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Ultra-large combinatorial libraries

Hoffmann, T.; Gastreich, M., The next level in chemical space navigation: going far beyond enumerable compound libraries. Drug Discovery Today 2019, 24, 1148-1156



Competition among chemoinformatics groups world-wide

Supposed benefits:

1. Encourage development and improvement of computational tools

2. Create a platform for prospective validation and comparison of different modeling tools 
and pipelines

3. Identify hit compounds for challenging or emerging targets/diseases

4. Contribute to open science to accelerate researches in a chosen direction

CACHE challenges

Ackloo, S. et al. Nature Reviews Chemistry 2022, 6, 287-295.
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Enamine Stock: 2.5M
Enamine Real Space: 23B

No X-ray of protein-ligand complexes:
- unknown binding site
- unknown conformation of a protein in a bound state

No known active molecules:
- large chemical space to explore

CACHE challenge #1: LRRK2 and WDR domain
4

Ackloo, S. et al. Nature Reviews Chemistry 2022, 6, 287-295.



WDR domain structure: 6DLO

100 ns, 3 runs

clustering based on 
the cavity residues

Protein structure challenge
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Chemical space exploration challenge

Enamine Stock: 2.5M
Enamine Real Space: 23B

De novo generated 
molecules

Similarity search in 
ultra-large library

top scored hits
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Chemically reasonable mutations (CReM)

environment (radius = 3) fragments

…

… …

DB of replacements

exhaustive fragmentation
cutting single bonds

taking context of radius R (here R = 3)

interchangeable 
fragments

Polishchuk, P., CReM: chemically reasonable mutations framework for structure generation. J. Cheminf. 2020, 12 (1), 28.
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Chemically reasonable mutations (CReM)

environment (radius = 3) fragments

…

DB of replacements

Generated structures are always chemically valid!

Polishchuk, P., CReM: chemically reasonable mutations framework for structure generation. J. Cheminf. 2020, 12 (1), 28.
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crem.imtm.cz



Strategy 1 (de novo design)

Protein target

Initial fragments

CReM-dock

Docking

Best scoring 
structure

Docking

…
Docking

Docking

MUTATE

genetic algorithm (GA)

MUTATE

CReM-dock-ga

GROW
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https://github.com/ci-lab-cz/crem-dock

Minibaeva, G.; Polishchuk, P. CReM-dock: de novo design of synthetically feasible compounds guided by molecular docking. ChemRxiv 2024

https://github.com/ci-lab-cz/crem-dock


Protein target

Initial fragments GROW mode
(CReM)

Docking

Best scoring 
structure

Docking

…
Docking

Docking

22400 
Enamine fragments

distinct HBAD = 2-5
logP <= 1.5,
TPSA >= 25-80
HAC = 8-15
Num Rings <= 3,
Num Rings Fused <= 2,
max ring size <= 6,
nHal <= 1,
ChiralCenters <= 2,
FCsp3_BM >= 0.3

2.5M 
Enamine Stock
(SA ≤ 2, SA ≤ 3)

860 000
fragments (1-10 atoms)

MW <= 400
logP <= 4,
TPSA <= 120
RTB <= 5

Round 1: strategy 1 (de novo design be CReM-dock)
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combined list of designed molecules

protein 
structure 1

protein 
structure 2

protein 
structure 3

de novo generation (grow)

hit list 2 hit list 3 hit list 4

Vina gnina Vinardo

hit list 1 hit list 2 hit list 3

ECR consensus ranking

Filter by SAScore, MW, logP, RTB, TPSA, Csp3

MM-GBSA rescoring

final ranks

protein X-ray

MD (3 runs, representative poses)

consensus pose selection

Glide

hit list 4

1.07M compounds

267k compounds

3.5k compounds (1.3k scaffolds)

200 compounds

50 compounds with distinct scaffolds 
and having polar contacts in MD

hit list 1

EasyDock

StreaMD

StreaMD

CReM-Dock

de novo generation (mutate)

hit list 5

CReM-Dock-GA

Strategy 1 (de novo design)
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Strategy 1 (de novo design)

• 50 de novo compounds
• SA score < 3
• 11 reconstructed 

retrosynthetic pathways 
with AiZynthFinder
(2-5 steps)



Vina gnina Vinardo

hit list 1 hit list 2 hit list 3

Glide

hit list 4

top 1500 compounds per query

FTrees similarity search

ECR consensus ranking

Filter by MW, logP, RTB, TPSA, Csp3

MM-GBSA rescoring

final ranks

Enamine REAL Space 23B compounds

consensus pose selection

50 de novo compounds (queries)

64k compounds

10k compounds (5.1k scaffolds)

500 compounds

EasyDock

StreaMD

100 compounds with distinct scaffolds, 
having polar contacts in MD and 
no PAINS

Strategy 2 (similarity search)
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• 50 de novo + 100 similar compounds
• 91 compounds were selected (within the budget 9000$)
• 82 compounds were synthesized
• 8 compounds demonstrated activity (Kd = 25-117 µM by SPR)

1, Kd = 61 µM 36, Kd = 62 µM

59, Kd = 32 µM 62, Kd = 25 µM 65, Kd = 56 µM

69, Kd = 117 µM 73, Kd = 31 µM 76, Kd = 74 µM

Rounds 1 & 2: results

HO-15, Kd = 71 µM
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• 1.27 million docking events and 700 
short MD simulations were made

• no human decision and compound 
selection across the whole pipeline
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Li, F. et al. CACHE Challenge #1: Targeting the WDR Domain of LRRK2, A Parkinson’s Disease Associated Protein. J. Chem. Inf. Model. 2024, 64 (22), 8521-8536.

Pipelines of all participants

Isaev / Cherkasov / Kurnikova

Koes

Schindler

Gorgulla

Kireev

Rognan

Polishchuk
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protein
target

protein
MD

de novo 
design

consensus 
docking

MM/GBSA
similarity 
search in 

REAL Space

consensus 
docking

MM/GBSA

De novo hits

Similarity hits

Overall pipeline of hit finding guided by de novo design
19

physicochemical 
filters

physicochemical 
filters



Summary

• Similarity search based on de novo designed templates looks promising as it allows to save resources. However, further 
studies are required.

• CACHE challenge was great and motivated us to develop several open-source tools: CReM-dock, Easydock and StreaMD.
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https://github.com/ci-lab-cz/crem-dock
https://github.com/ci-lab-cz/crem-dock

