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=5 £ AFAME folic acid(FA) 7} B8t A2A=F 7879 71EACMWSC) WA (water soluble
chitosan—folic acid nanoparticle, WSCFA) S A|Zs}1, E3F DNASH e B3k 3h4 9 EA8 BAJ3ko 24
in vitroolX AEW 545 F718ISItE WSCFA & ER13P7] fleto] i233e4] 4] S ARgsto] B4k
o, WSCFA We$d2k= 110 nm ol8ke] 4=t 27191 -8 9] FellE 7L s & 7 UM In vatro A3
/9 A¥eA, WSCFA-DNA E3ll= Ay 542 18 Uehl®] 802 22 Al AEES RAFch A
71%9% 43S T3] WSCFAS] DNA $%58S ERISIAL, in vitrodlA &) Aola&2 g3 F=Alo] 23
Byt

Abstract : Gene therapy using low molecular weight water soluble chitosan (LMWSC) as polycationic
polymer shows good biocompatibility, but low transfection efficiency. The mechanism of folic acid (FA) uptake
in the cells to promote targeting and internalization could improve transfection rates. The objective of this
study was to synthesize and characterize the WSCFA—DNA complex and evaluate their cytotoxicity,
vitro. In 'H—=NMR spectra, specific peaks appeared both of FA and LMWSC in DyO. WSCFA nanoparticles
have spherical shapes with particle size show below 110 nm. In the cell cytotoxicity test, the WSCFA—DNA
complex showed high cell viability, in vitro. Gel electrophoresis showed condensed DNA within the carriers.
In vitro transfection efficiency was assayed by fluorescence spectroscopy. WSCFA nanoparticles have
less cytotoxicity, good DNA condensation and particle size around 110 nm, which makes them a
promising candidate as a non—viral gene vector.

Keywords : LMWSC, folic acid, nanoparticle, gene therapy.
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o] 43 Z2Z YA (polyplex) SHHE H7E 5= gkt
QAol] ARG E2E vlulo|H g AEA ] A g &
Fo|a HAdE AEAZIH Aol Hs] sA4E oA &
g AATRAR] 7|EARS ARSISITE 719 N-opAld—
o] f~(1,H)AFS AAnFEA e A Alg- 52
P, 240 T AT 25T W A AEe Sl 39
sl FaEE o] Qith 7Rl ATl EAlshs AATtdST SollA
AZR 0 A TR0 7 W2 o] EARIAT E2 {718l & §
SEA] 97 wjFel 1 %7} g H o] Ykt T EAke RS 5
5 R Asle] dolRle 24z D-S3FFANIO] p-(1,4)
AL ot glor 29 'k QiAo o7& 7L Y= A1
Aot} 7|EARS: /o] qlolA] AR Rsh, AL & |
th= 54o] glom mEst AR vkgo] glvh= s 71 9l
of YA Am ARl mihg- ARkt 2318 vERdick. 12 7]
EARS olAEAL At 59 HS 4ks S glof 2 g3l
7] WiEell AR7HE T2 FYE0RE olgste = At uiE
olglon} ™ FIEAke: Ae] FHEAR WS FeXEE A
R @ AR A S 22 A 7)%5Ad0) Q7] whel
A, AEEEA, A2 SR 9 1T SO o] &
ke A77F @is] A= Qlek wEbA 71EL] TEARS 5
Aol g3kl 7S MUskE Zlo] 71 RS AAAEE o] &
371 flst 7HE FQsk wAlEaL & 4 Qi
2 AT ol FE o R AFE el o] (free—amine
group) = 711 AR -84 7)1EAHlow molecular water solu—
ble chitosan, LMWSC) &' o]l 3] #@star Al 54
o] A8 Jle FAAF AGARA Y 7Hs/dE FR1stAt sk
2 ARE st 784 vERoEA EHo]E(folate) T8
(receptor) ol 2J&ll QAo EA| A (endocytosis) FHOE ALY
ol 72 = 3= folic acid(FA) & LMWSCell B3jglstoss &
A A4S BAT T Qe A AGAE Alxskaat siiok FA
ATAR|EAIAE m7fslF= Z0]E 2|4 E(folate receptor)
ARAX FFE BA3] HEl FE AFGE A= BIERA,
1 FF A9 xHe FH-sH wEE A= Fow deiA
ot Y Aol ol Al Eashs Ao® dEA Sk 1e
B2 FRS Mgz og Fof 22ofnt 5ol&l ~8A1d tvt oy
2} 7 23kst Fok ni (marker) 419 938k AlFgict 1 o)
23t FAS] A& o]438iM FAZE 5338 LMWSC vhegi#t
(water soluble chitosan—folic acid nanoparticle, WSCFA) &
Azl gk LMWSCE] oFdstel DNAS] Sstel 23l 343
¥ B3 (complex) & ©o]-83te] fHAE A= <FdsHAl A
GAA A 58 = FA dEAE e eEN |
H2Q At ARE Q3 AR A58 AVIE ehEstaA}l sk

D—=5F3AF
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2
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Al EZ 2 ATl AR Aok LMWSCGEAFE 10 kDa,
SobiEst: 97%) = () 71Eeo] ZoA Algtgiet. Folic acid
(FA)+= Sigma—Aldrich (approx.98%) & AF31331, EDC (Sigma
chemical co. FW : 191.7) & AR&-sI3{ct. 18]3 §vll= DMSO
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(Junsei chemical co. 99%) & ARESIITE Agarose$} Ethi—
dium bromidet Promega AtlA F8F3, ©] A3l ALg=
DNA+= pEGFP—-N1°0]H, M3ZE= 293T AM*2= American Type
Culture Collection (Rockville, MD) 4] ZeJqto} ARS-513It). Fetal
bovine serum (FBS)-2 Hyclone AFllA 13813317, Penicillin—
streptomycin, 0.25% (w/v) Trypsin EDTA £ Dulbecco’s
modified 3—4[4,5—dimethylthiazol—2—yl] —2,5—diphenyl—
tetrazolium bromide MTT), Eagle’s medium (DMEM) < Sigma
(St. Louis, MO) & AH&-Fth. WA 71el gu 2 Aok A
15 Aloks ARE3ISiTH

WSCFA2| &4, 1A LMWSC(10K) 50 mge S575=(1 mL)
of =<l £ DMSO(10 mL) & #7tste] AolA wrlksHsith
LMWSC(10K) 50 mgell th3t FAE &H] 3, 5, 10, 15%2} Z
FAel st &1] 1.2v1¢] EDCE =9 hAellA 1A]7F &<t
DMSO(2 mL)el ¥o &aliseitt. LMWSC 8ol FA-EDC
SHE ] H7FeE & 29 HelA FAE wnkslETh
1 Fol] HULE sk Aol STRTE 443 FAsT L &
NE 3 B wAAxRT =N WSCFAS L3tk

MolM BEst £, WSCFAQ 3Mdofi-& ERlep] flsle] FT-
IR spectroscopy (Shimadzu, FT—IR 8700, Japan) 2 #4131t}
A20] oA 3UAE TAUEXE MK =R EZLS KBr
WSCFA &&1] 100 : 12 oF 1023 Egsto] T3t AlS A
Z3E %, 60 Tl 1241%F g1k 2i9ksto] -2 A8k FT-1R
spectroscopy Z 43}tk

271239 5. WSCFAS] @45 gelsl] 918 'H-NMR
(Bruker AVANCE 400, Germany) & 4313tk FAF LMWSC
£ NMR £4Ql D:0E AREste] S431%1th

WSCFA2| LI=QIX} 37(9f EaMARNIZE £, WSCFA2] el
2} 271 F4 B2 (dynamic light scattering, DLS) & ©]-&
A 54319 DLS= ELS—8,000 electro phoretic LS
Spectrophotometer (Otsuka Electronics Co., Japan) & A3t}
12)al WSCFA vhegAke] el Ak 7 (trans—
mission electron microscope, TEM, JEOLJEM—2000 FX—II)
= o]&sto] Sl Hed At &l phosphotungstic acid
0.01%% 78l 7kt B50= 9% TEM grid 91ell #lafate]
AZAZ $ 4313k

WSCFA-DNA =3 HIZ ¥ %7| %=, DNAS WSCFA7} 33
AL FJsh7] Ykl DNASE WSCFAY FARIE 242+ 1 1 1,
1:4,1:8,1:12%8 E33 v e—tubedl S5t I ¥
11 60% =<k vortexing 3K, B3k A 5= 1] ¢
sFo] 7195 (gel electrophoresis) 2 ©]gso] gel retar—
dation assayE G-Itk AREH gel 1% Agarose®]™ 30F
ZH100V #ko = 43Tk

WSCFA-DNA SgixlIe| S4 &0l 4] #1x¥ DNA/WSCFA
FAE] AE FA 75 8] S8l 293T MEE ARSI,
293T cell FBS 10% ¥ DMEM medium “Je]ellA CO.
FE7F 5%0ln 2%7F 37 T2l incubatorollA wskSl). 96
well plated] 1x10* cells/well 552 AES seedingdt &, 3}
F &2t incubatorellx] wisIgiom, ojn] Axw EIAE HE
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% 1, 0.1, 0.01, 0.001, 0.0001 mg/mL=Z 3718t & 2, 3, 54
A0 2 MTT assayE 3J35F3ith

SER AT E. 5% CO20ll 37 CTE 5% incubatorollX 10%
FBS$} 37171 S018l= DMEM Hjekelo] Q171 uljobaldh A5t
(HEK—293) 2 oA )71 & 24 well plate] AEE 4% 10" cells/
wellZ seeding® 24A17F vkt pH 6.29F 7.0 731
DMEM(+) Hije¥Ho = Zole & 7} FANZ Ake 534 &
N5 7} welloll F7FskaL 4413F sk gt ths pH 6.2 well9]
wjeFelS pH 7.0 DMEM (+) 02 Zolgiek 71 3 39%F A2
HolE gtk

L
L

a

@ o

EE

ol 2M B

WSCFA2| &ty 3l 2
LMWSCS] o}917]9} FAS] 7H5A1715 EDC Ht

ATelX= Figure 1olx9} 2ol
= o]83l FA

o=

Folic acid

EDC,DMSO

—_—
FOH HiOH
H HOH ;
i i
_ H I o
Ho NH HoH NH

NHCOCH,

WSCFA

7} 3, 5, 10, ¥ 15% |&k¥l WSCFAE 217} Alzsiqlar, faxt

A zAe] 7FsAs ERlstaat alth Figure 2% Az
WSCFA 3, 5, 10, ¥ 15%°] FT-1IR 2~¥EH A7E vepd 3

o]t} Figure 204 B vlel o] LMWSCS olvl7] e} FA2
FREA7} o= A%k 3o EA 1650 cm 2ok oh = |
o] A A=} Sk o= 11 9a7) 24Es & 4 9ok
Figure 3 A1Z¥ WSCFA 3, 5, 10, @ 15%<] '"H-NMR
AEHS Rl Aol 'H-NMR AHEHA] LMWSCE]
19 ¥kl Agtelo] Q1= 5471 4.3 ppmollA, 2M—C2] 47}
2.6 ppm, 1831 3.4~3.1 ppmolA 3~6WH-C2] 47} YePS
< 2RI O, FAS 54 F3=4 7.3 ppmollA] 7TH-C2] &
2, 3.6 ppmelA] 8:—C2] 42, 6.1 ppmelA] 9~108-C2] 4
2, 6.4 ppmelA 11~1251-C2] 44, 128]37 3.1 ppmelA] 13-
Col vt ErlgozEZn WSCFAS] S 113 &= it o

ha B =
A3t A9zRE FT-IRY 'H-NMRE =43l] LMWSC &

R
L

NHCOCH,

LMWSC

H

ot

Figure 1. Scheme of nanoparticle for formation based on WSCFA.
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Figure 2. FT—IR spectroscopy of WSCFA nanoparticles.
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Figure 3. '"H-NMR spectra of WSCFA nanoparticles.
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A M3E BRI, FAS] A ErE T7FE 1550 cm o]
Ueh k= ol1718] 54 127t #ashs 2le ER1E 5 QSith
O)AL FAZF LMWSCE] ofl7]ol] X|ghg o 24 felopil (free—
amine) 7|7} FAAA 07 Fol57| wliEe] Yehh= dAdo® Al
Ho) 2822 FAQ 715241719 LMWSCY] oll7]7}F Aglslo
2 AJ22 o= To] PAEIHE AL gelalirk 'H-NMR
=443 WSCFAIM 2.5 ppmell &= 4742 WAn]9} 1.5 ppm
of] 3= 7161e] ofAEY] 0] HAH|E o] 3to] & ATelA] AL
£3F LMWSC2] golrel 3l (degree of deacetylation, DDA
(%)) 7} 96%9-& &1, 2.5 ppm} 1.5 ppmel| 4= LMWSC
o] S0l et WAu| 9} 8.4 ppmell = FAL G4 WAH|E o]
f-310] X138 (degree of substitution, DS(%)) Z Axkelga, 2
2R 42t 2, 4, 9, W 13%US RIS o, AZ= Table 1
of] vreRfiSIT

WSCFA-DNA S&H|2| £4. WSCFAS] 7 &4t dlell 2154
HER:= LMWSC9 &4 YeR)= FATLE 87 5&sh=
F773 (amphiphilic) 29| B4 UeRA Bt} 4549719 %
TA7IE BT Zhe oI B8 8 AdollA ml Ao, QIAkE
PP & Stk 553 54 wide] Aot 9 ol

tFsHAl S-80] Hof Atk 2 T1ES Sl High W Sali

KX

il

O

o} ol GalEA b= Ftel 29 A I vl G
3 AL FENeNM &4 core®t I shelle] FEIE 2=
2713 8AIE B drt 53] G A vl a5
coreell 32} ABAE WAL = 502 A el At
AgAR 877 v w2 Bdolth & Aol A

Table 1. Characterization of WSCFA

Samples DDA? DS¢
WSCFA 3%* 96.38% 2.48%
WSCFA 5% 96.29% 4.20%
WSCFA 10% 96.33% 9.22%
WSCFA 15% 96.12% 13.74%

LMWSC conjugated FA 3%. "Degree of deacetylation, calculated
from 'H-NMR data of WSCFA. ‘Degree of substitution, calculated
from "H—NMR data of WSCFA.

WSCFAR 488 lollr] 244 AghS Falo] 271531l dH)
2 UeSzE d4dsialom, o] vaegixke] 7] 9 e F4
FARMDLS) o2 F3la Ak oln|AE Frpzkdu]
(TEM) 0= #233itt. Figure 4 (a) oA DLSE 243 Ueg]
2k Z7)= 110 nm AEo)a YRk =77}t 1EA BxEs
S %5 Qe F2 RS ERISISITE 18]l Figure 4 (b) oA
TEMC 2 WSCFAS] TAFEE Ist 47 100 nm JE2 3%
ol - w17 TP L] WSk ERIgtoEH DLS 744
kel A9l AR o 5= Stk olH sk AnE WSCFAZ}F 100
nm FES] WediE TR ARt AgAEAe] w&
& 7FedE RIS

HM7|YE M. WSCFAS DNAQ] B3H) A 452 eklsp]
el A719% E4S TSIt Figure 594 S3A17E 3749
%)A] 92 naked plasmid DNAE 4291 o]5AS YeRSle.
1}, WSCFA—pDNA H3H9] FAH] 1 : 15 A|e]gh 71 o<l
1:4,1:8,1:129] FA vlelXe S8A7F ¢ds] Fgdo=
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Figure 4. Particlesize & TEM photograph of WSCFA (10%).
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DNA DNA
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@

5 ERIEITE So)/32] pDNASH B3HAlE
L oko] 2] WSCFAS DNAS] FAM7F1:4 o
po=g

WSCFA-pEGFP Plasmid DNA £&H[2| M0|&&. Figure 6= 293T
Aol thgt A EHo] &8s Frisy] fsted pH 6.29 7.0
DMEM (+) ufekolio]] Q17F vjobal @Al 32 (HEK—293) & Hijok 5
WSCFAS} pDNA F-AH(1 : 20, 1 :40) & BIAZ At
Aet Avp A)zto] Ades 4k HAFGE0] FolAH pH
6.20141 1 : 404w 4=+ Edggol 7V A e &
QST WA FAMZE 1020 Bk 1 :400] o] HS HHges
YERH A2 ofol2] H3lE 71 LMWSCe] oko] W5 AL
o] gxlskele] st e akgol oal AlvlE B4R o W ok

30 rlr no

ZoM, 43148 5%, 20074
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pH 6.2

WSCFA 10%(1:40)

Figure 6. Transfection of WSCFA—pEGFP plasmid DNA com—
plex.
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Figure 7. Cell viability of HEK 293T cell with WSCFA nano—
particles.

o) Bk H42d % o] Wl 2 ow ARREI) EE pH 6.2

ol i W pH 7.080h S BeFge] o 7 ekt
28 BRI & gl o)2e ik ow FEAte] pKa gl
6.3 s AE v v pHellA LMWSC7} 738t AHd-s- v

ERied webd 24 H e SEAE G2 ¢ 7] dielth
M= M=g. Flgure 72 ol nnlele ] el WSCFA

o AE gl TIAE GES Uokiy] g3kl MIT 4BS

3tk WSCFA 3, 5, 10, 15% B5F M3 AEgo] gixTHrt

£ A9 Lehlon, AFEL FSE AL AEko] Btk

£ 8 o 5 ik o] AsheE B QoA Axe a4 2

YAl WSCFAE QA Uil 542 Uehix) eh ekig #71
A ASARAY S B
7 =

B AT 54 AEY BAYS Fola fA4 BREES

a1 717] 918 xRl AdAZA FAL] 713-417] 9 LMWSCE)
o715 Agslo] WSCFAS #2330tk WSCFAS] J#1=17]
£ 574% 45} 110 nm =01, YAFHE 759 oA s
DLS9} TEMCZ #Rlslglon, o]fst AYZ A U] fx)
AGAR AR 5= ol Z7]00 digk A3de gR1E 4= Al
FT-IR A#EHME FAY 754719 LMWSCY o715
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opil7]9] 54 ¥} Folts Al BRlE o gl o] AtEN
E] FAS] 7221719 LMWSCS] opl7]7} Agsho 24 A2 of

W)= T Ago] YIS FASKICE H-NMR 25 =4
L FAS LMWSC zHzte] B4 335 g1s}si WSCFAS] o}

AESE(DDA) = 96%°]1, AF=DS)= 44 2, 4, 9, 2
13%9< ERIsISILE 18lal 7719%S 593 Ay} WSCFA-

pDNA E3kl|e] FAH] 1 : 4 o) dollr E3A7t kds] /99
golgk 4= Ak FAA dHEaEE dotry] 3 WSCFAS}
pDNA FAMI(1:20 2 1 :40) % EIAS FAslo] A3 2
3} pH 6.2¢14 1 :40Y WS-} el °°1 7V E=A Vel
o} g2l3 AN 1 2085 1 :400] O S HHE 8-S Vet
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