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Introduction Applying ClassyFire to Case Study Chemicals Use Categories

« Characterizing and navigating chemical space is an ongoing challenge, particularly with large « To demonstrate the use of ClassyFire in guiding and informing chemical queries in ICE, we used the « We ran chemicals classified by ClassyFire as benzenoids and organoheterocyclic compounds
queries that can be quite diverse and have a variety of chemical structures. ClassyFire tool to classify the 9329 chemicals in the federal Tox21 program. through the ICE Chemical Characterization tool to examine potential links between chemical class

- Identifying substructures and chemical groups related to chemical activity to distinguish chemical  There were 8,583 Tox21 chemicals with ClassyFire classifications spanning 8 levels of hierarchy and product use category. Use categories are derived from EPA's Chemicals and Product Database
space by chemical structure can focus these queries. (8,477 organic; 106 inorganic). (Dionosio et al. 2018).

« ClassyFire (Djoumbou et al. 2016) is a tool that can fulfill this purpose. - “Benzenoids” and “organoheterocyclic” were the most abundant Superclasses with 2,744 and * Use data were available for 360 benzenoids and 193 organoheterocyclic compounds.
. ClassyFire is an automated, structure-based chemical taxonomy tool created by the Wishart 1,959 chemicals, respectively. « For both chemical Superclasses, “consumer goods” was the most abundant use followed by

Research Group with 4,285 unique classifications across 11 hierarchical levels. “construction/maintenance” and “cleaning.”

« We conducted a case study using chemicals tested in the U.S. Environmental Protection Agency’s
Tox21 program to demonstrate how ClassyFire classifications can be used to focus and
contextualize chemical queries.

« To explore toxicologically-relevant data, we used the Integrated Chemical Environment (ICE;
https://ice.ntp.niehs.nih.gov/; Daniel et al. 2022). ICE is an open-access resource developed by
NICEATM that contains highly curated data and computational tools that allow users to explore
chemical space.

« We focused queries of bioactivity and chemical use data in ICE using the Search and Chemical
Characterization tools.

 We demonstrate potential connections between chemical groups and specific use cases, modes
of action, and mechanistic targets.
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ClassyFire
« The ClassyFire hierarchical tree has a depth of 11 levels with a total of 4,825 unique classifications.
* Levels include, in order: Kingdom, Superclass, Class, Subclass, and Parent Level 1-7 (Fig 1A).
« The ClassyFire tool accepts inputs as SMILES, InChi, InChikey, [IUPAC name, and FASTA
« ClassyFire is accessible through a free web interface (Fig 1B), a batch search tool, or an API.

Future Directions
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Figure 1: A) An example of a ClassyFire output for the chemical valclavam. B) ClassyFire user Organicacids 75747

input web interface. Se Organic Salts

Figure 4: Query results for available ICE bioactivity data for Tox21 chemicals.

ICE
. : . : « 3,215 chemicals are bioactive for at least one assay mapped to “Cellular Stress Response.”
ICE is an open-access resource developed by NICEATM. It contains toxicologically-relevant data « The must abundant Superclass for these active chemicals is “Benzenoids” (1,232 chemicals). Figure 7: Mockup illustration implementation of ClassyFire in Search.

and computational tools as shown in Figure 2 below. » The most active Class of Benzenoids was “Benzene and Substituted Derivatives” (918
chemicals).

« The most abundant Subclass for "Benzene and Substituted Derivatives" was Su mmal'y
News & Events - ICE version 4.1 Released “Diphenylmethanes” (138 chemicals).

ICE v4.1 Release . L RN September 2024  Using the ICE filter chain, we examined AC50s for Diphenylmethanes.

0 results selected of 5485723 (0.0%
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By linking taxonomy to bioactivity, use, and toxicological endpoints, we can explore chemical

Visit News page for more information.
B e o ] structures and use cases that potentially contribute to these endpoints.

e resouresand st improvements ,5 L. R n - 2 : : SRS T We demonstrated the utility of using ClassyFire to focus chemical queries with Tox21 chemicals:

Mew and updated chemical quick lists

TS St ennorans updeted g il 4 — tor--  We used ICE Search to examine bioactivity data for a specific mechanistic target, then focused

Deaed g rormatin sdded o Cur B X -y Figure 5: Distribution of the exploration of AC50s by the most abundant Subclasses.

- ACS50 results for the « We used ICE Chemical Characterization to see the most abundant Superclasses and Classes
e ¥e: N E ] ] 5 15 " Subclass of with product use data and compared use distribution between Superclasses.

- Diphenylmethanes ClassyFire can help focus chemical selection, aid in selection of alternative chemicals, and
potentially identify chemical substructures that are correlated with chemical activity and other
endpoints.

« Additionally, taxonomies may be easier for naive users to understand in comparison to other,
more complex structure-based descriptions.

= = Classifications will be pulled for all of EPA's DSSTox database and incorporated into future releases

I — of ICE, allowing users to access these taxonomies during their own chemical explorations.
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ICE updates include:

2 « We retrieved additional information for the 138 Diphenylmethanes with the ICE Search tool.

_ « These chemicals have other toxicologically relevant data in ICE, including acute lethality data,

endocrine data, cancer data, and cardiotoxicity data.

.o — « This allows us to further explore bioactivity of Diphenylmethanes in in vivo, in vitro, and in silico References
ic,f CLDT;L i / |'G_- p— data sets.
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Figure 6: Additional available data in ICE for Diphenylmethanes.
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