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We use on-chip isotachophoresis (ITP) to create electric-field-driven shock waves of ion concentration.
These waves are formed at the interface between a high mobility leading electrolyte (LE) and a low
mobility trailing electrolyte (TE). lonic species with mobilities bracketed by these electrolyte species
focus at the LE-to-TE interface. For trace sample concentrations, multiple species mix and co-focus
inside a single, order 10 um wide zone. Multiple reactants can be mixed and then pre-concentrated by
more than 50,000x in a few minutes to accelerate chemical reactions. We apply this technique to
extract and purify DNA or RNA targets from complex biological samples and to immediately co-focus
these with synthetic DNA probes that we design. We can complete in 30 sec chemical reactions which
would normally take 4 days. Presented will be recent work on applying this technique to homogenous
reactions and heterogenous reactions (between macromolecule targets in solution and synthetic DNA
probes immobilized on a surface). Quantitation of the reaction product provides a sequence-specific
detection scheme, and so the technique has applications to medical diagnostics and basic biological
studies. Current work also includes integrating ITP-based extraction and focusing to fractionate and
analyze nuclear versus cytoplasmic RNA from single cells.
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