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Mercury species - phytoplankton interactions
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Research questions
* How do mercury compounds affect phytoplankton species?
* How does phytoplankton affect mercury speciation?
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Experimental approach
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Accumulation and sub-cellular distribution

Hg(l1) accumulation

Cellular Hg
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diatoms compared to green algae

= Hg subcellular distribution is algal species-dependent
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Hg(ll) subcellular partitioning
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Proportion of intracellular Hg
# <2%
# 7-20%
Bae 21-50%
# >51%

Subcellular fractions
DEB  Debris
GRA  Granules
ORG  Organelles
HDP  Heat-denaturable proteins
HSP  Heat-stable peptides
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Transformations of mercury species U e @

diatom C. mengenhiana MeHg
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Exposure time
= Biodemethylation of MeHg, but no
methylation of Hg(ll)

= Bioreduction of Hg (ll), but neglidgible
reduction of MeHg
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Hg(l11)/MeHg induced metabolic alterations

7 Metabolic response of diatom C. mengenhiana
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Overview on Hg - induced metabolic pathway alteration

diatom C. mengenhiana Accumulated metabolites * only in MeHg treatments
Depleted metabolites # only in Hg(Il) treatments
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Overview on Hg - induced metabolic pathway alteration

- diatom C. mengenhiana

Fatty acid metabolism
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* only in MeHg treatments
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Fatty acid unsaturation

and lipolysis

= |ncrease of the
membrane fluidity

= Changes in membrane

composition
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Overview on Hg - induced metabolic pathway alteration

Accumulated metabolites

diatom C. mengenhiana
Depleted metabolites
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* only in MeHg treatments
# only in Hg(ll) treatments

General increase in the
abundance of amino
acids

-> alteration of the
amino acid synthesis
and/or potential
degradation of proteins
and polypeptides
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Overview on Hg - induced metabolic pathway alteration

Accumulated metabolites
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* only in MeHg treatments
# only in Hg(ll) treatments

an acceleration of the
urea cycle

reallocation of
intracellular C and N; and
the formation of
carbonaceous and
nitrogenous compounds
necessary for growth
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Overview on Hg - induced metabolic pathway alteration

diatom C. mengenhiana Accumulated metabolites * only in MeHg treatments

Depleted metabolites # only in Hg(Il) treatments
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Overview on Hg - induced metabolic pathway alteration

diatom C. mengenhiana
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Consumption to
produce the energy
required for

manufacturing defense
compounds needed to
cope with the stress
induced by Hg
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Overview on Hg - induced metabolic pathway alteration

diatom C. mengenhiana Accumulated metabolites * only in MeHg treatments

Depleted metabolites # only in Hg(Il) treatments
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Overview on Hg - induced metabolic pathway alteration

Accumulated nr
Depleted meta

- diatom C. mengenhiana
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Take-home messages

= Combination of metallomic and metabolomic approaches is important for
comprehending mercury toxicity in aquatic primary producers and its potential
transfer in trophic chains, especially in highly contaminated environments.

diatom C. meneghiniana
= Hg bioaccumulation is algal species - and Hg species - dependent

More Hg(ll) in diatom than green alga; More MeHg in diatom and algae than Hg(ll)

= Hg subcellular distribution is algal species-dependent

= Diatom and greenn algae demethylate MeHg and reduce Hg(ll) to Hg(0)

= Hg(ll) and MeHg affected amino acids, nucleotides, fatty and carboxylic acids, and
antioxidant metabolism. At equivalent cellular concentrations, MeHg alters diatom

metabolism stronger than Hg(ll)

D reen alga C. reinhadtii Metabolomics :
o & ga - Slaveykova, Majumdar, Regier, Li, Keller Environ Sci Technol 55 (2021) 3876.
UNIVERSITE Transcriptomics and physiology:

DE GENEVE Beauvais-Flick, Slaveykova, Cosio, Sci Rep 7(2017), 8034.



Thank you for your attention!

Questions ? Comments? UC SANTA BARBARA

Discussion welcome!
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