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attempted to prepare a collagen- or elastin-based material
to construct an ECM. Ever since Weinberg and Bell
succeeded in preparing a blood vessel using collagen,*!
diverse approaches using collagen gel to prepare an ECM
had been executed. However, the critical aspect in using
collagen gel is that its mechanical strength is too small and
easily deforms its triple-helix structure into a random coil
structure when heated. The low mechanical strength and
easy deformability make collagen shrink easily due to
external stimuli. These aspects make it difficult to use
collagen as an ECM. The use of crosslinkers to overcome
these problems was investigated and is well reviewed by
Khor.? By crosslinking collagen triple-helices, it is possible
to maintain its mechanical strength and suppress any
deformation caused by external stimuli. However, it is
very important to consider biological responses in the
designing stage of a crosslinking process because of the
possibilities of severe problems such as toxicity, inflam-
matory response or the alteration of protein structure.

A crosslinking method using 1-ethyl-3-(3-dimethyl-
aminopropyl)-1-carbodiimide hydrochloride (EDC) and
N-hydroxysuccinimide (NHS) in aqueous condition is a
one of the best methods to produce a non-toxic collagen
product. This reaction mixture induces the formation of an
amide bond by activation of the side chain carboxylic acid
groups of aspartic and glutamic acid residues, followed
by aminolyis of the o-isoacylurea intermediates by
the ¢-amino groups of (hydroxy-)lysine residues, forming
intra- and interhelical crosslinks.!*~*! A coupling reaction
that involves EDC depends on the amount of EDC and on
the EDC/NHS ratio.!*™®! A higher EDC and NHS mole ratio
against the carboxylic groups increases the coupling
reaction rate. The pH of the solvent for the coupling
reaction should be higher than the pK, value, which is 5.8
for collagen. This is because the carboxylate anions
otherwise exhibit a higher coupling rate than that
exhibited by the carboxyl groups.!®! The coupling reaction
using EDC is one of the most widely used crosslinking
methods in the biomaterials field; however, it is regarded
as an inappropriate method, especially in tissue engineer-
ing, owing to its extremely low coupling efficiency. This is
because EDC tends to hydrolyze rather rapidly under
aqueous conditions.*~”) The use of NHS to suppress the
hydrolysis does not function to the desired extent.
Furthermore, since collagen consists of triple helices, the
efficiency of the coupling reaction is lower than that of
crosslinkers such as diol-related crosslinkers or glutar-
aldehyde because the only possible reactions are the intra-
and interhelical coupling reactions. Hence, the question of
whether it is possible to control the coupling reaction rate
of EDC for collagen crosslinking was brought up.

Our research group attempted to control the coupling
reaction of EDC/NHS using the collagen gel. We found out
that in order to obtain a crosslinked collagen gel that is
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mechanically tough and possesses a low swelling ratio,
collagen should be crosslinked under neutral or alkaline
pH conditions with the EDC/NHS/carboxylate anions in a
ratio of 10:10:1.1 The swelling ratio in pH 7.4 was
less than 150%, which is approximately 1/5 of that of
the uncrosslinked collagen gel. It was shown that no
denaturation of the triple helix had occurred. The elastic
modulus increased to approximately 4.8 times that of the
uncrosslinked collagen gel. However, when we investi-
gated the free amine group contents, the lowest value of
that we could obtain was approximately 60%. Glutar-
aldehyde crosslinking on the same collagen gel revealed
that the free amine group content was less than 15% and
the diol-related crosslinker exhibited an approximate free
amine group content of 30%.!”] We concluded that this is
the lowest possible coupling reaction rate for the collagen
microfibrils under aqueous conditions. Thereafter, we
started to search for new conditions for collagen cross-
linking using EDC and NHS. In this study, we attempted to
control the EDC/NHS coupling reaction rate by making the
reaction environment highly hydrophobic. To achieve the
more hydrophobic environment, we used ethanol, which is
miscible with water. Ethanol/water mixed solvents were
prepared in different mole concentrations to control the
hydrophobicity of the solvent. There are a number of
research papers on the reaction of EDC/NHS with collagen
in ethanol, but it is not completely clear as to how the EDC
and NHS coupling reaction would be affected when the
alcohol percentage in aqueous conditions changes; hence,
different ethanol concentrations are being used without
characterization of the coupling rate.*~**

Experimental Part

Preparation of Collagen Gel

The preparation of the collagen film was performed by the same
method as that reported previously.®”) A 0.5 wt.-% solution of
collagen type I (I-AC, KOKEN, Tokyo, Japan) was concentrated into
a 2 wt.-% collagen type I solution and used for the film preparation.
The collagen solution was dropped onto a polyethylene film and
dried at room temperature. A transparent film with a thickness of
56+3 pm was obtained. The films were stored in a dry
environment.

To investigate the effect of the solvent, the collagen film was
immersed into an ethanol/water mixed solvent containing EDC
and NHS (both from Kanto Chemicals, Tokyo, Japan). Each
chemical was added in the mole ratio of EDC/NHS/collagen-
carboxylic acid group = 10:10:1. The ethanol mole concentration
(N,) was changed from 0 to 1 [ethanol/water ratio from 10:0 to
0:10 {(v/v)]. The crosslinking procedure was allowed to continue for
24 h at 4°C to produce a crosslinked gel (EN gel). After 24 h, the
reaction was terminated by removing the gel from the solution.
The gel was then washed with distilled water for 3 d in order to
remove any unreacted chemicals from the collagen gel. For the
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re-crosslinking process, the same procedure as above was repeated
using water, Ny~ 0.12, Ny = 0.42 and 100% ethanol as the reaction
solvent. Crosslinking of the collagen gel to glutaraldehyde was
performed by using a 0.5 wt.-% glutaraldehyde solution (Merck,
Darmstadt, Germany) in a phosphate buffer solution (PBS).*? The
collagen film was immersed in the glutaraldehyde/PBS solution
and was crosslinked for 3 h at room temperature. After cross-
linking, the sample was first rinsed under running tap water for
30 min and then in 4 m NaCl for 2 h. In order to eliminate NaCl, the
sarmple was rinsed with distilled water for 1 d to yield a glutaral-
dehyde-crosslinked collagen gel. The 1,4-butanediol diglycidyl
ether (BDDGE)-crosslinked collagen was prepared by immersing a
collagen film in a 4% BDDGE/PBS solution and reacting for 5d.1**)
The BDDGE-crosstinked collagen was left under running tap water
for 15 min to wash off the unreacted BDDGE. The washing process
was repeated several times. The glutaraldehyde-crosslinked
collagen gel and the BDDGE-crosslinked collagen gel were used
for the characterization of the free amine group content.

Characterization of the Collagen Gel

A solubility test was performed in the ethanol/water mixed
solvents. The collagen films (3—4 mg) and collagen chunks
obtained from lyophilization (7-10 mg) were immersed in
ethanol/water mixed solvents. The collagen solutions were left
at room temperature until complete dissolution occurred. The
triple-helix structure was characterized using a circular dichroism
(CD) spectrometer (J-720W, Jasco, Tokyo, Japan). Collagen solution
was prepared at a concentration of 1 x 10”7 m and characterized
5 times for each sample to obtain the average spectra. Surface
analysis was performed by scanning electron microscopy (SEM,
SM-200, Topcon, Tokyo, Japan). The same solubility test was
repeated using the collagen film. The diffusion coefficient D was
calculated using a collagen gel that was prepared in a 2-(N-
morpholino)ethansulfonate (MES) buffer. The collagen gels were
immersed in the ethanol/water mixed solvents at pH 9.0. The gels
were then removed at 10, 60, 120, 240, 360, 1 440, and 4 320 min
(3 d) and the adsorbed amounts of the solvent were measured. The
following equation was used for the calculation of D:

Mi /My = 4(Dt/nl2)*2, (1)

where M, and M, are the amounts of the solvent adsorbed at time
t and at infinity, respectively and ! is the thickness of the collagen
g el [1415}

The primary amine group concentrations in the tissue samples
were determined using a colorimetric assay.**!”) From each
sample a 2—-4 mg specimen was prepared. These samples were
immersed in a 4 wt-% aqueous NaHCO; solution (Kanto
Chemicals, Tokyo, Japan) and a 0.5 wt-% aqueous solution of
2,4,6-trinitrobenzene sulfonic acid (TNBS; Wako chemicals, Osaka,
Japan) was added. The reaction was allowed to continue for 2 h at
40°C, after which the samples were rinsed in saline solution using
a vortex mixer to remove the unreacted TNBS. The samples were
freeze-dried overnight, after which the dry mass was determined.
The dry samples were immersed in 2 mL of 6 m aqueous HCl until
fully dissolved. The obtained solution was then diluted with
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distilled water (8 ml) and the absorbance was measured at 345 nm
(V-560, Jasco, Tokyo, Japan). The concentration of the reacted
amine groups was calculated using the following equation:!16*7)

INHz) = (A~ V)/(c - 1-m) @)

where [NH,] denotes the reacted amine group content [in mol/g of
collagen gel}; &, the molar absorption coefficient of trinitrophenyl
lysine (1.46 x10* 1-mol™*-cm™); A, the absorbance; V, the
volume of the solution [mL]; I, the path length [cm]; and m, the
weight of the sample [mg]. The free amine group contents were
calculated by assuming that the uncrosslinked collagen gel has
100% free amine groups.”®) The experiment was repeated five
times and the average along with the standard deviation was
calculated.

All the experiments were repeated at least thrice and the values
were expressed as mean = standard deviation. In several figures,
the error bars are not visible because they are included in the plot.
A statistical analysis was performed using the student’s t test with
the significance level set at p < 0.05.

Results and Discussion

We started by setting up three hypotheses: 1) ethanol does
not denaturate the triple helix, 2) ethanol prevents the
hydrolysis of EDC, and 3) the carboxyl groups are reactive
with EDC in ethanol. These three hypotheses are important
in the aspect that the failure of one hypothesis implies that
the collagen crosslinking is meaningless. Hence, the
experiment was conducted by proving the hypotheses
one by one. We first started with the characterization of
the triple helix of the collagen. The exposure of the collagen
triple-helices to ethanol induces hydrophobic interactions,
which may lead to a change in the conformation of
the collagen microfibrils. Using a CD spectrometer, we
observed the conformation structure of collagen in the
range of N,=0-0.42 (ethanol/water=0/10-7/3, v/v).
The increase in ethanol concentration against water did
not bring about any distinguishable change in the triple
helical structure (Figure 1). The positive band and the
cross-band seen in the CD spectra were the same for all
the tested samples (N,=20-0.42). The negative band
exhibited a slight red-shift as the ethanol concentration
was increased. However, no signs of denaturation, such as
a decrease in the peak intensity of positive and negative
band, were detected.!'®°! Hence, it is assumed that
ethanol up to N, =2 0.42 does not change the triple helices
into random coils.*”! The main forces that hold the helical
structure of collagen are hydrogen bonds, electrostatic
interactions, and hydrophobic interactions. In water, the
hydrogen bonds and electrostatic interactions within
collagen contribute to the stabilization of the helices,
but they are not the dominant factors.?°! The structure of
collagen depends on the concentration of the alcohols. This
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Figure 1. CD spectra of the collagen microfibrils under various
ethanol mole concentrations.

is because an increase in the hydrophobic interactions
between the solvent and collagen stabilized the structure
of collagen.?!! The hydrophobic interactions between the
non-polar amino acid side chains are also very important
factors that contribute to the stabilization of the helices.
Exposure of the non-polar amino acid side chains to the
outer side would induce hydrophobic interactions, which
were not observed under aqueous conditions. This causes a
hydrophobic shielding effect.??! However, it is generally
assumed that this tendency is strongly influenced by the
type of alcohol used. Thus, polyhydric alcohols such as
sorbitol or glycerol favour the native structure, while
monohydric alcohols enhance the native structure.?*! In
the case of ethanol, the secondary and tertiary structures
of collagen would be affected.!?22% As result, it is assumed

that the transformation ‘triple helix -~ random coil’ does
not occur, and the use of ethanol for the amide coupling
reaction for collagen crosslinking is preferable. The
triple-helix structure at Ny > 0.55 was measured indirectly.
That is, since the random coil is not reconverted to the
triple-helix structure,*?! we resolubilized collagen in water
and observed the CD spectra and concluded that the
collagen structure would remain a triple helix even at
extremely high ethanol mole concentrations.

However, it should be noted that the use of ethanol is
not a solution for the control of the coupling reaction. The
surface of collagen is too hydrophobic and rigid, in which
the fibrillar structure disappears. The solubility test
showed that the ethanol mole concentration should be
at least 0.42 to dissolve collagen. The same phenomenon
was observed for the collagen film. The collagen film,
which is un-crosslinked, could be dissolved at Ny~ 0.42,
but would remain undissolved in higher hydrophobic
conditions. Expectedly, the time required for complete
dissolution was different, where high-hydrophobic condi-
tions delayed the dissolution time. Figure 2 shows the
morphology of collagen microfibrils observed by SEM. It is
seen that the microfibril structures disappear as the
hydrophobicity increases. The disappearance of the
fibrillar structure decreases the absorptivity of the solvent.
This suggests that for the collagen film, the adsorption of
ethanol by the collagen gel would be extremely low. To
prove this, we have calculated the diffusion coefficients D
for various mole concentrations of ethanol, as shown in
Figure 3, using the collagen gel crosslinked with EDC/NHS
in a MES buffer that was prepared by the method reported
previously.!®! This shows that the D of the solvent
decreases rapidly when Nj>0.55 (ethanol/water=8/2,

(e) ()

B Figure 2. Morphology of collagens after immersing in ethanol/water mixed solvents of different concentrations. (a) Water, (b} Na=~0.07, (c)

A
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(2) (h)

Ll Na~0.7, (d) Na=0.32, (e) Na=0.42, (f) Na~0.55, {g) Nax0.73, and (h) ethanol. Single bar indicates 50 pm.
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Figure 3. Change in the diffusion coefficient of ethanol in collagen
gel according to ethanol mole concentrations.

v/v); furthermore, the D value of pure ethanol (1.2 x
107" cm? min™?) is approximately 1400 times lower
than that of pure water. This directly affects the cross-
linking ability. The solvent adsorption ability in pure
ethanol and at N,p=~0.74 (ethanol/water=9/1, v/v) is
about 50% of that of pure water and 80% at N, ~0.55 after
24 h of solvent adsorption. This implies that ethanol could
not completely reach the interior of the collagen gel
throughout the crosslinking procedure.

Using EDC and NHS, we obtained crosslinked collagen
gels under various ethanol concentrations (Figure 4). When
EDC and NHS are used for the crosslinking process, the
lowest value of the free amine group content was
approximately 45% (60% when crosslinked in MES buffer).
This can be achieved when the crosslinking was executed
for 24 h at N5 =0.07-0.17 (ethanol/water = 2/8-4/6, v/v)
with 51 mmol of EDC. This range is assumed to be the most
proficient range for the coupling reaction, where the
suppression of hydrolysis and fast solvent absorption has
occurred. The addition of ethanol is thought to have
prevented the hydrolysis of EDC. On the other hand, when
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Figure 4. Change in the free amine group contents of collagen gel
according to ethanol mole concentrations.
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Nj = 0.24 (ethanol/water = 5/5, v/v), the free amine group
content increases again, and from N = 0.42 and above, the
free amine group content increases to higher than that of
pure water. This is because of the decrease in the number
of carboxyl groups reacting with EDC.1>?%! The reactivity
of the carboxyl groups decreases as the ethanol concen-
tration increases because EDC reacts with the carboxylate
anions. The increase in the number of neutral carboxyl
groups would lead to relatively low O-isoacylurea forma-
tion.!®) Furthermore, when N, >0.42, the crosslinking is
assumed to be mainly concentrated on the surface of the
collagen gel. The decrease in D causes heterogeneous
coupling reactions in the collagen gel. That is, the partly
crosslinked network of the collagen gel could be mainly
located on the surface of the gel. This can be confirmed
when the collagen gels prepared at N > 0.42 are placed in
pure water. The sudden change in the environment causes
the gel to adsorb a large amount of water, which makes the
uncrosslinked collagen microfibrils dissolve and expand to
the maximum extent by an increase in the free energy. The
expansion of the collagen microfibrils is obstructed by the
crosslinked part, which is mainly located on the surface.
For the collagen gel prepared at Ny~ 0.42, D is approxi-
mately the same as that of the gel prepared at Ny~ 0.32,
but it is thought that the protonation of the carboxyl
groups prevents the formation of O-isoacylurea. The
reactivity between the carboxyl groups and D alters the
formation of the collagen gel. When the morphology of the
razor-cut surface was observed, the monolithic morphol-
ogy of the collagen gel was found to form a layered
structure as the hydrophobicity increased, which even-
tually collapses. The collapse of the inner part of the
collagen gel is due to the dissolution of the uncrosslinked
collagen microfibrils. This implies that the crosslinking of
the collagen gel would start from the surface and then
occur inside the collagen gel. Furthermore, it is possible to
crosslink only the surface of the collagen gel to obtain a
phase-separated collagen gel when the ethanol concentra-
tion is controlled.

An extended reaction time under high-hydrophobic
conditions (Nap>0.42) did not cause any significant
difference in the free amine group content. The cross-
linking rate is much higher after 24 h, as compared to 4 h;
however, no significant change is observed after 48 h.
When crosslinking was performed in MES buffer, we
observed a decrease in the free amine group content;”)
however, in the case of ethanol, the formation of the
O-isoacylurea does not occur due to the slow adsorption
and protonation of the carboxyl groups.

Is it possible to obtain a collagen gel with a smaller
number of free amine groups? To answer this question, we
have re-crosslinked the collagen gel by repeating the same
procedure (Figure 5). The activation by EDC can be triggered
when EDC is introduced into the reaction solvent.!* we
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Figure 5. Change in the free amine group content of collagen gel
by the re-crosslinking procedure in different solvents.

have proved in our previous report that the carboxyl groups
can be activated at any point of time during the course of
the reaction.!®”] Thus, by re-crosslinking the collagen gel, we
attempted to evaluate the highest coupling rate possible
using this process. The re-crosslinking was possible and the
least value of the free amine group content was 30%
(Np=20.12). This value is still high as compared with the
glutaraldehyde-crosslinked collagen gel (=~12% using the
same collagen gel) and the BDDGE-crosslinked collagen
(~25% using the same collagen gel). This is thought to be the
lowest limit of the EDC/NHS crosslinker. Unlike glutar-
aldehyde and BDDGE, which can interconnect the micro-
fibrils of the collagen, EDC/NHS can only induce intra- and
interhelical crosslinks. It is difficult to assume that the
microfibrils are crosslinked via the EDC/NHS crosslinker
due to distal problem. Hence, it is not possible to achieve a
free amine group content that is lower than ~30%. The
crosslinking may still occur when a different crosslinker or a
polymer is added to this collagen gel.

Conclusion

We have proposed a new method for controlling the
coupling reaction rate using EDC and NHS for collagen
crosslinking. The collagen triple-helix was stable in
ethanol/water mixed solvent, but the properties of the
collagen gel prepared in the above solvent could be altered
by the ethanol mole concentration. The highest reaction
rate was achieved at Ny = 0.07—0.17 with 51 mmol of EDC
in 24 h. This is the optimum concentration range that
balances the reactivity of EDC and the formation of
carboxyl groups. We also discovered that the coupling

reaction begins from the surface of the collagen gel. The
coupling reaction was limited to the surface of the collagen
when N, > 0.55; this was because of the slow penetration
of EDC and NHS caused by the high-ethanol environment
and the decrease in the number of carboxylate anions. It is
thought that the same procedure could be repeated not
only in collagen but also in collagen-based materials such
as body tissue and proteins.
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It was found that the condensation of super-coiled
plasmid DNA was induced by high hydrostatic pressurization.
The spherical structure of the condensed plasmid DNA was
observed for atomic force microscopic observation. The degree
of condensation was increased with increasing the pressurizing
strength and time. The pressure-condensed plasmid DNA was
effectively recognized by transcriptional factors.

For non-viral gene delivery system using plasmid DNA,
plasmid DNA has been directly injected into local regions in
vivo ! or condensed by cationic compounds, such as cationic
polymers, peptides, and lipids, which can interacted with DNA
electrostatically, and then delivered into cells in vitro and in
vivo.> Although the former method is simple and safe, the level
of transgene expression is relatively low and restricted to the
injection site due to its low stability. The latter methods show
the relative high transfection efficiency in vitro due to the high
stability of condensates, whereas the cytotoxicity of cationic
materials is one of essential problems in vitro and in vivo.
Therefore, for safer, more stable and efficient delivery system
of plasmid DNA, it is necessary to condense plasmid DNA
with a less cationic compound or without one.

It is well known that pressure, which is one of intensive
variables in thermodynamic as well as temperature and
concentration, strongly affects on protein structure formed via
various weak interactions, such as electrostatic, hydrophobic
and hydrogen bonding interactions,” and that the hydrogen
bond is strengthen than the other interaction under high
pressure condition.’ From this fact, we previously reported that
the nanoparticles and hydrogels of polyvinyl alcohol (PVA)
were formed via hydrogen bonds by high hydrostatic
pressurization.’ Also, PVA nanoparticles and hydrogels
interacting with DNA via hydrogen bonds could be delivered
into cells® and release DNA’, respectively. In relation to the
effect of pressure on nucleic acid, which is one of hydrogen
bonded bio-polymers, it was reported that the stability of a
DNA duplex was increased with increasing pressure.® Also,
super-coiling of a relaxed plasmid DNA was induced by the
elevated pressure because of pressure-increasing of the
winding and twisting of DNA helix.” In the present study, we
hypothesized that the super-coiled plasmid DNA could be
condensed by high hydrostatic pressurization, and investigated
the change in the tertiary structure of plasmid DNA having the
super-coiled and relaxed forms through various
physicochemical methods. Also, the recognition of the
pressurized plasmid DNA by transcription factor was
examined in order to be applicable for gene delivery.

Plasmid DNA encoding luciferase gene under T7
promoter (pT7-luc, Promega Co., Ltd.) was used. The aqueous

Intenuity (36)
8

Q v

Figure 1. DLS measurement of the pressurized pT7-luc at
various atmospheres and 40 °C for 5 min.

Table 1. Hydrodynamic size of the pressurized pT7-luc at
various atmospheres and 40 °C for 5 min.

Premure Bydrodynawic sizo (mm)
(atm) Paak 1 Peak 2
1 S4+2 624 * 60
3000 99xs 529 =23
8000 PBLS 168 121
10000 52 108 9

solution of pT7-luc was prepared at the concentration of 20
ng/ul and hydrostatically pressurized at different atmosphere
ranging from 2,000 to 10,000 atm, and at 40 °C for various
times from 1 to 20 min using high pressurizing machine
(Dr.chef, Kobe Steel Co., Ltd.). After pressure removal, the
obtained solutions were analyzed by dynamic light scattering
(DLS) measurement (Nano-Zs, Malvern Instruments Ltd.).
Their size distributions by intensity were overlaid in Figure 1.
Table 1 shows the hydrodynamic size of the pressurized pT7-
luc at different atmosphere for 5 min. For the non-pressurized
pT7-luc, the super-coiled and relaxed forms of pT7-luc were
detected at approximately 9442 and 624+60 nm, respectively.
The hydrodynamic size of them was decreased with increasing
pressure, and then measured at approximately 25+2 and 108+9
nm, respectively, for the pressurization at 10,000 atm. This
change in the latter size from 624 to 108 nm was regarded as
super-coiling of the relaxed pT7-luc by the hydrostatic
pressurization.” When the relaxed pT7-luc, which was
enzymatically prepared using topoisomerase I, was treated by
the pressurization at 10,000 atm for 10 min, the super-coiled
pT7-luc was measured at approximately 138+19 nm by DLS
measurement (data not shown). Thus, the decrease in the size
of the super-coiled pT7-luc from 94 to 25 nm suggests that the
super-coiled pT7-luc was condensed by high hydrostatic
pressurization. At constant pressure at 10,000 atm, a long
period of pressure treatment effectively induced the
condensation of super-coiled pT7-luc and super-coiling of a
relaxed pT7-luc (data not shown). From these results, it
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2. AFM
pressurization and (B) with the pressurization at 10,000 atm for
Smin.

Figure images of pT7-luc (A) without the

Table 2. Fluorescent intensity and DLS measurements of the

pT7-luc intercalated with EtBr pressurized at various
atmospheres for 5min.
Promme  Floorccent 9 Hydrod ic e (o) ¥
(xtm) intrruity Prak 1 Posk 2
1 15303 1¥x 16 UL 147
3000 153 k08 118 % 16 515 65
3000 135%19 10£ 23 566k 205
2000 12703 119 7 3184 128
10000 13024 82+ 58 250 £ 126
3031 L, Hx: GU3am, ¥ ULS scesuscancnt
suggests that the tertiary structure of plasmid DNA,

condensation and super-coiling, could be controlled using
pressurizing process and be remained after pressure removal.

Atomic force microscope image of the pT7-luc without
the pressurization on mica in air is shown in Figure 2 (A)."
The fibrous super-coil form of pT7-luc that was highly
twisting was mainly observed. The super-coil form being
partially opened was also exhibited. On the other hand, for the
pressurized pT7-luc at 10,000 atm for 5 min, the super-coil
form having partially globule was observed (Figure 2 (B)).
Further, the entirely spherical structure of the pressurized pT7-
luc was also observed. It is assumed that the pressure-induced
twisting and winding of plasmid DNA caused the condensation
of super-coiled plasmid DNA.

Ethidium bromide (EtBr), which can intercalate into
DNA double helix, resulting in a significant increase in the
EtBr fluorescence intensity, is commonly used to monitor the
DNA condensation induced by a complex formation with
cationic polymers, in which the EtBr fluorescent intensity
reduced due to being excluded.'" The plasmid DNA
intercalated with EtBr at an equimolar ratio per base pair was
pressurized at various atmospheres and subjected by
fluorescent intensity measurement (FP-6500, JASCO Co., Ltd.,
Ex: 511nm, Em: 603nm) after pressure removal (Table 2).
Although the EtBr fluorescent intensity was decreased with
increasing pressure, even for the pressurization at 10,000 atm,
the EtBr fluorescent intensity reduced to only about 85 % of
that of the non-pressurized pT7-luc. The hydrodynamic size of
the pressurized pT7-luc with EtBr was ineffectively decreased
compared to that of the pressurized pT7-luc without one. These
results suggest that the EtBr intercalating into plasmid DNA
inhibited the pressure-induced condensation and super-coiling
of plasmid DNA. Also, it is considered that

Figure 3 shows the activity of luciferase expressed from
the pT7-luc treated with the pressurization at various
atmospheres for Smin in cell-free translation and translation

U = 10000

i ——Tr

Flgure 3. Transcription and translation activity of the
pressurized pT7-luc at various atmospheres for 5min in cell-
free system.

Lalftraso sativity (% 109)
P} 2]
iE
i::l”

system (TNT Coupled Reticulocyte Lysate System, Promega
Co., Ltd.)."”? 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.
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DNA, RNA 72 Y OB L, BEFIERZE ) HERSI(—KED L 2h b oBEEFESO
REF - RADTLOD_RBENEE THH, HEBEOBREEL, BE, 5. pH., HiBE
REDHBRBIZHEBINDZLRHLN TV, ThE T EBE~OEHOEEL LT,
K58 DNA O, RNA(Y RY 1 D)FEHOETAMON TV S, AL TIL,
BETEACRBT2BEFRELFHTIL2AMLE LT, EAHHMC L 5 DNA#E
EEB LTIV TR L,

[ 5]

. DNA £ LT, lkb 7% —DNA & 75 X3 FDNA (pT7-Luc) % Hv /=, #BiEEEM
& (Dr.chef(f P RUART)) & VT, 1REE 40°C. [£57 3,000, 5,000, 8,000, 10,000 &/E.
FUMEFR 1, 5. 20 L B2 BRI TEERR AT o=, ¥EICRE L%, DNA &K

# Tm #I7E. CD JE, DLS AIFE, #OLMEREICTHRIT Uiz, £, BELRICLS
DNA OEERERRITE LT, U HF@IRMEREZ AW - EMRRESR « BRICE VRS LT,
(%R - BE]

BREERMIZ XL 57 ¥ —DNA Of#ELEiZ. CDRE, Tm BETCIIRIN AN T,
—J, 77 A2 FDNA Tid, CD IZ0RER» OBERNTE S, /-, DLSHIE
XY 77 A3 FDNA DY A XBIRRENT, 7T XX FDNA YA I~DFEHDELE L
L CEEELBERERIOEE L FMICRF LR, EHORM & E SIEIRER O IEE 12 4%

W, DNA YA XBBD$HZ ERRENIZ, RIZ, DNAS VF—HL—F—ThHBTF

PybsTu<vA FEBDERWT. 75 X3 FDNABE~DEHEEBICHOWTRIT LT,
A D MAREOBONRENZ, Thix, DNAIZA v #—hL—kLTWE
EtBr 4N Z LI K D EBEORAD L E X b, BEENIC X 5 DNA O#E2r%
RY e A F—AV—FLEETTAI FDNAZBWTH YA XOBABRRENT,
UEXY, ZXAIFDNAFEEAMZ XV EHRTILE2 NS, BOMHBNTL
BRICEEEN., =T Y — I A NDRA—R—af L~DEEE, SLIIEL o< %
PNIC A== MTHe B LB X BB, TR B 7o Hic BN EEs(AFM)
R OREHRBEERIIL TN D, T, EHE L7 DNA OBEEIC SV TS 1= sHiE

HIRRET - BRET o LBER. BN L 36T - BREROMERRENE, —F, &
BRI L DTE A~ DR BT R ENR P o, BHEOREIZ, EEABRIZLVEBRTIZ

BRSO VS I L S IC L B L E X bRA, ABITRL, B4R B R
D E =T TiIrbnis,
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BEEIMIC X 5 PEG/ZFE/KME R DOEdE
HEMKEMF OAHE BABI ZH#HZ -  ERAXK
MILABEET AHEME - 52Fh EELH BEEX
HEWAEMT EB&K

<E=>
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B, AVA3BAFONFE. BEIKGFEL, $/-, BERE, BE, pH 2 L OARREOCER L
WML ZT D, KFRTIL. BELFBEOTREBNNTIA—FTHIENIEB L, EAEMIZL 5K
HHERICE L TR L, 22Tk, RENRKE %R TH D PEG-Dextran IBEEIZT
BatL7z,
<FEE>

RYx=F L7 ) a—n (PEG; Mw: 6000, 8000), XA b7 (Dex ; Mw : 32,000~45,000,
60,000~90,000, 100,000~200,000. 500,000) % A\ /=, & 10%WwWNKBKRZFABL, 1:1 OFIE
TIRA L. 25°CT 10,000 KUE. 10 5y RBEEEMLE L7, LKL, BRICK28E. B
HYe B EL(DLS)BIE. REEESEMDSOBIE, NMR AIE., FEXEREIC THEEEOWMERNT 21T
o7,
<HER - B>

PEG /KIEHK. Dex KBAR~OBSEEMAETIX, BHRICIA3E(LIIRERINT, FRHBKT
Hot-, DLS BIBIZBWNTH A XDEITRENLR o7, —F ., PEG/Dex IBEHWHIZE W T
12.PEG DB FEITK BT K5 F B D Dex32,000~45,000 TIiXZEHAIK TdH ¥ . Dex60,000~90,000
X 10 100,000~200,000 TIXEABYELT, TV a VBRERENTIEICLIBELEZ
L5, 7. Dex500,000 1% PEG & DIRSIC LY ABBEEE RV, TOBROKBEIZ XD ZHo8
L 72, PEG/Dex IBER~DEEEEIIMLE Tk, Dex60,000~90,000 3 & Tt 100,000~200,000 iZ T
TRSBESEREIN., THRICTEFARLZE L7, Dex500,000 Tix, AEBRIKER LOCZHEEK
RE~OBEEEMLEONTNLOBEL A2 R L. L THELERABERTH 7, &
ST, ZOBRBIIMWEEIC X S PEG & DEX » LR ABIEER OIS AT 0o FEDEM
WL BAMECHEREEZOND, £ U ZHSBO THEOWERD DLS #lE (25C) Tk, W
PFTHOBE LR FROMMABRENT, £7o. MBYLEIZ L BRIFRORAH DLS BIEICTRS
. PEG/DEX DT/ g ~DBEEEMABIZEL Y, AFESEN LIFHR PEG/Dex BE
ERERENT-LEZEZDOND, 2L ZHEMICRNT 3720, ETFTHERD NMR BIEZ1T- 7,

FHTIX PEG IZRBT A E— 23, THTIXPEG & Dex KRBT 2 — 7 3 a i, LI

IX PEG &35, THBIZIZ PEG & Dex BHEETH I 2 R&NT, £, KEFEHBFAITH DS
REHRMZAICBNCIE, BEEABICHEE SN ZHAERERINRDoZ b, KER
&% L7 PEG/Dex BEEDOHBRMBM FR EN, ULOFERI Y., BmERMZL S PEG/E
AP TR OIRENS T S, AFIRIR, BEASBHRFHRBR R L OSGRRFHER OB
T TiThhi,

Enhancement of aqueous two phase separatlon of PEG-polycarbonate by high pressurlzatlon

Tsuyoshi KIMURA Yoshiyuki MIURA Kimio KURITA , Shingo MUTSUO Hidekazu YOSHIZAWA
Toshiya FUJIS AO Akio KISHIDA e Tokyo Medical and Dental Univ., 2-3-10 Kanda—surugada1 Chlyoda-ku

Tokyo 101-0062, 2Nlhon Univ., *Okayama Univ., “National Cardiovascular Center Reserch Institute)

TEL&FAX. +81-3-5280-8029, E-mail: kimurat.fm@tmd.ac.jp

Key Word: high pressurization / aqueous phase separation / PEG / Dextran / DLS

Abstract: In this study, the aqueous phase system of PEG and dextran was studied under high pressure
condition. The mixed solutions of PEG and dextran having various molecular weights were treated with ultra
high pressurization (10,000 atm, 25 degree, 10min). Various analyses, such as DLS, NMR and DSC
measurements, were carried out. We found that the assembling of poly(ethyleneglycol) (PEG) and dextran was
induced by ultra high pressurization. The assembly of PEG and dextran induced the formation of aqueous
two-phase system. There was the assembly of PEG and dextran and PEG molecules in the lower and upper phase,
respectively.

Polymer Preprints, Japan Vol. 56, No. 1 (2007)
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ARRET O=@EZ - r FEAAKR, RERERXKEMDE AHHEL
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o7z,
GER - BED
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bid, —20CIZT2HHEA VF 2 —
L, ZIRICT3 OMIKEL, Zhz1l
VA INELTLIOY A IV EERDIRL
THZERAE PVA YL E2B7-, Bbhi-MH
MRS T, BN | BIRATREE Figl. _Phqtos of PVA hydrogels using ultra-high
CLERTLR, b PUAKRI~OE FISTE e
BEEMAERIZTHE LGN PVA FVIZE  UHP condition(10,000atm, 10degrees) for ten min.
BV THY . DMSO IBEH CIIEZH & (Right)Repeated freeze/thaw method.
NThHoTe, BEIZXVKEFEBRBROI A X, BEBRLZoTWeHLELIOhD, E
BRAOKE, REARE RS TR L /L OB RRS S NEOMRE LT TR
LA OERBRNT & RREN, &bICHELEIC L DS 0L, PVABE, MEEES LG
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Preparation and characterlstlcs of PVA hydrogels induced by ultra-high pressurlzatlon
Yoshiyuki MIURA Kimio KURITA , Tsuyoshi KIMURA Shmgo MUTSUO Hidekazu YOSHIZAWA ,
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Chiyoda-ku, Tokyo 101-0062, Japan, 2Tokyo Medical and Dental Univ., *Okayama Univ., *National
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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.

Polymer Preprints, Japan Vol. 56, No. 1 (2007) 1861
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Preparation and characteristics of DNA molecules condensed by high pressurization
2
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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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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 | (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 X EHE ~
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
hand, 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

e 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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AE. ERS @O BLED BRES. GEGA - £HH FEAK
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it L. DDS ~DiSRIiz oV \*cirﬁéi Line ' '

(=&R] _ _
 AREEMESTF & LTI EA’@ >TFED PVA BYZFLrFY) a—iL (PEG) FRART Y
(Dex) 2RV, EABIKEFEOBECTHML, BMdH 5 WVITRE LR, AIEFNINEE (Dr chef :

(k) 17 BLERAT) z v \THEA @E?}Eﬂﬂﬂ%#ﬂ;’cgﬁ&ﬁﬂm&&ﬁ%ﬁﬁ L,t_o SEM #1%%. DLS 7&11
ER TR ST ESEDOYHERNT 1To72. £z, DDS~OIERAL LT, 7723 FDNA DR EE
KOWTHRES L7, DNA L BEDTFORARRICBEENMABEEL, 77X r— X5 VERKE.
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MENDZ LBALM LR —F. PVA féi&«bﬁ%‘&ﬁﬂbumﬁﬂi\ BIMYEHRIC T PVA S &
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KIMURA!, Yoshiyuki MIURA?, Kimio KURITA?2, Shingo MUTSUOQ3, Hidekazu Yoshizawa3, Toshiya
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(52) Cellular Delivery of DNA-Polymer Complex Encapsulating
Inorganic Nanoparticles Prepared by Ultra High Pressurization

Kimra T., Okada M., Furuzono T., Yoshizawa H., Fujisato T.,
Kishida A.

Institute of Biomaterials and Bioengineering, Tokyo Medical and
Dental University, 2-3-10 Kanda-Surugadai, Chiyoda-ku, Tokyo,
101-0062 Japan

Dept Bioengineering, National Cardiovascular Center Research
Institute, Suita city, Oksaka, Japan

Department of Material and Energy Science, Okayama University,
Okayama City, Okayama, Japan

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
CMV 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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EEREHBEBVLETS5X 2 FDNADERERE

HESXEHTH OXFRE
BXEI =#fEz. FAAX
BABEETLI NHFE. FEFMN
KIKXI HBEH
HESXEHMT RARX

[(BE) EYMLRBEFFYAY—IZEWNTIE, EEHYHELOBEMEEMERICK Y DNA 254
XEBRFENTRO—DOTHD. BHEITED DN OBBIBERHEORL, HIARELOHERL
HEABICKY B0~ EEEINS, LALLGRS, EEFICHET LMREBEENEENL
ffEL 2h, £-BETIE. BEDDNAREICKIGEERFOREMHMMNEHEh TS, £2T
BARIZ. BENHEEBREM 4L DNA BEECOLWTEERHZAVTRHN L, BEREMRX. &
HERSA—FELLTHOANSEATTOS VY BOBEEICHETIREANGEEShTVS (1],
H—nOvHh, BABHREER. 77> T - T—LANGEDNELOREERAINEMICH L THE
ERT 24 58X MEIZEY ThOOHEERNAELLL. BEEILLTHEEIALATS, &
BAOEEENMOEEIZDLTIE. 600MPa O#/KENMIZL D4 ) TOINA-RNADBEMN S ZEADO
VIFA— 3 T [2] . EHOLRIZESHBRKRTS RS F DN OR—/3—a 1 LEEOR
# (3] HENBEIhTWS, £1-. EALRIZESATELVURY S LDFEEDOREL [4]. H5
W, BERELI-FS5XS F N OXBEAOKEGEENEOML [5] 4 & LBBROBE. 1B
ANBEOEEINBHENATINS, ZHETIE. BEMMIC&ES3T5X 2 F DNA OIZFEEELIZD
WTHMIZREL., &5, HEEABAOEBEFEAANOLAZEMIC, BEANMTSXE F NA O
BES BRICDOLTHREIL-.

[=282] DNA & LTIE. T71 FOE—4—OTFHRICLS 7 S5S—HBEFEI—FTEH5TS5XI FDNA
(pT7-luc) EFAWV-, BEKEMMERE (Dr.CHEF ; () MA AT AT, BADRE-EH -
BRI CESKENMBREET 1=, BBFK%. DLS FE. D fE. 7HO—-XFNEBRIKE. AN
BRI CHBERT AT 1. £f-. BEAE(IZKL S DNA OBEEMRITE LT, Y9 XBRFMOBRERAL
- EAMRRES - BN, BBIBBERTAVV-IRERRICIYBREL.

Pressure-induced condensation of plasmid DNA

Tsuyoshi KIMURA', Yoshiyuki MIURAZ Kimio KURITA?, Tsutomu ONO?, Hidekazu YOSHIZAWA’, Toshiya
FUJISATO* and Akio KISHIDA'. (' Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental
University, 2-3-10 Kanda-surugadai, Chiyoda-ku, Tokyo, 101-0062, Japan, 2Nihon University, * Osaka Institute
of Technology )

Tel: 03-5280-8029, Fax: 03-5280-8028, e-mail: kimurat.fm@tmd.ac.jp

Key Word: condensation / plasmid DNA / high pressure / transfection

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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[BREEE) & 1izix, 10,000 KE. 10 9
HoBEMMEZREL-7TS5X 3 FDNA O DLS BisE 20
BREEFT, 75X FONA Clx. # 100 nm, 600

mOY A XDE—H BB SNt ThER. X T
—A—IANEBBRTSAS KM THEEE 5 |
AohB.—H . BEMMDEL: TSRS FIM 2

TlE. #1125 m & 100 m DY XDE—HH4 E 5

Heht-, BRRKR TS X2 FOINA~AOEEHMIZ
EBR—K—a LERABESATNS L 01
M5 [3], #FDE 100 nm HEDH A XE—2
ER—R—aMLROTSXZ FINAEEZ BN,
FIEBIR—R—aqIL0BEEELEEZ NS, B Figl. DLS measurement of plasmid DNA
FRANEUMSERCENTIE. FMEFSZI K ;vit};/wi.thout pressurization at 10,000 atm
DNA Clf. BIERO TSRS FONA S L URRIER
DRX—/3—a4 )L DNA BB Eh. BEMBEL-IBETEEBO TS XS FINA BBEES v,
REDOERNS, BEAMICKY TSXE F ONA AEESh,. KEEICRL:-BEaTHLH#B{IINAD S
ERBohEEof, RIS, BADEAIZT 5 2EOBEANMERBLEBR. X—/—a/ L LER
KISZAZFINOWThOBEL., ThoDH A XBZEHOLFIZEVED LIz, £/, 10,000 K
ECORGLIHREOEEICENT. BEEBBOERICHES YA XOFELMATEIA, Cho BRI, X
—/N\—a4)LT5XE F DNA BBOEHFHERLTWHEEZALNDS, ChET. EHERICZHES
AYTINAO_EHREE (Tm) OLR [6]. BLUTFXE FINABAEDOLANEEETA TS
[3]. Child, EHNEMNIZL S DNA ZEFHOR LhOENICERTSEEAATEY.,. SEIOX
—NR—=JANTS5XZF INA DIBS, EHH_EHORLIhDEMLYBBLI-EEAONhS., —
FORBRTSX = F INA DIBEIE. BEMMIZ&LY RA—/S—aA4 LBRIZEEhZLOD, =V )
BA->TWS-HELIBBIBEHTHIEEIA TS, LBROBEEBE TS XS K DNA OBEERRIT
D—2&LLT. RERREE - BIRRZALV:-FS5X 2 F DNA OBEES - BIRERICOVLWTREL -,
BAOEATHEELL-TSX S FDONA OHEE - BIEREMEE. ROEBO TS5 X = FDNA LIFIFERA%.
HAINIBEFOLARMNREN, EVMILRBEFT YN —~DICHATTHEEMNRENT-,
(HE] FURE. BEEHBEAHERARBEOMBIZRITTiThhT -,
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BEKESBE PVA 7' VORISR

BARET O=#%<  r EBAKX FHESEKAEMH AFHEL

FILKEREET /85 - S8F KT KT BEERR.

REHKAMH BAAK
<HE=E>
DMSO,/ AKIBEZHTH PVA FLDERICHE TR, FOBERFALVOMEICHL BBT 5, ZiR
TCOBBIZBWTIX, A, — LV EBESEIC LV FREINDIFRERAISNTHY, —20°CLAT T,
PVA OfERIEBBESNEBLRIABEBEOND LHEINTWD, £, W - BEY A 7 1L OHIH
X VBRI OBBABEDEN- S ARBLND LBESNTVS, LiL, IhbOERELIR
B OB, HAVIIEREOBRE - BEY A 7 ARKLETHY . ERICEREETS, —F., K4
X, KERESHEPRAEI NI EFKELERE PVAKERICET Z & CTHAVNRERETELNSZ L%
INRETIIH/ELTWB, AFETIE. Bx DREH DO DMSO,/ KEHFZ TD PVA FLOERB X
THEIZ DWW THEMICRET LT,

<EE>

PVA(EABE:1700,82 {LEE:99.8%) %, B4 DIBAH D DMSOKIBEIRIZ Tk~ R BE CHRME LT,
BEARERBOr.CHEF; )M FE RSN 2 AVWT, EA2RE - J£H - BRI THELEEZIT- 7,
BONLPVAS MO n - I 7B ZBE, BEE, HFEBEREIC TR Z1T 27,

<HEFR - B>

PVA K¥EHK. DMSO,/7K(80,20y{RGR~DE
FIERANC10,000 KE. 10°C, 10 22/ 2&bv, £
NENRERA. FAR PVA FABE SN 7z (Figl),
—7. RHEE. ROEBREBOBRE TRV REDL
N, EHRBIZ L B 5 NMLRERED TREN r ;
7. BJE PVA #NAAERUZEIT A, DMSO,//KiR4&  Figl. Photos of 10%PVA gels using Ultra high
RIEDRS., BEE. Ef. BEREOEHEED pressurization(10,000atm 10degrees 10min).
NPT (A):DMSO,/W(0,7100), (B):(80./20).

*¢. DMSO/KDEESH% 20,80, 60,740, 80,20 & L. 10°CiZT 10,000 ]E, 10 pEORE
WA LT-, 60,740, 80,20 TIXF AN RD b2, 20780 TIXFNAEREN o7, K
IZIREDREBIZOWT 25C, 0CTERELB L L Z A, 25CTiX 60,740 TRRIEMHEDO BV LS, 80
/20 TIMESE 2 F VBRI NT-23, 20,780 TRANABER ENI2 o7, 40°CTIL, 60,740 DHT
FATERBRBD bz, &6ICMBEADORNEITRo7EZ A, 60,740, 80,720 TiXL Y EmEDNEK
HTFICTHATEIRD bT-A3, 20,780 TiX 10,0001 KIEOBHE FIZBWTHLIFAEREINRZD1-
Teo ALDEERMN G, B4 D DMSO/KDREHIZB\NT, BEABIRE, ENUKFAICTINVDBE
RENDZ EHRRENT, BRTIR, BxORFICLVELNT PVA FLDOAERE, ZEHEFOY
Iz OV THHET B,

Characteristics analysns of PVA hydrogels induced by ultra high pressurization
3
YOShlVUkI MIURA Kimio KURITA Tsuyoshi KIMURA Tsutomu Ono , Hidekazu YOSHIZAWA , Toshiya

FUJISAO, Akio KISHIDA(Nlhon Univ., 1-8-14 Kanda-Surugadai Chiyodaku, Tokyo 101-0062, Japan,
Tokyo Medical and Dental Univ., *Okayama Univ., “Osaka Institute of Technology)
2
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Key Word: ultra high pressure treatment /hydrogel

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

OAHEI'. EL#'. NEH . TE

FH. EEMS. BEARK . FEASX’

1EHEHNEHASERHHITEPIRA, 2. ALUXLESBEIZE, 3. BURREFLV I —HARAESKT
28, 4. KRIEXPIEE
OTsuyoshi Kimura', Kwangwoo Nam', Tsutomu Ono?, Hidekazu Yoshizawa?, Tsutomu Furuzono®, Toshiya Fujisato*
' and Akio Kishida'
1. Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental Univ. 2. Department of Environmental
Science, Okayama Univ, 3. Department of Biomedical Engineering, National Cardiovascular Center Research
Institute, 4. Division of Biomedical Engineering, Osaka Institute of Technology

(5~10mm H 1 3D)

1. #8

ME~DANEREFHEAMIL HFBOBERSEYD B,
BETFEAKEL LT, EEFHHLOBEMHEEERICE
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7 =25 —ERnFERARAATT 7T AI KFDNA (pT7-Luc) %
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DNA ~DFEENINC X B, BhASFeikELE (DLS) &Y
B LT,
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RO BB BEINT, BHEBIE CILA 2000 O
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BENT, F7-Dex BXRPEC DBAIE., FTFoRED LA
BROLNELODERBROEETH o, DNA LOHES
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FETTCIIESHEAEREN T, KEZEQEZNMELLEEE
ThBZLBREN:, ABERE T, DNA BLUPVA L
DNA DBEREOBBERLBOEE, BREEOCELIZRD
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Hydrogen bonding i
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Figl. Hydrogen bonding polymer/DNA complex via
hydrogen bond by ultra-high pressure.

Figl. Agarose gel electrophoresis of DNA
mixtures with PVA treated with ultra-high
pressure.
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