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Statement of Purpose: Gene delivery biomaterials need 
to be designed to efficiently achieve nuclear delivery of 
plasmid DNA.  To achieve this goal, various extracellular 
and intracellular barriers must be overcome.  Polycationic 
polymers have been used to package DNA and other 
nucleic acids within sub-micron sized particles, offering 
protection from shear-induced or enzymatic degradation.  
However, cytotoxicity issues coupled with limited 
transfection efficiencies minimize the effectiveness of this 
approach.  In an effort to improve upon existing 
technologies aimed at delivering nucleic acids, we have 
explored an alternative approach to DNA packaging.  Our 
method involves the utilization of peptide nucleic acids 
(PNAs) to directly functionalize DNA and allow for the 
formulation of modified plasmids complexed with lower 
molecular weight polymers.  PNAs are nucleic acid 
analogs with a peptide backbone that can bind to double 
stranded DNA to form a stable PNA-DNA-PNA triplex.  
Polyethylene glycol (PEG) chains can be directly added to 
a plasmid via this conjugation chemistry, providing a 
steric layer which prevents opsonization and promotes the 
colloidal stability of the DNA prior to its complexation 
with polycations.  Peptides with specific amino acid 
sequences related to physiological targets can also be 
incorporated onto this hierarchically designed structure, 
promoting preferential delivery.   
Methods: Intrinsic fluorescence and Fourier transform 
infrared spectroscopy were used to validate the 
PEGylation of DNA via PNA chemistry.  Conjugates 
containing PNA linked to PEG via degradable peptides 
were formed and hybridized with DNA.  The linker 
peptide in this construct contained a matrix 
metalloproteinase cleavable sequence to enable cell-
triggered PEG removal.  Following DNA PEGylation, 25 
kDa polyethylenimine (PEI) was used to create condensed 
plasmid complexes whose size and zeta potential were 
analyzed via light scattering as well as atomic force and 
scanning electron microscopy (AFM and SEM, 
respectively).  In vitro transfection experiments with 
Chinese hamster ovary (CHO) cells were then conducted 
in order to assess the effect of this system on the extent 
and kinetics of delivery.  
Results: We can create 30 � 100 nm stabilized particles 
whose diameter depends upon the nature and 
concentration of the condensing polycations (Figure 1).  
Furthermore, multimolecular aggregation, which gives 
rise to the apparent polydispersity of such systems, 
appears to be reduced by DNA prePEGylation.  Complex 
shape also appears to be altered (Figure 1, B � D), 
potentially having interesting implications with respect to 
delivery efficiency.  Preliminary in vitro experiments in 
CHO cells suggest that the prePEGylated particles exhibit 
similar transient transfection responses to PEI-DNA 

particles; detailed analyses of the kinetics of 
internalization and transfection will be explored.  The 
serum stability and potential for cell-mediated 
dePEGylation have been validated, potentially leading to 
improvements in vivo administration. 
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Conclusions:  The process of multi-molecular 
aggregation results in highly polydisperse complexes at 
sizes larger than the optimum for receptor mediated 
internalization as well as for effective in vivo 
administration.  By prePEGylating DNA via peptide 
nucleic acid chemistry, a more controllable, narrower 
distribution can be achieved with a smaller average size.  
Such an effect has implications with respect to 
transfection kinetics and efficiency.  Additionally, cell 
protective, targeting, and responsive elements are 
integrated, providing important capabilities essential for 
improved delivery.  Proof of principle of our PNA-based 
design will lay the foundation for their use as tools to 
probe the kinetics of intracellular transport. 

Figure 1 
Characterization of Polyplex Size Distribution 

(A) Polyplexes formed at a ratio of 10 PEI amines to DNA 
phosphates were prepared and analyzed via dynamic light 
scattering.  The PEI-DNA-PNA-Peptide-PEG (PEI-DPPP) 
polyplexes (triangles) were smaller and less polydisperse in 

comparison with the PEI-DNA polyplexes (circles).  (B) AFM 
images of PEI-DNA and PEI-DPPP polyplexes (N/P 10) 
dried on a mica strip and imaged in contact mode further 

reveal a shift towards a more monodisperse distribution. (C) 
SEM image of PEI-DNA polyplexes (N/P=20).  Scale bar = 

100 nm.  (D) SEM image of PEI-DPPP polyplexes (N/P=20). 
Scale bar = 100 nm. 


