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Defining Terms and Conditions

LIFE

Homeostasis — Regulation
Organization — Compartments
Metabolism — Energy Transformation
Growth — Dynamic Behavior
Adaption — Darwinian Evolution
Response — Feedback Loops
Reproduction — /nformation

N N DN B~ W N -

D. E. Koshland, Science 2002, 295,2215-2216; C. P. McKay, PLoS Biol. 2004, 2, ¢302;
S. A. Benner, Astrobiology 2010, 70, 1021-1030.

Sebastian Pallmann, AK Prof. Dr. Oliver Trapp

07.08.2017




wowe- | | (1) MULTIPLICITIES OF POSSIBLE
LMU)| szsr | | ORiGINGS) OF LIFE

Defining Terms and Conditions

LIFE

Gerald Joyce: “Life 1s a self-sustaining system capable of
Darwinian evolution.”

Envelope protein

Envelope

Viral genome

Nucleocapsid

Viral tegument

http://www.astrobio.net/origin-and-e volution-of-life/forming-a-de finition-for-life -inte rvie w-with-gerald-joyce/
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Defining Terms and Conditions

DARWINIAN EVOLUTION — Survival of the Fittest

1. Overpopulation

2. Heritable phenotypic variations
w.mbsabaoamgw@mm:wo
#

Isolation leads to new species

C. Darwin, On the Origin of Species 1859, Down, Bromley, Kent London.
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Starting from what is Factual

LUCA — /ast universal common ancestor

Comparison of 25/ES 7 of large subunit rRNA
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L. Hays, L. Archenbach, J. Bailey, R. Barnes, J. Barros, C. Bertka, P. Boston, E. Boyd, M. Cable, 1. Chen, Asfrobiology Strategy 2015.
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Starting from what is Factual
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L. Hays, L. Archenbach, J. Bailey, R. Barnes, J. Barros, C. Bertka, P. Boston, E. Boyd, M. Cable, 1. Chen, Asfrobiology Strategy 2015.
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Starting from what is Factual

LUCA
Birth of Sun L ate Heavy Bombardment Great Oxygen Event Fossils of Eukaryotes Cambrian Explosion
Formation of Oceans  Stromatolites Fossils of Cyanobacteria Metazoans
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L. Hays, L. Archenbach, J. Bailey, R. Barnes, J. Barros, C. Bertka, P. Boston, E. Boyd, M. Cable, 1. Chen, Asfrobiology Strategy 2015.
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Consequences:

— Earth at time of origin of life highly dynamic system:
out of equilibrium

— Atmosphere: Changing composition
volcanic out-gassmg: CO,, H,O, H,S, N,, NH;
reductive atmosphere: N,, H,O, CH,, NH,4

— Hydrosphere: Acid leach of basaltic rocks; thousand of
years of continuous ram; salification; tides by moon

— Lithosphere: Crust formation, tectonic movement thermal
vents and volcanism

— Young sun mradiation flux; day and night cycles

Sebastian Pallmann, AK Prof. Dr. Oliver Trapp 07.08.2017
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Starting from what is Factual

CO, 40 -210 bars ~ 1 bar
H, unknown
H,O 40 bars Unknown decrease .
N, 0.8 bar stable
CH, unknown
HADEAN ARCHAEAN

Sebastian Pallmann, AK Prof. Dr. Oliver Trapp

Activation by Activation by
« UV * Heat

* Electrical Discharge * Reduced Rocks
* Meteorite Impacts * Mineral Surfaces

HCN
Hydrocarbons
HCHO
Fatty Acid
Cyanoacetylene
Cyanic Acid ...
07.08.2017 10
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Starting from what is Factual

Table 1. The 16 molecules used to fit the COSAC mass spectrum.

Molar MS Relative to
Name Formula %

mass (u) fraction water
Ol e HaO o 18 .89 . 100 .
Methane ... CHy 16 070 05
Methanenitrile (hydrogen cyanide)  HCN 27 106 09
Carbon monoxide co 28 3 4 om 12 .
_Smnsv._m:,::m Oqu_._an :mom Tﬁdm //www.astro.uni-koeln.de
Ethanenitrile (acetonitrile)  CH,cN 41 0s5 o3 /cdms/molecules
Isocyanicacid . ... HNCO 43 047 03 |
Ethanal (acetaldehyde) CHCHO 44 101 05
_s@z_m: mide (formamide) _ _._OOZ_._N i 45 § wuw § 18
Ethylamine . CoMeNHp a5 072 03
_monvﬁzo:.mn:m:m Aamﬁzﬁ _monwmzmﬁmu ~_CH3NCO 57 wHw 13
Propanone (acetone)  CHCOCHy 58 102 03
Propanal aﬂav_ozm_am:uimu C;HsCHO 58 0.44 ....OH .
Ethanamide (acetamide) CHCONH, 59 220 07

OINOonO 60 098 04

_CHp(OH)CHx(OH) 62 079 02

F. Goesmann et al., Science 2015, 349.
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Starting from what is Not Factual

Uncertainty of:

— Temperature range

— Pressure range

— Feedstock molecules

— Characteristics of reaction sites

— Cyclic dependence of environmental parameters

— Irradiation flux

Sebastian Pallmann, AK Prof. Dr. Oliver Trapp 07.08.2017 12
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Astrophysics

Geochemistry

organic free . hconbcﬁ.nw&
Earth exo. supply
- pyrolyse of all - atmospheric,
organic matter hydrospheric,
litospheric
chemistry
- extraterrestrial

supply of organics

Analytical Chem

Erengy

reaction

networks
- complex reaction - coenzymes
paths - nucleotides
- changing conditions - redox potent molecules
- continuous drive - chromophores
away from - metall ions/cluster
equilibrium - amphiphiles
- temperature/ - surfaces

pressurefirridiation

Selfamplification

Chemical Evolution

Sebastian Pallmann, AK Prof. Dr. Oliver Trapp

- DNA - compartmentalization - Ribosoms
- RNA - metabolism - ATPase
- proteins - enzyme evolution - cell membrane
- lipids - signaling/feedback - cell wall
- polysaccharides - cytoplasm, cytoskeleton
Homochirality Selfassembly
07.08.2017 13
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Defining Terms and Conditions

Darwinian Evolution Chemical Evolution

Overpopulation Multiple reaction sides

Heritable phenotypic variations  Concentration variations

Additives

Environmental pressure Changing environmental
conditions

[solation Separation by geophysical

processes or by encapsulation
in micelles or bilayers

Sebastian Pallmann, AK Prof. Dr. Oliver Trapp 07.08.2017
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Out of Equilibrium — Cyclic Disturbances

feedstock inhomogeneities of reaction sites:

- composition
- concentration
- temperatures
- pH values

continuous disturbances

- dilution

- dehydration
- irradiation

- impacts

- glaciation

Sebastian Pallmann, AK Prof. Dr. Oliver Trapp 07.08.2017 15



LUDWIG-

_._<_= unversrar | | (2) CENTRAL OPEN QUESTIONS

MUNCHEN

Recognition-Interaction-Principle
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G. Storch, O. Trapp, Nat Chem2017, 9, 179-187.
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Interaction-prone molecules

Amino acids
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