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I Environmental Cheminformatics & Non-target HR-MS
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I Non-target High Resolution Mass Spectrometry (NT-HRMS)
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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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I Examples: Real Time Monitoring of the Rhine River

Previously unknown chemicals detected due to “stand-out” patterns
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LuxPharma — 2019 versus 2020 & COVID

I Examples

OH

OH

L=

B 2019
B 2020

HO

lohexol

(ouo2)oLBo)

Nicotine

Chemical

(2021).
DOI: 10.1021/acsenvironau.1c00008.

Singh et al



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

I Examples: LuxPest and Transformation Products
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NORMAN DSFP - Digital Sample Freezing Platform
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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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Latest NTS Results from Luxembourg

“No river in good cond/tlon” (2022)
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I Temporal Variations in Luxembourg
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Spatial Assessment — Potential Chemical Sources at Chiers
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Spatial Assessment — Potential Chemical Sources at Chiers
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Proposing New Candidates for Additional Monitoring

* 41 frequently-
occurring chemicals
not (yet) monitored

Pharmaceuticals

Synonym
Irbesartan
Amisulpride
Telmisartan
Celiprolol
Fluconazole
Trimethoprim
4-Acetamidoantipyrine
4-NP
Desvenlafaxine
TCEP
TCPP
Triethyl phosphate
Adipic acid
4-Formylaminoantipyrine
Carbamazepine-10,11-epoxide
Dibutyl phthalate
PFOA
2-Hydroxycarbamazepine
3-Hydroxypyridine
Tributylamine
D617
Sulisobenzone
Ensulizole

Use
pharmaceutical
pharmaceutical
pharmaceutical
pharmaceutical
pharmaceutical
pharmaceutical
pharmaceutical

industrial
pharmaceutical
flame retardant
flame retardant
industrial
industrial
pharmaceutical
pharmaceutical
industrial
industrial
pharmaceutical
industrial
industrial
pharmaceutical

consumer products
consumer products

Parent Name

Metamizole

Venlafaxine
Aminopyrine
Carbamazepine

Carbamazepine
Verapamil

PubChem CID No of occurrences

3749
2159
65999
2663
3365
5578
65743
980
125017
8295
26176
6535
196
72666
2555
3026
9554
129274
7971
7622
93168
19988
33919

32
31
26
25
25
24
23
22
22
19
19
18
18
17
15
14
14
14
13
13
13
13
13

Slide mod. from: D. Aurich, PhD Defense. Ref: Aurich et al (2023) Env. Sci. Europe. DOI: 10.1186/s12302-023-00805-5
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I The Exposome meets the Metabolome

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

(Miller & Jones, 2014)
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Mod. from Vermeulen, Schymanski et al. (2020). Science. DOI: 10.1126/science.aay3164, Miller & Jones (2014) DOI: 10.1093/toxsci/kft251.
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I Grand Challenge: HR-MS “Chemical Space” is too Big!
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The Vast Chemical S_pace of Exposomics ...
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Analytical Challenge: Covering Multiple Chemical Classes..

SEPARATION
METHODS

LC: RP column

MICROH

Non-polar

Medium-polar

Non-polar
Pesticides

Exposome PCBs

Compounds
Alkane Dioxins

PAHs

IONIZATION
TECHNIQUES

Source: Begona Talavera Andujar, PhD Thesis.

Essential oils
VOCs

Nitro-PAHs Long chain-PFAS

Polar Very polar
Pharmaceuticals
Polar
Pesticides Personal care
Short products

Amino-PAHs chain PFAS

ESI




I Analytical Challenge: Covering Multiple Chemical Classes..

o IC _
[ ) LC: Normal Phase : CE :
LC: HILIC column
SEPARATION | <
METHODS ) LC: RP column :
GC _ ) GC + derivatization
Non-polar Medium-polar Polar Very polar
Non-polar Essential oils Pharmaceuticals
Pesticides VOCs Polar
Exposome ' Pesticides P |
Compounds PCBs Nitro-PAHs Long chain-PFAS ersonal care

roducts
Alkane Dioxins Short P

Amino-PAHs chain PFAS
PAHSs
ESI

) APCl T
IONIZATION ~ -

‘ APPI ‘
TECHNIQUES 5 :

<5

.|
Source: Begoiia Talavera Andujar, PhD Thesis. l' ll I ° “
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MICROH



I Analytical Challenge: Instrument Limitations ...

(h
Human metabolome Environmental chemicals MICROH

N exposome | Orugmetsbolies

Drugs

Endogenous metabolites

M mM Y nM pM fm

Concentration

LC-ESI-HRMS
Limited dynamic range

Source: Begona Talavera Andujar, PhD Thesis.
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EARLY LIFE

MID-LIFE

I Timeline Challenge: Exposomics and Neurodegeneration

ENVIRONMENTAL TOXICANTS
(pesticides, metals, virus)
I

Pre-motor symptoms
Olfactory impairment
Constipation

Sleep problems
Depression/ anxiety
Other autonomic
symptoms

LATE-LIFE

Motor symptoms

Bradykinesia

ENVIRONMENTAL MODIFIERS
(pharmacological treatments, exercise)

Advanced/late stage
Postural instability
Dysphagia

PD diagnosis

o

MICROH

el R I et T T e e——

12- 14 years

Talavera Andujar B. et al. (2022). Anal Bioanal Chem. DOI: 10.1007/s00216-022-04207-z
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Exposomics: Sample Prep. for Broad Range of Analysis

500 pL 500 yL MeOH 500 pL 120 pL
MilliQ (+LIPIDOMIX)  MTBE polar IS

H,0 \/ \/mix

,_’ ] |
, — B —

50 mg feces

Homogenization Liquid Liquid

Extraction (LLE) (2) Centrifugation

Pellet
180 pL of MilliQ
. H.0 in 0.1%FA
\l and 20 pL of RP
MTBE Labconco MeOH
Non polar —» CentriVap ——5 —_—
metabolites (Evaporate \/ .
solvents) . PTFE filtration
180 pL of MilliQ
H20 in 0.1%FA
MeOH + H,0 N ¥ and Mzool:a L of -
Polar . i e
g —» CentriVap ——p —_—
metabolites (Evaporate \/ HILIC
solvents) .

PHENEX-RC filtration

metabolites

MTBE
Non polar

MeOH + H,0

metabolites

Polar

[

LC- HRMS

Talavera Andujar B. et al. (2022). Anal Bioanal Chem. DOI: 10.1007/s00216-022-04207-z
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Open Source Workflows for NT-HRMS: patRoon

https://rickhelmus.github.io/patRoon/

Processing & Prioritization

HRMS data Features
U — . \
v mzML g ®
_’E’ §
[ d ) :

A

0
§

|4
}

0 10000
| 1
=CBHS50
C7H402

SO RN tRoon JEESESN
! =

Annotation

7 N
S |o. J
S N
™
Ok

“CEHS02

T T T T T T
90 100 110 120 130 140 150

Chromatographic peak
detection & cross-analysis

grouping

Data acquisition &
pre-treatment

Rule-basedfiltering,
componentization &
prioritization

Chemical formula &
compound annotation

Helmus et al. (2022) patRoon 2.0 J. Open Source Software, DOI: 10.21105/joss.04029
Helmus et al. (2021) patRoon. J. Cheminformatics. DOI: 10.1186/s13321-020-00477-w
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I Exposomics Case Study (1): AD, MCl and CSF gl

av @

MICROH

BHBA | ® .OO Posi'tive
GDCA O . O O Neg:tive

NfL AB,,,p-Tau t-Tau

[
il | e

Talavera Andujar et al. (2024) ES&T, DOI: 10.1021/acs.est.3c10490
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Alzheimer’s Disease (AD)

AD is a neurodegenerative disease that affects memory,
thinking and behavior
1

B-amyloid
(AB) plaques

Tangle of
Tau protein

HEALTHY ' AD
BRAIN ~BRAIN

Source: Begofia Talavera Andujar. Refs: Hansson (2021). Nat Medicine. DOI: 10.1038/s41591-021-01382-x
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MICROH i

AD is a neurodegenerative disease that affects memory, AD is the most common cause of dementia
thinking and behavior accounting for 60-70 % of dementia cases
1

I Alzheimer’s Disease (AD) W/AD

(AB) placues 1141141444

T i TFFYTIrYY

R TETFYTTET

BRAIN BRAIN
0 15-25 years

......
llllll
oooooo

Source: Begofia Talavera Andujar. Refs: Hansson (2021). Nat Medicine. DOI: 10.1038/s41591-021-01382-x
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I Cerebrospinal fluid (CSF) to study AD and MCI

subjects were collected and

~

analyzed
)

Lack of CSF
standard
reference
material

Obtaining
control
samples is
difficult
(invasive
procedure)

Source: Begona Talavera Andujar & https://www.cancer.gov/publications/dictionaries/cancer-terms/def/cerebrospinal-fluid
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I Analytical Methods

ﬂD clinical biomarkers\

Lumipulse G600Il analyzer

Collaboration with
Neuroinflammation group (LCSB)

t-Tau
P

RP
HILIC

/Non-target LC-HRMS\
e

Q Exactive™ HF

NH,
el !
@\ N 0 N| X N>
! | A

\_NAAANAN N

O

L

Talavera Andujar et al. (2024) ES&T, DOI: 10.1021/acs.est.3c10490
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MICROH

ﬁrget LC-MS (Bile Acids)

RP

Sciex 7500 QQQ

Analysis performed in Canada by:

A

UVic= ™ Genome BC

\ PROTEOMICS CENTRE/

NfL: Neurofilament Light l"“"“ ‘
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Data Processing and Annotation ; ?‘

PubChemlLite

EXPOSOMICS
E AD-database Filtering only the
D000544 list
341 917CIbs |~~~ T T 7 7 1
Reverse neighbour :
relations I

TOP1 1,268CIDs <«— — — — — — — — — —

Co-occurrence score
SC20 247 CIDS = — — — — — — — — .

\ Suspect

screenin
PubChem functionality related to 9 AD-CTD 86 CIDs

PubChem integration of &g ctd

-..a_

HMDB-CSF 445 CIDs hﬁ‘

Wil | e

Talavera Andujar et al. (2024) ES&T, DOI: 10.1021/acs.est.3c10490
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Disease-specific Information in PubChem

Pub@hem Rotenone (Compound)

14 Associated Disorders and Diseases ® PubChem Protein, Gene, Pathway, and ‘NV/A’
83 items % Download Taxonomy Data Collections: Bridging MICROH

Q search Biology and Chemistry through Target-

Disease Evidence Type Evidence PMID Centric Views OfPUb Chem Data
26770656
27016191 Sunghwan Kim T, Tiejun Cheng T, Sigian He, Paul A. Thiessen, Qingliang Li, Asta Gindulyte, Evan E.
Motor Disorders marker/mechanism Bolton & = &
29649621 L
J Pub@ hem Rotenone (Compound) D ISCoverl ng d nd Su mmarizi ng
15.10 Chemical-Disease Co-Occurrences in Literature Ol RelathhShlpS Between Chemicals, Genes,
Showing 3 of 25 View More Co-Occurrence and Evidence DataL|7| ¥ Download P rOteI nsl a n d D Iseases | n Pu bC h e m
Disease Selected evidence
J Leonid Zaslavsky*', Tiejun Cheng’, Asta Gindulyte’, Sigian He',
1,590 articles View All &
Rotenone-Induced Model of Parkinson's Disease: Beyond Mitochondrial Complex Sunghwan Kim', Qingliang Li', Paul Thiessen’, Bo Yu' and
| Inhibition
PMID 36593435; DOI 10.1007/s12035-022-03193-8; Molecular neurobiology 2023 Jan; ?(?): Evan E. Bolton'
(Review Article)
Name matches: parkinson's disease rotenone
. - - . . National Center for Biotechnology Information, National Library of Medicine, National Institutes of Healt
. . HR LC-MS/MS metabolomic profiling of Yucca aloifolia fruit and the potential Bethesda. MD. United States
Parkinson Disease neuroprotective effect on rotenone-induced Parkinson's disease in rats o
PMID 36854038; DOI 10.1371/journal.pone.0282246; PloS one 2023; 18(2):00282246 | | e |

Name matches: parkinson's disease rotenone o . : : : ;:
mi.lu | e
Kim S. et al. (2022). DOI: 10.1016/j.jmb.2022.167514 & Zaslavsky et al. (2022) DOI: 10.3389/frma.2021.689059 R PR
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I Complementarity of Suspect Lists

TOP1 1,268 CIDs

SC20 247 CIDs

Suspe_ct
Screening AD-CTD 86 CIDs
HMDB-CSF 445 CIDs i%i?\
57 ) kEmp
|dentification Levels
g ¥ M
c W 2a
o 3a
j )
§ 20 3c
o W5
<
0
ToPL | @ ® o ¢ o o NN 6
K> HMDB-CSF ® I ® l i B Bss
5C20 ® | BEE
AD-CTD \_ ) o o | 2
0 20 40 60
group Beesie il | e

Talavera Andujar et al. (2024) ES&T, DOI: 10.1021/acs.est.3c10490
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I Origins & Information about Annotations — Suspect Screening f§

HMDB category = endogenous = exogenous endogenous, exogenous  uncategorized

32
Fy 1
©
c
3 téo HMDB-CSF
w2 2a ) epdogenoys yes
- Y
c ¢ 3a
3 O
O W
Q. 4=
€ o
o o
o 3
v
3 @ 3¢ SC20 eéxogenous
S endog nous,exogenous no

0 TOP1 urjcategorized

Identification Suspect HMDB PubChem
level list category pathways

Talavera Andujar et al. (2024) ES&T, DOI: 10.1021/acs.est.3¢c10490 e beeeees
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I Origins & Information about Annotations — MS-DIAL MS/MS

HMDB category = endogenous = exogenous Exogenous
endogenous, exogenous = uncategorized (HMDB)
611 | 1 - 8
endogenous 4 28
2a d yes Food, g
[ drug \:
3a - — - 25 Food
3b exogenous
3d endogenous,
exogenous a

Uncategorized
(HMDB)
1328 Chemical

N
,, Coocurrences

uncategorized
~ Chemical-Gene

. Coocurrences

14
PubChem
Pathways

Unique compounds found by MS-DIAL

, Chemical-Disease
0 . Coocurrences £

Identification HMDB PubChem
level category pathways

o o0
uni.In | i e

Talavera Andujar et al. (2024) ES&T, DOI: 10.1021/acs.est.3¢c10490
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I Chemical Similarity Enrichment Analysis (ChemRICH)

o BHBA \
/ Galacturonic acid\ Higher in ND Higher in AD Higher in MCI Higher in AD / 0.0150
| | =V.
p=0.0753 — N 2 P ,
! : whd =]
> p=0.0403 galacturonic acid| ;= OH E 2- p=0.0042
-'5; 1.0- 10| (Level 1) o °
& ° o = .sugar acids| o K ™ hydroxybutyrates S =
c = 58 BHBA s =
c = OH e = X 14
= 0.5 . © BSM1 T (Level 1) g ©
% ) ° : o (Level 3e) o di harid 0 o 8_
o .
2 0.04 , ..' %% monosacchrides umbelliferones &4 Isaccharides i
o] ° - @ - cellobiose - N 0
e ¢ mannose @ . (Level 3e) =
= .05 o J . (Level 2a) hydroxybutyrates £
£ BHBA 3
= o (Level 1) 0 0 P -1
S 1.0 . . . 3 2 1 0 3 2 1
k ND MCI AD / median XlogP of clusters median XlogP of clusters k
BHBA: 3-hydroxybutanoic acid
° ceceee
Talavera AndUjar et al. (2024) ES&T, DOI: 10.1021/acs.est.3¢10490 “ ||| I“ ‘ seteis 43
Barupal & Fiehn (2017) Sci. Rep. DOI: 10.1038/s41598-017-15231-w & https://chemrich.idsl.me/ ¢ RN
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I Bile Acids

Cholesterol .. -
/ ’ Classical pathway | @% r Alternative pathway “.) Neural pathm
4 CYpP27A1 Jcvpasal

4 CYP7A1
70-0OH-cholesterol . , 27a-OH-cholesterol 24s-OH-cholesterol
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(feces) conjugated BAs
> Sulfation

*p-value< 0.05 L GDCA-3-5}

F-—————=—=—=—=—=—=====--= g ————————————

ADﬂ. (vs ND) MCIﬂ (vs ND) ADﬂ (vs MCI) Not quantified | Neuroprotective bile acids :: Cytotoxic bile acids :

Talavera Andujar et al. (2024) ES&T, DOI: 10.1021/acs.est.3c10490
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I Bile Acids ‘NW

3-keto-LCA:
dehydrolithocholic acid

)
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Talavera Andujar et al. (2024) ES&T, DOI: 10.1021/acs.est.3c10490
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I Exposomics Case Study (2): PD, LRRK2 Penetrance & Dust '

L

MICROH
Household dust

| Dopaminergic neuron-enriched cultures

Isogenic control (IC) ]

4 o
/ > oY’ 'm PD+/LRRK2+ (G2019S) 1
\—J I 3}40

Bisphenol S

\0 %Qo 0 _,©:/>—(')'H_o

163 mOTUS : 1,003 chemicals

DNA

sequencing < Metagenomics * Exposomics/Metabolomics

Talavera Anduijar et al. (under review). Preprint: ChemRxiv DOI: 10.26434/chemrxiv-2024-rczsl
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MICROH

¥ ¢4
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* Mutations in LRRK2 are the most common monogenetic cause of PD
* 1-2 % of PD cases

* Penetrance of LRRK2 is age dependent and differs across
geographic regions
* “Reduced Penetrance”

LRRK2 p.G2019S carriers, age of 60 H(S;Jse'lj;jé)ld
Developed PD ) ] @ dust samples
® ®© & & o o o o o o
wisia - AREMR
o BRMAMIA

Source: Begofa Talavera Andujar. Refs: Hentati et al. (2014). DOI:10.1212/WNL.0000000000000675, || l" Ill ‘ setiin 4
Usnich et al. (2021). DOI: 10.3389/fneur.2021.710572 & Trinh J. et al. (2022). DOI:10.1515/medgen-2022-2127 (NS00« 0W | oo

v
I LRRK2-Associated Parkinson’s Disease (PD) (i




I LRRK2, PD & Penetrance — Study Design

(Hlumina)

O

HILIC

HRMS LC
Q Exactive™ HF

<
Four groups of subjects HMELITRRNN iPo (h=22) LI IPD (n=3)
8 P J rTeerenon PD-/LRRK2+ (n=8) AR PD-/LRRK2+ (n=8)
- J
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I LRRK2 & PD — Hazardous Chemical Replacements in Dust
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I LRRK2 & PD — Surprising Number of Benzothiazoles M;‘M@H
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LRRK2 & PD — Benzothiazoles and Microbes?
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I LRRK2 & PD — Lipid Alterations in Serum — BPS Exposure?
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I BPS Exposure

A) Experimental Setup
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I Chemical Stripes
Patents & Literature

Aurich et al. (2024) ES&T Letters DOI: 10.1021/acs.estlett.4c00560

https://qgitlab.com/uniluxembourg/lcsb/eci/chemicalstripes
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Variety of Stripe Patterns: Patents
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Variety of Stripe Patterns: Literature
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The Chemical Stripes and Patent Data

(live stripe calculations during SETAC 2023)
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Subsetting Pub(Clhem
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Trends in Agrochemicals and Regions
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I Trends in Bisphenols and Polychlorinated Biphenyls (PCBs)

Patents
5000
(C) S20 BISPHENOLS Patents | (D) CompTox PCBs
2000
4000
3000 1500
2000 1000
1000 500
0! 0.
1961 1984 Year 2022 1961 1984 Year 2022
Aurich et al. (2024) ES&T Letters DOI: 10.1021/acs.estlett.4c00560 || |||.I|| ‘ Lcsg 63

https://gitlab.com/uniluxembourg/lcsb/eci/chemicalstripes  TETETTTR [ eesess



https://doi.org/10.1021/acs.estlett.4c00560
https://gitlab.com/uniluxembourg/lcsb/eci/chemicalstripes

Trends in PFAS
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I Which are the “up and coming” PMT PFAS?

Nodes (PubChem CID)
See online version to zoom in
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(D) PageRank Centrality of nodes - Europe
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I The Exposomics Dream - Wouldn't it be nice if ...
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I The Exposome Reality — Making the best of the data we have
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I Merci/Danke schon/Thank you!

Email: emma.schymanski@uni.lu
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I PS: New Developments In Action

MolGenie - Molecular Design and Engineering
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