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The limits of life: extremophiles

an organism that is able to live
(or in some caseghrive) in
extreme environments
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The limits of life: extremophiles

The temperature , pressure , pH, and salinity boundaries
observed for life on Earth compared to the observed on

planetary bodies
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Keystones of Habitability
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From Earth’s Extremophiles to Ocean Worlds

Microbial insights to define habitability and guide the search for life in icy oceans

1. Study extremophiles in Earth analogs

What do we learn?

Energy acquisition
; (chemolithoautotrophy)

Metabolic diversity
(mainly anaerobic)

N
Adaptation strategies
(genomic and physiological)
?r

Molecular biosignatures
(genes, pathways, metaboilites)

Deep-sea sediments

Earth’s extremes

Application to ocean worlds
Defining where and under what conditions life could exist
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Minimum conditions
Water, energy sources,
key elements, suitable
physical conditions

Can life persist?

Insights from Earth
to constrain habitability

Rocky core

Icy ocean worlds




Extremophiles as models forastrobiology

Organisms in pure cultures :

TABLE 3 | Limits of life as identified by (poly)extremophilic organisms in pure cultures.

Strain Domain Extremophile Isolation Temperature pH Pressure Salinity Water References

Type ecosystem {°C) (Mpa) (%) activity

(aw)

Picrophilus Archaea Hypercidophile Hot springs, Scifataras 47-65 (60)2 —0.06-1.8 (0.7) nr 0-20 nr Schleper et al., 1995, 1996
oshimae KAW 2/2
Serpentinomonas Bacteria Alkaliphile Serpentinizing system 18-37 (30) 9-12.5 (11) nr 0-0.5(0) nr Suzuki et al., 2014
sp. B1 (water)
Methanopyrus Archaea Hyperthermophile Deep-sea hydrothermal 90-122 (105) (6.3-6.6) 0.4-40 0.5-4.5(3.0) nr Takai et al., 2008
kandleri 116 vent
Planococcus Bacteria Halopsychrophile Sea ice core —15-37 (25) 6-11 (7-8) nr 0-19 (2) nr Mykytczuk et al., 2012,
halocryophilus Or1 2013
Halarsenatibacter Bacteria Haloalkaliphile Soda lake 28-55 (44) 8.7-9.8 (9.4) nr 20-35 (35) nr Oremland et al., 2005
silvermanii SLAS-1
Thermococcus Archaea Piezothermophile Deep-sea hydrothermal 60-95 (75) 5.5-9 () 0.1-125 (50) 2-6 (3) nr Dalmasso et al., 2016
piezophilus CDGS vent
Haloarchaeal Archaea Xerophile Solar salterns (brine) nr nr nr nr 0.635 Javor, 1984
strains
GN-2 and GN-5

4Data presented as range (optimum) for each parameter. nr, not reported in the original publication. Current limits are highlighted in bold.
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The majority of extremophile

diversity is uncultivable or has
not yet been cultivated!




Looking for novel and uncultured Antarctic extremophiles
new models for astrobiology

Culture-dependent techniques ot oH

ﬂ Undearstanding microbial physiclogy
ﬂ Only =1% of microorganisms are culturable in lab conditions

Culture-independent technigues e
Understanding the “antire” microbial diversily in the environment @

ﬂ‘-‘u’a cannod affirm about their matabolic capabilities {only to know the metabolic

FH':'I:'EI-“'I'EIE.:I Temperatura
2 4. AR
. ﬁ\ ::.}
A >/,. Microbial communities
. . - - - .- ‘
Describing microbial communities e =~
4\

Metatranscriptome/ . .
Metaproteome Flying Driving Bake Eating Sleeping Amplicon sequencing
Metagenome Pilot Driver  Baker Officer Postman @'J I

(4

r, L './f'\ﬁx'l
Amplicon sequencing  Alejandra Ricardo en Liiana Jonathan .j-"‘} L
' 16S rRNA gene

M e

is there g



Looking for novel and uncultured Antarctic extremophiles

new models for astrobiology
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What are they doing?
Metabolic Potential
How do they survive?
Molecularstrategies
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RECOVERINEXTREMOPHBESENOMESVITHOUTCULTIVATION
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Antarctic  volcanoes : temperature gradient and the
limits of life on Earth
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Antarctic  volcanoes : geochemical gradient and the
limits of life on Earth
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Bendia etal., 2018

Who |S there r) Method : 16SrRNA sequencing
Diversity of Bacteria and Archaea in Deception Island

Bacteria
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A Mosaic of Geothermal and Marine
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Antarctica
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