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Magnetotactic bacteria
forming magnetosomes
Magnetite Fe;0,

Coccolithophore microalgae
forming coccoliths
Calcite CaCO;




Trace element incorporation in abiotic and

biological magnetite nanocrystals
Amor et al. ACS Nano 2023

Abiotic | Biological

Trace elements

Trace metal doped (100 ppb) chemical reaction and cultures
analyzed by ICP-MS

Partition coefficients (solution-crystal) compared to lattice
strain model

Metal incorporation into magnetosome controlled but not
according to ion radius

Higher incorporation of 3d metals for abiotic magnetite

-- Predicted model
@ @ Abiotic magnetite
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Dx = [Xcrystal] / [Xsolution]

Findings outline limitations for metal doping
approach to tune magnetite nanoparticle
properties (e.g., magnetic susceptibility) and
further understanding of biosignatures of
biominerals
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Atmospheric

co, Calcification and photosynthesis
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Climate change and ocean acidification
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What will be the effects of

- Lower pH

- Warmer waters

- Nutrient stratification
- Stronger sunlight

on coccolith production and
proliferation ?

COppaq + H,O M H,CO,,,, M H' + HCO, 4 2H* + CO; )%
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How do coccolithophores control calcification ?

What are thearole
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General
mechanism
of coccolith
formation
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Detection
Spatial resolution

Time resolution

How to reveal calcification /n vivo?

Cryo electron microscopy
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Kadan et al PNAS 2021

Electron density contrast

~T nm

Synchrotron-based
X-ray microscopy

coccolith XRF
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Elemental fluorescence
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Nanoprobe imaging of coccolithophores (more on the poster)

Optical

X-ray

Diffraction pattern

e Coccoliths
| Ca-P storage
i ‘,_',..-N" /
q’ d:"!;' -
Fluorescence ey
e
P Ka -_ S Ka i

Ongoing ANR JCJC project 2022-2024

Coccolith formation under microfluidic conditions,
controlling nutrient conditions (e.g., phosphate limitation) to
determine impact on biomineralization + production and in
relation to future ocean conditions (e.g., ocean acidification)



Future projec{s Thanks to BIAM, MEM team members and collaborators

Trace metal uptake into

coccolith calcite AR

- Quantitative analysis of DX 8 . @ Funding and support:
- Functionalizing coccolith 5

materials for application = (Bi{fam @ @ (Aix arse e

Role of coccosphere in
photosynthesis activity
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Utilization of Raman
spectromicroscopy to
provide (bio-)chemical
details on coccolith
formation

...perhaps more!

And thank you for your attention




Nano-spectromicroscopy to study

intracellular iron in MTB
Chevrier et al. Small Science 2022

Spectro-microscopy
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Nano-spectromicroscopy to study

Intracellular iron in MTB
Chevrier et al. Small Science 2022

XRF+DPC PCA  Clusters LC fitting Study demonstrates the utility of
- |E 12 3 a nanoprobe imaging at high energy X-
' ! rays to distinguish iron heterogeneities
in MTB.

Results confirm large fraction of

180 [ M Fes0, = FeO(OH) intracellular iron likely related to ferritin
Fe,0, FeCl, . . . )

Photon energy (eV) mFh o FeCl and not directly involved in magnetite

12 precipitation.

Wild-type high iron
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Technique compatible for wide variety
of samples and materials
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