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Harnessing the Exposome, Chemlnformatlcs
and Mass Spectrometry for F
Clinical Metabolomics -

Assoc. Prof. Dr. Emma L. Schymanski .
(plus many, many colleagues and collaborators!) Y.

Environmental Cheminformatics Group,
Luxembourg Centre for Systems Biomedicine, University of Luxembourg

Email: emma.schymanski@uni.lu and @ESchymanski
Web: https://wwwen.uni.lu/lcsb/research/environmental cheminformatics/

MSACL 2021 EU, 7t Congress, Virtual Slides available at
Aug. 31-Sept. 3 & Sept. 13-17, 2021 | DOI: 10.5281/zenodo.5501142

Image mod. from DOI: 10.1126/science.aay3164.
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I The Exposome -

 Christopher Wild (2005) -

“All exposures from conception onwards, including -
those from lifestyle, diet and the environment” ?3@

b

* Miller and Jones (2014) functionalized this to:

“The cumulative measure of environmental influences
and associated biological responses throughout the
lifespan, including exposures from the environment,
diet, behaviour and endogenous processes”

* (Under)estimated 16 % (9 million) deaths per year worldwide
due to environmental pollution alone (Landrigan et al. 2018)
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Image c/o Lucie Debroux LCSB, modified from images by Utrecht Uni & Vermeulen et al. (2020). Science. DOI: 10.1126/science.aay3164. Wild (2005) ll I“ I“ ‘ ------
DOI: 10.1158/1055-9965.EPI-05-0456; Miller & Jones (2014) DOI: 10.1093/toxsci/kft251; Landrigan et al (2018) DOI: 10.1016/S0140-6736(17)32345-0 - 7 | weeees
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Background: Environmental Cheminformatics & HR-MS
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Background: Environmental Cheminformatics & HR-MS

RT: 0.00 - 24.51

High resolution T,
mass spectrometry |
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AND connecting
chemical knowledge <=1
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Suspect Chemicals 100s-1000s rw SuspeCtS
Mass Spectral Libraries ~80,000 5.8 MassBank.eu

CompTox Dashboard 882,000 \.“’EPA m
PubChem Compound >111 million Pub©hem
1st Gen. PubChem Metabolites >2 billion @ Pub@hem
Generated Structures Millions of billions ° I
nii

Schymanski et al. (2014) DOI: 10.1021/es4044374; Vermeulen et al. (2020) DOI: 10.1126/science.aay3164
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I Background: Identification with HR-MS

d
HRMS data
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Helmus et al (2021). patRoon. J. Cheminformatics. DOI: 10.1186/s13321-020-00477-w
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I Open Source Workflows for NT-HRMS: patRoon

Software | Open Access | Published: 06 January 2021

patRoon: open source software platform for Helmus
environmental mass spectrometry based non-target
screening
Data inspection,
Rick Helmus & Thomas L. ter Laak, Annemarie P. van Wezel, Pim de Voogt & Emma L. Schymanski 1 . . . . <
visualization & reporting
Journal of Cheminformatics 13, Article number: 1 (2021) ‘ Cite this article T —— 1
1394 Accesses |2 Citations | 20 Altmetric | Metrics A ’
.. Ml Data reduction &
Componentization — ¥ . Y,
conversion \
Journal of Cheminformaties ~ —/— —~— | T —= "
———————— ‘,’
HRMS data q Features Annotation
[ Raw HRMS data v Features ~—»  Feature groups v - MS peak lists
Pre-treatment * Param. optimization Suspect screening |[“ »  Formulae
» Compounds
UNIVERSITY OF AMSTERDAM
X N ceceee
il | i

Helmus et al. (2021) patRoon J Cheminform 13, 1. DOI: 10.1186/s13321-020-00477-w
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I Open Source Workflows for NT-HRMS: Shinyscreen
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Kondic et al. (in prep) https://git-r3lab.uni.lu/eci/shinyscreen

https://qit-r3lab.uni.lu/eci/shinyscreen

B

Anjana Elapavalore, Mira Narayanan,
Todor Kondic, Jessy Krier,
Hiba Mohammed Taha.
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I Mass Spectral Libraries: MassBank (Open Source & Data!)

https://massbank.eu/MassBank/

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

#WIMassBank Search Contents Download Accession - MoreV

MassBank

High Quality Mass Spectral Database

Search for:

‘ Basic Search ‘ Peak List

Compound Information

Compound name

Exact Mass

AND E
AND E

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

Peaks

Peak Differences

(4-Aminophenyl)arsonic acid; LC-ESI-QFT; MS2; CE: 75; R=17500; [M+H]+
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https://massbank.eu/MassBank/
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I Expert Knowledge: NORMAN Database System

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

Q

gor

NORMAN Database System

NORMAN

[ Y

SEAR

Search

Note: C

)

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

NORMAN Suspect List Exchange - NORMAN SLE

# NORMAN WEBSITE | €2 NORMAN DATABASE SYSTEM | 4@ HOME | %] LOGIN

NORMAN SUBSTANCE DATABASE

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).

& Chemical Occurrence Data

A database of geo-referenced monitoring data on

emerging substances

Antibiotic Resistance
>

Bacteria/Genes

A database of ARBs/ARGs in environmental
matrices

<

Ecotoxicology

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

3B

~
MassBank Europe

A database of mass spectra of emerging ° ceeese
substances to support identification of unknown I' ll I I “ celise
substances y bl IR °



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

NORMAN Suspect List Exchange (>80 lists!)

I Expert Knowledge

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

https://www.norman-network.com/nds/SLE/
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https://www.norman-network.com/nds/SLE/
https://zenodo.org/communities/norman-sle

I Connecting Knowledge for Chemical Identification: MetFrag <
https://msbi.ipb-halle.de/MetFrag/ http://ipb-halle.qithub.io/MetFrag/
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Ruttkies, Schymanski et al. (2016) DOI: 10.1186/s13321-016-0115-9 Candidate Index
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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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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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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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Examples: NORMAN Indoor Dust Collaborative Trial
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This study revealed and confirmed differential abundances MICROH
of gut microbial taxa in PD patients vs Control
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I The Problem: Which chemicals are relevant? How to find them??

. : A. Chemical Analysis
—== CAS .
W A DIVISION OF THE
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I |dentification Strategies and Confidence in NT-HRMS(/MS)

Non-target HR-MS(/MS) Acquisition
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aquatic research
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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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|dentification Strategies and Confidence in NT-HRMS(/MS)

Non-target HR-MS(/MS) Acquisition
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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 Introduction to MetFrag  https://msbi.ipb-halle.de/MetFrag/

mz .
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Ruttkies, Schymanski, Wolf, Hollender, Neumann (2016) J. Cheminf., DOI: 10.1186/s13321-016-0115-9 “ I“ I“ ‘
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I Key Challenge: MS and MS/MS alone is not enough!

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

0 20 40 60 80 100%

Schymanski, Kondic, Neumann, Thiessen, Zhang & Bolton (2021) J. Cheminf., DOI: 10.1186/s13321-021-00489-0 “ Ili I“
Ruttkies, Schymanski, Wolf, Hollender, Neumann (2016) J. Cheminf., DOI: 10.1186/s13321-016-0115-9 ¢
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I Key Challenge: MS and MS/MS alone is not enough!
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I Status Quo in 2016: MetFrag Relaunched ...

References

mz \IEPAM\ ox. Data
213. 9637

Data Sources
t 5 ppm Pub@hem Exposure Info
MS-ready links
Elements: C,N, S
5 ppr & 4
0.001 Da \ Literature Patents
. ¥rag
O=S—O

‘\\\\\\\\\\iuspect Lists
CTOFF IDENT

e SEPA

éH
RT: 4.54 min

355 InChI/RTs

MassBank of North America

suspects
slMassBank MS/MS 2

High Quality Mass Spectral Database

logP orlog D

134.0054 339689
150.0001 77271
213.9607 632466

Retention Time (min)

Ruttkies, Schymanski, Wolf, Hollender, Neumann (2016) J. Cheminf., DOI: 10.1186/s13321-016-0115-9

eawag

aquatic research

salutiTns

oooooo


https://doi.org/10.1186/s13321-016-0115-9

I MetFragRL + PubChem + MS/MS + Metadata

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

. Rank=5 Missing

f
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\ MS/MS + Metadata (n=1298)
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I MetFragRL + PubChem + MS/MS + Metadata
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I Problem: Exposomics “Chemical Space” is too big!
ChemSpider
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I Can we break down Pub({Chem into useful bits?

* PubChem Compound TOC ?

»

>

4

»

»

Chemical Safety ?

49,493,641

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

Associated Disorders and Diseases E] 20,847 Agrochemical Category ? 11903
2,056,521

3,622,920
Biomolecular Interactions and Pathways |T| | 125,253

Biologic Description  ? ) .
lologic Description | £ Agrochemical Transformations ? 1,383

Biological Test Results 2
EU Pesticides Data ? 1,213

USDA Pesticide Data Program ? 579

Chemical and Physical Properties ? 263,015
Classification ? 1,454,824 v Use and Manufacturing ? 115,321]
Drug and Medication Information 2 17,922 » Uses ? 27,314
Food Additives and Ingredients ? 8,414 Consumption Patterns = 2 1.168
Identificati
= on@ Formulations/Preparations ? 4,742
Information Sources ? 20,271,277

General Manufacturing Information ?
Literature ? 1,833,941
Names and Identifiers 7 4,275,170 Impurities | ? 870
Patents ? 36,351,418 Methods of Manufacturing ? 6,192
Pharmacology and Biochemistry ? 110,628 Overview ? 1,179
Related Records 2 9,224,590 Sampling Procedures ? 579
Safety and Hazards ? 149,319 Us Exporls = 1.038
Spectral Information 2 480,730 '

US. Imports ? 1,547
Structures ? 9,117,635
Toxiclty 2 114,012 U.S. Production ? 5,500
Use and Manufacturing 2 115,321 Use Classification ? 63,558

147,023 Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9

=: CONTENTS P
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Pub © hem Furathiocarb (Compound)

7 Agrochemical Information

7.1 Agrochemical Category @B

Insecticides

» EU Pesticides Database

@

7.2 Agrochemical Transformations

52,353

Furathiocarb has known environmental transformation products that include carbofuran.
S60 | SWISSPEST19 | Swiss Pesticides and Metabolites from Kiefer et al 2019 | DOI:10.5281/zenodo0.3544759

» NORMAN Suspect List Exchange

7.3 EU Pesticides Data @ 4

Active Substance furathiocarb

Status Not Approved [Reg. (EC) No 1107/2009]

Categories Insecticides

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

Furathiocarb#section=Agrochemical-Information

U.S. National Library of Medicine

National Center for Biotechnology Information
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I Introducing ...

~ PubChem Compound TOC ? 49,493,641

» Agrochemical Information 2 3 045

» Associated Disorders and Diseases @ 20,847
» Biologic Description ? 2,056,521

» Biological Test Results ? 3,622,920
» Biomolecular Interactions and Pathways |Z| 125,253
» 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/s13321-016-0115-9

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 '3 7 2

¢ 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.

1,477

@ views &% downloads

See more details...

o cecens
U.S. National Library of Medicine ll Ill I“ seeeee
National Center for Biotechnology Information ° XXXXR
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MetFragRL + PubChemlLite: tailor-made database + metadata
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\ } ~ PubChem Compound TOC ? 49,493,641

» Agrochemical Information 2 3,045
» Associated Disorders and Diseases 7 20,847

» Biologic Description 2 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
Candidate Score Distribution
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' . F.i n al SCD re » Literature 2 1,833,941
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How does PubChemlLite perform?

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

Missing

B o=t | rov= :
MetFragRL 2016
Pub@hem MetFragRL 2016
MS/MS + Metadata (n=1298)
Pub@hemLite November 2019
MS/MS, Ref, Patents, Anno (n=1298)
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How does PubChemlLite perform?

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

Missing

B =t [ ron=

MetFragRL 2016

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

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

[
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I Transformation Products: Filling the Data Gaps!

Pub@hem NORMAN Suspect List Exchange

~ NORMAN Suspect List Exchange Classification 2 » 113,080 » Human Metabolite Information 2 64,199
Metabolism/Metabolites ? 8,204

[v Pharmacology and Biochemistry ? 112,039 ]

» S13 | EUCOSMETICS | Combined Inventory of Ingredients Employed in Cosmetic Products (2000) and Revised Inventory (2006) ? 3,85
Transformations ? 5,857

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

» $36 | UBAPMT | Potential Persistent, Mobile and Toxic (PMT) substances 7 254 PUb©hem Terbuthylazine (Compound

. - . . - )
» S50 | CCSCOMPEND | The Unified Collision Cross Section (CCS) Compendium ? 885 8.5 Transformations @ z
» S60 | SWISSPEST19 | Swiss Pesticides and Metabolites from Kieferetal 2019 7 41.343 _ _ )

2 Page 3 of 25 items View More Rows & Details z i Download
» S61| UJICCSLIB | Collision Cross Section (CCS) Library fromUJI 2 574
SORT BY Please Choose One v

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

. . Predecessor Predecessor Transformation  Successor Successor Name Evidence DOI
» S68 | HSDBTPS | Transformation Products Extracted from HSDB Content in PubChem ? 402 Image Name Image

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

6-Chloro-1,3,5-
triazine-2,4- 10.5281/zenodo.382°
diamine

Mammalian

Terbuthylazine Bl

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

S00 | SUSDAT | Merged NORMAN Suspect List: SusDat 2 99,130
desethyl

» S75| CyanoMetDB | Comprehensive database of secondary metabolites from cyanobacteria 2 2,03£i
i@’*’ Terbutylazine Deethylation %" Bl el 10.1007/513361-017-

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

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

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/s13321-016-0115-9
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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
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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)
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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
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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
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Green: Annotation only. Blue: MS/MS & annotation; subset of 977 benchmark set.  All values in %
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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
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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)
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rus@rem e 271 [
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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 ...
Clinical applications: Top 1-3 matches will cover a lot!
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MetFrag Example: Nicotine and Disease Associations

https://msbi.ipb-halle.de/MetFrag/ P?Ub©.?x?<r)2<!'|\:|tc%

MetFrag

F rag In silico fragmentation for computer assisted idenfffication of metabolite mass spectra

Database Settings

Database: [PubChemLite_O‘lJanZUﬂ‘ Parent lon: | | H+ ~ | Calculate

CompTox_01May18_SelectMetaDataPlus

Neutral Mass:
e PubChemLite, 014202021, exposomics ]

F _ COCONUT4MetFrag
ormula:

CyanoMetDB_MetFrag_Feb2021
Identifiers: HBM4EU_CECscreen_MF_1Jul2020

BloodExposomeDB_03Dec2019
Retrieve Candidate pybChemlLite_01Jan2021_exposomics_CCSbas ,,
< >
Candidate Filter & Sc

Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9
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I MetFrag Example: Nicotine and Disease Associations m.ﬁrag

Candidate Filter & Score Settings

Candidate Filters
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L
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il
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Substr

Substr

Substr

Minimung

Maximug

Suspec

—

AgroCheminfo

AnnoTypeCount

BioPathway
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FoodRelated
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KnownUse

Patent_Count

Pharmacolnfo

PubMed_Count

oo o o@eMEe §

Related_CIDs
Safetylnfo

Toxicitylnfo

item(s) selected

#MMassBank

High Quality Mass Spectral Database

MetFrag Scoring Terms

N

O

O

O

Substructure Inclusion Rij b © h e m Lite

EXPOSOMICS

Substructure Exclusion
Retention Time
Suspect Inclusion Lists

Spectral Similarity (MoNA)

w| O

Exact Spectral Similarity (MoNA)

O

Statistical Scoring

Database Scoring Terms

Select Item(s) 0 of 14 item(s) selected

Fraamentation Settinas & Processina
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e e 00 00

[ ecccoe
XXxxxl

eeLCSB

. LN N N N ]


https://link.springer.com/article/10.1186/s13321-016-0115-9

I MetFrag Example: Nicotine and Disease Associations m?‘rag
e

MetFrag (1st)

s
=
(=)

ExactSpectralSimilarity (2nd)

AnnoTypeCount (3rd)

-
=)
(=)

DisorderDisease (4th)

Experimental evidence / values

| Download Results |

Filter Candidates by explained MS/MS Peaks

#MassBank

High Quality Mass Spectral Database

PubClhemLite

EXPOSOMICS

| MSIMS Peaks ~ || Filter Candidates |

EE el &I Disease/Disorder information available
PubMed_Count (6th) oy 100 | % |y
< = Elz)3lals]eliz] o] =]
# ‘ Molecule ‘ Identifier ‘ Mass ‘ Formula Mormalized Scores ‘ FinalScore ‘ Details
| | _ A
J~ Spectral Match 0.999 [ {——— il
b _ \ 90508 o e Level 2: Probable structure
1 ~ 162.1157 10H14N2 o em——— 5.692 .
e kiR S a) by library spectrum match
"Q b . . .
3125) & ! b) by diagnostic evidence
1-methylpyrrolidin- 0.0 0.2 0.4 0.6 0.8 1.0
2-yllpyridine ‘ ‘
b [ ) Peaks: 6/ 8
2181 5 ! ' | Fragments |
2 = i B 162.1157 CygH1aN2 ) S—— 2.7289
~ MTXSIJUGVMTTMU t:.@ — ————
N < | )
3-piperidin-2-ylpyridine 00 02 040608 10 | | | 0 e w | cocee

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



https://link.springer.com/article/10.1186/s13321-016-0115-9

MetFrag Example: Nicotine and Disease Associations m?‘rag

| Resars
- | | AMassBank
Metfrag (150 ey [0] % Experimental evidence / values oh Quality Mass Spectral Database

Download Results

= f ! 1 | | A
ExactSpectralSimilarity (2nd) oy | 100 | % : ' Pu b © h e m Lite
AnnoTypeCount (3rd) | O —

[ 100 | % Filter Candidates by explained MS/MS Peaks EXPOSOMICS
DisorderDisease (4th) ey | 100 | 9%, ' | MSIMS Peaks v || Filter Candidates _i
Patent_Count (5th) oy | 100 o, o . . . .
E— e R Disease/Disorder information available
PubMed_Count (6th) oy (10| % |
B2 3]4][5]6][7]»]~]
# Molecule Identifier

I . About Blo Submit Contact
; Pub@hem 9

N
|~|1 7 \ 89594
3 CH, ~ InChiKeyBlock1 = 7
SNICXCGAKADSCY -
Explore Chemistry ,
1-methylpyrrolidin-
2-yllpyridine
Quickly find chemical information from authoritative sources
2181
? - N InChiKeyBlock1 = ‘
0 MTXSIJUGVMTTMU 89594
: ! b‘t‘\ l - ‘ . r : Download : T

3-piperidin-2-ylpyridine . | | 0.0 0.2 0.4 0.6 0.8 1.0

1.}
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PubChem Annotations: Disease Associations Pub@hem

Pub@hem Nicotine (Compound) (i
14 Associated Disorders and Diseases @B
) ) _ 99 Cite ¥ Download
Page 36 of 246 items View More Rows & Details Z i Download
CONTENTS “
Disease Evidence Type Evidence PMID
~
1lldentification .
Paresis marker/mechanism 1736170 Review > Psychiatr Prax. 1995 Nov;22(6):223-7.
Parkinson Disease, Secondary therapeutic 8570751 . . . P b d
[Neuroleptics and nicotine] s €d.gov
Periodontal Diseases marker/mechanism 12200972
[Article in German]
Peripheral Nervous System Diseases marker/mechanism 16915382 R Erdmann 1
Affiliations + expand
Peripheral Vascular Diseases marker/mechanism 19559087 1  pMmID: 8570751
< Previous 1 .. 34 35 36 37 38 .. 50 Next >
—_— Abstract

P Comparative Toxicogenomics Database (CTD)

Disease References

PubMed: 9137998, 8294547, 10636262, 6890513,

https://pubchem.ncbi.nim.nih.gov/compound/89594#section=Associated-Disorders-and-Diseases

Excessive smoking is a well know phenomenon in psychiatry. Nicotine, the most important content of
cigarette tobacco, interacts with several receptors of neurotransmitters in the CNS: especially the
dopaminergic system appears to be relevant in this respect. Nicotine is a potent substance to
counteract neuroleptic-induced parkinsonism. On the other hand nicotine is possibly a risk-factor for
tardive dyskinesia. Nicotine has enormous therapeutical implications.
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https://pubchem.ncbi.nlm.nih.gov/compound/89594#section=Associated-Disorders-and-Diseases

“Take home” Messages WUb©hem Lite
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» Background of Exposome, HR-MS and (Non-target HR-MS{/MS) Acquisition |
. . ( Target list | ( Suspect list ] Peak
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* Introduction to MetFrag and PubChemLite —
Mass spectral libraries help deliver Level 2a IDs
7 p | P siMassBank o
o Annotation content is extremely powerful i Quatly Moss Spectal Databaze

* The tools are there for clinical applications |, chenzzeo g
o Non-target HR-MS can deliver quick information  pu@nemuiezzsee

Pub@hem Lite yan 2020 (n=1336)
Literature, Patents, AgroChemScore

Pub@hem Lite 2020 agro (n=318)
MS/MS, Literature, Patents, AgroChemScore

* Help contribute by adding your knowledge!

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



https://link.springer.com/article/10.1186/s13321-016-0115-9

Expert Knowledge is YOUR Knowledge!

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

* Help us help you! Add data with 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 (submitted) FAIR-ifying the Exposome: Preprint DOI: 10.5281/zen0d0.5495109

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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https://doi.org/10.1186/s13321-021-00520-4
https://ftp.ncbi.nlm.nih.gov/pubchem/Other/Submissions/
https://doi.org/10.5281/zenodo.5495109

I Putting PubChemlLite to Practice? Fbe©Ex%£2c!_njltc%

* 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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https://ipb-halle.github.io/MetFrag/
https://doi.org/10.5281/zenodo.3548653
https://link.springer.com/article/10.1186/s13321-016-0115-9
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