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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.

e 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.

* |f structural data is available we should use it, but the techniques of LBDD still remain
useful.
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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.

SUHANRUVUDIINOUERN.



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.
— lonisation/Tautomerisation.

* |tis 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.

* |f 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.
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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:

pKa = pKaO-pz 7,

— In this equation each ionisable group has a baseline pKa denoted
pKa®.
* The sensitivity of this group to perturbations by neighbouring groups
is then given by p.

* The actual intrinsic effect of the neighbouring groups is summarised
by the various o.



Additional Information: pKa Models

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

p phenol 2.23
HC o O meta-CH, -0.06
c o para-Cl 0.24

* 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.



Automated Ligand Preparation in the Schrodinger

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)

se structures from: |File -
Filter criteria File: Create... l [ Browse, .. l

Force figld: | OPLS_Z005 W

Ionization:
() Retain original skate
() Meutralize (best For QikProp)
(%) Generate possible states at karget pH: 7.0 +/- 2.0
Using:
() Tonizet
(=) Epik

[] Add metal binding states
Desalt Generate baukomers

Skerenisornets
Compukation:

() Retain specified chiralities (wary other chiral centers)
(*) Determine chiralities from 30 struckure

() Generate all combinations

Generate ak most: | 3E pet ligand

Generate low energy ring conformations: |1 per ligand

Cukput Format: @ Maeskro O SDF

5 [ _rer
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e SchrodingerShell

WKES—SCHROD-JASH ligprep —h
LIGPREP_VUVERSION 23188

LigPrep. Copyright <c> 208% Schrodinger,. LLG.
Usage: ligprep [L[options]l ... ¢ —imae | —isd | —ismi » < input filename
¢ —omae | —osd > { output filename >
—izmi = dinput file in SMILES format
—izd = dinput file in EDfile format
—imae - input file in Maestro format
—osd = output file in 5Dfile format
—omae = output file in Maestro format

Tuypical Usage:
Process a 1D SMILES file to produce a 3D Maestro file
ligprep —ismi <{input.smi> —omae <output._mae>
Process a 2D 5D file to produce a 3D 5D file

ligprep —isd <input.sd?> —osd <output.sd>
Process a 2D 8D file to produce a Maestro file
ligprep —isd <input.sd> —omae <output.mael>

Process a 2D 5D file to produce a Maestro file suitable for QikProp
ligprep —qik —-isd <input.sd> —omae <{output.mael
Process a 2D 5D file to produce a Maestro file with various ionization
states, tautomers, and stereocisomers.
ligprep —expand_itc —isd <input.sd> —omae {output._mael
Process a 2D 5D file to produce a Maestro file with various ionization

states, tautomers, and stereoisomers with up to B ving conformations
per ligand.
ligprep -—r B —-expand_itc —isd <input.sd> —omae <output_mael

Process a 3D Maestro file using chiralities from input geometry
ligprep —g —imae <input.mae> —omae <output.mae>
Process a 3D Maestro file generating up to 64 stereoisomers
and ignoring input chiralities

ligprep —ac -z 64 —imae <input.mae> —omae <output._mae
Meta Options: <these turn on a numher of actuwal options)
Specific
—gqik : zet defaultsz appropriate for gikprop
This option turns on the desalter. neutralizer.
and the tautomerizer.
—unt Only run premin and bmin to untangle structures.
General

—adjust_<itec> :
—vary_<itck H
—expand_<ite> :
—retain_<{itc> :

adjust to a suitable state.

generate different states.

aggressively generate different states.

Retain characteristics of the input structures.
specifying *i’ also turns on retension of tautomers.

{£itc> means specify one or more of:

>N

= SchrodingerShell

Options:
-a H

-hif # H

—hvac
—hr

—hns

~htc # H

—hts # H

—d H
—-DEBUG H

—epik

append structures to the ontput file

default: overwvrite the output file if it
already exists.

Do not respect existing chirality properties or
use chiralities from the input geometry. Generate
stereoizsomers for all chiral centers up to the
nunber in permitted <¢see —s optionl.

ingtruct bmin to use the forcefield specified.
only 18 (MMFFs>, 11 <OPLS28B1>, or

14 <(OPLSZ28@A5,. default) are supported.

bmin minimization done in a wacuum.

instruct bmin to retain structures with
incorrect chiralities

instruct bmin to perform minimizations

only

torsional constraints to use in bmin.

=-1 do not use torsional constraints.
=8 torsional constraints for C=C.
carboxylic acids, esters and amides.
=2 torsional constraints for C=C. (Defaultd

torsional sampling to use in bmin.
(uuerrldes —=btc option and sets it to 1.
=8 Restricted

1 Intermediate

2 Enhanced

3 Extended

use the desalter

default: use the desalter

Show details of operation of the toplevel
scripts.

use Epik for ionization and tautomerization

—eplk_metal_hlndlng.—emh

—es <{<specfile’
—f <filename>

—fc {filename>:

—fs <filename>>:

run Epik with the metal_hinding option
so that states appropriate for
interacting with metal ions in protein
hinding pockets are also generated.
Uze non—-standard epik pKa file.

filter structures using specifications
from {filename>

default: do not filter.

This uses ligfilter by default.

The name of the custom file listing
composite descriptors

requires —f

This iz passed to ligparse.

The name of the custom file listing SHARTS

patterns to he wused in examinina the dataset




Ligand Filtering in Maestro

Create Filter, Criteria File

—Mewy criterion

SMARTS pattern group:

Reactive_groups — |

Ceneral attribute: |[Reactive_groups

Add

< —-|1 [ol:} —n|!= —-|1|

Filtering definitions and criteria

%

# Filter criteria
#

Molecular_weight
Acceptor_groups
Hum_chiral_centers

< 500

=2
Delete |
Delete Alll

< 3 AND

Read |Write |

Use structures from:

Project Table (selected entries) —

Add Definition

Input file

EEEEAE|

Marching ligands. & Retain

Select a functional group

Ligand matches if: & all criteria are satisfied ¢ At least one criterion is satisfied

© Remove  Set boolean property named

Propemes] General Attributes] Functional Group CDunts]

gand Filtering - Start

—Output
Incorporate: Do not incorporate — |
Do not incorporate
_JDb—

Append new entries

MName: ligfilter

Huost:

localhost (2] — |

Username: |gataaura

Startl Cancell

Includefexclude SMARTS expressions or functional group

Mame of new functional group

Includel ExcludelSMARTS expression or selected functional group'\AcyI_halides

1,2-Dicarbonyls
coeptar_groups
cetylhydrazides

1,2-Dicarbonyls
lAcceptor_groups
lecetylhydrazides
L2 cidic_hydrogens
lactinicle_series
lacyl halides
lalcohols

Lo/ dehydes

E

v|_\."ie\nu'

Add [Functional group: Acyl_halides

:li_—‘; I

Filtering definitions and criteria

Read criteria file...

Definition of functional group "acyl_halides'

|

+ [F,C1,Br, I][C;X3]=0

Deletel

Start |Write | Resetl

Close | Help |

o]

Get From Selectionll — T



What is Pharmacophore Modelling About? — Aims!

* When | don’t have receptor information or | want to

augment/corroborate my SB studies in an independant
manner...

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

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

* If | can understand what is common amongst less active
or inactives compounds, then | know what NOT to do!
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Basic Concepts of Phamacophore Models

The Protein
Shows The
Precise
Nature Of
The
Interactions




Basic Concepts of Phamacophore Models

':, maestro 9.0.109: C:\Documents and Settings\sataaura
Maestro  Project  Edit  VWiew Display Tools  Applications  Workflows — Scripts Help

PN

2 1 . t ] H e e
_,v -'?: S + - {'_",_: 5 w0 H__,'LH 04%,;;1 H_.ll_H H't;‘H Lt [ O (_‘ I j( b

e

Translate
these
Interactions
into ligand
features
ADNPRH

awV Sl 0N e I W % sl %

Aboms:412/3225  Entries:2/4993 Res:201 Chni4 Mol:3 Chg:S  Jobs:0/0
middle=:xy rotate; ctrl+middle=z rokate; right=xy kranslate; right click on atom=spot center; right click on atornfbond and hold=menu




Starting Point for Pharmacophore Development

'J., maestro 9.0.109: C:\Documents and Settings\gataaura

Maestro  Project  Edit YWiew Display  Tools  Applications  Workflows  Scripts Help

p 1 o R + H o ) H e . e,
N N T - - A0 1 2 O T
£ -‘ilv [ U e e 3 ‘J': S fos.HH H_.“._H i t;lH A O LR E.‘/] |‘|‘:] (uj

Atoms:62/104  Entries: 1/4993  Res:3Chn:2 Mol 1 Chg:0 Jobs:0/0
middle=xy rotate; chrl+middle=z rokate; right=:y translate; right dlick on atom=spot center; right dick on atomybond and hold=menu

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

Edit Features

Feature set: [Import From Run...] [Import From File...] [ Expatt... ] [ Reset Al ]
Definitions
Feature: |Hydrophobic (H) || add Custam Feature,,. | Delste Custom Feature
Projected points only  Distance: |1. 20 & | Set Distances
Pattern lisk:
Mark | Pattern Geometry | Projected Point Tvpe Atom Mumbers  Distance | Exclude | Ignore L
Ll lam group nane ¥ L.50u ] L
[l [aler group nane 2 1.800 ] ]
1 [&n aroup none 2 1,200 ] ]
[0 [&EICFAFIF group none 2,3,4,5 1.800 | ]
[ [&lCHZICFIFYFY group none 2,3,4,5,6 1.800 ] ]
1 [alolcHs] aroup none 2,3 1,800 [] ]
[ [al50cH3] aroup none 2,3 1,800 "] ]
[l [&locFxFYF) group nane 2,3,4,5,6 1.800 ] ]
[ ] graup nane 1,500 I | ]
3 09.0.109 Do and os\oataaura | F group none 1.800 I | [ |
1 d group none 1,800 ] ]
1 Er graup nans 1,800 [] ]
+ H 0 o H :
# - B o H"rIl‘H v H._[[lH o t;i“ s | group none 1,600 "] ]
x x default_aromatic_surface group none 1.800 1 |
'y [  default_aliphatic_surface group nane 1.800 Il
= [ cIssec group none 1,800 []
i [0 [5=z]ec group none 1.800 ]
= 0 [E=2lc group nane 1.800 ] ] v
a.
Mew Edit... Deleta Apply marker offset
[o]'4 ] [ Apply ] [ Cancel ]/[ Help
<+ <G
. .Y 3 : ae
< 3
v |Atoms:62/104 Entries:5/0/4393 Res:3 Chni2 Mal:l Cho:0  Jobs:0jo et TRR A R RE R R AR R
rmiddle=:y rotate; ctrl+middle=z rotate; right=xy translate; right click on atom=spat center; right click an atom/bond and hold=menu




Features are defined by SMARTS patterns in Phase

=" Edit Features

Feature sek:  Import From Run... | |Import From File...] [ Export, ., ] [ Feset Al
Definitions
Feature: |Acceptar (&) % | add Custom Feature... | Delete Custom Feature
Accepkor (A 1
|:| Proig Donor (0l e |1.20 £ Set Distances | SAS Opkions, ..
| Hydrophohic (H
Pattern li N:gatﬁfe {N}{ !
Mark | | Positive (P) Geometry | Projected Point Type Atorn Murnbers %
Aromatic Rings (R
[] [ Custom () weckor accepton, sp, 1 p 1
|:| Custom () weckor accepkar, sp2, 1 1p 1
L] Dcustom () weckar accepkar, sp2, 1 lp 1
[ [Mmzr=monE] weckor accepkor, sp2, 1 lp 1
(] [m®e]icccect weckor accepkar, sp2, 1 1p 1
(] [mEzXalxlal weckar accepkat, sp2, 11p 1
[ [Mpma]i=CefC,c]i~[*T weckor accepkor, sp2, 1 lp 1
[ s T | e weckor accepkar, sp3, 1 p 1
(] [Mpm2l{=Ci~[*T) weckar accepkat, sp2, 1 1p 1
[ [Mpm]iefC,cli=lM;%2] weckor accepkor, sp2, 1 lp 1
(] [m=2lic[nH]ccl weckor accepkar, sp2, 1 1p 1
[  O=[5;x4l{=0)[1#ETN[1#E] weckar accepkat, sp, 3 Ip 1
[ [ogxz]c weckor accepkor, sp3, 2 lp 1
(] [ogxz]n weckor accepkar, sp3, 2 |p 1
(] [ogxil=[c,e] weckar accepkat, sp2, 2 Ip 1
|:| 0 veckor accepkor, sp2, 1 lp 1
[ o 7423 [ T weckar accenokar, so3, 2 o 1 b
< >
F— Edit... il apply marker offset
K, ] [ apply ] [ Cancel ] [ Help .e

o Sl HINNV ST NI Rl e



—Typical Steps in Pharmacophore Modeling

* 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?

ST TINUWLNINJ LI\,



PHASE 3.0 - Basic Overview of
Features

SCHRODINGER.




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

* Receptor Based Excluded Volume GUI
- Creating Excluded Volumes

e Search a Database
- Database Searches with default options

SUHANRUVUDIINOUERN.



Pharmacophore Models
In Phase Wizard



Import Ligands

_}{'Develop Pharmacophore Model --- runl 1ol x| ‘ Add From Project ll
File Display Step _ -
Choose one or mare entries: Choose an activity property:
Q' iy <honex
Prepare Ligands Add ligancls and ligand conformer sets to use as input. Clean up ligand structures, and generate ligand conformations it
neecled.
Add ligands: Fram File... | Fram Praject... | W Separate sterecizomers
Edit selected ligands: Clean Structures... | Generate Confarmers... |
Ligands: (36 total)
In Name Activity Pharm Set # Conformations
> [Molecule-1 .509 1
< |Malecule—2 455 = =
<> [Molecule—3 .463 2 Activity Thresholds

<> Molecule—4
(> Molecule-5
O Molecule-f
() Molecule-7
O Molecule-& . 398 active
() Molecule-9 .301 active

_824
L824 active
_0a0
.167

Mote:  Activity values must be

REYS (TGS Slse: 7 in units of - log[concentration]

Inactive if activity below: | 5. p W Canvert property values:

/ Activity = -log [ | 1.00 ™ value]

Maximum activity in table = §.338

Minimum activity in takble = 4.076 oK | Cancell

£ [Molecule-11 076
< |Malecule—12 . BEG
£ |Malecule-13 EEE]

< |Molecule-14 (257
£ |Malecule-15 _0an
<> Molecule-16 _B24 active
£ |Malecule-17 LT Active
< |Malecule-18 097
< IMolecule-19 301

Ck |Cance||

5
5
5
[
7
7
7
]
8
< |Malecule—10 5. 520
[
5
5
5
[
7
7
[
5

[NY i) [y Uy iy [y P P [URY U iy g e ey i ey ey

£

ey esnotis. || @ Add Structures from Project or File
wet-| | o Choose Activity Property
* Assign “Actives Set” from Activity

Prepare Create
Ligands Sites

Closel Help |

ol 1IWW il U el



Prepare Ligands

»¢ Clean Structures x|

Sterenisomers:
4 Retain specified chiraliies (vary other chiral centers)
+ Determine chiralities fram 30 structure
~ menerate all comhbinations

haximum number of sterecisomers: | 32

lonization:
4 Retain original states
~ Meutralize

+ lonize at target pH: 7.0

Start | Cancell
® (lean Structures
— 2D - 3D
— Expand stereoisomers
— lonize/neutralize

»¢ Generate Conformers x|

Current conformations: 4 Discard - Keep

Sampling: % Rapid -~ Thorough

taximum number of conformations: | 1000 per ligand
kacrohiodel search method:
W FPreprocess, minimization steps: | 100

W Postprocess, minimization steps: | 50

— Mkacrohodel options

Force field; OPLS Z005 —

Solvation treatment:

4 Distance-dependent dielectric  ~ GB/SA water
haximum relative energy difference: | 10.00  keal/mal

hinirurn atom dewviation; | z.o0 A

Start | Cancell

® Generate Conformers
— New ConfGen Panel
— Undergone extensive testing
— Like charges, atoms close proximity etc



ConfGen

e Confgen

— Minima of core rotatable bonds ﬁ '
systematically identified and % s
sampled 5 y

— Terminal rotamer groups then
sampled Q

— No electrostatics M ,

— Ring template library from MMod jrj, , (> 2 ’

— 1-4 interactions to define potential

1. Core rotatable groups 2. Terminal rotamers

SCHRODINGER.



Create Pharmacophore Sites

=0] x|

Maestro  Project  Edit  Display  Tools  Applications  Scripts Help Feature set:  Import From Run... | Import Fram File... Export... Reset All

Definitions
Feature: Acceptor (A) Add Custom Feature...
Projected points only # | 1.80

Pattern list:

Mark Pattern Geometry Projected Point Type Atem Mumbers Exclude Ignore

| [H;X1]# [#6] vector acceptor, sp, 1 1p 1 O

D [Mi®1]#CC wector acceptor, sp, 1 1p 1 D D

D [M;X2] (=C[C,c]iC vector acceptor, sp2, 1 1p 1 D D

O [MiX2] {0)=N[a] vector acceptor, sp2, 1 1p |1 O O

D [MN;X2] f=N-07 [a] vector acceptor, sp2, 1 1p 1 D D

D [n;X2]lcceeecl vector acceptor, sp2, 1 1p 1 D D
------ O [n;xX2]¢[al3¢[ald vector acceptor, sp2, 1 1p 1 O O

O [M;X2]f=C[C,cli(~[*%]) vector acceptor, sp2, 1 1p |1 O O
""" O [M;X3]6CH 00D [N;X3]C vector acceptor, spi, 1 1p |1 O O

O [M;X2] (=CH{~[%]2 vector acceptor, sp2, 1 1p 1 O O

D [M;X2]([C,c]3=[N;x2] vector acceptor, sp2, 1 1p 1 D D

D [h;X2]1c[nH]ccl vector acceptor, sp2, 1 1p 1 D D

O O=[5;X4] (=07 C[1#8]31([1#8]) vector acceptor, sp, 3 1p 1 O O

D [D;x2]C vector acceptor, sp3, 2 1p 1 D D

Mew:.. &l ¥ N Apply marker offset

Ok Apply Cancel Help

* Map/Visualize Pharmacophore Features

__ * Customize Definitions
.':3‘ '.":"_ atoms:43/43 Entries:5/0/36 Res:1 Chn:1l Maol:1 Chig:0 o EXpand bUilt-in feature types (A D H N P R)
| s ’ ’ >+

@ | Y1 | commands:

— Create new feature types (X, Y, Z)

— Choose vector features or “projected points”

awV Sl 0N e I W % sl %



><Develop Pharmacophore Model --- runi

hen find common pha

eature fregue

Table Minimum Maximum

Find otheses

Set Number of Sites
Prohibit or Allow “Misses”

Restrict Feature Frequencies

Define Options for Partitioning
Pharmacophores into High-
Dimensional “Boxes”




Find Common Pharmacophores - Details

Pharmacophores

Ligand 1 Y2g/AN B

Ligand 5 AN B

2 Surviving Boxes

/

[1 2 common pharmacophore hypotheses




Score Hypotheses

%( Score Actives

“Yector and site filtering Survival score formula

Keep those with RMWSD below: | 1.200 A 1.000 * vector score

Keep those with vector scores above: | 0.500 1.000

* site score
kK.eep the top: | 10 1.000 * volume score
keep at least: | 10 and at most: | 50
B |lse feature matching tolerances: ~[number of matches - 1)
TE-"F'E Tolerance ———— , reference ligand relative
Al conformational energy

D 1.00 ; , o

H TEr N . reference ligand activi

N — [min=4.0786, max

Start | Cancel| Help

Y I ° Score with Respect to Actives
. — Rank by alignment quality (site, vector, volume)
T ooo TP — 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

B B 1. Choose reference \

AN

* Highest Scoring Reference — Hypothesis

* Use Inactives to Adjust Score

* Penalise (re-rank) hypotheses if they match inactives




Visualize Hypotheses

: _ _1of x| St=I|
Maestro  Project Edit Display Toaols  Applications  Scripts Help | fie DrEpRy e
il Fl % 2 o 2 22 — i S N O
@A (A ¥
><Alignn1ent Options - DHHRR.G0 x|
Score Hypotheses Score and examine hypotheses, define excluded volumes, and select a hypothesis for the creation of a QSAR model.
Ligands that are not in the "Active" pharm set or that fail to
match all sites in the hypothesis are "non-model” ligands. Scare Actives.. | Score Inactives.. Rescore...
Hypotheses:
_ Allgn nan-madel Iigands In ID Survival Survival | Pest-hec 5ite  Wector Wolume Selectivity # Matches
—inactive
rust match: <> |DHHRR. 61 14.335 12.894 0.388 0.8999 |0.844 |2.118 5
<> |DHHRR. 57 14.335 |12.894 0.98 |D.999 |0.844 |2.118 5
%> | DHHRR. 50 14.312 13.408 0.388 1.000 |0.870 |2.068 5
D1 Hz H3 R4 RS <> | DHHRR. 82 14.312 [13.408 0.98 |1.000 |0.870 |2.068 5
<> |DHHRR. 79 14.273 13.370 0.87 1.000 |D.8342 |2.068 5
e T rrr EEECEE rerv e -
Ol Cancel Help
Export.. | Delete Excluded Yolumes..
|
><E:-u:|uded Yolumes ﬂ Alignments for hypothesis DHHRR.G0
In Ligand Name Activity Pharm Set Fitness # Sites Relative
Add Wolume | (Pick atoms to define centroid) atchCoREClicy
< Molecule-4 6.824
Radius x ¥ z () Molecule-5 7.824 active 2.90 5 4_616
< Molecule-6 7.060
1.000 0.534 -3.574 0568 & Molecule-7 7 167
1.000 -0.088 -2.871 2. 055 & Molecule-& 5.398 active 3.00 5 5.117
() Molecule-2 §.301 active 2.85 5 4.424
> Molecule-10 5.620
&5 Malarnlas11 £ N7A
alignment Options | hodel ligands only
< Back Search for Matches | Mext =
.v"u 3 Close HE'F Prepare Create Find Comman Score Build
A Atoms:31/91  Entries:5/1/36 Res:l Chn:2 Moli2 Chg:0 Ligands " Sites | Pharmacophores | Hypotheses [ GSAR Madel

a| ¥ | commands:

Close Help

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

awV Sl 0N e I W % sl %




Geometric Clustering of Hypotheses in GUI/CL

Hierarchical, agglomerative clustering

Similarity based on site and vector scores of aligned hypotheses

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 14’7054A&ndiji= <iljs 0.98812
AHHRRR 111 14.6287 1 J<ili><§|j> 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)
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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 /f/
— Site categories (A, D, H, N, P, R) / /l/ |
— Adjustable radii /{ /
— Only matching sites treated (23) / /

\

\

0001000000 00000 000...

Ligand bit string — independent variables for PLS
Ligand activity — dependent variable for PLS




Analyze/Visualize QSAR Models

= ]D ﬁ ><Develup Pharmacophore Model —- runil =10 J
i File Display Step
Froject Edit Disp i % 3o d o
i = maestro 7.5,106: endo.prj -- thome/dixon/pharmacophoreiphase 4 J! @y, O
Build @SAR Model Build A54F madels and examine the predicted structure -activity relations for the matehing ligancs
Build Models Options QSAR Visualization
Hypothesis Scores | GEAR Results
In ID # Factors 50 F-squared F P FMSE O-squ
DHHRR. 58 1 0.8271 0.4885 3.8 5.001le-05 0.8571 0.4480
2 0.6857 0.6825 23.6 2.184e-06 0.7364 0.593¢
3 0. 4402 08667 49.8 3.191e-10 0.5274 0.791¢
DHHRR. 61 1 0.8309 0.4837 23.4 5.641le-05 0.9301 0.351¢
2 0.65942 0.6541 22.7 2.934e-086 0.7853 0.537¢
3 n 43y n RARO7 51 7 7 A5Re_10 N SRAT n 743l
Export.. | Delete Excluded “olumes...
Alignments for hypathesis DHHRR.58
In Ligand Mame Q54R Set Activity # Factors Predicted Pharm Set Fitness
Activity
Molecule-7 test 7.167 1 6.87 2.82
2 6.93
3 6_85
Molecule-& training 3.398 1 7.11 active 3.00
2 743
3 7.9l
Molecule-9 test 8.301 1 7.09 active 2._85
2 7_36
Random training set: | 75 % Apply
< Back Search for Matches
Frepare Create Find Common Score Euild
Ligands Sites Pharmacophores Hypotheses GSAR Model
Close Help
Atoms45/43 Entries:5/0036 Res:1 Chn:dl Mol:l Chg:0 ..
|y e Compare Statistics
i | ¥ | commands:
° . .
Visualize Models

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

awV Sl 0N e I W % sl %



Receptor-Based Excluded Volumes

SCHRODINGER.



Receptor-Based Excluded Volumes

>< Phase Excluded ¥olume Receptor GUI =10l x|

Choose Phase Hypothesis

Browwse. .

Select Atoms from WorkSpace Receptor
B FPanel(asl) Select Clear

orkspace

Excluded Volume Spheres
Radii Sizes
# Use vdw radii of receptor atoms

Use a fixed radius

Use atom-level Maestro property

Radii S5caling Factars

# Use afixed scaling factor 1.0

Use atom-level Maestro propery

Sphere Filters

Ignore receptor atoms whose surfaces are within & of ligand surface

Limit excluded wolume shell thickness to &

Excluded Wolume Qutput Option

.|| atoms:35/52 Ertries:S/071 Res:1 Chnl Mol Chgsl Append to existing excluded volumes

S e Create Excluded Volumes Reset Cloge Help

¥ Sl BE W N e B W % sl N



Find Matches to Hypothesis



Searching Domains

»¢ Find Matches to Hypothesis 1ol =1
|‘!0 ﬂ! |§"ﬂ

Search in: 30 database =

File name: Ext?rnalﬂle i cumentations2005-1/testDB/ Browse...l

Project table (selected entries)

Subset: I_ Select.. |

Avallable hypotheses: (1 total)

In ID Run Date 0548 Excluded..

> | AHHRRR. 2 rumni 12 Tul 2005(E] (| A

Conformations] Matching] Hit Treatment]

Source of conformations:
~ lse existing conformers

4 Generate conformations on the fly

Conformation Options...

Impor‘[...l
; Delete |

Start... | Close | Help |

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

Search Existing Conformations
Generate Conformations On-the-Fly

SCHRODINGER.



Matching Options

B Find Matches to Hypothesis EEW}__Q
TARETR"
Searchin: Project table (selected entriss) v | Remote datsbase
File name: | || Browse. .
Subset: | | Browse...
Hypothesis: |ZE'?:AAHI-IRR.ZZE | [ Choose, ., ] [ Import...
Corformers | Matching | Hit Treatment
e @) Frd matc:;s | I Disable to force the search to
Generate sites during search consider 4-point and 3-point
[ Lirit: CPU time for matching ta seconds | molecule matches even if 5-point matches are
Save all matches to disk found

Perform pre-screen using database keys

Distance matching tolerance: |2. 0 |.3. [ Advanced. . ]

Compute volume using only the
Must match on at least: IZI site points 1 b t t f th
Prefer partial matches invaolving more sites over ap ctween atoms o € same
[] Consider atom bypes when computing volume scores MacrOMOdel type

[ Start... ][ Wrike, ., Close H Help

SCHRODINGER.



B Advanced Matching Options

Permitked matches

Praohibited matches

Row Sike | Tolerance Must match & ' H M P R X
L s oo DOOOOoo
2 a5 100 cOOonon
5w 1so OOmonon
s w00 OnoOo0on
5 Bz 150 OO ieari
§ RI3 150 OO

apply: [ ] Tolerances [ ] Must match [ ] Permitted | prohibited matches

Save ko H':.fpn:-thesis; [

CIE

][ Cancel ][ Help

SCHRODINGER.



Hit Filters

¢ Find Matches to Hypothesis O] =]
|Qa ﬂﬂ' |2";
Search in: 3D database —~
File: name: | Ascr/dizondb_benchmark/2006-1 /G0 1/ TestDE Browse... |
Subset: | sovee.| | Enable/Disable Excluded
Hypothesis: |ss Select.. | Import... | Volumes
contarmrs | eting | it Temont | * Control Hits/Molecule

w

il GpnaF sl ] Saney sk

Feturn at most: I 1 hits per molcule,
Fithess = |1.|:||:| *¢1.0 - align scare § |1.2|:| j]
+ 1,00 * wector score + I 1,00 ®volurne score

Reject hits with:  _I align score » I 1.20 W vectorscore < | —1.00 M volume score < | 0,00

* Reject hits based on
cutoffs

start... | Close | Help |

SCHRODINGER.



—ContactInformation

Steve Dixon
Product Manager, Ligand-Based Drug Design

Software Inquiries
help@schrodinger.com

www.schrodinger.com
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