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Characterization and Preparation of Low Molecular Weight Water Soluble Chitosan
Nanoparticle Modified with Cell Targeting Ligand for Efficient Gene Delivery
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EE: B AFME folic acid(FA) 7} B8 ARAR 444 JIEAHLMWSCO) WedAHwater soluble
chitosan—folic acid nanoparticle, WSCFA) & A|Z3}1, B3 DNAS eBahy 34 9 EAS BAgo gy
in vitroolA AER S48 Brlsisitk WSCFA §492 ERIskr] Slste] B384 B4 e AREsie] 243131
o1, WSCFA Whx=dAk= 110 nm ©l8k] Ak 27191 782 HelE /A1 52 & 5 AT In vitro A|FEW
£A] A3o)M, WSCFA-DNA Eihle AXd 548 43 JehlA] 202 2 AlX AEES HoFglth A
719% AP 23] WSCFAS DNA $%58S 8L, in viroo| X8 Hola&L ¥ F=Al 3l
H7rstdek

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 D20. 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.
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aH FaAEE

Mg ol 4gt E&E WA (polyplex) SRIARE
B o) A3 22 wjulolzia/d HAEAS
&5 wola FAYS AEA7IH Aol A = do.
1= ko)Al HATERR] F|EARS ANESISIT) 78S N-obE -
SFFZFANI0] g-(1,4) A% AAduEAolH At Alg- 54
W%, 240 59 AT, 2FF L Al AEY Fol R
A B-E50] Qi) 718l A el EAllshs dArkdR FolA
AZZ QA TR0 7 W oko] EAEHA|T 7} {7180l 2 &
A 7] el 7§57k o) AS 7 EARS T19E F
& 7R Agsle] doixle EAEA D-I3F Aol p-(1,4)
A% sl 9low 29 ®Ah AR ofl71E 7ML e AL
Bajolt}, 71EARS E4o] glolA AR e, Axtalzt 2 |
Th= E4o] glom wrah WeAR ghgo] Qlohzs A 7HAAL 3
o] A AB2 ARSIl wle- Aget 20g viepdoh 184 7]
BEARS ofMEAF G4 59 & Abg X 5ol & 83lH
7] Wiol AT T2 FHEOF ojgsE AT tiFE
o] ou} T 7|EAre 7 GHEAE Wagy SHEHE A
R R e R R i P e A B
ARFAE, NERER), A2 AEAA L QI FOE o) F
ahls Qv as) A Qo WA 718 7| EAdE 8
oMol 7} g3leks 7]ES sl Ao FIEANS ARAER o]§
8] 93t 7 T3 BAlEk & 4 vk
B o olzfet 5202 Axd f2 o] (free—amine
group) 2 7K ARAEE 484 7]EXHow molecular water solu—
ble chitosan, LMWSC)&'*!* o)g-3lo] 4| Zgsta AW =73
o] AF gl A deAzM 7Ve3E gAstAt st
B A¥S sto] 840 nle o2 ZHo|E(folate) T-8A
(receptor) o] 2J&] dlEAlo)EAIA(endocytosis) o2 M)
o] &4 & Q= folic acid (FA)E LMWSCol B3lsigtozs =
A 22& AT ¢ Q= A AGAE Azt silth FA
= dEAl)EAIAE lsiFE Zo)E el E (folate receptor)
kS BAs] 18] F2 AREERE gREEA,
%29 Fwo] R BHFHA = Aow delA
A} z2 o= o} AA| B3P Ao dejA Qlrk 18
H o7 FoF Aot BoAQl gAY ¥Rl ok
2} 7} Akt £9F v (marker) 2419) Q8 AF3TES Y o]
28t FAS] 24 o284 FAZF Bg3hd LMWSC Wizt
(water soluble chitosan—folic acid nanoparticle, WSCFA) &
AzHR I EF LMWSCS skl DNAY S3ste] oja) 94
g 23 (complex) & o83t} AL AFHE HdsiAl A
DAl $AA 0 EES B9 SR ADAE LT EH &
491 39t A 8E A% FAA A7) AV|E vkt sigich

Alek 2 x= B ol AREE A2k LMWSCEEARF 10 kDa,
ol "Il 97%) = ()71 Eo|ZeA AlFHgict Folic acid
(FA)+= Sigma—Aldrich(approx.98%) & A3, EDC(Sigma
chemical co. FW : 191.7) & AMg3I3ith 28l &= DMSO
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(Junsei chemical co. 99%)Z AF&-3l33t). Agarose®} Ethi—
dium bromide™ Promega Al T332, ] A ARg=
DNA= pEGFP-N1o]9, A|E3F+= 293T AEZ American Type
Culture CollectionRockville, MD) ollA} Heopto} ALE3I5IT) Fetal
bovine serum(FBS)<& Hyclone AFlA 13181%1 1, 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) 2 Sigma
(St. Louis, MO)E AHEETh =] 71ef &9 = Aok AR
18 AkE ARSI

WSCFA2| 8. WA LMWSC(10K) 50 mgg 5/ (1 mL)
o HQl & DMSO(10 mL)E 78te] A2eA] wytstgich
LMWSC(10K) 50 mgoll tidt FAE &H] 3, 5, 10, 15%%} Zt
FAel tigt 24 1.2919) EDCE =9 Halefr 1A1zF 5t
DMSO(2 mL)el Yo £afstict LMWSC £do] FA-EDC
e HHE] FIS T o] dAeA AR wRkElET
I Fo Ul A3 Aol SHFE 4% FHEFT &
Ae 39 Fek FAUEFoEN WSCFAE L3t

=o|M sast =y WSCFAS] FAHE E1317] $Jslo] FT-
IR spectroscopy (Shimadzu, FT—IR 8700, Japan) & #2333t

20l obdol|A 39AE FAAXE AU TRELS KBr}
WSCFA &gn] 100 : 12 oF 1027+ E83le] T 2he Al

23 7, 60 Tolld 12412 5 Ajtele] 5 AAL FT-IR
spectroscopy & ZA3F51th.

SAPIEY &3 WSCFAY 40155 #s7] $l8ll 'H-NMR
(Bruker AVANCE 400, Germany) & %4315tk FA2 LMWSC
= NMR €191 D:0F ARgsle] 4331k

WSCFA2| Li=QIX} 5719 ERFEARENIE 5. WSCFAS] g
A+ A7) B4 Ak (dynamic light scattering, DLS)& o] &
;A =A3F9 a1 DLSE ELS—8,000 electro phoretic LS
Spectrophotometer (Otsuka Electronics Co., Japan) & AM&-3c}.
723 WSCFA vhegizte] Eddels ARS8 (rans—
mission electron microscope, TEM, JEOLJEM—2000 FX—1I)
< olgslo] &t U} £ phosphotungstic acid
0.01%% F7ksle] 7R Bgo= 39¥ TEM grid el Zstslod
AZAT T ZEI

WSCFA-DNA B HIZ X 7| 95 DNASE WSCFA7} 58
A2 A7) Ysto] DNAZ WSCFAS FAME 22 1: 1,

= 17

1:4,1:8, 1:128 383 thE e—tubeol SH9 &4 4
I 60% =< vortexing 313, B ¥4 5-& 15 4

o] A7)9% ] (gel electrophoresis) & ©]83k] gel retar—
dation assayZ 31tk AMEE gel- 1% Agarose©l™ 30
ZH 100 V #gto 7 &3]

WSCFA-DNA EiH|2| 54 &1, WA A% DNA/WSCFA =
g2 ME B4 552 A5k A8 293T AlZE ARSI,
293T cell& FBS 10% $-&¥ DMEM medium “JeieliA CO2
207}l 50| &%7) 37 C¢! incubatoroliA] #jsiit). 96
well plated] 1x10* cells/well ¥52 A|ZZ seedingdt ¥, 3}
F Z< incubatorellAd Bl eH, ojn] AR EFAE HE
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=% 1, 0.1, 0.01, 0.001, 0.0001 mg/mLZE 7} &, 2, 3, 54
Z¥A0 2 MTT assay® 88}t

oM} wEE. 5% COx0ll 37 TR $A%¥ incubatorolx] 10%
FBS$F 3484171 5ol DMEM #jekle] 1zt sjolalgd Al
(HEK-293) 2 #iebA7) 3 24 well platecl] MEZ 4x 10" cells/
wellZ seeding® 24A13F vlokslint. pH 6.29F 7.0 #5731
DMEM(+) Hjokllo ZolE ¥, 2} FANE AXke B3] &
B8 7} wellell 718131 4A17F B wljokst the pH 6.2 well9]
sjokelS pH 7.0 DMEM (+) 0.8 Zolgin) 1 F 3Uzk 2]
Aol #A3)

A A EE

WSCFA2| 8t @ £M B dFoxE Figure 1048k 29]
LMWSCE] o}17]18} FA2) 714712 EDC ¥He-2 o] 83}e] FA

=
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Folic acid

EDC.,DMSO

————
HOH
H
— H
A NH

NHCOCH,

WSCFA

%5’..
L
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Y - AV - AR

7} 3,5, 10, @ 15% X|3k8l WSCFAE 712} Alzaida, 34t
A=A 7FsAE Blskaxl 3%tk Figure 2+ Axd
WSCFA 3, 5, 10, 2 15%2) FT-1R A~HEy A3)E vjehd 2
o|th, Figure 2004 B vls} 7o) LMWSCY ofil7| 9} FAS]
FHEA7)7) ofu|E AL 3o 2H 1650 cm ! 2ol ol =
ol BA F77} F7kska o= 11 927 2AEs & 4 9tk
Figure 32 #AZ¥ WSCFA 3, 5, 10, @ 15%<] '"H-NMR *
FE”S vehd Aot 'H-NMR AFEe) LMWSCS)
1 gkhof A o) Qe 471 4.3 ppmollA, 29 -C2] F47}
2.6 ppm, 183 3.4~3.1 ppmollA] 3~6W-C2 F47} Ve
& I on FAY B4 324 7.3 ppmellA] 7H-C2] 5=
2 3.6 ppmellA] 8-C9 F4, 6.1 ppmolA 9~10H-C9]
4, 6.4 ppmolx] 11~128-Ce] 4, 73 3.1 ppmelk] 139 -
Co] 47} ERIE o 2 WSCFAY elS geld o= Qi) o]

23 2328 FT-IRY 'H-NMRE &43l0) LMWSCY &

=
T

HOH

NHCOCH,

LMwWSC

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.

A M35 FIsa, FAS) XHY57t 571855 1550 cm ™ ol
UeR= o719 B4 B30t sl S 8918 5 gith
o|Z2 FAZF LMWSCS] o}z17]e] &g oA feloltl(free—
amine) 7|7} AAA R ZFoJE7| wWEe] el @40F A7
ok 1222 FAY FHRAY| 9 LMWSCE] ofR1717F Ao,
2 A2 o= 0] FAFGTHE 2L 18k 'H-NMR
Z443 WSCFAA 2.5 ppmell Q& F42] |&u]e} 1.5 ppm
of] 3= 71Re] olMEY] T4 HAN|E o]E3le] & ATollA At
£3F LMWSCe] gotMe sl (degree of deacetylation, DDA
(%)) 7} 96% L= 18I, 2.5 ppmt 1.5 ppmel] U= LMWSC
2] Faof gk WAH) 9} 8.4 ppmel Y= FASY 4 WAHE o]
£3lo] 285 (degree of substitution, DS(%)) & AXrelay, 2
wEH 242t 2, 4, 9, W 13%%YE ERI8I5en, ¥= Table 1
off vkehiSich

WSCFA-DNA 83He| §4. WSCFA2] 7% &4 Uol 3154
LERYE LMWSCS &4 & VEh= FAYL 87 38k
2173 (amphiphilic) 39 4% vehiAl ok 457971} 21
TFI7NE BT Ze o] L 1ol AdollA mldo, ixE
A F ke 553 B4 vl AEFskol 28k ol

ek $-8o] Hof Atk A5 2FL Bl ohdt we el

tle

o

o} 2ol SalEA| b R 4 A B wiEel 4
4 AL FRAI 25774 cores} A4 shelld] FelE zke
A7\ HEAE B "ok 53] G nEA VAL 254
coredll 712} ABAE WA F S0 2 YA YolA {Fd7
A2 8717 vilg 2 Edolnh & Aol Azt

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.

WSCFAE 89 slollA 474 d8E Fat] A7He I
Z WesiAE Hgsgien, o) vesglake] =] 3
FAARHDLS) o7 AL A oWXE FEAdEng
(TEM) 0.2 #Z3159tt Figure 4 (@) ol DLSE 7% 4%
e} 371 110 nm =01 4R Z717F 324 EEHUE
< ¢ F e F2 FEEE #1181 a Figure 4 (b) oA
TEMCg WSCFAS] #HFEE E215 A3 100 nm FE2
Aol wihg- w2l FEe] VimgiAE giste g DLS E442
e} A9 GRS & = AT oHE A#H=E WSCFAZF 100
nm FE hedaAs BgTezN 2 Az B2
& 7FsAE glaigith

H71GE 24, WSCFASH DNAS] B84 ¥4 /55 gEklsp)
S8l 719 S R8Il Figure 59l 5347} 34
=] 22 naked plasmid DNA= 73291 o548 Jehiigle
1, WSCFA—pDNA E32] FAm] 1: 18 Aejdt 1 od<l
1:4,1:8,1:129 A HlolMe 53A7F ¢ds) 4oz

1 Hgl-
P> S L i w

I
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Figure 4. Particlesize & TEM photograph of WSCFA (10%).

WSCFA(3%) WSCFA(5%)
DNA 13 14 B8 112 11 14 18 k2 DNA

K wlaw

WSCFA(10%) WSCFA(15%)
1:0 14 118 1112 1114 1B a2

A DNAS] o)5/do] &3] Ad=e] Uit 2 ERlgho 2N

-2 BARoA WSCFA®) 28l DNAY H53HE
25 golslnt 20)240] pDNAY B3hiE 3Xe] leliA
= ol &S] WSCFAS DNAS] FAHIZE 1 14 oldds & &
ATk

WSCFA-pEGFP Plasmid DNA =22l MOIEE. Figure 6 293T
Al tigt AxAe] 5&S Fristz] A3t pH 6.29 7.0
DMEM (+) wjjfelie] 17t oA (HEK—293) & wiek &
WSCFAS) pDNA A1 @ 20, 1:40)E BEAZ FAls}o]
A3 Ay Ao} AGFE FHAF dHF O] FobAH pH
6.2004 1 :40¥d 3z B ago) 7FF A Jebde &
olgle), HA FAEIZE 1:20 Ho} 1:400] B £& HHF8S
ehd 2 oko) 28] HekE 717 LMWSCS) oko) a2 A3
Fol gHskele] A8t Asakge) ol AlElz g4 o] B2 ok

—
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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) B3kt 2 4 o) WiEl Ao AlsEy, =38 pH 6.2
ol wjekgte w pH 7.08c} 82 37 Eo) o =4 Jepd
RE BT = gt o)RE YRkH oz J)Eake] pKa #hol
6.3 AEYS ket m W& pHell LMWSCrE 748k AHde o
Rl whebx] EX o P EFAE FAY 5 7] wiEelch
HIZ MZEE. Figure 7 %ol27d "lole] 2] WE]Ql WSCFA
9] ME ABEFo| vAE YTE dohy] fste] MTT AEE
35t WSCFA 3, 5, 10, 15% &5 A AEgo] tjxrrot
w2 298 el on, A5 BE5E AL Aego] 50
RS 4 F AUk o] AERE & AFolA Axze Az A
@A EA WSCFAE A ol 5238 UehiA] o= bt /-4
A AGAEX L 7FsAS SIS
a4 2
2 Ao B AEe T3S ol A 2 Es S
SN F)7T Y3 AR AEA 24 FAS 752719 LMWSCE]
olwl7)2 Agsle] WSCFAS Azl WSCFAQ x4=7]
£ Z4% 47 110 nm F=oly, YAHEE 78 vhedaE
DLSg} TEMO 2 ERlslglon| olejgt Az <Al e F342k
AGAZ AREE 5 e A7)0 g A4S B8E & A3Th
FT-IR A¥EZgo)|qE= FAS 718279} LMWSCY oll7|&
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AEIEDODA)E 96%°11, XNBFZ=DE 42 2, 4, 9, 3
13%%9< glainy. 18lx A719sS 5743 23 WSCFA—
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