
  

A: Fundamentals of Life

- Definition of Life
- Logic of Molecular Biology
- History of Biology
- Becoming alive
- Soup of Life
- Selection: before and in life
- Three faces of Entropy
- Death and equilibrium
- Missing non-equilibrium
- Structure of Origin of Life
- Modes of non-equilibrium
- Examples of evolution

B: Physics for Chemistry

Polymerization
- Theory of polymerization
- P. by fast cooling
- P. by stacking with 3’-5’-Ph.
- Activation groups
- P. on clay
- P. by thermophoresis
- Phase transitions with DNA
- Sedimentation of DNA
- Drying and its problems
- Elegance of air interface

Replication
- Templated polymerization
- Ligation
- Strand separation problem
- PCR in convection
- Ribo-PCR in convection

C: Evolution Machines

Replication with accumulation
- Case of Ribo-PCR
- Spiegelman problem
- Case of trapped PCR
- Trapped PCR with flow
- Feeding problem
- Replication with heated tRNA
- Replication in driven Fog

Rebustness of evolution
- Error threshold
- Instability of four bases
- Hypercycles with ligation
- Spont. Symmetry breaking
- Spont. sequence selection
- Cooperation within cells



  

Replication only by RNA



  

Replication only by RNA



  

Replication only by RNA



  

Protection by accumulation



  

Spiegelman Problem



  

Combining Replication with 
Accumulation using Polymerase



  

Combining Replication with 
Accumulation using Polymerase



  

DNA Length Selection



  

Long Stays
in Trap

Short 
Flushed
through

Trap

Bases

Kreysing, Keil, Lanzmich & Braun, Nature Chemistry 2015

DNA Length Selection



  

DNA Length Selection

DNA 75bp   36bp
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DNA Length Selection
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DNA Length Selection



  

Replication and Length Selection



  

Replication and Length Selection

Replication and Selection 
of the Largest



  

Replication and Length Selection

Overcomes
the tyranny of
the shortest

Spiegelman 1967



  

1. How can the molecular feedstock
    be chaperoned by early rocks?

Natural vs. synthetic 
      volcanic rocks



  

Tholeitic Basalt
most common igneous rocks on Earth,
produced by submarine volcanism

Thingvellir, Island



Salt leaching from tholeitic basalt
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Accumulation at air-water interface
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Fog PCR



  

Fog PCR



  

Fog PCR



  

Fog PCR



  

Fog PCR



  

Fog PCR



  

Rebustness of evolution
- Error threshold
- Instability of four bases
- Hypercycles with ligation
- Spont. Symmetry breaking
- Spont. sequence selection
- Cooperation within cells
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=> Simulation in Comsol



  

=> Simulation in Comsol



  

=> Simulation in Comsol

2D thermal trap:
- heat flow
- water flow
- molecule diffusion


