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Context 
Microbial communities are involved in all biogeochemical cycles, very complex, characterised by high 
phylogenetic and metabolic diversity. However, we still know little about the contribution of each 
microbial group to the biogeochemical cycles. 

Objectives 
We aimed at developing a new approach to quantify in situ the metabolic activities of the different 
phylogenetic microbial groups. This is undoubtedly one of the main current challenges in microbial 
ecology that has to be addressed to take a step forward our understanding of the ecosystem 
functioning. 

Main results 
We set up a flow-FISH procedure to allow the sorting of a particular group of eukaryotes by flow 
cytometry. The procedure is the classical hybridisation protocol at the exception of the teflon filters 
used to transfer the cells from one buffer to another and to detach them easily at the end of the 
hybridisation. Cells were detached and suspended into seawater by sonicating the membranes.  
We proceeded in replacing the radioactive tracer with an homolog labeled with a stable isotope 
(NaH13CO3). We thus validated the procedure on the different groups of pigmented eukaryotes 
identified on their size (e.g. pico and nano-sizes) on samples taken in the Southern Ocean around 
Kerguelen islands during the French MOBYDICK cruise in February-March 2018 (see results below). Two 
contrasted stations were sampled seven times in total, namely stations M2 located in iron fertilised 
waters above the Kerguelen plateau, and M4 located in HNLC waters off the plateau waters. 
Incubations of samples taken at surface have been incubated on deck over the daytime. We also 
measured the global CO2 fixation using NaHCO3 labelled with radioactive and stable C in parallel to 
compare the two approaches. 
First, we measured the carbon uptake of the global phytoplankton community by conventional mass 
spectrometry (EA-IRMS). It was overall low (0,2 to 0,48 µmol of C L-1 d-1) at the exception of the last 
visit at M2, where the primary production doubled, reaching 0,92 µmol of C L-1 d-1.  
We also determined the daily carbon specific uptake rate of single cells sorted by flow cytometry 
using the NanoSims technology (Fig. 1). The isotopic composition of 883 cells have been analysed by 
NanoSims in 7 non-enriched samples (controls) and 2185 cells in 25 13C-enriched samples. Four 
different groups of phytoplankton were distinguished by flow cytometry based on their relative sizes 
(Pico1 of 1.25 ± 0.25, Pico2 of 1.63 ± 0.34, Nano1 of 2.47 ± 0.74 and Nano2 of 3.96 ± 1.66µm in size). 
These uptake rates were not significantly different between the three smallest populations but 
significantly lower for the larger cells (Nano2). Uptake rates decreased significantly between the two 
visits at the HNLC station (M4) suggesting decreasing metabolic activities, although chl a was higher 
during the second visit. A large set of measured nutrients didn’t show any noticeable change between 
the two visits suggesting that another factor was involved in this decrease in metabolic activity which 
could be a limitation in iron or change in the phytoplankton taxonomic composition. Uptake rates of 
the four phytoplankton size-groups were similar between the different visits at M2 (Fig. 2). 
We then investigated the contribution of the different phytoplanktonic size-groups to the total carbon 
uptake (µmol C L-1 d-1). Small cells globally contributed less on the plateau (between 23% and 38%) 
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than off the plateau (39% to 52%, with the exception of M4-2 where it represented 34%). On the 
plateau, the contribution of the phytoplanktonic cells increased with their size and cells of the Nano2 
size-group contributed the most to the CO2 fixation despite their lower abundances than the other 
size-groups. Off the plateau, Nano1 always played the major role in the CO2 fixation, contributing up 
to 40% of total carbon uptake at M4-1. 
We will now analyse further the samples collected around the Kerguelen Islands using the complete 
protocol to determine the CO2 fixation rates of the diverse phylogenetic photosynthetic eukaryotes. 

 

Future of the project: 
The methodological development achieved in this project will undoubtedly bring our understanding of 
the roles of microbes in the functioning of aquatic ecosystems a step forward. It will be possible to 
extend the application of this method to other phylogenetic microbial groups (both prokaryotes and 
eukaryotes) of either high or low abundance and as part of spatial or temporal surveys. The principal 
investigator and his colleagues have and will apply to national and international fundings for projects 
aiming at deciphering the role of the different groups of microbes in different freshwater and marine 
environments. These projects will help to expand our understanding of the biogeochemical cycles, 
such as:  
→  determining the contributions of several phylogenetic groups of photosynthetic eukaryotes and 
cyanobacteria across vertical and horizontal profiles in the different ocean basins,  
→ assessing the importance of the photosynthetic eukaryotes relative to the cyanobacteria in the CO2 
fixation in freshwater environments and the temporal dynamics of this metabolic activity, 
→  investigating the role played by microorganisms in other chemical cycles, such as nitrogen and 
sulfur. 
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Figure 1: Example of characteristic NanoSIMS 
image of cells of the nano2-size fraction sorted by 
flow cytometry, showing 13C enrichment (a) and Si 

enriched cells (b)

Figure 2: daily uptake rates of the different 
phytoplanktonic groups distinguised based on the cell 
size (pico1, pico 2, Nano1, Nano2) measured at four 
stations around the Kerguelen Islands

First, we measured the carbon uptake of the global phytoplankton community by conventional mass 
spectrometry (EA-IRMS). It was overall low (0,2 to 0,48 µmol of C L-1 d-1) at the exception of the 
last visit at M2, where the primary production doubled, reaching 0,92 µmol of C L-1 d-1.  

We also determined the daily carbon specific uptake rate of single cells sorted by flow cytometry 
using the NanoSims technology (Fig. 1). The isotopic composition of 883 cells have been analysed 
by NanoSims in 7 non-enriched samples (controls) and 2185 cells in 25 13C-enriched samples. Four 
different groups of phytoplankton were distinguished by flow cytometry based on their relative 
sizes (Pico1 of 1.25 ± 0.25, Pico2 of 1.63 ± 0.34, Nano1 of 2.47 ± 0.74 and Nano2 of 3.96 ± 1.66µm 
in size). These uptake rates were not significantly different between the three smallest populations 
but significantly lower for the larger cells (Nano2). Uptake rates decreased significantly between 
the two visits at the HNLC station (M4) suggesting decreasing metabolic activities, although chl a 
was higher during the second visit. A large set of measured nutrients didn’t show any noticeable 
change between the two visits suggesting that another factor was involved in this decrease in 
metabolic activity which could be a limitation in iron or change in the phytoplankton taxonomic 
composition. Uptake rates of the four phytoplankton size-groups were similar between the 
different visits at M2, but a greater heterogeneity occurred at M2-1 (Fig. 2). 

We then investigated the contribution of the different phytoplanktonic size-groups to the total 
carbon uptake (µmol C L-1 d-1). Small cells globally contributed less on the plateau (between 23% 
and 38%) than off the plateau (39% to 52%, with the exception of M4-2 where it represented 34%). 
On the plateau, the contribution of the phytoplanktonic cells increased with their size and cells of 
the Nano2 size-group contributed the most to the CO2 fixation despite their lower abundances than 
the other size-groups. Off the plateau, Nano1 always played the major role in the CO2 fixation, 
contributing up to 40% of total carbon uptake at M4-1. 

Our priority is now to publish the original results obtained with the different phytoplankton groups 
on nanosims (see article in prep. below). It has to be noted that the access to machines has been 
hectic in some cases and that the preparation of the samples has been time consuming because of 
the complexity of the processing but also of the high number of samples. We are confident that the 
last step of ActivEuk, which is to combine flow-FISH protocol with NanoSims measurements, will be 
also fully analysed during Solène Irion's PhD. Because of the success in setting up the flow-FISH 
protocol and the NanoSims analyses, we are confident in achieving to combine these two 
protocoles. We will analyse further the samples collected around the Kerguelen Islands using the 
complete protocol to determine the CO2 fixation rates of the diverse phylogenetic photosynthetic 
eukaryotes.
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