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Astrobiology is not a discipline but an

interdisciplinary activity around the question of the

origin and evolution of life on Earth and its

possiblepresencein other parts of the Universe; It

covers all fields interested in this issue, from

astronomy to biology, including geology and

chemistry, but also history and philosophy of

science.

Definition of Astrobiology



With space race and the first lunar and martianexploration 

missions, the risk of  biological contamination appears.

First, scientists assumed 

that microbes were unlikely to 

withstand the conditions of  space. 

Today we know that this is not the 

case and, for example, tardigrades  

are capable of  resisting extreme 

conditions, including those in space, 

and this is not an isolated case.Waterbear(tardigrade), Hypsibius

exemplaris, scanningelectronmicrography, 

Bob Goldstein Vicky Madden.

Etimology: Exobiology and Astrobiology



Etimology: Exobiology and Astrobiology

With the Miller-Urey's pioneering 

experiment began the chemical 

studies for the synthesis of  the first 

prebiotic molecules in the laboratory

Scheme of the Miller-Urey

experiment. (Credit: La Barre,

Stéphane. 2014)

ThetermòAstrobiologyówasadoptedin 2015bytheIAU.

A new key discipline for the search 

for the origin of  life through space 

exploration appears: Exobiology, 

term introduced by Joshua Lederberg 

in 1960.



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

This question requires 

scientific arguments, 

but it is also a 

philosophical question.

Life is a characteristicof
a living organismthat
distinguishesthe latter from a 
deadorganismor a non-living 
thing, as specifically
distinguished by the capacity
to

¸Grow.
¸Metabolize.
¸Respondto stimuli .
¸Adapt.
¸Reproduce. 



Theonlyknownexampleof life is terrestriallife.

Astrobiology concentratesmuch of its efforts on

studyingterrestriallife in all environments,especiallyin

the most extreme ones, such as underwater

hydrothermalsprings,brinelakesor frozenplaces.

This typeof environmentcanbe a goodanaloguefor

extraterrestriallocations.

Diversity of  Living Things on Earth



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.

Crédito: Wikipedia,https://es.wikipedia.org/wiki/Filogenia_bacteriana



One of  the branches of  the tree of  life that is of  special 

interest are the archaebacteria (or archaea), different from 

prokaryotic bacteria due to their ribosomal RNA sequence 

and particularly adapted to extreme environments (in terms 

of  pressure, temperature, salinity, nutrients , etc).

Credit: https: // open.oregonstate.education/generalmicrobiology/chapter/archaea/



1) The Earth is a "living" planet(tectonics,erosion)and has

thereforeevolvedgreatlysinceits formation4.5 billion years

ago. Basedon the genealogyof species,the first living

organismsmust have been single-celled beingssimilar to

bacteria.

2) Primitive organismshad to be microscopic. The oldest

proventracesof life on Earthdateback3.48billion yearsand

werediscoveredin Australia.

3) Difficulty in interpretationand comparisonwith abiotic

systems,which could have formed fingerprintssimilar to

biologicalsignaturesor morphologies.

Search for the oldest traces of  life on Earth: 

Difficulties



Today,in all living specieson Earth, amongall the existing

diversity,thereareelementaryblocksmadeof C,H, N andO

Theseblocks are proteins,the basisof replication,DNA

(deoxyribonucleicacid),whichcarriesgeneticinformation,and

amphiphiles, which constitute cell walls for

compartmentalization.

The elementalbricksthat everyliving specieson Earth has

are,therefore,five typesof molecules(sometimescalledthe

bricks of life), amino acids, nitrogenousbases,sugars,

phosphorus,lipids(or fattyacids).

Prebiotic chemistry and the transition 

from non-living to living



These elements are essential 

for terrestrial life and the 

study of  their origin allows 

us to give more limitations to 

the origin of  life itself.

Abiotically, these molecules 

could have formed in the 

Earth's atmosphere, but also 

in hydrothermal vents.

Prebiotic chemistry and the transition 

from non-living to living



Another hypothesis 

proposes that these 

molecules could have 

been brought by 

celestial objects 

(meteorites), coming 

from asteroids and 

comets: meteorites 

have proven to have 

great organic richness.

Representationof theasteroidRyuguand the

materialsfoundin samplestakenin 2019, NASA 

Goddard/JAXA/Dan Gallagher 

Prebiotic chemistry and the transition 

from non-living to living



Whenfalling to Earth, the meteorites

could have transportedpart of the

waterand siderophileelementsfound

on theirsurfaceafterdifferentiation4.5

billionyearsago.

No life form has yet beenfound in

these objects, but they contain

thousandsof moleculesasdiverseand

varied as those necessaryin abiotic

synthesis.

Prebiotic chemistry and the transition 

from non-living to living



There would not be a strict 

separation between an 

abiotic and a biotic system, 

but rather a continuity, 

passing through said 

prebiotic chemistry.

How and where life arose on Earth remains the most 

complex exobiological question and the possible chemical 

pathways are so numerous that it is not obvious that the 

answer will one day be found.

Prebiotic chemistry and the transition 

from non-living to living

selectivity for the 
environment

there is no break but continuity



To look for life in other places you have to know what to 

look for and one of  the bases of  Astrobiology, but also its 

weakness, is the search for life biologically similar to ours.

The chemicalarrangementof atoms in the Universe has

directedthe useof carbon,nitrogenand oxygenfor life on

Earth. It wouldbe logicalthat theseatomswouldbe the same

for otherlife formsin theuniverse,but with apossiblydifferent

structureof organicmoleculesthanlife on Earth.

Search for life everywhere



The notion of  habitability is a debated topic , its definition is 

linked to the conditions that allowed the emergence and 

evolution of  the only (terrestrial) life we know.

Search for life everywhere



The extension of  the habitable zone to underground 

environments is an example of  research into the possibility 

of  life in these environments of  the solar system.

Search for life everywhere



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



Our "sister planet" has relatively 

complex organic chemistry, with 

sulfur and phosphorus molecules in 

an extremely dense atmosphere 

composed of  more than 96% CO2.

It is not found in the habitable zone 

of  the solar system and it lacks an 

essential component: water on its 

surface.

Deuteratedwater(HDO) detectionon Venus in ALMA data (Greaves, J.S., Richards, A.M.S., 

Bains, W. et al. Phosphinegas in theclouddecksof Venus. Nat Astron5, 655ð664 (2021). 

Planets in the Solar System and their 

astrobiological interest: VENUS



Venusbenefitedfrom exogenousinputslike Earth after its

formation,it mayhavehadliquid wateron its surfaceanda

water-rich atmosphere4.5 billion yearsago and for some

time.

Currently its surface is only active volcanism with

temperaturesof around460°C.

If life developedat the most favorabletime, it is proposed

that it survivedin theform of microorganismsin theclouds

of itsatmosphere,with atemperatureof ~75°C

Planets in the Solar System and their 

astrobiological interest: VENUS



This planet has often 

been proposed as the best 

place in the solar system 

to have had, or still have, 

conditions for life.

Theexistenceof microbiallife wasalreadyconsideredin the

70sduringthepreparationof theVikingmission: thelanders

were equippedwith instrumentscapableof carryingout

experimentsaimed at highlightingMartian life, detecting

photosyntheticbiologicalactivity or providing nutrientsto

Martianbacteria,with negativeresponses.

Planets in the Solar System and their 

astrobiological interest: MARS



The Vikings confirmed the 

presence of  liquid water in the 

past of  Mars, observing channels, 

dry rivers and dendritic valleys.

At thepolesthereiswatericein thepolarcapsandit is

suspectedthat wateris presentin greaterquantitiesin

theMartiancrust

Evidenceof ancientpresenceof wateron

Mars. (Curiosity, NASA/JPL)

The water could  have remained on 

its surface for at least a billion years 

and is still present in the minerals 

that currently cover the surface .

Planets in the Solar System and their 

astrobiological interest: MARS



Life couldhavedevelopedon Marsat the sametime ason

Earthandperhapspersistedunderground.

Findinglife on Marswouldprovidemanyanswersaboutthe

emergenceof life on our planet.

If life existedon Mars,evenin theform of microorganisms,

andsincetheplanetis no longergeologicallyactive,it should

bepossibleto discoverit in the form of tracefossilson the

surface or even hope that it exists and has survived

underground.

Planets in the Solar System and their 

astrobiological interest: MARS



In recent decades, other habitable bodies of

astrobiologicalinteresthavebeendiscoveredbeyondthe

asteroidbarrier: thesatellitesof giantgaseousplanets.

Giant planetsare of limited interest to astrobiology

becausetheyhaveno surfacesandthereforeno rocks.

Their satellitesarealsoimportantfor understandingthe

originandevolutionof theSolarSystem.

Bodies in the Solar System and their 

astrobiological interest: SATELLITES



AroundJupiter: Ganymede,CallistoandEuropa.

Around Saturn: EnceladusandTitan.

Revealedthanksto the Cassini-Huygensprobe(1997-

2017), whichvisitedtheseworldsfor 15 years,the icy

satellitesof Saturnsurprisewith their diversityandthe

abundanceof liquidwatertheycontain.

Satellites in the Solar System and their 

astrobiological interest



Europawould containan ocean

ten times larger than Earth's,

while being three times smaller

thanourplanet.

EnceladusIn 2014  water 

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.

Satellites in the Solar System and their 

astrobiological interest

Kelvinsong �±Own job, CC BY-SA 3.0, 

https://commons.wikimedia.org/w/index.php?curid=23640295

https://astrobiology.com/20

22/09/new-evidence-for-

habitability-in-enceladus-

ocean.html


