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What’s in a NAM?

Why chemistry, 
of course!

NAMs 101 Webinar



CHEMISTRY
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Challenge: Linking data resources

• ToxCast (EPA) & Tox21 (Multi-Agency)
 screening >4000 (ToxCast) to >10K (Tox21) environmentally relevant 

chemicals across 10’s to 100’s of HTS assays
• ACToR, ExpoCast, CPCat, ToxRef DB, etc

 meshed CAS lists, product-use database, in vivo reference DB
• In Silico models

 exposure models, ER/AR binding, physchem properties, ADME
• Public-facing ComTox dashboard
 facilitate access to & utility of EPA data
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Chemistry in NAM Research 
& Applications

WHY? Robust chemical assessments & systematic reviews 
require access to data with a clear relationship to the 
actual chemical(s) of concern

Critical role of chemical curation and chemically 
indexed databases for providing accurate associations 
between a chemical and its associated data

WHAT?

HOW? Databases and tools supporting chemical 
management, chemical registration, chemical list 
curation, and chemical-data linkages across NAM 
resources



The Chemistry beast feeding the 
CompTox Dashboard!
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DSSTox Chemical Hub
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Chemical Elements to Data Integration:
Chemical representations
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Chemical Elements to Data Integration:
Chemical representations

Structure
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DSSTox_v2 Main Sources: 
Substance QC levels
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DSSTox_v2 QC Levels
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top 4 QC quality bins

(single source, no conflicts)



Substance-structure ambiguity
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?DSSTox Curation
1:1:1 CAS:Name:Structure
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ChemReg: Substance Registration

PFOS

Associated Lists (290)

Predecessor Substances (2)

Successor Substances (8)

Other CAS (1)
Synonyms (20)
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ChemReg: List Curation



Chemical-data gathering for 
systematic reviews
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Which form of PFOS?
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Chemical-data gathering for 
systematic reviews: e.g., PFOS

PFOS is ambiguous acronym 



Chemical-data gathering for 
systematic reviews: e.g., PFOS
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ChemReg

CompTox
Chemicals
Dashboard

Curation QC Level
Lists
Synonyms
Similar cmpds
Related cmpds

https://comptox.epa.gov/dashboard/dsst
oxdb/results?search=DTXSID3031864

Curation QC Level

PFOS present in 290 Lists!  22 synonyms

127 “similar” compounds to PFOS

13 Related substances, 
incl. Markush categories

https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DTXSID3031864
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https://comptox.epa.gov/
dashboard/chemical_lists

Curated Lists: e.g., PFAS

Curated substance-list linkages PFAS structure file: 

8163 substances with structures

https://comptox.epa.gov/dashboard/chemical_lists
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ToxCast/To21 HTS data
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Estimate >10 million 
chemical-assay data points!!!

Which results are reliable?



ToxCast & Tox21 
Sample Database

Solutions

Compound
Libraries

Bottles

Supplier/Lot/Batch

Reported (actual) purity

DMSO Soluble (or not)

Supplier-provided info 
(or lack thereof)

Volatility 
(missing sample)

Valid Structures
Accurate substance annotation:

CAS – Name - Structure

Chemical & Data Quality Issues

DSSTox
Quality substance & 
structure annotations



ToxCast Chemical Library:
Quality Control Steps
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Supplier/Lot Bottles

Stock Solutions

Unique CASRN-name

Unique Structures

QSAR-ready 
Structures

COA/MSDS supplier documentation review

DSSTox chemical curation & registration

Analytical chemistry QC: 
ID, purity, stability, concentration

InChI Key checks: includes salt/hydrate form, stereo, 
stoichiometric complexes 

DSSTox QC levels 1&2 (highest quality manual curation) 

Structure normalization

Desalting, tautomer & functional group normalization, 
Optional: de-duplicate, de-stereo, remove metal-containing compounds

1:1 CASRN-name-structure

Structure-derived chemical descriptors, fragments & fingerprints for use in modeling

Computational processing

What’s in the bottle?

• 22% of supplier-provided structures 
conflict with DSSTox structure after 
COA & curation review
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ChemTrack: 
Chemical Sample Management

 Curators manually review COAs 
& MSDSs and map each original 
supplier bottle to a DTXSID

 Neat and solution tracking for 
>53K bottle codes!



What can analytical QC 
data tell us?
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• volatility
• reactivity
• limited solubility in DMSO
• adheres to plastic

Sample-specific Compound - specific
• purity
• age of sample
• supplier variability
• plating errors

Identity
• Wrong mass
• Different 

chemical 
than 
expected

Purity
• Positive 

mass ID
• Contaminan

ts detected

Identity
• Wrong mass
• Different 

chemical 
than 
expected

Purity
• Positive 

mass ID
• Contaminan

ts detected

Concentration
• Positive mass 

ID
• Less than 

expected 
(<30%)

Stability
• T0 Pass 

T4 Fail
• Depends on 

age of 
sample

Mixture/Isomers
• Positive mass 

ID
• Contaminants 

detected

• Is bioactivity due to cmpd or contaminant?
• Is lack of activity due to cmpd not present or present at low 

concentration?

Im
pact on H

TS
 results



Some cmpds have QC data …

Tox21 analytical data



At the Tox21 ID soln level…

https://tripod.nih.gov/tox21/samples/80-05-7

Tox21 sample ID (stock soln)
 Is this the same stock solution that was 

tested in ToxCast assays?
 If not, how consistent are the analytical QC 

data for this compound across solutions and 
suppliers?
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https://tripod.nih.gov/tox21/samples/
Tox21_400083

https://comptox.epa.gov/dashboard/ds
stoxdb/results?search=DTXSID303186
4#invitrodb-bioassays-toxcast-tox21

Some don’t …

https://tripod.nih.gov/tox21/samples/Tox21_400083
https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DTXSID3031864#invitrodb-bioassays-toxcast-tox21
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https://tripod.nih.gov/tox21/samples/
Tox21_400083

https://comptox.epa.gov/dashboard/ds
stoxdb/results?search=DTXSID303186
4#invitrodb-bioassays-toxcast-tox21

But sometimes additional chemical 
knowledge is important …

 PFOS (and other PFAS) are unusual in their 
properties often requiring customized analytical 
approaches

 Commercially available sources of PFOS 
contain 10-40% branched form (i.e., not pure!)

 Branched PFOS can have significantly different 
ADME properties from linear form!

https://tripod.nih.gov/tox21/samples/Tox21_400083
https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DTXSID3031864#invitrodb-bioassays-toxcast-tox21


DSSTox Chemical Hub
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