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Environmental Cheminformatics & HR-MS
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Environmental Cheminformatics & HR-MS
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Chromatogram: Schymanski et al. (2014) DOI: 10.1021/es4044374; Resource numbers updated Dec 2021.



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

Environmental Cheminformatics & HR-MS & Metabolites
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I Non-target High Resolution Mass Spectrometry (NT-HRMS)
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Modified from: Hollender, Schymanski et al. 2018, ES&T Feature, 51:20, 11505-11512. DOI: 10.1021/acs.est.7b02184
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Open Source Workflows for NT-HRMS: patRoon

Software | Open Access | Published: 06 January 2021

https://rickhelmus.github.io/patRoon/ patRoon: open source software platform for
environmental mass spectrometry based non-target | Helmus

Screenlng Journal of Cheminformatics 13, Article number: 1 (2021) | Cite this article

Rick Helmus &3 Thomas L. ter Laak, Annemarie P. van Wezel, Pim de Voogt & Emma L. Schymanski
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I Open Source Workflows for NT-HRMS: Shinyscreen
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I Mass Spectral Libraries: MassBank (Open Source & Data!)

https://massbank.eu/MassBank/

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

#WIMassBank Search Contents Download Accession - MoreV

MassBank

High Quality Mass Spectral Database
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https://massbank.eu/MassBank/
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Substance Database
A merged list of NORMAN substances; Central
Expert Knowledge: NORMAN Database System
L] suspect screening and prioritisation

.— Suspect List Exchange

httpS ://WWW. norm a n-n etWO rk. CO m/n dS/ ' Central Database to access various lists of

substances for suspect screening and prioritisation

NORMAN Database System

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

environment

SEARCH All Databases SARS-CoV-2 in sewage
Q 5 g

Searching for individual substance or group(s) of substances in all databases A database with the latest information on SARS-
CoV-2 in sewage across Europe and
Note: Click on a link below to go to an individual database home page . ) g . P
internationally; including a common protocol for
sample collection, storage, extraction, analysis and
data sharing fo support the development of an

international comparable data set.

= Substance Database & Chemical Occurrence Data g Ecotoxicology
A merged list of NORMAN substances; Central A database of geo-referenced monitoring data on A platform for systematic collection and evaluation
Database to access various lists of substances for emerging substances of ecotoxicity studies for harmonised derivation of
suspect screening and prioritisation environmental quality standards
4 )
o= Suspect List Exchange & Antibiotic Resistance ¥ MassBank Europe
Central Database to access various lists of Bacteria/Genes A database of mass spectra of emerging ° ceeees
. T . . . . [ XX XN N ]
substances for suspect screening and prioritisation A database of ARBs/ARGS in environmental substances to support identification of unknown Il ll I . I “ eeLCsB
k ) matrices \ substances J cecces



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

I Expert Knowledge: NORMAN Suspect List Exchange

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

(]

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

S1

gorc’

NORMAN Suspect List Exchange - NORMAN SLE

No. Abbreviation

S0 SUSDAT

MASSBANK

Description

Merged NORMAN
Suspect List: SusDat

NORMAN
Compounds in
MassBank

NORMAN WEBSITE

Link to full list

Interactive Data table

SusDat with Haz and Expo scores as XLSX, CSV (06/11/2020)
MetFrag CSV (03/03/2020)

CompTox SUSDAT List

CSV, XLSX with Fragments (3/10/2017)

CompTox MassBank EU Reference List

NORMAN DATABASE SYSTEM HOME LOGIN

NORMAN SUBSTANCE DATABASE

UPDATE: Dec 2020: Check out updated Transformations Tables and the NORMAN-SLE Classification Tree in PubChem!

Link to InChlKey list

SusDat InChlKeys: All,
MS-ready (18/06
/2020)

MassBankEUInChlKeys
(17/06/2019)

The NORMAN Suspect List Exchange (NORMAN-SLE) was established in 2015 as a central access point for NORMAN members (and others) to find suspect lists relevant for their
environmental monitoring question. This Exchange documents all individual collections that form a part of NORMAN SusDat, the merged NORMAN Substance Database (DOI:

10.5281/zenodo.2664077).

References

A merged list of >111,000 structures from
SLE suspect lists. See interactive
version. Compiled by Reza Aalizadeh,
Nikiforos Alygizakis and Lubos Cirka,
University of Athens/El, including RTI and
toxicity values, with Hazard and
Exposure values provided by Stellan
Fischer, KEMI, documented here. Work
in progress ... please report any issues!

DOI: 10.5281/zenodo.2664077
www.massbank.eu

Stravs et al. 2013.
DOI- 10.1002/ims.3131

Contact us:
normansle@uni.lu
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https://www.norman-network.com/nds/SLE/
mailto:normansle@uni.lu

suspects
Pharma

Surfactants

REACH

Toxins

https://zenodo.org/communities/norman-sile

1200

Pesticides

NORMAN Suspect List Ex

PFAS

The NORMAN Suspect List Exchange (NORMAN-S!

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

I NORMAN Suspect List Exchange (now >80 lists!)
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https://www.norman-network.com/nds/SLE/
https://zenodo.org/communities/norman-sle

e United States
. . ""EPA Eg;irr'cé?mental Protection
I Toxicology: CompTox Chemicals Dashboard

https://comptox.epa.gov/dashboard/

CompTox Chemicals Dashboard Home  Search ~ Lists ¥  About ¥  Tools ~ Submit Comments

Welcome to the new EPA CompTox Chemicals Dashboard
The new Dashboard is a complete rebuild and is replacing the CompTox Chemicals Dashboard released on July 12th 2020.
This documentation can help get you started.

CompTox Chemicals Dashboard
Search 906,511 Chemicals

Chemicals Products/Use Categories Assay/Gene

Search for chemical by systematic name, synonym, CAS number, DTXSID or InChiKey

B !dentifier substring search
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https://comptox.epa.gov/dashboard/

m U.S. National Library of Medicine
National Center for Biotechnology Information

Open Chemistry Knowledge Bases: Pub({Chem S
https://pubchem.ncbi.nim.nih.gov/ s .

‘Sm—

Explore Chemistry /

Quickly find chemical information from authoritative sources

\
\

Try covid-19 aspirin EGFR C9H80O4 57-27-2 C1=CC=C(C=C1)C=0 InChl=1S/C3H60/c1-3(2)4/h1-ZH3

[:1 Use Entrez

of,

Draw Structure Upload ID List Browse Data Periodic Table

111 M Compounds 277 M Substances 2 93 M Bioactivities 3 3 M Literature 82 6 Data Sources



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

I NORMAN-SLE meets Pub@hem suspects

DATA SOURCES l

NORMAN Suspect List Exchange

The NORMAN network enhances the exchange of information on emerging environmental substances,
harmonisation of common measurement methods and monitoring tools so that the requirements of ris
met. It specifically seeks both to promote and to benefit from the synergies between research teams fro
emerging substances.

v NORMAN Suspect List Exchange Classification 2 » 113,715

» 513 | EUCOSMETICS | Combined Inventory of Ingredients Employed in Cosmetic Products (2000) and
Revised Inventory (2006) ? 3,935

» S25| OECDPFAS | List of PFAS from the OECD ? 3,677
» S36 | UBAPMT | Potential Persistent, Mobile and Toxic (PMT) substances ? 254

Organization NORMAN Network (c/o UniLu) - , . . .
Map Satellite » S50 | CCSCOMPEND | The Unified Collision Cross Section (CCS) Compendium ? 885
Category Research and Development P A o ‘
Feeilite » S60 | SWISSPEST19 | Swiss Pesticides and Metabolites from Kiefer et al 2019 2 1,344
URL h’g:ps://www.norman—network.com/ | \(v\ Bru;;asel
nds/SLE/ Slie » S61 | UJICCSLIB | Collision Cross Section (CCS) Library from UJI 2 574

Data: CC-BY 4.0; Code (hosted by ECI, LCSB):

License Note Artistic-2.0

» S66 | EAWAGTPS | Parent-Transformation Product Pairs from Eawag ? 258

https://creativecommons.org/licens

License URL es/by/4.0/ » S68 | HSDBTPS | Transformation Products Extracted from HSDB Content in PubChem 2 102
. Pari
Contact Name Emma Schymanski i » S69 | LUXPEST | Pesticide Screening List for Luxembourg ? 386
Address ‘f;‘;%‘g;j‘;;ﬁgjg?f Belvaux, » S72| NTUPHTW | Pharmaceutically Active Substances from National Taiwan University 2 1,068
Data Source ID 23819 Tours » S75 | CyanoMetDB | Comprehensive database of secondary metabolites from cyanobacteria ? 2,088
115,138 Live Substances » S79| UACCSCEC | Collision Cross Section (CCS) Library from UAntwerp ? 148
Data in PubChem 16,752 Annotations Go gbm IMap data ©2021 GeoB
1 Classification S00 | SUSDAT | Merged NORMAN Suspect List: SusDat 7 99,130
Last Updated 2021/10/09 S01 | MASSBANK I NORMAN COITIPOUI'IC'S in MassBank EU 2 7,166

S02 | STOFFIDENT | HSWT/LfU STOFF-IDENT Database of Water-Relevant Substances ? 11,261

Data source: https://pubchem.ncbi.nim.nih.gov/source/23819
Classification tree: https://pubchem.ncbi.nim.nih.gov/classification/#hid=101

° cceces

H H H [ XX XN N ]

m U.S. National Library of Medicine “ I" I“ seeeee
National Center for Biotechnology Information ° Tl
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I Connecting Knowledge for Chemical Identification: MetFrag <

https://msbi.ipb-halle.de/MetFrag/ http://ipb-halle.github.io/MetFrag/
CompTox
trag MMassBank o Pub@hem Ghemicals
High Quality Mass Spectral Database SuspeCtS Dashboard
6
[ ] ‘Final Score \
5 1 B MetFrag
' ExactSpectralSimilarity
4 ‘1 ' 72 \N Bl DATA_SOURCES
. (I:H ~ ¢ — B NORMANSUSDAT
w 3 - ’ B NUMBER_OF_PUBMED_ARTICLES
§ ?—,:ﬁ Nicofine \!TOXCAST_FERCENT_ACTIVE J
\
0 -
g
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Ruttkies, Schymanski et al. (2016) DOI: 10.1186/s13321-016-0115-9 Candidate Index
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https://link.springer.com/article/10.1186/s13321-016-0115-9

I How? Community Efforts ... through Open and FAIR Science

Enabling easier (and FAIRer) data exchange with simple templates...

FAIR chemical structures in the Journal of Cheminformatics F A
Emma L. Schymanski and Evan E. Bolton indable ccessible Interoperable eusable

Letter to the Editor 7 July 2021 O .‘
o The Letter Response to this article has been published in Journal of Cheminformatics / Oo ' ‘

2021 13:49

Reply to "FAIR chemical structure in the Journal of

PubChem_CID Name SMILES InChiKey
. . I
Chem I nformatlcs 2256 Atrazine CCNC1=NC(=NC(=N1)C)NC(O)C MXWIVTOOROXGIU-UHFFFAOYSA-N
Rajarshi Guha, Nina Jeliazkova, Egon Willighagen and Barbara 2328 Bentazone CCONIC(=0)C2=CC=CC=C2NS1(=0)=0 | ZOMSMIKLGFBRBS-UHFFFAOYSA-N

Zd raZi | 3030 Dicamba COC1=C(C=CC(=C1C(=0)0)CI)Cl IWEDIXLBFLAXBO-UHFFFAQYSA-N

3120 Diuron CN(C)C(=0O)NC1=CC(=C(C=CT)CI)CI XMTQQYYKAHVGBJ-UHFFFAOYSA-N
Letter Response | 7 July 2021

o The Letter to the Editor to this article has been published in Journal of
Cheminformatics 2021 13:50

...can make great things happen!

https://commons.wikimedia.org/wiki/File:FAIR data_principles.jpg .
Schymanski & Bolton (accepted) FAIR-ifying the Exposome: Preprint DOI: 10.5281/zenodo0.5495109 ll '“ I“
Schymanski & Bolton (2021) FAIR Chemical Structures. J. Cheminform. DOI: 10.1186/s13321-021-00520-4 ¢



https://commons.wikimedia.org/wiki/File:FAIR_data_principles.jpg
https://doi.org/10.5281/zenodo.5495109
https://doi.org/10.1186/s13321-021-00520-4

I Examples: Distribution of Chemicals in Various Matrices

Retrospective screening of REACH chemicals in Black Sea samples

Occurrence Results |
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Alygizakis NA et al (2019) DOI: 10.1016/j.trac.2019.04.008 Interactive heat map at http://norman-data.eu/NORMAN-REACH



https://doi.org/10.1016/j.trac.2019.04.008
http://norman-data.eu/NORMAN-REACH

I Examples: Real Time Monitoring of the Rhine River

Previously unknown chemicals detected due to “stand-out” patterns
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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 )\ : :
Zox10 May : e 17.42 min Y 10.1016/j.envint.2021.106885
o] . July ; rt= 17.41 min J\
£ 1x10 August ; rt= 14.63 min
September ; rt= 17.41 min /\N \N N
01 = - d || October ; rt= 15.99 min H H
0 10 I 20 30
retention time :min]
1
1 EIC (m/z = 212.1506) :
. : peak retention time (MS1) Cl 0
33"10 : I April ; rt= 12.67 min )\ )L
5 oo May ; rt= 12.68 min
g - July ; rt= 12,67 min NFT
.E 1x10°

N » N NH
August ; rt= 12.68 min /]\ /H\ /L A
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eptember min /\N N H /\\'N

1
1
1
0 10 Iin 20 30 H

01 - = i || October ; rt= 12.68 min N N H
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1
4 EIC (m/z = 184.1193) :
1
15x10° : peak retention time (MS1) Cl 0
April ; rt= 6.00 min
% 1x10° 4—’: May ; rt= 9.02 min )\ J-L
5] . I July ; rt= 9.01 min N N - N NH
T 5x10 1 August ; rt= 9.04 min /]\ /”\ >< /L A ><
September ; rt= 9.01 min
01—+ 1 : = 3 October ; rt= 28.06 min S H N H H:N N H
0 10 1 20 30
retention timg [min]
1
'l
2 EIC (m/z = 202.0854) 1
1
3x10° : peak retention time (MS1) Cl Cl
=, 10 1 B J:‘pril;rt= :g.g1 min /I\ /I\
2% ay ; rt= 9.00 min
% I July ; rt= 15.66 min NZ" N — N7 N
€ 1x10° August ; rt= 9.00 min /J\ /”\ >< )\ J\ ><
September ; rt= 9.76 min S I
01 _ l.“ — h - = . October ; rt= 15.65 min H N H H:N N H ° e
0 10 20 30 [ XXX XX ]
retention time [min] . selLCSB
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LuxPharma — 2019 versus 2020 & COVID

I Examples

A._.
(ouog)oLbol

Year

B 2019
B 2020

in home office!

2020: Lots of “cross-border workers”

Chemical

(2021).

Singh et al

DOI: 10.1021/acsenvironau.1c00008.



https://doi.org/10.1021/acsenvironau.1c00008

I The Problem: Which chemicals are relevant? How to find them??

A. Chemical Analysis

—== CAS

W A DIVISION OF THE

AMERICAN CHEMICAL SOCIETY

180 million Pub@hem
Target
CompTox 111 million analySis

®

Chemicals

Dashboard
906,511  PubClhemLite

EXPOSOMICS

| 58 e i - o, : . 4
~370,000 by
y m/z=270.0763 ‘
miz=211.0831 miz=319.1654
HN 5 i oh ; /
0 F F F F ¥ 4 - N L
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-] i :

Suspect
screening
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~113,000
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000000
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OUUEN | ccceeo

Source: ESO/IDA/Danish 1.5 m http://www.eso.org/public/images/potw1015a/ Mod. from Escher et al (2020). Science. DOI: 10.1126/science.aay6636



http://science.sciencemag.org/content/367/6476/388
http://www.eso.org/public/images/potw1015a/

I |dentification Strategies and Confidence in NT-HRMS(/MS)

Non-target HR-MS(/MS) Acquisition

| |
[ Tar gell“ list ) | Suspelct list |
[ Peak picking or XIC&S ] picking

Suspect
Screening

Limited by ref. std.
availability ...

éawag

aquatic research

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

Schymanski et al, 2014, ES&T. DOI: 10.1021/es5002105 & Schymanski et al. 2015, ABC, DOI: 10.1007/s00216-015-8681-7
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|dentification Strategies and Confidence in NT-HRMS(/MS)

Non-target HR-MS(/MS) Acquisition

| |
[ Tar gé’lt list ) | Suspelct list |
[ Peak picking or XIC&S ] picking

Suspect
Screening

Limited by ref. std.
availability ...

Level 2 | Probable Structure N
by library/diagnostic evidence ".MGSSBank

High Quality Mass Spectral Database

a"‘“’ag y

Level 3 | Tentative Candidate(s)
\l Start suspect, substructure, class

eawag
aquatic research 000
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.}
Schymanski et al, 2014, ES&T. DOI: 10.1021/es5002105 & Schymanski et al. 2015, ABC, DOI: 10.1007/s00216-015-8681-7 “ lll ‘ “
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|dentification Strategies and Confidence in NT-HRMS(/MS)

Non-target HR-MS(/MS) Acquisition

— — - ~
[ Targelt list] | Suspe'lct list | <. Increasing identification
[ Peak picking or XICs ] confidence
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availability ...
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) eawag
aquatic research 000

Schymanski et al, 2014, ES&T. DOI: 10.1021/es5002105 & Schymanski et al. 2015, ABC, DOI: 10.1007/s00216-015-8681-7
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I Outline of Today

* |dentification & Chemical Space

—Identification + MetFrag m.;‘:rag Pfub@hem Lite

—PubChemlLite for Exposomics EXPOSOMICS
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OUUEN | ccceeo

https://commons.wikimedia.org/wiki/File:FAIR data principles.jpg
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I Introduction to MetFrag  https://msbi.ipb-halle.de/MetFrag/

mz
213. 9637

+ 5 ppm Pub()heHI

5 ppm

0.001 Da ~—0__ mﬁrag

Ranked Candidates //////

. — MS/MS
:““‘ 134.0054 339689
- —\N“‘-~—~\ 150.0001 77271 ~
- 213.9607 632466
Ruttkies, Schymanski et al. (2016) DOI: 10.1186/s13321-016-0115-9



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

I Key Challenge: MS and MS/MS alone is not enough!

. Rank=1

MetFragRL 2016
[ PUb©hem MS/MS only (n=473)

0 20 40 60 80 100%

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



https://link.springer.com/article/10.1186/s13321-016-0115-9
https://doi.org/10.1186/s13321-021-00489-0

Key Challenge: MS and MS/MS alone is not enough!
mgrag Pub@hem

Candidate Score Distribution

/ N
1.2 N \
| —

CH,
B Final Score

I MetFrag

1.0

Nicotine

//

0.8

0.6 1

Score

0.4 4

0.2 4

0.0

-0.2

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

Candidate Index Il ll i I ll
[ ]

MetFrag + PubChem + Formula Search + https://massbank.eu/MassBank/RecordDisplay?id=EQ300804



https://massbank.eu/MassBank/RecordDisplay?id=EQ300804

I Status Quo in 2016: MetFrag Relaunched ...

CompTox References
mz Chemlcals Dashboard

Tox. Data
213. 9637 ‘\\\\\\

Data Sources
t 5 ppm Pub@hem Exposure Info
MS-ready links
Elements: C,N, S
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I MetFragRL + PubChem + MS/MS + Metadata

* Adding literature, references & RT boosts to ~71 % rank 1!

. Rank=5 Missing

fPub@hem MetFragRL 2016

MS/MS only (n=473)

PUb@hem MetFragRL 2016
\ MS/MS + Metadata (n=1298)

0 20 40 60 80 100%
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Ruttkies, Schymanski et al. (2016) DOI: 10.1186/s13321-016-0115-9 Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0 @ 7777770 1 eeeeses
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I MetFragRL + PubChem + MS/MS + Metadata

B0 dMassBank [  pypb@hem

High Quality Mass Spectral Database SuspeCtS
L J

\ I

BUT ...databases grow I..ID performance drops
Candidate Score Distribution " nn an run ImeS rlse P a O -
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I Problem: Exposomics “Chemical Space” is too big!

CompTox

Candidate Index

=L LGLTTL I Chemopider g Chemicals
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I Can we break down Pub({Chem into useful bits?

~ PubChem Compound TOC ? 49,493,641

» Agrochemical Information 2 3,045 —b[" Agrochemical Information ? 3,045]

i i i PUb@hem Furathiocarb (Compound) =i CONTENTS P

» Associated Disorders and Diseases E] 20,847 Agrochemical Category = ? 1,9 03 P

+ Blologic Description | 7 (2,056,521 Agrochemical Transformations ? 1,383 7 Ag rochemical Information @ Z

» Biological Test Results ? 3,622,920

S EU Pesticides Data 2 .

» Biomolecular Interactions and Pathways | ? | | 125,253 1,213 7.1 Ag rochemical Category @ Z

» Chemical and Physical Properties ? 263,015 USDA Pesticide Data Program | ? | 579 Insecticides

» Classification ? 1,454,824 v Use and Manufacturing 7 115,321 ] b EU Pesticides Database

» Drug and Medication Information ? 47,922 » Uses ? 27,314

» Food Additives and Ingredients ? 8,414 Consumption Patterns 2 4,168 7.2 Agrochemical Transformations @G

> \dentification E] Formulations/Preparations 2 4,742 Furathiocarb has known environmental transformation products that include carbofuran.

» Information Sources ? 20,271,277 S60 | SWISSPEST19 | Swiss Pesticides and Metabolites from Kiefer et al 2019 | DOI:10.5281/zenodo.3544759

General Manufacturing Information ? 52,353 _

» Literature ? 1,833,941 » NORMAN Suspect List Exchange

» Names and Identifiers 7 1,275,170 Impurities | 2 870

» Patents ? 36,351,418 Methods of Manufacturing ? 6,192 7.3 EU Pesticides Data @@

» Pharmacology and Biochemistry 2 110,628 Overview ? 1,179 Active Substance furathiocarb

» Related Records ? 9,224,590 Sampling Procedures  ? 579 Status Not Approved [Reg. (EC) No 1107/2009]

» Safety and Hazards  ? 149,319 U.S. Exports 2 1.038 Categories Insecticides

» Spectral Information 2 480,730 https://pubchem.ncbi.nlm.nih.gov/compound/

US. Imports ? 1,547 . . B .

» Structures ? 9,117,635 Furathiocarb#section=Agrochemical-Information

» Toxicty 2 114,012 U.S. Production ? 5,500

» Use and Manufacturing ? 115,321 Use Classification ? 63,558 m U.S. National Library of Medicine ll Ili I“ EEEEE:B
National Center for Biotechnology Information ° scccee

Chemical Safety ? 147,023 Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0



https://doi.org/10.1186/s13321-021-00489-0
https://pubchem.ncbi.nlm.nih.gov/compound/Furathiocarb#section=Agrochemical-Information

I Introducing ...

~ PubChem Compound TOC ? 49,493,641

» Agrochemical Information 2

3,045
» Associated Disorders and Diseases @ @
2,056,521

3,622,920
» Biomolecular Interactions and Pathways |Z| 125,253

» Biologic Description ?

» Biological Test Results ?

» Chemical and Physical Properties ? 263,015
» Classification ? 1,454,824
» Drug and Medication Information 2 417,922

» Food Additives and Ingredients ? 8,414

» Identification @ 4,968
20,271,277
» Literature 2

? 1,833,941
» Names and Identifiers 7 1,275,170

» Information Sources ?

October 31,2020

R £

Database Settings

» Patents ? 36,351,418

» Pharmacology and Biochemistry 2

Database:

| PubChernLite_310ct2020| = |

110,628

» Related Records ? 9,224,590

229.10948 Search ppm: |5

Neutral Mass:

» Safety and Hazards ? 149,319

Formula: |COH16CINS ]
» Spectral Information ? 480,730
» Structures ?  9.117,635 Identifiers: [ |

» Toxicity 2 114,012

» Use and Manufacturing ?

RGN LIGECLN §) 4 Candidates

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

115,321

Chemical Safety ? 147,023

PubChemlLite for Exposomics

Pub(ChemlLite

EXPOSOMICS
~370,000 entries “small”

& emma.schymanski@unilu =~

o Lo oo T

J

b; (® Kondic, Todor; @ Thiessen, Paul; 9 Zhang, Jeff

(https://pubchem.ncbi.nlm.nih.gov/) selected from major & Communities

1ge at the PubChem Classification Browser LCSB Environmental
issification/#hid=72). With this release, there is now just one Cheminformatics
ner tier1 plus two new categories (Associated Disorders & Group

% Remove

3 compounds (31 Oct 2020) compiled from 10 categories:
icInfo, FoodRelated, Pharmacolnfo, Safetylnfo, Toxicityinfo,

ition. ’I ’ 5 27

¢ InChlIKey first block, reporting the structure from the most
es that will be ignored by MetFrag (salts, disconnected

sition metals) have been removed. The Patent and PubMed 1D
PubChem FTP site. The "AnnoTypeCount' term counts how
d, the subsequent column (named per category) counts the
able in the next sub-category of the TOC entry.

1,835

@ views & downloads

See more details

U.S. National Library of Medicine

e e 00 00
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eeLCSB
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ceeccse

National Center for Biotechnology Information

New version
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42

hemLite: Fewer and more relevant candidates — with

context

49,493,641

» Agrochemical Information 2 3,045

» Associated Disorders and Diseases 7 20,847

» Biologic Description ? 2,056,521

» Biological Test Results ? 3,622,920

» Biomolecular Interactions and Pathways 2 125,253

» Chemical and Physical Properties ? 263,015

» Classification ? 1,454,824

» Drug and Medication Information 2 17,922

» Food Additives and Ingredients 2 8,414

» Identification 2 4,968

» Information Sources ? 20,271,277

» Literature ? 1,833,941

» Names and Identifiers ? 1,275,170

» Patents ? 36,351,418

» Pharmacology and Biochemistry ? 110,628

» Related Records ? 9,224,590
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» Spectral Information ? 480,730
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I How does Pub@hem Lite perform?

 ~110 M => ~370 K ... how does this influence performance?

B o=t | rov= =3
MetFragRL 2016
Pub@hem MetFragRL 2016
MS/MS + Metadata (n=1298)
Pub@helete November 2019
MS/MS, Ref, Patents, Anno (n=1298)
0 20 40 60 80

Missing

100%

>80 % ranked in first place
~90 % ranked first or second!

Ruttkies, Schymanski 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://link.springer.com/article/10.1186/s13321-016-0115-9
https://doi.org/10.1186/s13321-021-00489-0

I How does Pub@hem Lite perform?

 ~110 M => ~370 K ... how does this influence performance?

B =t [ ron=

MetFragRL 2016

Pub@hem MetFragRL 2016
MS/MS + Metadata (n=1298)

Missing

Pub@hemLite November 2019
MS/MS, Ref, Patents, Anno (n=1298)

“Transformation products are missing from databases” rw

[General complaint; environmental community] suspects

oooooo
......

Ruttkies, Schymanski et al. (2016) DOI: 10.1186/s13321-016-0115-9 Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0 @ 7777770 1 eeeeses
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https://doi.org/10.1186/s13321-021-00489-0

Assessing the Missing Entries in Pub@hem Lite

B = [ ravz P rek=2s [ Rankes Missing
PubChemLite 14 jan 2020
MS/MS, Ref, Patents, Anno (n=977)

0% 20 40 60 80 100%

v NORMAN Suspect List Exchange Classification 2  # 117,037
» S13 | EUCOSMETICS | Combined Inventory of Ingredients Employed in Cosmetic Products (2000) and
» S25| OECDPFAS | List of PFAS from the OECD ? 3,680

» S50 | CCSCOMPEND | The Unified Collision Cross Section (CCS) Compendium ? 647

» S60| SWISSPEST19 | Swiss Pesticides and Metabolites ? 1,358

» S61 | UJICCSLIB | Collision Cross Section (CCS) Library from UJI 2 574

» S66 | EAWAGTPS | Parent-Transformation Product Pairs from Eawag ? 258

» S68 | HSDBTPS | Transformation Products Extracted from HSDB Content in PubChem ? 97

[
m U.S. National Library of Medicine “ ll l I “
National Center for Biotechnology Information °

Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0
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I Transformation Products: Filling the Data Gaps!

Pub@hem NORMAN Suspect List Exchange

[v Pharmacology and Biochemistry ? 112,039 ]

+ NORMAN Suspect List Exchange Classification 2 2 113,080 » Human Metabolite Information 2 64,199

» 513 | EUCOSMETICS | Combined Inventory of Ingredients Employed in Cosmetic Products (2000) and Revised Inventory (2006) ? 3,85

Metabolism/Metabolites ? 8,204

Transformations ? 5,857

» $25| OECDPFAS | List of PFAS from the OECD 2 3,677

» S36 | UBAPMT | Potential Persistent, Mobile and Toxic (PMT) substances 2 254 Pub@hem Terbuthylazine (Compound

» S50 | CCSCOMPEND | The Unified Collision Cross Section (CCS) Compendium ? 885

8.5 Transformations

@&

» S60 | SWISSPEST19 | Swiss Pesticides and Metabolites from Kiefer et al 2019 2 1,343

Page 3 of 25 items View More Rows & Details 4

» S61| UJICCSLIB | Collision Cross Section (CCS) Library fromUJI 2 574
SORT BY

» S66 | EAWAGTPS | Parent-Transformation Product Pairs from Eawag ? 258

Predecessor Predecessor Transformation  Successor
Image Name Image

» S68 | HSDBTPS | Transformation Products Extracted from HSDB Content in PubChem ? 102

» S69 | LUXPEST | Pesticide Screening List for Luxembourg ? 386

Mammalian

Terbuthylazine Bl

» S72 | NTUPHTW | Pharmaceutically Active Substances from National Taiwan University ? 1 068

i Download
Please Choose One v
Successor Name Evidence DOI
6-Chloro-1,3,5-
triazine-2,4- 10.5281/zenodo.382°
diamine

» S75 | CyanoMetDB | Comprehensive database of secondary metabolites from cyanobacteria 2 2,08
S00 | SUSDAT | Merged NORMAN Suspect List: SusDat 2 99,130
i@’*’ Terbutylazine Deethylation %"

S01 | MASSBANK | NORMAN Compounds in MassBank EU 2 7 164

Terbutylazine-

desethyl 10.1007/513361-017-

S02 | STOFFIDENT | HSWT/LfU STOFF-IDENT Database of Water-Relevant Substances ? 11,261
S03 | NORMANCT15 | NORMAN Collaborative Trial Targets and Suspects ? 624

S04 | UJIBADE | Target List from UJI used in Bade et al 2015 ? 542

m U.S. National Library of Medicine

National Center for Biotechnology Information

Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0
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I Transformation Products: Filling the Data Gaps!

Pub@hem Terbuthylazine (Compound)

7 Agrochemical Information @
7.1 Agrochemical Category ®@E
[ * Agrochemical Information = ? 3,045]
Pesticides -> Herbicides -> Triazine herbicides -> Chlorotriazine herbicides
S66 | EAWAGTPS | Parent-Transformation Product Pairs from Eawag | DOI:10.5281/zenodo.3754448 -  Agrochemical Category ? 1,903
» NORMAN Suspect List Exchange =»  Agrochemical Transformations ? 1,383
. . e EU Pesticides Data 72 1,213

7.2 Agrochemical Transformations Q)

USDA Pesticide Data Program ? 579

Terbutylazine has known environmental transformation products that include Terbutylazine-2-hydroxy,
Terbutylazine-desethyl, and Terbutylazine-desethyl-2-hydroxy.

566 | FAWAGTPS | Parent-Transformation Product Pairs from Fawag | DOI:10.5281/zenodo.3754448

Wub@hem Lite

Terbutylazine has known environmental transformation products that include CSAA036479, CSAA04949, EXPOSO M I CS
CSCD648241, CSCD692760, GS31398, MT1, GS 26379, MT13, GS 23158, Terbutylazine metabolite MT14,
Terbutylazine metabolite MT23, and Terbutylazine metabolite MT24.

S60 | SWISSPEST19 | Swiss Pesticides and Metabolites from Kiefer et al 2019 | DOI:10.5281/zenodo.3544759

P NORMAN Suspect List Exchange

o cecens
m U.S. National Library of Medicine ll Ill I“ sseese
National Center for Biotechnology Information ° XXXXR

Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0
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Assessing the Missing Entries in Pub@hem Lite

B Ranks Missing

B o=t | rav=2 [ Rank=25

Pub@hem Lite 14 Jan 2020
MS/MS, Ref, Patents, Anno (n=977)

raemite o e 2z [
MS/MS, Ref, Patents, Anno (n=977

Pub(ClhemLite 12 Jun 2020
MS/MS, Ref, Patents, Anno (n=977)

0% 20 40 60 80 100%

~ NORMAN Suspect List Exchange Classification ? 2 117,037

4

4

4

S13 | EUCOSMETICS | Combined Inventory of Ingredients Employed in Cosmetic Products (2000) and
S25 | OECDPFAS | List of PFAS from the OECD ? 3,680

S50 | CCSCOMPEND | The Unified Collision Cross Section (CCS) Compendium ? 647

S60 | SWISSPEST19 | Swiss Pesticides and Metabolites ? 1,358

S61 | UJICCSLIB | Collision Cross Section (CCS) Library fromUJI 2 574

S66 | EAWAGTPS | Parent-Transformation Product Pairs from Eawag ? 258

568 | HSDBTPS | Transformation Products Extracted from HSDB Content in PubChem ? 97

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

m U.S. National Library of Medicine

National Center for Biotechnology Information
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I The Problem: Which chemicals are relevant? How to find them??

A. Chemical Analysis

Suspect
screening

] I
e .
B e

I
il i
¥ |

miz=270.0763

m/z=158.9782

miz=211.0831

EHH.". ’

miz=319.1654

fﬁ\/\ﬁ Monthly sampling
8-9 locations / year
4 fixed, 4-5 rotate
3 year cycle

GERMANY

BELGIUM
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I LuxPest — Suspect List Generation

(1) 386 unique . N v N i 'l
pesticides Suspect List o Y \N”/ T ~ /Lrlu T
o)ﬁ T 0:—?? N .
| o
Cl
Alachlor Atrazine Bentazone Carbofuran
May 28,2020 [ Dataset | Open Access |
S69 | LUXPEST | Pesticide Screening List for i
Luxembour i i Q c o i N N\(\\
Luxembourg ‘ Information in C. JoN Y LN (j@i d /\/Kfl
S u S b CtS i n CI u d i n g h a n d -Writte n Chlorpropham Chlorpyrifos Cypermethrin Diazinon
P documents o
cl | H
- O~ )\/O\ A0 ~, j\/g\ <O /N\H/N -
N 0//P\0/ i S//P\O/ o \@
Cl Cl
Dicamba Dichlorvos Dimethoate Diuron
© Krier Jessy ° ceecse
mi.lu |

Krier et al (2022). DOI: 10.1016/j.envint.2021.106885. Jessy Krier (2020) S69 | LUXPEST. DOI: 10.5281/zenodo.3862689
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I LuxPest — Pre-screening (+QC) with Shinyscreen

Sampling Extraction

LC separation

HRMS/MS

(¢ S8olnuue Suspect List
pesticides
m Upload Communities
May 28, 2020  Dataset | Open Access |
S69 | LUXPEST | Pesticide Screening List for 3 EIC (m/z = 230.1167)
Luxembourg
ey 3x107 peak retention time (MS1)
> April ; rt= 16.00 min i H
=2x107 May ; rt= 17.42 min D € T, il
g July ; rt= 17.41 min N N
Susp C S € 1x10° August ; rt= 14.63 min b
September ; rt= 17.41 min
01 : ; a [ October ; rt= 15.99 min
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retention time [min]

Level 1

Identification Level(s): 2a or 3

© Krier Jessy

Krier et al (2022). DOI: 10.1016/j.envint.2021.106885. Jessy Krier (2020) S69 | LUXPEST. DOI: 10.5281/zenodo.3862689
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I LuxPest — MS/MS Annotation with MetFrag IR

Sampling Extraction LC separation HRMS/MS

(1) _ Identification confiden Minimum data requirements
(%6 e Suspect List
pesticides Level 1: Confirmed structure

MS, MS?2, RT, Reference Std.

by reference standard

May 28, 2020 Dataset

S69 | LUXPEST | Pesticide Screening List for

Level 2: Probable structure
a) by library spectrum match MS, lu. M O SS B q n k

b) by diagnostic evidence MS, High Quality Mass Spectral Database

Luxembourg <JSIMS annotatio> | .
Krier Jessy with MetFra Level 3: Tentative candidate(s
rw — | v -

structure, substituent, class
SUSp

ects | i

| Level 4: Unequivocal molecular formula MS isotope/adduct
| |

' Level 5: Exact mass of interest MS
1 !

Level 1 Identification Level(s): 2a or 3

© Krier Jessy
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Krier et al (2022). DOI: 10.1016/j.envint.2021.106885. Jessy Krier (2020) S69 | LUXPEST. DOI: 10.5281/zenodo.3862689 “ '“ ¢ “ ‘ """
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I LuxPest — MS/MS Annotation with MetFrag IR

Sampling Extraction LC separation HRMS/MS

(1) _ Identification confiden Minimum data requirements
(%6 e Suspect List
pesticides Level 1: Confirmed structure

MS, MS?2, RT, Reference Std.

by reference standard

May 28, 2020 Dataset

S69 | LUXPEST | Pesticide Screening List for

Level 2: Probable structure
a) by library spectrum match MS, lu. M O SS B q n k

b) by diagnostic evidence MS, High Quality Mass Spectral Database
Luxembourg <as /Ms annotatio> ! .
o with MetFrag Level 3: Tentative candidate(s) 5
rw i structure, substituent, class MS, MS?, Exp. data
SUS thS - Putative ‘ : | | )
( 162 unique : suspect(s) Level 4: Unequivocal molecular formula MS isotope/adduct
pesticides . ] i ‘ I |
identification : -
l Level 5: Exact mass of interest MS
1 ! !
Level 1 36 pesticides at Level 2a (MoNA>0.9)
© Krier Jessy
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| 50
Krier et al (2022). DOI: 10.1016/j.envint.2021.106885. Jessy Krier (2020) S69 | LUXPEST. DOI: 10.5281/zenodo.3862689 “ '“ ¢ “ ‘ """
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I LuxPest — Transformation Product Workflow

Sampling Extraction LC separation HRMS/MS

Luxembourg

N m

suspects

Level 1

(1) T V 181 unlque
unique Suspect List transformati
pesticides products

May 28, 2020 =3

S69 | LUXPEST | Pesticide Screening List for

9.7 Transformations

Pub@hem Ammeline (Compound)

Atrazine Mamma!lan Ammeline
metabolism

Simazine Plant Ammeline
metabolism

Schymanski et al. (2021)
DOI: 10.1186/s13321-016-0115-9

(2)

Pub@hem

with MetFrag 9.3 Metabolism/Metabolites

Y

- Putative 135 unique
( 1;325:;;?:: suspect(s) transformation
identification products

Urine and feces contained up to 25 and 15 identified metabolites, respectively, most of which
were polar. Degradation of the triazine ring did not occur. Ammeline and ammelide, 2
dechlorinated and dealkylated/hydroxylated metabolites common to all triazines, were
identified in low amounts in the feces.

1k

36 pesticides at Level 2a (MoNA>0.9)

USEPA; Reregistration Eligibility Decision (RED) Database for Terbuthylazine (5915-41-3). EPA 738-R-95-005
p.13 (March 1995). Available from, as of October 11, 2012: htfFP% B | ] y
/status.htm

—
-

» Hazardous Substances Data Bank (HSDB)

© Krier Jessy

Krier et al (2022). DOI: 10.1016/j.envint.2021.106885. Jessy Krier (2020) S69 | LUXPEST. DOI: 10.5281/zenodo.3862689
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Pub@hem Terbuthylazine (Compound)

8.3 Metabolism/Metabolites @ J

Metabolism of terbuthylazine in rats is similar to other chloro-s-triazine herbicides. The major routes of
metabolism are hydrolysis of the chlorine moiety and mono- or didealkylation. Hydroxylation of one or
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

DEPICT

» Hazardous Substances Data Bank (HSDB)
cl H
A Xy
Urine and feces contained up to 25 and 15 identified metabolites, respectively, most of which were polar. i /|Nk N
NS Ny
H H

Degradation of the triazine ring did not occur. Ammeline and ammelide, 2 dechlorinated and
dealkylated/hydroxylated metabolites common to all triazines, were identified in low amounts in the feces.

USEPA; Reregistration Eligibility Decision (RED) Database for Terbuthylazine (5915-41-3). EPA 738-R-95-005 p.13 (March
1995). Available from, as of October 11, 2012: http.//www.epa.gov/pesticides/reregistration/status.htm

Terbutylazine CID:22206 desethyl-terbutylazine CID:108201

OH Cl

A

» Hazardous Substances Data Bank (HSDB)

NZ N NZ N
e
: _ : : : . H H H H
In mammals, following oral administration, ...a de-ethyl metabolite forms rapidly, followed by conjugates
of products formed by oxidation of one methyl group of the tert-butyl moiety. All are rapidly excreted. 2-hydroxy-terbutylazine CID:135495928  (hydroxy-t-butyl)-Terbutylazine CID:779516

Tomlin CDS, ed. Terbuthylazine (5915-41-3). In: The e-Pesticide Manual, Version 2.2 (2002). Surrey UK, British Crop

Protection Council. M sesess
Krier et al (2022). DOI: 10.1016/j.envint.2021.106885. “l" I“ ‘ setess
» Hazardous Substances Data Bank (HSDB) Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0 :
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O File Edit View Repository Branch Help

“Living dat nnections”
Current repository - Current branch < = Fetchorigin
I V I g a a CO e C I O S - pubchem ¥ master ™’ | ast fetched 2 minutes ago

Changes 2 History added new CIDs to HSDBTPS

¥ No branches to compare Emma Schymanski 0= 13fdb18 5 changed files || Hide Whitespace

Upload Communities Update extractAnnotations.R Added newly registered CIDs to base HSDB files, HSDBTPS struct info and transformation tables.
Emma Schymanski « Jun 9, 2020

\EI S-demethylation; N-deethylation; and disulfide formati

annotations\tps\H...13450_selected.csv .
on.",13450|134506,134508| 135495928 | 135612794, TRUE,, mammal

HSDB Ref Info

- ian metabolism,TRUE,"TPs added, rest are not yet in Pu
Emma Schymanski - Jun 8, 2020 annotations\tps\H..._3120_selected.csv B too inspecific”

[s]
June 11,2020 Dataset it e Gl o SRS annotations\tps\H...31645_selected.csv [e] 3 | 4HSDB, 1525, TERBUTRYNE, 13450, 1, 13450, “Menzie, C.M. Meta
Emma Schymanski » Jun 8, 2020 .\S68_HSDBTPS_StructurelnfoOnly.csv [e] :;Zi:fmwidi;Sczl;fe;gL_]d:,::hii;oi?egz?ljgﬁzzx;e::
S 6 8 | I—l S D BT P S | Tra n Sfo rm a't I O n P ro d u CtS Update PCLite_eval_support.R annotations\tps\H...formationTable.csv [@] :Zaﬁhﬁ;c:z:riz;’in:iEa::nw‘i}idizuii;:?i; ifi"usin
Emma Schymanski « Jun 8, 2020 ary ;etabolites observed ... included: thydr‘oxy)terhu
Extracted from HSDB Content in PubChem | s sowos e
Emma Schymanski « May 28, 2020 uronides and two t-butyl-0-glucuronides. Cr,ther metabol
LCSB-ECI; Krier, Jessy; (® Schymanski, Emma; PubChem Team; (® Bolton, Evan; (& Thiessen, Paul; (® Zhang, Jeff Update & ’ iesaeresiomedshveonesosacconbinationaok theélw
- 8.5 Transformations
This is the collection associated with list 568 HSDBTPS Transformation Products Extracted fron HSDB Content in
. Update
PubChem on the NORMAN Suspect List Exchange. enfll 19items View More Rows & Details [ ¥ Download
https://www.norman-network.com/nds/SLE/ Update
I
HSDBTPS is a list of metabolites / transformation products extracted from the "Metabolites/Metabolism" section from SORT BY Please Choose One e
HSDB (Hazardous Substance Data Bank) in PubChem (https:/pubchem.ncbi.nlm.nih.gov/source/11933). Dataset DOI:
10.5281/zenodo.3827487. Predecessor Predecessor Transformation Successor Successor Name Evidence DOI
Image Name Image
Preview v
2-[[4-(Ethylamino)-
o e 1
Predecessor_CID Predecessor_Name Successor_CID Successor_Name Transfi I Mammalian t153m Se_ttf;iyaliitﬂanyi
Terbutryn : S 10.1002/bms.1200050¢
metabolism 2-ylJamino]- !
13450 Terbutryn 110189337 2-[[4-(Ethylamino)-6-methylsulfanyl- mammi ~ ~ 2’!38thy|}3fopaf10ic
1,3,5-triazin-2-ylJamino]- metabc A
2-methylpropanoic acid 2-[[4-(Ethylamino)-
6-methylsulfanyl-
Terbutryn iammalan 1t 10.5281/zenodo.38274
1y metabolism 2-yllamino]- ’ :
~ . 2-methylpropanoic
acid
13450 Terbutryn 110189337 2-[[4-(Ethylamino)-6-methylsulfanyl- mammi
1,3,5-triazin-2-yllamino]- metabc °
https://git-r3lab.uni.lu/eci/pubchem/ 2-methylpropanoic acid m U.S. National Library of Medicine “ ll l I “ ‘
National Center for Biotechnol Informati
LCSB-ECI & PubChem Team. DOI 10.5281/zenodo0.3890392 e S °
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LuxPest — Terbutylazine and TPs — in Pub@hem

, Krier et al (2022). DOL:
PUb©hem Terbuthylazine (Compound) 10.1016/.envint.2021.106885

8.5 Transformations @ 4

30 items View More Rows & Details E ¥ Download

Please Choose One

Predecessor Predecessor Name Successor Successor Name Transformation Enzyme

desethyl-

terbuthylazine Environmental

terbuthylazine

https://pubchem.ncbi.nim.nih.gov/
compound/22206#section=

2-hydroxy- Transformations

terbuthylazine desethyl- Environmental

[ ]
terbuthylazine Il ll l I “
[

. : g hydroxy- :
terbuthylazine terbuthylazine Environmental
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I LuxPest — Terbutylazine and (tentative) TPs —

3 EIC (m/z = 230.1167)
3x10’ peak retention time (MS1)
> 7 April ; rt= 16.00 min
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5 July ; rt= 17.41 min
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September ; rt= 17.41 min
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1
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1 .
. 1 peak retention time (MS1)
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1 September ; rt= 12.70 min
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retention time linin]
1
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1
1.5x10° 1 peak retention time (MS1)
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| 1 September ; rt= 9.01 min
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1
'l
2 EIC (m/z = 202.0854) 1
1
3x10° : peak retention time (MS1)
> 1 [0 April ; rt= 26.51 min
£ 2x10° May ; rt=' 9.00 min
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In water!

Krier et al (2022). DOI:
10.1016/j.envint.2021.106885
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I LuxPest — Verification and Quantification

®m Fungicide ®Herbicide ®Insecticide = Multiple[ m Transformation Product]
12

(| R

-
o

o0]

NUMBER OF COMPOUNDS
o

Authorised Not Authorised Unknown

Krier et al (2022). DOI: 10.1016/j.envint.2021.106885.
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I Why Al? => Dark Matter and Transformations

[lluminating the dark matter
in metabolomics

Ricardo R. da Silva®®, Pieter C. Dorrestein®“', and Robert A. Quinn®

“Collaborative Mass Spectrometry Innovation el Cobmnlnint

Pharmaceutical Sciences, University of Californi Mass S pectrom etry
Pesquisa em Produtos Naturais e Sintéticos, De,
Ciéncias Farmacéuticas de Ribeirdo Preto, Univi
14040-903, Brazil; and “Center for Marine Biot
Institution of Oceanography, La Jolla, CA 9203

2
/|
A

Biological Sample

CSI:FingeriD

Chemical
Information

da Silva et al. (2015), PNAS, DOI: 10.1073/pnas.1516878112 o TR b eeeees
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http://biotransformer.ca/

PubChemLite

EXPOSOMICS
379,199 entries

2 M
Combinatorial explosion — more data -36M
needed to predict reaction likelihoods 11 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“.I“ ‘ el

Schymanski, Bolton, Cheng, Thiessen, Zhang, Helmus (2021) Transformations in PubChem, DOI:_10.5281/zenodo.5644560
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I FAIR Transformations in Pub(Clhem and NORMAN-SLE

= EAWAGTPS

= HSDB

= MetXBioDB

&= REFTPS

& SLUPESTTPS

= SWISSPEST19

@ THSTPS

= UACCSCEC

Pub(Clhem

Transformations

(GEVEN

[ ]
Schymanski ef al. (2021) DOI: 10.1186/s13321-021-00489-0; Helmus et al (submitted), DOI: 10.21105.j0ss.03978 ||||| I“
o

6,091 CIDs

>double the
BioTransformer
library

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

November 4, 2021
Transformations in PubChem - Full Dataset

(® Schymanski, Emma; (® Bolton, Evan; ® Cheng, Tiejun; (® Thiessen, Paul; (& Zhang, Jian (Jeff); & Helmus, Rick

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

For further details see the ECI GitLab site: README and main "tps" folder.

Credits: .
Concepts: E Schymanski, E Bolton, J Zhang, T Cheng; G I t La b
Code (in R): E Schymanski, R Helmus, P Thiessen

Transformations: E Schymanski, J Zhang, T Cheng and many contributors to various lists!

PubChem infrastructure: PubChem team.



https://doi.org/10.1186/s13321-021-00489-0
https://github.com/openjournals/joss-papers/tree/joss.03978/joss.03978
https://doi.org/10.5281/zenodo.5644560

A 4

P u b © h e m Parent#1  Parent 2 Tli #1 .
o . e PO o BioTransformer 3.0 §
ranstormations Parent #3  Parent#4 g

RRO%E 20

~ Parents In-silicolLibrary TPs b !
> target list, suspect screening, ! ‘ \ g G
annotations " e.—a
" suspec mz
Transformz?\tlon Change P 41 99.3678
Hydroxylation  +O TP #2 110.1245
C mp Demethylation -CH, l1p #3 189.9671 Prioritization
\ Dehydration -H,0 TP #4 167.8941 ] v
Metabolic logic TP suspect screening// H
ATz D[ 1 F TP #2 77’77’77’Parent : . . g u‘
% i 5 il | . Z 7 | |’ TP #1 ///’ o4 90 100 110 120 130 140 150
o] Ll 8 ~ /\ TP annotation
& 1ol.u 1ol.5 11|.o - 1:.5 - -12|.o 7 T T T \
NTA features == I —
MS similarity TP componentization I =
E —ﬁ“ R oiNH;
- AL
7 0
“TPs Reporting
Feature classification

° ceecee
Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0; Helmus et al (submitted), DOI: 10.21105.joss.03978 “l“ I“ setes:
. ......

Schymanski, Bolton, Cheng, Thiessen, Zhang, Helmus (2021) Transformations in PubChem, DOI:_10.5281/zenodo.5644560
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I Finding Small Molecules with Big Data ...
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-

#MassBank

High Quality Mass Spectral Database

Krier et al (2022). DOI: 10.1016/j.envint.2021.106885.
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Finding Small Molecules and Metabolites with Big Data

Pub@hem Ammeline (Compound)

r’r’\rxfA
 Extensive transformation

S e e product efforts
W e Ee ¥ = | Ephanced vistalisation
and interpretation
{ lake (:41- / f L“E’a‘sr
Pub©hem Terbuthylazine (Compound) -
8.3 Metabolism/Metabolites O

Metabolism of terbuthylazine in rats is similar to other chloro-s-triazine herbicides. The major routes of
metabolism ar¢ hydrolysis of the chlorine moiety and mono- or didealkylation. Hydroxylation of one or
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

» Hazardous Substances Data Bank (HSDB)

Urine and feces contained up to 25 and 15 identified metabolites, respectively, most of which were polar.
Degradation of the triazine ring did not occur. Ammeline and ammelide, 2 dechlorinated and
dealkylated/hydroxylated metabolites common to all triazines, were identified in low amounts in the feces.

USEPA; Reregistration Eligibility Decision (RED) Database for Terbuthylazine (5915-41-3). EPA 738-R-95-005 p.13 (March
1995). Available from, as of October 11, 2012: http.//www.epa.gov/pesticides/reregistration/status.htm

» Hazardous Substances Data Bank (HSDB)

Krier et al (2022). DOI: 10.1016/j.envint.2021.106885.
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I Outcomes (1)

~ PubChem Compound TOC ? 49,493,641

and Sustainable Development

» Agrochemical Information 2 3 045

» Associated Disorders and Diseases |E| 120,847 | CO ntl n U ed effO rtS fO r I m p roved
» Blologi Descrption 7] (2,058,521 monitoring of chemicals

» Biological Test Results ? 3,622,920 .

» Biomolecular Interactions and Pathways 2 425,253 (a n d a Ctl O n S ' )

» Chemical and Physical Properties 2 263,015 |n Luxem bou rg o

» Classification ? 1,454,824 and the W0r|d! e

» Drug and Medication Information 2 47,922

» Food Additives and Ingredients ? 8,414

» Identification |E| |@|
» Information Sources ? 20,271,277 -
» Literature ? 4,833,041 = u b hem the
» Names and Identifiers 7 1,275,170

» Patenis ? 36,351,418 // EXPOSOMICS

» Pharmacology and Biochemistry ? 110,628 , . @ ”
» Related Records ? 9,224,590 ~37O ; OOO entrIeS ma ”

» Safety and Hazards  ? 149,319 | 8 B | N e .

» Spectral Information ? 480,730
» Structures ? 9,117,635

» Toxicity 2 114,012 : , : ceccse
» Useand Manufacturing 2 | 115,321 U, National Library of Medicine i | lli I“ ‘ seesss
Chemical Safety ? 147,023 Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0 ¢ PR

National Center for Biotechnology Information
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Outcomes (2) — New Open Source Transformations Workflows

PubChem [ 77 I,
Transformations

4

o
Bmp 0 TP #2

Parent #3 Parent #4 e

on /

X544A T
|

patRoon 20,0 a Reference ~ Tutorial ~ Handbook ~ Changelog

\ 4

https://rickhelmus.qgithub.io/patRoon/ Links

Browse source code at
https://github.com/rickhelmus/

Installation

patRoon itself can be installed as any other R package, however, some additional installation steps are needed to install its
dependencies. Alternatively, R Studio based Docker images are available to easily deploy a complete patRoon environment. Please

see the installation section in the handbook for more information. patRoon/
....... Report abug at
. - https://github.com/rickhelmus/
-e
Ne Getting started *radg patRoon/issues
“ For a very quick start: P License
2 4 v [
: . L - library(patRoon) PUb hem the CPLS
é i 10.0 105 11.0 1‘1',5 - -1;: newprojECt() EXPOSOMICS Citation
NTA features The newpProject() function will pop-up adialog screen (requires R Studio), which will allow you to quickly select the analyses and Citing patRoon

common workflow options to subsequently generate atemplate R processing script. Devel opers

However, for a hetter guide to get started it is recommended to read the tutorial. Afterwards the handbook is a recommended
read if you want to know more about advanced usage of patRoon . Finally, the reference outlines all the details of the patRoen
package.

Rick Helmus

Author, maintainer

All authors...

Citing Dev status

X
UNIVERSITY OF AMSTERDAM When you use patRoon please cite its publications: e
o ececee
Helmus et al (submitted), DOI: 10.21105.joss.03978 “l“ I“ ‘ setes:
. LN N N N ]

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

https://ftp.ncbi.nlm.nih.gov/
pubchem/Other/Submissions/

* Help us help everyone! Publish your data using FAIR templates

Chemical Structures

PubChem_CID Name SMILES InChiKey

2256 Atrazine CCNC1=NC(=NC(=NT)C)NC(C)C MXWJVTOOROXGIU-UHFFFAQYSA-N
2328 Bentazone CCON1C(=0)C2=CC=CC=C2NS1(=0)=0 ZOMSMIJKLGFBRBS-UHFFFAOYSA-N
3030 Dicamba COC1=C(C=CC(=C1C(=0)0)ChCl IWEDIXLBFLAXBO-UHFFFAOYSA-N
3120 Diuron CN(CQ)C(=O)NC1=CC(=C(C=CT1)CI)CI XMTQQYYKAHVGBJ-UHFFFAOYSA-N

Transformations

Predecessor_CID Predecessor_Name Transformation Successor_CID Successor_Name

13101 6PPD Qzone 154926030 6PPD-quinone
2256 Afrazine Environmental 13878 Deisopropyl-atrazine
2256 Atrazine Mammalian metabolism | 135408770 Ammeline

Fungal metabolism 22563 Desethyl-atrazine

2256 Atrazine

NH,

N
X
| Nicotinamide N-methyltransferase = 0]
H,N P> » |
\ +
N
0]

Nicotinamide to MNAM DOI1:10.1124/dmd.112.049734

Schymanski & Bolton (accepted) FAIR-ifying the Exposome: Preprint DOI: 10.5281/zen0do0.5495109

Biosystem
Environment
Soil
Mammal

Fungus

FAIR chemical structures in the Journal of Cheminformatics

Emma L. Schymanski and Evan E. Bolton

Letter to the Editor | 7 July 2021

o The Letter Response to this article has been published in Journal of Cheminformatics
2021 13:49

Reply to "FAIR chemical structure in the Journal of
Cheminformatics"

Rajarshi Guha, Nina Jeliazkova, Egon Willighagen and Barbara
Zdrazil

Letter Response | 7 July 2021

o The Letter to the Editor to this article has been published in Journal of
Cheminformatics 2021 13:50

m U.S. National Library of Medicine

Schymanski & Bolton (2021) FAIR Chemical Structures. J. Cheminform. DOI: 10.1186/s13321-021-00520-4

National Center for Biotechnology Information
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