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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, InChl, 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).
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Slenter D, et al. Biosynthesis and regeneration of

tetrahydrobiopterin and catabolism of
phenylalanine. 2023;

https://www.wikipathways.org/instance/\WWP4156
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Integrative Systems Biology
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" Maastricht University The effect of Multi-walled carbon nanotubes on gene expression in
bronchial epithelial BEAS 2B cells, B.Sc. Thesis, 2015
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CyTargetLinker app update: A flexible solution for network extension
in Cytoscape. 2018. F1000Research. 7. 743.

> N . 10.12688/f1000research.14613.1
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The effect of troglitazone on heme biosynthesis

_W\ Metabolism of porphyrins (Homo sapiens), 2018, Reactome Team, Anwesha
P Bohler, Egon Willighagen, Martijn van lersel,
‘— http://identifiers.org/wikipathways/WP 1852

AOPs in AOP-Wiki contain diverse types of info

Stressor: / Key Event Relationship:
- Chemical - Description
- CAS - Biological plausibility
- DSStox - Empirical evidence
- Inchikey - Uncertainties
- Names - Quantitative understanding
- Evidence - Applicability
-| - Description 4 ‘ Key Event:
- Description
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A random compound...

 What exactly did we

e measure and what
OH was it before the
0 @ .
0 OH NH,  experiment started?

N

7

HO NH .
OH HO * Where do we find

knowledge and/or
can we make
predictions?
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Some concepts...

Theory behind modern data analysis and
aspects essential to chemical and
biological context
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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”, ...
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Three types of computation

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

e Knowledge graphs
- Logic based: from facts to arguments

e Algorithms (“Programming”)
— Solve physical equations

— Converting representations
- Descriptors, e.g. for predictive toxicology
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Usable data and Explainable Al

* 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
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Open, FAIR, and used

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

. Interoperable, Reusable

- Interoperable: we have solutions for most
— Reusable: it works. we need a lot more

e Used

- How can we encourage reuse and resharing?
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Being precise in your
uncertainty

Cheminformatics




Identifiers: SMILES A <LN o

HN N o)
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Simplified <
molecular-input
line-entry system A

N1CCN(CC1)C(C(F)=C2)=CC(=C2C4=0)N(C3CC3)C=C4C(=0)O
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Identifiers: (Standard) InChl
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H—O H H
| onnechion sub-layer | vain ayer \_f\harge layer EOtODIC layer
INChI=1SIC2HACINO2/c3-1(4)2(5)6/h1H,4H2,(H,5,6)p+1/t1-/m0/s1/i3+0
version chemical formula sub-layer hydrogen atoms sub-layer stereochemical layer

https://chem.libretexts.org/Courses/Fordham_University/Chem1102%3A_Drug_Di
scovery - From_the Laboratory to the Clinic/05%3A Organic_Molecules/5.08%
% Maastricht University 3A_Line_Notation (SMILES_and_InChl)



Journal of Cheminformatics

Home About Articles Submission Guidelines About The Editors Calls For Papers

Software | Open Access | Published: 06 June 2017

The Chemistry Development Kit (CDK) v2.0: atom
typing, depiction, molecular formulas, and
substructure searching

B3 John W, Mayfield, Jonathan Alvarsson, Arvid Berg, Lars Carlsson, Nina Jeliazkova, Stefan Kuhn,

Tomas Pluskal, Miquel Rojas-Cherté, Ola Spjuth, Gilleain Torrance, Chris T. Evelo, Rajarshi Guha & Christoph Steinbeck

Journal of Cheminformatics 9, Article number: 33 (2017) | Download Citation *

7825 Accesses |50 Citations l55 Altmetric |Metrics »

Toolkit Time (s)
CDK 149 3,843
CDK 2.0 67

ust
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Identifiers: other identifiers

INFO: old database is HMDB-CHEBI-WIKIDATA HMDBS5. 0.20211102-CHEBI224-WIKIDATA20230807 (build: 20230807)
INFO: new database is HMDB-CHEBI-WIKIDATA HMDBS. 0. 20240416-CHEBI232-WIKIDATA20240416 (build: 20240416
INFO: Number of ids in Ch [HMDB): 297251 [unchanged)

INFO: Number of ids in Gpl (Guide to Pharmacology]: 7506 [0 added, 3 removed -> overall changed -0.0%])
INFO: Number of ids in Cpc [(PubChem-compound): 1273488 (50399 added, 22 removed -> overall changed +4. 1%])
INFO: Number of ids in Ce (ChEBI): 386946 (67162 added, 20 removed -> overall changed +21.0%])

INFO: Number of ids in Ck (KEGG Compound): 16258 (46 added, 20 removed -> overall changed +0.2%)

INFO: Number of ids in Cl (ChEMBL compound): 50331 (10 added, O removed -> overall changed +0.0%)
INFO: Number of ids in Cs (Chemspider): 187969 (26207 added, 26 removed -> overall changed +16.2%)
INFO: Number of ids in Sl [SwissLipids): 20341 (unchanged)

INFO: Number of ids in Wd (Wikidata): 1405361 (4440 added, 3308 removed -> overall changed +0. 1%)
INFO: Number of ids in Dr (DrugBank]): 12036 (25 added, 2 removed -> overall changed +0.2%)

INFO: Number of ids in Cks [KNApSAcK]: 5014 (36 added, 0 removed -> overall changed +0.7%)

INFO: Number of ids in Lm (LIPID MAPS): 45139 (3150 added, O removed -> overall changed +7.5%)

INFO: Number of ids in Ect (EPA CompTox): 850027 (29 added, 5 removed -> overall changed +0.0%)

INFO: Number of ids in Kd (KEGG Drug): 4109 (14 added, 0 removed -> overall changed +0. 3%)

INFO: Number of ids in Ca [CAS): 944585 (515 added, 28 removed -> overall changed +0. 1%)

INFO: Number of ids in Ik [InChIKey): 1508499 (27550 added, 85 removed -> overall changed +1.9%)
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Identifiers: InChiKey

Show |10 ¥ |entries Search:
Mol InChiKey CAS ChemSpider PubChem CID
acetic acid QTBSBXVTEAMEQO-UHFFFAOYSA-N 64-19-7 171 176
deuterated acetic acid QTBSBXVTEAMEQO-GUEYOVJQSA-N 1186-52-3 2006083 2723903
acetic acid c-14 QTBSBXVTEAMEQO-HQMMCQRPSA-N 2845-03-6 144444 164769
acetic acid c-13 QTBSBXVTEAMEQO-VQEHIDDOSA-N 1563-79-7 8329490 10153982
acetic acid c-11 QTBSBXVTEAMEQO-JVVVGQRLSA-N 78887-71-5 396653 450349
acetate ion QTBSBXVTEAMEQO-UHFFFAOYSA-M 71-50-1 170 175
Edit on query.Wikidata.org
Showing 1 to 6 of 6 entries Previous ‘T’ Next
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* |nput: SMILES nips logonagitb oedcosmles]
* Output: drawing

Visualization

Flavonoid

Or for a flavonoid with known number of hydroxy groups on each rings, but with position uncertainty:
0*.0*.cA-C(C(-c26(-C1)0C(-CL2-0)C3-CC(-C(C=C3}))))-0* [m:3:4.5 m:1:8.9,m:22:18.19]

OH OH
O

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

CXSMILES (a de facto standard)

R-groups

A common application of CXSMILES is the use of R-groups. This is done with the following CXSMILES
pattern like [NH3+]CCOP([0-])(=0)0C[C@@H](CONC=C/[*])OC([*1)=0 [$;;;;;i;ii;iiiiR;;;R$| !

Lipids with two tails

"H,N
\/\O /\‘/\ /ﬁ Sometimes experimental data does not provide enough information to decide how long the individual lipid
tails are, but only provide the total length. Then a template like occ(oc(=0)C[H])COC(=0)C[H]
\f |Sg:n:6:x:ht,Sg:n:12:y:ht| x+y=28 can be useful:
R . HO
H 0
- 0 H
Lipids ¢ 3
x+y=28

Lipids with a double bond somewhere in the tail

If we have a single tail lipid with x+y+2 carbons in the tail but we do not know the location of the double
bond, we can use a CxSMILES like [H]C\\C=C\\CC(=0)0 |Sg:n:1:x:ht,Sg:n:4:y:ht| x+y=15:

)

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

Biological context
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Lipid Pathways

Community Pathways +

‘ Filters H Table ’

Gallery List

This community helps to curate 39 pathways:

7-oxo-C and 7-beta-
HC pathways (Homo
sapiens)

Eicosanoid metabolism
via cytochrome P450

Bacterial ceramide
synthesis (Caulobacter
vibrioides)

Eicosanoid metabolism
via cytochrome P450

Beta-oxidation of
unsaturated fatty acids
(Caenorhabditis
elegans)

Eicosanoid metabolism
via lipooxygenases
(Lox) (Homo sapiens)

Cholesterol metabolism
with Bloch and
Kandutsch-Russell
pathways (Mus
musculus)

Eicosanoid metabolism

Eicosanoid metabolism
via cyclooxygenases

Cholesterol metabolism  (cox) (Mus musculus)

with Bloch and
Kandutsch-Russell
pathways (Homo
sapiens)

Eicosanoid synthesis

Eicosanoid metabolism
via cyclooxygenases
(cox) (Homo sapiens)

lit
if

monooxygenases (Mus monooxygenases via lipoxygenases (LOX)  (Homo sapiens) == P E
musculus) pathway (Homo (Mus musculus) :
sapiens) Ether lipid biosynthesis

i
i

AT YO

Ergosterol biosynthesis
(Saccharomyces
cerevisiae)

(Homo sapiens)



Sphingolipid metabolism overview (WP4725)

Homo sapiens

Name:

g Last Modifed: 20240203192154

Organism: Homo saplens

CoA(10:0)

CoA(20:0)

CoA(24:0)

I Paimioyl-CoA
&
A4

3-keto-sphinganine

N-acyl chains:

L -

New PW, homology converted

Authors

Denise Slenter , Eric Weitz,, Conroy lipids , and Ash lyer

Ethanolamine-phosphate




Links to other databases

Rridgen:

Participants .= @

Label Type Compact URI Comment
ATP Metabolite chebi:30616

3-keto-sphinganine Metabolite lipidmaps:LMSP01020002

Palmitoyl-CoA Metabolite lipidmaps:LMFA07050360 aka CoA(16:0)
Serine Metabolite pubchem.compound:5951

References -

1. Characterization of murine sphingosine-1-phosphate phosphohydrolase. Le Stunff H, Peterson C, Thornton R, Milstien S, Mandala SM, Spiegel S. J
Biol Chem. 2002 Mar 15;277(11):8920—7. PubMed Europe PMC Scholia

2. De novo sphingolipid biosynthesis: a necessary, but dangerous, pathway. Merrill AH Jr. J Biol Chem. 2002 Jul 19;277(29):25843-6. PubMed Europe
PMC Scholia

3. Identification of small subunits of mammalian serine palmitoyltransferase that confer distinct acyl-CoA substrate specificities. Han G, Gupta SD,
Gable K, Niranjanakumari S, Moitra P, Eichler F, et al. Proc Natl Acad Sci U S A. 2009 May 19;106(20):8186—91. PubMed Europe PMC Scholia

4. A mouse macrophage lipidome. Dennis EA, Deems RA, Harkewicz R, Quehenberger O, Brown HA, Milne SB, et al. J Biol Chem. 2010 Dec
17;285(51):39976—85. PubMed Europe PMC Scholia
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Pathway and Network
Analysis




I, Metabolights O |

" Examples: Alanine, Homo sapiens, Urine, MTBLS1

Home Browse Studies Browse Compounds Browse Species Download Help Give us feedback About Submit Study Login

Release Date 20160713

MTBLS360: Metabolomics and lipidomics reveal perturbation of sphingolipid metabolism by a novel anti-
trypanosomal 3-(oxazolo[4,5-b]pyridine-2-yl)anilide

Structure patabase Chemical formula SMILES
Darren J Creek identifier
Trypanosoma brucei is the causative agent of human 2
therapies are limited and there is an urgent need to dev
OXPA), was initially identified in a phenotypic screen a B 4 = H

( ) y. p. y‘_’ R St CHEBI:77996 C36H69NO3 COCOCEOAE00O0CSCIE@BHI(ONEAH]
shown to be non-toxic and to be active against a numb: ° r (CO)NC(=0)Cccceececece=c/cecceececce
b
PUBLICATIONS

Metabolomics and lipidomics reveal PY ceseees CHEBI138507 C33H65NO3 [C@]([C@@](/C=C/cccccccccCC)(0)[H])

perturbation of sphingolipid (NC(=0)Cccccecececceccccececec)([H)co

metabolism by a novel anti...

2+ Daniel Stoessel, Cameron J. Nowell, Amy

J. Jones, Lori Ferri...

- CHEBI:67035 C36H73N04

iN UTRIM
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The effect of troglitazone on heme biosynthesis

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

icht University ‘!f Maastricht UMC+
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Linking metabolomics data to pathways...

Ph
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&

Maastricht University ‘ (7] Maastricht UMC+



Name

Technique Matrix

MTBLS404 [1]

LC-HRMS Urine

Legend: .
& Queried for shortest path ™ i
Connecting

Protein
Low log2 ratio (-7) N \ ......
High log2 ratio (7) T
<> Significant p-value (>0.05)
— Reaction occurs in 1 Pathway
== Reaction occurs in 12 Pathways
~—Biomarkers connected through 1 or 2 steps
Biomarl kers connect ted through 3 steps

v 2

 Maastricht University

Metabolites of interest Male/
detected with: Female
Spearman rank 100/83

correlation test,
Orthogonal partial
least-squares (OPLS)

Age
range

(y)

409 +
10.3

paraxanthine.__

/
o

1 7~dim

N(2),N(2)-diﬁ(@uanosine

TLS‘J e
anosine

luric

# Identified # age shortest
metabolites related | path linked
biomarkers
120 30 14
tr e ’ \
PO~ g
\‘I:-:I'T f
serotonin---__ .-~~~
MAOA /
/
'/
\
. :
5-hydroxyin 3-acetic
a b oxitriptan——

“These metabolites cannot be regarded as individual

variables in modeling approaches”

“Oxitriptan is an immediate precursor
to serotonin, known to decline
with age [2]”

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


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
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Retinoic acid receptor alpha (q254943)

mammalian protein found in Homo sapiens
Nuclear receptor subfamily 1 group B member 1 | RARA

Statements

molecular function

retinoic acid binding (1901431

molecular function (rsz0)

represents gene ontology function annotations

Wikipedia (7 entiies) Z edit

ar
en
es
sh
sr
uk
zh

Wl $Lgigip Il Ganz Jriius
Retinoic acid receptor alpha
Receptor de &cido retinoico alfa
Receptor retinoinske kiseline alfa
Receptor retinoinske kiseline alfa
RARA

MEMZHa

[
iN UTRIM

Interacting selectively and non-covalently with retinoic acid, 3,7 ID A (Q23174122)
G0:0001972
Gene Ontology evidence code
Statements Inferred from Direct Assay
b Statements
subclass of & retinoid binding
/ instance of & Gene Ontology Evidence code
» 1 reference
% manual assertion
retinoic acid binding Z edit
determination method IDA
A human retinoic acid receptor which belongs to the
~ 1 reference family of nuclear receptors (o396
retrieved 3 January 2017 Statements
stated in A human retinoic acid receptor instance of $  scientific article
which belongs to the family of
nuclear receptors Identifiers
UniProt-GOA PubMed ID S 2825025
curator British Heart Foundation

reference URL

http://mww.ebi.ac.uk/QuickGO/GA

nnotation?protein=P10276 &

determination method IDA

transcription corepressor activity

determination method IDA

» 1 reference

+ add reference

Z edit

British Heart Foundation (qs970039)
Statements

instance of

a0

organization

official website

aeD

http:/iwww.bhf.org.uk/&@

Identifiers

GRID ID § grid.452924.c

Waagmeester, A. et al. BMC Biol 19, 12 (2021). https://doi.org/10.1186/s12915-020-00940-y
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Enabling Open Science: Wikidata for Research
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Abstract

Wiki4R will create an innovative virtual research environment (VRE) for Open Science at
scale, engaging both professional researchers and citizen data scientists in new and
potentially transformative forms of collaboration. It is based on the realizations that (1) the
structured parts of the Web itself can be regarded as a VRE, (2) such environments
depend on communities, (3) closed environments are limited in their capacity to nurture
thriving communities. Wiki4R will therefore integrate Wikidata, the multilingual semantic
backbone behind Wikipedia, into existing research processes to enable transdiscipiinary
research and reduce fragmentation of research in and outside Europe. By establishing a
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Wikidata as a knowledge graph
for the life sciences

Abstract Wikideta s a community-maintained knowledge base that has been assembled from
repostoresinthe s ofgenoic, proteoic, genetc vt ooy, cherid compourc

5, and that adheres to the FAI principles of findabilty, accessitilty, interoperabity and
reusabw\r\y Here vie describe the breadth and depth of the biomedical knowledge contained within

Wikidata, and discuss the

opensource tools we have buit to add iformation to Wikidata and to

synchronize it with source databases. We also demonstrate several s cases for Wikidata, including
the crowdsourced curation of biomedica ontologies, phenotype-based diagnosis of disease, and

drug repurposing.
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Introduction

Integrating data and knowledge is a formidable
challenge in biomedical research. Although new
scienifc findings are being discovered at a
rapid pace, a large proportion of that know
edge is either locked in data silos fwhere inte.
gration is hindered by differing nomenclature,
data  models, and licensing  terms;
Wilkinson et al, 2016) or locked away in free-
text. The lack of an integrated and structured
version of biomedical knowledge hinders eff
et quenying o mining of that information,
thus preventing the full uilzation of our accu
mulated scentiic knowledge.

Recentl, there has ben a growing emphass
within the scientfc community to ensure ll sci

advance efforts by the open-data communiy to
build  rich and heterogeneous network of scien-
tiic knowledge. That knovledge network could,
in tu, be the foundation for many computa:
onl tools, applications and anafyses

Most data- and knowiedge-integration i
tives fall on either end of a spectrum. At one
end, centraized efforts seek to bring multile
knowledge sources into a single database (see,
for example, Mungall et al, 2017 this
approach has the advantage of data alignment
according 1o a common data model and of
enabling high performance queries. However,
centralzed resources are diffcult and expensive
to maintain and expand (Chandras et al, 2009;
Gabella et a, 2018),at leastin part because of

o
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Scholia, Scientometrics and Wikidata

Finn Arup Nielsen &, Daniel Mietchen & Egon Willighagen

Conference paper | Open Access | First Online: 08 November 2017

8313 Accesses | 36 Citations | 30 Altmetric

Part of the Lecture Notes in Computer Science book series (LNISA,volume 10577)
Abstract

Scholia is a tool to handle scientific bibliographic information through Wikidata. The Scholia
Web service creates on-the-Fly scholarly profiles for researchers, organizations, journals,
publishers, individual scholarly works, and for research topics. To collect the data, it queries
the SPARQL-based Wikidata Query Service. Among several display formats available in
Scholia are lists of publications for individual researchers and organizations, plots of
publications per year, employment timelines, as well as co-author and topic networks and
citation graphs. The Python package implementing the Web service is also able to format
Wikidata bibliographic entries for use in LaTeX/BIBTeX. Apart from detailing Scholia, we
describe how Wikidata has been used for bibliographic information and we also provide
some scientometric statistics on this information.
Keywords
Wikidata

Wikipedias  Functional Requirements For Bibliographic Records (FRBR)

Public Librarv OF Science (PLOS)

Waagmeester et . BMC Bology (2021)19:12
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A protocol for adding knowledge to
Wikidata: aligning resources on human
coronaviruses

Andra Waagmeester'®, Egon L. Wi lighagen’e

Daniel Feméndez-Aharer
Jasper 1, Kohorst

Jose Emilio Labra Gay
and

Abstract

Background: Pandemics, even more than other medical problems, require swift integration of knowledge. When
caused by a new virus, understanding the underlying biology may help finding solutions. In a setting where
are a large number of loosely related projects and initatives, we need common ground, also known as a
*commons. Wikidata, a public knowledge graph aligned with Wikipedia, is such a commons and uses unique
dentiers 1o link knowledge in other knowledge bases. However, Wikidata may not always have the fight schema
for the urgent questions. In this paper, we address this problem by showing how a data schema required for the
ntegration can be modsled with entity schemas represented by Shape Expressions.

ere

Results: s a telling exarnple, we describe the process of aligning resources on the genomes and protecrmes el (he
SARS-Col-2 virus and related viruses s well as how Shape Fxpressions can be defined for Wikidata to m
knowledge, helping others studying the SARS-CoV-2 pandemic. How this mode! can be used to mzke data
between various resources interoperable is demonstrated by integrating data from NCBI (National Cener for
Siotechnology Information) Taxonomy, NCBI Genes, UniProt, and WikiPathways. Based on that mode),  set of
automated appiications or bots were written for regular updates of these sources in Wikidata and added to a
platform for automatically running these updates.
Condlusions: Although th /,mkrow is developed and appled in the context of the COVID-19 pandernic, to
lemonstiate its broader iy it was also appiied to other human coronaviruses (MERS, SARS, human
Coonavius NLES, s cotonains 256 uan coronaits HKU. humn coonaius OC4)

OVID-19, Wikidata, Linked data, ShEx, Open Science

Keywords:

Background
The coronavirus disease 2019 (COVID-19) pandemic,

[1]. In response to the pandemic, many research groups
have started projects to understand the SARS-CoV-2
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Wikidata and Scholia as a hub linking chemical knowledge
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Introduction

Making cherical databases more FAIR (findable, accessible, interoperable,
and reusable) benefts computationa chemistry and cheminfo
fere dcues Wi,  young it prjctof Wi i one ey

Results

ghagen®, Denise Slenter”, Daniel Mietchen®, Chris Evelo®, Finn Nielsen®

DT Compute, Technical University of Denmark, Denmark

Literature-backed (PhysChem) Facts

rmatics, We

support FAIR-ficaton of open chemical knowledge. For example vie = ==
Proposed new Wikidata properties to annatate compounds with external

aiference: itis

aiing
e e e

the

databaze

on wikdata,

EPA CompTox Dashboard
and MetaboLights. We aiso ntroducec 2 Schola extension [S), visuslizing -

3], the SPLASH [4],

amount of information about chemical compouncs.

Methods

scrola tsa

system

51
Knowledge exchange, such as publcations, Journas, publishers, but also

topics. It uses SPARGQL queries against the Wikidata Query Service (WDQS,
uery.wikidata.org) and visualzes the data In various form; ore,
we u mbination of Bocl

206 missing chemical compounds for biological pathways from

WiiPathways (6]. Wnere needd, new Wikidata progerties were proposed.
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ABSTRACT, CA5 Common Chenisty (s ommoncemistyssr) s 0 opn w P
it e niic CAS%

resoutce that provides access to relsble chemical subs
community. Haviag served milons of visitors since ts ceation
The

Commn Chemistry

in 2009, the resource was

in 2021

substances and includes addiion! associated information, such as bas

was expanded from 8000 to S00.000 chemical
eties and computer-eadable cheical structure

information. New use cases are mppnned = mhamed e capiites s an intgrted spplcation rogramming interfc

ommercil (CC-BY-NC 40) lcense

pape
and functonalty, discusses the benchis of the contibuton to the chemisty community, and summares recent progres in

leveraging this resource to strngthen other information sourcs,

W INTRODUCTION
(CAS, division ofthe American Chernical Socety,has collcted,
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, Institute of Biotechnology, Technische Universitat Berlin, 13355 Berlin, Germany

of chemistey since 1907, Scintists manufscturers,reglators,
and data scienists around the worl rely an CAS for sccurte
information on chemica substances. CAS Commn Chemistry,
oo wouce bt o o bt of henicl bt

GISTRY, vas fist launched in 2009
A5t st ot o b, e i
nformation.’

CAS RSGISTRY, e Lt weni-cannd chmid
50 sillion chemical
2l 2021 and groving a..r, In esponse o

e inthe world, cross

‘The colltion represents substances and rlted data for

08,2021 10,2021

ABSTRACT

The Complex Portal (www.ebi.ac.uk/complexportal)
is a manually curated, encyclopaedic database of
complexes with known function

now CCO to encourage data reuse. Users are encour-
aged to get in touch, provide us with feedback and
send curation requests through the ‘Support’ link.

v

CAS Common Chermistry was stablshed to provde 3
chemica identifers and sssociated nf

o 1o the geneal public s part of the mission of the ACS. It

cnsbles millons of vistors to obtain. zelisble scientiic

‘nformation on nely 00000 substancs though search or

applction programing intefce (AP1) functionalty. Users

leverage this nformation i 3 variey of vy, incuding in
d

regulited chemicals, and chemicals frequenty used in under.
graduate chamistry curiuls.

Enhanced Associated Chemical Information. Esch
‘substance in the resource includes s chemics name, chemical
Stuctur image, molcula formula, and molecular weigh, The

hich

from a range of model organisms. It summarizes
complex composition, topology and function along
with links to a large range of domain-specific re-
soutces (Le. wwPDB, EMDB and Reactome). Since
the 2019, duced afirst draft

INTRODUCTION

Protein complexes, stable functional assemblies consisting
of two or more associated polypeptide chains, are respon-
sible for driving and regulating many cellular processes

e, Addonaly, Wikpd s lenged e s
since its incepton

attrbutes sl 35 cistion o suppert reerencing in academic
i

dind

Multi-chain assemblies perform many functions,including

names for esch chemicl substance. Busc substance proper.

ties—boiling poiat, melting point, and density—are

incloded where avaisble. This is demonstatedin Figure 3ab.
For users of CAS Scifinder’,  quick lnk i also included to

for caffine, aspein, and benzene, s wel s igures | and 2

Received: Masch 4,

< Maastricht University

coli, maintained and
updated that of Saccharomyces cerevisiae, added
over 40 coronavirus complexes and increased the
human complexome to over 1100 complexes that in-
clude approximately 200 complexes that act as tar-
gets for viral proteins or are part of the immune
system. The display of protein features in Com-
plexViewer has been improved and the participant ta-

(2) positioning molecules involved in the same process in
close proximity (b) bringing structure to disordered regions
of proteins and (c) creating novel substrate binding sies at
subunil interfaces. These assemblies can contain additional
molecules, such as nucleic acids and small molecules. In
budding yeast (1), around one n three proteins have a func-
tion in stable heteromeric complexes and in bacteria around
onein five (see below)

‘!f Maastricht UMC+



Scholia and Wikidata

SCHOLIA Author Work ~ Organization ~ Location ~ Event ~ Project + Award Topic * Tools * Help »  Search..

Characterization of murine sphingosine-1-phosphate
phosphohydrolase (028592202)

Alzhei ‘SPhing .
apoptotic pro ' NFx8

Search:

Description Value

Title Characterization of murine sphingosine-1-phosphate phosphohydrolase
Type scholarly article

Authors Sarah Spiegel

Language English

Published in Journal of Biological Chemistry

Publication date 2002-03-15

Topics Sphingosine-1-phosphate phosphatase 1

Dol 10.1074/JBC.M109968200 »

L Wikidata Query Service work: data.sparql
NUTRIM ) |
https://doi.org/10.1 007/97873-31 9-70407-4_36



Related works

o Related works from co-citation analysis
Scholia -

Show 10 % entries

Search:

Count Work

30 Sphingosine-1-phosphate: an enigmatic signalling lipid

29 Molecular cloning and characterization of a lipid phosphohydrolase that degrades sphingosine-1- phosphate and induces cell death

28 Identification and characterization of a novel human sphingosine-1-phosphate phosphohydrolase, hSPP2

27 Sphingosine-1-phosphate phosphohydrolase in regulation of sphingolipid metabolism and apoptosis

24 Sphingosine-1-phosphate as second messenger in cell proliferation induced by PDGF and FCS mitogens

22 Sphingoid base 1-phosphate phosphatase: a key regulator of sphingolipid metabolism and stress response.

21 Identification and characterization of Saccharomyces cerevisiae dihydrosphingosine-1-phosphate phosphatase

19 Sphingosine-1-phosphate as a ligand for the G protein-coupled receptor EDG-1

19 Suppression of ceramide-mediated programmed cell death by sphingosine-1-phosphate

18 Dual actions of sphingosine-1-phosphate: extracellular through the Gi-coupled receptor Edg-1 and intracellular to regulate proliferation and

survival
Wwikidata Query Service work: related-works.sparql
Showing 1 to 10 of 500 entries
Previous 2|3 |4|5)|. |50 | Next
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Citations to the work -W
. . .
S c h o I I a Recent citations to the work
Show 10 % entries

>

Search:

Citations Publication date Citing work

848 2003-05-01 Sphingosine-1-phosphate: an enigmatic signalling lipid

401 2013-12-01 The Concise Guide to PHARMACOLOGY 2013/14: enzymes.

304 2008-06-13 “Inside-out" signaling of sphingosine-1-phosphate: therapeutic targets

168 2003-09-03 Phosphorylation and action of the immunomodulator FTY720 inhibits vascular endothelial cell growth factor-
induced vascular permeability.

83 2002-09-16 Sphingosine-1-phosphate phosphohydrolase in regulation of sphingolipid metabolism and apoptosis

81 2005-04-01 Integral membrane lipid phosphatases/phosphotransferases: common structure and diverse functions

74 2007-03-22 Intracellular generation of sphingosine 1-phosphate in human lung endothelial cells: role of lipid phosphate
phosphatase-1 and sphingosine kinase 1.

71 2003-01-10 Identification and characterization of a novel human sphingosine-1-phosphate phosphohydrolase, hNSPP2

64 2009-02-27 FTY720 inhibits ceramide synthases and up-regulates dihydrosphingosine 1-phosphate formation in human lung
endothelial cells

39 2012-06-23 Shaping the landscape: metabolic regulation of S1P gradients

Wikidata Query Service work: citations.sparg|

Showing 1to 10 of 41 entries
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Redirecting

Wikidata / Scholia

If you know the identifier then Scholia can make a lookup based on
the identifier:

very long chain fatty aci
cas/50-00-0

Lookup CAS 50-00-0. This will identify formaldehyde and

olibanic acid i . .
= redirect to its Scholia page.
saturated and unsaturated compounds_
e
inchikey/QTBSBXVTEAMEQO-UHFFFAQYSA-N
Redirect also works for InChIKeys, here for acetic acid.
fatty acid
—w cis fatty acid
Show|10_r|entries Search:
Mol InChiKey CAs ChemSpider PubChem CID
carboxylic acid 4 , .
acetic acid QTBSBXVTEAMEQO-UHFFFAOYSA-N 64-19-7 7 176
deuterated acetic acid QTBSBXVTEAMEQO-GUEYOVJQSA-N 1186-52-3 2006083 2723903
acetic acid c-14 QTBSBXVTEAMEQO-HQMMCQRPSA-N 2845-03-6 144444 164769
Essential fatty acid
acetic acid ¢-13 QTBSBXVTEAMEQO-VQEHIDDOSA-N 1563-79-7 8329490 10153982

acetic acid c-11 QTBSBXVTEAMEQO-JVVVGQRLSA-N 78887-71-5 396653 450349
acetate ion QTBSBXVTEAMEQO-UHFFFAQYSA-M 71-50-1 170 175

Edit on query.Wikidata.org

Showing 1 to 6 of 6 entries Previous 1 ‘ Next

paclitaxel (Q423762)

Paclitaxel (PTX), sold under the brand name Taxol among others, is a
chemotherapy medication used to treat a number of types of cancer.
This includes ovarian cancer, breast cancer, lung cancer, Kaposi
sarcoma, cervical cancer, and pancreatic cancer. It is given by
injection into a vein. ... (from the English Wikipedia)

2019: 10.3897/ri0.5.e35820
2017: 10.6084/m9.figshare.6356027.v1 entifiers
Show 10+ entries search: [

. IDpred Id
N U T R I M ATC code LO1CDO1
CAS Registry 33069-62-4
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What | want you to
remember




What | 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

o
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Giving metabolites (and lipids)
a chemical and biological
context with open science

.~. -

Egon Willighagen, BiGCaT team and collaborations _ /\

@egonw@social.edu.nl
0000-0001-7542-0286

NMetC, Turku 2024-08-26
doi:10.5281/zenodo.13373746
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Funded projects
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virtual human platform for safety assessment
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