
Amino acid–assisted RNA oligomerization  
from 2’,3’-cyclic ribonucleotides 
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The RNA World Hypothesis

RNARNA

Information storage 
and transfer Function

Fulfils     Genetic and     Catalytic requirements 



The RNA World Hypothesis

Hernández, A., Piccirilli, J. Prebiotic RNA unstuck. Nature Chem 5, 360–362 (2013)



RNA
Building blocks



Activation needed !!!



Activated nucleotides



Life 2014, 4(4), 598-620

EDC



Cyclic nucleotides

Adenosine 3ʹ,5ʹ-cyclic monophosphate sodium salt Adenosine 2ʹ,3ʹ-cyclic monophosphate sodium salt



2′,3′-cyclic nucleotides… why are they special ?

Powner et al., Nature 459, 239–242 (2009)



2′,3′-cyclic nucleotides… why are they special ?

Doudna et al., Nature 459, 239–242 (2009)



RNA oligomerization from 2′,3′-cyclic nucleotides in a dry state

cGMP > cUMP > cAMP > cCMP

Dass et al., ChemSystemsChem, 2022,e202200026



Molecular cooperation on ancient earth 

Amino acids 

Nucleotides 



What are amino acids ?







Ionization of amino acids





Bio-synthesis



Prebiotic synthesis

Miller–Urey experiment
Johnson et al., 2008; Parker et al., 2011; Parker et al., 2014.



Strecker synthesis



Amino acids as catalysts for RNA polymerization 



Nucleotide - 10 mM
Amino acid - 50 mM
pH 10 (with KOH)
Dry 20 h

Experimental set up: dry state RNA polymerization
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Oligomerization of 2’, 3’-cNMP catalyzed by amino acids 

cNMP- 10 mM
Val  - 50 mM
pH 10, RT
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Oligomerization of 2’, 3’-cNMP catalyzed by amino acids 

cNMP- 10 mM
Val  - 50 mM
pH 10, RT

cNMP:  C < A < U < G
cNMP + Val: C > A > U > G
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pH dependence of the amino acid-assisted RNA oligomerization  
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Amino acid concentration dependence of the RNA oligomerization  



Amino acid concentration dependence of the RNA oligomerization  

Valine (mM)
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Another possible mechanism? 

No evidence for this was found 



Enhanced compositional diversity of the oligomers 

AU oligos 
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Enhanced compositional diversity of the oligomers 

GC oligos 
cGMP+cCMP - 40 mM

Valine  - 100 mM
pH 10, RT, 20 h
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Enhanced compositional diversity of the oligomers 

GCAU oligos 
G+C+A+U - 40 mM

Valine  - 100 mM
pH 10, RT, 20 h



Enhanced compositional diversity of the oligomers 

GCAU oligos 
G+C+A+U - 40 mM

Valine  - 100 mM
pH 10, RT, 20 h



Dry-wet cycles 

Spruijt et al., 2022



Dry-wet cycles 
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