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Environmental Cheminformatics & High Resolution Mass Spec
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I The Problem: Which chemicals are relevant? How to find them??

. : A. Chemical Analysis
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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
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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

https://rickhelmus.github.io/patRoon/ Rick
Helmus
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Helmus et al (2021). patRoon. J. Cheminformatics. DOI: 10.1186/s13321-020-00477-w
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I MetFrag: Connecting Knowledge for Chemical Identification <
https://msbi.ipb-halle.de/MetFrag/ http://ipb-halle.qithub.io/MetFrag/
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I Problem: “Chemical Space” is too big!
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I Solution: Pick out the most relevant pieces - e.qg. Pub@hem £

~ 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
B EU Pesticides Data ? .
» Biomolecular Interactions and Pathways | ? | | 125,253 1,213 7.1 Ag rochemical Category @ Z
» Chemical and Physical Properties ? 263,015 USDA Pesticide Data Program | 2 o979 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 | ? | | 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
Chemical Safety ? 147,023 SChymanSki et al. (2021 ) DOI: 10.1186/s13321-016-0115-9 National Center for Biotechnology Information ° seeeee



https://link.springer.com/article/10.1186/s13321-016-0115-9
https://pubchem.ncbi.nlm.nih.gov/compound/Furathiocarb#section=Agrochemical-Information

I Introducing Pub@hem Lite

~ PubChem Compound TOC ? 49,493,641

» Agrochemical Information 2 3 045 PO rta b I e y dyn a m IC a n d h Ig h Iy re I eva nt!
» Associated Disorders and Diseases |E| |@|

» Biologic Description ? 2,056,521

» Biological Test Results ? 3,622,920

» Biomolecular Interactions and Pathways 2 425,253
» Chemical and Physical Properties ? 263,015

» Classification ? 1,454,824

» Drug and Medication Information ? 17,922

» Food Additives and Ingredients 2 8,414/

» Identification |E| 4,968

PubClhemLite

EXPOSOMICS
~370,000 entries “small”

» 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
» Safety and Hazards ? 149,319
» Spectral Information ? 480,730
» Structures ? 9,117,635
» Toxicity 2 114,012
» Use and Manufacturing ? 115,321
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m U.S. National Lilbralry |Of r\fltfedicirje ll lll I“ ‘ :;EEEE
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Chemical Safety 2 147,023 Schymanski et al. (2021) DOI: 10.1186/s13321-016
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hemLite: Fewer and more relevant candidates — with
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https://massbank.eu/MassBank/RecordDisplay?id=EQ300804

I Influence of the Annotation Content in Pub@hem Lite
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Non-target screening for “known unknowns”
now yields quick answers!!

Pu b © hem m U.S. National Library of Medicine

National Center for Biotechnology Information

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

I Putting Pub@hem Lite into Practice? Ijl-lb(Qhem Lite

* Downloadable & fully integrated in patRoon, MetFragWeb & MetFrag CL!

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

Upload Communities & emma.schymanski@unilu |~

patRoon f1:2:0 a® Reference ~ Tutorial ~ Handbook ~ Changelog

October 31, 2020 Open Access

https://github.com/rickhelmus/
patRoon/issues

PubChemlLite for Exposomics Installation }
icense

patRoon itself can be installed as any other R package, however, depending on which algorithms you want
to use in your workflow, some extra steps may be required to install all the necessary tools. Please see the GPL-3
installation section in the handbook for more information.

Bolton, Evan; & Schymanski, Emma; (® Kondic, Todor; (® Thiessen, Paul; (® Zhang, Jeff

PubChemLite is a subset of PubChem (https:/pubchem.ncbi.nlim.nih.gov/) selected from major & Communities

categories of the Table of Contents page at the PubChem Classification Browser LCSB Environmental Citation
(htd there is now just one Cheminformatics Citing patRoon
"ex| bciated Disorders & Group G etti n Sta rted
D g Developers
. For a very quick start: —
:Ul -® mtn; 1fO Cﬁtéginlesf' TS J) Rick Helmus
Kg =-'. ra g -y into, Toxicityinto, 1library(patRoon) Author, maintainer
n
1 ,409 1 ,51 5 newProject() All authors...
Puk cture from the most
i @ views & downloads
ang Z Tsctonnj?esM dID The newproject() function will pop-up a dialog screen (requires R Studio!) which will allow you to quickly Dev status
atent and PubMe :
See more details.. i i
ht" term counts how select the analyses and common workflow options to subsequently generate a template R processing m

script.
category) counts the P %) build | passing

entry. However, for a better 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

MetFragWeb MetFrag CL DOI 105281 /Zen0d03548653 outlines all the details of the patRoon package.

Use MetFrag directly from your The new MetFrag commandline
browser which makes it pretty tool providing additional scoring

e emacnacaes v | https://ipb-halle.qithub.io/MetFrag/ ) UNIVERSITY OF AMSTERDAM
X

. . . . o L]
Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9 NIH) U National Library of Medicine BTN I“ ‘ :
Helmus et al. (2021) patRoon J Cheminform 13, 1. DOI: 10.1186/s13321-020-00477-w : ¢ :
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I Non-target High Resolution Mass Spectrometry (NT-HRMS)
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I Examples: Distribution of Chemicals in Various Matrices

Retrospective screening of REACH chemicals in Black Sea samples
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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
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Examples: NORMAN Digital Sample Freezing Platform

“Live” retrospective screening of known and unknown chemicals in European samples
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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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Hollender, Schymanski, Singer & Ferguson (2018) ES&T Feature, 51:20, 11505-11512. DOI: 10.1021/acs.est.7b02184 1 eeeees
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