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Abstract — Synthetic gene carriers such as poly-cationic polymers easily form complexes with plasmid DNA which
contains negative charge. Chitosan is a polysaccharide that demonstrates much potential as a gene delivery system. The
ability of depolymerized chitosan to condense DNA was determined using electrophoresis. Dynamic laser scattering and
scanning electron microscopy were used to examine the size and the morphology of the chitosan/DNA complex. Param-
eters such as chitosan molecular weight and charge density influenced the complex size and the DNA amount con-
densed with chitosan. The cell viabilities in the presence of chitosan ranged between 84-108% of the control in all
experiments. Gene expression efficacy using chitosan/DNA complex was enhanced in 293 cells relative to that using
naked DNA, although it was lower than that using lipofecamine. Transfection efficacy using low molecular weight chi-
tosan (Mw=8,517) was higher than those of the control and the other chitosan (MW=4,078). The low molecular weight
chitosan (MW=8,517) with a high charge density (18.32 mV) fulfilled the requirements for a suitable model gene deliv-
ery system with respect to the condensing ability of DNA, complex formation, and transfection efficacy.
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2-1. XHE I A2

2 A ARG Aok TR ) e}, 71 EAGEATE: 332,004 g/mol,
Sy (RPN Fasitt. o] 71 EARS] HotAld sl e 70%
HESQIT). 7|EA S EARE 2d3h] flet] §1ek] whiEe o] 8-
STt ARE-E A2 sodium nitrite(NaNO,, Sigma, USA)C]T}. 7]
EARS Fo)7] fl8l AR gulli= ofAlE Ak(Glacial, CH;COOH,
Yakuri Pure Chemical Co. Ltd., Japan)°]™, & A &e] ARE-E DNA
9} A= pecDNA 3.1/Hydro/lacZ(3.5 kb)$} 293 AH|Fo|n o]5-2
AM AT AlEelA T FAk FA7 Tl &S vwst
7] $18Fo] AF8-% lipofecamine Gibco, BRL(Life Technologies
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Table 1. Recipes for depolymerized chitosan

Components
Sample Chitosan Acetic acid Sodium nitrate Water T‘e)mp
® @ — oy ©
Istep  2step
DP-CSH 2 6 02565  0.025 100 25
DP-CS I 2 6 0.0855  0.025 100 25

A: DP-CS (Depolymerized chitosan)

Lid., USA)lX 73151 0m, Exjgfo] W7 7| AR #E)eh7] ¢
A F2d 2h(cut-0ff=12,000-14,000 Da, Cellu. Sep T3; Membrane
Filtration Products, Inc., USA)yS AME-3FSIT). ©]9] 7]&3A] ok
AR5 Sigma(USA)IA 4)5ted ARE3Ealom, & AgdollAa] AL
£ 5L Milli-Q ZMQS 600 OY (France)= ©]-&3+ D.D.IFS ©|
L33t
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71EARE A3t 8171 $18k9] Peniston Z1FlA gk 3184
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7] $138}5] gel permeation chromatography(GPC)E ©]-&3}%1 S,
ZFH © 2+ ultrahydrogel 5002} ultrahydrogel linears ARE-3}131 S
™ o]FAFN O 2= (.1 M sodium chloride’} g% 0.1 M o}AE)
AHERE | mL/ming] S5 4810 A1 245 98 1
FEAZE BARF 360, 5,900, 112,000, 788,0002] pullulansS A}
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AR ARAE 7| BAR] AIE 548 SA3H7] 931 in vitro
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6-well plateol] WiFslS3aL, o] plates 24413F F<9F 37°C, 5% CO,
ske] Qlulo]E] o] Belet. o 7)o AwAl 7| EARS F90%
5, 919 213 2 A5tuloly slellAd 48417F FRE uieksleaL
o]% PBS Ao R AHE -, ML AYEES Lolrsitt

2-2-3. DNA/AZARS 714 F28 0] Al 9 2y §& A3
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e 7, PBSE A7Iste] § H1E 200 L “gskoict. o] 89
< vortexers 018519 10x3F 738 mRESE H, 3043t ThA] A
3] wHksiGit. 1 & g FEAAE FAs] ste] A
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Table 2. Characterization of depolymerized chitosan

Properties Samples
CS DP-CS1 DP-CS 11
M, 332,094 4,078 8,517
Zeta potential (mV) 14.06 (£2.71) 18.32(£3.26)

In vitro StollA] DNAAIEALS 71 EAF F-Z8 A0 -4 o a8
AFE 817 f18lo] 293 AlEE o] &e3ar, A2 B-galactosidase
assays ARESIITE M2 54 AT FH3do] 293 A plates &

Hlst & FZA A9 lipofecamine 12] 1L naked DNAS A3 vk
Alof] FRISIGITE 1 - 48A1ZF BRF kst 3, PBSE M3,

Ak e JEE ERisk] flsto] X-gal’o— O]“q-*l'oﬂ‘:]' %,
I8k 3| 4-S o] galo] W] S Ao 7 FRIsH 1L
HAEE Jslsly] $sto] floll 7]« B-galactosidase assay s
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VR 7| EARY] BAEES 8517004 4,078% 7HAEIT). olidek
T2 7]|EAR) oo oA Al B3k 1832 mV(E3.26)014 14.06 mV
F2.7DE 73R oA ezl F|EARS B vlg- 2 =
o, PBSOINE 3] gallEr). AEAld 7)1EAR] AE FA4
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01 At &, H7HIE A 92 AR =AE 100%E 752 7
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1, 2mg¥ 9315t o] Aol 48A1%F Bt kst 5, 7o)
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Fig. 1. Cell viability; 3x10* 293 cells in DMEM were incubated with
various amounts of DP-CS in a 24-well in a humidified atmo-
sphere containing 5% CO, at 37 °C for 24 hrs. Cell toxicity of
the DP-CS was measured, and the cell viability compared to
the control, which was additive-free cell culture; (a) Control,
(b) DP-CS 50 pg, (c) DP-CS 100 pg, (d) DP-CS 500 pg, (e) DP-
CS 1 mg, and (f) DP-CS 2 mg (Mean+S.D., n=5).
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Fig. 2. Gel retardation assay. DNA/DP-chitosan complexes were ana-
lyzed on a 1% agarose gel electrophoreses. Lane 1, plasmid alone;
lanes 2-6, plasmid/chitosan complexes with progressively increas-
ing proportions of chitosan (1:0.5, 1:1, 1:2, 1:5, and 1:10). The
band retardation showed that complete retardation of DP-CS
I (a) was achieved at above a 1:10 weight ratio of DNA:chito-
san, and in the case of DP-CS II (b), the weight ratio of DNA:
chitosan was 1:5.
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Fig. 3. Scanning electron micrographs of DNA/DP-CS nano-complex;
(a) and (b) were formed by DNA (5 pg) and DP-CSs (25 pg) of
4078 and 8517 (MW), respectively.
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Fig. 4. Optical photographs of transfected 293 cells; 293 cells were
seeded in a flat bottom 6-well plate, and DNA/DP-CS com-
plexes or DNA/lipofecamine complexes were added to the 6-
well plate. Cells were cultured for 48 hrs, and blue spots rep-
resented transfected 293 cells; (a) control (naked DNA (5 pg)
only introduced into 293 cells), (b) lipofecamine, (c) DNA: DP-CS
I (1:5 (5 pg : 25 pg)), (d) DNA: DP-CS I (1:10), and (e) was
DNA: DP-CS II (1:5).
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Fig. 5. Transfection efficacy using B-galactosidase assay as a variation
of DNA:DP-CS, with a weight ratio as a fixed amount of DNA,
5 png (a) control (5 pg), (b) lipofecamine, (¢) DNA:DP-CS I
(1:5), (d) DNA:DP-CS I (1:10), and (¢) DNA:DP-CS 1I (1:5),
(MeanS.D., n=5).
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