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Drug discovery to drug development pipeline 

• Preexisting target 
• Literature target 
• Genomics 
• Proteomics 

Identification 
• HTS 
• De novo design 
• Virtual screening 
Optimization 
• SAR studies 
• In vivo efficacy 
• ADMET studies 

• Bioavailability studies – 
ADME 

• Long-term toxicity  
• In vivo efficacy 
• Synthesis scale-up 

• Efficacy 
• Bioavailability 
• Dose 
• Safety assessments 
• Drug interactions 
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Time-consuming  
•  2-5 yrs discovery; ~13.2 yrs development 

Cost-intensive  
•  $1.1bn (1995-2000) - $1.7bn (2002-2002)1 

•  Total R&D costs for Discovery2 

–  25% (UK); 33% (US) 
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2.	  Data	  from	  CMR	  Compendium,	  (2002)	  PhRMA	  Survey	  (2002)	  
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Virtual screening 

•  Virtual screening is a fast and cost effective method to 
generate leads for drug design 
•  Alternative or complementary to high throughput screening 
•  Virtual screening requires careful planning, execution, and 

processing 



Ensemble docking 

•  Can leverage crystal structures, when available 
– No need to explicitly choose flexible residues of interest 
– Can account for multiple movements in one structure 

• MD can be used in addition to or in place of crystal structures 
– Allows for more flexibility 



Today’s goals 

•  Become oriented with Maestro user interface and some 
popular tools 
•  Set up and run a self-docking job with Glide to validate our 

target model 
–  dock a known binder to our target structure 

•  Learn how to use docking analysis tools 
•  Empower you to explore additional tools for virtual screening, 

addressing receptor flexibility, and other tools that will help to 
address your research questions 



Let’s get oriented with Maestro, the user interface 

•  Setting up theWorkspace, toggling on your toolbars 
•  Saving the project 
•  Using the 2D sketcher 
•  Using the Project Table 
•  Learning the mouse controls 



Binding site alignment 

•  Use Get PDB to bring 1LCZ 
and 1STP into the 
Workspace 
•  Choose Tools > Align binding 

sites… 
•  Select two or more Project 

Table entries to align. 
Structures will be aligned 
against the topmost entry in 
the Project Table. 



Compare active sites from different PDB structures 

•  Compare active sites from different 
PDB structures to reveal induced fit 
effects or look for water molecules 
that should be retained during protein 
preparation: 
– Align binding sites 
– Color by entry 
– Apply Workspace Style (or display only 

the ligand and residues near the 
ligand) 

– Create and clip binding site surfaces to 
observe pockets that are present in 
one chemotype but not another. 



Other handy orienting tools 

• Window > Sequence viewer 
•  Hovering over an atom in the Workspace will reveal 

information about that atom at the bottom of the Workspace.  
•  Use Ctrl-F to find a specific residue 



Pre-screening considerations 

•  Consult the literature 



Pre-screening considerations 

•  Before spending time on a large virtual screen, attempt to 
answer the following questions to validate your model: 
(1) Can I reproduce the experimentally determined binding modes 

for known ligands? (We’ll do this for 1STP today.) 
(2) Can Glide retrieve known active compounds from a decoy set? 



Can I reproduce the experimentally determined 
binding modes for known ligands?  

(1) Extract the bound ligand from the experimentally derived 
structure you have prepared 

(2) Re-dock the bound ligand using Glide 

•  If there are unexpected results: 
– Do different treatments of active site water molecules result in 

significantly different GlideScores? 
– Should I apply docking constraints in order to force Glide to return 

crucial receptor-ligand interactions? 



Can Glide retrieve known active compounds from a 
decoy set? 

(1) Download the 1000-compound decoy library from the Glide 
web page 

(2) Seed the decoy library with known active compounds 
(3) Dock the seeded decoy library against your target structure 

•  Are active compounds ranked near the top of the database? 



Preparing for docking 

•  Things you’ll need: 
– Prepared target structure > Protein Preparation Wizard 
– Prepared ligand(s) > LigPrep 



Preparation of target structure (Protein preparation wizard) 

•  Preparing the PDB structure 
•  Assigning protonation states 

and tautomers for the ligand 
•  Hydrogen bonding network 

optimization, Asn, Gln flips 
•  Restrained minimization 



Dealing with water molecules in the active site 

•  As a general rule of thumb, 
consider retaining “structural 
waters” that mediate receptor-
ligand binding 
•  Structural water: water 

molecule that forms an H-bond 
to the receptor, and another H-
bond to the ligand 
•  However, even these water 

molecules may be removed if 
ligands are capable of 
displacing the water molecules 



Ligand States with Epik 

•  Available states within pH range with energetic penalties 

3.82 kcal/mol 



Ligand States with Epik 

•  Available states within pH range with energetic penalties 

0.00 kcal/mol 



H-bond Optimization Example – Squalene Synthase 

Bad interaction 



H-bond Optimization Example – Squalene Synthase 

Good interaction 



Protein Minimization 

•  Differences are subtle 
•  Small atomic deviations of ~0.1 Å can have an impact on 

enrichments 
•  Allowing for a known active to fit well tends to allow for other 

known actives to fit too 
–  If packing around a core for a co-crystalized ligand is suboptimal 

then it is likely to be suboptimal for similar compounds too 



Preparing for any docking calculation, including self-
docking 

•  Things you’ll need: 
– Prepared target structure > Protein Preparation Wizard 
– Prepared ligand(s) > LigPrep 



Goals of ligand library preparation with LigPrep 

•  Convert 2D compounds into 3D compounds 
• When beginning with 2D structures, honor the specified 

chirality (when present) 
•  Enumerate ligand ionization states and tautomers 
•  Remove unnecessary counterions (“Desalt”) 

–   For example, if an input compound is shown as a hydochloride 
salt, LigPrep will remove the chloride ion from the structure. 

•  Calculate the state penalties (i.e., relative energies) of 
different ionization states and tautomers for individual ligands 
– State penalties are calculated within LigPrep using a program 

called Epik 
– Glide will account for these state penalties in the DockingScore 
– Accounting for state penalties reduces false positives – this 

significantly improves Glide enrichment 



Running LigPrep 

• Generate states with Epik 
•  Stereoisomers: 

– Use default setting for 2D 
input 

– Use “Determine from 3D 
structure” for 3D input 

•  If docking against a 
metalloprotein, use the 
option “Add metal binding 
states” 



Setting up a Glide docking calculation 



What information does Glide need before docking? 

• Glide needs to know: 
– What target structure will I be docking against (i.e., what grid files 

will you be using)? 
– What ligands do I want to dock? 
– What docking mode should I use? 

• Goal: 
– Use Glide to correctly position your ligands within the target’s 

active site 
– Evaluate the energetics of protein-ligand binding 
– Examine a “Poseviewer” file that contains docked ligands ranked 

according to their DockingScore 



Using “grid” files with Glide 

•  A Glide docking experiment is a two-step procedure: 
(1)  Generate grids 
(2)  Dock ligands against the grids that you created for your target 

•  The grid files are a grid-based abstraction of the specified 
binding site 
•  You only need to generate grids once for any 3D target 

structure – the grid files can be used repeatedly for multiple 
docking runs 
•  However, you may perhaps wish to generate multiple grids for 

your target structure using: 
– Different grid generation settings 
– Different protein preparation strategies (e.g., retain different sets 

of active site waters, or different plausible H-bonding networks) 



Step 1: Grid generation 

•  In the main Maestro menu, choose Applications > Glide > 
Receptor Grid Generation 
•  Setting up a grid generation is no more complicated than 

clicking on the ligand in your active site, and clicking “Start” to 
submit the job 
•  Advanced options are in the  

next three tabs of the Grid  
Generation interface 



Step 2: Dock ligands with specified mode 

•  Choose your grid 
files and a scoring 
mode. 
–  Best practice: 

Always make 
sure to calculate 
the Docking 
Score by adding 
Epik state 
penalties. 

–  Best practice: 
Always 
calculate XP 
scoring terms 
when running 
an XP docking 
job. 



Choose your ligands to dock 

•  Choose to dock a saved ligand library, selected entries in 
Maestro’s Project Table, or a single ligand in the Maestro 
workspace. 



Viewing Glide docking results from our 
self-docking job 



Browsing a poseviewer file in the Project Table 

•  Poseviewer mode: 
–  Is automatically enabled  

whenever you import a  
poseviewer file 

–  “Fixes” or “locks” the receptor  
structure in the Workspace,  
allowing you to browse docked  
ligands 

– Can be turned on by right-clicking the name of an entry group and 
choosing “View Poses > Setup” 



Viewing Glide results 

•  Receptor structure is 
fixed in the 
Workspace by 
default 

•  Use playback 
controls to step 
through docking 
results 

•  Visualization options can be 
found under the Entry > View 
Poses in the Project Table menu 
bar 



Visualizing H-bonds 



Creating a Ligand Interaction Diagram 

•  Creates a 2D representation of ligand binding mode 
• More info: 

–  http://www.schrodinger.com/newsletter/17/104/ 



Ligand Interaction Diagram for 3ERT 

• Orientation of 2D image matches the 
orientation of 3D ligand in the 
Workspace. 



Annotations 

•  Click “Add Caption” in the Labels Toolbar. 
•  Click and drag to move annotations in the Workspace. 
•  Click “Show Captions” in the Labels Toolbar to toggle 

annotations on and off. 



Annotating the Workspace – Example caption 

•  Click on a caption and press “Delete” to remove it. 
•  Annotations persist in the Workspace – Unlike atom labels, 

they are not associated with an individual structure. 



Saving AND SHARING scenes in Maestro 

•  Saving a scene will save all structures and their exact 
appearance in the Workspace. 
•  Scenes are useful when you want to save a “snapshot” of the 

Workspace contents. 
•  Use the Workspace toolbar to create and view scenes. 
•  Clicking the “View Scenes” toolbar button lets you step through 

saved scenes with a special toolbar. 



Your new skills 

•  Familiarity with Maestro user interface and some popular tools 
•  Knowledge of how to set up and run a self-docking job with 

Glide to validate a target model 
•  Familiarity with a handful of docking analysis tools 
•  Confidence to explore additional tools for virtual screening, 

addressing receptor flexibility, and other computational tools to 
address your research questions 



Thank you, and good luck! 

•  Contact Me: tara.phillips@schrodinger.com 
•  Contact Kristin: kristin.robinson@schrodinger.com 

•  Newsletters and Seminars are great resources 
–  schrodinger.com/seminarcenter 
–  schrodinger.com/newsletter 

•  The Knowledge Base has answers to many common 
questions 
–  schrodinger.com/kb 

• Our support team is committed to your success 
–  help@schrodinger.com 


