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II:  Recent progress in the characterization of
bioactives from kelps

I : Why to work on kelps?

III:  Challenges in the optimised production
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Economic 
importance

Ecological 
impact

Heterokonts lineage
Independent from Plantae

Multicellular organisms 

Lane et al, TREE, 2008
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Evolutionnary 
relevance

Economic 
importance
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Dense population on rocky shores
Huge biomass
Habitats for fauna and flora

Iodine cycle
Iodine accumulation
Iodovolatilisation
Cloud formation

I2 , iodocarbons

Photolysis
Ozone

Iodine particles
Iox

H2O condensation

Precipitations

Küpper et al, PNAS, 105, 6954, 2008



-- PolyPoly-- and oligosaccharides, and oligosaccharides, laminarin,laminarin, fucansfucans, , 
alginates, alginates, mannitolmannitol ..

-- Halogenated compounds: the iodine metabolismHalogenated compounds: the iodine metabolism

-- FattyFatty--acid derivatives: acid derivatives: oxylipinsoxylipins and and aldehydesaldehydes

-- PhenolicsPhenolics: species: species--dependent! Others: dependent! Others: terpenesterpenes

-- Unique enzymes, C5Unique enzymes, C5--epimerases, vanadium epimerases, vanadium 
haloperoxidaseshaloperoxidases, etc, etc……

Bioactive compounds of kelps, some are unique
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Ecological 
impact

Commercial species
Culture and harvesting
Alginate extraction
Food complements Photo: Ifremer

Diseases, climate change
� production decrease
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Industrial polysaccharides in kelps
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Cluster analysis of 56 partial 
mannuronan C5-epimerase
cDNA sequences of Laminaria digitata

Tonon et al, J. Phycol, 44, 2008

MnEn

MnEm
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The first natural immunomodulator
of wheat disease resistance

Marketed : Spring 2003

Active principle = LAMINARIN 
(storage polysaccharide of Laminaria digitata)
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Maximal concentrations are reached in mid-september
and mid-october with an average of 15 % of the dry matter.

alginate

40%

30%

Laminarin content in L.digitata
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November 1997

2,8%

4,0% 3,6%
12,4%

17,0%

25% 20%

Laminarin content in Fall displays an increasing gradient in Brittanny.
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[[VerhaegheVerhaeghe et al., 2008, J et al., 2008, J BiolBiol InorgInorg ChemChem]]

NanoNano--SIMSSIMS 5050

PIXE ion PIXE ion microprobemicroprobe

PhD Elodie VERHAEGHE

Micro-chemical imaging shows that iodine is located in the peripheral tissue
and sequestrated in the apoplasm
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Copyright ©2008 by the National Academy of Sciences

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

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

Kelps accumulate iodide as an inorganic antioxidant
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SeawaterI- (0.3 µM) 

vIPO

H2O2

Apopastic
oxidase

Selective
oxidation Iox

CellApoplast

I2, IOH or I3
-

Hypothesis
Diffusion & 

I-

Macromolecule-I- complex

Complexation

Br- (0.8 mM) Cl- (0.5 M)-

Hypothesis
Diffusion & 
complexation

Macromolecule- Iox complex

2

-

1
reduction

I-

- -

-

Micro-chemical imaging shows that iodine is located in the peripheral tissue
and sequestrated in the apoplasm, suggesting a new mechanism for its 
accumulation

[[VerhaegheVerhaeghe et al., 2008, J et al., 2008, J BiolBiol InorgInorg ChemChem]]

[[KKüüpperpper et al., 2008, PNAS]et al., 2008, PNAS]
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Collaboration with C. Voiseux, B. Fievet, IRSN
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Collaboration with P. Morin’s group, SBR

Iodine remobilization after stress in kelps
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Evolution and molecular characterization of vHPOs

[Colin et al, 2005, J Biol Inorg Chem]
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Red
algae

Brown 
algae

Red
algae

Brown 
algae

The vIPO enzymes represent a 
novel biochemical function 
closely related to brown algal 
vBPO and are likely to be
involved in iodine accumulation 
in kelps

Sequence comparisons
and modellization give
some cues to understand
halide specificities
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Ritter et al, New Phytol., 2008

� Free Fatty acid liberation

GC/MS

Copper stress (300 µgL-1) triggers 
polyunsaturated free fatty acid liberation
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Oxylipins Fatty Acid

EPA
AA

�-linleic

Copper stress (300 µgL-1) induces oxylipin production 
in Laminaria digitata

Ritter, Goulitquer et al, New Phytol., 2008
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Copper stress induces oxylipin production in 
Laminaria digitata
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Linoleic acid C18:2

Arachidonic acid C20:4

12- or 
15-LOX

13-
LOX

Hydroperoxide
s

13- or        
15-HPL ?

12-HPL ?

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

OOH

O

H

COOH

COOH

n-Hexanal

O

H
(E)-2-Nonenal

Are aldehydes involved in early responses to copper 
stress in Laminaria digitata?

OxylipinsFree fatty acid C6/C9 aldehydes

Biological relevance unknown
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Early release of aldehydes induced by copper 

in L. digitata

Goulitquer, Ritter et al, Submitted to Chembiochem

Green plants 
enzymatic
derivatives
(C9/C6)

Non enzymatic

Seawater
Air

Ratio (aldehyde from stressed plants/ 
aldehyde from control plants) at 1h
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Source: Ifremer



Saccharina (Laminaria) japonica farming
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- GENOME SEQUENCING : 3,000,000  reads (10X, shotgun)

cDNA SEQUENCING : 100,000 reads (full-length cDNAs)

P. Rouzé / Y. van der Peer

+ Es Genome Consortium

J. M. Cock, Roscoff

- STRAIN SELECTION 
- BIOLOGICAL MATERIAL 
- LIBRARIES

- LIBRARIES
- SEQUENCING
- ASSEMBLY

- AUTOMATIC ANNOTATION
- EXPERT ANNOTATION

The Ectocarpus genome (200 Mb) project J.-M. Cock



Impact of the  responses to herbivory on the 
population(s) ecology 

of Lessonia nigrescens

Massive sequencing of mRNA using 454Experimental grazing

ECOKELP:
www.sb-roscoff.fr/ecokelp/ 

www.marine-genomics
-europe.org
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Undaria pinnatifida

WAKAME 2.7 Mt

Sources: Ifremer
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- A maricultured kelp

- An invasive species

- A proposal for a pilot 
project between Japan
& France

- 1,5X coverage

- 100 to 200,000 ESTs
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Business need

Desired traits

Isolated gene(s)Selected plants

Elite varieties

Propagation

Production

Population and quantitative 
genetics

Biochemistry, 
molecular biology

Merging genomics into algal biotechnology

Molecular genetics

Traditional and molecular
genetics

Genetic engineering
GMOs

Cellular biology - Reproduction biology

Agronomy, physiology

Towards the systems biology of maricultured algae



. )
/ � � � � 	 
 � � 
. )
 / � � � � 	 
 � � 
. )
 / � � � � 	 
 � � 
. )
 / � � � � 	 
 � � 
 � � � �� � � �� � � �� � � � � � 
 � � � � � 
 � 
 � �� � 
 � � � � � 
 � 
 � �� � 
 � � � � � 
 � 
 � �� � 
 � � � � � 
 � 
 � �

�� Currently at 11X (200 Currently at 11X (200 MbpMbp) and ~100,000 ) and ~100,000 ESTsESTs
�� Tiling arrayTiling array
�� IntronsIntrons in every gene, in average 8 per gene, ca. 500 in every gene, in average 8 per gene, ca. 500 ntnt longlong

Cell wall synthesis and/or modificationCell wall synthesis and/or modification
-- CC55--epimerases, glycoside epimerases, glycoside hydrolasehydrolase (GH5 family), (GH5 family), bbbbbbbb--1,3 1,3 glucanaseglucanase, , bbbbbbbb--
glucosidaseglucosidase, polysaccharide (alginate?) , polysaccharide (alginate?) lyaselyase, , bbbbbbbb--1,41,4--mannan mannan synthasesynthase, , ¼¼

Fatty acid metabolismFatty acid metabolism
-- FA biosynthesis : FA biosynthesis : DDDDDDDD66--, , DDDDDDDD55--, , DDDDDDDD44--desaturases desaturases 
-- FA oxidation : FA oxidation : phospholipasesphospholipases, , alleneallene oxide oxide cyclasecyclase, , lipoxygenaseslipoxygenases, , 
hydroperoxidehydroperoxide lyaselyase
-- FA hydroxylation and detoxification :  FA hydroxylation and detoxification :  cytochromecytochrome P450s, P450s, ¼¼

Halogen metabolismHalogen metabolism
-- haloperoxidasehaloperoxidase, , haloacidhaloacid dehalogenasesdehalogenases, , haloalkanehaloalkane dehalogenasesdehalogenases, , ¼¼

Ectocarpus siliculosus genome : release Summer 2009
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Purification of a recombinant GST from 
the red alga Chondrus crispus, CcGST2

44  46  48  50   52   54   56  58  60 dialysate

31 kDa

21,5 kDa

¼ that was already 
crystallized

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

Marine-express : first results
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Find an alternative to the storage of fresh biomass in 
formaldehyde

Acid
Calcium

Na2CO3

LAMINARIN
MANNITOL
FUCANS Na- ALGINATE

Co-extraction of laminarin, mannitol , fucans with alginates



: a contribution to « blue », sustainable chemistry

Novel Novel bioproductsbioproducts in cosmetic, health and nanotechnologiesin cosmetic, health and nanotechnologies
oxylipinsoxylipins
polypoly-- and oligosaccharidesand oligosaccharides
halogenated compoundshalogenated compounds
¼¼ ..

BioprocessesBioprocesses
polysaccharide polysaccharide tayloringtayloring
((de)halogenationde)halogenation
new adhesion catalystsnew adhesion catalysts
¼¼

Knowledge and methods for genetic improvementKnowledge and methods for genetic improvement
decipherdecipher the the biogenesisbiogenesis of of naturalnatural productsproducts
decipherdecipher the the molecularmolecular bases of bases of diseasedisease resistanceresistance
identifyidentify geneticgenetic markers for markers for helpinghelping in in genotypegenotype selectionselection
¼¼ . . 
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-- Merging population genomics and classical and Merging population genomics and classical and 
quantitative genetics in kelp aquaculture.quantitative genetics in kelp aquaculture.

-- Mining genomics resources and developing Mining genomics resources and developing 
postpost--genomics approaches.genomics approaches.

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

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



Thank you !
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