
  

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



  

Theory of polymerization

Comsol no feeding of monomers Comsol with feeding of monomers



  

Theory of polymerization

Creating kinetic terms with a LabView program



  

Esoteric? 
Protein Polymerization
by fast cooling 



  

Polymerization on clay
Needs ion washing: Correct mechanism? 



  

Polymerization by drying 
of 3’-5’ cyclic G-Nucleotide

See papers by di Mauro and Judith Sponer



  

Polymerization by drying 
of 3’-5’ cyclic G-Nucleotide

See papers by di Mauro and Judith Sponer



  

Activation group: in situ possible? 



  

Accumulation by temperature gradients 

Hot Vapor Settings

Iceland



  

Accumulation by temperature gradients 

Hydrothermal 
Settings

Lost City Vent
2m

500µm



  

Accumulation by temperature gradients 

Cells defined by Pores of Rock

Robert Hooke 



  

Accumulation by temperature gradients 

Thermophoresis

Duhr and Braun, PNAS 103, 19678 (2006)
Reichl, Herzog, Götz, and Braun, PRL 112, 

198101 (2014)

Local E-Field Global E-Field

=> NanoTemper



  

Accumulation by temperature gradients 

Thermophoresis



  

Accumulation by temperature gradients 



  



  

Accumulation by temperature gradients 



  

Accumulation by temperature gradients 

PRL 2002, PNAS 
2007, NanoLetters 
2009, PRL 2010, 
APL 2015, PCCP 
2016

Accumulation by heat flow

Convection
Thermophoresis

Simulation with Comsol



  

Accumulation and Polymerization



  

Accumulation and Polymerization



  

Accumulation and Polymerization



  

Accumulation and Polymerization



  

Accumulation and Polymerization



  

Accumulation and Polymerization



  

Accumulation and Polymerization



  

Accumulation and Polymerization



  

Accumulation and Polymerization



  

Accumulation and Polymerization leads to gels



  

Accumulation and Polymerization leads to gels



  

Gelation and sedimentation



  

Replication driven by temperature gradients 



  

Replication driven by temperature gradients 



  

Replication driven by temperature gradients 



  

Replication driven by temperature gradients 



  

Replication driven by temperature gradients 



  

Replication only by RNA



  

Replication only by RNA



  

Replication only by RNA



  

Protection by accumulation



  

Fog PCR



  

Fog PCR



  

Fog PCR



  

Fog PCR



  

Fog PCR



  

Fog PCR



  

Polymerization boost by Thermophoretic Trap

- Accumulation PRL 2002
- Click together the accumulation in comsol
- Sidepoint: NanoTemper
- PNAS paper accumulation
- Szostak vesicle formation paper
- PNAS polymerization
- Simons update polymerization
- Gel formation Angewandte
- Gel formation and sedimentation (tRNA)

Replication
- tRNA-based replication
- Convection PCR
- Ribo-PCR
- NatChem2015: replication and selection
- Alan results
- Water-Air interface Natchem 2018
- Overview over non-equilibrium (rep from last). 
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