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Temperature zones at deep-
sea hydrothermal vents

Hydrothermal fluid
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Environmental parameters affecting
microbial life

PH
Pressure

Temperature

Salinity




Responses of microorganisms to
temperature

Enzymatic reactions
occurring at maximal
possible rate

Enzymatic reactions Optimum
occurring at increasingly
rapid rates
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Membrane gelling; Protein denaturation;
transport processes | | collapse of the cytoplasmic
so slow that growth membrane; thermal

cannot occur lysis

Temperature
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Growth rate

Thermophile
Example:
Bacillus stearothermophilus

Hyperthermophile

Example: Example:

Pyrolobus fumarii

Mesophile Thermococcus celer
Example: 60°
Escherichia coli 88° 106°
39°

Psychrophile

Example:

Polaromonas vacuolata
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Microbial cell metabolism

Mutrients for bicsynthesis

Energy

for biosynthesis
Anabolism
(biosynthesis)

Macromolecules and
other cell components

Waste products
(fermentation products;
acids, alcohols, CO.,
and so on; reduced
electron acceplors)

Energy
for motility,

transport of
nutrients, and
50 0N

Chemicals, light
(Energy source)
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Energy sources

All organisms

Chemotrophs (use chemical
compounds as primary
energy source)

Phototrophs (use light
as primary
energy source)

Chemolithotrophs Chemoorganotrophs
{(use inorganic chemicals) (use organic chemicals)
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Redox couples: electron tower

Examples of reactions Couple

Wit k168 SriconeF CO,/glucose (-0.43) 24 e~ [

> 2H'/H, (-0.42) 2 &~
CO,/methanol (-0.38) 6 e~
NAD*/NADH (-0.32) 2 e~
CO,/acetate (-0.28) 8 e~
S%H.S (-0.28) 2 e~
S0,%7/H,S (-0.22) 8 &~
Pyruvate/lactate (-0.19) 2 e~
S,0¢°7/5,05% (+0.024) 2 &~

(1) Hy + fumarate?~ — succinate®”

AGY = -86 kJ

> Fumarate/succinate (+0.03) 2 e~
(2) Hy+ NO,” — NO,” + H,0 (2) Cytochrome by, eq (+0.035) 1 &~

AGY = -163 kJ Fe3*/Fe?* (+0.2) 1 &7, (pH 7)
Ubiquinonegyreq (+0.11) 2 &~
Cytochrome ¢,y /eq (+0.25) 1 €~
Cytochrome @, /o4 (+0.39) 1 &~
—> NO5;7/NO,™ (+0.42) 2 e~

NO; /%N, (+0.74) 5 &
1
H,+ 20, — H,0 Fe3*/Fe?* (+0.76) 1 e, (pH 2)
AGY = -237 kJ 1, 0,/H,0 (+0.82) 2 &
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Chemoorganotrophic metabolisms

Organlc compound Carbon oW O,

ATP <—Proton Electron
gﬁ;ge jflowl Biosynthesis

S NO;~ 8042— Orgamce Aeroblc respiration
| acceptors |

Anaerobic respiration
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Fermentation

Organic compound
(e” donor)

Y El
ectrons
Intermediate

"

Intermediate ~P

ADP Substrate-level
phosphorylation
ATP - Y
Oxidized organic compound Electron
(e acceptor) carriers
Y~ '
Reduced organic compound
(fermentation product)
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Organic carbon
sources/electron donnors

Hexoses, pentoses
Polysaccharides
Proteins

Amino acids
Organic acids
Lipids
Hydrocarbons




Chemolithotrophic metabolisms

Inorganic compounds | carbon flow | =22

ATP <—Proton Electron
gﬁ;ge jflowl - Biosynthesis
e3+

S NO;~ SO,2 Aeroblc respiration

Anaerobic respiration
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CO,: electron acceptor

Proton motive Proton motive
force force or sodium
motive force

489 cth ¢ O
Methanogenesis +4H,0

Acetogenesis
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Other electron acceptors

Chlorate (ClO;)=>  Chlorine

Mn4+ =S Mn2+
Fe3* => Fe*
Selenate =>  Selenite
Arsenate =>  Arsenite
DMSO => DMS

Fumarate =>  Succinate



Biogeochemical cycles




Microbial ecology of hydrothermal
vent chimneys

Chimney
sampling

Activity Molecular diversity studies Cultures



Microbial diversity in hydrothermal

vent chimneys : cultural approaches
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Microbial diversity in hydrothermal vent
chimneys : Molecular approaches

16S rRNA genes
e, i
functional genes

Extract DNA ﬂ

Total community DNA Bacteria AT

PCR@ Bactéries vertes
non-sulfureuses Methanosarcinales  Euryarchaeota
Amplify 16S rRNA
genes using general . 8 ;
or specific primers Mitochondries . Halobacteriales
Crenarchaeota
Sample i Gram-
1234 Proteobacteria | nositives Thermoproteale§ethanococcals Thermoplasmata
8 . .
Pyrodictium Eukarya
Al16S  — :
rRNA genes - Chloroplastes . _/ 7
, ethanopyri
ff % ls‘imf"e‘a Cyano Marine
-bacteria Crenarchaeota
Excise bands Different — .
andclone 168 165 rANA N\ Flavobacteria Korarchaeota
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Excise
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Sequence Sequence
(a
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Microbial diversity in hydrothermal
vent chimneys : metabolic activities

Samples

Incubation with labeled substrates
(stable or radioactive isotopes or fluorescent molecules)

Hydrolytic activity
e—- Sulphate reduction
etc...



Conclusions (1)

For a given strain, cultural approaches give informations about carbon
sources, electron donnors and acceptors, and suitable environmental
conditions for this strain.

Molecular approaches give informations about phylogeny (sometimes
linked to metabolism) and/or functions (functional genes).
Environmental conditions for a given clone are uncertain.

Measurements of metabolic activities confirm this activity exists for the
conditions of the assay.



What do we know about
biogeochemical cycles at high
temperature In deep sea-
hydrothermal vent chimneys
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Please, note that

Data used for this presentation were collected from
oublished papers and pooled.

_ocations of vent sites were not taken into
account.

We apologize for possibly missing data.
Please let us know...




Carbon cycle

Organic matter degradation/
Organic matter synthesis

Complex polymers

Proteins,
polysaccharides

-
)

Hydrolytic

. . Hydrolysis
microorganisms

Monomers

Sugars,
amino acids

Fermentative Fermentation

bacteria

Propionate™
Butyrate™
Succinate?”
Alcohols
H>-producing
Homo- fatty-acid
acetogens oxidizing
bacteria
(syntrophs)

H, + CO, Acetate™

Acetogenesis Fermentation

Methano-

Acetate™ gens

O, Acetate™
Methanogens

Methanogens
Methanogenesis

CH4 + 002




1
Aerobes and
Microaerophiles
Oceanithermus
Vulcanithermus
Aeropyrum camini
Thermus sp.
T° op max 85°C

2
Caminicella

3

— Carbon
Organic compounds

3 1
Chemolithotroph Respiration

6

Methanotrophy
U \A Oxic

S CH4 002

Vulcanibacillus Archaeoglobus
Caloranaerqbacter Persephonella
Ao Thermosipho Desulfurobacterium
<~ L Marinotoga Balnearium
1 5 Tepidibacter Thermovibrio
A AOM Deferribacter desulfuri gg;‘j{:@gﬁi:
Meth Sulfurospirillum Nautilia
‘/e anogens 7 5 DeSU”ﬁr(I)C%CCUS S Thermodesulfobacterium
_ : Staphylothermus Thermodesulfatator
(Methyl ] Homoacetogenesis Anaerobic respiration | Thermococcus Sulfurimonas
cogwpoutn ts and fermentation Pyrococcus o
and acetate) 3 Palaeococcus fnei(t;'g(‘;ﬂzs
Chemolithotrophy Pyrodictium abyssi Sym.obus
Aciduliprofundum T°0p max 106°C

°0p max 95°
Organic compounds

(CH0),



(CHQO)n
Organic compounds
3 1
Chemolithotroph Respiration
Methanotrophs\
[ Oxic
S CH4 002

{,\ Anoxic

and acetate)

3
Chemolithotrophy

Organic compounds
(CHy0),

4 5
4 AOM
Methanogens
4 r 2
(Methyl Homoacetogenesis Anaerobic respiration
compounds

and fermentation

4

Methanoarchaea
(Hy)
Methanocaldococcus
Methanotorris
Methanopyrus
T° op max 98°C

5
AOM
Anaerobic oxidation of
methane
Molecular and activity
Evidence

6
Methanotrophy
CH, oxidation
NO

;
Homoacetogenesis
NO




Antje Boetius and Armin Gieseke

Reaction Organism  AGY(kJ)

CH;+2H,O =——> CO, + 4H, Methanogen +131

SO,2+ 4 Hy+H*—> HS" + 4 H,0 Sulfate-reducer -156

Sum: 80,2+ CHy —> HCO3; + HS™ Syntrophic -25
+H,0 reaction

(b)



Nitrogen Cycle

1
Denitrification

NO; reducers - + - oy -
Persephonella 3 Oxic HH-1 o N""}E ERER M"‘}E
D. crinifex Aerobic o 3 i
Deferribacter abyssi NH,-oxidation Nitritrification
Caminibacter .-
Sulfurimonas Nf NH,-oxidation
Pyrolobus ANammox 2
Caldithrix Nitrogen fixation Y
Geothermobacter >
T°op max 106°C N o) D el N Y =
=
E}:j NOZ 8
o
3, 4 .
'F';I:'.:;r Anammox
2 ety
Nitrogen fixation MNH? i—p —_— N -
nifH genes detection
and Anoxic
M.Jannaschii
str FS406-22
T° op max 90°C



O Sulphur reduction
disPlg®™

H,S

Oxic

Anoxic

2
ulphur reductio
Marinitoga
Thermosipho
Persephonella
Desulfurobacterium

Tepidibacter
Sufurospirillum
Desulfurococcus 3

Staphylothermus Aerobic (microaerophilic)
Pyrodictium abyssi ~ S° & thiosulphate oxidation

Thermococcus Persephonella

Pyrococcus T° op max 70°C
Palaeococcus

Balnearium
Thermovibrio
Deferribacter
Caminibacter

Nautilia
Sulfurimonas
Hydrogenimonas

Lebetimonas

Ignicoccus
T°max 97°C

1
Sulphate reduction
Thermodesulfobacterium
Thermodesulfatator
Archaeoglobus
T° op max 82°C




(Ferric)

Iron cycle
Fesdt Fe?*

Fe2+ xidation
reduction © ﬂot

“oxidation

|

Smelting
of ores

Fed*
reduction

Geoglobus
Geothermobacter
Strain 121
T° max
up to 121°Cti!

Chemical
oxidation

\%

Fe2t

(Ferrous)



Conclusions (2)

From available microbiology data,

at elevated temperatures existing at deep-sea

In hydrothermal vent chimneys,

C, N, S and Fe cycles do not work completely.
Particularly,

methane, ammonium, and ferrous iron are not oxidized



A

Methanotrophs (aerobic OX|dat|on
of methane) '
Homoacetogens

Ammonium-oxidizers

(both aerobic an anaerobic)
-+ Sulphide-oxidizers
L« - Fe?* -oxidizers




How to catch them !
(If they exist...)

Polyphasic approaches consisting of:

> n situ and “on board” activity measurements
» Phylogenetic and Functional gene analysis

» Innovative cultural approaches

-Gradient culture (Winogradsky columns)

-Microbial community cultivation in bioreactors
-In situ enrichment culture

-High throughput cultivation techniques



FISH (Fluorescence
In situ Hybridization

> Ammonium-oxidizers

Nitrification

» Nitrite-oxidizers

Developping co-culture technigues



Microbial community cultivation in bioreactor

Culture conditions
Temperature
pH
Gas sparging
(electron donnors and acceptors)
Dilution rate
(substrates concentration)

Medium
composition
Carbon sources

(nature and concentration)

Electron donnors

and acceptors

Microscopic observation
Phase contrast
epifluorescence

P o

Molecular analysis :
16SrRNA genes diversity

' = DGGE/SSCP
S = Cloning/sequencing

o Phylogenetic analysis
o |n situ hybridization
o Quantitative PCR

X/
\ HPLC analysis

of medium
GC analysis of

Y/
'\ gas exhaust

Sub-cultures and
strains isolation

Postec et al., Extremophiles in press (2007).
Postec et al., Current Microbiology 50, 138 (2005).



« Efficiency of such system to recover a largest diversity
of cultivated thermophilic and hyperthermophilic
microorganisms from a deep-sea chimney, compared to
traditional cultures in vial

* New species
« Cultivate the uncultivable

« Efficiency to cultivate microbial communities

 Population dynamics studies
* Interactions between microbial populations

* Influence of various parameters on cultivated microbial
communities



Conclusions (final)

At elevated temperatures (at deep-sea vents) C,N,S Fe
cycles do not work completely

Novel approaches (including those suggested here) should
contribute to fill the gaps

In case of failure, it could be concluded that the high
temperature ecosystems must relie on lower temperature
ecosystems for recycling some compounds

But, let's work first in a multidisciplinary approach to get more
data!!
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