
Number of computational
nodes (parallelization)

Total number
of cores

N workers
per node

N cpu per
molecule

Wall time Speed up

1 (multiprocessing, 
random priority) 32 8 5 7 h 4 m 1

1 (dask) 32 8 5 7 h 19 m 0.966

10 (dask) 320 8 5 44 m 8 s 9.607

20 (dask, random priority) 640 32 1 29 m 37 s 14.32

20 (dask) 640 32 1 26 m 45 s 15.85

20 (dask) 640 8 5 22 m 14 s 19.07

20 (dask, random priority) 640 8 5 22 m 35 s 18.77
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1. X-ray structure of a protein in the apo-form was only available

2. No known binders

3. The search chemical space should be accessible to Enamine 

(stock, ~3M compounds, or REAL space, ~23B compounds)

top 1500 compounds per query

FTrees similarity search

Filter by MW, logP, RTB, TPSA, Csp3

final ranks

Enamine REAL Space 23B compounds

consensus scoring

50 de novo compounds (queries)

64k compounds

10k compounds (5.1k scaffolds)

500 compounds

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

combined list of designed molecules
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structure 1
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protein 
structure 3

de novo generation (grow)
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final ranks
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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
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SOLUTION CONCEPT

Enamine 
Real Space: 

23B

De novo generated 
molecules

top scored hits

similarity search

SOLUTION PIPELINE

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 HO-15, Kd = 71 µM

• 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)

EXPERIMENTAL EVALUATION OF HITS

CONCLUSIONS
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Molecules to grow

RMSD / PLIF [5]

Starting
fragments

CReM
fragments

• greedy
• Pareto
• clustering

CReM-dock [1]

StreaMD [3]

• Fully automated pipeline (no human intervention on any step)
• 1.27 million docking events and 700 short MD simulations were made
• 8 compounds were active among 82 tested ones (hit rate ~10%) from 

23B REAL Space
• Several tools were developed and validated (EasyDock, StreaMD, CReM-dock, 

CReM-dock-ga)

EasyDock [2]SMILES or
2D/3D SDF

major tautomer at 
pH 7.4 (cxcalc)

list of compounds for 
docking

docking 
(generator)

update DB

create and initialize 
SQLite DB

docking 
wrapper config.yml

poses, scores, 
etc

priority 
function

Dask
client

Vina
Smina
Gnina

time (s) = 465.979 - 59.714 × RTB - 0.375 × RTB2 -
36.723 × HAC + 0.745 × HAC2 + 3.48 × RTB × HAC
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