand. )

» Docking>Set Project Name (RICIN) Docking>Receptor Setup (make sure receptor a_1br6.a is
selected in the receptor molecule box) .lIdentify binding Sites. Select second pocket, click OK

» Docking>Ligand Setup>From loaded ICM object (Ligand: a_ligand.pt1)
» Docking>Review/Adjust Ligand/Box (Box can be resized) Docking>Make receptor maps
» Docking>Interactive docking>Loaded Ligand (Ligand: a_ligand. )

15.5.3. Lesson 5c: Virtual Ligand Screening

Objective

To perform virtual screening into the ricin receptor.
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Instructions
» Docking> Set Project (select RICIN) FROM LESSON 5b
* File> Open (select ricinLigands2D.sdf)

» Docking> Interactive Docking> Mol Table Ligand (Mol Table: ricinLigands2D, select .Calc ICM
Score.)

» Docking> Tools> Index Mol/Mol2 file/database (Input file . select ricinLigands2D.sdf, )

« Docking> Ligand Setup> From Database (select mydb.inx, check .mol., .build hydrogens. .assign
charges. and .2D to 3D. convert)

» Docking>Small Set Docking Batch
» Docking>Make Hit List (select import 2D from DB)
* Browse HITLIST table
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