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Sources of energy and carbon sources for microorganisms 

living in subsurface environments (in the absence of light)

Serpentinization and associated reactions
Subsurface microbial communities sustained by serpentinization

Serpentinization

CH4  +  CnH2n+2 + HCOO-

Olivine Serpentine

+ Brucite + Magnetite +  H2

Fischer-Tropsch-Type/Sabatier
/formation of abiotic formate 

Mantle rocks (peridotite)

H20

CO2 (mantle)



       Research interests in microbiology:

o Origin and limits of life on Earth or other planets?

o Biotechnologies of extremophiles (pH>10)

o CO2 Storage

o Natural H2 production

Serpentinization and associated reactions
Subsurface microbial communities sustained by serpentinization
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Microbial ecosystems associated with 
serpentinization

Hydrothermal systems: windows into the subsurface



       

Prony bay           

(New Caledonia)
Lost City                     

(MAR)

Microbial ecosystems associated with 
serpentinization

Hydrothermal systems: windows into the subsurface

Kelley et al., 2001



       

Active chimneys composed of calcite (CaCO3) and brucite (Mg(OH)2) 

 

Submarine hydrothermal systems 
associated with serpentinization :              

Prony (New Caledonia) vs Lost City

• Temperature < 40 °C

• Depth < 50 m

• Low-salinity fluids

• Temperature 40-90 °C

• Depth ~ 800 m

• Salty fluids

Anoxic and alkaline fluids (pH 9-11) rich in H2, CH4 et others CnH2n+2

Prony Bay (NC) Lost City (MAR)



HYDROPRONY Campaign 2011
(Head of mission : Bernard Pelletier, IRD Nouméa)

Coastal Hydrothermal Field of the Prony Bay (NC)

ST12

BdJ

ST08
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Monnin et al., Biogeosciences, 2014

ST09
Intertidal
area

Submarine area          
(20-45 mbsl)



99

Fluid composition of New Caledonian springs 
Monnin et al., Biogeosciences, 2014
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Gas composition of New caledonian springs 
and others hydrothermal systems associated 
with serpentinization 

Monnin et al.,  JGR Biogeosciences, 2021

H2-dominated

Intermediate

CH4-dominated

Modified from Boulart et al., 

2013

H2/CH4 ratioCH4

Temporal variation



Project MICROPRONY (ANR 2020-2024)
(PI : Gael Erauso, Méditerranean Institute of Oceanography)

Main objectives

o To describe microbial diversity 

associated to Prony Hydrothermal Field
o To Identify, isolate and study model microorganisms or 

microorganisms with biotechnological interest

o To determine the role of different 

microbial groups in biochemical cycles
o What are key abiotic and biotic factors? Biological 

consumption and production of H2 and CH4 ?

o To investigate the microbial groups and 

processes involved in the formation and 

in the colonization of the carbonated 

chimneys 
o To understand the emergence of life on Earth©️ Erauso

Detected or hypothetical 
metabolisms in microbial ecosystems 

on the Prony Hydrotermal Field

H2



Methodology

Molecular and culture approaches

Needle of Prony

Fluids (0.5-2L)

Chimneys (0.5-1g)

Enrichments and 
isolation of 
microorganisms
Monitoring of 
growth and 
metabolites 
Consumption or 
production of H2 
(or CH4)

DNA 
extraction

Alkaline 
and 
anaerobic 
media

Illumina Miseq metabarcoding 
and quantifications of DNA PCR-
amplified or metagenomics
Identification and abundance 
of microorganisms

Microscopy (FISH)
Detection and abundance of 
microorganisms
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Low diversity of Archaea dominated by incultivated Methanosarcinales 

Specific phylotype previously detected at Lost City or The Cedars  

potentially oxidizing or producing CH4

Archaea dominated by Methanosarcinales 
(oxidizing CH4 or producing CH4 using H2)

ST09 

Quéméneur et al., EMR, 2014; Frouin et al., Frontiers in Microbiology, 2018 

Postec et al., Frontiers in Microbiology, 2015

Anerobic CH4 or 

H2 oxidation?

Sulfate-reducing

partners?
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Isolation and characterization of an alkaliphilic 
and hydrogenotrophic methanogen

Methanobacterium alkalithermotolerans

Quéméneur et al., Microorganisms, 2021; 

Mei et al., IJSEM, 2022 

Methanobacterium alkalithermotolerans str. CAN (New Caledonia) [KR349725]

Methanobacterium alcaliphilum str. NBRC 105226 [NR_112910]

Methanobacterium movens str. TS-2T [NR_116289

Clone_MOB4-4 (Deep subsurface gas-associated water) [DQ841230]

Methanobacterium flexile str. GHT [NR_116276]

OTU_A4340927_GOR35 (Voltri massif spring, Italy) [KP096730]

Clone_J8B1 (halo-alkaline sulfate-reducing bioreactor) [KJ491002]

Methanobacterium alcaliphilum str. WeN4T [DQ649335]

Methanobacterium congolense str. CT [AF233586]

OTU #178 La Crouen spring (New Caledonia) [MW801418]

OTU_A105600_GOR35 (Voltri massif spring, Italy) [KP096718]

o Archaea adapted to pH > 9

o CH4 production by reduction of CO2 and H2 oxidation

o Methanobacterium often detected in on-land springs 

associated with serpentinization (Oman, Italy)



Deinococcus-Thermus

Chloroflexi

Actinobacteria

Firmicutes

Bacteroidetes

Gammaproteobacteria

Deltaproteobacteria

Betaproteobacteria

Alphaproteobacteria Serpentinization

Betaproteobacteria   
H2-oxidizers            
(e.g. Hydrogenophaga)

Deltaproteobacteria  
H2-oxidizers
(e.g. Desulfonatronum)

Firmicutes    
H2-producters 
(Clostridiales)

CO2;O2H20

Oxic

Anoxic

Role in H2 production 

Contain the majority of Fe-Fe hydrogenases

Biological hydrogen consumption and 
production by diverses bacteria

Metagenomic analyses

ADNr 16S Metabarcoding

Firmicutes

Proteobacteria

Clostridiales

Mei et al., Frontiers in Microbiology, 2016

Quéméneur et al., EMR, 2014; Mei et al., Frontiers in Microbiology, 2016; 

Frouin et al., Frontiers in Microbiology, 2018 

Corg

Role in H2 oxydation

Quéméneur et al., EMR, 2014 

High diversity of Firmicutes and Proteobacteria

H2



Bacteria of the phylum Firmicutes 

identified as the first colonizers 

16

Uncultivated bacteria belonging to the 
Firmicutes play a central role in the 
ecology of the PHF. 

Juvenile 

chimney

ST09

Mature 

chimney

ST07

o Firmicutes (biofilament) identified as the first 

colonizers on fresh chimneys, followed by archaeal 

Methanosarcinales present only in mature chimneys

o Firmicutes are involved in the formation and early 

consolidation of the carbonated structures via 

organomineralization processes 

Pisapia et al., Front. Microbiol., 2017



o Five novel anaerobic species 

o Clostridiales species adapted to alkaline pH (pH > 9) 

o Fermentation of sugars, organic acids and aminoacids

o High production of H2 at alkaline pH by strain PROH2

Isolation and characterization of alkaliphilic 
and anaerobic bacteria belonging to the 
phylum Firmicutes

 Alkaliphilus hydrothermalis FatMR1 (KJ159210)

 Alkaliphilus transvaalensis SAGM1 (AB037677)

 Alkaliphilus metalliredigens QYMF (AY137848)

 Alkaliphilus crotonatoxidans B11-2 (NR 041892)

 Alkaliphilus peptidifermentans Z-7036 (EF382660)

 ‘Alkaliphilus serpentinus’ LacT (KJ159208)

 ‘Alkaliphilus pronyensis’ LacV (KJ159207)

 Alkaliphilus oremlandii OhILAs (DQ250645)

 Alkaliphilus halophilus E2R (EU627628)

 Serpentinicella alkaliphila 3b (KR349722)

 Anaerovirgula multivorans SCA (NR_041291)

 Thermotalea metallivorans B2-1 (NR_044503)

 Geosporobacter subterraneus VNs68 (DQ643978)

 Anoxynatronum sibiricum Z7981T (AF522323)

 Tindallia texcocoense IMP-300 (DQ234901)

 Acetoanaerobium pronyense ST07-YE (KJ174056)

 Clostridium sp. PROH2 (KJ626326)

 Clostridium sticklandii DSM 519 (NR102880)

 Acetoanaerobium noterae NOT-3 (GU562448)

 Vallitalea pronyensis FatNI3 (KC876639)

 Vallitalea guaymasensis Ra1766G1 (HE805640)

 Clostridium amylolyticum SW408 (EU037903)

 Clostridium sp. FatC2 (KJ159209)

 Clostridium limosum CECT 4329 (FR870444)

0.02

Ben Aissa et al., IJSEM, 2014; Mei et al., IJHE, 2014;                

Ben Aissa et al., Extremophiles, 2015; Bes et al., IJSEM, 2015, 

Mei et al., IJSEM, 2016; Postec et al., SAM, 2021 
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Projet H2NAT 2014 : Production d'hydrogène à basse 

température dans les environnements hyperalcalins naturels
(PI : Christophe Monnin, financé par l’Observatoire Midi-Pyrénées)

Objectif général : Evaluer les rôles respectifs des processus abiotiques et 

biogéniques dans la production naturelle d'hydrogène

Objectifs spécifiques d’écologie microbienne :

-Évaluer les variations de la structure et de la diversité des communautés 

microbiennes en fonction des facteurs environnementaux des sources alcalines

-Identifier et isoler les microorganismes producteurs ou consommateurs 

d’hydrogène dans les sources alcalines de Nouvelle-Calédonie

Modifié à partir de Maurizot et al., Geological Society, London, Memoirs, 2020



Hyperalkaline springs of New Caledonia

Quéméneur et al., Frontiers in Microbiology, 2023 



Prokaryotic diversity in high-pH waters of 
hyperalkaline springs

o Archaea (Lost City Methanosarcinales)

>1% of procaryotes; max ~20% BdJ

o Omnipresence of Firmicutes

o Betaproteobacteria oxidizing H2

(Hydrogenophaga/Serpentinomonas)

o Sulfate-reducing bacteria in the 

intertidal BdJ site (Desulfonatronum)

o Beta- et Gammaproteobacteria

oxydant le CH4 et les composés soufrés

Relative abundance of prokaryotic taxa
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Elusimicrobia
Thaumarchaeota
Thermodesulfobacteria
Nitrospinae
Synergistetes

16S rDNA metabarcoding



Variations in prokaryotic communities in 
high-pH waters of hyperalkaline springs

o Link between microbial taxa

and environmental factors 

(temperature, O2, H2, CH4)

o Positive correlation between 

Archaea (Methanosarcinales) 

and CH4

o Positive correlation between 

Firmicutes (Clostridiales) and 

H2
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Conclusions and Perspectives

Subsurface microbial ecosystems: Sinks or 
sources of hydrogen ?

1- Presence/activity of H2-oxidizing microorganisms in 

hyperalkaline springs of New Caledonia

2- Potential role of Firmicutes in biological H2 production

3- Change in microbial community structure depending 

on environmental factors (including H2)

Quéméneur et al., Frontiers 

in Microbiology, 2023 
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Conclusions and Perspectives

Subsurface microbial ecosystems: Sinks or 
sources of hydrogen ?

Quéméneur et al., Frontiers 

in Microbiology, 2023 
23

Rôle dans 
les flux 
d’H2 ?

1- Presence/activity of H2-oxidizing microorganisms in 

hyperalkaline springs of New Caledonia

2- Potential role of Firmicutes in biological H2 production

3- Change in microbial community structure depending 

on environmental factors (including H2)
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Conclusions and Perspectives

Subsurface microbial ecosystems: Sinks or 
sources of hydrogen ?

Projet EC2CO/INSU HYDROMIC (2023-2024) 

Partenaires: MIO, GET, ISTERRE, DIMENC

• What is the role of microorganisms in the H2

concentration measured at the surface? What are the 

key factors influencing their activities? 

• How does H2 shape the community composition and 

functioning in subsurface?

• What are the main microbial groups oxidizing H2 ?

Are there bioindicators?

• Project ANR MICROPRONY (2020-2024)

• New Caledonia Ophiolite Land-to-Sea Drilling 

Project (NCDP) - Proposal submitted to IODP/ICDP

Modified from Monnin et al., Biogeosciences, 2014

?

H2
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Thank you for your attention

and

Thank you, colleagues of the MIO team and our partners

Gael Erauso

Anne Postec

Manon Bartoli

Marie-Laure Fardeau

Bernard Ollivier

Yannick Combet-Blanc

Sylvain Davidson

Fabrice Armougom

Nan Mei

Méline Bes

Eléonore Frouin

Christophe Monnin

Valérie Chavagnac

Bernard Pelletier

Julie Jeanpert

Pierre Maurizot

Bénédicte Ménez

Emmanuelle Gérard

https://microprony.org/
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