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Environmental chemistry

- Development of analytical system for e-fate study
of conventional pesticide

- Development meta-metabolomics approach on
soil and plant matrix (leaves, shoot, roots....)

Metabolomic facilities

- UHPLC-HRMS Quadrupole-Orbitrap (Q-Exactive Plus)
- UHPLC-HRMS Quadrupole-temps de vol (Q-ToF)

- NMR 500 Hz (Jeol)

 ldentification of lead components
* Development of analytical methods for :
1. Biomass quality assessment
2. Accelerated degradation study
3. Five batch analysis
4. Toxins & metabolites quantification

« Analytical methods validation
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N Myrica gale

* Myrica gale L. (Myricaceae), commonly known as
sweet gale and bog myrtle, is used as herbal tea...

 Widely distributed at high latitudes in the
Northern hemisphere
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; “Allelochemical Hypothesis”
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Metabolomic workflow for Identification of active natural products

Metabolic fingerprints

/ Sample preparation \ / Bioassays \

Data processings \
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Figure 2. Molecular Networking in Natural Product Drug Discovery. Extracts of marine organisms are analyzed by lquid chromatography—tandem mass
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Extraction fruits leaching (MeOH/sonication) R, O

Myrigalone E (MyE): R; = OH, Ry = CH3, Ry = OCH3, R4 = H, Rs = OCH3

Myrigalone B (MyB): Ry = R; = OH, R, = R4 = CH3, R3 = OCH3

Uvangoletin : R; = R3 = OH, R, = R4 = H, R; = OCHj4
2',4',6'-trihydroxy-3',5'-diméthyldihydrochalcone: R; = R3 = R5 = OH, R, = R; = CH3

Chromatographic Fractionation

OH O

Démethoxymatteucinol: R = OH
Démethoxymatteucinol-7-méthyl éther: R = OCHj3

Structural Analysis of compounds from
active fractions
(RMN 1H et 13C, HSQC, HMBC, LCMS, UV
Mass spectra similarity networking)

MeOH extract - DAD- 280 nm
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POPOQVICI, J., COMTE, G., BAGNAROL, E., ALLOISIO, \., FOURNIER, P., BELLVERT, F., BERTRAND, C. et FERNANDEZ, M. P., 2010.
Differential Effects of Rare Specific Flavonoids on Compatible and Incompatible Strains in the Myrica gale-Frankia Actinorhizal Symbiosis. In :
Applied and Environmental Microbiology. Vol. 76, n° 8, p. 2451-2460. DOI 10.1128/AEM.02667-09.
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Biological activity of crude extract

Dicotyledone road, garden

Senecio vulgaris

15

Taille (mm)

“.Seedlings grown on Myrigalone A medium are bleached

AKINAO

18 hrs after treatment myrigalone treated seedlings of L. sativum were

Ifound to be slept on the soil surface and showed no signs of growth (and

discoloration) while no effect was observed on solvent treated control
greenhouse (7% DMSO).

Effect of M. gafe fruits Effect of powder of M. gale leaves
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POPOVICI, J., BERTRAND, C., JACQUEMOUD, D., BELLVERT, F., FERNANDEZ, M. P., COMTE, G. et PIOLA, F., 2011. An Allelochemical from
Myrica gale with Strong Phytotoxic Activity against Highly Invasive Fallopia x bohemica Taxa. In : Molecules. Vol. 16, n° 12, p. 2323-2333. DOI

10.3390/molecules16032323.
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(54) UTILISATION D'UNE PLANTE MYRICA GALE POURLAPRODUCTION D’'UN AGENT HERBICIDE

VERWENDUNG EINER MYRICA GALE PFLANZE ZUR HERSTELLUNG EINES HERBIZIDEN
MITTELS.

USE OF A MYRICA GALE PLANT FOR THE PRODUCTION OF AN HERBICIDAL AGENT.

g
\\% POPOVICI, J., BERTRAND, C. et COMTE, G., 2010b. Utilisation d’une plante Myrica gale pour la production d’'un agent herbicide [en
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“ Ok ! And Now ?

Registration dossier

The European Food Safety Authority requires, within the framework of
European legislation (SANCO/11470/2012- rev. 8), the extended risk
assessment and ecotoxicological monitoring of pure natural
compounds as well as plant extracts.....

- efsam

European Food Safety Authority

-> we need new analytical tools adapted to crude extract
for environmental fate studies



/ How to manage environmental fate of crude extract?

Crude extract
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How to manage environmental fate of crude extract?
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By-products of
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STUDY OF ENVIRONEMENTAL FATE OF BIOCONTROL PRODUCTS

VIA
DOMITIA

Environmental Metabolic Footprinting (EMF) approach - Metabolomics

Metabolic profiles (LC-MS) ‘

L Global metabolic
: r— information

Matrix meta-metabolome )

B P Pure compound & complex extracts Useful for complex

L mixtures
M
) Abioti Photolysis
Soil I ouc XENOMETABOLOME
degradation < ; (Active ingredient
v HydronS|s +formulation ingredients + by
T products) .
o degradation . . v +— identification
Soil Microbiome —p Microbiome metabolis -

> Degradation pathway ENDO META-
== Biotic impact: Effect on biodiversity + METABOLOME
44 microbial and plant metabolism modulation
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via STUDY OF ENVIRONEMENTAL FATE OF BIOCONTROL PRODUCTS

DOMITIA

Environmental Metabolic Footprinting (EMF) approach - Metabolomics

Metabolic profiles (LC-MS) ‘
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via STUDY OF ENVIRONEMENTAL FATE OF BIOCONTROL PRODUCTS

DOMITIA

Environmental Metabolic Footprinting (EMF) approach - Metabolomics

Metabolic profiles (LC-MS) ‘
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et Environmental Metabolic Footprinting approach
EMF) Work flow

- Soil (Control)
f. - Soil + crude extract
W (n=5),Day:0,2,4,8,15,30,45, 60,90

‘Extraction

lons matrix generation
(800 variable)

| H | name class treatment time M350T725  M351T726  M8S2T
BG.CTO.1 C_TO c To0 96.02113560; 24.529593331 111.49

BG_C_T02 C_TO c T00 136.7213134750.38591657: 73.899

Mass BGCT0.3 C_TO c To0 635.7780000( 172.1830610; 55.224

H I BG_C_T0.4 C_TO c T00 333.9932869¢ 51.60891304: 154.82
Spectrometer BG_C_T0O_5 C_TO c T00 109.3716430€ 119.39847237122.71

E Wiass BGCT21 CT2 c T02 17.653831841 90.47016834( 190.86
L BGCT22 CT2 c 02 752.31818181279.2052496( 189.90

Spectrometer BG CT23 CT2 c T02 210.4253234¢ 165.1853027: 140.50

L BGCT2.4 CT2 c 02 139.2181008(133.7427280¢ 129.32

| C | BGCT25 CT2 c T02 100.2728707¢ 44.90165405: 115.22

C BGCT41 CT4 c Toa 218.2287597€ 76.65139493( 36.693

BGCT42 CT4 c To4 376.4727272194.76386951 47.381

BGCT43 CT4 c Toa 62.79336983¢ 89.15334647(62.737

s s . BGC T4 4 CT4 c To4 237.9621756¢ 58.07364908¢ 106.09

K|net|cs Stud|es BGCT45 CT4 c T04 16.290019642 31.47907326¢ 68.411

Development of analytical methods suitable for analysis with LCMS profiling of soil
of active substances and potential by-products extract/ control and

from soil Microcosms contaminated microcosms

Statistical analysis
(PCA, PLS-DA, VIP...)

SOIL RESILIENCE ?

Selection of
persistent compounds

PERSISTENT

. BY-PRODUCTS INDENTIFICATION W ,Qc

ytoscape

v »
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- Base Peak Chromatogram (BPC) of Myrica gale extract treated
| ’ soil samples at different time points

20 Time progression

10

=
&
4 6 8 10 12 14 16 18 20
MyN_T150_5_R-D5_01_2469.d: BPC -AlMS —— MyrN_T090_5_R-D4_01_2468.d: BPC -AlIMS MyrN_T060_5_R-A6_O1_2433.d: BPC -AllMS —— MyrN_T045_5_R-A4_01_2429.d: BPC -ATMS —— MyrN_T030_5_R-C9_01_2462.d: BPC -AlIMS
— MyN_T015_5_R-C8_01_2461.d: BPC -AllMS MyrN_T008_5_R-C4_01_2455.d: BPC -Al MS —— MyiN_T004_5_R-B1_01_2437.d: BPC -AllMS —— MyN_T002_5_R-D1_01_2463.d: BPC -Al MS —— MyrN_T000_5_R-C3_01_2454.d: BPC -AllMS
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Ghosson, H, 2018 unpublished work
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Base Peak Chromatogram (BPC) of Myrica gale extract treated
soil samples at different time points

Total dissi

Time progression

16d<t<300
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D Xeno-metabolome evolution
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Xeno-metabolome evolution

HS-SPME-GC-MS Method

Results: “fishing” of degradation by-products

Degradation

Heatmap applied: by time

v"  Distance Measure: Pearson

v Clustering Algorithm: Ward ; T mm—
v 1 factor time series: MyrN ————
Plotting the degradation by time T
evolution _1 =
|
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Xeno-metabolome evolution

HS-SPME-GC-MS Method

Results: “fishing” of degradation by-products

Kinetics tracking by time evolution:
e Natural substances : Myrica gale extract compounds

RT5.599 RT16.195 RT25.5 RT29.523

(& 21/10/2019
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o CONCLUSION

* |dentification of a new allelopathic compounds
* Mode of action identification v

 Development of metabolomics tools for v
environmental fate evaluation of crude extract

* Environmental fate evaluation of crude extract : .,

 Optimization of chemical synthesis of v
major active compounds (Myrigalone A)

.
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Natural products and Biocontrol 2020

.
Le colloque Natural products and Biocontro

lieu du 15 au 18 Septembre 2020 a Perpign:

The conference Natural Products and Biocontrol will take place
from 15 to 18 September 2020 in Perpignan.
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Combined proxy : e-fate and ecotox

Soil resilience after bioherbicide application vs Control
s - ...V
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Day O
MANOVA p-Value: 9.087e-08 ***

Day 2

PC1: 27.42% - PC2: 16.51%

MANOVA p-Value: 8.389%e-08 ***

PC1: 27.12% - PC2: 13.30%

Day 4
MANOVA p-Value: 8.757e-09 ***

PC1: 24.75% - PC2: 12.85%

Day 8
MANOVA p-Value: 3.185e-06 ***

Day 15

PC1: 25.46% - PC2: 14.02%

MANOVA p-Value: 3.053e-06 ***

PC1: 22.54% - PC2: 13.73%

Day 30
MANOVA p-Value: 0.003524 **

PC1: 17.36% - PC2: 13.86%

Day 45

MANOVA p-Value: 0.0006859 ***

Day 60

PC1: 21.38% - PC2: 14.03%

PCAand MANOVA : Control C vs Natural bioherbicide (10 time the field dose)

MANOVA p-Value: 0.02392 *

PC1: 29.60% - PC2: 12.98%

Day 90 (%)
MANOVA p-Value: 0.4233

PC1: 15.93% - PC2: 14.39%
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