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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 -~ | weeees
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I Bring on Environmental Cheminformatics!
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and International Collaborations!
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What is Environmental Cheminformatics?

N
e
= P
= - —> —>  ——

N
N
; environmental high resolution ; ; iIdentify chemicals
environment cheminformatics :
sample mass spectrometry and toxic effects

RT: 0.00 - 24 51

High resolution . -
mass spectrometry g |
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What is Environmental Cheminformatics?

RT: 0.00 - 24.51

High resolution T,
mass spectrometry |

50—

AND connecting
chemical knowledge <=1

Relative Abundance

Time {minj}

Known
[ s ]
1 10‘00 1000 10000 100000 1 million 1 billion chemicals ... .... ....
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 Non-target High Resolution Mass Spectrometry (NT-HRMS)

el
l
Sampling Analysis
TR

|

SAMPLE ARCHIVE DIGITAL ARCHIVE

Modified from: Hollender, Schymanski et al. 2018, ES&T Feature, 51:20, 11505-11512. DOI: 10.1021/acs.est.7b02184

Intensity

Data Pre-
Processing

Intensity

3

STRUCTURES

Retention time Time

POLLUTION OVERVIEW PATTERN
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I Open Source Workflows for NT-HRMS: patRoon
https://rickhelmus.qgithub.io/patRoon/

Data inspection,
L visualization & reporting

e ———————
- -
- -~

. “m,_ Data reduction &
Componentization = conversion .~
HRMS data — Features
Raw HRM
|7 a“zlata > v Features > Feature groups |+ ~ MS peak lists
optimization
UNIVERSITY OF AMSTERDAM [IINi. |1l ‘ s
Modified from: Helmus et al (2021), JCheminf. 13:1. DOI: 10.1186/s13321-020-00477-w x ° PR
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I Open Source Workflows for NT-HRMS: Shinyscreen

100 EIC (m/z = 182.0816)
f
> 31071 fi/\ peak retention time (MS1)
2 2107 / Std; rt= 11.76 min
g . / KO :rt= 11.75 min
€ 1x10" / WT - rt= 11.76 min
u_ T T T = T T
11.25 11.50 11.75 12.00 12.25
retention time [min]
MS2
810
2 6x10°1 peak retention time (MS2)
c 6 KO ; rt= 11.82 min
g“m Std - rt= 11.76 min
= 2x10% WT: rt= 11.77 min
0- L
11.25 11.50 11.75 12.00 12.25
retention time [min]
MS2
8x10°

> 6x10°1 tag
@
2 & KO
5 410 St
= 2x10° WT

50 100 150 200

mz

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

B

Anjana Elapavalore, Mira Narayanan,
Todor Kondic, Jessy Krier,
Hiba Mohammed Taha.

NG

3
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https://git-r3lab.uni.lu/eci/shinyscreen

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

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

#WIMassBank Search Contents Download Accession More V¥

dMassBank — S
High Quality Mass Spectral Database _

Search for: =» Mass calculator

(4-Aminophenyl)arsonic acid; LC-ESI-QFT; MS2; CE: 75; R=17500; [M+H]+

‘ Basic Search ‘ Peak List ‘ Peaks | Peak Differences | InChiKey

Compound Information

uuuuuuuuuuuuuuuu

1000
Compound name g 800.0 i\ /OH
5 Ag
X\
: ‘ | | OH
Exact Mass Tolerance 0.000- (%0 6000 80100 1000 120.0 I 140.0 1600 180.0 200.0 H N/ 4
m/z 2
AND E‘ 0.3

Formula ( e.g. C6H7N5, C5H*N5, C5%) @ | eeesee

[ )
......
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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 [cC-BY-4.0]

I Expert Knowledge

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

https://www.norman-network.com/nds/SLE/
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I Connecting Knowledge for Chemical Identification: MetFrag <
https://msbi.ipb-halle.de/MetFrag/ http://ipb-halle.qithub.io/MetFrag/

) * NG SEPA
m *rag I!h.g.h Miwa\/l§s§pe§oga£l!§ suspe cts Pub © hem m

)
6
L] ‘ Final Score \
5 1 B MetFrag
' ExactSpectralSimilarity
4 2\ Bl DATA_SOURCES
. (l:H ~ 7 < B NORMANSUSDAT
3
W 3 1 I NUMBER_OF_PUBMED_ARTICLES
S __.J I \!TOXCAST_FERCENT_ACTIVEJ
A 2 a Nicotine
1 %

0 -

-1

0 20 40 60 80 100 120 140 160

Ruttkies, Schymanski et al. (2016) DOI: 10.1186/s13321-016-0115-9 Candidate Index
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I Connecting Knowledge for Chemical Identification: MetFrag

Problem: Exposomics “Chemical Space” is too big!

.;-_::E_CAS180 million Pub@hem110 million scrle';nhSpHets 103 million

AMERICAN CHEMICAL SOCIETY

a2

. I Candidates with high information content ki
MetFrag
| ExactSpectralSimilarity
4 - . DATA_SOURCES
. NORMANSUSDAT
v 3 . . . .
5 | Candidates with low information Content g e s e
£ R
1 .
0 -
Y,
\ 0 / 20 40 60 80 100 120 140 160

Ruttkies, Schymanski et al. (2016) DOI: 10.1186/513321-016-0115-9 Candidate Index Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9
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I DIY Databases: Pub(ClhemLite for Exposomics

~ PubChem Compound TOC ? 49,493,641 110 mI”IOn OR

» Agrochemical Information 2 3 045

» Associated Disorders and Diseases E| @| the mOSt relevant / an nOtated?

S PubChemlLite for Exposomics o find out more:
. psS://Www.Nnordicmetsoc.org
» Biomolecular Interactions and Pathways 2 425,253 371 ,663 entrles /MetEXDOSOm62021htm|

» Chemical and Physical Properties ? 263,015
» Classification ? 1,454,824 m Hpload

» Drug and Medication Information 2 47,922

» Biological Test Results ? 3,622,920

October 31,2020 [ Dataset | open Access | { }

» Food Additives and Ingredients ? 8,414

» Identification E| 4,963|

» Information Sources ? 20,271,277

New version

N T PubChemLite is a subset of PubChem (https://pubchem nebi.nlm.nih.gov/) selected from major & Communities

#*rag

» Literature [7 1 ,833,941 : .ntents page.at th_e Pgb@h?m C\a§5|ﬁc?‘mon Browser - . LCSB Emvironmental
Database Settings ih.gov/classification/#hid=72). With this release, there is now just one Cheminformatics
is the former tier1 plus two new categories (Associated Disorders &

» Names and Identifiers 7 1,275,170 Group

H

PubChemlLite for Exposomics

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

» Patents ? 36,351,418 Database: [ PubChemLite_31 OGtZGZDl 5. ‘ is 371 ,66? compounds (31 Oct 2020) compiled from 10 categf:r‘\es:
DrugMediclInfo, FoodRelated, Pharmacolnfo, Safetylnfo, Toxicitylnfo,

» Pharmacology and Biochemistry ? 110,628 WSeamh ] [5_1 ;, Identification. ’I ,084 ‘I ,‘I 70

Neutral Mass: sllapsed by InChiKey first block, reporting the structure from the most

» Related Records ? 9’224’590 CIDs. Entries that will be ignored by MetFrag (salts, disconnected @ views & downloads
b /(e.g. transition metals) have been removed. The Patent and PubMed 1D See more details...
Formula: [CQH 16CINS ] les on the PubChem FTP site. The "AnnoTypeCount" term counts how
» Safety and Hazards ? 149,319 yp
3 epresented, the subsequent column (named per category) counts the
» Spectral Information  ? 480,730 Identifiers: [ ] ories available in the next sub-category of the TOC entry.

» Structures ? 9,117,635

GEGETRENLIGEICN g 4 Candidates

» Toxicity 2 114,012

o cecess
» Use and Manufacturing ? 115,321 m U.S. National Library of Medicine ll Ill I“ ‘ seveee
SChymanski et al. (2021 ) DOI: 10.1186/s13321-016-0115-9 National Center for Biotechnology Information ° seeeee

Chemical Safety ? 147,023
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Complex Mixtures — Connecting Chemicals and Effects

A. Chemical Analysis B. Bioanalytical tools

®

Target
ERENY -
Cytotoxicity
(all chemicals,
with

Suspect P different

screening potencies) RE%E Dtﬂc:-
mediate

. effect

Adaptive
stress
response

miz=270.0763
miz=211.0831 miz=319.1654

miz=158.9782
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Modified from Escher, Stapleton, Schymanski (2020). Science. DOI: 10.1126/science.aay6636
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“The concentration challenge”
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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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Examples: NORMAN Digital Sample Freezing Platform

“Live” retrospective screening of known and unknown chemicals in European samples

<« e 0D ' ® www.norman-data.eu 3
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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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Examples: Historical Contamination in Lake Sediments
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Chiaia-Hernandez et al. (2014) Anal. Bioanal. Chem. 406 (28), pp 7323-7335. DOI: 10.1007/s00216-014-8166-0
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I Examples: Time Trends in Riverbank Filtration Systems ‘

A , LT-P18 (50 - 60 years)
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Albergamo et al. (2019) Environ. Sci. Technol. 53 (13), 7584-7594, DOI: 10.1021/acs.est.9b01750
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es: Pesticides & Metabolites in Luxembourg

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

and Sustainable Development

Sampling Extraction LC separation HRMS/MS

(1) : { 181 unlque
SRl Suspect List Vtrans
pesticides products

 Datzeet | ORGSR

(2)

Pub@hem

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

</M5annotal:i

on
with MetFrag > 9.3 Metabolism/Metabolites

b CtS 162 unique Putative 135 unique
( pesticides : 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.

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

I
\ ‘L Y  /status.htm
Level 1 36 pesticides at Level 2a (MoNA>0.9) :

» Hazardous Substances Data Bank (HSDB)

© Krier Jessy
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"‘PubChemlLite for Exposomics” ... so what now?

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

Full PubChem Query 22 Jan 2020 (n=1336)
Literature, Patents

PubChemLite tier1 14 Jan 2020 (n=1336)
Literature, Patents

PubChemlLite tier1 14 Jan 2020 (n=1336)
Literature, Patents, AgroChemScore

PubChemLite tier0 12 Jun 2020 Agro (n=318)
MS/MS, Literature, Patents, AgroChemScore

Green: Annotation only. Blue: MS/MS & annotation; subset of 977 benchmark set.  All values in %
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Schymanski et al. (2021) DOI: 10.1186/s13321-016-0115-9
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Application to Health and Disease: Thirdhand Smoke

Database Settings
«®
rag

Database: { CompTox_07March1 9_Srr‘ - ]
PubChemlLite 14Jan2020 tier0 ~
+ Neutral Mass: PubChemLite 14Jan2020_tier1
HBM4EU CECscreen MF_1Jul2020
Formula:
NORMANSusDat_20Nov2019
Identifiers: Compiox_07Marchd19_SmokingMetaData

WormJam_10Sept19

Retrieve Candidaté Zebrafish_13Nov2019_Beta

Candidate Score Distribution

7 % ,
5 . L s I Final Score
5 -

Nicotine ExactSpectralSimilarity
4 - I CIGARETTES
= —
:g 3 | B PubMedNeuro \

I SRM2585DUST

! \- THSMOKE

04 \ UNIVERSITAT
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Schymanski, EL, Torres, S, & Ramirez, N. (2020). Thirdhand Smoke in House Dust. Zenodo. http://doi.org/10.5281/zenodo.3613472
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Application: Disease-specific Reference Counts
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5 £2 o o 2 “ 5 2
‘; = 8 - .E '5 g P =
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w w e =0 a § g o 0§ > =
1 = v O = o 1] Vi o £ . _—
PMID 5 53 228 £ 3 530 26 g 2 £ £ £
. —— = on = n @ = oo = 0 i Q Q
Chemical CAS RN DSSToxID Ct 2 2582 55885888 25248
Cisplatin 15663-27-1 DTXSID4024983 4 140 13 4 1 1 1 2 4
;:rag Ethanol 64-17-5 DTXSIDQUZUSSA/ 1+18 26 1 3 20 6 17 2
Lead 7439-92-1 Dszmzozlarﬁl ) 68102 4 2 2 1 3 4 19
9 22 5 36 13 25 693 12 15
Database Scoring Terms 3 5 10 18 5 18 4 2
Selectltem(s) = | 5 of 14 item(s) selected 11 6 5 1
“:‘ | ) / 125 15 5 1 1 5 3 2 1 8
e 25 16 9 3 9 3 8 4 6
|| Nervous System Diseases 1 10 6- 51 4 4 11 1
1 [ | PUBCHEM DATA SOURCES 8 2 33 8 61211
B Parkinson Disease, Secondary 489 - == 2 9 4 1 5
[ | Peripheral Nervous System Dj#eases 455 e = Lo
- 477 13 41 1 4 1 1 13 12
| | PubMedID_COUNT
= 264/150 26 15 3 2 8 4 6 210
| | Seizures l 9
-~ 451 17 25 179 4 1 5 1 9 18 7
TOXCAST_PERCENT ACTIVE
- — 450 6 22 23 2 3 2 2 38 7
. 67 25

Schymanski et al. (2020) DOI: 10.1039/C9EMO00068B (Perspective) Environ. Sci.: Processes Impacts (with cover image).
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Rapid Classification: All a question of perspective
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I Take Home: Cheminformatics, Exposome, Health & Disease

* “The Exposome” involves many factors ... :
* Environmental and biological; over lifespan - i
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I Take Home: Cheminformatics, Exposome, Health & Disease

* “The Exposome” involves many factors ...
« Environmental and biological; over lifespan

* Mass Spectrometry & Cheminformatics
perform the “detective work”
« Capturing expert knowledge
 Human and machine readable forms
« Greatly improved identification and interpretation
* Methods are applied throughout the world
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I Take Home: Cheminformatics, Exposome, Health & Disease

* “The Exposome” involves many factors ... |
« Environmental and biological; over lifespan = '

* Mass Spectrometry & Cheminformatics
perform the “detective work”
« Capturing expert knowledge
* Human and machine readable forms ~ »—pg———5——
» Greatly improved identification and interpretation .| e BAY
* Methods are applied throughout the world

""""""""""""""" - 30
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 Tackling the Exposome will require a joint, international effort of many
* A major motivation for our collaborative #0OpenScience work SETY
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