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AL, = AR O R QIete] in vivoAlelM 2] §-84d-> TA FHEARA AL itk FE, A goleA iR
Q1 7| EARS w2 =43 A9k FekE W glo] -t g ARl (gene delivery system) ol 9lo] o} 7]
EE= Aot} B o= AR -84 7]|EAlow molecular water—soluble chitosan ; LMWSC)
< olgsto] T W MEE BAT e T A AEAE FABIRICE A AES) Kina 2ARE o]
431l LMWSCS M= Ao B2, 3 2olHE3} % (degree of deacetylation ; DDA) & 43191 12
+ FTIR, '"H-NMR, 281 "C-NMR& E3t] BAatdch 9 He whshr] 8k fx daaza
pegylated LMWSC2] witol] Eo)Ad Al %& Felo]=9l artery wall binding peptide (AWBP) & AgA| 7 2.
E4 AWBP-PEG—-g-LMWSCS 243191 FTIR, '"H-NMR, zeta potentiometer, 18]l atomic force
microscopy (AFM) & o]-g-3lo] #4313t

Abstract : Non—viral gene carriers continue to attract a great deal of interest due to advantageous
safety profile. Among the non—viral gene carriers, cationic liposomes or synthetic gene carriers are
efficient DNA carriers in vitro, but their i vivo applications are greatly hampered because of low
biocompatibility. On the other hand, chitosan, a natural cationic polysaccharide, is a candidate non—viral
vector for gene delivery because of its low cytotoxicity and high positive charges. In this work, targeted
gene carrier was synthesized to target artery wall cells using low molecular water—soluble chitosan
(LMWSC). The molecular weight (M) and degree of deacetylation(DDA) of LMWSC were measured
by relative viscometer and Kina titration, respectively. The structure of LMWSC was analyzed by
measuring FTIR, 'H-NMR, and ""C—NMR. AWBP—PEG—g-LMWSC was synthesized by conjugation
of the artery wall binding peptide (AWBP), a specific targeting peptide, to the end of pegylated LMWSC
as a gene carrier to target artery wall cells. The synthesized AWBP—PEG—g—LMWSC were analyzed
by measuring FTIR, '"H-NMR, zeta—potentiometer, and atomic force microscopy (AFM).

Keywords : low molecular water—soluble chitosan(LMWSC), artery wall binding peptide (AWBP), N—
hydroxysuccinimide polyethylene glycol vinylsulfone NHS—PEG—VS), non—viral vector.
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ol B BAFE 7ML e Ao deiA gk’ o]
23 vlole g AgAS] BAF R Q18| vluto]H A HEA]
(non—viral vector) ]l 3t #4lo] ol 71z Q). nujole A
A AgAl= Z7)9 AdEglo] DNAE 58 4 glom 5ol
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g Al vlsl) Welwkg-E | op|aaL, WS4 v
CECE

U, Alx8l] fohs 8L 7 a gk Aol
A= dE o ool A AT} ol 1A B e
I ol N IREEE 79E ¢ Utk el XHoht
poly (Z—lysine) (PLL), polyethylenimine (PEI) ¥} 72 34 11
AR in vitroAleA vlelE 2/ deAlel Sl o |EE Wl
< S5 5 °]°L} S A AT wE R A8 in
vivoAlelA 2] ¢8-S A AskE 1 glrk” ol#sh T4 1Rt
A in vivoAlelA =& AR FAES Ueh o =54
polyplex= FABE = Q)= A AdHA ofol&A] 1RAbe] A)uk
& A=A HdH 2@ A 24 DNASH & 353
Sojok afar A AgHAoly i Ato] Zhsstal 14 2Rt
9} A o Sl v w5 7KL e E8HE S 2 0E
Aok LS 72ist Mol A EARD F)EAt] 2
AR AGAZA 5t 73S e Qlvk 71EARS D-
glucosamine®} N—acetyl—D—glucosamine©] B(1,4)—gly—
cosidic %% ¥ D92 3% A el thdReln 7=
doln] Zhetk FAstE Wi glo] DNASE A A3s = QU]
wjitolt? 7)EARS Mumper %ol 913 &2 & plasmid®]
SHAE 71F5H90m 0 AT FA4 LS 9% we
A7F AlEESITE 19999 K. Roy 5ol 28l A4 FoiE §
3t chitosan—DNA nanoparticle?] #AZ7} A EE oL, o17]
A AR F1EARS BExlEo] 70000 Da odel BRI 7|E
AF(high molecular weight chitosan ; HMWC) & A3-8Ho 24
AP gl o] ARgEithE EAES 7B gk Hiel
AEAEE 71 EAHlow molecular weight chitosan ; LMWC,
<10000 Da)el] A 23d=t A W &3 723 DNASE &
FAE B9 T Qe sH] Hold Aow FriEy H
AAF -84 71EAHlow molecular water soluble chitosan ;
LMWSO) & o]gsto] §2F ALAzZA 2] 7S AR 4
3} LMWSC2 540 PLLEL H& o] a8 Yehitt
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Low density lipoprotein(LDL)¢] 487} wli7l¥ Mxu]
¢} (receptor—mediated endocytosis) ZH4-& E3)] thE e
AEZ @] Um 24 A, 3] HET Az, 7F Mg} oid)
Az el g8l 41 = rhs 22 2 dEA gk Kim 52 LDL
A7 wiAE AEd FYEgE AXA AR S A
7171 €&l pDNA, LDL, 25434 poly (L—lysine) (H—PLL)
2 A% TerplexDNA -3z} Agk A AE1S ksl o, 13 o)
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N2EL fn vitroAlol o] T ¥ A in vivorleld el A
Z(myocardium) AENAP o] & HAo] EHS VERIUSS
B3tk LDLe £2 vz A<l Apolipoprotein B—100
(apo B—100)2 LDL 4-&4-2A% 99, 52 ¥ A Agt 9o,
[e)

O

T3 sER-Ae o7 22 B 78A A% d9s 3t
t}. Shih 52 apo B—100(Arg—Ala—Leu—Val—Asp—Thr—
Leu—Lys—Phe—Val-Thr—GIln—Ala—Glu—Gly—Ala—Lys) 9
1000—1016 O}U],‘z’c} 715 sk A FER| == apo
B—1009] =w B A ojodels Awzlick! el B it
e AkgE LMWSC°1 =3t 545 AR om, o] F o]

gato] At A AA's 3kt B W Ao 24
Ld*g AFE 4= Q= apo B—1009°] 7133t 344 FEJO]=Q] artery
wall binding peptide (AWBP) & AR5} pegylated LMWSC
o] AgAF o2 AWBP-PEG—g-LMWSCE §4d314] FTIR,
'H-NMR, zeta—potentiometer, ~12]31 atomic force micros—
copy (AFM) & &3l 545 A8l & A9 Aak= gto=
in vitroA, in vivoA|ellX1 2] T2 W A2 f247F A At Q)
o} AWBP—PEG—g-LMWSC 32+ ek Al ~gle] $-gof oj
A &t T3 ARE AT ot

n hured)

a4 3

ME 2 Al AR AdAF 784 7IEAHLMWSC, My
=22 kDa, ZotdslE(DDA) =84%) 2 () 7| ER}o| (A&,
=) 258 Fgttl. N-Hydroxysuccinimide polyethylene

glycol vinylsulfone NHS—PEG—VS, M,=3400 Da)< Shear—
water Polymers (Huntsville, AL, USA) 2% {3tk
Artery wall binding peptide (AWBP) (Sequence ‘N'—CGRA—
LVDTLKFVTQAEGAK—'C’, My=2008 Da)< ANYGEN
Co., Ltd. Korea) 2F€ 79 th F4 FE (molecular weight
cutoff (MWCO) : 8000, 12000)+ Spectrum (Spectrum Medical
Industries, Inc., CAL, USA) S 25¥] ]]&}5it) 71E} Aleks
& AgAekS AASHH] 9kar AR5} 2 phosphate buffered
saline (PBS) #-H2 A|x3lod AM-8F3iTh

LMWSC2| Ath M=o} EOIMIESI=(DDA) 58, M= 573}
7] &, A=A (Viscotek, Y501C, USA) & ARg-3lod o) &
S7438I3ItE LMWSC] 2R (M) & 3t A% A3 =5
Mark—Houwink—Sakurada'’ 2] (1)) ]3] AIsiict.

[7]] :[(]\1\&76l
M= ([7)/F)"* (1

A7VA (], My & 27 H D=t RS VERdth 7
3 KSh at= 71EAR] gjo] A gho® 717} 0.0000181 dL/g,
0.93¢]th
LMWSC®] DDA Kina A" o]838lo] 2] (2) ¢l <8l
Akt
(X/161)

PPA= e 208 100 @




o741 X:E=(1/400) X (1/1000) X X161 X v, V= 0.5%
(1/100) +X, &= 1/400(2.5 mN) PVSK £91¢] A~%3(mL), 1
23 £ 1/400(2.5 mN) PVSK 9] g 255 77+ vhepdict,

LMWSCe| &5t 2M LMWSCY Tx5 133k 98l
FTIR (Shimadzu, FTIR S700), '"H-NMR, 723 ""C—NMR
(Bruker, DRX—500 MHz)& AH&-8t3ict FTIRS LMWSC 3
mg= KBr 300 mg¥} 10% 59 EZ o= 42 &, 0|79
200 mge F5l] W= KBr discE 12A13F 9F 60 CollA *
T Aze 3 ZAa9ck =8k 'H-NMRY PC-NMRS o] &
alo] LMWSC 727 542 glaigit}. 'H-NMR &rj24]
+ deuterium oxide (D:0) & AR5t 31844 o] ppm ©&
Q& 71=5191 715 EEEA tetramethylsilane (TMS) & AHE-
=g

AWBP-PEG-g-LMWSCS| &, LMWSC 1.1 g& PBS(pH
7.0) 300 mLell 50 A2olA 347t E¢k wRksldth DMSO
20 mLell 0.68 g2 NHS—PEG-VSS =<l 45 LMWSC &
oMol KA3] H7MA A4 C) oA wEeAIZItE MWCO 8000
Da?l 54 FHE o83l THFE 24K B4 & 54 1x3)
o VS-PEG—g-LMWSCS $4J3I3it) VS-PEG—g-LMWSC
0.18 g= PBS(pH 8.0) 150 mLell &3lA)3c) 18]ar 48 mgo]
AWBPZ DMSO 15 mLell 314171 &, VS—PEG—g—LMWSC
gollel] AA3] H7RAI T AL (4 C) oA 24A17F A ZATE &
=S MWCO 12000 Dadl 54 FHE o]gslo] H2on &
FrE 2447 A% & 54 XS AR delle —20 €
oA BT

X BM VS—PEG-g-LMWSC# AWBP—PEG—g-LMWSC
o] 7x2 BAS B8] $18l] FTIRY 'H-NMRS ARgae] =
Faldel. FTIRS 2H2+] A% 3 mg2 KBr 300 mg¥ 108 %
o B 07 41 %, o]Z9] 200 mgS FHéh wH= KBr disc
2 1243 B2 60 Colld 73 Az & =4 =3 H-
NMRel| SEiXE 722 545 93tk old VS-PEG—g—
LMWSCE 4L trifluoroacetic acid(TFA)E guiz ARE3lo]
=43199.01, AWBP—PEG—g-LMWSC &7 deuterium oxide
(D:0) 0 galAA Faalgit). B9 ppm oz 7]1Z38lgom 7]
F= A7 A tetramethylsilane (TMS)-& AF&-51iT)

QIxt 37| 8. AWBP-PEG—g-LMWSCS] 92} 7715 =
A3t 984 zeta potentiometer®} AFM(PARK's Science,
Autoprobe CP) & A3t Zeta potentiometer 5732 54
Az 39 7 9Al0] HF BLS TRl #AA F 632
nm<} 23 CollA Part 3704770 (Altamira instruments, USA)
o oJal EAtE AFMS 545 AsiM 2 @Al HE &
AL ZRgre] BAN 3 Agjglellolsel "ojrty] AZAIZ] 3
AeA SAsItE Aeztelolds x9S 1 N-HCI¥ S5+
T2 AHsle] 24A17F 9HE] AZAR F ARSI

dit Y EE

LMWSC2| At M= £X1} SO MIESI=(DDA). LMWSCS] ¥4}

FM) & F387] 98, A A= skl LMWSCE &

)
21
2
o
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Figure 1. Intrinsic viscosity of low molecular water soluble chi—
tosan in 0.1 M AcOH/0.2 M NaCl 25.0£0.01 C as a function
of concentration.
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Figure2. FTIR spectrum of a general chitosan as a control.

Lol thek 2 HE9) BAZ Figure 19 YeRA o™, LMWSC
o] 315 A%E Huggins A" (=7l c+kuln > ¥ Kraemer
290 (n/n) =] c— kel 2 A ol 213 ek o] A3 LMWSC
O] FAFF (M) ©F 22 kDa¥S ERIFct 18] 1 Kina 473
Hell o3 I LMWSC] DDA °F 84%71 €< 2155t

LMWSC®2| FTIR ABER BM oo o] -84 7|EALe] FTIR
2HAEHT} LMWSC?] FTIR AHE#H-S H]wale] Figure 29
Figure 3ol YeRiSIth 829 7|EAte] AdE-S By 2k
ol 213k 7R 159] F45 937} 1730 em el Vet Ea
23l 3ol oa A BB 977} 2100 cm” el YRtk
Telu LMWSCE AFE-eE 1730 cm oM e] &5 92
7} Ao 2100 em ol e BE] et v=v) dAE
Ak b FTIR AFEY 248 Fd8 LMWSCO] &5
L3} o] AAY =58 LMWSCYS gelaiith

LMWSC2| 'H-NMRZ} ®C-NMR ABEZ 2AM Figure 43= 4
o g8t £84 7]EAR] 'H-NMR AHEHS vERd Aolt)
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Figure 3. FTIR spectrum of low molecular water—soluble chitosan.
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Figure4. "H-NMR spectrum of a general chitosan as a control.
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Figureb5. BC—NMR spectrum of a general chitosan as a control.

Ak o8 735t s 137} 1.1~1.5 ppmelA] 1=
t} 3 Figure 59 “C—NMR AHEH|HE 258 w77}

20~26 ppmellA YR 20 ppmelA] opHEoh = 150 g

=0/, A30¢¥ A4z, 2006

VA2
52 15 L FLS T
II
]
i -‘
1
| NHOCOCH,
| | J Ll
i If l
) 1
— N Wy
7 6 5 4 3 2 1

ppm

Figure 6. '"H-NMR spectrum of low molecular water—soluble
chitosan.
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Figure 7. BC—NMR spectrum of low molecular water—soluble
chitosan.

2E glg 7} gtk 22y LMWSCS 'H-NMR#} ¥C-
NMR AFEHoM o5 Wuldt 5 52] B35 LRSIt Figure
6 LMWSC2] 'H-NMR AHEHS R Zlolt} o] AE
Hollx, dakgdel ot a7t Al en o 7] EEEel
oJgt 9137k AASHA FHAsIgIh 183 C-1 91#]¢] 47}
o] k= Ak PRpell Ot W7 SR GO R ARG
A ERsTE C-199419] 1708] 747 4.5 ppmellA] Wekst o™
C—2, =3, —4, =5, 121 69129 6709 27} 2.8~3.9
ppmellA UERTE 283 2.0 ppmollA] oA EotH]|E 15
A= Al A9 At AFAow et ek PC-NMR

2# =3 (Figure 7)ol gAIe] o8 7H34 139) 1217} AF
gpgon opilEchE 159 whad WAE 1 4 gtk

C—1 9x)9] eav) A7) S50 g8k s =422l 99 ppm
o Yepstor C-3, —4, 18]a —591%]9] €47} 79~70 ppm
oAl vtk 123 559 60 ppmellA] 22t C—29F —6914]
o] ¥arh et RIEI webA, & Age] AR LMWSC
o] =%k /A 7| EARIS ElEIth



AWBP-PEG-g-LMWSC2| 8. Figure 82 F @AY kg0
¥ AWBP—-PEG—g-LMWSC9] 338 vehdl Zock 3 A
A WA, NHS—PEG—VS2] N-hydroxyssucinimide (NHS)
71% LMWSCY] opu)w 153 Zgsto 24 VS—-PEG—g—
LMWSC7} 74%8] &= =3tk 7 WA vEgellA], pegyl—
ated LMWSCE] vinyl sulfone Z1&°l] AWBP9] thiol “15°]
Ao TN 68%] F&7 AWBP-PEG—g—LMWSCS o
Atk

2ose 2M AN ES] Fx8) AFACIE ¥HE-o] FTIRY
"H-NMRel ¢Ja] A= ek 3 Ha uk-golx e vS—
PEG—g-LMWSC] FTIR 2~=EH (Figure 9)< 2, NHS—
PEG-VS9 NHS71¢] —C=0(1782 cm™") 3a7} AR5 S<
gRI5HGITE o] LMWSCS] ofvl 13F°] PEGSF ¢Hds] 2
el S5 gnEth w3k H-NMR AFE#" (Figure 10) of|A]
= Y rgeisis, NHSS 4 37.(2.60 ppm) 7| AHEH
oA vERA] ¢k AoR Hel A wg | e AAES
o2 gl1at 4= Qlglt} 18]l PEGO) Hld 18] gl 717te] 4=
27} 6.849, 6.561, 12]3 6.331 ppmellA] YRt LMWSC
o] ofAld T15o] 2.280 ppmelA UERGTE £ WA k3ol X
350171 AWBP—PEG—g—LMWSC?] FTIR ~#E¢ (Figure
11)S ¥, pegylated LMWSCY] vinyl sulfone Z1&°l 3
HMEpo]= AWBPE| thiol 18°] Agse &4 AWBPE thiol

cH.on CH,OH
o O, o ﬁ
H H o + CHZECH—LPEG—C—O—
NH, NH, g
n m
o
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0 o 0,
QH OH o
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Figure8. Synthetic scheme of AWBP—PEG—g—LMWSC.
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Figure10. 'H—NMR spectrum of VS—PEG—g—LMWSC.
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Figurel12. "H-NMR spectrum of AWBP—PEG—g—LMWSC.
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Figure 13. Particle size distribution of AWBP—PEG—g—LMWSC
measured by zeta potentiometer.
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Figure 14. Particle size of AWBP—PEG—g—LMWSC measured
by AFM.

VS—PEG—g-LMWSC2| vinyl sulfone “Z3°l €3] A5

S5 thA] 3 W gRIsleitk 12]al phenylalanine?] aromatic
15 (7.111 ppm) 3 LMWSC?] oFAle 15(1.929 ppm) |
Ae H3E v o2HN 452 AWBP7F 152 VS-PEG—
g~ LMWSCH Whgali55 gRlsisick

QIX} 37|. Zeta potentiometer®l] 2J8l =3¥ AWBP-PEG—
g—LMWSC®] =} =271%= 12.0 nm (Figure 13)gom, =} =1
7] B327}F 3] F1 9 FEE YEhdt) o] A3 AFM
(Figure 14) ol 2Jall S4€ Al AT gRlsigith

L | =2

[—

Eol MAE BHS Y3 A A A AEe f4
Ysh= 54 2o Al 24 FUgFozH 2l
T3 = Qluehs S AL Stk # Al o]
ol 24 Ul LMWSCS 7K1 9 8 A5 w43 4= 3)
= §42F A A AElo 744 AWBP-PEG—g-LMWSCS a4

o

E2|H, A30¢ A435, 2006\

I
t}. Apolipoprotein B—1009] 7|%3}] 3433k %)
7} i AEE B

A5 §lal] FHat kgt 24 §1x]e] MEA & |k ”

A A" AWBP-PEG—g-LMWSC] 54 4l %35 #A3}o]
FAA AGAZ FAJEITE LMWSCE M, 9+ DDAE ATl 3
%9} Kina 2%l 213 M, 22 kDa, DDA 84%% =4Stk
LMWSC?] %2 542 FTIR, 'H-NMR, 1813 ¥C-NMR
of 9a] =4tk FTIR AFEHA, 2atdde] 2 734
IF9) F g ARbE e g4 R wgel o FAE 2
=5 9371 @A sk 'H-NMR AFE#s) Pe—
NMR 2~FE#>eA, 2akede] st 3|37} Alebxlom ofg] 7]
ool st 337} moll WA AAERich e 7As) 'l
wAu)e] st 'H-NMR¥} “C—NMR2] 23gto] o]&gkat A9
AA|BISILE, @A oz I Al g3 LIMWSC2 C-2 $1A]
o] opyl 1ol ofWEt A FEAE EQIEA R RE 5
84 7IEARS BIEIGITE LMWSCS: o] g3t st 54zt
A2k AWBP—PEG—g-LMWSC?] 4L FTIR, '"H-NMR,
zeta potentiometer, 1211 AFMel 238l &elsl3ict. FTIR &
HAEH A, VS-PEG—g-LMWSC9] vinyl sulfone 135
AWBPS] thiol Z15°] Zgdozx AWBPY thiol 152 &
A T37 AREES I8 'H-NMR A EZ o] E
AWBP?] thiol 15529 4 377} dA1d o7 ARMESS g5t
At} o]AL& AWBPY thiol 2E°] VS—PEG—g-LMWSCY]
vinyl sulfone I&°] 3] ASEHASES 2v|3tt) Zeta
potentiometer 2} AFMe 93] =A% Yx} 37]= 12 nm2) of
% 2 2717 DNASH BalE F43e o 5 9 AEs 27
a17] 913k 4435t 97|12 FriEnh A7k Bag oje] 29 4
I n)Fo] Hol HFE WAE) AWBP-PEG—2g-LMWSCS &
W Hg A% £ Qe EES A AEAEA B2 7H
Holx Qluk ARk T B MEE mAsh {A A
A2EL H Yot FHAEsel A T AR 2> 4
Ao AFE YsiME A7 0w Zoletarl 7] isit.

oX i o
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e
i

ZAR] 2 Age Fs|ei 7 AT EAAN] (Na—
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