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⚡ 
COLLABORATIVE DRUG DISCOVERY



Protocols & Datasets
◈ Structure-activity data 

usually exists in isolation: 

▷ one target, one protocol 
▷ many compounds & 

measurements 

◈ Datasets often related: 

▷ same target? 
▷ same protocol? 

◈ How would we know?
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Prerequisite
◈ Protocols normally described using scientific English 

◈ Alternatively, many ontologies are available: 

▷ BAO (BioAssay Ontology) 
▷ DTO (Drug Target Ontology) 
▷ CLO (Cell Line Ontology) 
▷ GO (Gene Ontology) 
▷ ... and many others 

◈ Each term has a URI: global meaning, hierarchical
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Common Assay Template

◈ Pulls together 
ontology 
categories 

◈ ~22 assignments 

◈ Captures key 
summary 
information
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Protocol Similarity
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504854 449764
A Cell Based Secondary Assay To Explore Vero 
Cell Cytotoxicity of Purified and Synthesized 
Compounds that Inhibit Mycobacterium 
Tuberculosis (4) 

This functional assay was developed for 
detection of compounds inhibiting Vero E6 cells 
viability as a secondary screen to the beta-
lactam sensitizing M. tuberculosis bacteriocidal 
assay.    

In this assay, we treated Vero E6 cells with 
compounds selected as hits in the M. 
tuberculosis assay for 72 hours over a 10 point 
2-fold dilution series, ranging from 0.195 uM to 
100 uM. Following 72 hours of treatment, 
relative viable cell number was determined 
using Cell Titer Glo from Promega. Each plate 
contained 64 replicates of vehicle treated cells 
which served as negative controls. 

Outcome: Compounds that showed <70% cell 
viability for at least one concentration were 
defined as "Active". If the % viability at all doses 
was >70%, the compound was defined as 
"Inactive".  

...

A High Throughput Confirmatory Assay used to 
Identify Novel Compounds that Inhibit 
Mycobacterium Tuberculosis in the absence of 
Glycerol 

Outcome: Compounds that showed >30% inhibition 
for at least one concentration in the Mtb dose 
response were defined as "Active". If the inhibition 
at all doses was <30% in the Mtb assay, the 
compound was defined as "Inactive". In the primary 
screen a compound was deemed "Inactive" if it had 
a Percent Inhibition <70.31%. Compounds with a 
Percent Inhibition >70.31% but were not selected 
for follow up dose response were labeled 
"Inconclusive." 

The following tiered system has been implemented 
at Southern Research Institute for use with the 
PubChem Score. Compounds in the primary screen 
are scored on a scale of 0-40 based on inhibitory 
activity where a score of 40 corresponds to 100% 
inhibition. In the confirmatory dose response 
screen, active compounds were scored on a scale 
of 41-80 based on the IC50 result in the Mtb assay 
while compounds that did not confirm as actives 
were given the score 0. 

...

69% 
similar (?)



Protocol Similarity
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semantic 
annotations 

≡ 

fingerprints



Matrix: Assays vs. Compounds

◈ Curated ~3500 assays from PubChem: 

▷ mostly from Molecular Libraries project 
▷ natural language/machine learning helped 
▷ carefully analyzed by expert biologists 

◈ Enough data for proof of concept assay informatics 

◈ Adding the assay dimension to structure-activity 
relationship analysis
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Now With Compounds
◈ Each assay has compounds & data from PubChem:
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Looking at Primary Screens
◈ Browse the curated content from PubChem:
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Matching Assays



Matching Assays



Frequent Hitters

◈ Rank by score = # hits vs. selected assays
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Assay Grid (1°)
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Assay Grid (1°)
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Assay Clustering
◈ Leverage hierarchical structure of ontology terms:
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Assay Clustering
◈ Leverage hierarchical structure of ontology terms:
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Group by Disease
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Group by Disease
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Group by Disease
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Selectivity

◈ Using secondary assays 

◈ Ranking score =
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# inactives

# actives



Assay Grid (2°)

15



Assay Grid (2°)
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Assay Grid (2°)
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Similarity
◈ Can select compounds by similarity to a reference 

structure (ECFP6/Tanimoto):
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Similarity
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Assay Grid
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liver 
cirrhosis



Assay Grid
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Assay Grid
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parasitic 
helminthiasis

liver 
cirrhosis



Conclusion

◈ Cheminformatics & bioinformatics are well 
established, but assay informatics is new 

◈ Data curation has begun: much yet remains (>1M) 

◈ Content curation is the main bottleneck 

▷ BioAssay Express is key to solving this problem 

◈ Content consumption is at proof of concept stage 

▷ ... and this is the fun part.
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Future Work

◈ Crowd curation of public data: you should want your 
assays to be machine readable 

◈ Model building: create from structure-activity-assay, 
apply all existing knowledge to prospective discovery 

◈ ELN context: use semantic annotations instead of 
text, describe assays comprehensively 

▷ convert annotations to text, for communication 
▷ translate protocols to import formats for robots
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Assay Data

◈ All features, and curated data, available at: 

◦ http://www.bioassayexpress.com 
◦ http://beta.bioassayexpress.com 

◈ Ready for crowd curation - free to use in public 

◈ Commercial product: private installations, with 
custom settings, are being deployed
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