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Preparation and charactenstlcs of PVA hydrogels induced by ultra-high pressurlzatlon

Yoshivuki MIURA Kimio KURITA Tsuyoshi KIMURA Shmgo MUTSUO Hidekazu YOSHIZAWA
Toshiya FUJISAO, Hisatoshi KOBATASHI®, Akio KISHIDA(N‘hO" Univ., 1-8-14 Kanda —surugadai,
Chiyoda-ku, Tokyo 101-0062, Japan, 2Tokyo Medical and Dental Univ.,, *Okayama Univ., “National
Cardiovascular Center Reserch Institute, *National Institute of Materials Science)
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Key Word: ultra high pressure / hydrogel /

Abstract: In this study, the preparation and characteristics of PVA hydrogel induced by ultra-high pressurization
was investigated. PVA hydrogel which has transparent was obtained by high hydrostatic pressurization at more
than 8,000atm for 10min. The formation of the PVA hydrogels was depended on the pressuring temperature and
the higher strength of pressurization induced the gelation of PVA. Also, PVA with higher concentration tended to
form the hydrogel. It was clear that the obtained hydrogels was mediated by hydrogen bonding interaction.
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Preparation and characterlstlcs of DNA molecules condensed by high pressurlzatlon
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Abstract: We studied structure and functions of nucleic acids treated with high pressurization. DNA (1kb
ladder molecular weight maker) was pressurized at 3000, 5000, 8000, 10,000 atms and 40 degree for 1, 5, 20 min.
CD and Tm analyses revealed that there was no change for the structure of ladder DNA. On the other hand,
when plasmid DNA (pT7-luc) was pressurized under conditions described above, the size of plasmid DNA was
decreased with increasing the strength and period of pressurization. The inhibition test of intercalating of EtBr
was carried out. The intensity of EtBr was decreased with increasing the strength of pressurization, indicating
that the change of stacking of plasmid DNA.
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Assembling of hydrogen-honding-polymers
using high pressure technology
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Introduction

Pressure technology is applied for many fields, such as inorganic, organic and food processing.
Also, in life science, high pressure effects on the denaturation of proteins' and other
bio-compounds® and thermo-sensitive synthetic polymers®, which are used as a model of
bio-molecules, have been investigated because pressure is one of intensive variables in
thermodynamic as well as the concentration and temperature. It was known from high
pressure-induced protein denaturing studies that hydrogen bond was strengthen under high pressure
condition rather than hydrophobic and electrostatic interactions™®. From these facts, we
hypothesized that assembly of hydrogen-bonding-polymers should be formed via hydrogen bond
using high pressure technology. In this study, poly(vinyl alcohol) (PVA), poly(ethylene glycol)
(PEG) and dextran (Dex) were used as models of hydrogen-bonding polymers and were pressurized
at various conditions, pressure strength, pressuring time, temperature, in order to investigate
whether polymeric assemblies are formed by high pressurization. In other word, the aim of this
study is the development of assembly method of hydrogen-bonding-polymers using ultra-high
pressure technology.

Results and Discussions

PVA (Mw:74800, Kuraray), PEG(Mw: 6000 and 8000, Wako), and dextran (Mw: 32000-45000,
60000-90000, 500000, Wako) were used as hydrogen-bonding-polymers. The aqueous solutions of
them were prepared at different concentrations and were hydrostatically pressurized at various
conditions of pressure strength and pressuring time. Although PVA solution of 0.01w/v% was still
translucent through the pressurization at 10,000 atm for 10min, the formation of nano-particles
having the average diameter of 200 nm was confirmed by SEM observation. The morphology of
PVA assembly depended on the PVA concentration and micro-particles, gels were formed with
increasing concentration through pressurization described above. These results suggest that the
pressure induced PVA assembly via the intra, inter- hydrogen bonds between PVA molecules. In
order to investigate the pressure effect on the assembling of PVA, the aqueous PVA solution of 5
w/v% was pressurized at various levels of pressure. The size of particles was increased with
increasing of pressure when the pressurized PVA solutions were measured by DLS measurement.
Also, it was found that the assembling of PVA was promoted by prolongation of the pressurizing
time. From these results, it was suggested that the assembly of PVA was controlled by high
pressurization.
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When aqueous solutions of PEGs or Dexs at 10 w/v% concentration were hydrostatically
pressurized at 10,000 atm for 10 min, they were still clear solution, of which there was no change
for DLS measurement. When PEG (Mw: 6000) solution were mixed with Dex (Mw: 32000-45000
and 60000-90000) solution at volume ratio of 1 to 1 (final concentration of 5 w/v%, respectively),
the solutions with light scattering were obtained, suggesting the formation of micro emulsions of
them. After pressurization at 10,000 for 10 min, aqueous two-phase separation having light
scattering in lower phase was obtained for both cases (Fig 1), whereas no aqueous phase separation
was formed in the mixed solutions of them being previously pressurized respectively. These results
suggest that the assembling of PEG and Dex, but not assembling of PEG or Dex molecule itself,
was induced by the pressurization. It is considered that the assembly of PEG and Dex, whose
apparent molecular weight was increased as compared to PEG and Dex molecules, was
accumulated in the lower phase and gave rise to this phase separation. Also, this phenomenon was
observed for the case of PEG (Mw: 8000) used. DLS measurement of them before/after
pressurization was carried out. The particle P T
size was increased by pressurization, and
then decreased by heat treatment at 50
degrees, .indicating the formation of novel
hydrogen bonding assembly. On the other
band, for PEG-Dex 500,000 system, an
aqueous two-phase system was formed with
light scattering in the lower phase before

Figl. Photographs of the mixtures of PEG(6,000) and
o DEX(60,000~90,000).

the pressure treatment and then maintained (A) without or (B)with ultra high pressure treatment.
during pressure processing.
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(52) Cellular Delivery of DNA-Polymer Complex Encapsulating
Inorganic Nanoparticles Prepared by Ultra High Pressurization
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Department of Biomedical Engineering, Osaka Institute of Tech-
nology, Asahi-ku, Osaka, Japan

We have developed gene delivery system using DNA complex
with non-ionic, water soluble polymers via hydrogen bond through
ultra high pressurization (UHP) because the inter-, intra-molecular
weak hydrogen bonding interaction was strengthen under high
pressure condition. Previously, polyvinyl alcohol (PVA) was used
as a model hydrogen bonding polymer, and the PVA/DNA com-
plexes were formed by UHP treatment. Although the PVA/DNA
complexes were up-taken by cells, a little enhancement of gene
expression was observed using them. Therefore, in this study, to
promote the endosomal escape of transferred DNA, we performed
the development of PVA/DNA complexes encapsulating inorganic
particle, which are dissolved under low pH condition in endosome
vesicles and then the rupture of endosome is induced by osmotic
shock, using UHP technology. Plasmid DNAs encoding luciferase
gene or enhanced green fluorescent protein (EGFP) gene under
CMY promoter were used. Nano-scaled inorganic particles having
the average diameter of 50~200 nm were synthesized by modified
micro-emulsion method. Nano-inorganic particles were dispersed
ultrasonically in PVA solution and then mixed with DNA solution.
Their mixtures were treated under 10,000 atmospheric pressures at
40°C for 10min. By SEM observation, the irregular surface of
PVA/DNA complexes including inorganic particles was observed,
indicating the encapsulation of inorganic particles in PVA/DNA
particle. The PVA/DNA complexes encapsulating inorganic par-
ticles showed a higher transfection activity. These results indicate
the utility of the PVA/DNA complexes encapsulating inorganic
particles prepared by UHP method for DNA delivery.
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Pressure-induced condensation of plasmid DNA

Tsuyoshi KIMURA', Yoshiyuki MIURA?, Kimio KURITA?, Tsutomu ONO®, Hidekazu YOSHIZAWA®, Toshiya
FUJISATO! and Akio KISHIDA'. (! Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental
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of Technology )
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Abstract: We investigated the effect of pressure on topology of plasmid DNA in order to develop a novel method
condensing plasmid DNA. Plasmid DNA was hydrostatically pressurized at various atmospheres for different
time. After pressure removal, the obtained plasmid DNA was analyzed by DLS, CD measurements and AFM
observation. The sizes of the super-coiled and relaxed forms of the plasmid DNA were decreased with increasing
the strength and period of pressurization, and then detected at approximately 25 and 100 nm, respectively, by
DLS measurement. This result indicates the condensation of super-coiled plasmid DNA and the super-coiling of
the relaxed plasmid DNA. For AFM observation of the pressurized plasmid DNA, the spherical structure of the
super-coiled plasmid DNA was observed. Also, the condensed plasmid DNA was significantly transcribed and
translated in cell-free transcription/translation system.
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Characteristics analysns of PVA hydrogels induced by ultra -high pressurization
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Abstract: We investigated the effect of pressurizing condition, such as pressurizing strength, time and
temperature, on the hydrostatic pressure-induced PVA gels in the mixture of DMSO and water at various ratios
of them. When aqueous PVA solution was pressurized at 10,000atm and 10°C for 10 min, the opaque PVA gel
was obtained, whereas the transparent PVA gel was formed in mixtures of DMSO and water (80/20) by the
pressurization under the condition described above. The galation was strongly dependent on the mixing ratio of
DMSO and water, pressurizing strength and temperature, and then the gel having good formability was obtained
under pressure condition of higher pressure and lower temperature.
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Application of high pressure for gene delivering into cells
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DNA condensation using hydrostatic pressurization for gene delivery
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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 pug/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 nim 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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