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Discovery results from efficie '

Chemistry Biology

Informatics
(modeling)

What should be made

What can be made A
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Pharma companies are playing "on the same end of the f‘ﬁ

 Number druggable targets: ~2000-3000

» Commercially validated targets: ~200

« Same synthetic methods used through industry

» Methods are published, “same” training

« Commercially available starting materials ~500-750K

» “Clean’”/Suitable ~ 250-300K
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Protein structure growth i SceelaralinN

PDB Structures

> 50K Structures/co-complexes (Aug-2008)
> 600 deposits per month > >150/week!

PDB Growth
source: rcsb.org
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STI-571/Gleevec

Chronic Myeloid
Leukemia

Novartis

c-Abl kinase

Tyrosine kinase

Fluoroquinolone/Ciprofloxacin

Bacterial infection

Bayer

Gyrase

ATP Hydrolase

Saquinavir/lnvirase,
Ritonavir/Norvir, Indinavir/ Crixivan,
Nelfinavir/Viracept,
Amprenavir/Agenerase,

Roche, Abbott,
Agouron, Merck,

Fosamprenavir/Lexiva, AIDS Vertex HIV-1 Protease Aspartylprotease
Trusopt Glaucoma Merck Carbonic Anhydrase Lyase
Thymitaq Cancer Agouron Thymidylate synthase Methyl transferase

Celecoxib/Celebrex,
Rofecoxib/Vioxx

Inflammation,
rheumatoid arthritis

Searle, Merck

Cox-2

Oxidoreductase

AG3340/Prinomastat Cancer Agouron Matrix metalloprotease @ Metalloprotease
Oseltamivir phosphate/Tamiflu,
Zanamivir/Relenza Influenza Roche Neuraminidase Glycosidase

Source: http://www.active-sight.com/science/sbdd.html
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About Eidogen-Sertanty

» Knowledge-Driven Discovery Solutions Provider

(Bionomix 2000)

« >$20M Invested in Technology Development
12 FTE’s

* Worldwide Customerbase

» Cash-Positive

* Formed in March 2005 when Sertanty (Libraria—> Sertanty 2003) acquired Eidogen

« Chemogenomic Databases & Analysis Software

e TIP™ - Structural Informatics Platform
« KKB™ - Kinase SAR and Chemistry Knowledgebase
« CHIP™ - Chemical Intelligence Platform

* DirectDesign™ Discovery Collaborations

* In Silico Target Screening (“Target Fishing” and Repurposing)
» Target and compound prioritization services
» Fast Follower Design: Novel, Patentable Leads
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Eidogen-Sertanty Inv

Tavistock Life Sciences

nghBAR Ventures (Bill Joy, Andreas Bechtolsheim, Roy Thiele-Sardifia)

Tech nofyn (Alejandro Zaffaroni)

Band of Angels

The Athenaeum Fund
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Bringing Proteonic iches io ol RSCialBiR

Automated Modeling and Proteomic Structural Mining
»Sequence-to-Structure Calculation Cascade
»Search-by: KeyWord, Sequence, Ligand, Protein Structure, Receptor-Sites, etc.
»Exploit Structural fold and receptor-site conservation
- Off-Target Identification (opportunities v. liabilities)

HIV protease
COX-2 / SC-558 complex

j Sulfotransferase SULT1E1
B \ (Drug Metabolism)

Cathepsin D RREcER

—~>Borrowing Matter Ideas from co-complexes and other drugs
o
IX K
nax ,ﬂ'
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Using both tar

Similar Sites In The Human Proteome
Same Family Different Target Family

SiteSorter™
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TIP algorithm

SEQUENCE
> 400K e e e GHGE Fo s VRl in LB 1R s
Sequences STRUCTFA.ST”‘" \
STRUCTURE
> 158K
Chains &
Models e
SiteSeeker™
SITES
> 388K :
Sites

BLAST

SIMILAR SITES

Within Family Outside Family

SiteSorter™ *

-
o2 P

> 33M

Sequence
Similarities

> 75M
Structure

Similarities

‘ > 74M
Site

Similarities

Reference: Interrogating the druggable genome with structural informatics, MolecularDiversity (2006)
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PXR — Promiscuous ligand-binding site

Query: PXR site

Example High-ranking similar sites:

Bile Acid PPAR-gamma ACE2
Receptor FXR receptor

Thyroid HMG-CoA Reductase
Receptor Caspase-3 (statin target)

Pregnane X-receptor -
PXR (“sensor)” >CYP3A4
(“executioner”)

PXR Binds > 50% drugs

Including some bile acids,
statins, herbal components, a
selection of HIV protease
inhibitors, calcium channel
modulators, numerous
steroids, plasticizers and
monomers, organochlorine
pesticides, a peroxisome
proliferator-activated receptor-
aantagonist, xenobiotics and
endobiotics...

Site Similarity Coloring

Highly Similar Receptor
regions

Dissimilar Receptor
regions
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Ligand phar |
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Journal of Chemical Information and Computer Sciences, 1999, 39 (3) : 569-74
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Ligands grouped by phar
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NMDA Receptor Antag B
Leukotriene Antag @
PAF Antag ® o K
Angiotensin |l Blocker
Ca Channel Blocker
K Channel Activator |

Substance P Antag
ACAT Inhibitor
Cyclooxygenase Inhib
Lipoxygenase Inhib

Journal of Chemical Information and Computer Sciences, 2000, 40 : 117-125
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Drug similarity example - Non-obvious “Me-Too’s”

;

RANITIDINE (Zantac)

/ Bt
N / @)
O
SJ ‘

Target: Histamine H2-antagonist

MWT: 314.4; LogP: 0.27; pKa [2.30, 8.20]
Oral Avail.: 52% (£11)

Urinary Excretion: 69% (+6)

Plasma Bound: 15% (+3)

Clearance: 730 mL/min (£80)

Half-Life: 2.1 hr (£0.2)

Effective Conc.: 100 ng/mL

CIMETIDINE (Tagamet)

5 . L
<\N | S\AN)\N/

Target: Histamine H2-antagonist

MWT: 252.3; LogP: 0.40; pKa: [6.80]
Oral Avail.: 62% (£6)

Urinary Excretion: 62% (+20)
Plasma Bound: 19%

Clearance: 540 mL/min (+130)
Half-Life: 1.9 hr (£0.3)

Effective Conc.: 800 ng/mL

Eidogen-Sertanty Pharmacophoric Similarity Score,
PharmSim= 0.88/1.00
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Drug similarity example (cont)
B

ATORVASTATIN (Lipitor) 172577 — Takeda

o) (@) Chiral o 0
(0] (0]
(0] (0]

F (g . P
S
Sae S

Target: HMG-CoA Reductase Target: HMG-CoA Reductase
2007 Sales >$12.8B (worldwide)

Eidogen-Sertanty Pharmacophic Similarity Score,
PharmSim= 0.79/1.00
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In silico target

Ligand-Binding Site
Ligand-Binding Site Similarity Space

{model or co-crystal)
Binding Site Similarity / ¥ _ v o
g— =, i“%* & -

Z.. ravar.

Rank and Analyze
Similar Sites

Prioritized List
of 50-100
Targets

Binding Site
Similarity

LIGAND YES
o Protein Targets of
Similar Molecules
i NH Small Molecule
o Similarity Space
o Known target? 2D Structural e
NO Similarity Py =it Cﬁ:’-:{}'"
T’;:‘:“u - ’j?*ﬁ(f(
e 4 ﬁj
:E‘l::m a1 G‘Pf)’L“JE?;

Rank and Analyze
Similar Molecules

Pharmacophore

Similarity S V¢ % ¢
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Off-target opportunities

Intra-Family Opportunities Inter-family Opportunities

HIV protease

\

BAY 43-9006

A

Viracept

Cathepsin D

Sequence ID = 30%

L _ID = B Key contacts éonserved
Top 10 SiteSorter rank
B-RAF inhibitor BAY 43-9006 Cathepsin D is inhibited by HIV
also inhibits C-KIT protease inhibitors
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Example: Prioritizing potential “off-targets” for COX-2 inhibitors

Determine Ligand- Search Database and Prioritize “off-targets” based on

i Binding Site Rank Similar Binding Sites  Site-Ligand Contact analysis
and/or biological relevance

on ? B OVE Target Anstyzes (A =1]:3]
S-ny : i e Rank #1: PPAR-Gamma

. pre e A R ___?.. e oao = B — -__ D!abetes tar et
| .W

. PPI.I_M Frodicted Gie Ll T4 57
oo I e ™

E%S  ADFE_HUMAN Fredcied Sie
. ADHT HUMAN Fredcied Eie L

L ADHE_HLIAM Frpdesed Bie a0
WO_HUMAN  FADX FLAVIMAL., | 100

TM_T NSPCI Frediciad Sie ] 6099
ITITIE_ LYN_HUMAN  Predeted e Lo T

311 HKKA m | @
5207_57_ PDEIA Prodited Site | 87 5758 - Confirmed “Off-Target”

HEMIET Froducied Eile 66 66 25 for COX-2 inhibitors
GEHA_HLBLAH FAD: FLAVIM.A. 100

Celebrex analog SC-558
(Pfizer — Celebrex 2004 Sales $3.3 B,
black-box warning in 2005)
{Bextra pulled from market in 2005]

&7 CPCH_HUMAN Fipdatad Soe v BEar
17 WS Fredetad Sile a4t 589
T o0F ouANGS_| 108 | 6550 Rank #10: Estrogen Sulfotransferase
PP CPCE_MUMAN HEM: PROTOP. 100 o547 H
S T e T T T (Estrogen Metabolism pathway)
Emoﬂ\-ﬂﬂ_s_ SLCZGRA Fredaied Sie 3 tan
ADHAC Frodaciad Ede i &510
& DHAM _HLUBAH Frodacted Sie a9 B4m
263 HAZE HIBIAM C: WkiC 100 bd0a
_ BAET_HUBMAM F! 13n0F i) B195
B6  CMEDR_HUIMAN Predotad Soe &7 6302
OF  PRAS_HUBAN &Y% 204 (3[1_ 100
_43 ACE Prigs i Sie m BIT
000 GRIOS MLBEAH WOE: HADPH DL, 100 B3l
I3IE3_3 ACHE Freoxied Gne

- Possible “Off-Target”
for COX-2 inhibitors
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LIMK1 — ATP binding site comparison

- H-bond donors
M - H-bond acceptors
Il - H-bond donor/acceptors

- Conserved with LIMK1
M - Not conserved with LIMK1

-

s

£

LCK
62% ID in ATP Site 58% ID in ATP Site 58% ID in ATP Site

The ATP site of LIMK1 shares a high level of homology with several well-studied kinases

Eidogen Sertanty



Kinase SAR Knowled

Kinase Targets of Clinical Interest Eidogen-Sertanty KKB
from Vieth et al. Drug Disc. Today 10, 839 (2005). SAR Data Point Distribution
Primary targets w/ reported Distribution of Kinase Knowledgebase Bio-Activity Data Points
clinical data Q2 2008 Release 5D Poi
[ ) Reported secondary targets Human Kinome Tree View ::?gggg - :ggg
& targets w/ >60% ID = : ~5000 $ ~100
P35 S21000 @ underso

Atypical Prot. Kinases

(e.9. DNAPK, , PDHK)
Oth ases
fe.g. P12 DK, TH)

HKinome Tree image courtesy ¥
of Cell Signaling Technology 1

i il Cel! Signaling ) ©) Eidogen-Sert@nty
>362,000 SAR data points curated from
>4,270 journal articles and patents
>130 Bayesian QSAR Models ) Eidogen Sert(anty




Kinase Knowledgebase (KKB)

Kinase inhibitor structures and SAR data mined from

n A ANN ° | o R L A A

Kinase Validation Set

Three sizable datasets freely available to the research community

http://www.eidogen-sertanty.com/kinasednld.php

¢) Eidogen-Sert@nty



Fast follower design - novel activ

1 3
o § S :“’,
Probability .- " Direct-. )
of et DeS|gn§ R

Activity 0.01;

]-°° Available
0.001 -
; Compounds
Weak [P .° | Direct-Designs
0.0001 4 Al COmEELe . Stronger IP
3 New Application . ! Novel Compounds
e New Applications
0.00001 ; o’ . . .
0 0.2 0.4 0.6 0.8

Similarity to Known Actives
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Synthetica

ChIP Reaction Transforms Building Blocks
I . T R S

ChIP™

/[6 ,[c
[C,N] N r7038 [CN
T [cm%[”]w Qi lc,,}\“]"l
o Hnjj:; g A Known Active Binding Mode “Seeds”
ci HN |.| ’ ln N “"\ ilu "ﬁ[ m
AFo oM T Y e o W
o R A ' -~ v ¢ |
! I : [ 4 "3

Top-ranking ChIP Molecule Binding Modes

Schurer et al. J. Chem. Inf. Model. 45(2), 239-248, 2005. .
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Success requires efficient “cause-effect” feedback
——

What can be made?

That which is synthetically “feasible:”

* In-house expertise
 Starting material availability
« Cost/time

What should be made?

That which is medicinally relevant, efficacious, and safe:

* Potency
 Selectivity
 Bioavailability
» Low toxicity
 Cost effective

) Eidogen-Sert(ainty



Direct Design Case 1: Using SAR information
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Previously published ABL inhibitors

[t@ HO
N
NH,
Hmmf‘l NS
N \N m 7

H N N
0.002 uM (Traxler et. al. Novartis) 0.005 uM b
(Widler et. al. Novartis) ]
MeO N
N ’ e
MeO = " -
HN Br /N \ &
\©/ Gleevec
Sawyers, C. L. et. al. Cancer Cell 2002, 2, 117

0.03 uM (Bridges et. al. Parke Davis) 0.038 uM (Zimmermann et. al. Novartls)
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Data Capture — Model Development
B

# Capture known ABL-kinase SAR data

= 27 journal articles / patents
= 413 small molecules

# Build a pharmacophoric eScreen™ model

= Grouping of comparable IC50 SAR data based on
assay type, binding site, assay conditions

= 3-point pharmacophore fingerprints

) Eidogen-Sert(anty



Virtual Library Analysis — Synthesis -
= Generation of 60,000 member virtual Library using
15,000 commercially available carboxylic acids

= ldentification of best building blocks by
pharmacophoric-based eScreen™ and eADME
prioritization

= Synthesis of 80 compounds of this scaffold

) Eidogen-Sert(anty



Measured IC50 (predicted IC50)

o) H OH Q\
N CN N H OH
AT, o N &
. N0 i O
q H ) N fe)
H
OH Q\
CN N OH
o) X H
m 3 (4)uM = /\QWN \\_COMe 10 (21) uM
0 2q 3 H O
0 .0 Q
O S O " OH ><OJ\H . OH
O\)\I R m po
o) o)
1k N O 1a ° N~ ~O0
H H

OH OH
N N0 5(5) uM N= N N0 7 (6) uM
H H N H H
S
2j

o’l \\o 2k

8 Compounds with IC50 < 10 uM (initial synthesis)

JP2001-089471, Japan Tobacco, Inc.
(claimed as PDGFR inhibitors)
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ABL Project SUMMATY .

4 months

| Data Capture

——= Predictive model building
—— Data analysis and scaffold extraction
—= Scaffold hopping

— Design proliferation,
Prioritization, and in silico screening

|
Synthesis of compounds

—— Bio assay
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Direct Design Case 2: Using co-complex information
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Lead Discovery: Knowledge-Ba
Similar to Vertex's BREED: J. Med. Chem. 47, 2768 (2004).

e

|
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~ ~N
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DTQ
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From ligand que

Ligand | SiteSor.,

pdb1opjfs470495 (chain B
pdbl a1 in 824 T2
pdb1opjis4 704595 (chain B

113.02

6547

ST PIPERAZL. STLON 2
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LigandCross — Mixing Ligand Features from Alignhed Sites

[ Chains | Chain Alignments | Sites I Site Alignments. |
te B

pdb2pl0is1 309707 (chain A)

pdb2ofis916548 (chain B)

podb2tlEis1 396160 (chain A)

pdhize2h1/51284639 (chain B)
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Kinase Knowledgebase (pIC50) Bayesian Model Predictions (PP)
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Direct Design Case 3: Using Active Molecule(s)
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ChlIP’d Me2

NC >
_N

Known PDE-IV Inhibitors

ChlP’d Me2

>

PharmSim: 0.93
MDLSim: 33.1/100.0

PharmSim: 0.92
MDLSim 44.4/100.0

PharmSim: 0.92
MDLSIim 50.6/100.0
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* Significant receptor-site similarities exist within and

across target families

 The structurally resolved and modelable proteome

IS a very rich source for new matter ideas

* Biologically active molecules can be used to

generate other very novel, bioactive molecules
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