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PDB Structures
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* 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.



STRUCTFAST

S Tructure Realization UTiIizing Cogen‘r Tips From Aligned Structural Templa’res

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

« STRUCTFAST: Protein Sequence Remote Homology Detection and Alignment Using Novel Dynamic Programming and Profile-Profile Scoring Proteins. 2006 64:960-967
« Convergent Island Statistics: A fast method for determining local alignment score significance. Bioinformatics, 2005, 21, 2827-2831.



Modeling Algorithr

Alighment

Scoring Methods

Gap Treatment

Examples

Sequence-
Sequence

BLOSUM
PAM
GONET

Length
Proportional

Affine

BLAST
FASTA
Smith-Waterman

Needleman-
Wunsch

Sequence-
Profile

PSSM
HMM

Affine
Position-Specific

PSI-Blast
HMMer

Template
Homology
Range

~30-50%

Sequence-
Structure

Threading potential

Affine
Position-Specific

Raptor
GenThreader

Profile-
Profile

Dot-product

Log Average
Analytic Statistics

Position-Specific
Structural
Family-
based

3D-PSSM
FFAS

STRUCTFAST

~15-30%




Comparison to a Client's Crystal Structures

Protein | # of In house | template
residues | resolution | resolution

Family | 288 1.6 A 1.8A
1

Family | 347 1.7 A 2.3 A
2

Family | 285 2.5A 2.4 A
3

Family | 941 2.1A 1.7 A
4

Family | 313 2.6 A 2.0A
5

Family [ 442 2.05 A 2.1 A .
6 Purple -client's in house
Cyan - homology model
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SiteSeeker ‘

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




SiteSeeker Example

PTP1B (PDB 1pyn) PTP1B (PDB 1pyn) PTP1B (PDB 1t4))
\ _ SiteSeeker SiteSeeker o
/Predicted Site Predicted Site Allosteric site with

(70% Confidence) - ) bounﬂbltor

! \’. < | . -
\ “\;R

—~—

e
Active Site'with"
bound inhibitor pl

Green = Over-predicted

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

Importance of Points (Weights) Related to their Similarity

Master site Query site

KEY
1 — Aliphatic

2 - Donor

3 — Acceptor

4 — Donor/Acceptor
5 — Pi-bonding

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



SiteSorter Example

PHOSPHOENOLPYRUVATE RUVB HOLLIDAY JUNCTION THYMIDYLATE KINASE 1E2Q
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Nature Exploits Site-Similarity

Query: PXR Site Pregnane X-receptor -

PXR (“sensor)” 2CYP3A4
(“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

Example High-ranking similar sites: monomers, organochlorine

Bile Acid PPAR-gamma ACE?2 pesticides, a peroxisome

Receptor FXR receptor proliferator-activated receptor-
w& aantagonist, xenobiotics and

endobiotics...
- -

Site Similarity Coloring

Highly Similar Receptor
regions

Thyroid c 3 HMG-CoA Reductase
Receptor o (statin target)

v. 19

Dissimilar Receptor
regions

EidogenSertanty




LigandCross: Shuffling Ligand F-

Similar to Vertex's BREED: J. Med. Chem. 47, 2768 (2004)
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I1SISDraw
Sketcher

TIPLigand
Search

Reduce Site

Redundancies

TIP/SiteSim
Search

Keep Parse Keep
Propetties SteSearch Properties
Results

Read
SiteSearch
results

EVE:
LigandCross

DS-LikDock
Results

Parse
SiteSearch
Results

Mormalize Top N Filter TIP/Save

Save
SteSearch
Results

DS-Visualize

Results

Fiter Results Diverse Locate in KKB

Molecules

Write SiteElDs

1) Issue TIP/LigandSearch

2) Issue TIP/SiteSimSearch

3) Issue LigandCross

4) Filter and locate results in KKB

5) Dock and visualize results




Step 1: Find Co-complexes and
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Step 2: Find Other Sites via SiteSimilarity

| Smes | Stie Alignments
b : .m.r<.' Ligand j'\'.:".nnt dequence Possans
S LCK SN 090 L. V. AYE.E.B8.L.EV. 1. TEYHM.C5. 1. Z1IHR . L. IADE
LCK 242
ayl
ABL 406







Step 3: LigandCross: Shuffle Ligand Features from Aligned Sites

Ligand %ConT Sequance Pocitions

STI 100 L V. AVE.E.TM.L.LV.I.TEXM.GS.I.¥IHR.L. IADF
242 100 L. V. AVE.E.IM.L.L¥V.I.TESN I.¥.H.L.JADF.1
ZRI 10 L6, ¥.AVK.L.E.IL.I.¥Y.5 PGN.L.CIH.L.ICDY
106 0 L. 2. Y. A.KE.E.VHM.I.L¥Y.1.TEFMT.G.L.PFIHRD . L . VADF
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Kinase Knowledgebas

Kinase Targets of Clinical Interest Q4 2011 Release
from Vieth et al. Drug Disc. Today 10, 839 (2005). Human Kinome Tree View

£ Data Points
®> 20,000 > 500
0>10000 ¢>250
©>2500 ®>100
>1,000 ®<100

P d
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> 583K SAR data points curated from
> 7700 articles and patents
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Fiter Resuits

Locate in KKB

Reduce Site
Redundancies

Write SteEIDs

>

>

>

>

Issue TIP/LigandSearch
Identify/Dock “AddedDiversity”
Issue TIP/SiteSimSearch
LigandCross w/AddedDiversity
Filter and locate results in KKB

Dock and visualize results
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Added

Diversity
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4343448_809_27

42725835_2425813_23

NH

4363734_4291936_2

4343448 809 _27:

CDK4: 6.80 CDK2: 5.63 CDK2: 6.12 CDC2: 5.58 CSK: 5.99 CDKS5: 6.81
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4272835_2425813_23:
PTPN1: 424 PTPRA: 4.21

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

Arup K. Ghose et al. J. Med. Chem. 2008, 51, 5149-5171

1. Align all relevant PDB kinases on a reference kinase structure.
2. Optional step: ‘Refine’ the binding poses of the ligands for the target kinase using any
docking pose refinement program (e.g. Schrodinger: Glide/Refine).
3. Apply Ligand-Cross to generate first generation ligands.
gk+3 gk+1

| |
H

o0
~F

gk+1
| |
¢

el
+
B alignment in common i ‘e
/ \z reference frame, then cross-brad: igant
‘prune & graft'

Before alignment



A Few Useful Comments on Using LigandCross

* A few steps of steepest descent followed by conjugate gradient of the ligand in
the protein binding site, often fixes distorted geometry problems.

* Use both Type-l and Type-Il ligands.

* Use aligned DFG-in kinase structure/model during minimization and binding
mode evaluation for generating Type-| ligands.

» Use aligned DFG-out kinase structure/model during minimization and binding
mode evaluation for generating Type-Il ligands.

* The method was successfully used to design novel Type-l and Type-Il ligands
for ALK, JAK2, FAK and TAM/RTK kinases.

 For further information contact Arup K. Ghose (akghose @msn.com)
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Conclusions

e The structurally resolved and modelable proteome is a
very rich source for new matter ideas

e Receptor-site similarity can rapidly identify “feed-stock”
functionality for favorable ligand decoration

e LigandCross can be an effective approach to generate
novel, bioactive matter using co-complexes, known
inhibitors, and/or fragment-based information.



Eidogen-Sertanty’s iPhone

iKinasePro

"% iKinase == iKinasePro
g Mobile Reagents

ield101

SPRESImobile

SPRESImobile

* Reaction101,Yield101, and SPRESImobile - built collaboratively with Molecular Materials Informatics, Inc. J Eidogen Serta ﬂty
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