First insight on metabolomics workflows and differences between dinoflagellate:
characterization and discrimination of modern and ancient strains and their algal growth.
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Introduction:
Aquatic ecosystems worldwide have been negatively affected by eutrophication, many of them driven by increasing nutrient inputs from untreated
domestic sewage and industrial and agricultural wastewater. During their life cycle, Alexandrium minutum and Scrippsiella donghaienis can
produce resistant and revivable cysts that can accumulate in the sediments of the coastal marine environment for hundreds of years.
As a working hypothesis, we presumed that these two genera have preserved their adaptation to such ecosystem changes in the form of cysts in
the old sediments. From revivified cysts, some cultures of toxic and non-toxic dinoflagellates (A. minutum and S. donghaienis) were analyzed by a
untargeted metabolomics approach by LC-HRMS to study the possible adaptive responses of phytoplankton to these modifications of coastal
ecosystems.
Strains of S. donghaienis were obtained from sediments isotopically dated to 1986 (ancient) and 2006 (modern) while those of A. minutum dated
from 1996 (ancient) and 2006 (modern). In total 84 samples were obtained, with each experimental condition (species, age, growth phase) being
cultured in triplicate in phosphate depleted conditions.

 Q2: Can metabolomics profiles
of different ages inform about
the potential adaptation of a
species to the environmental
changes occurred across the
last century ?

Sample extraction lipophilic compounds protocol
LC-QTOF-MS/MS Analysis:
Aliquots (5 µl) of each extract were separated on a Kinetex 2.6 µm XB C18
100Å (Phenomenex) column (100 × 2.1 mm) maintained at 40°C, with
water (A) and 95% acetronitrile / water (B), both containing 2 mM
ammonium formiate and 50 mM formic acid. The flow rate was set at 0.3
ml min-1.
The gradient: starting at 5% B during 2 min then rising from 5% B to 50% B
in 6 min then raise to 75% B in 3.50 min to finally raise to 100% B and
maintain at 100% B during 2 min, subsequently returned to initial
condition in 0.50 min and re-equilibrate at 5% B during 4 min.
Detection was carried out by operating in full scan and auto MS/MS in
positive ion mode. The capillary voltage, nozzle voltage and fragmentor
voltage were set to 4500, 500 and 365 V, respectively. The sheath gas was
at 250°C (11 mL min-1) and the drying gas at 160°C (11 mL min-1) and
nebulizer 45 psi. Nitrogen was used as collision gas.
Mass spectra were acquired in full scan analysis over an m/z range of 100–
1700 using a range of 2 spectra s-1 and storage in both profile and
centroid mode. MS/MS spectra were acquired in auto MS/MS mode over
an m/z range 50 to 1700 with a MS and MS/MS scan rate of 1 spectra s-1.
The collision energy was applied with a slope of 0.5 and an offset of 30. A
maximum of 3 precursors per cycle was selected with an active exclusion
of 5 spectra after 30”.

Data processing
Instrumentation: Agilent 1290 Infinity II UHPLC system coupled to an Agilent
6550 ifunnel QTOF hybrid mass spectrometer equipped with dual Jetstream®
electrospray ionization (ESI) source - simultaneous spraying of a mass
reference solution to calibrate continuously detected m/z ratios . Agilent
MassHunter Workstation software (B.07) to process the raw MS data, &
extraction of molecular features (MFs). Mass Profiler Professional software
(version 13.1.1) for generation of molecular formula, library searching and
database searching.

https://wwz.ifremer.fr/dyneco/Lab.-Pelagos
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2nd step from: Collaborative portal Galaxy-W4M the
Workflow4Metabolomics 3.0 Data Processing

1st step from: Agilent Mass Profiler Professional (MPP) soft
a chemometrics platform

2 Metabolomics
Workflows tested

Biological Samples

1/ The design was carried out based on (~200000 cells / mL-1
samples cultures (Scrippsiella donghaienis & Alexandrium minutum).
2/ A liquid-liquid extraction was performed by adding 2 mL of DCM
and vortexing. This DCM extraction procedure was repeated twice,
each time starting from the residual tissue pellet. The supernatant of
the second and third extraction step were pooled with the first extract
in the same 8 mL centrifuge tube. The total extracted volume was
dried under a gentle stream of nitrogen at a temperature of 40 °C.
3/ Subsequently, The 100% meoh residue (1 mL) was filtered with a
NANOSEP MF centrifugal device (PALL, 0.2 μm, 1.5-mL vial with filter
insert; 3,500×g, 30’’, 4 °C) and directly transferred into a vial and
stored at −20 °C prior to UHPLC-HR-QTOF MS analysis
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 Q1: Can metabolomics profiles
show the inter- and intraspecific
diversity
of
dinoflagellate in a same culture
conditions?

Untargeted approach

Chemistry

HYPOTHESIS
Phenotype

More specifically, two workflows have been used for univariate and multivariate modelling on:
(i) a chemometrics platform, Agilent Mass Profiler Professional (MPP)
(ii) a collaborative portal dedicated to metabolomic data processing, analysis and annotation “Workflow4Metabolomics”

3 Teams - 3 subjects:
Biology – Chemistry - Metabolomics

Consider as valid Molecular Features MFs was defined by 2 or more ions (with a peak spacing tolerance
of 0.002 m/z and 5.0 ppm in mass accuracy)
27533 MFs detected in all samples
- Alignment of Rt and m/z values
Reduction MFs numbers based on:
- Frequency of occurrence in the samples
- Analysis of the variance (ANOVA, p < 0.05)
- Abundance in the respective classes of samples (6).
Recursion to confirm that MFs represent real peaks)

27533 MFs

Frequency
3600 MFs
Anova

The LC-MS workflow: workflow4metabolomics.org
A collaborative portal dedicated to metabolomics data processing, analysis and annotation for
Metabolomics community.
Available modules for LC-MS analysis. Raw data (in .mzXML or .cdf formats to be handled by
XCMS) can be uploaded by using an FTP protocol.

39 MFs
Fold Change
24MFs

Statistical Best Results
2 workflows :

From Mass Profiler Professional (MPP)

/

From Collaborative portal Galaxy-W4M

/ Specific Results (MPP)

Multivariate analysis for species

1 sample Meta data

1 outlier?

Scripsiella Donghaienis vs Alexandrium Minutum

sample
LIPO16

injection
Class Type
Order Batch Replicate Growth Year
bio
sample
63
1
1
Tlim 2006

Species
S.donghaienis

Specific metabolites can be identified
between Scripsiella Donghaienis (green) and
Alexandrium Minutum (red) cultures.

Multivariate analysis for “Age”

A minutum strains of different ages cannot be
differentiated by their metabolomics profiles

S. donghaienis strains of different ages have
coherent different metabolomics profiles

Here we present a Q-TOF LC/MS metabolomic fingerprinting approach
• to investigate differential metabolites of Scripsiella Donghaienis versus Alexandrium Minutum cultures.
• to focus on the specific metabolites of the microalga, specie, age or growing
The 2 workflows (MPP 1 & W4M) give the same trend but different and complementary biological relevant metabolite information. The two strains do
not have the same distribution:
• Neither in the difference between "ancient" and "modern”
• Neither according to the different phases of growth

Example for different lipophilic metabolites
produced during Scripsiella Donghaienis
growth

