
Metabolic versatility and	nitrate	
reduction pathways of	a	new	
thermophilic member of	the	

Deferribacteraceae,	isolated from the	
hydrothermal	system	of	Vulcano island.
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Summary

Introduction: what are extremophile microorganisms, which are their
capacities, where do they live?

Presentation of the sampling site, Vulcano (Eolian islands)

Isolation and characterization of a new microorganism, strain V6Fe1T

Genome sequencing and investigation of metabolic pathways involved
in nitrate reduction
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What are	extremophiles microorganisms,	which
are	their capacities,	where do	they live?
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Les	microorganismes	comprennent:
Bacteria Archaea

champignons

Algues

50	µm

Protistes	(organismes	unicellulaires	
eucaryotes):	protozoaires,	algues..

What are	microorganisms?
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What are	extremophiles?
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Standard	conditions	for	biologists:	
pH	=7;	P	=	105 Pa;	T =	20°C	
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Galapagos, 

1977

2500 m

Les sources	hydrothermales	océaniques	
profondesDécouverte …

Galapagos, Février 1977, Alvin

Corliss and Ballard, Natl. 

Geograph., 1977
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Why study shallow subsurface hydrothermal	
aquifers?

• Analogues	of	places	where life	could have	appeared;

• Due	to	high	heat flux,	high	temperatures can be reached easily,	at	
moderate depths;

• Easy access so sampling at	moderate cost.	

• Organisms recovered similar to	those from deep subsurface;
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Presentation of	the	sampling site,	Vulcano (Eolian
islands)
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Aim of our group:
• Identify the total and cultivable diversity of Archaea and
Bacteria at hydrothermal sites on Vulcano and Panarea
islands;

• Isolate and describe new species of thermo-acidophilic
Archaea and Bacteria.
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Price	et	al.,	2015	– chemical geology
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Sampling in	Panarea	(Italy)	may 2017	

Fig.	1.	Localization of	sampling sites
After R.E.	Price	et	al.		Chemical	Geology	(2015)



Isolation	and	characterization of	a	new	microorganism,	
strain V6Fe1T
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Natural	sample:	many different species

Cultivation	with specific nutrients,	
in	specific conditions

Obtention	of	axenic isolates,	belonging
to	the	same species (possibly new!)



Milieu de culture

préparation d'un milieu VHS : étape de 
dégazage/solubilisation et maintien de l’anaérobie dans les 
tubes

50 mL 100 mL

42
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Anaerobic cultivation



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 Tube Spinner 

Figure 5Colonie visible après isolement en Roll 
Tube 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 Tube Spinner 

Figure 5Colonie visible après isolement en Roll 
Tube 
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Roll	tubes	
anaerobic Petri dishes
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Optical	microscopy,

Cell counting

Purity assessment



Genome sequencing and	investigation	of	metabolic
pathways involved in	nitrate	reduction
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Transmission	electron microscopy

It	is pure	->	designated as	strain V6Fe1T



Is	it a	new	species?
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Amplification	by	
PCR	of	an	

housekeeping
gene (16S	rRNA)

Sequencing of	the	16S	rRNA gene
DNA	extraction	and	

amplification
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Figure III-6 Extrait d'un electrophorégramme de séquençage
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Sanger	sequencing
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Submission of	the	sequence to	a	gene databank (Genbank),	
comparison with previously deposited sequences
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Closest relative	validly published with only 96,89	%	similarity :	it is new!

->	metabolic characterization



Characteristic 1 2 3 4 5 6
Temperature range (°C)
Optimum (°C)
NaCl range (%, w/v)
Optimum (%, w/v)
pH range
Optimum

Fermentation

Electron donors
Ethanol
Formate
Propionate
Fumarate

Electron acceptors
Elemental sulfur
Fe(III)
Mn(IV)
Sulfate
Nitrate 

End-product of nitrate 
reduction

DNA G + C content 
(mol%)

45-65
60
0-8
2,5

5,1-7,7
6,3

+

+
+
-
+

+
+
+
-
+

NH3/N2

34,8

25-60
55
0-6
2,5
6-8
7

+

-
ND

-
+

ND
+
+
+
+

NO2
-

34,3

30-65
55

0-0,5
0,15
5,5-8
7-7,5

-

ND
-
-
+

-
-
-
-
+

NH3

35,1

40-70
60-65
1,8-9,6

3,6
5-7,5
6,5

+

+
+
+
+

+
-
-
-
+

NO2
-

38,6

45-65
60
1-5
3

6-7,2
6,5

-

-
-
-

ND

+
+
-
-
+

ND

30,8

25-75
60
1-6
2,5

5-7,5
6,5

-

-
+
+
-

+
+
+
-
+

NH3

28,7

Characteristics	that	differentiate	strain	V6Fe1T

from	its	closest	relatives
Strains:
1, strain V6Fe1T

2, Petrothermobacter organovorans ANAT

3, Calditerrivibrio nitroreducens YU37-1T

4, D. desulfurricans SSM1T

5, D. abyssi
6, D. autotrophicus SL50T

+, Positive; -, negative.
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Phylogenetic tree



Investigation	of	nitrate	reduction pathways
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Kuypers	et	al.,	2018

The	microbial nitrogen cycle



Our	hypothesis
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DNRA yields more energy from one mole of nitrate, which should
promote this pathway when reducing power is in excess, or nitrate
limiting.

Thus, denitrification should be promoted in case of nitrate excess or
limiting reducing power.



Genome sequencing results
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Matériels et méthodes

• Identifier des gènes candidats à amplifier par RT-qPCR sur la
plateforme Genoscope.

• Le gène de la nitrate reductase périplasmique napA a été annoté 
automatiquement dans le génome (NO3

- -> NO2
-). De nombreux 

gènes impliqués dans le deux voies : nirA, nirB (DNRA), nirK, nirS, 
norB, norC ou nosZ (dénitrification) n’ont pas été identifiés (absents?)
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Some genes have	been	automatically assigned to	well-known genes from other organisms,
with well characterized functions



Experimental procedure
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Seven genes have	been	selected from the	genome,	possibly involved in	nitrate	reduction

Three culture	conditions:	

• F	fumarate	(fermentation	without nitrate)	negative control
• FN	fumarate	and	nitrate	(heterotrophy,	respiratory nitrate	reduction)	excess nitrate
• HN	molecular hydrogen,	carbon dioxide and	nitrate	(autotrophy with nitrate)	excess of	
reducing power

Determination of	the	stoechiometry of	the	metabolic reactions.

Measure of	the	gene transcription	by	RT-qPCR
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Excess of	nitrate
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5	C4H4O4 +	12	NO3
- +	12	H+ →	20	CO2 +	6	N2 +	16	H2O	(theoritical)

Observation: 2,07 to 2,35 moles of nitrate consumed per mole of fumarate consumed, no
ammonium production

100 % denitrification
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Excess of	reducing power
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4	H2 +	NO3
- +2	H+ → NH4

+ +3	H2O	(theoritical)

Observation:	0.89	to	0.99	mole	of	nitrate	consumed	per	1	mole	of	ammonium	produced,	no
N2O	detected

100	%	DNRA



Measure of	gene relative	expression
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Perspectives
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• Identification	of	genes involved in	nitrous oxide reduction

• Identification	of	regulatory pathways



Grégoire	Galès,	Gaël	Erauso,	Anne	Postec,
Sophie	Guasco,	Isabelle	Canhiac,
Maverick Hannoun
MIO,	UM110

Giorgio	Capasso
INGV

50



Thank you for	your attention!
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Hug et	al.,	2016

Phylogenetic tree of	life

53



54



Redox	potential
CO2 Organic matter

O2 H2O
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Redox	potential
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Great	count	plate	paradox
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Les	biologistes	ont	
décrit	plus	de	1.5	
millions	d‘espèces

…mais	aujourd‘hui	il	
y	a	seulement	
environ	6000	
espèces	de	

procaryotes	qui	ont	
été	décrites	et	

validées	 59

Biologists have	described 1.5
million	macroorganisms species.

Only 6000	prokaryotic species
have	been	described and
characterized…



The	Count	plate	paradox

One	colony forming unit!!!

Culture	on	standard	media

Natural	sample:
Observation	of	
1000	bacteria
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