
Sebastian Raschka

Building Hypothesis-driven Virtual Screening Pipelines 
for Millions of Molecules

PSA Lab

ODSC West, San Francisco
November 3, 2017

sebastianraschka.com
@rasbt



2

Statistical Analyses & 
Machine Learning

ToolsDomain 
Knowledge



3
https://en.wikipedia.org/wiki/Great_Lakes#/media/File:Great_Lakes_from_space_crop_labeled.jpg

By the beginning of the twentieth century, the Great Lakes were 
the richest freshwater fishery in the world […] 
But those good years were soon gone.
Dennis, Jerry. The Living Great Lakes: Searching for 
the Heart of the Inland Seas. Macmillan, 2003.
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https://en.wikipedia.org/wiki/Welland_Canal#/media/File:Welland_Canal_aerial.png

The opening of the Welland Canal […] allowed ships from all over the world to come 
to the upper lakes […] But nobody could have foreseen that the canal would also 
allow entry to a most unwelcome visitor, the sea lamprey.
Dennis, Jerry. The Living Great Lakes: Searching 
for the Heart of the Inland Seas. Macmillan, 2003.
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https://en.wikipedia.org/wiki/Sea_lamprey#/media/File:Sea_lamprey_on_brown_trout_flipped.jpg
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Invasive Species Control
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(PDB ID 2RH1)

G protein-coupled receptors: sense diverse chemicals 
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(PDB ID 2RH1)

Beta blockers

Rose scent

Pheromone

Light photons

Smoke

Rotten fish

Adrenaline
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Millions of Molecules
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Millions of Molecules
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Small Molecule-based

Virtual Screening

Receptor Structure-based
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Hypothesis-based 
filtering

Millions of molecules

Hundreds of molecules
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Tabular Data
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https://rasbt.github.io/biopandas/

Raschka S (2017) BioPandas: Working with molecular structures in pandas DataFrames. 
J Open Source Softw 2:1–3.
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@<TRIPOS>MOLECULE
DCM Pose 1

32    33     0     0     0
SMALL
USER_CHARGES

@<TRIPOS>ATOM
1 C1         18.8934    5.5819   24.1747 C.2       1 <0>       -0.1356 
2 C2         18.1301    4.7642   24.8969 C.2       1 <0>       -0.0410 
3 C3         18.2645    6.8544   23.7342 C.2       1 <0>        0.4856 
4 C4         16.2520    6.2866   24.7933 C.2       1 <0>        0.8410 
5 C5         15.3820    3.0682   25.1622 C.3       1 <0>        0.0000

…
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27https://www.theregister.co.uk/2017/09/14/python_explosion_blamed_on_pandas/
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More examples
Multi-mol2 files
Multi-processing
…

http://rasbt.github.io/biopandas/tutorials/
Working_with_MOL2_Structures_in_DataFrames
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Conformer 
Sampling

Volumetric & Chemical 
Overlays

Functional Group 
Matching

Conformer Overlays and Pharmacophore Matching
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…
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Enabling the hypothesis-driven prioritization of ligand candidates in big databases: 
Screenlamp and its application to GPCR inhibitor discovery for invasive species control (2017). 
Raschka S., A. M. Scott, N. Liu. S. Gunturu, M. Huertas, W. Li, and L. A. Kuhn
JCAM  (manuscript under revision)

https://psa-lab.github.io/screenlamp
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Thresholding Assay Data

0-25% signal inhibition
= non-active

50-100% signal inhibition
= active

0% 100%
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KNeighborsClassifier
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Sulfur <= 0.5
gini = 0.478

samples = 38
value = [23, 15]

class = non-active

12-Hydroxy <= 0.5
gini = 0.219

samples = 24
value = [21, 3]

class = non-active

True

Sulfate-Ester <= 0.5
gini = 0.245

samples = 14
value = [2, 12]
class = active

False

Sulfate-Ester <= 0.5
gini = 0.1

samples = 19
value = [18, 1]

class = non-active

3-Keto <= 0.5
gini = 0.48

samples = 5
value = [3, 2]

class = non-active

gini = 0.0
samples = 16
value = [16, 0]

class = non-active

gini = 0.444
samples = 3
value = [2, 1]

class = non-active

gini = 0.5
samples = 4
value = [2, 2]

class = non-active

gini = 0.0
samples = 1
value = [1, 0]

class = non-active

12-Hydroxy <= 0.5
gini = 0.444
samples = 6
value = [2, 4]
class = active

gini = 0.0
samples = 8
value = [0, 8]
class = active

gini = 0.48
samples = 5
value = [2, 3]
class = active

gini = 0.0
samples = 1
value = [0, 1]
class = active

Mostly active
Mostly non-active

DecisionTreeClassifier
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RandomForestClassifier
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69% signal inhibition 62% signal inhibition
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Outcome
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Blank Blank
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~50% ~50%

Pheromone
(@ 10-13 M )

Pheromone
(@ 10-13 M )
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~50% ~50%

Pheromone
(@ 10-13 M )

Pheromone
(@ 10-13 M )

Concentration of gold in the ocean: 4 x 10-11 M
(https://web.stanford.edu/group/Urchin/mineral.html)
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~100% ~0%

Pheromone
(@ 10-13 M ) Blank
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0% 100%

Pheromone
(@ 10-12 M )

Pheromone
(@ 10-12 M )

Antagonist Discovered
(@ 5x10-13 M )
(@ 5x10-13 M )

+
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Questions?

Thanks!

BioPandas (https://rasbt.github.io/biopandas/)
Screenlamp (https://psa-lab.github.io/screenlamp)


