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Abstract:
Some of the most promising potential sampling sites for astrobiology are the numerous sedimentary areas
on Mars such as those explored by MSL. As sedimentary systems have a high relative likelihood to have
been habitable in the past and are known on Earth to preserve biosignatures well, the remains of martian
sedimentary systems are an attractive target for exploration, for example by sample return caching rovers
[1]. To learn how best to look for evidence of life in these environments, we must carefully understand
their context. While recent measurements have raised the upper limit for organic carbon measured in
martian sediments [2], our exploration to date shows no evidence for a terrestrial-like biosphere on Mars.
We used an analogue of a martian mudstone (Y-Mars[3]) to investigate how best to look for biosignatures
in martian sedimentary environments. The mudstone was inoculated with a relevant microbial community
and cultured over several months under martian conditions to select for the most Mars-relevant microbes.
We sequenced the microbial community over a number of transfers to try and understand what types
microbes might be expected to exist in these environments and assess whether they might leave behind
any specific biosignatures. We also pre-pared abiotic controls and samples with a single known species
(Bacillus subtilis) under the same conditions to as-sess detection limits for the techniques under
investigation.
The dominant microbes in our incubations were similar to early colonisers, including a wide array of
Proteobacteria, especially Alpha- and Gammaproteobacteria and including purple sulfur bacteria. Other
notable genera that dominated the developing microbial communities were Chlorobiaceae, Geobacter and
Oxalobactereaceae. Methanogenic archaea were also highly abundance in some transfers.
We pressed the inoculated analogue material into pellets to simulate mudstone formation and then used a
variety of biosignature detection techniques to test what was observable in our samples. Since the ExoMars
rover will carry a Raman spectrometer, and the Mars 2020 rover another two, we used a Raman instrument
to generate maps of the samples. The pellets were also analysed by GCMS, and LIMS as analogues of other
rover instruments.
No biological signatures were apparent in bulk GCMS analysis, in either carbon, nitrogen or sulfur
abundance, or isotopic fractionation of carbon or sulfur. Raman and LIMS analysis showed some spatially
distinct biological sig-natures, but these were not definitive and subject to interference from some of the
minerals in the analogue mudrock. These results suggest a number of problems relating to biosignature
detection in the context of martian sedimentary systems that should be taken into account for future
missions. Developing strategies to avoid these problems will reduce the likelihood of false positives or
negatives.
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Abstract:
Computational approaches are nowadays a full, self-standing branch of chemistry, both for their quan-tumbased ("ab initio") accuracy, and for its multiscale extent. In prebiotic chemistry, however, due to the
instrinsic complexity of the chemical problems, ab initio atomistic simulations have so far had a lim-ited
impact, with the exception of a few relevant studies, including the elucidation of the chemical inter-actions
between biomolecules with surfaces, such as ice and minerals, or the simulation of the effect of the
pressure/temperature shock waves induced by meteorite impacts in the early Earth. Surprisingly, even the
celebrated Miller experiments, which historically reported on the spontaneous formation of amino-acids
from a mixture of simple molecules reacting under an electric discharge, have never been studied at the
quantum atomistic level.
Here we set the general problem of chemical networks within new topology-based concepts, using search
algorithms and social network data analysis. This allows a very efficient definition of reaction coordinates
even in the complex chemical environments which are typical of likely prebiotic scenarii. We thus report on
the first ab initio computer simulations, based on quantum physics and a fully atomistic approach, of Millerlike experiments in the condensed phase. Our study [1] shows that glycine spontane-ously form from
mixtures of simple molecules once an electric field is switched on. We identify formic acid and formamide
[2] as key intermediate products of the early steps of the Miller reactions, and the crucible of formation of
complex biological molecules, as confirmed by our recent experimental and theoretical study on highenergy chemistry of formamide [3]. From a broader chemical perspective, we show that formamide plays
the role of hub of a complex reaction network in both the gas and the con-densed phase [4]. We are now
going on a larger scale, studying the atomistic mechanisms of RNA nucle-otides synthesis [5], meteoritic
amino acids [6] and sugars [7] in fully realistic prebiotic solution envi-ronments. All these results pave the
way to novel computational approaches in the research of the chemi-cal origins of life.

Figure 1: Left, pictorial representation of the reaction paths connecting A and B, with possible C or D intermediates.
Right, example of a fully quantum atomistic simulation of the A-to-B degradation/synthesis reaction between one
uridine mono-phosphate nucleotide and one uracil plus a phosphoribose, in explicit water solution.
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Abstract:
Planetary conditions, whether we consider Mars or the icy moons of Jupiter, are considered "extreme" by
modern terrestrial standards, and thus hostile to life. Even conditions on the early are considered as
extreme. We therefore often turn to modern extremophile microorganisms to explore the limits of life and
to determine what molecular-level adaptations can be used by living cells to counteract the deleterious
effects of extremes in temperatures, pH, irradiation levels, concentrations of salts and metals, and
desiccation. When studying these organisms in the lab, there is a however tenancy to examine microbial
adaptations to a single stress condition. While it represents good scientific methodology to examine one
variable at a time, the results of these sorts of studies tend to be presented as "bespoke" adaptations of
microorganisms to a single stress factor.
The natural habitats of extremophile microorganisms, however, are most often a mix of multiple "extreme"
conditions. High temperature waters often have a strong pH bias (acidic or alkaline), water at low
temperatures requires elevated salt concentrations to remain liquid, and deep sea hydrothermal vents are
a mix of temperature stresses, pH extremes, high concentrations of metals, and high hydrostatic pressures.
This mix of stresses holds true for other planetary bodies as well, for both past and present conditions.
Examination of the survival of modern microorganisms under multi-stress conditions reveals a subset of
molecular adaptations used by cells can also be multi-purpose. Evolutionarily acquired adaptations to one
stress may as a consequence increase resistance to other stresses, while other adaptions are part of a
general stress response. In this context, adaptations to this mix of stresses can be regarded as less
"bespoke" and more "off-the-rack".
Taken even further, studies have shown that the adaptations of some terrestrial extremophiles enable their
survival against conditions that never occur in their natural habitats (ionizing radiation, for example)1,2.
Some adaptations, such as proteinaceous surface layers (S-layers) aid resistance against most stress
conditions (extremes in temperature, osmotic pressure, high concentrations of metals, etc)3,4, and can even
play a role in the preservations of cells in the fossil record5,6. These adaptations can be regarded as "one
size fits all".
Here, I address several examples of adaptations of extremophilic microorganisms to open a discussion
around the following questions:
 How tailored are the adaptations of modern terrestrial microorganisms to stress conditions?
 What does this mean for the origins of life on Earth?
 How does this influence our understanding of the limits of life?
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Lunares Research Station was established in 2017 by Space Garden (www.lunares.space). Lunares name derives from
LUNA (Moon), and ARES (Mars), to highlight ability to run lunar and martian mission simulations. EVA terrain
connected by airlock together with laboratories inside the habitat were designed to perform astrobiological
experiments during several two-week long experiments with six analog astronauts onboard. EVA terrain consists of
150 square meters of “Moon surface” made from small basalt rocks and powder and another 150 square meters of
red rocky surface to simulate martian terrain. Both surfaces are shaped with volcanoes and craters. This unique
terrain is used for extravehicular activities in isolated from external environment hangar, with various types of lighting
modes, communication, navigation, rovers, landers and environmental conditions such temperature and humidity. On
this rocky surface analog astronauts search for original meteorite samples and regolith simulants. Several meteorite
types and regolith simulants are used during analog missions (for example Lunar analogue AGK-2010 [1]).
We developed two different habitat manuals and procedure types, specified for lunar and martian conditions.
Schedules and communication modes are running on two different timing systems: Lunar Standard Time (LST) for
lunar missions [2], and Mars24 Sunclock [3] for martian analogs. The facility is designed to investigate optimal for
physiology and health lighting conditions for future Moon and Mars human space missions. Within two-week analog
simulations astronaut crews, insects, plants and algae undergo multiple experiments in fully isolated from natural
sunlight and UTC time environment. A prototype of physiological lighting administrated inside the habitat activates or
inhibits multiple types of photoactive proteins responsible for homeostatic regulatory pathways including nervous,
endocrine, digestive and immune systems in humans as well as growth and development processes in insects and
plants. The habitat is additionally equipped with remotely controlled LED lighting system to simulate dawns and dusks.
Future manned missions associated with colonization of Moon or Mars will be designed with accompanying organisms
building stabilized artificial ecosystem to provide healthy food, optimal recycling of wastes and biological balance.
Therefore our next astrobiological investigation is to design and test artificial ecosystems based on algae, plants,
insects and snails. We used two species of snails: Helix pomatia and Capea nemoralis; three species of insects:
Gromphadorhina portentosa (Cockroaches), Hermetia illucens (Hermetia larvae) and Tenebrio molitor (Tenebrio
larvae); five species of plants: Vigna radiata (Mung bean), Raphanus sativus (Radish), Glycine max (Soya bean), Allium
cepa (Onion) and Petroselinum crispum (Persley), algae: Spirulina and photosynthetic cyanobacteria Synechocystis.
Body mass and food consumption was measured. Air temperature, air humidity, light intensity and atmospheric
pressure close by the biological cultures appeared to be stable during the mission.
We cordially invite astrobiologists to test
Lunares platform in various types of
scientific approaches as well as for testing
prototypes, for public outreach and
educational purposes.
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Martian soils are subject to extremely dry and cold conditions; and it remains unclear whether, these
environments are habitable or not. The hyperarid soils of the Atacama Desert, Chile, are at the dry-limit for
biological activity and therefore represent a suitable analog for Martian habitats with low water activity.
Previous studies have shown (e.g. Schulze-Makuch et al. 2018) that microbial activity in the core of the
Atacama Desert can be limited in duration (e.g. after rare rain events) or location within the soil (e.g.
depth-dependent habitability). Hence, minor physicochemical variations between cm-scale soil subenvironments (i.e. soil microhabitats) would be expected to influence the species composition of the native
microbial community or even render certain regions to be uninhabitable.
We collected samples from two one-meter deep soil profiles that are 7 m apart from each other to test this
hypothesis. Despite their proximity, both soils are distinctly different to each other; one profile corresponds
to the generic salt-rich soil type common to the region, while the other soil is influenced by a surficial
cluster of meter-sized boulders that have accumulated within a local depression through seismically-driven
transport. The sedimentology and geochemistry of the soil samples were characterized through
determining the grain size distribution and angularity, the amount and mineralogy of the soluble salt
fraction and the insoluble siliciclastic particles, and the δ34S-values of the sulfates. For analyzing the soil
microbiology, a unique cell-separation technique was applied (Alawi et al. 2014) that allows to separately
extract intracellular DNA (iDNA) that is largely derived from intact and viable cells and extracellular DNA
(eDNA) mainly representing preserved DNA from dead cells. These two DNA pools were quantified through
qPCR using universal bacterial primers and the 16S rDNA genes were sequenced.
Our data shows that the two soils are geochemically distinct from each other and, correspondingly, exhibit
two different depth-dependent patterns of DNA quantity and sequence compositions. The main findings
are: (1) The distinct community structures present in each soil are indicative for there being indigenous
microbial ecosystems that have adapted to their respective environment. (2) Based on the extremely low
DNA concentrations within some soil samples, we conclude that the least habitable soil microenvironments
are different for each soil profile, where lowest amount of DNA within the boulder-influenced soil is found
in the surficial sediment, while the generic soil contains barely any biomass at depths below 30 cm. The
study and exploration of habitable microenvironments in the hyperarid Atacama Desert soils is of great
value to prepare for the search of life on Mars.
Alawi et al., (2014) A procedure for separate recovery of extra- and intracellular DNA from a single marine sediment
sample. J. Microbiol. Methods. 104:36-42.
Schulze-Makuch et al., (2018) Transitory microbial habitat in the hyperarid Atacama Desert. PNAS 115:2670-2675.
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Establishing the potential habitability of Noachian Mars (4.1-3.7 Ga) requires consideration of key
environmental parameters, for example, pH and redox environments, available electron acceptors and
donors, carbon inventory and oxygen fugacity. These factors seem to have combined to produce localised
environments that were anoxic, largely reducing, circumneutral, rich in inorganic electron donors and in
oxidants such as nitrates and perchlorates (Grotzinger et al., 2015); conditions which could have allowed
chemolithotrophic microbial metabolisms, such as nitrate-dependent Fe2+ oxidation (NDFO), to thrive (Price
et al., 2018).
Our growth experiments have demonstrated the capability of some NDFO strains, such as Acidovorax sp.
strain BoFeN1, to grow in simulated environments that use a Mars-relevant olivine Fe2+ source and a
variety of martian brines. These brines have been developed by Nisha Ramkissoon from in situ (“Rocknest”,
“Paso Robles” and “Hematite”) and meteorite (“Shergottite”) geochemical data (Ramkissoon et al., 2018).
Acidovorax sp. strain BoFeN1 was able to grow in the brines when supplemented with 2 mM acetate or
10% nutrient media, and maintained stationary phase over 7 days without an organic carbon source.
We are now investigating the biochemical mechanisms of NDFO via genomic analyses and a series of
experiments that use the denitrifier, Salmonella enterica serovar Typhimurium strain SL1344 and a
ΔnarGHIJ knockout mutant. This will confirm or refute the contribution of the Nar respiratory nitrate
reductase enzyme to the oxidation of Fe2+ in NDFOs. The contribution of nitrite accumulation to NDFO
organisms through abiotic chemical reactions is being assessed under the same conditions.
The apparent adaptability of selected strains to Mars-relevant Fe2+ sources and brine conditions is
supportive of the plausibility of NDFO in the deep martian past, but these experiments will shed light on the
underlying mechanisms of NDFO and the extent of contribution to energy metabolism. From this, we can
draw more robust conclusions as to the viability of this metabolism as a driver of microbial life on Noachian
Mars.
Grotzinger, J.P., Gupta, S., Malin, M.C., Rubin, D.M., Schieber, J., Siebach, K., et al. (2015). Deposition, exhumation,
and paleoclimate of an ancient lake deposit, Gale crater, Mars. Science 350(6257). doi: 10.1126/science.aac7575.
Price, A., Pearson, V.K., Schwenzer, S.P., Miot, J., and Olsson-Francis, K. (2018). Nitrate-Dependent Iron Oxidation: A
Potential Mars Metabolism. Frontiers in Microbiology 9(513). doi: 10.3389/fmicb.2018.00513.
Ramkissoon, N.K., Macey, M.C., Schwenzer, S.P., Pearson, V.K., and Olsson-Francis, K. (2018). "Microbial growth in
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In living cells, adenosine triphosphate (ATP) functions as a universal energy currency, driving metabolism
through phosphorylation and condensation reactions. At the origin of life, however, ATP was most likely
preceded by a primordial analogue carrying out similar functions, as it is quite a complex molecule. In many
ancient bacteria and archaea such as acetogens and methanogens, ATP can be formed via substrate-level
phosphorylation from acetyl CoA via the obligate intermediate acetyl phosphate (AcP), which could
arguably have served as a precursor to ATP. It has been demonstrated that AcP can quickly be synthesised
in water from thioacetate under ambient conditions and it is stable for several hours depending on
temperature, pH and cation content.
In this study, we show that AcP is proficient at phosphorylating a variety of biologically meaningful
molecules, in particular adenosine diphosphate (ADP) which forms ATP, under alkaline hydrothermal
conditions, as such vents are a possible site for the origin of life, but being warm (40-90 ⁰C), alkaline (pH 911) and saline may rather favour simple hydrolysis. The findings suggest preferential production of small
amounts of ATP over other phosphate products, indicating that it is indeed possible for ATP to be formed
abiotically. These findings are encouraging and suggest that future research on AcP as a primordial
analogue of ATP is warranted.
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Plans to establish a long term extraterrestrial human presence will require a reliable system to provide the
resources required to sustain life as we know it; mainly water, food, and oxygen. A micro-ecological life
support system alternative (MELiSSA) is currently under development by the European Space Agency (ESA)
towards this goal with the aim of near complete recovery of food, water, and oxygen from organic wastes.
In the MELiSSA system, organic carbon contained in the solid wastes of a crew (excrement, agricultural
waste) must first be recovered as CO2 to support plants and photo-autotrophic microorganisms, but
efficiency of this recovery has been below 15% until now. Current experiments aim towards increasing this
recovery up to 80-90% by combining thermophilic fermentation in an anaerobic membrane bioreactor, the
primary waste treatment compartment (CI) already established within MELiSSA, with hydrothermal
treatment of the excess CI sludge, and bio-electrochemical oxidation of the CI filtrate. A standardized
mixture of vegetable waste, toilet paper, and human feces was fermented in an acidic thermophilic
membrane bioreactor to produce real effluents to test the hydrothermal and bio-electrochemical
treatments. The laboratory scale thermophilic membrane fermenter produced a permeate effluent rich in
organic acids, and a sludge effluent containing the more recalcitrant components of the waste. The
permeate from the fermenter contained ~10 g COD L-1, with volatile fatty acids (VFAs) accounting for 6070% of this COD. A bioanodic microbial electrolysis cell was able to electrogenically oxidize up to 60% of
this COD, with 93% removal efficiency of the VFA fraction. The sludge waste effluent from the fermenter
was a solid/liquid mixture of ~4% solids (w/w) in the VFA rich broth. Hydrothermal batch tests carried out
at 500 °C, 250 bar, and hydrogen peroxide with an oxygen equivalency ratio of 3 were able to recover
97.6% of the carbon as CO2 in a gaseous effluent while producing a clear, solids free effluent. A
combination of these three technologies allowed an increase in carbon recovery from this lignocellulosic
feedstock from 15% to >70%, with room for improvements through further optimization of the
bioelectrochemical system.
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The Exocube platform is designed to address important questions in Exobiology regarding the evolution and
adaptation of life to space and planetary conditions. Biological processes and biomolecular mechanisms will
be investigated at the interfaces between biology, chemistry, and physics. Outcomes from the Exocube
project will have far-reaching implications for the interpretation of the results of past and upcoming
planetary exploration missions.
Exocube represents a new generation of space exposure platforms based on cubesat space minilaboratories equipped with in-situ analytical instrumentation. Exocube will couple the capability of in-situ
online monitoring of organism responses to the spaceflight environment in real time with detailed postflight sample analyses on the ground. The immediate goals are to investigate (i) the response of life in
different stages of complexity to space conditions and (ii) the role of membranes and membrane
components as the interface between life and the physical environment.
On Exocube, organisms with different structural complexity, from protocells to eukaryotic cells
will be exposed to space radiation in low Earth orbit and microgravity, and their biological response will be
measured in situ via reporter dyes. This, together with further sophisticated ground-based post-flight
analysis, will allow us to study in detail the bio-molecular pathways triggered by radiation events and
microgravity. It also will help to identify key molecules and membrane components that are involved in the
adaptation of these organisms to space conditions.
While leveraging existing proven astrobiology and astrochemistry in-situ technology from the O/OREOS
satellite and the OREOcube experiment on the ISS, Exocube will implement advanced concepts such as UVtransmissive windows that expose organisms to a wider spectral range of radiation and a new miniaturized
IR spectrometer to enable investigation of functional groups and their changes within relevant molecules.
Outcomes from the Exocube project will support current and upcoming ESA/NASA planetary and space
exploration missions (e.g. ExoMars, Mars2020, JUICE) by:
• Providing valuable data for open issues concerning the survival of organisms in space conditions.
• Investigating photochemical processes of important biomolecules with relevance for the adaptation of
life forms to space conditions as well as the origins of life.
• Investigating the stability of primitive cell membrane constituents under space conditions.
• Supporting planetary exploration by studying organisms used for life support systems and organic
components with potential for radiation shielding applications.
Exocube was selected and is currently being implemented by the European Space Agency (ESA) for
installation on the ISS in the 2020-2022 time frame.
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The universality of water as the solvent for life is usually justified by its role in supporting the rich organic
chemistry. It has been pointed out, however, that even richer synthetic chemistry is possible in other
organic solvents [1,2]. Does it mean that water is not necessary for life? Here, other, essential criteria for
solvent for life that have not been sufficiently considered are discussed.
In biological systems, complex molecules are not only constantly synthesized but also degraded. Solventmediated degradation is essential for regulating cell content, preventing overcrowding and allowing for
recycling organic material. Achieving a balance between synthetic and degradative processes is facile in
water, but not in many other organic liquids. Thus, the so-called “water paradox” according to which water
is both necessary to life and toxic to biopolymer synthesis [3] might not be paradoxical at all.
The machinery of life is based on non-covalent interactions that do not involve making or braking chemical
bonds. Their strength needs to be properly tuned. If they are too weak, there might be undesired response
to natural fluctuations of physical or chemical parameters. If they are too strong, the kinetics and
energetics of cellular processes could adversely influenced. The solvent must allow for balancing these
interactions, which provides strong, universal constraints on the medium for life [4].
Water influences non-covalent interactions mainly by two mechanisms. First, it reduces strong,
electrostatic interactions between molecules, chemical groups or atoms carrying electric charge or dipole.
Second, it induces the hydrophobic effect, the tendency to remove nonpolar (hydrophobic) molecules and
groups from direct contact with aqueous solution and, instead, interact with each other. In living systems,
the hydrophobic effect is largely responsible for self-organization of molecules to more complex structures,
such as agregation of lipid molecules to form biological membranes and protein folding. Water exists as
stable liquid in a large temperature range, and the hydrophobic effects [5-8] are a consequence of the
temperature insensitivity of essential properties of its liquid state [4,8]. In summary, water accomplishes an
amazing feat – it reduces strong interactions between dissolved species and simultaneously increases the
strength of weak interactions, bringing all of them to the right range. Once we consider not only synthetic
capabilities but also other required traits of the solvent for life, no viable alternative to water is currently
known.
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Figure 1. (a) Membrane bilayer surrounded by water on both sides. Polar head groups (black) are exposed
to water whereas nonpolar, hydrocarbon chains (gray) are in the middle of the bilayer, sequestered away
from the solvent. (b) Spherical micelle in water. Polar head groups are at the surface of the sphere, exposed
to water. Nonpolar chains (white) are buried inside. (c) Protein chain in water represented as black
background. In the native structure, polar segments of the protein (in gray) are exposed to water whereas
nonpolar segments (white) are buried inside the protein away from water. (d) A protein ion channel
traversing a membrane bilayer surrounded by water. As in (a), polar head groups (black) of the membraneforming molecules are in contact with water and nonpolar chains (gray) form the membrane core removed
from water. The nonpolar segments of the channel (white) are in contact with the nonpolar core of the
membrane. The polar segments (black) are directed toward a water-filled filled pore (also in black) in the
middle of the channel that creates a favorable environment for the transfer on ions. An ion in the pore is
represented as a white ball. All figures are snapshots from molecular dynamics simulations of the
corresponding systems.

Simultaneously occurring extremes: charting the boundaries of habitability space
on Earth
Andrew W. Dickinson and Charles Cockell
UK Centre for Astrobiology, School of Physics and Astronomy, University of Edinburgh, Edinburgh, EH10 4EP,
UK
Presentation: Poster
Session: Planetary analog research and extreme conditions on Earth
Abstract:
The maximum range of environmental conditions that life can tolerate defines a habitable environment and
natural habitats often require organisms to tolerate multiple extreme conditions in combination, such as
desiccation, high or low temperatures, high salinity and ultra violet radiation. The impacts of individual
extremes and their effect on microbial life has been extensively studied, yet research into the combined
effects of multiple extremes is surprisingly limited. Here we examine the effects of a combination in
extremes of salinity, high temperature and acidic pH on growth of a Halomonas hydrothermalis, isolated
from hydrothermal fluid at 2580 m depth. H. hydrothermalis is a model organism, due to its capacity to
propagate under a wide range of temperature, salinity and pH, for asking the question of whether a
combination of these extreme growth conditions approaches the physico-chemical boundary of habitability
space on earth. These data suggest the synergistic impacts of these stressors influence survivability and
may consequently play a significant role in determining the parameters of habitability, revealing a
fundamental lack of information regarding the physiological responses of extremophiles to multiple
extremes. To determine the window of tolerance to environmental pressures imposed on microbial
extremophiles is an essential tool in furthering our understanding of the evolution and diversification of life
on Earth, and in making clearer the potential habitability of other planetary bodies, both within and beyond
our Solar System.
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Abstract:
The International Space Station (ISS) is a closed and isolated system in hostile space environment. The unique
conditions on the ISS can alter the human and habitat microflora which might lead to microbial contamination, posing
a risk to the health of the crew. Staphylococcus and Bacillus species are the most frequently isolated bacteria from the
ISS, and S. aureus is the most important pathogen found on the ISS (1). Methicillin-resistant S. aureus (MRSA) is a
multi-drug resistant pathogen that is also able to form strong biofilms on biotic and abiotic surfaces. Biofilms pose a
threat to the health of the crew on the ISS and can also cause damage to materials like metals and polymers. Since
liquid disinfectants which form aerosols cannot be used for decontamination on the ISS due to the risk of fire, it is
crucial to develop novel antimicrobials (1). Such a novel antimicrobial is AGXX®. It is a surface coating that consists of
microgalvanic elements of silver and ruthenium. It is a long lasting, durable, and self-recycling antimicrobial suitable
for use on the space station and in spacecrafts. We tested the effect of AGXX® on a clinical strain of MRSA, using RNAsequencing. The differentially expressed genes were analyzed via RNA-seq analysis pipeline T-REx, focusing on known
biofilm, and virulence-associated genes. Many of these genes, namely, agrC (quorum-sensing regulator), sdrC (surface
adhesin), cap5A (capsular polysaccharide synthesis), lukE (leukotoxin), and the gene for enterotoxin, were downregulated in presence of the antimicrobial. Our data manifest AGXX® to be an effective antibacterial and a biofilm
inhibitor in S. aureus (2). In addition to these studies, we are currently working on the application of AGXX® in filter
systems. We aim to develop a two-component filter system where component 1 is functionalized graphene oxide
covalently attached to a polymer (GOX). GOX binds free bacteria, and component 2 is AGXX® which kills the bound
bacteria by the formation of reactive oxygen species.
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Abstract:
Aspergillus was the main fungal genera detected aboard the Russian Space Station (Mir) and the International Space
Station (ISS), and fungal growth has been shown to promote biodegradation of the spacecraft materials and
compromise life-support systems [1-2]. Moreover, as spore formers, filamentous fungi are a threat to astronauts’
health, and their resistant spores may pose a threat to planetary protection. This makes monitoring and controlling
fungal contamination a challenge to be met in the current and future space missions [3-5]. The topic of my master
internship at the DLR is: Fungal spore resistance to space radiation and mechanisms by which observed resistance is
mediated.
Studies on the survivability and morphology of A. niger towards space radiation were performed by exposing wt
(N402), a melanin mutant (MA93.1) and two DNA repair mutant strains (MA78.6 and MA234.1) to varying dosages
and types of simulated space radiation. These strains were chosen to elude which mechanisms (repair or protection)
are important for fungal spores against space radiation. Spores (107 for each condition) in a saline solution were for Xrays irradiated at DLR (Cologne, Germany) and for heavy ions at the HIMAC (heavy ion medical accelerator) in Chiba,
Japan. For X-rays the dosage ranged from 0-1000 Gy, for Helium (He) nuclei radiation from 0-250 Gy and for Iron (Fe)
nuclei radiation from 0-500 Gy. After the irradiation the samples were limited diluted and plated to determine the
number of colony forming units and therefore survivability.
Results indicate high spore resistance to X-rays, with the LD90 dose for the wild-type strain N402 being 250 Gy. DNA
repair mutant spores show decreased survival upon X-ray radiation, with the LD90 of these strains upon X-ray
irradiation being around 50 Gy. The melanin mutant strain does not show decreased susceptibility to X-rays. When the
spores are irradiated in different environments (dried versus submerged and with or without salt), it’s shown that the
lack of H2O decreases the survivability of the spores after the irradiation. He and Fe nuclei radiation also showed a
killing effect on the spores. But while He irradiation shows the same killing efficiency as X-rays do, Fe radiation shows
an increased killing capacity of the fungal spores compared to X-ray and He radiation. Interestingly, exposure to X-ray,
Fe and He radiation showed that the spore’s ability to germinate was still intact after exposure to an astonishing 1000
Gy, respectively 500 Gy and 250 Gy. Further work with fungal isolates from the ISS is being done to identify
differences in radiation resistance and growth rate under simulated microgravity.
From the results we can conclude that the DNA repair pathway plays, as expected, an important role in the
survivability of fungal spores against high energy space radiation, while melanin doesn’t have a protective effect.
Thereby, the absence of water in the environment of the spores promotes the killing by high energetic radiation. This
work paves the way to research eluding the effects of mutating radiation on the fungus in terms of antifungal
resistance, their pathogenicity and their capacity to biodegrade space materials.
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Abstract:
Organic matter in meteorites and interplanetary dust plays a major role in the Solar System’s carbon and
volatile cycling. Knowledge of the behavior of this organic matter is crucial in understanding the origin of
organic matter on planets and the origin of life.
Research has indicated the release of methane from organic matter of the Murchison meteorite when
irradiated with UV radiation (Keppler et al., 2012; Schuerger et al., 2012). It is estimated that between 2700
to 59000 tonnes of meteorites and interplanetary dust land on the Martian surface each year (Flynn et al.,
2004). Therefore, UV-induced methane emission from the UV photodegradation of extra-Martian organics
has been proposed as a source of methane in the Martian atmosphere.
To assess the validity of meteoritic methane as a source of methane on a planet like Mars, we performed
experiments on powdered samples of the Murchison meteorite, a CM2 carbonaceous chondrite. Long-term
(up to 2 weeks) experiments performed at Utrecht University, using Cavity Ring-down Spectroscopy,
indicate methane emission was still very well measurable after 2 weeks of irradiation at several times the
Martian equatorial noon irradiance at the equator. We have been able to establish the emission kinetics,
which follow a three-term exponential function. So far, we have not been able to explain the complicated
kinetics that were observed.
Besides methane, we used Proton Transfer Reaction Time of Flight Mass Spectrometry to detect at least 19
other volatile organic compounds that were emitted during the irradiation of Murchison meteorite
material, of which small (C1 to C3) aldehydes are by far the most abundant.
Currently we are working on establishing δD and δ13C values for the emitted methane and are
investigating how these isotopic values are changing as a function of time. Preliminary results are
promising, and indicate significant isotopic fractionation can occur between the pristine meteorite organics
and the methane that is produced as a photodegradation product of these organics.
In the near future we will focus on more isotopic measurements and will soon start investigating the effect
that UV radiation has on the solid phase organics at the meteorite surface, using Laser Ablation Isotope
Ratio Mass Spectrometry and NanoSIMS.
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Abstract:
Here, we present a viewpoint on the potential role of confinement for prebiotic chemistry. Inorganic
confinement is a relatively unexplored domain in studies concerning prebiotic chemistry and, even more so,
in terms of experimentation. However, molecular crowding within a confined space is central to the
functioning of contemporary biology (Ellis 2001). There are numerous advantages to confined
environments. For example, the anomalous behavior of water in confinement affects the hydrogen bonding
properties of water, which allows for control of water activity. Confinement, also affects the dielectric
constant of water (Muñoz-Santiburcio and Marx 2016), thus stabilizing charged species (Westheimer 1987),
diffusivity properties, proton transfer, and energetics of reactions by placing systems out-of-equilibrium.
We address the nature and advantages of confinement, specifically inorganic confinement of geological
relevance (Westall, et al., 2018), keeping in context
the limitations of aqueous phase chemistry and, to a certain extent, traditional
approaches in prebiotic chemistry.
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Abstract:
The last 15 years have seen Europe active in MoonMars missions with the launch and results of SMART-1, Mars
Express, Exomars TGO. European scientists contributed to international Moon and Mars missions and prepare for
Exomars rover, Mars 2020, MoonMars future landers, rovers, sample return and human missions.
In relation to these space projects and endeavours, ILEWG/COSPAR has organised with support from space agencies,
academia and partners since 2008, the EuroMoonMars programme for science, technology, astrobiology, habitability ,
professional training, inspiration and expanding life beyond Earth. We organised field campaigns in specific locations
of technical, scientific and exploration interest. Field tests have been conducted in ESTEC, EAC, at Utah MDRS station,
Eifel, Rio Tinto, Iceland, La Reunion, Hawaii, and LunAres base at Pila Poland. These were organised by ILEWG in
partnership with ESTEC, VU Amsterdam, NASA Ames, GWU in Utah MDRS (EuroGeoMars 2009, and then yearly for
EuroMoonMars 2010-2019). Other EuroMoonMars analogue field campaigns using selected instruments from
ExoGeoLab suite were conducted in other MoonMars extreme analogues such as Eifel volcano, Rio Tinto, Iceland, La
Reunion, Hawaii. The ExoGeoLab research incubator project, has started in the frame of a collaboration between
ILEWG [3] (International Lunar Exploration working Group http://sci.esa.int/ilewg), ESTEC and partners, as well as
infrastructure. We brought the ExoGeoLab lander and suite of instruments for a test campaign at Eifel volcano park in
Germany (EuroMoonMars 2009), and more recently in 2015 & 2016. We tested various phases of a robotic lander
mission (rover deployment, lander inspection , instruments remote operations, lander + 2 rovers cooperative
operations, sample collection and analysis) as well as possible operations during Extravehicular activity astronaut
simulations . EuroMoonMars 2017 joined campaigns at LunAres base at Pila, Poland, with logistics, operations and
ILEWG ExoGeoLab lander.The EuroMoonMars 2017-2019 team has been supporting activities in preparation of
MoonMars base simulations in ExoHab-ExoLab ESTEC, HiSeas /IMBA MoonBase Hawaii, LunAres Poland, Moon and
Mars Base Analog MAMBA ZARM Bremen, Iceland, IGLUNA Ice Habitat in Swiss glaciar.
We shall describe EuroMoonMars results relevant for science, technology, astrobiology, habitability and expanding life
beyond Earth.
Acknowledgements “*We thank the participants and collaborators for the ILEWG EuroMoonMars 2009- 2019
campaigns at ESTEC,Utah MDRS, Eifel Volcano, HAwaii HiSeas & at LunAres base, Poland.
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Abstract:
The search for organic matter on Mars has yielded the detection of C2-C4 dichloroalkanes and
chlorobenzene, as well as other aromatic, thiophenic and aliphatic compounds. The role of minerals or the
associated mineral matrix in this search is important. Minerals can preserve and protect organic matter
from environmental stressors, but they can also prevent detection through their reactions with organic
matter during (thermal) analysis. Proposed Mars-relevant examples of such analytical artefacts include the
roles of perchlorate and sulphate minerals. Thermal analysis such as, pyrolysis-gas chromatography-mass
spectrometry (py-GC/MS) uses high temperatures to fragment and/or release macromolecular organic
matter from sampled material. This technique is utilised by both the Sample Analysis at Mars (SAM) and the
upcoming ExoMars, Mars Organic Molecule Analyser (MOMA) instruments.
Clays are good preservers of organic matter and are the defining mineralogy of the ExoMars landing site
options. Terrestrial studies demonstrate the occurrence of clay-induced analytical artefacts during pyGC/MS - interactions which are less understood in the Mars context but are potentially critical for mission
success. To begin to address this, this study combines several single-phase phyllosilicate minerals with fatty
acids: stearic and oleic acid. Fatty acids are well-preserved in the terrestrial geological record and are
potential biosignature targets for Mars missions. The resulting products of fatty acid pyrolysis in the
presence of these clay minerals and the major fragment changes induced will be presented, and the
reaction mechanisms discussed.
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In this talk I present a method for determining the metabolic rate (nmol O2 mg-1 hour-1), using O2microsensors to measure the micro-gradient in an incubation chamber with a single tardigrade at the
bottom. The respiration rate can be calculated from this micro-gradient using Fick's first law of diffusion.
The weight of each animal is calculated from dimensions determined by microscopic analysis. The
metabolic rate is defined as respiration rate divided by weight. This method is highly reliable and relatively
inexpensive. In addition, it can be repurposed for a wide range of experimental set-ups – opening up a rich
field of inquiry into the metabolism and energetics of tardigrade biology. In this study, the metabolic rate of
the species Richtersius coronifer was determined in relation to temperature and salinity of both sodium
chloride and Mars-analogue perchlorate solutions.
Tardigrades have been the topic of some astrobiological studies, due to their remarkable durability coupled
with the relative complexity of their biology. One challenge that has severely limited the study of tardigrade
biology has been a sparsity of evaluation-techniques that are informative on a cellular and chemical level.
Many studies rely on motility-based survival scoring and quantifying reproductive capability, which reveals
very little about the cellular and chemical activity in the tardigrade. A characterization of the energetics
would be of core importance for determining what chemical and cellular mechanisms are operative in
tardigrades under any process of interest. This is especially true with regards to the mechanisms regulating
cryptobiosis – the process by which tardigrades lose seemingly all metabolic activity and gain many of the
properties that make them an interesting model organism for astrobiological research.
The following metabolic rates were determined for R. coronifer at varying temperature and a salinity of 0
ppt. 2 °C: 2.28 ± 0.48; 11 °C: 3.56 ± 0.59; 16 °C: 8.42 ±
0.82; 22 °C: 10.8 ± 1.84; 33 °C: 19.5 ± 1.19 nmol O2
mg-1 hour-1. Based on this, Q10-values were calculated
to be ~1.5 in all temperature ranges – except from 1116 °C where it was ~5.5. The activation energy of the
rate-limiting step in the metabolic pathway was
calculated to be 50.8 kJ/mole O2 using the Arrhenius
equation. The metabolic rate at 22 °C increase with
salinity at 0-4 ppt and decrease from 14-32 ppt.
Survival rate was 100% at 0-4 ppt, 50% at 14.4 ppt
ClO4- and 0% at 16-32 ppt NaCl. No difference
between metabolic responses to NaCl and ClO4solutions of similar salinity were found. MR(t) plots
showed change in the first ~20 minutes of exposure, followed by steady-state. At 0-4 ppt an exponential
increase – likely caused by an osmoregulatory response and at 14-16 ppt an exponential decrease – likely
caused by dehydration. At 32 ppt, post-dehydration steady-state was reached within 3 minutes.
In conclusion, the microsensor method allows for precise and flexible studies of tardigrade energetics in an
accessible and inexpensive manner. The results of this study demonstrate its utility for studying tardigrade
adaptation to stress factors.
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Bdelloid rotifers are one of the smallest animals on earth. Living all over the world, mostly in semiterrestrial environments, they appear to be extremely stress tolerant. Their desiccation tolerance at any
stage of their life cycle is known to confer tolerance to a variety of stresses including high doses of radiation
and freezing. Like bacteria Deinococcus radiodurans, bdelloid rotifers appear to survive such extreme
conditions because of efficient antioxidants and DNA repair mechanisms. However, such molecular
mechanisms remain largely unexplored. In addition, they constitute a major scandal in evolutionary biology
due to the putative absence of sexual reproduction for at least 60 million years.
Experiments on the rotifer bdelloid A.vaga, with its unique characteristics and a draft genome available,
may contribute significantly to our understanding of living in extreme environments. Here we will present
our new project, named RISE (Rotifer In SpacE), that was designed with the intention to use bdelloids as a
new model organism for space research. This research project was selected by ESA (European Space
Agency) and addresses the following questions: 1) How microgravity and space flight are affecting biological
processes of A. vaga? 2) What are the limits of bdelloids extreme resistance to radiation? 3) What are the
molecular mechanisms involved in protection and repair of damage induced by different radiation sources?
4) Are microgravity and space flight affecting protection and repair mechanisms of A. vaga?
First results highlight the resistance of these animals to various stress including long term space simulated
vacuum storage and up to 10.000 Gy of variety of radiations such as X-rays, protons, iron and alpha
particles. Impact of radiations on bdelloid genome was screened using Pulsed-Field-Gel-Electrophoresis and
revealed massive amount of DNA double strand breaks. However, after rehydration, bdelloids started to
repair their genome with an apparent high fidelity mechanism despite hundreds of chromosomal breaks
induced by radiations. Using transcriptomic approaches and qPCR, we screened two major DNA repair
pathways (HR and NHEJ) in order to improve our knowledge related to mechanisms activated in response
to desiccation events and extreme exposure to radiation.
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In our Solar System, Mars is considered one of the candidates to have potentially spawned life. Although
the current climate on Mars is harsh, the planet is believed to have been more habitable in the past. Any
possible current life on Mars must withstand extreme drought, radiation levels and temperature variations.
Earth has examples of organisms that fit this profile, such as D. radiodurans [1], hence terrestrial habitats
that host extremophiles are the subject of intense study. We currently focus on the detection of
carotenoids, a widely accepted biosignature [2].
Due to high radiation levels on Mars, it is expected that any life would reside beneath the surface. Hence
various bacteria were measured through several millimetre thick minerals by means of time-resolved
Raman spectroscopy (TRRS). In a TRRS experiment, a pulsed laser and delay-adjustable gated detection
system are used to selectively detect the much weaker signals from deeper layers while the stronger,
unwanted signals from superficial layers are rejected. Coincidentally, also longer-lived (nanoseconds)
fluorescence signals are suppressed. Detection of D. radiodurans through a 5 millimetre thick translucent
calcite layer has already been demonstrated using our TRRS setup[3]. For thicker samples, light
transmission through the first layer becomes limiting, and for thinner samples, less than about 3
millimetres thick, the time differences between layers become extremely small (~10-25 ps), complicating
the separation of the signals. Fortunately, successful separation is still possible by applying global analysis
methods (as described in [4]) to our TRRS data.
Our end goals are to optimise our setup for the detection of biomarkers in a mineral environment and to
develop future methods that increase the capability to detect possible life on Mars.
[1] D. Slade and M. Radman, Microbiol. Mol. Biol. Rev., vol. 75, no. 1, pp. 133–191, Mar. 2011.
[2] H. G. M. Edwards, I. B. Hutchinson, R. Ingley, and J. Jehlička, Philos. Trans. A. Math. Phys. Eng. Sci., vol.
372, no. 2030, 2014.
[3] M. F. C. Verkaaik, J. Hooijschuur, G. R. Davies, and F. Ariese, Astrobiology, vol. 15, no. 8, pp. 697–707,
2015.
[4] I. H. M. Van Stokkum, D. S. Larsen, and R. Van Grondelle, Biochim. Biophys. Acta - Bioenerg., vol. 1657,
no. 2–3, pp. 82–104, 2004.
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Abstract:
Asteroids are scientifically valuable as natural records of the formation and evolution of our Solar system.
Among the asteroids, the Hilda group between Jupiter and the main belt are of particular interest for
Astrobiology as potential tracers of Jupiter’s orbital migration and the resulting impacts on Earth’s early
habitability.
The Hildas remain the least studied asteroids, and this research aims to clarify their physical and orbital
properties to understand their origins and subsequent evolution. The project thus explores to what extent
the Hildas are either captured by Jupiter or formed in-situ by an observational study of their physical
properties.
The project uses light curve data from the SOFIA airborne observatory for two of the brighter Hildas, (1162)
Larissa and (1911) Schubart, to perform on of the first detailed studies of their rotation periods, thermal
inertia and physical properties. The results will be used to infer the origin and evolution of the Hildas, and
the implications for Jupiter's migration and Earth's habitability.
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Bdelloid rotifers are one of the smallest animals on earth. Living all over the world, mostly in semiterrestrial environments, they appear to be extremely stress tolerant. Their desiccation tolerance at any
stage of their life cycle is known to confer tolerance to a variety of stresses including high doses of radiation
and freezing. Like bacteria Deinococcus radiodurans, bdelloid rotifers appear to survive such extreme
conditions because of efficient antioxidants and DNA repair mechanisms. In addition, they constitute a
major scandal in evolutionary biology due to the putative absence of sexual reproduction for at least 60
million years.
Space exposure experiments from the last fifteen years have unexpectedly shown that several terrestrial
organisms, including some multi -cellular species, are able to survive in open space without protection. The
proven robustness of bdelloids suggests that these tiny creatures can possibly be added to the still
restricted list of ‘cosmophile’ animals. Experiments on rotifers with their unique characteristics may
contribute significantly to our understanding of living in extreme environments. The RISE (Rotifer In SpacE)
experiment is an astrobiology study aimed at identifying and quantifying biological damage suffered by
rotifers when exposed to the space environment. Through this project, bdelloid rotifers will be exposed to
space environment, a combination of full-spectrum electromagnetic radiation from the Sun, cosmic particle
radiation, vacuum, wide temperature fluctuations and microgravity. This research aims to determine limits
and consequences of bdelloids extreme resistance to radiation.
Iron is one of the major cosmic particle founded by samples exposed to space environment. In the context
of the StarLife project, desiccated bdelloid rotifers from two different species were exposed to increasing
dose of irons particles (up to 2000 Gy). Results highlighted a resistance of bdelloids up to 2000Gy of iron
particules and a capacity to produce viable offsprings up to 500Gy. The impact of irradiations on genomic
structure of irradiated animals and genomic consequences on offspring are discussed.
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Antarctica represents one of the most isolated and unexplored regions on Earth. Extremely cold
temperatures, repeated freeze and thaw cycles, strong winds, low nutrient and water availability, high
ultraviolet radiation and extreme seasonality in light provision are the predominant environmental factors.
Since such environmental stressors preclude the existence of most forms of macroscopic terrestrial life,
microbes constitute the predominant terrestrial biota, playing key ecological roles that sustain the
ecosystems at a landscape level. Furthermore the Antarctic continent and its surrounding waters constitute
a significant and largely untapped reservoir of unique microorganisms and biomolecules, such as cold
adapted enzymes and new antimicrobials, with current and potential applications in human health and
several industrial and biotechnological processes.
Due to these unique features, Antarctica represents a natural rehearsal scenario for astrobiology studies
seeking terrestrial proxies to environmental conditions in the outer space. Unraveling key microbial
metabolic processes and investigating how multiple environmental stressors affect the composition and
responses of microbial communities are key steps toward understanding adaptation and life-sustaining
processes under physico-chemical extremes. In this work we focus on analyzing how Antarctic soil microbial
communities respond to the presence of contaminants arising from human activities in the continent, in
particular, polycyclic aromatic hydrocarbons (PAHs) derived from fossil fuels used for transportation and
powering the Antarctic stations. We used a polyphasic approach, combining several cultivationindependent methods to analyze the composition and structure of soil microbial communities and the
response of catabolic enzymes involved in the biodegradation of these pollutants. We found out that,
under the predominant harsh environmental conditions, contamination shaped microbial communities
composition and structure and the occurrence and abundance of genes coding for PAHs degrading
enzymes. Interestingly, the main phyla detected in Antarctic soils (Proteobacteria, Firmicutes,
Actinobacteria and Bacteriodetes) correspond to the predominant ones thriving in mesophilic
environments. The predominant PAHs-degrading genotypes were associated to homologs carried by mobile
genetic elements (plasmids) typically associated to Pseudomonas species, facilitating the horizontal transfer
of the catabolic genes which were, in turn, described for other Antarctic regions and several mesophilic
environments polluted with PAHs. Since such mobile genetic elements are also involved in the horizontal
transmission of antimicrobial resistance genes, investigating the mechanisms of gene flow under extreme
physico-chemical conditions can shed light on crucial adaptation processes, of interest on Earth and on
space.
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In 2007, the Mars rover ‘Spirit’ came across what was later confirmed as opaline silica inferred as Noachian
age (~3.8 - 4.1 Ga ago [1]) fumarole or hot spring deposits associated with a volcanic unit at Home Plate,
Columbia Hills, Mars[2,3]. Similar textures of siliceous hot spring (sinter) deposits with spicular to digitate
to knobby textures are also found in the shallow outflow channels of terrestrial hot springs on Earth[3],
with silicified microorganisms involved. In
hot springs, mineralized laminae of
microbes and silica build up over time to
produce microstromatolites, akin to
structures prevalent in early Earth
paleoenvironments[4]. Early silicification in
hot springs serves as a good preserving
medium of past biological activities [5]. Here
we identified modern biosignatures in
digitate sinter derived from different
geothermal areas of New Zealand, with
varied pHs and temperatures. DNA was
extracted from layers within the samples.
Prokaryotic and eukaryotic genes were
amplified and species identifications were
performed using next-generation
sequencing. Environmental Scanning
Electron Microscopy (ESEM) was also
applied. Sequencing results were analyzed
to determine the species and ecological
values. Microbes detected in each sample
can be grouped according to different
geochemistry setting. More detailed studies
of the relationships between microbes and
minerals, and particularly the process of
silicification and spicule nucleation, will be
further examined in order to obtain a better
understanding of the adaptations of life to
in extreme conditions during mineralization.
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With the advent of new sample handling tools to allow for sample collection, sample storage will be a
requirement [1, 2, 3]. Currently, metallic containers with self-shielding capabilities are used . The question
that arises is how the sample is curated in this container and if there is a more flexible way of packaging the
samples in situ in such a way that they remain shielded during travel and storage on Earth. Moreover, is it
possible to vary packaging according to the sample's size and shape, in order to save space or according to
the type of the sample, i.e., rock, loose sediment, ice, fluids? Finally, is there a way to allow the recording of
the main physical parameters during the life of the sample after packaging, during travel and during its
curation before being opened for study?
We propose here, and we demonstrate with demo designs that are already loaded with a rock sample, a
new concept of packaging that could be based on future 3D printing techniques. A proprietary 3D printer
would allow scanning of the sample to estimate its size and shape. Then, the volume of the packaging will
be calculated, including all the monitoring electronic devices. Electronic controllers include a
microprocessor unit, a communications unit, and a set of various environmental sensors. Materials for the
printing operation should be selected and optimized to cure at low-temperatures (i.e., UV-cured
photosensitive material), adapted to Martian conditions.
To accommodate the electronics into the package, miniaturization of devices should be adopted taking into
account the use of materials that can be space rated even in the prototyping phase. The processing and
acquisition unit used is the 01TMPicoMCU V3.0 board [4] with the ATMEGA 328p, 8 bit processor,
interfaced through SPI and I2C communication protocols to a variety of sensors (in the demo a temperature
and humidity sensor, as well as acceleration sensors are implemented). Communications of the demo
system will be handled by an ESP 8266 based webserver. This will enable communication between the
sample's electronics with devices outside the packaging for monitoring sample conditions. Active devices
might be introduced in the future for sample conditioning as well as measurement. A conventional battery
is envisaged initially but other solutions may be adopted in a future device (vibration and/or wireless
charging).
Materials for the packaging system will be tested or developed. For fabricating the demo devices
conventional 3D printing materials (i.e., ABS filament) and a commercial thermal 3D printer will be used.
However, actual systems would include a proprietary printer design compatible with Martian conditions.
The selection of curing materials will be developed to operate pure or as mixtures with regolith materials to
enhance sampling possibilities by also sampling the regolith, or to improve sample-packaging material
compatibility.
[1] Younse et al., IEEE Aerospace Conference (2012). DOI: 10.1109/AERO.2012.6187048
[2] Preliminary Planning for an International Mars Sample Return Mission, iMars Working Group Report (2008)
[3] Borg et al., Astrobiology 8, 489-535. DOI: 10.1089/ast.2008.0759
[4] https://www.01mechatronics.com/product/picomcu-v30
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Recent discoveries of organic molecules in the upper 5 cm of soil in the Gale Crater on Mars [1] and of strong seasonal
methane releases by the Curiosity rover have no clear origin(s) [2]. It is expected that organic material is more
abundant in the martian subsurface since it can survive scission from intense radiation. It will be a major scientific
advancement if the source of methane is discovered. It might either be supplied by biological activity (e.g.,
methanogenic bacteria) or by abiotic processes such as serpentinization.
With this work we initiate an integrated study of martian meteorites, in view of these latest discoveries by Mars
missions. The purpose is to precisely combine geochemical, mineralogical, and petrological information recorded in
Martian meteorites. This will provide constraints on the environment of the potentially habitable shallow martian
subsurface. For this purpose, a compendium of eleven Martian meteorites (Nakhlites and Shergottites) were analysed
and compared, namely, the Nakhlites - Nakhla, Governador Valadares, Lafayette, Yamato Y000749 and Y000593, the
pair NWA10645 and NWA10153, NWA998, and finally, the shergottites - Zagami, ALH84001, and Tissint. The samples
were analysed by electron microscopy, EPMA, Raman spectroscopy, and TOF-SIMS mass spectrometry.
The major secondary minerals in these meteorites include Mn-siderite and other carbonates, anhydride, halite, Fe-rich
saponite clay, hematite, ferrihydrite, Fe-rich serpentine, amorphous silica, marcasite, and iddingsite (a complex
mixture of olivine remnants, clay minerals, iron-oxides, and amorphous/ultra-weakly crystalline gel). More specifically,
Nakhla contains assemblages of siderite-anhydride-halite, indicating precipitation during evaporation. Nakhla's
siderite can also contain veins of hematite. Clays are observed in most of the meteorites occuring as veins either along
olivine crystal fractures or in the mesostasis. In one occurrence in Nakhla, saponite clay is deposited around the rims
of a glass bubble, twith a mixture of clay and a ferrihydrite core [3]. Glass has also altered to clays together with
serpentine and an amorphous silica gel phase. In Yamato and Lafayette, clays are observed intermixed with siderite
forming extensive rosette shapes. Carbonate rosettes occur in ALH84001. Marcasite has been observed to alter
pyrrhotite sulphates. The alteration mineral phases are localised on the micron-scale, and are irregularly distributed in
the samples in small quantities, showing variable degrees of alteration within volumes of sample thin sections.
TOF-SIMS analysis shows that the siderite carbonates contain lithium. Sulphides on the other hand do not contain
lithium in carbonate-sulphide assemblages. Clays contain lithium and boron. Beryllium is only present in the
mesostasis glass and is probably of igneous origin. Iron rich phyllosilicates – saponite and serpentine (berthierene) –
rarely contain chlorine [4].
These observations demonstrate that: 1) alteration in Martian meteorites occurred to variable degrees, depending on
the access of fluids though the mineral grains and their fractures on the sub-mm scale. However, not all Martian
meteorites are altered. 2) Dissolved material has been redistributed forming some of these alteration assemblages. 3)
Martian meteorites show similar mineralogy and chemistry in their alteration assemblages, suggesting that they
underwent similar types of alteration. In light of these observations, we aim on further elucidating the role of water
[5] and organics [1] on Mars, as well as to further establish locations from where these meteorites were ejected from
the martian surface [6].
[1] Eigenbrode et al., Science 360, 1096–1101 (2018)
[3] Chatzitheodoridis et al., Astrobiology 14, 651–693 (2014)
[5] Changela and Bridges, MAPS 45, 1847–1867 (2011)

[2] Webster et al., Science 360, 1093–1096 (2018)
[4] Lee and Chatzitheodoridis, MAPS, 1–11 (2016)
[6] Kereszturi and Chatzitheodoridis, OLEB 46, 455–471 (2016)
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As we are familiar of protein structure, their molecular dynamics study, characterization and many more if
the species is from Earth. I try to figure out what happen if the living environment in Earth is restricted by
several factors like oxygen level, water availability, etc.
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The environment of Jupiter is known for its highly energetic magnetospheric ions such as S and O. On the
other hand, cometary ice contains various ice species as investigated by the Giotto and Rosetta missions,
which detected even glycine, the simplest amino acid, on comet Churyumov-Gerasimenko. When ice
surfaces are exposed to cosmic radiation, magnetospheric ions or the solar wind these can be transform
the original simpler molecules such as water, carbon dioxide, ammonia and methanol into more complex
and even prebiotic species. By using molecular dynamics simulations, the induced chemistry can be
simulated and analyzed complementary to laboratory studies and space missions.
In this study, we focus on the effects occurring after 20 MeV sulfur ion impact on a pristine mixture of
cometary ice. By using a reactive force field formalism (ReaxFF), one can model the chemical reactions
occurring after the impact. Such impacts may occur in Jupiter’s magnetosphere, where energetic S ions
originate from Io’s surface and irradiate ice surfaces of Jupiter’s moons, of comets or ice dust particles
entering the magnetosphere. By segmenting the ion trajectory to smaller pieces that fit into our simulation
box, we can follow the ion from its impact point at the surface down to the depth where it is stopped. We
find that the number of dissociations and ensuing reactions scales approximately linearly with the
deposited energy density. In consequence, the total number of molecules produced is approximately
proportional to the impact energy. In addition, the most complex molecules are formed at the highest
energy densities. Smaller molecules such as formaldehyde and hydrogen peroxide, in contrast, are
produced all along the ion track. The low energy regime, where the projectile comes to rest, results in a
different chemistry similar to that occurring in the temperature regime of liquid water.
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Based on a model of the possible origin of life in hydrothermal environments of the Earth's crust, we
propose an efficient and stable system undergoing structural reproduction, self-optimization, and
molecular evolution. This system is being formed under realistic conditions by the interaction of two cyclic
processes, one of which offers vesicles as the structural environment, with the other supplying peptides
from a variety of amino acids as versatile building blocks. We demonstrate that structures growing in a
combination of both cycles have the potential to support their own existence, to undergo chemical and
structural evolution, and to develop unpredicted functional properties. The key mechanism is the mutual
stabilization of the peptides by the vesicles and of the vesicles by the peptides together with a constant
production and selection of both. The development of the proposed system over time would not only
represent one of the principles of life, but could also be a model for the formation of self-evolving
structures ultimately leading to the first living cell. The experiment yields clear evidence for a vesicleinduced accumulation of membrane-interacting peptide which could be identified by liquid
chromatography combined with high-resolution mass spectroscopy. The peptides are then synthesized and
used to reassemble the corresponding vesicle-peptide systems. The resulting functional vesicles are studied
by pulsed field gradient NMR (PFG-NMR) spectroscopy. All results so far indicate that the selected peptides
have an immediate effect on the vesicles, leading to (i) reduced vesicle size, (ii) increased vesicle membrane
permeability, and (iii) improved thermal vesicle stability.
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Hosting the first detected Super-Earth and the first system with three giant planets
in resonance, the extrasolar planetary system of GJ876 has been the subject of research for
over 20 years. It has been suggested that the close-in Super-Earth in this system was formed
similar to terrestrial planets in our solar system, and was scattered to its current orbit as a result of
interaction with migrating giant planets. We have examined this scenario by simulating the
late stage of the formation of a super-Earth in a system with multiple migrating giant planets.
We carried out simulations for different number and masses of giant planets, different rates of their
radial migration, and different masses and distribution of protoplanetary disk. Results indicate that,
depending on the rate of the migration of giant planets, systems similar to GJ 876 can in fact form.
However, the majority of our simulations end up with no super-Earths but instead one or some giant
planets in short-period orbits. We will present details of our results and discuss their applicability to
systems similar to GJ 876.
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The National Aeronautics and Space Administration (NASA) defines life as a “self-sustaining chemical
system capable of Darwinian evolution,” yet a NASA-developed ladder of life detection suggests that
measuring such evolution is not feasible within the resource constraints of currently-envisioned life
detection missions. If true, such missions cannot strictly verify whether life beyond Earth exists. We
propose to resolve this issue in two ways. First, we argue that it is possible to make this measurement. By
way of example, we report measurement of evolution in Bacillus subtilis 168 subjected to UV exposure,
made solely with a small portable nanopore-based single molecule sequencing device, which is broadly
compatible with the constraints of life detection missions, especially for Mars. Detected genetic differences
suggest an inherent lifestyle tradeoff between adaptation to oxidative stress and growth rates, consistent
with an observed slow-growth phenotype. Second, we argue that we can be confident in detecting life
without measuring Darwinian evolution per se. For example, amino acid abundance distributions and lipid
carbon chain length distributions have previously been proposed as unambiguous biomarkers. Here we
focus on informational polymers, e.g. nucleic acids, which form the basis for heredity that enables
evolution in all known life. Indeed, long charged polymers may be universal features of aqueous-based life
due to their ability to separate information storage from physicochemical properties. The goal to detect not
only DNA and RNA, but related or unrelated polymers, will require further development of nascent
technologies to enable a broad-based search for life on Mars, Enceladus, and Europa. Informational
polymers, in combination with other “unambiguous” biomarkers, can provide a high confidence in
detection of life as we know it or as we don’t know it.
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The most hostile place on Earth with the lowest temperature ever recorded of -89.2 °C is the Antarctic ice
sheet. This cold, arid, remotely located and perennially ice covered environment has long been considered
an analogue to how life might persist in the frozen landscape of the major Astrobiological targets of our
solar system such as Mars or the Jupiter’s ice-covered moon Europa. In the frame of the ICEXPOSE project
presented here the parameters outside the Antarctic Concordia station are utilized as a testbed for
performed or planned long-duration space flights and to study the survivability of selected test organisms
in an extremely cold (with temperature swings) and highly variable UV environment. The most likely
terrestrial organisms to endure such an excursion are extremely tolerant and/or (multi-) resistant microbesextremophiles- that have evolved mechanisms to withstand such severe conditions. The survivability of a
variety of human-, space-flight and extreme-associated microorganisms from all three domains of life (plus
viruses) will be investigated using a multiuser exposure facility called EXPOSE that has already been
successfully flown on ISS for space exposure durations of up to 2 years. The EXPOSE Mission Ground
Reference (MGR) trays are still available and will be reused to accommodate the samples for passive
exposure. Microbiological response to single and combined extraterrestrial conditions including simulations
of astrobiological relevant environments, like simulated Martian atmospheric conditions, will be tested. The
scientific questions addressed in ICEXPOSE are: how is the survival of human-associated and Polar Regionsderived microorganisms compared to (other) environmental extremophilic microorganisms; which
physiological state (i.e., cells, spores or colony/biofilms) harbors the weakest or strongest viability and/or
mutagenicity detectable after exposure; what type of morphologic and molecular changes can be identified
and to which extent does the exposure conditions (e.g. UV-exposed versus UV-shielded) influence the
microbial physiology (e.g. pathogenicity, antibiotic resistance, and metabolism) of the exposed species. The
results of the ICEXPOSE experiment will provide valuable information on the definition of the physicalchemical limits of life as well as the potential habitability of other planetary bodies; the assessment of the
risk of microbial contamination inside human inhabited confined areas and consequent challenges for
human health; how to better monitor and control microbial contamination in spaceflight environments, as
a key-factor for the success of future space exploration missions; whether specific microorganisms pose
possible forward contamination risks that could impact planetary protection policy; and will provide
complementary results for the two selected future ESA space experiments MEXEM and IceCold.
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Desert members of the genus Chroococcidiopsis are characterized by a remarkable capability to withstand
environmental stressors that are lethal to the majority of the organisms. In nature they dominate the most
extreme hot and cold deserts, under laboratory conditions they cope with prolonged desiccation, space and
Mar-like simulations as well as space constrains in low Earth orbit (Billi et al. 2017).
Particularly, strain CCMEE 029 can survive both in the hydrated, metabolic active and in the dried,
ametabolic state high doses of low and high LET radiation (Verseux et al. 2017). So it was speculated that
desert strains of Chroococcidiopsis are able to limit and/or repair DNA damage in a very efficient way. It
was demonstrated thatstrain CCMEE 029 avoids protein oxidation upon desiccation, exposure to γ-rays and
oxide peroxide treatment (Fagliarone et al. 2017). Taking advantage of the genome sequence of CCMEE 029
the role of DNA repair mechanisms is currently under elucidation.
References
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Abstract:
Airborne microorganisms in the upper troposphere and lower stratosphere remain elusive due to a lack of
reliable sample collection systems. To address this problem, we designed, installed, and flight-validated a
novel Aircraft Bioaerosol Collector (ABC) for NASA's C-20A that can make collections for microbiological
research investigations up to altitudes of 13.7 km. Herein we report results from the first set of science
flights – four consecutive missions flown over the United States (US) from 30 October to 2 November, 2017.
To ascertain how the concentration of airborne bacteria changed across the tropopause, we collected air
during aircraft Ascent/Descent (0.3 to 11 km), as well as sustained Cruise altitudes in the lower stratosphere
(~12 km). Bioaerosols were captured on DNA-treated gelatinous filters inside a cascade air sampler, then
analyzed with molecular and culture-based characterization. Several viable bacterial isolates were
recovered from flight altitudes, including Bacillus sp., Micrococcus sp., Arthrobacter sp. and Staphylococcus
sp. from Cruise samples and Brachybacterium sp. from Ascent/Descent samples. Using 16S V4 sequencing
methods for a culture-independent analysis of bacteria, the average number of total OTUs was 305 for
Cruise samples and 276 for Ascent/Descent samples. Some taxa were more abundant in the flight samples
than the ground samples, including OTUs from families Lachnospiraceae, Ruminococcaceae and
Erysipelotrichaceae as well as the following genera: Clostridium, Mogibacterium, Corynebacterium,
Bacteroides, Prevotella, Pseudomonas and Parabacteroides. Surprisingly, our results revealed a
homogeneous distribution of bacteria in the atmosphere up to 12 km. The observation could be due to
atmospheric conditions producing similar background aerosols across the western US, as suggested by
modeled back trajectories and satellite
measurements. However, the influence
of aircraft-associated bacterial
contaminants could not be fully
eliminated and that background signal
was reported throughout our dataset.
Considering the tremendous engineering
challenge of collecting biomass at
extreme altitudes where contamination
from flight hardware remains an everpresent issue, we note the utility of using
the stratosphere as a proving ground for
planned life detection mission across the
solar system.
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Abstract:
Methane has been detected in the atmosphere of Mars by ground-based telescopes (e.g. 1), orbiters (e.g.
2) and in situ (e.g. 3). The source of methane is unknown but it has been suggested to be due to
serpentinisation, volcanism (both abiotic) or active biology (biotic).
The subsurface of Mars is considered to be a likely refuge for life if it is present, as life would be protected
from the adverse conditions at the surface. Temperature and pressure increase from the surface as a
function of depth (4) and water is expected to be present down to depths of approximately 11 km (5).
Therefore, the most accessible thermophysical environment in which life could survive will be at
psychrophilic temperatures below ∼15°C and at pressure ranges of 1 to 100 bar, which are estimated to be
the thermophysical conditions within the top few hundred meters of the subsurface. This psychrophilic
environment is also close enough to the surface that the likelihood of free pathways within the regolith for
methane diffusion to occur through over short timescales is much greater (months to a few years) when
compared to deeper environments (thousand to millions of years) (6).
Methanogenium frigidum has been shown to survive in these simulated psychrophilic conditions, where
methane production was used as a proxy for survival after exposure (e.g. 7); however, whether M. frigidum
produces methane whilst being exposed to these extremes has not yet been determined.
The aim of this study is to determine whether methane is produced by a psychrophilic methanogen in the
simulated thermophysical conditions of the subsurface martian environment. This work will form the basis
for future experiments, which will investigate production of biotic methane and the feasibility of
distinguishing between abiotic and biotic methane in the atmosphere.
For studying possible methanogenesis in simulated thermophysical subsurface martian pressure and
temperature conditions, M. frigidum Ace-2 (DSM 16458, type strain) was grown anaerobically in gas-tight
stainless steel pressure vessels with MM 141 medium (with a decreased carbon content). Hydrogen (H2 electron donor) and carbon dioxide (CO2 - carbon substrate) were added as headspace gases (80:20 v/v) to
a pressure of 1 bar. Nitrogen (N2) was added to achieve pressures of 10 and 100 bar. The temperature
parameters chosen were 0°C, 7.5°C and 15°C. After 5 days of exposure, growth and methane production
was measured. Here we present initial experimental data to suggest whether methane can be produced by
a psychrophile, M. frigidum, in simulated thermophysical subsurface martian conditions.
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Abstract:
Researchers are still looking for an answer to the question which has been fascinating the mankind for
generations, specifically – is there life on Mars? As long as routine flights to Mars remain beyond our reach,
there is a need to find alternative ways to conduct the astrobiological research. It is worth noticing that the
part of the Earth’s atmosphere – stratosphere has been found to be similar to the conditions on Mars –
namely temperatures around -50°C, very rarified air, increased cosmic radiation and the Sun’s ultraviolet
radiation. This phenomenon gives rise to the opportunity for use of stratospheric surface as a research
model for the Martian conditions. Therefore the idea of conducting astrobiological experiments during the
stratospheric flights arose. Up to now, the preliminary work in this field included launching balloons
containing solely microbiological samples into the stratosphere to figure out if they would be able to
survive under the Martian conditions. In our study, we take this concept further, sending the human
healthy and cancer cells treated with various compounds to investigate whether these medicines are
capable to protect the cells against stratospheric stress. Due to oxidative stress caused by radiation and
temperature shock, we used natural compounds which display antioxidant properties. In this way, we were
able to reduce the reactive oxygen species production affecting cells, which results in their death. Our
studies were focused on antioxidant activity of catechin isolated from green tea, honokiol from magnolia,
curcumin from turmeric and cinnamon extract. After-flight laboratory tests of biological samples from the
stratosphere have been performed and indicated the most active antioxidants as potential agents which
can minimize harmful impact stratospheric conditions, especially radiation and temperature.
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Abstract:
Biomineralization as a part of microbe-mineral interactions often represents the initial stage in a
fossilization process. In order to decipher the processes and nature of how and when first cellular life arose
on Earth, it is crucial to imply the search for extinct or extant life and its biogenically derived signatures on
terrestrial and extraterrestrial bodies. Microbe-mediated biomineralization implies the formation and
deposition of a newly appearing mineral layer by a highly specified microorganism utilizing its unique
metabolic capacities. For chemolithoautotrophic organisms, biomineralization can serve as a mechanism
for energy and nutrient supply, therefore they prefer to inhabit mineral-rich extreme environments which
makes them indispensable for astrobiological inquiries. The potential to endure and promote
mineralization as well as subsequent fossilization has been examined using different bacterial and archaeal
strains, even though only a few reports exist elucidating archaeal-mineral interactions. The extreme
thermoacidophilic archaeon Metallosphaera sedula is a metal-mobilizing organism able to catalyze redox
transformations of minerals while growing chemolithoautotrophically on a variety of metal-bearing
substrates. Investigating the interactions of this extreme metallophilic microorganism with different
mineral substrates of terrestrial and extraterrestrial origin, we have observed its selective cell surface
biomineralization and preservation of cellular integrity under desiccation conditions. When grown on
certain mineral materials (e.g., tungsten bearing ores, meteorite), cells of M. sedula are capable of forming
an encrusted S-layer of various metal content, which strikingly preserves cellular morphology and integrity
during long-termed desiccation, and therefore can potentially serve as a biosignature to be looked for in
the geological record. Surprisingly, no preserved biomineralized cells after the dehydration process could
be detected when M. sedula is grown on sulfide ores and synthetic extraterrestrial materials such as
Martian Regolith Simulants. Preservation of M. sedula cells under the desiccation conditions described in
the present study appears to be a discriminatory process, which depends on the nature and content of the
mineral source used for growth of this metallophilic archaeon. The thorough investigation of these
biogeochemical signals can help us to gain a deeper insight into microbial-mineral co-evolution on earth
over geological timescales and to enhance our knowledge of biosignatures for a search of life on other
celestial bodies.
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Abstract:
With a rising number of exoplanets detected in the classical habitable zone, the question of whether they
can harbor life becomes increasingly important. However, planetary habitability is more than orbiting the
host star at the right distance. Volatile cycles, in particular, are closely linked to the planetary evolution and
to the maintenance of habitable conditions.
Looking at planet Earth, the long-term water cycle regulates the distribution of water between the mantle
and the surface. Water is degassed at mid-ocean ridges and other volcanic centers, transported within the
atmosphere and rivers into the oceans, and subducted back into the mantle via hydrated oceanic crust and
sediments. On the one hand, since water reduces mantle viscosity, the long-term water cycle affects the
thermal evolution of the interior and, in turn, the melt generation and volcanic degassing. On the other
hand, the long-term carbon cycle regulates the surface temperature of the Earth. The water and carbon
cycles are interconnected via the mantle viscosity and via the surface temperature affecting the weathering
rate.
We present a model of the interior evolution of a terrestrial planet based on a parameterization of the
convective heat transport. The viscosity depends on the mantle water budget and thermal state. The
carbon cycle model includes cycling between different reservoirs: sediments, crust, mantle, atmosphere,
and oceans. Volatile extraction is calculated based on a parameterized model of mantle melting, and the
recycling of volatiles into the mantle accounts for the contribution of volatile-rich sediments and crust.
Presenting our results, we will focus on the differences compared to models that treat both cycles
independently from each other or neglect one of them.
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Abstract:
Our Moon has no significant atmosphere, no liquid water on its surface, no polymeric chemistry, and is
certainly uninhabitable and lifeless today. However, recent insights question the paradigm that this was
always so. For two brief periods, shortly after the formation of the Moon and again at about 3.5 billion
years ago, there might have been enough water to support temporary habitable conditions on our Moon
(Schulze-Makuch and Crawford, 2018). The second time period coincided with a major phase of outgassing
based on mare basalt eruptions resulting in an atmospheric pressure of about 10 mbar (Needham and
Kring, 2017). Thus, a transient atmosphere with higher pressures than the current Martian atmosphere
could have been retained for many millions of years. Also, it appears that the early Moon had a magnetic
field (Hood, 2011), which might have partially protected its surface from solar and cosmic radiation. It is
interesting to note that life existed already on Earth at that time, and organic material and potentially
microbial life could have been transferred by impacts from Earth to the Moon. Certainly, habitability
requires much more than the presence of a significant atmosphere and a magnetic field (although these
belong to the most important parameters), and it is unclear whether these other constraints were given. An
argument against a habitable period on the Moon is that no water-modified topography is observed on the
Moon as we see it on Mars. On the other hand, this would not be expected after a planetary object is
pounded by solar wind, cosmic radiation, and micrometeorites for nearly 4 billion years. Therefore, we
contend that the possibility exists that lunar habitable conditions might have been present for a brief
period of time and that tests should be conducted to elucidate on that possibility. We suggest this may be
accomplished by (1) searching for evidence of hydration in palaeoregolith layers trapped between lava
flows dating from this time period, (2) undertaking an aggressive future program of lunar exploration as
described by Crawford and Joy (2014), and (3) by conducting experiments in lunar environment simulation
chambers in laboratories on Earth to observe whether microorganisms can maintain viability under the
environmental conditions predicted to have existed on the early Moon. These suggested experiments have
been initiated.
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Abstract:
The search for life on the thousands of exoplanets which have been detected in recent decades has focused
primarily on detecting the chemical signatures of microbial life, particularly atmospheric biosignatures,
ranging from ozone to methyl chloride, and the concurrent presence of both reducing and oxidizing gases
in an atmosphere, such as molecular oxygen and methane on Earth [1]. However, it is time to develop
search strategies to look for more complex life. The Cosmic Zoo hypothesis [2] states that once life
originates on a planet, key innovations such as the transition from single-cellular to multicellular life should
be conquered readily, because there are many routes leading from simple to complex life, provided that
the planet stays habitable for long enough. Extensive colonization of land areas would be consistent with
complex life on an exoplanet. The rather hostile conditions of dryness, UV exposure, nutrient deprivation
and more extreme temperature fluctuations of life on land could only be mastered by organisms with large,
complex defensive and nutrient-gathering structures, necessitating multicellular organization; on Earth the
result are the complex, multicellular organisms we call plants, and the complex organisms that prey on
them that we call animals and fungi [3]. Land life and its biosignatures are therefore potential signs of
complex life. A specific example is the case of a rain forest, which would be expected to interact with the
geosphere of the planet affecting its climate, particularly global cloud distribution and altering regional
precipitation patterns, but also releasing a huge amount of volatile organic compounds. While none of the
current space telescopes have the capability to distinguish more complex life from microbial life on an
exoplanet, the next generation telescopes such as the James Webb Space Telescope (JWST), the Wide Field
Infrared Survey Telescope (WFIRST), and the Thirty Meter Telescope (TMT) could take the first step of
distinguishing between land and ocean areas on far-away planets. Missions in the planning stages today
such as the Large UV/Optical/IR Surveyor (LUVOIR) and the Habitable Exoplanet Imaging Mission (HabEx)
should be able to measure regional cloud systems on the closest exoplanets, as well as cooling effects
associated with rain forests and the association of the volatile organic compounds that they produce with
land surface. Scientists from a diverse range of expertise including geosciences, biology, ecology, etc should
already be getting involved in the designs of these missions as they will be critically needed to interpret
their findings [3].
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Abstract:
The Atacama Desert is the most arid mid-latitude desert on Earth and its hyperarid core has been long considered to
be devoid of life until recent investigations showed that microbes can indeed be active in this Mars-analog
environment for extended time periods (e.g., Schulze-Makuch et al. 2018). One particular intriguing survival
mechanism is used by microbial communities thriving in salt rocks by making use of deliquescence as a key process
under extremely dry conditions (Wierzchos et al. 2011, Davila and Schulze-Makuch 2016). Here, we focus on three
potential microhabitats that occur in rocks and in which microbes might utilize a hypolithic or endolithic microhabitat.
The analyzed microhabitats included (1) hypoliths consisting of quartz that were colonized by cyanobacteria on their
underside, (2) gypsum nodules consisting mainly of gypsum with some lithic components (mostly quartz), and (3) salt
rocks from the Yungay Salar consisting primarily of halite (> 95 %) with traces of quartz and gypsum. Biomass in all of
these identified microhabitats was about 106 cfu g-1, and thus at least one order of magnitude higher than in the
surrounding unconsolidated sediments. The amount and type of metabolites recovered from the three microhabitats
was also very different from the surrounding desert sands. To gain further insights we utilized a novel cell separation
technique (Alawi et al. 2014) to differentiate between intracellular DNA representing physically intact and potentially
viable cells and extracellular DNA indicative of preserved DNA from dead cells. The high throughput sequence analyses
revealed a high bacterial diversity in the hypolithic rocks, and a low number of species in the gypsum nodules. A high
diversity of species was detected in the salt rocks, but only a small fraction was unique and belonging to the
intracellular DNA pool, suggesting that many of the organisms blown in by wind were not able to survive under the
given environmental conditions. A phospholipid fatty acid (PLFA) analysis conducted on these samples supported the
decreasing trend in microbial abundance and diversity from hypoliths to gypsum nodules and salt rocks. Microbial
activity followed the observed decreasing trend of diversity with an increase in higher aridity. Detected ATP
concentrations were at about 10-14 mol g-1 for both intracellular and extracellular ATP in the gypsum nodule and salt
rock sample, but more than five orders of magnitude higher in the analyzed hypolith sample. Further, genomeresolved metagenomics analysis showed active replication occurring in the hypolith samples, being consistent with the
detection of microbial activity. Using modern investigative tools we showed that there exist islands of habitability in
even the most arid areas of the Atacama Desert. These results are also highly relevant to the search for life on Mars.
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Abstract:
A recent breakthrough publication has reported complex organic molecules emanating from the water ocean of
Saturn’s moon Enceladus [PMID:29950623].
Based on detailed chemical scrutiny, the
authors invoke compounds such as
polymerized benzene/phenol, with aliphatic
connectors, along with heteroatoms such as
oxygen and possibly nitorgen, and with mass of
1000 atomic units or more. Two precursor
scenarios are offered: 1) Endogenic abiotic
synthesis, likely occurring at hydrothermal
vents, leading to a simile of terrestrial soil
humic substances - aggregates containing fatty
acids, sugars, aliphatic chains and aromatic
rings (Figure).
2) Primordial origin, whereby the complex
organics likely resemble those of carbonaceous
chondritic meteorites [PMID:20160129]. Biotic
origin, while not impossible, is only scantly mentioned, and a sentiment is conveyed that the organics on Enceladus
represent a conceivable milieu for early steps in life’s origin.
One may then ask which origin of life scenarios appear more consistent with the reported organic configurations on
Saturn’s moon. The Enceladus data invoke an organics-rich watery environment, similar to that suggested by Chyba
and Sagan [PMID:11538392], including the prospect of an oceanic organic layer. Thus, one should set aside origin
showgrounds based on simple, mostly inorganic raw materials, such as the Miller-Urey model (amino acid synthesis
from simple gases [PMID: 8681375]) and the Formose reaction (sugar synthesis from formaldehyde
[PMID:24930572]). Three remaining settings are RNA-first, Protein-first and Lipid-first. Two of the models call for an
environment respectively enriched in polynucleotides and polypeptides, i.e. requiring narrowly defined chemical
repertoires. Lipid-first (or Lipid-World [PMID:11296516]) is much more flexible in this respect: any set of amphiphilic
molecules, regardless of exact chemical structures, is a legitimate start point. Furthermore, extracts of carbonaceous
chondrites have been shown to form lipid vesicles in water, and the Enceladus report [PMID:29950623] suggests the
formation of amphiphilic micelles upon water-mediated oxygenation of the reported macromolecules.
Lipid-first does not merely state that compartments are essential at Life’s inception. We have generated a rigorous
quantitative chemistry infrastructure showing via computer simulations that certain lipid assemblies are capable of
homeostatic (composition-preserving) growth, which, together with occasional fission, are equivalent to reproduction
[PMID:10760281]. The information copied is not sequence-based but compositional, as chiefly governs contemporary
dividing cells. Remarkably, such lipid assemblies are capable of undergoing selection and Darwinian evolution
[PMID:22662913]. A well-defined research roadmap delineates a transition from lipids-only to a more life-like
chemistry [Lancet et al., J Royal Society Interface, in press].
Is it possible that evolving lipid assemblies are at work under Enceladus’ ice mantle? Our basic lipid-world model is fed
by the free energies of amphiphile accretion in water, and turbulence-induced fission. The more elaborate model
requires energy-rich compounds such as pyrophosphate and thioesters, but these can form in hydrothermal vents
[PMID:21461648,16379529], to support lipid-catalyzed metabolism. Lipids can go far in evolution without light energy,
which suites the dark Enceladus ocean. Finally, planetary likelihood calculations show that given the Enceladus
circumstances, Lipid-based early life has a higher probability of emergence than other models. The above portrayals
could generate recommendations for future astrobiological exploration in Enceladus and elsewhere.
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Abstract:
Minerals can be very promising surfaces for studying biomolecule-surface processes which are of principal
relevance in the origin of life and a source of chemical complexity (1). Mineral surface adsorption could
help to overcome the problem of extremely dilute concentration of amino acids on prebiotic oceans.
Minerals such as silicates, oxides and sulfides were probable present on the early Earth in several
environments (2), among them, pyrite (FeS2) is one of the most important and abundant sulfide minerals
on earth. Furthermore in the origin of life and prebiotic chemistry, Wächtershäuser proposed the theory of
‘‘iron–sulfur world’’ (3), that the first reactions that led to the formation of amino acids occur on the
surface of minerals (such as pyrite) because such surfaces may adsorb and concentrate these biomolecules
and catalyze reactions. The presence of iron-sulfur cores in several modern proteins, such as ferredoxins,
has been offered as additional evidence for the “iron-sulfur” world hypothesis. Mineral surfaces could
potentially have allowed for almost any type of general catalysis, with low specificity and efficiency.
Understanding the possible contribution of mineral surfaces to peptide oligomerization and how mineral
could play a relevant role to concentrate biomolecules at the surface and/or providing catalytic sites on the
surface is critical for the origin of Life.
Therefore, our studies are based on an innovative approach; by evaluating the interaction molecule-surface
under different environmental conditions. It is crucial to compare experiments performed in the presence
of water to others conducted under strictly anoxic conditions, allowing for the relevant impact of these
different conditions on the surface to be examined. Chemical characterization of the surface and which
environmental conditions are more favourable to increase molecular concentration on surface promotes
motivation of our surface science studies. We report the results of X-ray photoemission spectroscopy (XPS)
data, obtained for amino acids and small peptides adsorption on a natural pyrite surface and discuss
spectroscopic evidence of different molecular adsorption mechanisms on the surface of pyrite constrained
by environmental conditions (4-5). This strategy is designed to be able to evaluate how diverse
environments favor or inhibit molecular adsorption, and the crucial role play by pyrite surface chemically
driving amino acids and small peptides interaction on the surface. We demonstrate how pyrite mineral can
concentrate and act as adsorption substrate for small peptides during wetting conditions and even under
inert anoxic conditions. The successful adsorption of several molecules from amino acids to small peptides
under a wide range of experimental conditions, propose a pyrite as a potential catalyst at different
environmental conditions, depending on the surrounding conditions. Therefore, the system explored in this
study holds interesting implications for supporting catalysed prebiotic chemistry reactions.
References
(1) H. J. Cleaves II, A. Michalkova Scott, F. C. Hill, J. Leszczynski, N. Sahai and R. Hazen, Chem Soc Rev. 41 (2012) 5502.
(2) J.F. Lambert, Orig Life Evol Biosph. 38 (2008) 211.
(3) G. Wächtershäuser, Chemistry&Biodiversity, 4, (2007) 584.
(4) M. Sanchez-Arenillas and E. Mateo-Marti, Chemical Physics 458 (2015) 92.
(5) M. Sánchez-Arenillas, E. Mateo-Martí, Phys.Chem.Chem.Phys, 18 (2016) 27219-27225.

Acetyl phosphate directs the formose reaction towards ribose
Eloi Camprubi Casas1, Stuart Harrison2, Silvana Pinna2, Sean Jordan2, Nick Lane2
(1) Utrecht University, Netherlands
(2) University College, United Kingdom
Presentation: Poster
Session: The building blocks of life
Abstract:
Sugars are key metabolites in all organisms, with essential roles in energy storage, cellular structure and
molecular synthesis. Despite their importance, their initial formation at the origins of life is undetermined.
The formose reaction produces mixtures of sugars from formaldehyde through a set of aldol and
isomerisation processes. The simplicity of these processes, their occurrence under alkaline hydrothermal
conditions (a leading proposal for the location of the origin of life) and a similarity to some of the core
biological reactions involving sugars, suggests this reaction may have prebiotic relevance. The problem with
the formose reaction is its lack of specificity, which leads to the synthesis of biologically irrelevant sugars
and other unrelated molecules, or even tar. If the formose reaction could be refined or directed towards
the synthesis of key sugars such as ribose there would be greater support for this hypothesis.
Phosphorylation is a possible mechanism that has been proposed to direct the formose reaction towards
ribose. Acetyl-phosphate (AcP) is a prebiotically plausible phosphorylating agent which can be synthesised
under hydrothermal vent conditions. In this work we investigate the effect of AcP on the formose reaction.
We show that the inclusion of AcP in formose reactions increases the yield of ribose by around 30-fold after
5 hours, improving either its stability or the duration of synthesis. Further work is being done to evaluate
whether phosphorylation, acetylation or some other mechanism is responsible for the excess formation of
ribose.
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Abstract:
Hadean alkaline hydrothermal vents have been proposed as electrochemical reactors driving an
autotrophic origin of life [1, 2]. Theoretical thermodynamics show that the abiotic synthesis of biomass
from H2 and CO2 is indeed favoured under these conditions [3]. But CO2 reduction is kinetically extremely
tardy, casting doubt on the feasibility of this mechanism. Given that almost all extant life grows by
hydrogenating CO2, this question is of central importance to the autotrophic origins hypothesis. Within the
newly created Origins Center I am examining the possibility that geochemical proton gradients across
inorganic Fe(Ni)S barriers, analogous to autotrophic cells, could have driven CO2 reduction at the origin of
life in alkaline hydrothermal vents.
Under these conditions the non-enzymatic synthesis of organics has been successfully reported [4] but has
proven somewhat difficult to reproduce systematically, most probably due to the high stochasticity
inherent to large-scale simulators. A microfluidics approach is optimal at increasing the control exerted
over the experimental variables (pH gradient, temperature, mineral crystallinity, etc). Our aim is to explore
whether abiotic reactions analogous to those of the acetyl CoA pathway and reverse incomplete Krebs
cycle could be catalyzed by Fe(Ni)S minerals tapping into a natural pH gradient. These theoretically
predicted pathways [5] could proceed via Fischer-Tropsch-type hydrogenations and Koch- type
carbonylations, which usually occur at harsher conditions, thanks to the pH-mediated reduction potential
modulation.

[1] Russell, M. J., Hall, A. J., Cairns-Smith, A. G., & Braterman, P. S. (1988). Nature, 336(10), 117.
[2] Whicher, A., Camprubi, E., Pinna, S., Herschy, B., & Lane, N. (2018). Origins of life and evolution of biospheres.
[3] Amend, J. P., & McCollom, T. M. (2009). Chemical Evolution II: From the Origins of Life to Modern Society, Vol.
1025, pp. 63–94.
[4] Herschy, B., Whicher, A., Camprubi, E., Watson, C., Dartnell, L., Ward, J., Evans, J. R. G., & Lane, N. (2014). Journal
of molecular evolution, 79, 5-6, 213-227.
[5] Camprubi, E., Jordan, S. F., Vasiliadou, R., & Lane, N. (2017). International Union of Biochemistry and Molecular
Biology Life, 69(6), 373-381.

The molecular response of Deinococcus radiodurans to real and simulated outer
space environment
Emanuel Ott1, Yuko Kawaguchi2, Denise Kölble1, Natalie Gutmann-Özgen1, Elke Rabbow3, Petra Rettberg3,
Christine Moissl-Eichinger4, Max Mora4, Wolfram Weckwerth5, Akihiko Yamagishi2, and Tetyana
Milojevic1
(1) Department of Biophysical Chemistry, University of Vienna, Vienna, Austria
(2) School of Life Sciences, Tokyo University of Pharmacy and Life Sciences, 1432-1, Horinouchi, Hachioji,
Tokyo, 192-0392, Japan
(3) Institute of Aerospace Medicine, Radiation Biology, German Aerospace Center, Cologne, Germany
(4) Department of Internal Medicine, Medical University of Graz, Graz, Austria
(5) Department of Ecogenomics and Systems Biology & Vienna Metabolomics Center (VIME), University of
Vienna, Vienna, Austria
Presentation: Tuesday 10:15-10:30
Session: Space Factor Student Contest
Abstract:
Up to this date no definitive evidence for extra-terrestrial life has been found. However, the search
fascinates mankind and it is very likely that one of the >2300 identified, habitable exoplanets (April 2018)
may host a yet unknown kind of. It can be anticipated that our solar system harbours celestial bodies with
living organisms apart from Earth and furthermore an interplanetary transfer of life exists. The Tanpopo
orbital mission performs a long-term space exposure of microorganisms in order to validate the
panspermia theory — the possible transfer of life between Earth and extra-terrestrial bodies. During such
an interplanetary journey microorganisms have to survive under the harsh conditions of outer space. To
test if microorganisms can withstand outer space environment for a longer period, the international space
station (ISS) provides a suitable test facility. Within the Tanpopo space mission, several Deinococcus spp.
have been selected for one to three years exposure outside the ISS, as these polyextremophiles are
extremely resistant to ionizing radiation, UV radiation, oxidation stress and desiccation. We have applied an
integrative –omics approach including transcriptomics, proteomics and metabolomics on Deinococcus
radiodurans returned to Earth after a long-term space exposure and exposed to simulated space
conditions. The combination of several –omics techniques and subsequent multivariate and univariate
statistics are powerful tools to unravel molecular key regulators which are used by D. radiodurans to
survive outer space exposure. It is broadly accepted that D. radiodurans uses manganese-orthophosphatesmall molecule complexes to protect its proteins from oxidative damage, which is caused by environmental
conditions like desiccation or irradiation. Our studies unravel the early response to outer space conditions
of D. radiodurans after re-cultivation in a complex medium, emphasizing the differences on mRNA, protein
and metabolite levels. The comprehensive combination of several –omics techniques in molecular analysis
of D. radiodurans after real and simulated outer space conditions reveals that the molecular response is a
multilayer process, which involves multiple rearrangements of energy metabolism, stress and DNA damage
responses coordinated on the level of specific transcriptional regulators.
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Abstract:
The study of extremophiles on Earth is a powerful proxy to studying life on planets and moons of the Solar
System. The Arctic is an extreme environment with high radiation and low temperature that can be
considered “analogue” to Mars. Yet colonies of lichens and cyanobacteria survive in this extreme
environment inside rocks and in the ice by creating protective compounds the like of carotenoids that make
colonies resistant to UV radiation. Raman spectroscopy has been proven to be a powerful way to identify
protective compounds from extremophiles. Still the ability of imaging extremophiles in situ would be a
powerful capability. I will discuss some of my work in endomicroscopy for medical imaging that can
successfully characterise gram-negative bacteria il the human lung using florescent labels and a fibre-based
laser scanning microscope with fluorescence lifetime imaging (FLIM) capabilities.
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Abstract:
Many locations have been proposed for the origin of life ranging from hydrothermal vents and pumice
rafts, through volcanic-hosted splash pools to continental springs and rivers, each with respective
advantages and certain disadvantages. However, there is another, hitherto unrecognized environment that,
on the Hadean Earth (4.5-4.0 Ga), would have been more important than any other in terms of spatial and
temporal scale: the sedimentary layer between oceanic crust and seawater. Using as an example sediments
from the 3.5-3.33 Ga Barberton Greenstone Belt,
South Africa, analogous at least on a local scale to
those of the Hadean Eon, we document constant
permeation of the porous, carbonaceous and
reactive sedimentary layer by hydrothermal fluids
emanating from the crust. This partially UVprotected, subaqueous sedimentary environment
is characterised by physical and chemical
gradients, including ionic concentrations, pH,
temperature, water activity etc. It represented a
widespread system of miniature chemical reactors
in which the production and complexification of
prebiotic molecules could have led to the origin of
life. This kind of scenario for the origin of life is
valid for any extraterrestrial body hosting
hydrothermal water interacting with (hot) rocks
and where there is a supply of prebiotic molecules.
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Abstract:
Characterizing the abundances of various organics like amino acids, peptides and fatty acids is fundamental
in the search for extraterrestrial life. Spaceborne mass spectrometers enable these investigations because
they assess the abundances of organic key species in ice grains potentially emerging from ocean bearing
moons like Europa and Enceladus. Distinguishing biotic and abiotic fingerprints of the organic substances is
a crucial step to further enhance the possibilities in interpreting mass spectra of ice grains in space and to
rate the habitability of their sources.
With our worldwide unique experimental setup we are able to reproduce mass spectra of amino acids,
peptides and fatty acids in ice grains from space. The experimental setup consists of a vacuum chamber (≈ 5
x 10-5 mbar) in which a water beam (radius of 7 – 9 µm) with dissolved chemicals therein is inserted.
Mixtures of other solvents like methanol and acetonitrile with water can also be used and, therefore, all
water soluble and many water insoluble substances can be analyzed. A pulsed infrared laser (wavelength ≈
2850 nm) hits the beam of the aqueous solution. In this way cations, anions, electrons and neutral
molecules of the solvent and the dissolved substances therein are created. The cations as well as the anions
can be analyzed in a commercial ToF-MS. The resulting spectra have been demonstrated to be highly
comparable to those of ice grains detected by impact ionization space detectors like the Cosmic Dust
Analyzer (CDA) on board the recently ended Cassini mission and the Surface Dust Analyser (SUDA) on board
the future Europa Clipper mission.
Our laboratory results show a high sensitivity on the tested substances. The detection limits of the organics
are in the ppm or even ppb range. Different amounts of the analytes lead to different intensities of the
related peaks in the mass spectra. We are able to differentiate between biotic and abiotic signatures of
amino acids and fatty acids in the analog spectra. Peptides can also be reliably characterized. We have the
ability to recognize and distinguish such signatures in ice grains from icy moons with a subsurface ocean by
comparing the laboratory results with spacecraft data. We are currently developing a comprehensive
spectral reference library for in situ space detectors from a wide variety of organic analog materials in icy
grains.
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Energetic processing of mixed films of water (H2O) and carbon monoxide (CO) is one of the most important
subjects in interstellar dust grain chemistry since these two molecules are major constituents of icy
mantles[1]. Energetic processing of CO/H2O interstellar ice analogues was already investigated with ion[2],
electron[3,4], and UV[5] irradiation. Upon irradiation, the formation of carbon dioxide, formaldehyde,
formic acid, and methanol were reported, suggesting that reactions between CO and H2O are a likely source
of these molecules. However, there is still an ongoing debate on the actual reaction pathways toward these
products.
Here, we report the low-energy electron-induced formation of formic acid in condensed mixtures of H2O
and CO. The results may contribute to existing reaction networks since low-energy secondary electrons are
produced in vast numbers when high-energetic radiation penetrates condensed matter[6] and typically
have large cross sections for the activation of molecules[7].
To give evidence for the formation of formic acid upon electron exposure, we prepared condensed mixed
films containing equal amounts of CO and H2O on a tantalum substrate at 30 K under UHV conditions.
Formic acid was identified by thermal desorption spectrometry. The experiments were repeated at
different electron-energies showing that below the ionization thresholds of the reactants, formic acid can
be formed by dissociative electron attachment. In addition, at these lower energies, neutral dissociation
may also contribute to the formation of formic acid as is suggested by the energy-dependence of byproducts. At energies above the ionization threshold, electron impact ionization as well as neutral
dissociation trigger the reaction sequence.
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The question of the formation and destruction of the interstellar Complex Organic Molecules (iCOMs) is a
major issue in the field of prebiotic chemistry. Indeed, iCOMs can be considered the bricks of some larger
carbon-containing species, such as amino acids, nucleobases or simple sugars, for instance, which are
essential since they can be considered as building blocks of life. In this respect, iCOMs can be regarded as
“seeds of life”, using the words by the Nobel Prize C. De Duve. We can therefore wonder how those
particular organic molecules, probably required for life to emerge, could appear on an originally inorganic
Earth. More particularly, glycolaldehyde is the simplest sugar-related compound and is thought to be able
to be converted into short dipeptides[1] or amino acids[2] and to ease the formation of more complex
sugars[3]. Formamide, as far as it is concerned, is a species that might be able to link both metabolism and
genetics, thanks to its role in the formation of both aminoacids and nucleobases[4]. Remarkably, both
species are detected in the Inter-Stellar Medium (ISM), specifically in high- and low- mass star forming
regions[5, 6, 7] and, more recently, in shocked regions[8].
In this contribution, using a computational strategy integrating state-of-the-art electronic structure
calculations and kinetic calculations, it is demonstrated that reactions in the gas-phase between species
relatively abundant in the ISM (e.g. hydroxyethyl radicals, atomic oxygen, formaldehyde and the radical
NH2) can lead to both glycolaldehyde and formamide, with the abundances observed in the ISM[9, 10, 11].
These reactions produce also other iCOMs, whose formation routes are still under debate, like acetic and
formic acids.
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Abstract:
We study the orbital architecture, physical characteristics of planets, formation and long-term evolution of
the Kepler-30 planetary system, detected and announced in 2012 by the Kepler team. We show that the
Kepler-30 system belongs to a particular class of very compact and quasi-resonant, yet long-term stable
planetary systems. We re-analyse the light curves of the host star spanning Q1-Q17 quarters of the Kepler
mission. A huge variability of the Transit Timing Variations exceeding 2 d is induced by a massive Jovian
planet located between two Neptune-like companions. The innermost pair is near to the 2:1 mean motion
resonance (MMR), and the outermost pair is close to higher order MMRs, such as 17:7 and 7:3. Our reanalysis of photometric data allows us to constrain, better than before, the orbital elements, planets' radii,
and masses, which are 9.2 ± 0.1, 536 ± 5, and 23.7 ± 1.3 Earth masses for Kepler-30b, Kepler-30c, and
Kepler-30d, respectively. The masses of the inner planets are determined within 1 per cent uncertainty. We
infer the internal structures of the Kepler-30 planets and their bulk densities in a wide range from 0.19 ±
0.01 g.cm-3 for Kepler-30d, 0.96 ± 0.15 g.cm-3 for Kepler-30b, to 1.71 ± 0.13 g.cm-3 for the Jovian planet
Kepler-30c. We attempt to explain the origin of this unique planetary system and a deviation of the orbits
from exact MMRs through the planetary migration scenario. We anticipate that the Jupiter-like planet plays
an important role in determining the present dynamical state of this system.
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On Earth, the majority of bacterial life can be found in aggregates, known as biofilms. Encased within a selfbuild extracellular matrix, composed of polysaccharides, proteins and lipids, cells of various species live in
close contact. The overall structure of biofilms offers extreme resistances towards temperature changes,
shear forces, pH-changes and chemicals such as antibiotics. In the last decades, interest in biofilms has
increased, due to their involvement in hard-healing or chronic wounds. In addition, biofilms are known to
cause bio-corrosion and are able to clog industrial pipelines or spoil water and food.
In space, certain space facilities (i.e. MIR-space station or ISS), have been colonized by difficult to treat
bacterial and fungal biofilms and spores. Only few studies investigated the influence of extra-terrestrial or
space conditions on biofilms and spores and their resulting changes in structure or resistance properties
(Horneck et al., 2010). We used Bacillus subtilis, a Gram-positive model bacterium and space biological
model system, which produces highly resistant spores and biofilms to study the impact of simulated space
conditions (e.g. microgravity, radiation, nutrient limitation) on the structure and resistance of biofilms
(Fuchs et al., 2017). Our major research goal is to monitor and visualize the overall biofilms-forming
process, starting with spores differentiating into biofilms in simulated microgravity (sim-µg), using a fastrotating 2D clinostat, and terrestrial gravity (1g) conditions. White light profilometry, scanning (SEM) and
transmission electron microscopy (TEM) and confocal laser scanning microscopy (CLSM) are then used to
analyze spores and biofilms regarding their topology and structures, which are important factors for
resistance properties and pathogenicity.
Young biofilms (40 h) showed architectural differences in their inner structure, when cultured under simµg. Cross-sections of the biofilm center and intermediate regions revealed increased matrix-production and
cell phenotypes alterations in sim-µg. Surface structures (topography) and biofilm regions, which were still
under development, showed no structural differences between normal gravity and sim-µg. Biofilm
diameter as well as the absolute amount of cells and spores did not differ under both gravity conditions.
Biofilms grown under sim-µg had a significantly higher resistance towards heavy ion bombardment.
However, spores showed no morphological or resistance-dependent differences between the different
gravitational conditions. These results indicate that the influence of sim-µg has an impact on structural
components of biofilm, which might affect the resistance properties. In summary, sim-µg caused changes in
the inner biofilm architecture and in the germination behaviour of spores, which could affect the resistance
properties to radiation.
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Abstract:
The evolution of life on Earth has not progressed without dramatic incidents. Major climatic disturbances
like Snowball Earth events punctuate Earth’s earlier history, and the fossil record reveals that the history of
complex life on our planet was frequently interrupted by major extinction events which regularly reshaped
Earth’s biosphere over the last 500 million. Many of these mass-extinction events are thought to have been
caused by episodes of intense volcanic eruptions, highlighting that plate tectonics – although often
regarded as a prerequisite for long-term habitability – can also be rather detrimental to complex life in the
long term. Other mass-extinction events have been linked to impacts from space, casting a light on the
importance of such events for the biological evolution on planets. In my presentation I will give an overview
of recent progress in our understanding of several key episodes in Earth’s history. In particular, I will
present recent results on major glaciations 300 million years ago caused by the conversion of biomass into
coal and on the role of the impact 66 million years ago for the end-Cretaceous mass-extinction event, most
famous because it ended the reign of (non-avian) dinosaurs and marks the beginning of the rise of
mammals, ultimately leading to the evolution of humans. Investigating Earth’s history can thus teach us
about the long-term habitability of planets for complex life, one of the central questions within the field of
astrobiology.
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The polyextremophile gram-positive, non-pathogenic and obligate aerobic bacterium Deinococcus
radiodurans famously withstands numerous extreme environmental conditions such as ionizing radiation,
UV radiation, vacuum and desiccation. In fact, it is one of the most radioresistant organisms known to date.
These outstanding properties make it a perfect candidate to survive the harsh conditions prevailing in outer
space during potential interplanetary transfer. D. radiodurans has been previously exposed in space in
EURECA mission/experiment ERA (Exobiology and Radiation Assembly). Furthermore, long-term exposure
experiments of D. radiodurans were initiated on the Japan Experimental Module of the International Space
Station (ISS) in the frame of the Tanpopo (dandelion in Japanese) mission, which aims at assessing the
panspermia theory.
The divalent manganese ions (Mn(II)) were shown to play a decisive role in the resistance to oxidative
stress by the formation of antioxidant complexes with small metabolites such as orthophosphates and
peptides. It was experimentally verified in a cross-kingdom analysis (comprising bacteria, archaea, yeast
and human Jurkat T cells) that radiation resistance positively correlates with the accumulated intracellular
amount of these antioxidant complexes, thus questioning the importance of antioxidant enzymes in
radioresistance. Furthermore it was reported, that the application of these complexes to a mouse model
resulted in increased survivability following irradiation. D. radiodurans is known to incorporate very high
manganese and relatively low iron levels compared to other radioresistant bacteria.
In this preliminary study D. radiodurans was cultured in a liquid defined minimal Mn(II)-deficient medium
and with different ascending concentrations of Mn(II). Proteomic and metabolomic analysis was applied in
a comparative approach in order to capture the response of D. radiodurans to these selected conditions.
Additionally, Transmission Electron Microscopy (TEM) was used in combination with Electron Spectroscopic
Imaging (ESI) so as to gain knowledge about the intracellular localization of manganese. The presented
results allow for a deeper understanding of the molecular mechanisms potentially involved in Mn(II)
incorporation and the formation of antioxidant complexes.
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Abstract:
A living organism arranges a set of chemical processes to maintain a non-equilibrium state by exchanging
matter and energy with its environment, as well as to reproduce and evolve. A large set of molecules and a
given environment therefore interact to sustain a living organism. The living cannot exist and grow without
chemical processes, whereas a chemical reaction can take place without the necessity of living. Chemistry
can be considered as "universal." However, clues that the emergence of life is a common and inevitable
phenomenon in our Galaxy have not yet been provided. Currently, the known life forms resides only on the
Earth. To determine if other planetary systems could undergo a similar evolution, it seems important to
trace the fate of organic matter. This will help to understand what chemical processes could be established,
in which environments and from which sources of matter and energy. The knowledge of this chemical
evolution will provide clues about the possibility of finding other environments that may lead to the
emergence of biosystems.
The studies on the chemical evolution in astrophysical environments have demonstrated that organic
matter is formed abiotically, destroyed and available everywhere in the Universe, in more or less complex
forms. Carbon, hydrogen, nitrogen and oxygen tend to develop spontaneously a chemistry that is universal
and not limited to the biochemistry of living organisms. However, the presence of organic matter in various
astrophysical environments is not sufficient for the emergence of life. Only astrophysical environments
presenting a specific set of physical and chemical conditions enabling the development of far–fromequilibrium processes will enable the self-organisation of organic matter towards the living state. For
understanding where life can arise, we have to understand which environments could gather these
conditions.
During this presentation, we will discuss the role that may have played exogenous environments for the
development of life on Earth. We will also determine what conditions could have been necessary for the
emergence and evolution of the first chemical systems preludes to biochemical systems. At the end, the
notion of habitability will be discussed in the view of chemistry.
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Abstract:
One of the most exciting perspectives of astrobiology is that the molecules discovered in space, and
possibly other still undiscovered, may have had a very important role on the Earth’s chemical evolution and
even in the origin of life on Earth [1]. An important stage of any scenario evaluating this perspective is the
so-called delivery, i.e. the actual transport of molecules from space to Earth. Given the high relative speed
involved in the atmospheric entry process of meteoroids that might act as carriers (not less than the escape
speed from Earth, 11.2 km/s), some protection must have been provided to the organic fraction possibly
embedded in these thermally resistant bodies. These bodies must be of the optimal size and grains in the
range 0.01-1 mm appear to grant the highest transfer rate [2]. Atmospheric entry models are needed, in
which several interconnected phenomena must be accounted [3-6]. When the composition of most
promising mineral phase is considered, the most interesting candidates are carbonates, mostly of Mg, Ca,
and Fe, and calcium sulphates. Carbonate and sulphate grains with these compositions have been found on
Mars surface [7,8] and in the meteorites most discussed in the astrobiological context, like the well-known
ALH84001 [9] and EETA 79001 [10]. Secondly, carbonate and sulphate phases are associated to life forms
[11,12]. The
entry model applied to this wide class of mineral phases that we call “white solf minerals” (carbonates,
gypsum, talc) is able to evaluate thier relevance in the context of planetology and astrobiology [13].
The present entry model derives from that developed by [3] and therefore includes a 2D geometry, the real
non isothermal atmospheric profile, power balance, evaporation, ablation, radiation losses; furthermore, it
includes additional features like chemical changes, stoichiometry, chemical effects in the power balance. A
first implementation of the primordial atmosphere is also presented. For all entry conditions, peculiar
temperature curves are obtained due to the decomposition process. Especially successful scenarios are
obtained for grazing entry and when probable components of the primordial atmosphere are included in
the model.
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Abstract:
In the search for organic compounds on Mars, especially as biosignatures, it is critical to understand the
extent of alteration and/or destruction caused by various types of radiation reaching the martian surface
and subsurface. The radiation includes UV light, solar energetic particles (SEP), and galactic cosmic radiation
(GCR). Of these, UV radiation is ~ 10^4 times less destructive and can only penetrate less than a millimeter
below surfaces. Except for the occasional SEP the radiation reaching the surface of Mars is thus dominated
by GCR. Recent in-situ surface measurements made by the Radiation Assessment Detector (RAD) on the
Mars Science Laboratory (MSL) have allowed extrapolation of GCR levels to the subsurface. Even though
these measurements have provided insight into the radiation environment on Mars, few studies have used
the RAD results to determine the effects of GCRs on organic molecules present below the surface of Mars.
Here we show that purine and uracil mixed with calcite, anhydrite, and kaolinite as Martian analogue
minerals can survive the effects of 60Co gamma radiation with a dose corresponding to ~ 473,000 years on
the martian surface. The effects of the gamma radiation varied with the nature and depth of the organic
compound in relation to the surface, with losses considerably less for mixtures placed 5 cm below the
surface. The amount of purine and uracil remaining on the surface varied from ~ 13 to 28% for the mineralorganic pairs without any noticeable advantage of one mineral over the others. The amount of purine and
uracil remaining in samples that were located 5 cm below the Mojave Mars Simulant (MMS) was higher but
with less variance and with the amount of remaining organic compound ranging from ~ 80 to 93%, but as
with the surface samples, there was no correlation between mineral and the degree of destruction. What
was clearly evident was that the subsurface samples showed a significant decrease in the loss of purine and
uracil.
Using the GEANT4 model to estimate the dose accumulation rate gives ~ 48 mGy/yr, while using the RAD
surface measurements with the HZETR model gives ~ 72 mGy/yr. Since the surface dose has been measured
by RAD at ~ 81 mGy/year and the GEANT4 model then gives ~ 52 mGy/year, the dose rate for both surface
and 5 cm depth is about the same at 8-10% . Thus, for the subsurface samples a decrease in the amount
remaining from ~ 15% to 16.3% would have been expected. However, what was actually observed was an
increase of the percent remaining to ~ 90 %. These results suggest that purine and uracil were protected by
their association with all three of the minerals CaCO3, CaSO4, and kaolinite.
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Abstract:
In 2003, methane, CH4, was detected in the Martian atmosphere (10 ppbv)[1], which has, at most, a
photochemical lifetime of a few hundred years.[2] This short lifetime of CH4 in the Martian atmosphere
implies that CH4 should be uniformly distributed over Mars. However non-uniform distributions of CH4 are
observed.[3] This raises questions with regard to the source(s) and sink(s) of CH4. Abiotic and biotic sources
have been suggested to explain the detection, ranging from serpentinisation of olivine to
methanogenesis[3] by methanogenic archaea.[4] ESA’s ExoMars TGO NOMAD instrument is expected to be
able to measure the isotopic ratios of carbon-based molecules in the Martian atmosphere.[5] On Earth, the
ratios of 13CH4/(C2H6 + C3H8) and δ13CCH4 and δ2HCH4, can be used to infer whether sources of CH4 in
the Martian atmosphere is biotic or abiotic.[6]
Tau-REx (Tau Retrieval for Exoplanets) is a fully Bayesian retrieval framework that uses
Multinest/MCMC/Nested Sampling to sample the entire likelihood space, unlike other planetary
atmosphere retrieval frameworks that often only find the MAP solution, which may be biased.[7] Tau-REx
can also be used to produce posterior distributions of model parameters. The posterior distributions of the
volume mixing ratios VMRs of 13CH4, 12CH4 and C2H6, with one another (and other model parameters)
are particularly relevant for associating a likelihood to the nature of CH4 on Mars; abiotic or biotic, by
showing whether the retrievals of different state vector parameters are correlated. Our research has
involved modifying the Tau-REx radiative transfer model (RTM) module, which acts within the Tau-REx
retrieval framework, for Mars. The RTM has been modified to include a two-stream approximation and has
been used with vertical temperature, pressure and VMRs profiles derived from the MCDv5.2 [8], to
produce simulated emission spectra over NASA’s MSL location (4.5◦S, 137.4◦E).
The developed framework will eventually use calibrated ESA PSA files, generated from NOMAD
measurements. By inverting measured radiance spectra, with simulated spectra with 13CH4, 12CH4 and
C2H6 present, Tau-REx can obtain VMRs. After the Mars modified Tau-REx has obtained areo-located
profiles of trace gas VMRs, we intend to attempt to validate these results against the NASA Mars Science
Laboratory (MSL) Curiosity rover SAM-TLS measurements in Gale Crater.
In parallel to a Mars modified Tau-REx retrieval framework, a machine learning Mars retrieval framework is
being developed; DeepMars, which uses a deep convolutional generative adversarial network (DCGAN) to
empirically derive a statistical relationship between an ensemble of NOMAD radiance spectra (using an
extremely large training database of Mars modified Tau-Rex RTM simulated spectra) and different state
vector parameters.[9]
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[2] Formisano et al. (2004), Vol. 306, pp. 1758-1761. [doi: 10.1126/science.1101732].
[3] Webster et al. (2015), Science, Vol. 347 (6220), pp. 415-417. [doi: 10.1126/science.1261713].
[4] Morozova et al. (2007), Vol. 37, Issue 2, pp. 189–200. [doi: 10.1007/s11084-006-9024-7].
[5] Robert, S et al. (2016), Planetary and Space Science 124, pp. 94–104, 2016. [doi: 10.1016/j.pss.2016.03.003].
[6] Allen et al. (2006), EOS, Vol 87, Issue 41, pp. 433–439, 2006. [doi: 10.1029/2006EO410001].
[7] Waldmann et al. (2015), The Astrophysics Journal, Volume 802, Number 2. [doi:10.1016/j.icarus .2004.07.004]
[8] Forget, F., Millour, E., and Lewis, S., http://www.mars.lmd.jussieu.fr/mars/info_web/MCD5.2_ddd.pdf, 2015.
[9] Goodfellow I., Bengio Y., and Courville A., Deep Learning, pp., The MIT Press, 2017.

Common properties of life in the Universe: Lessons from the hydrogen bonds
Giovanni Vladilo1 and Ali Hassanali2
(1) INAF-Trieste Astronomical Observatory, Italy
(2) ICTP, Trieste, Italy
Presentation: Wednesday 12:00-12:15
Session: The building blocks of life
Abstract:
In a search for common features of life in the Universe we have explored which general properties should
be expected for a biochemistry potentially different from the terrestrial one, but similarly sustained by
molecules with genetic and catalytic capabilities. Following a conceptual approach, we show that life
processes sustained by molecules with genetic and catalytic capabilities must display a hierarchy of
chemical bonds with different strengths. While covalent bonds are ideal for building stable molecular
structures, only hydrogen bonds can mediate the low-energy, directional interactions required for
molecular folding and intermolecular recognition. Therefore hydrogen bonding must be a common feature
of any type of biochemistry.
The necessity of hydrogen-bonding provides an original perspective to test the viability of hypothetical
forms of biochemistry alternative to the terrestrial one. The requirements in terms of electronegativity and
cosmic abundance of different atoms imply that O and N are the best candidates to build up the active sites
of biomolecules, whereas Si is not expected to be present in such sites. The capability of interacting via
hydrogen-bonding indicates which molecules are best suited to form the liquid medium that supports
genetic and catalytic molecules. Among small, cosmically abundant molecules, water, ammonia and
methane have decreasing capability of supporting the operations of active biomolecules via hydrogen
bonding. The lack of hydrogen-bond acceptors in CH4 casts doubts on the viability of a biochemistry based
on pure, liquid methane.
In principle, the hydrogen-bond requirements can also be exploited to provide thermal limits to active
biochemical processes in which molecules with genetic and catalytic capabilities are involved. For instance,
the stability of folded structures sustained by hydrogen bonds can be used to infer an upper temperature
limit once a maximum destruction rate is adopted. On the other hand, the need for fast hydrogen-bond
interactions driven by thermal energy can be used to provide a lower limit to the temperature. Specific
examples of such limits consistent with the thermal limits of terrrestrial life will be discussed in the
presentation.
Molecules with hydrogen bonding capabilities are expected to emerge in the final steps of succesful
prebiotic pathways leading to the emergence of genetic and catalytic molecules. Therefore we can define
two stages of prebiotic chemistry: a “covalent-bond stage”, in which the biomolecules are gradually
assembled, and a “hydrogen-bond stage”, in which the biomolecules start to actively interact among them
and with the liquid medium. While the first stage can take place in a variety of astronomical locations
(interstellar clouds, protoplanetary disks, minor bodies, planets, etc.), the second stage can only develop in
environments where the physical and chemical conditions permit the establishment of hydrogen bonding.
In this perspective, we conclude that the physico-chemical conditions conducive to hydrogen bonding can
be used to define universal criteria of abiogenesis and habitability.
Vladilo G., Hassanali A., Hydrogen Bonds and Life in the Universe, Life 2018, 8, 1
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The in-situ space exploration of other planetary bodies began with the Venera and Viking landers in the
1970s. While the Venera landers were not specifically designed to search for life on Venus, they delivered
valuable information on the physical characteristics of the Venusian surface for the first time. The Viking
lander carried the first life detection experiments to another planet, but the obtained results pertaining to
the question of whether life exists on Mars were inconclusive
One of the drawbacks of almost all of the conventional experiments is, that they are limited by their design.
This means, that the instruments have a specific task to fulfill, e.g. to measure the concentration of a
certain gas or to take images from a selected locality. By doing so, we only obtain answers to a very specific
question, which is initially a good way for achieving progress.
However, in the past decades of space exploration of the solar system, several discoveries have also been
made by chance. The discovery of geysers on Jupiter’s moon Europa or the presence of perchlorates on the
Martian surface are especially intriguing examples.
Here we propose to complement the classical approach by a new search strategy, which is dedicated to find
anomalies in the environment by intention. The methodology includes the scanning of the environment by
a number of sensors and “learn” what appears to be the environmental parameter and what are abnormal
features or phenomena. Doing so, the chances of detection of a unique, sometimes even transient event,
can be increased. We contend that this strategy is an option to increase efficiency and scientific output.
There are several questions on how to implement such a strategy. One of them is to identify, what can be
considered as “abnormal” or “unusual”. As an example, we can search for uncommon geometric shapes
such as cubes, ellipsoids, or cylinders, which can be the sign of an unusual geological or biological activity.
Or, spectroscopy data, taken autonomously, could indicate an unusual composition or concentration of
elements in an. The system would only report success, if something “interesting/unusual” has been found,
which also reduces the necessary amount of communication.
The technological elements of such a new search strategy would comprise of a number of highly
autonomous system elements such as sensor data fusion, machine vision, neuronal networks, and deep
learning techniques. Some of the key elements are already successfully introduced in a variety of
applications such as in robotics, e.g. autonomously driving cars. The difficulty lies in the miniaturization of
such technologies, when using them for space and connected to different search parameters in a single
very highly autonomous system.
Our presentation will introduce and discuss the idea and progress we made of developing an autonomous
anomaly detection system as part of a new search strategy for life.
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Evidence points to a chemotrophic and autotrophic origin of life in hydrothermal vents. An essential part of
life is a membrane, but the complexity of phospholipids in modern day membranes suggests that the
composition of the Last Universal Common Ancestor must have been simpler. A proposed composition for
protocell membranes includes single chain amphiphiles, such as fatty acids. These can spontaneously selfassemble into vesicles (liposome-like compartments) when in solution and above a ‘critical bilayer
concentration’. However, vesicles made of mixtures of 2-3 compounds are only stable at a very narrow,
neutral pH range, are completely disrupted by salts and divalent cations and need to be present at high mM
concentrations for vesicles to even assemble. For these reasons, the literature repeatedly argues against a
marine environment for the origin of life. Using plausible fatty acids and fatty alcohols, my project
systematically explores the stability and morphology of vesicles under hydrothermal conditions by utilising
turbidity assays, confocal microscopy, and negative-stain transmission electron microscopy. My results
demonstrate that using mixtures of six fatty acids and six fatty alcohols, vesicles favourably assemble under
alkaline hydrothermal conditions. A 1 : 1 fatty acid/ fatty alcohol mix can assemble vesicles at high
temperatures (70ºC), within the range pH 11.51 to pH 6.7, and can assemble in 600 mM NaCl, 50 mM Mg2+
and 10 mM Ca2+.
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Porphyrin-type cofactors, especially hemes (iron porphyrins) occur in virtually all terrestrial organisms and
are involved in basic metabolic processes. Therefore, hemes are regarded as evolutionary very old
biomolecules. Furthermore, it has been speculated that molecules similar to heme could have also evolved
on other planets or moons (Suo et al. 2007). Because of their aromaticity, porphyrins are generally very
stable and can be easily detected with various analytical methods. These were among the reasons why
porphyrins were presumed to be ideal biosignatures (Suo et al. 2007). However, abiotic syntheses for
(metallo)porphyrins are now known (e.g., Fox and Strasdeit 2013; Pleyer et al., manuscript submitted).
Consequently, these molecules may well be "false positive" biosignatures (Fox and Strasdeit 2017).
Nevertheless, porphyrins are very interesting and important molecules in the search for extraterrestrial life.
If porphyrins were found somewhere beyond Earth, this place would be worth a closer look. In such a case,
however, a thorough examination of the geological context and a set of different analytical methods would
be indispensable to minimize the risk of a false interpretation.
On Mars and some icy moons (e.g., Enceladus), which could potentially host life, porphyrins would be
exposed to harsh conditions, such as extreme temperatures and radiation. Early experiments with
γ-radiation showed that metalloporphyrins were not completely destroyed by doses of around
440 kGy (Dunning and Moore 1959). These results prompted us to study the effects of simulated cosmic
radiation on metalloporphyrins. In a first series of experiments, chlorido(octaethyl-porphyrinato)iron(III), a
simple model for heme and heme ancestors, was irradiated with helium (150 MeV n-1; LET: 2.2 keV µm-1)
and iron ions (500 MeV n-1; LET: 200 keV µm-1). The doses were up to 1.5 kGy. The irradiation experiments
were performed at the Heavy Ion Medical Accelerator at the National Institute of Radiological Sciences
(NIRS) in Chiba, Japan. The study focused on the simulation of the behavior of iron porphyrins ejected by
the "plumes" at the south pole region of Enceladus. Among the constituents of Enceladus' plumes are salts,
mainly sodium chloride and sodium bicarbonate (Postberg et al. 2009). Therefore,
chlorido(octaethylporphyrinato)iron(III) was embedded in a sodium chloride/sodium bicarbonate (4:1
mol/mol) matrix. To determine the radiation-induced decomposition, the remaining amount of
metalloporphyrin was quantified by UV-visible and infrared spectroscopy. The experimental procedure will
be described, and the results and their potential usefulness for future space missions will be discussed.
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Mars is a planet that in the last few decades is under scrutiny through a large fleet of orbiters and lander vehicles, with
the intention to be once colonised. It is generally accepted that water is the most essential ingredient for the
existence of life, and luckily, it seems that it has been very active on Mars in the past. Water plays a significant role in
secondary processes and reactions that alter the regolith and form soil, making favourable environments for life to
exist on the planet making its detection important for astrobiology. [1]. Therefore the detection of water rich areas
has been a very big part of the Mars exploration, and as such the above fleet has carry instruments that can help as
find it. This missions utilized optical imaging as well as physical properties in association with geophysics to find the
water masses on Mars. The results have proven that water exist in Mars as ice caps or permafrost in transient liquid
brines in the upper layer of the Martian soil and as the debatable flow of water on the slopes due to seasonality [2],
[3], [4].
Focusing primarily on future space missions and colonisation of the planet, the control on water acquisition on Mars
seems essential. Water on Mars is usually observed as ice in the subsurface (permafrost) even in the equatorial
zones—apart from the ice concentrations on polar regions in various concentrations. Currently many methods have
been proposed on how to acquire this water from ingredients found on Mars [5]. A scientific and technological
discipline that seems to have a lot of potential is electro-kinetics as its approaches water in molecular level. With
electro-kinetics an electrical field is applied that mobilises the ions in the soil inducing a hydraulic flow, which then
concentrates the water in liquid pockets. The quality of the water can be appropriate for human consumption and
utilization [6]. These are the benefits of the application on heterogeneous fluids (fluids with microparticles), or on
porous media, such as soils. Other benefits of the application of electrokinetics on soils include: (a) the stabilization of
soils by moving the contained water and possibility of altering the soil chemistry and forming new minerals, and (b)
the simultaneous electrolysis, which provides hydrogen and oxygen gases that are essential as space fuel or for human
respiration.
We are running small-scale experiments, using different natural materials (i.e., clays, sands, powders of volcanic rocks)
in combination with iron-rich rocks to investigate those possibilities and understand the process [7]. Experiments are
fully automated using programmable controllers, driving a set of sensors in order to control or measure the most
important physical parameters, such as soil humidity, and for measuring released gases such as hydrogen or carbon
dioxide. Our experiments progress with time, improving the experimental setup but also the materials used, such as
soils that simulate the Martian soil composition. We are also currently making an experimental setup to exploit the
techniques on frozen soils (i.e., permafrost).
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Temperature in the space is very interesting as astrobiology because it controls the life and death of the
creature in space environment. The mechanical space thermometer using a bimetallic strip coil was
developed for the Tanpopo mission. The Tanpopo mission is a multi-year passive exposure experiment for
astrobiology exposure and micrometeoroid capture onboard the Exposed Experiment Handrail Attachment
Mechanism (ExHAM) at the Japanese Experiment Module ‘Kibo’ (JEM) Exposed Facility (EF) on the
International Space Station (ISS). The Tanpopo mission apparatuses were launched by the SpaceX-6 Dragon
CRS-6 on April 14 2015, from the Cape Canaveral Air Force Station in the U.S.A. Since its microbial exposure
experiment requires recording the maximum temperature that the Tanpopo exposure panel experiences,
we have developed a mechanical thermometer with no electric power supplied from the ExHAM. At a given
time and orbital position of the ISS, the thermometer indicator was video-imaged by the extravehicular
video camera attached to the Kibo-EF and controlled from the ground. With these images analyzed, we
were able to derive the temperatures of the Tanpopo exposure panels on the space pointing face of the
ExHAM. Twelve times of observation of the thermometer was carried out in 2015 and 2016. The maximum
and minimum temperature were 26±5 ℃ and -42±5 ℃, respectively. Now this passive and mechanical
thermometer is available to other space missions with no electric supplies required and thus highly expands
the possibility of new extravehicular experiments and explorations for both human and robotic missions.
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"Life would not long remain possible in the absence of microbes" a quote of the famous scientist Louis
Pasteur. I even want to go further and claim that "A habitable planet can only become habitable with the
help of microbes". To strengthen this claim, let us just take a look how our own planet Earth became
habitable. Four and half billion years ago a lifeless planet, Earth, was formed by a series of immense
astrophysical forces and events. A sizeable quantity of water was most probably already present in the
primary materials that formed Earth. As a consequence chemical forces helped shaping our planet right
from the start. Extreme early earth conditions transformed substantial amounts of simple inorganic
molecules, like H2, H2O, CO2, N2, NH3, CN, H2S, PO22- and CO into life essential-, biochemical- and organominerals. Less than a billion years after the formation of the Earth, the conditions were right and the variety
of chemical building blocks of life was so divers that the very first living cellular structures could be formed,
protocells. The protocells evolved fast into prokaryotic Bacteria and Archaea driven by processes like
horizontal evolution and endosymbiosis. The latter process also generated the first Eukaryotic single cells.
The first major impact of microbes on planet Earth was a climate change. A massive production and release
of methane likely pushed hydrogen away from Earth's surface into open space which triggered the great
oxygenation event caused by oxygen producing cyanobacteria, 2.33 billion years ago. "Snowball Earth" was
responsible for a second oxygenation event that was similarly caused by cyanobacteria. Both oxygenation
events irreversibly changed Earth's geochemistry and repleted Earth's atmosphere with of the oxygen gas.
Microbes could also be devastating. Earth's greatest mass extinction event, the End-Permian Extinction
event, colloquially known as the Great Dying event, is linked to a massive outburst of methanogens that
lead to the extinction of 96% of all marine species and 70% of the terrestrial vertebrate species. Today, on
the current Earth, microbes are very often integrally involved in numerous geo(chemical) cycling of
elements. Not only natural processes but also world wide anthropogenic activities like mining, often
require and obtain the help of microbes to avoid life threatening component accumulation.
We also owe our existence to microbes. Endosymbiosis created the first eukaryotic cells that with the help
of the protein, collagen, ultimately evolved to all known multicellular species, including us humans.
Witnesses of two of the most important endosymbiotic evidences we know of today, are the mitochondria
and chloroplasts. Almost all eukaryotic species rely on microbes for their survival. For instance, most
nitrogen assimilation in plants is done with the direct help of microbes. Also animals and humans harbour a
huge amount of symbiotic microbes. This symbiosis is beneficial for the host as microbes digest part of its
food and educate the immune system. There is strong indication that brain development and diseases, like
autism and obesity, are linked to a malfunctioning of the human microbiome.
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Volcanic rift zones are among the most emblematic analogue features on Earth and Mars. Most of these zones are
extreme physico-chemical environments. The Dallol region located in the Danakil depression (Ethiopia) is even
considered as one of the harshest places on Earth, but also one of the zones that is most analogue to a Martian rift
zone. The water of ponds and lakes in the vicinity of the Dallol volcano evaporates quickly, leading to the highest
possible salt concentrations in the water on Earth. Ten of these saline lakes were extensively studied by batch
sampling analyses and in situ measurements during the Europlanet 2018 Danakil field expedition. Table 1 presents the
GPS locations of the ten investigated lakes:
Table 1: The names and the location of the ten lakes that were sampled during the Europlanet 2018 Danakil field expedition.

GPS location

rock
samples

water
samples

filtered
samples

Central green pool

14°14'10.8" N, 40°18'00.5" E

Yes

Yes

Yes

Left green pool

14°14'10.6" N, 40°18'00.2" E

Yes

Yes

No

Right yellow pool

14°14'10.8" N, 40°18'00.8" E

No

Yes

Yes

White chimney

14°14'11.5" N, 40°17'59.5" E

Yes

Yes

No

Black lake

14°13'18.4" N, 40°17'10.6" E

Yes

Yes

No

Yellow lake

14°12'48.1" N, 40°19'17.1" E

Yes

Yes

No

Fault zone, Yellow lake

14°13'40.4" N, 40°19'08.1" E

Yes

Yes

No

Fault zone, Red lake

14°13'41.7" N, 40°19'06.3" E

Yes

Yes

Yes

Ashalla karst hole

14°06'57.6" N, 40°20'53.2" E

Yes

Yes

No

Karum Lake

n.a.

Yes

Yes

No

The first four lakes are lakes located at the main outcrop of the Dallol volcano. Yellow lake, Fault zone Yellow lake and
Fault zone Red lake are three lakes located in a previously unreported 4.5 km long hydrothermal fissure on the Lake
Asale salt flats, the Erta Ale - Dallol segment of the southern Red Sea rift.
The in situ measurements clearly demonstrated the extreme physicochemical nature of all ten lakes. The laboratory
analyses of batch samples of rocks, water and filtered samples confirm the in situ measured water parameters and
complements that the shores of all ten lakes are dominated by salt minerals like halite and sylvite. All water samples
taken with our new innovative field sampling technique, give ATP levels around or even below detection limit,
indicating that not much living microbes are to be expected in these lakes. Samples of six lakes contained extractable
DNA which is currently further investigated. However, it is expected that most of this DNA originates from
contaminating microorganisms, as these lakes were visited by many foreign tourists and passing insects. We also
discovered a lot of carcasses of dead animals of swallows, dragon flies and bats along the shores of the lakes. These
animals died by drinking the toxic water or by suffocation by breathing the toxic gasses released by the lakes or the
lack of oxygen. Their presence clearly indicate a likely introduction of contaminating microbial DNA. Elucidating the
true identity of actual acid and salt loving microorganisms based, solely on the outcome of DNA analyses, will be like a
search for a needle in a haystack. Nevertheless, DNA results are often the only obtainable evidence that can provide
an insight on the microbial population that is able to colonize such extreme physico-chemical environments.
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Iron-sulfur clusters are one of the most ancient and ubiquitous components of life. These modular clusters
facilitate electron transfer via redox reactions, and as such they are integral parts of respiratory and
photosynthetic electron transfer chains in all living organisms. Moreover, they are present in numerous
redox enzymes involved in carbon, oxygen and hydrogen metabolism, such as hydrogenases and
ferredoxins, that are thought to be amongst the earliest proteins formed during the origin of life. This
dependence of life on iron-sulfur clusters likely stems from the ancient chemistry from which living matter
emerged. Deep sea alkaline hydrothermal vents present a unique and intriguing environment which may
have hosted the first cellular life. It has been suggested that they could have provided not only the
necessary elements for life to emerge, but also the appropriate conditions for its proliferation. Existing
methods for the formation of iron-sulfur clusters focus predominantly on terrestrial settings and include
the use of UV radiation and excess amounts of organic ligands. It is unclear whether such synthesis
mechanisms could have occurred on the prebiotic Earth. In our work, we investigate the possibility of the
formation of iron-sulfur clusters under anoxic and alkaline conditions in the presence of simple organic
ligands. Preliminary results indicate that the addition of low millimolar amounts of ferric chloride (FeCl3)
and sodium sulphide (Na2S) in an anoxic, alkaline solution similar to the conditions of deep sea alkaline
hydrothermal vents containing low concentrations of organic ligands, leads to the direct formation of ironsulfur clusters.
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Abstract:
During their formation and early evolution, terrestrial planets experience repeated global melting events
from interactions with other protoplanets, such as the Moon-forming giant impact in Earth's history. The
detection and characterization of post-collisional afterglows (magma oceans) would crucially enhance our
understanding of the early interior, surface and atmospheric properties of terrestrial worlds. Here, we
quantitatively assess the observational prospects to detect magma oceans in nearby young stellar
associations with future direct imaging facilities. We compare performance estimates for the METIS
instrument to be installed at ESO's Extremely Large Telescope (ELT), and a potential future space telescope
similar to the ESA Darwin concept. We determine the occurrence rate and timing of energetic collisions
using N-body models of planet formation for different star types. The thermal evolution of the resulting
magma ocean planets is investigated using an energy balance model with self-consistent thermodynamics
of melt and solid silicate phases. We track the planetary surface temperature evolution for various
planetary sizes using two different models for the efficiency of heat transport in the atmosphere, namely
(1) a gray body and (2) a steam atmosphere parameterization. The chance of detecting at least one magma
ocean planet varies significantly depending on the observation time and the distribution of atmospheric
properties among rocky protoplanets. The prospects for detection significantly increase for young and close
stellar targets, which show the highest frequencies of giant impacts. Despite its unprecedented
performance, ELT/METIS displays marginal probabilities for detection even under best-case circumstances.
In contrast, a Darwin-like spacecraft is the preferred instrument for the exploration of collision-induced
magma ocean. The most promising stellar candidate to be explored in this scenario is the β Pictoris
association, followed by TW Hydrae and η Chamaeleontis. These results motivate the need for future
space-based direct imaging missions to investigate and characterize planet formation and evolution in the
solar vicinity.
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Future midterm manned spaceflight and surface exploratory missions to Moon and Mars require the
development of life support systems (LSS) including biotechnological subsystems. Microalgae, such as
Chlorella vulgaris, can be an integral part of LSS. Due to their photoautotrophic growth, high biomass yield,
and nutritional value they can contribute to creating closed ecosystems by recycling waste into oxygen,
water and edible biomass for the crew. Non-axenic microalgae cultivations can provide long-term stability
but might contain microbial species that are harmful for human health. The characterization of microbial
community profiles within non-axenic C. vulgaris cultures and the impact of culturing conditions thereon is
crucial. Understanding the underlying mechanisms of interaction can help developing downstream
protocols remediating harmful microbial species within microalgae cultivations for recovering edible, safe,
and nutritious biomass.
The study aimed at characterizing the microbial community profiles within non-axenic C. vulgaris SAG 21112 cultures and the impact of cultivation conditions thereon. The impact of inoculum source, reactor type,
and temperature were investigated. C. vulgaris cultivations of different lab-scale reactors including a
shaking incubator (300 mL) and a flat panel reactor (1,800 mL) cultivated at 25 and 30 °C, and a flat panel
airlift photobioreactor (5 L) cultivated at 25 °C were compared. Microbial community profiles were
determined using tag-encoded MiSeq based (Illumina, USA) high throughput sequencing of v3v4 and v4
hypervariable regions of the bacterial and microalgal 16S and 18S rRNA, respectively. Data was
complemented by morphological and biochemical analysis of bacterial isolates. Affiliation of bacterial
isolates was also determined using Sanger sequencing.
C. vulgaris was the main Eukaryote identified for all reactor systems and cultivation conditions. Bacterial
diversity was limited with 41 identified taxa. The three cultivation systems shared 23 of the 41 identified
taxa. The 10 most abundant taxa were affiliated with bacterial families of Hyphomonadaceae,
Cyclobacteriaceae, Phyllobacteriaceae, Rhizobiaceae, Caulobacteraceae, Rhodospirillaceae,
Comamonadaceae, Sphingomonadaceae, Xanthomonadaceae, and Bradyrhizobiaceae. Differences in
reactor design and temperature resulted in varying relative abundances within the microbial community
pattern, but did not affect the presence or absence of bacterial taxa. Multidimensional scaling based on
weighted UniFrac distances indicated the reactor type to have an influence on the bacterial community
pattern, the effect of temperature on the microbial community pattern was not as incisive.
The present study is of interest for both space and terrestrial applications. Understanding the
interdependencies of the C. vulgaris associated microbial community is of relevance for the development of
downstream processes targeting the recovery of edible biomass. The obtained results can also contribute
to engineering synergistic microbial communities for upstream cultivation that could foster C. vulgaris
biomass productivity.
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Background: The transitions to multicellularity mark some of the most pivotal events in life's history on
Earth. Yet, complex multicellularity (CM) is restricted to Eukarya and has evolved independently a few times
within red and brown algae, plants, animals, and fungi. We had previously hypothesized that CM is the
outcome of major evolutionary transitions involving, among other factors, the presence of innovatory
changes in genome structure and expression due to the differential evolution of non-protein-coding DNA
(ncDNA) classes (such as spliceosomal introns, pseudogenes and ncRNAs) along the eukaryotic lineages [1].
However, the functional and evolutionary relationships of ncDNA with genomic and multicellular
complexity remain among the longest-abiding puzzles. To decipher such conundrums, we ask: what does
distinguish simple from complex multicellular organisms (CMOs)? Are ncDNA classes evolving in a
concerted way among themselves and with genome size? Are there strong relationships among some
ncDNA classes and CM?
Methods and Results: We estimated the distribution of genome-wide features (e.g., size, density, genomecontent, repeats) of four ncDNA classes (introns from protein-coding genes, pseudogenes, unique ncDNA
and repeats), and investigated their correlative associations with genome size and multicellular complexity
over 500 eukaryotes. Therefore, we classified CMOs as those eukaryotes fulfilling four criteria: multiple and
differentiated cell types, obligate multicellularity, and development of irreversible tissue-based body plans.
Also, we systematically estimated genome-wide features and performed robust phylogenetic controlled
analyses. At the broadest phylogenetic scale, we found that changes in genome size are either not or only
weakly scaling with changes of most genome-wide features from introns and pseudogenes. Although the
strength of these associations can fluctuate at the lineage-specific level. Surprisingly, changes in major
genome-wide features within a ncDNA class (such as the length and abundance of introns within a genome)
are found to be evolving independently throughout Eukarya. As opposed, genome size correlates strongly
and positively with repeat and unique ncDNA contents across eukaryotes. We also found that CMOs and
their closest ancestral relatives are characterized by high intron-richness, regardless their genome size. The
evolutionary patterns of ncDNA classes contrast to those found for protein-coding features across
eukaryotes. Our findings are robust to phylogenetic uncertainties, variation in species number, gene
annotations and genome size estimations. Some of these results are described in [2] and roughly
summarized on Figure 1.
Conclusions: Collectively, our findings disagree with previous estimations [3] claiming both, a concerted
evolution between genome size and ncDNA across eukaryotes, as well as the dominant action of a
mechanism (adaptive or non-adaptive) behind the evolutionary dynamics of ncDNA over large phylogenetic
scales. Instead, our findings unveil ncDNA as a dynamically evolving genetic trait of Eukarya, and further
support the idea that particular ncDNA traits, such as high intron-richness, were a pre-condition to evolve
CM on Earth. Whether or not these findings challenge the "Rare Earth hypothesis" (i.e., the rare presence
of CM in the Universe), requires careful evaluation.
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Abstract:
The scientific objectives of the 2020 ExoMars rover mission are to search for traces of past or present life and to
characterise the near-sub surface. Both objectives require study of the rock/regolith materials in terms of structure,
textures, mineralogy, and elemental and organic composition. The 2020 ExoMars rover payload consists of a suite of
complementary instruments designed to reach these objectives.
CLUPI, the high-performance colour close up imager, on board the 2020 ExoMars Rover plays an important role in
attaining the mission objectives: it is the equivalent of the hand lens that no geologist is without when undertaking
field work. CLUPI is a powerful, highly integrated miniaturized (<900g) low-power robust imaging system, able to
sustain very low temperatures (–120°C). CLUPI has a working distance from 11.5cm to infinite providing outstanding
pictures with a color detector of 2652x1768x3. At 11.5cm, the spatial resolution is 8 micrometer/pixel in color. The
optical-mechanical interface is a smart assembly that can sustain a wide temperature range. The concept benefits
from well-proven heritage: Proba, Rosetta, MarsExpress and Smart-1 missions…
In a typical field scenario, the geologist will use his/her eyes to make an overview of an area and the outcrops within it
to determine sites of particular interest for more detailed study. In the ExoMars scenario, the PanCam wide angle
cameras (WACS) will be used for this task. After having made a preliminary general evaluation, the geologist will
approach a particular outcrop for closer observation of structures at the decimetre to subdecimeter scale (PanCam
HRC) before finally getting very close up to the surface with a hand lens (CLUPI), and/or taking a hand specimen, for
detailed observation of textures and minerals. Using structural, textural and preliminary compositional analysis, the
geologist identifies the materials and makes a decision as to whether they are of sufficient interest to be subsampled
for laboratory analysis (using the ExoMars drill and laboratory instruments).
Given the time and energy expense necessary for drilling and analysing samples in the rover laboratory, preliminary
screening of the materials to chose those most likely to be of interest is essential. ExoMars will be choosing the
samples exactly as a field geologist does – by observation (backed up by years and years of field experience in rock
interpretation in the field). Because the main science objective of ExoMars concerns the search for life, whose traces
on Mars are likely to be cryptic, close up observation of the rocks and granular regolith will be critical to the decision
as whether to drill and sample the nearby underlying materials. Thus, CLUPI is the essential final step in the choice of
drill site. But not only are CLUPI’s observations of the rock outcrops important, but they also serve other purposes.
CLUPI, could observe the placement of the drill head. It will also be able to observe the fines that come out of the drill
hole, including any colour stratification linked to lithological changes with depth. Finally, CLUPI will provide detailed
observation of the surface of the core drilled materials when they are in the sample drawer at a spatial resolution of
about 15 micrometer/pixel in color.
The science objectives and the development status of the close-up imager CLUPI on the 2020 ExoMars Rover will be
described together with its capabilities to provide important information significantly contributing to the
understanding of the geological environment and could identify outstanding potential biofabrics of past life on Mars.
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Ten years ago the Phoenix Lander Wet Chemistry Laboratory (WCL) analyzed the soils at the Northern
Plains of Mars and discovered that they contained 0.4 - 0.6 wt% perchlorate (ClO4-), and most likely from
parent salts comprised of calcium and magnesium perchlorate [1,2]. These highly hygroscopic perchlorate
salts can absorb water from the atmosphere and form liquid salt solutions [3] that should be at least
temporally stable on the Martian surface even at subzero temperatures [4] and may be able to provide a
habitat for microorganisms. However, little research has been reported addressing the viability of microbial
cells in such perchlorate brines [5].
We have conducted experiments with the halo- and cryotolerant bacterial strain Planococcus
halocryophilus in sodium, magnesium and calcium perchlorate as well as chloride brines. The aim of the
study was to determine the halotolerance of the bacteria in the different salt solutions and at different
temperatures. Therefore, growth curves of P. halocryophilus in liquid growth media (DMSZ #92) containing
various concentrations of each salt were determined at 25°C and 4°C via counting colony forming units
(CFUs).
We found that P. halocryophilus can tolerate and grow in a variety of high concentration salt solutions.
These included individual (maximum) salt solutions such as 14 wt% (2.8 M) NaCl, 10 wt% (0.9 M) NaClO 4, 10
wt% (1.2 M) MgCl2, 5 wt% (0.2 M) Mg(ClO4)2, 7 wt% (0.7 M) CaCl2, or 2 wt% (0.1 M) Ca(ClO4)2 at 25°C.
Scanning electron microscope (SEM) images showed that the bacterial cells form larger clusters under salt
stress. These preliminary results showed that P. halocryophilus can tolerate significant amounts of all the
salts studied. Such tolerance would be an essential adaptation for microbes to survive in Martian soils.
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In 2014 the ROSETTA mission's lander Philae touched down on comet 67P Churyumov/Gerassimenko. The
data that the on-board instruments delivered are the first and to this day only real "ground truths" about
what makes up a comet.
Among the instruments was the COSAC (COmetary SAmpling and ACquisition) experiment. It consisted of a
multi-column enantio-selective gas chromatograph, coupled to a time-of-flight mass spectrometer. Due to
the peculiar nature of the landing, the instrument could never realize its full potential, as the only solid
sample for which there was enough power, never reached the instrument. Nevertheless, the MS operated
in so-called "sniff mode", sampling the gas phase inside the lander at various times during the whole
mission.
These sniff-mode spectra presented evidence of a variety of small (organic) molecules, many of which had
long been suspected of being present on comets. The 16 compounds positively detected by COSAC can be
seen as forming part of a reaction network that is driven by energetic radiation on the outer layers of the
ice and dust making up the comet.
The individual steps of the build-up of and interconversion between molecules can be studied in the lab by
irradiating condensed mixtures of gases in a vacuum. The tool that makes a study of reaction mechanism
possible rather than just watching which end products form, are low energy electrons. These are formed in
abundance when any kind of ionizing radiation impinges on a molecule (hence the name “ionizing”). They
can trigger very specific reactions depending on their exact energy, a process that can be studied and used
to infer reactive intermediates that would be impossible to detect directly.
The proposed reaction network centered around two types of reaction:
1. Dissociative electron attachment (DEA). In this process an electron is captured by a molecule and a shortlived anionic radical is formed. This anion can then go on to break up into smaller anionic and radical
fragments, which are highly reactive. DEA occurs at very specific energies, which can easily be identified in
data on the energy dependence of a process
2. Electron impact ionization (EI). In this process, an electron knocks another electron out of the molecule.
The result is a positively charged radical cation, which is usually significantly more reactive than the neutral
molecule. EI starts from a threshold value (the ionization potential) and then becomes more and more
efficient with rising energy. This behavior can similarly be identified in energy dependence data.
In the course of the study of the reactions in the COSAC data reaction network, however, a third process,
long thought to make only negligible contributions to overall products yields, was found to make a
significant difference. This process is
3. Neutral dissociation (ND). In this process, an electron is excited into a higher lying energetic state. If this
state is anti-bonding (excuse the Chemistry), the molecule can dissociate into two neutral radical species,
which are both highly reactive and go on to form new species with molecules in their vicinity.
I will report on the progress in getting evidence for individual steps in the proposed reaction network and
the reaction mechanisms involved.
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In this presentation recent achievements for detecting biomolecules and minerals using miniature Raman
spectrometers is given. Nowadays miniature and lightweight Raman spectrometers as well as flight
representative Raman instruments play an important role for detection and discrimination of biomolecules
and minerals and onsite. This has been demonstrated in numerous studies of common and extreme rocky
environments on Earth. Excitation wavelength selection is extremely important for obtaining good quality
Raman spectral data. Detecting minerals and biomarkers of extremophiles using such an analytical strategy
can help us learn about microbes’ survival and mode of conservation of organics. Excellent identification of
pigments using Raman bands positions of the principal features can be achieved. Critical issues of the
aproach are highlighted. Raman spectrocopy was successfully used to detect sunscreen pigments in
cyanobacteria from Atacama - examples of extremophiles living in extremely dry areas under high UV
exposition. The results of studies of stratified microbial communities within evaporite gypsum crusts in
hypersaline saltern evaporation ponds in Eilat (Israel) are presented. Here, rich and complex colonizations
by different microorganisms occur. Vertical layers of orange unicellular cyanobacteria, green filamentous
cyanobacteria, and purple sulfur bacteria are distributed in coarsely crystalline gypsum. This gypsum
crystallizes from seawater evaporated to a salinity of 150-200 g/l. Raman spectra obtained by direct
illumination of crystalline material using miniature Raman spectrometers show the presence of
myxoxanthophyll, echinenone, and spirilloxanthin-like carotenoids in different layers of the microbial mat.
Other examples of onsite detecting pigments in gypsum endolithic colonizations as well as of fossil traces in
different types of gypsum of sedimentary settings of Tertiary age are presented. Another case of
extremophiles are snow algae. Pigments of snow algae were detected onsite at glaciers and snow fields
under different environmental conditions.
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Our aim was to test different sterilization methods for soil samples with the prerequisite of not significantly
altering the soil’s chemical composition. The underlying objective of this approach is to subsequently use
the sterilized soil as growth substrate for putative microbial life forms when inoculated with an unsterilized
portion of the same soil in a life detection experiment.
The bacterial strains used for testing (Escherichia coli, Deinococcus radiodurans and Planococcus
halocryophilus) where grown in their appropriate medium to the late exponential phase, washed with PBS
buffer and mixed with sterile and dry JSC Mars-1A (weight ratio of 2:1, JSC / PBS). For our tests we
compared three sterilization methods:
1. Rapid pressure-drop down of more than 60 bar in less than 0.15 sec [1]
2. Ion radiation in doses of 250 Gy (He) and 2000 Gy (Fe) [2]
3. Autoclaving at 125 °C under 1.4 bar for 25 min
Before and after applying the different methods, the number of viable cells was estimated with a colony
forming unit (CFU) assay and compared to untreated and transport control samples as well. To evaluate the
effects of the different tested methods on the organic compounds contained in the samples, an analysis of
the metabolic constituents (metabolomics) before and after the sterilization treatment will be carried out
using Fourier-transform ion cyclotron resonance combined with mass spectrometry (FT-ICR-MS) [3, 4].
The CFU counts showed, that a rapid pressure-drop did only inactivate D. radiodurans, whereas the other
two strains remained viable. The treatment with He-ion radiation at 250 Gy was not sufficient to inactivate
any cell type, while the Fe-ion radiation at 2000 Gy inactivated E. coli and P. halocryophilus, whereas D.
radiodurans cells remained viable. Only the third method – autoclaving – was able to inactivate all three
tested strains with no viable cells to be detected after the treatment. The analysis of the metabolomics is
not yet completed, we are expecting the results within the next months.
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Astrobiological investigations were performed in the Transantarctic Mountains within the study sites located in the
Northern Helliwell Hills, Sothern Helliwell Hills (Boggs Valley) and in the Morozumi Range in North Victoria Land
(~71.73°S/161.38°E). The sites were visited in the framework of the 10th and 11th German Antarctic North Victoria
Land Expedition (GANOVEX X and XI) during the austral summers of 2009/2010 and 2015/2016. The local bedrock
consists mostly of sedimentary rocks (sandstones) of the Beacon Supergroup and mafic igneous intrusions (Ferrar
Dolerites). Within these rocks a variety of micro-niches such as fissures, cracks and some structural micro-cavities
within the fine-grained sedimentary rocks are colonized by a diversity of microorganisms. These micro-niches protect
the organisms against extreme desiccation and UV-irradiation. Microorganisms collected from these Mars-analogue
field sites were studied to determine if they were able to survive or to be metabolically active under simulated Marslike conditions in the laboratory and in space (de Vera et al. 2014). By comparing with the surface material of Mars,
the geologically and geomorphologically well-defined macro- and micro-habitats can be classified as Mars-analogs
(Hauber et al. 2018), particularly due to the presence of liquid water at an air temperature below zero degrees Celsius
and the presence of perchlorates. Some of the samples which were tested on the International Space Station (ISS) for
1.5 years in the frame of the ESA/DLR-space experiment BIOMEX (BIOlogy and Mars EXperiment, 2014-2016, de Vera
et al. 2012) show the high resistance of polar microorganisms to Mars-like environmental conditions simulated by
Mars-like space exposure on the ISS. Overall, they are able of surviving under a simulated Mars environment both in
the laboratory and in space. These tests were performed by ESA, NASA, ROSCOSMOS and DLR additionally highlighting
how important the collaboration between Polar Research and Space Research is as a prerequisite to investigating the
habitability of Mars and the ability of instruments to detect life in very extreme environments. The cooperation of
these disciplines is also necessary in understanding if newly identified field sites are, from a biological point of view,
truly representative Mars-analogues and if microorganisms inhabiting them are capable of surviving or being
metabolically active on Mars.
References
de Vera, J.-P. Boettger, U., de la Torre Noetzel, R. et al. (2012). Supporting Mars exploration: BIOMEX in Low Earth
Orbit and further astrobiological studies on the Moon using Raman and PanCam technology. Planetary and Space
Science 74 (1): 103-110.
de Vera, J.-P., Schulze-Makuch, et al. (2014). Adaptation of an Antarctic lichen to Martian niche conditions can occur
within 34 days. Planetary and Space Science 98, 182-190.
E. Hauber, C. Sassenroth, J.-P. de Vera, et al. (2018). Debris flows and water tracks in northern Victoria Land,
continental East Antarctica: a new terrestrial analogue site for gullies and recurrent slope lineae on Mars. In: Conway,
S. J., Carrivick, J. L., Carling, P. A., de Haas, T. & Harrison, T. N. (eds) Martian Gullies and their Earth Analogues.
Geological Society, London, Special Publications, 467, https://doi.org/10.1144/SP467.12.

Limitation of atmospheric composition by combustion-explosion in exoplanetary
atmospheres
John Lee Grenfell1, Stefanie Gebauer1, Mareike Godolt2, Barbara Stracke1, Ralph Lehmann3, and Heike
Rauer1,4
(1) DLR-EPA, Berlin Adlershof, Germany
(2) ZAA-TU Berlin, Germany
(3) AWI, Potsdam, Germany
(4)IGS-FU Berlin, Germany
Presentation: Monday 15:30-15:45
Session: Evolution of planetary systems and planets
Abstract:
This work presents theoretical studies which combine aspects of combustion and explosion theory with
exoplanetary atmospheric science. Super-Earths could possess a large amount of molecular hydrogen
depending on disk, planetary and stellar properties. Super-Earths orbiting pre-main sequence-M-dwarf
stars have been suggested to possess large amounts of O2(g) produced abiotically via water photolysis
followed by hydrogen escape. If these two constituents were present simultaneously, such large amounts
of H2(g) and O2(g) can react via photochemistry to form up to ~10 Earth oceans. In cases where
photochemical removal is slow so that O2(g) can indeed build-up abiotically, the atmosphere could reach
the combustion-explosion limit. Then, H2(g) and O2(g) react extremely quickly to form water together with
modest amounts of hydrogen peroxide. These processes set constraints for H2(g), O2(g) atmospheric
compositions in Super-Earth atmospheres. Our initial study of the gas-phase oxidation pathways for modest
conditions (Earth’s insolation and ~ a tenth of a percent of H2(g)) suggests that H2(g) is oxidized by O2(g)
into H2O(g) mostly via HOx and mixed HOx-NOx catalyzed cycles. Regarding other atmospheric species-pairs
we find that (CO-O2) could attain explosive-combustive levels on mini gas planets for mid-range C/O in the
equilibrium chemistry regime (p>~1bar). Regarding (CH4-O2), a small number of modeled rocky planets
assuming Earth-like atmospheres orbiting cooler stars could have compositions at or near the explosivecombustive level although more work is required to investigate this issue.
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It is known, that some microorganisms like bacteria, Archaea, algae or fungi can survive in harsh conditions
which are present on other planets and/or moons (e.g. on Mars). But would it be also possible in respect of
higher organisms, like animals? More precisely, microscopic invertebrates - tardigrades?
Mars, with almost lack of atmosphere, very low atmospheric pressure and temperatures, the lack of liquid
water and high doses of cosmic, ionizing and UV radiation, is rather a hostile place for Earth invertebrates.
On the other hand, it is still probably the most friendly place (excluding the Earth) for terrestrial organisms
in the Solar System. As it was shown in numerous studies in the past, the best candidates, to survive in
Martian conditions, belong to a few groups of cryptobiotic invertebrates i.e. nematodes, rotifers and of
course tardigrades.
Tardigrades, as one of the toughest metazoans on Earth and a model multicellular organisms are often used
in studies on survivability in the extreme conditions (Guidetti et al., 2012). They owe this remarkable
resistance to adverse conditions to their ability to enter into cryptobiosis. During this state, metabolic
processes significantly decrease or even completely stop. Many experiments showed that water bears have
significant resistance to a number of environmental stressors like lack of liquid water, low and high
temperatures and pressures, irradiation and many chemicals. Now we can ask, if this is enough to survive
on Mars?
Studies also have been conducted in the framework of activities of BARg (Biodiversity and Astrobiology
Research group).
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The Phylum Tardigrada (water bears) consists of over 1,200 species (Degma et al., 2009–2017) that inhabit
almost all terrestrial, freshwater and marine environments throughout the world from the ocean depths to
highest mountains (Nelson et al., 2015).
Tardigrades, as one of the toughest metazoan groups on Earth and model multicellular organisms are often
used in studies on survivability in extreme conditions, including space experiments (Guidetti et al. 2012).
Tardigrades owe this remarkable resistance to adverse conditions to their ability to enter into cryptobiosis.
Many experiments showed that water bears have significant resistance to a number of environmental
stressors like lack of liquid water, low and high temperatures and pressures, irradiation and exposure to
many toxic chemicals.
Up to now, tardigrades were used as test animals during a few space missions like FOTON-M3 and
Endeavour. The experiments on this group include TARSE (Tardigrade Resistance to Space Effects), TARDIS
(Tardigrada In Space), RoTaRad (Rotifers, Tardigrades and Radiation) and TARDIKISS (Tardigrades in Space)
(Erdman & Kaczmarek 2017). Here, we summarize results of all space experiments on water bears
conducted to present and discuss future possibilities for tardigrade space research.
Studies also have been conducted in the framework of activities of BARg (Biodiversity and Astrobiology
Research group).
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Bacteria and biomolecules (DNA and proteins) in Arctic permafrost were exposed to simulated Martian
conditions. The exposure time corresponded to 80 days on Mars as calculated from the respective
accumulated UV dose. The treatment included the following effects: UV radiation, freeze-thaw cycles,
atmospheric gas composition and pressure. The effect of the treatment was evaluated by determining the
concentration of biomolecules, the number of dead and alive microbial cells and the number of culturable
microbes at the end of the exposure as a function of distance from the UV exposed surface. While a
significant reduction in the concentration of DNA and proteins was only observed in the upper 3 mm of the
permafrost core the number culturable cells and viability of cells was reduced down to 15 mm. We
observed a reduction in the number of culturable aerobic bacteria down to 6 mm while the community
structure of culturable anaerobes was only affected to a minor extend. We suggest three causing factors to
explain our observations:
1. direct UV radiation, which is restricted to the uppermost layer of the samples,
2. UV generated reactive oxygen species (ROS) that may penetrate deeper into the samples and cause
damaging effects on the cells and biomolecules
and
3. consecutive cycles of freezing and thawing that may affect the cells in the deeper strata.
Currently, the proposed production of ROS is only hypothetical and requires future investigations.
Interestingly, we observe a significant destruction of DNA and not only a fragmentation and dimerization.
We are not aware of a mechanism that can account for that effect. We have currently no explanation for
our observation. Our simulation demonstrates and confirms that organic material and cells are
rapidlydestroyed at the surface and that a relatively thin layer of soil would provide sufficient protection
against the extreme conditions at the surface. On the other hand, our study also makes it clear that mixing
of the surface layer by wind driven processes and thus exposing deeper well protected layers would lead to
rapid destruction of biological signatures both on the molecule and on the cell level. In our opinion
permafrost soil is an excellent analogue for Mars and icy Moons and we emphasize the need for studying
the response of complex communities instead of pure cultures in the astrobiological context.

Abiogenically Relevant Self-Assembly Processes in Silica Hydrogels
Kamal Albdeery
University of Leeds, UK
Presentation: Poster
Session: The building blocks of life
Abstract:
Hydrogels have recently been identified as potential environments for abiogenesis (origins of life) in which
water-activity can be modified. One such hydrogel environment of great potential significance in this regard
are silica hydrogels (SHGs) as they represent an important phase in geology en route to silicification and
rock formation. Like other hydrogels, SHGs-have the ability to retain or absorb large amount of water in
their molecular structure without dissolving in that water. The presentation, are described studies directed
towards self-assembly of amphiphiles in SHG environments. The driving force behind this work being to
understand whether self-assembly behaviour is promoted under different conditions within a gel
environment, compared to an aqueous environment. Here are described also the preparation of SHG
systems, scanning electron microscopy (SEM) studies of the solid silicate matrix of SHGs, measurements of
critical micelle concentrations (CMCs) of a simple model amphiphile under both aqueous and SHG
conditions to ascertain differences in its self-assembly and merocyanine decolourisation behaviour in SHG.
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The discovery of exoplanets with putative habitable zones stimulates the interest in the origin of life. Contemporary
viruses reflect evolution ranging from the RNA world to the DNA and protein world. Todays viruses can tell us about
evolution of life. Replication and evolution and energy consumption are the criteria of life. Earliest replicating and
evolving entities are the ribozymes consisting of enzymatically active RNA, non-coding (nc)RNA, which can cleave, join,
evolve, expoit chemical energy, replicate progeny and form peptide bonds catalyzing peptide synthesis, possibly
originally on hydrothermal vents in the oceans. RNA can do it all starting from interplanetary dust! (What about
Mars?) We can witness most of it even today. From the RNA world, DNA and proteins evolved, which are more stable
and more efficient. Reverse Transcriptase/RNase H known as hall-marks of retroviruses are widely distributed in proand eukaryotes as drivers of evolution and genome protectors. Retroviruses and retrotransposons populate many
species- and even built up almost 50% of the human genome, possibly as a defense against viruses. Viruses protect
their host against viruses- a surprising negative feed back- which led to immune systems. They supplied immunesuppressive placental genes - related to HIV - which allowed embryogenesis 40 Mio years ago.
Viruses are present in every living cell as obligatory parasites today. Yet, many free-living entities can give up
independence and become small and specialized by gene reduction and become abundant. Not only increase in
complexity but also gene reduction depending on environmental conditions with energy saving is a strong
evolutionary force as exemplified by endosymbiosis or endogenization of viruses into host genomes. So viruses
became the most diverse and successful species on our planet, reaching 1033. Recently new technologies such as
gene sequencing indicate that viruses are everywhere, many of them unknown, most of them fulfilling important
functions for the benefit of life on earth - not death.
Some viruses which have recently been discovered are as big and almost as complex as bacteria, mimicking them,
named mimiviruses. They indicate, that the transition from dead to living worlds is continuous. The majority of viruses
is hosted by bacteria, which populate the oceans - and even the stratosphere. These viruses, the phages, can lyse their
hosts and terminate algae bloom and then recycle nutrients balancing the food chains - and built the white cliffs of
Dover or Rügen Island. The majority of viruses is present in the oceans hosted by bacteria, plankton, algae or in
amoebae - some of them resembling the population properties of guts of healthy or obese humans.
Viruses interact with hosts by Horizontal Gene Transfer. This makes almost all species related sharing various sets of
genes. Experimentalists selected for fast
growing cells - cancer cells - and thereby
isolated some of the most important
cancer genes (Ras, Raf, Myc etc). Also
reversion is possible by transfer of
therapeutic genes by virus-mediated
gene therapy. Similarly, some of these
genes can revert adult cells into
multipotent stem cells (iPS).
The viruses of bacteria, the phages, may
help us destroying multidrug-resistant
bacteria to overcome the failure of
antibiotics. Phage therapy is a hope.
What consequences can be drawn from
this knowledge of our planet to
exoplanets?
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Extremophilic microorganisms play an important role in astrobiology since they set hypothetical boundaries
for the presence of life on Earth. Many areas of the Earth are covered with snow creating habitats for
various psychrophiles. These habitats are exposed to several extreme conditions such as low temperatures,
increased UV irradiation, osmotic stress or oligotrophy. Snow algae dwell within liquid water retained
among snow crystals. The colonization of these algae may result in various coloration of snow. The color of
snow is dependent on the phase of life cycle, algal species, ration of pigments (i.e. chlorophylls and
carotenoids) [1]. Snow algae have evolved multiple adaptations for life in extreme conditions. One of them
is the synthesis of secondary carotenoids (mainly astaxanthin) that protects against excessive light and
increased UV radiation. Carotenoids are considered as biomarkers for astrobiological researches [2]. In the
upcoming Martian missions (Exomars and Mars 2020), miniaturized Raman spectrometers will be used for
molecular analysis with the aim to find potential biosignatures of extinct or extant life [3]. Here, a Raman
microspectroscopy (514.5 nm) was used to determine the ratios of carotenoids in the various life-cycle
stages of 11 samples snow algae algae from various European mountains over the years 2002–2017, and
how these changes are reﬂected in Raman spectra. The three main carotenoid Raman bands of the
astaxanthin-rich red cysts were located near 1520, 1156, and 1005 cm-1. In orange zygotes and green
flagellates, the position of the ν1 band was shifted. This correlates with the changes in the carotenoid
composition. In some case, the ν1 band consists of two bands that overlap with each other. A mathematical
decomposition of the compound band could be used for the characterization of the mixture of carotenoids.
Nevertheless, the ability of Raman spectroscopy to discriminate between structurally slightly differing
carotenoids or several carotenoids in a mixture is limited.
[1] Nedbalová L, Kociánová M, Lukavský J (2008) Ecology of snow algae in the Giant
Mts./Ekologie snezných ras Krkonos. Opera Corcontica, 59
[2] Edwards, Howell GM, et al. Biomarkers and their Raman spectroscopic signatures: a spectral challenge for
analytical astrobiology. Phil. Trans. R. Soc. A 372.2030 (2014): 20140193.
[3] Rull F, Maurice S, Hutchinson I, Moral A, Perez C, Diaz C, Colombo M, Belenguer T,
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To achieve many of the goals of ESA’s and NASA’s space programs, an enduring human presence in space is
required. For those long-term missions, sustaining the crews’ health and safety is essential. Here, the
development of improved spaceflight-suitable methods for microbiological monitoring and
decontamination are of great importance. The microflora of humans and habitat varies in response to
changes in environmental conditions aboard the International Space Station (ISS). Changes in the microflora
may result in an increased health risk for the crew. Furthermore, microbial biofilms are considered a risk in
space flight since they are known to cause damage to equipment from polymer deterioration, metal
corrosion and bio-fouling. Various studies have shown that certain metals reduce the number of contactmediated microbial contaminations. Antimicrobial surfaces are defined as materials that inhibit or reduce
microbial growth. Examples for antimicrobial metal surfaces are silver, copper and their respective alloys.
The introduction of antimicrobial surfaces for medical and industrial purposes has shown their unique
potential for reducing and preventing microbial contamination. The ESA project BIOFILMS (“Biofilm
Inhibition on Flight equipment and on board the ISS using microbiologically Lethal Metal Surfaces", No.
ILSRA-2014-054) is going to examine effects of microgravity on biofilm formation on tailor-made
nanostructured metallic surfaces by human-associated microorganisms such as Staphylococcus sp. and
Acinetobacter sp. The selected BIOFILMS surfaces differ in their antimicrobial properties based on chemical
composition and/or geometric nanostructures, which can be generated by Direct Laser Interference
Patterning (DLIP). These surfaces are supposed to be tested on biofilm formation rates under different
spaceflight relevant gravitational regimes (e.g., moon, Mars, ISS and Earth control). In the experiment,
microbial growth will occur under optimal biofilm-inducing conditions conducted in the KUBIK incubator
inside ESA’s Columbus laboratory. Data generated will be of immense importance for understanding the
influence of gravitation and the ISS environment on biofilm formation. Furthermore, the different
antimicrobial materials can be evaluated and be applied in present and future astronaut-/roboticassociated activities in space exploration. Here, an overview on current and upcoming activities of the ISS
spaceflight experiment BIOFILMS is presented.
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Amino acids or their precursors have been found in extraterrestrial bodies like carbonaceous chondrites,
and they are regarded as possible sources for the first life on the Earth. One of the possible sites for the
formation of extraterrestrial organics is ice mantle of interstellar dust particles (ISDs) in dense clouds. When
mixtures of interstellar ice analogues were irradiated with high-energy particles, amino acid precursors
(AAPs) were formed [1]. Here we characterized the AAPs synthesized from mixtures of major interstellar ice
components, and also compared their stability in simulated space environments with free amino acids
through ground and space experiments.
A mixture of CO (350 Torr) and NH3 (350 Torr) over liquid H2O was irradiated with 2.5 MeV protons from a
Tandem accelerator (Tokyo Tech): The aqueous product was referred to as CAW. Frozen mixtures of
CH3OH, NH3 and H2O with various mixing ratios were irradiated with 290 MeV/u carbon ions from HIMAC
(NIRS, Japan), and the products were referred to as MeAW. Amino acids in these products were
determined before and after acid hydrolysis. These products were characterized by FT-IR, XANES, UV/Vis
spectrometry, HPLC and/or ultrafiltration.
Amino acids were detected in all the irradiation products after acid-hydrolysis, even when a 10:1:111
(molar ratio) mixture of methanol, ammonia and water was irradiated. Thus it is plausible that amino acid
precursors could be formed in ice mantles of interstellar dust particles. Their FT-IR and XANES spectra
suggested that the irradiation products had super-complex structures with amide bond moieties.
Fractionation studies showed that simple well-known precursors such as aminonitriles and hydantoins were
not the predominant precursors. Fractionation of CAW with an ultrafiltration membrane (cut-off MW:
3000) suggested the presence of amino acid precursors whose molecular weights were over 3000.
Aminoacetonitrile (AAN) and hydantoin (Hyd) are known simple precursors of glycine (Gly). We examined
stability of Gly, AAN, Hyd and CAW. Frozen solutions of the compounds were irradiated with carbon ions
(290 MeV/u) from HIMAC to evaluate their stability in ISDs. Aqueous solutions of the compounds were
irradiated with γ-rays from a 60Co source, Tokyo Tech to simulate reactions in meteorite parent bodies. In
these experiments, CAW showed the highest recovery: Gly yield was the lowest.
It is plausible that AAPs could be formed in ice mantles of ISDs by cosmic rays. It was suggested that major
AAPs formed were not simple precursors but had super-complex structures whose molecular weights were
thousands. Such super-complex amino acid precursors were much more stable than free AAs and simple
AAPs in simulated space conditions. Thus we concluded complex AAPs formed in space could be safely
delivered to the primitive Earth, while free amino acids were not stable during delivery even if they were
formed in space. Stability of AAPs is also being evaluated in the Tanpopo mission [2].
This work was partly supported by Grants-in-Aid of MEXT, Japan (17H02991).
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Abstract:
The search for the most ancient traces of life continues in earnest [1–3], with the general consensus that some
combination of morphological and geochemical evidence must correlate in such a manner as to indicate the former
presence of biology. The study of early life is currently at a point of expansion at which it should be appraised
synergetically within the framework of its biogeochemical landscape. Ergo, appraising fossils on an object-by-object
basis is no longer the most informative way in which to interrogate the co-evolution of the biosphere and geosphere.
We suggest instead that correlative geological-geochemical-geobiological investigations of the palaeoenvironmentalpalaeontological contexts of putative microfossils provides a framework within which to understand early microbial
evolution. Two of our ongoing studies, at very different spatial scales, outline the potentials of this approach:
I) Metallomic biosignatures: Geochemical analyses – using particle-induced X-ray emission (PIXE) – of putatively
biogenic organic matter in 3.33 Ga hydrothermally influenced sediments of the Barberton greenstone belt
quantitatively assesses the concentrations and distributions of bio-essential and bio-functional trace elements.
We have demonstrated that a number of biologically utile trace metals/metalloids are recurrently enriched within
specific morphologies of carbonaceous material, thus resembling a metallomic signature – the elemental complement
enabling cell functionality[4] – of anaerobic, thermophilic methanogens and diazotrophs[5]. Patterns of spatial
enrichment in Fe, Ni, Cu, Co and As located within carbonaceous material suggest that this clotted carbonaceous chert
has a biological precursor. Our approach provides a novel and non-invasive method of estimating biogenicity and
perhaps microbial metabolism in the absence of obvious cellular preservation. This supports that modern cellular
enrichments in trace elements are vestiges of the thermophilic, nutrient-rich environment of primitive life. Trace
metal distributions at the micro-scale represent a potential unrecognised biosignature for Archaean
biogeochemistry[5].
II) Microbial biomes: The co-evolution of Earth and Life is a product of its inhabitants and geodynamical drivers, which
act as positive feedbacks upon one another[6]. The Archaean fossil record of microbial communities flourishing and
declining concomitantly with volcanic cycles and diverse fluid fluxes allows one to make close comparisons between
environment- and ecosystem-level characters of multiple Archaean sedimentary horizons spanning more than 200
Ma, suggesting that shallow-water, platformal, volcanogenic-hydrothermal realms were major microbial habitats
throughout the Palaeoarchaean[3,7]. Rare earth element compositions – studied through laser ablation ICP-MS – of
palaeoenvironmental conditions indicate micro-textural geochemical variation within biomes resulting from the
interacton between multiple fluid chemistries, and which elucidate the niches for widespread microbial life to
flourish[7]. A biome model – whether focussed on anaerobic photosynthetic life or chemotrophic life – greatly assists
the reconstruction of ancient geosphere-biosphere co-evolution on Earth, and could serve as a model to guide the
search for the most plausible occurrences of life elsewhere.
Trace element studies therefore provide promising signatures through which to assess the symbiotic evolution of the
geological and microbial architecture of the early, anaerobic Earth, and presumably other planets, at multiple scales of
observation.
[1] Westall, F., et al., 2015. Geology 43, 615–618.
[2] Tashiro, T., et al., 2017. Nature 549, 516–518.
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[7] Hickman-Lewis et al., in preparation for Nature Communications.

Study of Archaean cellular remains by means of the Transmission Electron
Microscope
Keyron Hickman-Lewis1,2, Elisi Miccinilli2, Raluca Negrea3, Corneliu Ghica3, Valentin-Adrian Maraloiu3,
Frances Westall1, Barbara Cavalazzi2,4
(1) CNRS Centre de Biophysique Moléculaire, Orléans, France; (2) Dipartimento BiGeA, Università di
Bologna, Italy; (3) National Institute of Materials Physics, Magurele, Romania; (4) Department of Geology,
University of Johannesburg, South Africa
Presentation: Poster
Session: Traces of life, biosignatures, life detection
Abstract:
High-resolution analyses of morphology and geochemistry are increasingly used in studies of controversial
and enigmatic putative biosignatures from the Early Archaean (~3.5–3.0 Ga). The transmission electron
microscope (TEM) presents one such technique, and has been applied to ancient microfossils[1-2],
microbial mats[3] and organic matter[4]. When coupled with energy-dispersive X-ray spectroscopy (EDXS)
and electron energy loss spectroscopy (EELS), high-resolution TEM can indicate the nature and preservation
of the precursor organic material.
We present the results of nanometre-scale observations of carbonaceous material within black and
laminated cherts from the 3.45 Ga Hooggenoeg Formation and the 3.33 Ga Josefsdal Chert. FIB-milled
sections of approximately 8 x 6 µm were extracted from ‘clot’-like objects, identified as irregular and
rounded aggregations of carbonaceous material of putative biogenic origin[5-6]. Carbon isotope ratio
measurements range between around 0 and –21‰, i.e. values consistent with microbial fractionation, and
Raman spectra indicate both a thermal maturity consistent with that of the host rock and a similarity to the
expected spectra of metamorphosed biological matter. HRTEM observations of carbonaceous material
coupled with EELS shows that the carbonaceous material is a richly intermixed mass of graphitic carbon and
amorphous carbon. Furthermore, it exhibits textural heterogeneity at the nanoscale similar to that
reported in microbial remains, which has been ascribed to the presence of the remnants of pyrolysed,
pressurised heterogeneous biological organic material[4]. For instance, curved, interwoven carbonaceous
material is distinct from demonstrably secondary graphite at the nano-scale, the latter of which would have
morphologies clearly controlled by the deformational stress field of the rock[4].
High-resolution techniques, such as transmission electron microscopy, will be of pivotal importance in the
determination of the nature of organic material in returned extraterrestrial samples. Since the clotted
carbonaceous material studied herein is of putative chemotrophic origin, it presents an ideal analogue
putative biosignature when considering the possibility of life on Mars, since chemotrophy is the expected
metabolic level associated with any fossil remains found on Mars. Furthermore, the geological context of
this material – volcanically and hydrothermally influenced shallow-water conditions – is consistent with
expected and reported Noachian environments on Mars[7]. Since chemotrophic fossils from such
environments may be small in size, poorly preserved and enigmatic in their extended phenotype, it is
possible that such challenging, high-resolution techniques as presented herein will be required for the
identification of potential Martian fossils.
[1] Glikson, M., et al., 2008. Precmabrian Research 164, 187–200.
[2] Wacey, D., et al., 2011. Nature Geoscience 4, 698–702.
[3] Westall, F., et al., 2011. EPSL 310, 468–479.
[4] Ohtomo, Y., et al., 2013. Nature Geoscience 7, 25–28.
[5] Walsh, M.M., 1992. Precambrian Research 54, 271–293.
[6] Westall, F., et al., 2015. Geology 43, 615–618.
[7] Michalski, J.R., et al., 2017. Nature Communications 8, Article number 15978.
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The talk entitled 'Astrobiology and Society in Europe Today. The White Paper on the societal implications of
astrobiology research in Europe and the need for a European Astrobiology Institute' gives an outline of a
recently completed joint work of Working Group 5 Philosophy and History of Astrobiology, a part of a
Trans-Domain European COST Action Life-ORIGINS TD1308 Origins and evolution of life on Earth and in the
Universe. With contributions from authors in twenty-five countries and over thirty scientific institutions
worldwide, on societal implications of astrobiology research in European context and its relation to society
at large.
Astrobiology enjoys a great deal of interest among the public, probably more than most other fields of
research. It also has implications for human life outside laboratories and lecture halls. It has the potential to
be a flagship of European cooperation in science.
Astrobiology is inherently interdisciplinary and based on collaboration between disciplines, universities and
countries. For Europe to take a leading role in this research, it is very important to have a stable structure
that can coordinate research, research infrastructure, funding and relations to the surrounding society in an
efficient way. In detail, during the talk will be introduced the two main objectives of the Astrobiology and
Society White Paper:
(1) It recommends the establishment of a European Astrobiology Institute (EAI) as an answer to a series of
challenges relating to astrobiology but also European research, education and the society.
(2) It also acknowledges the societal implications of astrobiology, and thus the role of the social sciences
and humanities in optimizing the positive contribution that astrobiology can make to the lives of the people
of Europe and the challenges they face.
With the aim to inform space science professionals as well as interested public about the White Paper, the
sections related to contributions of astrobiology to society, advancement of science in Europe,
environmental protection, as well as societal challenges from astrobiology, and potential conflicts of
interest between astrobiology and commercial use of space will be introduced. Furthermore, the poster
aims to point out to the timely role of an organised initiative in astrobiology education and popularisation
of science.

Impact of simulated Martian conditions (perchlorates, drought, radiation) on
bacterial strains from different Mars analogue sites
Kristina Beblo-Vranesevic1, Maria Bohmeier1, Sven Schleumer1,2, Elke Rabbow1, Petra Rettberg1 and the
MASE-Team3
(1) German Aerospace Center (DLR), Institute of Aerospace Medicine, Radiation Biology Department,
Cologne, Germany
(2) Hochschule Niederrhein, University of Applied Sciences, Faculty Industrial Engineering, Krefeld, Germany
(3) Alexandra K. Perras, Christine Moissl-Eichinger, Petra Schwendner, Charles S. Cockell (Coordinator),
Pauline Vannier, Viggo T. Marteinsson, Euan P. Monaghan, Andreas Riedo, Pascale Ehrenfreund, Laura
Garcia-Descalzo, Felipe Gómez, Moustafa Malki, Ricardo Amils, Frédéric Gaboyer, Keyron Hickman-Lewis,
Frances Westall, Patricia Cabezas, Nicolas Walter
Presentation: Thursday 09:30-09:45
Session: VAAM/Space microbiological focus on environmental extremes
Abstract:
Five (facultative) anaerobic strains, namely Buttiauxella sp. MASE-IM-9, Clostridium sp. MASE-IM-4,
Halanaerobium sp. MASE-BB-1, Trichococcus sp. MASE-IM-5, and Yersinia intermedia MASE-LG-1 from
different extreme terrestrial environments were subjected to Mars relevant environmental stress factors
(low water activity, oxidizing compounds, ionizing radiation) in the laboratory under controlled anoxic
conditions.
The survival after addition of sodium perchlorate at different concentrations for dedicated time points was
species specific. The inter comparison of the five microorganisms revealed that Clostridium sp. MASE-IM-4
was the most sensitive strain (D10-value = 0.6 M). The most tolerant microorganism was Trichococcus sp.
MASE-IM-5 with a D10-value around 1.9 M after fifteen minutes treatment with sodium perchlorate. In
parallel, the cultivation and growth of the strains in the presence of sodium perchlorate in Martian relevant
concentrations (0.5 % / 1 % wt/vol) led mostly to agglomeration of the tested cells.
Treatment with desiccation and ionizing radiation, applied one after the other, led to additive effects as
well as an enhanced radiation tolerance in two strains. The combination of desiccation and Martian
atmosphere led only to additive effects.
In conclusion, the tested microorganisms from Mars analogues sites showed that survival is hypothetical
possible in deeper subsurface regions on planet Mars to some extent.
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Abstract:
Planets that are embedded in the changing magnetic fields of their host stars can experience significant
induction heating in their interiors caused by the planet's orbital motion. Induction heating arises when a
changing magnetic field induces currents in a conducting medium which then dissipate to heat the body,
mostly within an upper layer called the skin depth.
For this type of heating to be substantial, the planetary orbit has to be inclined with respect to the stellar
rotation and dipole axes. Alternatively, the planet can still experience induction heating if it lies in the
equatorial plane of its star if the stellar dipole axis is inclined with respect to the stellar rotational axis.
Induction heating in rocky planets orbiting strongly magnetic M dwarfs can be a very powerful interior
heating source, sometimes comparable to or exceeding the tidal heating in exoplanets. An internal heating
source of such magnitude can lead to extreme volcanic activity on the planet's surface, possibly also to
internal local magma oceans, and to the formation of a plasma torus around the star aligned with the
planetary orbit. A strongly volcanically active planet would eject into space mostly SO2, which would then
dissociate into oxygen and sulphur atoms. Young planets would also eject CO2. Oxygen would therefore be
the major component of the torus. We show that the torus could be revealed by detecting absorption
signatures at the position of the strong far-ultraviolet OI triplet at about 1304 Angstrom. These estimates
are valid also for a tidally heated planet.
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Abstract:
Measuring carbon dioxide efflux from soils is a promising and simple approach for detection and
quantification of life processes in both terrestrial and extraterrestrial locations. Such efflux is observed
during both aerobic and anaerobic respiration processes, however, carbon dioxide evolution rate is much
lower during anaerobic processes. Soils and sands of low organic content are largely omitted during typical
studies on soil respiration, however, they could be considered as analogue sites for the life detection
experiments in extraterrestrial locations. In this study I provide data that partially fills this knowledge gap.
Respiration measurements were performed with dune sand, collected during early spring in the Baltic Sea
coast (Poland, temperate zone). The sampling site was subjected to very low anthropogenic pressure
because it is national park area. Sand sample consisted of medium (74%) and fine sand (26%). Its loss on
ignition amounted to only 0.11%, which indicated very low organic content. Respiration rate measurements
were performed in containers with use of chemical method by Warder. Experimental incubations were
performed with hydrated sand, at temperature of 20 degrees Celsius, and in darkness. Two experiments
were run: (i) with sand layer of 5 cm and (ii) sand layer of 8 cm. Both experiments gave comparable and
reproducible results and confirmed that results can be reported per unit area. Carbon dioxide efflux was
easily detectable and rather stable during 5 days of incubation. Later it gradually decreased. Mean
respiration rate calculated for 5 initial days of incubation was 63.6 mg of carbon dioxide released per
square meter per day for sand layer of 5 cm and 67.6 mg of carbon dioxide for sand layer of 8 cm.
Maximum respiration rate was 100 mg of carbon dioxide released per square meter per day. Such low
values were about 2 folds of magnitude lower than respiration rates observed in typical soils and
correspond well to rates of carbon dioxide efflux observed in McMurdo Dry Valleys in Antarctica (studies by
Parsons and co-workers). Further studies will focus on characterization of microorganisms present in the
sand studied and their abundance. Combining results on carbon dioxide efflux from soils of low organic
content with data on abundance of unicellular organisms will indicate necessary sensitivity of life detection
methods to be performed in extraterrestrial locations.
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The study of the origins of life often involve abiotic reactions to make biomolecules and their subsequent
biopolymers in some simulated early geologic conditions. One tenet that is often ignored is that we are not
sure how the notion of a pre-Darwinian chemical “evolution” took place. Most non-directed abiotic
chemistry (as in Miller-Urey soup or in Carbonaceous Chondrites) often makes diverse and complex organic
chemicals, the ones that interest us among these compounds, are the biomolecules (amino acids etc.).
Despite their importance as building blocks in modern biology, their evolution, as in the abiotic formation
and selection to make diverse biopolymers to perform catalysis and replication is a major challenge in the
field. There is, however, an underexplored exposition that may give some insights; congeners of these
biomolecules may be useful as scaffolds before the arrival of efficient catalysts and information molecules.
Here we demonstrate that alpha-hydroxy acids (a congener of amino acids), which are likely among the
most abundant prebiotic monomers could spontaneously form complex dynamic combinatorial libraries of
polyesters. This occurs over a wide variety of reaction conditions (temperature, concentration and
presence of congeners) compatible with geochemical wet-dry settings on the primitive Earth. While the
functional capacity of these facile polyesters remains open for exploration, these libraries could have
significantly altered the catalytic landscape of their environment and open ways for interesting chemistries
for the origins of life.
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The evaporation of a water molecule occurs through the breaking of one or several hydrogen bonds. These
hydrogen bonds are responsible for many remarkable features of water. At the macroscopic scale, water is
known for its exceptional ability to thermalize a system, while at the microscopic level, a high-speed
transfer of vibrational energy via hydrogen bonds is observed. What happens when a small number of
water molecule are involved?
In the experiment carried out with the device DIAM IPN Lyon, relaxation of protonated water nanodroplets
is observed after electronic excitation of one of its molecules. The implementation of a velocity mapimaging (VMI) method associated with the COINTOF technique (Correlated Ion and Neutral Time-Of-Flight)
allowed us the measurement of the velocity distribution of molecules evaporated from protonated water
clusters, mass- and energy preselected. The behavior of the measured velocity distributions shows that
even for extremely small water nanodroplets, the complete energy redistribution before the evaporation
prevails and the velocity distributions of these events is closed to those expected for macroscopic droplets
from around ten water molecules. However, these measurements of the velocity distributions also
highlight a high speed distinct contribution corresponding to the evaporation of a molecule before
complete redistribution of energy. The measured velocity distributions for heavy water nanodroplets show
a proportion of these non-ergodic events more important that for normal water. The measurements
carried out with different target atoms show that the proportion of non-ergodic events decreases with
decreasing the energy deposited in the droplet.
References:
Velocity of a Molecule Evaporated from a Water Nanodroplet: Maxwell–Boltzmann Statistics versus Non-Ergodic
Events. H. Abdoul-Carime, F. Berthias, L. Feketeová, M. Marciante, F. Calvo, V. Forquet, H. Chermette, B. Farizon, M.
Farizon, T. D. Märk. Angew. Chem. Int. Ed. 54, 14685 (2015).
Collision-induced evaporation of water clusters and contribution of momentum transfer. F. Calvo, F. Berthias, L.
Feketeová, H. Abdoul-Carime, B. Farizon, M. Farizon. Eur. Phys. J. D 71, 110 (2017).
Measurement of the velocity of neutral fragments by the "correlated ion and neutral time of flight" method combined
with "velocity-map imaging. F. Berthias, L. Feketeová, R. Della Negra, T. Dupasquier, R. Fillol, H. Abdoul-Carime, B.
Farizon, M. Farizon, T. D. Märk. Rev. Sci. Instrum. 88 08301 (2017).
Correlated Ion and Neutral Time of Flight Technique combined with Velocity Map Imaging: Quantitative
Measurements for Dissociation Processes in Excited Molecular Nano-Systems. F. Berthias, L. Feketeová, R. Della
Negra, T. Dupasquier, R. Fillol, H. Abdoul-Carime, B. Farizon, M. Farizon, T. D. Märk. Rev. Sci. Instrum. 89 013107
(2018).
Sequential evaporation of water molecules from protonated water clusters: measurement of the velocity distributions
of the evaporated molecules and statistical analysis. F. Berthias, L. Feketeová, H. Abdoul-Carime, F. Calvo, B. Farizon,
M. Farizon, T. D. Märk. Phys. Chem. Chem. Phys. (2018) DOI: 10.1039/C8CP02657B.

Life beyond Earth: the antarctic black fungus in planetary simulations
Laura Selbmann1, Claudia Pacelli1, Laura Zucconi1, Akira Fujimori2, Ralf Moeller3, and Silvano Onofri1
(1) University of Tuscia, Department of Ecological and Biological Sciences (DEB), Viterbo, Italy
(2) Molecular and Cellular Radiation Biology Team, Department of Basic Medical Sciences for Radiation
Damages, National Institute of Radiological Sciences (NIRS), Chiba, Japan
(3) Space Microbiology Research Group, Department of Radiation Biology, Institute of Aerospace Medicine,
German Aerospace Center (DLR), Cologne, Germany
Presentation: Poster
Session: Planetary analog research and extreme conditions on Earth
Abstract:
The cryptoendolithic black fungus Cryomyces antarcticus inhabits the ice-free area of the Antarctic
McMurdo Dry Valleys, one of the best terrestrial analogue environment for Mars. There, conditions on rock
surface are often incompatible with life; hence, microbes develop within porous rocks as last chance for
survival. The almost complete isolation over a timescale of evolutionary significance led to the evolution of
unique, extremely adapted and resistant, genotypes. C. antarcticus is particularly skilled in stress tolerance
being able to tolerate injuries well beyond the harsh conditions of its natural environment. Because of its
uncommon resistance, the fungus has been chosen as eukaryotic model for astrobiological studies to test
the endurance of eukaryotic cells to space conditions. In the experiment here reported, the fungus C.
antarcticus was exposed, in the frame of the STARLIFE irradiation campaign, to different types and qualities
of ionizing radiation with different linear energy transfer values (0.2 to 200 keV/µm). Irradiation with up to
1 kGy of accelerated He, Ar and Fe ions, and 55.57 kGy of gamma rays (60Cobalt). Single gene PCR, RAPD
fingerprinting, qPCR and PMA coupled with qPCR analyses reveal minimal damage to DNA or plasma
membranes induced by the treatments. This experiments further confirm the stunning stress tolerance of
the fungus and its high relevance in astrobiological investigations, including the search for life on Mars, the
reliability of the Lithopanspermia theory, and the estimation of planetary contamination risks.
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Today, nitrogen is the most abundant constituent in the Earth’s adtmosphere. The emergence of such a
stable nitrogen-dominated atmosphere, a feature that is missing on Venus and Mars, is not understood so
far. There is evidence for interactions between the buildup of atmospheric nitrogen and the chemistry of
the young Earth, the behavior of the early Sun, deep mantle convection and plate tectonics, and the
evolution of a biosphere. To address this complex, the nitrogen cycling of today and in the past has to be
investigated to understand both the fundamental changes in chemistry and the fluctuations in partial
pressure that occurred. Over long timespans, the main source for processable nitrogen compounds is
volcanic outgassing linked to the temperature history of the planet. Since N2 is a strongly triple bonded
molecule that is chemically almost inert, processes that provide sufficient energy to break this bond apart
are required for depleting atmospheric nitrogen. In the Archean eon, the sinks of N2 were very different to
today’s, mostly due to the chemically reducing environment. To model the nitrogen partial pressure on
early Earth we focus on the budget of these sources and sinks, also including recycling processes that
happen in soils, ocean and life forms.
In recent years, a few models on the evolution of the nitrogen partial pressure over geological times have
been developed. These simulations typically assume relatively high nitrogen partial pressures up to 1 bar
and even higher as a starting condition. Considering the environmental conditions during the Hadean and
early Archean we choose a different approach: Firstly, if there had been a larger amount of nitrogen in the
primary atmosphere, the magma ocean on the Earth’s surface would have sequestered these compounds.
Secondly, we assume that outgassing of a ~1 bar nitrogen atmosphere is unlikely to occur in a reducing
Hadean environment. Thirdly, aeronomial aspects also indicate that a dense nitrogen-dominated
atmosphere was unlikely to sustain the relatively high solar EUV flux. Furthermore, there is evidence that
fixing processes such as lightning, meteors and cosmic rays would have been efficient enough to deplete
larger amounts of atmospheric nitrogen even during the Archean.
Besides a better understanding of the development of nitrogen atmospheres in general, we aim at its
interaction with life forms. Since nitrogen an essential element in the building blocks of life, nitrogen
compounds in the atmosphere and the ocean are crucial for its evolution. Vice versa, a nitrogen
atmosphere can be strongly influenced by the biosphere, which can be able to deplete atmospheric N2 or,
after the Great Oxidation Event (2.7 to 2.3 Gyr ago), massively recycle nitrogen compounds back into the
atmosphere. The rise of this biogenic recycling causes a strong increase in the N2 partial pressure due to a
release of nitrogen compounds from sediments which had been fixed during the Archean.
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Abstract:
Since the first detection of an exoplanet more than two decades ago we have detected thousands of
planets and planet candidates using ground-based observatories and space-based missions. Some of these
planets have been characterized as "Earth-like" planets, since their masses and radii suggest them being a
mixture of rock and iron. A few of them orbit within the habitable zones of their host stars, allowing for
surface temperatures suitable for liquid water. A driving factor for finding rocky planets in the habitable
zone outside of our Solar System is to detect another planet that may host life on its surface. The possibility
of liquid surface water (and hence habitability for Earth-like life), however, depends on a complex interplay
between the planet, its environment, and the host star. Here we will summarize the different factors that
play a role in assessing a planet's possible composition as well as its interior and atmosphere evolution,
which depend on many factors such as stellar composition, atmospheric erosion due to stellar activity,
magnetic induction and tidal forces. New, interdisciplinary approaches are needed in the future to compare
all effects in range and magnitude, put them into context, and study their combined effects on planetary
evolution. Only then will we be able to derive a joint, new classification of the potential of detected
exoplanets to be suitable for life beyond the traditional definition of the habitable zone.
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Stratosphere circulation is important to interpret abundances of e.g. photo-chemically produced
compounds like ozone that we aim to observe to assess habitability of exoplanets. We thus investigate a
tidally locked ExoEarth scenario for a hypothetical TRAPPIST-1b-like planet around an even cooler host star,
TRAPPIST-1d, Proxima Centauri b and GJ 667 C f with a simplified 3D atmosphere model.
We show that the circulation in a transient stratosphere on these planets can be very diverse for these
planets, ranging from a scenario with efficient equator-to-polewards circulation to the exact opposite,
'Anti-Brewer-Dobson'-circulation that confines air masses to the stratospheric equatorial region.
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Abstract:
Spore formation is a method used by bacteria to survive unfavourable conditions like γ-radiation, UV
radiation, chemicals, desiccation, and temperature extremes1,2. Previous studies have shown that dry
spores from several species such as Bacillus cereus, B. xerothermodurans, B. subtilis and Clostridum spp.
can be very heat resistant, surviving 170°C3–7. However, the exact heat resistance limits of these sporeforming bacteria had yet to be determined. Here we show that the spores of Bacillus amyloliquefaciens
rank among the most heat resistant spores known with a maximum dry heat tolerance determined at
420°C. We found that this extreme heat resistance was also maintained after several generations indicating
that the DNA was intact and able to replicate after exposure to these temperatures. Nonetheless,
amplifying the bacterial DNA using BOXA1R and (GTG)5 primers was unsuccessful immediately after
extreme heating, but was successful after incubation of the “ashes”. Moreover, amylases and proteases
were active directly after heating, showing that these enzymes are not degraded at these high
temperatures. These results demonstrate that extensive DNA damage occurs in spores of B.
amyloliquefaciens directly after an extreme heat shock; however, the eventual successful germination of
spores after inoculation indicates that these spores have an elaborate DNA repair mechanism, most likely
protein-based, able to function after exposures to temperatures up to 420°C. Therefore, Bacillus
amyloliquefaciens is one of the most heat resistant life forms known to man. Furthermore, the extremely
high temperature resistivity of these spores has far reaching implications for current dry heat sterilization
techniques and favours the possibility of spore distribution via panspermia.
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Abstract:
Searching for alien life-forms in the Universe is the fascinating area of research in astrophysics and
astrobiology. Nearly 3,800 exoplanets are discovered according to NASA exoplanet archive database, in
which more than 1,650 are rocky exoplanets. Many indexing techniques have been used to test a potential
habitability of exoplanets for some terrestrial extremophiles (namely: Earth Similarity Index, Mars Similarity
Index, Active Tardigrade Index and Cryptobiotic Tardigrade Index). Here we use the similar technique called
Colonizing Similarity Index (CSI) for potential survivability of extremophiles inhabiting rocks on rocky
exoplanets. The CSI is defined as the geometrical mean of radius, density, escape velocity and surface
temperature, ranging from 0 (extremophiles cannot potentially survive) to 1 (extremophiles can potentially
survive). In this study, a rock dependent extremophiles such as: cyanobacteria Chroococcidiopsis sp and
lichen Acarospora sp were chosen, to test if they can potentially survive on rocky exoplanets. The CSI index
is basically representing Earth-like planets that are suitable for rocky extremophiles which can survive in
extreme temperatures (i.e. as hot as desert and cold as frozen lands). The graphical representation of water
extremophile like tardigrades, (i.e. Active and Cryptobiotic Tardigrade Index) is compared with CSI
representation. The CSI index of Mars is 0.79 and the exoplanets with more than 0.90 CSI are Proxima Cenb, GJ 667C, Kepler-296 e.
Studies also have been conducted in the framework of activities of BARg (Biodiversity and Astrobiology
Research group).

Formation and stability of prebiotically plausible membranes under terrestrial
hydrothermal conditions
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Abstract:
Planetary analogue sites on Earth are of interest to Astrobiologists for studying habitability related questions because
they are less expensive to explore and pose fewer technical challenges as compared to actual planetary missions.
These sites have been mainly studied in the context of environmental limits that could support Earth-based life and
for discerning potential biosignatures. However, their ability to support prebiotically pertinent fundamental processes,
like membrane assembly and non-enzymatic oligomerization, has largely been unexplored. These processes are
considered fundamental for the onset of cellular life on the early Earth. Towards this extent, an expedition was
organized by NASA spaceward bound program to Ladakh in India. It is a Mars analogue that has many topological
features emulative of early Earth conditions. Of special interest to us was the hot springs because terrestrial hot
springs are considered as an important niche for the emergence of life. Water samples were collected from these hot
springs and systematically analysed for their ability to support membrane assembly using prebiotically relevant
amphiphiles like fatty acids and their derivatives. Bicine buffer was used as a laboratory control for comparing the
aforementioned process in analogue conditions. Among the combinations tested, the mixture of fatty acid and its
glycerol derivative was found to be the sturdiest system. It assembled into membranous vesicles in all the hot spring
water samples of different ionic strengths (as seen in the provided figure). The vesicular systems comprising of only
fatty acids or their combination with fatty alcohols showed vesicle formation only in bicine buffer but not in any of the
hot spring samples.
Subsequently, the stability of these mixed fatty acid vesicles were checked using the dehydration-rehydration (DH-RH)
cycle paradigm. This feature would have been prevalent in terrestrial hot springs and is of special interest in the
context of prebiotic chemistry because it provides a natural way of concentrating monomers. Furthermore, it enables
the formation of biopolymers, an uphill reaction, by facilitating condensation of the monomers during the dehydration
phase. The subsequent rehydration phase allows these polymers to get encapsulated into membranes to form
protocell like structures. Given this, it is pertinent to
characterize the stability of prebiotically plausible
membranes under DH-RH conditions to know whether
they could support protocell like structures. For the first
time to our knowledge, the stability of blended
membranes of fatty acid and its glycerol derivative was
systematically discerned under DH-RH conditions in our
study, using hot spring water samples from analogue
environments. It was observed that the membranes
were quite stable in bicine buffer over several DH-RH
cycles. However, their stability decreased with increasing
number of DH-RH cycles in the hot spring waters.
The overall results from our study indicate that prebiotic
compartments that were plausibly made up of mixed
fatty acid systems would have had a selective advantage
over their less heterogeneous counterparts. This
advantage could be both in terms of formation and
survival under terrestrial hydrothermal conditions.
Furthermore, our study highlights the importance of
validating results obtained under laboratory buffered
conditions by actually performing pertinent reactions in
prebiotically analogous environments.
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Abstract:
It is well known that hydrothermal vent systems are capable of harboring a biological community adapted
to extreme physical conditions of depth, pressure, light, temperature, pH and oxygen availability. Marine
microbes have managed to exploit the geochemistry of this deep water environment for energy
requirements through incredible physiological adaptations.
Recently, hydrothermal vent fields have been discovered in the southern Gulf of California at 3800 meters
of depth. The vents found in the Pescadero Basin (23ºN) record temperatures of 290ºC. Although these
vents are related to the hydrothermal systems of the Guaymas basin, they are characterized by having
fluids with a different geochemical composition, since they expel calcite and hydrocarbons (white smoke)
such as methane. In contrast, the vents located in the Alarcón Rise (23º 30’N) record a maximum
temperature of 360ºC with the presence of hydrogen sulfides (black smoke) (Goffredi et al., 2017).
In Astrobiology, it has been proposed that on the ocean floor of the satellites Europa (Jupiter) and
Enceladus (Saturn) there are hydrothermal systems similar to terrestrial that could harbor extremophiles.
Also, hydrothermal vents could be key sites where organic compounds are formed or produced, such as
methanol and formic acid, necessary for the origin of life.
We assume that the hydrothermal vents found at Pescadero Basin and Alarcón Rise harbor a community of
archaea and thermophilic bacteria intimately related to the geology of the region, as in Guaymas basin it
has been found species of the genera Thermodesulfobacteria, Desulfurococcales, and Beggiatoa (Cruaud et
al., 2017; McKay et al., 2012). Our goal is to characterize the genetic diversity of the microorganisms living
in this environment and to propose a habitability model for the existence of extremophiles on the icy
moons of the Solar System.
In this work, we present the basis of the project, which is a Ph.D. thesis in its initial process.
This study is supported by grants CONACYT-AEM 275311 and UNAM-DGAPA-PAPIIT 112219. MEPS thanks
CONACYT for her graduate scholarship.
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Abstract:
To understand exoplanetary systems and possible habitability, it is essential to measure elemental
abundances. Debris disks represent the late stages of planet formation, in which most gas has dissipated
and dust exists on scales from micrometer-sized grains to planetesimals. Collisions between kilometer-sized
bodies produce dust and gas of secondary origin, which is then released into the system. An example of this
is the spatially-resolved discrete clump of CO gas observed in the debris disk system β Pictoris [1], which
also hosts a confirmed planet. Since the dissociative lifetime of CO is ∼50 years the gas releasing process
must be ongoing.

In the Solar System, CO and other volatiles exist in comets and are locked up in water ice matrices. If the CO
emission in β Pictoris is the result of collisions between objects of Solar System abundances, we expect
water vapour to also be produced. Using archival Herschel/HIFI sub-mm data I have examined the β Pic
system for the 110 - 101 ortho-H2O emission line. My preliminary analysis shows no such emission, putting
instead a 3σ upper limit on the observed flux. This translates into an upper limit on the H2O gas mass, from
which I compare the CO/H2O ratio to Solar System values. The results lie in the uppermost range of
expected values, giving insight into the possible differences between the two systems and the physical
mechanisms at play in both the production and observation of water vapour.
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Abstract:
In the last decade Ground-based and space telescopes discovered a great number of new extrasolar planets
(about 4000 confirmed so far). Many of these new exoplanets, with about the size of the Earth, lay in the
Habitable Zone (HZ) of their host star. The most interesting rocky earth-like planets have been found
orbiting the HZ of Red Dwarf stars, the lowest in mass and irradiance, belonging to the M-type star
category. M-type stars are the most common type of stars in our galaxy (about 76% of total stars), and are
considered excellent candidates for terrestrial planet searches, as they can live long enough to allow life
evolution. In this frame, our project has within its main objectives to understand if terrestrial oxygenic
photosynthetic organisms could live and maintain their photosynthetic activities under atmospheric and
light conditions resembling those of extrasolar planets orbiting the HZ of M-type stars and furthermore
produce biosignatures detectable by remote sensing analysis. The necessity to simulate those conditions
and test our organisms under environmental parameters which can deeply differ from terrestrial ones
imposes to search for non-invasive approaches to collect data about strains growth and the impact of their
photosynthesis on a terrestrial or modified atmosphere (N2 atmosphere with increasing levels of CO2,
reaching 100% to simulate an exo-Mars or a primeval atmosphere).
Here we present an experimental setup capable of following the growth of photosynthetic microorganisms
by means of reflectance measurements and furthermore their oxygen evolution and carbon dioxide
consumption in continuous, by means of spectroscopic and luminescence-based techniques, respectively.

Water in the high subcritical state as a trigger for the formation of ferric minerals
and geobiotropic molecules of life
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Abstract:
Water in the high subcritical, hsc, state shows properties which allow the synthesis of minerals in symbiosis with
prebiotic matter. It is shown that five chemical processes occuring at the T&P conditions of hsc water lead to the
formation of prebiotic matter and of ferric oxide and silicate minerals: 1. Contact of hsc with ferrous silicate containing
rocks; 2. High dissolution of silica in hsc; 3. Oxidation of FeII into FeIII in hsc; 4. Reduction of hsc to form H2; 5.
Formation of CO in hsc.
When crustal rising anoxic water encounters ferrous silicate containing rocks, while at 300°-350°C, 10-25 MPa,
dissolution of the rocks can occur. Indeed, the solubility of silica is high, below the critical point of water and drops
abruptly above this point. The chemical equation for the anoxic alkaline oxidation of ferrous iron in hsc can be applied
to the hydrolyses of fayalite, Fe2SiO4 and ferrosilite, FeSiO3, as I propose since 2013. FeIII-oxides and FeIII-silicates can
form and H2 is released. H2 reacts with CO2 also in hsc water to form CO. Components of life can form at ~350°C such
as macromolecules of amino acids which are experimentally synthesized from gaseous mixtures of (CO, N 2, H2O) in
Sabatier-Senderens/Fischer-Tropsch & Haber-Bosch reactions or microwave or gamma-ray excitation reactions.
Such geobiotropic synthesis may
occur inside fluid inclusions
located in the quartz chert or
hematite or FeIII-silicates, of
geological terrains, and also inside
siderite located near ferric oxides
and ferric silicates. No oxidation by
photosynthesis, neither by oxygen
is needed to explain the ferric
minerals formed in Archean anoxic
terrains. The intervention of any
kind of bacteria, sulfate-reducing,
FeII-oxidizing or O2-producing
cyanobacteria is not required.
Fig. The process of geobiotropy in anoxic alkaline high subcritical water.
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Abstract:
Aspergillus and Penicillium were the predominant fungal genera detected aboard the Russian Space Station (Mir) as
well as the International Space Station (ISS), and fungal growth has been shown to promote biodegradation of
spacecraft materials which might compromise life-support systems [1-2]. Moreover, as spore formers, filamentous
fungi are a threat to astronauts’ health, and their resistant spores may pose a threat to planetary protection. This,
together with their ability to form biofilms, makes monitoring and controlling fungal populations a challenge when it
comes to meeting the medical and operation requirements for the current and future space missions [3-5]. The
doctoral study work here presented focuses on i) understanding fungal growth and biofilm formation in the space
environment, ii) searching for spaceflight-relevant antimicrobial surfaces; iii) assessing fungal radiation resistance, and
iv) identifying the potential of these fungi in space biotechnology.
In order to characterize fungal growth under simulated microgravity, the 2-D Clinostat was used, and Aspergillus niger,
a model fungus, was selected due to its significance in the medical and biotechnology applications. Colony
morphology and sporulation of the fungus were studied after 3 days in minimum medium at 30°C. In addition, 5-day
colonies were analyzed by scanning electron microscopy (SEM) techniques revealing changes in structure due to
simulated microgravity. Moreover, studies on the survivability and morphology of A. niger towards space radiation
indicate high spore resistance to X-rays, with LD90 dose for the wild-type strain N402 being 250 Gy. Interestingly,
exposure to Fe and He ion radiation showed that the spore’s ability to germinate was still intact after exposure to
1000 Gy of Fe ions. Further work with fungal strains isolated from the ISS are being carried out to identify differences
in radiation resistance and growth under microgravity.
To assess growth, gene expression and biofilm formation in real microgravity, the NASA-funded project “Biofilm in
Space (BFS)” will comprise a spaceflight experiment aboard the ISS, planned to be launched early 2019. This
experiment is also testing coupons of different materials (such as quartz, aluminum, silicone, and polycarbonate), in
the search for antimicrobial surfaces. For the experimental design to be spaceflight ready, several pre-flight tests have
been performed defining and optimizing the culture conditions for the fungus Penicillium rubens on BioServe’s space
hardware [6]. As of today, P. rubens cells were grown in the 12-well BioCells for 2 and 4 days, both in simulated
microgravity (provided by clinorotation) and in 1 x g static controls in order to measure its adherence to two different
materials – cellulose membrane and aluminum. Transport and stowage conditions were also tested, assessing viability
and biofilm formation after 10 day and 20 day stowage at - 20°C.
Overall, this work marks an important step in the establishment of new methodologies to study filamentous fungi
biofilms under simulated and real space conditions, and will help to develop the appropriate contamination, control
and potential biotechnology measures, both on Earth and in Space.
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Abstract:
Icy moons in our solar system are some of the places astrobiologists are studying to search for signs of life
beyond Earth. Searching a further understanding of the processes which force a planet either a satellite to
develop a biological system and to allocate a habitability conditions could explore by prebiotic chemistry
point of view. In this regard, it is highly interesting the search of the organic compounds synthetized from
HCN because this molecule is considered as a key to understand the origin of a potential protometabolic
system and it is ubiquitous in the Universe, including terrestrial hydrothermal vents. The presence of
hydrothermal systems has been proposed in the icy moons of the Solar System and due the facility to
produce HCN, the presence of HCN can be assumed in the subsurface oceans of these icy moons.
In addition, several observational results suggest the presence of freeze-melt cycles of water in the icy
moons of the Solar System.The icy-water matrix can be considered as plausible prebiotic reactors
implicated in the emergence of life and it has been demonstrated that the sea ice acts as a photochemical
micro-reactor. The UV radiation has been suggested as promoter to the polymerization ratio of cyanide by
internal reagement and disproportion pathways. Also, it has been proposed that salts in the ancient sea of
the Earth could protect amino acids and nucleobases of the photodegradation due to the UV radiation.
However, to our knowledge the effect of the salts on radiated freeze matrix has not been studied yet.
The goal of this work is to explore the effect of the water freeze-thaw cycles, UV-ration and salts in the
ammonium cyanide (NH4CN) polymerization, as an approach to understand the organic chemistry of the icy
moons of the Solar System and the plausible emergence of a primitive biochemistry of the early Earth. As a
result, the insoluble and soluble NH4CN polymers were analysed by GC-MS using BSTFA as a derivatization
reagent. The respective TMS derivatives of polar compounds, such as amino acids, carboxylic acids and
several N-heterocycles were identified. Glyoxilic acid was identified under particular conditions of reaction,
extending the plausible favourable conditions for the emergence of the “glyoxylate scenario”. The GC-MS
results were further studied by multivariate analysis.
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Abstract:
Today the martian surface is unable to sustain liquid water. However, there is evidence which suggests that
water may have once been present[1-5]. If a diversity of liquid water environments persisted, habitable
environments may have once existed on Mars.
We will be conducting a series of simulation experiments to mimic lacustrine environments that may have
once been present on Mars. Biotic and abiotic experiments will be conducted to identify geochemical
changes that may occur owing to the presence of microbial activity. An enriched microbial community
capable of growth in a simulated martian chemical environment, developed from sediment from the
Pyefleet mudflats in the Colne estuary (Essex, UK)[7], will be used to inoculate the experiments. To mimic
the martian chemical environment, four new regolith simulants have been developed[8] and
thermochemical modelling has been utilised to derive fluid compositions for each simulant[9]. These
simulants and fluids will be added to a bench top reaction vessel, which will be used to simulate the
physical conditions found in these lacustrine environments.
Results from these experiments will allow us to identify geochemical changes that may occur as a result of
microbial life, which could be used as indicators for life by future life detection missions. We will present
the details of the phylogenetic and functional diversity present within the enrichments and initial results
from the simulation experiments.
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Abstract:
The aquifer-fed springs of Colour Peak in the Canadian arctic are perennially cold, highly saline and sulfur
rich. These properties have led to the springs being considered analogous to the sub-surface oceans of the
icy moons Enceladus and Europa, and to aqueous environments on Mars[1-3]. Therefore, understanding
the diversity of prokaryotes that are capable of growing in this environment is important for understanding
the mechanisms conducive to life within these extra-terrestrial environments.
Cultivation-dependant and -independent techniques were used to assess the diversity of prokaryotes
present in sediment collected from a hyper-saline cold pool at Colour Peak. The microbial community that
is present and active at the site was characterised through the sequencing of 16S rRNA gene amplicons
amplified following the extraction of DNA and RNA from the sediment. To further investigate the metabolic
profile of the prokaryotes within the site, the presence and expression of functional genes relating to the
cycling of carbon, nitrogen and sulfur compounds were also assayed using PCR. The results gained from the
cultivation-independent work was used to inform enrichment strategies, allowing for the isolation and
characterisation of several halophilic isolates. Through assessment of the physiologies of the isolates, it was
possible to develop a further insight into the metabolic potential underpinning survival in Colour Peak.
Through this work, we have been able to begin to identify the key players and metabolic guilds within the
microbial community of this analogue site, and further our understanding of survival under this range of
selection pressures.
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Abstract:
Even in one of the driest places on Earth, the Atacama Desert, life has found adaptive strategies to
decreasing amounts of water: from refuges inside or below rocks as endoliths or hypoliths to inside salts in
hygroscopic niches (Davila & Schulze-Makuch, 2016). In the hyperarid core though, one of the last refuges
for life are inside salt crusts using deliquescence as a water source or in the subsurface waiting for
transitory episodes of increased moisture (Schulze-Makuch et al., 2018). These adaptive strategies might
also apply to a putative Martian life which endured a transition from a water rich past to the very harsh
surface conditions of the present and giving us clues on where to best look for traces of life on the Red
Planet. Salt crusts and salt nodules are particularly interesting targets in this regard because they reside on
or very near the surface and are thus easily accessible to future robotic missions. In the Atacama, salt
nodules have been shown to host photosynthetic organisms containing easily identifiable pigments by
Raman spectroscopy such as carotenoids or scytonemin. Mostly composed of halite, they are associated
with polygonated soils, but their formation processes are still not fully understood. Salt nodules occur in
varying morphologies which can control micro-environmental conditions and possibly microbial
colonization (habitation of “micro-niches”). One of the most damaging factors for life and its remains, both
in the Atacama and on Mars, is solar radiation. To investigate the distribution of potential Raman
signatures in micro-niches we mapped/reconstructed the sampling areas using photogrammetry
techniques and plotted the dose received according to the nodules’ orientation. We then analysed salt
nodules sections using Raman mapping to infer any relations between the amount of light received and the
presence of detectable signal. Raman instruments are indeed part of the next two rover missions to Mars:
ESA/Roscosmos’s ExoMars2020 and NASA’s Mars2020. To support and interpret future spectroscopic data
correctly, a better understanding of potential habitable environments and putative biosignatures, using
analogue environments such as the Atacama Desert, is of paramount importance.
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Abstract:
Earth is the only known place in the Universe where life exists and the presence of water is essential for its
development, but either it has its origin on our planet or came from outer space – remains one of the most
significant questions in the field of astrobiology. Examining Near Earth Objects that with no doubts affect
Earth (in different ways depending on their properties) based on combined research in areas of dynamical
evolution of small bodies in Solar System with use of orbital similarity functions in order to determine
orbital motion as well as of their geology and chemical composition assigned to spectral type - may give
general constraints on their possible influence on biological evolution which is to be understood in two
ways: firstly as destroying force in case of impact modyfing environment on a large area, and secondly as
delivering by asteroids and comets important components, with water among them, or even primitive
living organisms . Moreover, if life ever appeared in extreme space conditions (what is to be suggested by
extremofiles that survived spaceflights), small bodies may serve as natural laboratories in order to perform
experiments on behaviour of microorganisms in primeval conditions.
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Abstract:
Spacecraft assembly facilities are oligotrophic and low-humidity environments which are routinely cleaned
with alcohol wipes and alkaline floor detergents. Despite these practices, spacecraft assembly facilities
harbor a persistent, diverse, and low abundant microbiome, with the Acinetobacter being among the
dominant members of the community. In this presentation, we will show that the spacecraft cleaning
reagents of ethanol (ethyl alcohol), 2-propanol (isopropyl alcohol), and Kleenol 30 (floor detergent) can be
metabolized or biodegraded by the spacecraft-associated Acinetobacter. In perspective, this study provides
a plausible biochemical rationale to the observed microbial ecology dynamics of spacecraft-associated
environments.
Under ultra-minimal culture conditions (0.2x M9 media, 26 µM Fe), ethanol is a sole carbon source, while
cultures expectedly did not grow solely on 2-propanol. Instead, mixtures of ethanol and 2-propanol
provided enhanced plate counts at mole ratios of ≤0.50. In support, enzymology experiments showed a
NAD-dependent oxidation of ethanol and 2-propanol by a membrane-bound alcohol dehydrogenase.
Further, metabolic flux experiments using 13C-labeled ethanol yielded several citric acid cycle
intermediates and amino acids that were enriched in C-13 from C1 of ethanol, which included alphaketoglutarate, malate, succinate, and glycine. These results were supportive of active citric acid and
glyoxylate cycle enzymes, with succinate playing a central role in the formation of acetyl-CoA (through
succinate-CoA:acetyl-CoA transferase).
Under ultra-minimal culture conditions, and in the presence of Kleenol 30, untargeted metabolite profiling
of Acinetobacter radioresistens 50v1 indicated (a) biodegradation of Kleenol 30 into products including
ethylene glycols, (b) the potential metabolism of decanoate (formed during incubation of Kleenol 30), and
(c) decreases in the abundances of several extracellular hydroxy- and ketoacids.
Lastly, in ultra-minimal media and when using ethanol as a sole carbon source, A. radioresistens 50v1 also
exhibited a remarkable survival against 10 mM hydrogen peroxide (~1.5-log loss, ~10^8 cfu/mL). These
results are significant, as they demonstrate a considerable tolerance towards oxidative stress under
nutrient-restricted conditions. Together, these findings suggest that the spacecraft cleaning reagents may
(a) serve as nutrient sources under oligotrophic conditions and (b) sustain extremotolerances against the
oxidative stresses associated with low-humidity environments.
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It is widely accepted that collisions among planetary embryos is the key process in the formation of
terrestrial planets and transport of water and volatiles to their accretion zones. Unfortunately, due to
computational limitations, these collisions are often treated in a rudimentary way. The classical approach
considers impacts to be perfectly inelastic and water to be fully transferred from one object to the other.
This perfect-merging assumption has profound effects on the mass and composition of final planetary
bodies as it grossly overestimates the masses of these objects and the amounts of water transferred to
them. It also entirely neglects collisional-loss of volatiles (e.g., water) and draws an unrealistic connection
between these properties and the chemical structure of the protoplanetary disk (i.e., the location of their
original carriers). Although some modern treatments of collisions have been able to advance the classical
model to portray a slightly more accurate picture of the formation of terrestrial planets, their outcomes are
not fully quantitative. That is, results from these models do not provide an accurate estimate of the amount
of water that was delivered to Earth at the time of its formation and for that reason, they do not present
fully realistic initial conditions that can be used in models of the geological evolution of Earth. We have
developed a comprehensive methodology and a self-consistent approach to modeling the formation of
terrestrial planets and origin of Earth’s water where we simulate collisions directly, and for the first time,
consider the loss of water due to the heat of the impact, mass-removal during collisions, and icesublimation during orbital evolution of bodies. Using a combination of SPH and N-body codes, we model
the collisions and growth of embryos to planetary bodies accurately, and account for the loss of water and
volatiles during impacts. Our model presents a more accurate estimate of the water delivered to Earth
during its formation and is informed directly from geological evidence of its evolution. Results of our
simulations indicate that 1) traditional N-body modeling of terrestrial planet formation overestimates the
amount of the mass and water contents of the final planets by over 60% implying that 2) not only is the
amount of water they suggest far from being realistic, 3) small planets such as Mars can also form in these
simulations when collisions are treated properly. We show that it is in fact unnecessary to develop
complicated models to account for the small mass of Mars, and planets similar to Mars can form when
collisions are treated correctly. Results
also suggest that because of the loss
of water during impacts, the initial
water contents of planetesimals and
planetary embryos in the
protoplanetary disk have to be higher
than their traditional values in order
for the water contents of the final
planets to be comparable with that of
Earth. We will discuss details of our
methodology and present its results
and implications.
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Abstract:
The polyextremophile, gram-positive bacterium Deinococcus radiodurans is able to withstand harsh
conditions of real and simulated outer space environment, e.g., extreme temperature fluctuations,
desiccation, UV radiation, and ionizing radiation. A long-term space exposure of D. radiodurans has been
performed in exposure experiments at low Earth orbit in frames of the Tanpopo orbital mission aiming to
investigate the possibility of interplanetary transfer of life. Although it is important to analyse the impact of
space environmental factors simultaneously, it is also crucial to investigate these factors separately under
controlled conditions in order to decipher fundamental response mechanisms involved. Space vacuum (104
-10-7 Pa) is a harmful factor, which affects microbial integrity. Vacuum induced dehydration is the main
process disturbing biological samples exposed to space vacuum and causing severe damage to the cell
components: lipids, carbohydrates, proteins, and nucleic acids. However, the molecular strategies by which
microorganisms protect their integrity on molecular and cellular levels against vacuum damage are not yet
fully understood. In this simulation experiment, performed together with the German Aerospace Centre
and team of the Tanpopo orbital mission, we exposed dried D. radiodurans cells to vacuum conditions (10-410-7 Pa) for 90 days and subsequently examined the alterations on protein and metabolite level compared
to control samples. Furthermore, an RNA-extraction was performed in order to analyse the rRNA integrity.
Apart from the growth rate, which was determined via OD600 measurements, colony forming units were
calculated and the rRNA integrity was examined. Molecular analysis was performed on primary metabolite
level via GC-TOF and on protein level via LC-Orbitrap. Together with the differences in growth performance,
combined comparative analysis of alterations of protein and metabolite levels will help to identify
molecular key players in the stress response of D. radiodurans, thus elucidating the mechanisms behind its
extraordinary regenerative abilities and enabling this microorganism to withstand vacuum stress.
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On a planet or moon, the absence of a sufficiently strong global magnetic field leads to large radiation
exposure. Charged particles reach, for example, the surfaces of Mars, Enceladus and the objects in the
asteroid belt. If such particles hit biomolecules, complete decomposition or at least significant chemical
structure alterations can occur. This has not only to be considered in the search for extraterrestrial life (e.g.,
on Mars and Enceladus), but also in the chemical analyses of meteorites because the meteorite parent
bodies, the asteroids, are also exposed to this particle radiation. The organic substances formed in the
asteroids during the aqueous alteration phase will also be affected to some extent. The degree to which
they are affected depends on their distance from the asteroid’s surface.
Carbonaceous chondrites are of special interest because they contain various organic compounds, including
amino acids, such as alanine and isovaline. The latter is known to be resistant against racemization
[Gadamer 1914]. In some meteorites, an L-enantiomeric excess of isovaline was surprisingly detected
[Pizzarello et al. 2003] indicating some chiral influence on amino acid synthesis in asteroids (or earlier in
interstellar clouds). Four billion years ago, meteorites were exogenous sources that extended the terrestrial
chemical inventory and probably also brought this enantiomeric excess to Earth. This is of great interest
concerning the origin of biological homochirality.
In our experiments, we prepared a mixture of L-amino acids (alanine and isovaline) and serpentine, a
phyllosilicate dominating in CI and CM chondrites [e.g., Beck et al. 2010]. These mineral‒amino acid
mixtures were irradiated with different doses (e.g., 250 Gy) of helium ions (He 150 MeV n-1; LET: 2.2 keV
µm-1) and iron ions (Fe 500 MeV n-1; LET: 200 keV µm-1). After extraction from the mineral matrix, the
amino acids and their remnants were analyzed with chiral GC-MS and HPLC. Prior to analyses,
derivatization was necessary, firstly for GC-MS to obtain the volatile N-trifluoroacetyl-O-methyl esters of
the amino acids [Fox et al. 2015] and secondly for HPLC to produce 1-fluoro-2,4-dinitrobenzene (Sanger’s
reagent) derivatives with a strong absorption near 340 nm. Racemization of the amino acids and the degree
and nature of their decomposition will provide insight into processes related to the origin of biological
homochirality.
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Abstract:
The extreme terrestrial environment of the Antarctic ice sheet serves as an excellent probing ground for
the adaptation of extremotolerant microorganisms. To inhabit this hostile environment, microorganisms
resist sub-zero temperatures, wide temperature fluctuations, high incidence of solar UV radiation,
desiccation, and very low nutrient availability. Located on a 3200 meter-high plateau in Antarctica, the
Concordia Station is a remote, isolated habitat, providing an ideal location to monitor the indigenous
microbial diversity and human-associated bacterial dispersal on the surface snow. In this study, (ESA project
No. AO-13-Concordia-23) surface snow was sampled monthly at three areas varying in proximity (10 m, 500
m, and 1 km) to the Concordia Station across two years (March 2015 to December 2016). Snow samples
from the months January, March, May, July, September, and November of both years (n=33) were
phylogenetically profiled via sequencing of the 16S rRNA gene to identify microbial presence and
abundance with respect to seasonal changes and human activity. While harboring low microbial diversity,
the surface snow samples were characterized by heterogeneous microbiomes. Interestingly, snow samples
were found to have a core microbiome consisting of the genera Acinetobacter, Micrococcus, Delftia,
Bacillus, Enhydrobacter, Cutibacterium, and Alcanivorax, which persisted regardless of the measured
environmental factors and level of human activity. Ultimately, this study will further inform improvements
or modifications to the existing techniques to interrogate the microbial ecology in extreme (sub-zero)
environments as well as provide suggestions for future life-detection driven space missions.

Extreme Environments and Space Architecture*
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Abstract:
Structures in extreme environments require the synergy of various scientific disciplines. The use of
innovative ideas to develop fully functional systems made up of very different units is essential. Today,
partially, this Scientific field is called Space Architecture.
We will extend this idea in order to manufacture automated and functional units in situ. That is, building
from materials found on the spot, in innovative constructions that take advantage of environmental
conditions, and have full functionality and autonomy.
We will give examples of an extreme environment on earth (e.g. desert), but the main goal is space
constructions (e.g. surfaces of other planets).
The subject is focused on the design and functionality of innovative constructions in extreme environments
(geological and environmental parameters to be taken into account) and the study of the natural materials
found on the site (regolith) to be used for their construction.
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Abstract:
A myriad of astrophysical environments, once thought to be barren of anything but hydrogen and helium,
are now known to be rich in complex carbon chemistry. Not only are carbon molecules such as amino acids
and polycyclic aromatic hydrocarbons (PAHs) present in interstellar space, but also on the rocky bodies of
our Solar System, as confirmed by the species found in the Murchison and other meteorites. When these
organic molecules are adsorbed to their mineral substrates, they undergo a different chemical evolution
than they would in gas phase. The resulting reactions play a part in generating organic species important to
the inventory of prebiotic chemistry on the early Earth, Mars, asteroids, and comets. In this PhD project, we
specifically focus on photocatalysis: how iron and magnesium bearing minerals act as catalysts to
accelerate the destruction of organic molecules by radiation. In the presence of UV radiation, certain
mineral surfaces can display a photocatalytic effect. Using the Planetary Analogs Laboratory for Light,
Atmosphere, and Surface Simulations (PALLAS), we perform irradiation experiments using solar-type light
and different combinations of amino acids, PAHs, and minerals in order investigate the relevance of these
effects in conditions of the early Earth, Mars, asteroids, and comets.
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Abstract:
One of the spectacular discoveries made by the Cassini-Huygens space mission was the plume of water
vapors and ice grains emerging from the south pole of Saturn’s moon Enceladus. The source of this plume is
a global subsurface salty ocean, which is in contact with the moon’s porous rocky core. There are evidences
of ongoing hydrothermal activity that has not only confirmed intense water-rock interaction but also
revealed exothermic serpentinization reactions on Enceladus. These findings suggest Enceladus as one of
the potential extraterrestrial habitable water-worlds in our solar system.
From the water table lying inside cracks of Enceladus’ south polar icy crust, vapors and ice grains travel
further upward towards the moon’s surface through the ice vents before they are ejected into the plume. A
substantial fraction of these grains escapes the moon’s gravity and settled in Saturn’s diffused E ring. The
Cassini’s mass spectrometers — Ion and Neutral Mass Spectrometer (INMS) and the Cosmic Dust Analyzer
(CDA) frequently collected the ejected ocean material and carried in situ compositional measurements both
in the plume and the E ring.
Previous results indicated the presence of lightweight organic compounds (≈ up to 50 u) in gas phase and
ice grains. Here we present the evidence for highly concentrated, very large and complex organic molecules
of astrobiological potential emerging from Enceladus subsurface ocean. About 3% spectra of organic
enriched ice grains show both aliphatic and aromatic macromolecular structures with molecular mass much
larger than 200 u. This is the first ever detection of macromolecular organics from an extraterrestrial waterworld.
In principle biological processes can create such large molecules. Another scenario is that these can be
generated as a result of hydrothermal activity. In this process the subsurface ocean water percolated in
tidally heated porous core where the complex organic material can be formed. This material can be
transported upward from depth either by thermal convection or on the walls of rising bubbles of volatile
gasses. At the oceanic surface this material is deposited as thin film, which can be dispersed by bursting
bubbles. Inside the icy vents aerosols made of this insoluble organic material become ice-coated from the
condensation of water vapor and ejected in the plume along with the frozen droplets of salty ocean water.
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Abstract:
Since observational technologies allow astronomers to get detailed molecular spectra, the presence of
isotopologues in space is being discovered. As deuterium came into play the measurements of D/H ratio
became an important issue for astrobiology, especially if comes to water ices on comets, planets (Encrenaz,
T. etc. 2018) and satellites (Clark, R. N. etc. 2017). Knowing the ratio helps to understand evolution of water
on surfaces of the objects and their past. Still in search for relevant answers to questions about history
taking the very origins of deuterating into account is important. First deuterated species appear in cold
dense clouds in the regions of star formation. We conducted numerical calculations starting with atomic
compound of the region and simulated chemical evolution there. Our study shows that for some of the
deuterium-bearing species evolution differs from the one for main isotopologues, and ratios of abundances
of isotopologues on each step do vary and may differ from global isotope ratio. Since significant part of the
molecules produced on earlier stages of star formation survive impetuous processes of later ones,
considering the primary stage of evolution (cold dense cores) is important for studies of deuterium bearing
species on later stages (from protoplanetary disks to planets). Here we present the results for water and
some other astrobiologicaly important species.
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Abstract:
Habitability is defined by Cockell et al. in, "Habitability: A Review"[1], as 'the ability of an environment to
support the activity of at least one known organism'. Water is an important factor, as it is the medium of
survival for life as we know it. Humidity measurements alone are not reliable indicators of habitability, as,
while they give information about the presence of water as a whole in a substrate, they cannot elucidate if
an environment is chemically suitable for microbes to thrive.
Water activity is a thermodynamic property, which gives a measure of chemically unbounded or available
water in a substance. Hence, it acts an indicator of chemically available water for microbes to survive in.
Water activity measurement finds applications in food industries, etc. However, most instruments used for
measurements are bulky and suffer limitations with respect to minimum measurement time, often in order
of hours. Thus, one of the objectives is to reduce the time needed for such a measurement. Smaller and
lighter design, which consumes less power, would be suitable for space applications.
Several missions to Mars have been undertaken since 1970, with the goal of collecting data on factors
affecting habitability. Mars Science Laboratory on board the Curiosity rover, is currently collecting humidity
data on Mars using capacitive sensors. While such sensors are essential for collecting data pertinent to the
suitability for meteorological data, the current arrangement is limited for reasons including; close proximity
to a nuclear core, electronic heat dissipation and unit-to-unit sensitivity [2]. According to Robert M.
Haberle, et al., [3], conditions on Mars are correct for liquid water existing inside the brines. Bethany L.
Ehlmann, et al. [4] hypothesize presence of transient liquid water in the subsurface of the regolith. The
primary aim of this research project is to design the first water activity detector system functional in Mars
analogues and to mitigate the problems of sensor systems used in Curiosity rover. The secondary aim is to
make the system adaptable to measurements at a depth of 50 cm. Using commercial sensors [5], we will
present results demonstrating how the measurement time of the sensing system can be improved as a
function of the geometry of the sensor's enclosure and how the configuration can be extended for use in
the field to test water activity.
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Abstract:
The search for past or present extraterrestrial life is one main driver for space missions to habitable planets
and moons in our solar system. Especially our neighbour planet Mars, but also Europa and Enceladus, icy
moons in the outer solar system, are of high astrobiological interest. In order to find traces of life on
another celestial body by in-situ measurements the instruments for life detection have to be very sensitive
and the unintended contamination with organic compounds and microorganisms from Earth has to be
avoided. The COSPAR’s Planetary Protection Policy and Guidelines specify the maximally allowed bioburden
of spacecraft depending on the type of mission, the target and, in the case of Mars, of the landing site
(Kminek et al., 2017). The bioburden reduction of spacecraft and instruments can be achieved by the
application dry heat or hydrogen peroxide vapour as specified in international standards. A new approach is
the use of Cold Atmospheric Plasma (CAP). Plasma, often called the fourth state of matter after solid, liquid
and gas, is defined by its ionized state. The concentration and composition of reactive atoms and molecules
produced in CAP depends on the gases used, the gas flow, the power applied, the humidity level etc.. In
medicine, low-temperature plasma is already used for the sterilization of surgical instruments, implants and
packaging materials as plasma works at the atomic level and is able to reach all surfaces, even the interior
of small hollow items like needles. In the project PLASMA-DECON a prototype of a device for sterilising
spacecraft material and components was built (Shimizu et al., 2014) and is now being further developed
based on the surface micro-discharge (SMD) plasma technology (supported by the Bavarian Ministry of
Economics, D). The produced plasma species are directed into a closed chamber which contains the parts
that need to be sterilised. To test the inactivation efficiency of this new device bacterial spores were used
as model organisms because in the COSPAR Planetary Protection Policy all bioburden constraints are
defined with respect to the number of spores (and other heat-tolerant aerobic microorganisms). From the
results obtained it can be concluded that the application of CAP proved to be a suitable method for
bioburden reduction as part of the necessary planetary protection measures and the design of a larger
plasma device is under development.
References:
Kminek, G., Conley, C., Hipkin, V., Yano, H. (2017) COSPAR’s Planetary Protection Policy, Space Research Today 200,
December 2017, 12 – 25.
Shimizu, S., Barczyk, S., Rettberg, P., Shimizu, T., Klaempfl, T., Zimmermann, J.L., Hoeschen, T., Linsmeier, C., Weber,
P., Morfill, G. E., Thomas, H. (2014) Cold atmospheric plasma - A new technology for spacecraft component
decontamination. Planetary and Space Science, 90, 60-71.
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Abstract:
The detection of biosignatures on Mars is one of the primary goals for future missions searching for life, as
planned by the ESA-Roscosmos ExoMars and NASA 2020 missions. Extremely dry and cold environments on
Earth are useful for astrobiological investigations since they often show environmental and geological
similarities with current and past Martian conditions. Investigating these environments in terms of the
effects they impose on life on Earth, or the preservation of associated biosignatures, could help
considerably the search for life on extraterrestrial environments. One of the most challenging clues is to
investigate the degree of preservation or modification of biological molecules under simulated and real
space conditions in order to maximize the chance to discover (potential) biosignatures.
In the frame of the interdisciplinary and international project BIOlogy and Mars EXperiment (BIOMEX, P.I.
J.P. de Vera, DLR), the Antarctic black fungus Cryomyces antarcticus was exposed for 16 months to space
and Mars-like conditions onboard the exposure facility EXPOSE-R2 outside the International Space Station.
The fungus was previously grown on lunar and on two Martian analogues, phyllosilicatic (P-MRS) and
sulfatic Mars regolith simulants (S-MRS), to mimic extraterrestrial soils and optimize the in-situ detection
procedures. The preservation of fungal biosignatures, or their modification in space and Mars-like
environment, was investigated through different approaches: i) the resistance of the genomic DNA by PCR
assay; ii) changes in melanin spectra by Raman Spectroscopy; and iii) organic compounds by Gas
Chromatography-Mass Spectroscopy. In general, it was found that fungal molecules are sufficiently stable
to act as biosignatures and could be reliably detected in samples even after quite long exposure time under
space and Mars-like conditions. Data gathered during this space exposure experiment, stored in the
BIOMEX database, will contribute to interpret future results from the upcoming life-detection missions, in
particular for ExoMars 2020, and drive our search for life on Mars or other planets.

First Findings on Tardigrades of Baja California, Mexico
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Abstract:
The group of organisms called tardigrades or also denominated water bears, due to its general appearance
and its slowness when moving, are microscopic organisms that have gained importance in astrobiology in
recent years, and today are considered one of the most extreme organisms on the planet. In this work,
some general aspects of the tardigrades are presented, such as the taxonomic characteristics of the group
(phyla) and its habitat in the Sierra of San Pedro Mártir.
Tardigrades have extreme survival abilities; they can enter into a state of latency for several years called
cryptobiosis. This mechanism can be of different types like anhydrobiosis, cysts, anoxybiosis, osmobiosis,
and cryobiosis (Nelson & Marley, 2000, Freshwater Biology, 44, 93), making them survive different extreme
conditions.
Although it is a group very studied mainly in Europe, only few studies exist in Mexico, namely. A first study
was carried out with some samples taken in the state of Morelos and Mexico City, where the genus
Hypsibius was found (Hoffman & Jiménez, 1994, Anales Inst Bio UNAM, 65, 287). They also took samples of
mosses from the Sierra de la Laguna in Baja California Sur, where the genus Macrobiotus was found. A
more complete study was done by (Kaczmarek et al. 2011, RevMexBiodiv, 82, 1324) where a total of 41
species have been counted in the states of Sinaloa, Chihuahua (the majority), Chiapas, Oaxaca, and
Morelos, and finally, the genus Dactylobiotus in Nuevo León (Moreno et al. 2015, Check List, 11, 1723). Up
to now, a total of 43 species have been discovered in Mexico.
Due to our interest in conducting experiments with tardigrades complementing the Astrobiology 101
course, we went to collect samples of mosses and lichens in Ensenada, without obtaining positive results.
So, we decided to look in the mountainous area of the region, where a study is currently being carried out
on the San Pedro Mártir area (in the surroundings of the National Astronomical Observatory).
The San Pedro Mártir Observatory is located at 2700 m above sea level, 135 km South and 100 km West
from Ensenada, in the Baja California Peninsula. In an area of approximately 30 Ha (0.3 km2) inside the
telescopes zone, under high humidity conditions, samples of lichens, mosses, and bryophytes were
collected on different substrates such as rocks and trunks. Finding species of the genera Milnesium sp.,
Macrobiotus sp., Paramacrobiotus sp., Mesobiotus sp., and Ramazzottius sp., and Testechiniscus sp.,
belonging to the Eutardigrada and Heterotardigrada class.
This study was supported by the grants CONACYT-AEM 275311 and UNAM-DGAPA-PAPIME PE109915.
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Abstract:
The icy moons present some of the promising examples of extended habitable locations in our Solar
System. Some of them seem to have liquid water or even oceans that could be in contact with the rocky
mantle, enabling them to deliver elements for life. They also may have temperature gradient, potential
hydrothermal vents for free energy source for possible chemolithotrophic organisms. How all this fits in to
our knowledge about the origin of life? Where are the caps and challenges in each model for life on the icy
moons?
If there is life on one or more of the icy moons in our Solar System (e.g. Enceladus and Europa), how could
it have got in there? Did it emerged independently there, or was it delivered from somewhere else?
Endogenous theories of the origin of life often depend on the environment where life could have emerged.
One theory favor hydrothermal vents, another dry volcanic surfaces, and third ices. Icy moons could have
two such environments: hydrothermal vents and ice. Panspermia is a theory that life originated from
somewhere else, Earth as one obvious place of origin. All these theories have caps and challenges in them.
Organic molecules have limited stability in high temperatures. On the other hand, chemical reactions are
very slow in ice. If life came from somewhere else, how it survived its journey through the space, and how
did it get itself to the potential ocean under thick ice shell? In this presentation, pros and cons of these
theories are presented.

Habitat formation during freezing of aqueous systems
Perera L.J., Butler, I.B and Cockell, C.S.
UK Centre for Astrobiology, University of Edinburgh
Presentation: Poster
Session: Habitability, water and interior evolution of planets
Abstract:
Europa and Enceladus are some of the most promising candidates for the search for life beyond Earth as
liquid water is thought to exist beneath their icy surfaces1-3. Terrestrial ice is known to host a rich diversity
of microbial life within networks of fluid veins and inclusions, where high solute concentrations maintain a
liquid water environment below 0°C4,5. During freezing, dissolved solutes, particles and cells are rejected
from the growing solid phase and can accumulate within the unfrozen solution6,7. This partitioning effect
has important implications for our understanding the evolution of icy environments on Earth but also for
how biological material may be transported and preserved on icy moons.
Using a temperature controlled microscope stage (Linkam THMS600), we have studied the physical
evolution of aqueous samples as they freeze. We explore the effect of cooling rate and salt concentration
(NaCl and MgSO4) on the partitioning of microspheres and cells between ice and liquid. We quantify the
effect of these factors on partitioning behaviour and show that cell size, salt composition and
concentration, and cooling rate all impact partitioning behaviuor and may therefore affect transport and
preservation potential on icy moons.
[1] Porco, C.C., Helfenstein, P., Thomas, P.C., Ingersoll, A.P., Wisdom, J., West, R., Neukum, G., Denk, T., Wagner, R.,
Roatsch, T. and Kieffer, S. Cassini observes the active south pole of Enceladus. Science, 311(5766), 1393-140, (2006).
[2] Kargel, J, Kaye, JZ, Head, JW, Marion, GM, and Sassen, R, Europa's Crust and Ocean: Origin, Composition, and the
Prospects for Life. Icarus, 148(1), 226-265, (2000).
[3] Carr, M.H., Belton, M.J., Chapman, C.R., Davies, M.E., Geissler, P., Greenberg, R., McEwen, A.S., Tufts, B.R., Greeley,
R., Sullivan, R. and Head, J.W. Evidence for a subsurface ocean on Europa. Nature, 391(6665), 363, (1998).
[4] Price, P. (2000). A habitat for psychrophiles in deep Antarctic ice. Proceedings of the National Academy of Sciences
of the United States of America, 97(3), 1247-1251.
[5] Eicken, H, Deming, JW, and Junge, K. Bacterial Activity at -2 to -20°C in Arctic Wintertime Sea Ice. Applied and
Environmental Microbiology: AEM, 70(1), 550-557, (2004).
[6] Mader, H.M., Pettitt M.E., Wadham J.L. Wolff, E.W., and Parkes J.R.; Subsurface ice as a microbial habitat. Geology:
34 (3): 169-172, (2006).
[7] Dani K.G.S., Mader, H.M., Wolff, E.W., and Wadham J.L., Modelling the liquid-water vein system within polar ice
sheets as a potential microbial habitat, Earth and Planetary Science Letters, Volumes 333-334, (2012)
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Abstract:
Human life in space flights is currently enabled by a regular resupply of food and water. However, in order
to explore deep space with long-term missions and space habitation, transport of food from earth becomes
difficult and extremely expensive, if not impossible on the long run. In order to allow for deep space
manned missions or permanent habitation, in situ food production in a regenerative life support system
(RLSS) will most likely be necessary [1]. Nitrogen is a critical nutrient for such a cycle, and ~80% of the
nitrogen in the food consumed is excreted and concentrated in the urine. This makes urine an attractive
waste stream for nitrogen recovery and purification for subsequent proteinaceous food production.
Although in some cases urea and ammonia can be taken up directly by plants and microorganisms grown
for food production, it can be preferable to nitrify urea and ammonia, at least partially, to nitrate in a RLSS.
In the MELiSSA loop, the RLSS of the European Space Agency, nitrification takes place in the third
compartment (CIII).
Nitrification of urine has been described for terrestrial applications, however typically synthetic and diluted
urine was studied with bioreactors and microbial communities that are as such not compatible with specific
requirements applicable for space (reduced gravity, pathogen-free synthetic microbial community,
radiation levels). Through a series of studies, significant progress has been made towards application of
urine nitrification in space.
First, the nitrification of real, undiluted urine could be established for the first time with a nitrification
efficiency higher than 95% at a rate up to 0.4 g N L-1 d-1 combined with a COD removal efficiency of ~9095% [2]. After these lab-scale demonstrations, the nitrification of urine was also confirmed on breadboard
level. Second, a selection of pure strains was performed to design a synthetic microbial community, capable
of effectuating different microbial processes (ureolysis, ammonium and nitrite oxidation and COD
oxidation) in a urine matrix for the MELiSSA loop. After confirmation with small scale batch tests, the
process was demonstrated as well with real urine in a continuously fed bioreactor with membrane
filtration. A third challenge is to address the reduced gravity, which hampers density driven convection, and
the radiation imposed on the microorganisms to evolve to nitrification in space. Therefore, membrane
aerated bioreactors have been developed for urine nitrification to provide the microorganisms with oxygen
in an effective way in reduced gravity conditions. The survival and storage of the nitrifying MELiSSA strains
during launch and space flight was verified in two experiments (NITRIMEL and BISTRO) demonstrating that
nitrifying pure strains, synthetic co-cultures as well as mixed nitrifying microbial communities could
successfully be reactivated after spaceflight in low earth orbit.
All these experiments have paved the way for future demonstrators of urine nitrification in space and
should finally lead to a safe and effective reuse of nutrients from urine in outer space.

A New Model to Estimate Energy Flow and Biomass in Terrestrial and
Extraterrestrial Environments
Peter M. Higgins and Charles S. Cockell
UK Centre for Astrobiology, University of Edinburgh, United Kingdom
Presentation: Tuesday 11:45-12:00
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Abstract:
A standard computational model for examining the habitability of environments of astrobiological interest
is yet to be realised. This can be attributed to the huge variety of stressors which different terrestrial and
extraterrestrial extremes can place on an organism, and the diverse selection of terrestrial biogeochemical
models to build upon. Using the energetic habitability concept, the cost of microbial defence mechanisms
can be estimated and compared to the amount of energy retrievable, predicting how a community might
grow. But how much biomass can we actually expect? How will this affect the local environment?
We are developing a new general astrobiological model to estimate how much biomass an environment
could provide were it exposed to life, and how that microbial community might affect the local chemistry,
by predicting the energetic and nutrient exchange between the two. It facilitates the quantification of
microbial maintenance energies by factoring in the energetic cost of microbiological defence processes as a
maintenance power. More generally, the model estimates the habitability of environments by not only
asserting if there is both energy and essential elements available, but also whether there is enough to
actually facilitate survival/growth against local stresses.
To demonstrate the concept, a toy model of microbial growth in a simplified Enceladean subsurface ocean
has been produced. A robust (albeit fictional) methanogen is simulated in various Enceladean marine
environments with different maintenance costs. Varying the maintenance power over an order of
magnitude (resulting in initial fractions of incoming power 1% to 50%) stunts both growth kinetics and final
biomass yields – moreso than natural fluctuations in the environment such as temperature and pressure.

Detection of new biomarkers on lichens with Raman spectroscopy after space- and
Mars like conditions: Results of BIOMEX-EXPOSE R2
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Abstract:
Exploration of the solar system, needs science and technology support to work at a merged way. Space platforms,
such as EXPOSE, are a priority for the performance of experiments which are focused on the exploration of the limits
of terrestrial life, trying to get responses to some questions, such as the 1) survival capacity of biological organisms in
space, 2) the effects of space environment on no protected biological and chemical material and 3) results of
degradation of organic molecules (biomarkers), that will support the interpretation of missions, such as Rosetta, ExoMars and Curiosity). Some priority scientific objectives for the next 10 years are focused on "Life and habitability" and
"Biomarkers for detection of extraterrestrial life", what is belonging to the main aims of BIOMEX (Biology- and Mars
Experiment, 2014-2016, ESA) [1,3], experiment performed on the exposure platform EXPOSE-R2 on board of ISS. For
that reason, samples of the extremophile lichen species Circinaria gyrosa as one selected species within the BIOMEX
experiment were exposed during 18 months to real space and to a simulated Mars-like environment to study Mars'
habitability and resistance to real space conditions. Also the identification of biomarkers was done to include them as
reference for future space missions to Mars (ExoMars). After the return of the mission in June 2016, the biological
analysis showed a quick and complete recovery of the dark space control samples exposed to space vacuum and
Mars-like atmosphere, in contrast to the slow- and lower recovery of the samples directly exposed to space short
wavelength UV radiation. This tendency was corroborated with the complementary morphological/ultrastructural
analyses applying FESEM and TEM microscopy [3]. Biomolecular analyses (PCR and sequencing) also revealed that the
viability of C. gyrosa exposed to space conditions decreased in comparison to those exposed to the Mars-like
environment [4]. In contrast to these studies, the biogeochemical variations have been examined with Raman
spectroscopic analyses to look for possible degradation of cell surfaces and pigments which were in contact with
terrestrial rocks, and Martian analogue regolith. Here we present the identification of a biomarker which is called
whewellite (calcium oxalate) and other organic compounds and mineral products of the biological activity of the
astrobiology model system Circinaria gyrosa, detected by Raman Laser Spectroscopy. Samples were exposed to the
space- and simulated Mars-like conditions during the EXPOSE-R2 preflight Science Verification Test SVT (2) and the
mission parallel ground reference experiment MGR performed at the space- and planetary chambers of DLR-Cologne.
These experiments will contribute to the comprehension of the effects of space- and planetary environment on
biological systems for future human exploration, as well as deepen our knowledge on the limits, distribution and
origin of life.
References
[1] de Vera JP and the BIOMEX-Team (2012) Supporting Mars exploration: BIOMEX in Low Earth Orbit and further astrobiological
studies on the Moon using Raman and PanCam technology. Planetary and Space Science, 74 (1), Seiten 103-110. Elsevier.
DOI:10.1016/j.pss.2012.06.010.
[2] U. Böttger, J. Meessen, J. Martinez-Frias, H.-W. Hübers, F. Rull, F. J. Sánchez, R. de la Torre, J.-P. de Vera. 2013. Raman
Spectroscopic Analysis of the Calcium Oxalate Producing Extremotolerant Lichen Circinaria gyrosa. International Journal of
Astrobiology 00 (2013) 1-14.
[3] de la Torre, R., Miller, A.Z., Cubero, B., Rabbow, E., Meessen, J., Sancho, L.G., de Vera, J.P. 2016. Survival of lichens on the ISS:
preliminary results of Circinaria gyrosa as part of the BIOMEX Experiment
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1. Introduction
Astrobiology, the study of life in the universe, deals with a number of questions people have wondered from the very
beginning of their existence. What are the origins of life on Earth? Is there life on other planets? What is the future of
life on Earth and beyond? Modern science is working to leave no (known) stone unturned in finding the answers to
these intriguing questions. A number of space missions have either been launched or are in the preparation and
expected to be launched in coming years. In the recent decades, even the non-scientific communities have shown
profound interest in the knowledge pertaining to these space endeavors and express many concerns.
The fact that there are more planets than stars in the universe was once a seeming impossibility; prior to the discovery
of the first exoplanet, these were ideas of fantasy and science fiction. It is, now, the need of time that the education
outreach programs be organized at every level — from elementary schools to universities — to spread the awareness
relating to these thriving sciences of Astrobiology. .
2. Astrobiology on secondary school level
A tough module of astrobiology was started in October 2017 to Grade 6th and 7th at Lahore Grammar School. This
module is first to be taught at secondary school level in Pakistan. More than 400 students are now familiar with
Astrobiology 101. Furthermore, there are more than 600 students enrolled in the next session of Astrobiology. While
the first session was only a 6 months long course, the subject proved to be of such great interest to the school
management and pupils that the next session's duration got increased to be 1 year long.
Bringing astrobiology to the classroom was the most challenging yet amazing part of the project. Astrobiology can
effectively engage students in the classroom because it capitalizes on humanity’s preoccupation with space and aliens,
creating interest by generating curiosity especially in students whose minds are flooded with millions of questions.
The classes are made interactive through assignments, combining
different disciplines to ensure project-based learning rather than just
content and rote learning. For example, designing a mission to Mars or a
moon of Jupiter/Saturn to search for signs of life (you need to learn
about geology, rover technology, signs of life i.e. fossils/palaeontology).
Various lunar/solar observation sessions were also organized.
3. Conclusions
Science and technology are rapidly growing fields in Pakistan. The
introduction of Astrobiology on secondary school level is important
because astrobiology integrates several areas of knowledge and gives
students a thorough outlook of Cosmic perspective.
4. References
[1] http://www.saganet.org/
[2] https://nightsky.jpl.nasa.gov/download-view.cfm?Doc_ID=478
[3] https://www.esa.int/Education/ESA_at_the_forefront_of_space_education
6. Short Summary
Astrobiology is evolving rapidly and it should be accessible to every student. It considers the possibility of life beyond
Earth while keeping in mind what life is on Earth and how it evolved. These are important and essential questions for
which students should get a chance to reflect on and search for answers.
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Abstract:
How and when the Martian atmosphere changed to the present time tenuous, cool and dry atmosphere is
still one of the fundamental science questions in Martian research and its potential habitability.
We discuss different magma ocean related steam atmosphere outgassing scenarios and their interplay with
loss processes. Our results show that Mars could not have had a dense atmosphere at the end of the
Noachian eon, since such an atmosphere would not have been able to escape until today. However, Mars
could have had a dense atmosphere early on in the pre-Noachian eon. An important insight into this early
environment can be gained by the isotopic fractionation of 36Ar/38Ar in the present-day Martian
atmosphere, which suggests that a significant atmospheric amount should have escaped in the early past.
We investigate the influence of the hydrogen escape from steam atmospheres on the fractionation of
noble gas isotopes. The fractionation of these noble gases is strongly dependent on the environmental
conditions, in particular on temperature and altitude of the exobase, which is in turn highly sensitive to the
EUV flux of the early Sun.
In addition, we studied how the early Martian atmosphere responded to different EUV fluxes from the
young Sun and how this influenced the loss of carbon, oxygen and noble gases. The escape of suprathermal
oxygen and carbon from the Martian atmosphere for four points in time in its history corresponding to 1, 3,
10, and 20 times the present solar EUV flux was studied with a Monte-Carlo model. For the same EUV
fluxes and solar wind parameters, we also investigate how ionized atmospheric oxygen and carbon atoms
are picked up by the solar wind convection electric field, after which they either escape or sputter other
atmospheric species. Analysis was made by a 3D kinetic hybrid model, which treats ions as particles and
electrons as a massless charge neutralizing fluid. The hybrid simulation allows for self-consistent studying of
the motion of ions in the Martian environment and together with the suprathermal escape rates from our
Monte Carlo simulations we can thus estimate the total atmospheric escape rate during the Martian
history.
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Minerals

Context for origin of life

PYRITE- Wachtershauser el al (1)
GEYSERITE- Campbell et al (2)
OPALINE SILICA- Deamer et al (2)
CHERT(FROM SILICA GEL)-Westall et al (9)
PUMICE-Brasier et al (3)
MONTMORILLONITE- Cairns-Smith et al (3)
KAOLINITE-Hashizume et al (3)
OLIVINE- Russell et al (1)
PYROXENE-Russell et al (1)
SERPENTINE-Russell et al (1)
MAGNETITE-Russell et al (1)
BRUCITE-Russell et al (1)
WULFENITE-Benner et al (4)
TOURMALINE-Benner et al (4)
COLEMANITE-Benner et al (4)

1) under water to protect from impacts on surface
2) on surface to get wet/dry cycles
3) compartments on surface for organic molecules
4) enough dry land to create boron to help RNA
5) method to transfer Mars life to Earth
6) method to transfer organic molecules to planet
7) method to transfer water to planet
8) method to transfer phosphorus to planet
9) protection and wet/dry cycles

Meteorites
MURCHISON(Amino Acids)-Kvenvolden et al (6)
ALLENDE(CAI's)-Clarke et al (6)
TISSINT(Piece of Mars)- Steele et al (5)
ORGUEIL(Piece of Comet)- Gardinier et al (6)
CAMEL DONGA(Piece of Vesta)- Alexander et al (7)
TAMBO QUEMADO (Schreibersite)-Pasek et al (8)
BLACK BEAUTY(Piece of Mars)-Agee et al (5)
NAKHLA(Piece of Mars)- Bridges et al (5)

Mini Version of Exhibit of Meteorites and Minerals associated with the Origin of
Life
Robert B. Bruner
Denver Museum of Nature and Science volunteer
Presentation: Poster Exhibition
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Abstract:
The Origin of Life explained in minutes to the general
public.
I have created this mini version of my Meteorite and
Mineral Exhibit for educating people about the Origin
of Life. Here is the story.
It is commonly accepted you need three conditions for
life to startA source of Organic Molecules
A solvent ( water )
A source of energy to power the start of life
The piece of the Murchison meteorite ( middle right )
contains organic molecules
The crust of a rocky planet contains enough water to
create an ocean
The sources of energy and location for the start of life have changed over 50 years
In the 70's it was thought to be clay ( montmorillonite- top left )
In the 80's it was thought to be black smoker vents on the ocean floor ( pyrite- middle left )
In the 2000's it was thought to be white smoker vents on the ocean floor (Serpentinization Minerals Olivine
Serpentine Magnetite Brucite bottom row )
In 2013 it was thought to be Mars because it had enough dry land to create boron to stabilize ribose in RNA
( A meteorite like Tissint- middle left bringing life to Earth )
In 2015 it was thought to be surface hot springs ( sinter- top left in pink )
In 2016 it was thought to be volcanic island splash pools ( opaline silica- middle right)
In 2017 it was thought to be sediment at the bottom of the ocean in silica gel which precipitates into chert (
upper right )
In future years there will be new sources of energy and locations for the start of life from new theories.

Space Microbiology: The search for life in the universe
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Abstract:
Outer space is vast, cold, devoid of matter, radiation filled with essentially no gravity. These factors present
an environmental challenge for any form of life. Earth’s biosphere has evolved for more than 3 billion years
shielded from the hostile environment of outer space by the protective blanket of the atmosphere and
magnetosphere. Space is a nutritional wasteland with no liquid water and readily available organic carbon.
A key question is how can life survive in non-terrestrial environments and what might that life be? One key
to answering this question is to identify organisms, usually termed extremeophiles on Earth, that have the
ability to withstand the rigors of space and non-terretrial environments. Within the last 70 years space
technology allowed us to transport life beyond Earth’s protective shield so we may study, in situ, their
responses to selected conditions of space. To date a variety of microbes ranging from viruses, to Bacteria,
to Archaea, to Eukarya have been tested in the space environment. Most died instantly, but not all. These
studies revealed that UV radiation is the near term lethal agent, while hard radiation is the long-term lethal
agent when the organism is shielded from UV radiation. In fact, bacterial spores, halophilic cyanobacteria
and Archaea as well as some lichens survive very well if protected from UV radiation. This presentation will
include what it means to be an extremophile, and how they may be important in the search for life on
other worlds in the context of the environmental conditions on the major solar system bodies and beyond.

Effect of UV radiation on the transcriptome of the lichen Circinaria gyrosa
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Abstract:
The vagrant lichen species Circinaria gyrosa, collected at the steppic highlands of Central Spain, has been
defined as astrobiological model system due to the high survival capacity demonstrated at several
simulation studies previous to space missions [1, 2], as well as at space with the Lithopanspermia
experiment (BIOPAN-6, Foton M-3) [2] and in the BIOMEX experiment (Biology and Mars Experiment, ESA)
[2], exposed (2014-2016) on board of EXPOSE-R2 at the International Space Station. Extreme ultraviolet
(UV) radiation is affecting planetary bodies and the surface of spacecrafts, and is believed that the early
Earth was also exposed to high doses of this type of radiation. UV-B and UV-C are harmful to life, causing
different type of damages to cells. To study the high resistance capacity of this lichen species to UV space
radiation, we focused on: 1) Determination of the UV-radiation doses that reduces significantly the activity
of the PSII (photosystem II) activity; 2) Analysis of the transcriptional profiling of C. gyrosa after UV
radiation exposure to investigate which genes are induced and could be involved in resistance to these
conditions. The samples were preactivated at standard microclimatic conditions in the climatic chamber
before- and after the iradiation to determine the metabolic activity. Three irradiations with UV-B and UV-C
radiation at the dosis of 300 J/m2 (20 h-30 h) were performed at the UV irradiation chamber BS-03 (Dr.
Gröbel UV- Elektronik GmbH, Germany) of the UV-Radiation and Bioclimatology Laboratory of INTA. Total
RNA was isolated and sequenced (RNA-seq) from the irradiated samples that showed a significant
reduction in the PSII activity. 36,271 gene sequences were obtained, of which only 27% could be clearly
assigned to the fungal component (6,113) and algal component (3,648) of the lichen. In total, 1,760 genes
were induced more than 2-fold. 1,638 corresponded to the fungal component but only 122 genes were
induced in the algal component. This result seems to indicate that the radiation has a greater effect on the
fungal component, which would make sense, considering its localization in the outer part of the lichen.
More information about genes and pathways that are differentially expressed in the different components
of lichen will be shown in this presentation.
[1] De la Torre, R., L.G. Sancho, G. Horneck, A.de los Ríos, J. Wierzchos, K. Olsson-Francis, C.S. Cockell, Rettberg P., T.
Berger, J.P. de Vera, S. Ott, J. Martinez Frías, P.Gonzalez Melendi M.M. Lucas, M. Reina, A. Pintado, R.Demets. Survival
of lichens and bacteria exposed to outer space conditions. Results of the Lithopanspermia experiments. Icarus,
doi:10.1016/j.icarus.2010.03.010 (2010).
[2] de Vera JP and the BIOMEX-Team (2012) Supporting Mars exploration: BIOMEX in Low Earth Orbit and further
astrobiological studies on the Moon using Raman and PanCam technology. Planetary and Space Science, 74 (1), Seiten
103-110. Elsevier. DOI:10.1016/j.pss.2012.06.010.

We will BioRock you: influence of microgravity on microbe-mineral interaction of
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Abstract:
Microgravity has been demonstrated to induce several morphologic and phenotypic changes on bacterial cultures,
due to the differential nutrient availability. Recent experiments conducted on the International Space Station (ISS)
showed that cells size were incremented during the Space flights, as well as cell concentration and antibiotic
resistance (Taylor PW, 2015; Zea et al., 2017). Moreover, microgravity had an effect on biofilm formation and altered
biofilm architecture (Kim et al., 2013).
In this work we describe the results of the preliminary experiments on the bacterium Sphingomonas desiccabilis in
preparation to the ESA BioRock experiment (ILSRA-2009-0952). This latter has the aim to investigate how bacteria
interact with basalt rock in microgravity and simulated Mars (0.38 g) and Earth (1 g) gravities. The experiment will be
performed on the ISS in May 2019 and will take advantage of the Kubik centrifuge and of a BMR hardware (Kayser
Italia) specifically designed for the experiment. Two main features of bacterial growth will be assessed: biofilm
formation and bioleaching extent (Loudon et al., 2017).
Biofilm is an intricate matrix of biopolymers produced by bacterial cells after attachment to several surfaces (biotic or
abiotic), and has the function to protect themselves from several stresses (Balcazar et al., 2015). During the BioRock
experiment, biofilm formed by the bacteria on a basalt rock surface after the flight will be analysed by several
microscopic techniques. The results obtained from our preliminary tests showed interesting features of biofilm
formation on basalt slides, and gave clues on what would be interesting to focus on after the flight in the ISS.
A challenging concept in the perspective of a long-term extraterrestrial colonization is the in situ Resource Utilization
(ISRU) that has the aim to utilize local resources to establish a human outpost (Meyer, T.R. & McKay, C.P., 1989).
Biomining represents a safe, convenient and economic method to solubilize and recover useful metals from rocks
(Bosecker, 1997) and could possibly be a promising approach to exploit metal resources directly from the colonized
planet. The extent of bioleaching in each gravity condition will be assessed after 3 weeks of flight by inductively
coupled plasma mass and optical emission spectrometry (ICP-MS/OES).
The BioRock experiment will give important information regarding the changing occurring on bacterial bioleaching
capacity and biofilm formation in microgravity and simulated Mars gravity. It also allowed the development of the
novel BMR hardware. Moreover, the preliminary analysis in preparation to the BioRock experiment could provide
useful data on what will be the main features we expect to be modified when gravity changes.
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Abstract:
Most environments in the natural world are exposed to more than one extreme - from the cold, high
pressure depths of Earth’s ocean to the heated, acidic internal caverns of volcanoes. Yet we currently have
no method of being able to model or quantify interactions at these extremes [1].
Consequently, my work aims to produce a quantitative model to assess the influence of multiple extreme
environments on microbial growth; focusing on exposure to combinations of salinity, nutrient limitation
and temperature [2]. Interaction between pairs of extremes is observed using two polar-opposite kinetic
growth models; the Monod Multiplicative Model [3] and Liebig’s Law of the Minimum [4].
The effects of combined elevated-temperature and salt-concentrations (MgSO4, NaCl and Mg(ClO4)2) are
being tested with the bacterium Janibacter cremeus [5]. This MgSO4-tolerant organism was isolated
following fieldwork at the Basque Lakes in British Columbia, which represent an excellent Mars analogue
environment due to their richness in sulphates and abundance of halophilic organisms [6] [7] [8].
As well as informing a general understanding of how life adapts to extremes, this work has diverse
implications. Outcomes include an improved understanding of how microbial life adapts to combined
extremes within the human body as pathogens and whether it could potentially evolve in the multiple
extremes of extra-terrestrial environments.
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Abstract:
To identify signs of past or present life on other celestial bodies by space missions, the determination of
biomarkers (or biosignatures) became an important tool in Astrobiology. Besides the rising number of
miscellaneous biomarkers, the number of potential habitats in the Solar System was extended by the
indirect detection of subsurface water oceans on icy moons like Jupiter's Europa or Saturn's Enceladus. Due
to the finding of erupting water plumes the latter is one of the scientific hot spots in the Solar System.
In this study we focus on the application of lipids as biomarkers. As mentioned in previous studies (e.g.
Georgiou and Deamer, 2014), lipid biomarkers and e.g. their patterns of chain length, branching,
unsaturation, number of ring structures, and residual hydrocarbon chains can be used to distinguish
between biotic and abiotic sources. We tested methanogens that could thrive under putative Enceladuslike conditions (Taubner et al., 2018), i.e. anaerobic, chemoautotrophic, and independent of photosynthesis
and products thereof. Regarding the plume composition (Waite et al., 2009, 2017, Bouquet et al., 2015),
there may be a huge variety of potential substrates and even products of methanogens on Enceladus, like
CO2, H2, and CH4 (Taubner et al., 2015).
Among other methanogens, we examined the core lipid inventory of the hydrogenotrophic, autotrophic
thermophilic strain Methanothermococcus okinawensis DSM 14208 with respect to varying temperature or
compounds detected in Enceladus' plume (Waite et al., 2009, Bouquet et al., 2015). Temperature as well as
these compounds, especially formaldehyde and ammonium chloride, had an impact on the overall amount
and the composition of the lipids.
Recent studies have shown that a certain percentage of the ice grains emitted from Enceladus' plume
contains complex macromolecular organic material with molecular masses above 200 atomic mass units
(Postberg et al., 2018). It might be possible that some of these complex molecules could be lipids or their
remnants. This study can help to calibrate future in situ sampling missions of Enceladus' plume to detect
potential biosignatures.
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Abstract:
The evaporites-bearing and phyllosilicates-rich material have been widely identified on the southern
highlands of Mars, mostly within Noachian-aged terrains. These deposits offer a paleo-environmental
record of their formation and subsequent modification. Understanding their history is crucial for the
investigation of liquid surface water and the past geochemical environment on the Mars surface, as well as
for the search for potential habitable environments and biosignatures.
Phyllosilicate-bearing materials are characterized by their light-toned appearance, polygonal fractures, and
late Noachian-early Hesperian formation age. They are the major products of chemical weathering of mafic
silicate minerals. Generally a stratigraphic relation between various kinds of phyllosilicates has been
detected, in which Fe/Mg-phyllosilicates form the bulk of the deposit and the upper superficial part has
been altered into Al-phyllosilicates. This stratigraphical relation indicates a major change in the local
chemical environment. The formation of Fe/Mg-phyllosilicates is believed to be linked to abundance
presence of liquid water, which prevailed during early Mars in neutral to alkaline environments whereas
alteration towards Al-phyllosilicates is the result of a top-down leaching process due to limited surface
runoff. Phyllosilicates have been hypothesized as a major element in the chemical evolution resulting in the
origin of life on Earth, because of their ability to concentrate and catalyze complex organic molecules, and
to protect against UV radiation [1].
The main evaporite minerals detected on the highlands of Mars are chlorides and sulfates. They are mainly
found in local depressions and appear within light-toned deposits ranging in width from a few tens of
meters to a few kilometers. Their formation has been interpreted as precipitation in brines as result of
water accumulation in ponds [2]. The deposits rich in evaporites are found in proximity to phyllosilicatebearing materials and are overlying them. This stratigraphic relationship indicates that the salts were
deposited at a later time, thus by a later water activity. This late-stage water activity may have been the
last major local water activity as it is suggested by the presence of the undegraded, uneroded, and
unaltered salt-rich upper layer. On Earth, evaporites and salts form in alkaline and/or acidic conditions, and
they can preserve traces of life, e.g., salt crystals which can preserve amino acids for 4-40 Ma [3] and
biosignatures found in sedimentary evaporitic layers in dry Rio Tinto [4]. Analogue studies in the Atacama
desert show that even highly saline environments may offer temporary habitable conditions to certain
types of bacteria [5].
The widespread presence of water involved in the deposition of phyllosilicates, in addition to their chemical
and molecular structure, make them a potentially favorable environment to host life. Therefore if life has
ever developed on Mars, its traces have to be searched within ancient phyllosilicate-rich material. This
material, however, must have been well preserved since its formation time (early Mars) until now on the
surface or shallow subsurface. Hence, where phyllosilicate-rich materials are covered and preserved by
evaporites, may be prime locations for search for potential habitable environments and biosignatures.
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Abstract:
The “iron-sulfur” world hypothesis, proposed by Wächtershäuser in the 1990s, suggests that life began as
an autocatalytic process of low-molecular weight organic compounds on sulfides of iron, nickel and other
transition metals [1]. The study and characterization of mineral surfaces as catalysts of reactions has
become more relevant in recent years, where pyrite (FeS2) is one of the most important minerals due to its
abundant on Earth and its chemical reactivity [2]. Furthermore, special emphasis has been dedicated to
pyrite surface treatment in controlled experimental conditions to modify iron and sulfur reactive sites,
driving the adsorption and interaction of amino acids and small peptides on the surface [3-5]. In this
context of prebiotic chemistry, we study the influence of sputtering process due to adsorption of glycine,
di-glycine and tri-glycine on pyrite surface by X-ray Photoemission Spectroscopy (XPS) characterization.
Molecular-surface interaction and molecular evolution on pyrite surface under different experimental
conditions have been described.
Sputtered treatment under ultra-high vacuum conditions (UHV) on the pyrite surface, makes it a suitable
substrate for driving the chemical evolution of amino acids and small peptides over time, even under inert
conditions. This study demonstrates its potential capability to act as a surface catalyst in the origin of life.
Our study prove that chemical molecular evolution from a zwitterionic species to an anionic species over
time on the monosulfide surface takes place; sulfur-deficient pyrite surfaces (sulfur vacancies) play a crucial
role in molecular adsorption, driving chemical molecular evolution. These studies contribute to the
understanding of chemical reactivity on mineral surfaces, to improve our knowledge of interface process of
amino acids and small peptides in prebiotic chemistry context having implications for early Earth studies
and the origin of the iron-sulfur world.
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Abstract:
The OREOcube project investigates the effects of solar and cosmic radiation on organic molecules of
relevance for astrochemistry and astrobiology. OREOcube is designed to perform in-situ UV-Vis-NIR
spectroscopy to study the photochemistry of organic thin films in contact with inorganic substrates, while
being exposed to the space environment external to the International Space Station (ISS). OREOcube is part
of a new “European Exposure Facility”, which is currently under development by the European Space
Agency. The primary scientific objective is to investigate the origin and evolution of organic molecules in
space and planetary environments.
OREOcube leverages its heritage from the O/OREOS (Organism/Organic Exposure to Orbital Stresses)
nanosatellite and its SEVO (Space Environment Viability of Organics) payload. In comparison to previous
passive exposure platforms on the ISS, OREOcube will enable the measurement of photochemical changes
via in-situ UVVis-NIR spectroscopy. It will collect daily, or even more frequently, sample spectra of selected
organic compounds in order to monitor their photo-degradation profile over a mission duration of up to 18
months. Special focus is placed on the photochemical evolution and distribution of organic compounds
relevant to the emergence of life on Earth and its detection on other bodies in our solar system, such as
Mars and the icy moons of the gas giants. By depositing organic samples as UV-transparent thin films onto
inorganic substrates, structural changes and organic-inorganic interactions can be examined in order to
understand the role that solid mineral surfaces play in the photochemical formation and decomposition of
organic matter that is known to be present in the interstellar medium, comets, meteorites, and other
bodies in space. An understanding of these processes is needed to characterise and model the chemistry of
organic species associated with mineral surfaces in the astrochemical/astrobiological context. Organic
candidates for thin-film preparation include polycyclic aromatic hydrocarbons, quinones and porphyrins.
Inorganic compounds of interest include silicates, metal oxides, iron sulfide and iron-nickel alloys.
By measuring changes in the UV-Vis-NIR spectra in situ as a function of time, OREOcube will provide data
sets that capture critical kinetic and mechanistic details of sample reactions that are not obtainable with
the current passive exposure facilities on the ISS. Furthermore, combining in-situ measurements with postflight sample analysis will provide time course studies as well as in-depth chemical analysis.
Acknowledgements: Current European funding for OREOcube is provided by the German Federal Ministry
of Economics (BMWi). A.M., A.R., R.Q., and F.S. acknowledge prior support from the NASA ASTID Program.
R.Q. acknowledges ongoing support from the NASA Astrobiology Institute-U. Wisconsin Team.
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Abstract:
The presumed existence of a saline water reservoir underneath the icy crust of Jupiter´s Moon Europa, and
the identification of salt deposits on the surface of Mars have significantly increased astrobiological interest
in high-salt habitats on Earth and their microbial residents, i.e. halophiles, their diversity and physiological
adaptations. Withstanding low water activity levels in saturated salt solutions, desiccation and high UVradiation, halophiles have widened the possibilities for life on extra-terrestrial bodies.
To investigate the influence of salinity on microbial eukaryote diversity and community composition, we
applied an eDNA metabarcoding approach to microeukaryote communities of various salt ponds from
different geographic regions, exhibiting salinities between 0.8 and > 40%. Partitioning of diversity pointed
to a niche differentiation, suggesting distinct salinity classes defining the boundaries for microeukaryotic
community turnover. Regardless of their geographic origin, microeukaryotic communities in these salinity
categories displayed different taxonomic memberships and significantly different degrees of community
complexity.
Laboratory experiments using a halophile model ciliate with a growth range between 3.8-21% salt were
then conducted to investigate physiological constraints for the observed protistan community turnover in
hypersaline waters. Using proton nuclear magnetic resonance spectroscopy, the use of the compatible
solutes glycine betaine and ectoine to combat high-salt conditions could be shown. Moreover, a significant
positive correlation of intracellular concentrations of the compatible solutes and external salinity was
observed. Follow-up experiments indicated that the model ciliate is both able to accumulate and synthesize
the compatible solute glycine betaine. An increase of external salinity up to 21% did not result in an
increase in cytoplasmic sodium concentration in the ciliate. These findings demonstrate that the ciliate
employs the "salt-out" strategy for haloadaptation.
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Abstract:
Photosynthesis is the phenomenon through which almost the entire biosphere of our planet collects energy
from the sun which is our primary source of energy to carry out the activities. Life on earth is possible
because of this extraordinary energy harvesting system. Our ambitions to colonize the outer space first
should answer to questions about powering entire biosphere and to do that we must understand how
photosynthesis fairs in outer space especially on Lunar surface. Therefore, for terrestrial life to exist on
other heavenly bodies, it is essential to understand how photosynthesis works under space conditions. So,
we have designed a module to test our hypothesis and examine the possibility of photosynthesis using
desert extremophiles-Cyanobacteria in space. Successful completion of the proposed experiment on lunar
surface will reveal insights into how photosynthesis in extremophiles happens under the harsh conditions in
space. We aim to carry out experiment to understand photosynthesis on the Lunar surface using
extremophiles cyanobacteria Chroococcidiopsis ccmee 029 which are desert dwelling cyanobacteria
tolerant to extreme desiccation and temperature fluctuations making it a very good candidate for all sorts
of astrobiological experiment especially to the Lunar and Martian conditions. This experiment consists of a
setup which is space grade micro photo bioreactor which will carry liquid medium and will be subjected to
lunar condition and solar radiance available on the lunar surface to carry out the process of photosynthesis.
Our experiment is the first attempt to understand how photosynthesis happens in an organism under non
terrestrial conditions on the lunar surface. Our studies will help to throw light on photosynthetic processes
that depend on terrestrial/planetary conditions. Our experiments in the controlled earth atmosphere
suggest that with space radiation as one of the uncontrolled parameter, extremophiles cyanobacteria are
capable of performing photosynthesis in space.
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Abstract:
Planetary habitability defines a planet’s potential to have an environment hospitable to life. Since Earth is
the only known life-bearing planet, habitability measures are extrapolated from characteristics of Earth
that are favourable to life’s flourishing. Astrobiologists endeavour to understand and recognise habitability
by cataloguing the prerequisites for its existence. The main factor astrobiologists are in unanimous
agreement on is the presence of liquid water on a planet, be it surface or subsurface. Until recently, we
have defined a ‘habitable world’ as a rocky body with enough surface gravity to sustain an atmosphere,
which orbits its host star at a distance where the stellar radiation is suitable for the presence of surface
liquid water. However, there are numerous planetary and astronomical factors that could influence an
exoplanets ability to maintain liquid water.
The majority of our assessments on habitability stems from what we have observed in our own solar
system. One of the differences amongst the terrestrial planets in our solar system is the presence of a
strong magnetic dipole moment on Earth that protects the surface and shields liquid water from solar
winds and flares. It is postulated that planetary magnetism has a significant effect on the long-term
maintenance of atmosphere, and subsequently liquid water, on an exoplanet. To determine which of the
currently detected exoplanets would have a magnetosphere that could provide protection from cosmic and
stellar irradiation, we used Olsen & Christiensen’s (2006) model to determine the maximum magnetic
dipole moment of terrestrial exoplanets, further analysing those located in the Circumstellar Habitable
Zone (CHZ). Our results indicate that 17% of potentially habitable exoplanets (subterran/terran planets
located in the CHZ) from our sample, even when modelled based on the best-case scenario - modelling the
maximum dipole moment and taking the upper uncertainty limit - would not have a magnetic moment that
would prevent loss of atmosphere, and subsequent loss of liquid water, due to stellar and cosmic
irradiation. This evidence would suggest that the CHZ might not be the “liquid water zone” that we have
thought so far.
Continuing to expand to a multi-parameter approach to habitability (M-PAtH) by including factors such as
magnetic field, albedo, stellar type, orbit characteristics, tidal locking, impact events, and plate tectonics,
will enable us to prioritize planets most likely to maintain liquid water. In conjunction with the rapidly
increasing information from exoplanet databases expected within the next 2 years, this research will help
determine optimal targets for near-future ground- and space-based observations of planetary atmospheres
and the potential detection of life in space.
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Abstract:
Although there are clues that organic matter produced outside Earth may have contributed to the early
chemical evolution on our planet, the problem of delivery is a strong limitation of all scenarios.
Organic carriers must have been small particles, with dimension close to the peak of the present
distribution of particles entering the Earth atmosphere, i.e. 10 μm to 1 mm [1]. These small particles
experience strong heating in atmospheric entry and typically melt in the case of silicate composition. In a
series of papers [2,3], our group progressively proposed a class of alternative compositions which appear to
be promising for organic matter delivery scenarios. These mineral phases, which are provisionally named
“white soft minerals” (WSM), share a number of properties. 1) They are usually white in micro-crystal
phases, sometimes yellowish if Fe2+ is present; 2) they are relatively soft, lower that 4 in Mohs’ scale; 3)
they have some affinity to water, sometimes presenting one or several hydrated phases; 4) they have a
decomposition or dehydration reaction (or both), allowing important heat dissipation at moderate
temperatures in vacuum; 5) they are often associated to life environment on Earth. This class includes
Magnesite, Dolomite, Calcite, Anhydrite and Gypsum. These minerals are being increasingly found in astrobiologically interesting systems, like Mars meteorites, Mars surface, minor bodies’ surface [4,5]. In order to
evaluate the advantages to include these phases in organic matter delivery scenarios we use several tools,
like kinetic models for chemical decomposition, spectroscopy, gravimetric analysis, and a multi-physical
entry model which is presented in another abstract [6]. In this way we can assess promising features of
WSM like: 1) the considerable thermal mitigation which is provided by chemical decomposition, much more
than by thermal radiation in a critical temperature range for organic survival; 2) the possibility to use the
degree of chemical conversion to higher enthalpy phases as a “litmus paper” to evaluate a theoretical entry
scenario; 3) the possibility to distinguish, by means of spectroscopic methods, biotic phases from abiotic, at
least for some of them [7]. Open problems which will be discussed are: 1) the formulation of a reliable
model for chemical decomposition: differences between model results and gravimetry for CaCO3 suggest
that finite CO2 diffusion rate in the material has to be considered; 2) modeling energy transfer in
atmospheric entry: the limited budget of chemical energy available in comparison with the kinetic energy
requires a scenario of grazing entry or large body fragmentation. An alternative is the possibility that
primordial atmosphere composition may have limited the thermal load.
[1] Jenniskens P. et al. (1998) Earth, Moon, and Planets 82, 57.
[2] Bisceglia E., Micca Longo G., Longo S. (2017) International Journal of Astrobiology 16(2) 130.
[3] Micca Longo G., Longo S. (2018) Icarus 310, 194.
[4] McKay D.S., et al. (1996) Science 273, 924.
[5] Wray J.J., et al. (2016) Journal of Geophysical Research: Planets 121, 652.
[6] Micca Longo G., et al., Abstract “Atmospheric entry model for white soft minerals micrometeoroids
in the context of Astrobiology”, EANA Conference 2018.
[7] Orofino V., et al. (2007) Icarus 187, 457.
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Orbiter
Séverine Robert1, Ann Carine Vandaele1, Shohei Aoki1,2,3, Ian R. Thomas1, Loïc Trompet1, Justin T. Erwin1,
Arianna Piccialli1, Valérie Wilquet1, Fabiana Da Pieve1, Frank Daerden1, Lori Neary1, Sébastien Viscardy1,
Bojan Ristic1, Manish R. Patel4, Giancarlo Bellucci5, Jose Juan Lopez-Moreno6, and the NOMAD team
(1) Royal Belgian Institute for Space Aeronomy, Belgium
(2) Fonds National de la Recherche Scientifique, Belgium
(3) Tohoku University, Japan
(4) Open University, UK
(5) Istituto di Astrofisica e Planetologia, Italy
(6) Instituto de Astrofísica de Andalucía, Spain
Presentation: Tuesday 12:00-12:15
Session: Traces of life, biosignatures, life detection
Abstract:
NOMAD, the "Nadir and Occultation for MArs Discovery" spectrometer suite [1] is part of the payload of
the ExoMars Trace Gas Orbiter mission 2016. The instrument will conduct a spectroscopic survey of Mars'
atmosphere in UV, visible and IR wavelengths covering the 0.2 - 0.65 and 2.3 - 4.3 μm spectral ranges.
NOMAD is composed of 3 channels: a solar occultation channel (SO) operating in the infrared wavelength
domain, a second infrared channel observing nadir, but also able to perform solar occultation and limb
observations (LNO), and an ultraviolet/visible channel (UVIS) that can work in all observational modes.
The detailed chemical and isotopic composition observations will deliver an inventory of the atmospheric
volatiles, such as CO2, H2O but also minor trace gases CO, O3, N2O or CH4. The most remarkable capability of
NOMAD is its high spectral resolution in the near infrared range. It surpasses previous surveys by more than
one order of magnitude (λ/dλ ~15000). This will allow us (1) to investigate vertical profiles of the
atmospheric constituents; (2) to perform sensitive search of organic species and other trace gases by solar
occultation measurements by the SO channel, and (3) to obtain maps of the atmospheric constituents,
across the planet by nadir viewing by the LNO channel.
As of 21st April 2018, ExoMars Trace Gas Orbiter entered the Science Phase. The first measurements of
NOMAD onboard EMTGO were planned, driven both by validation and by science. Preliminary results will
be presented.
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Abstract:
Vesicles formed from single chain amphiphiles (SCAs) such as fatty acids likely played an important role in
the origin of life on Earth during the Hadaean eon around 4 billion years ago. These bilayer membranes not
only form compartments that concentrate organics, but could hypothetically drive growth through vectorial
chemistry in geological ion gradients1. One major criticism of the deep sea alkaline hydrothermal vent
hypothesis for the origin of life is that the chemical environment would not allow vesicle formation. It has
been argued that the high temperatures, extremes of pH, high salinity, and presence of divalent cations
would completely disrupt their development2. But these arguments are based on laboratory investigations
involving simple models of one, two, or three SCAs, even though Fischer-Tropsch Type (FTT) synthesis
under hydrothermal conditions has produced a wide range of fatty acids and alcohols including an
abundance of compounds with chain lengths of C10-C153. More complex mixtures of prebiotically plausible
SCAs provide a more realistic model to study vesicles at the origin of life. Here we show that mixtures of six
to twelve fatty acids and alcohols can form vesicles in aqueous solutions ranging from pH 7 to 12. Similarly,
these solutions will produce vesicles at alkaline pH in the presence of modern seawater concentrations of
NaCl, Mg2+, and Ca2+. These vesicles form most readily at temperatures of ~70°C, and require strongly
alkaline conditions to self-assemble. From these results it appears that conditions similar to those expected
at deep sea alkaline hydrothermal vents during the Hadaean not only allow for vesicle formation but in fact
favour it.
References
1.

West, T., Sojo, V., Pomiankowski, A., Lane, N., 2017. The origin of heredity in protocells. Phil. Trans. R. Soc. B
372: 20160419

2.

Deamer, D., 2017. The role of lipid membranes in life’s origin. Life 7 (1): 5

3.

McCollom, T.M., Ritter, G., Simoneit, B.T., 1999. Lipid synthesis under hydrothermal conditions by FischerTropsch-Type reactions. Orig. Life Evol. Biosph. 29 (2): 153

Serratia ureilytica differentiates into resistant cell type in order to adapt in polyextreme environment
Sevasti Filippidou1,2,3, Thomas Junier4, Tina Wunderlin1, Wafa M. Kooli1, Ilona Palmieri1, Andrej AlDourobi1, Veronica Molina5, Reto Lienhard6, Jorge E. Spangenberg7, Shannon L. Johnson8, Patrick S.
Chain8, Cristina Dorador9,10, and Pilar Junier1
(1) Laboratory of Microbiology, University of Neuchatel, Neuchatel, Switzerland
(2) Microbial Ecology Group, Centre for Ecology and Hydrology, Wallingford, United Kingdom
(3) Space Microbiology Research Group, Radiation Biology Department, Institute of Aerospace Medicine, German
Aerospace Center (DLR e.V.), Cologne, Germany
(4) Vital-IT Group, Swiss Institute of Bioinformatics, Lausanne, Switzerland
(5) Departamento de Biología, Facultad de Ciencias Naturales y Exactas; Universidad de Playa Ancha, Valparaíso, Chile
(6) ADMED Microbiologie, La Chaux-de-Fonds, Switzerland
(7) Institute of Earth Surface Dynamics, University of Lausanne, Lausanne, Switzerland
(8) Los Alamos National Laboratory, Los Alamos, New Mexico, USA
(9) Laboratorio de Complejidad Microbiana y Ecología Funcional; Departamento de Biotecnología; Facultad de Ciencias
del Mar y Recursos Biológicos, Universidad de Antofagasta, Antofagasta, Chile
(10) Centre for Biotechnology and Bioengineering, Antofagasta, Chile

Presentation: Friday 12:45-13:00
Session: Evolution of life and its environment
Abstract:
Poly-extreme terrestrial habitats, used as analogues to extraterrestrial environments, are often hotspots
for the expression of unusual adaptive strategies allowing bacteria to thrive and survive under adversity.
Understanding these adaptation strategies could help in our quest for extraterrestrial planets suitable for
life. A prime example of such a survival strategy is the modification of the dividing vegetative cells into
resistant resting structures. These differentiated cell types are often observed in response to harsh
environmental conditions. An environmental strain (strain Lr5/4) belonging to Serratia ureilytica, a wellknown nosocomial pathogen, was isolated from a geothermal spring in Lirima, Atacama Desert, Chile. The
Atacama Desert is the driest habitat on Earth and furthermore, due to its high altitude it is exposed to high
UV radiation. The geothermal spring from which the strain was isolated is oligotrophic and the temperature
exceeds mesophilic conditions (56oC). Although the vegetative cells were tolerant to various environmental
insults (desiccation, extreme pH, glycerol), a modified cell type was formed in response to nutrient
deprivation, UV radiation and thermal shock. Scanning (SEM) and Transmission Electron Microscopy (TEM)
analyses of vegetative cells and the modified cell structures were performed. In SEM, a change towards a
circular shape with reduced size was observed. These circular cells possessed what appears as extra coating
layers under TEM. The resistance of the modified cells was also investigated, they were resistant to wet
heat, UV radiation and desiccation. A phylogenomic analysis was undertaken to investigate the presence of
known genes involved in dormancy in other bacterial clades. Genes related to spore-formation in
Myxococcus and Firmicutes were found in its genome, however, these genes were not enough for a full
sporulation pathway that resembles either group. Although, the molecular pathway of cell differentiation in
S. ureilytica Lr5/4 is not fully defined, we propose that these genes may contribute to the modified
phenotype in the Serratia genus. Here, we show that a modified cell structure can occur as a response to
poly-extremity in a species that was previously known not to deploy this strategy. This strategy may be
widely spread in bacteria, but only expressed under poly-extreme environmental conditions. Resting and
resistant structures of non-extremophiles can colonize extreme environments, enabling the survival of
mesophilic bacteria beyond their “comfort zone”. As previously shown for spores acting as nucleation
centers, being able to influence their microenvironment through biomineralization processes, these
resistant resting structures need to be further studied for similar processes.
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Abstract:
Extant cellular organisms are classified into three groups, Bacteria (Eubacteria), Archaeea (Archaebacteria),
and Eucarya (Eukaryotes) [1]. Bacteria and Archaea are prokaryotes without apparent structures in which
chromosome(s) are stored. In contrast, Eukaryotes have a nucleus containing chromosomes, a complex
membrane system, and double membrane organelles. Origin of complex cellular structure of eukaryotes
has been one of foci on the evolutionary studies of early life.
Based on the molecular phylogenetic analysis using small subunit ribosomal RNAs (SSU rRNAs), Woese
proposed Bacteria, Archaea, and Eucarya as separate monophyletic groups and close relationship between
Archaea and Eucarya [1]. On the other hand, two-domain hypothesis has been also proposed. The
hypothesis implies that the eukaryotic ancestor was derived from a certain archaeal lineage
(Euryarchaeota, TACK superphylum, Asgard superphylum, or DPANN superphylum) [2,3]. The genomes of
Asgard archaea were reported to carry the signature proteins of Eukarya related to cytoskeleton,
membrane remodeling, and phagocytosis, suggesting that it is an ancestor of Eukarya [3].
Large-scale single-gene phylogenetic analyses using more recent data showed that Eukaryal genes were
nested with either TACK superphylum or Euryarchaeota depending on the genes, which hide the true
archaeal ancestor of Eukarya [4,5]. These analyses also suggested that many eukaryal genes were nested
with several bacterial species, which show that lateral gene transfers from several bacteria lineages
contributed to the formation of the last eukaryal common ancestor [4,5].
Aminoacyl-tRNA synthetases (ARSs) are essential enzymes for translation in all extant organisms. ARSs are
classified into two classes, and these classes have different origins. The diversification of ARSs of each class
is thought to have occurred before the age of last universal common ancestor of all extant organisms [6].
Previous phylogenetic analyses of ARSs supported the three-domain hypothesis.
When we constructed 23 ARS trees, none of them supported the three-domain hypothesis [7]. In 8 ARS
trees, eukaryotic cytoplasmic ARSs are suggested to have archaeal origin. However, the archaeal close
relatives of eukaryotic cytoplasmic ARSs are different among different archaeal groups, depending on the
ARS. Four eukaryotic cytoplasmic ARSs are also suggested to have bacterial origin, although the bacterial
close relatives to the eukaryotic cytoplasmic ARSs are different depending on the ARS. Furthermore, 8
eukaryotic cytoplasmic ARSs are classified into two or three groups with distinct archaeal/bacterial origins.
These suggest that the eukaryotic translation system is quite chimeric.
Based on our phylogenetic analyses of ARSs, we proposed a scenario on the process of eukaryogenesis. In
this proposal, there had been numerical acquisitions of genes by the ancestor of eukaryotes (such as close
relatives of Asgard archaea) from various archaeal and bacterial groups via lateral gene transfer processes.
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Abstract:
The widely accepted RNA world hypothesis suggests that life first emerged from (self)-replicating RNA.
Replication requires formation the complementary pyrimidine-purine Watson-Crick base pairs A:U and G:C,
which are a prerequisite for accurate genetic information transfer. Although separate prebiotic pathways to
either purine or pyrimidine RNA building blocks have been reported, no pathway has been able to generate
all four constituents of RNA simultaneously.[1, 2] Therefore, the spontaneous evolution of a Watson-Crick
base pairing system is highly problematic. We report a prebiotically plausible pathway that provides all four
RNA building blocks in the same geochemical environment.[3] The chemistry also affords the naturally
occurring 5’-mono- and 5’-di-phosphorylated ribofuranosides with high selectivity by the use of a
phosphate containing mineral. This provides a plausible explanation for why these thermodynamically
disfavoured constitutional isomers are exclusively present in the backbone of RNA and DNA. Our results
show that all central constituents of RNA could have been part of the same prebiotic nucleoside/tide pool,
as a prerequisite for RNA to evolve somewhere in the universe.
[1] Becker et al., Science 352, 833 (2016)
[2] Powner et al., Nature 459, 239 (2009)
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Nearly 60 years have elapsed since Francis Crick first postulated and put forward "molecular biology's
central dogma". This broadly stated that chemical information can be passed on from DNA to RNA; and
then RNA be translated into respective peptides – ie DNA -> RNA -> peptide. With the discovery of RNA
Retroviruses such as flu, the dogma was redefined to take account of the reverse transcriptase enzyme that
these viruses possessed; such viruses can make DNA from RNA using this enzyme ie DNA <- RNA. The
development of this dogma did not end here. We now know that RNA can also self-replicate and this
becomes the modern-day interpretation of Crick's postulate. We now know that RNA is involved in the
synthesis of peptides, and although a small number of these are concerned with the management of DNA,
the vast majority interact with RNAs in the form of networks.
My proposed version of the revised dogma simply states that RNA directs the activity of DNA via peptides
and can also directly influence DNA via reverse transcriptase, as shown below. The inference being that
RNA plays a central role in all cellular life forms.
This revised version may seem to be
superfluous and one could ask: does
it serve any relevance to our
understanding of life and, in
particular, the origin of life on Earth?
The answer to the question is, yes, as
my dogma stresses the importance of
RNAs in the general processes of cells
(whether prokaryote or eukaryote) by
highlighting the centrality of RNAs. It
should be noted, unreservedly, that
RNAs play numerous roles in cellular
life forms, some of these are listed in
the table below. The dogma can also
allow to us add the following
dimensions:

1. DNA is RNA's way of making more RNAs. Therefore DNA (and proteins) are special inventions by
RNA in order to promote RNA replicators;
2. In actuality, proteins can't exist without DNA or RNA; life is a network of RNAs and ensembles of
protein interactions. Therefore, life may be described as being in a constant flux of chemistry.
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Abstract:
We present a prototype microfluidic reactor which functions as a detector for living microorganism cultures
in natural waters during field work (1). The detection is based on the reduction of metal cations from a salt
solution of Ag(NH3)2NO3 which is synthesised from AgNO3 powder, purchased from Chem-Lab NV
(Belgium). This is a valid technique, supported by extensive past research (2, 3, 4) and several uses, among
them, for medical applications (5, 6).
We used mechanical machining (i.e., small scale saws and drills) and additive manufacturing (i.e. 3D printer)
techniques to fabricate experimental microfluidic devices, either made of plexiglass, or with thermoplastic
materials (i.e. PLA). The microfluidic device has three inputs, of which two are supported by miniaturised
peristaltic liquid pumps with silicon tubing and one with a conventional liquid pump. The peristaltic pumps
are driven electrically from a microcontroller in order to enable pumping of the silver salt solution and of
the probe water (natural water) in variable proportions. The higher capacity liquid pump is used to wash
the system out with distilled water after the reaction experiment for reuse. Past experiments have
suggested that the quantity of salt solution to be inserted is enough when a 0.1 mM of solution is formed
and is mixed with probe water (i.e., natural water).
The microfluidic reactor is composed of a tubing system for mixing the two solutions, and of a reaction
chamber, where the solutions stay mixed in order for the reaction to complete. This takes about twenty
minutes before secure results can be extracted. The whole procedure is controlled by a programmable
microcontroller, which synchronises all the pumping operations. After the reaction, nanoparticles are
concentrated in the reaction chamber and are detected with a spectrometer (OCEAN OPTICS USB4000)
combined with a Tungsten Halogen Light Sources for the Vis-NIR, due to the absorption peak of the silver
nanoparticles at the wavelength of 402 nm. Other ways of detecting the products of the reaction have been
also tested, such as a continues flow of the solution mix through a micropore filter till the high
concentration of dark brown silver nanoparticles is visible.
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Gebauer et al. (2017) addressed the evolution of early Earth analog planets and the implications for their
atmospheres and biospheres by applying a Coupled Atmosphere Biogeochemical (CAB) model. In this work
we address different evolutionary stages of Earth-like planets orbiting in the habitable zone of the wellstudied M-dwarf star AD Leonis by applying the CAB model and thereby using Earth as a reference system.
Assuming the same biological and geological evolution as on Earth, we calculate the impact of the different
stellar environment upon the atmosphere and biosphere of such a planet. We investigate for the first time
atmospheric chemical production and destruction pathways of O2 in an Archean-like planetary atmosphere
with 10-6 Present Atmospheric Level of O2 orbiting in the habitable zone of AD Leonis by applying an
automated analysis developed by Lehmann (2004).
Results suggest that these atmospheres are in absolute terms less destructive for O2 than for early-Earth
analog planets around the Sun despite higher concentrations of reduced gases such as molecular hydrogen,
methane and carbon monoxide. This was driven by the input stellar spectrum resulting in shifts in the intrafamiliy HOx partitioning. Hence smaller amounts of net primary productivity are required to oxygenate the
atmosphere due to the change in the atmospheric oxidative capacity.
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By dragging scientists across uncharted terrain where they are forced to answer unscripted questions,
"Grand Challenge" synthesis can drive discovery and paradigm change in ways that hypothesis-directed
research cannot. Here, our grand challenge in synthetic biology seeks to reproduce the Darwinism
displayed by terran biology, but on a molecular platform different from standard DNA; access to Darwinism
is believed by many to distinguish universally the living state from the non-living state. This recognizes that
alien Darwinism, with a natural history (including origins) independent of terran Darwinism, might support
Darwinism on a different biopolymer. Here, we explicitly explore the possibility that Darwinism can be
universally supported by any biopolymer that has just two structural features, (a) an ability to fit into a
Schrödingerian "aperiodic crystal", lattice, and (b) an "polyelectrolyte" backbone.
This talk will discuss recent work that obtained Darwinian behavior from a DNA-like biopolymer built from
six letter genetic alphabet. In the process of obtaining this Darwinism, we discovered two new molecular
recognition systems. Together with a deeper understanding of the role played in aperiodic crystal
formation by the polyelectrolyte backbone and the intervening scaffolding, these results define how we
search for Darwinism, and therefore life, on Mars, Europa, Enceladus, and other watery lagoons in our Solar
System.
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Abstract:
Life detection investigations on Mars by both in situ and sample return space mission require support from
laboratory simulations [1-6].
Studies about the stability of molecular biomarkers in a Martian-like environment allow us to explore the
conditions for the preservation of biomarkers and develop models for the degradation of the biomarkers in
the Martian geological record. In particular, ultraviolet (UV) radiation and perchlorates are among the main
degradation agents on Mars [7-9], whose effects on the stability and reactivity of possible biomarkers
embedded into the Martian soil strongly depends on the protective or catalytic properties of the mineral
matrices [6,10,11]. Therefore, a systematic study of the effects of UV radiation and the presence of
perchlorates on a variety of molecule-mineral complexes mimicking Martian soil can be key for choosing
the landing sites for future space missions, as well as the selection of the most interesting samples to
analyze in situ or/and collect for sample return.
Exploring the potentialities and sensitivities of different techniques for detecting diagnostic features of the
biomarkers embedded into mineral matrices as function of the biomarker concentration [12,13] helps the
choice, design and operation of flight instruments, as well as the interpretation of data collected on the
ground during mission operative periods.
In this regard, we present laboratory activities pertaining to: (i) the synthesis of Mars soil analogues doped
with organic compounds that are considered potential molecular biomarkers; (ii) the UV-irradiation
processing of the Mars soil analogues under Martian-like conditions; and (iii) the characterization of the
Mars soil analogues through various techniques such as Fourier Transform Infrared (FTIR) and Raman
vibrational spectroscopies, powder X-Ray diffraction (XRD), and Time-of-Flight Secondary Ion Mass
Spectrometry (ToF-SIMS).
Such studies have been shown to be very informative in identifying mineral deposits most suitable for
preservation of organic compounds, while highlighting the complementarity of different techniques for
biomarkers detection, which is critical for ensuring the success of space missions devoted to the search for
signs of past or present life on Mars.
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Abstract:
Liquid water is a necessary requirement for life on Earth and is the main focus of interest for researchers
looking for life on other planets. However, diverse organisms, including multicellular and unicellular forms
of life, can survive in a dehydrated environment for extended periods. Dehydration is nevertheless an
abiotic stress that causes cellular perturbations and interferes with survival. In this study, we investigated
the ability of the extreme thermoacidophilic archaeon Metallosphaea sedula to be preserved after a longtermed dehydration when cultivated chemolithoautotrophically on a variety of metal-bearing substrates.
The metal-mobilizing archaeon M. sedula is able to catalyze redox transformation of minerals while
growing chemolithoautotrophically on different metal-bearing materials. Investigating the interactions of
this extreme metallophilic microorganism with different mineral substrates of terrestrial and
extraterrestrial origin, we have observed it's selective cell surface biomineralisation and preservation of
cellular integrity under the dehydration conditions. When grown on certain mineral materials (e.g.,
tungsten bearing ores, meteorite, multimetalic waste products), cells of M. sedula are capable of forming
an encrusted S-layer of various metal content, which strikingly preserves cellular morphology and integrity
during a long-term desiccation, and therefore can potentially serve as a biosignature to be looked for in the
geological record. Surprisingly, no preserved biomineralized cells after the dehydration process could be
detected when M. sedula is grown on sulfide ores and synthetic extraterrestrial materials such as Martian
Regolith Simulants. To better understand the effect of dehydration and associated biomineralization
patterns, we used transmission electron microscopy (TEM) coupled to analytical spectroscopy and resolved
metal-microbial interface of dehydrated M. sedula cells grown on different terrestrial and extraterrestrial
minerals down to nanometer scale. Here we describe several cases of cell surface micromineralisation of
prokaryotic polyextremophilic arhaeon M. sedula, which were particular helpful as a protective mechanism
to preserve cellular integrity after a long-term dehydration.
Cultivation with tungsten-bearing materials provides the most preserved cells of M. sedula under the
dehydration conditions with tungsten polyoxometalates-grown cells exposing no broken or damaged cells
surface and best preserved cellular integrity. Preservation of M. sedula cells under the dehydration
conditions described in the present study appears to be a discriminatory process, which depends on the
nature and content of mineral source used for growth of this metallophilic archaeon. Importantly, the
reported herein preservation of desiccated M. sedula cells enables our further investigations of survivability
of this microorganism under the real and simulated space environmental conditions.
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Abstract:
Since the dawn of space exploration, the survivability of terrestrial life in outer space conditions has
attracted enormous attention. Space technology has enabled the development of advanced space exposure
facilities to investigate in situ responses of microbial life to the stress conditions of space during
interplanetary transfer. Significant progress has been made towards the understanding of the effects of
space environmental factors, e.g., microgravity, vacuum and radiation, on microorganisms exposed to real
and simulated space conditions. Of extreme importance is not only knowledge of survival potential of
space-exposed microorganisms, but also the determination of mechanisms of survival and adaptation of
predominant species to the extreme space environment, i.e., revealing the molecular machinery, which
elicit microbial survivability and adaptation. Advanced technologies in –omics research have permitted
genome-scale studies of molecular alterations of space-exposed microorganisms. A variety of reports show
that microorganisms exposed or grown in the space environment exhibited global alterations in metabolic
functions and gene expression at the transcriptional and translational levels. Proteomic, metabolomic and
especially metabolic modelling approaches as essential instruments of space microbiology, synthetic
biology and metabolic engineering are rather underrepresented. Relying on our own research experience of
work with space-returned microorganisms after a long-term exposure at the Exposed Facility of the
Japanese Experiment Module (JEM) at the International Space Station (ISS) in the framework of Tanpopo
mission, here we summarized the molecular space-induced alterations of exposed microorganisms
revealed with the help of global and integrative –omics approaches in terms of understanding the
molecular mechanisms of microbial survival and adaptation to drastic outer space environment.
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Abstract:
Lichens are symbiotic associations between a heterotrophic fungal and an autotrophic algal symbiont. They
dominate the terrestrial vegetation across Antarctica especially the continental region. Investigations on
adaptation mechanisms are a prerequisite to extend the knowledge on the potential and limitation of
survival of the lichen symbiosis considering extreme environmental conditions. Lichen samples of the
Antarctic lichen species Buellia frigida were exposed outside the ISS to space and Martian analogue
conditions as part of the international BIOMEX project for 1.5 years. The potential to survive exposition to
space/Martian analogue conditions was examined by various methods carried out with lichen thalli and its
symbionts in the study presented. Results of LIVE/DEAD staining performed with FUN® 1 and BacLight™
demonstrated a high amount of dead cells and a very limited survival potential of the lichen symbionts.
Analysis of effects on the ultrastructure by transmission electron microscopy showed a high number of
collapsed protoplasts and deformed cell walls of both symbionts of the exposed lichen samples. By
scanning electron microscopy effects on the surface structure of lichen thalli has been recognized.
Randomly amplified polymorphic DNA-PCR technique was used to verify damages on DNA in all lichen
samples exposed to space/Martian analogue conditions. Physiological activity of the photosynthetic
symbiont was analyzed and showed a potential of recovery of the algal partner. Cultivation assay (as a gold
standard to prove survival potential of lichen organisms after being exposed to extreme conditions) was
successful for some of the lichen samples that were exposed outside the ISS. Considering the former results
of Xanthoria elegans samples, that have been exposed on the ISS as part of the LIFE experiment for 1.5
years demonstrating a very high survival potential after exposure to space/Martian analogue conditions,
Buellia frigida can be described by a clear minor survival potential.
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Abstract:
Several on-going and planned space missions are focused on the search for extinct or extant life on Mars. A
better knowledge of the biology of field sites that are analogues to extraterrestrial bodies is essential to
better understand whether life existed and exists beyond Earth, and how it could be detected if it does.
Hydrothermal areas on Iceland are among the field sites, which have a high relevance to assess the
possibility of past habitability of Mars: acid-sulfate fumarolic alteration are likely explanations for various
geochemical and mineralogical features in Martian hydrothermal vent environments at areas such as Gusev
Crater, Nili Fossae and Mawrth Vallis. Such conditions prevail for example in the Krýsuvík hydrothermal
area. A similar, but much younger system is the Hveragerdi hot spring field site with its several pools
differing in redox-conditions, pH values and temperature. In this area, even the rare neutral to alkaline
sulfide-rich pools exist. Using state-of-the-art molecular tools (eDNA metabarcoding) and community
statistical analyses, we investigated microbial eukaryote communities of the Krysuvik and Hveragerdi
geothermal fields. Protistan communities were unexpectedly diverse and grouped in two larger distinct
clusters, one of which including sampling sites from the Krysuvik field and one from the Hveragerdi field.
The field-specific geothermal area properties were responsible for community structuring, showing that
different geothermal fields support notably distinct communities. Network analyses identified an
extraordinary high degree of taxonomic novelty in all communities analysed, holding new genera, families
and most likely even new orders and classes. As an example, we will present a novel ciliate, which we
isolated from one of the sampling sites in the Krysuvik field. Such organisms may be ideal candidates for
further exploration of cellular adaptations of extremophiles thriving in Mars analog habitats.
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Abstract:
The formation and distribution of Earth-like planets remains poorly constrained. However, stochasticity
during accretion and the variety of exoplanet compositions favour rocky worlds covered in thick volatile ice
layers as the dominant family of terrestrial analogues, deviating from the water-poor inner-Solar system
planets. Here, we demonstrate the power of 26Al, a short-lived radioisotope abundant in the early Solar
system, to control the water content of terrestrial exoplanets. Using numerical models of planet formation,
evolution, and interior structure, we generate synthetic planet populations that are subject to a varying
degree of 26Al-heating during accretion. We show that planet bulk water fraction and radius are anticorrelated with the host system's 26Al levels. This yields a system-wide correlation of bulk abundances, and
is consistent with the location-independent scarcity of water within the TRAPPIST-1 planets. The generic
sensitivity of exoplanet observables on primordial 26Al inferred from our models suggests two distinct
classes of rocky exoplanets: high-26Al systems form small, water-depleted planets, those devoid of 26Al form
ocean worlds, with the mean planet radii deviating by up to ~10%.
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Abstract:
Based on recent experimental results regarding the molecular evolution in a peptide-vesicle system, a
hypothetical model for interactions between peptides and RNA will be presented. One of the main issues in
origin of life theories is the so called chicken and egg problem. In order to solve this problem, a parallel
interconnected development of a vesicle driven peptide world and the RNA world in an open system is
proposed. A special environment for the formation of building blocks of life are deep-reaching tectonic
fault zones of the continental crust with natural micro-autoclaves filled with supercritical/liquid water and
supercritical/subcritical gases [1]. In a wide range of physicochemical parameters all necessary compounds
for organic molecules are available. In this environment conditions for formation of peptides, amphiphilics
and nucleotides are given. At a depth of 1000 m the formation of peptides occurs next to cyclic processes
of vesicle formations. The specific selections results in amphiphilic peptides with different sequences and
functions [2]. Six phases from first organic molecules to pre-LUCA world can be defined. The first two
phases are Formation/Accumulation and Selection of these peptides. The next three phases are dominated
by interactions between peptides and RNA. The cyclic vesicle building process is an efficient method to
integrate mature molecules in vesicles (phase six). In case that all necessary molecules are available in
excess in one vesicle, reproduction process may start. The growing vesicle then may separate by physical
shearing due to turbulences in the liquids.
[1] Schreiber, U., Locker-Grütjen, O., Mayer, C. Hypothesis: Origin of life in deep-reaching tectonic faults.
Orig Life Evol Biosph 2012, 42, 47-54.
[2] Mayer, C., Schreiber, U., Dávila, M.J., Schmitz, O.J., Bronja, A., Meyer, M., Klein, J., Meckelmann, S.W.:
Molecular Evolution in a Peptide-vesicle System. Life 2018, 8, 16.
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Abstract:
It was assumed that the putative biosphere of Mars could be viably cryopreserved and had been stored for
billions of years in anabiotic state like microbial communities of Arctic and Antarctic permafrost deposits
have been preserved till now for millions of years. In this case the main factor causing cell’s death should be
ionizing radiation.
We irradiated arid soil and ancient Arctic permafrost microbial communities with up to 1 MGy doses
gamma radiation in conditions of low pressure (1 Torr) and low temperature (-50°C) which are the key
factors of subsurface layers of Martian regolith to assess possible duration of survival of putative Martian
biota in anabiotic state in subsurface of the planet. Since the gamma radiation is the minor component of
the cosmic radiation and in fact are used as surrogate in astrobiological experiments, we also irradiated
similar soils and permafrost with accelerated electrons (~1 MeV) with the same doses under low pressure
(~0.01 Torr) and low temperature (-50°C) conditions. The ultimate goal of the study is defining of the
sterilizing doses for different types of radiation in simulated extraterrestrial conditions.
Results of culturing, epifluorescence microscopy, multisubstrate testing, GC-MS of lipids and Illumina
sequencing of 16S rRNA genes of control and irradiated samples will be presented. In general it was found
that living cells and microbial biomarkers could be reliably detected in irradiated soil samples. Among the
bacteria cultured from irradiated samples the representatives of Arthrobacter, Rufibacter, Microbacterium,
Pontibacter, Brevundimonas, Bacillus, Planomicrobium, Pseudomonas, Sphingomonas, Clavibacter,
Chryseobacterium, Methylobacterium and Cryobacterium genera were detected. It was found, that
accelerated electrons have more suppressive effect on microbial communities viability. Nevertheless, the 1
MGy dose is not sterilizing either for gamma rays or for the accelerated electrons.
Taking into account the ionizing radiation intensity on the Mars’ surface the resistance to 1 MGy dose of
irradiation in simulated conditions proves that if there was an Earth-like biosphere on the early Mars
microorganisms could survive in the shallow subsurface layer of the Martian regolith for not less than 13
million years after climate change. With increasing depth and decreasing radiation intensity, the possible
duration of viable cryoconservation of the microorganisms could be assessed as 33 million years at 2 m
depth (estimated depth of sampling by the ExoMars 2020 mission) and at least 200 million years at 5 m
depth (the horizon below which the only background radiation is presented). Moreover, the results of the
study could be applied for estimation of possible survival duration of microorganisms in small space bodies
like meteorites, asteroids, comets to assess the probability of the panspermia. The obtained data point out
that the radioresistance of native microbial communities being entrapped into the complex natural
substrates is significantly underestimated.
This work was supported by Russian Science Foundation (grant № 17-12-01184).
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Abstract:
We study Earth-like planets in the HZ of M-dwarf stars with a particular focus on the interaction of ionizing
radiation with the atmosphere of the planet, which is especially important in the case of
very active stars such as Proxima Centauri. Using a 1D approach and assuming an Earth-like N2-O2 base
atmosphere, we can quantify the impact of stellar radiation on molecules influenced by
biogenic processes such as, e.g., ozone, nitrous oxide, and methane.
A cloud-free radiative-convective photochemistry model provides the temperature-pressure-profile and
neutral composition of the base atmosphere. Ion-electron pair production rates in each
atmospheric layer are calculated with a simulation toolkit based on Geant4 tailored specifically for
parametric studies of the interaction between exoplanetary atmospheres and radiation (of both
stellar and galactic origin). Additionally, the toolkit allows us to estimate the absorbed dose rate. Given the
pair production rates and base atmosphere, we can apply a 1D stacked box column model
of the neutral and ionized atmosphere to obtain the production rates of several important neutral species
and determine the long time effect of regularly occurring flaring conditions on atmospheric
concentrations of bioindicators.
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Abstract:
The ultracool M-dwarf star, TRAPPIST-1, appears to harbour seven roughly Earth-sized planets, among
which planets d, e, f and g were considered potentially habitable (Gillon et al. 2017, Papaloizou et al. 2017,
Unterborn et al. 2018, Barr et al. 2018). Due to their proximity to the parent star and eccentric orbits, the
planets are heated from sunlight but also from within by tidal dissipation, and can be habitable only if they
avoid entering a runaway greenhouse state, in which all of their surface water would irreversibly evaporate
into a thick atmosphere. We constrain the possible compositions and interior structures of each planet,
based on new estimates of planetary masses and radii (Delrez et al. 2018, Grimm et al. 2018), and we
calculate the tidal heating generated in the planets using a simple model describing viscoelastic tidal
heating in homogeneous bodies, but mimicking the effect of different layers (similarly as described by Barr
et al. 2018). Then we compare the global heat flux (including stellar insolation and tidal heating) to the
runaway greenhouse limit on each planet. Our results show that any surface H2O on planets b and c has
likely evaporated to form an atmosphere, and rock mantles in these planets are partially molten, which
may result in surface volcanism. Planet d might avoid the runaway greenhouse state, if its Bond albedo is
≳0.3, implying that planets d and e might be habitable. Planets f and g are too far from the star to
experience significant tidal heating and likely have solid ice surfaces with possible subsurface liquid water
oceans. Our work gives insight to the habitability of the TRAPPIST-1 planets from a planetary science
perspective, complementing other researches focussed on stellar activity, water loss and the implications
of tidal locking (Vida et al. 2017, Garaffo et al. 2017, Bourrier et al. 2017, Checlair et al. 2017, Dong et al.
2018, Turbet et al. 2018).
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Abstract:
Hydrogen cyanide is considered a fundamental molecule in prebiotic chemistry experiments, since it has an
important role as raw material, intermediate molecule or/and product of interaction of other molecules.
However, the prebiotic scenarios under which these physicochemical processes could have happened are
discussed. In this way, it is necessary to take into account a chemical and plausible geological scenario.
Hydrothermal systems have been considered as abiotic reactors; there important interaction and
dependence between biological and geochemical processes occurred. Nevertheless, several experiments
have demonstrated that these environments could have been adverse for organic molecules´ stability. So, it
is necessary to carry out systematic experiments in order to study the synthesis, stability and fate of
organic molecules in these environments, to consider them effectively as «chemical evolution reactors» as
previously proposed. We performed experiments focused on the stability and reactivity of hydrogen
cyanide under a simple hydrothermal system scenario. As a first step, we studied the thermolysis of HCN at
≈100º C and evaluated its stability in acidic and basic medium. On the other hand, we studied the reactivity
and behaviour of HCN in presence of an inorganic surface (Mg-montmorillonite). The results suggest that
the stability and reactivity of HCN are highly dependent on environmental conditions. As well, we analyzed
the HCN thermolysis products and highlighted the role of these chemical species as prebiotic molecules.
Even though the role of hydrothermal vents on prebiotic chemistry have been highly discussed, it is
necessary to consider that these environments are more than places with high pressures and
temperatures. Clearly, the simulation of a hydrothermal system in the laboratory is very complicated;
however, the approaches presented here can be validated as a first step to understand the simplest
processes, and gradually reach the complexity of these systems. Here, we showed that the thermolysis of
HCN can be an important starting point; still, the next step is to analyze the fate of the organic molecules
formed, considering several geochemical variables.
Key words: Hydrothermal vents, stability, chemical evolution, prebiotic chemistry
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Abstract:
Polyextremophiles are key to understanding the limits of habitability both on Earth and elsewhere in the
Solar System. Since the introduction of genomic sequencing, metagenomic investigations of acidic
hydrothermal sites have revealed that these environments harbour novel phylogenetic diversity(1).
Hydrothermal environments are of particular relevance in the search for life beyond Earth as they provide
microbes with redox potentials that can be utilized as an energy source(2). Hydrothermal vents on Mars
have been evidenced by Mars Exploration Rover Spirit’s detection of amorphous silica-rich outcrops which
have been tentatively interpreted as acid sulfate leachate(3). Moreover, the bedrock of the Azores has a
basaltic to trachytic composition(4), potentially similar to that of Mars(5,6), demonstrating that the Azores
represents an excellent analogue site for the study of Mars’ past habitability. To gain a better
understanding of both the physiochemical limits of life and the mechanisms that extremophiles employ to
survive in such environments, it is crucial to increase the number of polyextreme species in culture
collections. Currently, it is estimated that less than 1% of all microbial life has been previously cultivated(7).
Additionally, low biomass environments such as those investigated here are challenging to investigate using
genomics techniques due to the small quantities of extractable DNA. In this study, we investigate three
high-temperature, spatially-proximal hot springs located on the Furnas volcano in Sāo Miguel island. These
sites were selected based on their diversity in the sediment aspects (colors), pH (1-5) and temperature (7797°C) values. The microbial community of each spring was investigated using a culture independent and
dependent approaches. Using the XS Buffer DNA extraction technique, DNA was extracted from each of the
three samples and the 16S rRNA gene fragment amplified and subsequently sequenced. The results of the
findings will be presented at the conference.
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Abstract:
Seven Belgian research teams are collaborating to improve our understanding of habitability of early Earth
and of past and present Mars. Habitability is commonly understood as “the potential of an environment
(past or present) to support life of any kind”. Having liquid water at the surface of a planet is probably the
minimum condition for habitability. However, several other parameters control the environmental
conditions necessary for a planet to harbor life. Therefore, a multidisciplinary approach, uniting expertises
from geochemistry and paleobiology to numerical modeling is proposed to investigate the habitability of
Early Earth and Mars. Mars originally displayed many similarities to Earth but then evolved along a very
different path. First, we study the effect of planetary differentiation (core formation, large impacts, plate
tectonics) on conditioning habitability. Second, we develop new geochemical biosignatures (Se and Ga)
tracers, test them and then combine them with existing ones (e.g. Zn and Cu) to detect and characterize
early terrestrial life, and its responses to major geological events (impact cratering, huge magmatic event).
To do so, case studies have been selected: A Proterozoic impact structure in Australia (Acraman) and a
major Archean magmatism in Canada (Abitibi). Finally, data collected by ongoing and future space missions
to Mars are used to document the past and present habitability of the red planet in comparison to Earth.
As this 4-year project just started, we will present the state-of-the-art at the beginning of our initiative and
discuss the methodology we chose to apply, and preliminary results.
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Theory. In accordance with the inversion concept, thermodynamic inversion in prebiotic microsystems is a key step to
life in the Universe (Kompanichenko 2017). The step consists in inversion of the balances "free energy to entropy
contributions" and "information to informational entropy contributions" in a system - from negative (non-living
prebiotic microsystem) to positive (initial living unit). The occurred inversion means appearance of the excessive
"over-entropy" free energy and information (that are not suppressed by entropy), whose circulation launches proper
biological processes in the transformed system. Such thermodynamic method of biological organization implies
continuous inflow and concentration of free energy and information in a biological system. This property of life is
universal: we cannot image development of any planetary biosphere without continuous inflow of free energy and
information that prevails entropy.
Following the inversion concept, prebiotic microsystems might transit to life only under far from equilibrium
conditions in oscillating hydrothermal medium. A key idea for discussion is that self-maintained life processes
launched through continuous respond of prebiotic microsystems to incessant physic-chemical oscillations in the
outside world, in connection with the Le Chatelier principle. No substantial fluctuations in a medium (for instance, in
quiet ocean), no incessant recombination within containing organic microsystems and no perspective for their
transformation into living units.
Experiment and interpretation. Considering Kamchatka geothermal region as an analog of prebiotic environment, we
have detected the set of 240 organic compounds in hydrothermal fluid. Besides, significant irregular and regular
macro- and micro-oscillations with different periods/frequencies and amplitudes were revealed there. Thus, the
record of pressure dynamics at the depth of 950 meters shows irreversible combination of regular and irregular
fragments. According to the made interpretation, the containing organic microsystems should respond to such
incessant external influences by means of continuous recombination of (macro)molecules. Under optimal regime of PT-X oscillations in hydrothermal environment on early Earth, prebiotic microsystems might undergo thermodynamic
inversion through highest competition between energy-producing cycles of reactions and entropy-producing ones
(Figure 1).
Future experiments. New direction of experiments on prebiotic chemistry is proposed. Recombination of
(macro)molecules and changes in a network of chemical reactions within various prebiotic models should be explored
in experimental chambers, where optimal oscillations of pressure, temperature or/and chemical parameters are
created.
Figure 1 Schematic transition of an oscillating prebiotic
microsystem into primary living unit (cell) in course of
thermodynamic inversion. Left: prebiotic microsystem
(half) composed of random polymers, monomers, and
simple molecules. Center: the violent transition into the
living state during overcoming of the negentropy barrier
(through "thermodynamic hurricane"); conditional
directions of the proto-biochemical processes with rise of
free energy (red) and entropy (blue). Right: the simplest
prokaryotic cell (half) with the main cellular structures:
nucleoid (ring DNA), ribosomes, and cell membrane
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Abstract:
Is well known that space is a hostile environment for terrestrial organisms, also other celestial bodies in our
solar system (planets, dwarf planets, and moons), seem to be inhospitable for terrestrial life. The organism
to be able to survive on other planets in our solar system or their moons should have certain
characteristics, among other things, a high tolerance for various chemical and physical factors e.g. low or
high temperatures, high radiation, different pressure (low or high), desiccation, sometimes hypomagnetic
conditions.
The highest chances to survive in such conditions have extremophiles, organisms which inhabit the most
extreme environments on Earth. To extremophiles belong bacteria and Archea, Rotifers and several species
of nematodes, some arthropods, and tardigrades. Water bears (Tardigrada) are small invertebrates (502100 microns) which can be found widely around the world and are considered to be one of the most
resistant of metazoans on Earth.
To estimate the chances of survival for tardigrades on these celestial bodies we took into account the
resistance of the tardigrades to such factors as extreme temperatures, low and high pressure, radiation
magnetic conditions and also chemical factors such as the presence or absence of water and chemistry of
the environment. And we compare it with data about environmental conditions on Venus, Mars, Europe,
Enceladus, and Titan. Resistance to every analyzed factor was expressed on a scale of 1 to 5. In this way, we
estimate the chances of surviving tardigrades on individual celestial bodies in a graph illustrating the
distance of individual objects from the Sun.
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Abstract:
Space is a hostile environment for terrestrial organisms due to high radiation, low pressure, extremely low
temperature and hypomagnetic conditions. Many astrobiologists, considering the possibility of the spread
of terrestrial organisms to other celestial bodies of the Solar System suggest, that extremophile organisms
have the greatest chance of success in such conditions. And Tardigrades are the most resistant of
extremophilic animals. They show significant resistance to a number of environmental stressors and they
are able to survive the exposure to the space vacuum. So, it is no wonder, that they are in the focus of
astrobiologists interested in this topic. Until recently, experiments on the resistance of tardigrades in stress
conditions always took place under cover of the geomagnetic field. Although numerous studies have
supported the hypothesis showing, that the geomagnetic field has a significant effect on the metabolism of
living organisms.
In our studies on the influence of hypomagnetic conditions on mortality of tardigrade Hypsibius dujardini
showed, that the weakening of the geomagnetic field increase the mortality of this species, when it is
entering anhydrobiosis or when it returning to active life. Later, during the search for molecular
manifestations of the influence of hypomagnetic conditions on tardigrades during cryptobiosis, we decided
to analyze changes in expression level of transcripts encoding proteins which can have a protective function
(LEA and heat shock proteins). The results of our preliminary experiment considering only the specific
scenario - when hypomagnetic conditions influenced specimens during their returning from cryptobiosis to
active life – showed differences between the test and control groups, in the expression level of genes,
coding the some of the stress proteins the ( LEA and small HSP). These results became the basis for the
poster presented at the EANA 2016 conference.
In our further studies, we took into account all three basic scenarios: the impact of hypomagnetic
conditions on organisms entering the state of cryptobiosis, during the course of cryptobiosis and during the
returning from cryptobiotic state to the active life. Our latest poster presents a comparison and analysis of
the results of these studies in the context of Tardigrades survival chances in extraterrestrial conditions.
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Abstract:
The principal objective for planetary exploration is focused on (a) the search for past traces of life and (b)
the conditions that may support or inhibit the emergence of future life. Such approaches rely on the
detection of markers (i.e. biomolecular signatures) and require the development of highly specialised
methods and automated analytical platforms. The development of such analytical systems is one of the
major challenges for astrobiology, and has been highlighted as a key area for research by space agencies
worldwide. Research in astrobiology and is also oriented in Mars-like soil samples on Earth as they provide
an analogue for experimental design and simulations. Extreme conditions of radiation and desiccation have
a significant impact on the biogeochemical carbon cycle and therefore, the chemical composition of these
soil samples, and participate in the development of life-inhibiting peroxidants in soils. In this study we
developed methods to quantify the accumulation of metal superoxides and peroxides in Mars-like desert
soils and we discuss their photochemical generation. Our long term goal is the development of an
automated platform for future exploration missions for in situ data collection.
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Abstract:
Answering important questions in astrobiology increasingly requires the ability to measure and detect
changes in chemical or biological activity in challenging environments. This is particularly true in the case of
space-based experiments, where advances in technology has opened up new opportunities for
astrobiological research. To reap the full benefits of these opportunities, on-board sensing systems need to
be able to make a range of measurements in situ.
We thus report on the progress in the development of an integrated system to probe three parameters of
interest: microbial growth, ion activity, and conductivity. Probes to measure ion activity and conductivity
have precedence in past astrobiology missions – most notably in the Phoenix Mars lander wet chemistry lab
(WCL).
We design this system with the requirements for miniaturisation, remote sensing, and robustness in mind.
To make a microbial growth reactor, a model was made by reverse engineering an ESA approved design
from a past ISS experiment. The reactor space itself was built using the software Creo Parametric, and
printed using a 3D printer. Built into the reactor are two sensor compartments, housing a temperature
sensor, a 600nm LED and photodetector for monitoring microbial growth. An Arduino Nano was used to
communicate with the sensor boards. The response of the reactors was then tested by growing a culture of
the proteobacteria Halomonas.
The electrochemical sensors for conductivity and ion activity were made using microfabrication techniques
and state-of-the-art research in electrochemistry. This allows us to fabricate sensors with micron scale
sensing areas, and sub-micromolar detection limits.
Ion activity and conductivity sensors both use underlying platinum microelectrodes to probe their
environment. These were fabricated using a photolithographic lift off process. However, the sensing
mechanism for these sensors is very different. For the conductivity probes, the response is dependent on
the geometry of the electrodes. Therefore, three different designs – square, interdigited, and ring – were
fabricated and tested, each with varying electrode dimensions and separations.
In the case of the ion sensors, an ion selective membrane was used to elicit a response to ion activity in a
solution. At this stage of our research, we focussed on potassium sensing. The membrane was synthesised
with the ionophore valinomycin, and a mesoporous carbon layer was used to stabilise the potential
response. The potentiometric response of these sensors to changing potassium activity in the range 10-1 to
10-7M was measured by successive dilution of a KCl solution. The sensing end of these electrodes were
dipped into the KCl solution, and the open circuit potential taken for each successive dilution.
Our parameters of interest play interdependent roles in an environment. While conductivity is an indicator
of the overall ionic strength of an environment, specific ion activities could be measured using the ion
selective electrodes. The effects that these have on microbial growth could then be monitored in situ with
the growth reactor. Future direction in this project aims at expanding the scope of the ion sensors, and
ultimately in integration of the sensing capabilities.
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Abstract:
For investigation of panspermia, Japanese space mission named Tanpopo, which means dandelion in
Japanese, has performed capture and exposure experiments of microbes using outside of International
Space Station (ISS) (Yamagishi et al., 2007, Biol. Sci. Space ; Kawaguchi et al., 2016, Astrobiology). Previous
exposure experiment of microbes in space concluded lithopanspermia is very reasonable scenario. On the
other hand, we proposed the possible interplanetary transfer of cell-aggregate in sub-millimeter to survive
in harsh space environment (Kawaguchi et al., 2013, Orig. Life Evol. Biosph). For the investigation of
microbial survival and DNA damage induced in space, dried cells of radioresistant bacteria, Deinococcus
spp, as well as D. radiodurans DNA repair-deficient mutants, were put in wells of aluminum plates in
Exposure Panels (EPs) and exposed in space at the outside of Exposure Facility, Japanese Experimental
Module of ISS for one and two-year. Environmental data of UV dose, cosmic rays and heat cycles have been
published (Yamagishi et al. 2018, Astrobiology, in press). Deinococcus survivals for one and two-years
exposure are concluded that the cell-aggregates with 100 μm-thickness were dead by UV-irradiation, while
the 500 μm-thick cell layer is sufficient to protect subsurface cells from UV-radiation in space (Kawaguchi et
al., under review). Comparison of the survival of different DNA repair-deficient mutants suggested that cell
aggregates exposed in space for 1 year suffered DNA damage, including double-strand breaks (DSBs),
single-strand breaks (SSBs) and base damage. DNA base damage accumulated further in cell aggregates
exposed in space for 2 years; however, the number of DSBs and SSBs only increased slightly during the
second year of exposure. These results highlight the importance of microbial cell-aggregates as an ark for
interplanetary transfer of microbes as we hypothesized in massapanspermia.
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Abstract:
How do we better design the deep space exploration experience to prepare for our human nature,
resilience, and physiology? Through commercial and private sector Scientist-Astronaut Candidacy, I
research and explore a holistic approach to improved engineered transport, technology, suits, and
mechanics that support human function, adaptation, and ultimately resilience for long term space
exploration. Integrating space law, policy, health, and technology means considering all aspects of an
individual journey so that microgravity or suborbital research and exploration remain focused. How do we
determine or ensure laws and policies that encourage creative solutions so that LEO, cislunar, lunar, or
interplanetary research & planning remain cooperative here on Earth? How does technology ensure
survival and risk mitigation to remain long term? How do we adapt physiologically to the unknown
elements and how do we better prepare for challenges? This is a macro look at how, at the forefront of
NewSpace planning and opportunity, we can better coordinate, maximize connectivity, leverage
capabilities, and remain accountable both in space and here on Earth.
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