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We present an analytical model, experimental validation, and demonstration of an on-chip electrokinetic technique for rapid hybridization of nucleic acids, enabling more than 10,000 fold increase in hybridization rates for dilute samples. Our technique makes use of standard aqueous solutions and can be performed in simple microfluidic channels or capillaries.  
Nucleic acid hybridization is ubiquitous in molecular biology, biotechnology, and biophysics, and has been instrumental in the development of numerous important techniques including genetic profiling, pathogen identification, sequencing reactions, and single-nucleotide polymorphism typing. 
Several factors, namely diffusion, transport, and reaction rates limit hybridization at low concentrations. While diffusion and transport limitation can be effectively overcome by use of devices such as mixers and flow channels, reaction rates remain a major bottleneck toward achieving rapid hybridization of nucleic acids at low concentrations. Polymerase chain reaction is commonly employed to amplify signals. However, there is a growing need to find alternatives that could be simpler, faster and cheaper to implement. Amplification-free hybridization is particularly important for applications intended for use beyond the conventional lab settings, such as in point of care diagnostics, forensics, and environmental monitoring. 
Isotachophoresis (ITP) is an electrophoresis technique which uses two buffers consisting of a high mobility leading electrolyte and a low mobility trailing electrolyte. In peak-mode ITP sample species can be focused at a sharp interface (order 10 m in length) between the two buffers. We use this focusing to create a 10 pL virtual reaction chamber in which we simultaneously preconcentrate, rapidly mix, and expedite reactions between target nucleic acids and oligonucleotide probes. 
We present the development of our analytical model, revealing a new closed form solution and characteristic time scale for the hybridization.  We will provide experimental validation of the model using molecular beacons, and demonstrate a 10,000 acceleration in hybridization compared to standard mixing. 
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Figure: Schematic showing the acceleration of nucleic acid hybridization using ITP. Two complementary strands A and B are focused at a narrow, order 10 m, interface between the leading and trailing electrolytes. Focusing results in a local increase in concentration of more than 10,000-fold. As nucleic acid hybridization follows second order reactions, the high concentration of reactants at the interface leads to a corresponding increase in hybridization rate.
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