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ICM modules to be used in this tutorial
	ICM-Main
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ICM-Main contains an all atom internal coordinate force field and efficient algorithm to perform local and global energy optimization of small or large molecules with respect to an arbitrary subset of variables.  Also contains MMFF94 force field for energy optimization in Cartesian space for any organic molecule.  ICM-Main allows users to read, build, convert, refine, analyze and superimpose molecules.   Includes graphics tools for diverse molecular rendering, perspective viewing, depth cueing, etc. Uses both hardware and side-by-side stereo. Allows saving and printing a screen image as a compact vectorized postscript file in addition to a compressed bitmap. 
ICM-Bioinformatics

ICM-Bioinformatics allows users to search any BLAST formatted sequence database with high-quality global pairwise alignment algorithms.  Also allows pattern searches, prosite and profile searches.  Includes multiple sequence alignments, evolutionary trees, principal component view, annotation transfer from sequence to structures, threading and alignment visualization tools.  
ICM-Rebel
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Calculates the accurate electrostatic potential of a molecule using boundary element algorithm and generates a 3D surface skin model colored by potential.  Solves the Poisson equation for a molecule with exact positions of electric charges. This method is fast (takes seconds for a protein) and accurate.  The energy calculated consists of the intramolecular energy and the solvation energy, which can be analyzed separately.  Evaluates intermolecular solvation electrostatic interaction energy.   

ICM-Homology
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ICM-Homology offers a fast routine for building a complete protein model by homology with loops in a matter of seconds.  The scripts allow to refine the backbone and samples the side-chain and loop conformations by global energy optimization. 

	ICM-Dock

[image: image33.png]B o



Provides a unique set of tools for the modeling of protein/ligand interactions. Performs fast and accurate docking of fully continuously flexible small molecule ligands to a protein represented by grid interaction potentials. Allows users to dock the ligand to the explicit full-atom representation of the receptor with arbitrarily selected subset of flexible side-chains.   Performs docking by Monte-Carlo minimization procedure which combines pseudo-Brownian positional and torsional steps with fast local gradient minimization.  Uses continuously differentiable grid potentials to ensure rapid convergence of local minimizations.  Contains a sophisticated algorithm for tracking the simulation trajectory to avoid trapping in sub-optimal conformations and allows efficient search of the conformational space.  Provides tools for automatic conversion of 2D chemical structures to 3D, sophisticated atom type assignment, charge assignment and recognition of rotatable bonds.  Also allows users to export and import SMILES strings.  Allows parts of the ligand to be automatically constrained to a pre-defined position during docking. Generates multiple conformations of the free or docked ligand.  Special Monte-Carlo steps allow sampling of stereo isomers for racemic compounds.  Analyzes protein surface for potential binding pockets and displays the interaction properties on the 'skin' representation of the surface.  Uses graphical user interface for easy set up of the simulations.  Provides maximum flexibility to user by allowing the docking scripts, which are written in intuitive ICM molecular modeling scripting language, to be modified to best meet specific project requirements.  Performs protein-protein docking with fast global rigid-body search with grid potentials. Refines best docked configurations with flexible side chains to allow for the induced fit.  


Introduction
Computational tools have become increasingly important in the drug discovery and design processes. Methods from protein modeling and computational chemistry are used routinely to study drug-receptor complexes in atomic detail and to calculate properties of small molecule drug candidates.   With increasing availability of 3-dimensional protein structures as well as our ability to build receptor molecules by homology, the cost and time involved in screening potential drug candidates can be drastically decreased by computational modeling.  Molecular models of new compounds can be built, and virtual experiments which are cheaper, faster and safer than real experiments can be run.  Computational experiments are now essential tools in cost-effective pharmaceutical development process and tools such as virtual screening allow compound scaffolds to be developed which may not have been identified by more conventional means.
This exciting workshop / training course involves the application of computational methods in protein modeling in the drug design process.  This course will help both beginners and experts to conceptualize a drug's function based on essential characteristics, including idealized structural and physical properties.  
The topics we will cover are molecular graphics, data mining and databases, bioinformatics and sequence analysis, peptide structure prediction, homology modeling, loop modeling and protein design, solvation and electrostatics, docking, virtual ligand screening, and ICM programming language.
The lessons described herein are based on the use of the Graphical User Interface (GUI) however everything described can be undertaken using the command line if you wish. When you perform an action in the GUI the command is displayed in the command line these can then be used to automate your ICM use by the development of scripts.

The best way to learn ICM is just to play with the software and see what it can do for you. The lessons are designed to introduce you to various functions and capabilities and give suggestions for things to try and experiment with.
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“The objective of this training course is to help computational chemists and biologists to solve challenging problems in the area of drug discovery by efficient use of the science and technology present in ICM molecular modeling tools.”  

Lesson 1: Molecular Graphics and the Graphical User Interface

Overview:

Lesson 1 is divided into seven parts (a-g) 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.
Lesson 1a - Loading a structure into ICM and saving an ICM Project.
Lesson 1b - Making new structures and using the connect tool.
Lesson 1c - Displaying different structural representations.
Lesson 1d - Basic selections. 
Lesson 1e - Surfaces and clipping tools.
Lesson 1f  - Sphere selections and electrostatic representations.

Lesson 1g - Saving an image.  
Background:

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, ball&stick, worm, 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 was recently used in a commercial starring Lance Armstrong for the pharmaceutical company Bristol Myers Squibb (some screen shots shown below). ICM has also been used to generate award winning molecular art.
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	Lesson 1a



	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. 

	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
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User’s Manual: Sections 2.2.6; 4.1

Language Manual: Sections: 2.20.86.2



	Lesson 1b

	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 for independent rotation (by the LeftMouseButton) and translation (by the MiddleMouseButton) with respect to the original coordinate frame. 

	Instructions
	1. File > New >  Peptide  
2. Object name = pep1; 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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icn/pep2> connect Obj( a_pepl.n/1/ut1 )
Info> connection to 1 molecule established
icn/pep2> display new

icn/pep2> connect Obj( a_pepl.n/1/ut1 )
Info> connection to 1 molecule established
icn/pep2>




                       
Notes and things to try:

· The pep1 structure is now independent of pep2. Use your mouse to move pep1.

· To release pep1 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.
User’s Manual: Sections 3.3; 7.2.6 
Language Manual: Sections 2.20.7; 2.20.14

	Lesson 1c


	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 pep1 using the ICM Workspace.
2. Select the display tab. 
3. Select wire representation from the Display tab.
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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. 
User’s Manual: Sections 2.2.2, 7.3
Language Manual: Sections: 2.20.20


	Lesson 1d


	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
	1. Use the selection tools (lasso, box, atom) or the ICM Workspace to display pep2: residues 1 to 5 as ribbon; 6 to 11 as xstick; 12 to17 as skin and 18 to 21 as wire. 
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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.
User’s Manual: Sections  6.1.2

Language Manual: Sections 2.20.20

	Lesson 1e

	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 be 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.
User’s Manual: Sections  7.3; 7.7
Language Manual: Sections 2.20.20; 

	Lesson 1f


	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 an 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 Å 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:

· ‘Neighbor’ option selections can be made in other objects loaded into ICM by selecting the drop down menu in the ‘type’ data entry box.
User’s Manual: Sections  6.3
Language Manual: Sections 1.4.2.8

	Lesson 1g


	Objective
	To save an image.

	 Background
	There are two ways to save a publication quality image in ICM.

	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/WriteImage and a number of different resolution and file type options are available.

	[image: image59.png]


[image: image60.png]


[image: image11.png]Molsoft

Fie Edi View Toos Bionio Homology Docking Mobechanics Plot Windows Help

DeRene = RIS EREE ML tE«BED R

ety Y Tabels Y anshysis Y pdb search Y meshes Y movie

™ wie [ ] ‘ [arn =] 7|

[T Hsenfo =] oobr Macrshape

no selection
& jects (1 ftems)
X-Ray: 1585
a 118Amino
admb 1 Hete
el b 121 Amino
bomb 1 Hete

e Jwater  (1341e

= meshes  (3items)
q_electio_Tsii 2
q_electio_Tsri 1

g_electro_lsri_

Bl

A g | =

Hiaee| zo-eHdl-|eeoid@vea

icn/1sri> as_graph - as_graph & a_x
icn/1sri> GRAPHICS.selectionLevel
icn/1sri> buildHeshes no 1

Positive correction> 8.975565
Negative correction> 8.977980
icn/1sri>

aton”

L





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.

· Images can be saved in a variety of formats by using the WriteImage option.
User’s Manual: Sections  2.2.7; 3.1.10; 
Language Manual: Sections 2.20.86.17


Lesson 2: Sequence-Structure-Annotation Tools

Overview:

Lesson 2 is divided into six parts (a-f) taking you through the basics of PDB structures, sequence analysis and alignments
Lesson 2a - Loading a PDB structure.
Lesson 2b - Converting a PDB structure into an ICM object.
Lesson 2c - Pairwise sequence alignment.
Lesson 2d - Drag and drop and the ICM alignment editor.
Lesson 2e - Multiple sequence alignment.
Lesson 2f  - 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: 
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. 
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. 

	Lesson 2a

	Objective
	To display the crystal structure of a G-protein coupled receptor. 

	 Background
	In 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”
User’s Manual: Sections 4.1
Language Manual: Sections 2.20.62.32


	Lesson 2b



	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 convert PDB files into ICM objects for ICM functions such as docking.

	Instructions
	To convert a PDB file into an ICM object:

1. 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.
User’s Manual: Sections 4.2
Language Manual: Sections 3.6.2


	Lesson 2c


	Objective
	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
	1. Read the PDB structure 1F88

2. File/Load/Swissprot and enter 5H1A_Human (human serotonin GPCR). 
3. Now we need to extract the sequence data from subunit a of 1F88. Right click on the 1F88 subunit ‘a’ and select the ‘Extract Sequences’ option’.

4. Click on the green/yellow/red sequences tab at the bottom of the ICM Workspace and you will see your two extracted sequences aligned. 

5. 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. 

6. Right click on them and select Align Sequences. The alignment should be displayed in the alignment editor.
7. 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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User’s Manual: Sections 10.2; 10.4
Language Manual: Sections 2.20.75; 2.4


	Lesson 2d



	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.

	Instructions
	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, 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. 
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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.

User’s Manual: Sections 10.3;10.4
Language Manual: Sections 2.20.75; 2.4



	Lesson 2e


	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
	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. 
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Notes and things to try:

· 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. 
· The next lesson describes some of the actions you can perform using the ICM Alignment Editor.
User’s Manual: Sections 10.3; 10.4
Language Manual: Sections 2.20.75; 2.4



	Lesson 2f


	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 over 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.
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Notes and things to try:

· 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.
User’s Manual: Sections 10.4
Language Manual: Sections 2.20.75; 2.4
 


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 best 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 listed 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

Maiorov, V.N., and Abagyan, R.A. (1997). A new method for modeling large-scale rearrangements of protein domains. Proteins, 27, 410-424
Ab initio folding of peptides by the optimal-bias Monte Carlo minimization procedure. Journal of Computational Physics, 151, 402-421

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. 
	Lesson 3a



	Objective
	To make a protein model based on 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.

User’s Manual: Sections 11
Language Manual: Sections 2.20.7.2

	Lesson 3b

	Objective
	To select, display and label the conserved regions of the model.

	 Background
	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 can 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 residues 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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User’s Manual: Sections 10.4
Language Manual: Sections 2.4

	Lesson 3c



	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
	1. Edit/Delete All – let us begin with a clear ICM session!

2. Search and display the PDB structure 1iva (see Lesson 2a) 
3. Convert 1iva 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 

Color and display in wire – all clashes should have been removed. 
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Notes and things to try:

· 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.
User’s Manual: Sections 
Language Manual: Sections 2.22.20; 2.22.59


	Lesson 3d



	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.

	[image: image21.png]


  
User’s Manual: Sections 4.3
Language Manual: Sections 3.8.2


	Lesson 3e



	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 crystal structure rather than the biologically relevant structure. For example, for a viral capsid only one instance of 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 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. 

	Instructions
	1. Read and load the PDB file 1DWN

2. Tools/Biomolecule Generator

3. Tick the makeAllBiomolecules box (Warning this may take a few minutes to generate)
4. The generated molecules will be listed in the ICM Workspace. Each one can be selected and displayed.
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	Lesson 3f

	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.
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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icn/2phk> call gui_superinpose =l
icn/2phk>  if(NoF(Obj(as_graph))<2) then
icn/2phk>  superimpose ( Res( as_graph ) & a_.//ca,c,n,0 ) & 0bj( as_graph )[1] ( Res( as_graph ) & a_.//ca,c,n,0 ) & Obj( as_graph )[2] align
Info> 49 atoms superinposed, rmsd-0.600342
icn/2phk>  endif
icn/2phk> =
55 v |

Py P10 e epppry P IO ) e Pt PR e s P e )
1q16_a 167 GEKLRSUCGTPSYLAPELIECSHNDNHPCYGKEUDIIS T GUTHYTLLACRATTILILTTL HLRHIHSCHYQF GSPEUDDYSDT- - =
0L67A % 174 GEKLRSUCGTPSYLAPEIIECSHNDNHPCYCKEUDIMUSTCUTHY TLLACKEET T HLRHIISGNYQF GSPEUDDYSDT N Do agap
2PHCA58 107 GEKLREUCGTPSYLAPELIECSHNDNHPCYCKEUDIMUSTCUTHYTLLACSEEET I HLRHINSGNYQF CSPEUDDYSDT -
TR Ay 151 GDNFRLLFTAPEVY) HQHDUUSTATDHMISLETLUYULLSE[C S R0I0 1 1ENIHNAEY TFDEEAFKE IS IE- Color scherme -] 4|
10N 23 160 -DENTGYUATRUYRAPEIHLN YNQTUDIUSUGCTHAELL TG UEEI PN QLKL ILRLUGTPGAELLKKISSESARNYIQSLTQHPKINEANU
DI9R 17 160 -DENTGYUATRUYRAPEIHLAL YNOTUDIWSUGCTHAELL TC,Y (iDL KL ILRL UGTPGAEL LKKISSESARNY [QSLTQHPKHNEANU Stengh 507
uFe__5 178 “DENTGYUATRUYRAPELHLN YNQTUDTUSUGCTHAELL TGILAARTDOLKL IL RLUGTPGAEL LKKISSESARNYIQSLTQHPKHNFANY -





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.
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	Lesson 3g



	Objective
	To use a script to perform protein folding / structure prediction.

	Instructions
	

	# Example folding script. Use as directed.

read libraries

s_pepname="tetrapep"

build string "se nh3+ ala his trp glu coo-" name=s_pepname # you may also use the uncharged nter and cooh termini

write IcmSequence( a_ ) s_pepname+".se"

#build "pep16"       # alternative: your peptide sequence is in   pep16.se   file.

set symmetry exact

rename a_*. "f1"    # specifies current name. Several runs (f2,f3 etc.) are recommended

nvar = Nof( v_//phi,psi,H,P ) # number of essential variables

                    #

#nProc =4

mncallsMC    = 10000 + Integer(0.008*nvar*nvar*nvar*nvar*nvar) # maximal number of energy evaluations

mncallsMC    = Min(mncallsMC 40000000) # impose maximal limit

mncalls      = 170+nvar*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

mnconf       = 20 + 2*nvar   # max. n_of low-energy conformations saved in the stack (f1.cnf file)

mnvisits     = 10 + nvar     # if stuck for >= 25 times, push it out

visitsAction = "random" # drastic, works better then "heat"

mnreject     = 10    # 

mnhighEnergy = 15 + nvar/2   # 

l_bpmc       = yes   # use biased probability 

electroMethod = "distance dependent"

surfaceMethod = "atomic solvation"

set terms "vw,14,hb,el,to,sf,en"  # ECEPP/2 energy + solvation + entropy (see icm.hdt file)

                     #

fix v_//?vt*         # 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     # 

betaStepPb = 2.    

compare v_//phi,psi # use this variables to compare structure

montecarlo movie    # run it and record a movie. 

                    # watch the movie later by: 

                    # read movie "f1"; display ribbon; display movie "f1" 4. 8.

                    # analyse the best conf. in the stack by:

                    # build "tetrapep"; read stack; show stack all; load conf1  


Lesson 4: Cheminformatics – Working with Chemical Structures
Overview:

Background:

	Lesson 4a



	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.
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	Lesson 4b


	Objective
	To build a compound and save it in an ICM Molecular Table.

	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
	1. Edit/Molecular Editor and the editor will automatically be displayed.
2. 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.
3. Once you have finished drawing you can either save the compound as a separate file, append it to an already existing compound database or you can save it into an ICM table.
4. Save it to an ICM table by selecting File Append to table and then select either New or an already loaded ICM table.
5. File/Exit
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	Lesson 4c


	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 such as an SDF file or Molsoft’s very own compound database called MOLCART.

	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 result1 with your substructure search results contained in it.
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Notes and things to try:

· 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 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. 
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	Lesson 4d



	Objective
	

	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.
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	Lesson 4e



	Objective
	To perform chemical clustering.

	Background
	When working with large database of chemical compounds sometimes it is useful to cluster them to group them by chemical similarity. For example when performing virtual ligand screening you may not want to screen the whole database but a clustered subsection of a database.

	Instructions
	1. Repeat steps 1-5 of lesson 4c.

2. Right click and select 
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Display Tab: 


�








Yellow = connected object
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Click here to display or undisplay pep1.


Current object is highlighted in red.





You can use these buttons to connect too!





Click and drag using the middle mouse button





Right click here and select “Connect” to Object option














pep2 displayed in ribbon and wire format
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You can select amino acid residues here in the ICM Workspace or by using the selection tools shown above.














Selection Tools: 
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Selection Tools: 
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Meshes Tab: 
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Clipping Tools: 
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You can select and unselect structural subunits and meshes in the ICM Workspace.
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Double click on the ligand name in the ICM Workspace and then right click and select the Neighbors option.











File/WriteImage:
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Try shifting the sequence of 5H1A and D2DR from left to right to remove the gaps in the alignment. ASN55 is the only truely conserved residue in helix 1 of GPCRs.
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This option is in the ICM Alignment Editor
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Double click on the head column to display XPDB and fully load the coordinates.
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Click ID column to display structure








XPDB Annotation
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Sequence Tab in ICM Workspace





Two or more sequences can be selected by holding down the CTRL button and clicking





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.





Selected residues are highlighted in blue. Use the right click menu for shading, boxing and annotation.
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ASN 55 (hover over the alignment to show numbering)





Helices shown in red.








Template 





Built Model








Model sequence





Template sequence





Alignments














Maps used to build loop regions
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Labels Tab: 
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Red area represents region of strain or clashes within the structure. ICM Regularization will remove that.











This document contains proprietary and confidential information of Molsoft, LLC. The content of this document may not be disclosed to third parties, copied or duplicated in any form, in whole or in part, without the prior written permission from Molsoft, LLC.





As an example the crystallographic unit cell (purple box) and symmetry neighbors are shown for PDB structure 1CRN.





Biomolecule generated by ICM for PDB: 1DWN Bacteriophage Pp7 From Pseudomonas Aeruginosa At 3.7 A Resolution.





Please note that right clicking on a PDB file in the ICM Workspace will tell you whether there is any biomolecule information available for that structure. If there is then any information then the “Generate Biomolecules” option will be activated.  
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                                                                  Superimpose button
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