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Abstract
A metabolite or lipid in vacuum is nice to look at, but when it comes into 
contact with other chemicals, things become interesting. However, finding 
and accessing knowledge about single chemicals is already not trivial, let 
alone that of multiple interacting chemicals. Maybe it was possible 100 
years ago to know everything in your field, we now need to bridge many 
domains and many resources. This talk will sketch the roles open science is 
playing in giving metabolites and lipids their needed chemical and biological 
context. It will cover open source cheminformatics for linking metabolite 
and lipid databases (SMILES, InChI, CXSMILES), open standards for 
interoperability of knowledge (semantic web), open data to support 
metabolite and lipid identification (Wikidata and linked data), and linking 
knowledge via publications to their original research. Furthermore, it will 
explore mechanisms to describe the interactions these chemicals have in 
open biological pathway databases (WikiPathways).



Slenter D, et al. Biosynthesis and regeneration of 
tetrahydrobiopterin and catabolism of 
phenylalanine. 2023; 
https://www.wikipathways.org/instance/WP4156



Integrative Systems Biology



A random compound…

• What exactly did we 
measure and what 
was it before the 
experiment started?

• Where do we find 
knowledge and/or 
can we make 
predictions?



Some concepts…

Theory behind modern data analysis and 
aspects essential to chemical and 
biological context



Semantics and Scientific Thinking

• Meaning of concepts, of measured data
- Melting point
- What is a “Metabolite”? Do we mean the same?
- Implications on how to understand data and 

knowledge

• Ontologies formalize meaning
- Name, definition, identifier

• Representation
- Name, file format, data model, “shape”, …



Three types of computation

• Statistics finds correlation (not causation)
- Same for machine learning, deep learning, AI
- Numbers
- Explainable AI?

• Knowledge graphs
- Logic based: from facts to arguments

• Algorithms (“Programming”)
- Solve physical equations
- Converting representations
- Descriptors, e.g. for predictive toxicology



Usable data and Explainable AI

• Data exploration for biological plausibility
- Multivariate statistics to find variance

- Visualisation

- Compare with existing knowledge
- Find correlations, hopefully causation

• Garbage in, garbage out
- “Minimal reporting standards”
- Experimental design

• Black boxes



Open, FAIR, and used

• Open 
- Not just theoretical reuse, real reuse
- Needed rights: use, modify, reshare

• Findable, Accessible, Interoperable, Reusable
- Interoperable: we have solutions for most
- Reusable: it works. we need a lot more

• Used
- How can we encourage reuse and resharing?



Being precise in your 
uncertainty

Cheminformatics



Identifiers: SMILES

Simplified 
molecular-input 
line-entry system

en.wikipedia.org/wiki/Simplified_mo
lecular-input_line-entry_system



Identifiers: (Standard) InChI

https://chem.libretexts.org/Courses/Fordham_University/Chem1102%3A_Drug_Di
scovery_-_From_the_Laboratory_to_the_Clinic/05%3A_Organic_Molecules/5.08%
3A_Line_Notation_(SMILES_and_InChI)





Identifiers: other identifiers



Identifiers: InChIKey



Visualization

• Input: SMILES
• Output: drawing

E. Willighagen, A. Rutz, 2022, CDK CxSMILES, 
https://egonw.github.io/cdk-cxsmiles/ 

https://egonw.github.io/cdk-cxsmiles/


CXSMILES (a de facto standard)

E. Willighagen, A. Rutz, 2022, CDK CxSMILES, 
https://egonw.github.io/cdk-cxsmiles/ 

https://egonw.github.io/cdk-cxsmiles/


WikiPathways

Biological context



Agrawal et al, WikiPathways 2024: 
next generation pathway database, 
10.1093/nar/gkx1064

School of Nutrition and Translational Research in Metabolism



Lipid Pathways





Links to other databases



Pathway and Network
Analysis





The effect of troglitazone on heme biosynthesis

Metabolism of porphyrins 
(Homo sapiens), 2018, 
Reactome Team, Anwesha 
Bohler, Egon Willighagen, 
Martijn van Iersel, 
http://identifiers.org/wikipathway
s/WP1852 

http://identifiers.org/wikipathways/WP1852
http://identifiers.org/wikipathways/WP1852


Linking metabolomics data to pathways…

Sparseness of Data

[1] Lindner, et al.  BMC Ophthalmology (2014)

[1]

Identifier mappingAmount of data



Slenter D, et al. Discovering life’s directed metabolic (sub)paths to interpret human biochemical markers 
using the DSMN tool. Digital Discovery. 2023; DOIL 10.1039.D3DD00069A.

[1] Thévenot, Etienne A., et al., J. Prot. Res. (2015). DOI: 10.1021/acs.jproteome.5b00354
[2] R. Peters, Postgrad. Med. J. (2006). DOI: 10.1136/pgmj.2005.036665

Name Technique Matrix Metabolites of interest 
detected with:

Male/
Female

Age 
range 
(y)

# Identified 
metabolites

# age 
related

shortest 
path linked 
biomarkers

MTBLS404 [1] LC-HRMS Urine Spearman rank 
correlation test, 
Orthogonal partial 
least-squares (OPLS)

100/83 40.9 ± 
10.3 

120 30 14

“Oxitriptan is an immediate precursor 
to serotonin, known to decline

with age [2]”
“These metabolites cannot be regarded as individual 
variables in modeling approaches”

https://doi.org/10.1039.D3DD00069A
https://doi.org/10.1021/acs.jproteome.5b00354
https://doi.org/10.1136/pgmj.2005.036665


Wikidata and Scholia

Open infrastructure



Waagmeester, A. et al. BMC Biol 19, 12 (2021). https://doi.org/10.1186/s12915-020-00940-y





Scholia and Wikidata

https://doi.org/10.1007/978-3-319-70407-4_36



Scholia



Scholia



Wikidata / Scholia

2019: 10.3897/rio.5.e35820
2017: 10.6084/m9.figshare.6356027.v1



What I want you to 
remember



What I want you to remember

- Metabolomics needs more cheminformatics 
and knowledge graphs

- We can be really precise in our uncertainties 
- but we tend not to

- Need to bridge different information sources
- thus, models (of reality) and language we use

- Too much knowledge is published unFAIR
- Open Science continues to build up
- the open license makes reuse practically feasible
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