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Environmental parameters affecting 
microbial life
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Responses of microorganisms to 
temperature

From Brock Biology of Microorganisms



From Brock Biology of Microorganisms



Microbial cell metabolism
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Energy sources
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Redox couples: electron tower
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Chemoorganotrophic metabolisms

From Brock Biology of Microorganisms



Fermentation
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Organic carbon 
sources/electron donnors

• Hexoses, pentoses
• Polysaccharides
• Proteins
• Amino acids
• Organic acids
• Lipids
• Hydrocarbons



Chemolithotrophic metabolisms

Fe3+

Inorganic compounds
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CO2: electron acceptor
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Other electron acceptors

• Chlorate (ClO3
-) => Chlorine

• Mn4+ => Mn2+

• Fe3+ => Fe2+

• Selenate => Selenite
• Arsenate => Arsenite
• DMSO => DMS
• Fumarate => Succinate



Biogeochemical cycles

Nitrogen Carbon 

Iron 
Sulphur 



Microbial ecology of hydrothermal 
vent  chimneys

Chimney 
sampling

Sample 
preservation

Activity CulturesMolecular diversity studies



Microbial diversity in hydrothermal 
vent chimneys : cultural approaches

  

  

 



Microbial diversity in hydrothermal vent 
chimneys : Molecular approaches

16S rRNA genes 
or

functional genes 
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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
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

Nitrogen Carbon 

IronSulphur 



Please,  note that

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

• Locations of vent sites were not taken into 
account.

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



Proteins, 
polysaccharides

Hydrolytic 
microorganisms

Carbon cycle

Organic matter degradation/
Organic matter synthesis

C
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C
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Caminicella

Vulcanibacillus
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Staphylothermus
Thermococcus 

Pyrococcus
Palaeococcus

Pyrodictium abyssi
Aciduliprofundum
T°op max 95°C
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Anaerobic respiration 

and fermentation
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Nitrogen Cycle

1
Denitrification
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- reducers
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S

1
Sulphate reduction

2
Sulphur reduction

3
Sulphide oxidation

1
Sulphate reduction

Thermodesulfobacterium
Thermodesulfatator

Archaeoglobus
T° op max 82°C

2
Sulphur reduction

Marinitoga
Thermosipho
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Staphylothermus
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Aerobic (microaerophilic)

S° & thiosulphate oxidation
Persephonella 

T° op max 70°C



Fe3+

reduction
Fe2+

oxidation

Fe3+

reduction

Geoglobus
Geothermobacter

Strain 121
T° max 

up to 121°C!!!
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Oxidation
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Iron cycle
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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



Wanted

• Methanotrophs (aerobic oxidation 
of  methane)

• Homoacetogens
• Ammonium-oxidizers 

(both aerobic an anaerobic)
• Sulphide-oxidizers
• Fe2+ -oxidizers



How to catch them !
(if they exist…)

Polyphasic approaches consisting of:

In 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
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Developping co-culture techniques



Culture conditions
Temperature 

pH
Gas sparging 

(electron donnors and acceptors)
Dilution rate

(substrates concentration)

Inoculation 

Molecular analysis :
16SrRNA genes diversity

DGGE/SSCP
Cloning/sequencing
Phylogenetic analysis
In situ hybridization
Quantitative PCR

Enrichment cultures

Batch

Continuous culture

Sub-cultures and 
strains isolation

HPLC analysis 
of medium

GC analysis of 
gas exhaust

Microscopic observation
Phase contrast 
epifluorescence

Microbial community cultivation in bioreactor

Medium
composition
Carbon sources 

(nature and concentration)

Electron donnors 

and acceptors

Hydrothermal chimney sample

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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