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R ORI AR TR ARAE 284 AL Q7] Sls) 2Asle] ARl Y JIEA Ll ngS @)
ofaut 2% o)g3lo] Relsila, Az B APMOR fe) ohrlE 74 LMWSCE Azsiick. 2ulelo) 4]

A¥ LMWSCY EA3 goladslert de)4 2337 (Infrared spectroscopy, IR) 2 3zp7] 384 (H-
Nuclear Magnetic Resonance, 'H-NMR) el oJafl ZR1EIc}). #Als tehls cHAA5=(PDD & 1.278~
1.499% WA FH EAFREELE YeRIQth F3A ddzA 9] 7154S Elsly] slod, a2z BAe
w2} 2elE 7)EAF S| ugy) fo) AlAE LMWSCS] faxF o] a-8o] 293T cell o]g3to] stk =3t
FRzE Mol agS 17171 8l AlzE LMWSC -2A4017F Balb/C mice s ©]43to] 71531k

Abstract : To obtain low molecular weight water soluble chitosan (LMWSC) with various molecular
weights, chitosan oligosaccharides (COS) with lactic acid was separated by using ultrafilteration technique
and LMWSC with a free amine group was prepared by the novel salts—removal method. The charac—
terization of LMWSC removed the lactic acid and degree of deacetylation (DDA) were identified by FT—IR
and 'H-NMR spectra. Polydispersity index (PDI) was 1.278~1.499, which indicates a relatively molecular
weight distribution. To identify the potential as a gene carrier, we confirmed the transfection efficiency of
COS fractioned according to molecular weight successfully and the salt—removed LMWSC using 293T cell.
Also, LMWSC derivatives prepared for improvement transfection efficiency were evaluated using Balb/C
mice.

Keywords : low molecular—weight water soluble chitosan(LMWSC), chitosan oligosaccharides (COS),
gene carrier, transfection.

M B HolARL, <UA] W kAol gt A o= Q1sf ninjoleivy )
Ele]l g A7 oiAlE L Sl Aol Slek wmlel A W=
F A ARE S 7Y% AudHo RN A ARTE Y gy 4o Qlar viEelAl, Tela AlRA e B EL 71
& WS B QT o ARl Aol 2EEA] oRs AL 51 g2
et L2 nd ARl A Vles WAl s AEery 24 njnjo|gjAA] MER S22 ARSE go|EE Sk 1l ool
A AARRo R Uit Tl AE ARske Ta% 71EE A pRAET wre v ga) ehhEts 15 FHo R o) A
AFsl7] wizolek! Tl okl fdake] A g8l oA 1097 Z5A| A0 4 Yok in vitroelA ol {3k e
= AN Ule] BePgA, sks Aol tigh BSo)d, DNA 8 & A7} o Ho|FHL VER= Zo% oA 9Aul i glo|xE
Zeof] 2Jgh Fell, T12lal Bk Holad 5 ofe] A Aol o Al = 9AR A= SRt Bolgsla ol jola] Lxo]
ghe WL Qe ot BAlES S5l Slelie mabaolar qt Hrk= FAAL 7 9tk 123 poly—L—lysine (PLL) #5710
Agt A2 AgAAE Tidshs Zlolo) dgka o ® fat A polyethylenimine (PED)-& 3kt ool @A) 122 R= Zalin]= DNA
= Aol WEgl HHlel Y MBS It Jlom, FAE o maE §4e 4= g1, MolaeS dHAFIY wsk DNA B
A njele A2 w7y Aol 7S dgshs 7P gl HEAZHE] DNAS Hasith= A4S 723 9ot ol U Al
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7812] gopEs) W& Falo] PolR= 71EARS AAAEE
A 7V FEA o83 A thds 79 shelth 71 AL A}
%2 D—-glucosamine™} N—acetyl—D—glucosamine?] 5+ 714 A
HO = o]FolA glom o] st F 24+ b—1,4-linking®l| ]3]
AEo] gt} FA o= F|EARS AEZ A9 vl FARSHY
C—2 $121¢] 4271 (=OH) 7} o P71 (=NHy) = vH] HelE shat 9l
CEY A mEAREA 7| AR AR, A, BAEEA 5o
93t BAE 7L 9lom, T olelst <t BAJ o7 Qlsjo] oF
SAGA = AR AEEA B2 3-80] A EE Stk

A AlREE 7|EARS AEeHA] i oR Alxst Zow el
oA ARESE o] AR AARA] 27] whitel] o= & Feie
F|EARS Al gl dAolth AR E IR o] HH=E AL
Ak 22t 5 TRRFst £ - F71AE 5ol ARSI glont AxlA o
7P Wol o] 85 212 ke R, o) 7|EAL Az QloA 7HE
& 712 AR ol STk AR} AW 58] AR} P =
o3t TAIHE FEAHER] T1EAM] = fAte] Hol & 5 3
£ ox7} 9Lt olefgt 2] AA7} wjekste] 2001dellE A
B3l ZF AxAke] 7IEANe] 3o 1B o] EAlE Al71EE vh
Stk Tefu oA E ofefgh 1= A Bt 7)es A8-sh Al
& SAEA] kot FA] A O R HolQlE A8k Bgt 1At
AGARA 7|EAL] S8 W& Sl E Ql8) Algks]o] ghow, o]
TAlE sk flsl e EdRo 1 A oly€] skt 2t
agro A gaARl §22t A ZA el B3-S vERiA] et A
ZJolqlet olgt 71EARS] WS S| S8l & A7tAelxleE
2] oIV 5 7R ARAREF 84 Z|EAHLMWSC) & Alzglon,
1 BAL oln] B33k g7tel| el 1wt

o 1

B Aeldis SRl fE e SAEE 918 A
o] AslE]o] Qli= 7)EAE 2] 11 (chitosan oligosaccharide, COS)

-5 o] g3le] Bl R Byd vhe 4 AANS §
3 2] o7& 7 LMWSCS AZst 3, 2} o] &84l
IS T 24 FO] SRRl A e a5 ERIgho =
LMWSC #3F A2 e] 498 ¥slazt sioick =gt
ofxdel iel fAA A=A ] ThedE SRl LMWSCE]
FEARA B 2248 2438 5 s 7159715 7 Ak A
HA2A LMWSC—AWBPY 18]35 LMWSC—Ch(cholesterol) %
o]4314 in vivo ollA2] FHAF Mol ags FPTo TN Ho]

L QrAE AR AGA|RA ] 7FsAS g8k

4

M2, 2 71BARE R 1 COS) 2 () 71 ESO|Z (AL, $h=)
of|A Algo} ARE-3FAtE Ethylenediamine tetraacetic acid
(EDTA), 3—[4,5—dimethylthiazol—2—yl] —2,5—diphenylte—
trazolium bromide MTT), “12]3 Dulbecco's modified Eagle's
medium (DMEM) 2 SigmaAH(St. Louis, MO) ©llA] -}5}91.0m,
Ethidium bromide (EtBr), ¢F/}2*+= Promega*HMadison, WI)
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oA F9lslaith. Fetal bovine serum (FBS) S HycloneA}elA]
Tlsklon, Ao dAE] 293T 2 AgtbA3EQ] Hela
= American Type Culture Collection(ATCC) ollA] #-ofdto}
wjeksloitt, 52834 (green fluorescence protein, GFP)
S Wesl= pEGFP—-N13 pCMV—Luciferase Z2}~1= DNA
+ BD Biosciences Clontech (Palo Alto, CA) °l|A +13}33.0.H,
gPdS B3l S5AIK1 Z2R] S DNAE w2l8P7] $18101 Qiagen
Maxi prep kit (Qiagen, Chatsworth, CA) & A3t} in vivo
A8S ¢J519 Balb/c mice(20 g, 5 weeks)E Damul Science,
Co.olAl F-dstalom, 718k Aok 15 Aloks Al 2o
ARE-SF3ATE

CIAYsH X2 718 LMWSCe| M=, thefst 4152 COSE
~3, 3~10, 10~30 KDa ®$19] stejojrjuks Fa) 247+
5, QIS E-8-olol 8alAA AdEe] Exjgdolow vk
121 § oprlEC R At vy AAEe71E ol&ste] 73] A1F
9 AR & A Axeglnk Axd 13 WPES F2 94
o= Aslo] thA] opflEC R AlFstal HESR Hxd A
< activated carbon¥} o] 2w 325 o]-g3sto] HFo] A}
= A% & 542 dxgo sy okt #ARE 2= LMWSC
AlzF3Ack

LMWSCe| 4 241, 919] IS Fslo] Az LMWSCe] +
9} E23lsh4] 54J:2 FT—IR(Shimadzu, FT—IR 8700, Japan)
2 NMR (*H-NMR and "C—NMR) (Bruker, Germany, Avance
400 FT-NMR, 400 MHz)& °]8so] g4 5l gaFe o= 24
skoit) Tk Akt AEAVE EY¥ AR I ErE 1T (gel
permeation chromatography, GPC—MALS, Wyott, USA) & 9]
ool AdieAtsF gt BARF X 9 S35 (polydispersity
index, PDD) & -3}tk

DNA-LMWSC 58| 84 % 4 241 DNAS LMWSC 53
A= st LMWSCE ¥ 5§ DNAE H7isliA A4 Fas
20 uL2 9501, 30% 71RF mHkek 3 3083 4 Teoll UHSE L
A 14004 10169 FAMZ Azt A P4 Fels
A3l 0.8% oPtE= AL olgst 7T APS TP &
A9 A7|+= F43A 7% (dynamic light scattering,
DLS, Otsuka Electronics Co. Japan) & °©]-&38t] 73131 0™
sk H3k9] i el SRR (transmission electron
microscope, TEM, JEOLJEM—2000 FX—II)& o]-g-3}] =73}
ATt

in vitro, NIEZESFX} Fo| A& vljeks 293T AXEE 24 well A3
ujok plateol] 3 welld 5x10'702] AEZ pH 7.4 ol E5A]
205 24A%F F1E Qo [EfellA ljeFslo] AEE QPYE|A] F-2A]
ALk, 71 viAE AASKL pH 6.22 S wiX] 350 ul.Es "ojredd
& ZEhAn|= DNAS! pEGFP-N13} thefst 2xiake] LMWSC
2 AR 1:10, 1:20, 1:30, 140004 &84S A0 F
plate®]] Hojr=g] a1 4A7F Feoll viAE AAZE thA] 83 pH 7.4
O HiRE Yo 1R 0% FEdn|E S of8sle] BEeiT

in vivo, Rt HOIAE. o]xe] A7elA] Alzgl LMWSCS]
EAZA T sl HElo| = (AWBP) 71 =31¥ LMWSC—AWBP
(200 ug) 9} Fd2HZo] =% LMWSC—Ch(Cholesterol)
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(200 ug) 7} pCMV—GFP 183 pCMV —luciferase 40 ug¥®} z+
7 E3lo] 9IS B/JaIaL GFP9 luciferase B4 574
317] fl8te] Balb/c mRe-2of] Ao AR B35 AR 2
ol & GFP 84L& 8—GFP—aA)2 ©]4319 immunohistoche—
mistry? WP o= 71 #), v, e Ao 7 2ol Ay
o, 4 (negative) &tz (control) S22 ZEAH|=R A
gt A Ayt 2 vheAE, O (positive) o] tlz=T2
2 GFP- expressing transgenic Balb/c vF$-AS 712+ AMg519)
t}. Luciferase 842 534 &4 3 7)ol FAA v 242
2937 79 Fof luciferases w2l3te] 7147 Hhgo® o=
g A S8tk vlxre s ZEkn= DNAR A2d
k-2 ARSI

N=ZE M A8 DNA-LMWSC 53849 AX 542 HE
293T9} HeLa cell& ARSI MTT #4415 “gato] 38a3ich
96 well A|3Ea<k plate®] 3t wellell oF 5x10°70¢] AEE B
g 5 244171 R QlpuolElell X wiekste] MEE QPPEAl F
ZA)ZALL plate®] A2 wjFHS AATE F AlMst Wi%] 90 uLE
Y1, Tt vle] LMWSCE A9 Eetav|= 33 84(0.5
~20 mg/mL in PBS pH 7.4 ) 10 pL= "oread 5 2 52k 91
woJejef|A] ksl LMWSC £-91& AAsk MTT 47}
HIX S 1 1 39] BI&= 4lo]A 3h welld 40 uLA Hojrea]a 2417k
BRb kst & MTT S5 AAsIAL Alxue] v|EZEgol &
Aol 28] YAE formazan A78L 100 pLo] DMSOE o]&-5}]

~
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Figure 1. FT—IR spectra of COS and LMWSC.

wolujolth AE] AEE-S DMSOR ol §918 570 nmell
Ne) g ek Tl A2 olgslel ANsKIc,
[ (OD57O, sample — OD570, blank)

ME =S = X100
(ODs70, controt— OD570, blank) ]

2ot Y EE

a8 A ARE AT FARA A ALA =AM
71 EARE QA YellA] bdakar A Wella] Zaljgozm g
77 = AR T2 otk dRbAoR uREARe] 7
e ARAEC R Fafjshr] flel AREE TS 9e *
et Ak gl aEARFe] 71EARS GelishA |k ole] dt
2 7|=Ae] opiylel] A o 2ol S H=d, o] 7IEAR
AAAERE a&FolH Felthe EARE 7L Slvk webA
B Ao Zakddo] Zol3ls COSE gtelolahks o]gsto]
R Ao = skt thy 4k COSE |A S &l
theet EAe] LMWSCE Alxsigink =gt a82]Ql 244t
A 918l o4 e AtellA] Az Fa4k AEAlE o]838t] in
vitrog} in vivoollA & fF-32F Hola &S S7dsk3lck

CISH BXIYS 71X LMWSC M= & SMEAM, gejojzjuls
ojgate] TAFIR sk COS9} o5 o] gsto] Yol A7

The protons of lactic acid
/ The protons of lactic acid
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Figure 2. '"H-NMR spectra of COS and LMWSC.
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¥ LMWSCe] x4 21 flgte] FT-IR¥ NMRS =

Atk Figure 1o ER18E 4= qlxo] A7 W& &3l dolx
LMWSCE 1730 ecm™' F-Zold vehb= 24k 9=} Alet
A3 16503} 1550 cm™' oA 71EARS] B4 3139 o}nt
o|=7]9} ofl7|7F AA A EEHo] yERrgo®EHA fE ol
712 7k LMWSC7F AlZE 98-S glstsint. T8t Figure 2
s} Figure 3ol YEbd 'H-NMR 7} C—NMR A EHJM =
& 4= o] 27t 1 ppm¥ 20 ppmelA] Weh = ke 1=
7t AR S-S ERlsto 2 Zatede] AAE LMWSCZF 4%
207 AZHGSS EAsHtE. LMWSCE] w41 2 #35
elsly] §18t GPCE 731901, Ay= Figure 49 YE}
Uit} gakde] AAH = ldl] COSel vlsl LMWSCS] #i-
= AZH(retention time)©] Z5 =g]A Ve O 2 EajEko)

C.3 The carbon of lactic acid

Cos 9.K/'l‘he carbon of lactic acid CH;COO—
CH,C00- o e
A ¢t cL% e N
H : — e L L Ly
gy \V
COS 6K
| Lo LU p) |
COS 3K
e —— A A Mt
180 160 140 120 100 80 60 40 20 10ppm
LMWSC 9K
i |1l /)Y
LMWSC 6K
| L 1l
TP Vv Y W 8 W g
cs
Cil o
C-6/C-2
LMWSC 3K c4f o3
| el ;
180 160 140 120 100 80 60 40 20 10ppm

Figure 3. >*C—NMR spectra of COS and LMWSC.

wolbgg-5 o 5= 99l om, LMWSCE] #4132 ¢F 3, 6, 9 KDaZ
vEREeH, thAF=(PDD 3k 1.279~1.499% H|w2 st &
A B2 2 7S BRIt TH-NMR A#4% 9 GPC dlo]
EE olg3lo] S A, dokidsls, 1elar thiakee] o
3 A3}= Table 1] YRS

DNA-LMWSC =&l &4 % S4 &M, COS ¥ LMWSCs}
DNA°| &l 4% E3A15 golsh] & :719% A8e 5
3kl o m A= Figure 59 YeRAITE COSE DNASLS] H
AW 128 oPgelld HA7F /3=l oy LMWSCS] 491
4ol E3A7} FAE L o= LMWSCS] 29 gk 91xof +
g o717} EAkERE o] Al #olgliE COSell nlsl Axl

]
73t oFsts WA =al wEl LMWSCrZE e AR = &
e FIE 5 ] WE o= AlEEnh 53A1S] A e &
ARE Aol e840z ddsh=t] o] T3 8]l o,
B Aol Alzd 5 AgAle] oz 271 2 FelE =7g%
A= Figure 60 YeRIeE B39 Z7]= 130~190 nm

LMWSC 6k
LMWSC 9k

15 20 25 30 35

Figure 4. Gel permeation chromatograph of COS and LMWSC.

DNA  1:4 1:8 1112 1:16 1:4  1:8 1:12 1:16

DNA/COS complex

DNA/LMWSC complex

Figure 5. Gel retardation of LMWSC/DNA & COS/DNA com—

plexes.
Table 1. Characterization Results of COS and LMWSC
e MLt PDI? DDA¢
" v (Polydispersity (My/M.)) (Degree of Deacetylation)

COS 3K° 3.0x10? 4.5x%10° 1.4%0.214 96%
COS 6K 6.0x10° 7.0x10° 1.1+0.284 93%
COS 9K 8.7x10° 13.7x10° 1.5+0.322 92%
LMWSC 3K 2.9x10° 3.9x10° 1.3+0.232 96%
LMWSC 6K 5.8x10° 7.4%10° 1.2+0.165 94%
LMWSC 9K 8.5%x10° 12.8x10° 1.4%+0.199 94%

“fraction 1~ 3kDa. *calculated from GPC. ‘alculated from 'H—NMR data.
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Figure 6. Particle size distribution of DNA/LMWSC(9 KDa) complex (a), DNA/COS(9 KDa) complex (b), and TEM image (c) of

DNA/LMWSC complex.

COS3K COS 6K COS 9K
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'
-
2

9
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Figure 7. Transfection of COS/LMWSC—DNA complex to 293T cell.

2 9dst Jeje] YAt BxE UeRa 5S o 5 9lem,
3 ] v A E TR olvAE Fal
3

in vitro, NIZQE X} Mo| AF. AxH o)z COS W LMWSC
7h R A 24 -87Fs7d0] RS BRI $151¢] DNA
o} Z}7F FAM] 1 : 105E] 1 : 40744 BEAZ S9N & 4
AF Ao AeS ArER o, 71 A3E Figure 79 YERASIC
AR ol FE-L PP (GFP) & sk pEGFP-N1
ZEAr|E DNAS ARSI o, fA v s d3dn)s
oF S FRITE ™A & 5 9ol olE0] A ¥ A
6K LMWSCS} DNA B335 AR AlZollr] we P32
28k 5= QM9 1EA|TE Algte] A BAlRko] =2 9KollA
O e G3S wEe 5= gl9lon, ol 1Al Yol FARS W &
A YellA] g o8 walivh HEE F77el AR B ojn
7F Qe AoEH 3Y o]Fo] Avh= wEEhH] ot Ealee] W
2 3K9| ¢ FAAF o] @gol mle- W FoE el o o]
EApEo] 3K LMWSCS] 7% 2x5o] zlola] ukg] a7}
ofui, o] DNAZF &40l 28 ®ai7F Lojwtr] wiEel A
2 AEgnh w3 B 9K 9] A9 BAjeko] =47] wjid

lo e rir

LMWSC/DNA 3] Z717F AR EE AEUze] F57F =A
oju}ar upebd DNAZF LMWSCEZRE WEE=d] Aj7te] @)
Ae vERd dafear 3 5 Qlok o]ZA fxF deAlelA] EAb
& E2 o] @8-S vehil=tl of 8% 94t B BRI &
A e, COSeF LMWSCE] Hola&s nlugls 724 Ao
2 fEel7)E 7B LMWSCe] #olago] o 535S golgt
T ASITh

in vivo, 8K UsiEE. o] AAE fElel71E 7 LMWSC
= U 716737129 7o) golsirk= s 7L ik whehA
2 AqrEle] o3| o] Ao} FAk WeAEA ] 7FsdS 320
7P LMWSC—AWBP(A) 8F LMWSC—Ch(B) & ©]8314 in
vivo A8E Fasle] 3z dEES SYseick LMWSCell
71579717F B9 freAls 5 23S 24 5 Qe Ak A
A ZA, LMWSC-AWBP2] 7% 587} o2 ox At 4
glom, FAHE(Ch)o] e LMWSC—-Che] 3¢ Al A
ki =gaef o8] A EAI HIAUZFOE AEle] =
= e 5AS 7 Aot 2 AdoMs LMWSC—
AWBP Z18]31 LMWSC—Ch&} pCMV—GFP, pCMV —luciferase
7 717} B3S @48 v Balb/e PRl FARIITE A4

Polymer (Korea), Vol. 31, No. 6, 2007



560 AN QEE - AGD A - A

7o) At & mpg-~0] 7+ A7) 2 BE] GFPY) luciferase &3S 7% Oli= FHHIAE Foof] A Aakalal =87} S5 EAIs)

[e}
SISt Figure 82 A¥=RH Ad: Addulz] =849l A3t o QEARIEAA wAYZ] 23l w2 kel pCMV—luciferase/
st ¢ Qe 71E71E VR Ak AeAlEZA LMWSC—Ch7k LMWSC—Ch #3AI7t FEsias & & Qe 2o 7¢ &
LMWSC—AWBP Hi= Z2fin| =9} niwgleu] 53] 11} A7 ofi= o= A7 A9 luciferase L&o] HA| 9k &l
A 8 #2 GFP 28-S eSS 1 & Q) o] St o]Fe B Adoq AF3t A AdAls 7Y o]io] A

A= vEo R §80] =& LMWSC—Ch? luciferase &3S = g Folli= BT wel7E Hof ALE wurbr] wiEel o= A
Hob7) SI5te] 919} Belet WO vieae] AR F 2 3 men:
7ol oigk A EES Z7gsk A (Figure 9) tixwel o= NZSM A8, Figure 109141 thefst A0 = Alzs|oixl
= FARE mhe-2ol vlsf ghollA E4 o] W S84S5 YRSt LMWSC7Z} a7 deAlz=A] 7Fs7do] EA1E H7ksl] flsto]
MTT 4= AAslo] Al 54dS &R1skith 293T 9 Hela

Plasmid  LMWSC-AWBP(A) LMWSC-Ch(B) Untreated  GFP-transgenic MEFE o] &3] AMEEA 28-S ArsE A7) DNALRS] FAH]

90001
8000
7000
6000
5000
4000
3000
2000
1000

0

Liver

O DNA
B MWSC-Ch

Luciferase (RLU/mg protein)

1

Liver Lung Spleen Kidney

Figure 8. In vivo GFP expression by LMWSC—AWBP(A) and Figure 9. In vivo luciferase expression by LMWSC—Ch gene

LMWSC—-Ch(B) gene delivery. delivery.
180: 180
1604 293T HeLa

160 4

1404 _L 1 _-L _L " l N T

1204

1201
100+

1001
80
60, 80
40+ 60 4
201 404

20

Control DNA  1:8  1:16 1:32  1:50 Control DNA  1:8  1:16 1:32 1:50
(a)
— 180
1604 293T 1601 HeLa
140 | I 140 | . S N 1
120 —-I— —L 120 4
100
100 ]
80
80,
60
" 60 4
20 10
0 - - - _ - - 20
Control DNA  1:8  1:16 1:32 150 Control DNA  1:8  1:16 1:32 1:50

(b)
Figure 10. Cytotoxicity of LMWSC/DNA complex (a) & COS/ DNA complex (b) by MTT assay.
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A2 84 71EA ] £F

1:8%E 1: 507 BF HPE AEE0] 100%°l 7P7Her o=
A ou gk Ay 5445 e as 2RI 5 it wet
A A AgA =AM 9] S-87Fs 0] Slae RStk

4 e
I ATelAE ghelo it A E o]gste] 1~3, 3~10, 18]
1 10~30 KDa¥®] tferst #a% W5 7k COSE AZ=33l
1 EAS B4 o] COSE AES AAANES AHe-sle]
S Ao 7R AFA o 3,6, 122l 9 KDa2] EA1aks 71
LMWSCE Alzslon A4S A8 lth fdxt dgAel =
3] S8l WA DNASK] 35585 A7]9s AP o= gRigh
A7} LMWSCE] 7-%- DNAS} FAR] 1 : 4 odellx] HA7t 3
/e BRI 5= QUGink B2l dAF gk 200 nm olske] 7]
= veRdoms A on-gel S-83tel glof olF Ajteb, 7
o] Felg A ERISIGILE AL Holags Frlsh] S8l =
APk s BT )= ZEkAn]|E DNAE ARSSE A, Bk
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