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Protein Structure Growth Continues

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

PDB Growth
source: rcsb.org
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Drugs Developed using Structural Knowledge

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

GlycosidaseNeuraminidaseRocheInfluenza
Oseltamivir phosphate/Tamiflu, 
Zanamivir/Relenza

MetalloproteaseMatrix metalloproteaseAgouronCancerAG3340/Prinomastat

OxidoreductaseCox-2Searle, Merck
Inflammation, 
rheumatoid arthritis

Celecoxib/Celebrex, 
Rofecoxib/Vioxx

Methyl transferaseThymidylate synthaseAgouronCancerThymitaq

LyaseCarbonic AnhydraseMerckGlaucomaTrusopt

AspartylproteaseHIV-1 Protease

Roche, Abbott, 
Agouron, Merck, 
VertexAIDS

Saquinavir/Invirase, 
Ritonavir/Norvir, Indinavir/ Crixivan, 
Nelfinavir/Viracept, 
Amprenavir/Agenerase, 
Fosamprenavir/Lexiva,

ATP HydrolaseGyraseBayerBacterial infectionFluoroquinolone/Ciprofloxacin

Tyrosine kinasec-Abl kinaseNovartis
Chronic Myeloid 
LeukemiaSTI-571/Gleevec

Enzyme FamilyProtein targetedCompany(s)DiseaseInhibitor/Drug



> 400K
Sequences

> 170K
Chains &
Models

> 420K
Sites

> 34M
Sequence 
Similarities

> 82M
Structure 
Similarities

> 84M
Site 
Similarities

TIP Content and Algorithm Engine

• 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.



Nature Exploits Site Similarity...
Query: PXR site

Bile Acid 
Receptor FXR

PPAR-gamma 
receptor

ACE2

Thyroid 
Receptor Caspase-3

HMG-CoA Reductase 
(statin target)

Site Similarity Coloring

Highly Similar Receptor 
regions

Dissimilar Receptor 
regions

Example High-ranking similar sites:

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-
ãantagonist, xenobiotics and 
endobiotics…



Borrowing Matter Ideas using Site Similarity  
LIMK1 

AURKA  SRC 
62% ID in ATP Site 

>3000 inhibitors in KKB 

58% ID in ATP Site 

>5100 inhibitors in KKB 

­ H­bond donors 
­ H­bond acceptors 
­ H­bond donor/acceptors 

LCK 
58% ID in ATP Site 

>8200 inhibitors in KKB 

­ Conserved with LIMK1 
­ Not conserved with LIMK1 



Kinase Targets of Clinical Interest 
from Vieth et al. Drug Disc. Today 10, 839 (2005).

Eidogen-Sertanty KKB 
SAR Data Point Distribution

Primary targets w/ reported
clinical data

Reported secondary targets 
& targets w/ >60% ID

Kinase SAR Knowledgebase (KKB) – Hot Targets

> 384,000 SAR data points curated from 
> 5100 journal articles and patents



Kinase Knowledgebase (KKB)
Kinase inhibitor structures and SAR data mined from

> 4100 journal articles/patents

KKB Content Summary (Q1-2008):
# of kinase targets: >300
# of SAR Data points: > 345,000
# of unique kinase molecules with SAR data: >118,000
# of annotated assay protocols: >15,350
# of annotated chemical reactions: >2,300
# of unique kinase inhibitors: >463,000 (~340K enumerated from patent chemistries)

KKB Growth Rate:
• Average 15-20K SAR data points added per quarter
• Average 20-30K unique structures added per quarter

Kinase Validation Set

Three sizable datasets freely available to the research community

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



LigandCross: Shuffling Ligand Functionality
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Similar to Vertex’s BREED: J. Med. Chem. 47, 2768 (2004)



From Ligand Query to Sites to New Ligand Ideas



> Issue TIP/LigandSearch

> Issue TIP/SiteSimSearch

> Issue LigandCross

> Filter and locate results in KKB

> Dock and visualize results



Step 1: Find Co-complexes and Sites from Ligand-Structure-Search



Site: 1309707Site: 1309707

Step 2: Find Other Receptor Sites from Site-Similarity Search



Example Ligands Extracted from Similar Sites



Step 3: LigandCross – Mixing Ligand Features from Aligned Sites



Example LigandCross Results



Step 4: LigandCross Ligands with Reported Biological Activity



Step 5: LigandCross Ligands reDocked into s1309707 



>  Issue TIP/LigandSearch

>  Identify/Dock “AddedDiversity”

>  Issue TIP/SiteSimSearch

>  LigandCross w/AddedDiversity

Filt d l t lt i KKB>  Filter and locate results in KKB

>  Dock and visualize results



Example Potent Kinase Inhibitors (“Added Diversity”)



Potent Kinase Inhibitors Docked (s1309707)



LigandCross Examples using “Added Diversity” 

4343448 809 274343448_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: 4.17 ERBB2: 5.23FAK2: 8.22 KDR: 5.86 PDGFRB: 4.90 EGFR: 4.17 ERBB2: 5.23

900_STI_1:
PDGFR: 8.00 PDGFR: 8.00 ABL: 6.10 PDGFRB: 8.00 PDGFR: 8.00 
ABL: 6.10

242 A96 5:242_A96_5:
LCK: 9.40

242_MUH_1:
LCK: 9.40 TEK: 7.68 KDR: 8.22 MAPK14: 9.00 JAK3: 6.81

242 MUH 2:242_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



Murcko Assemblies Found in Kinase Inhibitors

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 s1309707)



LigandCross Results: Positional Murcko Assemblies
from docked Kinase inhibitors (s1309707)

Kinase Activity ????



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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• 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

About Eidogen-Sertanty

• DirectDesign™ Fee-For-Service
• In Silico Target Screening (“Target Fishing” and Repurposing)
• Target and compound prioritization services
• Fast Follower Design: Novel, Patentable Leads

• Databases & Software – Annual Subscriptions
• TIP™ - Protein Structural Informatics Platform
• KKB™ - Kinase SAR and Chemistry Knowledgebase
• CHIP™ - Chemical Intelligence Platform




