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G. fossarum : a sentinel species in freshwater risk assessment
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Proteomics as a performant molecular tools for biomonitoring
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> To propose Proteomics as a tool for
biomarker discovery

> Biomonitoring of water quality in
aquatic environment

> What about small molecules ?

Gouveia, D., et al. (2019) J. Proteomics 198:66-77
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Proteomics and Lipidomics Approaches for understanding molecular

mechanisms of environmental chemical toxicity in conjunction with lipid
metabolism in Gammarus fossarum during reproduction cycle (PLAN-TOX)

Multi-omics approaches for the characterization of metabolic perturbations
in G. fossarum after exposure to drug residues

anr © ANR JCIC PLAN-TOX (ANR-18-CE34-0008)
Janv. 2019 - Dec. 2022



Characterization of the lipidome by shotgun lipidomics and MS imaging

G. fossarum
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lipid extract

Post-doctorante
Tingting Fu

= First exhaustive characterization of
the lipidome (12 classes of lipids)

PC species (mol%)

= Lipidome variation according to the
development stage

= Spatial distribution of lipids by MSI
(MALDI, ToF-SIMS, MALDI IMS)

Cholesterol: 1
FA: 15
SM: 4
LPE: 10
LPC: 12
Pl: 12
PE-O: 12
PC-0: 17

Discovery of novel lipids

~DAGE1S Fu, T., et al., Ayciriex S. (2020) J. Mass Spec. 55(9):e4513

PE: 30 Sulfate-based lipids in HP epithelium Fu, T., et al., Ayciriex S. (2021) iScience. 24(2)

Accumulation in mature oocytes (SO) ©
anr ANR JCJC PLAN-TOX (ANR-18-CE34-0008)




Methodology: untargeted, spatially resolved lipidome profiling

Shotgun lipidomics by high resolution mass spectrometry (Orbitrap)
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MALDI: matrix-assisted laser desorption/ionization SIMS: secondary ion mass spectrometry



Shotgun lipidomics workflow
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Herzog R, et al., Genome Biol. 2011;12(1):R8
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Diversity in lipid composition

F]A, 15 s Cholesterol
SM, 4 __
LPE, 10 __
B
T, a3
PI, 12 =
izoo
PE-O, 12/>, g
’ "‘ Ewo
PC-0,17_/ § 100 Gammarus fossarum
E
£ 50
\_DAG, 16
0- T
TAG
» 12 lipid classes depicted
o o
(o4 - Male D I Female C1 .. .
. % . - » > 200 molecular lipid species
X4 g7
2ol 7l g 1L » Prominence of TAG species
2% e : : : :
= g : » Correlation with vitellogenin
€ 1| = 0.5
.. °
0+ . . . . . : . ,-_:I[—I—I_ll 0.0 r r r .
cholesterol  PC PE PE-O PC-O LPC LPE PI SM

Fu T, et al., iScience (2021) 24(2):102115



o
(0 I
=

[ Female C1

Female 01‘

Female D1
Male

o
pi
[ Female C1

B 0):VS OVL
Bt~ 6:2G OV

O~ NOITT~ANOTNOTNMOITNORONO JTNOM00 03D
NNVVVV(O(O(O(D(D(O(D(D%(D(D VOOOOOOOOOO NN
1]
o

€ 3d

T T T T T T
© © <t

10

T
o o o
<

50 4

10 +

8:0¥ Od
£:0¥ Od
9:0¥ Od

Female D1
Male

Female D1
Male

[ Female C1

[ Female C1

£:8¢ Od

9:8¢ Od
§:8¢ Od
9:9¢ Od
§:9¢ Od
¥:9¢ Od
£:9¢ Od
2:9¢ Od
i~ |92 Od
§'¥e Od
v Od
£:¥¢ Od

PE-O PC-O SM

LPE Pl

LPC

[3p] ~N
(%low) sa10ads VL . (%low) sa103ds 3
2.7 Od

w. —— - ipe Od
I — 3

H -9 -1.2¢ Od
T T _ T T T . . . 0'2¢ 0d

T T T
(=} w0 [=2 W o w o w o
<t o™

3} I3V ~ - -
(%low) ssejo pidi

PE

T T
o o

[3p] N
. (%low) sa103ds Od

40
10 4
0

Fu T, et al., iScience (2021) 24(2):102115



MS imaging workflow

Samples Cryo-sectioning Mass spectrometry imaging
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Lipid distribution in whole-body gammarid by MALDI-MSI

@ 40 um/pixel
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Fu T, et al., iScience (2021) 24(2):102115



Isobaric lipid separation by MALDI-ion mobility separation MSI
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TOF-SIMS principle

lon Mirror
lon Gun \ —
N v Spectrum
Pulsin
. / ‘ Detector

. _ >

Focusing / \ Transport Optics
Raster \ Extractor

B Electron Flood Gun
Target [N
© 10N-TOF GmbH

http://www.umr-lams.fr/tof-sims/

> Extreme surface (50-100 A) elemental and molecular analysis technique

» A focused beam of ions (primary ions) irradiates the surface of a sample
from which secondary ions characteristic of the surface are emitted



High resolution SIMS imaging of targeted organs
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Lipid distribution and identification in hepatopancreas
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Fu T, et al., iScience (2021) 24(2):102115



Sulfate-based lipid identification in hepatopancreas
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Changes in the lipid composition of oocytes during development
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Evaluation of reprotoxicity and lipid dysregulation after pravastatin exposure

Examination of malformed embryos
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Pravastatin: 0 ng/L-30,000 ng/L

Fu, T., et al., Ayciriex S. (en preparation pour Aquatic Toxicology)



In-depth structural characterization of metabolites : use of molecular networks
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