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library of available molecules

each in ~106 orientations & conformations

Test high-ranking molecules 
Score for fit
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docking large libraries for new chemotypes



Outline
• Chemical space is big

– …but it is where we find new drugs
– and can now be accessed quickly at low cost

• Docking screens in lead-like space with docking
– How does it work
– What can I expect?

• Free public resources you can use
– Smallworld, Arthor, DataWarrior
– ZINC, SEA, and much more



Size of Chemical Space
• High Throughput Screening ~ 106

• In stock ~ 107

• Docking: 2017 ~ 108 2020 ~ 109   2022 ~ 1010 ?
• Make 6 wks, <$150 ~ 1011

• Make 12 wks, <$500 ~ 1014

• Total ~ 1024 - 1060

“Fragment-like”
Lead-
like ”Drug-like”

Shoichet
Nature Chem, 2013



Why fragments?
The Hann complexity argument

Hann, Leach, Harper JCICS, 2001



Molecules you can buy

24M
(55M)

((99M))

625M
(676M)
((5B))

628M
(645M)
((100B))

Cheap
(all)

((ucsf))



3D Molecules you can buy

24M
20M

625M
281M

628M
142M



East Outskirts of Kiev – looking E



BB – 4 C right – RT left.         #BB>200,000



make-on-demand library:
109 2-component reactions 

200,000 building blocks



library of available molecules

each in ~106 orientations & conformations

Test high-ranking molecules 
Score for fit
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fast, grid-based DOCK3.7 scoring function
(a miracle it ever works)

DGinteract - DGsolv, L - DGsolv, R     =  DGbind

S(qi*PBi+ vi*Pv,i) = DGinter
GBligand + ISTreceptor =DGsolv

Mysinger, JCIM 2010
Fischer, Nature Chem. 2014
Balius, PNAS, 2017
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GPCR docking: 17 to 58% hit rates, nM activities, novel 
ligands, new biology, xray confirmation

docking
x-ray

b2AR: 25%
0.01 to 3 uM
Kolb, PNAS 2009

A2a: 35%
0.2 to 3 uM
Carlsson, JMC 2010

D3 23%
0.2 to 3uM
Carlsson, NCB 2011

CXCR4:17%
0.3 to 30uM 
Mysinger, PNAS 2012

CHRM3: 58%
0.4 to 40uM
Kruze, Mol Pharm 2013

GPR68: 1uM PAM
Huang, Nature 2015

MRGPRX2. 6% 
0.7 uM
Lansu NCB 2017

MOR: 30% 2 to 14 uM
Manglik Nature 2016
Kobilka, Skinniotis, unpub

4nM

CHRM3
Liu, PNAS 2018

27 pM



an explosion in readily-accessible molecules

3.5à350 
million

compounds

225 trillion 
complexes 

10,000

300,000

9,000,000

270,000,000

19
91
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02

20
05

20
11

20
15

20
16

20
17

20
19

docking libraries, 1991 to 2019

make-on-demand (Enamine)

Yurii Moroz



make-on-demand library:
109 2-component reactions 
> 200,000 building blocks



library is diverse: 7 million new scaffolds 
in 138 million compounds
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How most screening compounds get made



docking 99 million compounds vs b-lactamase predicts 
new chemotypes

99 million 
cmpds

JK Lyu, Trent Balius, Isha Singh, Nature 201928,310 core hours
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cannot resemble knowns nor 3.5 million library

44 WACs picked from top 3000 clusters



99 million vs b-lactamase: 11% hit rate, 
x-ray structure confirms a docking prediction

Isha Singh, JK Lyu, 
Trent Balius, Nature 2019



99 million vs b-lactamase: 11% hit rate, unprecedented 
1.3 uM phenolate in the oxyanion hole

Isha Singh, JK Lyu, 
Trent Balius, Nature 2019



analog-by-catalog to 77 nM

77 nM

N

NN
SNHS

O

O

Cl OH

>400 analogs
docked, test 11

Isha Singh, JK Lyu, Trent 
Balius, Nature 2019

1.3 uM



analog-by-catalog optimization: 
>2000 possible analogs, which are best?

77 nM
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How many ligands findable in the library? 
138 million vs. dopamine D4

Test 30

Test 549

JK Liu, A Levit, T Balius, M. O’Meara, Nature 2019

Bayesian fitting of sigmoid model for docking enrichment
top=24%, bottom=0 ee50=−54.08, slope=−0.29
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from top ranked: novel, selective, potent D4 ligands
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hit rates correlate with docking rank

Sheng Wang, Bryan Roth, Nature 2019
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AUC predicts 479,000 (+40%) DRD4 actives (10 uM) 
in 72,000 (+30%) scaffold families 

Matt O’Meara, Nature 2019
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high hit rates in LSD campaigns vs over a dozen targets
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Dockable libraries keep growing
End 2020: 1 billion,   2021: 4 billion,  2022 10 billion

(estimates)

10,000

300,000

9,000,000

270,000,000

1991 2002 2005 2011 2015 2016 2017 2019



Free Public Resources
and how to use them



Smallworld

for

similarity

sw.docking.org

NextMove Software

Roger A. Sayle



Arthor
for substructure

arthor.docking.org

NextMove Software

Roger A. Sayle



Arthor
for patterns

arthor.docking.org

NextMove Software

Roger A. Sayle



SEA: Similarity
Ensemble
Approach

for drug targets 
of small 

molecules

sea.bkslab.org



Datawarrior
free from

openmolecules.org

Thomas Sander
of idorsia.com



TLDR’s a 
Ligand
Discovery
Resource

for free web-
based tools

tldr.docking.org



DUD
DUD-E

DUD-EZ

for
docking

benchmarks



UCSF 
DOCK

molecular 
docking 
software

dock.compbio.ucsf.edu



DOCK Blaster

web interface 
to docking

blaster.docking.org



ZINC

Database of 
small 

molecules for 
ligand 

discovery

zinc.docking.org



ZINC22 via
cartblanche22

Next 
generation 
database 
towards 

hundreds of 
billions of 
molecules



Vina

other free 
molecular 
docking 
software

vina.scripps.edu



AMIS

A Mouse 
Image Server

Gene 
expression 
locations

amis.docking.org



Summary

• The problem of exploring chemical space
• Molecular docking as a pragmatic tool for ligand 

discovery using protein structure
• Inexpensive access to billions of purchasable compounds

is changing how ligands are discovered
• Many free software tools you can use


