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22. August 2016 

Liebe Astrobiologen, 

Liebe Astrobiologie‐Interessierte, 

 

Wir,  das  Gründungs‐  und  Organisationskomitee  der  Deutschen  Astrobiologischen  Gesell‐

schaft  (DAbG), heißen  Sie  auf unserem  ersten Astrobiologie‐Workshop und  zur Gründung 

der DAbG am DLR‐Standort Berlin Adlershof herzlich willkommen! 

Wir freuen uns  insbesondere über Ihre Teilnahme an unserem Workshop, da Sie hiermit 

deutlich  machen,  wie  wichtig  die  Astrobiologie  in  der  deutschen  Forschungslandschaft 

geworden  ist.  Anhand  der  Zahl  von  über  120  Interessierten  und  zurzeit  etwa  50  Anmel‐

dungen  zum Workshop wird  für uns  deutlich,  dass  im  deutschsprachigen Raum  an  vielen 

Instituten seit vielen Jahren astrobiologische Themen erforscht und gelehrt werden. Jedoch 

geschah das  in der Vergangenheit meist ohne oder nur mit rudimentärem Wissen über die 

jeweils anderen Forschungsgruppen bzw. Lehrenden.  

Die DAbG möchte daran etwas ändern und für mehr Vernetzung und Wissen im deutsch‐

sprachigen  Raum  sorgen.  Sie  soll  uns  astrobiologisch  Forschenden  auch  auf  europäischer 

Ebene und darüber hinaus weltweit eine gemeinsame Stimme geben. In vielen Ländern und 

selbst  in  Raumfahrtagenturen  gibt  es  bereits  seit  vielen  Jahren  astrobiologische  Gesell‐

schaften, Vereine und sogar Institute (man denke nur an das NAI bei der NASA). In Deutsch‐

land war das zumeist nur ein  loser Verbund von einzeln agierenden Gruppen. Dies soll sich 

nun  durch  die  DAbG  ändern.  Ein  besonderes  Anliegen  ist  die  Förderung  unserer  jungen 

Generation begeisterter Nachwuchsforscher, Doktoranden und Studenten unter den vielen 

Astrobiologen.  

Die DAbG sieht sich auch eingebunden in den internationalen astrobiologischen Kontext. 

Nach Ihrer Gründung während des nun stattfindenden ersten Workshops wird sie als unsere 

gemeinsame  Stimme  in  der  European  Astrobiology  Network  Association  (EANA) wahrge‐

nommen werden und  in das europäische astrobiologische Netzwerk eingebunden sein. Ein 

wesentlicher Beitrag der DAbG besteht bereits in der Auswahl der Programmthemen für den 

aktuellen Workshop. Diese  sind  eng  an  die  von  der  EU  geförderte  Europäische  Astrobio‐

logische Roadmap  (AstRoMap) angelehnt, die auch von einigen Vertretern des Gründungs‐

komitees mit erarbeitet wurde. 

Wir danken an dieser Stelle dem internationalen Wissenschaftsjournal „Astrobiology“ der 

Mary Ann  Liebert  Inc. Publishers, das uns großzügig einige Exemplare der AstRoMap‐Aus‐

gabe  zur Verteilung an  interessierte  Institute  zur Verfügung gestellt hat. Dies  ist  in Zeiten 

harter Konkurrenz zwischen den Wissenschaftsverlagen nicht selbstverständlich. Auch möch‐

ten wir den vielen fleißigen Händen danken, die an der Erstellung des Workshop‐Posters, der 

Webseiten‐Ankündigungen, der Catering‐Bestellungen und des hier vorliegenden Abstract‐

Buches mitgewirkt haben. Namentlich  zu nennen  sind  insbesondere Frau Barbara Stracke, 

Frau Ulrike Stiebeler, Frau Lena Noack und Herr Stefan Fox, die uns bei zeitlichen Engpässen 

 

 



 

2 
 

sehr hilfreich  zur  Seite  standen. Auch möchten wir uns bei Herrn Tilman  Spohn und  Frau 

Eichentopf  sehr  für  ihre  große  Unterstützung  bedanken,  die  von  der  Bereitstellung  der 

Räumlichkeiten am DLR‐Standort Berlin Adlershof bis hin zu wichtigen Ratschlägen in organi‐

satorischen Angelegenheiten reichten, sodass wir unseren ersten Workshop und die Grün‐

dung der Gesellschaft starten können. 

Wir  wünschen  Ihnen  einen  regen  Gedankenaustausch,  vielfältige  Generierung  neuer 

gemeinsamer  Ideen und viel Spaß bei den aktuellen Programmthemen, die vom Ursprung 

und der Entwicklung des  Lebens über die Bewohnbarkeit  (Habitabilität) von Planeten und 

Monden  bis  zu  Weltraummissionen  reichen  mit  dem  Ziel  Spuren  des  Lebens  im  All  zu 

entdecken. 

 

Ihr Gründungs‐ und Organisations‐Komitee 

 

Jean‐Pierre de Vera (Berlin), Gerda Horneck (Köln), Dirk Schulze‐Makuch (Berlin),  

Henry Strasdeit (Stuttgart), Dirk Wagner (Potsdam) 
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List of Participants: 

Alessandro Airo (Department of Geological Sciences, FU Berlin) 

Marianne Althoff‐Hanke 

Annette Brandt (Institut für Botanik, Heinrich‐Heine‐Universität Düsseldorf) 

Dieter Braun (Physics, LMU Munich) 

Jan Hendrik Bredehöft (Institut für Angewandte und Physikalische Chemie, Univ. Bremen) 

Nediljko, Budisa (Chemie, TU Berlin) 

Bernd Dachwald (FH Aachen) 

Sönke Burmeister (Inst. für Experimentelle und Angewandte Physik / C.‐Albrechts Univ. Kiel) 

Jean‐Pierre de Vera (DLR, Institut für Planetenforschung, Leitung und Infrastruktur, Berlin) 

Pascale Ehrenfreund (Deutsches Zentrum für Luft‐ und Raumfahrt (DLR), Köln) 

Philipp Eigmüller (DLR, Institut für Planetenforschung, Berlin) 

Andreas Elsäßer (FU Berlin) 

Georg Feulner (Potsdam‐Institut für Klimafolgenforschung) 

Kai Finster (Aarhus University, Denmark) 

Stefan Fox (Universität Hohenheim, Institut für Chemie, Stuttgart) 

Stefanie Gebauer (DLR, Institut für Planetenforschung, Berlin) 

Mareike Godolt (Centre of Astronomy and Astrophysics, TU Berlin) 

Lee Grenfell (DLR, Institut für Planetenforschung, Berlin) 

Wolfgang Hanke (Universität Hohenheim, Institut für Physiologie, Stuttgart) 

Ernst Hauber (DLR, Institut für Planetenforschung, Berlin) 

Jacob Heinz (Zentrum für Astronomie & Astrophysik, TU Berlin) 

Hugo Hellard (DLR Berlin) 

René Heller (Max‐Planck‐Institut für Sonnensystemforschung, Göttingen) 

Bernd Henschenmacher (DLR, Institut für Luft‐und Raumfahrtmedizin, Köln) 

Thomas Herzog (TH Wildau) 

Georg Hildenbrand (Kirchhoff‐Institut für Physik, Heidelberg) 

Gerda Horneck (DLR, Institut für Luft‐und Raumfahrtmedizin, Köln (retired)) 

Michael Kliefoth (FG Umweltmikrobiologie, TU Berlin) 

Vladimir Kubyshkin (Chemie, TU Berlin) 

Natuschka Lee (Umeå University, Sweden; Technische Universität München) 

Stefan Leuko (DLR, Institute of Aerospace Medicine, Radiation Biology Department) 

William Martin (Heinrich‐Heine‐Universität Düsseldorf, Institut für Molekulare Evolution) 

Claudio Flores Martinez (Universität Heidelberg, Centre for Organismal Studies) 

Christian Mayer (Physikalische Chemie, Universität Duisburg‐Essen, Essen) 

Joachim Meeßen (Inst. für Botanik, AG Symbiotische Interaktionen, H.‐H.‐Univ. Düsseldorf) 

Uwe Meierhenrich (Université Nice Sophia Antipolis, France) 

Ralf Möller (DLR, Institut für Luft‐ und Raumfahrtmedizin, Köln) 
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Lena Noack (Royal Observatory of Belgium (ROB), Brussels) 

Gianluigi Ortenzi (DLR, Institute of Planetary Research, Berlin) 

Sieglinde Ott (Institut für Botanik, Heinrich‐Heine‐Universität Düsseldorf) 

Corinna Panitz (Institut für Pharmakologie und Toxikologie, Aachen) 

Georg Patoulidis (Kirchhoff‐Institut für Physik, Heidelberg) 

Hannes Lukas Pleyer (Universität Hohenheim, Institut für Chemie, Stuttgart) 

Frank Postberg (Institut für Geowissenschaften, Universität Heidelberg) 

Heike Rauer (DLR, Institut für Planetenforschung, Berlin) 

Günther Reitz (DLR, Institute of Aerospace Medicine, Radiation Biology Department) 

Petra Rettberg (DLR, Institute of Aerospace Medicine, Radiation Biology Department) 

Mayo Röttger (Heinrich‐Heine‐Universität Düsseldorf, Institut für Molekulare Evolution) 

Philippe Schmitt‐Kopplin (Analytische BioGeoAnalytik, Helmholtz Zentrum München) 

Ulrich Schreiber (Fakultät für Biologie, Universität Duisburg‐Essen, Essen) 

Dirk Schulze‐Makuch (Zentrum für Astronomie & Astrophysik, TU Berlin) 

Frank Sohl (DLR, Institut für Planetenforschung, Berlin) 

Tilman Spohn (DLR, Institut für Planetenforschung, Leitung und Infrastruktur, Berlin) 

Barbara Stracke (DLR, Institut für Planetenforschung, Leitung und Infrastruktur, Berlin) 

Henry Strasdeit (Universität Hohenheim, Institut für Chemie, Stuttgart) 

Wolfram Thiemann (FB02, Universität Bremen) 

Frank Trixler (Dpt. Geowissenschaften / LMU & School of Education / TU München) 

Rüdiger Vaas (bild der wissenschaft, Leinfelden‐Echterdingen) 

Dirk Wagner (Deutsches GeoForschungsZentrum GFZ, Helmholtz‐Zentrum Potsdam) 

Peter Weber 

Madeline C. Weiss (Heinrich‐Heine‐Universität Düsseldorf, Institut für Molekulare Evolution) 

Frances Westall (CNRS‐Centre de Biophysique Moléculaire, Orléans, France) 
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Schedule: 

“Astrobiology – Life in the Context of Cosmic Evolution” 

31 August – 2 September 2016 

DLR, Berlin‐Adlershof 

 

Wednesday, 31 August 2016 

From 14:30: Registration of participants 

16:00: Opening “Astrobiology – Life in the Context of Cosmic Evolution” 

16:00  Opening of the Workshop 
and logistics 

Dirk Schulze‐Makuch  
Henry Strasdeit 
Jean‐Pierre de Vera 

Co‐chairs of the meeting 

16:15  Welcome address  Tilman Spohn  Direktor, DLR Berlin 

16:20  Welcome address   Pascale Ehrenfreund  DLR Vorstandsvorsitzende 

16:25  Welcome address  Frances Westall  President of EANA  

 

Session 1: AstroMap  

Chairs: William Martin, Universität Düsseldorf; Natuschka Lee, Universität München and Umeå, 
Sweden 

16:30  Gerda Horneck, 
DLR Köln and EANA 

AstroMap, the Astrobiology Roadmap for Europe 

Chairs: Dirk Wagner, GFZ Potsdam; Dirk Schulze‐Makuch, TU Berlin 

17:15  Introduction of Research Groups 

19:00  Pascale Ehrenfreund: The Search for Life in the Solar System 

 

Thursday, 1 September 2016 

Session 2: Research Topic 1. Origin and Evolution of Planetary Systems, and Exoplanets 

Chairs: Lena Noack, Royal Observatory of Belgium; Alessandro Airo, FU Berlin 

8:45  Philipp Eigmüller   The PLATO 2.0 Mission 

9:30  Lena Noack et al.: Habitability of One‐Plate Exoplanets: Influence of the Interior  
Structure and Planet Mass on Volcanism and Outgassing 

9:45  René Heller et al.: Large, Water‐Rich Moons Around Giant Exoplanets – Implications for 
Life Beyond Earth 

10:00  Mareike Godolt et al.: Habitability and Atmospheric Biosignatures of Earth‐like Planets in 
the Habitable Zone 

10:15  Lee Grenfell et al.: Effect of Cosmic Rays upon Exoplanetary Atmospheric Biosignatures 

10:30  Dirk Schulze‐Makuch and Edward Guinan: Earth 2.0? – Not So Fast 

10:45   Coffee break 

 

Session 3: Research Topic 2. Origins of Organic Compounds in Space, and Space Experiments 

Chair: Henry Strasdeit, Universität Hohenheim 

11:15  Uwe Meierhenrich, 
University Nice Sophia 
Antipolis 

Organic Chemistry of Comets: The Rosetta Mission  

12:00  Jan Bredehöft: Slow Electrons as a Probing Tool for Interstellar Ice Chemistry 
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12:15  Sönke Burmeister et al.: DOSIS and DOSIS 3D: Radiation Experiments Onboard the ISS 
and How They Can Support Astrobiology 

12:30  Marina Raguse et al.: Translating Physics to Molecular Space (Micro‐)Biology: Spore 
Resistance to Extreme Terrestrial and Extraterrestrial Extremes 

12:45  Alexander Ruf et al.: Ultrahigh‐Resolving Analytics Unravels Complex Meteoritic Organic 
Matter 

13:00   Lunch break 

 

Session 4: Research Topic 3. Rock–Water–Carbon Interactions, Organic Synthesis on Earth, and 

Steps to Life 

Chair: Jean‐Pierre de Vera, DLR Berlin 

14:30  William Martin,  
Universität Düsseldorf 

Hydrothermal Vents, the Origin of Life, and the Physiology 
and Habitat of Luca 

15:15  Christian Mayer et al: Amphiphilic Selection of Molecules: Is There Evolution Without 
Reduplication? 

15:30  Stefan Fox: Primordial Volcanic Islands and the Origin of Life 

15:45  Christof Mast et al.: Can We Create Evolution from Scratch? 

16:00  Nediljko Budisa: Xenobiology Meets Astrobiology: How Many Biochemistries Are  
Available to Build a Life? 

16:15   Coffee break 

 

Session 5: Research Topic 4. Life and Habitability 

Chair: Petra Rettberg, DLR Köln 

16:45  Dirk Wagner,  
GFZ Potsdam 

Microbial Life in Permafrost  

17:15  Tilman Spohn, DLR Berlin  Life and the Interior of Planets 

17:45  Joachim Meeßen et al.: Lessons Learned from STARLIFE: New Techniques and New  
Momentum to Analyze the Viability of Astrobiological Lichen Models 

18:00  Ebbe Bak et al.: The Reactivity of Eroded Silicates and Its Implication for Life on Rocky 
Planets 

18:15  William Bains and Dirk Schulze‐Makuch: The (Near) Inevitability of the Evolution of 
Complex, Macroscopic Life 

   

18:30   Session 6:  
Diskussion über die Gründung einer Deutschen Astrobiologischen Gesellschaft  

  Sitzungsleiter: Jean‐Pierre de Vera, Dirk Schulze‐Makuch, Henry Strasdeit, Dirk Wagner, 
Gerda Horneck 

   

20:00   Dinner 

 

Friday, 2 September 2016 

Session 7: Research Topic 5. Biosignatures and Life Detection in the Solar System 

Chair: John Lee Grenfell, DLR Berlin 

9:00  Frances Westall, 
CNRS Orléans 

Biosignatures on Mars: What, Where, and How? 

9:45  Jean‐Pierre de Vera et al.: The BIOMEX and BIOSIGN Experiments on the ISS  

10:00  Frank Postberg et al.: Enceladus and the Ocean Worlds in the Outer Solar System 
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10:15  Bernd Dachwald et al.: Development and Antarctic Field Deployment of a Maneuverable 
Subsurface Ice Probe for Astrobiological Research 

10:30  Petra Rettberg et al.: From Mars Analogue Sites on Earth to Astrobiological Experiments 
in Space 

10:45   Coffee break 

 

Session 8: Zukünftige Aktivitäten der Astrobiologie in Deutschland 

Sitzungsleiter: Jean‐Pierre de Vera, Dirk Schulze‐Makuch, Henry Strasdeit, Dirk Wagner, Gerda 
Horneck 

11:15  Henry Strasdeit,  
Universität Hohenheim 

Vorschlag einer Satzung der Deutschen Astrobiologischen 
Gesellschaft (DAbG)  

11:45  Diskussion des weiteren Vorgehens 

13:00   End of Workshop 

 
 
 
Introduction of Research Groups in Session 1: 

 Dieter Braun (LMU München) 

 Ned Budisa (TU Berlin) 

 Sönke Burmeister (Christian‐Albrechts‐Universität zu Kiel) 

 Bernd Dachwald (FH Aachen) 

 Jean‐Pierre de Vera (DRL Berlin) 

 Wolfgang Duschl (Christian‐Albrechts‐Universität zu Kiel) 

 Georg Feulner (Potsdam Institute for Climate Impact Research) 

 Stefan Fox (Universität Hohenheim, Stuttgart) 

 Lee Grenfell (DLR/TU Berlin) 

 Michael Hausmann (Universität Heidelberg) 

 Christian Mayer (Universität Duisburg‐Essen) 

 Joachim Meeßen (Heinrich‐Heine‐Universität Düsseldorf) 

 Ralf Möller (DLR Köln) 

 Lena Noack (Royal Observatory of Belgium) 

 Petra Rettberg (DLR Köln) 

 Dirk Schulze‐Makuch (TU Berlin) 

 Frank Trixler (TU München) 

 Rüdiger Vaas (bild der wissenschaft) 

 Robert Wimmer (Christian‐Albrechts‐Universität zu Kiel) 
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Poster Presentations: 

P‐01. Alessandro Airo: Morphological Biosignatures of Microbial Communities 

P‐02.  Jean‐Pierre  de  Vera  et  al.:  GANOVEX  11: Mars  Analog  Studies  in  Antarctica  to  Support 
Studies on Martian Habitability and Life Detection 

P‐03.  Stefan  Fox  et  al.:  Relevance  of  the Meteoritic  and  Biotic  Amino  Acids  Aib  and  Iva:  An 
Appraisal 

P‐04. Stefanie Gebauer et al.: Evolution of Earth‐Like Extrasolar Planetary Atmospheres: Assessing 
the Atmospheres and Biospheres of Early Earth Analog Planets with a Coupled Atmosphere Bio‐
geochemical Model 

P‐05. Andrea Greiner and Frank Trixler: Adenosine Monophosphate  in Temporal Nanoconfined 
Water Catalyzes Molecular Self‐Assembly  

P‐06. Wolfgang Hanke et al.: Spring School Hohenheim "Extreme Environments" 

P‐07. Michael Hausmann and Georg Lars Hildenbrand: Evaluation of the Habitability of Asteroids 
and Comets 

P‐08. Florian Kohn and Claudia Koch: Department of Membrane Physiology: Introduction of our 
Research Group  – Gravity Dependence  from  Biophysical  Properties  to  Cell  Signaling  in Human 
Neuronal Cells 

P‐09. Kirsi  Lehto and Natuschka  Lee: AstroOrigins EduTrek – a Novel Nature Trail and an Edu‐
cating Game for Outreach of Astrobiology in Europe  

P‐10. Stefan Leuko: On the Microbial Diversity of an Astrobiologically Relevant Hypogean System 
and the Issue of Human Contamination 

P‐11. Stefan Leuko and Petra Rettberg: On the Astrobiological Potential of Halophilic Archaea 

P‐12. Claudio Martinez: Convergent  Forms Most Beautiful: Connecting  Theoretical Biology  and 
Systems Engineering to Constrain Biosignature Phase Space 

P‐13. Ralf Moeller et al.: Astrobiology in Germany: Inspire to Connect 

P‐14.  Corinna  Panitz  et  al.:  The  BOSS  Experiment  of  the  EXPOSE‐R2 Mission:  Biofilms  Versus 
Planktonic Cells 

P‐15. Hannes Lukas Pleyer et al.: Reactions Between a Model Porphyrin and Minerals  in Simu‐
lated Primordial Tide Pools 

P‐16. Dirk Schulze‐Makuch et al.: The Core Region of the Atacama Desert As an Analog for Life on 
Mars 

P‐17.  Henry  Strasdeit:  Specialization  in  Astrobiology  Within  the  University  of  Hohenheim’s 
Master’s Program “Earth and Climate System Science” 

P‐18.  Robert  Wimmer‐Schweingruber  et  al.:  Prospects  of  an  Institute  for  Astrobiology  and 
Exploration in Kiel 
 

All posters will be on display throughout the entire Workshop. 
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IT-01 (Session 1) 
 

AstroMap, the Astrobiology Roadmap for Europe 

Gerda Horneck1 and the AstRoMap Team 

1German Aerospace Center DLR, Institute of Aerospace Medicine (retired), Cologne, Germany 

The European AstRoMap project (supported by the European Commission Seventh Framework 
Programme) surveyed the state of the art of astrobiology in Europe and beyond and produced the first 
European roadmap for astrobiology research. In the context of this roadmap, astrobiology is 
understood as the study of the origin, evolution, and distribution of life in the context of cosmic 
evolution; this includes habitability in the Solar System and beyond. More than 50 experts contributed 
to this roadmap within 5 workshops. The resulting AstRoMap roadmap identifies five research topics, 
specifies several key scientific objectives for each topic, and suggests ways to achieve those 
objectives. The five AstRoMap Research Topics are: 

• Research Topic 1: Origin and Evolution of Planetary Systems 
• Research Topic 2: Origins of Organic Compounds in Space 
• Research Topic 3: Rock-Water-Carbon Interactions, Organic Synthesis on Earth, and Steps to Life 
• Research Topic 4: Life and Habitability 
• Research Topic 5: Biosignatures as Facilitating Life Detection 

It has been recommended that steps are taken towards the definition and implementation of a 
European Astrobiology Platform (or Institute) to streamline and optimize the scientific return by using a 
coordinated infrastructure and funding system. 
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IT-02 (Evening Lecture) 
 

The Search for Life in the Solar System 

Prof. Dr. Pascale Ehrenfreund  

Chair of the Executive Board German Aerospace Center (DLR) 

To unravel the origins of life on Earth and possibly elsewhere remains one of mankind’s most 
important discoveries. Basic building blocks of life are widespread in planetary systems in our Milky 
Way and other galaxies. Extraterrestrial material delivered to young terrestrial planetary surfaces in 
the early history of our solar system through asteroids, comets and meteorites may have provided 
significant raw material for the emergence of life on Earth. The comet rendezvous mission Rosetta 
has monitored the evolution of comet 67P/Churyumov-Gerasimenko since 2014 and observed 
numerous volatiles and complex organic compounds on the surface and in the cometary coma. 
Several asteroid sample return missions as well as the improved analyses of key meteorites increase 
our knowledge about the organic inventory that seeded the young planets. New findings on extreme 
life on Earth have expanded the list of potentially habitable solar system environments. However, our 
neighbor planet Mars is the most promising target to search for life within our solar system. Data from 
the Curiosity rover show regions that were habitable in the past, traces of organic carbon and active 
CH4 in the Martian atmosphere at present. Recent discoveries of an ocean and plumes on Enceladus 
strengthen the long-standing hypothesis that moons in our solar system contain substantial bodies of 
water and are probably habitable. Since decades, a fleet of robotic space missions target planets, 
moons and small bodies to reveal clues on the origin of our solar system and life beyond Earth. This 
lecture will review and discuss past, current and future space missions investigating habitability and 
biosignatures in our solar system and the science and technology preparation for robotic and human 
exploration efforts. 
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The PLATO 2.0 Mission 

The Plato Consortium 

PLATO PI Address: Institut für Planetenforschung, Deutsches Zentrum für Luft- und Raumfahrt, 
Rutherfordstraße 2, 12489 Berlin, Germany 

PLATO (PLAnetary Transits and Oscillations of stars) has been selected for ESA’s M3 launch 
opportunity with launch foreseen end 2024. The PLATO mission will follow the very successful space 
missions CoRoT and Kepler, as well as ESA’s first small mission CHEOPS and NASA’s mission 
TESS. PLATO will carry out high-precision, long-term photometric and asteroseismic monitoring of up 
to a million of stars covering about 50% of the sky. It will provide a large sample of small planets 
around bright stars, including terrestrial planets in the habitable zone of solar-like stars. PLATO will 
characterize planets for their radius, mass, and age. It will provide the first large-scale catalogue of 
well-characterized small planets at intermediate orbital periods, which will be an important constraint to 
planet formation theories and will provide targets for future atmosphere spectroscopy. This data base 
of bulk characterized small planets will form a solid basis to put the Solar System into a wider context 
and allow for comparative exo-planetology. The talk will provide an overview of the PLATO mission 
and focus on its science goals. 
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Organic Chemistry of Comets: The Rosetta Mission  

Uwe Meierhenrich 

University Nice Sophia Antipolis, Faculté des Sciences, ICN UMR 7272 CNRS, Nice, France 

The current understanding of the molecular origin of life [1] is based on amino acids, ribose, and 
nucleobases that – after their selection by prebiotic processes – initiated the evolutionary assembly of 
catalytic and informational polymers, being proteins and ribonucleic acids. Following previous amino 
acid identifications in the room-temperature residues of simulated pre-cometary ices [2] we used 
GCxGC for the detection of ten aldehydes, including the sugar-related glycolaldehyde and 
glyceraldehyde – two species considered as key prebiotic intermediates in the first steps toward the 
synthesis of ribonucleotides in a planetary environment [3]. We identified significant amounts of ribose 
and its sister aldopentoses in the simulated ices as well [4]. The detection of organic molecules in pre-
cometary ice analogues is coherent with our data received from the Rosetta mission [5] that deposited 
the Philae lander on the nucleus of comet 67P/Churyumov-Gerasimenko in November 2014 [6]. The 
COSAC instrument, which is a GC-MS device specifically designed for the in situ characterization of 
chiral organic molecules, identified 16 organic species including aldehydes and N-bearing molecules 
in the cometary ice [7]. The complexity of cometary nucleus chemistry implies that early solar system 
chemistry fosters the formation of prebiotic material in noticeable concentrations. 
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Hydrothermal Vents, the Origin of Life, and the Physiology and Habitat of Luca 

William F. Martin1,2 
1Institute for Molecular Evolution, Heinrich-Heine University Düsseldorf, Universitätsstraße 1, 40225 
Düsseldorf, Germany; 2Instituto de Tecnologia Química e Biológica, Universidade Nova de Lisboa, 
2780-157 Oeiras, Portugal. 

The concept of a last universal ancestor of all cells (Luca) is central to the study of early evolution and 
life's origin, yet information about how and where Luca lived is lacking. To investigate the microbial 
ecology of Luca, we constructed clusters and phylogenetic trees for 6.1 million protein coding genes in 
1,981 prokaryotic genomes in order to identify proteins that, irrespective of universal distribution, i) 
trace to Luca through presence in archaea and bacteria yet ii) lack evidence of interdomain lateral 
gene transfer in the individual gene phylogeny. Among 286,514 protein clusters, the trees of 355 
(~0.1%) show evidence for vertical intradomain inheritance from Luca. The functions of these 355 
genes characterize Luca as anaerobic, CO2-fixing, H2-dependent with a Wood-Ljungdahl pathway, N2-
fixing, and thermophilic. Luca's biochemistry was replete with FeS clusters and radical reaction 
mechanisms. Its cofactors reveal dependence upon transition metals, flavins, S-adenosyl methionine 
(SAM), coenzyme A, ferredoxin, molybdopterin, corrins, and selenium. Its genetic code required 
nucleoside modifications and SAM dependent methylations. The 355 phylogenies identify clostridia 
and methanogens, whose modern lifestyles resemble Luca's, as basal among their respective 
domains. Luca inhabited a geochemically active environment rich in H2, CO2, and iron. 
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Microbial Life in Permafrost 

Dirk Wagner 

GFZ German Research Centre for Geosciences, Helmholtz Centre Potsdam, Telegrafenberg, 14473 
Potsdam, Germany 

In polar regions, huge layers of frozen ground – termed permafrost – cover more than 25% of the land 
surface and significant parts of the coastal sea shelves. Permafrost can extend hundreds to more than 
1,000 m into the subsurface. This environment is characterized by extreme environmental conditions, 
such as sub-zero temperatures, aridity, and long-lasting levels of back-ground radiation as a result of 
an accumulation over geological time scales. Despite these harsh conditions, terrestrial permafrost is 
colonized by high numbers of chemoorganotrophic bacteria as well as microbes such as 
methanogenic archaea. Because of the specific adaptations of methanogens to conditions like on 
early Earth (e.g. no oxygen, no or less organic compounds) and their phylogenetic origin, they are 
considered as one of the most probable model organisms for life in extraterrestrial permafrost such as 
on Mars. This talk will give an overview of microbial life in terrestrial permafrost with major focus on 
methanogenic archaea from Siberian permafrost. 
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Planetary Interior Evolution, Habitability and Life 

Tilman Spohn 

DLR Institute of Planetary Research, Berlin, Germany 

The habitability of planets as a potential for extraterrestrial life has received increasing interest in 
recent years, in particular in view of the increasing number of detected extrasolar planets. Planetary 
habitability (for life as we know it) is usually thought to require water on (or near) the surface and a 
sufficient supply of energy and nutrients. The request for water on the surface leads to the concept of 
the habitable zone where stellar radiation and atmosphere greenhousing keep the surface 
temperature within the stability range of liquid water. A magnetic field is argued to serve to protect an 
existing atmosphere against erosion by the stellar wind and thus to help stabilize the presence of 
water and habitability. Magnetic fields are generated in the cores of terrestrial planets and thus 
habitability is linked to the evolution of the interior through magnetic field generation and volcanic 
activity. Many believe that plate tectonics is a most important element of habitability providing the 
renewal of surface rock as a basis for the food chain, cooling the deep interior to drive the geodynamo 
and closing the loop on essential feedback cycles such as the continental crust production cycle, the 
water cycle and the long-term carbonate silicate cycle. We will discuss the role of plate tectonics and 
life to keep these cycles operating. 
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Life in the Universe: A Personal Astrobiological Perspective 

Frances Westall 

CNRS-Centre de Biophysique Moléculaire, Rue Charles sadron, CS80045, 45071 Orléans cedex 2, 
France 

Although a relatively new discipline, astrobiological research has pushed the boundaries of knowledge 
of life in the Universe far through its strength of permitting a broad, multidisciplinary approach to all 
aspects of life: the cosmic and planetological context of life, the geological context in which life 
emerged on Earth, scenarios for the origin of life, early traces of life, the ability of life to thrive in 
extreme environments, and the search for life on extraterrestrial bodies in the Solar System and 
beyond. The very fact of undertaking research in one field while being aware of the implications of a 
broad spectrum of relevant factors from other disciplines means that one’s own research takes on a 
broader significance.  

I will demonstrate this approach with respect to the understanding of the kinds of traces of life, 
biosignatures, that could be found on other extraterrestrial bodies, in particular, in the Solar System. 
Starting with the hypothesis that life forms on Mars or on the icy satellites would be restricted to 
primitive, anaerobic chemotrophic microorganisms because of more restricted conditions of habitability 
compared to the Earth, I will address the potential for preservation of their biosignatures through 
experimental fossilisation, and document ancient traces in the oldest, well-preserved sediments on 
Earth. The challenges inherent in studying and correctly identifying the biosignatures of primitive 
microorganisms in rocks, distinguishing them from abiotic features, even on Earth where sophisticated 
instrumentation is readily available, underline the difficulties facing in situ astrobiological missions to 
search for life on Mars, Europa or Enceladus. 
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CT-01 (Session 2) 
 

Habitability of One-Plate Exoplanets: Influence of the Interior Structure and 

Planet Mass on Volcanism and Outgassing 

Lena Noack, Attilio Rivoldini and Tim Van Hoolst 

Royal Observatory of Belgium, Avenue Circulaire 3, 1180 Brussels, Belgium 

Planets are typically classified as potentially life-bearing Earth-like planets (i.e. habitable planets) if 
they are rocky planets and if liquid water exists at the surface. The latter depends on several factors 
like the abundance of water but also on the amount of available solar energy and greenhouse gases in 
the atmosphere for a sufficiently long time for life to develop. Here we study the built-up of a 
secondary atmosphere depending on the planetary interior and its effect on the maintenance of 
surface water. 

We investigate the possible outgassing efficiency of terrestrial planets lacking plate tectonics with 
masses ranging from Mars-size to super-Earth size, and vary the possible interior structure of these 
planets. We find that one-plate planets may suffer strong volcanic limitations if their mass and/or iron 
content exceeds a critical value, leading to an insufficient greenhouse effect. In that case, the outer 
boundary of the habitable zone moves inward (see Fig. 1), setting an important restriction to the 
possible surface habitability of these planets. 

 

Fig. 1: Habitable zone without constraints (left) or without greenhouse gases at different stellar ages 0 
Gyr (red), 4.5 Gyr (green) and 10 Gyr (blue) using the moist and maximum greenhouse effect limits by 
Kopparapu et al. (The Astrophys. J. 770, 82, 2013).  
 

  



 

21 
 

CT-02 (Session 2) 
 

Large, Water-Rich Moons Around Giant Exoplanets – Implications for Life 

Beyond Earth 

René Heller1,2, Ralph Pudritz2,3, and Rory Barnes4,5 

1Max Planck Institute for Solar System Research, Justus-von-Liebig-Weg 3, 37077 Göttingen, 
Germany; 2Origins Institute, McMaster University, Hamilton, ON L8S 4M1, Canada; 3Department of 
Physics and Astronomy, McMaster University, Canada; 4Astronomy Department, University of 
Washington, Seattle, Washington, USA; 5NASA Astrobiology Institute—Virtual Planetary Laboratory 
Lead Team, USA. 

More than a hundred moons are known around the planets of the solar system. But a moon around 
any of the thousands of exoplanets (an exomoon) has yet to be found. Recent technological advances 
and novel search methods suggest that large moons can be observable with current (Kepler, Hubble) 
or near-future (PLATO, E-ELT) technology. Our simulations suggest that very massive, H2O-rich 
moons similar in mass to planet Mars can form around super-Jovian exoplanets near the habitable 
zones (HZs) around Sun-like stars. This naturally raises the question of whether heavy moons could 
be abundant habitats for extrasolar life. Different from planets, for which surface habitability is mostly 
constrained by stellar illumination, moons have alternative energy sources. For one thing, a giant 
planet can contribute both stellar reflected light as well as thermal emission to the global energy 
flux budget on its moons. Moreover, moons can be subject to tidal friction, which provides an internal 
heat source. The combination of all energy sources defines a circumplanetary region, within which a 
moon can be habitable. We find that massive moons around young super-Jovian planets can be 
habitable if they are more than about 10 Jupiter radii from their host planet away. Details depend 
heavily on the orbital eccentricity of the moon, which triggers tidal heating, and on the distance of the 
planet-moon system to the host star. At the inner edge of the stellar HZ, moons need to be farther 
away from their planet to be habitable owing to the strong stellar illumination. Exomoon habitability 
also depends on the age of the system. If the giant host planet of an exomoon is younger than about 
100 Myr, then its substantial thermal emission puts close-in moons at the risk of experiencing an 
atmospheric runaway greenhouse effect. 
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Habitability and Atmospheric Biosignatures of Earth-Like Planets in the 

Habitable Zone  

Mareike Godolt1,2, J. Lee Grenfell2, Daniel Kitzmann3, Markus Kunze4, Ulrike Langematz4,  
A. Beate C. Patzer1, Heike Rauer1,2, and Barbara Stracke2 

1Centre of Astronomy and Astrophysics, Technische Universität Berlin, Hardenbergstr. 36, 10623 
Berlin, Germany; 2Institute of Planetary Research, German Aerospace Center (DLR), Rutherfordstr. 2, 
12489 Berlin, Germany; 3Center for Space and Habitability (CSH), Sidlerstrasse 5, 3012 Bern, 
Switzerland; 4Institute of Meteorology, Freie Universität Berlin, Carl-Heinrich-Becker-Weg 6-10, 12165 
Berlin, Germany 

The habitable zone (HZ) describes the range of orbital distances around a star where the existence of 
liquid water on the surface of an Earth-like planet is in principle possible. Recent climate studies have 
revised the locations of the habitable zone boundaries, showing that the water vapor and cloud 
feedback may lead to very different planetary climates. While three-dimensional (3D) climate model 
may treat these processes self-consistently and therefore allow for identification and a deeper 
understanding of these processes, one-dimensional (1D) climate models allow for the exploration of 
the large parameter space possible for extrasolar planets. We investigated the applicability of a cloud-
free 1D climate model to estimate the surface temperatures of Earth-like planet within the HZ by 
comparing 1D model results to 3D model results from the literature. The results suggest that the 1D 
model may approximate most of the planetary climates found by 3D modeling studies when assuming 
an appropriate combination of relative humidity and surface albedo. In addition, we investigate the 
chemical response of these habitable Earth-like planets at different distances within the HZ, showing 
the impact of different stellar irradiation levels and relative humidities upon potential atmospheric 
biosignatures.  
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Effect of Cosmic Rays upon Exoplanetary Atmospheric Biosignatures 

John Lee Grenfell1, Heike Rauer1,2, Bernd Heber3, Miriam Sinnhuber4, Fachreddin Tabataba-
Vakili5 and Jean-Mathias Grießmeier6 

1Institut für Planetenforschung, Deutsches Zentrum für Luft- und Raumfahrt, Rutherfordstraße 2, 
12489 Berlin, Germany; 2Zentrum für Astronomie und Astrophysik, Technische Universität Berlin, 
Hardenbergstraße 36, 10623 Berlin, Germany; 3Christian-Albrechts-Universität zu Kiel,  IEAP - 
Extraterrestrische Physik, Olshausenstraße 40, D-24098 Kiel,4Karlsruher Institut für Technologie, IMK-
ASF, Postfach 36 40, 76021 Karlsruhe, Germany; 5Atmospheric, Oceanic and Planetary Physics, 
Department of Physics, University of Oxford, Oxford OX1 3PU, UK; 6Laboratoire de Physique et 
Chemie de l’Environnement et de l’Espace, Université d’Orléans / Centre National d’Etudes Spatiales, 
France/Station de Radioastronomie de Nancay, Observatoire de Paris - Centre National d’Etudes 
Spatiales, Institut national des sciences de l’Univers, USR 704 - Université Orléans, Observatoire, des 
Sciences de l’Univers en région Centre, route de Souesmes, 18330 Nancay, France 

M-dwarf stars are favourable objects for terrestrial planet detection. However, such planets may be 
subject to extreme conditions as a result of e.g. strong stellar activity. This work presents modeling 
studies investigating the effect of cosmic rays upon key atmospheric species of terrestrial planets 
orbiting in the habitable zone of cool stars. We also present a planned multidisciplinary project which 
will combine modeling expertise from atmospheric science with magnetospheric physics to create 
improved predictions of potential atmospheric biosignatures outside the solar system. This project will 
perform a consistent iteration between climate variables, chemical constituents and air shower 
interactions between cosmic rays and the atmosphere, in order to predict the effect on key 
biosignatures such as ozone. 
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Earth 2.0? – Not So Fast 

Dirk Schulze-Makuch1,2 and Edward Guinan3 

1Technical University Berlin, Berlin 10623, Germany; 2School of the Environment, Washington State 
University, Pullman, WA 99164, USA; 3Department of Astronomy, Villanova University Center for 
Astronomy and Astrophysics 

The number of confirmed exoplanets now exceeds 3000 with an additional nearly 5000 exoplanet 
candidates awaiting confirmation in the NASA Exoplanet Archive. Nearly weekly we hear about the 
detection of a new exoplanet similar in mass to Earth and located in the so-called Habitable Zone (HZ) 
around its host star. The excitement is understandable given our desire to find a second Earth. 
However, the excitement should not lead to an over-interpretation of the findings, because the claim 
can only be to have some crude similarity to Earth based on a few selected geophysical parameters. 
Only a very small fraction of these planets will actually be Earth-like. Earth-like would imply multiple 
environmental habitats, presence of a sizable biosphere and complex ecosystems, without which 
Earth, as we experience it, would not exist. Thus, it should be clearly communicated to the public that 
we are probably still many years away of having the technological capability to detect an Earth-like 
planet or Earth 2.0 with adequate certainty. 
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Slow Electrons as a Probing Tool for Interstellar Ice Chemistry 

Jan Hendrik Bredehöft 

Institut für Angewandte und Physikalische Chemie (IAPC), Universität Bremen, Leobener Str. NW2, 
28359 Bremen, Germany 

In recent years a large number of experiments on the chemistry of interstellar ices has been 
performed. Typically, starting mixtures chemically representative of the interstellar medium (ISM) are 
irradiated at low temperatures and the products of chemical reactions are analyzed by IR 
spectroscopy and by chromatographic techniques after warm-up. Irradiation has been undertaken with 
energy sources such as UV, proton- and ion beams as well as high energy (keV) electrons. The 
products have been shown to be a wide variety of organic compounds, many of which are known from 
the analysis of meteorites. This is taken as corroboration that similar reactions in the ISM form many of 
the organic compounds necessary for the emergence of life. 

The precise reaction mechanisms have been hard to disentangle, since starting mixtures as well as 
products are very complex and a great number of reactions take place at once. This has led to the 
believe that spontaneous and statistical recombination of radicals is the main “mechanism” by which 
condensed phase reactions occur in the ISM. The application of experimental techniques from other 
fields such as surface science, can help address this problem. In the laboratory we use a setup that 
simplifies interstellar ice experiments in a way that enables us to study single reaction steps in 
complex reaction sequences. The magic weapon of choice in this case is the use of slow electrons as 
energy source for irradiation experiments. Slow electrons, formed as secondary electrons, are in fact 
responsible for most of the chemical reactions in other irradiation experiments. Analysis of irradiation 
products by Thermal Desorption Spectroscopy (TDS) means that all products including the volatiles 
can be identified and quantified. Thus, kinetic equations can be worked out for single reaction steps, 
and the specific formation mechanisms for many organic molecules can be elucidated.  
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DOSIS & DOSIS 3D: Radiation Experiments Onboard the ISS and How They 

Can Support Astrobiology 

Sönke Burmeister1, Thomas Berger2, Bernd Heber1, Robert F. Wimmer-Schweingruber1, Elke 
Rabbow2, Petra Rettberg2 and Christine Hellweg2 
1Institute for Experimental und Applied Physics, Kiel University, Kiel, Germany; 2German Aerospace 
Center, DLR, Institute of Aerospace Medicine, Cologne, Germany 

Besides the effects of the microgravity environment, and the psychological and psychosocial problems 
encountered in confined spaces, radiation is the main health detriment for long duration human space 
missions. The radiation environment encountered in space differs in nature from that on earth, 
consisting mostly of high energetic ions from protons up to iron, resulting in radiation levels far 
exceeding the ones encountered on earth for occupational radiation workers. Accurate knowledge of 
the physical characteristics of the space radiation field in dependence on the solar activity, the orbital 
parameters and the different shielding configurations of the International Space Station ISS is 
therefore needed. 

For the investigation of the spatial and temporal distribution of the radiation field inside the European 
COLUMBUS module the experiments DOSIS (Dose Distribution Inside the ISS) and DOSIS 3D under 
the lead of DLR are performed onboard the Columbus Laboratory of the ISS. The experiment 
hardware consists of a combination of passive detector packages (PDP) distributed at 11 locations 
inside the European Columbus Laboratory and two active radiation detectors (Dosimetry Telescopes = 
DOSTELs). Besides the measurements inside Columbus DLR also supported measurements with 
passive radiation detectors for providing environmental data for the EXPOSE facilities mounted 
outside the ISS. This data is essential for the interpretation of relevant survival and the influence of 
space flight conditions on biological probes. 

The presentation will provide data from the relevant detectors systems inside Columbus and give in 
addition relevant insight in what happens as soon as one moves outside in the harsh space 
environment. 
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Translating Physics to Molecular Space (Micro-)Biology: Spore Resistance to 

Extreme Terrestrial and Extraterrestrial Extremes 

Marina Raguse, Katja Nagler, Felix M. Fuchs, Ralf Moeller*  

German Aerospace Center (DLR e.V.), Institute of Aerospace Medicine, Radiation Biology 
Department, Space Microbiology Research Group, Linder Höhe, Cologne (Köln), Germany 

*corresponding author: R. Moeller (ralf.moeller@dlr.de; 004922036013145) 

Spore-forming bacteria are of particular concern in the context of planetary protection because their 
tough endospores are capable of withstanding certain sterilization procedures as well as harsh 
environments (Nagler et al., 2016; Raguse et al., 2016). Spores of Bacillus subtilis have been shown 
to be suitable dosimeters for probing extreme terrestrial and extraterrestrial environmental conditions 
in astrobiological and environmental studies such as the PROTECT (“Resistance of bacterial 
endospores to outer space for planetary protection purposes”) on EXPOSE-E mission (Horneck et al., 
2012). Spores appear to have two possible ways to minimize deleterious effects of environmental 
extremes: (i) by protecting dormant spore macromolecules (in particular the spore DNA) from damage 
in the first place and (ii) by ensuring repair of damage during spore outgrowth (Moeller et al., 2014). In 
our research, we used spores of different genotypes of B. subtilis to study the effects of various 
extraterrestrial conditions (e.g., planetary conditions as present on Mars or low Earth orbit (LEO)) for 
astrobiological purposes. Spores of wild-type and mutant B. subtilis strains lacking various structural 
components were exposed to simulated Martian atmospheric, galactic cosmic and UV irradiation 
conditions (Moeller et al., 2010). Spore survival was strongly dependent on the functionality of all of 
the structural components, with small acid-soluble spore proteins, coat layers, and dipicolinic acid 
(DPA) as key protectants. In addition, the interaction of several DNA repair mechanisms (e.g., non-
homologous end joining (NHEJ) and spore photoproduct (SP) lyase) was identified as crucial for 
surviving environmental extremes in space or Martian surface (i.e., exposure to solar UV and galactic 
cosmic radiation (Moeller et al., 2012). The ultimate goal is to obtain a complete model describing 
spore resistance, persistence and longevity in harsh environments. 
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Ultrahigh-Resolving Analytics Unravels Complex Meteoritic Organic Matter 

A. Ruf1,2. N. Hertkorn1, M. Harir1,2, B. Kanawati1, F. Moritz1, M. Lucio1, E. Quirico3, Z. 
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Understanding the origin and evolution of life-relevant molecular building blocks, formed in interstellar 
clouds, is linked to observationally-derived astrochemistry and data-driven analytically-derived 
astrochemistry (meteorites). The molecular diversity of extraterrestrial organic matter in 
carbonaceous chondrites represents a chemodiversity hotspot. Studying this fast complexity in detail 
is important to elucidate formation mechanisms of complex organic molecules in prebiotic chemistry. 

Ultrahigh-resolving analytics, like Fourier transform ion cyclotron resonance mass spectrometry (FT-
ICR-MS) [1], high-resolving NMR spectroscopy [2] or chromatographic separation techniques [1], 
represents a powerful tool to allow insights into the holistic complex compositional space to tens of 
thousands of different molecular compositions and likely millions of diverse molecular structures via 
global chemical profiling. This could be observed in pristine carbonaceous meteorites [1, 2], and 
suggests that interstellar chemistry is extremely active and rich. 

The description of the molecular complexity provides hints on heteroatoms chronological assembly, 
shock and thermal events. We described that heteroatomic organic molecules play an important role 
in the description of extraterrestrial chemical evolution. The thermally and shock-stressed Chelyabinsk 
(LL5) [3] showed high number of nitrogen counts within CHNO molecular formulas, especially in the 
melt region. This match of the organic molecular profile with the petrologic character could be also 
observed for Novato (L6) [4] or Braunschweig (L6). Additionally, the extremely thermally altered 
Sutter’s mill (C-type) [5] reflects a loss in organic diversity, but an increase in the polysulphur domain, 
as compared to other CM2-analyzed falls. 

The resulted extreme richness in chemical diversity offers information on the meteoritic parent body 
history and helps in expanding our knowledge on astrochemistry, especially towards higher 
molecular masses and complex molecular structures. Ultrahigh resolution analytical approaches will 
be presented in their application to unravel the chemical nature and complex organic signatures in 
meteorites. 
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Amphiphilic structures can exist in very different locations on planetary environments. As an example, 
we focus on the fluid continuum circulating in tectonic fault zones which is undisturbed by the possibly 
adverse conditions of the planetary surface. Vesicles which form spontaneously at a specific depth 
present a selective trap for (hydrothermally formed) amphiphilic molecules, especially for racemic 
peptides composed of hydrophilic and hydrophobic amino acids in a suitable sequence (Fig. 1). The 
selective accumulation effect is studied experimentally and demonstrated in a numeric simulation on a 
simplified model. 

We propose that this phenomenon is the basis for an initial molecular and structural evolution. 
Possible mechanisms for this evolution process include: 

a) Self-protection of the peptide inside the amphiphilic layer (“parasitic effect”) 
b) Mutual protection of the peptide by the vesicle structure and vice versa (“symbiotic effect”).  
c) Development of functions such as pore formation, vesicle interconnection etc. 

This evolution process is presently being studied in a log-term experiment in a high pressure cell, 
simulating the conditions in a planetary crust. The proposed scenario can be seen as an ideal 
environment for constant, undisturbed structural optimization in and on cell-like compartments, the 
latter offering preferential starting conditions for a subsequent RNA world. 

 

Fig. 1: Mechanism of peptide selection and accumulation in presence of vesicles. Left: Peptide chains 
formed by hydrophilic amino acids (blue circles) will undergo little interaction with vesicles and remain 
in the aqueous phase where they undergo hydrolysis. Right: Peptide chains formed by hydrophobic 
amino acids (red circles) will eventually be eluted by supercritical CO2. Center: Amphiphilic peptides 
will accumulate in the bilayer membrane and remain partially protected against hydrolysis and elution. 
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Volcanic islands that protruded from the primordial ocean appear to have been beneficial locations for 
chemical processes that may have ultimately led to the origin of life. One important property of 
volcanic coasts in this context is that organic molecules can accumulate in rock pools to higher 
concentrations. Therefore, it is more plausible that prebiotic reactions took place in rock pools at 
volcanic coasts rather than in the open ocean where a strong dilution effect led to low concentrations. 
Apart from this, some prebiotic key reactions such as peptide and lipid formation are unfavorable in an 
aqueous “primordial soup”, even at higher concentrations. However, organic molecules could have 
been transformed by dry heating. Amino acids, for example, may have formed pyrroles and finally 
porphyrins (Fox and Strasdeit 2013). In recent laboratory experiments, we found that porphyrins form 
metalloporphyrins in the presence of suitable minerals. The highly stable metalloporphyrins are able to 
harness light and transport electrons, which are exactly the functions of chlorophylls and cytochromes, 
respectively, in modern organisms. Therefore, it is conceivable that in protometabolisms porphyrin-
type cofactors enabled reactions that were unfavorable in the primordial soup. The reactions were 
later inherited to the first organisms. Similar to modern stromatolites, these organisms could have 
grown in shallow water where they were protected from destructive UV radiation (for example by 
minerals) but received enough light for photosynthesis. Therefore, it can be hypothesized that the 
origin of life was accompanied by a migration from rock pools on volcanic islands to shallow-water 
bays at the coasts. 
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How could life start on the early earth? Central to the question is how molecular evolution - replication, 
selection, mutation - can be driven 'hands-free' from basic building blocks under geologically plausible 
conditions. We will not answer the historical Origin of Life question - but shed light into how living 
systems in principle can originate from the possibilities of early planets, comets and asteroids. 

We focus on non-equilibrium settings to drive simple systems: 
o We show long term feeding of a polymerase chain replication by a thermal gradient, harnessing a 
newly found length selectivity. The replication of long DNA is out-competing short DNA [Nature 
Chemistry (2015) doi:10.1038/nchem.2155]. 
o pH gradients form by the selective accumulation of phosphate in a thermal trap. This will allow the 
build up of pH gradients on vesicles to drive the chemiosmotic reactions such as ATP-Synthase. 
Artificial creation of pH gradients can be used to measure binding [JACS (2016) doi: 
10.1021/jacs.6b01756] 
o Shallow thermal gradients of only 100K per 1 meter can already drive replication and accumulation 
in a pore - however at a slower time scale. [PCCP (2016) doi: 10.1039/C6CP00577B] 
o Accumulation of oligonucleotides leads to the active generation of DNA gels with single nucleotide 
specificity. Two species with different sequences fully separate by a phase transition [Angewandte 
Chemie (2016) doi: 10.1002/anie.201603779] 
o DNA accumulates 1000-fold next to air bubbles in a thermal gradient. The mechanism is based on 
capillary flow, continuous evaporation and recondensation cycles and thermophoresis. [submitted]. 
o Cooperative ligation implements nonlinear replication very similar to hypercycles. The reaction does 
not require many replicators, but is implemented in sequence space on a DNA molecule. The result is 
a mode of replication that decides between sequences spontaneously in a concentration dependent 
manner, setting the stage for Darwinian Evolution [submitted]. 
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Xenobiology is an emergent area at the interface of synthetic biology and synthetic organic chemistry 
that aims to construct biological systems endowed with novel biochemistries like XNAs and/or ‘xeno’ 
amino acids (usually termed as noncanonical amino acids, ncAAs). Xenobiology aims to answer the 
fundamental questions in the chemistry of life: can biological systems also function with an alternative 
genetic code composed of XNA or ncAAs as building blocks or both? Therefore xenobiological 
research is closely linked to the studies on the origin of life, including the development of the genetic 
code. 

Consequently, a conversation with astro-biochemistry or astrobiology will yield important insights. For 
instance, the intensive chemical analysis of carbon containing meteorites like the Murchison meteorite 
demonstrated the presence of more than 70 extraterrestrial amino acids of which the L-enantiomers 
were more dominant. By testing the suitability of these amino acids as building blocks for the 
production of proteins in terrestrial life forms (virus, archaea, eubacteria, fungi, plants and eukaryotes), 
we would gain new knowledge regarding the experimental rules and determinants by which the 
universal genetic code on earth is limited to 20 canonical amino acids. 
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During the last decade, the lichen symbiosis became a promising model in astrobiology for studying 
effects of space-relevant conditions. This interest is based on distinct extremotolerance and high 
stress resistance, both provided by complex morphological adaptations as well as unique physiological 
and biochemical traits. Lichens also serve as models for symbiotic interactions on the eukaryotic level 
under extreme and non-terrestrial environmental conditions. 

Thus, several lichen species took part in space exposure missions such as LICHENS I and II, 
LITHOPANSPERMIA, STONE, LIFE and, just returned from the ISS, BIOMEX but also in multiple 
ground-based simulation studies. Nonetheless, the post-exposure analysis of viability and damages in 
lichens is challenging, mostly due to their composite nature of heterotrophic fungi and 
photoautotrophic green algae, their peculiar morphology and their unique biochemistry. 

During the recent STARLIFE campaign, we exposed the more sensitive symbiont of the lichen 
Circinaria gyrosa, its algal photobiont, to extreme doses of γ-radiation serving as a proxy of non-
terrestrial ionizing radiation. We seized the unique opportunity of STARLIFE and applied a set of 
different integrative methods in parallel in order to assess, quantify, and compare these methods' 
potential in investigating viability, exposure induced damages, and cell death. The results allowed us 
to understand common pitfalls of live/dead analyses, to determine the informative value of these 
methods, and to re-appraise the effect of several phenomena related to the investigation of viability, 
such as transient versus permanent viability, the VBNC state, and the timing of cell death. 
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Over the last decade the Mars group at Aarhus University (Dk) has been studying the effect of erosion 
on the reactivity of silicates to understand the effect of wind-driven abrasion on surface soil chemistry. 
In our latest studies we have addressed the effect of silicates that were abraded in different kinds of 
atmospheres including a Martian-type atmosphere on the survivability of 3 different bacterial model 
organisms such as the Gram-negative species P. putida, the Gram-positive species and endospore 
former B. subtilis and the multi-extremophile species D.radiodurans. We observed that vegetative cells 
of all three species were negatively affected by the presence of abraded silicates when suspended in 
water. We also discovered that the sensitivity depended on the growth phase, thus cells that were 
tested during exponential growth were more susceptible than stationary phase cells. Endospores of B. 
subtilis showed only little susceptibility. To our great surprise basalt abraded in a Martian-type 
atmosphere and thereafter handled under oxygen-free conditions was the most cytotoxic and killed all 
cells independent of species or growth condition except endospores within 24 hrs. In this contribution 
will will present the latest results including a variety of clean isolates and different types of silicates. 
Our studies have important implication for the detection of life and biosigantures on the Martian 
surface. 
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Life on Earth provides a unique biological record from single-cell microbes to technologically intelligent 
life forms. Our evolution is marked by several major steps or innovations along a path of increasing 
complexity from microbes to space-faring humans. Here we identify various major key innovations, 
and use an analytical toolset consisting of a set of models to analyze how likely each key innovation is 
to occur. Our conclusion is that once the origin of life is accomplished, most of the key innovations can 
occur rather readily. The conclusion for other worlds is that if the origin of life can occur rather easily, 
we should live in a cosmic zoo, as the innovations necessary to lead to complex life will occur with 
high probability given sufficient time and habitat. On the other hand, if the origin of life is rare, then we 
might live in a rather empty universe. 

 

  



 

36 
 

CT-17 (Session 7) 
 

The BIOMEX and BIOSIGN Experiments on the ISS – Low Earth Experiments 

Supporting Future Space Missions to Search for Life on Mars and the Icy 

Moons 

Jean-Pierre de Vera1, Andreas Lorek1, Frank Sohl1, Mickael Baqué1, Katrin Stephan1, Ute Boettger2, 
Rosa de la Torre Noetzel3, Heinz-Wilhelm Hübers2,4, Daniela Billi5, Cyprien Verseux5, Petra Rettberg6, 
Elke Rabbow6, Günther Reitz6, Thomas Berger6, Ralf Möller6, Maria Bohmeier6, Gerda Horneck6, 
Stefan Leuko6, Frances Westall7, Jochen Jänchen8, Jörg Fritz9, Cornelia Meyer9, Silvano Onofri10, 
Laura Selbmann10, Laura Zucconi10, Claudia Pacelli10, Natalia Kozyrovska11, Thomas Leya12, Bernard 
Foing13, René Demets13, Jason Hatton13, Charles S. Cockell14, Dirk Wagner15, Howell G.M. Edwards16, 
Jasmin Joshi17, Björn Huwe17, Pascale Ehrenfreund18, Andreas Elsaesser18, Sieglinde Ott19, Joachim 
Meessen19, Annette Brandt19, Michael Kliefoth20, Nina Feyh20, Ulrich Szewzyk20, Stefan Sommer21, 
Frank Postberg22, Hajime Yano23, Sergey Bulat24, Gabriele Cremonese25, Lynn Rothschild26, Jesús 
Martinez-Frías27, Karen Olsson-Francis28, Henry Strasdeit29, Stefan Fox29, Wayne Nicholson30, Dirk 
Schulze-Makuch31,32 

1German Aerospace Center (DLR), Institute of Planetary Research, Rutherfordstr. 2,12489 Berlin, 
Germany; 2German Aerospace Center (DLR), Institute of Optical Sensor Systems, Rutherfordstr. 2, 
12489 Berlin, Germany;3Instituto Nacionalde Técnica Aeroespacial (INTA), Ctra.deAjalvirkm.4, 28850 
Torrejón de Ardoz, Madrid, Spain; 4Technische Universität Berlin, Institut für Optik und Atomare 
Physik, Hardenbergstr.36, 10623Berlin, Germany; 5University Tor Vergata, Rome, Italy; 6DLR, Institute 
of Aerospace Medicine, Cologne, Germany; 7University of Orléans, France; 8TFH Wildau, Germany; 
9Museum für Naturkunde, Berlin, Germany; 10University della Tuscia, Viterbo, Italy; 11Academy of 
Science, Kiev, Ukraine; 12Fraunhofer IZI, Potsdam, Germany; 13ESA/ESTEC, Noordwijk, Netherlands; 
14University of Edinburgh, UK; 15GFZ Potsdam,Germany; 16University of Bradford, UK; 17University of 
Potsdam, Germany; 18Leiden University, Leiden, Netherlands; 19Heinrich-Heine-University, Institute of 
Botany, Düsseldorf, Germany; 20TU Berlin, Germany; 21GEOMAR, Kiel, Germany; 22University of 
Heidelberg, Germany; 23JAXA, Japan; 24 FSBI Petersburg Nuclear Physics Institute, NRC Kurchatov 
Institute, Russia; 25 Università di Padova Dipto di Astronomia Vicolo dell'Osservatorio 2 35122 Padova 
Italy; 26NASA Ames Research Center, USA; 27 CSIC, Madrid, Spain; 28Open University, Milton-Keynes, 
UK; 29University of Hohenheim, Stuttgart, Germany; 30W. Nicholson, University of Florida, USA; 
31Center for Astronomy and Astrophysics, Technical University Berlin, Germany; 32School of the 
Environment, Washington State University, Pullman, USA 

Challenges in astrobiology are the realization of space missions to study the habitability of Mars and 
the icy moons of the Jovian and Saturnian system as well as to investigate potential biosignatures 
which could be expected on these worlds. Besides Mars the Jovian moon Europa is a promising 
candidate to be explored. Water driven resurfacing activity of the icy crust proved by the low amount of 
impact craters on its surface, as well as observations of cryo-volcanos are indicating the presence of 
liquid water oceans beneath the surface. Fissures and cracks with colored salty deposits coming from 
the inner side of the supposed global ocean are showing that this ocean could be a habitable 
environment [1] and where it would be good to search for signs of life. In addition the Saturnian moon 
Enceladus is also a promising candidate for the search for life: water plumes are coming out of an 
ocean which is covered by an ice crust [2]. Some observations made during the Cassini mission also 
have shown that besides the presence of water and salt a high number of simple and complex or-
ganics was observed within these plumes. Because of these observations international and interdis-
ciplinary scientists are working on new types of space missions with the main task to search for life. To 
realize and support these future space missions, the scientific teams of the ESA-experiments BIOMEX 
and proposed BIOSIGN are combining for the first time work performed in planetary analog field sites 
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(involving polar and deep sea research) with work in the lab performed in planetary simulation facilities 
and combined with research in space on specific exposure facilities as there are satellites and the 
International Space Station (ISS). Studies on biomolecules within these facilities will create a 
sophisticated back-up data base for astrobiological exploration missions. 
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Icy moons in the outer solar system recently became prime candidates for harbouring alien life within 
their sub-surface oceans. Among them Enceladus and Europa are considered to have the highest 
astrobiological potential. ESA (JUICE) and NASA (Europa Clipper) will send flagship missions to 
Jupiter’s Galilean moons, the latter with the explicit goal to explore their habitability. In January 2016 
NASA announced that, within the frame work their New Frontiers mission program, mission proposals 
for “ocean exploration of Titan and Enceladus to assess its habitability and look for life” will be 
promoted. 

A number of respective New Frontiers mission proposals are currently prepared. In a similar way a 
mission to Titan and Enceladus is proposed in the framework of ESA’s M5 mission call issued in April 
2016. Meanwhile the NASA/ESA Saturn orbiter Cassini-Huygens explores the ocean on Enceladus. 
Enceladus’ spectacular cryo-volcanic plume, driven by evaporation of sub-surface ocean water, 
provides the unique opportunity to probe a potential habitat in-situ without a lander during flybies. 

The first part of the presentation will give a brief overview on ongoing and future space missions to 
ocean worlds in the outer solar system in which the authors are involved. The second part of the talk 
will focus on the latest findings from Cassini-Huygens on Enceladus’s global subsurface ocean and its 
astrobiological potential. 
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A subsurface ice exploration probe is an important building block for future solar system exploration 
missions. Extensive water ice bodies exist on Mars and the icy moons, but their subsurface is very 
difficult to access. Europa is probably the most interesting target, but access to subsurface material 
might be easier on Enceladus, where ice grains with organic compounds escape from fractures near 
the south pole. It would be preferable to land at a safe distance from one of the narrow fractures and 
to use a maneuverable subsurface ice probe to navigate to the liquid material beneath the fracture, 
which can then be sampled and analyzed.  

The required probe technology is developed at FH Aachen's Astronautical Laboratory. “IceMole” is a 
maneuverable subsurface ice melting probe for clean sampling of subsurface ice and subglacial 
liquids and for clean in-situ measurements. During the last six years, several IceMole probes were 
successfully tested on glaciers in Switzerland, Iceland and Antarctica, where they demonstrated 
successful horizontal, upward and downward melting capabilities, as well as curve-driving and dirt-
layer penetration. A more capable IceMole probe, called EnEx-IceMole, was developed as part of the 
“Enceladus Explorer” (EnEx) project. The main objective of this project was to develop and test the 
technology for navigation in deep ice, as required for a future exploration of Enceladus. The EnEx-
IceMole also features a clean mechanism for the sampling of subglacial brine. To validate the 
navigation and probe technology, it was used in 2014 for clean drilling into a unique subglacial aquatic 
environment and extraterrestrial analog at Taylor Glacier (McMurdo Dry Valleys, East Antarctica), 
known as Blood Falls, with subsequent sample return of subglacial brine for chemical and 
microbiological analysis. The next step in the development of the IceMole concept is the validation 
under simulated space conditions in a vacuum chamber. 
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For the search for life on other planets and moons we need to understand the physical and chemical 
limits of life as we know it. This allows us to optimise the design of life detection missions with target-
oriented instrumentation and to select the most promising landing sites. On Earth several extreme 
environments resemble martian conditions in one or the other aspect. The geological and 
mineralogical characterisation of these places, the isolation of microbial inhabitants and the analysis of 
their physiological potential to tolerate or resist mars relevant stress factors is the goal of the H2020 
Project MASE. The ongoing analysis of new bacterial MASE isolates shows a high versatility and 
unexpected physiological traits. To verify the resistance against mars conditions selected microbial 
communities and isolates will be sent to space in the ISS experiment MEXEM (formerly known as 
MASE-in-Space), because only there a satifying Mars simulation especially of the martian UV climate 
is possible using the sun itself as a light source. The combined results of field studies, comprehensive 
standardised lab investigations and space experiments will enlarge our knowledge of the cellular and 
molecular basis of adaptability, will define where and how to look for potential extraterrestrial life forms 
and will improve our understanding of habitability in general.  
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Morphological Biosignatures of Microbial Communities 

Alessandro Airo 
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Proving the biogenic origin of putative fossil remains found in the most ancient sedimentary strata on 
Earth has remained difficult. However, besides microfossils, biomarkers, and isotopic signatures, 
microorganisms display the tendency to organize into macroscopic mat communities with distinct 
morphological attributes. The ability to better distinguish between abiotic and biotic morphologies 
found in the rock record, could help solve some of the unambiguity concerning their origin. Here 
presented is an interdisciplinary approach for studying the range of morphotypes displayed by 
microbial communities and their potential traces being preserved through time. Based on field studies 
and sample analysis of modern and fossil microbial communities, the growth of microbial mats in 
laboratory experiments, and numerical simulations of their development has made it possible to 
contribute a quantitative morphological analysis of the studied macroscopic microbial communities. In 
light of the ongoing surface exploration of Mars, there is a great need to advance our abilities to 
accurately identify morphological attributes found in sedimentary extraterrestrial rock record. 
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GANOVEX 11: Mars Analog Studies in Antarctica to Support Studies on Martian 

Habitability and Life Detection 

Jean-Pierre de Vera, Nicole Schmitz, Ernst Hauber 

German Aerospace Center (DLR), Institute of Planetary Research, Rutherfordstr. 2, 12489 Berlin, 
Germany 

During the last German Antarctic North Victoria Land Expedition (GANOVEX 11) different new Mars-
relevant and analog field sites were investigated. The Mars-analogy of the new discovered field sites 
was revealed through geological and geomorphological reconnaissance studies with reference to 
satellite data and helicopter flights as well as directly on ground. In the first step the focus was on 
debris flows, gullies, alluvial fans and patterned ground which resulted by different kinds of aqueous 
activity. In the second step habitable niches were discovered and the discovered microorganisms were 
collected for further studies back in the Lab with emphasis on Mars simulation experiments and life 
detection. In the third step a mock-up of the PanCam Camera system (with both stereo and high-
resolution cameras) for ESA’s ExoMars mission was tested on the ability to help geologists 
interpreting the obtained data and to support astrobiologists to detect indices for the presence of life. 
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Relevance and Origin of the Meteoritic and Biotic Amino Acids Aib and Iva:  

An Appraisal 

Stefan Fox1, Hans Brückner2, Thomas Degenkolb2, Henry Strasdeit1  

1Institute of Chemistry, Department of Bioinorganic Chemistry, University of Hohenheim, Garbenstr. 
30, 70599 Stuttgart, Germany;  2Interdisciplinary Research Center, University of Giessen, Heinrich-
Buff-Ring 26-32, 35392 Giessen, Germany 

Until recently it was generally held belief that the non-proteinogenic -dialkylated -amino acids Aib 

(-aminoisobutyric acid; 2-methylalanine) and isovaline (2-ethylalanine) are characteristic 
extraterrestrial and abiotic markers, which almost exclusively occur in carbonaceous meteorites (CCs). 
Indeed, Aib, Iva and decreasing amounts of their homologs are detectable in typical CM2-type 
meteorites such as Murchison and Murray, in CI1-type Orgueil and some CCs from Antarctica. 
Notably, Iva enantiomers – if present – in most cases show significant L-enantiomeric excesses 
approaching, for example, 18.5 % in a specimen of the Murchison meteorite. 

This point of view has changed since a continuously increasing number of ubiquitous filamentous 
fungi, comprising about 25 genera, have been recognized to produce peptides containing – besides 
proteinogenic amino acids – high proportions of Aib, frequently together with Iva enantiomers. Fungal 
taxa producing peptaibiotics comprise common soil and litter-decaying fungi such as 
Trichoderma/Hypocrea, Acremonium, Emericellopsis, Gliocladium, Paecilomyces, Stilbella, and 
Tolypocladium. These peptides are known under the acronym peptaibiotics owing to the characteristic, 
eponymous Aib. As of July 2016, altogether 1,351 sequences of peptaibiotics have been compiled in 
the ‘Peptaibiotics Database’ (https://peptaibiotics-database.boku.ac.at). Notably, Iva in these peptides 
is either of the D- or L-configuration, and even both enantiomers might occur in the same molecule. 

Aib, Iva and analogs in CCs are considered to result from extraterrestrial, abiotic reactions such as the 
STRECKER cyanohydrin or BUCHERER-BERGS synthesis. L-Iva excesses in CCs are attributed to 
some kind of asymmetric influence followed by amplification processes. Aib and Iva enantiomers in 
fungi are synthesized biotically and assembled in peptides by non-ribosomal peptide synthetases. 

Extraterrestrial and terrestrial Aib and Iva as well as possible contaminants can also be distinguished 
by their 13C/12C and 15N/14N ratios. The presence of biotic Aib and chiral analogs in terrestrial 

microorganisms has also to be taken into account if -dialkyl -amino acids are considered as 
potential extraterrestrial biomarkers.  
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Evolution of Earth-Like Extrasolar Planetary Atmospheres: Assessing the 

Atmospheres and Biospheres of Early Earth Analog Planets with a Coupled 

Atmosphere Biogeochemical Model 

Stefanie Gebauer1, John Lee Grenfell1, Joachim Stock2, Ralph Lehmann3, Mareike Godolt4, 

Philip von Paris5,6 and Heike Rauer1,4 

1Institut fuer Planetenforschung (PF), Deutsches Zentrum fuer Luft- und Raumfahrt (DLR), 
Rutherfordstr. 2, 12489 Berlin, Germany; 2Instituto de Astrofısica de Andalucıa - CSIC, Glorieta de la 
Astronomia 18008 Granada, Spain; 3Alfred-Wegener Institut Helmholtz-Zentrum fuer Polar- und 
Meeresforschung, Telegrafenberg, 14473 Potsdam, Germany; 4Zentrum fuer Astronomie und 
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5Univ. Bordeaux, LAB, UMR 5804, F-33270, Floirac, France; 6CNRS, LAB, UMR 5804, F-33270, 
Floirac, France 

Searching for Earth-like planets in the habitable zone and investigating their atmospheres with climate 
and photochemical models is a central focus in exoplanetary science. Taking the evolution of Earth as 
a reference for Earth-like planets, a central scientific goal is to understand the interactions between 
atmosphere, geology and biology on the Early Earth. The Great Oxidation Event (GOE) in Earth's 
history was likely associated with the interplay between biology, geology and atmosphere. Its origin 
and controlling processes are not well understood - requiring interdisciplinary, coupled models. In this 
work we present results from our newly-developed Coupled Atmosphere Biogeochemistry (CAB) 
model unique in the literature in terms of complexity and interdisciplinarity. Applying a unique tool 
(Pathway Analysis Program), ours is the first quantitative analysis of catalytic cycles governing O2 in 
early Earth's atmosphere near the GOE. Smog-type mechanisms play a key role in destroying O2 
whereas in the upper atmosphere, most O2 is formed abiotically via CO2 photolysis. 
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Adenosine Monophosphate in Temporal Nanoconfined Water Catalyzes 

Molecular Self-Assembly 

Andrea Greiner1,2 and Frank Trixler 1,3 

1Department of Earth and Environmental Sciences and Center for NanoScience (CeNS), Ludwig-
Maximilians-Universität München (LMU), Theresienstr. 41, 80333 München, Germany; 2Center for 
Neuropathology and Prion Research (ZNP), Ludwig-Maximilians-Universität München (LMU), Feodor-
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Adenosine Monophosphate (AMP) is one of the most important biomolecules in every living cell. It is 
essential for many biological processes like energy production and consumption, signal transduction 
and protein biosynthesis as being the core structure of molecules like NAD+, FAD, Acetyl-CoA and 
cAMP. Furthermore, AMP is among the five nucleotide monomers constructing DNA and RNA. 
Regarding these numerous roles in cell biology AMP must have played a crucial part in the chemical 
evolution towards the origin of life, influencing also non-living or “not yet living” processes such as 
molecular self-organisation and self-assembly. Our research on chemical evolution focuses on 
physico-chemical phenomena in temporal nanoconfinements of water between mineral surfaces such 
as Casimir-like fluctuation induces forces and organic solid-solid wetting. In previous studies we have 
revealed that the interplay of such phenomena can induce e.g. the self-assembly of heteroaromatic 
molecules on mineral surfaces despite the insolubility of such molecules in water. In the search for 
strategies to enhance the efficiency of solid-solid wetting we detected indications for catalytic activities 
of phosphates to this type of self assembly. Since many biomolecules, like nucleotides, contain 
phosphate groups we made comparative studies regarding pure water, inorganic phosphates and 
nucleoside phosphates. Our results demonstrate that AMP shows significantly the highest ability to 
catalyse solid-solid wetting self-assembly. This outstanding property of AMP within temporal 
nanoconfinements and the exceptional number of different roles of this molecule in living cells let us 
suspect that catalytic reactions in temporal nanoscopic confinements of water may have played an 
important part in chemical evolution with AMP as a crucial actor. 

 

  



 

47 
 

P-06 
 

Spring School Hohenheim "Extreme Environments" 

Wolfgang Hanke1, Florian Kohn1, Stefan Fox2 and Sebastian Leptihn3 
1Deptartment Membrane Physiology, Institute of Physiology, University of Hohenheim, Garbenstr. 30, 
70599 Stuttgart, Germany; 2Department of Bioinorganic Chemistry, Institute of Chemistry, University of 
Hohenheim, 70599 Stuttgart, Germany; 3Department of Microbiology, Institute of Microbilogy, 
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The University of Hohenheim offers a three week intensive spring school under the title "Extreme 
Environments" which will take place in February/March 2017. It is a collaboration between different 
institutes of the Faculty of Natural Sciences. This interdisciplinary course offers a broad insight into 
diverse aspects of life under extraordinary and extreme conditions. 

Scientists from various disciplines such as biology, microbiology, chemistry, and physics will impart 
knowledge about the requirements of organisms under special conditions, as given in extreme 
environments on and beyond Earth. In addition various guest lecturers, e.g. from the German 
Aerospace Center will give an insight on different space related topics. 

Lectures, exercise courses, and excursions will provide students with an overview of the current 
research on topics such as adaptation of microorganisms (extremophiles) to extreme conditions, cell 
physiological reactions under microgravity conditions and chemical principles of astrobiology. 
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In recent years, studies have shown that there are many similarities between comets and asteroids. In 
some cases, it cannot even be determined to which of these groups an object belongs. This is 
especially true for objects found beyond the main asteroid belt. Because of the lack of comet 
fragments, more progress has been made concerning the chemical composition of asteroids. In 
particular, the SMASSII classification establishes a link between the reflecting spectra and chemical 
composition of asteroids and meteorites. To find clues for the chemical structure of comets, the 
parameters of all known asteroids of the SMASSII classification were compared to those of comet 
groups like the Encke-type comets, the Jupiter-family comets, and the Halley-type comets, as well as 
comet-like objects like the damocloids and the centaurs. Aside from the chemistry, it is assumed that 
the available energy on these celestial bodies plays an important role concerning habitability. For the 
determination of the available energy, the effective temperature was calculated. Additionally, the size 
of these objects was considered in order to evaluate the possibility of a liquid water core, which 
provides an environment that is more likely to support processes necessary to create the building 
blocks of life. Considerations on radioactivity and biochemistry for the evolution and maintenance of 
life in these environments were also made. 
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Garbenstr. 30, 70599 Stuttgart, Germany 

Neuronal systems, from cell membranes, to the entire brain, are fulfilling the requirements of excitable 
media and thus exhibit among others pattern formation, wave propagation, and oscillations. Also, as 
excitable media, they can be affected by small external force, including gravity. Neuronal signal 
processing is significantly based on action potentials, being propagating waves in excitable media. 
Action potentials and their triggering in cells and their propagation along fibers are mainly based on 
the presence of defined ion-channels in the cell membranes involved. 

To investigate the influence of gravity on neuronal systems we have done electrophysiological and 
optical experiments on different levels, from membrane properties to ion-channels up to signaling 
cascades and mechanical properties of whole cells. These experiments are regularly performed on 
parabolic flights, sounding rockets (Brasil and Sweden), orbiting systems (Shenzhou-8 in 2011) and 
the International Space Station (in 2017). 

From our experiments it is obvious that neuronal systems, including the human brain, are directly 
affected by gravity. This might have serious consequences for future manned space mission and will 
have to be studied in more detail in further experiments. 
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AstroOrigins EduTrek – a Novel Nature Trail and an Educating Game for 

Outreach of Astrobiology in Europe 

Kirsi Lehto1, Natuschka Lee2,3 

1Department of Plant Physiology and Molecular Biology, University of Turku, Turku, Finland; 2Microbial 
Systems Ecology, Microbiology, TU München, D85354 Freising, Germany; 3Microbial Geo-Ecology, 
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and at least 14 other EU members: Jorge Filipe Gameiro (Centro de Investigação em Astronomia e 
Astrofísica da Universidade do Porto, Portugal), Ioana Gomoiu (Institute of Biology Bucharest, 
Romania), David Dunér (Lund university, Sweden), Elias Chatzitheodoridis (National Technical 
University of Athens, Greece), Akos Kereszturi (Research Centre for Astronomy and Earth Sciences, 
Hungary), Zuzana Kanuchova (Slovak Academy of Sciences, Slovenia), Magnus Ivarsson (Swedish 
Royal Museum of natural History, Sweden), Pekka Qvist (Turku University of Applied Sciences, 
Finland), Carolina Islas (UBIUM company, Finland), Luis de Marcos Ortega (Universidad de Alcalá, 
Spain), Klara Anna Capova (University of Durham, UK), Sigrid Ots (University of Tartu, Estonia), 
Barbara Cader-Sroka (University of Wrocław, Poland) 

The AstroOrigins EduTrek project describes a new approach to promote general science and 
astrobiology education in schools and in society, by merging the natural sciences with the latest 
developments in information technology, using a bit of a philosophical and artistic touch to make them 
highly attractive to all audiences. All the materials will be based on the “Long story of the history of the 
Universe, Earth, and Life, jointly composing an interdisciplinary, integrated, phenomenon-based and 
continuous description of the history of our world, or an educational Timeline. The material will be 
provided in three parallel formats to cater it for different target groups and audiences: 

The informal material is composed of a walkable, 13,8 km long timeline trail that presents the scientific 
histories on information points on the time line  as visual and audio presentations, using 3D 
Augmented Reality (AR) and recorded narrations. Using a “geolocation application”, this timeline trail 
can be translocated to any location in the world. 

 The formal material is composed of 11 sets of digital learning materials, composed of 
animations, 3D models, narrations, tasks and games. 

 The informal learning material is targeted to wider audiences, and will be expanded with 
multimedia presentations, using AR-, 3D visualizations and narrations on the large 
planetarium screens and on flat or Gave-screens in museums. 

The materials will be connected with the social media technologies in order to foster easy sharing of 
knowledge, collaboration, partnership, and interaction between all education-related stakeholders in 
more complex collaboration networks.  The system is designed to be a flexible framework that can be 
easily updated, and where the users can interact with each other. Thus, this approach could constitute 
a long-time, futuristic approach to provide science and astrobiology education in the society, 
throughout Europe, and in the rest of the world (including the third world countries). 
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The quest of exploring and looking for life in new places is a human desire since centuries. Nowadays, 
we are not only looking for life on planet Earth any more, but our endeavours focus on nearby planets 
in our solar system. It is therefore of great importance to preserve the extra-terrestrial environment to 
be able investigate and discover its full diversity and richness. At this point in time we are not able to 
send crewed missions to other planets; however, analysing the impact of human exploration on 
environments is of great planetary protection concern. This can be achieved by obtaining samples 
from a subterranean environment, where only expert speleologists have access and the human impact 
is considered very low. For this study, astronauts participating in the 2014 ESA CAVES (Cooperative 
Adventure for Valuing and Exercising human behaviour and performance Skills) training course, 
obtained samples from deep within a subterranean environment. 

The diversity of soil samples was analysed by next-generation sequencing (NGS). It was found that 
humans can have an immense impact on the microbial diversity in the environment. Although the cave 
system is sparsely entered by humans, a high relative abundance of Staphylococcus spp. and 
Propionibacteria spp., organisms that are characteristic for human skin, have been recovered deep 
inside the cave. Other places, on the other hand, were found nearly pristine with very few human 
associated organisms. The obtained data from this investigation indicates that human exploration is 
polluting an environment and may lead to false-positive signs of life. It is therefore imperative to 
increase our awareness to this problem as well as work towards new protocols to protect a pristine 
extraterrestrial environment during exploration. 
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The universe we know is a hostile place and currently we only know one planet that harbors life: Earth. 
Most of the extant life on Earth thrives in moderate environmental conditions, however, over the last 
decades extreme environments have been shown to harbor a great microbial diversity. The quest to 
understand modern life in these extreme environments addresses some of the most profound 
questions of humankind. How can organisms survive and thrive in these environments and could they 
withstand other detrimental conditions such as outer space or conditions prevalent on a foreign planet 
such as Mars? 

Recent studies have increased our confidence that liquid water exists in form of high saline brines on 
the surface of Mars. Such brines may be similar to high salinity environments here on Earth such as 
solar salterns or salt lakes in Antarctica. The predominant inhabitants of these environments on Earth 
are halophilic archaea. These organisms are not only adapted to high osmotic conditions, but also to 
high radiation and fluctuations in temperature. Numerous studies have shown that different 
representatives of this family can cope with a wide variety of stress factors such as changes in osmotic 
pressure, ionizing radiation, different regimes of UV, exposure to simulated microgravity, exposure to 
Low Earth Orbit (LEO) and a high resistance to prolonged desiccation. Although it is unlikely to find 
active life on the surface of Mars due to high radiation regimes, halophilic archaea are in discussion for 
their ability to survive entrapped in halite for up to 250 million years. Taken all this information into 
account, halophilic archaea are ideal terrestrial organism to study the limits of life and what conditions 
may support life on other planets.  
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Defining potential biosignatures for future robotic exploration efforts within the Solar System is not a 
trivial task. First, researchers have to acknowledge that there is no universal theory of biology yet. 
What are contingent versus necessary outcomes of the evolutionary process? Second, new models 
for the origin of life, elucidation of proto-cellular dynamics and large-scale genomic surveys of animal 
complexity are stressing the importance of convergence as an important factor in structuring 
evolutionary processes at multiple scales of biological organization. Convergent evolution refers to the 
independent and repeated emergence of a particular functional system in distantly related lineages. 
Theoretical biology is beginning to reframe the phenomenon of convergent evolution in terms of top- 
down causation, informational control and functional equivalence classes of lower level operations. 
Higher-level cellular functions can often be instantiated by unrelated molecular networks. In analogy to 
the well-established “life as we know it” paradigm, which builds on the assumption that similar 
extraterrestrial life forms require liquid water, biogenic elements and suitable energy sources, here the 
concept of Minimal Convergent Traits (MCTs) is introduced. Following MCTs are postulated: (1) 
molecular replication, (2) cellularization and (3) metabolic networks. They represent systemic 
properties of extraterrestrial organismal complexity that could be potentially instantiated by a multitude 
of biomolecular networks. Even when taking the possibility of alternative chemistries into 
consideration, MCTs are still offering valuable coordinates by embodying biological attractors in the 
vast phase space of putative biosignatures. Finally, systems engineering approaches for designing 
advanced biosignature detectors can benefit from the biological principle of MCTs. Detection methods 
that are able to identify a given MCT or another higher-level function of extraterrestrial life irrespective 
of its particular molecular instantiation are especially desirable. Two examples of such methodologies 
for icy moon exploration, nanopore sequencing and bioluminescence detection, are described. 
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*corresponding author: R. Moeller (ralf.moeller@dlr.de; 004922036013145) 

Astrobiology is a growing and vibrant research field that aims to address the fundamental scientific 
questions about the origin, evolution, and future of life in the universe. As a highly interdisciplinary 
field, astrobiology is a particularly effective avenue for introducing students to a wide variety of 
scientific and engineering disciplines such as astronomy, geology, biology, chemistry, environmental 
sciences, and aeronautics. By focusing on topics such as space exploration and the search of life in 
extreme (perhaps extraterrestrial) environments, astrobiology has a natural tendency to inspire and 
foster students’ enthusiasm in science and learning in general.  

Several successful past programs (e.g., the DFG Priority Program 1115: Mars and the terrestrial 
planets or the Helmholtz Alliance 'Planetary Evolution and Life') and graduate schools (e.g., Helmholtz 
Space Life Sciences Research School - SpaceLife) as well as a consultation throughout Europe in the 
frame of the FP 7 ‘Project Astromap’ have shown that there is broad interest in Astrobiology research 
in Germany. 

Here we would like to discuss with the German astrobiology colleagues:  

(i) Do we have a comprehensive overview of the German astrobiology community today?  
(ii) Do we need “Astrobiology” in the German education? 

a. if so, how could it be established and improved? 
b. who is training the teachers (example DLR school labs)? 

(iii) Do we need “Astrobiology” at the German university level? 
a. do we need a German astrobiology curriculum? 
b. do we need a German astrobiology PhD? 

(iv) What is the role and responsibility of the German research centers or universities? 
a. how can we foster, strengthen and improve the education of interns, bachelor, master 

and PhD students and PostDocs? 
b. what are the career opportunities for German astrobiologists? 

(v) How should the German astrobiology community be connected and presented towards 
other research societies, funding agencies and space research agencies? 
a. what are the funding opportunities for German astrobiologists? 
b. how can we enter German and international research committees? 
c. how can we approach colleagues working in the different astrobiologically relevant 

disciplines not yet involved and encourage them to join us? 
(vi) What is and shall be the responsibility of “Astrobiology” in the German research 

community and in the public society? 
a. do we really need to “connect”? and if – how can be improve our visibility? 

In spirit of the foundation of the German Astrobiology Society, we would like to initiate a process of 
direction, connection and orientation towards an improvement of the Astrobiology education as “true” 
(serious?) multidisciplinary science in Germany.   



 

55 
 

P-14 
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In the context of the successfully finalized EXPOSE-R2 mission in the BOSS experiment (Biofilm orga-
nisms surfing Space) an international consortium of scientists investigated the ability of a variety of or-
ganisms (Deinococcus geothermalis DSM 11300, Bacillus horneckiae BH+, Halococcus morrhuae + 
Halomonas muralis, Gloeocapsa OU_20 and Chroococidiopsis sp. CCMEE 029) to survive in Space 
and on Mars as a function of their life style. The questions in focus are the different strategies for 
individually living cells (planktonic state) compared to a microbial consortium of the same cells (biofilm 
state) to cope with the unique mixture of stress factors in this extreme environment. Biofilms, where 
the cells are encased in a self-produced matrix of excreted extra-cellular polymeric substances, are 
one of the oldest clear signs of life on Earth. They can become fossilized and might also be detected 
as the first life forms on other planets and moons of the solar system. 

In several mission preparatory and complementary tests numerous biological end-points of the 
different model organisms were determined after desiccation, exposure to vacuum and simulated 
Martian atmosphere, temperature oscillations and –extremes as well as UV-, X-ray, heavy ion and 
gamma radiation individually or in combination. As an example the results of Deinococcus 
geothermalis, an orange-pigmented representative of the Deinococcus family which is unparalleled in 
its capacity to overcome oxidative stress that affects all macromolecules, are presented.  

As a facit biofilms exhibit an enhanced rate of survival exposed to space and Martian conditions 
compared to their planktonic counterparts. This fact might indicate an advantage of living as a biofilm 
when facing the poly-extreme conditions of space or Mars. 
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Tide Pools 
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The coasts of primordial volcanic islands offered various geophysical and geochemical conditions that 
could have been favorable for the evolution of complex molecules (Strasdeit 2010). Tide pools at 
these coasts can be considered as natural reaction vessels which were heated, for example, by lava 
flows and where wet/dry cycles occurred. Our group has experimentally demonstrated that pyrroles, 
and subsequently porphyrins, could have been abiotically formed on primordial volcanic islands (Fox 
and Strasdeit 2013). In continuation of this work, we have now investigated the complexation of metal 
ions by a model porphyrin, i.e. the formation of metalloporphyrins, in simulated primordial tide pools. 
These experiments included different minerals and wet/dry phases simulating tidal cycling. Despite the 
water insolubility of the porphyrin used (octaethylporphyrin), complexation reactions were observed 
under our experimental conditions. 

Today, metalloporphyrins and their derivatives occur ubiquitously in nature and are involved in 
fundamental metabolic processes. Our results indicate that early steps in the evolution of 
metalloporphyrins may have taken place in the “prebiotic soup” and in protometabolisms (Strasdeit 
and Fox 2013). Detailed results, including reaction yields, will be presented, and their possible 
relevance for chemical evolution will be discussed. 
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Schneider1, Alfonso Davila6, Alessandro Airo7, Janosch Schirmack1, Jacob Heinz1 

1Center for Astronomy and Astrophysics, Technical University Berlin, Germany; 2School of the 
Environment, Washington State University, Pullman, USA; 3Institute of Planetary Research, German 
AeroSpace Center, Berlin, Germany; 4Dept. of Chemistry, Tufts University, Medford, USA; 5Section 
Geomicrobiology, GFZ German Research Centre for Geosciences, Potsdam, Germany; 6NASA Ames 
Research Center, Moffett Field, USA; 7Fachbereich Geowissenschaften, Freie University, Berlin, 
Germany 

The Atacama Project is a collaborative and international investigation conducted by a consortium of 
research groups from Europe, North America, and South America. The objective of the effort is to 
investigate the dry limits of life. The Atacama Desert is one of the best analog sites to test hypotheses 
relevant to potential habitable environments that may have or may still be present on Mars. In April 
2015 we conducted our first field season investigating a moisture-transect in the core of the Atacama 
Desert and specifically some specialized habitats that are thought to exist near some of the driest 
sites. Samples were collected from selected locations and analyzed using a variety of geochemical, 
mineralogical, physical and microbiological methods. In June 2015 we installed sensors at some of 
these sites for long-term monitoring of relative humidity and meteorological parameters, and in March 
2016 we collected additional samples. Preliminary results indicate that even in the driest core of the 
Atacama desert we find microhabitats in which microorganisms thrive using special adaptation 
techniques. 
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Specialization in Astrobiology Within the University of Hohenheim’s Master’s 

Program “Earth and Climate System Science” 

Henry Strasdeit 

Department of Bioinorganic Chemistry, Institute of Chemistry, University of Hohenheim,  
70599 Stuttgart, Germany 

In classical programs of study such as biology, chemistry or astronomy, many students at some point 
come into contact with the fundamental questions of astrobiology: “How did life originate?”, “Is there 
life on other planets?”, etc. Some students want to go deeper into the subject or even become a 
professional astrobiologist. The Master’s program “Earth and Climate System Science” (ECSS) which 
is offered by the University of Hohenheim in Stuttgart gives students the opportunity to specialize in 
astrobiology. ECSS is a 4-semester interdisciplinary, research-oriented program. Its focus is on natural 
sciences, with smaller contributions from agricultural sciences and economics. The language of in-
struction is English. Each year, about 15 students are admitted. The students mainly learn to under-
stand and simulate components of the Earth system such as the regional climate. In the 1st semester, 
there are mainly preparatory courses, for example on the chemistry and physics of the Earth system. 
However, from the second semester on, students can start specializing in astrobiology. To this end, a 
number of the relevant courses are offered: 

►  Lectures “Introduction to Astrobiology” and “Key Experiments in Astrobiology” 

►  Literature seminar on astrobiology 

►  Lecture “Chemical Evolution” 

►  Practical laboratory course “Chemical Evolution” 

►  Field excursion to the Ries crater, a relatively well-preserved 15 million year old, 24-km-wide 
 impact structure 100 km east of Stuttgart. 

The Master’s thesis can be chosen from the topics “biosignatures” and “chemical evolution” (at Hohen-
heim) or other astrobiological topics (in cooperation with external institutions). The degree awarded is 
“Master of Science“ (M. Sc.). 

Further details about the astrobiology branch within the ECSS program will be presented at the Work-
shop. 
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Prospects for an Institute for Astrobiology and Exploration in Kiel  

Robert F. Wimmer-Schweingruber1, Sönke Burmeister1, Wolfgang Duschl2, Bernd Heber1, Ruth 
Schmitz-Streit3, Stefan Sommer4 

1Institute for Experimental and Applied Physics, University of Kiel, Leibnizstr. 19, 24118 Kiel, 
Germany; 2Institute for Theoretical Physics and Astrophysics, University of Kiel, Leibnizstr. 15, 24118 
Kiel, Germany; 3Institute for General Microbiology, Biology Center, University of Kiel, Botanical Garden 
1 – 9, 24228 Kiel, Germany; 4Stefan Sommer, Marine Geosystems, Helmholtz Centre for Ocean 
Research Kiel, Wischhofstr. 1-3, 24148 Kiel, Germany 

With the number of known exoplanets approaching 3500 at the date of writing this abstract, it looks 
more like a question of when rather than if signs of life on distant planets will be discovered. Prospects 
have never been as good as today and consequently, interest in life on other planets, also known as 
astrobiology, has developed into a growing scientific discipline.  

The only location where we humans will ever be able to find life in situ, is our solar system. Candidates 
for habitable environments include Jovian and Galilean moons and even subsurface Mars. Finding life 
in such habitats will require a systematic and careful exploration of our solar system.  

Given the prospects of astrobiology and the exploration of our solar system, the time is ripe to found a 
German Institute for Astrobiology and Exploration. With its concentration of expertise in oceanography 
and life in extreme environments, micro-biology and evolutionary biology, astrophysics and space 
science, as well as aerospace dosimetry, Kiel would be an ideal site for the first German Institute for 
Astrobiology and Exploration.  
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