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Feature Trees (1998)
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B Non-linear descriptors: Feature Trees
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FTrees Fragment Spaces: Searching Instead of Screening (2001)
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How We Describe Fragment Spaces
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BRICS: Degen, Gerlach, Zaliani &
Rarey, ChemMedChem, 3, 1503 (2008)
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Advances in Modeling Chemical S
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Chemical Space over Time
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Classic Molecular Fingerprints in a New Light

Employ classicfingerprintsina new search approach

. CSFP versions
fCSFP:fine-grained similarity measurement
)J\ 0 iCSFP: MCS-like descriptor
H4C O 0 1 tCSFP: scaffold-hopping potential
>
OH 1 \
1 Connected Subgraph
1 ECFP Fingerprint (CSFP)?
o} o}
HSCJJ\ Hac/U\O o

Notation H OH
ECFPx: x max diameter for circular features
CSFPy.z: y lower, z upper bound for #heavy atoms \Circularfeatures All features /

1: Rogers and Hahn, J. Chem. Inf. Model. (2010), 50
2: Bellmann et al., J. Chem. Inf. Model. (2019), 59, 11
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SpaceLight Algorithm Overview

Topological similarity
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Repeat for all partitions ECFP/CSFP fingerprints
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Spacelight Search for Drugs in Enamine REAL Space

Nilutamide

(o — N+

\

Found with score 1.0
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Enamine REAL Space
>180 synthesis protocols
>115000 building blocks
>13 billion products y ©

Second best with score 0.87
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Spacelight Gives You Ideas for Synthesis Routes

Spacelight retrieves synthetic pathways of products

HoC OH
H,C
Y Knowledge Space
3 o 120 synthesis protocols
Nafcillin >142000 building blocks

>10” products

\/
Found with score 1.0
(8]
Schotten-Baumann HiC oH
o H4C
o} cl H.C OH . N
H4C - NaCl o
NP + H0 >
“ s\<2: NaOH

O (8] NH

NH, H3C\/O\ ;‘ “
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SpacelLight Searches 10" Products In a Few Seconds

7
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Runtime in seconds
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fCSFP2.5

(Enamine REAL Space
>180 synthesis protocols
>115000 building blocks
\)13 billion products
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B Loading
pm Search

ECFP4 fCSFP2.5 ECFP4
("Intel Core i5-6500 @3.2GHZ |
16 GB memory Knowledge Space'
(Search with3threads 120 synthesis protocols
(500 random queries ) >142000 building blocks
from ZINC lead-like \”015 products )

1: https://www.biosolveit.de/CoLibri/spaces.html#knowledgespace
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Spacelight Search for Drugs in Enamine REAL Space

800 -

300 +

0. Queries from DrugBan@
Enamine REAL Space 1. Approved drugs
. >180 synthesis protocols 2. Molecular weight
"'é >115000 building blocks between 300 and 500
o >13 billion products => 816 compounds
é. 500 K P / \ P /
o N 7
O 400+
2 [SpaCEnghthSFPZ.S]
E

[Search run took 22 min (1.6 s per compound)

200

m ldentical: Score 1.0

mm Highly similar: Score above 0.7
I Less similar: Score above 0.4
B Dissimilar: Score below 0.4

100 ~

1: Wishart, Nucleic Acids Res. (2008), 46
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Maximum Common Substructure Search in Chemical Space

Merck MASSIV 2018 OV\/\/\ Qsize:14 atoms
1020 /

Tsize:11 atoms

bond matching Msize: 7Tatoms

Enamine

e Hit list Sortcriteria:
. 1.  Msize| Tsize
2. MCS-Similarity:
Msize
Qsize + Tsize - Msize
_—
\_/
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A First Run: Why MCS-Similarity?

Query‘@\ Hit list: 1. /@ L

0
Vi /‘\ — w1 T,
< S
[ =
‘e Q O
v
N
—_— 2. .
5 . I+ o
Space?: GalaXi-Space 2020-11 = SRS
2.1bn compounds LN I
= I8
3. Q\FEHE _-:Z
.J= il 'L!‘ HH
ﬁ)\ R
R
ILessel & Lemmen, ACS Med.Chem.Lett. (2019), 10(10), 1504ff /Q/“‘”
2https://www.biosolveit.de/download/?file=2.1bn-GalaXi_2020-11.space ,
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Query’:

NHO

(32

Space?: GalaXi-Space 2020-11
2.1bn compounds

ILessel & Lemmen, ACS Med.Chem.Lett. (2019), 10(10), 1504ff

Hit list:

W) Ae|iwis-sow Aq)

(LL

2https://www.biosolveit.de/download/?file=2.1bn-GalaXi_2020-11.space
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Computing Times and Speed Up

Mean REALspace Runtimes in s

Similarity
350 . .
Mean REALspace Runtimes in s
300
Subset
250 250
200
s=0 200
== 100 Results
100 150 == 1000 Results
- % 10000 Results
100
0
1Thread 2°
50
0 B |

1Thread 2Threads 1 Thread 2 Threads 4 Threads 8 Threads 16 Threads 32 Threads

100 queries taken from [1],
searchingin Enamine REALspace?2020-11(15 bn compounds)

Lessel & Lemmen, ACS Med.Chem.Lett. (2019), 10(10), 1504ff
https://www.biosolveit.de/infiniSee/#realspace
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Overlap: SpaceMACS — SpaceLight — FTreesFS
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Tools to Analyze and Design Chemical Fragment Spaces
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Tools to Analyze and Desi ment Spaces

1.1 x 10 G
CHEMriya

y
1.9 x 108 49619
- 3 76524
REAL 3.8 x 107 GalaXi
2.0 x 10%° 2.1 x 10°
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Bellmann etal, ICIM (2022),62.3

MIN-FACULTY
CENTER FOR BIOINFORMATICS

Vendors Mostly Agree on Synthesis in Overlap

1.1 x 101°
CHEMriya

1.9 x 10°
76524

6143

GalaXi
2.1 x10°

Different reactions
for synthesis

4 )
—t

769

CHEMriya
amide
coupling
290

13105

55942

461

amide
coupling

GalaXi
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Tools to Analyze and Design Chemical Fragment Spaces

(M ™™
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SpaceProp Algorithm Outline

UH Bellmann etal, JCIM (2022), 62 (11), 2800ff
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1: Calculate Internal/External 2: Pool Fragments with
Components Same External Component

- » =~ ‘

4: Combine Distributions 3: Resolve External Components

WWQ X ‘ Ve UR o+ RO = Ve
- mﬂuﬂi ‘WWE’ ‘

28/06 /2022 Prof. Dr. Matthias Rarey 28




UH Bellmann etal, JCIM (2022), 62 (11), 2800ff
_iﬁ
L 28 Universitat Hamburg

MIN-FACULTY
DER FORSCHUNG | DER LEHRE | DER BILDUNG CENTER FOR BIOINFORMATICS

Property Distributions of Ultra-Large Vendor Catalogs

100%  10° log P
BN REAL Space
E GalaXi
EEm CHEMriya
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2 3 4
Molecular weight
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SpaceProp: Property Distribution in Fragment Spaces

ot LSelmapn ctah JO (2022) €2 1) 28001,
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= Optimize Hydrophilicity of KnowledgeSpace
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Molecular Design in a Nutshell: The First Phase
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Protein Structure Processing and Exploitation
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Efficient Fragment Growing via RVM Descriptors

Pocket ShapeA & > 2 ¢

y A

| Shape- based
Fragment growing

Fragment Shape

Accuracy (pose < 2A RMSD) Performance (i5 @ 3.4GHz, 16GB):
cross-growing: 67.5% (425 cases) ~10,000 conformers/sec
anchoreddocking (DOCK): 54,3% - .

X BioSolvelT

___-—?SERV’ER expect actives!
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Galileo: 3D Genetic Operators for Searching in Chemical Space
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A Pharmacophore Search in Enamine REAL Space

Example Hits
Baseline

Count

Scor
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Some Concluding Remarks

= Make-on-demand catalogues and custom-made chemical
spaces

are orders of magnitude larger than screening collections
substantially impacts early-phasedrugdiscovery
= Standard cheminformatics (fingerprint similarity (max.
common substructure search, reduced graphs, overlap,

histograms) can be solved efficiently with combinatorial
algorithms

= 3D searching (pharmacophores, shape similarity, docking)
is possible, but remain heuristic in nature.
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Coming Soon: ReactionSMARTSviewer

0O

/
A
A/A\ NH HO R AF N
|| o — 1 | )=
A A
o R

2

{benzimidazole_derivatives_carboxylic-acid/ester}
[c;r6:1](-[NH1;$(N-[#6]):2]):[c;r6:3](-[NH2:4)).[#6:6]-[C;R0:5](=[OD1])-[#8;H1,$(O-[CH3])]>>[c:3]2:[c:1]:[n:2]:[c:5](-[#6:6]):[n:4]@2
c1c(NC)c(N)ccet CC(=0)0O

Any sixmembered aromatic heterocycle
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Additional Reading and Software Availabilit
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