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Large Library Docking for Receptor Deorphanization
large scale docking: promise & peril
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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 

Carlsson, NCB 2011
Kruse, Mol Pharm 2013
Huang, Nature 2015
Manglik, Nature 2016
Lansu, NCB 2017
Wang, Science 2017
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An explosion in readily-
accessible molecules

3.5à500 
million

compounds

300 trillion 
complexes 
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make-on-demand (Enamine)

Yurii Moroz



How does docking rank predict hit rate success?
138 million vs. dopamine D4

Test 30

Test 549

138 million molecules
1014 complexes
1 mol/sec;103 cores
1.8 cluster days
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AUC predicts 452,000 DRD4 actives in 
72,600 scaffold families 

Sheng Wang & Bryan Roth; Lyu et al., Nature 2019
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LSD vs melatonin GPCR: 
novel ligands with new pharmacology

synthesize
& test 38

15 hits, 6 µM to 250 pM
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1.7x108 molecules
1.7x106 configs each
2.5x1014 complexes
2 cluster days

Reed Stein, Hye Jin Kang, 
John McCorvy, Bryan Roth, Nature 2020 



15 novel chemotypes, with a range of functions
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Margarita Dubocovich, Stein Nature 2020

unexpected in vivo behavior of MT1-selective 
inverse agonists in circadian rhythm 



Sigma2
structures from

Kruse lab
Aug/7th/2019

Large-scale docking of
103M cations from
ZINC15 Oct/10th -

Oct/12th/2019

86 ordered
Jan/3rd/2020
79 received

93% success
rate

Feb/25th/2020

Model optimization Hit picking

LogAUC:
41

Docking 103 million cations vs sigma2 receptor predicts 
new chemotypes

Unpublished

5.3x1013 complexes
4.5x104 core hours
1.9 cluster days (1000
cores)

• Little is known about sigma2
• Sigma2-selective probes
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ZINC000533478938
(43x):
S1R Ki = 1470 nM
S2R Ki = 34 nM

ZINC000450573233
(30x):
S1R Ki = 128 nM
S2R Ki = 4.3 nM

ZINC000895657866
(46x):
S1R Ki = 990 nM
S2R Ki = 21 nM

13 best sigma2 molecules from the primary screen have a Ki
value against sigma2 from 2.4 nM to 67.8 nM
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Assaf Alon, Andrew Kruse

Sigma2

Sigma1

ZINC000548355486
(2x)
S1R Ki = 4.9 nM
S2R Ki = 2.4 nM



0.0
0.5

1.0

SKF-10,047
ZINC001525937517
ZINC000681377109
ZINC000287374567
ZINC000369205980
ZINC000777733869
ZINC000665143541
ZINC000296435291
ZINC000820594289
ZINC000659267272
ZINC000435004139
ZINC000892713700
ZINC000893277758
ZINC000911907143
ZINC000769519341
ZINC000093013680
ZINC000248559983
ZINC000528002641
ZINC000407281203
ZINC000131571127
ZINC000247015101
ZINC000473272986
ZINC000133991118
ZINC000571080072
ZINC000176995469
ZINC000336580930
ZINC000296612417
ZINC000656508398
ZINC000574654702
ZINC000472356611
ZINC000595632104
ZINC000924470947
ZINC000262658947
ZINC000846106280
ZINC000352856249
ZINC000662345330
ZINC000448446275
ZINC000801571276
ZINC000452023252
ZINC000452107481
ZINC000894101819
ZINC000567338231
ZINC000934332177
ZINC000621267824
ZINC000249076038
ZINC000933438523
ZINC000925887162
ZINC000453142034
ZINC000886836194
ZINC000483826940
ZINC000549824186
ZINC000398583627
ZINC000507809396
ZINC001168222793
ZINC000657934399
ZINC000353995714
ZINC000921927365
ZINC000269280100
ZINC000656714762
ZINC001170548029
ZINC001460312963
ZINC000430988927
ZINC000262856881
ZINC000374368469
ZINC000348332392
ZINC000897616680
ZINC000433044150
ZINC001237901728
ZINC000792998860
ZINC000450573233
ZINC000895657866
ZINC000533478938
ZINC001308961074
ZINC000657922756
ZINC001196519317
ZINC001254761628
ZINC000170908795
ZINC000188287346
ZINC000548355486
ZINC000544117725

PB28

%
 binding

Compounds
A

ll com
pounds rank ordered

12

N

NH2

H
N

DTG
S1R = 57.4 nM
S2R = 21.9 nM

N

HO

SKF-10047
S1R =  35 nM

S2R = 4573 nM

O

N

N

PB28
S1R = 5 nM
S2R = 5 nM

Tested compounds are all from the 
upper baseline (-64 to -55 kcal)

DOCK score (kcal/mol)

At 1 µM concentration, 52 of the 79 molecules displaced more 
than 50% radioligand DTG, high hit rate 66%
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A full hit rate curve may reveal a slope to the upper plateau
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The ‘5220-bound crystal structure confirms the docking
prediction and reveals a water-mediated interaction between
the azaindole and Gln77
◼ The docked pose
◼ The crystal pose of chain a (RMSD: 0.88Å)
◼ The crystal pose of chain b (RMSD: 0.87Å)

GLN77

HIS21

ASP29

TYR103

Assaf Alon, Andrew Kruse Resolution: 2.4Å

‘3233 (original docking hit)
S1R Ki = 128 nM
S2R Ki = 4.3 nM

N

H
NN

Z1241145220
cpm: 186

Z1241145220
Ki S2R = 3.7 nM
Ki S1R = 29 nM

extensive Analog By
Catalog



access to new chemotypes is exploding
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