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In this presentation, we will review our studies on using chitosan and 
polyphosphoramidate (PPA) for oral nonviral gene delivery. In addition we will 
discuss our recent in vitro and in vivo mechanistic studies on understanding 
the rate barriers in oral nonviral gene delivery.  Particularly we will focus on 
the steps of DNA nanocomplex (NC) unpacking and DNA degradation. 
Encapsulation of DNA within nanocomplexes (NC) protects it from enzymatic 
degradation, but after release, DNA is susceptible to cytosolic nucleases. 
Previously, we reported that quantum dot-FRET (QD-FRET) is an 
ultrasensitive method to detect NC dissociation. An integrated approach to 
study both NC dissociation and DNA degradation may elucidate the
contributing roles of these rate-limiting barriers. In this presentation I will 
discuss the development of two-step QD-FRET using plasmid DNA doubly-
labeled with QDs and DNA dyes which are then complexed with a Cy5-
labeled cationic polymer. The emission spectra of these NCs showed that the 
QD donor can drive energy transfer step-wise through the DNA dye (as a 
relay) to Cy5 on the polymer. NC dissociation is indicated by the elimination of 
FRET between the DNA dye and Cy5 (FRET-2), while DNA degradation is 
indicated by the QD and DNA dye (FRET-1). This two-step QD-FRET 
approach to track DNA release and integrity provides valuable mechanistic 
and kinetic data that may facilitate gene carrier design. 
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