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Team "Microbial diversity and evolution":

• Molecular and metagenomic approaches / various environments

• Molecular phylogeny and phylogenomics / early evolution
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E. Zuckerkandl & L. Pauling

Molecules as documents of evolutionary history (1965)

Molecular phylogeny and natural classificationMolecular phylogeny and natural classification
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Phylogenetic trees based on universal genes



Tree of lifeTree of life
(16S/18S rRNA)



P. López‐García ‐ "Des étoiles à la vie", Bordeaux 18 mai 2008

Extreme environmentsExtreme environments

Halophiles Acidophiles
pH<2

Picrophilus oshimae
pH 0,7

Lake Natron

Alcaliphiles pH>9

Deinococcus radiodurans

Hyperthermophiles

T optimale > 80°C

P. López‐García – Vannes, février 2014

Pyrolobus fumarii

Mid‐Atlantic Ridge

90 – 113°C

Methanopyrus kandlerii, strain 116

Central Indian Ridge

85 – 116°C at 0.4 MPa

90 – 122°C at 20 to 40 MPa



The deep subsurfaceThe deep subsurface

Bacillus infernus (2.7 Km)

P. López‐García – Vannes, février 2014

Extremophiles and astrobiologyExtremophiles and astrobiology

Europa? Mars?
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Gogarten

Origin of life & last common ancestor are two separate events
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Life

The dual nature of the cell

Storage, transmission et expression 
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Origin and definition of life: two opposed viewsOrigin and definition of life: two opposed views

Self‐replication and 
(darwinian) evolution

Self‐maintenance

"Energy"

"Metabolist" 
view

"Information"

"Geneticist" 
view

"Metabolism" versus "genetics"‐first models"Metabolism" versus "genetics"‐first models

Autocatalytic network Genetic system

What is life?

Metabolism Auto‐replicative molecules

A cold, "heterotrophic" origin of life

• Alexander I. Oparin (1924): life from a "colloidal chemistry" perspective

• John Haldane (1929): "primordial soup"

coacervates



Reducing gaz mixture

H2, CH4, NH3, H2O

Stanley Miller's experiment
1953

The iron‐sulfur world, G. Wächtershäusser, 1988

A hot, "autotrophic" origin of life



Martin & Russell, 2003

Herman Müller:
The first life form might have been a "gene" (1922)

"Genetics‐first" models

Potential precursors of DNA polymers:

Graham Cairns‐Smith: clays (formed from suspended silicates)
[life as a self replicative system capable of evolving]

Seven Clues to the Origins of Life 1985



Protein or                        DNA? Protein or                        DNA? 
catalysis genetic information

... RNA: the RNA world

Catalysis and genetic information
in the same molecule

Hypothesis of an RNA world: difficulties

(oligo)peptides RNA

Problems with potential (efficient) prebiotic synthesis

Many "RNA worlds" in the "RNA world" (now we need the details!)
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Does not resolve the origin of energetic metabolism
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Cell compartments
phospholipid

integral
membrane
proteins

hydrophilic
heads hydrophobic tails

Amphiphilic molecules auto‐assemble

Fatty acids

Isoprenoids
Bilayers

Vesicles = chemical reactors

The origin of life: a co‐evolutionary process?

"Proto‐cell" 

metabolism
Genetic
system

metabolism

membrane

genetic system

The pragmatic approach of 
synthetic biology



Montmorillonite accelerates conversion 

fatty acid micelles into vesicles

Such vesicles can grow and divide

RNA adsorbed to clays is incorporated

Growing vesicles – incipient ion gradients

Chen & Szostak 2004

Proto‐cell

Catalysts

Genetic
information

Reproduction

Mineral
components

(Ni‐Fe)

Cross‐replication of two ribozymes in 
vesicles

Voytek SB, Joyce GF (2009)
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