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Rendez-vous de Concarneau: Where Industry meets Science in marine Biotechnology 29-30th October 2016



Marine lipids and biotechnology Fabienne Le Grand, Gauthier Schaal, Edouard Kraffe and Philippe Soudant



LIPIDS • What are lipids ? – Molecules soluble in organic solvents but not in water → broad ! • Ex: triglycerides, fatty acids, cholesterol, lecithin, …



• They are present everywhere – In all life organisms – At all cell organization levels



• They are essential to life – Reserve lipids : energy storage – Membrane lipids : cell structure and function 2



SPECIFICITY OF MARINE LIPIDS • Linked to the specificity of marine environment – Changing (tides : T°C, salinity, …) • Organism adaptation Complex and original lipids − Varied • Organism and habitat diversity High lipid chemo-diversity
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GREAT DIVERSITY OF MARINE LIPIDS



Fatty acid



Polar head Fatty acid



• Ex : phospholipids



> 10 ≠ polar heads 3 ≠ bound types > 50 ≠ fatty acids > 1500 ≠ theorical combinations of phospholipids



• + many other types of lipids – Glycolipids, phytosterols, hydrocarbons, alkenones , plasmalogens, alkyls, …
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INTEREST OF MARINE LIPIDS IN BIOTECHNOLOGY • Energy : – Depletion of fossil resources → sustainable biofuels – Ex: triglycerides, hydrocarbons, alkenones, …



• Nutrition (human and animal) : – Essen;al fa


• Health : – Great chemo-diversity → source of bioac;ve lipids – Ex: plasmalogens, phytosterols, alkylglycerols, glycolipids, …



Sources : - Marine organisms (animals and vegetals), co/by-products, …



5



LIPID ANALYSIS: A PREREQUISITE FOR MARINE LIPID VALORIZATION • Targeted analysis : – I want to : valorize a molecule (omegas 3, phytosterols, alkenones, …) – I need to : analyze and identify sources rich in this high-value molecule



• Non-targeted analysis : – I want to : valorizate a biomass (invasive species or fishing co-products) – I need to : explore the chemodiversity of the biomass to identify lipid of interest



Need of highly-developped analytical tools + marine lipid skills LIPIDOCEAN platform
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LIPIDOCEAN • A platform for the analysis of marine lipids •



Result of 20 years of research → Expertise acquisition



•



Born from the grouping of : − Experts in marine lipid analysis − High-performance analytical equipments



• Development of efficient and original chromatographic methods • Reaching an unequalled level of detail and comprehension



LIPIDOCEAN is a pionneer and a leader structure 7



MATERIAL AND HUMAN RESSOURCES • Analytical equipment • • • • • •



5 GC-FID 1 GC-MS 1 HPTLC 4 HPLC 1 GC-IRMS … soon 1 LC-MS



• Staff • 15 persons involved to the platform • Skills : - Linked to marine lipids (biochemistry, biology, chemistry, …) - From different research areas (aquaculture, physiology, cell metabolism, trophic ecology, …)
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ANALYTICAL CAPABILITIES • Through different techniques : − − −



Extract and purify lipids Quantify of lipids Assess detailed lipid composition



• High matrice diversity : − − − −



Animals (bivalves, fishes, …) Vegetals (macro- and micro-algae) Industrial by/co-products Sea water, sediment, micro-fossils …
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EXAMPLE (bivalve hemocytes) Analysis on very low quantities of lipids



LN (46%) LT (9.4 nmol 10-6 cells) LP (54%)



TG (8%) AGL (4%) ALC (1%) ST EST (1%%) ST FREE (86%) PC (34%) PCplsm (2%) PE (6%) PEplsm (27%) PS (2%) PSplsm (3%) PI (3%) CL (1%) CAEP (14%) LysoPC (8%)



Sterol composition (% of free sterols)



Fatty acid composition (% of PC total fatty acids)



+ glycolipids for algae Le Grand et. al. 2010; 2011; 2013; 2014
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FROM FUNDAMENTAL RESEARCH TO BIOTECHS • LIPIDOCEAN can help in many scientific questions : − Aquaculture, animal and plant physiology, energetic metabolism, trophic ecology, chemical ecology… and biotechnology



→ Tool to study the potential of marine lipids in various biotechnical applications − Energy



• 3 examples of applications : − Nutrition (non exhaustive)



− Health



+ 3 other lipid family which present a high potential 11



VALORIZATION OF THE MICROALGAE BOTRYOCOCCUS BRAUNII CAER: alternative fuels for aeronautic • B. braunii features : – Colonial – Production of hydrocarbons : up to 60% – Low growth rate



• Strain screening and culture condition optimization Maximize hydrocarbon productivity (growth and content) EOSS-PBR



• Development of high throughput screening method by HPTLC
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VALORIZATION OF MICROALGAE GROWN ON PIG MANURE • Thraustochytrids: – Heterotrophic protists – High productivity in fermenters – Productors of EPA and/or DHA



22:6n-3



18:1n-9



16:1n-7



18:0



16:0



50% 40% 30% 20% 10% 0% 14:0



– Encouraging first results → growth, DHA content



Composition en AG (% du total des AG)



• Heterotrophic culture on pig manure



CHARACTERIZATION OF PURIFIED PRODUCTS FROM SHARK LIVER OIL Alkylglycerols • Structure and occurrence – Ether analogues of triacylglycerols – Up to 30% of the liver lipids of sharks



• Biological roles: – Anti-tumor and anti-metastasis activities – Stimulation of hematopoiesis and immunological defenses – Lowering radiotherapy-induced injuries, improving vaccination and improving sperm quality



• Valorization : as nutraceutics • Perspectives : identify alternative sources than sharks
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MARINE PHYTOSTEROLS • Structure : – Based upon cholesterol > 100 different molecules !



• Occurrence : – Synthesized by marine micro- and macroalgae : ∼ 50 mg/g DW – Transferred all along the marine trophic chain



• Biological roles : – Lowering of cholesterol content – Anti-tumoral, anti-inflammatory and anti-oxidative activities – Cardio-vascular health improvement



• Valorization and perspective : – Margarines, yogurts, … – Mostly from terrestrial sources



diversification toward marine sources
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MARINE GLYCOLIPIDS •



Structure : – Polar head: sugar(s) + apolar tails : fatty acids



•



Occurrence : – Synthesized by marine micro- and macroalgae – ∼ 2-5 mg/g DW



•



Biological roles : ex SQDG – Anti-herpetic activity – Anti-tumoral activity – Apoptose induction



•



Valorization : weak / nonexistant 16



Structure :



• Occurrence :



Ester bond R2



Fatty acid



•



Fatty acid



MARINE PLASMALOGENS



Polar head



Vinyl-ether bond R2 PLASMALOGENS



– Highly concentrated in marine molluscs ex: 50% of bivalves phospholipids



• Biological roles : – High antioxidative role • Plasmalogens trap ROS → prevent/delay PUFA peroxidation
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Nagan, 2001; Leray, 2002



Production of toxic molecules Propagation of oxidation



Plasmalogen oxidation



PUFA peroxidation



LysoPL +ROS



+



+ROS



PL



PUFA FFA



Plasmalogen



Fatty aldhehyde



Modified from Morand, 1988



PUFA Modified from Porter, 1995



Production of non-toxic lipid molecules ROS trap → Stop of the oxidative reaction



Plasmalogens prevent/delay PUFA peroxidation → antioxidant role



Structure :



• Occurrence :



Ester bond R2



Fatty acid



•



Fatty acid



MARINE PLASMALOGENS



Polar head



Vinyl-ether bond R2 PLASMALOGENS



– Highly concentrated in marine molluscs ex: 50% of bivalves phospholipids



• Biological roles : – High antioxidative role • Plasmalogens trap ROS → prevent/delay PUFA peroxidation – Plasmalogen deficiency observed in many human oxidative disorders • Alzheimer disease, cancer, aging, …
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Higher PUFA content in bivalves/mammals (Pamplona, 1998; Munro, 2012) Peroxidation index bivalves (≈230) >> PI mammals (≈ 110) Theorical higher membrane oxidative sensitivity



Implication in aging : (Munro, 2012)



Arctica islandica 507 years



Protection of PUFA from peroxydation Plasmalogens delay cell senescence



Higher longevity Higher plasmalogen levels



Implication in cancer : Some cancers result from an ↗ oxidative stress → ↘ plasmalogen levels • Human ovarian cancer: patent for diagnosis based on ↘ plasmalogen levels (Shan, 2006) • Bivalve neoplasia : (Le Grand, 2014.) • Modification of ROS localization → ↗ oxidative stress • ↘ plasmalogen level : 44% to 22%



vs.



Structure :



• Occurrence :



Ester bond R2



Fatty acid



•



Fatty acid



MARINE PLASMALOGENS



Polar head



Vinyl-ether bond R2 PLASMALOGENS



– Highly concentrated in marine molluscs ex: 50% of bivalves phospholipids



• Biological roles : – High antioxidative role • Plasmalogens trap ROS → prevent/delay PUFA peroxidation – Plasmalogen deficiency observed in many human oxidative disorders • Alzheimer disease, cancer, aging, …



-



Valorization : weak / nonexistant - But very high potential : plasmalogen ingestion could help plasmalogen level restoration
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SUMMARY • Marine lipids can be valorized in 3 main biotechnological domains : energy, nutrition and health



• Their analysis is complex but is a necessary step before valorization



• Applied studies aim to valorize different lipid molecules from diverse biomass sources : hydrocarbons, omegas 3 fatty acids and alkylglycerols, …



• Academic research also allowed identifying 3 original lipid families with high valorization potential: phytosterols, glycolipids and plasmalogens 22



Website : https://www-iuem.univ-brest.fr/LEMAR/moyens-analytiques/lipidocean



Thanks for your attention Contacts : [email protected] [email protected] [email protected] [email protected] [email protected]
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