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o A hot spot of biodiversity for
’ . understanding the seaweed microbiome
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Why understanding the seaweed

microbiome?

Impact on coral Green and golden tides

Seaweed Food and Feed >
reefs | : ™ o

FThe microbiome
functions? < .0

e
ik =

Decline of kelp
forests worlwide




.
. L]

ﬁ.{. As humans and all eukaryotes do,

seaweeds interact with microbes

.
* Bacteria shape seaweed .
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55"+ The seaweed microbiome: how it looks
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Seaweed and associated bacteria in a changing
environment . a complex system = phycobiome

o
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CHALLENGES:

* Proofs of the role of bacteria in
adaptation

* Learn how to study a complex
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Bacteria-induced growth and morphogenesis in

the green macroalga genus Ulva

A Cultivation of Induction of Purification of
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Metabolomics of bacteria-induced growth and

morphogenesis in Ulva mutabtlis (compressa)

Signal perception by
Ulva mutabilis

Roseobacter sp. Cytophaga sp.
promotes Ulva attracts promotes
cell divisions Roseobacter sp. rhizoid formation
and promotes growth of
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Release of bacterial morphogenetic compounds
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Bacteria-induced growth and morphogenesis in the

brown alga Ectocarpus sp.

There is a clear developmental difference between the

axenic and non-axenic ECtOCC"‘pUS Sp. Under sterile

conditions there is
not development of
upright filament in
Ectocarpus axenic

Non-axenic Axenic

strain
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Bacteria-induced growth and morphogenesis in

the brown alga Ectocarpus sp.

Experimental strategy to isolate and identify bacteria

Culture-dependent technique associated with Ectocarpus sp.
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— = E» 16S rRNA

Vibrionaceae, Vibrionales

Sequencing

An59, An71), Shewanellaceae

Sequence anaIyins

Colwelliaceae Alteromonadales

Tapia et al, 2016
Front. Microbiol
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Bacteria-induced growth and morphogenesis in

the brown alga Ectocarpus sp.

Bacterial isolates identify by 16rRNA gene sequencing.

Isolate ID Closest matching strain in BLAST Class % Sequence similarity

Z8 a Marinobacter sp. y-Proteobacteria 100
R13 Sulfitobacter sp. a-Proteobacteria 100
Es32869 2 Marinobacter sp. y-Proteobacteria 99
R15 Sulfitobacter sp. a-Proteobacteria 99
Z3 Halomonas sp. y-Proteobacteria 99
Es32869_1  Methylophaga sp. y-Proteobacteria 99
R11 a Antarctobacter heliothermus a-Proteobacteria 99
R4 b Alteromonas sp. y-Proteobacteria 99
Z1 Alteromonas genovensis y-Proteobacteria 99
Z9 b Bacterium DG940 y-Proteobacteria 98
R2 b Halomonas sp. y-Proteobacteria 98
R6_a Bermanella marisrubri y-Proteobacteria 97
Es534869_

Tapia ot al., 2016 2 Halomonas sp. y-Proteobacteria 96

Front. Microbiol. R10_a Roseobacter sp. a-Proteobacteria 96
Z8 b Marinobacter sp. y-Proteobacteria 90
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Bacteria-induced growth, morphogenesis and

reproduction in the brown alga Ectocarpus sp.
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Tapia et al, 2016
Front. Microbiol.



Waterborne cues in bacteria-induced growth and
morphogenesis in the brown alga Ectocarpus sp.
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Host—microbe interactions as a driver of acclimation to

salinity gradients in Ectocarpus subulatus
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An example of complementarity:

Biosynthesis of vitamin B5

B-alanine biosynthesis Il

Phosphopantothenate biosynthesis |
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Key functions of the seaweed

microbiome

(b) Enhanced morphogenesis

~

Enhanced settlement

adeys senj2o pasueyuy

Enhanced growth

(d)

From: Seaweed—microbial interactions: key functions of seaweed-associated bacteria
FEMS Microbiol Ecol. 2014;88(2):213-230. do0i:10.1111/1574-6941.12297
FEMS Microbiol Ecol | © 2014 Federation of European Microbiological Societies
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'# The kelp microbiome: a first
. Mmetagenomics approach

a
MetaSort untangles metagenome assembly
by reducing microbial community complexity

(@) Phylogenetic tree of 75 assembled
kelp bacterial genomes belonging to five phyla.
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The kelp microbiome is very distinct than the surrounding

ocean and human gut microbiomes

a b (b) The enriched EGGNOG
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The kelp microbiome is very distinct than the surrounding

ocean and human gut microbiomes

(d) Features of the three kelp bacterial genomes (HD112,
HDO029 and HD041) assigned to the Planctomycetaceae

family.
Isosphaera pallida ATCC 43644
Zavarzinella formosa DSM 19928
I E Gemmata sp 1IL30
Gemmata obscuriglobus UQM 2246

Planctomycetaceae bacterium Ga0077529 | ¢

I HD112 ’
*

<

(c) Comparison of the number of CAZyme genes among
the three microbiomes.
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Our current strategy for the discovery of enzymes

that degrade seaweed polysaccharides
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From genome to
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Expression and characterisation of a ulvan lyase from

the marine bacterium Persicivirga ulvanivorans

V lduronic acid |j Xylose ? Rhamnose 3-S
/A Glucuronic acid O Glucose

S

P ulvanivorans colonies on agar plate; Degradation of a 4% ulvan plate; Activity of recombinant ulvan lyase.

Pi Nyvall Collén et al., J. Biol. Chem., 2011
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Phylogenetic analysis of Zobellia

enzymes from family GH16
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'+ Activity screening on algal cell wall
extracts

Porphyran

a g5 o PN,

o H0\7/()</\ o
0?/ L6S

.
.
0
5

G OH
_0

Porphyra

Sty

8
8 [_12g1017 (PorB) Hehemann JH,
e BN Zg2600 (PorA) Correc G,
) Bl AgaA Barbeyron T,
. Helbert W,
3 CZjZGk M,
% Michel G.
U Nature. 2070
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. " The intestinal bacteria of Japanese people received a complete

porphyranolytic system from a marine Bacteroidetes

- Z. galactanivorans
@ vicroscilla sp. PRE1

G B. plebeius (conserved with gut Bacteroidetes)

TonB
] B. plebeius (only conserved with marine Bacteroidetes) GH16 SusD dependent
GHS86 f-AgaraseB CMB22 like receptor-like Sulfatase

et B-Agarase
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p-Galactosidase p-PorphyranaseE CMB22 SusD TonB
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6 of the genes in B. plebeius .
are conserved with marine bacteria only

Hehemann JH, Correc G, Barbeyron T, Helbert W, Czjzek M, Michel G. Nature. 2010
464:908-12.
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- A genetic gift for sushi eaters

Porphyra/Pyropia o % «
Gut-metagenome analysis shows that . N
porphyranases and agarases: e e

« are frequent in Japanese gut microbiota *
e are absent in American gut microbiota

Dietary seaweed is the most probable
vector for contact with marine ¢
microbes that led to the HGT

Sushi

Transfer of carbohydrate-active enzymes from marine bacteria to Japanese

gut microbiota.Hehemann JH, Correc G, Barbeyron T, Helbert W, Czjzek M,
Michel G. Nature. 2010 464:908-12.
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,ﬁ The intestinal bacteria of Japanese and Japanese-Hawaian

.+ people received a complete alginolytic system from the marine
¥« Bacteroidetes Zobellia
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Characterization of the SE SR EEEE EEEEE NN RN,
first alginolytic operons BACTEROIDETES
in a marine bacterium: Flavobacteriia (13)

12 genera, 13 species

from their emergence in

marine Flavobacteria to s i)
H"- Sphingobacteriia (1)

their independent phingobacterila I

transfers to marine pactorotdi (5 -

PrOtEObaCteria and 1 genus, 5 species L_l>

Alphaproteobacteria (3)
3 genera, 3 species

Gammaproteobacteria

Alteromonadales (6)

Thomas et al 2072 Env 5 genera, 6 species ‘1[>

Microbiol Xanthomonadales (2)
1 genus, | species, 2 strains

B
D
)
human gut Bacteroides PROTEOBACTERIA
E
)
)

Enterobacteriales (1)
1 genus, 1 species

Vibrienales (7)
1 genus, 6 species, 7 strains
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From the seaweed microbiome toward

biotechnology and biorefineries

/ Probes, markers

- Enzyme/protein engineering optlmlsatlon/thermostablllty

“ glycosynthases ”
- Enzyme-assisted hemisynthesis
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M o o . Dimethylsulfoniopropionate (DMSP)|
- Controled production of chemicals and bioactive molecules

S =
- Bioprocessing of the biomass using enzymes AL SEAWETL ENTUACT

Algolife ISl bpi
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