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A Ages SHI AXE 5 2Ho 29 AuA] Aoy AxFiraae] ddaxd e 2rhA s
oF3t ol HEo] o, FHA Aol o] FEARI GAWA R ThssttheE oA wig- A A8
WHolt} (G.J. Nabel, Genetic, cellular and immune approaches to disease therapy: past and future,

Nature Medicine 10(2) (2004) 135-141). FAAXEE 98 6007 o] A o] AIZFHAY k5o
™, o] T upolel A ¥} vjuloly 24 WEHT & FAx AvEES 7M7Y Wil B FiES AA
3taL 9oy (C. Woffendin, U. Ranga, Z. Yang, L. Wu, G.J. Nabel, Expression of a protective gene
prolongs survival of T cells in human immunodeficiency virus—-infected patients, Proc. Natl. Acad. Sci.
USA 93 (1996) 2889-2894.) St T A= Algtole] &2 w9 Algt= o] glrt.

A vpolel 22 WE BT o AT terOR ulutolel 24 WElZE Wol 2w k. ofF shed E
QUTAPED & FALTIE DA Ao 2 dhstel E2ole drw wEel, pHEEYel AT o o
@ we FAAERS 7P ANERS Adun HolA fAAE T Axel EdHow Age: Ao

A 9t (0. Boussif, F. Lezoualc'h, M.A. Zanta, M.D. Mergny, D. Scherman, B. Demeneix, J.P. Behr,
A versatile vector for gene and oligonucleotide transfer into cells in culture and in vivo:
polyethylenimine. Proc. Natl. Acad. Sci. USA 92 (1995) 7297-7301 ; and W.T. Godbey, K.K. Wu, A.G.
Mikos, Poly(ethylenimine) and its role in gene delivery, J. controlled Release 60 (1999)149-160). 1%
v AR, AlEsA, S IBE ol A difelA e #e AT EAlHEC] oA dolglolA, o]
£ 3Adsly] Y3 e AFEo] IPH 3 ATk, Ahn 5> AEAZF] PRI A dAFEHIE 71 PEGY]
T3 A S A5ttt (C.H. Ahn, S.Y. Chae, Y.H. Bae, S.W. Kim, Biodegradable poly(ethylenimine) for
plasmid DNA delivery, J. Controlled Release 80 (2002) 273-282.)

ut

HE 3 8A7E AEald A8 7HAa o, Alx AEEo] 80%0ld FAEAAT, FHAAdGaEL2 PEI
25KE. o} wj-g- SOkt Gosselin 52 ARbEo] 7Fsdk wxabd AEAZFe] PEIE ARES 32 s B
3R +=d (M.A. Gosselin, W. Guo, R.J. Lee, Efficient gene transfer using reversibly cross—linked low
molecular weight polyethylenimine, Bioconjugate Chem. 12(2001) 989-994.), W& A E =4 & e o,
A HF & PE] 25KE. T} $kth. Forrest 5& A &243¢] PEI 800-Da ¥} diacrylated] ¥FS-o0 =2 o Ag =
715 7FA PEIF=AS A48T (M.L. Forrest, J.T. Koerber, D.W. Pack, A degradable polyethylenimine
derivative with low toxicity for high efficient gene delivery, Bioconjugate Chem. 14 (2003) 934-940.).
/g3 Ak PEI 26KW T AlESAS glowA o a&2l 44 2dS vepgdct.

(3

PEIS] AIEEXS £0]7] 938t9] dextran sulfate, human serum albumin, PEGS L2 7HZA S "R o] wWol A
ZERoy, MAE PEIE 284 &L ARG e {AxA %Aﬂr~iﬁ@.&mmm%gmeMX£§4
PEGH 22 "brush” layerel] €8k w12 et as = AFEAANES S7HAZ e, ol AT e s

S fAEA &e A B} uf$- vtk (P. Erbacher, T. Bettinger, P. Belguise-Valladier, S. Zou, J.L.
Coll, J.P. Behr, J.S. Remy, Transfection and physical properties of various saccharide, poly(ethylene
glycol), and antibody-derivatized polyehtylenimine (PEI), J. Gene. Med. 1 (1999) 210-222.).

o 74 2 2E
2 oabg o AEAC ZdEdo|uly ZeoH 2 FTFAE T FAAELE = FHAA dEA ] &
gk A o]},
A7) Zelogddoldl (polyethylenimine) S A& (linear) ¥ 7FA & (branch) 9 & glow 1 B}k nh
g2 A= 100 WA 101000] k. EAk=Fe] 100 H Y A A E FAAE ﬂﬂxﬂﬂ A & Ass 5 gl
om, Bl 101002t #& A5 A4S 53 FWez wEyr] IdE57] wEolt).

%471 E&) el el Z(polyether)®] #AHgS vkhA8H A= 100 W] 100000]th. E2beFe] 100 mwkd 29~ A4
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=, 9 YgHe & A4 DNA{% }Jllﬂ}—OLt:ELﬂ (Sigma-Aldrich, St. Louis, MO, USA)olA T43}3ict.
3 A DNAE AEHM3E D-1501 & AM&39T).

o7} (mica)w AUl AEAYDF A AT Tohr),

AEZBEE AAE AT A EolH 96 olffol~ o &£F4 Al¢F (Cell Titer 96 Aqueous One Solution
Reagent) @} SQIMER AolAe] FHdx4 dadas HAALE # FAHAZA g ZH 1000 &7 (Luciferase
Reporter 1000 Assay System)®} SV-40 ZZ R E] (promoter)2} 3}o]o]ZE2to] (firefly: Photinus pyralis) FA]
HEt A S 42383t AWM (enhancer)E 7FA pGL3-AEE WE (control vector) & X =27} (Promega,
Madison, WI, USA)elA Fhsttt. 53] pGL3-AEE WE = AEWHSE F17418 A3 Y. (NV €8] 2%
Bl (early promoter)®} <A@IA= I FFQe<E X2 9l (enhanced green fluorescent protein gene: ©]
3} EGFP f+3#te} A E)S 7F- pEGFP-N2= Z&H = (Clontech, Palo Alto, CA, USA)elA F43k3ltr. 53]
pEGFP-N2= AEW 3 6081-1S *}fL }Oﬂt} Z2t~v= DNAE HIYHE 3+ 5 (competent Escherichia
coli strain) <1 JM1099lA Z2] A a1, QIAGEN (Chatsworth, CA, USA) HE=Z Eg3tt. 4& DNAY <=
FE+ 2607 280 nmoll A UV &3 iﬁﬂ&@q

ol

S

AANd 1. FFIHAY F4

TEdA = Lynmse HHE 583t A3 (D.M. Lynn, R. Langer, Degradable poly(-amino esters):
synthesis, characterization, and self-assembly woth plasmid DNA, J. Am. Chem. Soc. 125 (2000)
10671-10768 ; and D.M. Lynn, D.G. Anderson, D. Putnam, R. Langer, Accelerated discovery of synthetic
transfection vectors: Parallel synthetic transfection vectors: Parallel synthesis and screening of a
degradable polymer library, J. Am. Chem. Soc. 123 (2001) 8155-8156). 7P€$6T7ﬂ A, PEI 423-Da
(2g, 0.783mM) <} PEGDAS (Mn: 258, 575, 700) (0.788mM) & Z}7Z} Ao wAd FEelo|l= 3m1°] xgd
Fregel wol =9l % &S Rk A PEGDA%%‘% gy, frEg LIRS I s e R i ey
S 45Tl A 48A17F & EEWA WREAZTH W T FEiHES A T 5dE AE *‘Eﬂi A
ZARAY. o Sl =9 ¥ Spectra/Por(® membrane (MWC0=6000-8000)2 ©]-&3}o] 4ol A
24X 7t ot B A, olE FAAZIIY. wAAE T 19 YERSiY.

O

o
<

o
Mo
2

2
1>
o Obor

Ao 1o 4= PEG tholotad #l o] E(PEGDA) 7F F R A o= o] &7s e Wk ofel whg-o] bk Fxle] 317
ol w7k E 7S (Michael-type addition reaction) (D.M. Lynn, R. Langer, Degradable poly(-amino
esters): synthesis, characterization, and self-assembly woth plasmid DNA, J. Am. Chem. Soc. 125 (2000)
10671-10768 ; and D.M. Lynn, D.G. Anderson, D. Putnam, R. Langer, Accelerated discovery of synthetic
transfection vectors: Parallel synthetic transfection vectors: Parallel synthesis and screening of a
degradable polymer library, J. Am. Chem. Soc. 123 (2001) 8155-8156.) < X ®&}o] PEI-a/t-PEG 35 &A)
= st Yy B Bge FFIAE 4T e Woldd o= Flojgte AR&I7SE .

= 1o YEelA A o], PEI-alt-PEG %%?}f}iﬂ—t— 43| PEI (423-Da) <} thFsh #AF=(258, 575, 4
700-Da)2] PEGDAE ZFAIA WENAT. = 19 gshalol A & <F 9.430 dFH = AS AHgstgleon, ne
ol T AemAE 12 2~2339 W

A
°F 3, 10 2 13500 SNFeHe AL 247 AgSATh. X uel Wslel AP Ao
s17h vhgra st me 1-2250] W9 wigrAeich, $AF FEWA) SAE ® 1o VeIt pRIo] o)

H

PEGE] W= dief 1=, oels A¥te A% 5 dA7F wdesdAdS deta v, 534 £
< ditdor FHAdGel] AFgE = PEIR Y 29kt (10~70 kDa) (D. Fischer, T. Bieber, Y. Li, H.P.
Elsasser, T. Kissel, A novel non-viral vector for DNA delivery based on low molecular weight, branched
polyethylenimine: effect of molecular weight on transfection efficiency and cytotoxicity, Pharm. Res.
16 (1999) 1273-1279 ; T. Bieber, H.P. Elsasser, Preparation of a low molecular weight
polyethylenimine for efficient cell transfection, Biotechniques, 30 (2001) 74-81; J.S. Remy, B.
Abdallah, M.A. Zanta, O. Boussif, J.P. Behr, B. Demenix, Gene transfer with lipospermines and
polyethylenimines, Adv. Drug Deliv. Rev. 30 (1998) 85-95 ; and W.T. Godbey, K.K. Wu, A.G. Mikos, Size
matters: Molecular weight affects the efficiency of poly(ethylenimine) as a gene delivery vehicle, J.
Biomed. Mater. Res. 45 (1999) 268-275.)
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#* 1
PEL-a/t-PEGS] &7
Alg EX 2715 % (mol/f)  PEIY| W3 PEG9) TEEAY
H] & A
PE(Da) PEGDA PEI PEGDA
1 423 258 0.788 0.788 1.06 7,982
2 423 575 0.788 0.788 1.03 12,860
3 423 700 0.788 0.788 1.17 8,707
*NMRZ oy
YSEC-MALS £ %3
A 1-1. FFTHAY 54
FAE TogA 2L 1 AA7]FEE (NMR) (AvanceTM 500, Bruker, Germany) o 2 FATAct. &5l
o] BxEe g71ujA = iﬂilﬂﬂﬂ&LJEP]GKM&$(MWE%,WHLU%)E6%MEHV1%
ol A S48kt

dd 1-2. FTHAY L=

Al 14 Az 37HA FEFA A diEte], FEFAY FIEv ITTHAY EAFS F45H
SRR, 2res Agehd, Zhzbe] F5¢A 1g2 0.1M phosphate buffered saline (PBS; pH 7.4) 2mlel ==
Ql ¥ 37CelA 100rpme 2 EEHA A APERE Fol73lth. oo T5dA &9S s40x3 & A=
o] EAF-E690nm # o] A Ipell A SEC-MALS= =7 8f vt

AU E Aol SFA ] Fall= A H 28490 FAAASSHANA v Fasttt. TFA L A Fa=
A E Ao A 22 FREFoR Qg 54 Aot wiHARE T3 AAVL et A @k, Eg H3AE 3
AAIA DNAE HEskA ato] ool HMes FHZIAIZIvk (M.L. Forrest, et al., 2003; and D. Fischer, et
al., 1999). W] AWt oz ALEE = PEI 25KE B AT 40 dom, Quju oA HlEaA
e il d2E $F Ee Evlvom Y] AxsdE 4o 4 A (D, Fischer, et al., 1999).
TEHANA  CdzEHEAFS A A PEGY EFEel As THAE AEAFS PEIE
7t 23l Tt

FTFEEA ] Bl = 20 YEUAT. FEEAE AYEgHA FANA 343 EaAEAeH, 53] 274

SEFA Y EAFS 7247 ol oF 40008 =2 AASHAl FAEHJASH,  PEI-alt-
of , 18]al PEI-alt-PEG(258)¢} PEI-al-PEG(700)%= 25A17F Fol %7] Exl&e Aoz
a8 Forrests9 A3 FA8F . (M.L. Forrest, et al., 2003)

A 2. FFFA/ONA EFA S FH|

AA e 114 Az 37HA] FFFAC ko], o]E ZHzhy) DNA9te] HFAE ATt BRE T FA
DNA E3FA= AH&3h7] A% 4°ﬂ = el S A= ( st =4
pGL3-control &9 (7]E} & AFL)dd 5L Foo F5IA & = T
PN H o™, pH 7.42 10mM NaCl (A& 7 (AFM) #2) T pH7.49] PBS(7]EF thE A9) oA wEiH.
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APd 2-1. o7l2x A A79T BH

AAe) A AxT 3 BFA iskel, FFFAT DAkl BEA FASe] deA AVGE B P
Hoz solstatt. BgA @4 138 3074 g datu] (WVP)ol M fEAZ M, loading dyeE E3a

HF FYE 1B3uoez 9o, EFASS EtBr (0.1xg/m 1)01 Z3FE 0.8% agarose gel o] ZY3d 3 100V

Al 404 &<t Tris—acetate (TAE) bufferstoll Al A7 F5HAE A AT, A JA42 IV LE& ALY

#shd ot

FAA AGAZA By T shvs DNAE dFste ot &4 35EA / DNAY 534 g4 &

o18}7] 918le] ofrt2 2 7|9 E BAS e, DNAY o]Fo] #Aasts AS AT, BE FTTA

= = 394 ﬁﬂbﬂ47“]%lrm1WM1%%6&WWH%§ﬂ}%@QﬂMQﬂﬁW oA F
2, s

Ayl 2-2. BEFAY 7|9 FAAS 3

AA G 204 Az 374A] B A diste], 27k 279
A71eF FHASE 242 900 9 200 ArHZmolA A7)
Osaka Japan)E ©|-&3}o] A3},

AgAe] BERAEZ o5 AEME (Ao £3H)HEH Y- (AE W)Y thaFsh g9
=

2 3t} (K. Kostarelos, Rational design andengineering of delivery systems for

Z4stlth. TS A / DNA H§A 9
& 33 =7 (ELS 8000, Otsuka Electronics,

SR
A
A

aL
T %

therapeutics: biomedical exercises in colloid and surface science, Adv. Colloid Interface Sci. 106
(2003) 147-168.).

EEH AEAEA 2} FAAADS 9I5te] BGAE WA Zobof 5] (150m o]5h) 2 P o] glojof
3}t (G. Liu, M. Molas, G.A. Grossmann, M. Pasumarthy, J.C. Perales, M.J. Cooper, R.W. Hanson,
Biologicalproperties of poly-L-lysine-DNA complexes generated by cooperative binding of the
polycation, J. Biol. Chem. 276 (2001) 34379-34387 ; and J. Guy, D. Drabek, M. Antoniou, Delivery of
DNA into mammalian cells by receptor-mediated endocytosis and gene therapy, Mol. Biotechnol. 3 (1995)
237-248.) .

% 4(a)E PBSAOl A thekat Asiulol A FHlE FEEA/DNA HeAle] A7]E BolFa k. BeAY A=
Zstul e} PEGDAS] Aol F7HEE fraekgith. diaAQ AVIEER=RA HskH] 4590149 PEI-alt-
PEG(258)/DNA B&AZ = 4(b)ell YJEFNAT. T 4(b)ollA BojAE= A3} o] Edta el =17]= 150nm= v} 2}
gov, A FEXE YeElAT. B9 271 Asn 9k PEGe] EAbEo] S1E4E HAaslow PEI-
alt-PEG(700) 2] 7%~ A3k 45014 H A& 75mme] =7]S 7HA T

T EAE, = 4(a)dA RAXE A 2ol PEl-al-PEG(700) A7 75 oA 95nm 2 22 JAE FAA
e, oRe FEEA 1 WGﬂfﬁlgﬂﬁWMOKJiE4ﬂH5“Hﬂ SHE wolEsly] WOz A
_g_;(

ZvEA Y, SEA/DNA S3Ae] do=z Qs §F 2= PEGY] <t &= olnl HaEo] ok (M. Ogris, S.
Brunner, S. Schuller, R. Kircheis, E. Wagner, PEGylated DNA/transferrin-PEI complexes: reduced
interaction with blood components, extended circulation in blood and potential for systemic gene
delivery, Gene Ther. 6 (1999) 595-605 ; and D. Needham, T.J. Mcintosh, D.D. Lasic, Repulsive
interactions and mechanical stability of polymer-grafted lipid membranes, Biochim. Biophys. Acta. 1108
(1992) 40-48 ; and W.T. Collard, Y. Yang, K.Y. Kwok, Y. Park, K.G. Rice, Biodistribution, metabolism,
and in vivo gene expression of low molecular weight glycopeptide polyethylene glycol peptide DNA co-
condensates, J. Pharm. Sci. 89 (2000) 499-512.).

A¥d 2-3. AFM BF

A el 2004 AxF 3747 A F PRl-alr-PEG(258)/DNA REHAC] disle], o) mw} A7]1E AxAN A
(A8 ) (hutoprobe CPIN, PSIA, USD 22 HAHHL. AL Aep) 459 434 $ols wohasha
W vholsh glo] Wolwelm 1RE FolE the mol7tE FHEE A F ALolM welA Eustiich. ofv]
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A= non-contact mode®ll A A2 silicon pyramidal tip= 7}l V-shaped cantileverd ©|-&3}%ith. 5%
A A7) 50709 FFAE Skl Bkl ATt

BAe] RgS AR R #Ee A= = 5o UEtiglth. S dAl/INA HAE PR & hsE B
wojFEdom, ARe R SAHT Ht HFA A7 MUdm=z, A719%s e AR S A fA1s

At

AEd 2-4. EFA gHA}

TS A /DNA Bt o] A AstE AFEURe E9 DHsA B F o] Aot (H. Petersen, P.M. Fechner,
A.L. Martin, K. Kunath, S. Stolnik, C.J. Roberts, D. Fischer, M.C. Davies, T. Kissel,
Polyethylenimine-graft-Poly(ethylene glycol) Copolymers: Influence of Copolymer Block Structure on DNA
Complexation and Biological Activities as Gene Delivery System, Bioconjugate Chem. 13 (2002) 845-854 ;
and K.A. Mislick, J.D, Baldeschwieler, Evidence for the role of proteoglycans in cation-mediated gene
transfer, Proc. Natl. Acad. Sci. USA 93 (1996) 12349-12354.).

B5gA 9 A3t FAsE TF AESAS UElATE A FHSR AT AEALE a7 g A
<+ WHZF Sy = PEGylatione] €& 4 At} (D. Putnam, A.N. Zelikin, V.A. Izumrudov, R. Langer,
Polyhistidine-PEG:DNA nanocomposites for gene delivery, Biomaterials, 24 (2003) 4425-4433.)

AA o 2004 AzS 3744 B A o] WA = 6o YERNAT. M) 0.9914 = S3A7F FA A &
o FFFAN/DNA HHA o] xH A e SdstE YEh=d dah] 974 = A 7F Fhgke] wet 2 st
F43] SUtstgien, ubde] A3kn] 9oA 4571 HHF FUrET. aEla we Aduel e PRGY
shielding effect”} a4, PEG At&o] A4E w& xHASE BT,

Ago] 2-5. DNA 39} WE

AAle 2004 A x7E 37HA] HgH Al thshe], HgFAlA DNAS] K59k WES Gebhart o Wl wheb A7
oz FAssitt (C.L.Gebhart, S. Sriadibhatla, S. Vinogradov, P. Lemieux, V. Alakhov, A.V.

Kabanov, Design and formulation of polyplexes based on pluronic-polyethyleneimine conjugates for gene
transfer, Bioconjugate Chem. 13 (2002) 937-944.).

7reFel A A s, DNase I 2unit W+ PBS 4405 DNase/Mg2+ digestion buffer (50mM, Tris—Cl, pH 7.6 and
NMM%BPHHﬂ@Oﬁégﬂ*ﬂEDM‘“‘mWMw%sMan&WﬂH?}T,WCﬂﬁlmmmﬁé%
et EEoFAUTE. DNased] EEASE 98] B A&l EDTA (250mM) 3ulE Wi 1085<t FolFE %,
0.1IN NaOH (pH 7.2) o %<2l sodium dodecyl sulfate (SDS)E FHEH 3] (20u0)9] 197} S =5 4=t HE Al
25 A2 A 2417 e FolFglon | 0.8% agarose gelS AFE3}o] TAE running bufferdhell A 50V, 1A1%F
et A9 ES st BT

FAA ALANA NAE BAEZVE REH o} Svl, FAAT WAK] A5kl WEHolok Bk, WA S
AE BT Dase 220el A RS %+ LA, WF A2 YEALA Fofugn. = 7o
Al B A= 3 FAE FE Al 18 A &= DNase I &2 FH DNAE & HE33 oW, DNAE &
s selst e,

_&L_l‘
N
s
dlo o |
Mo ﬂN

AEd 2-6. A YSE HA
(D) AlEFoF AlEZalF

Abel FobAlsE (MGE3), Abehe] Az gk Al (Hela) Abghe] ZFFAIE(HepG2)E 10% FBS, “~ERErfol4l
100gg/ml, 1Y 100U/ml7F E3HE DMEMO A vl et lvh. e AlE= 37C, 5% C02 sholl A vl sttt

o

(2) AE AEE AA
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HAAYSIA Y. WA AEES 0.2m19] wiA o] Z7]5 %7} 1X104 (HeLa and MG63) or 2x<104 (HepG2) cel el
A 3te] 96-well plateol] ¥ F 20A1F &<t wigslglvh. 2 5 WA & vhget 4o nEAEo| X

A Aol gl WiAR AolFrh. 4827 FF FIFE vl kS Oﬂ%E}Wﬁﬁﬂ%ﬂ*°JAE”*
2007} ESHE WA 2 ZolFal A7 Fof] AlXEY thALEA S A3 7] 96Fe] ELISA plate reader (GLR
1000, Genelabs Diagnostics, Singapore)E AF&3le] 570mmollA SH=E SHSAY. AL AEE(HS U
o] Ao me} ALkt

M AEE (%) = (0D 570(2F ) /0D 570(h =) X 100

47 A AZEN e, Al 2004 AxG 3744 BGA Z42e] AMER F ALFHS NP o sl
] o/

)

1
o]
]

Jgi

Al PEI 7F AEA#e] PEIRTE 49s] W S0 gl 22 ol Barse] itk (D. Fischer, et
al., 1999; and M.A. Gosselin, W. Guo, R.J. Lee, Efficient gene transfer using reversibly cross—linked
low molecular weight polyethylenimine, Bioconjugate Chem. 12(6) (2001) 989-994.).

= 8E ugd wiist AxFlM FFFA ] AESAHE BolFa 9lv. PEI 25K9] MEAEE] $7t &5
ol met JAs] faste v Y FT AT e AETAA 80%el ] BEES Bl EM 2
+ PEI 25K} W] s} B3 A5

ES
o & o %614*3 PEI9] 83| F ot oy, ofnf FFF Al w3l PEGH =Y
ol A= Zlolgt. aey vl | Zhpelel cl=e= 7)7F 7jdA o H4de] glrha iuﬂ%z
(D.M. Lynn, et al., 2000), f}fﬁﬂ BALE Q] ZAS Hl=A] A A E ook T},

i

Agd 2-7. JAUER oA 9] FAHZolA] BHSA

AR e 204 Az 3714 EgA el thste] st7]e] @S AT wiA Imlol] AlE] %7]
(HeLa and MG63) or 2x105 (HepG2) cells/well”} ¥ =% 3}4] 24-well plateo] ¥ & t
ok Wl & RS o g Ao FF A /pGl3-control (1pg)7F EA13F A o] AU Aol 109 283
A= wEa] F % 6AIE B FULE ugh. ool o] xTE A MAR ZolE F 48X FR

7C QuolE e FobETh, FAR oA B4 FAL AxiAe] W AU relative light unit
(RLU)S  3}ehurgE2417] (Autolumat LB953, EG&G Derthold, Germany)E ©]&3lo] =43k, RLU & A% F
ZE9 g FEF ro] o] &3iglon, il Ak BCA WS o883t (P.K. Smith, R.I.
Krohn, G.T. Hermanson, A.K. Mallia, F.H. Gartner, M.D. Provenano, E.K. Fukimoto, N.M. Geoke, B.J.
Olson, D.C. Klenk, Measerment of protein using bicinchonic acid, Anal Biochem. 150 (1985) 76-85.).

RE Qg AW wEdtel Y.

rf
w

FEFA L Aepnlel] wE FHA AGEES 2AE] Y8t AXEAEE HAb] AAES Y Tdd MEFE
= JHIER AelA] FAFetolA &S FAH ] & 9o YeEtdtt. A8 S§AE

& AEF, PEG EAF Y Aol whel th2 A YERSTE HeLad 2T oA FF A G asS
PEGS] #AF=Fo] T7H 45 )il M| 7f AASSE Fhaskgiar, v PEI 25K M3 E 4
A GEAA &gtk 53], A AHAANY &8-S PEGY WBARFe] TUMESE
@iﬂﬁ%ﬂmﬁf%%%ﬂ]HP%ﬂ;ﬁb“ﬂﬂﬂ PEGY)shielding effect®™ ZFthdle] &g AL 29
F2E ZAAZ7] wiEolth. Hela AlXFolAE S5FA Fdx dgd@aso] PEI 25K Bt thad wdrt.
HepG2oll A &= W] % PEI-alt-PEG(575) ¢} PEI-alt-PEG(700)¢] PEI 25KR.t} F-3 4 AE@ o] ko), PEl-alt-
PEG(258)2 &2 #&lH|el 4] PEI 25KH T} &2 OXW AGa &S BAFAT. SrFAE, NG63A EFol A=
E2 Aen|Ql 27 #4500 A PEI-al¢-PEG(258)9] f-3A} A9 &&o] PEI 25KH.Th =dth. o= 11 9(c)elA
HAAA = A7 o] MGe3o] Hatn]7t s shel uhel HAd60 ksl wiEo 2 AzhEc.

Az o7 SAA} A TS A Fo 5o wal tha 2ko] 7} 9lo] HeLadl A= PEI25K Bt} ok7F LkoFon},
HepG22} MG63ol A+ PEI2SK Btk B4 =AY §413 492 48 4 o,

dHo] FTFA FHA AdDagel n
PEG(575)7F PEGe] E=%ol

PEG(700) 9] fr2lat A
PEG Zol7} AA Al g A] EFA|

1= 92 = 109 YeASTh. PEI-alt-PEG(258)2 PEI-alt-
° Az Ag Fgo] "Wolzxl Ao wkste] PEI-alt-
3l A3} PEI-alt-PEG(258)3} PEI-alt-PEG(575)¢]
HE g3 feo Rl 528 wro] E2FEES vekilch. wkdo)
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PEI 25Ke] @A EAstol Mo +7dx dEage =& dstnlod S718ksl=dl o= Aol 9ste] Alx57d0]
HaE 7] wEeol v

AF o 2-8. QUM EZ Ao A9 GFPLE T

St AR BES GFP FAE AFgste] dolrdrt. MGe3Alx2TFE Zetzle] ZHHE FEd
24~well plate (Iwaki Glass Co., Tokyo, Japan)oll 5x104 cells/well?] FE=

o ohg, A 459 FF A / pEGFP-N2 (1ug) EA7 £3€ dAo] gl wiA

i gatolnh. Ab8E & Al PEI-a/¢-PEG(258) o] Ath. Wi %F 5 wiAl& P o] T3hd wiA = Lol § 184

ot IR v, AE PmiWM4AN§§:%gmmmmwwewmmmzmwg¥$41@aﬁ

A % PBSE W Y AL F ATt ZFoldde FEUNE EetoleF gz SYAER A ¥ TxA

dol A8 m 4 (CLSM) (Micro Systems LSM 410, Carl Zeiss, Germany)o. 2 ¥#z-3}Sit).

I o

O

= &) 459 A] PEI 25K/DNA (a) ¢} PEI-a/¢-PEG(258)/DNA (b) ¢ MG63°|Ale] GFPHEl & %7
FArAW F o2 gk Alxlo|th. Bl 5 PEI 25Kell Al AN &4E AE7F Blov, FE Ak PEI 25K ®F |
2= k-

N

o) E9

B gl ARG AE T, DNASHe] 53HA] g5, fA4 JeES A% Add =dse 5EAES
HolFodth, 2 2o FAANEA = *ﬂJE”O] sl2le HepG22t MG63°1W PEI 25KW. T 2 e
BES HAFAu. wEhA] B o] faxAgAE, FA4 Aga s Fo 1o AESAdwEed A4
Hgell FAMES za 9l PRI 25KE tiAlE 5 Sl 3 Az 2 o] ZidEm, ofse
a9 ole g AEAEIN W2 AEEA, 5 FAAAEEERE ko] AdAF FAA dEAEA AHE M

FJ
o
i1
>
2
—

o] A3 PEIalt-PEG 3T HAE Alxste WHgE A Eo|t),

I 2% PEI-alt-PEG ALY JQHER Fo A9 Al7te] wp& AR EE el 2 zelt),

3& Thksk Adshul (N/P)ell whe& PEI-alt-PEG &5 &A1/DNA H3HAIE UeEhl= d719s Abxlolvh. 2479
(a) PEI-a/t-PEG(258), (b) PEI-a/t-PEG(575), “1¥]3L (c) PEI-alt-PEG(700)°]t},

= 4(a)E o3 Maln]o] WE PEI-a/t-PEG &3 & A/DNA 5849 dA=a715 UelY, ¢ = 4(b)E #H3}
H] 4504 PEI-al/t-PEG(258)2] UAA7] EX=E YeEhl 28 Zo|t,

% 5% AsY] 4504 PEI-a/t-PEG(258)/DNA complex?] HEHS el &= ARM A}zl o] th,

()]
o

s
2

thekst Asu)oll A PEIw/t-PEG 35 3HA/DNA 23849 THASE YegdE 1 Zo|t},

ﬂo

% 72 PEl-alt-PEG Z A /DNA H&Alel (30 18) PBS 2 DNase 1S A 3sta 1% SDSE #|a <&
DNA®] s} =t DNase 1o W& Wolsse veblle 1719% Adelth. (a) PBS, 1|3l (b) DNase 1
&t Aapoln] Zhzbe] Lo 7155 10 plasmid DNA alone, 2: PEI-al¢-PEG(258), 3: PEI-alt-PEG(575), %
4: PEI-alt-PEG(700)E }EFATEH.

o

T 82 st w9 AlEo| A PEI-al-PEG Ao AX=AAS Yedl a2 Zeojty, Z+2be] =& (a) Hela,
(b) HepG2, 183 (c) MG63°]t}.

= 9% vkt A9k Al Eol A PEI-alt-PEG &5 A A Adas&S vepd a2 zLo|u). 4zt =
(a) HeLa, (b) HepG2, &1L (c) MG63°]|T}.

K

T 108 MG 63 AElA PEI-alt-PEG &FTAY Gdx Ads 1=
g Zoltt, ZHzte] = (a) @HE AYsA ¥ A, 28 (b) S A3k Aolt}.
A

% 112 AskH] 45004 FF A /DNA 53 9] MG63 A 3

K

o GFP B@S woFE B2 FA @A AR
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olt}. Z+zte] =%+ (a) PEI 25K, z&]ar (b) PEI-al/t-PEG(258)0]t}.

=9
EHI
O
N A ©
Nt o o TS
o]
PEI linear PEG diacrylate
CH,CI,
45T, 4847
0]
i(vﬂm o Wf\jf
0]
EH2
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° —e— PEl-alt-PEG(575)
—a— PEl-alt-PEG(700)
12000 -
™ 10000

\.%
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Z=T4a
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E%8a

Hela
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77220
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s==4

2777772

Il PEl-alt-PEG(258)

XY PEI-alt-PEG(575)

W PEl-alt-PEG(258)
PEl-alt-PEG(700)

Y PEI-alt-PEG(575)
PEIl-alt-PEG(700)

[CIPEI25K

C1PEI 25K

7772

20

727

10

THA FE (ng/mi)

5

HepG?2
MG63

120
100

1404

=98b
E9%8¢

(%) 228 =l

10
= (ug/mi)
- 17 -

A

5
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o

RLU/mg

X
=
™

):]

RLU/mg

HelLa
] T - [CIPEI 25K
7 B PE|-alt-PEG(258)
10" 3 PEl-alt-PEG(575)
E [ZZ1 PEI-alt-PEG(700)
E=IDNA
10° 3
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10* 4
10° 4 %
18 27
A3t (NIP)
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10" [C_1PEI 25K
E M PEl-alt-PEG(258)
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] \
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27 45
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w
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