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Protein Structure Growth '

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

PDB Growth
source: rcsh.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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TIP Content and Al

SEQUENCE
> 400K hhilmmmxiisa_@ﬁuﬁm BLAST > 34M
Sequences ' Sequence
a STRUCTFA.ST"_‘% | Similarities
SIMILAR STRUCTURES
> 170K StructSorter™ ‘ > 82M
Chains & Structure
Models : Similarities
SfteSeekerT”
SIMILAR SITES
SITES Within Family Outside Family
Sites SiteSorter % @ Site
i ﬁi * Similarities

- Interrogating the druggable genome with structural informatics MolecularDiversity (2006)

« STRUCTFAST: Protein Sequence Remote Homology Detection and Alignment Using Novel Dynamic Programming and Profile-Profile Scoring Proteins. 2006 64:960-967

- StructSorter: A Method for Continuously Updating a Comprehensive Protein Structure Alignment Database J. Chem. Inf. Model. 2006, 46, 1871-1876

- Convergent Island Statistics: A fast method for determining local alignment score significance. Bioinformatics, 2005, 21, 2827-2831. P
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Nature Exploits Site Similarity...

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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Borrowing Matter Ideas using Site Similarity

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

- Conserved with LIMK1
M - Not conserved with LIMK1

.

v, “%

Mah

£

LCK
62% ID in ATP Site 58% ID in ATP Site 58% ID in ATP Site
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Kinase SAR Knowledgebas

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 Q4 zqoa Remase_ # Data Points
() Reported secondary targets Human Kinome Tree View ::-?g,ggg e :‘2550.(;
>10, >
& targets w/ >60% ID ®-5000 3 =100

@ >2500 @ =50
© =1000 @ under 50

&

Atypical Pget. Kinases
(e.g. DNAI P, PDHK)

Oth ases
{e.g. P13 DK, TK)

Kinome Tree image courtesy
of Cell Signaling Technology

P ‘ ) Eidogen Sert@nty

> 384,000 SAR data points curated from

> 5100 journal articles and patents J Eidogen Sertr’é‘lﬁf‘j}



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
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LigandCross: Shuffling Ligand |

Similar to Vertex’s BREED: J. Med. Chem. 47, 2768 (2004)
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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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TIP-Autherticat
=
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Sketcher
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TIPLigand
Search

TIF=te=im
Search

Fead
SiteSearch
results

5

EvE:
LigandCrozs

o

D=-LibDock
Results

Parze
SiteSearch
Results

=

D=-Vizualize
Fezults

Heep
Propetties

Maormalize
ziteSim

Fiter Results

L g

TIP/Data

Search

Parse
SiteSearch
Results

Top M Filker

Diverze
Muolecules

Keep
Properties

Keep
Properies

Reduce Site
Redundancies

Wivite: SiteEIDs

Save
SiteSearch
Results

TIPiZave
Project (<ML

Locate in KB

—

SO writer

> |ssue TIP/LigandSearch

> |ssue TIP/SiteSimSearch

> |ssue LigandCross

> Filter and locate results in KKB

> Dock and visualize results
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Step 1: Find Co-complexes and Sites from Ligand-Structure-Se

Molecule ligname | similarity | pdbcode | siteeid |FourCode |pdblD | pdbBnxNumber | proteinid title classification source compound |releaseDate| journalTitle journalReference exptype
MOL_ID: 1;
MOLECULE:
PROTO-
ONCOGENE
TYROSINE-
PROTEIN
KINASE LCK;
CHAIN: A;
MOL_ID: 1; ORGAMISM_SCIENTIFIC: FRAGMENT: Elﬁg'?aﬂll:i%
HOMO SAPENS; ORGAMISM_COMMON: | PROTEIN STRUCTURES
NHs HUMAN; GENE: LCK; KINASE; GUIDES USE OF
EXPRESSION_SYSTEM: SPODOPTERA | SYNONYM: LIGAND
NH D FRUGIFERDA, PSE-LCK, -
Tl 1 2pl0A 1308707 || 2pl0 2pl0 | 1305799 42526 LCK BOUNDTO | 1) NSFERASE | EXPRESSION_SYSTEM_COMMON: LYMPHOCYTE | ne-ocToo7 | SELECTVITY PROTEINS 2007 KR
IMATINIB - . PROFILES TO DIFFRACTION
FALL ARMYWORM, CELL- PREDICT INACTIVE
EXPRESSION_SYSTEM_WECTOR_TYPE: | SPECIFIC )
Nc) PROTEIN. CONFORMATIONS:
’ |ON_Sv STEM_PLASMID: TYROSINE STRUCTURE OF
LCKAMATINIE
KINASE, LK, COMPLEX
T CELL- '
SPECIFIC
PROTEIN-
N TYROSINE
~M / . -
I N KINASE..EC.
P 27102
4'»1),7' ENGINEERED:
VES
. cn-—(o MOL_DD: 1;
h\ B D’J\ﬂ MOLECULE:
e NS Ny, A -
N bl ; ORGANISM_SCEENTIFIC: PROTO
[ J ALLUS: ONCOGENE
IM_COMMON: CHICKEN; GENE: TYROSIE- C-ERC BINDS TO
NH o SRC; EXPRESSION_SYSTEM: PROTEN THE CANCER
T STRUCTURE OF ESCHERICHIA COLT : KINASE SRC; DRUG IMATINIB
N CHICKEN C-SRC EXPRESSION SYSTEM COMMON: CHAIM: A, B; WITH AN INACTIVE
! M_COMMON: ) c
STl 1 20igA 1145914 | Zoig 20ig | 1125109 26318 nASE TRANSFERASE | BACTERIA; FRAGMENT: | 5p papo7 | ABLCKT STRUCTURE V. 15288 | XHAY
DOMAIN IN EXPRESSION SYSTEM STRAIN: KINASE CONFORMATION | 2007 DIFFRACTION
COMPLEX WITH BLZADET - : DOMAIN; AND A
-~ THE CANCER ! | SYNONYM: DISTRIBUTED
ol DRUG IMATINIB. Eﬁgfﬁg’_m“—s\(s“"‘—wCTOR—TYPE' PE0-SRC, C- THERMODYNAMIC
EXPRESSION_SYSTEM_PLASMID: sncj PP?“’ PENALTY.
PET2E SRC; EC:
27102
ENGINEERED:
YES
MOL_ID: 1;
MOLECULE:
PROTO-
ONCOGENE
TYROSINE-
ELT;E'N ABL1: STRUCTURAL
NHs HUMAN ABL MOL_ID: 1; ORGAMISM_SCIENTIFIC: CHAMN: A B | BIOLOGY
KINASE HOMO SAPENS; ORGANISM_COMMON: | "™ ™ CONTRIBUTIONS
HH o DOMAIN IN HUMAN; GENE: ABL1, e TO THE ACTA YRAY
Tl 1 2hyyA | 918207 | Zhyy 2hyy | 904013 16861 COMPLEXWITH | TRANSFERASE | EXPRESSION_SYSTEM: SPODOPTERA | /o "o 0 | 16-JAN-07 | DISCOVERY OF CRYSTALLOGR. SECT.D | jo oo
IMATINIB FRUGIPERDA, ABELSON DRUGS TO TREAT | V.63 80 2007
(STIST1, EXPRESSION_SYSTEM_COMMON: MURIE CHRONIC
[\) GLIVEC) FALL ARMYWORM I:EUKEHIA MYELOGENQUS
VIRAL LEUKAEMLIA.
ONCOGENE
HOMOLOG 1;
EC:2.7.10.2;
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Step 2: Find Other Receptor Sites from Site-Similarity Search
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Step 3: LigandCross — Mixing Ligand Features from Aligned Sites

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

pdb2pl0is1 309707 (chain A)

pdb2ofis916548 (chain B)

podb2tlEis1 396160 (chain A)

pb2e2h1is1 284638 (chain B)
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Kinase Knowledgebase (pIC50)

Bayesian Model Predictions (PP)

ABL PDGFR PDGFRB JAK3 KDR LCK MAPK14 TEK KIT RAF1

LC-D ABL PDGFR PDGFRB JAK3 (KDR LCK IMAPK14 TEK KIT IRAF1
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Step 5: LigandCross Ligands reDocked into s1309707
—
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ISI=Drasny
Sketcher

L4

TIPiLigand Top M Fitter
Search
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Diversity
SDFlle
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Example Potent Kinase Inhibitors (‘added biversity”)

| BT
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L
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4336533 LCK prval: 11.00 4302493 CDKS pval: 10.54 4332561 KDR pval 10.52 4315145 PHIG pval 10.40 4336686 PHA pyal 10.00
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i r e | Y
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F94611 COK2 pval 9.70

Chiral

4369592 EPHB4 prval 9.24 509 COK4 pval 9.15
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4291996 IKB pval: 5.70 42058857 FAKZ pval 5§.22 4373725 PTHZB pval: §.22 1788 ZAPTO pval: 510 2425813 PTPMA pval: 5.96 4303129 MAPSKZ pval: 4.70




Potent Kinase Inhibitors Docked (s1309707)




LigandCross Exa

.
L
P

4343445_8009_27

4272835 _2425813_23

4363734 _4291996_2

4343448 809 _27:
CDK4: 6.80 CDK2: 5.63 CDK2: 6.12 CDC2: 5.58 CSK: 5.99 CDK5: 6.81
CDK4: 6.80 CDK2: 5.63 CDK2: 6.12 CDC2: 5.58 CDK4: 6.80

4272835 2425813 _23:
PTPN1: 4.24 PTPRA: 4.21

4363734_4291996_2:
RAF1: 9.00 MAPK1: 5.29 BRAF: 8.05 BRAF: 8.52

4208857 4208857 _1:
FAK2: 8.22 KDR: 5.86 PDGFRB: 4,90 EGFR: 417 ER

BB2:5.23

HH
@“@% s e i | 900 _sTI 1:
MH_ = %@ Fr PDGFR: 8.00 PDGFR: 8.00 ABL: 6.10 PDGFRB: 8.00 PDGFR: 8.00
Cn | . ABL: 6.10
. ,H.\”/NH

M 242_A96_5:

LCK: 9.40

4208857 4205857 1 800_STI_1 247 MO 5
| 242_MUH_1:

"0 %

242 WUH_1

242 MUH_2

405 _STI 1

LCK: 9.40 TEK: 7.68 KDR: 8.22 MAPK14: 9.00 JAK3: 6.81

242 MUH_2:
KDR: 8.40 TEK: 8.40 TEK: 8.40 KDR: 8.40 TEK: 8.40 KDR: 8.40

406_STI_1:
BCR_ABL: 8.40 BCR_ABL: 5.30 LYN: 8.06 ABL1: 8.07 ABL1: 8.40
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Murcko Assemblie
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~
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©
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Murcko Assemblies: Contiguous ring systems plus chains that link two or more rings
"The Properties of Known Drugs. 1. Molecular Frameworks", Guy W. Bemis and Mark A. Murcko, J. Med. Chem. 1996, 39, 2887-2893.




Positional Murcko Assemblies (parent inhibitors docked into $1309707)




i~
)

A KDR Enzyme Assay | 7.4437
_r KDR Enzyme Assay 74437
£ e
= & HDR Enzyine Azsay 7.0088
POGFR Enzyme Assay 7
PRHCA, Enzyine Lzsay 41427
PRECA, Enzyine Azsay 41427
ABL Enzyine Azsay E.3979
EGFR Enzyine Azsay 4181
[j\(}ﬁ POGFR Enzyme Azsay 7
N D§/© POGFR Enzyme Aszay 7
N;': NH POGFRBE Cell-Bazed Azsay | 71871
ﬁj AFL Enzyme Lssay £.3974
POGFRE Cell-Bazed Lzsay | 6.2218
PDGFRB Enzyine Azsay 7
POGFRA Enzyine Azsay 52218
ABL Enzyme Azsay E.53979
POGFRE Cell-Bazed Azsay | B.7696
MH
" RIDCK Enzyine Azsay .54
MH . ROCK1 Enzyine Azsay E.5229
s
e M
7 . IRAKS Enzyme Assay | 58370
Fy PRECA, Enzyine Azsay 49788
\N“Il‘mf© PRKCD Enzyime Lzsay 4.4039
- | ABL Enzyine Azsay 5.7447
T EGFR Enzyme Assay 4

LigandCross Results: Positional Murcko Asse
from docked Ki inhibi

Kinase Activity ?7?7??
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Conclusions
—

* 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

 LigandCross can be an effective approach to generating
novel, bioactive matter using co-complexes, known

inhibitors, and/or fragment-based information.
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» Stephan Schurer

» Kevin Hambly
 Joe Danzer

* Brian Palmer
* Derek Debe

* Aleksandar Poleksic

 Accelrys/Scitegic - Shikha Varma-O'Brien/Ton van Daelen
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About Eidogen-Sertanty

« Knowledge-Driven Solutions Provider
» Sertanty established in 2003, acquired Libraria assets

» Sertanty acquired Eidogen/Bionomix in 2005-> Eidogen-Sertanty
« $20M invested: Libraria ($6M), Eidogen/Bionomix ($12M), Sertanty/ES ($2M)

* 14 distributed FTE’s (4 US and 10 India)
» Worldwide (bio)pharmaceutical customer base

» Cash-positive since 2006

« Databases & Software — Annual Subscriptions

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

* DirectDesign™ Fee-For-Service

* In Silico Target Screening (“Target Fishing” and Repurposing)
« Target and compound prioritization services
 Fast Follower Design: Novel, Patentable Leads
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