Abstract

Plant gene delivery is considered far more challenging than
mammalian gene delivery due to the thick plant cell wall. We have
formed supramolecular complexes via an electrostatic interaction
between poly(amidoamine) (PAMAM) dendrimer and green
fluorescence protein (GFP)-encoding plasmids. The binding of the
PAMAM-GFP gene complexes was confirmed by gel
electrophoresis. Using confocal fluorescence microscopy we
observed the penetration of the complexes through the cell walls of
turf grass callus and the consequent GFP gene expression in the
plant cells. Compared to conventional means such as viral vectors,
biolistic particle bombardment, electroporation, or polyethylene
glycol attachment, our current scheme utilizes the physiochemical
properties especially the nanosize of the PAMAM dendrimer for
direct and less invasive plant gene and drug delivery. The
transfection efficiency may be much improved and optimized by
changing the pH of the callus buffer and the ratio of positively
charged primary (and tertiary) amines of the dendrimer to the
negatively charged phosphates of the DNA.
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Figure 4. Confocal images of (a) turfgrass cells (control, bright
field), (b) scattered turfgrass cells incubated with DNA-PAMAM at
an N/P ratio of 0.2 for 3 days (fluorescence overlaid with bright
field), and (c) grouped turfgrass cells incubated with DNA-PAMAM
at an N/P ratio of 0.2 for 3 days (fluorescence). The green
fluorescence in (b) and (c) indicates the expression of the GFP gene
after their uptake by the plant cells.

Figure 1. Experimental scheme. A plant expression vector, 355C4PPDK-sGFP(S65T) containing a reporter gene
encoding for GFP is bound with multiple G-4 PAMAM molecules. The length of the plasmid is 4230 bp (shown in
blue) while the gene encoding for GFP is 739 bp (shown in green). The illustrated turfgrass cell has a cell wall (green),
a nucleus (black), and two vacuoles (grey).

Figure 2. Confocal images of (a) turfgrass cells (bright field) and (b) turfgrass cells incubated overnight with TRITC-
labeled PAMAM (fluorescence overlaid with bright field). The fluorescence of TRITC indicates significant uptake of
the dendrimer by plant cells.

Figure 3. Gel electrophoresis on the binding of GFP-containing plasmid and PAMAM. Lanes 1 and 2 correspond to
GFP-containing plasmid (230 ng) and G4-PAMAM (512 ng), respectively. Lanes 3-9 correspond to samples of an N/P
ratio of 0.025, 0.05, 0.1, 0.2, 0.5, 1, and 2, respectively. At an N/P ratio of 0.5 and above, the binding of plasmid with
PAMAM caused the significant trapping of the DNA in the top wells (lanes 7-9).
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Summary

We have studied the feasibility of using poly(amidoamine) dendrimers as a new carrier for gene delivery into plants
with intact cell walls. Our data demonstrated the formation of supramolecular complexes of poly(amidoamine)
dendrimer-DNA via electrostatic interactions. These complexes were observed penetrating through the cell walls of

turfgrass callus and expressing foreign genes within the cells. The use of the delivery system developed here with

ass cells as a target can be easily extended to virtually all plant species having successful regeneration systems in

This demonstrated method for DNA delivery offers a number of advantages compared to currently existing

for gene transfer into plant cells, and could dramatically enhance the procedures for crop improvement
ic technology.

Figure 5. Rate of fluorescence in turfgrass cells incubated with
DNA-PAMAM for 3 days. For the 5 independent assays performed,
48.5% of the randomly chosen cells displayed GPF expression. N/P
ratio: 0.2.
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