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Courtesy of Franca Klingler, BioSolveIT GmbH

Ftrees-FS: Rarey & Stahl, (2001), J.Comput.-Aided Mol.Des., 15, 497ff



MIN-FaCULTY
CENTER FOR BioinformatiCS

Prof. Dr. Matthias Rarey02 / 12 / 2020 4

fragment space

≈ billions of cmpds.

Query

FTrees-Sim
ilarity Search

Results

from Reaction X

from Reaction Y

from 
Reaction Z

SO O

NH2

N
N

O
NH

N
N

N

N

S

O

HN

OOH

NCH2
OH

HC

S

N

O

O

N

S

O

HN

O OH

N
N

N CH2

N CH2
NCH2 N

S

O

HN

O OH
N
O S

O

HN

O OH

N

S

O

HN

OH

S

N

OO

N
H

OH

O

NH
N

N
N N

N
H

N

N N
N
H

N

N N
N

N
H

N

NO

F

N
H

O
Cl

NH2O
O

S

N

O

O
NN

N
H

N CH2

O
Cl

NH2OO

F

O

F

O

F

Reaction 1
Reaction 2

… Reaction XXX

FTrees Fragment Spaces: Searching Instead of Screening

chemistry
know-how

Preprocessing

Courtesy of Franca Klingler, BioSolveIT GmbH

Ftrees-FS: Rarey & Stahl, (2001), J.Comput.-Aided Mol.Des., 15, 497ff



MIN-FaCULTY
CENTER FOR BioinformatiCS

Prof. Dr. Matthias Rarey02 / 12 / 2020 5

Advances in Modeling Chemical Space
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Hit Identification Methods and Chemical Space
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SpaceLight – Topological Searching in Chemical Space

SpaceLight: Bellmann et al, (2020), J.Chem.Inf.Model., ASAP
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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

Bellmann et al., J. Chem. Inf. Model. (2020), ASAP

CSFP versions
fCSFP: fine-grained similarity measurement
iCSFP: MCS-like descriptor
tCSFP: scaffold-hopping potential
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A Way Out: Combinatorial Nature of Chemistry

Pool A Pool B Intermediate

IntermediatePool C Product

Bellmann et al., J. Chem. Inf. Model. (2020), ASAP

1000 fragments 1000 fragments 10002 = 1 million

1000 fragments 10003 = 1 billion10002 = 1 million
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How We Desribe Topological Fragment Spaces

Pool A Pool B Intermediate

IntermediatePool C Product

Capture newly formed bonds
and structural changes in educts

Pool

B

Pool

C

Pool

A

Topology Graph

Single bond

Aromatic bond

Bellmann et al., J. Chem. Inf. Model. (2020), ASAP



MIN-FaCULTY
CENTER FOR BioinformatiCS

Prof. Dr. Matthias Rarey02 / 12 / 2020 12

SpaceLight Algorithm Overview

Topological 
Fragment Space

QueryPartitioning

Comparison

Combination Results

Repeat for all partitions

Topological similarity

ECFP/CSFP fingerprints

Bellmann et al., J. Chem. Inf. Model. (2020), ASAP
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Step 1: Partition Query Compound

Partition has the same 
topology as the graph

Topologically similar:
1. same connectivity and bond types
2. #heavy atoms differ by at most 5

Query with Partition

Pool

B

Pool

C

Pool

A

Topology Graph

Bellmann et al., J. Chem. Inf. Model. (2020), ASAP
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Step 2: Find Similar Fragments

Rank fragments by Tanimoto coefficient
of ECFP or fCSFP fingerprints

Query with Partition
Fragments Pool C

Fragments Pool B

Fragments Pool A

Bellmann et al., J. Chem. Inf. Model. (2020), ASAP
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Step 3: Combine Fragments

similar

not similar

Weighted sum of
Tanimoto scores

Repeat for all 
partitions

“identical”

Query with Partition Product

Bellmann et al., J. Chem. Inf. Model. (2020), ASAP
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SpaceLight Correlation with Sequential Search

Average Kendall’s Tau Average Overlap

SpaceLight generates results similar to classic fingerprints

Bellmann et al., J. Chem. Inf. Model. (2020), ASAP



MIN-FaCULTY
CENTER FOR BioinformatiCS

Prof. Dr. Matthias Rarey02 / 12 / 2020 17

SpaceLight vs. Sequential ECFP4 Search

ZINC029932278

SpaceLight considers
locality of chemical features

Product Ranks
Classic ECFP4:  53
SpaceLightECFP4: 5

F1

F2

F4

F3

Product Ranks
Classic ECFP4:      6
SpaceLightECFP4: 16

Bellmann et al., J. Chem. Inf. Model. (2020), ASAP
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SpaceLight Search for Drugs in Enamine REAL

Nilutamide

Found with score 1.0 Second best with score 0.87

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

Bellmann et al., J. Chem. Inf. Model. (2020), ASAP
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SpaceLight Gives You Ideas for Synthesis Routes

Nafcillin

Bellmann et al., J. Chem. Inf. Model. (2020), ASAP

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

Bellmann et al., J. Chem. Inf. Model. (2020), ASAP
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SpaceLight Search for Drugs in Enamine REAL
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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)

Bellmann et al., J. Chem. Inf. Model. (2020), ASAP
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towards
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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
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Efficient Fragment Growing via RVM Descriptors

Penner et al., J. Chem. Inf. Model. (2020), ASAP

Accuracy (pose < 2Å RMSD)
self-growing: 84% (3299 cases)
cross-growing: 66% (326 cases)

Performance (i5 @ 3.4GHz, 16GB):
32,000 – 77,000 conformers/sec
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Fast 3D Searching Requires Precise Pose Optimization

Flachsenberg et al., J. Chem. Inf. Model. (2020), ASAP

JAMDAscorer: 
twice differentiable score, new LSL-BFGS gradient-based optimizer

 high docking power, high optimization locality, low number of score 
evaluations
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Concluding Remarks on Chemical Space Search
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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


