
Jas Bhachoo and Daniel Robinson

Techniques For Drug-Design



INTRODUCTION



Introduction

• Ligand based drug-design (LBDD)
– As its name suggests LBDD focuses solely on the structure of the ligands. 

• Often LBDD is the only possibility, many important target classes have little or no 
structural data available. 

• Nonetheless, with care, powerful and useful models can be developed which can provide 
guidelines to synthetic-chemists. 

• Structure based drug-design (SBDD)
– In SBDD we also get to consider the structure and influence of the target protein.

• We have to be very careful in ensuring that the protein structure we’re using is 
reasonable for the job in hand. 

• Of course if this condition is met, the protein structure provides us with a host of valuable 
information.

• Joint approaches
– Naturally there is no reason to favour one approach over the other.

• If structural data is available we should use it, but the techniques of LBDD still remain 
useful.



LIGAND PREPARATION



The Importance of Ligand Preparation

• Ligands can come from a variety of sources, each of which have a 
variety of different issues:
– Compounds from a third party database.

• Molecules are entered by a variety of people, often in completely distinct 
locations, with little or no reference to each other. 

– Frequently there are issues with salt information, ionisation, tautomerisation and 
particularly chirality/E/Z definitions.

– In-house databases.
• Usually more consistent than third party databases as the chemists should be 

speaking to one another.
– Nonetheless, chemists and modellers frequently have different ideas about the 

functionality needed to bind.  
– Issues still can exist with salt information, ionisation, and tautomerisation.

– Hand-drawn structures.
• Compounds entered by the modeller should be the most consistent and 

relevant for binding. 
– However ambiguities can often persist with regards to ionisation states and 

occassionally tautomers. 



The Importance of Ligand Preparation

• Ligand preparation helps to circumvent these issues.
– Salt stripping. 

• Simple removal of counterions and neutralisation of any remaining 
charge gets all ligands into a common state for further analysis. 

– Ionisation/Tautomerisation.
• It is possible to generate quite accurate models for the pKa of most 

ionisable centres. 
– These models enable us to generate a set of possible ionisation states for 

every ligand.

– Chirality/E/Z.
• If chirality is not specified then it is reasonable to assume that a 

mixture of stereocentres are present. 
– Software can be used to enumerate all of these centres to ensure that all 

cases are sampled.



Additional Information: pKa Models

• The Hammett and Taft equations form the basis of many pKa 
estimation programs. 
– The form of this equation is as follows:

– In this equation each ionisable group has a baseline pKa denoted 
pKa0.
• The sensitivity of this group to perturbations by neighbouring groups 

is then given by ρ.
• The actual intrinsic effect of the neighbouring groups is summarised 

by the various σ.
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Additional Information: pKa Models

• Let us apply the equation to the pKa of the following phenol:

• The pKa would thus be estimated as:

pKa = 9.92 – 2.23 * ( 0.24 – 0.06 – 0.06 ) = 9.70

• The experimentally determined value is 9.71.

OH

H3C CH3

Cl

pKa0 phenol 9.92
ρ phenol 2.23

σ meta-CH3 -0.06

σ para-Cl 0.24



Automated Ligand Preparation in the Schrödinger 
Suite (LigPrep)
• The LigPrep module enables a large 

number of ligands to be processed 
quickly

• C:\Schrodinger2009\SchrodingerShell  
Access Command Line in Windows

– Input: Maestro, SD, or SMILES format
– Two choices are available: OPLS_2005, 

MMFFs
– Generate ionization states that are significantly 

populated in the pH range specified using 
‘template based’ or ‘Hammett and Taft based’ 
method

– Epik protocol for ligands bound to a metal
– Tautomers are thermally accessible and 

interchangeable isomers of molecules in which 
the non-hydrogen topology of the molecule 
remains unmodified while hydrogen atoms are 
relocated and bond orders change

– Chirality information includes parities and bond 
directions from SD files, and the chirality 
property from Maestro files

– Rings template (ring_conf adding more rings)

• Help > LigPrep User Manual 
– QuickStart Guide

 



LigPrep Command Line



Ligand Filtering in Maestro



What is Pharmacophore Modelling About? – Aims!

•  When I don’t have receptor information or I want to 
augment/corroborate my SB studies in an independant 
manner...

• What is common amongst my ligands, that seem to show 
experimental activity?

• If I can understand what is common amongst particularly 
active compounds and quantify it, I can start to make 
things that are more active

• If I can understand what is common amongst less active 
or inactives compounds, then I know what NOT to do!



Basic Concepts of Phamacophore Models

The Protein 
Shows The 
Precise 
Nature Of 
The 
Interactions



Translate 
these 
Interactions 
into ligand 
features
A D N P R H

Basic Concepts of Phamacophore Models



Starting Point for Pharmacophore Development

The Structure Of 
The Ligands Alone 
Determine These 
interactions…
Measure of 
similiarity to 
understand what 
infers experimental 
activity

All done in 
absence of 
protein!



Image of Editing Features – Rings seen as 
Hydrophobes



Features are defined by SMARTS patterns in Phase



• Select data set (need a good range of activity)
• Ensure structures are represented in 3D

• Generate conformations for each ligand
• Generate sites 

•Pre-defined SMARTS patterns map 
features from ligand chemistry

• How many of your ligands do you want to use to 
   build your model?
• What is common amongst your ligands?

Typical Steps in Pharmacophore ModelingTypical Steps in Pharmacophore Modeling



PHASE 3.0 - Basic Overview of 
Features



• Phase Workflow Wizard
- Creating Pharmacophore Models in Phase wizard
- Creating QSAR Models in Phase wizard

• Receptor Based Excluded Volume GUI
- Creating Excluded Volumes

• Search a Database
- Database Searches with default options



Pharmacophore Models
In Phase Wizard



Import Ligands

• Add Structures from Project or File
• Choose Activity Property
• Assign “Actives Set” from Activity



Prepare Ligands

• Clean Structures
– 2D → 3D
– Expand stereoisomers
– Ionize/neutralize

•  Generate Conformers
– New ConfGen Panel
– Undergone extensive testing
– Like charges, atoms close proximity  etc

Confgen



ConfGen

• Confgen
– Minima of core rotatable bonds 

systematically identified and 
sampled

– Terminal rotamer groups then 
sampled

– No electrostatics
– Ring template library from MMod
– 1-4 interactions to define potential

2. Terminal2. Terminal  rotamersrotamers1. Core rotatable groups1. Core rotatable groups



Create Pharmacophore Sites

• Map/Visualize Pharmacophore Features
• Customize Definitions

– Expand built-in feature types (A, D, H, N, P, R)
– Create new feature types (X, Y, Z)
– Choose vector features or “projected points”



Find Common Pharmacophores

• Set Number of Sites
• Prohibit or Allow “Misses”
• Restrict Feature Frequencies
• Define Options for Partitioning 

Pharmacophores into High-
Dimensional “Boxes”
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Each k-point P represented by a vector of n distances, where 
n= k*(k-1)/2. Each I.S dist d is filtered through a binary decision tree, 
until its mapped into a volume of finite size  (32A3 -> 1A3 p22 QSG)

k



Find Common Pharmacophores - Details

Ligand 1

Ligand 2

Ligand 3

Ligand 4

Ligand 5

Partitioni
ng

Pharmacophores

2 Surviving Boxes
⇒ 2 common pharmacophore hypotheses 

i.e. A Pharmacophore is mapped into a box of finite size according to its I.S. distances. 
If at-least 1 P from each of the 5 actives (as in QSG eg) is mapped into same 1A3 box, 
this facilitates identification of a CP



Score Hypotheses

• Score with Respect to Actives
– Rank by alignment quality (site, vector, volume)
– Favor hypotheses from high-activity ligands
– Favor hypothesis from low-energy conformers

• Score with Respect to Inactives
– Penalize hypotheses that match inactives



Score Hypotheses - Details

Surviving Box

1. Choose reference

2. Align other actives to reference

3. Compute score

4. Repeat with new reference

• Highest Scoring Reference → Hypothesis

• Use Inactives to Adjust Score
• Penalise (re-rank) hypotheses  if they match inactives

i.e. At-least 1 P from each of the 5 actives is mapped into same finite box ->LS 
alignment-> best alignment score (RMSD, Vector, Vol) -> which best P?



Visualize Hypotheses

• View Multi-ligand Alignments
• Create Excluded Volumes based on inactives (drag on screen)



Geometric Clustering of Hypotheses in GUI/CL

• Hierarchical, agglomerative clustering
• Similarity based on site and vector scores of aligned hypotheses
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HypoID         Survival   Cluster   Size     AvgSim
---------------------------------------------------
AHHRRR_109      14.7308      1        6     0.98398
AHHRRR_113      14.7308      1        6     0.98398
AHHRRR_116      14.7054      1        6     0.98812
AHHRRR_112      14.7054      1        6     0.98812
AHHRRR_111      14.6287      1        6     0.99073
AHHRRR_115      14.6287      1        6     0.99073
---------------------------------------------------
AHHRRR_136      14.7314      2        3     0.98584
AHHRRR_135      14.6595      2        3     0.98895
AHHRRR_133      14.7592      2        3     0.98091
---------------------------------------------------
.
.
.
---------------------------------------------------
ADHRRR_187      14.6018     69        1     0.00000
---------------------------------------------------
AADHRR_157      14.0773     70        1     0.00000

Essentially equivalent

Singleton (unique)



QSAR Models
In Phase Wizard



Build QSAR Models

• Atom-Based Models
– 6 atom categories (D, H, N, P, W, X)
– Van der Waals radii
– All atoms treated

• Pharmacophore-Based Models
– Site categories (A, D, H, N, P, R)
– Adjustable radii
– Only matching sites treated (≥3)

0 0 0 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 1 1 1 1 1 0 0 0 . . .
Ligand bit string – independent variables for PLS
Ligand activity – dependent variable for PLS

QSAR models based on PLS, applied to set of bits that encode if ligand atoms or ligand 
features occupy various cube-shaped elements of space (space thats occupied by 
aligned training set ligands)



Analyze/Visualize QSAR Models

• Compare Statistics
• Visualize Models

– Good vs. bad regions
– Broken down by ligand and occupation type



Receptor-Based Excluded Volumes



Receptor-Based Excluded Volumes



Find Matches to Hypothesis



Searching Domains

• 3D Database (Binary SQLite format)
• External File
• Project Table Entries

• Search Existing Conformations
• Generate Conformations On-the-Fly



Matching Options

Disable to force the search to 
consider 4-point and 3-point 
matches even if 5-point matches are 
found

Compute volume using only the 
overlap between atoms of the same 
MacroModel type





Hit Filters

• Enable/Disable Excluded 
Volumes

• Control Hits/Molecule
• Reject hits based on 

cutoffs



Contact Information

Steve Dixon
Product Manager, Ligand-Based Drug Design

Software Inquiries
help@schrodinger.com

www.schrodinger.com
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