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Definition of Astrobiology

Astrobiology Is not a discipline but an
Interdisciplinary activity around the question of the
origin and evolution of life on Earth and its
possible presencein other parts of the Universe It
covers all fields interested Iin this Issue, from
astronomy to biology, Iincluding geology and
chemistry, but also history and philosophy of
science




Etimology: Exobiology and Astrobiology

With space race and the first lunarraadianexploration
missions, the risk of biological contamination appears.

First, scientists assumed
that microbes were unlikely to
withstand the conditions of spac

Today we know that this is not th
case and, for example, tardigrad
are capable of resisting extreme
conditions, including those In spe ~ |
and this is not an isolated case. Waterbearardigradz Hypsibis

exemplariscanninglectrormicrograph
Bob Goldstein Vicky Madden.




Etimology: Exobiology and Astrobiology

With the MilletUrey's pioneering
experiment began the chemical
studies for theynthesis of the first
prebiotic molecules in the laboratc
A new key discipline for the searcf
for the origin of life through space

exploration appears: Exobiology,

Scheme of the MillerUrey _
experiment (Credit La Barre, term Introduced by Joshua Lederb

Stephan€014

iIn 1960.
Thetermo As t r o hvasadbptedny @l 5SoythelAU.



Astrobiology Objectives

- Define what Life Is.

- Determine the origin of life.

. Look for its oldest footprints.

- Understand its evolution
mechanisms on Earth.

~ Search for life in the universe.




Define Life

Life is a characteristicof

a living organismthat
distinguishesthe latter from a
deadorganismor a nonliving
thing, asspecifically
distinguished by the capacity
(0]

| | _ . Grow.
This question requires Metabolize

scientific arguments, | Respondto stimuli.
but it is also a ~ Adapt.
philosophical question.| Reproduce.




Diversity of Living Things on Earth

Theonlyknownexamplef life isterrestrialife.

Astrobiology concentratesmuch of its efforts on
studyingterrestrialife in all environmentsespeciallyn
the most extreme ones, such as underwater
hydrothermadpringsbrinelakesor frozenplaces

This type of environmenitcanbe a goodanalogudor
extraterrestridcations




To better understand the limits of living organisms and the
mechanisms at work in extreme environments, scientists
seek to determine the phylogenetic and metabolic diversity

of living organisms.
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Nanoarchaeota

Cyanobacteria
CPR bacteria




Archaea Eukaryota

Slime molds
Methanosarcina
Methanococclus

Animals

Fungi

Halophiles

Thermoproteus Plants

Pyrodicticum Ciliates
Entamoebae

Microsporidia
Diplomonads

Credit https: // openoregonstateeducatiodgeneralmicrobiologighapter/archaea

One of the branches of the tree of life that is of special
Interest are the archaebacteria (or archaea), different frc
prokaryotic bacteria due to their rlbbosomal RNA sequen
and particularly adapted to extreme environmentg.
of pressure, temperature, salinity, nutriends , "




Search for the oldest traces of life on Earth:
Difficulties

1) The Earthis a "living" planet(tectonicsgrosion)and has
thereforeevolvedgreatlysinceits formation4.5 billion years
ago Basedon the genealogyof speciesthe first living
organismsmust have been singlecelled beings similar to
bacteria

2) Primitive organismshad to be microscopic The oldest
proventracef life on Earthdateback3.48billion yearsaand
werediscovereah Australia

3) Difficulty In Interpretationand comparisonwith abiotic
systemswhich could have formed fingerprints similar to
biologicakignaturesr morphologies ;'.”a:‘;

...--.-."



Prebiotic chemistry and the transition
from non-living to living

Today,in all living specieon Earth, amongall the existing
diversitythereareelementariplocksmadeof C,H, N andO

Theseblocks are proteins,the basisof replication,DNA
(deoxyribonucle&cid) whichcarriegyenetianformation,and
amphiphiles, which  constitute cell walls for
compartmentalization

The elementabricksthat everyliving specie®n Earth has
are,thereforefive typesof moleculegsometimesgalledthe
bricks of life), amino acids, nitrogenousbases, sugars
phosphorudjpids(or fattyacids)




Prebiotic chemistry and the transition
from non-living to living

These elements are essenti
for terrestrial life and the
study of their origin allows
us to give more limitations tc
the origin of life itself.

" Abiotically, these molecules
could have formed In the

Earth's atmosphere, but alsc
In hydrothermal vent ﬂa

\ .
.......



Prebiotic chemistry and the transition
from non-living to living

Another hypothesis

 URACIL . NIACIN

proposes that theSE « nucleicacid . Vitamin B,

moleculescouldha , * . € @ e

~ e L7 3

been brought by - s, 50

lestial obj o« . ©
celestial objects : L
.

(meteorites), comin
from asteroids and MMy | SR e
comets: meteorites | |

Representatioof theasteroidRyuguandthe

have proven to have materialsoundin samplesakenin 2019, NASA
great organic riChneS@qddard/JAXA/Dan Gallagher




Prebiotic chemistry and the transition
from non-living to living

== Whenfallingto Earth, the meteorites

M\ could have transportedpart of the

~« | . waterand siderophileelementgound
o - ontheirsurfacefterdifferentiatiord.5
. billionyearsago

No life form hasyet beenfound in
these objects, but they contain
thousand®f moleculessdiverseand
varied as those necessaryn ablotlc
SYUESE |




Prebiotic chemistry and the transition
from non-living to living

There WOU|d not be a strict
bl separation between an

“ue abiotic and a biotic system,

put rather a continuity,

nassing through said

prebiotic chemistry.

How and where life arose on Earth remains the most
complex exobiological question and the possible chemi
pathways are so numerous that it is not obvious that th

answer will one day be found.




Search for life everywhere

The chemicalarrangemenbf atoms in the Universe has
directedthe useof carbon,nitrogenand oxygenfor life on
Earth It would be logicalthat theseatomswould be the same
for otherlife formsin the universebut with a possiblydifferent
structureof organianoleculeshanlife on Earth
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Nombre atomique Z

To look for life in other places you have to know what to
look for and one of the bases of Astroblology, but




Search for life everywhere
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The notion of habitability is a debated topic , its definitiol
linked to the conditions that allowed the emergengeps
evolution of the only (terrestrial) life we know. 3



Search for life everywhere

The extension of the habitable zone to underground
environments Is an example of research into the possib
of life in these environments of the solar system.

Surface habitats Deep habitats

Mass of star relative to Sun

Radius of orbit relative to Earth's




Bodies In the Solar System and their
astrobiological interest

Astrobiology studies are then interested In
the possible emergence of life in these
environments, beyond Earth, which have
been defined as habitable




Planets in the Solar System and their
astrobiological interest: VENUS

Our "sister planet" has relatively
complex organic chemistry, with
sulfur and phosphorus molecules ir
an extremely dense atmosphere
composed of more than 96% £0

T
ol
]

It is not found In the habitable zone
of the solar system and it lacks an
essential component: water on its
surface.

Deuterateavater(HDO) detectioron Venus in ALMA data3reavesl.S., Richards, ‘”'a
Bains W. et alPhosphingas irtheclouddecksof VenusNat Astron5, 659664 (202 Q.
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Planets in the Solar System and their
astrobiological interest: VENUS

Venusbenefitedfrom exogenousputslike Earth afterits
formation,it mayhavehadliquid wateron its surfaceanda
waterrich atmospherel5 billion yearsago and for some
time

Currently its surface is only active volcanism with
temperaturesf around460C.

If life developedt the mostfavorabletime, it is proposed
thatit survivedn theform of microorganisms the Clouds
of itsatmospherayith atemperaturef ~75C :




Planets In the Solar System and their

This planet has often
been proposed as the bes
place in the solar system
to have had, or still have,
conditions for life.
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The existenc®f microbiallife wasalreadyconsideredh the
/08 duringthe preparatiorf the Viking missionthelanders
were equippedwith instrumentscapableof carryingout
experimentsaimed at highlighting Martian life, detecting
photosynthetidiologicalactivity or providing nutrieng; 8

Martianbacteriawith negativeesponses A



Planets in the Solar System and their
astrobiological interest: MARS

The Vikings confirmed the
presence of liquid water in the
past of Mars, observing channe
dry rivers and dendritic valleys.
The water could have remainec
SRR W17 Its surface for at least a billion ye
Evidenceof anmen’presencef wateron and is still present IN the mineral
Mars. Curiosity NASA/JPL)

that currently cover the surface .

At the polesthereis watericein the polarcapsandit is
suspectedhat wateris presenin greateiquantitiesn na
the Martiancrust




Planets in the Solar System and their
astrobiological interest: MARS

Life could havedevelopedn Marsat the sametime ason
Earthandperhapgersistedinderground

Findinglife on Marswould providemanyanswersboutthe
emergencef life on our planet

If life existedbn Mars,evenin theform of microorganisms
andsincethe planetis no longergeologicallgctivejt should
be possiblgo discovert in the form of tracefossilson the
surface or even hope that it exists and has survwed
underground ;




Bodies in the Solar System and their
astrobiological interest: SATELLITES

In  recent decades, other habitable bodies of
astrobiologicahteresthavebeendiscoveredeyondthe
asteroidarrier thesatellitesf giantgaseouplanets

Giant planetsare of limited interestto astrobiology
becauséeyhaveno surfacesandthereforeno rocks

Thelir satellitegarealsoimportantfor understandinghe
originandevolutionof the SolarSystem




Satellites in the Solar System and their
astrobiological interest

AroundJupiter GanymedeCallistcandEuropa
Around SaturnEnceladuandTitan

Revealedhanksto the CassirHuygensprobe (1997
201}, which visitedtheseworldsfor 15 yearsthe icy
satellite®f Saturnsurprisewith their diversityandthe
abundancef liguidwatertheycontain




Satellites in the Solar System and their
astrobiological interest

Europawould containan ocean
ten times larger than Earth's,
while beingthree times smaller
thanour planet

Enceladun 2014 water oy O CCBYALD
geysers on its surface, which
extend up to 100 km above its
surface, were discovered.

This observation has revealed
the presence of an ocean under
the ice sheet.




