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Replication: Hen and Egg

DNA RNA Proteins

Central Dogma of molecular biology
- Francis Crick (1958)



Replication: Hen and Egg

RNA

Ribozyme



Replication: Hen and Egg

RNA

Ribozyme



Replication: Hen and Egg

RNA

Ribozyme

Thomas R. Cech Sidney Altman

Nobelpreisfür Chemie1989



Replication: Hen and Egg

RNA

Ribozyme

Thomas R. Cech Sidney Altman

Nobelpreisfür Chemie1989



The ribosome is a ribozyme



Classes of ribozymes



Classes of ribozymes ςGroup I + II introns



Classes of ribozymes ςsmall ribozymes
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Ribozymes ςProblem salt

Need high salt (Magnesium) for functionality such as replication

Increased melting temperature for product-template complex 
dead-end duplex

Ianeselli, A. et al.Periodic Melting of Oligonucleotides by Oscillating Salt Concentrations Triggered by 
Microscale Water Cycles Inside Heated Rock Pores. Angew. ChemieInt. Ed.58, 13155ς13160 (2019).

51mer

Increased degradation        Loss of information and functionality
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Thermal non-equilibria

Thermogravitationaltraps Air-water interfaces
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RNA amplifictaionin water-filled pores

Å 24-3 Polymerase
Å RiboPCR in realisticenvironment

Å Convectionleadsto temperature
cycles

Å Themophoresisleadsto protection



Experimental impementation



RNA amplifictaion in water-filled pores

Å Simulatetrajectoriesby includingdiffusion, 
thermophoresisandconvection



RNA amplifictaion in water-filled pores

Å Analyzeby PAGE (polyacylamidegelelectrophoresis)
Å Convectionchamberperformsequallywell!



Accumulationpatternof RNA 

Å Micrometersizedconglomerates
Å Includediffusiophoresis-> movementalonga concentrationgradient



Accumulationpatternof RNA 

Diffusiophoreticvelocity



RNA protectionfrom heat



Limited denaturationby temperature

Increased melting temperature for product-template complex 
dead-end duplex

Ianeselli, A. et al.Periodic Melting of Oligonucleotides by Oscillating Salt Concentrations Triggered by 
Microscale Water Cycles Inside Heated Rock Pores. Angew. ChemieInt. Ed.58, 13155ς13160 (2019).

51mer

CO2







Non-equilibrium setting to drive elongation 

Buffered sample



Ianeselli, A. et al.Periodic Melting of Oligonucleotides by Oscillating Salt Concentrations Triggered by 
Microscale Water Cycles Inside Heated Rock Pores. Angew. ChemieInt. Ed.58, 13155ς13160 (2019).

Ianeselli, A. et al.Water cycles in a HadeanCO2 atmosphere drive the evolution of long DNA. Nat. 
Phys. 18, 579ς585 (2022).





Reaction and template release

Sample concentrations:
2.5µM sunY
20µM or 10µM Fragments
2.5µM template

Buffer:
30mM Tris pH 7.5; 
100 mM KCl; 
varying MgCl2 (50mM, 10mM, 5mM, 1mM)

Salditt, A., Karr, L., Salibi, E., Le Vay, K., Braun, D., & Mutschler, H. (2022). Complete RNA replication cycles in a Hadean microcompartment.



Fluorescent readout

sunYactivity in the AWI-system at low Mg2+

PAGE

Sample concentrations:
2.5µM sunY
20µM Fragments
2.5µM template

Buffer:
30mM Tris pH 7.5; 
100 mM KCl; 
5mM MgCl2



Synthesis of similar sequences

Salditt, A., Karr, L., Salibi, E., Le Vay, K., Braun, D., & Mutschler, H. (2022). Complete RNA replication cycles in a Hadean microcompartment.


