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BETFEAEDO—DELT.DNA LY DEANS I LDKEBIZE DY CBEANV D Lk
NHD. BENMDEKIANTITADIEMNS invito [ITTIRIESFIHEINTVS, DNA-Y) >
BV WERIEBROO/ERRIE pH IZIKTF L. 18/ pH 29E. EIRBFRIC K D15 S N 5 iRk
DYAXMRES R D70, BETFEASROFRMEIME, ZOMEIZHL T, Kt
BRI LDHEMILDESERENBE BRFREZDEOMEICKHIL TWS[1].—F4
A, B ABROZTNTNOMEEHEHOBR I Ky FOMIENERIZTD
NTNDS, BETRZI—IZBWTIE, FESA. E2FIENVONKZIZBWTY CEHI
UL EERIE, HIRANOBEBTEAICKNILTWS[2], 2IZTE. T RYA h—
VARBOpHIE FICTU CEBAN S D LKRDEHRIN BERE avIIZLBT Ry —
LORE. BB FOMBMERBITARBINTWVS, AMETIE. B B TI Ry
FORBEE L TEBERINEEZEAL . BEMBEEL TEIF/ A5 —ILONL ROFT 7
NZA bk (F/ HAp) ZHWT. EH &S5 FI1 Ry MILAHBEADOEBEERTEAIZD
WTHR L 7=, BEERINE T, MEBOKFEEENHERBAE I N, KEHEEGHERS T & DNA
DEEILEN. £/, #EEIZFH/ HAp 2T 5 2 ETLEDEEIZTTZ RY 1 h—2
AMS DEHNEEIND EEZSND,
<EE>

RIEZITZILa—)V (PVA) 2RV, HApid. 120X NP3 JikIZK0OHEL.
Hiz DA —)b (50~400nm) DF / HAp #1487, Bz & LTI, #HAY >NV EBERTF.
HE5WIN T2 5—FEETFEHETHT7T7 A3 K DNA, Y7 T DNA £/ /=, PVA,
PEG. DEX Zfi 2« OEEIZFASLL . 0.01~10mg/ml O HAp 5. DNA Bk & k4 7285 TR
al. 10000 5E. 10 AMMELZE (BEEdd), Son8BE /S5 F32R2y FOY
fE%. SEM 8%, B|XUKk#EE. DLS #l&. DSC #ilig. CDO P&/ D4 DHFIZTHRETL
o MilBEL T, L929. RAW264, MC3T3. T v ME#iMIEER W, Zh s OMREANDHE
GEFEAZMEFET T, #SARERE. Vo7 5—URMEREICKDFEmL. £
7. MIRNEEEIZDOWTIHNA T XIMEDNAZR W THARMBREE{To7-,
<R B8

7/ HAp Z PVA LIRE L. BHFEWUET S I ETHELEOSE T/ HAp—PVA BH#H1E
53, DNA Z@EmMmiE, BEELEIZE D/ HAp/PVA/DNA EEHENESN. BEHN
LEAHKIE. AVSPVABEIZKEL., KRBETIZS/ - <17 0kT2, SBETNA
ROZ IS S5 7-., DNA/PVA/HAp HEAED SEM BBIZK D, REBIUAIEAD HAp
SHVERIN-, BETEMZRAWAI LT, B/ S92 RSy bE2ESITHERT
ELHIELEERLTVD, HHAETNIEDNA ZHWTH FIROBESERDHRANDH D ALK &M
RANBEEZRETL 2. ’0% 1FRTIZ. 3/ HAp 28E L7V PVA/DNA #EK. U B
71V INIDNA #OGRIZEE X -/ HAp/PVA/DNA BEA O ZRHRNEA N RS N,
4 BHRICBNTHTOEABKRFIIMEBINS, £/-. 7/ HAp/PVA/DNA BAKDIES
. BRETRBEOEBRmLARINAE, LhAL. TRROBRETEARTH S
Lipofectamine2000 {2k L TIK< ., B A LENLETH D, —H. SBEONT Ras )L T
BB REEIZL D DNA OB ERI NN FOZ ) LicEEo s =ik L .
Bt 2B LR, PVA 7))L LT3R ES 38R I NT, HApEHE PVAXILIZH
WTHERAIREZEENZD S, ZONT ROX VL BBETEAIZDOVLTHHMET S,
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v Ry —rEEHREZ B L
+ /) HAp/PVA/IDNA BHEEKIZ L 2B FEA

RESHKEMT  OFLEE— - AHE-BEEE  BRLUKRERL S#HE - SEHM
EE v  FBIEL - hEth - BREAR REHEAEMT  FHAR

BE] i3, BEELBIZLIVBER LRI E=AFLa—1 (PVA) & DNA OfE&HEE AV
HRR~OBEGETFEAZRETL T 5, PVA/DNA EAEEORRNEZIIZR INHB, +228IEF
RRIIBDONEoT, FI T, TV FY—AOHREREX BfS L. & pH THMEENA /M Fo
XVTREAL DT I RFEEATD T ) HAp/PVAIDNA BEKEER L BETFEADEOMR LR
RENTe, AFERTIX, BRBZ2VFY—LERHRE L BETFEADEROMELZBIEL, BHEORR
% HAp % v /- HAp/PVA/DNA #&&IZ X 2 BEFEZEII OV THRE Lz,
[RRR) FTRBLUBEMEDRZ:S HAp %AV =, HAp
RE. 7HABEHORELEZTY., BHELBEE
(Dr.CHEF ; (BR)# = 848AFT) % AT 37°C. 10000atm @
BEELREEZE L., 7 HAp/PVADNA #&42EB-, &
LNT-BEHOMEE T - ETHEMSBIE. DSCAIEIZT
FEMT LTz, COS 7 MR ~DBEEFFEICDOWVT, AT~V
{tL7=75 2 FDNAZRWTHRI L,
(BRLER] BITELAERL 2040 L%, BiEE DNA BK
WCRALEBRCROBEESEREOND Z L BHAL M
& 7257, 8 b7z DNA/PVA/HAp 44 SEM 8182 Ti,
FEB LOCNEH~D HAp §ABHR I, BT~k , .
DNA # Aol E Tid, HME 1 BRIV T HAp A :

88 L2V PVADNAEEGHK, VU BAINT T ADNAE
BRI~ HAp/PVA/DNA BAKDE AR E /RN E

Fig. Gene delivery into COS7 cells
using (A) DNA, (B) nano-PVA/DNA (C)
nano-HAp/PVA/DNA complex and (D)

ADERR I, 24 FFERRICBWTHEABGFIIME S calcium phosphate/DNA complex.
7= (K ZNBOFRIY., HAp IZ X2 BHOHIaNXEE

BRENT,

Gene delivery using nano-HAP/PVA/DNA complexes promoting endosomal escape

Yoichi NIBE!, Tsuyoshi KIMURA! Kwangwoo NAM! Shingo MUTSUO? Hidekazu
YOSHIZAWA?, Masahiro Okada3, Tsutomu FURUZONOS3, Toshiya FUJISATO3, Akio KISHIDA!
(Institute of Biomaterials and Bioengineering, Tokyo Medical Dental University, 2-3-10
Kanda-Surugadai, Chiyoda-ku, Tokyo 101-0062, Japan. 2Qkayama University, 3National
Cardiovascular Center Research Institute)

Phone&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: We have researched gene transfection using hydrogen bonding polymer/DNA complex
prepared by ultra high pressure technology. In this study, for effective gene transfection, we
investigated the preparation of nano-hydroxyl apatite (HAp)/PVA/DNA complex including
nano-scaled HAp particles promoting endosomal escape. Gene transfection was carried out using
fluorescent labeled plasmid DNA molecules. After 1hour incubation, the effective cellular uptake
of HAp/PVA/DNA complexes comparison with PVA/DNA complex and DNA was observed by
fluorescent microscope, and then high transfection efficiency was achieved using HAp/PVA/DNA
complexes. These results indicate the effective DNA release from endocytosis.

Polymer Preprints, Japan Vol. 65, No. 1 (2006)
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PEG/ZHEDKE_MRA~DOBEHELRBIZ L 2FEBEEORR

BRET O-H#HZ - FHAKR XREEKEMBE AFHRE - BLH,
FILKRERT AgHE - 5EFH BEHEEH BBIEL - HEf - BEAEX
REHKAEMP FEBAEK
<EE>
Bx iBBEEER T BV =FREBEE0RIC O VW THIEER{To T3, BEELEET TR, AE
HENBAINDZLICEFEBL, ZhE T, KERFEEGA T THHIRY E=LT a3 —/L(PVA)~D
BEEEMZEY, &/ - 270hiF N FeFXAREREND 28BS L, AFETIX, B4
D5 FED PEG/HEAE _HRDES FREBBR~DBEELEIZL S, FILWSHEOZRY ~—HE
EKORBIZ OV TRET L 7=,
<FEE>
HeDORFEORY) F LY a—/(PEG, Mw:6000, 8000), 7 ¥ A b F (DEX, Mw:60,000~
90,000, 50,000), VT ERWE, &4 10%WNKBRZARL., 111 OBIETRA L%, 25CT
10,000 JUE. 10 BREMMAR L7, 8K Y, BRICX 288, BEEELDLS)HIE, REE
BERBDSOREIC THEROMIERBIT T 72,
KR - EBZ>
BHERPBR~OBHELE TIX, HRICX
BBV R TE M oT-, —F. PEG/DEX iR
BEBRTH, BREAR LB CHEERE
BEZE L, T, B FED DEX iz
BARICHRE TH-o7, B FED PEG & DEX
PRETH L ICE VAN _HOBERER IR
S LrmbnTng, TRV PEG. DEX Figl. Photographs of the mixtures of PEG(6 ‘600) and
BESFETHDZ LMD ZHIIERENT. 18 ’
TehyaiRIBL ot I L TRELNAEL. %ﬁﬁgﬁﬁoj&g&?ﬁh ultra high pressure treatment
FAGBYERLLLEXTWS, & 5IZ PEG/DEX :
BABB~DOBEEHIMLE TIX, @O FED DEX ZHW=H&ITkE_MEZFERL, THTREFARA
ZELE (B 1), XVEDFED DEX (Mw=500,000) ZAWVW5L, BREEZHMLEZVWESTHK
HEHEERT AN, QB CRELIIER T 2hol, o T, ZOHKIBHEIZL D PEG &
DEX M bR AEERDTERICHE D ENT O FEOBEMZ L 5/KEZMEREEZ NS, £
HHTBED THEBOWE® DLS #IFE (25C) TiX, WINOBE bR FROEMBBE I, Fi,
S50°CIZ8iT % DLS BIE TR TFROBL IR ENTZN G, PEG/DEX DT < /L 3 V~OEEEHIM
WMBIZEY, KREEE2N LEFRERSBEEREREIN-EELXONS, £/, PEG/ VTV
BAERIIBONTH, AEORRENPEONT-, PEG/DEX #x&ERDOZML BT, BLUBEELEIZLS
F DD PEG/EFERBEERIZ OV THEMET 5, BEAFBARERAR L O OISR EREE OB
ZiFTiThini,

Preparation of novel structures by ultra high pressure treatment for aqueous PEG/polysaccharides
two-phase system

Yoshiyuki MIURA , Kimio KURITA Tsuyoshi KIMURA Kwangwoo NAM Shmgo MUTSUO Hidekazu

YOSH]ZAWA , Masahiro OKADA Tsutomu FURUZONO Toshiya FUJ]SAO Akio KISHIDA *(‘'Nihon
Univ,, 1-8-14 Kanda —surugadai, Chlyoda -ku, Tokyo 101 0062 Japan,’Tokyo Medlcal and Dental Univ.,

*Okayama Univ., “National Cardiovascular Center Reserch Institute)

2

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

Key Word: ultra high pressure treatment / aqueous two-phase system

Abstract: In this study, the preparation of novel structures by ultra high pressure (UHP) treatment for aqueous
PEG/polysaccharides two-phase system was investigated. For polyethylene glycol (PEG) or dextran (DEX)
solutions, the clear solutions were maintained after UHP treatment. On the other hand, when PEG (Mw: 6,000 or
8,000) were mixed with DEX (Mw:60,000-90,000) or pullulan, the solution with light scattering was obtained.
After UHP treatment, aqueous two-phase separation having light scattering in lower phase was obtained for all
cases, suggesting that apparent molecular weight was increased by the formation of PEG/ polysaccharides
complex. DLS measurement of them before/after UHP treatment was carried out. The particle size was increased
by UHP treatment, then decreased by heat treatment at 50 degrees, indicating the formation of novel hydrogen
bonding structures.

Polymer Preprints, Japan Vol. 55, No. 1 (2006)
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BEFEAREZATIBRERE
T/ EBRLF /®53F/DNA HEEORM

REWKEMT OAKNRE - L MILKBRERT AHEHE - SEHM
EfREEs MBIESL - HEY - RN  HERKEMT RBEEX

<fE=>

Bx IERERBIIBTIHEOKEESOEREIZER L, BroKkRESHESFTFERAVWER
BEFEKRESHERI FESEKIILIMR~DOBREFEARZOVTRFL TS, ZHET, AV
oA T7a—A (PVA) /DNA BE&E, BI, N FuxT 7% A4 F (HAp) #8815
HAp/PVA/DNA & EFIC L 2MBB~DOBETFHEAZRE L TE/z, £i=. SRE PVA ~OREEERMN
WCED NS FuFlABERIND ZEMDL, PVA/DNA 7 /LG O DNA OBRIZOWTHERV AT
W5, ABFETIZ. PVA/DNA Vi HAp 28R &€ 5 2 & THilRESEEZ 5 L, 85T Mk~
DOHEHARBEFEAIOWTHRE L,
<FEB>

CEAE 1700, B{LE 99.3%0D PVA #HWV-, HApiZ, =47
DxeLYa ERXVREL, BEOHEI s DA T —
v (50~400nm) @ HAp #%B7-, £7-. B3 B{LED HAp
LRBLE, BT LT, ATV ERETFEETD
pEGFP 7”5 2 X F DNA, %7 BF DNA Z AV 7=, 5. 7.5, 10w/v%
D PVA KEEHRZ AL L. 0.01~10mg/ml O HAp #&#K. DNA ik
L2 DFIETRA L, 10000 KUE, 10 2BMELE (BEEL
), LRRESH OB, MR~OREFEAELRIT I
B, w7 ABEEOHMEFMIR (L929), ~TAEMN, Ty b
BidfaE vz, 7y MEREMRRIZ. Ty PRIBE X VERE L,
Ry — VBER, S5 LUAREER LK,
<fER - BE>

PVA,/HAp,/DNA BHEBE~DOBEHELBIZL Y ARDA A R
o FANRELNT, PVABKROEE LRIZHES N1 Falro
FERRE DR EXRE N, SEMBIE TR, A FrFLVERE
I HAp BREIZR &, £7-. DNA RBiEIZ L Y DNA DA BRESE
ENic, INHLORBRIT, BREEWRETAVWSZ LT, EK -7
BAAT7Yy FHEEZESIERTELIZLER LTS, B
oA FuZ BICBmORRME B L, MIRBIMEEZ®R  Fy Adhesion of L929 cells on (A)
FtL7, PVA v BT3RS IBIEZ ST, HAp 26 PVA PVA/DNA and (B) PVA/HAp/DNA
FMIBWTHBRHREESRD N, BEFEAIZSNT  hydrogels.
LEET 5,

Preparation of nano-inorganic particel/polymer/DNA compsites by ultra high pressure technology for
gene transfection

1 1 2 2 3
Tsuyoshi KIMURA , Kwangwoo NAM , Shingo MUTSUO , Hidekazu YOSHIZAWA , Masahiro OKADA ,

3 3 1,1 . .
Tsutomu FURUZONO , Toshiya FUJISAO , Akio KISHIDA (' Tokyo Medical and Dental Univ., 2-3-10 Kanda
—surugadai, Chiyoda-ku, Tokyo 101-0062, ’Okayama Univ., *National Cardiovascular Center Reserch
Institute)

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

Key Word: ultra high pressure treatment / hydrogel / transfection / hydroxy apatite

Abstract: We have performed the development of nano-inorgenic particle/polymer/DNA composites by ultra
high pressure technology for gene transfection. Nano scaled hydroxy apatite (HAp) was used as nano-inorgenic
particle. Polyvinyl alcohol (PVA, 5, 7.5, 10w/v%) aqueous solution mixed with HAp(0.01-10mg/ml) and DNA,
then treated by ultra high pressure at 10,000 atm for 10min. HAp/PVA/DNA hydrogel was obtained. By SEM
observation, HAp particles on the surface of the hydrogel were observed. By DNA staining, the including of
DNA in the hydrogel was confirmed. In order to investigate the cell affinity of the hydrogel, various cell lines
were added on the hydrogels. In the case of PVA/DNA hydrogel, almost all of cells were not adhered. On the
other hand, the effective cell adhesion was observed on HAp/PVA/DNA hydrogel.
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DNA/RNA MEMPE A LABKERMAA L EOBA

REEXREMB OAN Bl B A, BRXREEL A @5 58 H
ERvs HE B BE &% FHEREXEHHR FBR &R

(#E)

EE - ARAE BER. RRDBLEOBRAVWSBCRERFSFAIATVS, flE. A
IZA¥E FERPRMMNTI - BERETEREN TS, . EWPHFRO—DL LT, ES
DRANERTA—Z L LTOADLEHAEMIL 52 VR BOEHRICETARFRZIRA TV S,
FURIER, 7—u s BKMREER. 77 v - TN U AR AR EOMEERABEECT
L2 RIBELBIERELTRY, EHAMCEAHEEAOEICLYVEREINEEELZLNT
W5, BET TR, —BOICEKEHEEEARTEY , KEBERBRINDIZ LBRREZINTNS,
ZITH4IZ. TOKEBEEHOBRIER L. KEBEEEIF~OEHEMT L ZKER-EEET
THHFRBEROAHIZOVWTRF LTS, ZNET, kBEZETIARGEN T THARY =
NTNa—L (PVA) ~OEHEMZE Y, KEHEEEF Lo /RF. AT, Szl
REBEEBREOND L EHE L, AR T, RROKFEEAHEN T THS DNAB I RNA
Z v, DNA B X T*RNA OERBEICRIZTENENMOELE L £ b OBEERITIC OV TEHMICKR
5 L7, DNA & PVA DEAR~DBEEHMIC L5 ~T o iEEEOER E TN LOMIR~DEET
BAIZOWTHETTIZBELTW S,

(5]

DNA ¢ LTix, 7”5 23 FDNA, 1kb 5% —DNA B\ =, #NEN, TE BRICHERL.
e OBREICHAR LU/, BELREE (Dr.CHEF ; 3O F RMET) # AW T, RE% 10, 25, 37C.
JE£71% 3,000, 6,000, 8,000, 10,000 [/E. Bfl%Z 1. 5. 10 ¥DRLDEFHICTERELELTT> T,
WA, UV @7, Tm BIZE. CD B, 7He— XS VERKE, AFM 8210 THEERIT21T-
Teo E7o. BEALAEIZ X D DNA OBRERENT & LT, v F@RAR0KEZ B B RES - BIR.

Ultra high pressure technology for controlling the structure of DNA/RNA

Tsuyoshi KIMURA!, Kwangwoo Nam!, Shinge MUTSUOQO?, Hidekazu YOSHIZAWA?, Tsutomu
FURUZONOS3, 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, 2 Okayama University, 3 National Cardiovascular Center Institute
Research )

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

Key Word: ultra high pressure / DNA / RNA / structure

Abstract: High pressure technology has been utilized for various fields, such as inorganic,
organic science, bio and food science. Pressure is one of thermodynamic parameters, and
interactions, such as van der Waals, Coulomb, hydrophobic interaction and hydrogen bond, are
varied under pressure condition. Previously, we reported that structuring of polyvinyl alcohol,
which is one of the hydrogen bonging polymers, was induced by ultra high pressure treatment. In
this study, we investigated the changing of structure of DNA and RNA by ultra high pressure to
controlling the functions of them by ultra high pressure for biomedical application It is important
to control the structure of DNA and RNA for the function expression.
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L7z,

(R EE]

1iZiX. 1kb 5% —DNA @ Tm BIE D
HKRETT, BRERLED DNA Tix, ¥
57°CHHiLIZ. DNA O ZEH ORI X 5%t
EDERBFRENT, —F. 10,000 KE. 10
SEOBEELB R L-BE. 63°CHIET
Tm REAE X, EAHEMZ L S Tm EF AR
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I EEAMAE LB EIC AT MDY
WAL, 280nm, 250nm FHED E—27 b
v 707 FRAELNE (B 2), ZThbDk
FiX. BREANMIC LS DNA OBELLE R
LTHEY., Tm BEDKRD LF IR AFEREE
DR ETRE LTS, £, KBy RERERIC
X B REB T, BREHMLEL 72 DNA
TORBMED R EARR &, BRERMC X
DEMEEEZONB,

Wiz, 7J A K DNA CBEELE % HE
Lz, 77 %3 F DNA DS, 74 —DNA
IR LTHEER CD 2227 MABIZR O
hofc, Lo L, 10%FBS HFHETICTS T
AI FDNAZA v FaxX—hL, £0%, &
MRREE -FRVAT AL CRATILLT
= 7 —BEEERHE LR, BEEAMLE
L7777 A KDNA DRI, V7=
7—EEHOBETEIARM S (B 3), Zh
3, BERIT O B R RTE oM E &
Zibhbd, ITNHORRICHOWVWT, T4 —
DNA D3F&iXES FED DNA OBEE LA
REHEN, BHOFED75 X3 FDNA Tiz+

DICBRHEINREh o7 BE X TW3B, BETIIL.

EROBRIZOWTEMIZERET 5,
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AHRIL. BEAEFBERERER LSV
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Figl. Tm measurement of DNA with
pressurization at 10,000 atm for 10 min.
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Fig3. Luciferase activity of DNA with
pressurization incubated in culture medium
with 10% FBS for 0, 20 hours in in vitro
transcription/translation system.
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PREPARATION OF HYDROGEN BONDING POLYMER STRUCTURES USING ULTRA
HIGH PRESSURE TECHNOLOGY AS DRUG CARRIER

Yoshiyuki Miura®, Tsuyoshi Kimura', Kwangwoo Nam', Shingo Mutsuo®, Hidekazu Yoshizawa®, Toshiya
Fujisato®, Akio Kishida'

! Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University, Tokyo, Japan
’Department of Material and Energy Science, Gradual School of Environmental Science, Okayama
University, Okayama, Japan

*Department of Regeneration Medicine and Tissue Engineering, National Cardiovascular Center
Research Institute, Osaka, Japan

Introduction

Polymeric assembly is a powerful tool for producing functional materials that combine properties
and many respond to external conditions (1, 2). Self-assembly of amphiphilic polymers to create nano-
micelle (3) or nano-gels (4) has been eagerly studied. They are formed by complex combination of
weak interactions, such as hydrophobic interaction, electrostatic interaction and hydrogen bond. To
fabricate self-assemble molecules or to break them by controlling these intermolecular forces,
alternating concentration and/or temperature is mainly adopted. Here we have focused on pressure,
which is one of the fundamental physical parameters as well as concentration and temperature, could
also be used for controlling the intermolecular forces to maintain the self-assembled molecules.
Pressure processing technology ranging from 1 to 100,000 atmosphere (atm) has been utilized in several
fields, such as earth science, material science, food processing, chemistry and biology. In chemistry and
biology, the behavior of molecules, such as proteins, artificial peptides and synthetic polymers, has been
studied under high pressure condition. It was reported that pressure affected the aggregation properties
of elastin, elastin-like peptide (5), poly(N-isopropylamide) (PNIPAM) (6) and poly(N-
vinylisobutyamide) (PNVIBA) (7), which exhibit lower critical solution temperatures (LCSTs) derived
from their hydrogen bonding and hydrophobic properties.

The strength of pressure at over 6,000 atm is thought as ultra high pressure (UHP). Under UHP
condition, the fact that the hydrogen bond between inter/intra molecules is emphasized than electrostatic
and hydrophobic interactions is known well (8, 9). Previously, we found that nano-, micro-particles and
hydrogels of poly(vinyl alcohol)(PVA) mediated by hydrogen bonding interaction were formed by
pressurization (10). Moreover, for drug delivery system, we also reported the formation of hetero-
assembling of PVA and DNA using UHP technology and gene delivery into mammalian cells in vitro

().

In this study, we have demonstrated the preparation of novel assembly via hydrogen bond by
UHP treatment using various hydrogen bonding polymers, such as poly(ethylene glycol) (PEG),
poly(vinyl pyrrolidone) and dextran. It is well known that aqueous two-phase separation of PEG and
dextran having high molecular weights is formed because of their molecular repulsion between them.
We hypothesized that the inter/intra molecular hydrogen bonding interaction of PEG and dextran could
be induced by UHP processing, in which the hydrogen bonding interaction is strengthen (Figure 1). The
assembly of hydrogen bondable polymers was investigated by pressurization under various conditions.
The assembly of those and DNA, in which the hydrogen bonding interactions between bases are formed,
was also examined by UHP treatment as one of biomedical applications.
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Figure 1. Illustration of polymeric assembly induced by ultra high pressure.

%@& Ultra high pressure ﬁ
.@’ (UHP)

Experimental Part

Poly(ethylene glycol)(PEG), dextran and poly(vinyl pyrrolidone) (PVP) having various
molecular weights were used (Table 1). Their chemical structures are shown in Figure 2. They were
dissolved in water at concentration of 10 w/v%, respectively and then autoclaved at 121 °C for 10
minutes. The PEG solution was mixed with dextran solution and PVP solution at the ratio of 1 to 1,
respectively. Their mix solutions were treated under ultra high pressure condition at 10000atm, 25 °C
for10 min using high pressure machine (Dr.Chef; Kobe steal. Co. Ltd.). The obtained solution was
observed by visual observation and the size of the obtained solution was measured using by dynamic
light scattering (DLS) measurement. Also, the changing of their sizes during heat treatment was
examined by DLS measurement in order to confirm whether the driven force of their assemblies is the
hydrogen bonding interaction.

Table 1. Various polymers used.

Polymers Mw

PEG6 6,000 o
PEGS8 8.000

Dextran60 60,000-90,000 %c” -0}, @) {
Dextran500 500.000 PVP
PVP40 40,000 Dextran

PVP360 360,000 Figure 2 Chemical structures of polymers used

Results

When 10 w/v% solutions of PEG6, PEG8 and PEG35 were pressurized at 10,000 atm, 25 °C
for10 min, respectively, the solutions were still translucent. Also, in the case of dextran60, dextran100,
dextran500, PVP40 and PVP360, there was no change in visual observation of them as they were treated
by UHP processing (Figure 3). When the DLS measurement of PEG6 solution and dextran60 solution
with/without UHP treatment was carried out at 25 °C, the average diameters of PEG and dextran were
approximately 4 and 8 nm, respectively, irrespective of UHP treatment. Also, no change in sizes of
PEG6 and dextran60 was detected by DLS measurement at 50 °C (Table 2). These results indicate that
the assemblies of themselves were not induced by UHP treatment. On the other hand, the two-phase
separation of mixture solution of PEG6 (5 w/v%) and dextran60 (5 w/v%) was obtained by UHP
treatment although the alteration of solution was not observed with mixing of them (Figure 4). The light
scattering was observed in lower phase, suggesting that apparent molecular weight was increased by the
formation of the assembly of PEG6 and dextran60. In order to confirm the formation of the assembly by
UHP treatment, DLS measurement of the mixture solution was performed before and after UHP
treatment. The average diameter of their molecules in the mixture solution was increased by UHP



treatment, indicating that the assembling of PEG6 and dextran60 by pressurization (Table 2). The
diameter of the assembly was decreased by heat treatment. It suggests that the driving force of the
assembly formed by UHP treatment is hydrogen bonding interaction. Similarly, the phase separation of
mixture solution of PEG6 (5 w/v%) and PVP40 (5 w/v%) was formed by UHP treatment (Figure 4).

In order to investigate the assembling of PEG and dextran by UHP treatment in detail, PEG and
dextran having higher molecular weights were used. The two-phase separation of PEG8 and dextran60
having light scattering in lower phase was induced by UHP treatment, while that of PEG8 and
dextran500 was already obtained before UHP treatment. Also, the phase separation was already formed
by mixing of PEG6 and dextran500 before UHP treatment. From these results, it was clear that the
assembly tended to be formed using dextran having optimal molecular weight. It seems that the
assembly could be inhibited due to the intense molecular repulsion between PEG and dextran having
higher molecular weight.

When the mixture solution of DNA and PEG6 was pressurized at 10,000 atm for 10 min, the
assembling of them was confirmed by agarose gel electrophoretic analysis. The assembly of DNA and
dextran60 was also formed by UHP treatment. From these results, they would be utilized as a novel
drug carrier.

PEGS Dexiran80 PVP40

Non treated

UHP
treatment

Figure 3. Photogaphsf poly slons of 10 w/v% before and afte:—lj‘lllwtreatment.

Table 2. DLS measurement of polymer solutions before and after UHP treatment.

Size/nim

] Non UHP UHP UHP

Mbduires 25C 25C 50°C

(nm) (nm) (nm)
PEGS 3.610.01 3.510.04 4.410.05
Dextran60 8.11+0.1 7.910.04 8.01+0.02

PEG6/DeaxtranS0 112.0+160  140.7+7.0 109.5+35
* Analysis by cumulant method
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PEGS6/dextran80 PEG&/PVP40

Non treated

Figure 4. Photographs of mixture solutions of PEG6 and other polymers
used before and after UHP treatment.

Discussion

This report described the successful formation of a novel polymeric assembly using UHP
technology. DLS measurement confirm the successful assembling of PEG and dextran mediated by
hydrogen bonding interaction. Also, PEG and dextran were also assembled with DNA, which has
hydrophobic and hydrophilic moieties, by UHP treatment. It is expected that this methodology could be
applied to build a structure by the manipulating molecular interactions to develop novel assembly.

This work was supported by grants from the ministry of Health, Labour and Welfare, and the
ministry of Education, culture, Sports, Science and Technology.
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Ultra high pressure technology for controlling the structure of DNA/RNA
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Abstract: PVA hydrogel was obtained by high hydrostatic pressurization at more than 6000 atm for
10min. The formation of the PVA hydrogels was dependent on pressuring time and strength and
the higher strength and longer time of pressurization induced the gelation of PVA. Also, PVA with
higher concentration tended to form the hydro gel. It was clear that the obtained hydrogels was
mediated by hydrogen bonding interaction. This simple technology
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(B) Apatite/PVA composite particles.

Fig2. SEM photos of (A) PVA hydro gel, (B) Apatite/PVA composite hydro
gel(7.5%PVA) and (C) Apatite/PVA composite hydro gel(L0%PVA).
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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.
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