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Descriptif du projet

Aquatic photosynthetic microorganisms, such as cyanobacteria or diatoms, are the primary producers of
marine ecosystems, i.e. they synthesize organic compounds from dissolved carbon dioxide (CO;). They
produce for instance polyunsaturated fatty acids (PUFAs) and derived lipids that are a transiently stored
in lipid droplets and membranes before they are mobilized by the ensemble of the food chain [1, 2]. They
represent a source of both energy and essential precursors for various cellular functions. From another
perspective, the various applications of lipids in nutrition, oleochemistry and biofuels are major drivers of
current research efforts for harnessing photosynthesis in microalgae and plants. A better understanding
of photosynthesis and carbon metabolism in microalgae is however required to unlock these
developments. Our group at the BIP laboratory combines physiological studies on microalgae with the
characterization and valorization of lipids [3]. We have a peculiar interest for the model diatom
Phaeodactylum tricornutumn [4, 5], ubiquitus to shallow waters, that can adapt to various environments
differing in the availability of dissolved inorganic carbon (CO; or bicarbonate), level of O,, light and
temperature. These diatoms can be found either in the sediments (reefs, sands or mudflats; benthic
microalgae) or bound as biofilms on macroalgae and seagrasses (epiphytes) or free in the water column
(planktonic). Benthic diatoms in mudflat can experience very high CO,/O; ratios, while epiphytes diatoms
experience very low CO,/0, ratios because of the photosynthetic activity of their support. The lipids
metabolism of diatoms from these environments is thus expected to be highly versatile depending on the
environments ([6, 7], Fig A). The project aims at developing the biochemical and biophysical tools to
describe the transitions in lipid metabolism induced by change of culture conditions such as dark/light
transition or epiphytes/benthic- lifestyles.

We will benefit from the newly installed on-flow NMR apparatus that couples a photobioreactor to an
NMR spectrometer ([8] Fig B). The BIP2 group has demonstrated that intracellular lipids can be
monitored and quantified during cell culture upon change of the conditions (ie. nitrogen deprivation and
resupply, Fig C [4]). During the project, the PhD student will adapt these culture conditions already
mastered by the group to the on-flow NMR apparatus, using designed microfluidic devices. The lipids
composition and amounts will be monitored using standard double correlation experiment on *H, 3P and
13C nuclei thanks the newly installed *H-1°F/31P/33C/*N cryoprobe purchased by the IMM NMR platform.
The supramolecular organisation of the lipids (lipid droplets, membranes, micelles) will be monitored
using Diffusion Ordered Spectroscopy [9]. In cell data will be confronted to flow cytometry after lipid
staining and analysis after lipid extraction (TLC-densitometry, GC-FID, FTIR) routinely performed at IMM
and BIP2. Running cost and NMR time will be supported by the PEPR projects AlgAdvances (B-BEST) and
CO,_CMd (FairCarboN).
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