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Functional RNAs from in vitro evolution have opened 
new avenues in synthetically programmed biological 
circuits for synthetic biology, industrial processes and 
therapeutics. Regulation of these functional RNAs is 
critical for their use in gene regulation. Covalent modi-
fications can have dramatic impact on RNA structure 
and function, and it thus offers a potential avenue for 
controlling gene expression. We here describe a new 
strategy that could potentially regulate functional RNA 
molecules by using ribozymes that covalently modify 
their target RNA.  
 
Our lab recently discovered an artificial RNA enzyme 
that emerged from a selection for self-
thiophosphorylation.  Ribozyme 1.140 directly modi-
fies nucleobase of an RNA or 2’F RNA chain. We 
have found that the kinase ribozyme can be pro-
grammed to target different RNA substrates by con-
verting it to a two-stranded format and modifying the 
internal guide sequence (IGS) of the ribozyme strand. 
We engineered the ribozyme to target three functional 
RNA molecules: an ATP binding RNA Aptamer, a 
Fluorescent “Mango” aptamer and a hammerhead ri-
bozyme. We demonstrated that a functional ATP bind-
ing aptamer loses its ligand binding function upon ri-
bozyme-catalyzed modification and that the fluores-
cent activity of the Fluorescent Mango aptamer can be 
controlled by our trans acting ribozyme. The target site 
for covalent modification in the hammerhead ribozyme  
(HHRz) lies outside the catalytic core but within a loop 
that forms tertiary interactions that are required for low 
Mg2+ activity. Covalent modification by ribozyme 
1.140 resulted in loss of activity in the HHRz below 1 
mM Mg2+, but activity was fully restored by elevating 
the Mg2+ concentration to 20 mM. Thus ribozyme-
mediated covalent modification can be used not only to 
completely “turn off” functional RNAs, but also to 
fine-tune the activity of desired target RNAs. Our 
study indicates that ribozyme-catalyzed covalent modi-
fication can be used as a tool for regulating functional 
RNA components used in therapeutics or synthetic and 
natural biological circuits.  
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