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tion.!®) Furthermore, when N, > 0.42, the crosslinking is
assumed to be mainly concentrated on the surface of the
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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
1071° ecm? -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,=0.74 (ethanol/water=9/1, v/v) is
about 50% of that of pure water and 80% at Ny ~ 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 Ny ~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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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 dissclve and expand to
the maximum extent by anincrease 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 (Nj>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 7! 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
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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

5 ¥
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8

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.

Fressure Bipdrodynamic dza (um)
(stm) Peak 1 Pexk 2
1 4+2 624 += 60
3000 k6 2925
8000 K<} ¥ 168 £ 121
10000 25+2 108k 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 9412 and 624460 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 13819 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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images of pT7-luc (A) without
pressurization and (B) with the pressurization at 10,000 atm for
5min.

Figure 2. AFM

Table 2. Fluorescent intensity and DLS measurements of the

pT7-luc intercalated with EtBr pressurized at various
atmospheres for Smin.
Pommc  Flooracent 9 Hydrodyonaic aizz (mm) ¥
(utm) intrrity Pouk ) Pak 2
1 15303 1BVE 16 924 £ 147
3000 15308 118% 16 515+ 65
3000 135%19 100 = 566 & 205
RODO 127 k05 119 7 318+ 123
10000 13024 82+ 58 280 £ 126
%2550 Lo, Mo 60Gom, ' LS mcesesement
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).'0
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: 511lnm, 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 5min in cell-free translation and translation

a0

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

I:—

E

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.

Acknowledgement
This work was supported by a grant from the Ministry of
Health, Labour, and Welfare (MHLW).

References
1. M. Nishikawa, Y. Takakura, M. Hashida, Adv. Drug Deliv. Rev., 2005,
57,675.

S. Kunugi, Prog. Poly. Sci., 1993, /8, 805

4. E. Doi, A. Shimizu, N Kitabatake, in: High Pressure Bioscience and
Food Science, ed. by R. Hayashi, Sanei Press, 1993, Chap. , p. 171;

5. K. Yamamoto, T. Furuzono, S. Mutsuo, H. Yoshizawa, Y. Kitamura,
A. Kishida, in Meeting Report of the Poval Committee, 2002, 121,25

6. T. Kimura, A. Okuno, K. Miyazaki, T. Furuzono, Y. Ohya, T. Ouchi,
S. Mutsuo, H. Yoshizawa, Y. Kitamura, T. Fujisato, A. Kishida, Mater.
Sci. and Eng. C, 2004, 24, 797.

7. T.Kimura, S. Iwai, T. Moritan, K. Nam, S. Mutsuo, H. Yoshizawa, M.
Okada, T. Furuzono, T. Fujisato, A. Kishida, J Artificial Organs, 2007,
10,104,

8. a)J. Q. Wu, R. B. Macgregor, Jr, Biochemistry, 1993, 32, 12531.b) R.
B. Macgregor, Jr., Biopolymers, 1998, 48,253

9. a)G. Q. Tang, N. Tanaka, S. Kunugi, Biochim. Biophys. Acta, 1998,
1443, 364. b) G. Q. Tang, S. Kunugi, Bull. Chem. Soc. Jpn., 2001, 74.
1909.

10. The 10 pul of pT7-luc solutions at the concentration of 20 pg/ml with or

without the pressurization at 10,000 atm for 5 min was injected onto

w

mica for 5 min, thoroughly rinsed with deionized water, twice, and
then blown dry with compressed air. AFM studies were preformed
using the SPA-300 scanning probe microscope (Seiko Instruments
Inc.) operated in tapping mode.

11. S. Danielsen, G. Maurstad, B. T. Stokke, Biopolymers, 2005, 77, 86

12. Two ul of the pT7-luc solutions (20 ng/pl) with the high
pressurization from 2,000 to 10,000 atm for 5 min was mixed with
eight ul of rabbit reticulocyte lysate and incubated at 30 “C for 1 h.
The five pul aliquots were added to a luciferase reaction buffer
(Luciferase Assay System, Promega Co., Ltd.), and the light emission
was measured on a luminometer (AB-2200, ATTO Co., Ltd.,)



Transaction: 644
Citation: Society For Biomaterials 30th Annual Meeting Transactions, page 471

Preparation Of Dna-polymer Composite Using Ultra-high Pressure And
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Introduction

Most of non-viral gene carrier uses either of electrostatic interaction or hydrophobic interaction for
associating with DNA. Here we introduce a new process for obtaining DNA-Polymer molecular
composite via hydrogen bond. In the ultra-high pressure condition(over 6,000 atm), it is well-
known that hydrogen bond is strengthens. Using this characteristic, the ultra-high pressure have

been used in order to elucidate the flexibility-structure-function of proteins1. We have reported the
molecular composite, such as hydrogels and nano-aggregate were easily obtained by the ultra-

high pressure treatment2. In this study, the preparation of the molecular composite of DNA and
synthetic polymer by using the ultra-high pressure treatment and the application of the composite
as gene carrier was studied. The model polymer used was poly(vinyl alcohol) (PVA).

Materials and Method
Electrophoresis molecular marker(100 bp Ladder DNA, and 1 kbp ladder DNA; TaKaRa) was

used as model DNA. Aqueous solutions of PVA(1 to 2x10°5 w/v%) were prepared by using
supplied PVA (Kuraray Co. Ltd. Mw=22,000, 74,800, 176,000, 787,600). The PVA and DNA
mixed solution was sealed in the plastic bag, and pressurized with the ultra-high pressure
apparatus(Dr. Chef; Kobe Steel, Co Ltd.) under a prescribed condition (pressure and time). After
the treatment, the formation of composite was confirmed by gel electrophoresis. The
DNA(pEGFG)-PVA composite was added into culture medium to transfect pEGFP gene into
RAW264 cells.

Results and Discussion

From the result of gel electrophoresis of DNA-PVA mixture solutions with various mixing
conditions. It was clear that DNA-PVA composite formation was observed only when the mixture
was treated under ultra-high pressure(10,000atm). When urea was added to the mixture solution,
the formation of DNA-PVA composite was obstructed even at ultra-high pressure condition.

To evaluate uptake of PVA/DNA composites by mammalian cells, fluorescence Rhodamine
labeled DNA (Rh-DNA) complexed with PVA were mixed with various species of cells. The
PVA/Rh-DNA composites internalized into cells were observed under fluorescence microscope
(Fig.2). It was clear almost of all cells were coloured red. It meant that Raw264 cells uptake PVA-
Rh-DNA composite with high efficiency. These results indicate the possibility of new type of non-
viral vector.
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Figure 1. Schematic illustration of DNA-PVA composite.

A B
Fig 2 . Uptake of PVARhodamine labeled
REGFP (Rh-pEGFP] composites by Raw 264
cals (APVAT1TH (D 5%) (B) Rh-pEGEP.
Figure 2. Uptake of PVA/Rhodamine labeled pEGFP (Rh-pEGFP) composite by Raw 264 cells.
(A) PVA117H ().5%), (B) Rh-pEGFP.

Conclusion
Using ultra-high pressure (over 10000atm), DNA-PVA composite was obtained. This composite is
one candidate for preparing non-viral gene carrier.
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We have studied the hydrogen bonding structures formed by ultra high pressure (UHP)
technology because of hydrogen bonding interaction enphasized under UHP condition. Previously,
we reported the formation of PVA hydrogels and PVA/DNA particles uptaken by cells. In this study,
we studied that the formation of PVA/DNA hydrogels using UHP technology and DNA release from
that. Various PVA/DNA hydogels were formed at different PVA concentration by UHP treatement
(Fig). With lower PVA conc., fast release of DNA were observed, but slow DNA release were
achieved using higher PVA conc.. These results incidated the application fo PVA/DNA hydrogels for
gene delivery.
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Gene delivery using hydrogen bonding polymer-DNA complexes prepared by
ultra high pressure
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Abstract

DNA complexes formulated from biocompatible
polymers have been extensively investigated as
non-viral DNA delivery systems due to their safety. In
this study, a new class of DNA delivery system, which
biocompatible hydrogen bonding polymers (HBP)
interacting with DNA by hydrogen bond interaction
were used, was developed using the ultra-high pressure
technology. The properties and characteristics of
HBP/DNA complexes were investigated by AFM, SEM,
gel electrophoretic retardation and nuclease resistance.
By agarose gel electrophoresis and AFM, the formation
of the HBP/DNA complexes was confirmed.
Additionally, using the complexes of HBP and plasmid
DNA labelled by fluorescence molecules, the
fluorescent cells were observed with a fluorescence
microscope, indicating the utility of the HBP/DNA
complexes prepared by the ultra-high pressure treatment
as non-viral DNA carriers.

Introduction

In recent year, significant efforts have been devoted
to develop non-viral DNA delivery system. Many
researchers have focused on formulating therapeutic
agents in biocompatible complexes such as encapsules,
particles, micellar system, and conjugates [1]. Although
cationic compounds was also used as the DNA packing
agents such as polyamines, cationic polymers and
peptides due to higher transfection efficacy, it was
reported that such cationic substances has the essential
problem of the cytotoxicity[2.3]). Therefore, in this
study, we have investigated the preparation of a new
class of complexes formed using hydrogen bonding
polymers with therapeutic agents for DNA delivery by
ultra-high pressure technology because the inter-,
intramolecular week hydrogen bonding interaction was
empathized with high pressure process [4].

Materials and methods

Polyvinyl alcohol (PVA) having various molecular
weights were utilized as the model hydrogen bonding
polymers (Table). Plasmid DNAs encoding enhanced
green fluorescent protein (EGFP) gene and luciferase
genen under CMV promoter were used because of the
nature hydrogen boding compounds with high

molecular weights. The mixture solutions of PVA and
plasmid DNA were treated under 10000 atmospheric
pressures at 40°C for 10min (ultra high pressure (UHP)
treatment). The properties of the complexes were
investigated by agarose gel electrophoresis and SEM,
AFM observation. The cellular uptake into cultured
cells of various cell lines was carried out using the
plasmid DNA labelled by fluorescent rhodamine
molecules. The cells were observed with a fluorescent
microscope.

Results and discussion

The mixtures of PVA having various molecular
weights and DNA at various mixing ratios treated with
the UHP processing were electrophoresed on 1%
agarose gel. Using high molecular weight of PVA, the
retard bands were observed, indicating the formation of
the PVA/DNA complexes. However, there were not the
new bands with PVA having low molecular weight. It
suggests the importance of the widely spread of the
polymer segment and the entanglement of PVA and
DNA.

When the complexes of PVA and fluorescent plasmid
DNA were mixed with cells, the red fluorescent cells
were observed, indicating the PVA/DNA complexes
were transferred into cells. These results indicate the
utility of the PVA/DNA complexes prepared by the
UHP treatment for DNA delivery.

Table . Various polyvinyl alcohols used.

PVA D.P*1 D.S.*2 M.W.

PVA205 500 88 22000
PVA105 500 98.5 22000
PVA117 1700 993 74800
PVA140 4000 99.8 176000

*1: D. P. :Degree of polymerization
*2: D. S. :Degree of saponification

[1] Vijayanthan, V. et al. Biochemistry, 41, 14085,
(2003)

[2] Kimura, T. et al. Macromol. Biosci. 2, 437-446,
(2002)

[3] Arigita, C. et al. Pharm. Res., 16, 1534-1541, (1999)
[4] Hayashi, R.et al. Pressure-Processed Food, (1990)
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1. B8

VM INABREFRII—IZLHBA~OECFBAICETHEERBELLT. b7
ATV a3 PREFOBMEEAZESFONS, ChET. EEFYVEZAVVEHEN
HEMERBIZLS DNA EDHAKERAVTOMNERENAA SN TS, LALGAS,
EEFICHETLEMEBESLHSSAOYRHEMNBRH IS, BENEICET LIBARI
FEAERTINATIL, BAlZ, 6000 AXZLULOBETIKEICE TE5MEDKFERSDA
WHECEB L. KESAHMEAORAITALTRIBLTVD, XABXOKERSHS
SFTHADNAIZBEWVLTH, KELESEZNML-DNABEENERESh, BEREHERP
BKEEEERENLEREDEINILARY A —ERBIRLEDIHLVBEFRIFI—EL
UBAHTIHEMRZETHLEEA TV D, FMRTIE, HAOKEESHEIFEALT, &
FEEMMICEYFZEEIND DNA KEHKEHEBD F/DNABEHZRARL . ThoDhttsR
HEHBADREGFERAIZEY., FSURTIOV 3RS a—) 50O HEHEIZDOWL
THRItLT -,

2. KRB

KELEEHEPFELT. HADSF
B%HTHPVA.RYITFL VT Y)a— N \
L (PEG) L UTFFXF5> (DEX) r’p.+ Ultra-High
MUz, DNA [Z. $7EF DNA, 7 /\" Pressure
—h—DNA (1kbp 55—). 7S5 R= i !

. ogen bonding DNA PIDNA
K DNA (pEGFP) ZRAlL\f-, HADOR Polymer (HBP) complex

RICHELIKRBAMEBRSFRAL Fig 1 . Hydrogen bonding polymer/DNA
DNA BRZ*EEL. REEXZLEEE complex via hydrogen bond by ultra-high
(Dr.CHEF ; (#)#F M) AT

40°C. 10000 RIED G4 TFRAERMENML - (BBELE), foh-BERLERELE
. ARET TR Lz, KEZAHESF DNAHEKRORE S ILERIKE). #RAZ
ABIZTHER LIz, £z, HEEKYHE. AFMBRE. DLSAIE. CD ARY MILRIE. #%
BoORMEMERRFICEIUNSHEYEERIIL, S50, BEBRE~AOREFIANR
Brau., REFRRAOKMKESEZRHLE.
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3. BHR-ER
BADKEHAUBNFLERLLIBETDNAE
BHEBEL. HEELEEHE LIz, PVA ZALM13
& BEOLBIZHVERSE. aFHBER. YL
LTenEH S, SEMBRICKLY . BBEBETIE
# 200nm O F / HFH., BRBHETIEH 1 umDR
HFABEERENT-, —5. PEG LU DEX OBE
. EFOHHOLENEHLNE-LODERBER
DEETHo1-.DNA EDHEEHEIEAETHO—X
FILEBEABILYRRELE-BER. WThOKES
EMBILFIIHNTEHL. BEEILEL-BETOH
AAFP—HBRAUERRLN, HAKAER ST
A ENBASMEL T (Figl)o £z, PVA TD 1
um OMEIF. FILRIZE T DNA OFEH R
T&Ef, &5I2, KEHKCEBFTHIREFET
TS EAERE Eh L2 EMD, KEES
ENELE-HEARTHD I ENTEINT, BERARR
FTIZ.DNA 8L U PVA & DNA DREHEDERIE
KMBOHES. BESEOELIIBHONEN ST
(#15 7°C) H'. DNA DBETAE L -18 8 (IRLAZ
EEMNER LT (6 2°C) . ThIZBEEEREIC
&> TDNADEBNM TOKEESICELELEL
BEETHRLE—NEL L2 HEEZTHNS,
*1-. DNA/PVA HE&&KTIE. 40~50°CHAD
TOo— KETIEHS 4°COYv—THEEIFBRER
Xh. HEHS 4°CHHAIE DNA ZEoHADREE
<HY, BIEDAL40~50CIIMFTTORBREE
RkHTHY. BSBORBETHLIEEA TS,
AFM SEE2(- SV TIE. DNA $#IBICHEAR. HEHED
SUIEDE FOMMAERSH S . DNA ~DKEHEEMR
ENFOEESHEINTIESIN:, HESRERME
SEBTIE. +HLESREENTSA, £, REHR

- g

Fig 1. Agarose gel electrophoresis of
DNA mixtures with (A) PVA, (B) DEX
and (C) PEG treated with ultra-high

pressure.
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BEEERZ AVEFRERN T/ KBEEESESS FRERD
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ESTEWN KA RER Bk A HE OEILK FE B
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HEHK FB &K

(#E)

PEEHTIE. E - BB BER. RA0HET
B HBENREY ., iz, AILY1vTs FOBK
REGOMI, HHEICHAVWSR TS, FEHIBHE
DOEDELTIE., ¥ R0 BOERIZET B T8
FGA=ED--2¢ LTENIBBRFEINTNS, 7—r v
7. BUKYEREER, 77y - FA - U= AN EER
LT 2 2 L BEL T T 52 2 ik, A
ME D ENSOBEERAOELIZEOEEL, BET
IZEWTIE, BKMERBENSHE Y. KEFEV RN
EnAdZENFEINTVWALL, 2], £ZT, Fxii.
COKFRBAMOBPIIEA L, KEBEERSTF~D
ENHIC L D FBMEFEOMRIZ OV THEF L TWD,
INET, KBEZFET 268G TFTHLIRY £ =1
Tha—n (PVA) ~OEAMMZLY, KEHAE
Lo d JHCF, T SAig K Orks SRS
SIH I EERE L, Elo, INLOMEFRD T »
IFYNRY—VRT L~DFIREERE L. KEHS0
KEFEEHDFTHADNALPVALEDRGFHE~ES
EZEIMULEER,. PYA/DNA#ESKEZEGH, #
fa~OBEFHANEREN[3],

AR CH. WER~DI L DEREME 2 B E
L. BRI F L KB SEES DT OREH~DBm LR
IMZ &N, BRAEIRET KB EIEE S FEEED
AIRHZBL TR L, SRR & L TIE. A R X
PTREAL R (HAP) #8IRUL7, HAPIZ, U
AN T LDFERETHY, TOEZITHHZ Eh0HAL
HEESENEL. BRLY A =TT HELTHD
LNTWD, ZAETIIH2E. HILLWHAPODG /I
FALEZRIE L., FirOEnTFLOBEEMEAH L TE
Too AL, MIA~OFEWHRTMEFL, £/, W5
SRR DARC L ERELTERI4].

(%]
KERBEUESE BT ELTE, PVA, F¥R T
(DEX), #VxFvoya—n (PEG) Rt
(F1), BicHApIR, vfoxz=ya L qhlldk
WAREL, EORBESABeD A —L (50~4
00nm) DF /HApRFEFL, i, MigdtEdmil
Eo)F /HApRFLMHELL, 7. > /HF%8F
L7=P VAR 2RSS0 RIREP V AKEE(O.

01~1%) ¢+ /HAp#HET (0. 01~10mg/ml)
e DEETRA L. BEELFEE (Dr. CHEF ; (BR)
WEMEERT) (2T40°C, 1000 0RKECHERMM
JEL 7 (BHEEAR), BoniRATEE BHiRE L UBAM
BT THEL., SEMBE. AFMBZ, FT-1 REE
LR T o RIS HAPEANA Fu ¥y
NEEROT-S . BIREPVAKEBIE (53%UE) &7
JHADPHIT (0. 01~10mg/ml) #fx OHE TR
L. EEELEEIE L. 35, RIRBAKOKERE
EMBmAFELTHi~DODNA (F7 X2 FDNA, ¥
SHEFDNA, tkb 7 5—DNA~<—Bm—) Z#8IRL.
DNAKEES LEXDOPVA, T /HADIRBIKLES
L, BEEMREHEL, ZHORORF, N Faii
FEMELL, DNALOEAEBRICOWTE, FVE
RUKINC & B F = FILOBIE,. DNARGESOR
SHo X vER@ L, EifEedomiasimi:, #la~o
BIEFHAMRET D0, = U AEKOEHETHE (L
929), vvurvyr—Y (RAW264). 7y MEfl
mlazBuv-, 7y MERAESIZ. 7o P REBMF LV
#$L, Ry — UIEE%, B LR ER L,

Table 1. Various hydrogen bonding polymers used.

PVA D.p.¥! D.S.*? M.W.

PVAIOQS 500 98.5 22000
PVAI17H 1700 99.3 74800
PVA140 4000 99.8 176000
PEG 400 —_— 8000
Dextran — — 15000

*] : D. P. — Degree of polymerization
*2 : D. S. — Degree of saponification

(R L BE]

xDSFEOPVAKEGFEET /HApRLFZIR
AL, BEELEBEBELL, BHTEOPVA (PVA
117H. PVA140) #KBE (1%LUT) THW
7B G . PV AR E RIS /R, BT AN RE K
FHILEsN, —F, B TFEOPVALOS T,
o RiF . BEFRESNARPoE, IRSED. H
APVADHFRZay ba—T5 2 L THEEEK
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FHIBTEDL I ERLMERST, B, DNAKZRS
LIZBAIcBWT Y, T/ RiF, k¥ (PVA/T/
HApHIf/DNABARK) BEon. fix DHElE~O
BETEAZToT, vUAT I 077 —VEKMRTH
ARAW?2 6 4HilanHE, DNABEMTII2EETF
BERBOLNRNo2, PVA/DNAEERKBX
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Mol &t DNAZGH Lo A Fabyhks
neEXLNG, TNOLOFERIE, BEEEHFTEMHW
BT & T, BB TR Ty FHMEERESCERT
EARAILEFTLTWS, Honi/ g Fuab v BB
OEFEBLIEREL. AR E e Lz, 5. 48
ISR %O T o MR OBEERIR LM 1 (IR,
SEEM%TIE., T/ HAPR FEFHLRENDPVANA
Fasr (@1 (A) (s, F/HApHIF/PVA
A Ry (18 1(B)) TOESHIBEOEE RN
NEBH LNz, i, HBHEIZES VT, 4 8FEHIEH#E
THHEmofMESsRES oNn: (@1 (C)., Iho
BRIV, F/HApHFOEALIZE AMEEDOHE
& A E R

(aEe)
AT, CEBFEHERRR.
HAER OH L X TITbRI,

A S A

(BEB/X]
1) E. Doi. A Shimizu and N. Kitabatake,
Hayashi (Ed.).

int R,
High Pressure Bioscience and Food
Science, Sanei Press. 171(1993)

2) E. Doi. A. Shimizu and N. Kitabatake.
Hydrocol. 5. 409(1991)

3) T.Kimura., A. Okuno, K.Miyazaki, T. Furuzono,
Y.Ohya, T.Ouchi. S.Mutsuo. H.Yoshizawa, Y.Kitamura,

Food

T.Fujisato and A Kishida, Mater. Sci. Eng C. 24,
797 (2004)
4) T Furuzono, S. Yasuda, T. Kimura, J. Tanaka and

A. Kishida, J Artifi. Org.. 7. 137(2004)

Figl. Fluorescent images of the adhesion
of rBMC cells stained by calsein"AM on
nano-HAp/PVA composite hydrogel after
(A)5h and (B) 48h incubation.
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KEREURAFOETLLELTRYE= Table 1. Various polyvinyl alcohol used.
LT7La=L (PVA) ZBRL. BROSFE. [, DP*  DS* MW
BRIELEDPVAZRAWL: (XD, Chol3HIS5L

) EYRBLTUEENE, 77 B0 B pvaton 100 995 74300
IR ITNDIEIEVARBL, RED PVA140 4000 99.8 176000

HEh-B2DX7r—)L (50~400nm) O+ / *1:D. P. = Degree of polymerization
" . *2 : D. S. — Degree of saponification
HAp HIF 2/ 1. F-. RESBRILEDT/

Preparation of inorganic nanoparticles/polymer composite for gene carrier

Tsuyoshi KIMURA, Kwangwoo NAM, Yuichi OHYA", Tatsuro OUCHI", Shingo MUTSUO?, Hidekazu
YOSHIZAWA?, Tsutomu FURUZONO?, Toshiya FUJISATO”, Akio KISHIDA

(Institute of Biomaterials and Bioengineering, Tokyo Medical Dental University, 2-3-10 Kanda-Surugadai,
Chiyoda-ku, Tokyo 101-0062, Japan. "Kansai University, ?Okayama University, *National Cardiovascular
Center Research Institute)

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

Key word: ultra high pressure /inorganic nano-particles / hydroxyl apatite / hydrogen bond /
composite / gene carrier

Abstract: In order to form inorganic particles/polymers composites, nano-scaled hydroxyl apatite
(HAp) and polyvinyl alcohol (PVA) having various molecular weights were mixed at different
concentration and treated by ultra high pressure processing. In the case of higher PVA
concentration, hydro gels containing nano-HAp particles were obtained. The good cell adhesion on
the hydro gel was showed. At lower PVA concentration, the particles of the nano-HAp
particles/PVA composites or nano-HAp/PVA/DNA composites were formed, which also showed
effective DNA delivery.
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[(BREER]
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rEhiz,

RIZ. PVA/HAp KBEH&IC. DM EEE L BEELRERE LTz, LEEERAKIZ. BSFEPVADES
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Figl. Fluorescent images of the adhesion of rBMC cells stained by calsein-AM
on (A) PVA hydro gel and (B) nano-HAp/PVA composite hydro gel.
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Gene transfection into mammalian cells using PVA/DNA complexes encapsulating inorganic
nanoparticles

Tsuyoshi KIMURA, Kwangwoo NAM, Yuichi OHYA?D, Tatsuro OUCHIV, Shingo MUTSUO?,
Hidekazu YOSHIZAWA?, Tsutomu FURUZONO?), Toshiya FUJISATO?, Akio KISHIDA
(Institute of Biomaterials and Bioengineering, Tokyo Medical Dental University, 2-3-10
Kanda-Surugadai, Chiyoda-ku, Tokyo 101-0062, Japan. YKansai University, ?Okayama
University, #National Cardiovascular Center Research Institute)

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

Key word: ultra high pressure /inorganic nano-particles / hydroxyl apatite / hydrogen bond /
nano-composite / gene delivery

Abstract: Polyvinyl alcohol (PVA)/DNA complexes encupslating nano-scaled hydroxyl apatite
(HAp) particles were formed by ultra high pressure processing. The good dispersiveness of them
was showed comparison with the nano-HAp particles/DNA complexes. Using fluorescent labeled
DNA molecules, the cellular uptake of the PVA/DNA complexes encupslating nano-HAP was
investigated. The intracellular distribution of them was observed by fluorescent microscope. The

high transfection efficiency was achieved using PVA/DNA complexes encupslating nano-HAP,
suggesting the effective DNA release from endocytosis.
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Fig1. Preparation of PVA/DNA complexes encapsulating HAp particles
[(BREER]

F/ HAp HIFHRHDHLMEONA DRERTIE, BETDF/ HAp DEEMNBRES LT, —FH. PVAK
BEA~DFT/ HAp DRE. BERLEIZEY. 7/ Hp DREL-FHMNER Sh. S 5IZDNA DR
BIZBVWTHAEE., TRIIBOHOWGEN o1z, Th&l. PVA [CXD2EEMHMBATENT-, +/
HAp. PVA. DNA B A BB EZREEE L4 R, 1w/ VRPVA BE TITH 1 um OBHFH 0. 1w/VETIE,
#9200nm D F / BIFHIMERH STz, BABETSN/ILLT=DNA (FITC-DNA) ZFL VT, HRRIZ X 5 DNA
DBYRAAERELz, A2 bA—LTHD I VBALIILETIE YOBHLIILORE, X
BMrAREIIhz, —AH. HAKTR. BREIBHSIT. @REBEA~OBRFLIMYRAAMNRTEAT,
Tl BAF UV EBEFEI-—FLETSXIFINAZAVT., BEFREDEEZ®RM L. £
DFEREE2ITTT ., INADADFEIRBRIBOHLNT (B1A)). £=. 7/ HAp/PVA/DNA DR E
BICBEWTHBEFRBRIFTEShGN,- (B 18)), —FH. BEERBIZLYEHL-F/
HAp/PVA/DNA EEAKICE VW TIRRAELEBEREFREANTEA (B 100). BEEFEADZORL
Lipofectamine2000 & E2ETCH - 1=,

(A)

Fig2. Gene expression in cells transfected by (A) DNA, (B) nano-HAp/PVA/DNA
mixture, (C) nano-HAp/PVA/DNA complex and(D) Lipofectamine2000.
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Development of molecular assembly by ultra high pressure technology
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Ly Lok Clear Turbid Gel
FE. T ITFNT=NAN, V-0 h. KRE
. anEREMBUAFREEERICE > THREND
FFEABRRIIFRRAMBRITDODATLS. £0
BEAER. HERRTFRICRIZERINILST
# 8 HBE. pHAXO&EORELENRY
pBWTEAENREND. RLEB. Hr3TFRE
geEEL T BEFETLBEWTHROBEERAR
SEARBEMNBRENZ L "VCHBL.KRES
BEATFAOBEBKEABIIL 2D TREGOER B Rt
EOWTERHLTWS, XA TR. LANZKRE Figl. Ultra-high pressure treatment of PYA solutions
ﬁﬁiﬁﬁ?‘@fﬁ-‘)bc‘:b‘tﬂiu E=LT7hI— 2R at various concentrations
WT, SETEREYTTORS FESHERICEL R, TNENH 00 O FE. TOBRENERE

TRIFETH>EOTHET 5. Tk (B1) , £/, OMENEZABTSHILT
RTFEOHPMNIETHH .
. RBAE —%. PEG. DEXRBnTH., BEBETIRE

AKERBEURBDTFOEFTNELT. HFRORLS HBRAKELABIZIABROELCIERTREARINT.
BUYEZNTIa—-) (PVA) . RVITFL T WTFhLBABHEDOEXETHo%. — 4. PEG/D
I-JW(DEX) . T¥ArTF> (DEX) ZAWE, EXRABAOBEBKELRTIE, AEZHINEK
0.1, 1.0, 10%/KEHABL., BEHINRRELL I, —RiL. EFFRICPEG. DEX0DBAT
Dbz, EHEMER (Dr.chel. () #F BHERR) % OAEHEENOSN TR, SEARZOFVE
AWT, BAOENTRTHAELER{T->. BE SFERTR, BE0ATRAE_HRERENZ,
A%, SEMER. DLSBREIRTHTREGORN o TOZEMS, TOBRRIIBHEICL S DEX. &

Efio . SVWERPEG/DEXDRESKERICHEI ENMNIOS
FROBMIC LD AE_HABRENLEBEAS5NS,
I BREER LD, BEBKELBER., FlelidFRELE

9. EHOEEEERDED. 10%PVABRKIC EWVWZ B,

SEEERENTHAKELERTT-> . AMEHD L EHRIL. BEHBHRFHRRR, ta—I U1 T
RIZHEWEERBREEL, 6000 RELL L THRBLZ CABEHRBEBIUVAFZEHRESHAAGHENEIC
N1 RoFianEsh, 10000 KERBLTIRREHE Kok,

DRVWABDNAS FOYINEenk, Thb%

I0CIZTMBLARR. BRBRICR I EMS, B XH

KEEESENMLEDTERAKTHD ZLARENL. (1] E. Doi, A. Shimizu, N. Kitabatake, in: R. Hayashi (Ed.),
R, B2 0BEOPVAXKBHRICEBEBRKELE High Pressure Bioscience and Food Science, Sanei Press,
(10000 &E) %fT-o7%. BEICLDRIIHREL 1993, p. 171.

BESN, L3 TRABBERNE SN, 0.15TR [2] E. Doi, A. Shimizu, N. Kitabatake, Food Hydrocoll. 5
ERBEOFEETHok. TS EZSEMBRLEE (1991) 409.
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HEHKEMT OXKHFRE -@ELth. BXEBI Z#HEz - EHAX.
MAXBEI A#HE- - 5EFH0. ERtH MBENL- SEY - BEERA.
HESBXKEHT RHE&X
1. #E
Exix, BEERMEBAVEHRRYY T —BEFEORIHICOVWTHRET>TL\S, ChFET. #
BE (10000 F) BIMNIC& Y., RYE=JLFZNLa—/L (PVA) HKFEHEEIZE->TFH/ - T/ OHF.
N FOFLREEND &, Ef-. DNA EDESRICTPVA/DNA AT OBERNERSNLH &
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BROSFEDOKRIIFLTYIA—I Taple 1. Various polymers used
(PEG). THF¥R F5 > (DEX) ZAWLV=(F& 1), No

Polymers Mw
Ff-. ME, BEHE. YYT4M4E, FUERD 1 PEG 6,000
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ToAOBBENMIZ& 2BEREEOBRBICOVTERET 5,
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&Ik -1,
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1. #s

K2z, BEEEHF*AVW-FRES FEEKORARIZBL TRFILTWS, ZNET, XY=
NTa—)b (PVA) KEBBE~OBEE (10000 [/E) ALY, KFEEIZL->TH/ - 17 0%
F. A FuFARBonsdl b, £7-. DNA EDRAFRIZT PVA/DNA ~T oEEMBER SN
B EEBELRE, AFETIE., BEEAMCL2FRLEESZRNY v —BEEOTABUZ >V TH
Lk, AEFLEA28EL, FME LTEEARICAV O TV RS FRBLUCAEDHBRED T %
Fuwvi,

2. ER

DO FEOEYF LY 2 Table 1. Various polymers used
—/ (PEG), ¥ A +Z5 > (DEX) % No Polymers Mw
RAuwiz (k1), £, &, BRHE. 1 PEG 6,000
VYZAE PUERIAVCEART DT | 2R 1 216 8:000.....couereeen
TUERWE, &40 10%WwWNV)KE 3 Dextran 32,000 ~45,000
REFABL, 1 1 0EETEELI-E. 4 Dextarn 60,000 ~90,000
BETHMAE (10000 JE. 10 556, 5 Dextarn 100,000 ~200,000

25C) 2L, BEELEREY. BRICKIBE, S6EHEL (DLS) BIE. HERE. ~EEE
ME (DSC) B THEEOMMMIT 21T o7,
3. BREBE

PEG. DEX OHRABEKR T, BREMMIL2BROT(LIIBRTCIIEAREINT. WTNhLEA
BROEFETH o7, —F. PEG & DEX % IRBTH L BRIIFBAIZELL, ZOBRRBIIES TED
DEX # V- BBILHETH-T-. BHFEDPEG & DEX 2 BAMETH LA _HENRERTEIIL
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