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INTRODUCTION

The European Astrobiology Network Association
(EANA) was created in 2001, and by 10th European
Workshop on Astrobiology, the association celebrated
the 10th anniversary. EANA’10 hosted by Russian
Academy of Sciences and sponsored by Russian Foun�
dation for Basic Research and European Space
Agency, brought together researchers from 17 coun�
tries, and half of them were presented by the young
generation of scientists, whose reports covered many
aspects of Astrobiology: Origin of Biosphere and Evo�
lution of Geo�biological Systems, Life in Extreme
Environments, Experiments in Space and simulated
Space Conditions, Solar System Exploration and
Human Flights, Planetary Protection, Exoplanets and
Astrochemistry. Future Space projects were
announced. The workshop was held in Institute for
Physicochemical and Biological Problems in Soil Sci�
ence. Thanks to the sponsorship of the publishers

Springer, Cambridge UP and Wiley VCH, Astrobiol�
ogy Book Awards were provided for the best posters. As
a result of round tables and Panel discussions, multi�
disciplinary contacts sprang up between experts in dif�
ferent research areas, and the base for the next work�
shop (EANA’11) in Germany was formed. The scien�
tific activity in the frame of EANA’10 became one of
important motivation for Russian Academy of Sci�
ences to organize in the end of 2010 the Scientific
Council on Astrobiology. We thank EANA’s members,
the president of EANA and the Chair of the work�
shop—Dr. Gerda Homeck for afford an opportunity
to hold such high level meeting in Russia and the edi�
torial board of Paleontological Journal for afford an
opportunity to publish the abstracts. They certainly
will broaden the outlook of readers. See you on Mars.

David Gilichinsky, EANA’10 Co�chair
e�mail: gilichin@online.stack.net

Evolution of Macromolecules under Thermal Synthesis Mode: 
Preparation of Peptides and their Derivatives from Amino Acids 

Mixtures Contained Three or Four Components
O. V. Deminaa, A. V. Lapteva, A. S. Kononikhina, b, E. N. Nikolaeva, b, 

A. A. Khodonova, and S. D. Varfolomeeva

aEmanuel Institute of Biochemical Physics, Russian Academy of Science, ul. Kosygina 4, Moscow, 119334 Russia
bInstitute of Energetic Problems of Chemical Physics, Russian Academy of Sciences, Leninskii pr. 38/2, Moscow, 119334 Russia

e�mail: ovd@sky.chpkras.ru

The problem of emergence of self�propagating
communicatory and catalytically operative polymeric
molecules such as proteins and nucleic acids is a key
question of life origin (Galimov, 2001). The advanced
concept of the prebiotic evolution of macromolecules
included the phenomenon of macromolecules selec�
tion in the prebiotic evolution process on the basis of
polycondensation processes of tri�functional mono�

mers in thermal cycling (or thermocycle) mode (cyclic
changes of temperature in the area of water phase
transfer) had been proposed by us (Varfolomeev, 2007;
Varfolomeev, 2008). The experimental verification of
the advanced kinetic theory was performed on the
basis of studies of the peptides synthesis processes
from the mixtures of alternatively charged amino acids
such as Asp and Lys, Arg and Asp, Glu and Lys, Arg
and Glu (Varfolomeev, 2008). Also, the possibilities of
peptides synthesis from uncharged amino acids, such
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as Ala and Gly, were studied under the periodic mode
(thermal synthesis mode) and thermocycle mode.

At present the syntheses of peptides and their deriv�
atives from amino acids mixtures composed of three or
four ingredients were done by us for the investigation
of the possibilities to create the catalytically active
peptides under the thermal synthesis mode. The larg�
est diversity of products structures was observed under
this mode (Varfolomeev, et al., 2008). The mixtures of
amino acids included the charged and uncharged
amino acids. The compositions and amino acid
sequences of resulting mixtures were identified by the
methods of the ion cyclotron resonance mass spec�
trometry. It was shown that the processes of the pep�
tides synthesis were proceed at relatively mild temper�
atures, and the set of the derived products was depen�
dent from experimental conditions through the
process (the nature and quantities of a catalyst, heat
time, amino acids ratio) very much. It was shown that

the number of various structures into the synthesized
products mixtures was much smaller compared to the
statistically possible value.

This study was partly supported by Program P�15
and Program P�24 of Presidium of Russian Academy
of Sciences.
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The CHAMP satellite is a low Earth orbiting
(LEO) mission which carries among other instru�
ments a high�precision accelerometer on board
which is used in this study to investigate the temporal
and spatial variation of the atmospheric density
caused by the so�called Halloween (extreme solar
activity events) events at an altitude of about 400 km.
We focus on the variation of the neutral atmospheric
density and related temperature in the upper thermo�
sphere during the extreme solar events and compare
the absolute density values with state of the art den�
sity models such as NRLMISE�00 and Jacchia�Bow�
man 2008. These atmospheric disturbances origi�
nated from CMEs associated with a solar flare of
magnitude X17.2 and caused density enhancements
up to about 300–400% which may lead to significant
local rise in exobase temperatures compared to quiet
solar conditions. An analysis of these events is used
for the investigation of the connection between such
extreme solar events and the activity of solar proxies

with different age. Solar data of the Halloween event
in Oct./Nov. 2003 are used as proxy for the active
young sun. Therefore, the data sets especially those
of the 28th October 2003 are retrieved from the
Coronal Diagnostic Spectrometer (CDS) onboard
SOHO. The detected flare is measured in the extreme
Ultraviolet at about 300–380 Angstroms and 510–
630 Angstroms, respectively, which is an important
range for studying the solar influence on upper atmo�
spheres. After applying correction and calibration
procedures to the data they are compared to the quiet
sun and afterwards to spectra of young solar�like stars
of different age. Solar flare spectra can simulate the
situation of the young sun if they match spectra of
young solar analogues. We show that this approach is
important for studies which are related to the evolu�
tion of the early nitrogen�rich atmosphere of Earth
and for Earth�like nitrogen atmospheres of exoplan�
ets orbiting around active host stars.
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Banded hydrothermal quartz�chalcedony filling
former solution cavities in the ~3430 Ma Strelley Pool
Chert, Pilbara Craton, Australia (Trendall locality),
was formed by encrustation of a filamentous substrate.
These features were formerly interpreted as stalactites
(Lowe, 1983). They also occur in the slightly older
Duffer formation (3467 Ma). After recognition of
many similar Phanerozoic samples of likely microbial
origin (Hofmann, et al., 2008), we investigated
Archaean samples in a new light (Hofmann, et al.,
2007). While poorly preserved filaments are common,
we now have also identified well�preserved filaments
forming web�like fabrics in the central part of some of
the quartz precipitates. Raman�spectroscopy demon�
strates that the carbonaceous material present in cen�
tral filaments and different bands of younger lami�
nated quartz precipitates is thermally altered
(~340°C) and thus indigenous and very different from
recent organic contaminations on the surface of the
rock (dominated by carotene). 3D�visualization of the
filamentous fabric was performed by optical micros�
copy of a doubly polished thick section. Stacks of 45–
100 images were taken of areas containing well�pre�
served filaments. Using Automontage software, image
stacks were combined into single images displaying the
in�focus areas of each image of the stack. For 3�D
visualization, red�blue anaglyphs were produced from
the same stacks. Automontage images and anaglyphs
clearly show the filamentous nature of the centre of
the quartz precipitates. Based on these images, a web
of carbonaceous filaments with a diameter of ~0.5 μm
was the basis of quartz precipitation. The preservation
of filaments within the same sample is highly variable.

Apparent filament diameters of up to 20 μm in less
well�preserved areas demonstrate that taphonomic pro�
cesses affected the sample in a heterogeneous way. We
interpret the filaments as remnants of a subsurface
microbiota in cavities within the Strelley Pool chert.
The arrangement of “stalactites” perpendicular to bed�
ding demonstrated a formation before regional tilting of
the strata occurred at 3300–2950 Ma
(Van Kranendonk, 2006). This limits the age of the fila�
mentous fabrics to the Archaean and is evidence for the
presence of early subsurface life and of taphonomic
processes in the Archaean that yield macroscopic fea�
tures from encrustation of microscopic filaments.
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Hydrogen cyanide is an excellent organic reagent
and is central to most of the reaction pathways leading
to abiotic formation of simple organic compounds
containing nitrogen, such as amino acids, purines and
pyrimidines. Reduced carbon and nitrogen precursor
compounds for the synthesis of HCN may be formed
under off�axis hydrothermal conditions in oceanic

lithosphere in the presence of native Fe and Ni and are
adsorbed on authigenic layer silicates and zeolites. The
native metals as well as the molecular hydrogen reduc�

ing CO2 to CO/CH4 and N /N  to NH3/N
are a result of serpentinization of mafic rocks. Oceanic
plates are conveyor belts of reduced carbon and nitro�

O3
– O2

– H4
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gen compounds from the off�axis hydrothermal envi�
ronments to the subduction zones, where compaction,
dehydration, desiccation and diagenetic reactions
affect the organic precursors (Holm and Neubeck,

2009). CO/CH4 and NH3/N  in fluids distilled out
of layer silicates and zeolites in the subducting plate at
an early stage of subduction will react upon heating
and form HCN, which is then available for further
organic reactions to, for instance, carbohydrates,
nucleosides or even nucleotides due to phosphoryla�
tion by pyrophosphate under the alkaline conditions
prevalent in hydrated mantle rocks of the overriding
plate (Holm, 2006). Convergent margins in the initial
phase of subduction must, therefore, be considered

the most potent sites for prebiotic organic reactions on
Earth. This means that processes leading to the origin
of life probably are possible only on planets where
some kind of plate tectonics occurs.
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The problem of homochirality is of crucial impor�

tance for the origin of life. An extraterrestrial origin
requires that biomolecules pass through space envi�
ronments where strong radiations or/and high tem�
peratures are present. This naturally implies the possi�
bility of degradation of organic molecules and losing
of their optical activity, i.e. racemization. The space
bodies have not the same thermal history and the sur�
vivability of the molecules delivered to the earth can be
influenced by different factors, one of them is the
chemical composition of the space body. Indeed some
of its components such minerals can act as catalysts for
the molecule decomposition and racemization. The
aim of the present work is to study the influence of
temperature and influence of different minerals like
silicates, ilmenite, wuestite, Mg2Si, etc. on the
decomposition and the racemization of the most sim�
ple chiral aromatic molecule, i.e. (R)� and (S)�1�phe�
nylethanol In addition, other benzylic alcohols have
also been studied to compare their behaviour with
1�phenylethanol. A Py�GC�MS technique was used
to investigate this phenomenon. The minerals are

deposited directly on the quartz liner of the pyrolizer.
The gascromatograph is equipped with a chiral col�
umn to discriminate enantiomers and diastereoiso�
mers. A quadrupole mass spectrometer acts as the gas
chromatograph detector. Various pyrolytic experi�
ments, at temperatures between 100 and 700°C with
and without minerals, were performed. Obtained
results demonstrate that the rate of pyrolysis and race�
mization of 1�phenylethanol depends on the presence
of the catalyst and on its nature. In the absence of cat�
alyst, pure (R)� and (S)�1�phenylethanol enantiomers
show poor sign of racemization up to 500°C. However,
when the pyrolysis is carried out on minerals the enan�
tiomeric excess never has been found lower than 75%
in the range of temperature applied. As regards chem�
ical survivability we have found that, in the presence of
minerals, at temperatures up to 200°C the phenyleth�
anol starts to decompose with formation of styrene,
acetophenone, and chiral molecules such diben�
zylethers and 2,4�diphenylbutanes. A tentative reac�
tion mechanism is given.

Organic Matter in Hydrothermal Systems in Kamchatka Peninsula 
in Context of the Origin of Life
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The geothermal environments on the early Earth
are considered as the most suitable medium for the
origin of life by many scientists. From this point of

view, it is interesting to explore organic substance from
hot springs inhabited by (hyper) thermophiles, and
from lifeless water�steam mixture, where organic

H4
+
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compounds could not appear as a result of destruction
of modern microorganisms. To that end moderately
volatile organic matter in water and water�steam mix�
ture from the hot springs and boreholes in the 4 hydro�
thermal fields in Kamchatka was analyzed.

Temperature of solutions in hot springs of Mut�
novsky, Uzon and Karymsky fields is within the inter�
val 70–99°C, pH 2.5–6.5. Water�steam mixture in the
boreholes of Mutnovsky and Pauzhetsky fields is under
the pressure 1.7–8.2 bars, temperature 108–175°C,
pH 4–7; depth of the boreholes ranges from 600 to
2000 meters. To analyze the samples the GCMS�
QP20105 Shimatsu was used. Phthalates were present
in all samples, presumably as trace contaminants from
plastic containers. The highest�temperature (175°C)
sample from the borehole contained only polycyclic
aromatic hydrocarbons (naphthalene, biphenyl,
phenathrene, fluorene, 1�methylnaphtaline). These
organic compounds characterize the deep lifeless zone
near the active Mutnovsky volcano (depth of the zone
is 200–600 meters, temperature 175–250°C). Biphe�
nyl and phenathrene were absent in samples from the
lower temperature boreholes (108–124°C). However,
these samples contain some more aromatic hydrocar�
bons (benzenes, xylenes), as well as compounds of
other homologous series: n�alkanes, aldehydes,
ketones, alcohols. According to L. Mukhin (1979),
glycine was detected in the lifeless water�steam mix�
ture from Pauzhetsky field. Aromatic hydrocarbons,
n�alkanes, alkenes and methylalkanes are present in
hot springs of Mutnovsky, Uzon and Karymsky fields
inhabited by the (hyper) thermophilic microorgan�
isms. These data were integrated with the results
obtained by other researchers in the framework of the

inversion approach to the origin of life (Kompan�
ichenko, 2008). According to the approach, initial
prebiotic organic microsystems or aggregates were
mainly composed of hydrocarbons, ethers, lipids or
their precursors, amino acids (glycine) and some other
compounds suitable for hydrothermal medium. Under
the specific far�from�equilibrium conditions in hydro�
thermal medium the balance between the contribution
of entropy and contribution of free energy
(Scontr./Fcontr.) in the microsystem could become
inverse that transformed it into the initial living unit
(probiont). It is supposed that the synthesis of other
biologically important molecules (sugars, ATP, nucle�
otides), which are not very typical for hydrothermal
medium, started at the moment of the inversion
Scontr./Fcontr. balance. The appeared at the moment
negentropy motive power could facilitate the orga�
nized (non�spontaneous) synthesis of nucleic acid
chains in combination with amino acid chains under
higher temperature than in a chemical system in vitro.
This supposition is based on the comparison of maxi�
mal temperature limit of the nucleotide synthesis in
Vitro (60°C, in the rare cases up to 90°C) and in vivo
(up to 110–120°C in the simplest hyperthermophilic
Archaea).
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According to recent simulations of the Earths

nitrogen�rich thermosphere, the temperature of the
upper atmosphere is not expected to rise above 7000–
8000 K even under extreme solar EUV conditions
anticipated for the early Earth. Rather, when the solar
EUV flux exceeds some critical value, the escaping
flow of the bulk upper thermosphere starts cooling it
due to adiabatic expansion, which results in a decrease
of the exobase temperature. Under these extreme solar
conditions, the exobase may expand above the magne�
topause and the magnetosphere will not be able to pro�
tect the upper atmosphere against strong nonthermal
erosion by the solar wind. We show that a nitrogen�

rich early terrestrial atmosphere with a present�day
composition would have been removed within a few
million years during the extreme EUV and solar wind
conditions that are expected to have prevailed before
the late heavy bombardment period about 3.8 Ga ago.
Our results suggest that young Earth�like planets need
either a CO2 amount which is about two orders of
magnitude higher than the present�time level or a
dense hydrogen�envelope which remained from the
primordial atmosphere or the nebula so that an early
nitrogen�rich terrestrial�type atmosphere could have
been protected from complete destruction.
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A new idea of possible synthesis of the complex
organic compounds in hypervelocity impact generated
plasma torch were proposed and experimentally con�
firmed. Previously unknown and found experimen�
tally new feature of impact generated plasma torch has
allowed to developing the original concept of the pre�
history of life. According to this concept the intensive
synthesis of complex organic compounds arose during
meteoritic bombardment in first 0.5 billion years at the
stage of the planets formation. This the most powerful
and destructive action in the Earth history could play
the decisive role and prepare the conditions for origin
of the life. In the interstellar gas�dust clouds the syn�
thesis of simple organic compounds may be explained
by identical process occurring in the plasma torch of
hypervelocity collisions between the dust particles. It
is assumed that the processes occurring in the highly
unbalanced hot plasma simultaneously with the syn�
thesis of simple and complicated organic compounds
were capable to ensure their ordering and assembling.
Bona fide experimental evidence presented below
indicates that the physical fields generated in the
plasma environment in the process of the formation
and expansion of the torch meet the main require�
ments toward “true” local chiral fields. These fields
were very likely to be capable to trigger the initial, weak
breaking of enantiomer’s symmetry and determine the
“sign” of the asymmetry of the bioorganic world.
These fields could have worked as “trapping” fields
influencing spontaneous processes occurring in highly
overheated and non equilibrium plasma in the state
that is far from the thermodynamical branch of equi�
librium and may have contributed to the formation of
an environment needed for the synthesis of homo�
chiralic molecular structures, which, in turn, were
needed for the emergence of the primary forms of liv�
ing matter. It has been shown experimentally that the
plasma�chemical processes in the torch have high cat�
alytic properties and assure the rise of the chemical

reactions rates by 10–100 millions times. In the pro�
cess of the plasma fly�away this in turn can assure fast
forming the simple and complicated organic com�
pounds including highly forked polymers. One may
assume that predominantly inorganic substances from
meteorites were used for synthesis of complicated
organic compounds on the early Earth. Laboratory
experiment with modeling the hypervelocity impact
plasma torch by the laser working in Q�switch regime
has shown the possibility of synthesis of high�molecu�
lar, ~5000 a.m.u, organic compounds by impact of
micrometeorite with effective diameter 100 mkm. The
target was composed of only H, C, N and O in inor�
ganic form. The obtained of mass�spectra evidence to
the high velocity of chemical reactions due to plasma
catalytic processes. Some signs of self—assembly and
ordering were observed. This allows to concluding that
the plasma torch with huge local density of energy and
matter may be the optimal medium for synthesis of
complex organic compounds needed for the origin of
the primary form of living matter. Having the giant
energy, the meteorite impact is capable to inject the
new�created complicated organic compounds deep
inside the space body surfaces, including subsurface
water reservoirs, such as, for example, on Europe,
Enchilada and Titan. In this case the meteorite impact
has no natural alternative in creation the initial condi�
tions for origin of extraterrestrial life. Such a possibil�
ity was confirmed by laboratory impact modeling
experiment, in which the plasma torch was created
under the water surface. The proposed concept is
based on real physical processes occurring in the
nature and on experimental results of study the prob�
lem in impact experiments and modeling its analogues
in laboratory conditions. Thus, the realizability and
survivability of this concept should be taken as well
grounded due to the simplicity and clarity of physical
processes.

History of Spontaneous Generation from Van Helmont to Pasteu
Ch. Müller
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Jan�Baptist van Helmont in the seventeenth cen�
tury quantified the apparition of parasites in several
media including the air. He went as far as to give a
21 days delay for an experimental set�up containing
dirty laundry to generate mouses. He conducted also
experiments in the spontaneous fermentation of beer

and derived principles which are still used by Brussels
artisanal breweries. The van Helmont theories led
eighteenth and nineteenth century astronomers and
geoscientists think that life would occur in any favour�
able environment. For most nineteenth century scien�
tists, life on the terrestrial planet was evident and they
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were sure that instrumental progress would prove it,
This was substantiated by more controlled early exper�
iments on the fermentation of wine by Gay�Lussac in
1810 after the Appert sterilization process had been
tested and quantified. A history of strategies to search
for life on planets as soon as spectroscopic observa�
tions in the nineteenth century were available will be
described. In biogeosciences, the 19th century theo�
ries relating oxygen, ozone and other oxidants to
pathogen generation on atmospheric miasmas will be

described also. The experiments made by Louis Pas�
teur during his career to prove that none of the previ�
ous experiments was a proof of spontaneous life gener�
ation will be described together with its conclusions
and the influence they had on the further develop�
ments of wine�making and generally food industry.
More generally, the twentieth century consequences
on astrobiology and environmental sciences of Pasteur
postulate that “life can only originate from life will be
exposed”.

The Early Stages of Life on the Earth
A. Yu. Rozanov and M. M. Astafieva
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Problems of appearance, formation (coming into
being), early evolution of organic world and environ�
ments on the Earth are among basic problems of mod�
ern science. Two main conditions are noted in the his�
tory of every organism group development, compris�
ing Earth biosphere. They are—appearance and wide
expansion (or wide distribution). These stages don’t
clash and be apart one from another for hundreds mil�
lions of years. The first appearance of new organisms
group corresponds to certain level of temperature and
atmosphere oxygenation; wide expansion as, for
example, in the case of Metazoa corresponds also to
the salt composition stabilization and to the “world
ocean” volume or to some other events of the same
scale. It is presumed that water on the Earth surface
was absent or that it was minute amount of water in the
period between 4.6 and 4.0 GA. In a great deal water
appeared about 4.0 GA just after the last intensive
meteorite bombardment. In this period sedimentary
rocks begin their formation in shallow water basins
and life roughly flourishes on our planet surface. It is
not inconceivable/improbable even appearance of
green algae and may be even fungi, besides bacteria,

including cyanobacteria. Land surface also was inhab�
ited by microorganisms already in Archaean. The
appearance of cyanobacteria → eucaryots → Meta�
phyta → Metazoa happened much more early than it
was proposed. The idea about atmosphere oxygen�
ation level could be given according the level of organ�
ism organization. Water volume in oceans commensu�
rable with modern one was formed about 1.3 GA.
Owing to this fact the great expansion of different
organisms is noted. Medium surface temperatures in
Archaean cannot differ from modern more than 15–
25°C. The world of RNA, if it existed, could be only
before 4.0 GA or may be even before Earth formation.
The chances of life appearance just (exactly) on the
Earth is very probable.

The study was executed within the framework of
the complex program of basic research of the Presid�
ium of the Russian Academy of Sciences “Origin of
Biosphere and Evolution of Geo�biological Systems”
(subprogram II) and was supported by the Russian
Foundation for Basic Research, projects 08�04�00484
and SS�4207.2008.5.

A Model of Early Atmospheres Produced by Impacts 
on the Earth and Mars

V. V. Svetsov
Institute of Dynamics of Geospheres, Russian Academy of Sciences, Leninskii pr. 38/1, Moscow, 119334 Russia

e�mail: svetsov@idg.chph.ras.ru

Existence of atmospheres is an important factor for
the origin of life on planets, however, the birth of plan�
etary atmospheres is still an unresolved problem. The
Earth and Mars could have dense CO2 rich atmo�
spheres in their early histories. A model of atmo�
spheric evolution controlled by impacts, neglecting
outgassing of solid planets, has been suggested by
Zahnle (1993) and applied for atmospheres of Titan
and Mars. Atmospheric erosion by impacts has been

taken into account using an analytical “tangent plane
approximation”. The model was employed for the
assessment of early terrestrial and Martian atmo�
spheres in (Svetsov, 2007) where the efficiency of
atmospheric cratering was calculated for vertical
impacts. Recently, accurate values of coefficients of
atmospheric erosion and projectile material retention
have been obtained by 3D hydrodynamic simulations
of impacts (Shuvalov, 2009). Scaling laws derived in
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(Shuvalov, 2009) and the model of impact�controlled
atmospheric evolution (Zahnle, 1993) are used in this
work for modeling of the evolution of the Earth’s and
Mar’s early atmospheres at a late stage of planetary
accretion. The atmosphere is considered to consist of
two gases CO2 and N2. It is assumed that all carbon of
vaporized fraction of impactors and targets is con�
verted to CO2. Data on carbon and nitrogen abun�
dances in stony meteorites and comets have been
taken from the literature. Modern mass and impact
velocity distributions of asteroids were used as an
approximation for the late veneer period. It was
assumed that the masses of largest impactors diminish
in the course of accretion as follows from a statistical
approach. For the early Earth, after the end of accre�
tion, the model produces CO2�rich atmosphere with a
pressure 20–100 bars and a partial N2 pressure 0.1–
0.6 bars. The lower values were obtained neglecting
cometary delivery of volatiles. The final atmosphere
on Mars is more sensitive to input parameters of the
model (like impact velocities, percentage of carbon�
aceous chondrites and comets, atmospheric scale
heights) because of lower impact velocities on Mars
and, therefore, a smaller fraction of material vaporized
and ejected to the atmosphere. On Mars, the most
probable atmospheric pressure is from several tenths of
bars to several bars. For example, the final atmo�
spheric pressure is about 0.12 bars on the assumptions

that all the impactors are stony, 20% of them being
carbonaceous, 10% of projectile masses, on the aver�
age, are vaporized, the mass of vaporized target mate�
rial is twice that of projectile vapor, and that the atmo�
spheric scale height is 15 km. On an optimistic
assumption that most of carbon carried by impactors
eventually reaches the atmosphere as CO2 and that the
asteroids are 20% carbonaceous chondrites (Zahnle,
1993), the final pressure of the atmosphere turns out to
be from 14 to 21 bars. Large carbonaceous impactors
are found to deliver more atmospheric components
than the atmospheric mass lost after their impacts,
while smaller impacts are more erosive. For this rea�
son, several random impacts of large volatile�rich bod�
ies at the end of a late veneer could substantially
increase the ultimate mass of an early Martian atmo�
sphere.
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Putative Way to Biologically Important Metabolites 
from Formaldehyde and Ammonia Via Catalytic Synthesis

O. P. Tarana, I. V. Delidovicha, L. G. Matvienkoa, A. N. Simonova, and V. N. Parmona, b

aBoreskov Institute of Catalysis, Siberian Branch of Russian Academy of Sciences, 
pr. akademika Lavrent’eva 5, Novosibirsk, 630090 Russia

bNovosibirsk State University, ul. Pirogova 2, Novosibirsk, 630090 Russia
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The modern 'RNA�world' theory considering the
primary “life” as a system of self�replicating informa�
tional and catalytic oligomers is the most widespread
hypothesis of life’s origin. At the same time an alterna�
tive major theory antithetic to the genetic one exists. It
is based on the primary formation of important metab�
olites and origination of the primordial autocatalytic
cycles in geochemical environment (Eschenmoser,
2008 and references therein). Encouraged by this the�
ory, we suggest the putative emergence pathways to
biologically relevant metabolites from simple precur�
sors: formaldehyde (FA) and ammonia, which are
known to be present in the interstellar space (Williams,
2005). Basing on our earlier (Pestunova, 2005; Simo�
nov, 2007) and novel findings as well as on the litera�
ture data (Weber, 2001; Telegina, 1977), the scheme of
conjugate autocatalytic processes, including photo�
chemical condensation of FA yielding C–C bond and
catalytic formation of pyruvaldehyde, pyruvic acid,

sugars, aminoacids catalyzed by minerals (aluminum
silicate, phosphates) and by aminoacids themselves, is
proposed.

We demonstrate that acetaldehyde, glyoxal, glycol�
and glycer�aldehydes (GA and GCA) are formed as a
result of photolysis of FA aqueous solution with total
selectivity up to 20%. These substances can serve as
substrates for the synthesis of more complex organic
compounds. In turn, it is known that alanine and
pyruvic acid are formed during UV�irradiation of
aqueous solution of acetaldehyde and ammonium
nitrate (Telegina, 1977). Pyruvaldehyde formation
from GCA and FA in presence of amino acids was
observed by A. Weber. Finally, we revealed the catalytic
activity of zeolite HZSM�5�17 in acid form towards
formation of pyruvaldehyde from GA and GCA in
presence of alanine with the yield of c. 5%. This obser�
vation suggests that silica�alumina indeed exhibits cat�
alytic activity towards the synthesis of metabolites. As
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we showed earlier, prebiotic synthesis of sugars from
lower monosacharides could take place in the pres�
ence of phosphate catalysts (Simonov, 2007).

The substrates and the products of the proposed
scheme were detected in the interstellar space and
meteorites (Hollis, 2004; Cooper, 2001), evidencing
the possibility of its realization either on the Protoeath
or in the protoplanet disk supplying the initial com�
pounds for contemporary metabolism. Acknowledge�
ments. The financial support of Program RAS, IP SB
RAS N 10 is gratefully acknowledged.
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The Templated Photochemical Processes in Prebiotic Evolution
T. A. Telegina, M. P. Kolesnikov, Yu. L. Vechtomova, and M. S. Kritsky

Bach Institute of Biochemistry, Russian Academy of Sciences, Leninskii pr. 33/2, Moscow, 119071 Russia
e�mail: telegina@inbi.ras.ru

The photochemical processes, which reactions
proceed along the excited�state pathway are consid�
ered as an important source of organic molecules in
prebiotic chemistry and often lead to products virtu�
ally inaccessible by thermal reactions. One of present
trends in photochemical experiments targeted to
reproduce prebiotic processes is the investigation of
templated processes instead of reactions proceeding in
homogenous solution or a gas mixture. By template we
mean a host molecule containing a sensitizer which
reversibly binds a substrate molecule and does not
become part of the product. Besides increasing local
concentration of reagent molecules and directing their
spatial arrangement, the template should act as a cat�
alyst thus favoring the effectiveness of reaction. Prebi�
otic evolution of organic molecules was closely linked
with an evolution of templates starting with mineral
surfaces of silicates and aluminosilicates through abio�
genic organic matrices such as melanoidins and pig�
mented amino acid polymers (proteinoids) to highly
directed and efficient molecules of genetically ordered
biopolymers.

To illustrate the role of templates in abiogenic syn�
thesis of biologically important compounds we will
discuss the role which mineral (titanium dioxide, silica
gel) or organic (melanoidin) matrices played in the
formation of organic acids, amino acids and peptides
under the action of UV radiation. In the context of

evolution of prebiotic templated photoprocesses two
models of abiogenic ATP synthesis were designed and
studied in our laboratory. One of these models sensi�
tized photophosphorylation of ADP molecules which
had been adsorbed on montmorillonite particles and
then subjected to UV�irradiation. The other system
was based on the photochemical activity of izoallox�
azine (flavin) and pteridine pigments conjugated to
proteinoid structures formed after a thermolysis of
anhydrous amino acid mixtures. The results of spec�
troscopic study to elucidate chemical structure of pho�
tochemically active abiogenic pigments and the fac�
tors influencing the effectiveness of templated systems
of ATP synthesis will be discussed.

REFERENCES

Kolesnikov, M.P., Telegina, T.A., Lyudnikova, T.A., et al.,
Abiogenic Photophosphoryation of ADP to ATP Sensitized
by Flavoproteinoid Microspheres, Orig. Life Evol. Biosph.,
2008, vol. 38, no. 2, pp. 243–255.

Kritsky, M.S., Telegina, T.A., Vechtomova, Y.L., et al.,
Excited Flavin and Pterin Coenzyme Molecules in Evolu�
tion, Biochemistry (Moscow), 2010, vol. 75, no. 10,
pp. 1200–1216. Telegina, T.A., Kolesnikov, M.P., and Vech�
tomova, Yu.L., Photoactivated Matrices in Prebiotic Evolu�
tion Processes, High Energy Chemistry, 2010, vol. 44, no. 3,
pp. 228–233.



10

PALEONTOLOGICAL JOURNAL Vol. 46 No. 9  2012

10th EUROPEAN WORKSHOP ON ASTROBIOLOGY

Possible “Niches” of Origin and Survival of Microorganisms 
in the Protoplanetary Circumsolar Disk

A. V. Vityazev and G. V. Pechernikova
Institute of Dynamics of Geospheres, Russian Academy of Sciences, Leninskiipr. 38/1, Moscow, 119334 Russia

e�mail: avit@idg.chph.ras.ru

During the last decades of the twentieth century
joint efforts of scientist from different countries made
it possible to develop a standard scenario of the origin
of the Sun, planets and other bodies of the Solar Sys�
tem that satisfied basic observational data accumu�
lated by astrophysics and comparative planetology.

New technologies for detection of nano�abun�
dances of the remnants of short�lived radioactive ele�
ments (26Al, 60Fe, 182Hf, etc.) enable us to clock sepa�
rate stages of planetary formation and early evolution
with an accuracy of a million years.

Here we consider the physical and chemical condi�
tions during the first 100 million years of formation of
the Solar planetary system in the near zone (terrestrial
planets) and distant zones—the zone of giant planets
and their satellites, ice nuclei of Jupiter�family comets
and bodies of the Kuiper belt, scattered disk and Oort
cloud.

The conditions on the surfaces of primary Venus,
Earth and Mars, forming in the so�called zone of pos�
sible life, are considered. The calculations for trans�

Neptunian bodies show the possibility of formation of
subglacial water reservoirs (oceans) with organics.
Estimated time of their existence is about a billion
years. The results of the calculations are presented in
diagram form “P (pressure)—T (temperature)—con�
centration of water—concentration of organics”,
which give an indication of the possibility of the origin
of life in the near and far regions of the young Solar
system.
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Growth, Uvc Resistance and Differentiation 
of Bacillus Subtilis Strains Isolated from an Evolution Experiment

M. Wassmann, R. Moeller, G. Reitz, and P. Rettberg
German Aerospace Center (DLR), Institute of Aerospace Medicine, Radiation Biology Department, 

Research Group Astrobiology, Linder Hoehe, D�51147 Cologne, Germany
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Solar UV radiation drives essentially all life pro�
cesses at the Earth’s surface, but paradoxically it is
also a major source of lethal damage to cellular com�
ponents. In a precursory study for the space experi�
ment ADAPT (Molecular adaptation strategies of
microorganisms to different space and planetary UV
climate conditions) we studied the adaptiveness of
Bacillus subtilis to periodically applied polychro�
matic UV irradiation. The utilized spectrum (200–
400 nm) models the suggested UV radiation environ�
ment on the early Earth, which lacked a significant
ozone layer. As we reported previously, stationary
phase cells of UV evolved populations were about 3�
fold more resistant compared to the ancestral and
non�UV evolved populations. However, spores of all

populations respond similar to UV irradiation and
exhibit ancestor�like survival characteristics. It is
known that variations in the UV sensitivity of cells
exist during growth in batch cultures. Therefore we
performed UV characterization experiments at sev�
eral defined stages of growth and differentiation.
Additionally, we analyzed other phenotypic traits
that have changed, were evolved or were lost in the
course of the experimental evolution, e.g. decreased
sporulation efficiency. Although the molecular
mechanisms behind most of the observed changes are
not found yet, it is of interest if the loss of one trait
could have facilitated the adaptive evolution of
another or if they are correlated in another way.
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New Thermophilic Prokaryotes with Unusual Metabolic Features 
from Terrestrial and Deep�Sea Hydrothermal Environments

E. A. Bonch�Osmolovskaya, M. L. Miroshnichenko, A. I. Slobodkin, 
D. A. Kozhevnikova, and T. G. Sokolova

Winogradsky Institute of Microbiology, Russian Academy of Sciences, pr. 60�letiya Oktyabrya 7/ 2, Moscow, 117312 Russia
e�mail: lbo@mail.ru

Phylogenetic and metabolic diversity of thermo�
philic prokaroyotes is intensively studied during past
three decades, and many new, metabolically diverse
microorganisms were isolated; some of them repre�
sented deep phylogenetic lineages both in Archaea
and Bacteria domains. Many of these organisms are
thermophilic and hyperthermophilic lithoautotrophs
growing at the expense of anaerobic oxidation of inor�
ganic substrates of volcanic origin. Still, direct phylo�
genetic analysis of thermophilic microbial communi�
ties demonstrate the presence of many new organisms
not obtained in laboratory cultures. The goal of our
work was the isolation of new thermophilic microor�
ganisms using inorganic energy sources in the process
of anaerobic growth.

From the hot springs of Kamchatka Peninsula,
Russia, strains of new hyperthermophilic bacterium
growing optimally at 80°C were isolated and described
as a novel genus and species Caldimicrobium rimae.
This organism belongs to Thermodesulfobacteria phy�
lum and can grow lithoautotrophically with molecular
hydrogen reducing elemental sulfur or thiosulfate.
Strains of C. rimae are also capable to oxidize volatile
fatty acids and alcohols—the fermentation products
of organotrophic hyperthermophilic Archaea and
Bacteria.

Another new isolate, also representing a new genus
in phylum Thermoproteobacteria, was obtained from
the deep�sea hydrothermal samples of Lau Basin,
Pacific Ocean. New organism is an obligate lithoa�

totroph growing at 92°C on the mineral medium by
dismutation of sulfur compounds—elemental sulfur
or thiosulfate, during one molecule is oxidized to sul�
fate and another reduced to sulfide. The growth is
obligately dependent on the presence of ferric oxide in
the medium, which binds sulfide formed in the course
of growth, maintaining its low concentration in the
medium.

CO is a usual component of volcanic gases, both in
terrestrial and submarine hot springs. The ability to
grow anaerobically at 100% CO in the gas phase pro�
ducing molecular hydrogen and CO2 was found to be
widely spread among thermophilic prokaryotes—
Bacteria of phylum Firmicutes and members of
archaeal genus Thermococcales. However, if the con�
centration of CO in gas phase was 5 to 45%, the range
of microorganisms capable of hydrogenogenic
CO�trophy became much wider. Among new organ�
isms capable of this type of metabolism are hyperther�
mophilic bacteria of Dyctioglomy phylum and hyper�
thermophilic crenarchaeote “Thermofilum lithoau�
totrophicus”.

These and some other new thermophilic lithoau�
totrophic microorganisms able to use energy sub�
strates, electron acceptors and carbon source of geo�
thermal origin can act at the base of microbial food
web not dependent neither of solar energy, nor of the
modern biosphere.

Microbial Diversity in Salt Lakes of Novosibirsk Region. 
Molecular Identification and Biotyping

A. V. Bryanskayaa, A. Yu. Rozanova, A. L. Kuklina, T. K. Malupa, E. V. Lazarevab, 
O. P. Taranc, and S. E. Pelteka

aInstitute of Cytology and Genetics, Siberian Branch of Russian Academy of Sciences, 
pr. Lavrent’eva 10, Novosibirsk, 630090 Russia

bSobolev Institute of Geology and Mineralogy, Siberian Branch of Russian Academy of Sciences, 
pr. Koptyuga 3, Novosibirsk, 630090 Russia

cBoreskov Institute of Catalysis Siberian Branch of Russian Academy of Sciences, 
pr. Lavrent’eva 5, Novosibirsk, 630090 Russia

e�mail: bal412003@mail.ru

The microbial communities developing in inland
water bodies present a considerable interest from the
viewpoint of biosphere evolution, and some
researchers believe that they are analogues of ancient
Earths communities. These ecosystems are both

unique natural biotopes and sources of biotechnolog�
ical perspective strains.

The microbial communities of salt lakes of the
Novosibirsk and Altai regions were studied simulta�
neously with the study of geochemical condition of
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microorganism’s habitat. The structure of microbial
communities was studied in water and sediment sam�
ples by the technique FISH (fluorescence in situ
hybridization). Phylogenetic position of isolated
strains was detected by molecular biological methods
(16S rRNA gene sequences). Individual protein pro�
files (spectrums) were obtained by the method of time�
of�flight MALDI TOF mass spectrometry and ana�
lyzed in the specialized program BioTyper. The water
of investigated lakes subdivided into 2 types: chloride
and chloride�sulfate. Most lakes of chloride�sulfate
type have salinity level from 200 to 250 g/L. Water of
some lakes has lower salinity (7–50 g/L). Values of pH
vary from 7 to 9.

The microscopic analysis of structure of planktonic
microbal communities revealed that all three domains
of life: Bacteria, Archaea and Eucarya are widely pre�
sented in the investigated lakes. In three lakes the
development of benthic microbial communities of
halophilic cyanobacteria and eukaryotic algae was
detected. Archaea pigmented lakes water in pink�vio�
let color in the case of their mass development. In nat�
ural samples at the salinity over 230 g/L archaea pre�
vail over other forms: bacteria, cyanobacteria and
algae. At the salinity more than 250 g/L, the number
of archaea began to decrease. Laboratory experiments
confirmed that the optimum of development of
archaeal strains is 250 g/L NaCl. Most bacterial cul�

tures grow at low concentration of NaCl (less than
200 g/L) and they did not grow at salt concentration
more than 250 g/L. However their growth observed at
absolute absence of NaCl in a medium.

More than 200 bacterial and archeal strains
belonging to the different ecological and physiological
groups were isolated from the samples of water and
bottom sediments. Phylogenetic position some of
them was established. These organisms were halo�
philic bacteria and archaea belong to genera Haloar�
cula, Halorubrum, Halomonas, Salicola et al. For some
isolates individual protein profiles were obtained and
analyzed. It is very important to note that phylogenetic
trees created on the basis of two methods (mass spec�
trometry analysis and minimum�evolution (ME))
were the same.

Research of the structure of microbial communi�
ties of salt lakes from Novosibirsk and Altai regions
have shown that salinity and pH were the key factors in
determining the composition of the microbial com�
munities. Communities that were investigated repre�
sent an interesting example of a diverse communities
of halophilic bacteria, archaea, cyanobacteria and
algae well adapted to a broad salinity range. This work
was supported by the RFBR 08�04�01798 and 08�05�
00968; IP 10 and 73.

Diurnal Habitability of Frozen Worlds
S. Francka, K. J. Kossackib, W. von Bloha, and C. Bounamaa
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In this work we discuss effects allowing local habit�

ability of some extraterrestrial planets despite of low
average surface temperature. We analyze the problem
of diurnal and seasonal changes of temperature and
biological productivity at different locations on a
hypothetical Earth�like planet. Under some circum�
stances the temperature may locally rise well above the
average value, allowing periods of enhanced biological
activity. In this way, bioproductivity can become peri�
odically possible on a planet that has average temper�
ature clearly below 0°C. Such thermal conditions are
encountered on Mars, generally considered as inhab�
itable. In reality, an appropriate temperature is not suf�
ficient for habitability. The presence of liquid water at
the considered location is also necessary. We discuss
how temperature oscillations affect habitability in the
framework of a conceptual model. Our results may be
important for Earth�like planets situated near the
outer edge of the HZ, In this case our previously

applied definition of habitability (Franck, et al., 2003)
should be generalized: An Earth�like planet may be
diurnal habitable if at least some special regions of the
planetary surface have non�zero biological productiv�
ity during certain time intervals of the year. This effect
depends strongly on the obliquity. It should be noted,
that the effect of diurnal habitability discussed in our
paper can allow only the preservation of primitive
organisms as observed in terrestrial polar cold deserts
(Von Bloh, 2010).
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Cryobiosphere: Terrestrial Analogues and Models
of Martian Habitats and Inhabitants

D. A. Gilichinsky
Institute of Physicochemical and Biological Problems in Soil Science, Russian Academy of Sciences, 

Moscow oblast, Pushchino, 142290 Russia
e�mail: gilichin@online.stack.net

Terrestrial Cryosphere, inhabited by viable micro�
organisms, represents a range of possible extraterres�
trial cryogenic ecosystems on the Earth�like planets
such as Mars. In its balanced environment cells survive
significantly longer than in other habitats. If life
existed during the early stages of Martian develop�
ment, then remnants of primitive forms may be found
within frozen material that protects them against
unfavorable conditions. The paper considers: (a) Icy
World—ice sheets as the Earths most representative

analogues of ice caps on Martian poles, (b) the sug�
gested age of Antarctic permafrost as an analogue
somewhat closer to that of Mars than Arctic perma�
frost, (c) free water on Mars existed as cryopegs—
brines formed when Mars became cold, (d) volcano�
ice interactions in permafrost areas as one way to have
liquid water and life on Mars, (e) young volcano per�
mafrost on Mars which age somewhat closer to terres�
trial one and (f) soil cover as a distant model of the
Martian “active layer”.

Modifications of the Standard Methods of Bacterial Reactivation 
from Permafrost Sediments

N. A. Kriagevskicha, E. V. Demkinaa, V. S. Soinab, N. A. Manucharovab, and G. I. EL�Registanb

aWinogradsky Institute of Microbiology, Russian Academy of Sciences, pr. 60�letiya Oktyabrya 7/ 2, Moscow, 117312 Russia
bLomonosov Moscow State University, Soil Science Faculty, Leninskie Gory 1/12, Moscow, 119991 Russia

e�mail: yapups@yandex.ru

The most complicated problem in searching of
microbial life in extreme environments (both terres�
trial and extraterrestrial) is to reinstate the growth of
the cells. It has been known that only a very small frac�
tion of the microorganisms present in permafrost sed�
iments can be enumerated by standard plating meth�
ods on nutrient media. The discrepancy between the
total number of cells and the number of culturable
cells can be explained by entering of bacteria to resting
forms, or non�culturable state and formation of
“dwarf' cells, the latter in most cases incapable to pro�
duce colonies on standard media. All variants of phys�
iological state need various procedures of cell reactiva�
tion from frozen sediments.

Physiological diversity of permafrost bacteria in
situ is revealed by different levels of cell reactivation on
nutrient media and possible depends on extended time
of freezing in sediments. The aim of present study was
to improve resuscitation procedures of bacteria from
permafrost sediments for more complete isolation of
viable bacteria.

Methods of reactivation of dormant cells were
studied both in native bacterial populations and resting
bacterial forms obtained in model experiments, and
included washing off the microbial fraction from
growth inhibitors and other factors that sustain cells in
anabiosis. Besides, in accordance with recent concept
that physiological state of the cells in microbial popu�
lations is likely to be controlled by intercellular com�
munications provided with signal molecules, the stan�
dard methods of isolation were modified by adding
the following regulatory factors: autolyzed yeast as
biological active substance and nutrient; alkyloxy�
benzol (C7�AOB) as microbial autoregulator of
growth and antioxidant; wheat corcule agglutinin and
plant hormone �β�indole�3�acetic acid as molecular
signals for growth. Suggesting methods provide the
possibility to increase resuscitation of bacterial growth
in extreme Earth habitats and may be useful for search
life on extraterrestrial bodies.

Methanogens in Permafrost
K. V. Krivushina, E. M. Rivkinaa, S. Pecheritsinab, and V. A. Scherbakovac
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Martian permafrost might hypothetically record
genetic signatures of preexisting life, which has long
since vanished. Best Earth’s analogue of Mars is per�
mafrost, which studying gives an understanding of our
possibilities to find life on Mars. Among the various
microorganisms observed in the permafrost, metha�
nogenic archaea is one of very important group of
anaerobic lithotrophs. The main goal of this work was
the investigation of methanogens in Arctic permafrost.
We also tried to get answer how methanogens have
been preserved during geological time and maintain
viability. Samples from typical Arctic permafrost hori�
zons of different age (modern, 10 and 20 to 50 Kyr and

0.6 to 3 Myr) and genesis were studied. Culture and
culture�independent methods were employed to char�
acterize the culturable and unculturable microbial
populations. Three cultures of methanogenic archaea
were isolated from Holocene and late Pliocene hori�
zons. New species Methanobacterium veterum sp. nov
and strain Methanosarcina mazei JL01 were isolated
and described. tDNA were extracted and amplified
with archaea�specific primers. Positive results were
observed with tDNA from modern soil to 50 Kyr old
permafrost samples. It was shown domination of order
Methanosarcinales in majority of analyzed permafrost
samples.

Phenomenon of the Black Sea Smoker
V. Kutny, O. S. Potashko, and I. Shnyukov

Department of Marine Geology and Sedimentary Ore�Formation, The National Academy of Sciences of Ukraine, 
ul. 55�b Gonchara, Kyiv, 01054, Ukraine

e�mail: ale�potas@bigmir.net

In 2001 from a bottom of Black sea the fragment of
the smoker has been lifted From depth 1600 m. The
raising has been carried out by a drag, the sizes of frag�
ment: 1.0 × 0.5 m. The external part chimney has been
covered by organic gel in the thickness of 10 mm. The
basic part of the lifted smoker is exhibited at Central
Museum of Natural History in Kiev. The object owns

the astrobiological aspects due to extreme living con�
ditions of bacterial floor�mats which cover outside
wall. It has been carried out radio carbon dating. Ele�
ment, isotopic, mineral and microbiological floor�
mats structure defined using analyses: spectral, sonde,
Roentgen�fluorescent.

Astrobiological Lessons 
from the Ancient Iron�Oxidizing Genus Gallionella

M. Meolaa, N. M. Leea, Ch. Heimb, N.�V. Quéricb, O. Braissantc, D. Ionescud, D. de Beerd,
F. E. Löfflere, V. Thielb, J. Reitnerb, and W. Liebla
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The biology of iron transforming microorganisms
is of fundamental importance for our understanding of
past and present biogeochemical processes on Earth,
as iron is the most abundant element. This abundance
promoted a fascinating evolution of a diverse group of
prokaryotes metabolizing different iron compounds in
various ecosystems, encompassing chemolithotrophic
and heterotrophic species, as well as different types of
extremophiles from both prokaryotic domains. Iron
metabolizing prokaryotes like the iron�oxidizing Gal�
lionella thus constitute interesting models for our
emerging comprehension of past and present prokary�
otic evolution in iron�based environments and its cur�
rent role in our biosphere as well as in astrobiology in
general. Not only does Gallionella species belong to

one of the few current species whose ancestors can be
traced back to the eldest prokaryotic fossil records on
our planet (Hofmann et al., 2008), they still play a fun�
damental role in many ecosystems, e.g. in the vast
unknown subsurface. Although the genus Gallionella
was already described in 1836, our knowledge about its
biodiversity is scarce. So far, only one strain, Gal�
lionella capsiferriformansT, has been deposited in a
type culture collection and just recently the draft for
the genome sequence of Gallionella ferruginea subsp.
capsiferriformans ES�2 was released. However, a
recent inventory of hundreds of 16S rRNA gene
sequences affiliated to Gallionella suggests that an
unexplored diversity exists. Here, we describe our
efforts to explore the global biodiversity of Gallionella
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in comparison to other iron�oxidizing genera, and to
compare the genome of Gallionella strain ES�2 with
other so far sequenced iron�oxidizing genera, and how
this can reveal features that may lead to the develop�
ment of analogous hypotheses on other iron�based
biospheres in other parts of the universe.
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Extremophilic microorganisms represent the
potential source of proteins with different functions
and original characteristics not inherent to their ana�
logues from other sources. The study of proteins from
cold�adapted bacteria may provide a clue to the prop�
erties of extraterrestrial life on Mars and other cold
celestial bodies. Specifically, bacteriorhodopsin�based
light energy utilization mechanisms are widespread in
different extremophiles and therefore constitute the
promising target in astrobiology studies. Siberian per�
mafrost contains the unique microbial community
adapted to extreme conditions including long�term
freezing, cumulative radiation level and high water
osmolarity. It is inhabited by heterotrophic olig�
otrophic bacteria, Archaea, cyanobacteria, green
algae, yeasts, mycelial fungi. Recently genomes of
Exiguobacterium sibiricum, Psychrobacter cryohalolen�

tis and Psychrobacter arcticus were elucidated by DOE
Genome Institute. The presence of potential bacteri�
orhodopsin gene was predicted in the genome of
E. sibiricum. This protein was expressed heterolo�
gously in E. coli membrane with yield of 10–15 mg/L
culture. The primary investigation of its functional
characteristics revealed interesting features which can
be useful for the construction of biooptoelectronic
devices. Several genes coding for potential enzymes
(lipases, laccases etc.) with homology to known bio�
catalysts were found in the genomes of Psychrobacter
and Exiguobacterium. Their expression in E. coli and
functional characterization will contribute to estima�
tion of biotechnological potential of Siberian perma�
frost as the extraterrestrial model. The work is sup�
ported by Federal Targeted Program on Scientific and
Pedagogical�Scientific Staff of Innovative Russia.

Development and Application of a Real�Time PCR Method 
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Permafrost is characterized by constant subzero
temperatures and low (from 40 to –256 mV) redox
potential. Such conditions have created possibilities
for existence specialized anaerobic microbial commu�
nities. Difficulty of interpretation of the permafrost
anaerobic microbial biodiversity data received by
molecular ecological methods is defined by the low
contribution of anaerobic microorganisms in the

maintenance of total DNA from frozen grounds.
Real�time PCR (QRT PCR) is a fast and highly sensi�
tive method for the quantification of microorganisms
from different samples. Although the method is
actively used in microbial ecology, its application for
the analysis of methanogenic communities is limited.
The purpose of this research was to evaluate the quan�
tity of methanogens in the anaerobic microbial com�
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munities from permafrost with SYBR Green and Tag�
Man PCR in real�time. The estimation of specificity
picked up primers to anaerobic microorganisms has
been spent for optimization the quantification of the
microorganisms participating in the methane forma�
tion in permanently cold ecosystems with use of QRT�
PCR method. Amplification of total DNA from five
Arctic permafrost samples of late Pleistocene sedi�
ments in real time has shown that the total number of
bacteria in investigated samples was 106–107 cells/g.
Sulfate reducing bacteria have not been found, and

methanogenic archaea (1.3 × 105 cells/g) there were
only at one investigated sample from the depth of
17.5–17.6 m. More detailed research of DNA from
this sample with the using group specific primer sys�
tems has shown the presence of two dominating
groups of methanogens: Methanobacteriales and
Methanosarcinaceae. The first results showed that
application QRT�PCR allows to estimate not only the
quantity of microorganisms of certain function in nat�
ural microbial community, but also the efficiency of
selective conditions in enrichment cultures.

Gaining Insight into Survival Strategies of Bacteria 
in Frozen Terrestrial Environments

V. S. Soinaa, E. A. Vorobyovaa, E. V. Demkinab, and A. L. Mulyukinb
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Ancient Arctic and Antarctic permafrost is the

regarded model for solving some important issues, rel�
evant to astrobiology, concerning boundaries and
mechanisms of microbial persistence in cold environ�
ments and trials of approaches to detect alive cells or
biomarkers (if present) in frozen extraterrestrial habi�
tats. Basing on analysis of our experimental data, it is
possible to consider long�term exposure to subzero
temperatures as a factor, with which only resistant
microbial cells might cope in terrestrial permafrost.
The existence of diverse microorganisms in ancient
permafrost is evidently not limited to innate psychro�
phily of some species, since mesophilic prokaryotes
are commonly isolated from these habitats. Abundant
bacteria, found in the Earth permafrost, have adopted
perhaps common mechanisms that ensured stability of
cells, subcellular structures and genetic material for
thousands and million years. In this communication
we discuss properties of permafrost bacteria (ex situ
and in situ) to be useful as targets or prototypes in fur�
ther searches for life signs on extraterrestrial cryogenic

bodies. A special attention is paid to the following
facts.

(1) Bacteria in permafrost samples, like the cul�
tured cells of strains isolated from these cold habitats,
preserve the structural integrity and viability after
exposure to various external stresses.

(2) Cells in permafrost are similar in the structure
and physiological properties to dormant cystlike cells
in laboratory cultures of non�spore�forming bacteria,
including the isolated strains. Cystlike cells are
responsible for survival of non�spore�formers in Earth
permafrost and may be considered as targets in exobi�
ological explorations.

(3) Resistance of permafrost microbial communi�
ties to heating, osmotic shock, oxidative stress, and
radiation can be due to inherent stress resistance of
cystlike cells augmented by additional protection from
their environment (organic and mineral particles,
EPS).

Preparation and Evaluation of the Experiment Pur 
for the Modified Requests of Expose�R Consortium

A. Bérces
Semmelweis University Budapest Department of Biophysics and Radiation Biology, MTA TKI Research Group

for Biophysics Tú �zoltó u. 37�47, Budapest IX, 1094 Hungary
e�mail: attila.berces@eok sote.hu

In the experiment PUR 16 samples were exposed to
the irradiation on the top of the compartment under
appropriate neutral density (MgF2) filters according
to the results of the simulation experiments. Under the
exposed samples the dark samples were accomodated,
these were protected from the solar radiation but the
temperature oscillation, vacuum and particle radia�

tion can influence them. Each sample holder was vac�
uum tigthly closed containing inert Argon gas and
sealed. A third series of samples is stored in Cologne in
the Planetary and Space Simulation Facility aiming to
perform the Mission Ground Reference Experiment
of EXPOSE�R at DLR, while the fourth one is in the
Laboratory for Biophysics, Budapest, Hungary. In
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addition to the flying dark control samples, two types
of Ground Based Control Experiments are under per�
forming: 1. In Cologne, in the Planetary and Space
Simulation Facility at DLR 2. In Budapest, in the
Laboratory of Research Group for Biophysics (RGB)
Ad 1. In the Planetary and Space Simulation Facility
the Mission Ground Reference Experiment of
EXPOSE�R at DLR are performed, the samples are
exposed according to the data obtainable from the
ISS. However, the flow of data was several times inter�
rupted because of technical reasons. The temperature
data March–June, 2009 was available from June and
the copied data were fed into the Ground Reference
System of DLR. After installation of the telemetry sys�
tem (December, 2009) the regulation of the Ground
Reference System in Cologne takes place by these

data—with exception the functional defect of teleme�
try. Ad 2. The temperature data in EXPOSE�R are
incomplete because of the breakdown and exchange of
the station PLC. The effect of the temperature varia�
tion on uracil thin layer was tested in RGB between
+20 and –20 degree of Celcius. The effect was mea�
sured both by UV spectroscopy and IR (FTIR) spec�
troscopy. After UV irradiation at the characteristic
wavelengths of the uracil spectra a change was
obtained indicating a change of the crystalline struc�
ture of uracil. The aforementioned spectral changes
recovered in a short incubation period. These results
we have to take into account in the on�line UV dosim�
etry planned by our group. The irradiation data were
estimated according to the data of the returned
EXPOSE�E facility.

Examination in the Signatures of Biological Aerosols 
in the Earth Atmosphere using FTIR Technique
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The passive remote spectrometric methods are

important in examinations the composition of the
atmospheres. The spectral technology can be useful
in detection of the trace aerosols like biological sub�
stances (if present) in the environments of the plan�
ets. We discuss here possibility of detection and iden�
tifications of biological aerosols with a passive Infra�
Red spectrometer in an open�air environment.
Numerically simulated, based on radiative transfer
theory, spectroscopic observations of the Earth
atmosphere were shown. Using measured values of
the refractive index for bacterial spores, and assum�
ing their size distributions, the single scattering

albedo, optical properties such as extinction/absorp�
tion coefcients, transmittance was computed for bio�
aerosol clouds at a resolution of 2 cm–1. Than the cal�
culation of radiance for a cloud immersed in the
atmosphere using the radiative transfer code was
done. Results of this simulation were compared with
several measurements in laboratory testing tube and
using our newly constructed FTIR spectrometer. Our
theoretical and experimental studies indicate that,
for a passive remote sensing measurement, it is diffi�
cult but possible that bioaerosol clouds can be iden�
tified from the spectral signatures.

Astrobiology on the International Space Station
G. Horneck, E. Rabbow, C. Panitz, and P. Rettberg
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The environment of the International Space Sta�
tion ISS provides a complex spectrum of physical
parameters that are not experienced on Earth and that
are of high interest to astrobiology. These parameters
have been used in experiments on board of the Euro�
pean EXPOSE facilities attached to the outside of the
ISS (Rabbow, et al. 2009). The chemical set of experi�
ments has been designed to reach a better understand�
ing of the role of interstellar, cometary and planetary

chemistry in the origin of life (Brack et al., 1999, Cot�
tin et al., 2008).

From studies on the chemical evolution, survival,
destruction and modification of complex organics,
e.g., PAHs, fullerenes and complex aromatic networks
in outer space experimental clues are obtained on the
photochemistry of these compounds in the interstellar
and interplanetary medium. Finally the chemical
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experiments contribute to the understanding of the
chemical processes on Saturn’s moon Titan and possi�
ble analogies to the prebiotic chemistry on the early
Earth. The biology experiments use the full extrater�
restrial spectrum of solar UV radiation and suitable
cut�off filters to study both, the role of the ozone layer
in protecting our biosphere and the likelihood of resis�
tant terrestrial microorganisms and microbial com�
munities to survive in outer space. The latter studies
provide experimental data to the hypothesis of litho�
panspermia (Nicholson, 2009), i.e. the interplanetary
transfer of life via meteorites, and they provide basic
data to planetary protection issues, i.e. the need to
prevent contamination of target planets, e.g. Mars by
terrestrial microorganisms. To get better insight into
the habitability of Mars, samples are also exposed to
simulated Martian conditions (UV�radiation climate,
pressure, atmosphere), with and without a protective
cover of simulated Martian regolith. The biological
test samples selected are hardy representatives of bac�
teria, Archaea, lichens, fungi and plant seeds, i.e. of
various branches of life, also in their natural commu�
nities. Most types have already demonstrated their
resistance to outer space during short term missions,
e.g. on board of the ESA BIOPAN facility (Horneck
et al., 2001, Rettberg et al., 2004, Sancho et al., 2007,
de la Torre et al., 2010).
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Three cultures of chemolithotrophic microorgan�
isms and the desert soil have been selected for the bio�
logical experiment in the frame of the Phobos�Grunt
space return mission. The goal of the experiment is to
test the panspermia hypothesis, which posits that
microorganisms have traveled between planets shel�
tered deep inside space rocks. The samples should be
placed into a special container that will be attached to
the spacecraft outside. In its flight, the container will
serve as a simulated space rock, subjected to the same
extreme conditions as a Martian meteoroid drifting to

Earth. During the mission, the samples will be
exposed to the factors of a deep space, beyond the pro�
tection of Earth’s magnetosphere for about three
years. The cultures are two archaea Methanosarcina
lacustris and Ferroplasma acidiphilum as well as a
homoacetogenic bacterium Acetobacterium tundrae.
Methanogenic archaea and homoacetogenic bacteria
are autotrophic anaerobes which are able to consume
simple inorganic compounds (H2 and CO2) for their
metabolism with production methane and acetate,
respectively. Such microorganisms could be the best



PALEONTOLOGICAL JOURNAL Vol. 46 No. 9  2012

10th EUROPEAN WORKSHOP ON ASTROBIOLOGY 19

analogues to putative life forms on Mars that could live
on simple gaseous substrates. Traces of methane were
recently found in martial atmosphere. There is an
indication that life could be the most reasonable
explanation of its presence. Fe�oxidizing archaeon
Ferroplasma acidiphilum inhabits extreme environ�
ments on Earth and develops at pH as low as 1. This
microorganism is strongly Fe�dependent (Fe is one of
the most abundant element on Mars), has a unique
enzyme machinery and is recognized as an extremely
interesting in respect to industry and biotechnology.
The Negev is a rocky desert located in southern Israel.
It is dusty mountains interrupted by dry riverbeds and
deep craters. The whole Negev region is incredibly

arid, receiving very little rain due to its location to the
east of the Sahara, high solar radiation and extreme
temperatures due to its location. It is a great model
system to study rocky desert on Mars. Microbes
inhabiting this desert should have specific mechanisms
to withstand the extreme environmental conditions.
In spite of aeration of the top soil layers, the presence
of active strictly anaerobic methanogenic archaea has
been shown. Our preliminary experiments revealed a
big microbial diversity in the desert samples. Metha�
nogenesis was easily activated after addition of water
and flushing the samples with nitrogen. Representa�
tives of Methanosarcina have been detected as pre�
dominant methanogens.

A Chamber for Studying Planetary Environments 
and Its Application to Astrobiology: Stability of Liquid Saline Water 

on Present Day Mars
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An important goal of the exploration of Mars is to
determine whether liquid water exists there today or
existed in the past. The effect of the environmental
parameters at the planet surface, such as radiation, gas
pressure, water vapor or temperature, is critical. Per�
chlorate salts (mostly magnesium and sodium per�
chlorate) have been detected on Mars’ arctic soil by
the Phoenix lander, furthermore chloride salts have
been found on the Meridiani and Gusev sites and on
widespread deposits on the southern Martian hemi�
sphere. The presence of these salts on the surface is not
only relevant because of their ability to lower the freez�
ing point of water, but also because they can absorb
water vapor and form a liquid solution (deliquesce).
Due to the obvious technical limitations for in�situ
planetary exploration, laboratory simulations are one
of the most feasible research options to get further in
planetary science. We have built a versatile planetary
simulation chamber able to reproduce atmosphere
and surface temperature for most of the planetary
objects. It has been especially developed to make fea�
sible in�situ irradiation and characterization of the
sample under study. This chamber achieve total pres�
sure ranging from 5 to 5 × 10–9 mbar and partial pres�
sure of the gasses in the chamber can be set with this
precision. Desirable atmosphere composition is regu�
lated via a residual gas analyzer with ca ppm precision.
Temperature can be set from 4 to 325 K. Irradiation
sources up to 5 KV�ions, 5 KV�electrons, Deuterium
Ultraviolet (UV) lamp and noble�gas discharge UV
are available even at high pressures. Implemented

analysis in�situ techniques are UV and infrared spec�
troscopy. Therefore it allows for recording chemical
changes in a given sample upon gas environment,
water vapour, temperature and radiation dose. As an
experimental case, we have studied stability of liquid
brines under martian conditions. Our results demon�
strate that deliquescent salts such as sodium perchlor�
ate can form liquid water solutions on Mars on loca�
tions where salts are in contact with water vapor from
the atmosphere or ice reservoirs. We have proven that
the deliquescence of sodium perchlorate can form liq�
uid aqueous solutions at temperatures as low as 225 K
in a simulated Martian atmosphere at 700 Pa by
absorbing water vapor from the atmosphere. We show
that the deliquescence of sodium perchlorate is an
exothermic reaction that increases the temperature of
the sample significantly, and can mitigate freezing at
ambient temperatures lower than 225 K. Our results
indicate that salty environments make liquid water to
be locally and sporadically stable on present day Mars
and they suggest a water cycle on Mars in which atmo�
spheric vapour deliquesces salt particles into liquid
solutions, freezes and sublimates.
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Methane was first observed in the martian atmo�
sphere in 2003. This organic molecule has an expected
atmospheric e�folding time of less than 600 years—
pointing to a current or recent source of the gas. Sev�
eral localised methane sources have been postulated,
the most likely of which being either the hydration and
serpentinization of ultramafic silicate minerals, or the
existence of methanogenic life in the planetary sub�
surface. Release of the gas by clathrate hydrates has
also been suggested; however clathrates are not a
source in of themselves, but rather a mechanism of
sequestration. If these proved to be linked to the epi�
sodic release of methane, an original methane source

would still have to be identified. This work is designed
to assess the habitability potential of sub�surface Mars
by investigating the viability of methanogenic Archaea
living on, and interacting with, analogue rocks and
minerals. We are quantifying this relationship using
the Archaea strains Methanosarcina barkeri and
Methanobacterium formicicum as models of such
putative martian life. We present here initial results
from this study, demonstrating the effect on these
microbes of a range of environmental conditions anal�
ogous to those thought to exist in the martian subsur�
face, including pH and water activity.
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ESA and NASA have selected the scientific instru�
ments for their first joint Mars mission. Scheduled for
2016, it will study the chemical makeup of the Martian
atmosphere, including methane. Methane was first
discovered in Mars�Express spectra and later in earlier
telescopic data. No explanation has been given for it
until now; the few existing observations can only be
explained by a very important fast release and an

ultrafast destruction process. They point to under�
ground methane produced from either biological or
volcanic sources and sporadically injected in the
atmosphere. Five main instruments constitute the
payload and are described in the following table; these
instruments will confirm the presence of methane and
help constrain the models on its origin. The presenta�
tion will highlight the payload synergies.

Mars Atmospheric Trace Molecule
Occultation Spectrometer (MATMOS)

An infrared spectrometer to detect very low concentrations of molecular 
constituents of  the atmosphere.

High�resolution solar  occultation and nadir 
spectrometer  (SOIR/NOMAD)

An infrared spectrometer to detect trace constituents in the atmosphere and 
to map their location on the surface.

ExoMars Climate  Sounder (EMCS) An infrared radiometer to provide daily global measurements of dust, water 
vapour and chemical species in the atmosphere to aid the analysis of the 
spectrometer data.

High�resolution Stereo  Color Imager (HiSCI) A camera to provide 4�colour stereo imaging at 2 m resolution per pixel over 
an 8.5 km swathe.

Mars Atmospheric  Global Imaging 
Experiment (MAGIE)

A wide�angle multi�spectral camera to provide global images in support of 
the other instruments.
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The ULISSE programme has for main purpose the
preservation and use of data obtained on the space sta�
tion and currently recorded by the USOC network in
Europe (Users Support and Opration Centres). The
data cover physical sciences, life science and environ�
mental parameters relating to the station. They also
cover related ground based activities as hospital

ground truth, bed rest studies and networks of ground
based solar monitoring stations. The data mining
aspects of the project have relevance to astrobiology as
they relate space physical parameters to biological
data. Advancement of the project will be shown
together with examples in solar physics prepared for
the project demonstrator.
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Evolution is the genetic adaptation to changing
environmental conditions. It is the result of muta�
tions and natural selection. Solar UV radiation
affects life on earth today, and probably has had an
even stronger impact on early evolution. The earth’s
atmosphere at that time was anaerobic and and the
UV climate comprises shorter more energy�rich
wavelenths resulting from the lack of ozone. The sit�
uation on the early Mars might have been compara�
ble. The significance of solar UV radiation as an
environmental driving force for the early evolution of
life on earth and the adaptation to the current high
natural variations of ambient UV levels with latitude,
altitude, season, aerosol concentration, clouds, etc.
is reflected by the development of different protec�
tion mechanisms against the deleterious biological
effects of UV radiation. In the space experiment
ADAPT the capability of microorganisms to adapt to
qualitatively and quantitatively different UV levels
like those in space and on Mars were investigated in
the ESA facility EXPOSE on the European Colum�
bus module on the ISS. Three highly resistant micro�
organisms from very distinct terrestrial habitats were
selected: Bacillus subtilis, a well characterised spore

forming bacterium, a natural community of cyano�
bacteria colonising rocks and a species of halophilic
archaea, Halococcus dombrowskii. In the experiment
ADAPT I the model organism Bacillus subtilis was
used to test the hypothesis experimentally whether
longer�lasting selective pressure by UV radiation of
different quality results in a higher UV resistance as
well as in a higher resistance against the simultaneous
action of further “extreme” environmental factors
that exist in space or on Mars like vacuum or cosmic
radiation. In addition, the environmental parameters
of Mars were simulated in space in EXPOSE by using
closed sample carriers with martian atmosphere and
pressure and a martian UV climate realised by the use
of suitable cut�off filters and extraterrestrial solar
UV radiation. The EXPOSE facility with the experi�
ment ADAPT was launched in February 2008 with
STS�122, exposed for 1.5 years on the ISS and
brought back to Earth in September 2009 with
STS�128. The samples arrived in the Pi’s lab in
December 2009. First results of the survivability of a
new UV�adapted Bacillis subtilis strain MW01 in
space and under martian conditions will be pre�
sented.
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Lichens are one of the most extreme organisms on

Earth, due to their capacity to resist and even grow in
extreme environments in terms of temperature, UV
radiation and desiccation. This resistance is provided
by the presence of a thick cortex (upper layer), the
production of secondary metabolites with photopro�
tective effects and, above all, because of their poikilo�
hydric nature. We have selected a vagrant lichen spe�
cies, Aspicilia fruticulosa, whose thalli’s morphology
is coralloid with numerous teretes, that grows unat�
tached to the substrate and that is characteristic of arid
areas 1 with extreme temperatures and high levels of
irradiation. These facts motivated scientists to test its
survival capacity in a space flight. After 10 days of
exposure in a Low Earth Orbit, a complete recupera�
tion of the vitality of all the samples of A. fruticulosa
was observed, confirming their high resistance to harsh
space conditions4. This led us to carry out further
experiments in order to test their survivability to Mars
surface simulated conditions. Analysis of the results
have shown a stable or, in some cases, increased bio�
logical activity after exposure to the combination of
the physicochemical parameters present in the Mars
surface (pressure, temperature, UV irradiation and
atmosphere composition) (R. de la Torre et al., 2010)
Simulation chamber experiments confirm high sur�
vival of lichens under

Martian conditions, in prep). The experiments
performed confirmed that A. fruticulosa is one of the
most suitable candidates that could survive the second
phase of the Lithopanspermia hypothesis (interplane�
tary transfer of rock inhabiting life by means of mete�
orites) due to their high resistance, and taking also into
account that they reproduce asexually from thalli frag�
ments. A large object impacting on Earth, could hypo�

thetically produce the ejection of rocks from the orig�
inal planet 2, lumping some specimens of this widely
distributed lichen species. In their natural habitat,
they usually develop in cryoturbated soils, at condi�
tions in which they have to face great temperature
variations, with daily freezing/thawing cycles, similar
to the situation that is supposed to occur in an inter�
planetary travel. Although the re�entry step to a plan�
etary atmosphere by a biological test system (the
lichen species Rhizocarpon geographicum tested in
ESA’s last Foton M3 mission (2007) with the Litho�
panspermia�Stone experiment) demonstrated low
survival chances3, perhaps they could be increased by
a reduced fragment of an A. fruticulosa lichen sample
embedded in the mass of an “hypothetical meteorite”.
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Space is considered an extreme environment due
to the intense galactic and solar radiation, extreme
variations in temperature, microgravity, and high vac�
uum. When microorganisms are not protected against
radiation, either by a thin layer of dust or the geometry
of the spacecraft, the prevalent conditions in space are
extremely harsh for their survival and subsequent
growth. Although several laboratory space simulation
experiments revealed that microbes can withstand
extreme environmental conditions, direct exposure to
“real space” will yield appropriate empirical data on
their survival mechanisms at the molecular level.
Spores of the well studied and completely sequenced
Bacillus pumilus SAFR�032 strain, isolated from a
spacecraft assembly environment, were flown to the
International Space Station (ISS) as part of DLR’s
EXPOSE�E experiment PROTECT and exposed to a
variety of space conditions using the European Tech�
nology Exposure Platform and Experiment Facility
(EuTEF) for 18 months (Feb. 2008 to Sep. 2009). The
results of the ground simulation experiments showed
that the desiccated spores survived full Martian UV
(200–400 nm) exposure (87 hours; 30 W m2) and
exhibited only a 2�log reduction in viability. After
exposure in the EuTEF facility under dark space con�
ditions, SAFR�032 spores showed 10–40% survivabil�
ity whereas spores kept under dark simulated Mars
atmosphere showed a survival rate of 85–100%. In
contrast, when space UV (>110nm) was exerted on
SAFR�032 spores for the same time period and condi�
tions using the EuTEF, a ~7�log reduction in viability

was observed but few colonies were isolated. This
might be due to the shadowing effect in which some of
the spores found the faulty spots of the aluminum, and
thus a place to hide, and survived the UV exposure.
Representative space�surviving spores (Space UV,
Space Dark, Mars UV, and Mars Dark) exhibiting
enhanced UV resistance (4k Jm2; UVC) when com�
pared to ground�control spores (2K Jm2; UVC) were
selected to characterize genetic and proteomic
changes. Comparative two�dimensional gel electro�
phoresis and mass spectrophotometry protein identifi�
cation revealed compelling evidence of marked differ�
ences in protein profile between ground�control and
space�surviving spores. The preliminary results
showed notable elevated changes in the superoxide
dismutase concentration in the “real space” UV
exposed spores compared to their ground control
counterparts. The data generated are important to
assess the probability and mechanisms of microbial
survival, microbial contaminants of risk for forward
contamination, in situ life detection, and to safeguard
the integrity of sample return missions. This study pro�
vided unique insights into the survivability and possi�
ble proliferation of microbes in extreme extraterres�
trial environments.
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Survival capacity of lichens, to LEO (Low Earth
Orbit) space conditions, have been tested at three space
missions of ESA the first two were short missions on
board of ESA’s facility Biopan of the Foton satellite,
and the third one, a long�term mission, on the Expose
facility of the ISS. Aim was to experimentally test the
likelihood of interplanetary transfer of rock inhabiting
life by means of meteorites, a step belonging to the
hypothesis of lithopanspermia, which argues that
impact expelled rocks from a planets surface serve as
vehicles for spreading living material from one planet or
solar system to another (Nicholson, et al. 2000; Cockell,
2008). The first two experiments, Lichens (Biopan�5,
Foton M2 mission, May 2005) and Lithopanspermia
(Biopan�6, Foton�M3 satellite, 14.09.07), allowed, for
the first time, the demonstration�and intercomparison
of the high survival capacity of eukaryotic� (and
prokaryotic) symbiotic organisms in space (the epilithic
lichen species R. geographicum and X. elegans, endo�
evaporitic microbial communities, cyanobacterial aki�
netes, and a vagrant lichen species, Aspicilia fruticu�

losa). With the exposure to space� and Mars environ�
ment (full spectrum of solar extraterrestrial
electromagnetic radiation or selected wavelength
ranges, space vacuum, cosmic radiation and extreme
temperatures), we checked the viability�, resistance�
and adaptation mechanisms of lichens and their sym�
bionts (mycobiont/photobiont). In this work we expose
the results obtained after flight, that show the recovery
of the biological activity (chlorophyll a�fluorescence) of
the epilithic� and vagrant lichen species, very high after
short missions, and clearly decreased, after a long 18
months exposure, an important knowledgement that
lead us to learn, that symbiotic eukaryotic organisms
adapted to tolerate extreme conditions on our planet,
like epilitihic� and vagrant lichens, have developed
optimal resistance� and adaptation mechanisms that
allowed them to preserve their life processes (photosyn�
thesis, growth and germination capacity) after space�
and Mars exposure, due to their symbiotic nature. They
could resist an interplanetary travel through space,
regarding them as potential interplanetary propagules.



24

PALEONTOLOGICAL JOURNAL Vol. 46 No. 9  2012

10th EUROPEAN WORKSHOP ON ASTROBIOLOGY

Life Detection Strategy for Jovian Icy Moons: 
Lessons from Subglacial Lake Vostok Exploration

S. A. Bulata, I. A. Alekhinaa, D. Marieb, and J.�R. Petitc

aPetersburg Nuclear Physics Institute, Russian Academy of Sciences, Gatchina, Leningradskaya oblast, 188300 Russia
bStation Biologique de Roscoff Place Georges Teissier, Roscoff Cedex, 29682 France

cLaboratoire de Glaciologie et G@eophysique de l’Environnement 54, 
rue Molière, BP 96, F�38402 Saint�Martin d’Héres cedex, France

e�mail: sergey.bulat@ujf�grenoble.fr

The objective was to estimate the microbial abun�
dance and diversity in accretion ice originating from
the subglacial Lake Vostok buried beneath 4�km thick
East Antarctic ice sheet with the ultimate goal to dis�
cover alien life in this extreme icy environment. The
DNA study constrained by Ancient DNA research cri�
teria was used as a main approach. The flow cytometry
was implemented in cell enumerating. At present the
drill at Vostok reached the depth ~3650 m in 5G�2
borehole (within the 210 m accretion ice layer, about
100 m towards the ice�water boundary).

As a result, the molecular microbiology study
showed that the ice until depth 3659 m contains the
very low microbial biomass (Bulat, et al., 2009). The
only ice containing mica�clay inclusions allowed the
detection of unusual gas content and recovery of few
bacterial phylotypes all passing contaminant controls
but not fitting groups expecting to discover. These
phylotypes included the well�known chemolithoau�
totrophic thermophile Hydrogenophilus thermoluteolus
(β�Proteobacteria) (Bulat et al., 2004; Lavire et al.,
2006) along with unclassified uncultured bacterium of
OP 11 Candidate Division (91% similarity with closest
relative) and unknown bacterium related (94% simi�
larity) to lake�river sediment�inhabiting Ilumatobacter
luminis (Actinobacteria). In contrast, the deeper accre�
tion ice with no sediments present and gas content
close to detection limit gave no reliable signals. It is
worth noticing that accretion ice contains dissolved
organic carbon (DOC) as low as <20 ppbC, implying
ultra�oligotrophic conditions and restricting biota to
being chemoautotrophic.

Thus, the search for life in the Lake Vostok is con�
strained by a high chance of forward�contamination
and the subglacial Lake Vostok may be viewed as the
only extremely clean giant aquatic system on the Earth
providing a unique test area for searching for tiny life

indices (assumed to be DNA�based) on icy worlds
such as Jovian moon Europa. As a conclusion, the life
detection strategy for (sub)glacial environments exist�
ing on Earth or the Jovian moon Europa (for a hypo�
thetical robotized in�situ analyzer) should be based
on: (i) applying stringent ice sample (and tools to work
on) decontamination procedures in clean conditions
to meet trace chemistry and Ancient DNA analysis
standards,

(ii) certification of the various environments in
contact with the ice samples for biological content
(establishment of contaminant library), (iii) imple�
mentation of appropriate methods to obtain a signal
at as low as possible a detection level, (iv) verification
of findings through their possible metabolic profiles
as deduced from physical/chemical features of the
environment under consideration, (v) replication of
findings at an independent laboratory (or experi�
ment) within the framework of several specialized
laboratories.
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Cassini�Huygens is the NASA�ESA�ASI mission
to explore the Saturnian system. One particularly

interesting object is Titan, Saturn’s largest moon and
the only one in the Solar System known to have a
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thick N2/CH4, planet�like atmosphere. This atmo�
sphere is long ago known to be rich in organic com�
pounds of high interest for astrobiology. Together
with other 11 instruments the Cassini orbiter has the
Ultra Violet Imaging Spectrometer (UVIS), a valu�
able tool that, among other capabilities, allows
studying composition, element distribution and tem�
peratures in Titan’s upper atmosphere. Star occupa�
tion by Titan’s atmosphere is a convenient technique
to retrieve altitude profiles of absorbing compounds.
Cassini fly�bys provide excellent opportunities for
this. The quality of the result is highly dependent on
the resolution of the measured transmission spectra,
and on the available molecular absorption cross sec�
tion data for the atmosphere’s component species
used in the retrieval. In this work, transmission spec�
tra for different altitudes in Titan’s atmosphere are
obtained from UVIS data. The data, in the form of
spatial spectral cubes, corresponds to star occultation
events. The data products include those of the

December 2004 Titan fly�by. The transmission spec�
tra are used together with recent experimental mea�
surements of absorption cross sections of the relevant
molecules to determine the presence and distribution
of carbonaceous compounds in Titan’s atmosphere.
The modelled atmosphere used for the retrieval
includes CH4, C2H2, HCN, C2H4, C2H6, C4H2,
HC3N and C2N2. It is expected that the UVIS spec�
tral resolution and absorption cross section,
improved with respect to previous instruments and
experimental data respectively (Vervak, et al., 2004),
will result in a very reliable identification of species
densities from the transmission spectra. The avail�
ability of cross section information for different tem�
peratures will also improve the reliability of the
retrieved abundances. This analysis will be compared
to available photochemical models, which will help
to improve the comprehension of Titan’s atmo�
spheric organic chemistry.

Gas Analytical Complex for Investigation of Volatile Compounds 
on Phobos, Moon and Europa
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The possibility of prebiotic synthesis of organic
molecules is defined by a number of physicochemi�
cal conditions in the system, such as the presence of
appropriate atmosphere, availability of water,
sources of free energy, combination “reactor�refrig�
erator” etc. Various experiments on prebiotic syn�
thesis have been successfully carried out in modeled
earthly conditions. But before present time no
organic substances have been found in investigated
terrestrial group planets and satellites. Giant planets
system indicates the presence of organic com�
pounds. Nevertheless, no life forms were detected in
the Solar system other than on Earth and other
world can be considered as prebiotic. Therefore vis�
its to a hypothetic “prebiotic worlds” such as plan�
ets, asteroids and bodies without atmosphere (such
as satellites) may give interesting information about
prebiotic synthesis in specific space conditions.
Russia is planning several planetary missions with
landers in near future: the Phobos Sample Return
mission (2011 year), the Moon�Globe (2012 year),
the Moon�Resource (2013 year), and the Europa�
Lander (approx. 2020 year). The gas analytical

complex is among the main instruments in the plan�
ning payload of those spacecrafts. This complex
consists of the thermo differential analyzer, the gas
chromatograph, and the mass�spectrometer. The
complex provides release of volatile components
from soil or ice, concentration in cooling traps with
subsequent thermal desorption, chromatographic
separation and detection of volatile compounds
including organic compounds. Special attention is
paid to research of ice shell of Jupiter’s satellite
Europa. The peculiarity of Europa comes from the
presence of hypothetic water ocean under the ice
shell which can be favourable to the habitability.
Synthesis of organic compounds on Europa can be
due to various energy sources: solar UV�radiation,
Jupiter radiation belts, deep� ocean volcanism, etc.
The combination of “reactor�refrigerator” is also
realised at this icy satellite. Gas analytical complex
is aimed to investigate the presence of organic sub�
stances in such “prebiotic worlds”.
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The exploration of Mars, looking for traces of
water or potential habitability conditions is essential
for Astrobiology. At CAB in Madrid we have devel�
oped a series of advanced instruments for the charac�
terization of the Martian surface conditions and its
meteorological content. The REMS instrument is an
environmental monitoring device for the MSL rover
of NASA to be launched in 2011. It measures speed
and direction of the wind, surface and air tempera�
ture, pressure, relative humidity and the incidence of
ultraviolet radiation. The second experiment is a

Raman spectrometer for the analysis of the content
of subsurface samples extracted by the drilling mech�
anism of the Exomars rover, currently being devel�
oped by ESA for launch in 2018. Meanwhile, other
experiments are being studied, like a proposal for a
nadir�scanning thermal infrared radiometer to be
embarked on the Exomars Orbiter in 2016 and the
identification of complex organic compounds via
microarrays of antibodies to be presented to the next
available flight opportunity.

Evolution of the Martian Surface Pressure after the Noachian
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Lower energetic neutral atoms which are pro�
duced due to photochemically reactions in planetary
thermospheres play an important role for the escape
of atmospheric species at lower mass planets, like
Mars. The newly photochemically generated ener�
getic neutral atoms, O, C, N, and H are traced from
their point of origin up to the exobase or beyond, by
using a 3D Monte�Carlo model and the kinetics and
transport characteristics of these particles are deter�
mined. The simulation considers the collision of the
suprathermal particles with the background gas,
energy transfer, and the tracing of secondary and cas�
caded hot atoms, which are generated in collisions of
the hot particles with ambient constituents. A non�
linear electron dissociative recombination coeffi�
cient as well as energy and mass dependent collision
cross sections and their corresponding scattering
angles (forward scattering) are also taken into
account. The exosphere density is obtained from the

corresponding energy density and angular distribu�
tion at the exobase altitude by using a test particle
model which traces the ballistic trajectories of hot
atoms in the exosphere. In this model we consider
inelastic and quenching collisions between the traced
hot particle and the ambient neutral atmosphere as
well as differential cross sections to determine the
scattering angle in the collisions. We also include
rotational and vibrational excitation energies for the
calculation of the initial energy of the produced hot
oxygen, carbon, nitrogen, and hydrogen atoms. With
the simulation of the loss rates for O, C, N, and H
over the past, starting from the end of the Noachian
Epoch up to now, the loss of the CO2 atmosphere
during the history can be calculated. With these
losses one can estimate the evolution of the surface
pressure and its influence to the climate conditions
and to the planetary habitability caused by hot atom
escape.
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The Seasonal Behavior of Ice in Craters 
at the Martian Northern Polar Region

M. Hajigholia, A. Bertilssona, A. Brownb, and C. P. McKayc
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bSETI Institute, 515 N. Whisman Road, Mountain View, CA�94043, USA

cNASA Ames Research Center, Moffett Field, CA�94035, USA
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Introduction: 87 Martian craters in the Northern
Polar Region have been monitored polward of 60° in
latitude, in order to better understand how the Mar�
tian weather conditions affect water and carbon diox�
ide ice annually in craters. Each crater has been
examined during varying solar longitude, during
which the amount of ice has shown both expected
and unexpected seasonal variations. CTX and
HiRISE: The Context Camera (CTX) on the Mars
Reconnaissance Orbiter (MRO) is a camera provid�
ing black and white context images of the Martian
surface, with spatial resolution of 6m/pixel (Malin,
et al., 2007). These CTX images are used as a com�
plement for the High spatial Resolution Imaging Sci�
ence Experiment (HiRISE) camera, with 0.25 to
1.3 m/pixel images (McEwen, et al., 2007). Crater
mapping: Every crater has a set of images with data
we have used to create a database, called Information
on Craters in the Martian Northern Polar Region.
The craters chosen to be investigated are either
named or have a diameter of at least 10 km. In addi�
tion to image observation the amount of ice (none,
less than 50%, more than 50% and full), unusual fea�
tures, crater data and a description of the area are
recorded.

Analysis: The closer the crater is to the NPRC,
located poleward of 80° in latitude, the more ice it
contains and is preserved more or less the whole Mar�
tian year. Korolev is one of these craters, located at 73°
in latitude. Two craters, Lomonosov and an unnamed
crater, located on the eastern and the western side of
the NPR, at the same latitude of 65N and during the
same Martian season, shows a clear contrast in the
observed amount of ice covering it. Sevel crater,
located at 79° in latitude, is another crater with abnor�
mal behavior as it is fully covered with ice during the
summer.

Conclusions: Anomalous seasonal behavior of ice
in craters could be explained by the type of ice. Lati�
tudinal variations in insulation which drives the
atmospheric circulation of water, carbon dioxide and
airborne dust (Jakosky and Haberle, 1992) affect the
constituents of the ice. This in turn determines the
characteristics and melting process of the ice (Snyder

Hale, et al., 2005). Surface albedo, affected by the
size of the ice grain (Brown, et al., 2009) and dust
(Calvin and Titus, 2008), is an important factor as it
determines the amount of absorbed energy. Our
observations suggest Korolev experiences a periodic
oscillation in the amount of ice coverage during the
spring season, in Mars Year 29. Most likely factors
affecting the periodic oscillation are the length of day
and night, distance to the sun, the solar angle, lati�
tude, altitude and seasonal storms. Craters below
Korolev and above Sevel, in latitude, do not show the
same type of periodic oscillations. More images have
to be taken in high resolution with HiRISE, over dif�
ferent seasons, to monitor the change of surface
albedo in craters over time.
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Towards a European Vision of Space Exploration
G. Horneck
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Space exploration is a rapidly evolving global ven�

ture. Fourteen space�faring nations through their
space agencies—including ESA plus several European
member states—have agreed on a coordinated
approach, the “Global Exploration Strategy” (2007).
In view of this increasing interest in space exploration
at the global scale, the Space Advisory Group of the
European Commission has evaluated the situation in
Europe with regard to its potentials to participate in
this ambitious global enterprise. Aspects of science,
technology, environment and safety, society, spin�offs
and international cooperation have been considered.
The group has come to the conclusion that Europe
possesses sufficient key technologies and scientific
expertise to play a major role in international space
exploration. It has been recommended that the EU
takes a central role to ensure the success of future
European space exploration, not only to give a clear
political signal for the way forward but also to ensure
an appropriate financial framework. Europe will thus
embrace the spirit of the European Space Policy and

contribute to the knowledge�based society by invest�
ing significantly in space�based science and technol�
ogy and thereby playing a strong role in international
space exploration (Horneck, et al. 2010).
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Effect of Impacts on the Evolution of Martian Atmosphere 
during the Late Noachian Epoch
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It is likely that Mars had a denser atmosphere with

sufficient greenhouse gases to sustain the presence of
stable liquid water at the surface during the late Noa�
chian epoch. This denser atmosphere was lost since
that time via different escape mechanisms including
ion erosion, sputtering and impacts. In the present
study, we investigate the effect of impacts on atmo�
spheric evolution of Mars using a semi�analytical

model that that takes into account the numerical
results of several impact simulations. We show that
asteroids and comets impacts affect the atmospheric
evolution not only by causing atmospheric erosion but
also by delivering material and volatiles to the planet.
In our study we consider also the possibility of an
increased impactor flux in during the late Noachian
epoch.

Outgassing and Loss of the Martian Atmosphere 
during the Noachian Epoch

H. Lammera, Ö. Karatekinb, A. Morschhauserc, M. Grottc, H. I. M. Lichteneggerb, 
H. Gröllerb, Yu. N. Kulikovd, and D. Breuerc

aSpace Research Institute, Austrian Academy of Sciences, Schmiedlstr., 6A�8042, Graz, Austria
bRoyal Observatory of Belgium, Ringlaan 3, 1180 Brussel, Belgium

cInstitute of Planetary Research, German Aerospace Center (DLR), Berlin, Germany
dPolar Geophysical Institute, Russian Academy of Sciences, ul. Khalturina 15, Murmansk, 183010 Russia

e�mail: helmut.lammer@oeaw.ac.at



PALEONTOLOGICAL JOURNAL Vol. 46 No. 9  2012

10th EUROPEAN WORKSHOP ON ASTROBIOLOGY 29

From spacecraft observations there are geological
evidences suggesting that early Mars was more wet and
warmer during the late Noachian epoch. However,
such climate conditions require most likely a denser
CO2 atmosphere. Astrophysical observations of young
solar like stars indicate that the young Sun was very
active in the X�ray and stronger in EUV radiation. In
recent model simulations it was shown that this envi�
ronment may have caused a problem for the stability of
the early CO2 atmosphere during the Noachian. The
high solar EUV flux would have dissociated CO2 mol�
ecules in the thermosphere so that thermospheric
cooling was reduced. The enhanced heating expanded
the atmosphere to higher altitudes and most likely
even above the early martian magnetosphere. In this

work we study various outgassing scenarios of CO2

from the interior of the planet and combine the out�
gassing rates with atmosheric evolution scenarios
including impacts during the heavy bombardment,
thermal escape and non�thermal solar wind induced
ion erosion during the first Gyr of the planet’s origin.
We investigate and present scenarios where the CO2

outgassing rate may have been large enough, at some
time period after the planet’s origin, so that the loss
rates were lower, compared to the outgassing rates and
a denser CO2 atmosphere could have build up around
4 Gyr ago. This denser atmosphere was lost since that
time via ion erosion, sputtering and hot atom escape.
Finally we address astrobiological implications for the
time, when life may have originated on early Mars.

Methodology and Devices for Determination of Signs of Life 
under the Analysis of a Microbe Biomass in Ices of Europe

G. G. Managadze, N. G. Managadze, D. A. Moiseenko, and A. E. Chumikov
Space Research Institute (IKI), Russian Academy of Sciences, ul. Profsouznaya 84/32, Moscow 117997, Russia

e�mail: managa@iki.rssi.ru

Providing the presence of simplest forms of life in
the ocean of Europe, the biomass of these organisms
that have remained in an ice matrix is supposed to be
detected also in the surface layer of ice. For the inves�
tigation of sings of life is proposed the measuring com�
plex of two time�of�flight mass spectrometers
(TOF MS): laser and gas, and the system for the biomass
extraction from the water obtained from ice sample.

Signs of life can be detected by measurements of:

—element composition of the biomass sample
with the help of laser TOF MS, by ratio of mass peaks
of C, O, N, H, also K, Ca, P, S and some microele�
ments;

—masses of molecular ions obtained from the bio�
mass sample after its thermal evaporation and ioniza�

tion in the gas phase by electron impact, with the help
of gas TOF MS;

—molecular mass of secondary ions located in the
ice matrix, emitted under the influence of the primary
energetic particles beams on the surface of Europe in
the processes of similar fast atom bombardment, with
the help of gas TOF MS operating in a mode of exter�
nal ions registration.

The joint comparative analysis of these results will
give the information about the possibility of presence
of life on Europe and its similarity with Earth form.
The instrument complex can be created after consid�
erable modernization of the new generation onboard
instruments LASMA and MANAGA developed for
Phobos—Soil Mission. Onboard system of biomass
extraction will be created for the first time.

Nuclear Instruments for Testing the Presence of Water
in the Subsurface of Mars, Moon and Other Celestial Bodies 

of the Solar System
I. G. Mitrofanov

Space Research Institute (IKI), Russian Academy of Sciences, ul. Profsouznaya 84/32, Moscow 117997, Russia
e�mail: imitrofa@space.ru

Nuclear Instruments and experimental data
will be presented for testing the presence of water

in the subsurface of Mars, Moon and other celes�
tial bodies.
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Planetary Cycles of Climate and Life
O. S. Potashko
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Every planet are subject to planetary cycle of cli�
mate induced by planet�central_star(+gas�giant)
interaction.

The same we may declare about life. Volcano activ�
ity (VA) is an external manifestation of these cycles.
Planetary crust is thin at the beginning of planet for�
mation, VA powerful, frequently. When volcanic activ�
ity is on the decrease on a planet the life is on the
decrease too (Potashko, 2004). VA is a destroying
force of bio�life. Volcanic ashes in atmosphere during
VA may close the Sun for months and years. As a result
the planet temperature drops down sharply—scenario
of the “nuclear winter”, i.e. the biblical Flood. When
the clouds will disappear intensity of life will grow�
quantities of populations as well as individuals—it will
take place “nuclear summer” (Andreev, 2002). One
may suppose this mechanism is responsible for the
mass extinction 250 and 60 million years ago. Clouds
disappear intensity of life grow—quantities of popula�
tions and individuals—“nuclear spring”. We know
2 extreme examples—nuclear winter—Mars, nuclear
summer—Venus.

Scenario of events leading to life’s crisis
• Long solar activity • Pause • Increasing VA�vol�

cano activity • Local �in time� decreasing of tempera�
ture • Explosive increasing VA • Dust • decreasing of
temperature • Life down • Pause • VA down • Clouds,
dust has been reduced—example TITAN (Potashko,

2004). We may presume that we watch on Titan ice age
or nuclear winter. This ice age take place over plane�
tary scale. The reason of this nuclear winter is volcano
activity. The reason of volcano activity is Titan�
Sun(+Saturn) interaction. Titan has already atmo�
sphere, so it has volcanism. One may find life on Titan
around volcanoes like in oceanic depth around Smok�
ers (Potashko, 2005).
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The liquid water is considered to be a critical factor
for life. Gibbs free energy is another factor that should

be counted to sustain life for long duration. The Gibbs
free energy is obtained by reaction between reductant
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and oxidant, or from any other non�equilibrium state
of matter. As an example, aerobic organisms use car�
bohydrate and oxygen for getting Gibbs free energy.
Many types of chemoautotrophic mechanisms are
known for the process as well. On Mars surface, meth�
ane and oxidative compound such as ferric oxide or
sulfate are found, and they can be source of Gibbs free
energy. Iron�dependent methane oxidizing bacteria
was found in marine environment on Earth (Beal,
2009). This finding suggests possible presence of
methane�oxidizing bacteria on Mars surface, if local
thermal environment and other resources permit pro�
liferation and metabolism of the bacteria during lim�
ited portion of time period. Our project aims to search
for the methane�oxidizing microbes on Mars surface,
Martian soil will be sampled from a depth of about 5 or
10 cm below the surface, where organisms are sup�
posed to be protected from harsh hyper�oxidative
environment of Mars surface. Small particles less than
0.1 mm are sieved from the sample, before transferred
to analysis section by a micro�actuator. The particles
are stained by cocktail of fluorescent reagents, and
examined with a fluorescent microscope. Combina�
tion of fluorescent dyes is selected to identify life forms
from the soil sample. Intercalating fluorescent dye

such as SYBR Green is used to detect genetic com�
pounds such as DNA.

Membrane specific dye or the combination of dyes is
used to detect membrane surrounding the “cell”. Sub�
strate dye that emits fluorescence upon cleavage by the
catalytic reaction is used to detect the catalytic activity
of the “cell”. A combination of staining reagents is cho�
sen based on the definition of life. DNA or genetic
material is required for “replication” of life form.
Membrane separating cell from ambient leads to iden�
tification of “individual”. Catalytic reaction of enzymes
drives “metabolism”. The combination is useful also for
detecting pre�biotic organic material as well as remnant
of ancient life. Hydrolysis of the polymers in the “cell”
followed by HPLC or soft ionization MS for amino acid
analysis is effective in examining whether Martian life is
identical or different from terrestrial life. The number
and type of the amino acids as well as chirality will be
analyzed to distinguish if the polymers are contamina�
tion made by Earth�related life form.
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Visualization of Soil Microorganisms in Extreme Environments 
by Fluorescent Microscopy
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Fluorescent microscopy is a potentially powerful
tool to detect extraterrestrial life. It is high sensitive
and visualizes life form directly. Much kind of fluores�
cent dyes is commercially available. For example,
DAPI and SYBR Green detect nucleic acids. ANS
and FM1�43 detect cell membranes. CFDA and
CFDA�AM detect enzyme activities. By the combina�
tion of these dyes, it would be possible to detect various
types of life form. But this method has problems in the

application of field samples, especially soils. A lot of
dyes bind to mineral particles nonspecifically and also
some dyes show high background fluorescence. In this
study we have used quenching compounds to absorb
extracellular fluorescence and successfully visualized
soil microorganisms in Antarctica, high mountains
and so on. It is discussed how to use fluorescent
microscopy to detect life on Mars.

Europa Lander Mission
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An international effort dedicated to science explo�
ration of Jupiter system planned by ESA and NASA in
the beginning of next decade includes. Europa Lander
mission is planned by Russian Space Agency and the
Academy of Science for in�depth science investigation
of Europa. To be launched in parallel with EJSM this
mission will include a small telecommunication and
science orbiter and the surface element: Europa
Lander. In�situ methods on the lander would provide
the only direct possibility to assess environmental con�
ditions, and to perform the search for signatures of life.
A critical advantage of such in situ analysis is the pos�

sibility to enhance concentration and detection limits
and to provide ground truth for orbital measurements.
The science mission of the lander is biological, geo�
physical, chemical, and environmental characteriza�
tions of the Europa surface. Remote investigations
from the orbit around Europa would not be sufficient
to address fully the astrobiology, geodesy, and geology
goals. The science objectives of the planned mission,
the synergy between the Europa Lander and EJSM
mission elements, and a brief description of the
Laplace�Europa Lander mission will be presented.

Interaction of Cosmic Bodies with Planet Atmospheres
M. I. Gritsevich
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This study is devoted to description of the possible
results that might accompany collisions of natural cos�
mic bodies with a planet’s atmosphere and planet’s
surface. The methodology of the classification is based
on the analytical solution of differential equations of
meteor physics with certain assumptions (Stulov,
et al., 1995; Gritsevich, 2010). These equations char�
acterize the body’s trajectory in an atmosphere,
namely, the dependences of the body’s mass and
height as function of its velocity. The solution depends
on two dimensionless parameters defining the drag
rate and altitude, and the role of the meteoroid’s mass
loss when it moves in an atmosphere. These parame�
ters are obtained based on method (Gritsevich, 2009).
The action of the collisions on the planet’s surface
essentially depends on values of these two parameters.
Additionally we formulate recommendations for fur�

ther studies of the important problem related to the
interaction of cosmic bodies with planet atmospheres
(Gritsevich et al., 2009).
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The search for extinct or extant life on Mars is
focussing on the detection of diminutive traces of bio�
logical origin, such as cell wall fragments, biologically
precipitated minerals or non�stochastic distributions
of life�specific aminoacids. Hence, one of the major
concerns for the exploration of Mars is the inadvert
contamination of soil samples with bioloads intro�
duced by both robotic and human explorers leading to
a false positive detection of “life”. In order to investi�
gate these contamination vectors, the Austrian Space
Forum has initiated a multiyear interdisciplinary
research programme (“PolAres”) to study human�

robotic interaction in a set of field tests culminating in
an arctic expedition. The astrobiological focus of these
field simulations is to assess bioload transfer issues
during a human Mars surface sojourn. In a realistic
arctic simulation a carefully selected and trained crew
will operate spacesuit simulators, a Mars analogue
rover, a custom designed drilling rig and other comple�
mentary equipment. They will study subsurface ice
deposits with geophysical methods, establish the drill�
ing infrastructure and acquire a pristine subsurface soil
core for sample�return. As the High Arctic does not
offer a sterile environment, fluorescent microspher�
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ules have been selected as a microbiological proxy to
emulate diminutive traces of life. One of the core ele�
ments of this integrated mission simulation is a set of
planetary surface spacesuits (“Aouda”). This spacesuit
prototype is an advanced simulator providing all major
limitations a real spacesuit would have on Mars whilst
integrating a suit infrastructure which provides a high
situational awareness. Aouda is based upon a Hard�
Upper�Torso design using an semirigid exoskeleton to
mimic the pressure suits movement restrictions mod�
elled after various spacesuit fligh models w.r.t. its flex�
ion angle vs torque behaviour. Due to its adjustability,
various pressure regimes can be simulated. Aouda has

been optimized to reduce the amount of biological
forward and backward contamination in order to study
planetary protection issues during a planetary sojourn.
We present the design and engineering challenges as
well as the first qualification and benchmarking tests of
the Aouda prototype which shall then be evolved into
four field units. We also report on the first laboratory
tests using these proxies on various surfaces and their
adhesive behaviour compared to real biological sub�
strata under simulated Martian conditions and
explores its potential to ensure a pristine sample
acquisition for future missions.

Habitability of Exoplanet Moons
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Most of the over 460 known (June 2010) exoplanets
are gas giants larger than Neptune. They are unable to
harbour life as we know it. This is because of their gas�
eous structure and also because most of them are
located closer to or further from their host star than the
local Habitable Zone (HZ).

The giant planets in our own Solar System have a
large variety of satellites around them. The largest sat�
ellites or moons vary from spheres consisting of rock
and ice and to volcanically very active and almost mol�
ten objects. As exomoons have not yet been found we
have to consider the natural satellite families in our
Solar System to be an exemplary representation of sat�
ellites in general, from which we will expand our cal�
culations.

The orbital dynamic behaviour of moons around
their host planets are examined through numerical
simulations. These are based on current theories of
moon formation and include gravitational effects of

other planets. We will consider orbit circularisation
and tidal locking. The formation mechanism and
hence also the dynamics are important factors on the
way to understanding the possibilities for suitable envi�
ronments on the surfaces of exomoons.

As a moon is constantly under the influence of its
central planet the physical environment on the moon
may be very different from the one expected from the
star�planet distance only. Especially, the local chemi�
cal composition (i.e internal and surface composition
and atmospheric chemistry) and the effects of tidal
forces reflect the presence of the planet. These condi�
tions lead us to the concept of the “satellite�HZ”,
which is separate from the concept of normal HZ.

We discuss various dynamical and physical limits
on the habitability of moons around known exoplan�
ets. We will present also limits for the “satellite�Hz”
Some observational suggestions are also given.

The Interior of Terrestrial�Like Exoplanets
J. J. Leitnera, b, H. Lammerc, M. Leitzingerd, P. Odertd, M. G. Firneisa, b, 

R. Hitzenbergera, e, and D. Neubauera, e
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bInstitute for Astronomy, University of Vienna, Dr.�Karl�Lueger�Ring 1, 1010 Vienna Austria
cSpace Research Institute, Austrian Academy of Sciences Schmiedlstr. 6A�8042, Graz, Austria

dInstitute for Geophysics, Astrophysics, and Meteorology, University of Graz, Universitaetsplatz 5/II, 8010 Graz, Austria
eAerosol and Environmental Physics Group, Faculty of Physics, University of Vienna, Boltzmanngasse 5, 1090 Vienna, Austria

e�mail: johannes.leitner@univie.ac.at
More than 450 extrasolar planets have been discov�

ered in the last twenty years. Even though most of
them can be characterized as gas planets, also some
examples for terrestrial�like exoplanets are known. To
acquire knowledge on the internal structure of these
superearths in most cases only observational data on
their masses and volumes are available and can be used

for further analyses. For some exoplanets (e.g. Corot 7�b,
Leitzinger, et al., 2009) also the scenario that this
planet is the remaining core of a previous gas planet
cannot be ruled out, but a model for its interior can be
used to give a further argument against this hypothesis
and to show that it is more reasonable that Corot 7�b
was a terrestrial planet throughout its whole lifetime.
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We have used an uncompressed density model and
defined two internal layers (core and mantle) for the
exoplanets of interest to be able to calculate the sizes
of their cores and mantles. Different model scenarios
with respect to variations in the Fe, Ni, S contents in
the core of the planets as well as different scenarios for
their mantle compositions (also with respect to the
spectral classes of the central stars) have been imple�
mented. We will present a list of extrasolar terrestrial�
like planets, their bulk and uncompressed densities
and resulting core diameters and mantle dimensions.

In the context of Corot 7�b we have investigated sev�
eral different density scenarios and it is more likely
that only for the scenario that the atmosphere is very
“ragged”, it could be possible that Corot 7�b was a gas
planet in its early history.
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Solvents of Interest for Exotic Life on Planetary Bodies 
in Life Supporting Zones around Main Sequence Stars
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Life on Earth shows specific characteristics
regarding its biochemistry, whereby two attributes of
Earth�type life are: (1) the use of water as solvent and
(2) that the molecules of life can pass through various
transformations (e.g. metabolisms). This was sug�
gested to be a consequence of the chemical charac�
teristics of C, O, H, N, S and P (Baross, et al., 2007).
The concept of exotic life generalizes at least these
two properties: it is not necessarily based on water as
a solvent and a potential metabolism has not to be
based on the chemical characteristics of these ele�
ments (Leitner, et al., 2010). As a consequence the
concept of the life supporting zone was introduced
expanding the traditional habitable zone (Kasting,
et al., 1993), which reflected a geocentric way of
thinking in questions related to the habitability of a
planet. The life supporting zone is composed of addi�
tional habitable zones with different solvents. These
zones can merge and form together a region around a
central star where exotic life could be possible. How�
ever, one question still remains unanswered: what are
the possible building blocks and solvents for exotic
life? Miller�Urey experiments will be performed to
find out which solvents are suitable for the formation
of peptides and other macromolecules that could
conceivably be utilized by exotic life. In this context
we will not only investigate the question of non�stan�
dard solvents, but will also perform experiments with
water�ammonia composites to find constraints for
the amount of ammonia which can be dissolved in
the oceans of the icy moons of the outer Solar System

(Hussmann, et al., 2006), but still allow life as we
know it. Earlier Miller�Urey experiments have
shown that mainly amino acids or predecessor mole�
cules will result if water is involved as a solvent (Rode,
et al., 2007; Plankensteiner, et al., 2007), but if water
is not part of the chemical reaction, it is unknown
which macromolecules may form.
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Paenibacillus—a Typical Clean Room Contaminant Posing a Threat 
to Planetary Protection?
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The multiresitance properties of spore�forming
microorganisms make them ideal candidates for the
survival of space flights. Carried to planets of signifi�
cant interest concerning biological and chemical
evolution, these microbes could cause false positives
when searching for extraterrestrial life. Therefore,
the sterility of a spacecraft is a desirable goal, but the
sensitive hardware does not allow an overall steriliza�
tion after assembly. Disinfection via chemicals or
other sterilization procedures that do not harm the
spacecraft and its instruments are not able to kill all
bacterial spores. Innumerable cultivation assays from
Viking and other spacecraft have proven the presence
of a broad variety of spore�forming microorganisms
on spacecraft related surfaces. Based on the first
results from the 70's, current space agency protocols
concentrate on the detection of aerobic, mesophilic
bacterial spores for the estimation of the overall bio�
load. In particular representatives of the genus Bacil�
lus have been regarded as one of the most harmful
and resistant spore�forming microorganisms for
planetary protection related issues. Nevertheless,

other spore�forming microbes have been isolated
from spacecraft assembly facilities. Especially Paeni�
bacillus strains were recurrently obtained during
biodiversity studies of such clean rooms all over the
world. These “almost” bacilli (L. adv. paene, almost)
have not been considered so far as a significant con�
tamination source in planetary protection relevant
environments, although they seem to be at least as
resistant as the closely related Bacillus. In a very
recent study, several Paenibacillus strains have been
isolated from European spacecraft assembly clean
rooms, many representing novel species. Our studies
have shown, that most of the isolated strains are able
to fix nitrogen, grow at low temperatures, can resist
immense temperature and pH shifts and are able to
deal with low nutrient conditions. Their spores were
tested concerning e.g. heat�, H2O2� and radiation
resistance and the survival under Mars conditions.
Our results indicate, that Paenibacillus strains are
able to resist extraordinary extreme conditions and
that more effort is necessary to fully understand their
role in the huge field of planetary protection.

The Influence of Stellar XUV Radiation 
on Planetary Atmosphere

P. Odert
Institute for Geophysics, Astrophysics, and Meteorology, Institute of Physics, University of Graz, 

Universitaetsplatz 5/II, 8010 Graz, Austria
e�mail: petra.odert@uni�graz.at

Planets orbiting at close distances to their host
stars are exposed to intense radiation and particle
fields. This leads to thermal and nonthermal escape
processes of planetary atmospheric material. In close
orbits tidal effects become important, because the
Roche lobe distance is located closer to the planetary
surface and atmospheric particles above this limit are
lost to space. The recently discovered super�Earth GJ
1214b is orbiting an M�type star at the very close dis�
tance of 0.014 AU. The star is rather inactive and
supposed to be several Gyrs old, so the current XUV

flux received by the planet is rather low. However, it is
well known that young M dwarfs are usually very
active, with high XUV fluxes and frequent, powerful
flare events. This raises the question on how effi�
ciently thermal escape influenced GJ 1214b during
the young phase of the host star. We present energy�
limited escape calculations, which take into account
Roche lobe effects, heating efficiencies, and the evo�
lution of the stellar XUV luminosity, in order to
explore possible scenarios of the evolution of
GJ 1214b.
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Planets around Pulsars
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Pulsar planets are planets that orbits pulsars.

Pulsar planets are discovered by pulsar timing mea�
surements through variations in the pulsar spin
period. Several planets are already discovered and
confirmed around pulsars PSR B1257+12 and PSR

B1620�26. Pulsar PSR B0329+54 is still awaiting
confirmation of two planets. This paper considers
methods of detection long and short periodic plan�
ets by the example of PSR B1620�26 and PSR
B0329+54.

Cosmic Masers as Tracers and Direct Indicators of Star Formation
V. A. Samodurov

Pushchino Radio Astronomy Observatory; Astro Space Center of Lebedev Physical Institute (LPI), 
Russian Academy of Sciences, Pushchino, 142290 Russia

e�mail: sam@prao.ru
In the Galaxy, microwave radiation can be ampli�

fied in the interstellar medium in the immediate
neighborhood of young stellar objects, or circumstel�
lar envelopes around evolved stars, resulting in cosmic
maser emission. In the star formation regions there are
different types of maser sources that trace different
youngest evolution stage of protostars. The OH, H2O,

methanol masers and others are now recognized to be
excellent tracers of star formation. To better under�
stand the nature of star formation activity in the star
formation regions of the Galaxy, we have used these
classes of masers combined with other astrophysics
data to study prominent sites of ongoing star forma�
tion in the nebulas.

Role of Space Dust Analogs in Abiogenic Synthesis 
of Oligopeptides and Nucleotides under Action of VUV�Irradiation

M. B. Simakov, E. A. Kuzicheva, and N. B. Gontareva
Institute of Cytology, Russian Academy of Sciences, Tikhoretskii pr. 4, St. Petersburg, 194064 Russia

e�mail: exobio@mail.cytspb.rssi.ru
All Solar system objects, such as planets, satellites,

rings, comets, asteroids, meteorites, and interplane�
tary dust particles (IDP) are subjected to energetic
processing by different kinds of open space energy.
Study of the role of charged particles, ultraviolet radi�
ation of different wavelengths, and other energy
sources in the abiogenic synthesis of biologically sig�
nificant compounds (BSC) is closely related to the
exobiological investigations in the orbit of Earth
related to chemical evolution and the issue of the ori�
gin of life on Earth and throughout the Universe.
According to recent views, the majority of BSCs may
have been introduced to the primeval Earth by
micrometeorites, meteorites, and comets. These cos�
mic objects contain large quantities of complex
organic compounds, including carbohydrates, amino
acids, and heterocyclic bases of nucleic acids. The
problem is the way of their origin. The aim of this work
is to study the influence of mineral substrates on the
reaction of nucleoside phosphorylation by an inor�

ganic phosphate and oligomerization of amino acids
under the action of vacuum ultraviolet (VUV) radia�
tion with wavelengths less than 200 nm, one of the
main energy sources of the Sun. Dry mixture of amino
acids (Gly+Phe) and nucleoside with inorganic phos�
phate (Cyt+iP) were exposed to VUV�irradiation
(145 nm) with different doses (up to 2.1 × 106 J/m2).
Gly�Gly, Phe�Gly, Gly�Phe, Phe�Phe, Gly�Gly�Gly,
Phe�Gly�Gly, Gly�Gly�Phe and Phe�Phe�Phe were
the main products in the case of amino acids mixture
with yield up to 0.6%. The presence of mineral com�
ponents (olivine, piroxene, SiO2) have different influ�
ence on the yields and products of the oligomerization
reaction. The abiogenic synthesis of nucleotides from
nucleoside and inorganic phosphate also has been
observed with summary yields up to 6%. Our experi�
ments indicate that oligopeptides and nucleotides
could be synthesized on the surface of small bodies in
the Solar system on the early stage of its evolution and
safely transported to the Earth.
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Mean�Motion Resonances and the Properties 
of Protoplanetary Discs
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Mean�motion resonances are ubiquitous phenomena
in the planetary systems. They carry an important infor�
mation about the formation processes and the further
evolution of those systems. Moreover, their occurrence
may increase a chance to detect planets which happened
to be in a resonant configuration. In this talk we investi�

gate yet another potential role, which the mean�motion
resonances may play in our understanding of planet for�
mation, namely how well we can constrain the physical
conditions in the protoplanetary discs using the informa�
tion about the most common resonant configurations
observed in existing planetary systems.

Problems of Microbial Safety of Humans in Spaceflight
V. K. Ilyin
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e�mail: piton2004@bk.ru

The 21st century was marked by penetration of
humans into secluded areas on Earth, and the near�
Earth space as a result of intensive interaction of bio�
sphere laws with the human mind. Exploration and
utilization of water depths and outer space require
immediate involvement of humans who, in these envi�
ronments, have to face growing more and more heavy
emotional and physical stresses. Besides, occupations
associated with overly neuroemotional strain tend to
increase in number, too. These can be exemplified by
introduction and operation of new vintages, develop�
mental testing of different items etc. Progressive
urbanization and unfavorable environment are felt
more keenly by the human organism which responds
by changing the homeostatic parameters; in their turn,
these changes cause strain of adaptation controlling
systems that steadily modify metabolic and physiolog�
ical processes. Changes in metabolism due to
extended exposure to extreme factors occur in the
adaptation controlling systems specifically sensitive to
a given external agent.

Space tourism opens new era in investigation of
space. From one side, the importance of appearance
of ordinary people, pre�trained in a simple, short way
seems to be a stage of cosmonautics development,
similar to such well�known events, as first EVA, or
interplanetary missions. From the other hand, this
contingency could be easier subjected to disbacteriotic
changes, described below, which circumstance may
lead to infections.

At present, when space missions grow in duration,
the problem of protection of crews aboard long�oper�
ating stations from infections becomes of paramount
importance. Implications of the problems were pin�
pointed by investigators already at the time when trav�
els to space have not been so long as they are now. The
concept of periodic buildup of the pathogenic poten�
tial within the human�microbe system in long�term
space flight was suggested. One of the postulates of the
concept is emergence of pest�holes with large pools of
opportunistic pathogens representing various human
biotopes. This process is characterized as a possible
starter of opportunistic infections in spacecrew mem�
bers. Another point was that in the course of time
space stations turn into the residence area for strains
that appear and persist out there and resemble nosoco�
mial ones. We can anticipate a high intensity of devel�
opment of this type of strains on the International
space station where full or partial rotation of crews
coming from different spots of the world will be a fre�
quent event. On the other hand, there are facts indic�
ative of definite inhibition of colonization resistance in
space crews on mission. This circumstance dictates
the necessity to search after effective ways to
strengthen the colonization resistance in spacecrews.
Analysis of the data on probiotic correction of human
microflora in artificial climate constitutes a part of this
work.

The most adequate, from the ecological stand�
point, way of controlling the microbiological status of
humans in closed environment is thought to be utiliza�
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tion of the principle of microbial interference. This
approach showed its merits in bringing back to the
norm of intestinal microbiocenosis in cosmonauts by
administration of probiotics during pre�flight training
and later in rehabilitation, and bifidumbacterin in
space flight. They are fabricated with the use of active
strains of bifidobacteria and lactobacilli. They are
consumed following personal course recommended
based on the data of investigation of intestinal microf�
lora.

Consumption of probiotics based on lactobacilli
and bifidobacteria is favorable to stabilization of intes�
tinal microbiocenosis, consumption of lactobacterin
stimulates recovery of human microflora sensitivity to
antibiotics. There must be special individual measures
elaborated for tourists, which undertakes probiotics
consumption.

Perspective means for protection of space tourists
against infections could be probiotics based on
autostrains of protective microflora, based on lactoba�
cilli, bifidobacteria and enterococci. 
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