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Galileo: 3D Genetic Operators for Searching in Chemical Space
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FTrees Fragment Spaces: Searching Instead of Screening
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Molecular Design in a Nutshell: The First Phase

The Query
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Spacelight — Topological Searching in Chemical Space
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Classic Molecular Fingerprints in a New Light

Employ classic fingerprints in a new search approach

2 CSFP versions
fCSFP: fine-grained similarity measurement
)—k 0 iICSFP: MCS-like descriptor
HiC o 0 1 tCSFP: scaffold-hopping potential
o
OH 1 \
1 ECEP! C.cmnect.ed Subgraph
Fingerprint (CSFP)2
o] 0
Hac)-L H3CJ-LO o)
Notation OH
ECFPx: x max diameter for circular features
Z: r r nd for #h m
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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A Way Out: Combinatorial Nature of Chemistry

R|1
/R1 .
— N
S 4+ HC R2 > \ /
N
R2
Pool A Intermediate
1000 fragments 10002 = 1 million
0 0
4+ R4—NH, B R4
R3 OH R3 N7
H
Pool C Intermediate Product
1000 fragments ~ 1000% = 1 million 10003 =1 billion
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How We Describe Topological Fragment Spaces

Topology Graph

HN=/N
N + Hoc=—R2 S N/
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o) //0/
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Pool C Intermediate Product

Capture newly formed bonds
and structural changes in educts

Aromatic bond

s Single bond
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Spacelight Algorithm Overview

Topological similarity

—— G

Repeat for all partitions ECFP/CSFP fingerprints

—_— iy
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Spacelight Correlation with Sequential Search

Average Kendall’s Tau Average Overlap
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SpacelLight generates results similar to classic fingerprints
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SpacelLight vs. Sequential ECFP4 Search

\O
F
Product Ranks 1 Iﬂz
Classic ECFP4: 6 R

o

,94\/0
HSC\O
D ¢

/ PN
H,C
HiC Product Ranks 3 A
ZINC029932278 Classic ECFP4: 53 ¥
Spacelightg fp,: 5 5 QJ\
Spacelight considers N«
locality of chemical features . /“/ s
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Nilutamide

00— N*

\

Found with score 1.0
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(

>13 billion products
.

Enamine REAL Space
>180 synthesis protocols
>115000 building blocks

Prof. Dr. Matthias Rarey

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

Spacelight retrieves synthetic pathways of products

Knowledge Space

120 synthesis protocols
Nafcillin >142000 building blocks
>10% products

\/
Found with score 1.0
(e}
Schotten-Baumann WOH
o HiC
0 cl H.C OH . N
H.C -NaCl o]
-H,0
A ¢ g ‘ + ‘ N
3\<2: NaOH
(o] Q MNH
NH H3C\/O\ ;‘ “
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SpacelLight Searches 10" Products In a Few Seconds

7

i B Loading
N : mm Search
5 |
@ . i
- i
o fCSFP2.5 ECFP4 l fCSFP2.5 ECFP4
i ) [ Intel Core i5-6500 @3.2GHZ ) 4 )
Enamine REAL Space 16 GB memory Knowledge Space'
>180 synthesis protocols _Search with 3 threads y 120 synthesis protocols
>115q09 building blocks (500 random queries\ >14i000 building blocks
\>13 billion products y | from ZINC lead-like | \)10 products )

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

Number of Compounds

800 1

700 1

600 1

500 1

400 A

300 1

21/ 04 /2021

A
4 R Queries from DrugBan@
Enamine REAL Space 1. Approved drugs
>180 synthesis protocols 2. Molecular weight
>115000 building blocks between 300 and 500
>13 billion products => 816 compounds
- P J X\ P Y,

N 7

[SpaceLightfcsrpz.s ]

Search run took 22 min (1.6 s per compound)

e ldentical: Score 1.0

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

1: Wishart, Nucleic Acids Res. (2008), 46
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Molecular Design in a Nutshell: The First Phase

The Query

Top. MCS Red.- Shape Pharma- Docking
Simil. Graphs cophore
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Maximum Common Substructure Search in Chemical Space

N PN I
Merck MASSIV 2018 Qsize: 14 atoms
1020 =

/\/\/\/\/\

Tsize: 11 atoms

bond matching Msize: 7 atoms

Enamine
REAL Space

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

100k Hit list

ZINC15

/
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= RIMACS library' for
elementary connected MCS
calculation

FTreesFS? dynamic
programming scheme to
handle matches over
fragment borders

Precise for Msize sorting,
heuristic for MCS-similarity
sorting on lower ranks

SMARTS features in
compatibility check

1: Schmidt et al, JCIM (2021), 61(1), 167ff
2: Rarey et al, JCAMD (2001), 15, 497ff

21/04 /2021

| Cut Q at all acyclic bonds

"_:Descending topological sort of

Results

Prof. Dr. Matthias Rarey

all bidirectional acyclic bonds

" Create lists of matching

fragments (linker2cut

| mapping) for all directed

bonds

Employ dynamic prog. scheme
to handle additional fragment
MIGHS

" Create result lists by pairing

fragment lists along all cut
bonds

" Calculate Q to fragment MCS
separately
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A First Run: WLly MCS-SimiIarity?

N

Space?: GalaXi-Space 2020-11

2.1 bn compounds

Hit list:

Lessel & Lemmen, ACS Med.Chem.Lett. (2019), 10(10), 1504ff
’https://www.biosolveit.de/download/?file=2.1bn-GalaXi_2020-11.space
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A First Run: WLly MCS-SimiIarity?

N
Query':

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

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

Hit list:

W) Aueiwis-sow Aq)

(LL

’https://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
Mean REALspace Runtimes in s
300
Subset
250 250 i
200 45
150 200 40
a5 == 100 Results
100 % 150 30 =g 1000 Results
50 - 10000 Results
100
0 20
1Thread 2~ 15
50 10
5 — &
0 0 B,

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

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

Lessel & Lemmen, ACS Med.Chem.Lett. (2019), 10(10), 1504ff
2https://www.biosolveit.de/infiniSee/#realspace
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SAR-by-SPACE Application Scenario (by Raphael Klein, BSI)

a a Y
. SpaceMACS . . _—
[ Preparation ] [ search } Filter } Clustering ] [ Cherry Picking
" " 7
» selection of o PAINS filter » Bemis Murcko
compound » subset search » TOX filter » Known Scaffold s final selection
s define search e similarity search & known scaffolds exclusion
query

ACS Med

icinal

Chemistry Letters

Discovery of Potent Inhibitors of Streptococcus mutans
Biofilm with Antivirulence Activity

Bhavitavya Nijampatnam, Parmanand Ahirwar, Piyasuda Pukkanasut, Holly Womack,

Luke Casals, Hua Zhang, Xia Cai, suzanne M. Michalek, Hui Wu*, and Sadanandan E. Velu*

https://doi.org/10.1021/acsmedchemlett.0c00373
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Starting Point

0
=  lead compound G43: H,N
N - HN
ROR

1——51 ° Right
Left G43

Biofilm ICsp = 16.7 uM
Gtf IC50 = 10 uM
Growth: No inhibition up to 200 uM

= authors of publication generated 90 analogs by replacing left and right part

R1 R,
T O CO@ O K KO
AMeo CONH; COOMe BocHN
D
“ “ H-com K p-comm )

\ /

m
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o
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Preparation and SpaceMACS Call

& Determine query SMILES:
S1c2c(cc([N+]([O-])=0)cc2)C=C1C(=0)Nc3c(cccc3)C(=0)N
=> MCS-similarity search (=> SAR-by-Space)

SpaceMACS —F 17.6bn-REALSpace 2021-03.space -1 smiles-input.smi —n
50000 -m similarity -o search50.csv >search50-1og.txt

Search50-log.txt => Total program runtime: 144 seconds

SpaceMACS —F 2.1bn-GalaXi_2020-11.space —1 smiles-input.smi -n
50000 -m similarity -o search49.csv >search49-l1og.txt

Search49-log.txt => Total program runtime: 41.4 seconds

Hardware used: Intel(R) Xeon(R) W-3223 CPU @ 3.50GHz, 8 cores (16 threads), openSUSE 15.1
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Potential Follow-Up: Scaffold filter and BM-Clustering

1.00
0.981
0.961
0.94

SpaceMACS |
=> 100k =
Lead-like filter i
=> 33k Eu.?s-

ED:H:

Similarity >0.67 i
=>18k o)
known scaffolds o
(BM, atom-typed) 0s8|
=> 10k 0.561

\ /=

886 BM’ﬂffOldS 0.501

21/ 04 /2021

Similarity distribution

0 2000 4000 6000 000 10000 12000 14000 16000 13000 20000 22000 24000 26000 28000 30000 32000 34000
Counter
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Recall of Compounds from the Publication

R1 R2

R Rt 0L 0 e
A0 P @ 00 " Y~ : 00

HN CONH, COOMe BocHN
Coy O ©A‘ R e 5 KD KD

P @@ EQ@Q G @-r-._ ) o : 0@ 5Q0 . ®
5;1 —§OCONH2 —§Ocoom.e —;—@
H@ @ 99 @A 40/90 found 300 s Q@ ° @
MNHJ H,N =
N‘"‘N N\\
@ AK0951 115414758 117035466 © 10748224 (16861622 @) AK4050

@ 2.1bnGalaXi_2020-11 ¢ 17.6bnRealSpace_2021-03
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Overlap: SpaceMACS — Spacelight — FTreesFS

= 4 Molecules only found by FTreesFS: Query:

0

=z
N -
"
SpaceMACS
= Hit list overlap: 91808
é\
3‘979 L
ey 656
2
o n, | 96192 273 94414 5
i ® 5 v
(©4 X H
e - H/j])/ o 25 ~
/N !
° H.N 0
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Protein Structure Processing and Exploitation

S >
| \ UNICON | A
EQLQ{ructbe?iKI\e‘r | Conformator Act|V|tyF|nde”r
DoGSite .. < % 3‘{ Z
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Efficient Fragment Growing via RVM Descriptors

Shape-bééed |
Fragment growing

Fragment Shape
Accuracy (pose < 2A RMSD) Performance (i5 @ 3.4GHz, 16GB):
self-growing: 84% (3299 cases) ~10,000 conformers/sec

F -

cross-growing: 66% (326 cases)y¢ =

BioSolvelT

expect actives!

————

—= SERVIER
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Additional Reading and Software Availability

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

Modeling Support Server:

http://proteins.plus i /,;/g; PROTEINS
PLUS
'8
'- _»° SMARTS Pattern Analyzer Server
'\+SI\.IIARTS http://smarts.plus
" PLUS

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

BioSolvelT



