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The main reason for cancer-related death is due to cancer cell spreading and the formation of 

metastasis.1 Recently, it has been shown that blood circulating microRNAs (miRNAs) can be used 

as biomarkers for earlycancer detection and monitoring progression.2,3 However, miRNA detection 

in clinical diagnostics still remains as a challenge. The development of DNA nanotechnology 

provides a promising approach to generate DNA origami biosensors to detect cancer biomarkers 

including miRNA.4 In this study, we designed and characterized an optical DNA origami biosensor. 

This biosensor consists of three rectangular layers of DNA helices. The upper layer is connected to 

the middle layer with a hinge from the center that allows the opening of the layer at both sides 

(Figure 1). Also, they are connected with four locks of partially complementary DNA duplex on both 

sides to keep the device in a closed state. The binding of fully complementary miRNA induces 

opening of the layers through toehold-mediated strand displacement.To sense the binding of 

miRNAs, arrays of fluorophores were precisely positioned on the top and middle layers. For 

fluorescence-based detection, we are exploring two mechanisms: FRET and quenching. The 

transformation from the closed to open state increases the distance between donor and acceptor 

fluorophores resulting in a change in fluorescence signal. As a proof of concept, we are testig two 

breast cancer-related miRNAs expressed in HER2+ and triple-negative breast cancer subtypes. We, 

determined the optimal Mg2+ concentrations during self-assembly and purification steps, and 

optimized the output signal. Our results confirmed that our biosensor has a high output signal 

resulting from a high number of incorporated fluorophores. In addition, our results showed the 

ability of the biosensor to detect two different miRNAs with both sensing approaches (FRET and 

quenching) in bulk study and as well on the single-molecule level. We are now defining the limit of 

sensitivity for multisening of two targets at the same time on the single-molecule level. Based on 

these results, we foresee that our DNA origami biosensor will offer an effective strategy for specific 

and sensitive detection of miRNAs in clinical samples. 

 

Figure 1:  

 

 
  
Figure 1:A) Schematic representation of closed and open DNA origami book biosensor. B)  TEM micrographs 

of DNA origami biosensor at closed and open states. Scale bar 50nm.  
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