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PubChem is an 
open chemistry 
database with data 
on chemicals, 
bioactivities, 
proteins/genes, 
pathways, 
taxonomies, and 
cell lines.

https://pubchem.ncbi.nlm.nih.gov/

https://pubchem.ncbi.nlm.nih.gov/


Reaction data in PubChem

• 1.5 million from PubChem Pathways (Reactome, BioCyc, 

WikiPathways, PharmGKB, PathBank, Lipid Maps, etc)

• 14,500 from Rhea

• 1,400 from ChEMBL metabolism

• 5,500 from NORMAN Suspect List Exchange



Reaction data in PubChem

Source # Reactions Source # Reactions

PathBank 730 K WikiPathways 5.3 K

Reactome 390 K Pathway Interaction DB 3.5 K

PlantCyc 335 K COVID-19 Disease Map 2.8 K

Plant Reactome 160 K INOH 2.2 K

BioCyc 75 K PANTHER 2.0 K

Rhea 14.5 K ChEMBL 1.4 K*

NORMAN-SLE 5.5 K* PharmGKB 1.0 K

Detailed overview (> 1 K reactions) 

*Transformations data
S60 SWISSPEST19, S66 EAWAGTPS, S68 HSDBTPS, S73 MetXBioDB, 
S74 REFTPS, S78 SLUPESTTPS, S79 UACCSCEC, S81 THSTPS

https://pubchem.ncbi.nlm.nih.gov/source/23574
https://pubchem.ncbi.nlm.nih.gov/source/15767
https://pubchem.ncbi.nlm.nih.gov/source/23465
https://pubchem.ncbi.nlm.nih.gov/source/23466
https://pubchem.ncbi.nlm.nih.gov/source/23575
https://pubchem.ncbi.nlm.nih.gov/source/24177
https://pubchem.ncbi.nlm.nih.gov/source/23467
https://pubchem.ncbi.nlm.nih.gov/source/23603
https://pubchem.ncbi.nlm.nih.gov/source/BioCyc
https://pubchem.ncbi.nlm.nih.gov/source/25027
https://pubchem.ncbi.nlm.nih.gov/source/23640
https://pubchem.ncbi.nlm.nih.gov/source/ChEMBL
https://pubchem.ncbi.nlm.nih.gov/source/23819
https://pubchem.ncbi.nlm.nih.gov/source/23604
https://doi.org/10.5281/zenodo.3544759
https://doi.org/10.5281/zenodo.3827487
https://doi.org/10.5281/zenodo.4056560
https://doi.org/10.5281/zenodo.4318838
https://doi.org/10.5281/zenodo.4687924
https://doi.org/10.5281/zenodo.4704648
https://doi.org/10.5281/zenodo.5394629


Reaction data for the pathway resveratrol degradation (PWY-6667)
https://pubchem.ncbi.nlm.nih.gov/pathway/BioCyc:META_PWY-6667#section=Interactions

Access reaction data in PubChem
From a pathway page

https://biocyc.org/META/NEW-IMAGE?object=PWY-6667
https://pubchem.ncbi.nlm.nih.gov/pathway/BioCyc:META_PWY-6667#section=Interactions


https://pubchem.ncbi.nlm.nih.gov/protein/EC:2.7.10.1
#section=Biochemical-Reactions

Access reaction data in PubChem
From a target page – Enzyme

https://pubchem.ncbi.nlm.nih.gov/protein/EC:2.7.10.1#section=Biochemical-Reactions


https://pubchem.ncbi.nlm.nih.gov/protein/P00533
#section=Biochemical-Reactions

https://pubchem.ncbi.nlm.nih.gov/gene/1956
#section=Biochemical-Reactions

Access reaction data in PubChem
From a target page – Protein and Gene

https://pubchem.ncbi.nlm.nih.gov/protein/P00533#section=Biochemical-Reactions
https://pubchem.ncbi.nlm.nih.gov/gene/1956#section=Biochemical-Reactions


https://pubchem.ncbi.nlm.nih.gov/compound/445154
#section=Biochemical-Reactions

Access reaction data in PubChem
From a compound page – Resveratrol – Biochemical Reactions

https://pubchem.ncbi.nlm.nih.gov/compound/445154#section=Biochemical-Reactions


https://pubchem.ncbi.nlm.nih.gov/compound/445154#section=Transformations

Access reaction data in PubChem
From a compound page – Resveratrol – Transformations

https://pubchem.ncbi.nlm.nih.gov/compound/445154#section=Transformations


https://pubchem.ncbi.nlm.nih.gov/
source/23640#data=Annotations

Download & Programmatic Access Options

https://pubchem.ncbi.nlm.nih.gov/compound/
445154#section=Transformations https://pubchem.ncbi.nlm.nih.gov/

docs/programmatic-access

https://pubchem.ncbi.nlm.nih.gov/source/23640#data=Annotations
https://pubchem.ncbi.nlm.nih.gov/compound/445154#section=Transformations
https://pubchem.ncbi.nlm.nih.gov/docs/programmatic-access


Adding Missing Data to PubChem

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=101

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=101


Adding Missing Data to PubChem
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=101

Mohammed Taha et al. (2022) DOI: 10.1186/s12302-022-00680-6

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=101
https://doi.org/10.1186/s12302-022-00680-6


FAIR Transformations in PubChem

6,641 chemicals

>double the
BioTransformer

library

Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0; Helmus et al (2022) DOI: 10.21105/joss.04029
Schymanski, Bolton, Cheng, Thiessen, Zhang, Helmus (2023) Transformations in PubChem, DOI: 10.5281/zenodo.5644560

https://doi.org/10.1186/s13321-021-00489-0
https://doi.org/10.21105/joss.04029
https://doi.org/10.5281/zenodo.5644560


Open TP Workflows in patRoon 2.0

Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0; Helmus et al (2022) DOI: 10.21105/joss.04029
Schymanski, Bolton, Cheng, Thiessen, Zhang, Helmus (2021) Transformations in PubChem, DOI: 10.5281/zenodo.5644560

https://rickhelmus.github.io/patRoon/
https://doi.org/10.1186/s13321-021-00489-0
https://doi.org/10.21105/joss.04029
https://doi.org/10.5281/zenodo.5644560


Transforming PubChemLite with

Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0; Bolton et al (2021) preliminary calculations; 
Schymanski, Bolton, Cheng, Thiessen, Zhang, Helmus (2021) Transformations in PubChem, DOI:10.5281/zenodo.5644560

Djoumbou Feunang et al (2019). BioTransformer, JCheminf. DOI: 10.1186/s13321‐018‐0324‐5. 

379,199 entries

human/env 11 M

2.4 M

1.2 M
Combinatorial explosion – more data 
needed to predict reaction likelihoods

humenvhum

36 M

98 M

86 M

3.6 M
11 M

30 M
82 M

version 1.0.0; DOI: 10.5281/zenodo.5995886

https://doi.org/10.1186/s13321-021-00489-0
https://doi.org/10.5281/zenodo.5644560
https://doi.org/10.1186/s13321%E2%80%90018%E2%80%900324%E2%80%905
https://doi.org/10.5281/zenodo.5995886


• >10 Million reactions from Google Patents

• Dedicated reaction summary pages

• More data from literature mining

https://gitlab.lcsb.uni.lu/eci/shinytps

Perspectives

https://gitlab.lcsb.uni.lu/eci/shinytps


• Kim et al. (2023) PubChem 2023 update. Nucleic Acids Res. 51(D1):D1373-D1380. DOI: 10.1093/nar/gkac956

• Kim et al. (2022) PubChem Protein, Gene, Pathway, and Taxonomy Data Collections. J Mol Biol. 434(11):167514. 
DOI: 10.1016/j.jmb.2022.167514

• Zaslavsky et al. (2021) Discovering and Summarizing Relationships Between Chemicals, Genes, Proteins, and 
Diseases in PubChem. Front. Res. Metr. Anal. 6:689059. DOI: 10.3389/frma.2021.689059

• Schymanski et al. (2021) Empowering large chemical knowledge bases for exposomics: PubChemLite meets 
MetFrag. J. Cheminform. 13:19. DOI: 10.1186/s13321-021-00489-0

• Krier et al. (2022) Discovering pesticides and their TPs. Environ. Int. 158:106885. DOI: 10.1016/j.envint.2021.106885

• Mohammed Taha et al. (2022) The NORMAN Suspect List Exchange (NORMAN-SLE). Environ. Sci. Eur. 34, 104. 
DOI: 10.1186/s12302-022-00680-6

• Talavera Andújar et al (2023) Exposome of MCI and AD on CSF. ChemRxiv. DOI: 10.26434/chemrxiv-2023-6j2gm

Further reading (selection)

https://doi.org/10.1093/nar/gkac956
https://doi.org/10.1016/j.jmb.2022.167514
https://doi.org/10.3389/frma.2021.689059
https://doi.org/10.1186/s13321-021-00489-0
https://doi.org/10.1016/j.envint.2021.106885
https://doi.org/10.1186/s12302-022-00680-6
https://doi.org/10.26434/chemrxiv-2023-6j2gm


• PubChem team

• LCSB-ECI team

• PubChem contributors

• NORMAN-SLE contributors

• You all for listening!
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