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life conditions:

- elements

- energy

- solvent







sources of energy used by

known living systems:

- chemical, organic and 

inorganic: respiration and 

fermentation

- radiation (photosynthesis)

-others ??????

•



solvents:

-H2O

- NH3, CH4, others?



pioneer of extremofiles



Salar de Uyuni, Bolivia



Yellowstone



Vostok, Antártida



subsurface



extreme acidic environments



FeS2 + H2O —>  Fe3+ +  SO4
2- + H+

in this case the extreme acidic

conditions are promoted by

biological activity





Bacterias come-meteoritos

role of the microbial activity in 
the leaching of pyrite

SO4
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geoMICROBIOLOGY



A B

limitations of the conventional 

microbial ecology: isolation of Fe 

oxidizing bacteria



Fe(II)  + 4 O2 +  4H2O                    Fe(III)  + 8H+

oxidation and reduction 

of Fe by At.  ferrooxidans

Sº  +  Fe(III)  +   +  4H2O                    SO4
2- +  Fe(II)  + 8H+

Step 1Step 4

Step 3 Step 2



the irruption of molecular 

biology techniques into 

microbial ecology has 

produced an authentic 

revolution



phylogeny of acidophilic microorganisms detected in 
Rio Tinto
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Cells hybridized with LEP636 probe (Cy3-labeled)

specific for L. ferrooxidans

DAPI-stained cells

fluorescence in situ hybridization (FISH)
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geomicrobiological model of Río Tinto water column



Acidophilic bacteriophages from Rio 

Tinto

Phage ACD-RT1 – a myovirus 

infecting Acidiphilium sp., both host 

and phage isolated from Rio Tinto.



GEOmicrobiology



Fe minerals in 

sedimentary rocks



diferent secondary minerals 

produced by the biological 

activity



Fe deposits older than  

2x106 years



which is the origin of this peculiar 

extreme acidic environment?



subsurface 

microbiology









Profiling 

BH10

After 

drilling

XRD Analysis



ion chromatography BH10, organic acids
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total proteins and sugars, BH10

100 612



gas chromatography



LDChip450 (antibodies)
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Acidithiobacillus ferrooxidans

A. thiooxidans

A. albertensis

A. caldus

A. neapolitanus

Psychrophiles

LD450Chip,  -90m, BH10



enrichment cultures:
- pyrite, Fe and S oxidizers

- Fe and sulfate reducers

-methanogens

- metanótrophs

- denitrifiers

- acetogenic bacteria







IPBSL CARD-FISH

BH10-414,80

THIO820

BET42a

GAM42a



4H2 + CO2 → CH4 + 2H2O  B

H2 + SO4
2- + H+→ HS- + 4H2O  B

Fe2+ + H2S→FeS + H2 Q

FeS + H2S → H2 + FeS2 Q 

FeS2+Fe3++8H2O→2SO4
2-+ Fe2++16H+ Q

Fe2+ + NO3
-→Fe3+ + NO2

- B

Cn(H2O)n+Fe3++H2O→CO2+Fe2+4H+  B

H2 + HCO3
- + H+→ CH3COO- + H2O  B

C3H6O3 + SO4
2- → CH3COO- + S2- B



and which is the astrobiological 

interest of subsurface 

chemolithotropy?



astrobiology



Crater Gale



MSL ChemCam, elemental 

analysis





LESSONS LEARNED

- underground anaerobic oxidation of Fe2+ is quite efficient and 

responsible of the acidic conditions of Río Tinto.

-compartamentalization (microniches) is extremely important 

for generating functional biodiversity in anaerobic solid or 

semisolid matrixes (subsurface, sediments).

- microorganisms can generate microconditions that allow 

reactions not predicted by global conditions. 

- only in situ hibridization and related techniques can help to 

understand microniche microbial ecology, rest only give global 

information.

- pay attention to the eukaryotes: fungi, algae.



important issues on habitability: 

- limits of life

- subsurface geomicrobiology

-panspermia 



expected milestones in habitability:

-how life operates in  a solid matrix 

(subsurface)

- how life operates in a gaseous 

matrix (aerobiology)

- new limits of life



contributions from other fields:

- geology: life-mineral 

interactions, biominerals

- paleontology: biomarkers

- better knowledge of conditions in 

exoplanets

- ingineering: design of new 

instruments



THANK YOU


