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ANTARCTICA
Life at the 
Extremes



ANTARCTICA

Ice (marine ice, ice shelf)

Snow

Soil, rocks and  permafrost
Deep sea

Volcanoes

Where are the limits of life?



OS LIMITES DA VIDA

ÁGUA LÍQUIDA

The limits of  life: extremophiles

Deinococcus radiodurans

Methanopyrus  kandleri

Planococcus  halocryophilus

122 oC

-37 oC

15,000 Gy 

Picrophilus  oshimae -0.06

an organism that is able to live  
(or in some cases thrive ) in 
extreme environments

Notable prokaryotic extremophiles:
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Radioresistant

Hyperthermophile

Psychrophile

Acidophile



The limits of  life: extremophiles
The temperature , pressure , pH, and salinity  boundaries 

observed for life on Earth compared to the observed on 

planetary bodies

Merino et al., 2019



Ocean  Worlds



Habitability  of  Ocean  Worlds





Extremophiles as models for astrobiology

Organisms  in pure  cultures : 

The majority of extremophile 

diversity is uncultivable or has 

not yet been cultivated!



16S rRNA gene 

Amplicon  sequencing

Who 

is there?

Microbial communities

Looking for novel and  uncultured  Antarctic  extremophiles : 
new models for astrobiology



SHOTGUN METAGENOMICS

DNA extraction

What are they doing?
Metabolic Potential

How do they survive?
Molecular strategies

Bioinformatics

Fragmented  DNA
Illumina platform

Gene X

Looking for novel and  uncultured  Antarctic  extremophiles : 
new models for astrobiology

Mixed Microbial Community



Extracted  DNA
Reconstructed  genomes  
using  bioinformatics  tools

Illumina  sequencing : reads

Metagenome-assembled genomes (MAGs)

RECOVERING EXTREMOPHILESΩ GENOMES WITHOUT CULTIVATION

Advantage : 

Å Description of extremophiles not yet 

cultivated

Å Inference of new lifestyles and metabolisms 

for new taxonomic groups 

x millions/ billions 

genomes
x hundreds  recovered  

genomes

Mixed Microbial 

Community





Deception  Island  volcano
South Shetland  Islands, Antarctic  Peninsula



ACTIVE VOLCANOES
ANTARCTICA

Mt Ritmann
 Mt Melbourne
 Mt Erebus Deception 

Island



Antarctic volcanoes : temperature gradient and the

limits of life on Earth

Hyperthermophiles

Thermophiles

Psychrophiles



H2

SO2 H2S

CO2

H2O

oxidation

Geochemicalgradient:
Multiple formsof chemicalenergy

Differentmetabolisms
Chemosynthesis- Chemolitothrophs

Geochemicalgradient

Antarctic volcanoes : geochemical gradient and the

limits of life on Earth



Whalers Bay
Fumarole Bay

Deception
Island, 
Antarctica

Caldera entrance



SAMPLING IN ANTARCTICA
Brazilian Antarctic Program

Rio de Janeiro

Punta Arenas (Chile)

Antarctica

Brazilian Antarctic Station:

Comandante Ferraz



WBA1

WBA2

WBA3

WBB1

WBB2

WBB3

WBC1

WBC2

WBC3

WhalersBay, Antarctica



Deception Island, Antarctica





Bacteria

Hyperthermophiles

Number  of 
sequences

Bendia  et al., 2018

Who is there ? 
Diversity of Bacteria and Archaea in Deception Island

Archaea

Method : 16S rRNA sequencing


