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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 EXTREMOPHILES’ GENOMES WITHOUT CULTIVATION

Advantage: 

• Description of extremophiles not yet 

cultivated

• 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

Geochemical gradient:
Multiple forms of chemical energy

Different metabolisms
Chemosynthesis - Chemolitothrophs

Geochemical gradient

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

Whalers Bay, 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



How do they survive? 
Molecular mechanisms of microbial adaptation in Deception Island

Reverse gyrase
DNA repair: 
photolyase

Fumaroles Glaciers

Bendia et al., 2021. Environmental Microbiology Journal

28

Method: Metagenomics



Glaciers: nitrogen cycle (nitrification, 
denitrification) carbon cycle

(photosynthesis, chemorganotrophy, 

and methanogenesis). 

Fumaroles until 80 ºC: nitrogen cycle
(ammonification, nitrification, 

denitrification), carbon cycle

(photosynthesis), sulfur cycle (sulfur
oxidation). 

Fumarole 98 ºC: sulfur cycle, 

(sulfate reduction), carbon cycle

(carbon fixation), nitrogen cycle

(ammonification), 

chemolithotrophy.

What are they doing? 
Metabolic potentials and their relationships

with the biogeochemical cycles in 
Deception Island

Photosynthesis

CO2 fixation

Glucokinase

Gluconate 
dehidratase

Sulfur organic 
assimilation

Sulfate 
reduciton

Sulfur 
oxidation

Nitrogen 
Metabolism

Ammonification
(nitrate to nitrite)

Ammonification
Nitrite reductase

Energetic metabolism
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Denitrification

Nitrification

Proportion (%) Difference in mean proportions (%)

Bendia et al., 2021. Environmental Microbiology Journal
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Method: Metagenomics



Energetic metabolisms Stress response and DNA repair

Metabolic and survival strategies of bacterial and archaeal 
genomes reconstructed through metagenomics

• First genome of this hyperthermophilic Archaea from Antarctica (Pyrodictiaceae family)
• Novel potential lifestyles, e.g. Woesearchaeia – reverse gyrase gene (typical of hyperthermophiles)
• Importance of MAGs approach to describe extremophilic lineages

166 MAGs



Novel hyperthermophilic Archaea
New genus/species within Pyrodictiaceae family: Pyroantarcticum pellizari

Profa. Dra. Vivian Pellizari

IO-USP

Butarelli et al., 2026

Method: Metagenomics



Novel hyperthermophilic Archaea
New genus/species within Pyrodictiaceae family: Pyroantarcticum pellizari

Butarelli et al., 2026

Method: Metagenomics



SURVIVAL STRATEGIES OF UNCULTIVATED NANOARCHAEA/NANOBDELLOTA IN 
AN ACTIVE VOLCANO IN ANTARCTICA (DECEPTION ISLAND)

DPANN superphylum
Are known for their diversity, reduced genomes, and symbiotic lifestyle

Gabriela 
Elidio

Ultra-small genomes, metabolic dependence on hosts, and adaptation to 
extreme energy limitation provide models for understanding the minimal 
requirements for cellular life in potentially habitable extraterrestrial 
environments.



Antarctic Cryosphere
Criosfera 1 (Brazilian Module)



Antarctic Cryosphere
Criosfera 1 (Brazilian Module)



Snow microbiome: Antarctic Continent
Criosfera 1/CrioLab1 – expedition – 2014
Prof. Heitor Evangelista UERJ

Criosfera 1: 84°00’S, 79°30’W



Marine Archaea in snow/firn 
layers from Antarctic continent 
interior

Relative abundance (%)

Several marine archaeal groups (deep and surface waters)

Methanogenic archaea
Geo/hydrothermal systems

Nitrosopumilaceae
The most abundant Archaea in cold/Antarctic 
marine pelagic ecosystems

The prevalence of members that occupied such distant ecosystems as marine, 
hydrothermal and terrestrial ecosystems suggests a heterogeneity of the snow 
microbiome probably due to the largely aeolian dispersion over the Antarctic continent 
and the long-time persistence of their genetic material   



Marine bioaerosols near Criosfera1

Backward air mass trajectories
Prof. Dr. Heitor Evangelista UERJ

Surface Seawater vs. Antarctic snow/firn

124 shared ASVs

Colab.: Profa. Camila Signori

Prof. Eduardo Secchi (FURG)

Patterns of air mass incursions from Southern Ocean 
play a role on microbial dispersions into West 

Antarctic Ice Sheet



Aerobiology over Antarctica and Astrobiology

• Previous results from our group identified the presence of marine microorganisms deposited in 
snow at the Criosfera 1 module, raising the hypothesis that these microorganisms could be 
transported through the atmosphere via bioaerosols from the Antarctic Peninsula to the 
continental interior.

• How microorganisms can survive dispersal across extreme, cold, nutrient-poor, and highly 
irradiated environments. 

• The limits of microbial persistence and dispersal and may inform hypotheses about the transport 
and potential establishment of life in icy extraterrestrial environments.



A E RO M I C R OA N TA R :  MA R I N E  B I OA ER O S O LS  S A MP L I N G

NPo Almirante 
Maximiano

EACF



Operantares XLIII / XLIV – Operantar XLV (2024 – 2026)

Bioaerosol sampling to investigate extremophiles survival under 
atmospheric conditions

Colab. Prof. Rodrigo Kerr e Eduardo Secchi (FURG)



Fotos: Heitor Evangelista (BBC) / Portal Geocracia

Módulo Criosfera 1

Foto: Prof. Dr. Heitor Evangelista

Snow sampling in the Ellsworth Mountains and at Criosfera 1 – 
Antarctic Continent Interior – 2025
Colab. Prof. Heitor Evangelista UERJ

Ellsworth Mountains



ICCE – International Antarctic Coastal Circumnavigation Expedition – 2024/2025

Russian icebreaker Akademik Tryoshnikov

Colab. Prof. Jefferson Simões UFRGS



Sampling to investigate Antarctic extremophiles
Seawater, bioaerosols, snow, soil, and deep-sea sediments
International Coastal Circumpolar Expedition – ICCE

IMG_9435.MOV

Bioaerosols
Seawater – 
surface to the 
deep sea

Snow Soil

http://drive.google.com/file/d/1x_pe-q7cPR__K3Kd-8EIVoz5iL7Jo4Sx/view






Deep Sea in Antarctica

>1m



A new frontier for studying extremophiles: the subsurface and the limits of life

Pellizari, VH



Stars in 

Universe

~1024

Fumio Inagaki

Subseafloor

Life

~1029



Hidden ecosystems: The marine subsurface

The largest and most unknown habitat for microbial life on Earth

low nutrientshigh pressure 
(deep sea)

low and/or high temperatures absence of light

Intraterrestrial 

Life (K. Lloyd)



How life on Earth survives and adapts under 
subsurface conditions?

• Intraterrestrial extremophiles

• Chemoautotrophic growth

• Widespread microbial life (2 km 

deep in sediments/oceanic crust)

• Bacterial metabolism and growth 

rate decrease with depth

However...
• Diversity of archaea in 

the subsurface often 

surpasses that found the 

in surface 

• Underestimation of 

Earth's overall archaeal 

diversity 

• Subsurface ecosystems 

still poorly studied, 

notably for Archaea
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DISCOVERING NOVEL ARCHAEAL PHYLA AND 
SUPERPHYLA

IN DEEP-SEA ECOSYSTEMS

1980’
1990’

2010 2015



DISCOVERING NOVEL ARCHAEAL PHYLA AND 
SUPERPHYLA

IN DEEP-SEA ECOSYSTEMS



Endosymbiosis

DISCOVERING NOVEL ARCHAEAL PHYLA AND SUPERPHYLA IN DEEP-SEA 
ECOSYSTEMS

ASGARD AND THE ORIGIN OF EUKARYOTES AND 
COMPLEX LIFE ON EARTH

Loki’s Castle



DISCOVERING NOVEL ARCHAEAL PHYLA AND SUPERPHYLA IN DEEP-SEA 
ECOSYSTEMS

ASGARD AND THE ORIGIN OF EUKARYOTES AND 
COMPLEX LIFE ON EARTH



CHEMOSYNTHETIC METABOLISMS IN THE 
SUBSEAFLOOR

Hugler & Sievert, 2010 

Sulfate-methane 
transition zone





Hypothetical anaerobic metabolisms
Methane oxidation (mainly Europa)
Methanogenesis
Sulfate Reduction



Subseafloor – 
Gravity corer

Sampling to investigate deep-sea Antarctic 

extremophiles
International Coastal Circumpolar Expedition – ICCE



Gabriela Elidio
Master Student

Antarctic Asgards!

Unveiling Extremophilic Archaea from Antarctic 
Deep-Sea Surface and Subsurface Sediments with 
Evolutionary Links to the Origin of Complex Life

MAG: Archaea;  

Asgardarchaeota; 

Lokiarchaeia; CR-4; 

SOKP01; SOKP01

New results coming soon!



Hooke Ridge hydrothermal vents – Bransfield Strait
Southernmost Hydrothermal área on Earth

1999 2001

2026



Unveiling Extremophiles from Antarctic Deep-
Sea Surface and Subsurface Sediments

Gabriela Elidio
Master Student

Around Antarctica

Hook Ridge

New results coming soon!





Science outreach

Exhibition “Microheroes of the Oceans”
Science in the streets of Brazil

Women in Science: Soapbox 
Science / Museum “do Amanhã”

Ask a Scientist

Av. Paulista
Av. Paulista

Oceanographic Institute

University of São Paulo, Brazil



EMEE Olga Benário Prestes – Diadema/SP

International Polar Week
APECS - Association of Polar Early Career Scientists

Science outreach: schools

EMEE Olga Benário Prestes – Diadema/SP

Podcasts – Átila Iamarino

Schools - 2026



sbastrobio.org
Livro gratuito em pdf:

https://sbastrobio.org/



People involved

Professors
 Prof. Dr. Vivian Pellizari (Microbiology, oceanography) - USP - IO
 Prof. Dr. Camila Signori (Microbial oceanography) - USP – IO
 Prof. Dr. Paulo Sumida (Biological oceanography) – USP -IO
 Prof. Dr. Michel Mahiques (Geophysics, geochemistry, oceanography) - USP – IO
 Prof. Dr. Luigi Jovane (Geophysics, geochemistry, oceanography) - USP – IO
 Prof. Dr. Douglas Galante (Geology, astrobiology) - USP - IGc
 Prof. Dr. Fabio Rodrigues (Chemistry, astrobiology) - USP - IQ
 Prof. Dr. Evelyn Sanchez (Geology, paleobiology) - UFVJM
 Prof. Dr. Alessandra Vasconcellos (Geology, speleology) – UFVJM
 Prof. Dr. Norberto Peporine Lopes (Pharmacy) USP – FCFRP
 Prof. Dr. Rubens Duarte (Microbiology) – UFSC
 Prof. Dr. Heitor Evangelista ( Atmospheric Sciences) UERJ

Researchers
 Dra. Flavia Callefo (Geology, paleobiology) - USP - IGc
 Dra. Francielli Peres (Microbiology) - USP – IO
 Dra. Natascha Bergo (Microbiology) - USP – IO
 Dra. Bianca Del Bianco (Microbiology) USP – ICB
 Dr. Julio Cezar Fornazier Moreira SENAI-ISI PA
 MSc. Ana Carolina Butarelli (Microbiology) - USP – IO
 MSc. Rebeca Lizárraga (Microbiology) - USP – IO

Postdocs
 Dr. Roberta Vincenzi
 Dra. Rayana Feltrin

Graduate students
 Maria Eduarda Nascimento (PhD Student USP –IO)
 Carolina Targon Tiberio (PhD Student USP –IO)
 Gabriela Elidio (Master Student USP –IO)
 Karita Cristine (PhD Student USP – IO)
 Victor Roldão (Master Student  USP – IO)
 Renato Gamba Romano (Oceanography USP – IO)
 Ana Brandão (PhD Student USP –IO)
 Nicola Sozza (Master Student  USP – IO)
 Caio Augusto (Master Student  USP – IO)

Undergraduate students
 Letícia Azaneth (ProAntar)
 Ana Venturin (ProAntar)
 Clara Corrêa (PUB-USP)
 Nayara (PUB-USP)
 Rebeca

@EXTREMAR_IOUSP
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Agradecimentos

Obrigada!

@EXTREMAR_IOUSP

amandagb@usp.br

In memoriam 

Rosa Gamba

amandagb@usp.br

amandagb@usp.br

amandagb@usp.br

“Life will not be 

contained. Life breaks 

free. Life finds a way” 
Dr. Ian Malcolm (Jurassic Park) 
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