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Why am I here?

Å To promote early-stage drug discovery 
efforts on campus!

Å Find active molecules that modulate 
therapeutically relevant mechanism. 
Develop as probes or leads.

Å Early-stage drug discovery is a needle-
in-the-haystack problemñcould be 1033

drug-like organic molecules.*

Å Conventional HTS approach too 
expensive. 

*PolishchukPG, et al., JCAMD 2013 27(8):675-9



What is VS?

ÅVirtual Screen: use a computer 
model to evaluate a chemical 
library. Prioritize some subset 
for testing.

ÅVS models predict potential for 
compound-target interaction or 
assay read-out.

ÅGoal is in enrichment for 
actives. Highly enriched subset 
reduces costsñenables focused 
screening.



Searching chemical space for hits

High Throughput Screening

Åtest 104-106 cpds

Ågenerates valuable real data

Åexpensive

Ånoisy

ÅŎŀƴΩǘ ǎŎŀƭŜ ǘƻ ǳƭǘǊŀ-large libraries

ÅAssay must be developed!

Virtual Screening + focused testing

ÅVS 108-1012
Ą test 102-104 cpds

Ålimited real data generation

Åcheap

ÅVERYnoisy

Åscales to ultra-large libraries (109-1012)

ÅVS models have data requirements



Hoffmann & Gastreichά¢ƘŜ 
next level in chemical space 
navigation: going far beyond 
enumerable compound 
ƭƛōǊŀǊƛŜǎΦέ Drug Discovery 
Today, 2019, 24, 5, 1148-1156. 

Virtual and Physical 
Chemical Libraries

²ŀƭǘŜǊǎ tΦ ά±ƛǊǘǳŀƭ /ƘŜƳƛŎŀƭ [ƛōǊŀǊƛŜǎΦέ J. Med. Chem. 2019, 62, 3, 1116-1124



LǊǿƛƴ WW Ŝǘ ŀƭΦΣ ά½Lb/нлτA Free 
Ultralarge-Scale Chemical 
Database for Ligand 
5ƛǎŎƻǾŜǊȅΦέ J. Chem. Inf. Model. 
2020, 60, 6065-6075.
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SBVS

Structure-based virtual 
screening



What is docking?

Å Docking uses 3D molecular models to 
determine the optimal compound 
binding orientation on a given target.

Å Search is guided by a scoring function 
that evaluates favorability of each 
sampled configuration.

Å Many docking programs exist with 
different search strategies and scoring 
functions.

Å Docking score is crude estimate of 
binding favorability for a given 
compound.



Sort Compounds 

by Docking 

Scores

Score Distributions

Inactives

Actives

Structure-based virtual screening

Scores

Number of
Compounds

MOLID SCORE
ZINC36206438 58.63
ZINC59310217 58.72
ZINC61596674 56.35
ZINC67458535 47.40
CHEMBL1221861 60.66
ZINC10123401 52.39
ZINC64526095 66.13
ZINC24002103 56.72
ZINC09612655 58.84
ZINC24002105 38.95
CHEMBL38532 74.19
ZINC40824467 50.10
ZINC59829723 58.29
ZINC37520295 44.78
ZINC49812309 38.01
ZINC14558020 53.31
CHEMBL472090 58.71
ZINC36207525 69.07
ZINC14010625 68.48
CHEMBL274782 63.97
ZINC63949457 55.35
ZINC39657146 48.74
ZINC23197109 58.72
ZINC25520953 63.14
ZINC09282496 43.71
ZINC60343267 62.18
ZINC58790750 62.53
CHEMBL400392 65.96
ZINC52096905 49.96
ZINC48922871 49.59
ZINC33058380 45.11
ZINC64684798 56.64
ZINC21076300 68.36
ZINC29461868 50.65
CHEMBL26183 58.56
ZINC61908006 66.40
ZINC15429053 54.10
CHEMBL323258 74.94
ZINC05091951 58.47
ZINC02759924 48.25
ZINC54596097 42.68
ZINC19899314 65.54
ZINC53113244 38.99
ZINC40947055 61.87
ZINC36611787 60.04
CHEMBL419085 65.96
ZINC35844701 58.57
ZINC01296699 39.07
ZINC39914438 49.68
ZINC00706129 48.34
ZINC34747432 52.55
ZINC43220997 47.45
ZINC37619890 54.49
ZINC15666896 55.50
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ZINC49812309 38.01

Dock Compound Library



Docking-based VS performance on 6 benchmark targets from DUD-E



Docking Compute Expense

Program Time Std. Dev.
AD4 435.6 197.1
Dock 719.2 592.9
Fred 15.6 5.7
Hybrid 9.3 2.9
Plants 43.4 20.5
rDock 49.3 26.7
Smina 250.1 172.8
Surflex 78.9 1159.6

Á Compute time for docking depends the search space, search 
quality, and complexity of the scoring function.

Á To dock millions of compounds, we cut corners.

Á Docking time varies between programs (~1 minute/compound).

(seconds)



Dock6

AutoDock4

Raw docking scores from each program are normalized and 
then fed into a Consensus operationτthis can be taking a 
mean, maximum, or median of the 4 scores.

LŦ ƭŀōŜƭŜŘ Řŀǘŀ ŀǊŜ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǘŀǊƎŜǘΣ ά{ǳǇŜǊǾƛǎŜŘέ ŎƻƴǎŜƴǎǳǎ 
could also be used by weighting different program scores for 
optimal separation--like logistic regression, random forest, etc.

Target Protein

FRED

Surflex

Decoys
Actives

Consensus Scoring 

Scores

Normalize
Scores

Consensus

.

.

.



Ericksen et al.,  J. Chem. Inf. Model. 2017, 57, 7, 1579-1590        DOI: 10.1021/acs.jcim.7b00153

Virtual screening performance on N=21 benchmark targets


