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•	Late	heavy	bombardment

•	Exogenous	delivery	of	organic	molecules

•	Collision	with	proto	planet	Theia

•	Extreme	physico chemical	conditions
•	Lifeless	and	hostile	atmosphere

•	Formation	of	building	blocks	of	life

UV-radiation Lightning Impacts & collisions

HCN + H2SH2, H2O, CO2, CO, N2, NH3, CH4

sugars, nucleobases,
amino acids, nucleotides

Pi

Planet	Earth:	first	half	billion	years

2-aminooxazole

Ricardo A. & Szostak J.W., 2009, Scientific American
Fahrenbach, et al., 2017, J. Am. Chem. Soc.
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Lost	City:	Spewing	out	molecules	of	life
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Juvenile	planet	Earth:	3.9	– 2	billion	years	ago
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•	Horizontal	evolution

•	Methanogenesis

•	Life	emerged

•	Eukaryotic	cells
•	Microbes	dominate	Earth

•	Great	Oxygenation	Event
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Rationale:
Eukaryotic cells have emerged from a series of successive 

(endo)symbiotic fusions of primitive prokaryotic cells

(° Chicago, 5 March 1938 - † 22 November 2011)
American biologist
Lynn Margulis

8

Microbial	endosymbiosis:	the	kick	off	for	Eukaryotic	cells

Margulis L. et al., 1991, MIT press
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• (endo)symbiosis

• Horizontal evolution

• exchange of properties between species

Phylogenetic	tree:	New	Look

Smets, B. F. & Barkay, T., 2005, Nature Reviews Microbiology
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Black	Smokers:	Alien	worlds	ruled	by	microbes
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Archaea (purple halobacteria):
• Ultimate protected
• Masters in genetic adaptation
• First organisms using solar light
as energy “Bacteriorhodopsin”

Cyanobacteria (green)
• True inventors of photosynthesis

“Chlorophyll”
CO2 + 6•H2O     O2 + C6H12O6

Bacteriorhodopsin

hν

Purple	HalobacteriaàMethanogens	à Cyanobacteria

Methanogens
• produce methane that forced
hydrogen into space

Izon G. et al., 2017, Proc Natl Acad Sci

Sparks et al., 2006, Bulletin of the American Astronomical Society
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•	Cyanobacteria	and	Algea oxygenated	Earth’s	atmosphere
•	Nutrient	rich	melt	water•	Supercontinent

•	Milankovitch cycles

Rodinia Snowball	Earth Oxygen	atmosphere

Brocks J.J. et al., 2017, Nature

Planet	Earth:	2	– 0.5	billion	years	ago
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Planet	Earth:	most	recent	0.5	billion	years
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Planet	Earth:	ELE – “The	Great	Dying”

P – Tr Extiction: Caused by an 
outbreak of Methanosarcina sp.

Rothman et al., 2014, Proc Natl Acad Sci
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Microbial dominance

Microbial induced
planetary changes
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Microbes:	Contribute	to	geo-cycling	of	elements
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•	Body	weight	(e.g.	production	of	essential	nutrients,	obesitas,	…)

•	Brain	development	(e.g.	Autism,	…)
•	Immunologic	defence

Ø Blood	Brain	Barrier
Ø Teaching	the	immune	system

Escherichia coli, Enterococcus sp.

Lactobacillus sp.

Bifidobacterium sp., Peptostreptococcus sp.

Cross section of the small intestine

Human	body:	same	number	of	bacterial– as	own	human	cells
Sender et al., 2016, PLoS Biol

Mudd A.T. et al., 2017, Gut Microbes

Baothman et al., 2016, Lipids in Health and Disease

Braniste et al., 2014, Science Translational Medicine

Microbes:	Important	for	healthy	eukaryotic	life
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“Life would not long remain possible in the 
absence of microbes”

Louis	Pasteur	(1885)

“A	habitable	planet	is		not	possible	without	the	help	
of	microbes”

My	conclusion:

Conclusion
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