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1)MED-SuMo 0 aCNRS/IBCP  ™"gd™
collaboration

* Technology to compare surfaces and detect similarities between
macromolecular structure
VERY fast: compare a binding site vs PDB sites: 10-30 minutes on a desktop PC

Comparison at the level of chemical groups (pharmacophoric points)
Patented technology

Detect convergent or divergent evolution

> Local similarities

- But different backbone - But different or antagonist
(2 serine proteases) functions
A

Ly ] Yom : More info at http://mww.medit.fr
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1) MED-SuMo O Chemical groups : definition

- Chemical group involve
Into binding interaction

> set of atoms

aromatic > depend of the local
environment

- Position:
> physical position

> functional position

- Proper geometry
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1) MED-SuMo O Active site: Conversion into Triplets

- |dentification of MED-SuMo
chemical groups

- Selection of chemical groups

- Generation of triplets

P3 P2
j )
Fom aton oftrpkts



1) MED-SuMo OO0 Molecules: Internal representation

Chemical Groups

Dat@abase

Same type of chemical groups

Similar distances (between chemical groups)
Similar burying level (atomic density)

Similar orientation of chemical groups

- Similar shape of the local environment
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1) MED-SuMo O Dealing with ligands flexibility

Non superposable sites ... but same ligand

variable angle
between microsites

Not a rigid superposition
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1) MED-SuMo [] Local shape comparison

Local shape comparison
® . ] o . ] . * 4
e q.. L

Weighted shape
and volume of
surrounding
atoms

AuB

Weighted volume of
superposed atoms

vol(A~B) vol(A) +vol(B)—vol(AwB)
vol(AUB) vol(A UB)

overlap =
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1) MED-SuMo O Multiple applications

Dat@a Base

Full

* Site comparison for
drug-design process

*Ligand prediction

* Enhance site

* Activity and

characterization

selectivity assesment

*Site detection

* Pre-characterization

* Template search for

for protein-protein
docking

homology modeling
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1) MED-SuMo [ Application to Kinases:

Classifications from Nau

2372 Journal of Medicinal Chemistry, 2002, Vol. 45, No. 12 Natimann and Matter

ann & Al

Famille
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Figure 4. PCA score plot for analysis using all three different GRID probes (N1, O, and DRY) for this final analysis. The plot
(target family landscape) illustrates the differences of several kinase families in the chemometrical space.
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Application to Kinases:
MED-SuM re to classify protein

PKAc group (9 structures) — Ranking according to MED-SuMo score:

run 1ATP 1BKX 1CDK 1BX6 15TC 1¥DT 1Y¥DR 1YDS
1A4TR 1Bk 1C DR 166 15TC 1¥DT 1vDR 1TYDSs
1C DK 1FRAD 1F KD 1ATRP 1FRAD 1 DR 10T 1TYDR
TFERAC 1C DR 1ATP 1C DK 1C DR 1ATP 1C Dk 1FRAD
10T TDT 1¥DR 1YDR TDT 1D TFERD 1ATP
1TDS 1ATP 10T TERAC 1TYDR 1vDs 1Ths DT
1BX5 1vDs 1BEXG 10T TPHK 1BEXG 1A4TP TC DR
1YDR 1Y¥DR 1vDs 1¥Ds 1vDs 1FRIC 1BXB =k
1Bk 1B*BG 1Bk 1Bk 1B*BG 1Bk TPHK 1Bk
1PHK 15TC 15TC 18TC 1ATR TPHK 1Bk TPHE
15T TPHE TPHE F 512 1BRH 15TC 18TC 1S5TC
TCSEM 1C3EM 1TC3EM THCK THCH 1TCEM TCEM FiS1A
Structures FiE12 FIr Fi=12 TPHK 1CHP FirM TERK FZIB
FirMC THCR FirM TCSEM 1835 THCR FIrMC FIMC

CDK2 group (4 structures) — Ranking according to MED-SuMo score:
run 1THCK 1CKP 1FINA FINC 1838
THCHK 1CKP FIRA, FirC 1E35 Legends
1B35 TH G FIMC FIrA TH G
1P 1833 THCK 1CKP 1CKP
FIrA, FiMC 1CKP THCK F P2 CDKZ

FIMZ F I, 1835 1833 FINC c
25RC F=1a, 25RC SLCK FGIB MAP klnase
15TC FGIBE SLCk 25RC F Gl SRC
1E0L0 1STC 1% DR 1Y DR Z25RC
F Sl 25RC FGIE 1%DT 15TC PKAC
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1) MED-SuMo O Query = a-thrombine (1DWC) vs Sites

“% MED-SUMO - [Sumo Result 1DWC_MIT_V5_DBsites (ZZUAIW) / 680 hits]

@ 50Mo . Wiew Tools Window 3D Viewer Help

View : % All hits " Selected rows only [ Classify Hits | [Select Rows ] [ Options | 4 selected hits
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Hybridation of ligands

Hybridation of known ligands bound to a common target can be
described as a two steps protocol

* “By hand” overlay of the p38 MAP kinases 1DI9, 1A9U and 1BMK

* Ligands hybridation with a matching bond algorithm

MED-SuMo fragment based drug design: common & related target
* Overlay: Site vs Site

* Fragments generation + ligands hybridation within a user friendly
Graphical User Interface dedicated to the end-user: the chemist,
the biologist, the molecular modeler

1 - Pierce AC, Rao G, Bemis GW “BREED: Generating novel inhibitors through hybridization of known ligands.
Application to CDK2, p38, and HIV protease.” J Med Chem. 2004 May 20;47(11):2768-75

@ More info at http://www.medit.fr >
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2) Applications [ Site vs Site mode to compare ligands

Dat@a Base

* Site comparison for drug-
design process

* Ligand prediction

Site are defined by the neighborhood of the ligand:
= SUMo objects are likely to be involved in binding

= A different binding mode is described as a different site

MED-S uMo — Chemoinformatics in Europe: Research and Teaching — 1 June 2006

More info at http://www.medit.fr
or by email at info@medit.fr




Optimize the Site query

(1) Large: 92 SuMo objects, 752 triplets (2) Optimized: 59 objects, 379 triplets
Diversity of Hits is higher
But false positive rate is higher Easier to analyse and to report results

Results of (1) are browsed to identify key residues: most common and/or in the best hits
THR106, LEU108, MET109, ASP150, SER154, ASN155, LEU167, ASP168, PHE169, HIS174

@ More info at http://www.medit.fr >
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Clustering of 831active sites,check
resize clusters
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Applications [ Analysis of the clusters
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Cluster 3 and Cluster 12 correspond to 2
subpockets in the binding pocket

Ligands from Cluster 3 Ligands from Cluster 12

Fragments can be extracted in each subpockets

More info at http://www.medit.fr
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Ligands overlay and hybridation

Couples of fragments with matching
bonds (automatized in Pierce et

al.)
Here: extracted from Cluster 12

Legend: protein=p38 MAP kinase (1DI9)

MED-S uMo — Chemoinformatics in Europe: Research and Teaching — 1 June 2006
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Common target and steric constraints

Common target (p38 MAP kinase) : all fragments are kept

=>» Related target (other kinase): rank fragments

MED-S uMo — Chemoinformatics in Europe: Research and Teaching — 1 June 2006
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CDK2 Hits

Cluster 3 contains 5 CDK2 Hits (none in cluster 12) : 2B55, 2B52, 1G5S,
1PYE and 1PKD
“}_/E\xample of a case of picking up a fragment in a similar active site

j "‘-fl"'; ) _/% _ o : More info at http:/www.medit.fr
IV = G - - : -
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TGFB Hits

Cluster 12 contains 3 TGF[ Hits (none in cluster 3) : 1VJY, 1RW8 and 1PY5
Example of an easy case of picking up a fragment in a similar active site

Z ; ; ; % I ] _ __ _ : More info at http://www.medit.fr
JJ/ E j N /] : [ MED-S uMo — Chemoinformatics in Europe: Research and Teaching — 1 June 2006 or by email at info@medit >




Case of matching bonds in cycles

Complicated overlay cases are probably best hybridized « by hand » directy by the end-user

Legend:

E J ks g _ | " | . More info at http:/www.medit
(/11 ¢ J ) 7/ : [ MED-S uMo — Chemoinformatics in Europe: Research and Teaching — 1 June 2006 or by email at info@medit >




2) Applications [ Fragment Hybridization - chemist expert tool

A.B,C fragments Compatibles frags
A3,B3,C3 ‘

Score: 29

/

A1

A2

Score: 12

C2

Score: 11

oinforr o ine 2006
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3) Demo O Steps

- Launch query:

- Launch query with 1DI? active site vs Active sites
DB

> Others modes

» Results analysis:

- Open results
- Browse results . profein and ligands
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More info at http://www.medit.fr
or by email at info@medit.fr




EXDYIA,

-EI':I‘EﬂEH]EiI? Emm@d Distribution In lntormation Technalogy

FASTER TO BETTER MOLECULAR VMIODELING PREDICTIONS

THANKS

To contact M.E.D.I.T.: 2 Rue du Belvédeére, Palaiseau, France

Tel: +33 (0)6 855 66 722
http://Iwww.medit.fr & info@medit.fr
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