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Was habe ich studiert? i SO 1Y

Chemistry is central to all areasoffmodern science and technology,providing

- a foundation for fields such'as bioehemistry, green chemistry, chemical
e engineen!ng, food science, materials'sc

celgeology, hanotechnology and
pharma‘c.:alogy“ %.1‘- =

Environmental Engineer

Apply engineering knowledge to assess andmanage the effects of human
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and other activity on the natural'and built environment.

https://www.uwa.edu.au/study/courses/chemistry
https://www.uwa.edu.au/study/careers/environmental-engineer
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~ Chemist
Und dann? . .

Chemlstry is central to all areas of m:)dern Science and technology providing
- a foundation for fields such as blocﬁe lstry greenehemistry, chemical
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Env1ronmental Engineer

Apply englneenng knowledge to assess and manage the effects of human
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and other actwlty on the natural'and built environment.
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Given access 2 months ago
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Emma Schymanski @emma.schymanski
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I Was ist Umweltcheminformatik?
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human or
: environmental high resolution : : identify chemicals
environment cheminformatics :
sample mass spectrometry and toxic effects

RT: 0.00 - 24 51

High resolution
mass spectrometry ;>
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Was ist Umweltcheminformatik?

RT: 0.00 - 24.51

High resolution e e 0
mass spectrometry |

z0 553 1506 | 1389

AND connecting
chemical knowledge =i

Relative Abundance

Time {min}

o | Samples

Unknown Thousands
1 1(‘1 00 1000 10000 100K 1™ i0M 100M 1B 10B unendless chemicals .... .... ....
Suspect Chemicals 120,514 rw SuspeCtS Chem|Ca| Space
PubChemLite Exposomics 360,508 Pi.lb@hem Lite
EXPOSOMICS
Mass Spectral Libraries 651,005 I.M ass BO N k

High Quality Mass Spectral Database

CompTox Chermicals Dashboard
PubClhem

Generated Structures Unenumerable...

oooooo

Chromatogram: Schymanski et al. (2014) DOI: 10.1021/es4044374; Resource numbers updated 22 Jan. 2024.



http://pubs.acs.org/doi/abs/10.1021/es4044374

I Unsere Herausforderung: das Exposome!

[
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Image c/o Lucie Debroux LCSB, modified from images by Utrecht Uni & Vermeulen et al. (2020). Science. DOI: 10.1126/science.aay3164



http://science.sciencemag.org/content/367/6476/392

A. Chemical Analysis

®

Target
ERENY -

Suspect
screening

miz=270.0763
miz=211.0831 miz=319.1654

miz=158.9782

Modified from Escher, Stapleton, Schymanski (2020). Science. DOI: 10.1126/science.aay6636

Unsere Herausforderung: Komplexe Mischungen

B. Bioanalytical tools

Cytotoxicity
(all chemicals,
with
different

potencies) Receptor-
mediated

. effect

Adaptive
stress
response
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Umweltcheminformatik ist auch . Internatlonales Team Work
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High Quality"Mass Spectral Database
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https://scholia.toolforge.org/author/Q27863244

I NORMAN Network — Emerging Environmental Substances

https://www.norman-network.com/

Network of reference laboratories, résearch centres and related

organisations for monitoring of emerging environmental
substances

...................................................

Menu . WELCOME TO THE NORMAN NETWORK

» Emerging Substances

> DATABASES

The NORMAN network enhances the
information on emerging environmente
and encourages the validation and ha
common measurement methods and
so that the requirements of risk asses
managers can be better met. It spet
both to promote and to benefit from
between research teams from differe
the field of emerging substances.

> Topics and Activities

» Workshops and Events
» QA/QC Issues

> NORMAN Bulletin

N .
* SuccessEEES Who should be part of the network?

> Glossary All interested stakeholders dealing with,

substances — whether in studying their

> Useful links and effects or risk assessment and risk

2> Competent authorities / Reference laboratories: i.e. institutes and organisations designated by the
authorities at the national level to offer technical and scientific support in specific fields related to e

] protection.

» Members' Area

Photo from 15" NORMAN General Assembly: https://www.norman-network.com/?g=node/412



https://www.norman-network.com/
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PARC / NORMAN & FAIR Data

Beyond FAIR: Reusing Chemical
Data Across-disciplines with
CARE, TRUST, and Openness

(& Open |
| 3
NORMAN-SLE: Unleashing the Power of

Chemical Data Beyond FAIR Navigating FAIR Data: A Journey Through Environmental
MOHAMMED TAHA, Hiba (®; Schymanski, Emma Cheminformatics Open-Source Resources

Elapavalore, Anjana ; Kondi¢, Todor (&); Singh, Randolph ; and 5 others
Talk given by Hiba at IDW-SciDataCon Salzburg 2023

Talk given by Anjana Elapavalore at the IDW-SciDataCon23 in Salzburg
Uploaded on October 23, 2023

1 more versions exist for this record © 83 Uploaded on October 25, 2023 @ 51 L

.|
Mohammed Taha & Schymanski, 2023. DOI: 10.5281/zenodo.10033547. Elapavalore et al. 2023. DOI: 10.5281/zenodo.10038062. “ lll ‘ “ ‘


https://doi.org/10.5281/zenodo.10033547
https://zenodo.org/doi/10.5281/zenodo.10038062

I NORMAN Database System (NDS) & NORMAN-SLE

https://www.norman-network.com/nds/SLE/ & https://massbank.eu/MassBank/

Q

SEARCH All Databases

o

NORMAN Database System

environment

Searching for individual substance or group(s) of substances in all databases

Note: Click on a link below to go to an individual database home page

~N

Substance Database

A merged list of NORMAN substances; Central
Database to access various lists of substances for
suspect screening and prioritisation

Suspect List Exchange

Central Database to access various lists of
substances for suspect screening and prioritisation

Chemical Occurrence Data

A database of geo-referenced monitoring data on
emerging substances

Antibiotic Resistance
Bacteria/Genes

A database of ARBs/ARGs in environmental
matrices

R

NORMAN organises the development and maintenance of various web-based databases for the collection & evaluation of data / information on emerging substances in the

SARS-CoV-2 in sewage

A database with the latest information on SARS-
CoV-2 in sewage across Europe and
internationally; including a common protocol for
sample collection, storage, extraction, analysis and
data sharing to support the development of an
international comparable data set.

Ecotoxicology

A platform for systematic collection and evaluation
of ecotoxicity studies for harmonised derivation of
environmental quality standards

MassBank Europe

A database of mass spectra of emerging
substances to support identification of unknown
substances

00 00
e00 00
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https://www.norman-network.com/nds/SLE/
https://massbank.eu/MassBank/
https://www.norman-network.com/nds/SLE/

I NORMAN Database System (NDS) & NORMAN-SLE

https://www.norman-network.com/nds/SLE/ & https://massbank.eu/MassBank/

o

NORMAN Database System

o Elapavalore et al.
(2023) DOI:
10.1039/D3EM00181D

NORMAN organises the development and maintenance of various web-based databases for the collection & evaluation of data / information on emerging substances in the

environment

Environmental
Q SEARCH All Databases 2 SARS Science pgg\@ﬁesﬁéﬁx\;
Processes & Impacts -

Searching for individual substance or group(s) of substances in all databases A datab

CoV-2 il View Article Onli
Note: Click on a link below to go to an individual database home page ink i PAPER e soamat
interna

sample] | M) cheok for updiates Adding open spectral data to MassBank and
J PubChem using open source tools to support non-

data shi cie mis: por: 101030/asemo01810 i .
. targeted exposomics of mixtures¥
internat
Anjana Elapavalore, © *2 Todor Kondi¢, 2 Randolph R. Singh, ©2°
Benjamin A. Shoemaker, © € Paul A. Thiessen, © ¢ Jian Zhang, ® © Evan E. Bolton © ¢
and Emma L. Schymanski ©*
] S u b Sta n Ce Da ta b a S e C h e m | ca | O C C u r re n C e D a ta M E c Ot The term “exposome” is defined as a comprehensive study of life-course environmental exposures and the
= < v associated biological responses. Humans are exposed to many different chemicals, which can pose a major
. i . threat to the well-being of humanity. Targeted or non-targeted mass spectrometry techniques are widely
A merged list of NORMAN su bstances; Central A database of geo-referenced m0n|t0r|ng data on A platfc used to identify and characterize various environmental stressors when linking exposures to human health.
. . . However, identification remains challenging due to the huge chemical space applicable to exposomics,
Database to access various lists of substances for emerging substances of ecot combined with the lack of sufficient relevant entries in spectal braries. Addressing these challenges
. ey . . requires cheminformatics tools and database resources to share curated open spectral data on
SuspECt Screenlng and pr|0r|tlsat|0n enviro chemicals to improve the identification of chemicals in exposomics studies. This article describes efforts
g
«— Suspect List Exchange & Antibiotic Resistance AL MassBank Europe
= ) f4) [4}
Central Database to access various lists of Bacteria/Genes A database of mass spectra of emerging ceeene
bst f t ing and prioritisai bst t rt identification of unk Y
Supsiances 1or suspect screening and priornusanon A database of ARBs/ARGs in environmental Supbslances 10 support idenuncaton of unknown Il ll I ll :::z;; 22
matrices substances . .



https://www.norman-network.com/nds/SLE/
https://massbank.eu/MassBank/
https://www.norman-network.com/nds/SLE/
https://doi.org/10.1039/D3EM00181D

Mass Spectral Libraries: MassBank (Open Source & Data!)

https://massbank.eu/MassBank/ https://qgithub.com/MassBank/MassBank-data/

WiMassBank  Search  Contents  Download = Accession - More'V¥

WIMassBank | EEESEE

Search for: (4-Aminophenyl)arsonic acid; LC-ESI-QFT; MS2; CE: 75; R=17500; [M+H]+
‘ Basic Search ‘ Peak List ‘ Peaks | LilsEe Sp(;-c[;'a"om_ Chemical Structure O
g 800.0 \\ /OH

Compound Information E 600.0 A<
- p E 400.0 \
ompound name
E < 200.0 ‘ ‘ OH
0.000-4 | - L | ,
40.00 60.00 80.00 100.0 120.0 140.0 160.0 180.0 200.0
Exact Mass m/z H2N

AND E
AND E

Formula ( e.g. C6H7N5, C5H*N5, C5* )



https://massbank.eu/MassBank/
https://github.com/MassBank/MassBank-data/

I MassBank in PubChem

Pl.lb@ hem Arsanilic acid (Compound)

10of 15
Accession ID
Authors
Instrument
Instrument Type
MS Level
lonization Mode
lonization
Collision Energy
Fragmentation Mode
Column Name
Retention Time
Precursor m/z

Precursor Adduct

MSBNK-LCSB-LU040601

Elapavalore, A; Kondi¢, T.; Singh, R.; Schymanski, E.

Q Exactive Orbitrap (Thermo Scientific)
LC-ESI-QFT

MS2

POSITIVE

ESI

15

HCD

Acquity BEH C18 1.7um, 2.1x150mm (Waters)
2.487 min

2179793

[M+H]+

Top 5 Peaks

SPLASH

Thumbnail

License

https://pubchem.ncbi.nim.nih.gov/compound/7389#section=LC-MS

217.9794 999
109.0523 595
108.0444 64
199.9689 45
181.9582 14

splash10-066r-0690000000-79ae659f03bdc3340757

Hide Peak Labels
519
1000 pl
g 3
0 v
o9
o A
c
= 500
ot 3
B’ Q.o 06°
fg xf"sc’%"rqg'
0 . ot
0 62.5 125 187.5
m/z
CCBY
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https://pubchem.ncbi.nlm.nih.gov/compound/7389#section=LC-MS

I Mass Spectral Libraries: MassBank (Open Source & Data!)

https://github.com/MassBank/ ) woske ad : /o
. Release version 2023.09
M meier-rene
() Overview &l Repositories 18 5 projects 1 @ Packages )
© 2023.09 _
This release features:
-0- 9b1255e
. @ ¢ 810 new spectra from University of Antwerp project METOX
MassBank consortium . . o
, ompare e 2072 new spectra from UFZ Leipzig
The MassBank consortium develops an ecosystem of datab
e 242 new spectra from Eawag
Ax 10 followers @ http://www.massbank.jp/ 3 massbank-deve
* 56 new spectra from University of Birmingham
e minor fixes
Pinned
v Assets &
] MassBank-web ' Public [
o ) @MassBank.json 328 MB 2 weeks ago
The web server application and directly connected components for a Fork
MassBank web server Play ©@MassBank.sql 420 MB 2 weeks ago
fpac @MassBank_NIST.msp 95.2 MB 2 weeks ago
[ ¥ v 13 22 or
o ¥ @MassBank_RlI(EN.msp 114 MB 2 weeks ago
mSource code (zip) 2 weeks ago
[ MassBank-data ' Public & [{)Source code (tar.gz) 2 weeks ago
Official repository of open data MassBank records
@Oshell Y256 %56 @HTML Y1

e e 00 00

[ ecccoe
XXXxxl
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[ o000 0O
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https://github.com/MassBank/

I NORMAN Database System (NDS) & NORMAN-SLE

https://www.norman-network.com/nds/SLE/ & https://massbank.eu/MassBank/
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The term “exposome” is defined as a comprehensive study of life-course environmental exposures and the
associated biological responses. Humans are exposed to many different chemicals, which can pose a major
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I Luxemburgische Daten in PubChem ...

Pub@hem Data Sources N

[] Data Type — Source Data Counts by Type Last Updated
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I Luxemburgische Daten in PubChem ...

The Environmental Cheminformatics group focuses on the comprehensive identification of known and unknown chemicals in our environment to
investigate their effects on health and disease. They develop a combination of computational and experimental methods to improve structure
elucidation, including cheminformatics approaches, primarily focused on interrogating non-target high resolution mass spectrometry data, following FAIR
and Open Science principles.
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I Luxemburgische Daten in PubChem ...

The Environmental Cheminformatics group focuses on the comprehensive id PUb© hem Danio rerio (zebrafish) (Taxonomy)
investigate their effects on health and disease. They develop a combination

elucidation, including cheminformatics approaches, primarily focused onintet 3 4 Metabolites

and Open Science principles.
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I Unsere Forschung: selbst entwickelte Software
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https://qgitlab.lcsb.uni.lu/eci/shinyscreen

Anjana Elapavalore, Mira Narayanan,
Todor Kondic, Jessy Krier,
Hiba Mohammed Taha.



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

I Selbst entwickelte Software — auch in unsere Masters Kurs

& C Q 8 nhttps://eci-isb401.Icsb.uni.lu/app/shinyscreen g m @O © B &

App details Restart app Stop app Admin Sign Out

Shinyscreen 1.3.18 HAN A

Environmental Cheminformatics Group, LCSB, University of Luxembourg

Configure, Extract, Prescreen Results Explorer S B r E E n

» Projects, input directories and compound lists

Project management Compound list inputs Data files

Load or initialise a project

» Load, or initialise a project
Select project

isb401 v

Load/Initialise

Current project: Nothing selected. https://eci-isb401.lcsb.uni.lu/app/shinyscreen
Save project

oooooo
000000

Save project

Download project “ ll l . I “



https://eci-isb401.lcsb.uni.lu/app/shinyscreen

I Non-target Hochauflosende Massen Spektrometrie (NT-HRMS)

5 | B%‘E
—

L : : l

i

: . Data Pre- T s
Sampling Analysis . Prioritization |dentification
Processing
T | ‘;g; z
£ 2
P— E =1 143 i
q“-i-*l I Hu-tuntin trn-a Time
SAMPLE ARCHIVE DIGITAL ARCHIVE POLLUTION OVERVIEW PATTERN STRUCTURES
wmi.ln | e

Modified from: Hollender, Schymanski et al. 2018, ES&T Feature, 51:20, 11505-11512. DOI: 10.1021/acs.est.7b02184



https://pubs.acs.org/doi/10.1021/acs.est.7b02184

Open Source Workflows fur NT-HRMS: patRoon

Software ‘ Open Access ‘ Published: 06 January 2021

patRoon 2.0: Improved non-target analysis workflows

patRoon: open source software platform for
including automated transformation product screening

environmental mass spectrometry based non-target

screening Journal of Cheminformatics 13,6r‘tic|e number: 1 (2021) | Cite this article Rick Helmus!Y, Bas van de Velde!?®>, Andrea M. Brunner?*, Thomas L.
ter Laak'?, Annemarie P. van Wezel', and Emma L. Schymanski®

Rick Helmus & Thomas L. ter Laak, Annemarie P. van Wezel, Pim de Voogt & Emma L. Schymanski

HRMS data Features Processing & Prioritization Annotation
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. mzML 2 ¥ \ / . oL
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Data acquisition & ) grapnicp . o & Chemical formula &
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pre-treatment . e . compound annotation
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Helmus et al. (2022) patRoon 2.0 J. Open Source Software, DOI: 10.21105/joss.04029 UNIVERSITY OF AMSTERDAM ||||| I“ setels 42

Helmus et al. (2021) patRoon. J. Cheminformatics. DOI: 10.1186/s13321-020-00477-w
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I Was machen wir? Projekten...
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I Was machen wir? Cheminformatische Entwicklungen
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Das Wasser in Luxembourg untersuchen
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Source: Jessy Krier (2020) Master’s Thesis, defended July 2020. Figure 34.



?

LuxPharma — 2019 versus 2020 & COVID

I Beispiel

A._.
(ouog)oLbol

Year

B 2019
B 2020

2020: Frontelier/Grenzganger in home office!

Chemical

(2021).

Singh et al

DOI: 10.1021/acsenvironau.1c00008.
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Pestizide und Ihre Umwandlungsprodukte
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I Pestizide und Umwandlungsprodukte
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Digitales Detektivarbeit ...

Pub@hem Terbuthylazine (Compound)

8.3 Metabolism/Metabolites @ 4

Metabolism of terbuthylazine in rats is similar to other chloro-s-triazine herbicides. The major routes of SUSpeCtS
metabolism are hydrolysis of the chlorine moiety and mono- or didealkylation. Hydroxylation of one or PUb@hem
both of the dealkylated amine groups may also occur.

USEPA; Reregistration Eligibility Decision (RED) Database for Terbuthylazine (5915-41-3). EPA 738-R-95-005 p.12 (March
1995). Available from, as of October 11, 2012: http.//www.epa.gov/pesticides/reregistration/status.htm

P Hazardous Substances Data Bank (HSDB)

Urine and feces contained up to 25 and 15 identified metabolites, respec

\ Color on White ~ | | No Annotation  ~ \ \Chiral Hydrogens (smart) ~ \ \ Do Not Abbreviate v

Degradation of the triazine ring did not occur. Ammeline and ammelide,

dealkylated/hydroxylated metabolites common to all triazines, were iden al H
N N NH,
USEPA; Reregistration Eligibility Decision (RED) Database for Terbuthylazine (5915- N)\N >< Y Y
1995). Available from, as of October 11, 2012: http.//www.epa.gov/pesticides/rereg /L /”\ Ne_ =N
P T Y
» Hazardous Substances Data Bank (HSDB) H H Cl
Terbutylazine CID:22206 desethyl-terbutylazine CID:108201
In mammals, following oral administration, ...a de-ethyl metabolite forms o N
of products formed by oxidation of one methyl group of the tert-butyl rr )\ )\
N N N~ N
Tomlin CDS, ed. Terbuthylazine (5915-41-3). In: The e-Pesticide Manual, Version 2. | | ></
Protection Council. /\NAN)\N /\N/I%N/I\N o
H H H H
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E. Schymanski (2020). Digital Detective Work. DOI: 10.5281/zenodo.4266450 2-hydroxy-terbutylazine CID:135495928  (hydroxy-t-butyl)-Terbutylazine CID:779516



http://doi.org/10.5281/zenodo.4266450

Digitales Detektivarbeit ...

June 11,2020

S68 | HSDBTPS | Transformation Products Pub@h
Extracted from HSDB Content in PubChem u em
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FAIRIfizieren von PFAS TPs

© 3,3,44,5,5,6,6,7,7,8,8,8-Tridecafluorooctan-1-ol (Compound)

P v

ELSEVIER

7.1 Transformations

Q Search SORT BY Predecessor Name

Chemico-Biological Interactions
Volume 155, Issue 3, 15 August 2005, Pages 165-180

Metabolic products and pathways of
fluorotelomer alcohols in isolated rat

50 s hepatocytes https://doi.org/10.1016/j.cbi.2005.06.007

Jonathan W. Martin ? & &, Scott A. Mabury °, Peter ). O’Brien 2

Show more

Predecessor Predecessor Successor Successor Transformation Enzyme Evidence

+ Add to Me
Name Name

https://doi.org/1l

6:2 FTOH- : . ;. '
6:2 FTOH Conjugation 10.1016/j.cbi.2005.06.007
Sulfate

62 FTOH- . : o
6:2 FTOH Gluc Conjugation 10.1016/j.cbi.2005.06.007
Fra
6:2 FTOH 6:2 FTAL Oxidation 24296 10.1016/).cbi.2005.06.007

https://pubchem.ncbi.nim.nih.gov/compound/69537#section=Pharmacology-and-Biochemistry

y Jon Martin

@ @AcademicTox

Wow, this was a surprise. My postdoctoral work on
metabolism of #PFAS has been FAIRified on
@pubchem thanks to @ESchymanski and colleagues.

Very exciting to think about how these huge efforts will
improve future science for everyone.

@PChirsir

° Emma Schymanski @ESchymanski - Jan 8

Spent a rainy afternoon FAIRifying #PFAS data from past @AcademicTox work,
thanks to @PChirsir efforts we've committed the first set to @pubchem incl. new
structures - hope to bring the 2005 PDF images to #OpenScience life soon!
Again @the_cdk Depict makes it so much fun @jwmay !
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I Kuratieren von textbasierten Inhalten in Pub@hem

Pub@hem Acyclovir (Compound)

8.6 Metabolism/Metabolites

Acyclovir is metabolized partially to
9-carboxymethoxymethylguanine
and minimally to 8-hydroxy-9-(2-
hydroxyethoxymethyl)guanine. In
vitro, acyclovir also is metabolized to
acyclovir monophosphate,
diphosphate, and triphosphate in
cells infected with herpes viruses,
principally by intracellular
phosphorylation of the drug by virus
coded thymidine kinase and several
cellular enzymes.
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I ShinyTPs: Kuratieren von textbasierten Inhalten e
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( 1. Read in data \ ( 2. Launch ShinyTPs \ (3. Check available data \

Selectan input compound
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[ Tetraconazole \
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( 4. Curate reactions \ ( 5. Add missing entries \ ( 6. Export and upload \

Selectan input compound
Selectan input compound
Tetraconazole
[ Tetraconazole \A Draw a strucutre _
. |\|\|-0|Q| + | = |C| Tetraconazole results in the formation 868__| HSDBTPS : Trans_forma*.lgn P!'Q{J LJ(?T.S
Input structure Potential TP strucutre of /1,2 4-triazole (T), triazolyl alanine Extracted from HSDB Content in PubChem
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Tetraconazole results in the formationof /1,2,4-triazole (T), trizzoblyl Done E +
alanine (TA), triazohl acetic acid (TAA)/ as well as ftriazolyl
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\ ) WMHHMOH, / \ /

Palm et al (2023) ShinyTPs, ES&T Letters, DOI: 10.1021/acs.estlett.3c00537. Image by Emma Palm.
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I Was machen wir? Etwas anderes ...

Our Chemical Past, Present, and Future
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i PubChenmLite Data for Exposomics

## Description

WARNING: THIS DEPOSIT JUST FOR TESTING. THE CREATORS LIST IS ALSO
INCOMPLETE. DO NOT CITE, OR USE THIS SOURCE IN PRODUCTION USE, OR
PUBLICATIONS.

PubChenmLite is a subset of

[PubChem l(https://pubchemncbi.nlm.nih.gov/) selected from major

categories of the

[Table of Content ‘]1https://pub(hemAncbi.nlm.mh.gov/class\f\(atlon/kh\dﬂzi
page at the PubChem Classification Browser. So far we are providing

two ‘flavours':

tier® is compiled from 7 categories:
AgroChemInfo, DrugMedicInfo, FoodRelated, PharmacoInfo, SafetylInfo,
ToxicityInfo, KnownUse

tierl is compiled from 8 categories (tier® + BloPathway):

AgroChemInfo, BioPathway, DrugMedicInfo, FoodRelated, PharmacoInfo,

SafetyInfo, ToxicityInfo, KnownUse ATL
PubChemCIDs have been collapsed by InChIKey first block, reporting the

structure from the most annotated CID, plus related CIDs. Entries that )

Will be ignored by MetFrag (salts, disconnected substances) or cause (config) Gene
errors (e.g. transition metals) have been removed. The Patent and (config) Done
PubMed ID counts are extracted from files on the PubChem FTP site. The

‘AnnoTypeCount' term counts how many of the categories are represented, the

subsequent column (named per category) counts the number of annotation
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