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Rising atmospheric CO, affects the ocean and marine ecosystems through changes in the carbon cycle and
through acidification of surface waters. The iron cycle is one of the most important marine dimensions of global
climate change. Iron is transported as atmospheric particles from deserts to oceans, affecting ocean biogeochemistry
and the climate itself by complex feedback mechanisms (Morel & Price (2003), Science 300, 944-47). It is of particular
relevance to anticipate the changes in iron availability to phytoplankton as a result of ocean acidification and to
understand how phytoplankton species will adapt more generally with respect to the metabolism of transition metals
to this changing environment. This is the purpose of the present project. We propose 1) to characterize the major iron
pool associated with model marine micro-algae (the surface iron pool: see preliminary results) and to directly assess
the effect of increased pCO, on the form and availability of this pool; 2) to decipher the mechanisms of iron uptake by
selected phytoplankton species, and 3) to investigate the molecular mechanisms involved in the adaptation of marine
micro-algae to acidification, with Ostreococcus tauri as a model.

The PhD project will deal with these processes that are expected to change metal speciation and availability.
It is of particular relevance to anticipate the changes in iron availability to phytoplankton as a result of ocean
acidification and to understand how phytoplankton species will adapt more generally with respect to the metabolism
of transition metals to this changing environment. We have preliminary evidence showing that iron binds massively
and specifically to the cell wall of diatoms and coccolithophores. Both silicifying and calcifying phytoplankton drive
the ocean's biological carbon pump, so if substantial amounts of iron are associated with their cell walls, the biological
carbon pump will also directly affect the biogeochemical cycling of iron. In this project we will study the nature of this
surface iron in model species of calcifying and silicifying micro-algae (E. huxleyi, P. tricornutum, T. oceanica). In
particular, i) we will generate a comprehensive sorption database to fully quantify the relative importance of the main
processes involved in the speciation of iron and competing metal ions during sorption and interaction with living
organisms.

To that purpose the internship candidate will :

i) Develop a potentiometric titration database with various types of organic matter (organic matter from
seawater, phytoplankton cell walls and living organisms) under controlled pH conditions. The changes of the charge
of the various types of organic matter will be followed with pH electrodes after addition of base or acid to calculate
the overall site density of the organic ligands as well as the chemical nature of the binding moieties by analogy with
previous titrations made on known natural ligands and other microorganisms (Plette et al., 1995; Gélabert, 2004).
The NICA Donnan model will be used to interpret the protonation behaviour of the organic moieties identified on the
organic matter.

i) Perform Fe titration experiments on the same ligands in batch reactors. The pH will be fixed and the total
amount of iron varied to construct sorption isotherms that will be analysed with the NICA-Donnan approach (Weber
et al., 2006). Concentration of iron must be low and in the range of those found (0.02-1 nM) in vast oceanic regions.
Under such conditions the concentrations are to low be enable the calculation of the amount for Fe bound to the
organic matter moieties. We will therefore use iron stock solution with an isotopic composition that is different form
the bulk iron solutions in other words a spike that will allow the detection of much lower Fe concentrations (see
Zelano et al, 2016 for detailed explanation of the isotopic exchange approach). lon concentration and spike solutions
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of stable Fe isotopes will be monitored by High resolution ICP MS, the total Fe concentration will be varied from
0.5nM to 1200 nM and the pH values tested will be 6, 7 and 8 to mimic moderate to strong acidification conditions

The gathered information will be critical for the construction of an accurate speciation model by providing strong
constraints on surface complex stoichiometries as well as identification Fe surface precipitates.
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