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CACHE challenge

Competition among top chemoinformatics groups world-wide

Benefits supposed by organizers:

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
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The first CACHE challenge
3

https://cache-challenge.org/

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

https://cache-challenge.org/


The challenge pipeline
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Enamine Stock: 2.5M
Enamine Real Space: 23B

LRRK2 and WDR domain
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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



Round 1: protein structure challenge

WDR domain structure: 6DLO
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100 ns, 3 runs

clustering based on 
the cavity residues



Round 1: 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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Round 1: strategy 1 (de novo design)

Protein target

Initial fragments

CReM-dock

Docking

Best scoring 
structure

Docking

…
Docking

Docking
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MUTATE

genetic algorithm (GA)

MUTATE

CReM-dock-ga

GROW



Round 1: strategy 1 (de novo design)

Protein target

Initial fragments

CReM-dock

Docking

Best scoring 
structure

Docking

…
Docking

Docking
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GROW

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



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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Round 1: strategy 1 (de novo design)

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
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de novo generation (mutate)

hit list 5

CReM-dock-ga
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de novo generation (mutate)

hit list 5

CReM-dock-ga

Palacio-Rodríguez, K.; Lans, I.; Cavasotto, C. N.; Cossio, P., Exponential consensus ranking improves the outcome in docking and receptor 
ensemble docking. Scientific Reports 2019, 9 (1), 5142.



Round 1: strategy 1 (de novo design)
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Round 1: strategy 1 (de novo design)

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

retrosynthetic pathways 
with AiZynthFinder
(2-5 steps)
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Round 1: strategy 2 (similarity search)

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



Round 1: experimental results

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
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1 36

69 76

24 35

7 77

79 82 87

1

36

3D ligand-based pharmacophores
(psearch)

actives

inactives

H-bond acceptor
H-bond donor
aromatic/hydrophobicXOR

Round 2: hit optimization (compound pool 1)

precision: 0.43-0.5
recall: 0.75
EF: 7.2-8.4

2.5M
Enamine Stock

the most restrictive
pharmacophore model

155 compounds
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Round 2: hit optimization (compound pool 2)

2.5M
Enamine Stock

substructure search

18 411 compounds
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Round 2: hit optimization (compound pool 3)

Enamine
fragments

substructure 
search

18 845
building blocks

+ +

Enamine
fragments

substructure 
search

474
building blocks

2 943 486
enumerated molecules

Filter by MW, logP, 
TPSA, RTB, Csp3

230 916 compounds

1, IC50 = 61 µM
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Round 2: hit optimization (screening pipeline)

Vina gnina

hit list 1 hit list 2

Similarity to ligand 1 (atom pairs)

ECR consensus ranking

enumeration of tautomers and stereoisomers

final ranks

230 916

EasyDock

18 411 155

50 000 995

124 206 2 722 368

overall pool of compounds

enumerated
substructure 

search
pharmacophore

search

visual check & selection
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Round 2: hit optimization (experimental results)

38 compounds were selected (within the budget 4500$)
35 compounds were synthesized
4 compounds demonstrated some effect in SPR
1 scaffold had confirmed selectivity

HO-15, Kd = 71 µM
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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



Summary of the CReM-based pipeline

Round 1

• 1.27M docking events and 700 MM-GBSA 
were enough to discover 8 primary hits 
among 82 compounds retrieved from 
Enamine REAL Space

• no human selection
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Enamine 
Real Space: 

23B

De novo generated 
molecules

top scored hits

similarity search

Round 2

while 4 compounds demonstrated some effect on WDR among 35 tested ones, only one 
had confirmed selectivity. The observed SAR is inconclusive.



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
25

Isaev / Cherkasov / Kurnikova

Koes

Schindler

Gorgulla

Kireev

Rognan

Polishchuk



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
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David Koes pipeline
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1

Dunn, I.; Pirhadi, S.; Wang, Y.; Ravindran, S.; Concepcion, C.; Koes, D. R. CACHE Challenge #1: Docking with GNINA Is All You
Need. J. Chem. Inf. Model. 2024, 64 (24), 9388-9396.

Kd = 56 µM



Isayev/Cherkasov/Kurnikova pipeline
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1

Gutkin, E.; Gusev, F.; Gentile, F.; Ban, F.; Koby, S. B.; Narangoda, C.; Isayev, O.; Cherkasov, A.; Kurnikova, M. G. In silico 
screening of LRRK2 WDR domain inhibitors using deep docking and free energy simulations. Chem. Sci. 2024, 15 (23), 8800-
8812.

Kd = 142 µM



Didier Rognan pipeline
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Kd = 111 µM

3

Eguida, M.; Bret, G.; Sindt, F.; Li, F.; Chau, I.; Ackloo, S.; Arrowsmith, C.; Bolotokova, A.; Ghiabi, P.; Gibson, E.; et al. Subpocket 
Similarity-Based Hit Identification for Challenging Targets: Application to the WDR Domain of LRRK2. J. Chem. Inf. Model. 
2024, 64 (13), 5344-5355.



Attempt to solve X-ray structure
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https://cache-challenge.org/results-cache-challenge-1

https://cache-challenge.org/results-cache-challenge-1
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