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I Environmental Cheminformatics & Non-target HR-MS
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I Non-target High Resolution Mass Spectrometry (NT-HRMS)
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Modified from: Hollender, Schymanski et al. 2017, ES&T Feature, 51:20, 11505-11512. DOI: 10.1021/acs.est.7b02184
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I Examples: Real Time Monitoring of the Rhine River

Previously unknown chemicals detected due to “stand-out” patterns
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LuxPharma — 2019 versus 2020 & COVID
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I Examples: LuxPest and Transformation Products
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NORMAN DSFP - Digital Sample Freezing Platform

&« C 0O ' ® www.norman-data.eu 3

NORMAN Digital Sample Freezing Platform  Main Page  Balch mode
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I Examples: Distribution of Chemicals in Various Matrices

Retrospective screening of REACH chemicals in Black Sea samples

Occurrence Results
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I Key Open Source Cheminformatics Developments @ ECI

#MassBank

High Quality Mass Spectral Database
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Mass Spectral Libraries: MassBank (Open Source & Data!)
https://qithub.com/MassBank/MassBank-data/

https://massbank.eu/MassBank/

WiMassBank  Search  Contents  Download = Accession . More'V¥

.ulMassBank
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I Gathering Expert Knowledge: NORMAN-SLE oMo

https://www.norman-network.com/nds/SLE/ suspects

RESEARCH Open Access

NORMAN Database 5ystem 11,0 NORMAN Suspect List Exchange S

NORMAN organises the development and maintenance of v. rw (NORMAN_SLE): faCilitating EurOpean
and worldwide collaboration on suspect
Q SEARCHAllDatabases NORMAN suspect List Exchang screening in high resolution mass spectrometry

Searching for individual substance or group(s) of substanc

Hiba Mohammed Taha'®, Reza Aalizadeh’®, Nikiforos Alygizakis**@, Jean-Philippe Antignac*®,
Note: Click on a link below to go to an individual database B The NoRMAN Suspect List Exchange (NORMAN-SLE) wasd Hans Peter H. Arp*®@, Richard Bade’®, Nancy Baker®®, Lidia Belova®®, Lubertus Bijlsma'’®,
questions. The NORMAN-SLE documents all individual colle§ Evan E. Bolton''®, Werner Brack'>1*®, Alberto Celma'%'#®, Wen-Ling Chen'*®, Tiejun Cheng''®,
(see Source column in SusDat). NORMAN-SLE versions ared Parviel Chirsir' @, Luboz Cirka'®*®, Lisa A. Dﬂgosﬂno”@, Yannick Djournbou FeunangmlB,Valeria Dulio"®,
Comments and contributions are welcome - please email usg Stellan Fischer?®, Pablo Gago-Ferrero?' ®, Aikaterini Galani’®, Birgit Geueke??®, Natalia Gtowacka®®,
Juliane Gliige”®, Ksenia Groh”*®, Sylvia Grosse”, Peter Haglund”®®, Pertti J. Hakkinen''®,
Sarah E. Hale*®, Felix Hernandez'’®, Elisabeth M.-L. Janssen?*®, Tim Jonkers”’®, Karin Kiefer’,
No. Abbreviation Description 1 Michal Kirchner®®, Jan Koschorreck?®, Martin Krauss'?®, Jessy Krier' ©, Marja H. Larnoree?’ ®,
Substance Database SO SUSDAT Merged NORMAN Marion Letzel*, Thomas Letzel*'®, Qingliang Li''®, James Little?, Yanna Liu**®, David M. Lunderberg®**®,
A merged list of NORMAN substances: Central SuspectList: SusDat 4 Jonathan W N}'\srtin”@, Andrewla). McEachran"T‘ﬁlDE,nghn A McLeang?%Christianfe Meier®@®, ;
Database to access various lists of substances for Jeroen Meijer™®, Frank Menger @, Carla Mering™"™®, Jane Muncke™®, Matthias Muschket'“®,
_ o Michael Neumann??®, Vanessa Neveu' ®, Kelsey Ng**?®, Herbert Oberacher®*®, Jake O'Brien’®,
suspect screening and prioritisation Peter Oswald®*®, Martina Oswaldova’, Jaqueline A. Picache®®, Cristina Postigo‘”‘”@, Noelia Ramirez***°®,
Thorsten Reemtsma'2®, Justin Renaud™®, Pawel Rostkowski @, Heinz Riidel®®*®, Reza M. Salek" @,
Saer Samanipour**®, Martin Scheringer”*®, Ivo Schliebner’®, Wolfgang Schulz”*®, Tobias Schulze'?®,
Manfred Sengl*”, Benjamin A. Shoemaker''®, Kerry Sims®' @, Heinz Singer’*®, Randolph R. Singh'*’®,

Please refer to our documentation pages for: citation instructi

.— Suspect List Exchange

Central Database to access various lists of Bacteria/Genes Mark Sumarah®®, Paulsxi\.Thiessen] 1®, Kevin \:’.ngomas?o, Sonia Torresii@, Xenia Trier*®, .

substances for suspect screening and prioritisation ) ) Annemarie P van Wezel™*®, Roel C. H. Vermeulen®®@, Jelle J. Vlaanderen™®, Peter C. von der Ohe™" @,
A da.tabase of ARBS/ARGs in environme Zhanyun Wang*r"q@, Antony J. Williams*®®, Egon L. ‘u’ﬁﬂllighagen*r’?m, David S. Wishart*®®, Jian Zhang”@, 11
matrices Nikolaos S. Thomaidis@®, Juliane Hollender®**®, Jaroslav Slobodnik*® and Emma L. Schymanski'" @

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



https://www.norman-network.com/nds/SLE/
https://www.norman-network.com/nds/SLE/
https://doi.org/10.1186/s12302-022-00680-6

Suspect List(s)

ProtectedClogDph7  SMILES  InChl InChiKey Moleculari ExactMass.
F 0.69 CC{=0)NC1InChI=15/C KXNXWINF C11IH1IN3( 297.0242

substrate_substrate_substrate_substrate_enzyme  reaction

1983 RZVAJINKE InChI=15/C CYP1A2; C\ Oxidation

1983 RZVAJINKE InChI=15/C CYP2A6 (M Hydroxylath,,.,
.

/CCYP2DS; C\Ar

294 Diur
118 Ethof

Zenodo

BIOTIDOOO! 20 P
BIOTIDO0D; Dehydroxy
BIOTIDO00O: Dehydroxyiucss
BIOTIDOOO (2R,35)-2-
BIOTIDO0D; 2-Methoxy 23192118 JGFONUZH InChi=15/C CYP1AZ;
BIOTIDO0O! 3-(furan-2- 102123094 VACPENDF InChI=15/C CYP1A2

|

(NORMAN-SLE)

Suspect List Exchange

NORMAN Database System (NDS)

Ecotoxicolo
L gy

_ e Substance Database
2 SARS-CoV-2 in sewage (NORMAN SusDat)

o 34 Passive Sampling Antibiotic Resistance

Bacteria/Genes
A Indoor Environment
T MassBank Europe

| Bioassays Monitoring Data

Substance Factsheets

L
x

£ Digital Sample Freezing

Platform o
[l Prioritisation

< Chemical Occurrence Data

I DOI 10.5281/zenodo.6770176 I

12,835

@ views

11,095

& downloads

Mohammed
Taha et al.
(2022) DOI:

10.1186/s12

302-022-
00680-6

12

e00 000
c00 000
eor-0oe
L Neol N N1
CRCNVN NN
comOee


https://doi.org/10.1186/s12302-022-00680-6
https://doi.org/10.1186/s12302-022-00680-6
https://doi.org/10.1186/s12302-022-00680-6

Suspect List(s)

I CcAs ProtectedClogDph7  SMILES  InChl InChiKey Moleculari ExactMass.
245 Nd-Acetyls127-76-4  CAS_RN:12 0.69 CC{=0)NC1InChI=15/C KXNXWINF C11IH1IN3( 297.0242
236 4-Acetamii83-15-8  CAS_RN:82 0.15 CNIN(C(=CInChI=15/C OIAGWXKS C13HISN3( 245.1164
245 N4-Acetyl=24341-30-8 CAS_RN:24 1 COC1=CC{CInChI=15/C DAWIIKBK C14H16N4( 352.0841

BIOTIDOOO! 1983 RZVAJINKE InChI=15/C CYP2A6 (m Hydroxylat,

BIOTIDOOO! pinoline 1868 QYMDEOQ InChI=15/CCYP2D6  O-aryl den
BIOTIDO0O 1-(3-Triflu 4295 KKIMDKM =15/C CYP2DE; C\ Aromatic H
14 BIOTIDO0DI 2-Amino-3 53462 ARZWATI I=1S/C CYP1A2; C\ N-Hydroxy|

‘et BIOTIDOOOI 5-Methos
BIOTIDO0O! 5-Methox) [Nl

BIOTIDO0O! (R)-halot
294 Diuron-dd BIOTIDO0O! (R)-halot
118 Ethofume| BIOTID00O: (R)-haloth

4 Metamitr¢ BIOTIDOOO! (R)-3,4-Meé
668 - BIOTIDOOO: (R)-3,4-Me
671 Terbutylai BIOTIDO0O: (4R)-5-(me
672 Terbutylai BIOTIDO0O; Homo-Tiel
2668 Fipronil-st pOTID0G0: Homo-Tie:
2670 Atenolol(g1TID00G: (R)-1-(4

126 Methyl 24 g171D000: 1-Methy|

296 NN-DIME by 3710000 ) 2-(2,6 0o~ famere
3244 Betamethl ) o :
BIOTIDOOO: 20 fodome e | ¥
BIOTIDOCO: Dehydroxy
BIOTIDO0D: Dehydroxiscs, 473w
BIOTIDOOO! (2R,35)-2- [
BIOTIDO0D, 2-Methoxy 23192118 JGFONUZH Int
BIOTIDO0O; 3-(furan-2: 102123094 VACPENDE Int

NORMAN Database Systé

o Ecotoxicology
2 SARS-CoV-2 in sewage

e Passive Sampling

£

A Indoor Environment

| Bioassays Monitoring Data

X+
L

£ Digital Sample Freezing
Platform

< Chemical Occurrence Data

Mohammed
Taha et al.

[o01 10 520w zencao o770 [NESENERl
. S

302-022-
12,835 11,095 02 32

@ views & downloads

c 0 @ www.norman-data.eu A

NORMAN Digital Sample Freezing Platform Main Page  Balch mode

Contributed Samples Results Chromatograms Interactive Map Help

* ‘Hikonone:
5

Choose Emerging Substance or input
mass of interest and experimental RTI

e & PocToe- =
A - o g td
Substance name or CAS or S e \ e
stdinChiKey ol '
DEET [ 134-62-3] & Al
[MMOXZBCLCQITDF- ¥ : " ML Tuxopeyx¥
UHFFFAOYSA-N] .. e G i S
e artom ® " Kpac uogap_mﬁ" “C'[fuponol}lh ° }.. |
Choose lonization ETIEr T --R.‘ HoBopoccmiick r “( % q‘?’ ‘ o
\ Lo AN
Pasitive - \‘; 3L 3 . =,
i\ W Natwropeke At o
0 Lormt e i
Adduct Lo A : } Normalized Intensity
C (M W &~ & .
[M+H]+ - BIOSA v & P s5.000
10,000 ]
Predicted RTI Positive 15,900
20,000 [
a 930 ’ X |
G V. - ,v"‘"] s b‘
I I J T ! Zonguldak Yoeni ) A T i S
58 48 152 250 300 484 508 672 776 B8O 980 R Karabuk e /\ﬁ S Leaflet | Maps by Mapbox
Reset
° ceccee
[ XX NN N ]
i ln | e
. . . o0 0000
Alygizakis et al, 2019, TrAC, DOI: 10.1016/|.trac.2019.04.008 ¢ ERRER



https://doi.org/10.1186/s12302-022-00680-6
https://doi.org/10.1186/s12302-022-00680-6
https://doi.org/10.1186/s12302-022-00680-6
https://doi.org/10.1016/j.trac.2019.04.008

Suspect List(s)
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5503454, The original data i available on the NORMAN Suspect Lst Exchange.
stances ore included here.

b

nosted

e
3779854

sciated with
NORMAN Suspect Lst Exchange by Jackie Picache and John Mclean, Vanderbi

Registry
scicine) further curation ongoing. Further detals availsble here

QF

¥ Download 1281

7.5 Transformations

2items View More Details [/}
SORT BY Please Choose One v
Predecessor Name  Successor

Predecessor Successor Name ~ Transformation  Enzyme

Nicotine Nornicotine Ihirdhand
Smoke
)
Nicotine g Nornicotine Demethylation i
< >3

» NORMAN Suspect List Exchange



https://doi.org/10.1186/s12302-022-00680-6
https://doi.org/10.1186/s12302-022-00680-6
https://doi.org/10.1186/s12302-022-00680-6

I MetFrag: Connecting Knowledge for Identification
https://msbi.ipb-halle.de/MetFrag/ http://ipb-halle.github.io/MetFraq/

CompTox

mgrag "AMassBank ISUFWSp - (WSS Pub(Chem
Dashboard
6
L] G Final Score \
S 1 B MetFrag
‘1 B ExactSpectralSimilarity
4+ 7 N\ Bl DATA_SOURCES
N \ T
| (I:H ~ e — I NORMANSUSDAT
w 3 - ’ I NUMBER_OF PUBMED ARTICLES
§ ?—.: Nicotine \!TDKCAST_FERCENT_ACTIVE J
1 %
\
0
0 20 40 60 80 100 120 140 160

15

Ruttkies, Schymanski et al. (2016) DOI: 10.1186/s13321-016-0115-9 Candidate Index



https://msbi.ipb-halle.de/MetFrag/
http://ipb-halle.github.io/MetFrag/
https://link.springer.com/article/10.1186/s13321-016-0115-9

I Grand Challenge: HR-MS “Chemical Space” is too Big!

CompTox
— : hemSpider .
S CAS Pub@hem sgmh?nd hsphcr!qety Chemicals
Dashboard
i 118 million 129 million .
219 million 8 0 9 0 1.2 million
)
5
] B Final Score
4.1 . . — . o\ [ MetFrag
Candidates with high information content by, =/ |[ESEE
3 | pectlistScore
Bl PatentsCount
E Candidates with low information content Nicotine | (W] PubMedReferenceCount
o

...and prohibitive run times! h

\ J

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200

Candidate Index



I Creating Informative Subsets of Pub(Clhem

= PubChem Compound TOC ?

68,858,019

4

Agrochemical Information ?

o

3,109 |

»| Agrochemical Information 2 3,109 ]

» Associated Disorders and Diseases 7 30,393

»

¥

»

Biologic Description 2 2,516,582
4,639,806

315,281

Biological Test Results ?
Chemical and Physical Properties ?

Classification ? 23,655,411

Drug and Medication Information ? 20,204]

r» Food Additives and Ingredients = ? 62,352]
» Identification 2 4,729]
» Information Sources ? 48,803,393

Interactions and Pathways ‘Z‘ | 213,263 |

Literature ? 2,316,343

Names and Identifiers ? 7,201,638

Patents ? 40,102,247

Pharmacology and Biochemistry 2 115,083]

Related Records ? 13,623,887

Safety and Hazards ? 223,?45]

Spectral Information ? 1,619,910

Structures  ? 11,778,520

Toxicity ? 117,353]

Use and Manufacturing ? 68,372 ]

Agrochemical Category ? 1,965
Agrochemical Transformations ? 4,488
EU Pesticides Data ? 1,259

USDA Pesticide Data Program ? 666

« Associated Disorders and Diseases E 30,393

Disease and References 13,386

~ Interactions and Pathways |z| 213,263

» Molecular Imaging Information 2 1,892

» Protein Bound 3D Structures ? 75,228

Chemical-Target Interactions ? 85,951
Drug-Drug Interactions 2 5 467
Drug-Food Interactions ? 1,768

Pathways ‘T| | 62,565 ‘

Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0

Pub@ hem Furathiocarb (Compound)

7.3 EU Pesticides Data ON
Active Substance furathiocarb
Status Not approved [Reg. (EC) No 1107/2009]
Legislation 2002/2076

Pub@hem Nicotine (Compound)

14 Associated Disorders and Diseases @&
Showing 11 to 15 of 252 items i Download
Disease Evidence Type Evidence PMID
Airway Obstruction marker/mechanism 33082140

16627626
Alzheimer Disease therapeutic
17135361

Pub@ hem Acetylcarnitine (Compound)

12.1 Pathways @g
4 items 1 Download
Oxidation of Branched-Chain Fatty Acids
Source: PathBank  External ID: SMP0000030
Taxonomy: Homo sapiens (human)

° cseese
1 1 1cl (XXX NN ]

m U.S. National Library of Medicine l' ll l ll seeese 17
National Center for Biotechnology Information ° (XXX



https://doi.org/10.1186/s13321-021-00489-0

I Creating Informative Subsets of Pub(Clhem

v PubChem Compound TOC ? 68,858,019

b Agrochemical.lnformation -a 3,1(E Li\ ) =

» Associated Disorders and Diseases ? 30,393 —

» Biologic Description  ? 2,515,532_| | Ru b© hem the
EXPOSOMICS

~375,000 entries “small”

» Biological Test Results ? 4,639,806
» Chemical and Physical Properties  ? 315,281

» Classification ? 23,655,411
[ » Drug and Medication Information ? 20.204

» Food Additives and Ingredients ? §2,35

» Identification 2 4,729]

|

Emute

Zenodo Updated monthly

» Information Sources ? 48,803,393

mmi.ln | i LCSB Environmental Cheminformatics Group

» Interactions and Pathways ‘z‘ | 213,263 |

» Literature ? 2,316,343

. Published April 26, 2024 | Version 1.33.0 [ & open |
» Names and Identifiers ? 7,201,638

“ PubChemlLite for Exposomics

Bolton, Evan' @; Schymanski, Emma2 (); Kondic, Todor? ®; Thiessen, Paul! @®; Zhang, Jian (Jeff)! &

Show affiliations ‘

This is the repository for regular updates of the PubChemLite for Exposomics data collection. PubChemLite for
Exposomics is a subset of PubChem selected from major categories of the Table of Contents page at the PubChem
Classification Browser, described in DOI:10.1186/s13321-021-00489-0.

» Patents ? 40,102,247
[> Pharmacology and Biochemistry ? 115,083

» Related Records ? 13,623,887

[> Safety and Hazards ? 223,746

» Spectral Information ? 4,619,910

» Structures ? 11,778,520
[> Toxicity ? 117,353
[> Use and Manufacturing ? 68,372

18
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c00 000
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Schymanski et al. (2021)

U.S. National Library of Medicine l' lli Ill ‘
DOI: 10.1186/s13321-021-00489-0 National Center for Biotechnology Information .



https://doi.org/10.1186/s13321-021-00489-0

I Pub@hem Lite: Fewer and more relevant candidates — with

[ A context
" meigRye siMassBank m PubClhemLite

High Quality Mass Spectral Database Suspec S EXPOSOMICS
¥ PubChem Compound TOC ? 68,858,019
\ ) » Agrochemical Information 2 3,109]

) A d Disorders and D! 7 30,393

» Biologic Description 2 2,516,582

» Biological Test Results ? 4,639,806

» Chemical and Physical Properties ? 315,281
Y » Classificaton 2 23,655,411

[» Drug and Medication Information 2 20,204]

[> Food Additives and Ingredients ? 62,352 ]

» Identification ? .4,729

Candidate Score Distribution e DT
[ » Interactions and Pathways 7 | 213,263 \]

b Literature ? 2,316,343

. - - ” . ’ ﬁ » Names and Identifiers 2 7,201,638
] P B Final Score  Patenis 7 40,102,247

[ » Pharmacology and Biochemistry 2 115,083 ]

i | I . &, ~ - MEtFraE » Related Records 2 13,623,887
1 j— N

| ExactSpectralSimilarity ([ _sateyandazarcs 2 223,745)

M » Spectral Information ? 1,619,910

Nicotine . — &
) B SuspectlistScore ]/ » Stuctres 7 11,778,520

E » Toxicity ? I
§ 3 - AnnGT}fPECDunt » Lseatryld Manu::c-::lif: ?|]68 372]
| ® o o4 Il Patent_Count
* o
" I PubMed_Count

;:w}(‘-.-.........-.. ..........: =~ N E Q

Literature Patents

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42

Candidate Index l' ll i N I ll ‘

Ruttkies et al (2016) DOI: 10.1186/s13321-016-0115-9 & Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0
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https://doi.org/10.1186/s13321-016-0115-9
https://doi.org/10.1186/s13321-021-00489-0

I Non-target High Resolution Mass Spectrometry (NT-HRMS)

5 | B?‘E
|

: : : l

i

: . Data Pre- . e s
Sampling Analysis . Prioritization |dentification
Processing
T | E ] z
E- 2
—_— E 1 1 X i
q“-i-*l T Hu-tuntin trn-a Time
SAMPLE ARCHIVE DIGITAL ARCHIVE POLLUTION OVERVIEW PATTERN STRUCTURES
il | e

Modified from: Hollender, Schymanski et al. 2017, 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 for NT-HRMS: patRoon

https://rickhelmus.github.io/patRoon/

Processing & Prioritization

HRMS data Features
U — . \
v mzML g ®
_’E’ §
[ d ) :

A

0
§

|4
}

0 10000
| 1
=CBHS50
C7H402

SO RN tRoon JEESESN
! =

Annotation

7 N
S |o. J
S N
™
Ok

“CEHS02

T T T T T T
90 100 110 120 130 140 150

Chromatographic peak
detection & cross-analysis

grouping

Data acquisition &
pre-treatment

Rule-basedfiltering,
componentization &
prioritization

Chemical formula &
compound annotation

Helmus et al. (2022) patRoon 2.0 J. Open Source Software, DOI: 10.21105/joss.04029
Helmus et al. (2021) patRoon. J. Cheminformatics. DOI: 10.1186/s13321-020-00477-w

UNIVERSITY OF AMSTERDAM “I"I“ ‘



https://doi.org/10.21105/joss.04029
https://doi.org/10.1186/s13321-020-00477-w
https://rickhelmus.github.io/patRoon/
https://rickhelmus.github.io/patRoon/

~ PubChem Compound TOC 2 67,343,260
(" Agrochemical inormation 23,435 | |
[+ Associated Disorders and Diseases 7 30,136 |
» Biologic Descriplion 7 2,511,444
4,567,078
» Ghemical and Physical Properties 2 268,878

» Biological Test Results 2

» Ciassification 2 22,965,005
» Drug and Medication Information 2 24,477

» Food Addilives and Ingredients 2 7,627

u hemlLite
EXPOSOMICS

[» Phamacology and Blochemistry 7 114,050J
» Related Records ? 13,282,616
» Structures ? 11,819,155

» Toxicity ? 118,115

» Use and Manufacturing 2

107,948

I What about Transformation Products?

ShinyTPs
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120
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I Examples: LuxPest and Transformation Products

3 EIC (m/z = 230.1167)
3x107 peak retention time (MS1) Cl Krier et al (2022)_ DOI:
April ; rt= 16.00 min )\ . .
%‘2)(107 May;rt: 17.42 min N/ N 101016/|enV|nt2021106885
& i July ; rt= 17.41 min J\
E1x10 August ; rt= 14.63 min .
September ; rt= 17.41 min /\N N N
01 = — d || October ; rt= 15.99 min H H
0 10 20 30
retention time Imin]
1
1 EIC (m/z = 212.1506) :
3x10° : peak retention time (MS1) cl 0
> : [ April ; rt= 12.67 min )\ )L
5 o 10? May ; rt= 12.68 min
g - 1 July ; rt= 12,67 min N7 N - N NH
£ 1x10° 1 August ; rt= 12.68 min | |
. JI_ . September ; rt= 12.70 min /\N \N H /‘\N =

. || October ; rt= 12.68 min

0 10 HIPY) 30 H H H
retention time [I'nin]
1
4 EIC (m/z = 184.1193) :
1.5x10° : peak retention time (MS1) Cl 0
> 1 April ; rt= 6.00 min
£ 1x10° —p] May ; rt= 9.02 min VZ
5 1 July ; rt= 9.01 min N N N N NH
£ 5x10° : August ; rt= 9.04 min /I\ /H\ >< /t /L ><
September ; rt= 9.01 min N =
o1 —+ 1 = == r 2 October ; rt= 28.06 min N H N H H,N N H
0 10 LI 30
retention tim# [min]
2 EIC (m/z = 202.0854)
3x10° peak retention time (MS1) Cl Cl
" April ; rt= 26.51 min
= )
B 2x10 May ; rt= 9.00 min
g I July ; rt= 15.66 min NZ N — NZ" N
€ 1x10° August ; rt= 9.00 min )\ J\ )\ J\
et ]{ September ; rt= 9.76 min /’\N \N N H,N \N N .
0 : r . - . October ; rt= 15.65 min H H H ° tiee
0 10 20 30 eeoooe 23
retention time [min] eeLCSB
[ o000 00



https://doi.org/10.1016/j.envint.2021.106885

o
I Transforming Pub@hemLite Wit BioTransformer 3.0 [ILON

http://biotransformer.ca/ s

2.4 M
36 M

PubChemLite

EXPOSOMICS
379,199 entries

version 1.0.0; DOI: 10.5281/zenodo.5995886

98 M

11 M

2 M
Combinatorial explosion — more data -36M
needed to predict reaction likelihoods -1 M
- 30 M
Djoumbou Feunang et al (2019). BioTransformer, JCheminf. DOI: 10.1186/s13321-018-0324-5. - 82 M o ceeees
Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0; Bolton et al (2021) preliminary calculations; l"".l“ ‘ iiss 24

Schymanski, Bolton, Cheng, Thiessen, Zhang, Helmus (2021) Transformations in PubChem, DOI:_10.5281/zenodo.5644560



http://biotransformer.ca/
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

I More data needed - Text-mining Pub(Clhem ?

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 1s 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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Palm et al (2023) ShinyTPs, ES&T Letters DOI: 10.1021/acs.estlett.3c00537. Image by Emma Palm.
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https://doi.org/10.1021/acs.estlett.3c00537

Lad

I ShinyTPs: Curating TPs from Text Mining Results “,ji;
e 3 33,3 $4 33 ¢

g QL

R T NI IR o

( 1. Read in data \ ( 2. Launch ShinyTPs \ (3. Check available data \ ?’:f.t;z'{gi’, o3

3

00:§ 0. * o 00:
Selectan input compound RAREH IR OERE R
———— [ Tetraconazole 1
i L i Parent | Parent | TP | TPCID
cip
+
¢ | 80277 1810180

( 4. Curate reactions \ ( 5. Add missing entries \ ( 6. Export and upload \

Selectan input compound
Selectan input compound
LTetraconazoIe
[ Tetraconazole \A Draw a strucutre _
% |\I\ID|Q| i |— |C| Tetraconazole results in the formation §6tgr| :'SL?IBTP:;H;B]};?OFTT[K{”f?lgg?cti
Input structure Potential TP strucutre of /1,2 4-triazale (T), triazolyl alanine xtracted Tror ontent in FubCherr
5 Q [TA), triazolyl aceticacid [TAA)/ as well
‘,S(:’j:[ﬁ,« (/N‘ 4 Hsz\ o ta_rs'—,:"t)Taml\,rl hydroxypropionic acid/
£ N" Procecumss Prodeceon Nawa  Suctamor Lz muans Hama Traformation  Feadenes (X0
€ n Ll
M } kel ‘-r'
Tetraconazole results in the formationof /1,2,4-triazole (T), trizzolyl Done ; +
alanine (TA), triazohyl aceticacid (TAA)/ as well as ftrizzolyl

hydroxypropionicacid/ (THP). SMILES:
\ ) WMHHMM / \ )

Palm et al (2023) ShinyTPs, ES&T Letters DOI: 10.1021/acs.estlett.3c00537. Image created by Emma Palm.
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https://doi.org/10.1021/acs.estlett.3c00537

I FAIR Transformations in Pub(Clhem and NORMAN-SLE

[ YR

suspects

= EAWAGTPS

= HSDB

= MetXBioDB

&= REFTPS

= SLUPESTTPS

= SWISSPEST19

= THSTPS

= UACCSCEC

Pub(Clhem

Transformations

C cheveLi

6,829 chemicals

>double the
BioTransformer
library

uni.ln | LCSB Environmental Cheminformatics Group U G I t La b

£ Manage record

Published April 2, 2024 | Version PubChemTrans-0.1.9 [ & Open |

Transformations in PubChem - Full Dataset

Schymanski, Emma’ @®; Bolton, Evan? (®; Cheng, Tiejun2 (®;
Thiessen, Paul2 ®: Zhang, Jian (Jeff)2 @®; Helmus, Rick® ; Blanke, Gerd* (®

Show affiliations |

This is an archive of the data contained in the "Transformations" section in PubChem for integration into patRoon
and other workflows.

[ ececocece
Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0; Helmus et al (2022) DOI: 10.21105/joss.04029 ||||| I“ ‘ setels 27
[ o000 00

Schymanski, Bolton, Cheng, Thiessen, Zhang, Helmus (2021) 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

Applying TP NT-HRMS Workflows with patRoon

THR e

Pub@hem \

Transformations Fooh
/ . n
Dii) l 0§>( TP8 TP8
YNT,\j/N\/ il ( Cl NH2 \ OH
T o A _ N
/'\\{3\ )\N)LN)\NH O \llHo o ﬁ(\/ I
ey ; ) ] \];)( P2 -
I Desethyl-atrazine j 1
\Z/\Lw — O —> ] \1, 0” “oH
O NH, i
L f( Benzidine L /\ [\ . |
_— TFA
Suspect/Non- - Yy TP suspect
i ) screening
target screening TP library .

Mod. from Palm et al (2023) ShinyTPs, DOI: 10.1021/acs.estlett.3c00537, Palm et al (2023). SETAC Presentation, DOI: 10.5281/zenodo.7885829 """~~~ | eeceee



https://doi.org/10.1021/acs.estlett.3c00537
https://doi.org/10.5281/zenodo.7885829
https://rickhelmus.github.io/patRoon/

I Patents (and literature) as a key source of information?
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I Finding the most relevant hits ... FLASHBACK to 2023

ZerOPM v

Are there really 6 million
PFAS in PubChem?

L—l Luxembourg Nationsl Assoc. Prof. Dr. Emma Schymanski 0O A0
Environmental Cheminformatics, Luxembourg Centre for X
Systems Biomedicine, University of Luxembourg Today's sides
220000
Dr. Evan Bolton %
M) U.S. National Library of Medicine _ Natio_nal Center fOl' _BiOtEChl:lU'Ogy Information, E I
Natianal Center for Biotechnology Information National Library of Medicine, National Institutes of Health _

ZeroPM Webinar DOI:10.5281/
= zenodo.7756622

22 March 2023

This project has received funding from the European Union's Horizon 2020
research and innovation programme under grant agreement No 101036756.




I The Pub(Clhem PFAS Tree

+ PFAS and Fluorinated Compounds in PubChem ? » 22 150,628

other fluorinated ALIAHATIC
substances that do not have a fully fluorinated
methyl or methylene carbon atom

> OECD PFAS definition ? 72 6,824,357

Per- and Polyfluoroalkyl Substances (PFASs)
e.g.R- G Fppsqor R-CF- R, n21
(for examples, see Figure 5above)

» Molecule contains isolated CF2 2 739,148

[, fluorinated ALUPHATIC substances that have a

fully fluorinated methyl or methylene carbon atom

non-fluorinated AROMATICring(s)

fluorinated ALlPl-IAﬂ:;‘tc:le-d'uain(s) that have a “ O E C D P FAS 7

fully fluorinated methyl or methylene carbon atom

» Molecule contains isolated CF3 ? 5 081,764

» Molecule contains PFAS parts larger than CF2/CF3 ? 226,886

fluorinated AROMATICring(s)
with 2
fluorinated ALIPHATICside chain(s) that have a R

fully fluorinated methyl or methylene carbon atom
-
(non-)flucrinated AROMATICring(s)
with
fluorinated ALUAHATICside chain(s) that do NOT have a R1
fully fluorinated methyl or methylene carbon atom

fluorinated AROMATICring(s)
with
non-fluorinated AL/PHATICside chain(s)

v Organofluorine compounds ? » 21,109,950

» Fluorinated aliphatic substances ? 933,894

» Fluorinated aromatic substances ? 20,093,041

fluorinated AROMATICsubstances
without
aside chain

\ » Other fluorinated substances ? 109,950 y

» Other diverse fluorinated compounds ? 142,364

» PFAS and fluorinated compound collections 2 2 1,789,611

» PFAS breakdowns by chemistry ? 7,826,998 “OECD PFAS”
» Regulatory PFAS collections ? 26,929 (+sa|ts/mixtures)

Schymanski et al.(2023) DOI: 10.1021/acs.est.3c04855
OECD Monograph ENV/CBC/MONO(2021)25 (9 July 2021)

soigse O

. . . . ) U.S. National Library of Medicine q
https://pubchem.ncbi.nim.nih.gov/classification/#hid=120 m National Center for Biotechnology Information |||||.I||



https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/CBC/MONO(2021)25&docLanguage=En
https://doi.org/10.1021/acs.est.3c04855

v PFAS and Fluorinated Compounds in PubChem 2 » 22.150,628

v OECD PFAS definiton ? 2~ 6,824,357

[ v Molecule contains isolated CF2 2 739 148 ]

» Contains CF2 and larger PFAS parts  ? 9 443
» Contains only isolated CF2 ? 643,196

» Contains only isolated CF2/CF3 ? 86,509

Indoxacarb

Dioxin 2023 talk with more details
DOI: 10.5281/zen0d0.8330405

o

[ ¥ Molecule contains isolated CF3  ?  5.981,764

» Contains CF3 and larger PFAS parts ? 27,489

» Contains only isolated CF2/CF3 ? 86,509

» Contains only isolated CF3 ? 5 867,766

[ * Molecule contains PFAS parts larger than CF2/CF3 7 225335]

» Breakdown by isolated PFAS partcount ? 226,886

» Breakdown by isolated PFAS parttype ? 226,886

N|H U.S. National Library of Medicine

National Center for Biotechnology Information

https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120



https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://pubchem.ncbi.nlm.nih.gov/classification/#hid=120
https://doi.org/10.5281/zenodo.8330405
https://doi.org/10.5281/zenodo.8330405
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Our Chemical Past, Present, and Future Il '"I“

low / / high number of patents registered per year (WIPO)
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Chemical Stripes in R - for Patents & Literature

A total of 32461 patents were found for CID 74483

32460 patents were processed for CID 74483

Your stripes have been saved as png_74483_1960_2021.png 1in your folder C:/Users/dagny.aurich/Documents/R_stripes/png_74483_1960_2021.png

Chemical Stripes for Perfluorooctanesulfonic acid

PubChem CID: 74483

IUPACName: 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluorooctane-1-sulfonic acid
Molecular Formula: C8BHF1703S

Exact Mass: 499.9374938
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Aurich et al (2023). SETAC Presentation, DOI: 10.5281/zenodo.7885031 and https://gitlab.lcsb.uni.lu/eci/chemicalstripes
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Chemical Stripes for Perfluorooctanesulfonic acid Patents

Chemical StripeS N R PubChem CID: 74483

First patent: 1913

Patents & Literature
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Chemical Stripes for Perfluorooctanesulfonic acid Literature
PubChem CID: 74483
First reference: 1981
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Schymanski et al.(2023) DOI: 10.1021/acs.est.3c04855
https://qitlab.lcsb.uni.lu/eci/chemicalstripes

Consolidated reference numbers
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"Summarized” Chemical Stripes in R

Summarized Chemical Stripes - EU REACH C9-C14 PFCAs

Patent data compiled from 230 CIDs
First patent of all selected CIDs: 1951 (CID(s): 67822,67821,67545,9555 )
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Variety of Stripe Patterns: Patents

Chemical Stripes for Caffeine

PubChem CID: 2519
First patent: 1966
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Chemical Stripes for Nicotine

PubChem CID: 89594
First patent: 1954
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Chemical Stripes for Acetylcarnitine

PubChem CID: 1
First patent: 1973
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Chemical Stripes for Gallopamil
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First patent: 1951
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Variety of Stripe Patterns: Literature

Chemical Stripes for Caffeine

PubChem CID: 2519
First reference: 1851
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The Chemical Stripes and Patent Data

(live stripe calculations during SETAC 2023)

Left: Neuwald et al, STOTEN, DOI: 10.1016/].scitotenv.2023.163921

Chemical Stripes for Tetrafluoroboric acid
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Photo of Daniel Zahn, UFZ at SETAC Europe, 30 April — 4 May, 2023. Image reused with permission ¢
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I Key Open Source Cheminformatics Developments @ ECI
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I Today’s Video / Soundtrack

Our Chemical Past, Present, and Future
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Video: https://vimeo.com/jpmimusic/ourchemicalpastpresentandfuture

Soundtrack: https://soundcloud.Com/'amieperera/our—chemical-past-
present'and'fUture T

Arp, Aurich et al (2023) ES&T, DOI: 10.1021/acs.est.3c01735 o TR b e
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I Merci/Danke schon/Thank you!

Email: emma.schymanski@uni.lu

@ESchymanski / @schymane@mstdn.social
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