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Current theories for the early evolution of life on Earth 
invoke a prominent role for RNA as both genome and 
catalyst. The past two decades have identified many 
non-coding roles for RNA in modern organisms, as 
well as numerous in-vitro selected ribozymes that cata-
lyze most of the biologically relevant classes of chemi-
cal reactions. These artificial ribozymes largely utilize 
model reactions rather than diffusible substrates. A 
major, long-term goal of our research is to establish 
whether truly metabolic ribozymes are capable of sus-
taining life. 

A key evolutionary constraint in the acquisition of 
new biochemical function is the interplay between 
substrate binding and catalysis. Simply put, an enzyme 
must bind its substrate specifically and position it in 
the catalytic site. It is not well established how RNA 
active sites accommodate diffusible substrates, al-
though functional and structural complexity correlates 
with increasing rarity in random sequence pool.  

Phosphoryl transfer is one of the most important 
and ubiquitous metabolic reactions. We are therefore 
analyzing the mechanism of action and catalytic 
requirements of kinase ribozymes. The present work 
describes a kinase ribozyme selected to use GTPγS as 
thio-phosphoryl donor. This molecule, kinase ri-
bozyme K28, is also able to utilize GTP as phosphate 
donor, and appears to possess an especially complex 
active site that promotes (thio-)phosphorylation of two 
distinct 2' hydroxyls that are widely separated in pri-
mary sequence. These sites were mapped at the nucleo-
tide level, and MK28-2, a shorter version of K28, was 
further characterized. The secondary structure of the 
active molecule was obtained by re-selection, and mu-
tational analysis was used to confirm it, and get hints 
on tertiary interactions. Versions of the ribozyme in 
which the molecule was separated to act in-trans were 
tested, with the aim of following the path and fate of 
double (thio-)phosphorylation. Metal requirements for 
optimal activity were also investigated, showing a high 
dependence of the ribozyme on magnesium and copper 
ions. The results obtained with these experiments pro-
vide new prospects on mechanism of catalysis and 
substrate binding demand for kinase ribozymes. These 
studies of substrate interactions will help delineate the 
catalytic potential of metabolic ribozymes in an RNA 
world. 
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