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Introduction: RNA-RNA interaction dynamics under-

lie important cellular functions and research tools in 

modern biology, and they likely served important roles 

in any early RNA-based life. For example, large func-

tional RNAs can be assembled from multiple small 

RNAs, which can be more readily synthesized by pol-

ymerase ribozymes. In addition, the ability for RNAs to 

interact allows for a faster time scale and lower energy 

cost than protein interaction. However, it is difficult to 

monitor these interactions directly. Instead, it is com-

mon to infer RNA hybridization indirectly by linking 

the event to the translation of a fluorescent protein. We 

have developed a fluorescence-based assay based on a 

split version of a dye-binding aptamer that allows di-

rect visualization of RNA-RNA hybridization events 

without the need for fluorescent protein. This construct 

also demonstrates an RNA-only logic gate that has its 

own output signal and can turn on/off gene expression 

in vivo. 

 

 The split aptamer design combines two copies 

of “Broccoli” (an RNA aptamer that activates fluores-

cence from the dye DFHBI-1T) and a three-way junc-

tion (3WJ) motif to generate 3WJ-double-Broccoli 

(3WJdB). This aptamer was then split into two strands 

that, when separated, do not effectively bind to the dye 

but, when put in solution together, they anneal and al-

low for dye binding and visual output (Split-Broc). 

Split-Broc was tested in vitro and in vivo and found to 

be successful at giving rapid signal for an RNA-only 

AND gate. Split-Broc was then applied to a synthetic 

circuit system that utilized a trigger/toehold mechanism 

to control gene expression. By combining the systems 

of Split-Broc and trigger/toehold, we created a circuit 

that had both green and red fluorescent output that was 

verified to be a result of RNA hybridization. This sys-

tem therefore demonstrates assembly of complex mo-

lecular devices through RNA-RNA hybridization both 

in vitro and in cells, analogous to quaternary assembly 

of protein complexes. 
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