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Agenda

- Introduction
- Evotec's Discovery Library
- Evotec's HTS Biology Database

- Analysis scheme

- The Quest to Visualization
- PCA
- Clustering
- ESOM

- Visualizing Biological & Chemical Space
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Introduction

#

- Evotec is a global service provider along the drug discovery value chain progressing new chemical entities
identified during HTS to clinical candidate nomination.

- HTS is one of Evotec’s core competencies:
- ~20 HTS screens / year
- Evotec's Discovery library (up to 250K), customer libraries (>1 Mio) and Evotec's Fragment library (20K)

- Within this context we are constantly challenged about the design and composition of our library:

Diversity with respect to commercial and reference collections

Coverage of chemical space of selected sub-collections

Novelty of proprietary compounds

Ability to identify new bioactive chemical entities

- Investigation of computational tools to address these points with focus on intuitive visualization
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Evotec Discovery Library

$ %

- 300,000 diverse lead-like compounds (250,000 for
HTS)

- 100,000 diverse lead-like compounds for extended
HTS

- Diverse ‘islands’ of similar compounds facilitate hit
series selection and generate SAR from screening
data

- Evotec proprietary set: access to novel lead-like
chemical space

- Target-focussed subsets accessible for GPCR,
Kinase & lon channels

- 20,000 fragments for fragment screening

- Chembridge collection complements the
Evotec 3" part collection and provides denser

m Diverse islands
O Evotec proprietary set

B Chembridge set
O Evotec fragment set

sampling of commercial diversity space
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Evotec Discovery Library

&

Vendor compound selection

Compounds purchased from commercial sources are selected
via an in-house hole filling algorithm (selection of either singletons
or diverse islands of ~5 analogues per island)

Iterative process to ensure diverse sampling of novel chemical space

Druglikeness rules used to filter out unwanted compounds

Lipinski rules? and other physicochemical properties
(e.g., TPSA, rotatable bond count, logS)

frequent hitters and other undesirable structural features

Current Druglike
Evotec vendor

library compounds

Select druglike
vendor compound
most dissimilar to
owned set

Set of > 130 substructure filters designed, refined and extended Add selected Stop process if
by Evotec medicinal chemists to exclude known toxicophores, vendor compound maximum similarity
to owned set threshold reached

Internally synthesised compounds 9
Combinatorial libraries with R-groups prioritised to optimise RSN | Nidie
druglikeness, diversity and novelty with respect to both N /§O
Evotec’s existing collection and compounds available from I

commercial vendors Enumerate Library

Filter R-groups Synthesise Library
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Evotec HTS Biology Space

$ %

- >170 HTS screens (384-2080well format)
- Primary screening, confirmation in primary assay

- Hit profiling (dose-response) in primary assay,
counter assay and selectivity assays

- Coverage of all state of the art assay technologies

- High proportion of standard cell-based assays, stem-
cell assays and phenotypic assays

- FCS technology: high sensitivity screening in 1 pl
- Coverage of main target classes

=> Rich data base for studying bioactivity

Target Classes

B GPCR B Protein-Protein ®lon Channel
OKinase B Protease BADMET
B Phosphatase OProtein DNA OOthers
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Overv

lew of Data Analysis Strategy

&

# | # 08&)

MDDR DB Evotec Discovery
(190K) 1 Library (300K)
¥ v
Bioactivity Commercial
Reference Set Reference Set
(490K) (2500K)

X

y

A

y

Commercial DB

(9000K)

2200K
random selection

Calculation of MOE2D descriptor set?, EVOCATS descriptor set® and Unity FP 49
Elimination of descriptors with low variance ( <0.005) & highly correlated descriptors (R?>0.99) °

PCA

Clustering
ESOM analysis
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Comparison of Physicochemical Property Profiles

| # 08&)
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emical property profile as reference libraries

B Evotec Library (300K)

For reference:

[ mpDR (190K)® [l Commercial (2200K)

— Lipinski threshold

PAGE 8




.. evotec

PCA-Based Diversity Comparison

| # 08&)

PCA was performed using the Physicochemical descriptors: Drug-like EVOCATS: Drug-like

NIPALS algorithm )

First 2 PCs explain >70% of the .
variance in the individual sets o

The Evotec Discovery Library PC2 ©
offers a good coverage of lead- .
and drug-like physicochemical &
pharmacophore space compared
to bioactive & commercial

PC2

PC1

reference space

Non-drug-like compounds were
projected to a more extreme space
and form outlier (not shown)

Analysis allows triaging for a PC2
general desired chemical space :

PC2 -0-

Coarse-grained visualization for :
initial overview

-5 10 5 0 5 10 15 PC1l -40 -30 20 -10 0 10 20 PC1

B Evotec Library (300K) ] MDDR (190K) B commercial (2200K)
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Clustering-Based Diversity Comparison

? 0&&) # #

- Combined clustering of # # Cluster Single-  Total - Evotec Library with
Evotec Library & MDDR Cluster (N>5) tons (islands) minimum occurrence of
collection Evotec 21,961 9,132 8,182 30,143 ;'Rge;ggls g";‘f”'tates

. Count of number of Library (39.3%) y
clusters, large clusters W - Evotec Library
(N>5) and singletons MDDR 25,114 7,734 10,339 35,453 comprises ~39%

L (46.2%) unique chemical matter

- Determination of clusters (islands)
populated with Evotec e
compounds, MDDR Mixed 11,152 6,909 11,152 - Evotec Library shares

- Cluster (14.5%) o
compounds and a mix of >29% of large clusters
MDDR & Evotec of bioactive reference
Compounds Total 58,227 23,775 18,521 76,748 space
(100%)
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Clustering-Based Diversity Comparison

- Analysis provides a quantitative assessment of the co

- Coverage of chemical space = ?

| # B.IC
- Combined clustering of # Cluster Single- Total
Evotec Library & 2.2Mio # Cluster (N>5) tons  (islands) _
commercial collection Evotec 1,947 665 2,842 4,789 fgoztiﬁf ;'%r: %S;‘é?;s
. Count of number of Library (0.7%) (1.6%)
clusters, large clusters W »ZSOK Evotec
(N>5) and singletons Com. 96,050 46,858 27,936 123,986 Discovery Library
L Collect (51.3%) (67.6%) covers ~1/2 of
- Determination of clusters commercially
Poputated with Evotec Mixed 57,044 43,808 57,044 available chemical
pounds, 3rd party A ; matter (9 Mio
compounds and a mix of Cluster (47.9%) (31.1%) commercial space)
3rd party & Evotec
compounds Total 153,094 91,331 30,448 183,542
(100%) (100%)

verage of chemical series

"
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Self-Organzing Maps
4

- Self-organizing maps (SOM): Self-organized
(unsupervised) learning provides topology-preserving
2D map of N-dimensional space

- Molecules that are close to each other in the original
high-dimensional space are also close on the SOM

® O
@ mE
., g — . m  Toroidal SOM: topology-
. - preserving “endless” 2D map
of N-dimensional space

For the present study SOMs with 500x820 grid points were trained corresponding to 410K clusters
m) 2x number of FP clusters obtained for the largest d ata set under investigation
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ESOM based Comparison in Phys.-chem. Space

& # | #7088)

P-Matrix Display U-Matrix Display

» Mountains in regions with m Islands in regions with
“high density” “low sum of distances”

- Emergent structures present (low and high density r egions)

Overall, good coverage of projected phys.-chem. pro perty space
Lower coverage observed in pharmacophore space (not shown)
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ESOM based Comparison in Phys.-chem. Space
& # | #7208&8&)
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X-Som

Non-drug-like islands evident on phys.-chem. SOM

Clustering of similar chemotypes in same region of ¢ alculated SOM

Lipinski viol.
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ESOM based Comparison in Phys.-chem. Space

& # 2 0&8&)

-

Evotec (drug-like) MDDR (drug-like)

800 800-

7004 700

600-

600-

5001 5004

y-som y-som

4001 4001

3004 300

200+ ' 200+

1007 v i 100

0 100 200 300 400 500 X-SOM 0 100 200 300 400 550 X~SOM

Evotec 3 ' party library covers bioactive reference space
Evotec proprietary library provides access to novel Lipinski drug-like  physicochemical property space

B Evotec 3¢ party B Evotec Proprietary [] MDDR Space covered by Evotec & MDDR D Novel Evotec space
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ESOM based Comparison in EVOCATS Space

& # ? 0&&)
Evotec m'g-like) MDDR‘(d.ru'g-Iike)
800] 800,
700+ 3 7004
600, 600l
5001 g 500-
y-som y-som
400] 400,
3001 ¥¥3 3004
2001 2004
100 1001
o o
100 200 300 400 s00 X-SOM 100 200 300 400 500 X-SOM

Evotec 3 ' party library covers bioactive reference space

Evotec proprietary library provides access to novel

B Evotec 3¢ party

B Evotec Proprietary [ MpbbrR  [] Novel Evotec space

pharmacophore property space
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ESOM based Comparison in Phys.-chem. Space
& # ?

SOM trained with Evotec & commercial cpds in phys.-ch em. property space

Evotec (drug-like) Commercial(drug-like)

800+ 800+

700+ 700+

600+ 600+

5004 5004

y-som y-som

400+ 400+

300+ 300+

2004 2004

100+ 100+

0 100 200 300 400 so0 X-S0OM 0 100 200 300 400 s00 X-SOM

Evotec 3 party library covers commercial drug-like reference space
Evotec proprietary library: Access to novel physicoc hemical property sub-space

. Evotec 3 party . Evotec Proprietary . Commercial collection D Novel Evotec space
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Merging Chemical and Biological Space
D # -4 4 H

4754

450+

4254

280 300 320 341

Only a few small islands of inertia are observed wi  thin the proprietary set
Frequent hitter <0.5%, no clustering on map or enri ~ chment in a subset observed
m) Evotec proprietary library provides access to novel bioactive physicochemical property space

B -3 B x=25 [Ox=67 W 7
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ESOM based Visualization: 3 @ Application

)

Phys.-chem. Space EVoCATS Space

y-som y-som

X-som

X-som

- 2.5K “Marker Library” as maximum diverse set (FP-ba  sed) of the 250K HTS collection
- Applied to optimize HTS hit rates during assay adap  tation

- Coverage of chemical space evident both in physicoc hemical and pharmacophore space
- Comparable analyses utilized in communication with customers

Bl Evotec 3¢ party B Evotec Proprietary B Marker Library
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Merging Chemical and Biological Space

4 64 1- (

MDDR: IC vs Other Y Evotec: IC vs Other

- MDDR IC ligands cover chemical space in MDDR

Evotec HTS data corroborate this finding
mp Conclusion: HTS with maximum diverse compound deck to maximize chance of success
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Merging Chemical and Biological Space

D )-

MDDR:GPCR vs Other b Evotec: GPCR Hit vs Other

- Regions with higher GPCR ligand density in MDDR obs  erved
- Retrospective HTS analysis corroborates target focu s for subclasses (e.g. aminergic targets, green box)

mp Conclusion: HTS with maximum diverse compound deck for recently de-orphanized GPCR targets to
maximize chance of success

- Comparable results observed for EVOCATS descriptors (not shown)
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Summary

- PCA, Clustering and ESOM:
- Applicable to large scale chemical space analysis

- PCA suited for rough analysis of chemical space
- Clustering allows quantitative assessment of chemical series overlap

- ESOM visual representation of emerging structures in chemical space

- ESOM visualization:
- Analysis of chemical space coverage of maximum diverse subsets
- Projection of biological information identifies regions of high & low bioactivity

- Projection of biological information provides recommendations for subset selection
for future HTS projects

- Recommendation: Use Clustering & ESOM analysis in combination to assess
- Coverage and novelty of chemical series & chemical space
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