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MDCK (Madin-Darby Canine Kidney)

3

• MDCK is a popular mammalian cell line used to measure apparent permeability.

• Permeability is an important property of drug candidates that influences absorption & distribution.
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MDCK Data Curation Workflow
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Cell line categorization

Distinguishing experimental & predicted values
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Structural cleaning, salt removal &  standardization

Treatment of tautomeric forms

Removal of structural duplicates

Chemical Data Curation

Mistake Detection 
(Papp Values, Cell-lines, Structures, Units)

Manual Inspection

Data Analysis +  
Automated Scripts + 

Duplicate Assessment + 
Human Intelligence + 
Manual Assessment

Data mining from databases & literature ChEMBL, GOSTAR, Literature

Fourches, D., Muratov, E., & Tropsha, A. (2011). Trust, but verify: On the importance of chemical 
structure curation in cheminformatics and QSAR modeling research. 

Waldman, M., Fraczkiewicz, R., & Clark, R. D. 
(2015). Tales from the war on error: The art and 

science of curating QSAR data. Journal of 
Computer-Aided Molecular Design, 29(9), 897–910. 
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Mistakes Found During MDCK Data Curation Process
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Removed Corrected

Mistakes are abundantly present in the databases, and much effort is focused on chemical curation. 

After discarding unverifiable entries, ~270 entries were corrected (which accounts for ~30% 

of the final dataset). 

10.1021/acs.jmedchem.9b01411



• How many “Waldos” are in the chemical dataset?
 It would be unrealistic to be 100% confident about dataset 

correctness, especially in very large datasets, but the goal is to find 
as many mistakes as we can using the tools and methods we have.

• What types of “Waldos” are there?
Mistakes such as 
 Biological Endpoints (Papp values)
 Reported Units
 Chemical Structures
 Cell-line Information
 Direction of permeability

= Mistakes in the dataset
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Inconsistency in Papp Unit Formats Reported
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Corrected to 10-6 cm/s

Source of error: Database 
Type of error: Unit Formatting Inconsistency from Literature

Detection : Distribution Analysis
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“Waldo”s in Papp Values

8

N

CH3

N

O

F

F

F

O

N CH3N

Compound 9e (Page No: 909)

(Database) MDCK Papp = 0.000301 cm/s
(Literature) MDCK Papp = 30 x 10-6 cm/s

DOI: 10.1016/j.bmcl.2009.12.071
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Compound 9c (Page No: 909)

(Database) MDCK Papp = 0.000131 cm/s
(Literature) MDCK Papp = 13 x 10-6 cm/s

DOI: 10.1016/j.bmcl.2009.12.071

Source of error: Database (decimal mistakes; common)

(S)-1-[(S)-2-Hydroxy-4-((1S,2R)-2-hydroxy-indan-1-
ylcarbamoyl)-5-phenyl-pentyl]-4-pyridin-3-ylmethyl-
piperazine-2-carboxylic acid tert-butylamide
(Database) MDCK Papp = 0.87 nm/s
(Literature) MDCK Papp = 0.87 x 10-6 cm/s
DOI: 10.2174/138920007782109733
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Source of error: Database 
(unit conversion mistakes; common)

Source of error: Database 
Type of error: Human Mistake

Detection : Distribution Analysis, Duplicate Structure Assessment
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“Waldo”s in Structural Mistakes

Database 2: Compound [G-479] (Page No: 4719)
MDCK papp (A-B) = 7.9 ucm/s

Correct

Database 1: ID 3330655
MDCK papp (A-B) = 7.9 ucm/s

Incorrect
Source of error: Database

10.1016/j.bmcl.2014.08.008

Source of error: Database 
Type of error: Human Mistake

Detection : Duplicate Endpoint Assessment
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“Waldo”s in Structural Mistakes
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Database: Compound (Page No: 1325) / Penicillin V

Incorrect Correct

Penicillin V
PubChem, ChEMBL, NIH CIR, ChemSpider

*Source of error: Literature

10.1111/j.1745-7254.2005.00166.x

Source of error: Literature 
Type of error: Human Mistake

Detection : Structural Verification Script
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https://pdfs.semanticscholar.org/0d4b/4786970a447a627c34c7362dd072a8a8d450.pdf

Compound 15e
Papp (MDCK) = 0.78 ucm/s

Incorrect Structure

Compound 15e
Papp (MDCK) = 0.78 ucm/s

Source of error: Database 
Type of error: Human Mistake

Detection : Cluster Analysis

“Waldo”s in Structural Mistakes
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Bad prediction on C 103

manually checked

“Waldo”s in Structural Mistakes



Conclusions
• Several mistakes exist in chemical & biological databases and literature. 

(Biological Endpoints, Reported Units, Chemical Structures, Cell-line Information, Direction 
of permeability, etc.)

• These mistakes can be detected using a set of methodical, creative 
approaches based on the project’s nature. 
– Distribution analysis
– Duplicate endpoint and structural analysis
– Cluster analysis
– Structure verifications
– Manual inspection

• A lot of effort must go into mistake detection and diagnosis part of the 
data curation process. 



phyophyo@simulations-plus.com 

Q&A
Questions & Answers
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