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Preparation Of Dna-polymer Composite Using UItrthigh Pressure And
Application Of The Composite As Gene Carrier
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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 wiv%) 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(pE GF G)-PVA composite was added into culture medium to transfect pEGFP gene into
RAW264 cells.

Results and Discussion

From the result of gel elecirophoresis 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, fluarescence Rhodamine
labeled DNA (Rh-DNA) complexed with PVA were mixed with various species of cells. The
PVA/Rh-DNA composiles 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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Gonclusion

Using ultra-high pressum tover 10000aim), DNA-PVA composite was obtained. This composie is
ore candidate for preparing non-viral gena camriar,
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DN A release from PVA/DNA hydrogels prepared by ultra high pressure technology
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We have studied the hydrogen bornding structures formed by ultra high pressure (UFHP)
technology because of hydrogen bonding interaction enphesized under UHP condition. Previously,
we reported the formation of PVA hydrogels and PVA/DN A particles uptaken by cells. In this study,
we studied that the formation of PYA/DN A hydrogels using UHP techrnnlogy and DNA release from
that. Various PVA/DNA hydogels were formed at different PVA concentration by UHP treatement
(Fig). With lower PVA conc., fast releese of DNA were observed, but slow DNA release were
schieved using higher PVA cone.. These results incidated the application fo FVADNA 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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Furuzono, T, Fujisato, T, Kishida, A"
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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 propertics 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 MNuorescence molceules, the
fluorescent cells were observed with a fluorcscence
microscope, indicating the utility of the HBP/DNA
complexes prepared by the ultra-high pressure treatment
as non-viral DNA carricrs.

Introduction

In recent year, significant efforts have been devoted
to develop non-viral DNA delivery system. Many
rescarchers have focused on farmulating 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 polyamincs, cationic polymers and
peptides due to higher transfection cfficacy. 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 becausce the inter-.
intramolccular 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 cnhanced
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 pressurc (UHP)
treatment). The propertics of the complexes werc
investigated by agarose gel clectrophoresis and SEM,
AFM obscrvation. The cellular uptake into cultured
cells of various cell lines was carried out using the
plasmid DNA labelled by fluorescent rthodamine
molccules. 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 clectrophoresed on 1%
agarosc gel. Using high molccular 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 imporlance 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
UNIP treatment for DNA delivery.

Table . Various polyvinyl alcohols used.

PVA DP* DS*2 MW,

PVA205 500 88 22000
PVAIOGS 500 98.5 22000
PVAILLT 1700 993 74800
PVAI40 4000 998 176000

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

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

[2] Kimura, 7. ¢t 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. ¥E

EYANRABEBEFRAIEA—IZL2BR~ORETFEACEHTIEERELLT. M3
CRTH LI UPHREFOBBEFEAEFLONS, ChET. EERMEZALHEN
HMEEBIZLD DNA EDHEEKREZRVTODREENEALNTLD, LHLEAS,
TEHICHET HHBEES EESROMMEHEIARHES LS, HEFHEICET WK
FEAEREINTEL, ERIT, 6000 AL LORBEEREICETLIMEDKEHEEDH
EEICEE L., KEREAHBEAOERICBHLTEHLTV S, XRHEOKEREENES
DFTHADNAIZBNTH., KEBESEN LI DNAEEAI ERSh, HEREER®
B BEERENLEREDEYIANNARAGA—LIIREBH LVLVBEFRI2—LL
YBAREENEETHEEI TS, EWETIE, BAOKEREEESFLANT. &
BEMMIzLYEREh 5 DNAKRRSHEEN F/DONA EESREARL . ThoOMERE
HEMBPADOBEFEALY., PSR a A Va— o OEEEEIZ DL
THIL

2. =R
KERAUBHOFELT. BADAF
BEHTHPVARYIFLYT YA~ | S N
JL (PEG) B&LUTFHFA 52 (DEX) r”ﬁ + %MHWh
%M =, DNA £, 7 BF DNA, < f\w ressure
_ﬁ_DNA (1 kbp 7 @’_)‘ j5 AS Hydrogen bonding
K DNA (pEGFP) %Rz, BADE | poymerpiep) ONA co%mﬁ

BIZABLEZKRBEEEEI>FERE . .

ig 1 . Hydrogen bonding polymer/DNA
DNA BEEEAL. BEZLEREE complex via hydrogen bond by ultra-high
(Dr.CHEF ; (Bh)y®F SIfT) zRWT
40°C. 10000 [IEDSEH CRRERHMENML - (BBELE), Foh-BEEILEREEE
B OEMETCTRELR:., KERSHES T DNAEEKROREZ 7 IVERKE). B2
REICTHELE, £, Eo&YHEE. APMBER. DLSJIE. CD ARY MLVRAIE. #
o REETERBREICL VESEKDEERE L. S5 BEHEE~DEEFEAR
BETL. BEFREORBIKRFEEZRETL..
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3. BHR-EBER
HWARDKEEAUBNFERLGDBET DNA B
BERBEL, HEELEZH L, PVA £BULV-15
. REOLBICHEWVERB®R. BEBRE. YLt
EEEAEH LN, SEMEBRICLY, BEBETIE
#9 200nm OF / FFH. BRABETIEH 1 umDH
WMELNERE SNz, —H. PEG $& U DEX OB&
&, BETOHEOLERESRRBO oMzt O DFEBBR
DEETHHT=.DNA L DESHEBEETHA—2
FLBRABICKYRRLLER, WFhokEiE
EMESFICENTE, BEELEL-BETOH
RAAT—=HNR EARRELh, BEERLSBREIATL
B ENBEHLMEN T (Figl), £, PVA TD 1
um OWHIF. FILRIZE WL TH DNA DEFEEH R
T&E, 612, KEBEAEFFTHLIRFEFAET
TIXERAN BRI G2 M, KEES
ENELEESRTHL I ENTENS, BBRLERH)
ETIX.DNA B KU PVA & DNA DBSEDHBEIT
RUBOEE. BEEREOELIIBOH OGN T-
(95 7°C) H'. DNA DEETLIE L -1B & I(ZRAR
BEALERELE (W62°C) , ChiZBEEQEIZ
& 2 TDNA DEENE TOKBRERITEILIEL,
BEIINE=LB 2= EEZTEND,
F1-. DNA/PVA HEKRTIE., 40~5 0°CHED
TO—FHEEEENS 4COY vy—THEIEAEHE
Sh. %BEHAB 4°CHHEIE DNA —ESHADREE
THY, FIED40~50CITMNTTOREEEL
RHNTHY. HEKORETHLIEEZ TS,
AFM BEICH W TIL. DNA SHIBIZHEAS, HEKD
HIBDOETOEMMED 5, DNA ~DKELESNY
BRFOESHENTRRSIN, HEEHEEERETY
HETE, TG EIMENTRESh, £, BiEHA

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

RS - BRER TR, BBIrBBRFETCEYMA VXA~ L2 TH+OAE
B BEFREESAFTESNEZ, ChokY, REMOBEFEAOTESENTREINT-,
bz, BADKERESHE S F/DNA HEKIZL ABERRAOBEFEAIZONT

LHWET D,

4. BiEt

AHRIE. BEFBHERETRE, UHHEEHERARBEORME R THHONII,

— 96—
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BT, - AR BER, ARSTFET
EECHAISABY, fIziE, ALFAVvEY FOER
REROMI, BEICAVWLNRTWS, 5B
DOEDE LT, ¥ A0 BEOECBETHAES
5 A=A D—oL LTEABRNENRTND, 7—ur
7. BKMHEER, 77 TN U—NVAHRER
N UTHEx i L e ET 24 7 HiX, ESF
MLV ENOOMEEROEICLVERHL, BET
RRWTH, BUKEREEASEE . ARBENWHA
AT ENGEEINTVWALL, 2], 2T, Fhixid,
TOKEHAHOBRAEE L. KERENSLSTF~D
FEHEIMC X B FREEROAIBIZOWTRITLTVD,
INET, KBEEZFETHARBATTHLIRY =1
Faa—L (PVA) ~OEHEMC LY, KFEEEE
N UTeF IR, BT, Ak oks RlEEnEg
bRAZLERELE, £, ZhoofERO N v
FFYNY—TAFA~OFBEBNE L. RAHKD
KEHABIFCHEDNALPVALDRER~ESE
EEFMLEEE, PVA/DNABEAEEGELN, M
~oREFEARERENE(3],

AR TH, HEE~DS LR BHENEE BN
L. ST L AREAERS TORER~DESER
M kY, WRAEBENT  KEREMRLTFEAGD
AL THRE L, SR L LT, N FeF
. VT FA b (HAP) 28RLUL, HAPHE., JUB
AL LDERETHY, BORFITHLHILNDE
= EEAMREL, RLY AL AT YT AL LUTRY
bNTWB, ThETIEHAE, FFILOWHAPDTF /KL
FlhiExBREL, BvOBSTFLOBEMEABHLTE
. BEWIE., BE~OHWRAIEERL, £k, &Y
FogterEbRn i b ERELTERL[4],

(8]

T OREREMEESFELTIE, PVA, TXAIG YV
(DEX). RY=FLvsya—n (PEG) 2RV
(F1), AVEHADH, ~(27uameAda ikl X
DERE L, BEOHEShIBeDRr—L (50~4
00m) OF ) HApHFEB, £z, RRDERL
EoF HApHTFLMELE, £3 7/ HFLEH
TP VAR T EEHT 2720 [RIBEP V AKIER (0.
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HEEEEH 2 AW ST ERL T KRR G R T RRERO

| T & 4 2
RE#HX OKF @l REHEX B L R KR #—
5NN X9 ORER EILK AHE HE FLK EHE B
EEEH MM EL EEEN SE # EEEH R R

01~1%) &+ /HAp#F (0. 01~1O0Omg/ml)
4 DOEATRA L, BEEAEER (Dr. CHEF ; (BR)
MEQEERTD I2T4 0°C, 1000 0RETHERMNM
EL7 (BEELR), BONBEETEE BB L UBK
#ETFCHEL, SEMELE, AFMBE, FT-1RRE
ILL ORI R 1T o, RIC, HADERNA ¥
N ERO YD, BIREP VAKSEE (5%LL) &F
JHApHT (0. 01~1 Omg/nl) &5E2DEETE
&L, BEELEAE L, X610, REKAKOKRRE
AMESFLLTHEAODNA (523 KDNA, ¥
7FBHFDNA, kb S¥—~DNA-—H—) EBIRL,
DNAXKEBIEE® LFRBOPVA, 7/ HApBRIELBRE
L., BEERBEHEL, ZROROBT, N FaiL
E{EM L7, DNALOBEEEBRIE >V TR, FVE
KK & B 32 — B LOBE, DNARGEZEOR
FHo X DR L7z, ERREAS MBS, Mg~
BEFEALBRMT B, v U REKOHHESEMIE (L
929), v7u77—Y (RAW264), 7y hERE
MRz RWE, Iy MBI, Ty PXRBRBELOER
#BL, ER v —VIBREE, B LTHREBER L,

Table 1. Various hydrogen bonding polymers used.

PVA D.p.#! D.S.*2 M.W.

PVAI105 500 98.5 22000
PVAI1TH 1700 99.3 74800
PVAL40 4000 99.8 176000
PEG 400 — 8000
Dextran — —_ 15000

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

[REReEE)
fxDHTROPVAKEREF/HADRIFZIR
AL, BRELBEE L, B FEOPVA (PVA
117H, PVA140) #ERE (1%LLT) THW
7oA. PVARKRERBCT /RF, BT RER
FHEELNEL, —F, BRFEDPVALOS5 T,
F I BF, BEFEEOhEhok, Thbhy, A
APVAOHFERaY bu—NT 5D & THAERA
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R TED AL oT, £, DNARES T.Fujisato and A Kishida, Mater. Sci. Eng ¢
LeBEICB Ty, F /8T, #F (PVASF) 797 (2004)

HApHIF¥/DNABEAE) NELH, Hx0l~D 4) T Furuzono, 8. Yasuda, T. Kimura, J. Tana
BEFEANEIT L, 2UAYI 07 7 —JHHBTH A. Kishida, J Artifi. Org., 7, 137(2004)
ZRAW2 6 4HIIADKEA, DNABMTIIL BETF
REABRO oo/ B, PVA/DNABAELE L
UPVA/T /)HApRF/DNABAKRTRETHE
BRHONE, —F, Ty FEHEHICRENTIE, PV
A/DNABGKRCHBEFRANROONT,. PVA
/T /HApHF/DNABASKTHEE BB FREMN
REaNi, INOLORFERIL, RAW?2 6 4 Ml ARRE
BBV, AETREBEFRANTRISNER, —FHDT
v MEEMIRIE, HEEVWRREETHBTHDPVAS
DNAMBAKETHIREASBDOLNT, PVA/F/HA
pRF/DNABEETIE, HAp DBEVETaS M &
T RYAL P—VABRBCTOpHETICLAHA p DR
RIS =0 K Y — AEO D ICHEBEFREN
AObLNEEEBLTNE,

BIREP VABK (5%LL) ~0BBELEICE
WTIEHBEEDO N, FaFfARB LR, PVABIKORE
LHIHES A FuFrohZhmEomENRENE,
/2. DNADRASRIZBWTHEEBDAA Fa s
Boh, FAODNARBKTELLEN A KrF Ly
s LR, FRRCRESAENA FuFfAnBoh
oo PVANS KafAoBaizidizéAltashnsy
hofel bbb, DNAZEH LIAA FufuiEs
NiEEBZLND, ZThOORERE, BEERHZBV
BT ET, B - FHAAT ) v FHBE AR IR T
EDHTEERLTVB, Boing Rl Hickkia
DEFAMIDLEE L, MR E R L, 5. 48
IERNEREO T v MEMAOEERRELE 1 05T,
SFER%ETIE, 7/ HADKFEEHTLAEVP VAL
Fasr (B1 (A) &k~ 7/ HApHEF/PVA
A Fadr (B 1(B)) TOREEMEOY S/ 1M
BPROONE, Eiz, BEICBVWTHE, 4 8MERREY
THaziaomERRELLhE (01 (C)), Zhb
BRIV, 7/ HApEFOESIIC L DD S
& A E SRR

(e
AWEE, IBHEEHERRR, EEHHERs
MERDOFHBIE R TIThhis,

[(B&#Hx] . \ .
1) E Doi, A Shimizu and N. Kitabatake, in: R Figl. Fluorescent images of the adhesion

Hayashi (Ed.), High Pressure Bioscience and Food ﬁij&l\}/&pfggz S::gl:gsj:?g ﬁ?{f:;gefl\gf;r;
Science, Sanei Press, 171(1993) (A)5h and (B) 48h incubation.

2) E. Doi, A Shimizu and N. Kitabatake, Food

Hydrocol. 5, 409(1991)

3)  T.Kimura, A Okuno, K. Miyazaki, T. Furuzono,

Y.Ohya, T.Ouchi. S.Mutsuo, H.Yoshizawa, Y.Kitamura,
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+/ BEBETERALE-ERESEPVA/DNABESRKIZLS
HE~OEBETFHA

(EEEX 48  OXN B, ¥ L
(BAEKX I) KX #—. KA RE

(FElk BBET) Kit BE. &2 £0
(EfEtu) FEE Esh &8 M. BE &3
(HEWX £HB) BB &%

[#E]
EBMBA~DREFEZEO—-DTHHY VEANL VI LKL, RENOBETHDOMEEND
ALWSATLAS, LALEAS, BLBEMEESLUTOSMORMSICE HENTRIENRBEE LT
FEFSATWLS, CAET. FAZIE. RUTFL o) a—LERYVFANSEUEMILEDTO
v HHBEEFERLT, DA &Y CBALLY ARERERET ENELESTT/ S L EWH
L. A1) = DNA, siRNA O#IREPIEZIZRTI L TLV A, RBFIRTIE, V) VBEhIL L LOWRESIEIZ &
LEGEFEANEORLEERME L, HRIE. o1 XERICHMENng FOFOT R84+
(HAp) B RMIFZERALNT, BSEENIEIC & 5 HAp #IF £ A L /= PVA/DNA HAEDBREIZ DL
THH LI, T, BEMEA~OBEEFEACDDTLRHLLOTHRET 5.

[=E]

DFESSVBRCEDRLD PVA #ALV:, ThbFIIL B KYRBLTWE N, 71
HOTIAD I RICEY, BB SERIEE. Y4 XAHEShiz Hp BFERELL DAL LTS
SZE FDNA. S B F DNA. 1kb 55 —DNA v —h—E L iz, A DREICIRE L 7= PVAEKIC HAp
HPERAL, BERQEEHT LT Hp HTFESHMSE, EHi2, FERED N KERER
&L, BEIQEEE (Dr.CHEF ; (%) #PWERT) £ALVTI7°C. 10000 RE. 10 AHOBETLE

Gene transfection into mammalian cells using PVA/DNA complexes encapsulating inorganic
nanoparticles ’

Tsuyoshi KIMURA, Kwangwoo NAM, Yuichi OHYAP, Tatsuro OUCHIY, 8hingo MUTSUOG?,
Hidekazu YOSHIZAWA?, Tsutomu FURUZONO?, Toshiya FUJISATO?, Akio KISHIDA

(Institute of Biomaterials and Bioengineering, Tokyo Medical Dental University, 2-3-10
Kanda-Surugadai, Chiyodaku, Tokyo 101-0082, Japan. UKansai University, Q)Okayama

University, ¥National Cardiovascular Center Research Institute)
Tel&Fax: 03-5280-8029, e'mail: kimurat fm@tmd.ac jp

Key ward: ultra high pressuve /finorganic nano-particles / hydroxyl apatite / hydrogen bond /

nano-composite / gene delivery

Abstract: Polyvinyl aleohol (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 cbserved by flucrescent microscope. The
high transfection efficiency was achieved using PVA/DNA complexes encupslating nano-HAP,
suggesting the effective DNA release from endocytosis.

Polymer Preprints, Japan Vol. 54, No. 2 (2005)
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Fig1. Preparation of PVA/IDNA complexes encapsulating HAp particles
[ER &5

F/ Hap BFEBEHRHDHLIE N DRERTIE. EFOF/ Hip DEENMRRIN-, —F, PVAK
BEAOF/ Hp DRE. BEELBIZLY, ./ Hp ORE LI #BlEh, =512 NADE
ElZBNTHEE, EREBHIhEL 1, Th&l, PVA IZ & HELMBHMBENTRS NI, F/
HAp, PVA, DNA RS RE S IERELIE L AR, TwAKPVA R TIHE 1 m OBETHE. 0. lw/ VoG,
9 200nm DF / HFHFER S iz, BHEERT T I L1 DNA (FITC-DNA) FRANT, @RIZXL S DNA
OIRURHEREL, 22 bO—LTHS Y LBALDHLETE, ULBALLSSLORE, &
BRI, —F, EE4%CIE. BEFREOLRT, ARARE~OWRE L RYAHSNTEEINT,
Flo, BREVAVEEEFEI—F LTSRS FONERANT, SEFRENESRIL, 4
OERzE2IRY ., NADOADIBSEHRBLERO AT & (W), £i=. F/ HAp/PVA/DNA (DR &
BBV THEEFRBERIWAN > (B 16B), —F., ESELEIC L YERL fF
HAp/PVA/DNA BERIZE LW CHEELEERFRENTEA (B 10), BRFEADNEDRL
Lipofectamine2000 & FIRBECH-I=.

Fig2. Gene expression in cells transfected by (4) DNA, (B) nano-HAp/PVA/DNA
mixture, (C) nano- HAp/PVA/DNA complex and(D) Lipofectamine2000,

5200 Polymer Preprints, Japan Vol. 54, Na. 2 (2005)

76



3X01

BREZRI-&ST/ BERF /BT LRV Y FORBLE
BEFFUYT—~OHRA

(EEEX EMT  OXRH Rl B 546
(AKX I) K& #—. XA RSB

(ELx BREET) R WE, 5 F0
(B B Eh, HE M. BE #3
(RE#EX £#UH =REE &K

[#E] ,

ik, HEET (6000 RELE) B 2MEOKRHEOMBIEIIEL. ESEXICTEDK
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EEEMIzLY, FAHEF. MHETF. FLTAS FOSUAREShAZ L E#BLMNILEz, ARFR
Tld, KEREGUESTFESAR~OTLOBEEDNEEENELT, F/AF—LONT FOX LT
/88 4 b (HAD) B IR L A REAUERFLOa VRS Y FOREIZOLTRE L7/ Hip 0%
Bl & AMEAEANE. HPEUESORESRFETES. T, REAOKEREEEFTFTHS DA
AL, +/ Hp EKRREHESHFISRIZANRI LRIy FORE, o1, Thoday
AL FOMBASHMEES S UHEADBEEFEZEFRFLOTEDLE TRET D,

(=821
KEREREELIFOETLELTRYE= Table 1. Various polyvinyl alcohol used.
f— M LY =
NMFRI= (VA EBRL. BADAFE. DR DSE MW
BILEO VA ZRLE (FD. ShaEsIL
PVA105 500 98.5 22000
(#R) & WERHLTUR M, F/ HAp 1%, PVAI17H 1700 993 74800
TAOOITNY g UEHICKYBEBL, BEe  PVALO 4000 99.8 176000

HIEE N BADRAT—N (50~400nm) ®F/  *1:D.P.— Degree of polymerization
. , #2 1 D. S. — Degree of saponification
HAp #F 81z, Ffz. BUSHELEDT/

Preparation of inorganic nanoparticles/polymer composite for gene carrier

Tsuyoshi KIMURA, Kwangwoo NAM, Yuichi OHYA", Tatsuro OUCHI', Shingo MUTSUOY, Hidekazu
YOSHIZAWAZ, Tsutomu FURUZONO?, Toshiya FUIISATO?, Akio KRISHIDA

(Institute of Biomaterials and Bioengineering, Tokyo Medical Dental University, 2-3-10 Kanda-Surugadai,
Chiyoda-ku, Tokyo 101-0062, Japan. UK ansai University, H0kayama University, INational Cardiovascular
Center Research Institute)

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

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

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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HAp #FH BB LTz, PVAKGERE T/ Hp T AR A LNESTRE L, BSERIZEE (Or. CHEF
) WP BUERPT) 1= 40°C, 10000 RIECATERMME L (BSENE), Bohi-Reas 8
BIORBE T CREL . SEMREE., FT-IR BB L UYMERT AT o1, Hi, RARBROAER
EHESFELTONA (FFRE FONA, Y4 BF DNA, Tkb SH—DNA =—Hh—) EEIRL. BAD
REECONA KR, PAAERES LTS/ Hp ZRE L., BEEREEM U, DNA & OEEHERE
ZDLTHL FABEREC 4 — L B LOBESORMET > THEL, 3B/Z, T9RE
FOSHEFMEBA (L929), =40 27—2 (RMW264), S v FBEWEMA (rBYC) ZHAWNT, HAp/PVA O
LIRDw B KU HAD/PYA/DNA T W RE w b ADMBER 1 & BEFEMIONTRE L,

E=1 ¥ 1=
BaOKFED VAKERL T/ Hp £ 4 L3E8TRESL., BEERELL, S5TFE0 PVA
(PYATITH, PVAT40) &RiREE (8%2LE) CTRLVIBE. Nt FOFLAELH, KEBE (WUTF) ©
(&, T/ 8F, BRTFLMEGRE. —A ESFED PVAIOS IZE LTk, N1 KON, MR
Shiadol, ThibdkY, ALAPVADGFELLUREEZDL FO—ILF 32 & TIEERBRS
HMCEH T &¥bhotz, LETCHLAING FOFL LIHBOSEEMABEL . MRk
ERE L Tzo 6 BFBELO rBIC OEBERREE 1ITRY. +/ Hip 2&FLEL VA AL FOYL
(B 1A 12k, 2/ HAp VAN EOAL (B 1 (B)) (ZH LT BAES B0 A
b, iz, BFIZBVWTHHAOHEBLEH LR, TADLY, F/ Hip Io & ZHEEED SR
TEhtz,

K. PYA/HAp RFEIZ, DNA #RE UEBERIESEL -, LREFKC. S9TE VA
B, MBECNA FOFLR, ERECHTINELNT, N ORHL, N FOSLCiTedE
Z. HFCHARRBROBEOT HO— RS LESREICE YHIELT, /N FOFILTIE, DI O
THERENRTREIN, £z, PHO—RFLBEXBZHINTEHNAOA L EAERTE-, chi
kU, T/ Hp VA DNADERDBERAR RS FOBENRINT:, RECL. BEERE
RAWERFEAMI DL THEMIZRET 5,

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.

Polymer Preprints, Japan Vol. 54, No. 2 (2005)

78



10)

HEEKELEICL B39 TFREGDORRE

O AKRB, dLEM# CGRESKEMT |, AN@HE 8% (MUAREETD
BEASR (RELH , RRREE CHESXAEMYD

Development of molecular assembly by ulira high pressure technology
goshi KIMURA, Kwangwoo NAM, (Tokyo Med. Dent. Univ.) Shingo MUTSUO, Hidekazu YOSHIZAWA (Okayama Univ.)
Toshiya FUJISATO (National Cardio. Center Res. Inst.), Akio KISHIDA (Tokyo Med. Dent. Univ.)
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Turbid Gel

Clear

Figl. Ultra-high pressure ireatment of PVA solutions
at various concenirations
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[1] E. Doi, A. Shimizu, N. Kitabatake, in: R. Hayashi (Ed.),
High Pressure Bioscience and Food Science, Sanei Press,
1993, p. 171.

[2] E. Doi, A. Shimizu, N. Kitabatake, Food Hydrocoll. 5
(1991) 409.
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(PEG) . THR F 5 (DEX) ZFLM= (] 1), No Polymers Mw
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“Preparation of novel multicomponent polymer structures by ultra high pressure technology.”

Tsuyoshi KIMURA', Kwangwoo NAM', Yoshiyuki MIURA?, Kimio KURITA, Shingo MUTSUQ?, Hidekazu
YOSHIZAWA *, Masahiro OKADA®, Tsutomu FURUZONO, Toshiya FUJISAO®, Akio KISHIDA'

( lTokyo Medical and Dental Univ., 2-3-10 Kanda-surugadai, Chiyoda-ku, Tokyo 101-0062, Japan, >Nihon Univ.,
*Okayama Univ. “National Cardiovascular Center Research Institute)
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“Preparation of novel multicomponent polymer structures using ultra high pressure technology for biomedical
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