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Introduction

Plasmid DNA was utilized for gene transfection
into mammalian cells in vitro and in vivo. Mainly,
plasmid DNA was condensed by various cationic
compounds, which can interact with plasmid DNA
electrostatically, in order to be stable for nuclease
degradation and to be effectively delivered into cells.
Although the transfection efficiency was enhanced using
these methods in vitro, their cytotoxicity is one of
essential problems. On the other hands, it was reported
that when plasmid DNA was directly injected into
muscle, liver, and hart in vivo, called as naked.plasmid
DNA method, the transgene was transiently expressed.
Although this method is simple and safe, the level of
transgene expression resulting from such local regional
administration is relatively low and restricted to the
injection site due to its low stability. Therefore, for safer,
more stable and efficient gene delivery, it is necessary to
condense plasmid DNA with a less cationic material or
without one. In our previous study, it was reported that
nanoparticles of poly(vinyl alcohol) (PVA) itself or its
mixture with plasmid DNA were prepared via hydrogen
bonds by ultra-high hydrostatic pressurization, in which
the hydrogen bond is strengthen, and were delivered into
mammalian cells with low cytotoxicity. In the present
study, we hypothesized that the pressure induces the
compaction of plasmid DNA itself because DNA is one
of typical hydrogen bonding polymers as well as PVA,
and then we investigated the effect of pressure on the
tertiary structure of plasmid DNA having the
super-coiled and relaxed forms. Kunugi et al previously
reported that the elevated pressure to 160 MPa induced
the super-coiling of relaxed plasmid DNA.
Materials and Methods

1kbp ladder DNA (Takara, Co. Ltd) was used as
a linear DNA. Plasmid DNA encoding luciferase under
T7 promoter (pT7-luc, Promega Co.) was also used.
Aqueous solution of them (20 pg/ml) was prepared and
hydrostatically pressurized at various atmospheres and
40 °C for different times using high pressure machine
(Dr.chef, Kobe Steel Co. Ltd). After pressure removal,
the obtained solution was analyzed by agarose gel
electrophoresis, DLS (Nano-Zs, Malvern Instruments
Ltd), CD (J-820, JASCO Co. Ltd) and melting
temperature (Tm) at 260 nm (V-560, JASCO Co. Ltd)
measurements.
Results and Discussion

For 1kbp ladder DNA, when the DNA solution
was hydrostatically pressurized at 10,000 atm (980MPa)
and 40 °C for 10 min, there was no change for the
agarose gel electrophoresis of the ladder DNA
with/without the pressurization, whereas the decrease in
the size of the pressurized DNA was confirmed by DLS
measurement compared to that of the non-pressurized
DNA. Also, there were differences between the ladder

DNA with and without the pressurization for CD and Tm
measurements. These results suggest that the
condensation of DNA was induced by the pressurization.
Secondary, plasmid DNA was used in order to

examine the effect of pressure on the conformational
structure of DNA in detail. The aqueous solution of
pT7-luc at the concentration of 20 pg/ml was
hydrostatically pressurized at 10,000 atm and 40 °C for.
20 min and analyzed by DLS measurement. Before the
pressurization, the hydrodynamic diameter of pT7-Luc
solution was detected at approximately 95 nin and 625
nm, which were assigned to the super-coiled and relaxed
(open-circled) form of pT7-luc plasmid DNA,
respectively. After the pressurization, the hydrodynamic
diameters of the pT7-luc were measured at
approximately 27 nm and 127 nm. It was previously
reported that super-coiling of plasmid DNA was induced
by elevated pressure to a relaxed plasmid DNA at 160
MPa. Thus, the pT7-luc having the diameter of 127 nm
obtained by the pressurization at 10,000 atm was
regarded as super-coiling of relaxed pT7-luc plasmid
DNA. It is also considered that the super-coiled pT7-luc
was effectively condensed by the high pressurization,
resulting that the compacted super-coiled pT7-luc was
detected at approximately 27 nm. To investigate whether
the pressurizing strength and time affect the compaction
of plasmid DNA, the pT7-luc solution was pressurized at
different atmospheres and 40°C for various times. For
DLS measurement after pressure removal, the
hydrodynamic diameters of the super-coiled and relaxed
plasmid DNA were decreased with increasing pressure.
Also, at constant pressure at 10,000 atm, a long period of
pressure treatment effectively induced the compaction of
pT7-luc. These results suggest that the hydrostatic
pressurization could regulate the tertiary structure of
plasmid DNA. To investigate the function of the
pressure-condensed plasmid DNA, the activity of
luciferase expressed from the pT7-luc pressurized at
various atmospheres for Smin in cell-free translation and
translation system was evaluated. The luciferase activity
of the pressurized pT7-luc at 5,000 atm was increased
about 1.8 times compared to the non-pressurized one.
Although more increasing of pressure decreased the
luciferase activity, indicating that the pressurized
plasmid DNA was applicable for gene delivery.
Conclusions

It was found that the high pressurization induced the
super-coiling of relaxed plasmid DNA and the
compaction of super-coiled plasmid DNA. The extent of
the tertiary structural changes of them was depended on
the pressurizing strength and time. The high hydrostatic
pressurization is considered as a potential tool for
preparing the compacted plasmid DNA.
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Fig.1. Compaction of plasmid DNA using high pressurization
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Fig.2. DLS measurement of the pressurized pT7-luc at various

atmospheres and 40 °C for 5 min.
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