
ASTROBIOLOGY • HORNER: INTRODUCTION

A&G • February 2011 • Vol. 52  1.15

What was it that first got you interested 
in science? For many, the answer to 
that question probably goes back to 

the origin of life (“Where did we come from?”), 
or the question of life elsewhere (“Are we 
alone?”). Although people have asked these 
questions for as long as we have been aware of 
the world around us, it is only in recent years 
that there has been any chance for them to move 
from the realm of science fiction to become 
the subject of serious scientific scrutiny. Over 
the past 20 years or so, our knowledge of the 
universe around us has advanced in leaps and 
bounds – more than 500 planets have been 
discovered around other stars, and the nature 
of objects in our own solar system has been 
revealed in unprecedented, and often surpris-
ing, detail. At the same time, our understanding 
of life on Earth has advanced incredibly – from 
sequencing the human genome to understand-
ing the fundamental microbiologial processes of 
ribosome formation in extremophiles (and what 
happens when it goes wrong). Researchers from 
across science have come together to attempt 
to uncover the origins of life, and to search for 
its signature beyond the Earth. The science of 
astrobiology has come into its prime. 

One of the beauties of astrobiology is that it 
is, at heart, truly multidisciplinary. It is hard to 
imagine any other field of study where it is usual 
for geologists to collaborate with theoretical 
physicists, biologists to talk to observational 
astronomers, and chemists to examine data 
from satellites around other planets. Indeed, 
far from the scientific model in which people 
work and talk within fields that continually nar-
row and specialize, almost excluding all others, 
astrobiology encourages – and thrives on – its 
multidisciplinary nature. This is reflected well in 
the rapid growth of national and international 
societies, such as the Astrobiology Society of 
Britain (ASB – see the article by Terence Kee, 
Mark Burchell and David Waltham on page 
1.29) and the Astrobiology Society, which aim 
to bring together interested scientists from all 
fields to form a cohesive and exciting commu-
nity, which is nowhere better illustrated than at 
the ASB bi-annual conferences (the most recent 
of which, held last year, was the direct inspira-
tion for this set of papers). 

In this issue we present several invited articles 
that we hope will give the reader a glimpse into 

the breadth of astrobiological study. Over the 
coming decade it is certain that the first Earth-
like planets will be discovered around Sun-like 
stars, while our exploration of both our own 
planet and the rest of our solar system will con-
tinue apace. But where should we look? Unless 
we are fortunate enough to detect a definitive 
signal from another civilization, the search for 
life elsewhere will be long and arduous. Within 
our own solar system, the rapid growth in the 

number of locations deemed potentially habit-
able means that the local search for life is no 
longer limited to up-close and personal stud-
ies of Mars, and speculative missions to drill 
through Europa’s thick ice crust to the oceans 
thought to lie below. Lewis Dartnell reviews 
the ever-widening boundaries within which 
life as we know it on Earth can survive, on 
pages 1.25–1.28, while Claire Cousins (pages 
1.36–1.38) identifies close analogues on Earth 
of potential sites for life on Mars. On pages 
1.34–1.35 Zita Martins targets the biosigna-
tures that will identify life, while Lucy Norman 
and Dominic Fortes (pages 1.39–1.42) wonder 
what life might survive or thrive on Titan. 

Beyond our solar system, any detected exo-
Earths are so distant and faint that any pro-
gramme aiming to detect the signature of life 
will, by necessity, be both financially and tem-
porally expensive, and will likely be limited to 
just the most promising targets. How we choose 
those targets is still under some debate, as is the 
best way in which to carry out the search – both 
in terms of what we look for, and how we look. 
Jonti Horner and Barrie Jones (pages 1.16–1.20) 
try to narrow down the types of exo-Earth that 
we should examine in detail. 

Various technologies will be employed in order 
to search for evidence of life, both within our 
own solar system and around distant planets – 
perhaps including astronautics, as Katya Apagyi 
and Mark Burchell argue, on pages 1.30–1.33. 
Some (such as SETI, discussed here by Alan 
Penny, 1.21–1.24) will focus on the search for 
intelligent life, while others will concentrate on 
the smallest and simplest organisms. 

At the same time as the search goes on, life will 
be carried into Earth orbit, to study its behav-
iour and survivability in drastically different 
conditions to those on the surface of our planet, 
while engineers elsewhere take great pains to 
ensure that other life does not accidentally get 
exported to the other potentially habitable parts 
of our solar system. 

Despite the difficulties (and, in part, because 
of them), the next few years will prove to be 
an enormously exciting and rewarding time to 
be involved in astrobiology – possibly at once 
the oldest and the newest of the sciences. Who 
knows – in 10 years time, we might finally hold 
the answers to those two oldest questions: “Are 
we alone?” and “Where did we come from?” ●

Astrobiology:
young science, old questions

Jonti Horner introduces a series 
of papers on astrobiology:  

the broad but focused discipline 
examining the possibilities  

for life off Earth.

In the 15 years since the discovery of the first 
planet orbiting a Sun-like star, 51Pegasi 
(Mayor and Queloz 1995), the detection of 

habitable planets, and even life, has become a 
real possibility. The new field of astrobiology 
has gone from strength to strength, as scien-
tists from a range of disciplines come together to 
work on the question of how and where to find 
life beyond the Earth. Unless we are fortunate 
enough to detect a signal broadcast by another 
civilization, or detect life in situ elsewhere in 
the solar system, our main route to search for 
life will be the study of exo-Earths: Earth-type 
planets orbiting distant stars. Although no such 
planets have yet been discovered, the first will 
be found within the next couple of years, and so 
the time is right to discuss exactly what factors 
might come together to make such planets more, 
or less, suitable for life to develop and thrive.

Throughout the history of astronomy it seems 
that, once the first member of a population of 
objects has been discovered, many more follow 
soon after. The faster technology improves, the 
more rapid the turnover between no objects 
being known, and many having been detected. 
Exoplanets are no exception. Since 51Pegasi was 
discovered, an increasing number of exoplan-
ets have been found, first at a trickle, and now 
almost at a flood. At the time of writing, 494 
planets are known within 416 planetary sys-
tems (data from the Extrasolar Planets Encyclo-
paedia, http://exoplanet.eu/catalog-all.php, 15 
October 2010). On average, 10 new planets are 
being announced per month, a rate that is des-
tined to climb further as projects such as Kepler 
(http://kepler.nasa.gov) begin to yield results.

To date, the least massive exoplanet discov-
ered around a Sun-like star is Gliese581e, with a 
minimum mass around twice that of the Earth. 
As new techniques come online, and missions 
such as Kepler begin to bear fruit, the first true 
exo-Earths will be detected. Once one is found, 
many more will quickly follow, and the search 
for life beyond our solar system will begin. How 
that search will be carried out is still under some 
debate – a wide variety of biomarkers have been 
suggested that might help life be detected – but 
the observations necessary to give a conclusive 
result for a given planet will certainly be long 
and arduous. Although new technologies and 
telescopes will no doubt be developed to help 
speed along such work, it is unlikely that we 
will be able to survey all of the new exo-Earths, 

quickly or efficiently. It is therefore vitally 
important to ensure that we choose the most 
promising candidates for initial observations, 
to maximize our chances of finding life.

Pick your planet
How do we differentiate between one exo-Earth 
and the next? What factors help determine 
which planets are most suited to the develop-
ment of life? In this article we provide a brief 
overview of the key factors that are currently 
thought to influence the habitability of exo-
Earths. Although it would be foolish to entirely 
prejudge where we are likely to find life, it makes 
sense to concentrate our initial efforts on those 
that seem most likely to provide a positive detec-
tion. We therefore highlight criteria for com-
parison, in order to determine the best target. 

The classical habitable zone (HZ) extends over 
the range of distances from a star at which an 
Earth-like planet can have water as a stable liq-
uid over at least part of its surface. The extent of 
the HZ for a star depends on mass and age.

Stars form with a wide variety of masses. The 
smallest are just 8% of the Sun’s mass, below 
which objects can not sustain hydrogen fusion in 
their cores. The most massive are over 100 times 
the Sun’s mass. All stars spend the majority of 
their lives on the “main sequence” – a narrow 
strip across a plot of luminosity versus sur-
face temperature. A star moves on to the main 
sequence after its formation (which is a relatively 
quick process) and remains there for most of its 
lifetime. Stars leave the main sequence when 
all the hydrogen in their cores has been used. 
They then enter stellar “old age”, another phase 
that passes in an astronomical blink of an eye, 
compared to their main sequence lives.

The luminosity of a star during its main 
sequence life is roughly proportional to the 
fourth power of its mass. However, the amount 
of “fuel” the stars have is simply proportional 
to their mass. The lifetime of a star is therefore 
roughly inversely proportional to the cube of its 
mass. As a result, the most massive stars in the 
universe live fast and die young. Even if the most 
massive stars can form potentially “habitable” 

worlds, they will have such short lives that life 
on those planets can never truly get started. 

Even for those stars of sufficiently low mass to 
allow the development of a significant biosphere 
in their main sequence lifetimes, if they are 
younger than a few hundred million years then 
it is likely that life has not yet emerged. Low 
priority must therefore be assigned to young 
stars in the search for life.

It should also be noted that the luminosity of 
a star increases throughout its main sequence 
lifetime. For example, the Sun, now 4.6Gyr 
into its 11Gyr main sequence lifetime, was only 
about 70% of its present luminosity when it 
was very young. Consequently, the HZ around 
a given star will gradually drift outwards. Just 
because a planet is within a star’s HZ now does 
not, therefore, mean that it will have been there 
for long enough to have developed a detectable 
biosphere. Preference must therefore be given 
to planets that have spent at least hundreds of 
millions of years in the HZ.

If we adopt 1Gyr as the minimum age for a 
planet to have a detectable biosphere, we rule 
out stars whose main sequence lifetimes are 
shorter than this – the massive stars that con-
stitute the O, B and A dwarfs. However, the very 
great majority of stars are less massive, includ-
ing the Sun. Such a cut, therefore, only rules out 
a tiny fraction of potential planets. If we extend 
our 1Gyr minimum age to all young stars, over 
10% of all stellar systems are excluded.

All stars are variable. Our Sun, for example, 
varies in luminosity by ~0.1% through the 22-
year solar cycle. Some stars, though, are far 
more variable than others: young stars and 
old stars are particularly prone to significant 
variability. The variable star Mira ( Ceti), for 
example, varies in luminosity over a period 
of ~332 days, by a factor of ~4000, and such 
behaviour is far from unusual. Other stars, 
such as our nearest stellar neighbour, Proxima 
Centauri, are prone to enormous stellar flares. 
It is clear that such stars would be bad hosts 
for the development of life. At what point does 
variability become too great a problem for life 
to overcome? Whatever the answer, it is surely 
prudent to focus our initial hunt for life on plan-
ets around stars that are comparatively stable 
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Which exo-Earths should 
we search for life?

Jonti Horner and Barrie W Jones 
work out how to select the most 
likely targets among planets like 
Earth, to search for signs of life.

ASTROBIOLOGY • HORNER, JONES: EXO-EARTHS

A&G •February 2011 • Vol. 52
1.17

1: An artist’s impression of a watery, ringed exo-Earth, 
viewed from its largest moon. (David A Aguilar CfA)
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Astrobiology is a growing field of schol-
arly activity worldwide. It is multi-
disciplinary in nature, and encompasses 

a wide range of topics drawn from other well-

established academic disciplines (for a recent 

discussion see Burchell and Dartnell 2009). 

However, while the relation of biology, chem-

istry, planetary science, etc, to astrobiology is 

readily apparent and often realized in collabora-

tive work across these disciplines, the relation of 

the field to astronautics is not so clear. To take 

the UK as an example, a recent survey of univer-

sity-based academics possibly active in the field 

of astrobiology found no respondents describing 

themselves as active in astronautics (Dartnell 

and Burchell 2009). It could be argued that 

such a survey might reveal as much about the 

biases of the authors as it does about the topic 

being surveyed, but this lack is also apparent at 

many conferences in the field. This split between 

astrobiology and astronautics is reflected in a 

wider split in the science community between 

those who favour robotic exploration of space 

and those who promote the use of astronauts.

The issue that arises is thus: is there any over-

lap between the two fields of astrobiology and 

astronautics? Since one of the authors has a 

space science background (MJB) and the other 

in astronautics (KA), we partially answer our 

own question, and it is the degree of overlap that 

is discussed below. Included in this discussion is 

also a consideration of the benefits of collabora-

tion between the two communities. 

What is astrobiology?
As evident from the other papers in this issue, 

astrobiology is a broad discipline. It addresses 

the origin or origins, distribution and develop-

ment of life from a broader perspective than 

that of a single planet, i.e. it considers life as a 

cosmic phenomenon, but often does so with an 

acknowledgement that Earth is our sole example 

of a body containing life. Astrobiology is thus 

concerned with many different aspects of study. 

As well as those people searching for evidence 

of life itself, other researchers are also poten-

tially astrobiologists. For example, astronomers 

who search for extrasolar planets are potential 

astrobiologists. Cometary scientists observing 

the presence of complex organic materials on 

comets are potential astrobiologists. Biologists 

studying how life adapts to extreme environ-

ments on Earth are potentially contributing to 

the field, as are chemists who try to understand 

the pathways needed for the development of the 

complex organics needed for life, and so on. 

Equally, scientists and engineers who design 

space vehicles or apparatus to be deployed on 

other solar system bodies, for example, are also 

potential astrobiologists depending on the type 

of research enabled by their efforts. Moving 

outside science, academics who consider the 

impact on mankind of the possible discovery of 

alien life are also working in an area related to 

astrobiology. This goes well beyond the obvious 

concerns of planetary protection – where we 

worry about impact on biospheres of transfer-

ring life to new potential habitats – and intro-

duces social aspects to the field. In general we 

need to remember that science does not exist in 

a vacuum apart from society, and those who 

consider the potential impact of astrobiology on 

society are clearly participating in the develop-

ment of the field of astrobiology.
One can get a feel for how academics in general 

see astrobiology, by looking at their manifestos 

for the discipline, i.e. the various roadmaps that 

occasionally appear. The most famous roadmap 

is probably that of NASA. Several versions have 

appeared – Des Marais et al. 2003 is an early 

version and Des Marais et al. 2008 is current. 

In the later version, seven goals are set for astro-

biology. We can immediately note that in them-

selves the seven headline goals (table 1), which 

involve the use of space for collecting samples 

from other planets, delivering instruments to 

other solar system bodies, making astronomical 

observations from space telescopes, etc, do not 

specifically describe activities that are “astro-

nautical” in nature – i.e. they neither require nor 

necessarily involve human activity in space.

One possible area where humans are directly 

mentioned in the 2008 version of the NASA 

Astrobiology Roadmap is with regard to the 

potential future expansion of mankind beyond 

the Earth. The roadmap considers that micro-

organisms will play a significant role in life-

support systems or resource acquisition, and 

therefore the ability of micro-organisms to 

adapt and survive in space should be explored as 

part of an astrobiology programme. But beyond 

this narrow approach, no wider consideration 

is given to the relevance of human activity in 

space to astrobiology. It is thus clear that from 

a mainstream astrobiology viewpoint, there is a 

disconnection from astronautics. To understand 

if this is sensible we need to ask a further ques-

tion about the nature of astronautics.

What is astronautics?
Astronautics, similarly to astrobiology, is a 

highly multidisciplinary subject, encompassing 

both the science and the technology of manned 

and unmanned space flight. It is essentially a 

very large engineering job, requiring input from 

both biological and physical research, and in 

return providing new and improved platforms 

for further scientific experiments, as well as 

flight equipment to be used by the public and 

the private sector.
While astrobiology is the legacy of the late 

20th century, the roots of astronautics go back 

to the 17th century when Newton first outlined 

some of the mathematical basis of space travel. 

In 1903, Tsiolkovskii, who became known as 

the father of astronautics, published his famous 

rocket equation, which predicts the final veloc-

ity of a rocket, calculated from the known vari-

ables of the mass of the rocket, and the mass and 

the exhaust velocity of the propellant.
In the early 20th century, this so far civilian 

and purely theoretical enterprise was largely 

taken over by the military in the USA, Germany 

and the USSR. Robert Goddard, a pioneer in 

developing rockets propelled by liquid fuel, was 

in charge of the US War Department’s rocket 

division during the first world war. He was 

both an engineer and a scientist, and since little 

was known about the biological effects of the 

heights his rockets later reached for the first time 

(~2.6km), he supported using this new technol-

ogy for scientific experiments as well as recon-

naissance and other military applications. 

Despite his best efforts, however, astronau-

tics did not include any biological research 

till the 1950s. Manned space flight imposed 

a new challenge for life scientists and thus the 

science of space biomedicine, as a new branch 

of astronautics, was born. The first “space doc-

tors” had to combine medical knowledge and 

the little that was known about the space envi-

ronment to form reasonable predictions about 

the health effects of space flight. In the 1960s 

almost all US astronaut candidates were test 

pilots, coming from aviation and engineering 

backgrounds. They were physically and men-

tally fit and their military training ensured a 

disciplined and organized attitude towards their 

missions. All of these were essential attributes 

Does astrobiology include human space flight?
Katinka Apagyi and Mark J Burchell argue that aspects of 

astronautics overlap with astrobiology, in the same way that aspects 

of geophysics and planetary science do. The gap between these 

disciplines is an artificial separation that should be overcome. 

Astronauts at work on the 
Hubble Space Telescope.
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ASTROBIOLOGY • MARTINS: BIOMARKERS

The existence of life on Earth now and 
in the past provides the basis for ques-
tioning whether life may be ubiquitous 

in the universe. In order to be able to detect 
life elsewhere in our solar system, it is crucial 
to know what to look for, i.e. molecules that 
are diagnostic of past or present life: biomark-
ers. Future life-detection missions, such as the 
European Space Agency’s ExoMars mission to 
the Red Planet, need to be able to detect these 
biomarkers, but also to determine the origin of 
any molecule that they detect. Therefore, it is 
necessary to distinguish between present life 
biomarkers, dead organisms/fossil biomarkers 
and abiotic molecules.

Following in the footsteps of the Viking 
landers, the future ESA ExoMars mission will 
look directly for signs of life on Mars. If life 
ever existed on Mars it would have left organic 
remains in the martian environment. It is crucial 
to address the questions of how the biomarkers 
of martian life were stored and in what form 
they remained after different periods of time; 
our understanding of these processes for extra-
terrestrial life is influenced by our knowledge 
of terrestrial biology. A summary of possible 
biomarkers present on Mars is given by Parnell 
et al. (2007). Biopolymers, such as DNA, RNA 
and proteins, would be the ultimate proof of 
present life on Mars (table 1). However, these 
molecules rapidly degrade under the strong UV 
radiation and oxidizing conditions of the mar-
tian surface (figure 1; e.g. Wayne et al. 1999 and 
references therein). Amino acids (the building 
blocks of proteins) are also degraded within a 
few hours when exposed to Mars-like UV radi-
ation (Ten Kate et al. 2005, 2006). However, 
when buried at a depth of more than 2m, amino 

acids can persist for up to 3.5billion years 
(Kanavarioti and Mancinelli 1990, Aubrey et 
al. 2006, Kminek and Bada 2006). 

Typical biomarkers considered to indicate 
present life are L-amino acids, because on Earth 
all living organisms use L-amino acids only. 
Over long periods of time biological amino acids 
in geological Earth samples are converted into 
equal amounts of L- and D- forms (i.e. a racemic 
mixture). However, on Mars racemization has 
been estimated to be extremely slow because of 
environmental conditions (Aubrey et al. 2006), 
so mixtures in which the L form dominates 
may be fossil forms. Hydrocarbons, which are 
often found as the molecular fossils of biological 
lipids, are stable over long periods of time and 
on Earth have been found in rocks more than 
2billion years old (figure 1; Brocks et al. 1999). 
It is important to remember that lipids can be 
used as biomarkers for both past and present life 
(table 1). For example, phytane is a membrane 
component of methanogens (Woese et al. 1990), 
which are one of the possible sources for the 
methane observed in the atmosphere of Mars 
(Mumma et al. 2009). 

Large amounts of carbonaceous material are 
thought to be delivered to the surface of Mars 
by interplanetary dust particles (IDPs) and 
meteorites every year (Chyba and Sagan 1992, 
Zent and McKay 1994, Flynn 1996, Bland 
and Smith 2000), meaning that abiotic extra-
terrestrial organic compounds may be expected 
on Mars. Abiotic molecules found in meteor-
ites are distinct from biomarkers; they exhibit 
complete structural diversity with branched 
chains dominating, and present a decrease in 
abundance with increase in carbon number 
(Sephton 2002). Several abiotic compounds 
have been detected in meteorites. In particular, 
the Murchison meteorite includes among other 
molecules amino acids, nucleobases, carboxylic 
acids, polyols and hydrocarbons (table 2; Kven-
volden et al. 1970, Pering and Ponnaperuma 

1971, Yuen et al. 1984, Cooper et al. 2001, 
Sephton 2002, Martins et al. 2008, Martins 
and Sephton 2009). 

Carboxylic acids are the most abundant 
molecules present in meteorites. In addition, 
more than 80 different amino acids have been 
detected in the Murchison meteorite, most 
of which are rare in terrestrial proteins (such 
as isovaline and -aminoisobutyric acid). In 
addition, most non-protein chiral amino acids 
present in meteorites are racemic (for a review 
see Martins and Sephton 2009). However, 
L-enantiomeric excess (up to 18.5%) has been 
reported for a few non-protein amino acids 
(including isovaline) (Pizzarello et al. 2003, 
Glavin and Dworkin 2009). 

Mars and the Life Marker Chip
Viking was the first life-detection mission to 
Mars and did not find any molecules on the 
surface of the Red Planet (Biemann et al. 1976, 
1977). Intense UV radiation and highly oxi-
dizing conditions on the surface of Mars may 
have contributed to the destruction of organic 
compounds (Klein 1978, Benner et al. 2000, 
Squyres et al. 2004). In addition, the Viking gas 
chromatograph–mass spectrometer (GC-MS) 
may not have been sensitive enough to detect 
the degradation products generated by several 
million bacterial cells per gram of martian 
soil (Glavin et al. 2001). As preparation for 
future life-detection missions, in particular 
for ExoMars, it is crucial to optimize detection 
methods of biomarkers and abiotic molecules, 
using terrestrial soils that resemble Mars (for a 
review see Marlow et al. 2010). The Life Marker 
Chip (LMC) is part of the ExoMars payload (fig-
ure 2) and is being designed to detect biomark-
ers in the martian soil (Sims et al. 2005). It is 
an antibody-based instrument, aiming to detect 
polar (e.g. amino acids) and non-polar mol-
ecules (e.g. isoprenoids) at the part-per-billion 
(ppb) level. Court et al. (2010) have optimized 

Table 1: Components of 
a unicellular organism
molecule dry weight (g/cell)
proteins 16×10–14

DNAandRNA 6.9×10–14

lipids 2.6×10–14

other 3.2×10–14

total 28.7×10–14

Summary of the main components and the 
dry weight composition of a unicellular 
organism, such as E. coli (g/cell). (Adapted 
from Brock et al. 1984)

less stable                                                                                                                                   more stable
                >2 billion years

proteins                     DNA                                      amino acids                                hydrocarbons

the solvent system used to transfer biomarkers 
from the martian soil into the LMC: organic 
solvents would denature the antibodies, and 
aqueous solvents would not extract non-polar 
biomarkers. Court et al. (2010) found that the 
addition of surfactant to an aqueous solution 
is an effective compromise between biomarker 
extraction and antibody compatibility. 

Conclusion
Future life-detection missions, in particular 
the ExoMars mission to Mars, will search for 
biomarkers, i.e. organic molecules indicative of 
past and/or current life present in the regolith 
of the Red Planet. As the intense UV radiation 
and oxidizing conditions on the surface of Mars 
lead to the destruction of organic molecules, it 
will be necessary to search for those biomarkers 
at a depth of at least 2m. The ultimate proof 
of life (as we know it) on Mars would be the 
detection of DNA, RNA or proteins. How-
ever, these biopolymers rapidly degrade under 
martian conditions. Amino acids, the building 
blocks of proteins, may survive up to 3.5bil-
lion years when shielded from Mars-like UV 
radiation. Yet the most stable of all biomark-
ers are hydrocarbons, which can be used as a 
signature for both past and present life. Abi-
otic molecules delivered by IDPs and meteorites 
are also expected in the martian regolith, and 
future life-detection missions should be able 
to distinguish these from biomarkers. The Life 

Marker Chip (LMC) is one of the instruments 
onboard ExoMars that aim to detect a large 
set of biomarkers using an antibody array. Pre-
liminary work currently being performed to 
optimize detection methods of biomarkers and 
abiotic molecules is crucial for successful future 
life-detection missions to Mars.●

Zita Martins, Dept of Earth Science and 
Engineering, Imperial College London, UK. 
z.martins@imperial.ac.uk. Zita Martins is 
supported by the Royal Society. 
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Table 2: Abundances of 
soluble organic matter 
in Murchison meteorite
compounds concentration 

(ppm)
carboxylic acids
(monocarboxylic)

332

sulphonic acids 67
amino acids 60
dicarboximides >50
dicarboxylic acids >30
polyols 24
ketones 17
hydrocarbons (aromatic) 15–28
hydroxycarboxylic acids 15
hydrocarbons (aliphatic) 12–35
alcohols 11
aldehydes 11
amines 8
pyridine carboxylic acid >7
phosphonic acid 1.5
purines 1.2
diamino acids 0.4
benzothiophenes 0.3
pyrimidines 0.06
basicN-heterocycles 0.05–0.5

Abundances (in ppm) of the soluble organic 
matter found in the Murchison meteorite. 
(Adapted from Pizzarello et al. 2001, Sephton 
2002, Botta and Bada 2002, Sephton and 
Botta 2005)

In situ biomarkers and the Life Marker Chip
Zita Martins examines some of the challenges involved in the identification and detection of biomarkers. 
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2: Artist’s impression of the ExoMars rover, which will carry the Life Marker Chip. (ESA)

1: Degradation rates of different biomarkers under martian conditions. Less stable biomarkers include DNA, RNA and proteins, while the most stable biomarker includes isoprenoids (e.g. phytane).


