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I Outline

* |dentifying Chemicals with NT-HRMS

— Open Resources for Identification
— Workflows, Confidence, Limitations of MS/MS

* Dynamic Databases & Workflows PubChemLite
EXPOSOMICS

— Defining Relevant Chemical Space 379,199 entries
— Transformations: Known & Predicted

* No package too small?

 Applications in Environmental Studies



Environmental Cheminformatics & Non-target HR-MS
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Environmental Cheminformatics & Non-target HR-MS
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http://pubs.acs.org/doi/abs/10.1021/es4044374

I FAIR and Open Science

https://doi.org/10.1038/s44221-022-00014-z

Water science must be OpenScience

Emma L. Schymanski & Stanislaus J. Schymanski

Since water isacommon good, the outcome of
water-related research should be accessible to
everyone. Since Open Science is more than just
open access research articles, journals must
work with the research community to enable
fully open and FAIR science
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https://commons.wikimedia.org/wiki/File:FAIR data principles.jpg
Schymanski & Schymanski (2023) Nature Water. DOI: 10.1038/s44221-022-00014-z
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Mass Spectral Libraries: MassBank (Open Source & Data!)

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

WiMassBank  Search  Contents  Download = Accession - More'V¥

WIMassBank | EEESEE

Search for: (4-Aminophenyl)arsonic acid; LC-ESI-QFT; MS2; CE: 75; R=17500; [M+H]+
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Formula ( e.g. C6H7N5, C5H*N5, C5* )



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

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

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

I RMassBank: Processing MS/MS in R for MassBank

RMassBank R|M‘a's|s|Bank

platforms all rank 757/ 2230 support [0 / 0 § in Bioc| 11 years
build 'warnings § updated before release | dependencies | 143

DOI: 10.18129/B9.bioc.RMassBank

Workflow to process tandem MS files and build MassBank records

Bioconductor version: Release (3.17)

Workflow to process tandem MS files and build MassBank records. Functions include automated extraction BioC reviewer:
of tandem MS spectra, formula assignment to tandem MS fragments, recalibration of tandem MS spectra :

with assigned fragments, spectrum cleanup, automated retrieval of compound information from Internet i *
databases, and export to MassBank records. . 7 '

Author: Michael Stravs, Emma Schymanski, Steffen Neumann, Erik Mueller, with contributions from
Tobias Schulze

Maintainer: RMassBank at Eawag <massbank at eawag.ch>

Citation (from within R, enter citation("rMassBank™)):

Stravs MA, Schymanski EL, Singer H, Hollender J (2013). "Automatic Recalibration and Processing of e
Tandem Mass Spectra using Formula Annotation.” Journal of Mass Spectrometry, 48(1), 188. ll Ili I“ ‘ cecees
eeLCSB
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RMassBank: Processing MS/MS in R for MassBank

‘ R|M‘a's|s|Bank

online resources:
CTS, CACTUS

N\ /

Automatic MS and MS/MS Spectral Annotation with
Recalibration and Clean-up - Experimental Details
Remove interfering peaks - Compound Information
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h h w lu' MassBank.eu (a slide from

https://github.com/MassBank/RMassBank/ the arChlveS!)
http://bioconductor.org/packages/RMassBank/
Stravs, Schymanski, Singer and Hollender, 2013, ll lli I“ ::IEZE 10
Journal of Mass Spectrometry, 48, 89—99. DOI: 10.1002/jms.3131 ° PR



https://github.com/MassBank/RMassBank/
http://bioconductor.org/packages/RMassBank/

MassBank: Cross Resource Integration (managed in R)

https://qgitlab.lcsb.uni.lu/eci/pubchem/-/tree/master/massbank eu @ Arsanilic acid (Compound)
Data repo: https://doi.org/10.5281/zen0do0.5139996 Top 5 Peaks 217.9794 999

109.0523 595
108.0444 64

Environmental 199.9689 45
SCience “ ROYAL SOCIETY 181.9582 14

Processes & Impacts

PN OF CHEMISTRY

splash10-066r-0690000000-79ae659f03bdc3340757

View Article Online fideFeak izoet
View Journal 1000 " g1
) Check for updates. Adding open spectral data to MassBank and z
- = A
o PubChem using open source tools to support non- £ g
Cite this: DOI: 10.1039/d3em00181d . . — 00
targeted exposomics of mixturest
Anjana Elapavalore, @ *2 Todor Kondi¢, @2 Randolph R. Singh, & 2° o o
Benjamin A. Shoemaker, &) € Paul A. Thiessen, & € Jian Zhang, 2 € Evan E. Bolton ¢ o , I >“‘;9"%ﬂ|k‘qe9
and Emma L. Schymanskiﬁ!’"a 0 62> 12 w7 20
m/z
The term “exposome” is defined as a comprehensive study of life-course environmental exposures and the
associated biological responses. Humans are exposed to many different chemicals, which can pose a major CC BY
threat to the well-being of humanity. Targeted or non-targeted mass spectrometry techniques are widely
used to identify and characterize various environmental stressors when linking exposures to human health. Elapavalore, A,; Kondi¢, T,; et al.,, Adding Open Spectral Data to MassBank and

However, identification remains challenging due to the huge chemical space applicable to exposomics,

combined with the lack of sufficient relevant entries in spectral libraries. Addressing these challenges httDS.//DUbChem.anl.nIm.n|h.q0V/C0mDOUnd/
requires cheminformatics tools and database resources to share curated open spectral data on 7389#SeCt|On=LC—MS
° eccess
il ‘ e
. o000 OO

chemicals to improve the identification of chemicals in exposomics studies. This article describes efforts

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



https://doi.org/10.1039/D3EM00181D
https://pubchem.ncbi.nlm.nih.gov/compound/7389#section=LC-MS
https://pubchem.ncbi.nlm.nih.gov/compound/7389#section=LC-MS
https://gitlab.lcsb.uni.lu/eci/pubchem/-/tree/master/massbank_eu
https://doi.org/10.5281/zenodo.5139996

I Gathering Expert Knowledge: NORMAN-SLE

https://www.norman-network.com/nds/SLE/
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Searching for individual substance or group(s) of substanc:

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

Substance Database

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

Suspect List Exchange
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substances for suspect screening and prioritisation
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The NORMAN Suspect List Exchange (NORMAN-SLE) was
questions. The NORMAN-SLE documents all individual colle
(see Source column in SusDat). NORMAN-SLE versions are

Comments and contributions are welcome - please email us

Please refer to our documentation pages for: citation instructi
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A database of ARBs/ARGs in environmell

RESEARCH Open Access

The NORMAN Suspect List Exchange 2

(NORMAN-SLE): facilitating European
and worldwide collaboration on suspect
screening in high resolution mass spectrometry

Hiba Mohammed Taha'®, Reza Aalizadeh’®, Nikiforos Alygizakisa'?@, Jean-Philippe Antig nac*®,

Hans Peter H. Arp”®®, Richard Bade’®, Nancy Baker®®, Lidia Belova®®, Lubertus Bijlsma'’®,

Evan E. Bolton''®, Werner Brack'”"3®, Alberto Celma'®"@®, Wen-Ling Chen'*@, Tiejun Cheng"'®,
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Stellan Fischer?®, Pablo Gago-Ferrero?' ®, Aikaterini Galani’*®, Birgit Geueke??®, Natalia Glowacka’®,

Juliane Gliige”®, Ksenia Groh”*®, Sylvia Grosse”, Peter Haglund”®®, Pertti J. Hakkinen''®,

Sarah E. HaleSG, Felix HemandezmlB, Elisabeth M.-L. Janssenz"G,Tim Jonkers”@, Karin Kiefer”,

Michal Kirchner’®®, Jan Koschorreck?®®, Martin Krauss'2®, Jessy Krier' ®, Marja H. Lamoree?’®,

Marion Letzel*?, Thomas Letzel*'®, Qingliang Li''®, James Little*?, Yanna Liu**®, David M. Lunderberg***@®,
Jonathan W. Martin'’®, Andrew D. McEachran®®, John A. McLean®’®, Christiane Meier*@,
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Michael Neumann??®, Vanessa Neveu' ®, Kelsey Ng**’®, Herbert Oberacher®*®, Jake O'Brien’®,

Peter Oswald'3®, Martina Oswaldovag, Jaqueline A. Picacheﬁﬁ, Cristina Postigo‘”"“@, Noelia Ramirez‘i";""""’\"l:-)r
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'*’®,

Mark Sumarah™®, Paul A. Thiessen''@®, Kevin V. Thomas’ @, Sonia Torres™> @, Xenia Trier"3 @,

Annemarie P.van Wezel™®, Roel C. H. Vermeulen®®®, Jelle J. Vlaanderen®, Peter C. von der Ohe??®,

Zhanyun Wang®*®, Antony J. Williams*®®, Egon L. Willighagen®’®, David S. Wishart*®®, Jian Zhang''®, 2
Nikolaos S. Thomaidis?®, Juliane Hollender*?*®, Jaroslav Slobodnik®® and Emma L. Schymanski' @
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NORMAN-SLE: Now >100 lists!
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Open Source Workflows for NT-HRMS: patRoon
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Non-target HR-MS(/MS) Acquisition
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|dentification Strategies and Confidence in NT-HRMS(/MS)

Non-target HR-MS(/MS) Acquisition

| |
| Target list | | Suspect list |
| |

[ Peak picking or Xl(is ]

Suspect
Screening

~

Increasing identification
confidence

“downgrading” with
contradictory evidence

J

Limited by ref. std.
availability ...

E Level 2 | Probable Structure
! by library/diagnostic evidence
1
i S Level 3 | Tentative Candidate(s)
\ 5 | suspect, substructure, class
\\\\ i
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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
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I Key Challenge: MS and MS/MS alone is not enough!

mz
213. 9637

+ 5 ppm Pub()henI

5 ppm

0.001 Da ~—___ aﬁrag

Ranked Candidates //////

o 2= MS/MS
f““‘ 134.0054 339689
—\\"‘“--.\ 150.0001 77271 ~
o 213.9607 632466
Ruttkies, Schymanski et al. (2016) DOI: 10.1186/s13321-016-0115-9
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Key Challenge: MS and MS/MS alone is not enough!
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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
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I Adding in more information: MetFrag Relaunched (2016)

~ ColmFI;TO)r:b : References
mz emicals Dashboar Tox. Data
213. 9637 ‘\\‘\\\

Data Sources
+ 5 ppm Pub@hem

Exposure Info
Elements: C,N, S

MS-ready links
g -
0.001 Da \ Literature Patents
. frag
O=S—O

| x\\\\\\\\\\iuspect Lists
OH
RT: 4.54 min/

QTOFF IDENT
355 InChI/RTs

[ YR

suspects

CompTox
MassBank of North America

sWiMassBank MS/MS

Chemicals
Dashboard

High Quality Mass Spectral Database

logP orlog D

134.0054 339689
150.0001 77271
213.9607 632466

Retention Time (min)

Ruttkies, Schymanski et al. (2016) DOI: 10.1186/s13321-016-0115-9
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MetFragRL + PubChem + MS/MS + Metadata
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I MetFragRL + PubChem + MS/MS + Metadata

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

l. Rank=1 I . Rank=2 . Rank=3-5 . Rank=35 Missing

(
Pub@hem MetFragRL 2016

MS/MS only (n=473)

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

\

0 20 40 60 80 100%

BUT ...databases grow ... identification performance drops
... and run times rise ... (a lot!)

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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Our Chemical Past, Present, and Future
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I Outline

* |dentifying Chemicals with NT-HRMS

— Open Resources for ldentification | }
— Workflows, Confidence, Limitations of MS/MS

* Dynamic Databases & Workflows PubChemLite

— Defining Relevant Chemical Space 379,199 entries
— Transformations: Known & Predicted

* No package too small?

* Applications in Environmental Studies
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I The Problem: Which chemicals are relevant? How to find them?

A. Chemical Analysis

—== CAS

W A DIVISION OF THE

AMERICAN CHEMICAL SOCIETY

204 million Pub@hem —

CompTox 116 million | analySis
Chemicals l

@

Dashboard
1.2 milion PubChemlLite

EXPOSOMICS

R G
suspects ] '
115,695

Numbers updated 9 Sept. 2023 “ Ili .|“ ‘ eelcse 43

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 ~ | +eeeee

Suspect
screening
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I Grand Challenge: HR-MS “Chemical Space” is too Big!
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I Creating Informative Subsets of Pub@hem

v PubChem Compound TOC ? 67,343,260

¥ Agrochemical Information 2 3,135

;[v Agrochemical Information ? 3,135 ]

» Associated Disorders and Diseases E] 30,136

Agrochemical Category ? 1,977

» Biologic Description ? 2 511,444

» Biological Test Results ? 4,567,078
» Chemical and Physical Properties ?

» Classification ? 22 965,005

Agrochemical Transformations ? 1,491

EU Pesticides Data ? 1,248

268,878

USDA Pesticide Data Program ? 663

» Drug and Medication Information 2 21,177]

» Food Additives and Ingredients 2 7,627]

» Identification ? 4,8{]8]

» Information Sources ? 47,725,078

» Interactions and Pathways ‘Z| | 207,277 |

» Literature ? 4,076,955

» Names and Identifiers ? 7,021,765

» Patents ? 39,104,437

~ Associated Disorders and Diseases @ 30,136

Disease and References 13,386

v Interactions and Pathways |Z‘ 207,277

» Molecular Imaging Information 2 4,910

» Protein Bound 3D Structures ? 71,666

[» Pharmacology and Biochemistry ? 114,050]

Chemical-Target Interactions  ?

» Related Records ? 13,282,616

[ » Safety and Hazards ? 184,712 ]

» Spectral Information ? 1,576,070
11,819,155

» Toxicity ? 118,115]

» Structures ?

» Use and Manufacturing ? 107,943]

83,557
Drug-Drug Interactions ? 3,398

Drug-Food Interactions ? 1,246

Pathways ‘Z| 162,525

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

Pub@hem Furathiocarb (Compound)

Oxidation of Branched-Chain Fatty Acids
Source: PathBank  External ID: SMP0000030
Taxonomy: Homo sapiens (human)

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

Pub@hem Nicotine (Compound)

14 Associated Disorders and Diseases @z
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 i Download

U.S. National Library of Medicine

National Center for Biotechnology Information

seicsd 49
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I Creating Informative Subsets of Pub(Clhem

v PubChem Compound TOC ? 67,343,260

7

»

»

Agrochemical Information 2 3,135 L\
Associated Disorders and Diseases ‘T| | 30,136 |

»

Pub(C)

Biologic Description 2 2,511,444
Biological Test Results 2 4,567,078

Chemical and Physical Properties ? 268,878

» Classification ? 22 965,005
[ » Drug and Medication Information 2 21,177
( » Food Additives and Ingredients ? 7,627
» Identification ? 4,8{]8] o
» Information Sources ? 47,725,078 & rag
:* Interactions and Pathways E 207,277 Updated PubChemlLite to Aug 2023 version #127 I
» Literature ? 4,076,955 sneumann merged 2 commits into (SPBZHBLISHASEeR) from (SehymaRGimaSEeR) (L) last week
» Names and Identifiers ? 7,021,765 Database Settings

» Patents ? :
= 39’104’437 Database: [PubChemLite_exposomicﬁ‘ v |
[ » Pharmacology and Biochemistry ? 414,060
Neutral Mass: 229.10948 Search ppm: |5
» Related Records ? 13,282,616 - -
[ » Safetyand Hazards ? 184,712 Formula: [ CIH16CINSG |
» Spectral Information ? 1,576,070 Identifiers: [ |
b Stuctres [ 7] [41,619.155 0 +comsanes
» Toxicity ? 118,115

Use and Manufacturing ?

107,948 Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0

~350,000 entries “small”

hemLite
EXPOSOMICS

August 26,2023

Oen s

PubChemLite for Exposomics

(® Bolton, Evan; @ Schymanski, Emma; @ Kondic, Todor; @ Thiessen, Paul, @ Zhang, Jian (Jeff)

This is the repository for regular updates of the PubChemLite for Exposomics data collection. PubChemLite for
Exgosomics is a subset of PubChem selected from major categories of the Table of Contents page at the PubChem
kcation Browser, described in DOI:10.1186/513321-021-00489-0.

emLite for Exposomics is compiled from 10 categories: AgroCheminfo, BioPathway, DrugMediclnfo, FoodRelated,
Armacolnfo, Safetylnfo, ToxicityInfo, KnownUse, DisorderDisease, Identification.

Ph

PubChemCIDs have been collapsed by InChiKey first block, reporting the structure from the most annotated CID, plus
related CIDs. Entries that will be ignored by MetFrag (salts, disconnected substances) or cause errors (e.g. transition
metals) have been removed. The Patent and PubMed ID counts are extracted from files on the PubChem FTP site. The
‘AnnoTypeCount' term counts how many of the categories are represented, the subsequent column (named per category)
counts the number of annotation categories available in the next sub-category of the TOC entry.

These files can be used "as is' as localCSV for MetFrag Command Line.

o cecces
1 i Toll eccocoe

m U.S. National Library of Medicine ll Ill I“ 22022t 46
National Center for Biotechnology Information ° scccoe
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I Pub@hem Lite: Fewer and more relevant candidates — with

- ~ context
L2 AMassBank ﬂ(w PubClhemLite

High Quality Mass Spectral Database Suspec S EXPOSOMICS
~ PubChem Compound TOC ? 67,343,260
k J l » Agrochemical Information 2 = 3,135 ]

[» A D and D [2] W\I
» Biologic Description ? 2,511,444
» Biological Test Results 2 4,567,078
Y » Chemical and Physical Properties ? 268,878

» Classification ? 22 965,005
[ » Drug and Medication Information 2 21,177]

[ » Food Additives and Ingredients 2 7,627]

» Identificaion ? 4,808

» Information Sources ? 47,725,078

Candidate Score Distribution

[» and Panways 7 207,277 |
» Literature ? 4,076,955

7 / » Names and Identifiers ? 7,021,765
I S~ I Final Score » Patents 7] (39,104,437
6 4 ! ! ! !

[» Pharmacology and Biochemistry 2 114,060 ]

® r | — || MetFrag » Related Records ? 13,282,616
' | ExactSpectralSimilarity (o ey md el i)
» Spectral Information ? 4,576,070

o Y
Nicotine ,
4 ] I SuspectlistScore ]/ > Stuchires 7)) §11,519,155

E [— » Toxicity ? 118,115
§ : I - AnngT}fpeCQunt |> Use and Manufacturing 2 107,948]
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I How does Pub@hem Lite perform?

 ~111 M => ~400 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 high throughput

~90 % ranked first or second! identification

oooooo
000000

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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Influence of the Annotation Content in Pub@hem Lite

B rerk=1 P Rank=2 [ Rank=3-5 [ Rank>5 Missing

Pub@hem Jan 2020 (n=1336)

Literature, Patents

Pub©hem Lite Jgn 2020 (n=1336)

Literature, Patents

Pu b@hem Lite Jan 2020 (n=1336)

Literature, Patents, AgroChemScore

0 20 40 60 80 100

Green: Annotation only. Blue: MS/MS & annotation; subset of 977 benchmark set.  All values in %

Pub hem 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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Influence of the Annotation Content in Pub@hem Lite

B Rank=1 P Rank=2 [ Rank=3-5 Rank>5 Missing

Pub@hem Jan 2020 (n=1336)

Literature, Patents

Pub©hem Lite JB..FI 2020 (n=1336)

Literature, Patents

Pu b@ hemLite Jan 2020 (n=1336)

Literature, Patents, AgroChemScore

Pub@hem Lite 2020 agro (n=318)

MS/MS, Literature, Patents, AgroChemScore

Green: Annotation only. Blue: MS/MS & annotation; subset of 977 benchmark set.  All values in %

Pub hem 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 Influence of the Annotation Content in Pub@hem Lite

. Rank=1 . Rank=2 . Rank=3-5 . Rank>5 Missing

Jan 2020 (nh=1336)
=2 Jan 2020 (n=1336)
rus@rem e 271 [
Pub@hem Lite Jan 2020 (n=1336)
Literature, Patents, AgroChemScore
Pub@ hemL.ite 2020 agro (n=318)
MS/MS, Literature, Patents, AgroChemScore

0 20 40 60 80 >90% 100

>90% of (well known) entries are Top 1 rank
>97% are Top 2 ... 100 % Top 3 ...
Exposomics: Top 1-3 matches will cover a lot!
(and quickly!)

Pub hem 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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Pub@hem Lite is a Dynamic Collection ...

* ... built every week, updated online every month
* ... re-evaluated with every build for continuous quality control
* ... growing as knowledge grows!

Versions
o Emma Schymanski Version 1.25.0 Aug 26, 2023
@ESchymanski
10.5281/zenodo.8285969
Our PubChemlLite for #Exposomics collection hit a Version 1.24.0 e

milestone last week, cracking the 400,000 entry mark
with updated safety annotation content in @pubchem

10.5281/zenodo.8191746

Monthly (approx.) updates since mid 2021 are now Version 1.23.0 Jun 30, 2023
available here (DOI redirects to latest version): doi.org 10.5281/zenodo.8099155
/10.5281/zenodo...

Version 1.22.0 May 26, 2023

* PubChem Compound TOC  ? 49,493,641

e —— v = 10.5281/zenodo.7973696

» Assoclaled Disorders and Diseases 7 20,647 —— FUb©hem the j

+ Biologic Description 2 2,056,521 = ; EXPOSOMICS )

,\,370’000 entries “small” Version 1.21.0 Apr 29,2023

10.5281/zenodo. 7878471

» Blological Test Resuits ? 3,622,920
+ Blomolecular Interactions and Pathways 7 125,253 -
» Chemical and Physical Properties ? 263,015
» Classificaton 7 1,454,824

View all 26 versions

+ Literature 7 1,833,941

+ N s gonkirs 5] T8 J e 2022030, 20220311 | Diff

s oot (] RSl i) e [ AnnoTypeCount | 392609 | 403507 10898 D I' 1 O 5 28 1

§ Pharmacoiomy s Bochenisty [ IR | " | AgroCheminfo 2426 2426 0 . . - . ; . O . . /

e | | st BioPathway o T i Cite all versions? You can cite all versions by using the DOI S MeYd 1

T 1) sl — / / - = [ prugMedicinfo 8780 8781 1 , @ . .

omtn Ul e e Y - 10.5281/zenodo.5995885. This DOI represents all versions, Zenodo 5995885

b Stuctures 7 9,117,635 7 . Pharmacolinfo 90218 90223 5 3

e - A _ e T and will always resolve to the latest one. Read more. e

» UscandManufacturing 7 115,324 — Toxicitylnfo 101343 101343 0 o o000 00

Chemical Safety ? 147,023 KnownUse 77502 77519 17 ®ooooe 52

DisorderDisease | 19551| 19551 0 eeLCSB

- Identification 3180 3180 0 L Tl

https://twitter.com/ESchymanski/status/1503260666613932033
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https://doi.org/10.5281/zenodo.5995885
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I Putting Pub@hem Lite into Practice?

* Downloadable & fully integrated in patRoon & MetFrag

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

& emma.schymanski@unilu  ~

Upload Communities

Zenodo.org will be unavailable for 2 hours on September 29th from 06:00-08:00 UTC. See announcement.

August 26, 2023

PubChemlLite for Exposomics

Bolton, Evan; & Schymanski, Emma; @ Kondic, Todor; @ Thiessen, Paul; (§ Zhang, Jian (Jeff)

Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0 & DOI: 10.5281/zenodo.5995885
Helmus et al. (2021) patRoon J Cheminform 13, 1. DOI: 10.1186/s13321-020-00477-w

MetFragWeb

Learn more

Use MetFrag directly from your
browser which makes it pretty
easy for beginners

MetFrag CL

Learn more

The new MetFrag commandline
tool providing additional scoring
terms for scoring candidates with
MS/MS spectra

ure from the most
disconnected

& Communities

LCSB Environmental
Cheminformatics
Group

X Remove

This is data collection.
PubCh egories of the Table of
Conten
DOI:10 -

L 3

- | 2,087 1,778
PubCh - BioPathway,
DrugM: e, DisorderDisease, @ views & downloads
|dentifi ‘

See more details...

DOI: 10.5281/zen0do.5995885

https://ipb-halle.qithub.io/MetFraqg/

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

Installation

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
installation section in the handbook for more information.

Getting start:

For a very quick start:

¥rag

PubOhemLite

The newproject() function will pop-up a dialog screen (requires R Studio!) which will allow you to quickly
select the analyses and common workflow options to subsequently generate a template R processing
script.

library(patRoon)
newProject()

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
outlines all the details of the patRoon package.

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

License
GPL-3

Citation
Citing patRoon

Developers

Rick Helmus

Author, maintainer

All authors...

Dev status

%) build | passing
image size 2.17 GB

U.S. National Library of Medicine

National Center for Biotechnology Information

UNIVERSITY OF AMSTERDAM
X

1 o0

co0 00


https://rickhelmus.github.io/patRoon/
https://doi.org/10.1186/s13321-020-00477-w
https://ipb-halle.github.io/MetFrag/
https://doi.org/10.5281/zenodo.5995885
https://doi.org/10.1186/s13321-021-00489-0
https://doi.org/10.5281/zenodo.5995885

I Outline

* Dynamic Databases & Workflows

— Transformations: Known & Predicted

PubChemLite

EXPOSOMICS
379,199 entries

M

98 M

86 M
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Environmental Cheminformatics, NT HR-MS & Transformations

RT: 0.00 - 24.51

High resolution .
mass spectrometry & *j 115
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chemical knowledge
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24 M
Suspect Chemicals 115,695 rm SUSpeCtS

36 M
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Chromatogram: Schymanski et al. (2014) DOI: 10.1021/es4044374; Resource numbers updated 6 Sept. 2023.
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S
I Transforming Pub@hemLite with B e [ﬁ@k

http://biotransformer.ca/ s

2.4 M
36 M

PubChemLite

EXPOSOMICS
379,199 entries

version 1.0.0; DOI: 10.5281/zenodo.5995886

908 M

11 M

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“ ‘ L

Schymanski, Bolton, Cheng, Thiessen, Zhang, Helmus (2021) Transformations in PubChem, DOI:_10.5281/zenodo.5644560 @ 7777777 1 eeeeee



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 FAIR Transformations in Pub(Clhem and NORMAN-SLE
e

suspects

= EAWAGTPS

= HSDB

= July 28,2023 Open Access

= MetXBioDB

&5 REFTPS Pub @ hem Transformations in PubChem - Full Dataset

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

L]
S— P - . . " . || . . . . .
= SLUPESTTPS f t This is an archive of the data contained in the "Transformations" section in PubChem for integration into patRoon and other
— [ransformations workflows,

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

= SWISSPEST19

. Credits:
6 y 64 3 Ch e I I l I Ca I S Concepts: E Schymanski, E Bolton, J Zhang, T Cheng;
= THSTPS — Code (in R): E Schymanski, R Helmus, P Thiessen

Transformations: E Schymanski, J Zhang, T Cheng and many contributors to various lists!
= UACCSCEC > d O u b I e th e PubChem infrastructure: PubChem team

i ’ Reaction InChl (RInChl) calculations (v1.0): Gerd Blanke (previous versions of these files)

BioTransformer
C chevBL ibrary

[ ]
Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0; Helmus et al (2022) DOI: 10.21105/joss.04029 ||||| I“
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

Open Transformation Products Workflows in patRoon 2.0

BioTransformer '0

Metabolic logic
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Hydroxylation  +O P # 110.1245
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. Dehydration -H,0 TP #4 167.8941
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Feature classification

Schymanski et al. (2021) DOI: 10.1186/s13321-021-00489-0; Helmus et al (2022) DOI: 10.21105/joss.04029

Schymanski, Bolton, Cheng, Thiessen, Zhang, Helmus (2021) Transformations in PubChem, DOI:_10.5281/zenodo.5644560
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https://doi.org/10.1186/s13321-021-00489-0
https://doi.org/10.21105/joss.04029
https://doi.org/10.5281/zenodo.5644560
https://rickhelmus.github.io/patRoon/

7.1 Transformations

Pub@ hem (4-(Methylamino)phenyl)(phenyl)methanone (Compound)

@

E
oo ool
2 items
“ PY P Predecessor Predecessor
O O L , Q Name
o*‘ o8 ot‘ ol

Non-target S _
analysis Transformation products i . Malachite

i 1 green

@ O Malachite

i 1) green cation
March 8, 2023 2

S74 | REFTPS | Transformation Products and <
Reactions from Literature

(® Schymanski, Emma; ® Baesu, Anca; (® Chirsir, Parviel

Boiling
Canning
Microwaving

This is the collection associated with list S74 REFTPS Transformation Products and Reactions from Literature on the Source
NORMAN Suspect List Exchange.

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

Successor Successor Name

>

Ly
@ 4-(Methylamino)benzophenone

>

Ly
@ 4-(Methylamino)benzophenone

+ NORMAN Suspect List Exchange

NORMAN Suspect List Exchange

4-(Methylamino)benzophenone

i Download

Transformation Evidence DO

Thermally

induced

deconjugation 10.1016/).crfs.
and

demethylation

Thermally

induced

deconjugation 10.1016/j.crfs.
and

demethylation

Baesu et al. (2021) DOI: 10.1016/j.crfs.2021.09.010. S74 | REFTPS (2021) DOI: 10.5281/zenodo.4318838

° cecces
i.ln | s


https://doi.org/10.1016/j.crfs.2021.09.010
https://doi.org/10.5281/zenodo.4318838
https://ftp.ncbi.nlm.nih.gov/pubchem/Other/Submissions/
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FAIRifying PFAS TPs

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

7.1 Transformations

Q Search SORT BY Predecessor Name

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

Metabolic products and pathways of
fluorotelomer alcohols in isolated rat

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

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

Show more

Predecessor Predecessor Successor Successor Transformation Enzyme Evidence

+ Add to Me
Name Name

https://doi.org/1l

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

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

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

y Jon Martin

@ @AcademicTox

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

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

@PChirsir

° Emma Schymanski @ESchymanski - Jan 8

Spent a rainy afternoon FAIRifying #PFAS data from past @AcademicTox work,
thanks to @PChirsir efforts we've committed the first set to @pubchem incl. new
structures - hope to bring the 2005 PDF images to #OpenScience life soon!
Again @the_cdk Depict makes it so much fun @jwmay !
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https://twitter.com/AcademicTox/status/1479841982679765001
https://twitter.com/AcademicTox/status/1479841982679765001
https://doi.org/10.1016/j.cbi.2005.06.007
https://pubchem.ncbi.nlm.nih.gov/compound/69537#section=Pharmacology-and-Biochemistry

I Curating Text-mined Content in 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 is metabolized to
acyclovir monophosphate,
diphosphate, and triphosphate in
cells infected with herpes viruses,
principally by intracellular
phosphorylation of the drug by virus
coded thymidine kinase and several
cellular enzymes.
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Palm et al (2023) ShinyTPs, DOI: 10.26434/chemrxiv-2023-xm41h (accepted, ES&T Letters). Image by Emma Palm.
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I ShinyTPs: Curating TPs from Text Mining Results m
55
&

*

( 1. Read in data \ ( 2. Launch ShinyTPs \ (3. Check available data \

Selectan input compound
| ey

** L2 od “:0 009 90 ¢
‘:"“’ m:

X

[ Tetraconazole \

Parent Parent TP TP CID
CiD
+
= 80277 1810180

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

Selectan input compound
Selectan input compound
Tetraconazole
[ Tetraconazole \A Draw a strucutre _
. |\|\|-0|Q| + | = |C| Tetraconazole results in the formation 868__| HSDBTPS : Trans_forma*.lgn P!'Q{J LJ(?T.S
Input structure Potential TP strucutre of /1,2 4-triazole (T), triazolyl alanine Extracted from HSDB Content in PubChem
- (TA), triazolyl aceticacid (TAA)/ aswell
e ® a HN as /triazolyl hydroxypropionic acid/
",g(o’jm (/N‘NH . j)LOH (THP).
'{:J" I'~I=J (l_;’u Prodemas s Nawa Sucrmmer Sorzmant Mama aaformation  Eedemes DOV
N } i ‘-1'
Tetraconazole results in the formationof /1,2,4-triazole (T), trizzoblyl Done E +
alanine (TA), triazohl acetic acid (TAA)/ as well as ftriazolyl

hydroxypropionicacid (THP). SMILES:
\ ) WMHHMOH, / \ /

Palm et al (2023) ShinyTPs, DOI: 10.26434/chemrxiv-2023-xm41h (accepted, ES&T Letters). Image created by Emma Palm.
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https://doi.org/10.5281/zenodo.7885829
https://rickhelmus.github.io/patRoon/
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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

- 1500

1000

500

1965 1971 1977 1983 1989 1995 2001 2007 2013 2019
date

Depositor-supplied patent numbers

[ ecccoe
il | e
Aurich et al (2023). SETAC Presentation, DOI: 10.5281/zenodo.7885031 and https://qitlab.lcsb.uni.lu/eci/chemicalstripes



https://gitlab.lcsb.uni.lu/eci/chemicalstripes
https://doi.org/10.5281/zenodo.7885031
https://gitlab.lcsb.uni.lu/eci/chemicalstripes

Chemical Stripes in R
Patents & Literature

Schymanski et al.(2023) DOI: 10.26434/chemrxiv-2023-j823z
https://qgitlab.lcsb.uni.lu/eci/chemicalstripes

Chemical Stripes for Perfluorooctanesulfonic acid Patents

PubChem CID: 74483
First patent: 1913
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date

Depositor-supplied patent numbers

Chemical Stripes for Perfluorooctanesulfonic acid Literature

PubChem CID: 74483
First reference: 1981

I | I| 200
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date

Consolidated reference numbers
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https://gitlab.lcsb.uni.lu/eci/chemicalstripes
https://doi.org/10.26434/chemrxiv-2023-j823z
https://gitlab.lcsb.uni.lu/eci/chemicalstripes

‘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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https://gitlab.lcsb.uni.lu/eci/chemicalstripes
https://gitlab.lcsb.uni.lu/eci/chemicalstripes

Variety of Stripe Patterns: Patents

Chemical Stripes for Caffeine
PubChem CID: 2519

Chemical Stripes for Acetylcarnitine
PubChem CID: 1

First patent: 1966 First patent: 1973
I 6000 I 200
4000 150
100
2000
- N
: B
1965 1971 1977 1983 1989 1995 2001 2007 2013 2019 1965 1971 1977 1983 1989 19'95 2001 2007 2013 20'19
date date

Depositor-supplied patent numbers Depositor-supplied patent numbers

Chemical Stripes for Nicotine Chemical Stripes for Gallopamil
PubChem CID: 89594 PubChem CID: 1234
First patent: 1954 First patent: 1951
I 5000 I 1000
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i 1000 ' 250
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1965 1971 1977 1983 1989 1995 20I01 2007 2013 2019 1965 1971 1977 1983 1989 1995 20I01 2007 2OI13 2019

date date
https://qitlab.lcsb.uni.lu/eci/chemicalstripes Depositor-supplied patent numbers Depositor-supplied patent numbers
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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)

Chemical Stripes for Tetrafluoroboric acid

l 2000
1500
1000
I 500
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Chemical Stripes for Lithium tetrafluoroborate
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Left: Neuwald et al, STOTEN, DOI: 10.1016/L.scitotenv.2023.163921 1Rl
Photo of Daniel Zahn, UFZ at SETAC Europe, 30 April — 4 May, 2023. Image reused with permission
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* |dentifying Chemicals with NT-HRMS |
— Open Resources for Identification |
— Workflows, Confidence, Limitations of MS/MS

* Dynamic Databases & Workflows
— Defining Relevant Chemical Space
— Transformations: Known & Predicted

* No package too small?

» Applications in Environmental Studies
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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 (2017) ES&T Feature, 51:20, 11505-11512.

DOI: 10.1021/acs.est.7b02184
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http://dx.doi.org/10.1021/acs.est.7b02184

I Examples: LuxPest and Transformation Products

3 EIC (m/z = 230.1167)
3x107 peak retention time (MS1) j\ Krier et al (2022). DOI:
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Pesticides & TPs in Luxembourg

ig e"

THE GOVERNMENT
OF THE GRAND DUCHY OF LUXEMBOURG
Ministry of the Environment, Climate

National Library of Medicine

National Center for Biotechnology Information

NIH

and Sustainable Development

3 EIC (m/z = 230.1167)
|
3x107 j\ peak retention time (MS1)
= i i [ April ; rt= 16.00 min
Z2x10 /\N)\N)\NX May ; rt= 17.42 min
o} H H July ; rt= 17.41 min
€ 1x10° August ; rt= 14.63 min
- September ; rt= 17.41 min
01 - — = — d . October ; rt= 15.99 min
0 10 I 2 30
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1
1 EIC (m/z = 212.1506) :
(o]
P : peak retention time (MS1)
GERMANY BSx - 1 /NL " U April ; rt= 12,67 min
‘@ 2x10° I~ N May ; rt= 12.68 min
g 1 A i July ; rt= 12.67 min
E1x10° 1 August ;rt= [~ =~
: . September ; Emma Schymanski @ESchymanski - May 11
D (']A — 10 e T 2 - B October ; ri3 Congratulations to the #ECI LCSB @uni_lu #ClassOf2020 including @krije_
retention time [Inin] @AnjuAnjuraj15 @HibaMohamedTaha and @NarayananMira - special
1 congrats to @krije_ for the Germain Dondelinger Award for her masters
Echternach 4 EIC (m/z = 184.1193) 1 thesis! Our first graduates!
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> . .
2| Environment International
5]
BELGIUM £ Volume 158, January 2022, 106885
— Discovering pesticides and their TPs in
Luxembourg waters using open -
3 . . AMIS DE L'UNIVERSITE
2, cheminformatics approaches Garmi Dondtnger
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LuxPharma — 2019 versus 2020 & COVID
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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 CCS & MusselFiesta: Cleaner spectra; better identification
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I Finally ... Do we always need the entire chemical space?

A. Chemical Analysis

Pub@hem
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EXPOSOMICS - 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 =~ | ceeeee
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I Organism-specific Metabolomics?
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Taxonomy: Kim et al. (2022) DOI: 10.1016/j.jmb.2022.167514
Image source: Carla Merino, Noelia Ramirez (URV). Merino et al (in prep), Torres et al (in prep).
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I Organism-specific Metabolomics?

September 9, 2019

This is a local CSV file of WormJam
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title: "Finding _C. elegans_ Metabolites on PubChem"

author: "Emma SCHYMANSKI"
date: "19/e1/2022"
output: pdf_document

knitr::opts_chunk$set(echo = TRUE)
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Data processing and compound identification
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Exposomics: Disease-specific Information in PubChem
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I Exposomics: Disease-specific Databases and Interpretation g

Information available varies widely depending on disease and sample
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I Exposomics: Disease-specific Databases and Interpretation g
Information available varies widely depending on disease and sample Wﬂ’
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I Exposomics: Disease-specific Databases and Interpretation g (

Information available varies widely depending on disease and sample
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“Take home™ Messages

* Open, FAIR data supports NT-HRMS workflows
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“Take home” Messages

- Dynamic, Open Collection: FUb©EX?£(H£%/
o Expert knowledge to fill the gaps
o Annotation content is extremely powerful
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* Transformations and Metabolism PubChemlLite 11M% .
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I Today's Video / Soundtrack

Our Chemical Past, Present, and Future

low / / high number of patents registered per year (WIPO)
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