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Summary of the project 

The bottom of the ocean is a mineral matrix for microbial growth and can undergo pressure 1000 times 
higher than atmospheric pressure (1MPa per 100m depth). Iron-rich microbial mats can be found quite 
everywhere on the sea floor and are present on different EMSO (European Multidisciplinary Seafloor and 
Water Column Observatory) sites. Our team collected mats’ sample from EMSO-Azores and EMSO-Western 
Ligurian Sea in a temporal way to study their microbiological evolution through time and geological events 
(1). Iron oxidation made by microaerophilic autotroph iron oxidizing Zetaproteobacteria (FeOB) is a major 
biochemical event for the development of this complex ecosystem (2,3). Zetaproteobacteria use soluble Fe2+ 

or insoluble Fe0 as a main energy source and CO2 as a carbon source (4,5,6). The use anthropic iron source (Fe0 

from underwater pipeline) lead to biofilm formation and erosion. It has, therefore, a high biotechnological 
interest. Up to now, knowledge of FeOB metabolism results mostly from genomic, metagenomic, 
metatranscriptomic or biochemical studies and emphasis has been placed on cytochrome c2 protein (7,8,9). 
This protein is known as a key enzyme of the microbial respiratory chain, allowing electron transportation 
inside the cell. All the hypotheses on Zetaproteobacteria functioning were built by analogy to the work done 
on A. ferrooxidans, a terrestrial aerobic and aerophilic bacteria, from which cytochrome c2 proteins are 
involved in a protein complex crossing the membrane and allowing electron transfer from iron to oxygen 
inside the cell (10). While metatranscriptomic studies of our iron-rich mats and enrichment culture are 
undergoing in our team, biochemical analysis of iron oxidation activity of the entire mat and on different 
pure strains will bring key information of their mechanism of activity.  
The main objective of this project is to understand the structure/function relationship of proteins responsible 
of iron oxidation under high hydrostatic pressure. Iron oxidation pathway from complex sea-floor iron-rich 
microbial mat and from three different oxidative bacteria isolated from three different depths (10m, 1200m 
and 3000m depth) will be studied. First, a biochemical identification of the overall iron oxidative proteins will 
be done to confirm the proposed role of cytochrome c in iron oxidation process and check if other proteins 
might also be involved. Once the proteins characterized, their overexpression and purification will be carried 
out and their activity depending on hydrostatic pressure will be studied. Data on protein stability and activity 
under pressure will then be accessible and will be correlated to the effect of pressure on the protein 
structure, flexibility10, dynamics11, and transition state12 by high Pressure NMR experiment. This work will 
allow the understanding of life under high hydrostatic pressure.  
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Hélène GAUSSIER, MIO : Helene.GAUSSIER@univ-amu.fr 

Matthieu NOUAILLER, LISM : matthieu.nouailler@univ-amu.fr 

 
Doctoral school  

Environmental Sciences (ED 251), Aix-Marseille université (https://ecole-doctorale-251.univ-amu.fr/) 

 
Expected profile of the candidate 

The candidate should have a master in microbiology or biochemistry with a high interest in biological activity 
and the development and application of cutting-edge technics. Some knowledge of protein purification, 
kinetic experiment, or N.M.R would be welcome but not mandatory since a proper training will be done in 
our laboratory. 
 

How to apply? 

Send us a CV (specifying the English level), a cover letter, transcripts and ranking of Master degree (Master 1 
and first semester of Master 2), and the contact information for at least two references by April 30th 2023. 

Hélène GAUSSIER: Helene.GAUSSIER@univ-amu.fr 
Matthieu NOUAILLER: matthieu.nouailler@univ-amu.fr 

The candidate will be selected by the co-supervisors before May 15th May, and will be interviewed on June 
6th 2023 by the Institute of Microbiology, Bioenergies and Biotechnology (IM2B) jury which is financing 2 PhD 
positions among 4 candidates (starting in October 2023). Defense modalities will be given later. 
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