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Exploration of ecologically
relevant biotic interactions
In seaweeds
using molecular and
bio-chemical methods

Host-parasite (pathogen)

Algae-grazers



Defense against epi- and endophytes
-

Host-pathogen recognition

* Mechanical Signals (?)
* Chemical Signals (?)

Penetration
Attachment



Porphyra yezoensis/ Pythium

porphyrae

1 Oagarose 'i 1Sx_11fa'laed ag:

appressoria formation is mediated by
the perception of sulfated agar located in host

cell walls Uppalapati & Fujita, J. Phycol, 2000



Defense mechanisms in

seaweeds

- Oligosaccharides as signalling
compounds

- The importance of halides

- Oxylipins as secondary signals In
regulation processes



w

Laminaria digitata/
Laminariocolax tomentosoides

Frithjof Kiipper 2001

-



Cell-cell recognition in host-pathogen interactions

Cell-wall degrading
/ enzymes

Oligosaccharide elicitors Cell wall

Virulence
signals

Defense
Defense ‘ genes

signals
Vi*ﬂence

genes

Cell wall Oligosaccharide elicitors

Pathogen Cell-wall degrading Host
enzymes



sporophytes: diploid gametophytes: haploid

fertilization

meiosis



Oligoguluronates induce an oxidative burst in the
sporophytes of Laminaria digitata

—&— control
—=-/100 microg/ml GG —&— control
/100 microg/ml MM 8 —#—/100 microg/ml GG
/100 microg/ml MG /10 microg/ml GG
/2.5 microg/ml GG
——/1 microg/ml GG
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nmol peroxide / g FW

nmol peroxide / g FW




The oxidative burst in the apoplast of Laminaria,
visualized by DCFH-DA and confocal microscopy

120 s 420 s

i |

DCFH-DA :

840 s dichlorohydrofluorescein
ols diacetate



Elicitors of defense responses
in Laminaria sporophytes

- oligo-guluronates
- bacterial endotoxins
- arachidonic acid

- methyl jasmonate



Early events in the perception of lipopolysaccharides in
the brown alga Laminaria digitata include an oxidative
burst and activation of fatty acid oxidation cascades

W Controls 13-HOTrE
O LFPS Mannobacter

O Methid jasmaonate

0O Qigomeduronale
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Hydrogen perox

Strong H,0O, emission

Production of oxylipins.
Kupper et al J. Exp. Bot., 2006, 57, 1991



Bioassay to test induction of resistance or
susceptibility of L. dig. against L. tomentosoides

L. digitata
‘ XN

Pre treatment with
oligoguluronates over
different time series

plantlet

L. tomeptosoides
gf%"_f / L. digitata
e’ S 2-20 mm in thallus length

3 days

Co-cultures

3 weeks

2 Medium
changes/week



Oligoguluronates induce resistance against

Laminariocolax tomentosoides in Laminaria digitata

Control Elicited




Establishment of the oligoguluronate-induced resistance

c
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in Laminaria digitata.

8 1|2 9 9 9 6

NoGG 1-3 4-6 79 10-14 No endophyte

Treatment with oligoguluronates
before endophyte inoculation (days)

0, no symptoms of
pathogen infection nor
unusual necroses;

1, infections and/or
necroses only very
marginal,

2, few infections or
necroses: overall
plants in good

shape;

3, strong infections or
necroses in at least
one plant, but other
plants of the

same batch in good
shape;

4, strong infections and
necroses in several
plants;

5,strong infections, at
least one plant dead,;
and

6, massive infections,
all plants dead.




Metabolic pathways involved in the natural resistance of L. digitata

Elicitor:
OligoGG
Volatile

Halogenated Comm ‘

Perception idati DPI

Halogenation

/

Haloperoxidase

Mannuronan ..,
l C5-épimérase ..,
Ty N “u
Secondary metabolites Other defense pathways :
halogenated?
UV-fluorescent n
metabolites
ey Oxylipins
Cell wall strengthening 3

" ;:
Endophyte containment




PROSPECTS

Control of Biofilm dynamics

Attachment Detachment

Direct effect of algal-generated
oxidants and metabolites on the
communication signals of Gram-
and possibly Gram+ bacteria

ECOKELP
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The interaction between the red Chondrus crispus
and the green algal endophyte Acrochaete operculata

GAMETOPHYTE

(o]V]

K-carrageenan

(2n)

A-carragenan =% =3

SPOROPHYTE Correa & McLachlan J Phycol (1991) 27: 448



Only tetrasporophytic strains of Chondrus crispus
are successfully invaded by Acrochaete operculata

GAMETOPHYTE SPOROPHYTE

Q ou

K-carrageenan

(2n)

Cross-section

A-carragenan




Carrageenan oligosaccharides modulate the interaction
between A. operculata and C. crispus

Oligo-A-carragenans enhance k-carragenans inhibit
spore virulence spore virulence
m
%& -/l
A S
o, om0,

o sp'_res-k“;"‘. ?
&
X o

"\‘C.Q

Bouarab et al.
Plant Cell, (1999) 11, 1635




C. crispus gametophytes respond by an oxidative burst
to challenge with A. operculata cell-free extracts.

Pathogen
A. operculata

H,0, Oxidative Burst

12
10
\ 4
Oxidative burst : 8
6
Activation of NADPH a
oxidase
(EST Porphyra 2
1 cDNA in Chondrus) 0 B —r
0 50 100 150 200 250 300
+ Time (min)
—0— Control
Induced —{}— Pathogen extract
Defenses —e— 5 \M DPl/elicitation

Bouarab et al.

Plant Cell, (1999) 11, 1635
Herve et al.

Curr genet. (2006) 49, 190




Bromide efflux (mM)

A. operculata extracts provoke a bromide efflux and
halocarbon emission in C. crispus gametophytes.

10
] 750
8,
] K
f H
500
o : |
] R CHBr,
- T CH,CH,! ‘ CHErCI, CHBr,Cl
4- Z 250 ] '
: / j ‘r\
27 i \’ .‘
0 —.___- J..‘. "U .! "l ‘-‘.-....._.___”‘--—L-—'_
o7 7T 0 5 10 15 20 25
0 50 . .100 . 150 200 Time (min)
Incubation time (min)
[ ] Elicitors [1 LaCl, 1 mM/Elicitors
O Control @ A-9-C 500 mM/Elicitors

Bouarab 2001 PhD thesis



Volatile halocarbons released by C. crispus gametophytes are
toxic for spores and germlings of A. operculata

Mélange

CHBr2Cl1

Survivant

@

Bouarab 2001 PhD thesis



UV-absorbing compounds accumulate
in C. crispus gametophytes at the sites of penetration by
A. operculata zoospores

Bright field uv

Gametophyte ? i

Sporophyte

Bouarab 2001 PhD thesis



Oxylipins induce resistance against A. operculata
in C. crispus sporophytes

Host Oxylipin concentrations  Frequency of infection
Control sporophytes 70 12
HPETE-treated sporophytes 30 uM 52+ 14
150 uM

HPOD-treated sporophytes 30 uM 48 £ 10
150 uM

MeJ-treated sporophytes 1 uM 68 * 11
10 uM 45113
100 uM

Bouarab et al.,
Plant Physiol. (2004) 135, 1838



Time course of lipoxygenase activity in C. crispus
gametophytes challenged by A. operculata signal

Control Elicitation

12 24 48 96 12 24 48 72 96 SHAM PG Incubation
time (H)

Ho) EXoR
FF A N HOO'F F A PG : Propyll-Gallate LOX inhibitors

SHAM

Bouarab et al.,
Plant Physiol. (2004) 135, 1838



Involvement of the phenylpropanoid pathway in the
natural resistance of C. crispus gametophytes

Elicitor
Volatile Halogenated
Compounds
e ogenaton Oxidative burst DPI
Shikimate pathway
Glyphosate l
Shikimate dehydrogenase
Phenylalanine Halogenation 4
Other defense pathways
AOPP \ S ,
Phenylpropanoid pathway

/ < Oxylipins

Aromatic secondary metabolites i

L 4

““ 0..‘
/ “‘ .
UV-fluorescent metabolites, | .
Cell-wall cross-linking
““ % ::
X ¥
— Containment
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Integration of transcriptomics and metabolomics for
understanding of global responses to
environmental stresses



Gracilaria chilensis
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Neoagaro-oligosaccharides

Florian Weinberger 2000 PhD



Two different lipase activities trigger the
wound activated defense of G. chilensis.

- control
B 7.8-di-HETE
] 8-HETE

I 50

sottlad
SpOres

control 1.5 3 & 3 12
pag?'  pgg!  pgg! pgg! pgg! pggl

Lion et al., ChemBioChem (2005) 7, 457



Principal contributions of our research

A better understanding of biotic interactions in the sea

- Chemical signaling and allelopathic interactions

- Defenses/virulence responses may modulate food webs or the
whole ecosystem.

A better understanding of the evolution of innate immunity in eukaryotes

- Conservation of the transduction machinery and of metabolism
- Adaptation to the marine environement (halides, aquatic envt)

Potential applications for algal mariculture

- explore the interest of host immunostimulation in land-based
aquaculture facilities (nurseries and raceways)

- derive guidelines and tools to select disease-resistant genotypes.

The challenge is to integrate the reductionist approach with
the population approach
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