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Protein Structure Growth is Ac '

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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Industrializing an Information Rich Cratft
|

* Pharma cost reductions (reductions in jobs, spending, etc.)

- Fewer IT specialists with less resource, supporting more people

- One-at-a-time computational efforts are bottlenecks

- Many proteomic riches remain untapped

Non-specialist driven workflow-apps have become necessary!

) Eidogen-Sert(anty



Bringing Proteomic Riches to Non-iiW' '

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 protein structures
o
IX J 3
4:‘ ,ﬂ'
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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

Eidogen-Sertanty



TIP Algorithm

SEQUENCE
> 400K bribe e e G Fosrlcine B rvinidls > 33M
S Sequence
sduences STRUCTFA‘STTT_ L Similarities
STRU

CTURE

W,

L

> 158K > 69M
Chains & Sfru.ctu.n_e
Models Similarities
SiteSeeker™

. SIMILAR SITES

SIES Within Family Outside Family
;iiisK sitesorter™ | ¥ g ™ ‘ ;it?M

ha E a ’ Similarities
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STRUCTFAST ™

- 1

ST ructure Realization Utilizing Cogent Tips From Aligned Structural Templates

Basic Principle: Gaps known to exist should not be strongly penalized.

Known Gap

Structure Alignment of Homologous Crystal Structures

Leverages experimental structure and structural alignment data to create better alignments

1) Convergent Island Statistics: A fast method for determining local alignment score significance. Bioinformatics, 2005, 21, 2827-2831

2) STRUCTFAST: Protein Sequence Remote Homology Detection and Alignment Using Novel Dynamic Programming and Profile-Profile Scoring =
Proteins. 2006 64:960-967 Eidogen-Sertanty



SiteSeeker™ I—

Geometric Site-Finding Algorithms Find Many Pockets
But they don’t know which pockets are important!

Evolutionary Trace Approach
Can't clearly define site boundary
Not all conserved residues are functionally relevant

SiteSeeker combines both methods

Reliability & Confidence

We use proteins with apo- & co-crystal structures in the PDB to
test the accuracy & reliability of method

Allows us to map SiteSeeker score to predict confidence!
(e.g. At this SiteSeeker score, 80% are “real” co-crystal sites)
- Sites with <60% confidence are not stored in TIP

<) Eidogen-Sert(anty



SHESOMEL™

Weighted Clique Detection Algorithm

Importance of Points Related To Conservation In Multiple Sequence Alignment

Master site Query site

KEY
1 — Aliphatic

2 — Donor

3 — Acceptor

4 — Donor/Acceptor
5 — Pi-bonding

| > Matching functional
groups

Surface Atoms Assigned One of 5 Different Chemical Characters
Matching points increase the SiteSorter similarity score

<) Eidogen-Sert(anty



TIP Content ..

>75,000 Human Sequences >33M Sequence Similarities

>116,000 Total PDB chains (~50K PDBs)

>69M Structural Similarities
> 42,000 Homology Models

>194,000 PDB co-crystal sites
>190,000 Predicted Sites (on PDBs & Models)

>62M Site Similarities

Updated monthly with
new PDBs and models: O

e.q. March 2006:
> 661 new PDBs added STRUCTFAST [
- 447 new models built
- 153 had no previous structure in TIP
- 294 had “better” models built

Structsorter

SiteSeeker -
e.g. July 2008:

> 576 new PDBs added
> 1045 new models built

SiteSorter

Automatically updated with new models as the PDB grows
<) Eidogen-Sert(anty




Off-Target Opportuniti

Intra-Family Opportunities Inter-family Opportunities

HIV protease

\

BAY 43-9006

A

Viracept

Cathepsin D

Sequence ID = 30%

Site ID = 60% '
Tob 10 SiteSorter rank Key contacts conserved
B-RAF inhibitor BAY 43-9006 Cathepsin D is inhibited by HIV
also inhibits C-KIT protease inhibitors

<) Eidogen-Sert(anty



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

Eidogen-Sertanty



LIMK1 — ATP binding site comparison

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

- Conserved with LIMK1
M - Not conserved with LIMK1

-

k.

Mah

£

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 Knowledgeb

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

3

FHI..'.. .J %:.ﬁ. l__L ]
-4 CAMK \E__
R

Distribution of Kinase Knowledgebase Bio-Activity Data Points

Q2 2008 Release # Data Points
Human Kinome Tree View ®:30 000 =500
@®>10000 @& =250
® 5000 ® =100
@ >2500 ® >50
@ =1000 @ under 50

Atypical Prot. Kinases
(e.g. DNAPK, . PDHK)

Oth ases
fe.g. P12 DK, TK)

HKinome Tree image courtesy
of Cell Signaling Technology

Cell Signaling

AMK1
<) Eidogen Sert@nty

>362,000 SAR data points curated from
>4,270 journal articles and patents
=130 Bayesian QSAR Models

) Eidogen Sert@nty



Kinase Knowledgebase (KKB)

Kinase inhibitor structures and SAR data mined from
> 4278 journal articles/patents

» KKB Content Summary (Q2-2008):

# of kinase targets: >390

# of SAR Data points: > 362,000

# of unique kinase molecules with SAR data: >120,000

# of annotated assay protocols: >16,000

# of annotated chemical reactions: >2,300

# of unique kinase inhibitors: >465,000 (~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

<) 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



Lead Discovery: Knowledge-Ba
Similar to Vertex's BREED: J. Med. Chem. 47, 2768 (2004).

e
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LigandCross Workflow

N
S

TIP o
Co-Crystals Molecules
Co-Crystals™ | Eve-2D /’ oo

Site Overlays

LigandCross
s o T EVE-3D

Proprietary
Co-Crystals

‘o s Mo i

W ol |

New Molecules via LigandCross
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Novel Ligands vi

Starting ligands
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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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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




Example Site Similarity Results (Que

Site SitelLigand SiteProtein SiteScore  ContactScore

1309707 STI 2plOA 1000 1
1420904 C92 3cpbB 110.906 0.7
1384893 900 3b8qB 121.051 0.67
1322334 276 2qu5A 117.866 0.66
1284638 406 2e2bA 119.18 0.64
1396160 2RL 2rI5A 121.208 0.63
1400124 NIL 3¢cs9D 111.198 0.62
867405 7MP 2hiwA 101.948 0.61
916548 242 20fvB 109.214 0.6
1147514 MUH 20scA 104.115 0.6
776230 WBT 1wbtA 101.635 0.6
916805 IN8 20g8A 116.819 0.59
394066 PRC 1fpuB 107.297 0.57
1415780 C19 3cp9A 104.078 0.56
911671 KIN 2hznA 106.08 0.56
1148488 608 2p2iB 109.41 0.55
1300447 GIG 20h4A 110.471 0.53
1320735 857 2qu6B 116.424 0.52
437653 BO6 1kv2A 107.323 0.52
691631 L11 1w83A 101.268 0.52
1147212 RAJ 2008X 104.058 0.52
910098 GIN 2hz0B 108.713 0.51
1396708 P38 3bv2A 124.962 0.51
436174 BMU 1kv1A 88.568 0.5
1412158 G2G 2puuA 118.296 0.5
775147 LI3 1wbvA 85.135 0.5
1415688 C52 3cpcB 102.25 0.48
1431710 GK6 3d83A 104.164 0.48

¢) Eidogen-Sertanty
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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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Step 4: LigandCross Ligands reDocked into s1309707
B

Eidogen-Sertainty




Kinase Knowledgebase (pIC50) Bayesian Model Predictions (PP)

LC-D ABL PDGFR PDGFRB JAK3 [KDR LCK IMAPK14 TEK KIT RAF1JABL PDGFR PDGFRB JAK3 KDR LCK MAPK14 TEK KIT RAFI
G2G STl 12] 67 g 5 0.40 # 045 0700 037
SO0 ETI 1| BA & a 058
ThiE TRE 4 FEEEE g7 056
FhiE TRE 2 BEESYE : 057
TP R 5 =¥ &4 035
e TE 0.16
J43CET S 78 el
NENEEN 79 031
BOE GiG 7 B 0.28

N K] Rl
G2G KN 3 51l 0.25

T
| oF |t e

]

1 G2G_STI12 2 900_STI_1 5 TMP_1NG_4 4 TMP_1NG_2

5 TMP_R&J_3 B TMP_GIN_4 7. 242 052 32 & LI3_L11 1
F
gy z
MH y MH
J{- F HH _&

g BOS_GIG_7 100 KIN_BMU_4 11: 32G_KIN_3 J Eidogen-Sertainty




Conchsions:

« 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 strategy to
generate novel, bioactive molecules from co-complex

iInformation.

¢J) Eidogen-Sertanty
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Chemical Intelligence Platform
(ChIP™)
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ChIP: Navigating Accessible '

SC Schurer, P Tyagi, SM Muskal, J. Chem. Inf. Model. 45:239-48 (Mar-Apr, 2005).
Development funded by a $2.5M NIST-ATP Grant

ChIP Reaction Transforms Building Blocks Databases
B B O D N ]

[C Nlx [c S

CN]NH [CN]N R

Building Block Sources May Be Changed,

Enabling Diversity Oriented or Focused Synthesis
<) Eidogen-Sert(anty



ChlP: Protocol S

ChIP™ mixes and matches reaction methods so that novel
scaffolds are generated with their synthetic road-maps

Protocol 1 Protocol 2 Protocol 3

-
o

* e / ¢ ~a ‘
step2 step2A| |step2B| |step2C

/\ NV S
‘step3A| |Step38‘ SR
N e | |
******
| oo /N

*S1:
*S2:
*S3:
*S4:
*S5:
*S6:
*S7:
*S8:

Nucleophilic Aromatic Substitution Reactions
Pd-Catalyzed Aromatic Substitutions

Functional Group Transformations

Amine Acylation Reactions (Amides/Carbamates)
Amine Acylation Reactions (Ureas/Thioureas)
Formation of Diverse Heterocyclic Systems
Formation of Thiocimidazoles

Standard Deprotection Steps

products 1 products 2 step 5A|  |step 5B
new sequence ——
] new product typeI oroducts 3

¢) Eidogen-Sert@nty



A R
2-4.5 i i 2-4.5
A A 19-24 19-24
2-4.5 D
i 19-24 i
7-10 10-14
o 4.5-7 7

Journal of Chemical Information and Computer Sciences, 1999, 39 (3) : 569-74 o
¢J Eidogen-Serti@nty



Pharmacophoric Feature

7 pharmacophore types :

- H-bond acceptor (A) & donor (D)

- negative (N) & postive charges (P)
- aromatic (R), hydrophobic (H)

- other (X)

6 distance ranqges :
2-4.5,4.5-7, 7-10, 10-14, 14-19, 19-24 A

Enumerate 3-point pharmacophores
-> 10,549

I
p1
dZ/ \d3
p3 < > p2
d1

) Eidogen-Sert(anty



Target specific ligands s

O (

NMDA Receptor Antag
Leukotriene Antag

PAF Antag

Angiotensin |l Blocker
Ca Channel Blocker

)
8 o @
[+ ]
O
[#]
L=
.("n
oF
5 ®
© o

K Channel Activator
Substance P Antag
ACAT Inhibitor
Cyclooxygenase Inhib
Lipoxygenase Inhib

¢) Eidogen-Sert @ﬁ“ﬁ/



Non-obvious Me-Too’s I—

MDLSim: 46.8/100.0
DaySim: 0.32/1.0
N

J\ . N
] A . l PFPSim: 0.88/1.0 ‘ F
0 HN NH <\N\ SV\N)LN/

s\) | H H

MWT: 314.4; LogP: 0.27; pKa [2.30, 8.20] MWT: 252.3; LogP: 0.40; pKa: [6.80]

—0O

Target: Histamine H2-antagonist. Target: Histamine H2-antagonist.

Oral Avail.: 52% (£11) Oral Avail.: 62% (+6)

Urinary Excretion: 69% (£6) Urinary Excretion: 62% (£20)

Plasma Bound: 15% (£3) Plasma Bound: 19%

Clearance: 730 mL/min (£80) Clearance: 540 mL/min (£130)

Half-Life: 2.1 hr (£0.2) Half-Life: 1.9 hr (£0.3)

Effective Conc.: 100 ng/mL Effective Conc.: 800 ng/mL
RANITIDINE (Zantac) CIMETIDINE (Tagamet)

“Antiulcer” “Antiulcer”

<) Eidogen-Sert(anty



o ChIP’d Me2 IL}
P Y > NK\N

/

-
SN
X

o
g

Known PDE-IV Inhibitors

ChlP’d Me2

>

PFPSim: 0.94
MDLSim: 33.1/100.0

PFPSim: 0.92
MDLSim 44.4/100.0

PFPSim: 0.92
MDLSIim 50.6/100.0

McGregor, M. J.; Muskal, S. M. Pharmacophore Fingerprinting. 1.
Application to QSAR and Focused Library Design. J. Chem. Inf. Comput. Sci. 1999, 39, 569-574.
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Example ChIP G

O

NN
N~ NH | )\
~
\| oL | /—> o N a
N MFCD00194055
/7 \
o o
PFP Sim 0.8623
o/
s
_ ~
o o N al
l\)N\ I\> MFCD00274530
— \
SN0 N NN —
o)
o
cl
PFP Sim 0.9375 MFCD00000717

+

NH2
\I 0\
\/N\
S
/7 \\
OO0
MFCD00009045
R
R 2
NZ \
I NH 7005 |
B - o e
4| ~
Cl N R H )y
(o)
(o)
R. _R r7049 )I\ R
R Cl H I
R
S/\>
/'%
+ HN" N
MFCD00005325
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Company HTTP Clean-up from
Procey previous runs
required?

Global Wars,
Oracle, mySCL
connection info

Wiew Hits fram
Ligand Gueries

SO Reader Malecule to SOAP - 20430 Custom Pates Waep . Save
: : SiteSearch Properies SiteSearch
CTAB TIPLigand Manipulator TIPData Results Results
Search (PilotScript) Search

Property
Defined Fiter

Keep
Properties

TIPSitESIm
Search

Wieny
SteSearch

Results

Reduce Site
Ligand
Redundancies

Sl Construct SOAP -
TIPLigandd

Search

Read Parze Mormalize Zort Data by Reduce Site e ! MBIEGIC: T \{lew <L

: : ) \ ] Properies CTAB Ligands from
SiteSearch SiteSearch siteSim Marmalized Redundancies Similar Sites
resutts Results percentSim

Keep Save Parzed

Properties SiteZearch
Resuttz

Launch EYE -
Top M Filter Keep Wirite EVE

Properies ProjectFile

TIPiZawve
Project



StructSorter™

Pairwise StructSorter

Yes .| Dyn. Programming Yes
Score P-Value < 0.0001?| Exit

No

Same Sequence?

No

b

Yes Dyn. Programming Yes

:
Blast Edge > 40%? Score P-Value < 0.0001?]  Exit

N

\
Z
3]

For SSE 1 to7...

No
Y

SSE Score > 90% Yes | Dyn. Programming Yes
of Max SSE Score? " |Score P-Value < 0.0001?|  Exit

No

Y

Dyn. Programming Yes

Gerstein-Levitt Seeds - Score P-Value < 0.0001? ™

Various dynamic programming seeding
methods are used in order to utilize as
much information as is available.

Dynamic programming scores are fit to

an EVD to assess alignment significance.

Database-wide StructSorter

Clustering Scheme and Hierarchical Protocol

1)

2)

PDB sequences clustered at 90% identity
and 95% coverage.

N-by-N comparison of one representative
chain from each cluster

(All other chains are only compared to the
representative’s significant hits)

Allows structural alignment
database to be computed in 1.5
months instead of 2.5 years.

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

StructSorter
computes and stores
alignments between
Rhinovirus Protease
and other mammalian

proteases in TIP,
despite very low
overall sequence and
structural similarity

VE Target Analyzer

i
?

POLG_ Hminovins

_pom T &l:h wirus
'DO!.G T eirh nlus
IMJL. B taurus

_Im_s__s salar
MLK1  [Hsaglent
H.sapigns
. Hsapiens
-H.sa'r.imm's

-_E.s:_-_nh

Hsapiens

H sapiens
STH4_H... Blaurus.
PRSS12 Hsapiens

_lm{_,_ _H Sapiens

UROK_.. H.sapiens
PROZ  Hsaplens

ELPEJL. H saplens
m H SAplEns
GRAB_. Hsapiens
MET1_—. Hsapiens
_HC_H__,. _H.Saplﬂﬂs
COGS._... C pugilator

COGS_.. C.pugilator

CATG ... H Sapiens

CIR_H.. Hsaplens
. HP ) H.sapiens

CIR_H... Hsapiens
HLKA ... H mu:wlus
I'ILK.'I_,_ H muuulus
-SISIJ_,. S aureus
PRSS'I'I H sapiens
ETP._SI... Baureus
POLG_— _H ¢ virus
POLG_~. Dyinus tpe
[ H 3 'nnls

B u:l“us- |

IERC I I A T ]

[XATNATSAL. B sl s

(X3

Wl |00 | de RO | L | | RS WD R B RS R RS RS UR R | e R R

£ 1 MOLECULE: TYPE 2 RHINOVIRUS 30!
C haqn F-. NUCLEAH HL’:LUSIDNPHOTEINA

: Chadn El NUCLEAR INCLUS“:IN PHOTEINA

Charm.'..TR'n'FBINII ANIOHIC
|Chain &, TRYPSIN
|Chain &, KALLIKREIN 1

[Chain A, FRD- GFIANZYHE K

Cham.l,_ PRU GF!J‘.NZ\"HE K

C—harm COHPLE MENT FACTOR D

C haﬂn F ELASTHSE

Chaﬂn B, SEF‘INE P‘H‘DTE.'-BE HEFSIN

C ha'm .'1. EET#‘TP'\'PT!\SE

PEI‘ICI'EESII'IJHGEIIISD[ [E[; 34 21 < marans:n] {CM"IH!FHI
C h-aan A, HEF'.hTI'.'ICYTE GH‘DWTI-I FlCTOH‘ AC-TT‘MTDR F‘RE
C haur- -'l. EUPF"REESDH‘ OF TUMOFJ‘IGENICTI'Y 14
Nemuh‘ﬂ-sm nlatursur LEC EYELE :| mnh:unsln} (Leyding
Chaurna URUNNFSE T‘I'P'E F‘LASHNUGEN F.'CTI'\"F-T{FR
Chaﬂn I:I UR‘DK!NAEE TYFE PU.’SMIHUGEN ACTNHTCIH‘
wamm ke ﬂananuem neranatu-snr

C ham A LEL_KO-C-YTE EL.'.ST.ASE

:H;lmmnlnh!n_p:spgrsrgr_
|Chain A, GRANIYME B

|Chain &, CHYMASE

C hin A CHYMASE

Ghaurl B, COLLAGEMASE

C huain A, CGLU«GENJL‘SE

C hafm A CATHE FSIN G

C hain .'1. GQHPLEMENT CIR COMPOMNEMNT
Haﬂwlﬂhln pracurEor

|Chiaan B, COMPLEMENT CIR COMPONENT

C haﬂn A NERVE GREIWI'H FF.CT(I'R

Cha‘mx NERVE GROWTH FACTOR

Chaun-.l.. GLLITMYLENDOPEP‘TIDAEE

Banna- protease I-E'I'H‘M nletursurtEI: 34721 ) iLﬁﬂ-J
C harm A, EPIDERW}LY'I'II:' TOXIN A

cnam A PROTEASEMELICASE NS3 Frm

cr-aun- A DENGUE VIRUS NS3 SERINE PROTEASE
Chaun 153 SERINE PROTEASE

[Chain A, GLUTAMIC ACID-SPECIFIC PROTEASE

Ili||!IIIIIIIIII!IIIIIiIiIIIIIIHIlU
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SiteSeeker Example

Fructose-1,6-bisphosphatase FBPase
SiteSeeker

-

B

Allosteric Site
(Discoverd By Pfizer)

Color Key

FGP Site

Missed By Prediction
Correctly Predicted
€9 Falsely Predicted

AMP Site

Eidogen-Sertanty



SiteSeeker Example: PTP1B Allosteric Site

PTP1B (PDB 1pyn) PTP1B (PDB 1pyn) PTP1B (PDB 1t4j)

SiteSeeker . SiteSeeker
/Predicted Site Predicted Site Allosteric site with

(70% Confidence) | e . boun%bltor

“-_\

h < E

\‘\

“tr ra
b

Active Site'with
bound inhibitor

Green = Over-predicted

All structures in TIP are annotated with known and predicted binding sites,
along with confidence levels for each annotation

Eidogen Sertajnty



Virtual Target Screening Example: C

Example: Identifying potential “off-targets” for COX-2 inhibitors

COX-2 COX-2 Active Site Use site to query TIP and
inhibitor rank similar binding sites

B eve Target Analyzer
o File Export Filtering Ligand Window Help
o=l Sequences | Chains | Sites | Binding Modes |
=S~ N Description
‘ 4 SiteSorter
Site Name Locus Desctigtion % Cont Similarity |
o 10 H MO i o DLIER 100 H
Br L {nobzprssaz20. . PPAT_HUMAN |Predicted site | a7 | 7457
pdbefiz3814... SUHA_HUMAN |Predicted Site e 2
N, Pl 0jdis4695... MOFE_HUMAN |Predicted Site | 98 | 72.02
\ N Pl d15/5361 . ADH7_HUMAN [Predicted Site | 78 | 71.59
/ pbTdehis334. . ADHB_HUMAN [Predicted Gite | 80 725
pob1ivhisd 135, IVD_HUMAN  |FAD: FLAVINA... | 100 £9.09
F model41234_1_HSPCB  |Predicted Site | 89 | bA.ag
F F model171728_.. LYN_HUMAN  |Predicted Site

SREELLTIT:
| {lpanhyaisa121
model3090_g...
pdbivdsiss0l1..
rmodel5407_67

model1 2228_3...
pob3gris4054.
pobTaga/s467

pilbxUBIs5332..
model13939_2.
pilb po2is477

pbdgais3re..
model5838_3_ .
rrodel 4830_1

pelb nzas4E04.
polb 1 jk@is4263...
polh k2156343
pelb QOIS 466, .
polb T gueds403.
mocel2826_42.
pob 1 t23/55006

rodel33343_3..

Prioritize “off-targets” based on
Site-Ligand Contact analysis
and/or biological relevance

Rank #1: PPAR-Gamma
Diabetes target

Predicted Site

67

B8.23

SUOE_HUMAN

BTIE ] B
HXK4_HUMAN [Predicted Site | 98 67,63
PDE3A |Predicted site | 87 | 6758
HSD11B1  |Predicted Site | 66 |  66.25
GSHR_HUMAN FAD: FLAVIN-A.. | 100 | 6623
CPCO_HUMAN |Fredicted Site | 87 | 6547
HSD11B1  |Predicted Site | @1 | 6569
TUBB GDP: GUANOS..| 100 | 6559
CPC8_HUMAN HEM: PROTOP... | 100 | 6557
HMDH_HUMAN [NAP: NADP NIC..| 100 | 6548
SLC25A4  |Predicled Site | 98 | 6431
ADHIC Predicted Site | 76 6510
DHAM_HUMAN [Predicted Gite | 89 64.91
HAZA_HUMAN (C: 1jk8C [ 100 64.03
BAE1_HUMAN F: 12n2F 100 | 6395
CN4D_HUMAN |Predicted Site 67 53.92
PPAS_HUMAN [133: 2.(4{3 1., 100 6378
AcE Predicted Site | 70 6378
GMDS_HUMAN NDP: NADPHDIL.| 100 | 6374
ACHE |Predicted Gite | 95 3.2

4

- Confirmed “Off-Target”
for COX-2 inhibitors

Rank #10: Estrogen Sulfotransferase
(Estrogen Metabolism pathway)

- Possible “Off-Target”
for COX-2 inhibitors

) Eidogen-Sert(anty



Virtual Target Screeni

Example 1: Searching for off-targets to explain pleiotropic effects of statins

Simvastatin HMG-CoA Reductase Visualize Site alignments in EVE
(ZOCOI') Active Slte Perform Site B eVE Target Analyzer BE|®

Identify
binding site

ile Export Filtering Ligand Window Help

Similarity
Search in TIP

Descripﬁun
SiteSorter e
Bite Marne Locus | Description % Conf| Similarity % | %I0 %
pob1 w41 . HMDH... [SIM: SIMVASTATIN| 100 - - HE
polb 1 tkpis4B83. (CN5A_.. |Pradicted Sits a7 82.34 B
polb1 bweis 35, (GSHR_.. FAD: FLAVIN-ADE...| 100 | 7591 17
pdbieges3g.. ACDM.. FAD:FLAVIN-ADE.. 100 | 71.02 B
pd 1 0jdis468... AOFB_.. [Fredicted Site 03 B.11 B
po1 piis451 .. CHLE .. |Predicted Site 93 56.74 13
pob1yetis496.. HS9A .. [Fredicted Site 75 53.26 13
model 7170_.. CYP51... |Fredicted Site 93 52,88 B
pdh1hy3is412... SUOE .. Fredicted Site 89 B2.57 B
. . Over|a Of simvastatin in Human pdb1jBhis418... 2DRA_. (C: 1j8hC 100 £2.15 ]
Supporting Evidence « y Arai it pdh1ifis4392. . HBA_H... Predicted Site 73 fi1.48 e
: - . rginase site. pdblghOis47... |MPI2_... Predicted Site 77 B0.77 8
1) Statins _have anti-atherosclerosis pob1myp/s44 . |PERM ... HEM: PROTOPOR... 100 | 6043 e
effects independent of HMG-CoA pdb1xu7/s622... HSD1 1... NDP: NADPH DIH... | 100 B0.39 B
Reductase inhibition pdb[:j\lf;ﬂ;s;??;... 3:\2:‘;" ED1;-utm;gF_DIP". 1?020 2352 133
. . mode - redicie e 3
(Circulation. 2003;108:1368) pob1nnlis446. . [SERB_.. |Predicted Site &0 £ 64 E
model23267_ [TUBBS |GDP: GUANOSIN. | 100 | 5856 &
2) Statins increase NO synthesis and pob1e26is36 . [1B51_.. |C: 1828C 100 | 5830 e
. o pob1nutis456.. NMA3_... APC: DIPHOSPH... | 100 | 5677 e
bioavailability pob 1 gwads40 . PPAS._.. Predicted Site a4 58 61 e
(J Am Soc Nephrol 15:1098-1100, 2004) pdb183/5380... BXB_C... B: 1838 100 57.87 8
fonel 178 PR : 801 (101 -
. . . dblwvbisT2.. |BRG1  |S2C:S-2(BORO... | '
3) Arginase is a novel therapeutic target I : :
for atherosclerosis, as it decreases Active site of human arginase
the bioavailability of nitric oxide (NO), ; =
. . : pob1r1his518 . 1NEP .. BIR: N[3[(1-AML. | 100 | 5586 E
Ieadlng to endothelial dysfunctlon pdblcalis375.. MMO1... C: 1cgIC 100 54 84 |
(Curr Hypertens Rep. 2006 Apr ;8:54-9) | |

Similar Surface Dissimilar Surface
patches patches

<) Eidogen-Sert(anty



Virtual Target Screening Example: Stati

Example 2: Searching for off-targets to explain adverse effects of statins
HMG-CoA Reductase

Visualize Site alig

Fluvastatin N Ren nments in EVE
(Lescol) . Active Site Perform Site B EVE Target Analyzer
. Identlfy S|m||ar|ty jle Export Filtering Ligand Window Help
coona  binding site Search in TIP | Sequences | Chains | Sites | Binding Modes |
OH Description
SiteSorter i
Site Mame Locus | Description 1 Bimilarity % | %ID @
A .. HMDH_... 115: 7-[3-(4-FLUO... .. | - 1
. [CNSA_.. Predicted Site || 8412 | 12 |
.. HS9A_.. Predicted Site || 7618 | 12 |
.. HXKA_.. Predicted Ste || 7281 | 12 |
. HMGCR [Predicted Site || 7245 | 42 |
.[CATA_.. HEM: PROTOPOR... ..| 7013 | 12 |
. HSD11..NDP:NADPHDIH. | 6833 | 4 |
: 0 .. SRC_H..MNBS:N6BENZYL..|.. 6815 | 15 |
: S.quortmq Equence Overlay of fluvastatin in human DHB1_. Predicied Site__|..| 6547 | 12
1) Statins induce apoptosis in muscle < ANT1 site .. LIPG_H..Fredicted ste || 6508 | 8 |
tissue (myotoxicity) via unknown Predicted Gite || 6488 | 15 |
mechanism A% 442820 || 485 | 12 |
(Pharmacol Exp Ther. 2005 Sep;314(3):1032) gy tedictechalte. Loy SdaS | A B
I_:'red!cted S!te 63.00 | .12 |
, . . i Predicted Sita .| bzo7 12
2) Statins activate mitochondrial pathway of . EMA:(ADENINS... | 8174 | 12 |
apoptosis, and this is mediated by the CxT: CARBOKYA.. B0.31 | 12 |
Mitochondrial Permeability Transition :

Pore (MPTP)
(Br J Pharmacol. 2004 Nov;143(6):715-24.)
(Toxicology. 2006 Feb 15;219(1-3):124-32.)

Carboxyatractyloside-binding site
of human mitochondrial
Adenosine Nucleotide
3) ANT1 is an essential component of the Translocator 1 (ANT1)
MPTP, and is activated by

carboxyatractyloside to permeabilize the - .
mitochondria and induce apoptosis Highly similarly charged pockets

(Science. 1998 Sep 25:281(5385):2027-31.) (°°"ser_"e_d Arg/Lys/Asp residues)
(Cell Biol. 1999 Dec 27;147(7):1493-502.) and similar H-bond contacts ) Eidogen-Sert(anty




Supplemental Slides
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EidoSert Pro

TIP™
EVE™

KKB™
ARK™

ChlIP™

Data

KnowIedge-Based Solution

Protein Sequences

R FiE LER T BHGE FES TR

Proteome-wide homology modeling
and structural alignment calculations

Relationships

i
e

—
Experimental Protein
Structures
. '.B,.. p { $
{c.g' 4 >
Correlating binding site and binding
Ligand-binding sites mode similarities for selectivity &
and binding modes cross-reactivity prediction
-~
S 5 B SLe Sy
- Rk ey W
Small molecule ligands Kinase database and infrastructure for
and Structure-Activity | =——) managing SAR information

= JT— L1
[ S [— Prowcatiioms | MIAMSE | Valew

v P . = |-

v AL L T e m |

Bmpratterative hizery
oo e K |

Available chemical
building blocks and
reactions

Q.- f — ::m:.%3

Guided in-silico focused library design

-_— using programmed reaction

transformations

~CN =R _=[C.H o
[c,r-q H + rfn3s [cH>

[C,H] C,H ==
=cnfum, €7 R ['l“\‘“[c,ru]m =

DirectDesign™
Collaborations

¢) Eidogen-Sert@nty



Target Informatics Platform (TIP™)

Comparative Visualizer (EVE™)

¢J Eidogen-Sert@nty



Ligand-Binding Site

Ligand-Binding Site Similarity Space
{model or co-crystal)

Binding Site Similarity /¥ “‘ﬁ
g— =, itﬁ&r“'

/ Ay "1’#
Known target?

LIGAND YES

Rank and Analyze
Similar Sites

Prioritized List
of 50-100
Targets

Binding Site
Similarity

Protein Targets of
Similar Molecules
NC

“>_< Small Molecule
o Similarity Space
Known target? 2D Structural
NO Similarity

Rank and Analyze

Pharmacophore Similar Molecules

Similarity

Example Reference: Interrogating the Druggable Genome with Structural Informatics
Kevin Hambly*, Joseph Danzer, Steven Muskal, and Derek A. Debe.
Molecular Diversity, 2006.
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TIP Druggable Genome Coverage, .

4,679 Druggable Targets with
one or more structures
(81.9% Coverage)

5,715 Sequences
From 157 Druggable
PFAM Domains

1,263 with PDB’s
3,416 with STRUCTFAST Models

Protein KEY

Kinases - %Structural

: Description Coverage

m Protein Kinases 95.0%

¢ | ETrypsin-like Proteases 95.8%

Major Membrane ......... s il » | mMetalloproteases 91.0%

PrOt_ein Targets : — : ! | mATPases 80.1%

Q?SSglth TIF:astrel)lcturei B Short chain dehydrogenases 95 6%
cove

902 7% PDng mP450s 96.9%

397.3% Models E Phospholipases 82.1%

O Cyclophilin-type isomerases  100.0%
@ Protein Tyr. Phosphatases  100.0%

® Other Enzymes 88 7%
m GPCRs, Family 1 78.2%
mlon Pumps 33.9%
Other M lon Channels 69 1%
m GPCRs, Family 2 5.3%

Enzymes

® Mitochondrial transporters 69 7%
@ Other Cell Surf. Receptors G2 1%
O Other Membrane Transporters 4 5%

m Muclear Hormone Receptors  100.0%
@ Other Drug Target Domains  75.9%

<) Eidogen-Sert(anty




Animal Model Suitability

Cathepsin S Inhibition by JNJ 10329670
Human: 34nM

Dog:  124nM % ”M%%_@cps
Monkey: 266nM N
Bovine: 411nM Q
Mouse: 2364nM “

Dog
Monkey
Bovine TYR

R.L. Thurmond, S. Sun, C.A. Sehon et al. J. Pharmacol. Exp. Ther. 308:269-276 (2004).
Eidogen-Sertanty



Anti-Infective Spectrum

Comparison of fabH from Several Pathogens

rSequences r Chains Site-Ligand Contacts |

Description : Site Residue Conservation | Similarity Dendrogram | «|
J SiteSorter
Site Mame Diescription . Similarity % | %ID % | :
pdbThniis4162... FABH_ECOLI  MLC: MALON... .. - - ;.QTS.I.\].RT.C.RQ. ITF.L.M.GH.VF.A.L.H.AN.RI.N.EG
model47283_ . FABH_SALTY |MLC: MALOM.. | .. 138.07 96 ETS WRT ¢ Rz IIF L M N VF A L H AN EI N FG
model 47282 FABH_SALTI  MLC: MALOMN.. | . 1349.82 96 ETS W RT ¢ R IIF L M GHN WF A L H AN RI N FG
model 47285 FABH_SHIFL | MLC: MALOMN.. | .. 140.52 1an DTS W RT & R IIF L M N WF A L H AN RI N FG
model147305_ . FABH_YERPE ML MALOR.. | . 141.24 96 DTS WRT ¢ Rz ILF L M N VWF A L H AN EI N FG
model 47254 FABH_HELPJ (MLC: MALOMN.. | 140.76 96 DTS W RT ¢ R ILF L M GHN WF A L H AN RI N FG -
rodel47239_.. FABH_CHLPN | MLC: MALOMN.. | .. 136.96 g2 DTS W RT & RN VLF L M GE ¥VF A M H AN RI N FG -
model1 47252 FABH_HAEIM  MLC: MALOR.. | 13727 a2 DTS WER3 ¢ R3 VLF L M N TF A L H AN EI N FG
[ *] =

Visualize and
Overlay

For broad spectrum
inhibition, avoid interactions
with non-conserved regions
in C. pneumonia fabH

Chains |  Chain Alignments | Sites | Site Alignments |

Site Name | Locus | Ligand | SiteSonerSim..l Sequence Positions
pdbthnjis416201 . |FABH_ECOLI  MLC -

model147239_09_ .. [FABH_CHLPN  |MLC: MA.. 136.96

Eidogen-Sertanty



MMP Substrate Site Similarity

Sequences rChains Sites | Site-Ligand Contacts |
Description Site Residue Conservation Similarity Dendrogram
SiteSarter :

Site Marne Locus Description | %Conf| Similarity 4| %ID %2 | :
pdbisinis48... MMO3_HUMAN |INH:N-{(R-C.. | 100 - - 5.GQVL_AHA.E.T.LV.HE.H.FH.AL.QLEHS —
model25148... |MM12_HUMAN |HTA N-[3-(.. | 100 94,98 63 gGILAHA & T LT HE H gH av FEPTYky
madal11126.. MM15_HUMAN HTA: B-[3-(. 100 89.78 63 gGFLAHA & N LW HE H eH ai APF¥oqw
pdbdmmois4. MMO7_HUMAN RRS:N4-HY.. | 100 101.42 63 GNTLAHA e I YA HE H gH av ¥YETIgn H
model28047_. |MM20_HUMAN |HTA: MN-[3-(.. | 100 9403 63 rGTLAHA e F TV HE H aH al YPTTky
pdbZtclis492.. |MMO1_HUMAN RO4:[[1-[N-..| 100 96.38 57 GENLAHA e ¥ BW HE H sH al ¥P3¥t-
pdbimmivs4... MMOS_HUMAN BAT: 4-{N-H... | 100 98.82 67 NGILAHA & ¥ LW HE H aH sl ¥PNYaf
madel15220.. MM24_HUMAN BAT: 4-(N-H..| 100 9821 63 GGFLAHA e N LWV HE H eH al APFYq-
pdbirmais4a. MM16_HUMAN BAT: 4-{(N-H... | 100 497.33 63 GGFLAHA e N LW HE H eH al APFYq-
pdbig3ais4g.. MM10_HUMAN NGH:N-ISO... | 100 9365 a4 gHSLAHa e t LW HE H fH al ¥PL¥ns :'_
pdbifm1is39... MMA3_HUMAN MYAY: N-HYD.. 100 av.43 63 | sGLLAHa e v LV HE H dH alL FPIY¥Ty -
pdbihows41... |MMO2_HUMAN |152: N-{4-[{1...| 100 101.41 63 | denLaHA e v LV HE H eH AL APiYTy
model14614... |MM09_HUMAN |Predicted Site| 61 6888 67 dgllahas & v LW hE h dh Al ypwyrf
model30578.. |MM14_HUMAN |Predicted Site| 81 G742 63 ggflaha e n LV HE h eh AT Apfyqw

Druggability

H-bonding

]

#

"l

¥

Hydrophobicity

Druggability and Selectivity Analysis

Eidogen-Sertanty



Allosteric Site Opportunities

Allosteric site on p38, . _ o
behind ATP site Other kinases with same allosteric site

File Filtering Window Help

Sequences rchains S'rte—Ligaml Contacts |

Description : Site Residue Conservation | Similarity Dendrogram |
4 SiteSortar ‘ | :
Site Mame Locus Description % Conf] Similarity % | %ID % :
pob1hl6l.. MK14_HUMAN |Predicted Site g4 - - ;.R.TGLR.R.LKHIMKHENVIGLLD.VTHLMG.Q.R.Y.AVNE.ELK
mode|30... | MKO3_HUMAN |Predicted Site | 67 145.31 47 | ¢ rktr g LLRFRHENVIGIRd wgDLMe @ R ¥ LINt DLK E
model36... PASK_HUMAN |Predicted Site | 62 111.48 26 i k knKE a lsrvehaNIIKvLd vmEEhg o 5 ¥ Vihe TIK |
rmodel19... |FER_HUMAN Fredicted Site 78 144.42 23 v —kt3 k LEQYdHPNIvVKLIG IMELVs d a ¥ LVGE VLK
rmodel13.. FES_HUMAN  |Predicted Site | 60 121.81 28 | - dntt ¢ LEQY¥sHPRivrLIG VMELwvg d a ¥ IvtE V1K |
model35.. MPK7_HUMAN |Predicted Site | 70 117.37 21 | - tghV v LksHDCpyIvgefy AmELMy a k y LLDE oiK |
pdbjktis . [DAK1_HUMAN |Predicted Site | 68 143.09 30 | v tglo s LKEIGHPNVITLHEE ILELVA Q n ¥ xLld RIE |
rmodel39.. |S17B_HUMAN |Predicted Site | 68 126.06 23 f tggE a LelakCPRvINLHe ILEvAg o e T ILSS dIEK |
pdbigjol.. |FGR2_HUMAN |Predicted Site | 85 146.27 26 k IavT = MEmIGHEnIiNLLG IVEyAs o r ¥ 1vtE wvmK
pdbloeei.. FGR2_HUMAN |Predicted Site | B85 14727 26 k I=vT e MEMIGHENIANLLG IVEYAs g r v lvtE wmK ]
model36... PGR3I_HUMAN |Predicted Site | 67 10817 30 £ ipvT e MkmIkHEnIiNLLG LvEyas o r ¥ 1vtE wvmkK |
b1 agw.. FGR1_HUMAN |Predicted Site | 63 146.39 a0 £ IvTK & MKmgkHENTANDLG IVeyhs o r y lVte ViK |
pdbTksw.. | SRC_HUMAN  |Predicted Site 81 122.40 26 - ——-R  wkkDrHEFLvqL¥a wGEYMs g s ¥ 1VGE wCE I —
pdbik3al . IGIR_HUMAN |Predicted Site | 78 14731 23 K peTr = MEEFNCHHVvrLLG IMELME & D ¥ mwaE tVE :
pdb1irkis . INSR_HUMAN |Predicted Site a7 161 60 23 K ieTR s MkgFTCHHVvrLLG VMELMa E D ¥ Mvah TVE 2-'77
rmodel13.. IRR_HUMAN  |Predicted Site | 88 147.67 n q ea2Tp s MKAFECHHVvrLLG IMELMt e D ¥ wwvaqg tvE |
pdb1mob..[EPA2Z_HUMAN |Predicted Site | 66 147 89 21 | ¢ keVp g MQFSHENIIrLEg ITEVMe g a ¥ IVNS veE | —
5 rmodel24.. M3K1_HUMAN |Predicted Site 81 116 62 26 - tgtl r MshLNHpnIIrmlLg fiBwMa g r ¥ 1IDS r-T :
i rmodel76... KG3A_HUMAN |Predicted Site | 68 160.67 23 & LrEL g MRKLDHCNIVELRY VIEYVF Q R ¥ LVDp VLK |
Pred iCted Site model13.. [CYGE_HUMAN |Predicied Site | 74 | 116898 | 28 || 5 1gDF e mkdlrheNInplLg vTEFCs d k y VwDG vIK |

DATABASE
SEARCH

Eidogen-Sertanty



SiteSorter Example: ATP Sites -

PHOSPHOENOLPYRUVATE  ETUIOBIOTIN SYNTHETASE 1a82  RUVB HOLLIDAY JUNCTION  THYMIDYLATE KINASE 1E2Q
CARBOXYKINASE 1AYL DNA HELICASE 1J7K

) Eidogen Sert@nty



*) Eidogen-sert @ty Help | Lo

| Projects | Uploads| Protein By PDE ID - Find

Frolem Search | Ste Search |

ity

st prejoct is COK2_rep_cocryatals.

Protein Search

PDB Protein 1kv2 (EID 307004)

MAP KINASE M COMPLEX
[RERTERY TRansFERASE

MOL_ID: 1. MO
Compound B 'ATED PROY
MENT: TYRY

A0L_ID. 1. ORGARISM_SCIENTIFIC. HOMO S, NS, DRGANISM_COMMON. HUMAN, EXPRESSION_SYSTEM ESCHERICHIA
oLl EXPRESSION 4

NASE, CHAIN. A, SYNONYM MITOGEN-ACTIVATED PROTEN KINASE P38, MITOGEN.
EERED" YE

Site Search

Find stes with [N

Site Sortor similarity 1 [RR

Limit to otes withon overoll H

B |:|:u:m||mhmiq. Min: | None ¥ Max | Family A
mit o ses wih [HPPS

Site Sorter scor abow

Limit 1o s2es within %10 rngo  [EVSREET] mae | 100

il .. 0.0 Max [1.0

EVE-3D

Site Search Result

L J

Add Checked To Project

Ligand - 1) e Parent Primary Structural
Hisraaiain TUCCUAE DasEN PO oTy Structurs el Species  Similarity
= 111 B9 P8 MAP KINASE MK14_HUMAN Family
o 113 Predicted P8 MAP KINASE M1 HUMAN Family
B-RAF PROTO-ONCOGENE
E 118 Predicled  SERINETHREONINE BRAF_CHICK Family
PROTEIN KINASE
P MITOGEN-ACTIVATED - N
o 117 Predietd  poocenUikaee 14 MI1E_HUMAN anily
Sennethreanine-proten
4 kinase NekT (EC 271 37)
) 1115 Fradicted  ops colotad protain Kinass HEKT_HUMAN Family
(]
Sernaithreonine-protain
kinase Neid (EC 27.1.37)
= 1114 Predicted  (NimA-eisted protein kinase NEKS_HUMAN Family
3) Narcc 1t kinasa) (HIMA-
rolatod kinase B (Nohs)
Miloger-actated protes
kinasa kinzsa kinass 10 (EC
= 1122 Predicted  27.1.37) (Miked lnoage TAIKA_HUMAN Family
lanise 2] Protemn kingss
M5T)
o 1127 Predicied  MAP KINASE P MK1_HUMAN Family
cil 1130 Predicted SR PROTEIN KINASE KME5_YEAST Family

37

129 208

130 281

124001

125 548

120 435

118 461

117 959

100

0.00

000

oM

000

00

EVE Target Analyzer C:\demo\PDE4_PDE5_crystal_structures.eve

File Export Filtering Ligand Window Help

_ Sequen ains || Sites || Binding Modes
[ Descpion |

Binding Modes milarity Dendrogram
SiteName | Locus | Description (s:inn?\t\a;ntwv e L
ndbuctisasa IA: 5.(2-ETHO... : H.NNZY.L.DL.AT.Q.IA.VA.F.L
pdbTuhols50. WDN: 2-{2-ETH... 067 YH WY L DL AT Q IA VA F L
ndb1ibHis500 . VIA:5.2ETHO.| 081 LILAT QIAVAF L
pdb1xpDish24.. VDN:2-2ETH.. | 063 LIL AL QIAVAF L
ndb1xoa627 CIA:6BENZOL. | 041 L-LATQIAVEF I
pdbTudWs49. (CNSA_.. CIAIGBENZOL. | 0.45 L-LAIQIAVAFEL
pdb1xdsB36. PDE4B 211339 038 ML NP Y WT IMF M
pab1xs636.. PDE4B  CIO: CILOMILA..  0.38 BMoLwe ywrawew
ndb1xdsB36. PDE4B 239740 043 ML NP Y WT IMF M
b 1x9s636 . PDEB 263358 0.8 M DL NP Y WI IM E
=]

=
L

R
stoome | Locus [Upand] | Seuence Positons ] a K
pbiunnisaal 17 » aro.mavn i of BAEY
pdblxmus64060. PDE4B  ROF NP X WT IM e [y
AR URGMESO1TT  CNGR_ (VDN = -AT.Q.TA.VA. n
pADTHASEITI0%  POE4R  FIL WP Y WT IM [
pdbluhois8011T  CNSA_.. VDN o S AT O TALVA, 1
pdbl 502348760 . CNOD_.. 666 I1GP HWTI
ut e =

TIP Project
ata

<) Eidogen-Sertanty



EVE Comparative Visualizer Layout

File Export Filtering Ligand Window Help

| Chains | Sites | Binding Modes |

- EVE Target Analyzer F:\kevin\p38_selectivity\p38_similar_kinases_with_inhibitors_saved.eve

Description Site Residue Conservation Similarity Dendrogram|
Site Name ‘ Laocus | Description ‘ %004 g:ﬁiﬁgﬁk | | ke M Bl T o B Readihony
poblygiisEa3714 . [MKA4... BNP: 6((S)-3-B...] 100 - |.v.2¥.V.3.K.E.L.IGL.LYTHLMGAD.N.SN.A.LD
model37686_7_3 . |MAPKS 537 2 B-DIHY 100 70.849 65 iagwv A Ke lIsl lvMELMJAN © sn V Ld
pelld prn/s4 7265, MK10... 084: CYCLOP... | 100 |  93.69 58 | pggwv A KeM Ish LVMELMAAN Q Sn V Id
model13288_118.. [NLK SB4: 4-(4-FLL 100 80.82 50 T af vaKelrlLsa VwTELMgED K GN L Cd:
| |EMI

Multiple
Structure/Site
viewing

File Selection Render

Interactive

Color Arrangement Labels Maodes

View Mode

Protein |
[ Site I
Selection Mode

Linand-=>Site

StrUCtureISIte Chains |’Ch n Alighments |’Si‘les-|’ Site Alignments | Cnntam_[me
Alignment Site Name | Locus | Ligand| l Seqence Pnsitions : Cor aris%laé)ufr.]..
. pobtyoiises. mKa4_. enp |- | v By L BURCEL . el e v Bl & e e
Window model37626... MAPKS 537:2,. .| - — - B & - - B —-0Hf ;%g a-—— v - %
pobtyoisea... mKaa_.enp - v By B AR BN BT ol H-Donoriccent
model13268.. [NLK  |SB4:4. .| T —- E E I gzﬁ;?g K g L c- —gourtace Shape.
pdblyaiisea. MKaa_. enp |- Lv. B g AR B H e D A Bl Arrangement
pob1pmnizd... MKA0_... 984 ----Bf-u ; - v - —akseeried
i] [¥] Ouerlay Sites

Similarity
Clustering
View

Customizable
Selection &
Analysis
Toolbar

Eidogen Sertajnty



Selectivity Opportuni

EVE Target Analyzer C:\Documents and Settings\EDemo
Description Site Residue Consernvation
SiteSaorter : :

Site Marne Locus Description %Canf| Similarty ¥ | %ID @/ Ceh s MG T Eone Ebidvhond

model31944 413 675_1nxkAfs... RPSGKA1 STU: STALUROSP... | 100 - - .IGVCI.C F.A.K.E.L.I.TELME.GE.K.SN.L.
model31271_404_672_1nxkAJs... | RPSG6KAZ STU: STALUROSF...| 100 12013 96 IGVH CJR 2 K EL I MELME GE E 3N L
model1 3082_411_B93_1nxkAis... |RPSE6KA3 STU: STAUROSP...| 100 11914 96 IGVH C)R 2 K EL I TELMK GE E ZN L
model20597_416_683_1nxkAls... RPSEKAG STU: STAUROSP...| 100 114.91 92 IGVH CIR A K EL I TDLMK GE E 3N L
model31347_94_3458_1phk_is5... PSKH1 ATP: ADEMCSIME..., 100 102.04 T2 IGrof vir 2 K e 1 I MELAt ge K EN L
model23101_160_413_1usriss... MAP2KS ATP: ADEMOSINE...| 100 8848 T2 LGHg Vjk A K e 1 I TEFMd gs k 2N L
pdb1pmels475760 (chain ) MKO1_HUMAN 577: 4 [5-{4-FLUO..., 100 8257 Ba ig— V= a KEL I THIMy ad K SN L
model1 3207_15_291_1phk_/=5... PHKG1 ATP: ADEROSINE...| 100 101.29 [it:] Lerg Vjr A K E 1 I FDIMk ge K EN L
model39629_216_489_1phk_fs... CHEK2 ATP: ADEMOSINE..., 100 100.36 63 LG VL A K E 1 I LELMe ge E EN L
model 6037_91_347_1x8h&ss7 ... MAP3K10 824 8-HYDROXY...| 100 8a8.02 63 igvg Vit A K E F I MEYaR gA k iN L
model2856_59_323_1phk_fs57.. |PSKH2 ATP: ADERCSINE...| 100 103.83 [t:] iGtf Vflr A K E 1 V MELAt ge E EN L
model1 2929_114_369_1phk_fs... KIAAD999 ATP: ADEMOSIME..., 100 103.49 Ga IGKg Wjr A K E m I TE¥As ge K EN L
model38788_29_330_3erk_fs5.. - SB4: 4-(4-FLUGCR...| 100 T0.32 aki} Iged W5 A KEe 11 QDIMe Td kK 3N L
model27606_40_300_1x8hass7 . \CAMKA 824 -HYDROXY...| 100 86.70 Ba lgrof Ve A K EL I LELVT e k eN L
model29051 _7_269_1s9j4/557... MAP3KD ATP: ADEMOSIME.. 100 a0.7a 68 IGIg Vjr A K g 1 i MEFAr gp K sN L
modelG844_109_408_1opjBrsa... KIAA1804 STI: 4-(4-METHYL...| 100 6910 63 igag Vir A K E F I LEFAr ga k sn L
model34141_216_487_1gpcAis.. |SRMS AMP: PHOSPHOA..| 100 Tr.40 Ba LGec Ve A K e 1 I TELM:E gn = rn L
model13288_118_479_3erk_fs... NLK SB4:4-(4-FLUOR..| 100 G267 [t Igyf V= A KEe 1L TELMy 31 k GN L
model23020_15_270_1x8bA'sT ... PRKAA1 824 9-HYDROXY...| 100 85149 i3 Lgve Vv A K EL I MEYVS Ge k eN L
model3041_222_ 494 1gpcAiss.. FRK AMPPHOSPHOA..| 100 Tr.09 64 Lisc Ve A K em I TELMr gs a rn L
model2737_88_396_1gz8As53.. |CDC2LS MBF: 1-[{2-AMINO...| 100 82158 B4 IGEl Wik 2 K e 1 I FEYMd Hd k 2n L
model309_F13_886_1wjA/s700... EPHA4 OTT: 2,3-DIHYDR...| 100 3518 G4 igvc Vs &« K Em i teyme gs a rn L
model3444_162_449 1phk_is5.. | \CAMKK2 ATP: ADEMOSINE...| 100 96.86 64 igkg VL A K E 1 ¥V FELVn gp K 3N L
model575507_5_305_1ouyiisE... MAP2K1 084:1-(26-DICH... | 100 8r.08 64 Lgac Vijk A K EL V MEHMd g3 k 2n L
model45506_949_1211_1jkINS...iTRAD AMP: PHOSPHOA..| 100 8117 B4 igrof vk A K E 1 I LEIMd gr k EN L
pdb1s3iis575704 (chain B) EMAPZKZ ATP: ADENOSINE... | 100 Gh.04 64 LA vk A Ee 1 v MEHMd g5 E 3N L
deeI4EED§l_1D_268_1x8bNST...|PRKAA2 824 8-HYDROXY...| 100 84 65 64 Leve VL A K EL I MEYVS Ge k eN L
model29050_81_3?1_1phk_ISS...|MKNK2 ATP: ADEMOSINE...| 100 97 .66 B4 LGEY V|t A KE 1 L FeEMr g= E EN L
model33571 _38_390_3erk_/s5.. IMAPK7 SB4:4-(4-FLUOR...| 100 7282 G4 Igngf Vs A K e 1 I LDIMe 3d k 3N L
modell 3525_6_274_1opjBis54... |[ZAK STI: 4-(4-METHYL...| 100 T0E2 64 Cyggol Ve A K EL I TEvAs gs k rn V
pdb2sreis4874455 (chain SRC_HUMAN  |ANP: PHOSPHOA...| 100 8878 : Lzl Vim A K e m ¥V TEYM=s gs R AN L

Finds the basis for selectivity in RSK'’s (p90 ribosomal S6 Kinases)

M.S. Cohen, C. Zhang, K.M. Shokat, J. Taunton, Structural Bioinformatics-Based Design of Selective, Irreversible Kinase Inhibitors,

Science 308:1318-1321. .
<) Eidogen-Sert(anty




cSLIC Binding Mode Analysis

Similar to pSIFT approach developed by Jus Singh’s Group At Biogen
see J. Med. Chem. 47, 337 (2004) & J. Med. Chem. 48, 121 (2005).

" File Filtering Ligand Window Help

[ Sequences | Chains | Sites | Einding Modes

Description EBinding Modes Similarity Dendrogram
Contact :

Site Marme Locus Diescription Sirmilarity % : :
Compositel CDK2_HUMAM = ;IGEGGU&KEWFEFLHQDKKQNL&DD
pdblhlp/fs406225 (chain &) CDK2_HUMAM CMG: 6- O- CYCLOH.. 025 ;Iﬂ—\!ﬁ———UFEFLHQDK—QNLAD— }
pdhlgz8fs407328 (chain A | CDK2_HUMAMN MEP 1-[(2- AMINO-... 036 ;Iﬂ—UAK——UFEFLHQDK—Q—LAD— |
pdblwaw/s4841596 (chain Ay | CDK2_HUMAMN 292: N-(3- CYCLOPR... .34 -——-IVAKE-YWFEF LHODK-—-LA-D
pdblww/s4941598 (chain C) | CDK2_HUMAN 292: M- (3- CYCLOPR... 035 E————IUAKE—UFEF@_DK———LA—D
pdhlgij/s29%28& (chain &) | CDK2_HUMAMN 2PL: 1-G-0X0-2,3,. 0.40 ;Iﬂ—UAK——UFEHMDT—QNLA—D L L
pdblh(l/s408543 (chain &) |(CDK2_HUMAM FEL: (25)-1-[4-¢4-[(.. 0.27 ;Iﬂ—vﬁ——WFEFwDKDMLAD— :l
pdhlh(l/s406544 (chain 4) CDK2_HUMAMN FAL 2Ry-1-[4-¢4-... 0.28 ;Iﬂ—vﬁ——WFEFmK—MLAD— I
pdblgiifs328693 (chain &) CDK2_HUMAN 1PL: 1-G-0X0-2,3,. 0.23 ;IGEG—UﬁK——UFEHwDT—QNLA—D
pdbloit/s473021 (chain 4  |[CDK2_HUMAN HDT: 4-[&-IMIDAZ... 0.24 ;IEG—‘JJ&K——UF%QDK—QNLAD— |_
pdhloirfs4559541 (chain 49 | CDK2_HUMAMN HDY: 1- (DIMETHYLA... 0.24 (IGEC-WA--XWFEF LHODK-ONLAD- :
pob1fngs291900 (chain 4)  |[CDK2_HUMAN 107: 4-[(7- OX0-7H... 0.37 ;E———mKE LVFEF LHODK-OMLAD- | B
pdblogu/s467442 (chain &)  ([CDEK2_HUMAMN S5T8: 4-{[4- AMINO-... 024 {IGEC-YAK--VFEFLHODKKONLA-D
pdblagl/s2597322 (chain J) |CDK2Z_HUMAN STU: STAUROSPORINE  0.40 |LGEC-VAK--VFEF LHOD--QNLAD-
podbleahfs282694 (chain A) (COK2_HUMAM |INR: 2°,3-DIOX0-1,1... 026 ;IGEG—U.&.KE LWFEF LHODK-ONLA-D
podblfglfs295542 (chain By |(CDK2_HUMAM (ATP: ADEMOSIMNE-S'... 028 ;Ii—g\!.&K—TUF%QDKKQNLﬂD—
podblbiBfs2e296]1 (chain A) CDK2_HUMAM (ATP: ADEMOSIME-3'... 028 EIE—Q‘J.&.K——UFE—QDKKQNU}.D—
pdblgy2 /5403281 {chain Ay |CDK2_HUMAM ATP: ADEMOSINE-5'... 033 ;Iﬂ—UAKE—UFEFLHQDK—QNLﬁ—Q

[4]

cSLiC: Composite Site-Ligand Contacts

Eidogen-Sertanty



cSLiC Binding Mode Analysis —

EVE cSLIiC &
Structure & Docking
a0 Scores Spreadsheet

TIP Structure |ssss=

cSLIC Analysis
N~ Y /' Score Analysis & Plotting

Family
Structure —>
\D_B/ EVE
Structure & Docked ose Visualization
Docking Site Poses P —
(.pdb) (.sdf) =

N _
Smalll /> Docking

Molecule

@&

I -

Docking Analysis & Rescoring

\; Eidogen-Sertianty



% of Actives Recovered

35 -

30 -

25 -

Ideal

20

15

e====Co-Crystal cSLiC+Docking ||
Co-Crystal cSLiC

10

e Docking M
Random

1 2 3 4 5 6 7 8 9 10
% of Database Screened

Dramatically enhances docking-based screening
) Eidogen-Sert@inty



TIP and EVE Flexibility

TIP Database
Upload new sequences (or genomes)
Define and query custom binding sites
Build STRUCTFAST models from multiple templates

EVE Comparative Visualizer
Import your own docked ligands
Import your own homology models
Import your own crystal and co-crystal structures

Public data is made available to all users.
Your data and calculation results stay private

) Eidogen-Sertanty



LC-ID KKB-ID |Structures ABL |PDGFR |PDGFRB |JAK3 [KDR [LCK [MAPK14 |TEK
g

G2G STI 12 2082 6.7 8 8

900 STI 1 2083 ) 6.1 8 8
%@*

7TMP 1N8 4 | 4336542 7.8 9] 95 8.7
o

7TMP 1N8 2 | 4336547 6.8] 8.3 95 9

7MP RAJ 3 | 4307626 8.4 8.4




LC-ID KKB-ID |Structures ABL |PDGFR |PDGFRB |[JAK3 |[KDR [LCK |MAPK14 |RAF1
Nﬁ
7MP GIN 4 | 4344221 7.6
Nl-h,/
o /I
242 C52 2 | 4360910
(@‘NH e
o o r
o
LI3 L11 1 | 4198240 7.2
o T
AR
608 GIG 7 | 4360457 6.1
g
-:-"LNH
KIN BMU 4 | 4360452 6.1




Kinase Knowledgebase™
(KKB™)

<) Eidogen-Sert(anty



eScreen QSAR Models
I——

3D-QSAR models built from data annotated in KKB

eScreen Training Set Criteria (all data mined from KKB)

» Modes of ligand interaction with biological target?
*PKC: ATP site, phosphatidyl serine site, diacyl glycerol site, substrate site
*SRC: ATP site, substrate site, SH2-binding domain

» Substrate for the enzyme?
*Peptide, Carbohydrate, Pyruvate, ADP, Creatine

» What kind of assay was run?
* Ligands only grouped from purified enzyme assays

» What is the size and shape of the ligands in the assay protocol?
» Peptides, Small molecules, Heterocycles, unnatural amino acids, peptidomimetics

> Experimental assay conditions (ATP concentration 5-20 uM)

> Is the information suspicious in the paper?

J EidogenSertanty



SAR-Based Activity Matrix

AR

HEE BB

et

1

| BEEEE
Sl IA R
T 1

whal |||
EsElRsrsR
IREEEER!
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eScreen Amplified Activity Matrix

min |30 40 50 &0 7@ &0 &0 W0
max | 40 S0 6N T4 8O S0 w0 1en

¢) EidogenSert@inty



Example Enrichment Study - WyethABL

%Wyeth-ABL actives found

100
90
80
70
60
50
40
30
20
10

ABL enrichment

~ WyethABL (N:14) +
SCREEN-DDRA (N: 26K)

% Screened




Example Enrichment Detail - WyethABL

Enrichment analysis for 14 "new" ABL active compounds published by Wyeth (Diane H. Boschelli,*
Yanong D. Wang, Steve Johnson, Bigi Wu, Fei Ye, Ana Carolina Barrios Sosa, Jennifer M. Golas, and
Frank Boschelli "7-Alkoxy-4-phenylamino-3-quinolinecarbonitriies as Dual Inhibitors of Src and Abl
Kinases" J. Med. Chem. 2004, 47, 1599-1601). None used in eABL eScreen development.

Enrichment greater than 7-fold. 13 of the 14 had Observed plC50's >= 6.0 and were termed "WyethABL
active" and thrown into the SCREEN-DDRA pot of compounds previously described. 1 compound overlap
(molid: 13783, SCREEN-DDRAId: 301966) between the 13 WyethABL compounds and the 26K
SCREEN-DDRA set (actually denoted as a Src protein kinase inhibitor).

Several known kinase actives in SCREEN-DDRA, many of which seem to bubble to the top in a general
eABL ranking. In the rank-ordered compounds, for example, several of the top compounds are noted
PDGF, FGF, and SRC inhibitors. Also, no less than 45 of the top-300 in this set are classified as
Antineoplastic.

10 of 13 are identified when screening through just 10% of the set and all 13 are identified before
screening through 40% of the set.



oScreen Example .

e Prioritized 51,000 compound library using a collection of eScreens

e Compounds screened in lung cancer cell-based assay*

Hit Enrichment in Cancer Cell-based Assay
involving Kinase Activity

100

90 /

80 / —— Original Library -

70 Randomly
Screened

£
60
50 g //
—— Original Library -
a0 f / eS”t?rlggnFl’rirsrri{rized
20 £/
10 {

[} T T T T T T T T T 1

0 10 20 30 40 &0 &0 70 80 80 100
Wscreened

% hits found

40

~5-fold enrichment after screening 1026 of the library.

*Screening data courtesy of Hakim Djaballah, Memorial Sloan-Kettering Cancer Center . A
3,169 of the 51,000 compounds were “active” in at least one of 5 cell-based assays. J EidogensSertiainty



ChIP Smart Library Generation —

AMPLIFICATION KNOWLEDGE
———— - Corporate synthetic
Paotentlal synthetlc strategles: eXpe rtise
¢:+: ;:» i:_ +:4- +:
- T - == Reaction
et Nones - knowledgebase
Activity and
Relevancy
Assessment High Probabilit
Target Target ; 4

Prioritization  Tractable Interrogation High Potential Leads and

TI P Targets Ch I P Compounds TI P + ARK i ound Targets For

Candidates Selectivity
Selectivity and Assay
Suitability
Assessment

Novel, Tractable Compound Libraries

Guided chemistry evolution directed by family, target, prior-art
Consistent with accessible synthesis methods and commercially
available starting materials.

“J Eidogen-Sert@nty



Reaction Content — Enumerated From Published Reactions
JE—

* ~1,300 journal articles from 80 journals and ~80 patents
»  Publications cover parallel, solid-phase and solution-phase
methods

« ~15,000 generic reactions - ~1.8 million products
» Reactions with their starting materials correspond to ~2.8 million
specific reactions
» Reaction exports available in RDFile/SMIRK and building-
blocks/product molecules in SDFile/SMI formats

- Hierarchically organized chemistry content covers a variety
of synthetic methodology

» Solution phase reactions
» Solid-phase reactions
» Polymer-supported solution-phase reactions

) Eidogen-Sert(anty



Enhanced Enumeration-Ready (“ChlP-able”) Reaction Content
B ——|

- Reaction transforms — generic reactions in SMIRKS format

» Associated incompatibility SMARTS filters (“required” and “exclude”)
> Introspective reactivity filters are included in the SMIRKS representation

- Example reaction types

Nucleophilic Aromatic Substitution Reactions
Pd-Catalyzed Aromatic Substitutions

Functional Group Transformations

Amine Acylation Reactions (Amides / Carbamates)
Amine Acylation Reactions (Ureas / Thioureas)
Formation of Diverse Heterocyclic Systems
Michael addition, cyclo-condenzation (formation of 4-quinolinones)
Formation of Thioimidazoles

Standard Deprotection Steps

Robinson Annulation

Diels-Alder Reaction (26 representations)
Fisher-Indole Synthesis

- Filters of reactive functionalities/undesired motifs in SMARTS
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ChlP-able Nucleophilic Arom
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aliphatic primary or secondary amine

aromatic primary amine
aliphatic primary and secondary amine

aromatic primary amine

2-chloropyrimidine, but not 4-chloropyrimidine aliphatic
primary or secondary amine

2-chloropyrimidine, but not 4-chloropyrimidine primary
aromatic amine

aliphatic primary or secondary amine

aromatic primary amine
aliphatic primary or secondary amine
aromatic primary amine

amine aliphatic primary or secondary
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ChlP-able Diverse Heterocycles ——

[+] [+]
7037 {:3.:i§[cfﬁj . 1011” — F vf‘pﬁfj\m'* any 2-amino arylamide not in a ring; any carboxylic acid; excludes acylators, alkylators,
e B nucleophiles, other acids, activated aryl halides, aryl bromides/iodides
c ol = o a ol - any 2-amino arylamide not in a ring; carboxylic acid chloride, no chloroformate, carbamoyl
el {:f ﬁﬁ T - {:;:;*'”ﬁlm' chloride, etc.; excludes other acylators, alkylators, nucleophiles, acids, activated aryl halides,
TN ENNTR aryl bromides/iodides
. e i - Lo.n e 1 - any 2-amino arylamide not in a ring; carboxylic acid methyl ester, does not allow any other ester,
g ﬁ\” " T — g ﬁk” which is too restrictive; no differentiation between different ester reactivity; excludes acylators,
il S alkylators, nucleophiles, acids, activated aryl halides, aryl bromides/iodides
oy o
2040 i h'lL‘“. |_sicm . R any 2-ureido aryl methyl carboxylate not in a ring; excludes, acylators, alkylators, acids,
R OfJ‘M)“’;E M nucleophiles, activated aryl halides, aryl bromides/iodides
| .C.N]\_[C‘.q-_ K]
i* n~ g wal\h,ﬁ any 2-ureido aryl carboxylic acid not in a ring; excludes, acylators, alkylators, acids,
7041 " “.)I:: N — - nucleophiles, activated aryl halides, aryl bromides/iodides
“ho"teg ZC-N]L.[C'-i‘E.
Ho ew o e any 2-hydroxyaryl-(NH)-amide, thioamide, urea, thiourea, etc.; excludes, acylators,
7066 *J\lﬁiﬂf’[‘? 0 = r~ :cE : alkylators, acids, nucleophiles, activated aryl halides, aryl bromides/iodides
087 ,ﬂcioI”‘c 0 L ] _QEI:C'T{’ - any 2-mercaptoaryl-(NH)-amide, thioamide, urea, thiourea, etc.; excludes, acylators, alkylators,
o ST LRy acids, nucleophiles, activated aryl halides, aryl bromides/iodides
R
068 A | T . % M, any 2-aminoaryl-(NH)-amide, thioamide, urea, thiourea, etc.; not amido aryl amide;
ﬁ"ﬂ‘ﬁ k™ 'H’m I e excludes, acylators, alkylators, acids, nucleophiles, activated aryl halides, aryl bromide/iodide

) . b 1,2-diamino aryl (amino-2-arylamine); carboxylic acid methyl ester, does not allow any other
7069 I i :: * A A ] M ester, which is too restrictive; no differentiation between different ester reactivity; exclude,

_ACN] e
HATCIEH "l nucleophiles, acids, acylators, alkylators, activated aryl halides, aryl bromide/iodide, aldehydes,
other esters
A —
7070 ”I["i‘fm + qj — R_Q“I["Tf . 1,2-diamino aryl; aldehyde; exclude, nucleophiles, acids, acylators, alkylators, activated aryl
ma e e halides, aryl bromidefiodide
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Leveraging Building Blo |
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A landslide of interesting pharmacophores,

all just one Rxn step away
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Good Filtering Is Critical. ..
Each reaction transform is encoded with the information
necessary to prevent undesirable products.

Side reactions are avoided using...

Incompatibility Filters to analyze available starting materials to
exclude multiple reactive functional groups

Synthetic infeasibility is avoided using...

Introspective filters to analyze the reaction center environment
to exclude reactants with groups that prevent successful
synthesis, e.g. nucleophilic amine, activated aromatic chloride,...

Reactive product molecules are removed using...

Global "bad-frag" filters to avoid reactive functionality or
undesired motifs, e.g. acylators, undesired elements/isotopes...
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~1ltering Example

How The Chemist Thinks

Required
R " 1,2-diaminoaryl (amino-2-arylamine); carboxylic acid methylester
i r'[c‘rr% N] ___Ji — F'_‘{‘IH o '[u N Not Allowed
Hn” e e e nucleophiles, acids, acylators, alkylators, activated arylhalides,

aryl bromide/iodide, aldehydes, any other esters (no differentiation
between reactivities of different esters)

How The Computer Thinks

RXN Smirk with “introspective filter”

IN;$([N;HO(C1[#6 #71[#6,#7][#6 #T][#6 #71c1[N;!HO: IH1)A,a]); IS (IN+]);!$(NC=,#[!1#6]):1$(NC=, #[#6]); ! (N['#6: 1#1]):4]([c:11]1[c:10]([N;'HO: IH 1 :3]([H])[H])
[a:7][a:5][a:6][a:8]1)([A,a:1])[H].[CH3]O[C;$(C(O[CH3])(=0)[A,a]);!'$(C(=0)(O[CH3])[#6]):9](=0)[A,a:2]>>[n:3]1[c:9]([n:4]([c:11]2[c:10]1[a:7][a:5][a:6][a:8]
2)[A,a:1])[A,a:2]

e.q. Building Block Required Filters (r7069.1, r7069.2)
c(c([NH2;v3])[a])([a])[N;!HO;!$([N+]);!'$(NC=#[1#6]);!$(NC=#[#6]);!$(N[#6])]

[C;$(C(=0)O[CH3]);!$(C(=0)(O[CH3])['#6])]

e.q. Building Block Exclude Filters (r7069.1)

([N;IHO;$(NC);IS([N+]);1$(NC=#[1#6]);!S(NC= #[#6]);!S(N[1#6]);!$(Nc)] ) OR ([N;!HO;S(N[N;S(N[#6]);!$(NC=#[!#6])]);,!S(NC=,#[!#6])])

OR (C(INH2])=[NH] ) OR ( [S;$([SHI]).$([S-])] )

([S:$(S(=0)IOHI)] ) OR ( [C;$(C(=O)[OH]);!$(C(=O)([OH])I'#6])] )

([C;$(C(=[O,N,S]IO,SIC(=[O.N,S]))] ) OR ( [C;$(C(=[O,N,S])[F,CI,Br])] ) OR ([C;$(C(=[0,S])=N)] ) OR ([S;$(S(=O)[CI,Br,F,I])] )
([C;$(C[Br,1]);!$(C=#[A])] ) OR ([C;$(COS(=0)(=0))])

( [c;$(c1([CL,Br,F,I])nc[n,c][c,n][c,n]1)] ) OR ( [c;$(c1([F,Cl])c(IN+](=O)[O-])ccce),$(c1([F,Cll)cce([N+](=O)[O-])cc1)] )
[c;$(c[Br,1T)]

[C;$(C(=0)0);!$(C(=0)(O)[1#6]);!$(C(=0)O[1#6]);!$(C(=O)([OH]);!1$(C(=O)([O-]));!$(C(=0)OC= #[!#6])]
[C;!HO;$(C=0O);1$(C(=0)[1#6]);!$(C(=0)=[A])]
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De-"Know”-vo Drug Design

ChiP™
Chemical Intelligence
Platform

KKB™/TIP™

Kinase Knowledgebase
Target Informatics Platform
0 0
CNS N, @R CNSeN N/)\R
) Target
i Active Seeds Specifi
yOee From SAR LI
HSCNN Y oy Libraries
NN EN))Q Database
K. = 27nM
Ligand and Target

Analyses

Synthetically Focused, Active
Guided Lead Design
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ChIP — "Diversity” Example Simulation

—

Start with ~ 40 generic reactions with “introspective” filters

Generate virtual protocols by graph traversal algorithm based on
compatibility of generic representations

Enumerate virtual protocols using commercially available starting
materials as input

Eliminate structures that overlap with database TDTFile (e.g. KKB)

Apply Lipinski and structural filters (> 90)
MWT, HBA/HBD, ClogP, TPSA, rotBond

«  reactive functionalities like alkylators / acylators, electrophiles,
nucleophiles, etc.

Undesired motifs (non-standard elements, >2 halo or >1 nitro
per aryl, thioesters / ureas, un-branched chains, etc.

«  Excerpted set: 28K novel compounds
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Frequency
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Compound Novelty (ChIP sim-3 excerpt)

-= KB "BioMol" (23K)

—=- ACD (v2003.1) (45K)

-=- KB "BioMol+commercial" (850K)

| -= MDDR (v2202.2) (65K)
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Excerpted ePotency & eSelectivit

FlexiChem Excerpt (sim3)

= = = = PDGFRE
m—= PDGFR
1 en ] i ] KDR
— TEK
=] - b L FGFR
| 1 F2 1
= = &= ERBE2
— =] == ==——1 EGFR_SUBSTRATE
= T L T L FGFR
st g Lt PDK
=l = = S PRK

B e e 7AP 70 SH2
= i 0 S 08-9
— SRC

=P LOK 17-8

GREZ_SH2
— = - iy - |:| 6'?
- ABL
= =, |t MAPK14 056
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GSK3A m4-5
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i

i
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2270249 eABL: 7.96; eSRC: 6.83

2269216 eABL: 7.75; eSRC: 6.82

2357124 eABL: 7.51; eSRC: 6.99

2280014 eABL: 7.36; eSRC: 7.12

2267424 : eABL: 7.04; eSRC: 4.94
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P38 ATP-Site Direc

Activity Screen: MAPK14/p38alpha Pharmacophore Model
High Scoring Reaction Products: 4-Aminopyridopyrimidinones

o) R

R
CN R 0
[C,Nf [ N4 I rross [c,Nf[CN N R AR ¢ R rroos
[C.NIx | A ¢~ R [C,N] | /)\ S R R > R\
" SICNTNH, TINIENTNT R c”” N7 R
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40t050
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De-"Know”-vo Design Summary

—
[ Novel Lead Structure-Based Novel,
S(S)ﬁche Lead Generation NO_V€| . Activity & Selectivity Selective

» Diversity and/or focused library evolution through tractable chemistry
with corresponding available building blocks

> Flexible evolution direction and scoring: e.g. PFPSim, (Q)SAR, Target
Structure-directed, etc.

» Project-based collaboration engagements and/or several components

individually licensable (e.g. ARK, Reaction Content, EVE, KKB, TIP,
command line enumeration, etc.)
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