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oz Conditions for life on Earth and other Goldilocks planets
v or icy moons

1) A continuous supply of reactive carbon for synthesizing
new organics;

2) A supply of free energy to drive metabolic biochemistry -
the formation of new proteins, DNA, and so on;

3) Catalysts to speed up and channel these metabolic
reactions;

4) Excretion of waste, to pay the debt to the second law of
thermodynamics and drive chemical reactions in the
correct direction;

5) Compartmentalisation — a cell-like structure that separates
the inside from the outside;

6) Hereditary material — RNA, DNA or an equivalent, to
specify the detailed form and function.

Nick Lane in: ‘The vital question’, W.W. Norton & Company (2015)
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Steep pH and T gradients over porous
hydrothermal vent chimney

14 T. Shibuya et al./ Geochimica et Cosmochimica Acta 175 (2016) 1-19
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Fig. 10. Schematic cross-section of a vent chimney or compartment wall in a Hadean alkaline hydrothermal system showing spatial
distributions of constituent minerals and possible redox reactions.
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< Catalytic surfaces in HTV-chimney ‘cells’
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Figure 6. The molecular structure of the mineral greigite (a) is very similar to that of the thiocubane
unit (b) of the ferredoxin protein, as well as to the cuboidal complex (¢) in the active site of the
enzyme acetyl-CoA synthase/carbon monoxide dehydrogenase (shown in schematic form). The
x-ray crystal structure (d) for the so-called A cluster of the latter confirms this similarity. Atoms are
colored as follows: iron, red; sulfur, yellow; nickel, green; carbon, gray; nitrogen, blue. R signifies
links through sulfur to the remainder of the protein. Part d is modified from Damault ¢t al.,, 2003.
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Michael Russell, American Scientist, 94: 32-39 (2006)
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oz MI-1: Prebiotic chemistry “out of the blue”
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Mitochondrial origin in a prokaryotic host. (a-h) Illustrations for various stages depicting the transition of a H,-

dependent archaeal host (in red) and a facultatively anaerobic a-proteobacterium (in blue) to an eukaryote 19
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Evolution of anaerobes and the plastid. (a-d) Diversification of the mitochondria-containing ancestor to eukaryotes containing specialized forms of the
organelle, hydrogenosomes, mitosomes and anaerobic mitochondria. (e,f) Primary symbiotic origin of a plastid involving a cyanobacterium in a
facultative anaerobic host, followed by gene transfer to the nucleus resulting in a plastid-bearing ancestor. (g-i) Diversification of the plastid-bearing

ancestor to glaucocystophytes, chlorophytes and rhodophytes.



Final remarks

- 3 Origin of Life scenario’s considered: HTV, MI-1, MI-2

- HTV: Geochemical setting excellent, Chemistry to be explored further

- MI-1: Chemistry seems excellent, Geochemical setting not convincing

- MI-2: Chemistry highly limited, Geochemical setting poor

- Life in Exo-oceans?

- Search for microbial signals

- Don’t search for “intelligent life”.
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