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| - Why to work on kelps?

Il Recent progress in the characterization of
bioactives from kelps

Il Challenges in the optimised production
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Bioactive compounds of kelps, some are unique

- Poly- and oligosaccharides, laminarin, fucans,
alginates, mannitol.

- Halogenated compounds: the iodine metabolism
- Fatty-acid derivatives: oxylipins and aldehydes
- Phenolics: species-dependent! Others: terpenes

- Unique enzymes, C5-epimerases, vanadium
haloperoxidases, etc...
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The first natural iImmunomodulator
of wheat disease resistance

Marketed : Spring 2003

Active principle = LAMINARIN
(storage polysaccharide of Laminaria digitata)
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Laminarin content in L.digitata
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Maximal concentrations are reached in mid-september
and mid-october with an average of 15 % of the dry matter.
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Laminarin content in Fall displays an increasing gradient in Brittanny.




Micro-chemical imaging shows that iodine is located in the peripheral tissue
and sequestrated in the apoplasm

PIXE ion microprobe

Nano-SIMS 50

PhD Elodie VERHAEGHE

[Verhaeghe et al., 2008, J Biol Inorg Chem]



Kelps accumulate iodide as an inorganic antioxidant

Fig. 1. XAS of L. digitata tissues, including time course of experiment with fresh Laminaria thalli
stressed with oligoguluronates (GG)

Klpper, Frithjof C. et al. (2008) Proc. Natl. Acad. Sci. USA 105, 6954-6958

Copyright ©2008 by the National Academy of Sciences



Micro-chemical imaging shows that iodine is located in the peripheral tissue
and sequestrated in the apoplasm, suggesting a new mechanism for its
accumulation
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lodine remobilization after stress in kelps
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Evolution and molecular characterization of vHPOS

-7 The vIPO enzymes represent a
novel biochemical function
Brown closely related to brown algal
-{---""" vBPO and are likely to be
o, Involved in iodine accumulation
T in kelps

- algae

Sequence comparisons j
and modellization give

some cues to understand

halide specificities

[Colin et al, 2005, J Biol Inorg Chem]
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Copper stress (300 pugLt) triggers
polyunsaturated free fatty acid liberation
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Ritter et al, New Phytol., 2008



&I

()

Copper stress (300 uglL- l) mduces oxylipin production
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Copper stress induces oxylipin production in
Laminaria digitata
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Are aldehydes involved in early responses to copper
stress in Laminaria digitata?

T T SHPLY
Linoleic acid C18:2 \ /w_< / n-Hexanal
—\J

COOH HydroperOX|de
— 15-LOX

(E) -2-Nonenal
Arachidonic acid C20:4

Freefattyacid —— ~ Oxylipns =~ C6/C9 aldehydes

Boonprab et al., J. Appl. Phycol.,
2006

~ Biological relevance unknown
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Early release of aldehydes induced by copper
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Il Challenges in the optimised production
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Source: Ifremer
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Saccharina (Laminaria) japonica farming
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The Ectocarpus genome (200 Mb) project J.-M. Cock

3,000,000 reads (10X, shotgun)

100,000 reads (full-length cDNAS)

J. M. Cock, Roscoff P. Rouze /Y. van der Peer

+ Es Genome Consortium



Experimental grazing Massive sequencing of mRNA using 454

www.marine-genomics
-europe.org
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- A maricultured kelp

WAKAME 2.7 Mt

- An invasive species

Undaria pinnatifida

Sources: Ifremer
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Merging genomics into algal biotechnology

Business need

v

genetics molecular biology

Molecular genetics \

Selected plants Isolated gene(s)

\ 4

Traditional and molecular Genen j Ing
genetics MOs

\ Elite varieties

Cellular biology - Reproduction biology

\ 4

Propagation

Agronomy, physiology

\ 4

Production

Towards the systems biology of maricultured algae
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Ectocarpus siliculosus genome : release Summer 2009

Currently at 11X (200 Mbp) and ~100,000 ESTs
Tiling array
Introns in every gene, in average 8 per gene, ca. 500 nt long

- C.-epimerases, glycoside hydrolase (GH5 family), b-1,3 glucanase, b-
glucosidase, polysaccharide (alginate?) lyase, b-1,4-mannan synthase, Y

- FA biosynthesis : D6-, D5-, D4-desaturases

- FA oxidation : phospholipases, allene oxide cyclase, lipoxygenases,
hydroperoxide lyase

- FA hydroxylation and detoxification : cytochrome P450s, %

- haloperoxidase, haloacid dehalogenases, haloalkane dehalogenases, Y
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Marine-express : first results

Proportion of soluble, presumably active enzymes after
two rounds of expression (96 genes) : ca. 40 %

44 46 48 50 52 54 56 58 60 dialysate

Y4 that was already
crystallized

31 kDa

21,5 kDa

Purification of arecombinant GST from
the red alga Chondrus crispus, CcGST2
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Co-extraction of laminarin, mannitol , fucans with alginates

Acid
Calcium

\ Na,CO,

LAMINARIN

MANNITOL

Find an alternative to the storage of fresh biomass in
formaldehyde
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: a contribution to « blue », sustainable chemistry

oxylipins

poly- and oligosaccharides
halogenated compounds
Ya.

polysaccharide tayloring
(de)halogenation

new adhesion catalysts
Ya

decipher the biogenesis of natural products

decipher the molecular bases of disease resistance
Identify genetic markers for helping in genotype selection
Ya.



- Merging population genomics and classical and
guantitative genetics in kelp aguaculture.

- Mining genomics resources and developing
post-genomics approaches.

- Developing biotechnological tools to exploit the
metabolic diversity of kelps, including protein
expression systems to taylor precursors of
bioactives

- Testing alternative processes in kelp industry,
Including filtration and fermentation.



%

#

(%)



