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3

Feature Trees (1998)

01101001011101001110101

 Non-linear descriptors: Feature Trees

FTrees: Rarey & Dixon, (1998), J.Comput.-Aided Mol.Des., 12, 471ff
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fragment space

≈ billions of cmpds.

Query

FTrees-Sim
ilarity Search

Results
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FTrees Fragment Spaces: Searching Instead of Screening (2001)
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Courtesy of Franca Klingler, BioSolveIT GmbH

FTrees-FS: Rarey & Stahl, (2001), J.Comput.-Aided Mol.Des., 15, 497ff
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How We Describe Fragment Spaces

Pool

B

Pool

C

Pool

A

Topology Graph

BRICS: Degen, Gerlach, Zaliani & 
Rarey, ChemMedChem, 3, 1503 (2008)

SpaceLight: Bellmann et al, (2021), J.Chem.Inf.Model., 61(1), 238ff
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Advances in Modeling Chemical Space

Adapted and updated from Hoffmann et al, DDT (2019), 24, pp 1148
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Ultralarge: Warr et al, (2022), J.Chem.Inf.Model., 62(9), 2021ff
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SpaceLight – Topological Searching in Chemical Space

SpaceLight: Bellmann et al, (2021), J.Chem.Inf.Model., 61(1), 238ff
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Classic Molecular Fingerprints in a New Light

Connected Subgraph
Fingerprint (CSFP)2ECFP1

0
1
1
1

Circular features All features

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

Notation
ECFPx: x max diameter for circular features
CSFPy.z: y lower, z upper bound for #heavy atoms

Employ classic fingerprints in a new search approach

CSFP versions
fCSFP: fine-grained similarity measurement
iCSFP: MCS-like descriptor
tCSFP: scaffold-hopping potential

SpaceLight: Bellmann et al, (2021), J.Chem.Inf.Model., 61(1), 238ff
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SpaceLight Algorithm Overview

Topological 
Fragment Space

QueryPartitioning

Comparison

Combination Results

Repeat for all partitions

Topological similarity

ECFP/CSFP fingerprints
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SpaceLight Search for Drugs in Enamine REAL Space

Nilutamide

Found with score 1.0 Second best with score 0.87

Enamine REAL Space
>180 synthesis protocols
>115000 building blocks
>13 billion products

SpaceLight: Bellmann et al, (2021), J.Chem.Inf.Model., 61(1), 238ff
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SpaceLight Gives You Ideas for Synthesis Routes

Nafcillin

Knowledge Space
120 synthesis protocols
>142000 building blocks
>1015 products

SpaceLight retrieves synthetic pathways of products

Schotten-Baumann

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

Intel Core i5-6500 @3.2GHZ
16 GB memory
Search with 3 threads

Knowledge Space1

120 synthesis protocols
>142000 building blocks
>1015 products

500 random queries
from ZINC lead-like

1: https://www.biosolveit.de/CoLibri/spaces.html#knowledgespace

SpaceLight Searches 1015 Products In a Few Seconds
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SpaceLight Search for Drugs in Enamine REAL Space
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Queries from DrugBank1

1. Approved drugs
2. Molecular weight

between 300 and 500
=> 816 compounds

Identical: Score 1.0 
Highly similar: Score above 0.7
Less similar: Score above 0.4
Dissimilar: Score below 0.4

Enamine REAL Space
>180 synthesis protocols
>115000 building blocks
>13 billion products

SpaceLightfCSFP2.5

413

14

192

197

1: Wishart, Nucleic Acids Res. (2008), 46

Search run took 22 min (1.6 s per compound)

SpaceLight: Bellmann et al, (2021), J.Chem.Inf.Model., 61(1), 238ff
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SpaceMACS –
(Maximum Common) Substructure Searching in Chemical Space

SpaceMACS: Schmidt et al, (2022), J.Chem.Inf.Model., 62, 2133ff
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Maximum Common Substructure Search in Chemical Space

• connected MCS
• acyclic/acyclic

bond matching

O

Hit list

Qsize: 14 atoms

Tsize: 11 atoms
Msize: 7 atoms

Sort criteria:
1. Msize | Tsize
2. MCS-Similarity:

Msize
Qsize + Tsize - Msize

SpaceMACS: Schmidt et al, (2022), J.Chem.Inf.Model., 62 (9), 2133ff
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A First Run: Why MCS-Similarity?

1Lessel & Lemmen, ACS Med.Chem.Lett. (2019), 10(10), 1504ff
2https://www.biosolveit.de/download/?file=2.1bn-GalaXi_2020-11.space

Query1:

Space2: GalaXi-Space 2020-11
2.1 bn compounds

Hit list: 1.

2.

3.

(by
M

CS-Size (#M
=18))

SpaceMACS: Schmidt et al, (2022), J.Chem.Inf.Model., 62, 2133ff
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A First Run: Why MCS-Similarity?

1Lessel & Lemmen, ACS Med.Chem.Lett. (2019), 10(10), 1504ff
2https://www.biosolveit.de/download/?file=2.1bn-GalaXi_2020-11.space

Query1:

Space2: GalaXi-Space 2020-11
2.1 bn compounds

Hit list: 1.

2.

3.

4.

5.

(by
M

CS-Sim
ilarity(#M

=17)
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Computing Times and Speed Up

100 queries taken from [1], 
searching in Enamine REALspace2 2020-11 (15 bn compounds)
1Lessel & Lemmen, ACS Med.Chem.Lett. (2019), 10(10), 1504ff
2https://www.biosolveit.de/infiniSee/#realspace
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 4 Molecules only found by FTreesFS:

 Hit list overlap:

Overlap: SpaceMACS – SpaceLight – FTreesFS

Query:

SpaceMACS

656

273

91808

96192 94414
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Tools to Analyze and Design Chemical Fragment Spaces
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Tools to Analyze and Design Chemical Fragment Spaces

Bellmann et al, JCIM (2022), 62, 3
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Vendors Mostly Agree on Synthesis in Overlap

Bellmann et al, JCIM (2022), 62, 3

Amide coupling with
different building blocks

Different reactions
for synthesis

Amide coupling with
same building blocks
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Tools to Analyze and Design Chemical Fragment Spaces

Library 

A

Property X Property Y Property Z
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Bellmann et al, JCIM (2022), 62 (11), 2800ff
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SpaceProp Algorithm Outline

Bellmann et al, JCIM (2022), 62 (11), 2800ff

RR

1: Calculate Internal/External
Components

2: Pool Fragments with
Same External Component

R

R

3: Resolve External Components

RR + = vext

4: Combine Distributions

+x vext

=
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Property Distributions of Ultra-Large Vendor Catalogs
100%

10%

1%

0.1%

100%

10%

1%

0.1%

Bellmann et al, JCIM (2022), 62 (11), 2800ff
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 Optimize Hydrophilicity of KnowledgeSpace

SpaceProp: Property Distribution in Fragment Spaces

Bellmann et al, JCIM (2022), 62 (11), 2800ff
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Molecular Design in a Nutshell: The First Phase
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NAOMI Library
ChemInformatics &

Structure-Based Design

Protein Structure Processing and Exploitation

PDB ZINC ChEMBL

EDIA

Visual Analytics Structure-Based Virtual Screening
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TrixX

GeoMine

StructProfiler

JAMDA
WarPP

UNICON
ActivityFinder

DoGSite
SIENA

ASCONA
ProToss

PoseView

Conformator

HYDE

FastGrow
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Efficient Fragment Growing via RVM Descriptors

Penner et al., J. Chem. Inf. Model. (2020), 60(12), 6269ff

Accuracy (pose < 2Å RMSD)
cross-growing: 67.5% (425 cases)
anchoreddocking (DOCK): 54,3%

Performance (i5 @ 3.4GHz, 16GB):
~10,000 conformers/sec



MIN-FaCULTY
CENTER FOR BioinformatiCS

Prof. Dr. Matthias Rarey28 / 06 / 2022 34

Galileo: 3D Genetic Operators for Searching in Chemical Space

Topological
Fingerprint

Structural
Alignments

Pharmacophore
Matching

Docking

REMUS

CSFP

Phariety

JAMDA

Co
nf

or
m

at
or

Meyenburg & Dolfus et al., in preperation

joint work with
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A Pharmacophore Search in Enamine REAL Space
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 Make-on-demand catalogues and custom-made chemical
spaces
 are orders of magnitude larger than screening collections

 substantially impacts early-phase drug discovery

 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.

Some Concluding Remarks
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Coming Soon: ReactionSMARTSviewer
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Additional Reading and Software Availability

NAOMI ChemBio Suite:
http://uhh.de/naomi

Modeling Support Server:
http://proteins.plus

SMARTS Pattern Analyzer Server
http://smarts.plus

Professional tool collection:
http://www.biosolveit.com
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