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Replication: Hen and Egg

DNA RNA Proteins

Central Dogma of molecular biology
- Francis Crick (1958)
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The ribosome is a ribozyme



Classes of ribozymes



Classes of ribozymes – Group I + II introns



Classes of ribozymes – small ribozymes
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Ribozymes – Problem 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. Chemie Int. Ed. 58, 13155–13160 (2019).

51mer

Increased degradation        Loss of information and functionality
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Thermal non-equilibria

Thermogravitational traps Air-water interfaces
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RNA amplifictaion in water-filled pores

• 24-3 Polymerase
• Ribo PCR in realistic environment

• Convection leads to temperature
cycles

• Themophoresis leads to protection



Experimental impementation



RNA amplifictaion in water-filled pores

• Simulate trajectories by including diffusion, 
thermophoresis and convection



RNA amplifictaion in water-filled pores

• Analyze by PAGE (polyacylamide gelelectrophoresis)
• Convection chamber performs equally well!



Accumulation pattern of RNA 

• Micrometer sized conglomerates
• Include diffusiophoresis -> movement along a concentration gradient



Accumulation pattern of RNA 

Diffusiophoretic velocity



RNA protection from heat



Limited denaturation by 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. Chemie Int. Ed. 58, 13155–13160 (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. Chemie Int. Ed. 58, 13155–13160 (2019).

Ianeselli, A. et al. Water cycles in a Hadean CO2 atmosphere drive the evolution of long DNA. Nat. 
Phys. 18, 579–585 (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

sunY activity 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
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Sample concentrations:
2.5µM sunY
10µM Fragments
2.5µM template
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30mM Tris pH 7.5; 
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Towards a full replication cycle

Fragments of both (+ and -) side C1-C3 and tC1-tC3

strand   separation

Mg2+

Mg2+

strand 
separation

Mg2+

Mg2+

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

with template without template

45°C 45°C

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

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

Buffer:
30mM Tris pH 7.5; 
100 mM KCl; 
10mM MgCl2



Hammerhead 
cleavage activity

Binding of 
substrate to 
folded 
ribozyme

Ligation at Interface

Strand separation 
by dew droplets
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Synthesis of active ribozyme

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

45°C

One pot!

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

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


