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=8 vorst BASE 7 AR 484 A1EARS V] S8 kol AR Sl YIEAL S IEE §H
Tt AAE o] g3l FalEii, MEE o APHeE fe] olIVIE I LMWSCE AlRsigith gatdo] Al
A" LMWSC?] E47 gotigslerl #94 237 (Infrared spectroscopy, IR) ¥ #7383 (‘H-
Nuclear Magnetic Resonance, 'H-NMR) ol 2J3) &1ty BARE vehls oax|4=(PDD+ 1.278~
14992 vwA F& FAREEE VepIgin) $Ax AgAzA e 7158S 8] $18le, 938 o= FA1e)
et FelE 71 ent &Rt dol AAY LMWSCe] 441 Aeldgo] 293T cell ol-83to] Frlsgict. &gt
A Helags A1) A8l AFRD LMWSC 5547} Balb/C miceZ o431 H7FE gtk

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.
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715e] SolEs} vhe-& T3] BojAlx IEARS AAAER
A 7P ZQA) o185 AQ bR F2) sholrt 7|EAR] FAt
28 D—glucosamine®} N—acetyl—D—glucosamine®] = 714 43
FoZ o]Folx glom, olEgt 7 Q4 b—1,4-linking®l] £J3}e]
AgtEe] Qit), FRE 07 F|BARS AFFE e A% uie- fALSH
C=2 $1A9] 5271 (-0l 7} o171 (-NHy) 2 vH FEfE 3t 9l
Th¥ AR mRARA 71EARS AR, FEA, AT 59
9% BAS THR om T oleid 9st S0 qlsje] of
ARG == A EE ASEA B S8o] AEST gk

Al AlBEE 7| EARS BB o AEd Aow walw
ol AR Fo) ANE AARA] ob7] wiEe] thiFE o Feje
7| &AM AEk Qe dAlolth AR HoRlE ¢ FelEE gAY
Ak zAE 5 Okt - TN Bol ARgEIL Qo Ao g
7¥g o olgsE AL FAeE, o= 7|EA ARl QoA 7P
Z 718 AAZ ot Tk 2njrE a9 5o ANzt Al
o)t FAES uEAREQ] 7]EAN e dale] ot glE = 3l
= A7} glont olalsk A9 AA7L mjeksle] 20010 dES
3l 24 Az 71EAb] EEEHAR FAE L] FAE A7Ig vh
Ak 72} o} % o)t FED AA) B3 7S A8 AlE
2 ZAEA] Yot I AR OE Holgle Ad8elr) 3 f-3zt
ALAZA 7)|EAL] 582 e S E ol AFHEo] ghom, o]
FAZ WA 7 B /PO 11 AT oW s 3
2oz G4l faxl AgAzA e EAAS vERA] B3t A
o)tk oleidt 71EAR] Ws FEs] Al £ A7 E &
2] ol I7|E 7k AEAREF 84 F1BEAHLMWSO) & Alzgion,
1 B4 olu] B sgle] ofaf BRIk

b £ AFelAE SRl gt 22 S A 2
o) ZgHo] Q= 7|EA S8 1R (chitosan oligosaccharide, COS)
< gojoinjuke ol gslo] EAFHEE Fed v @ AAEE B
3 f2 olwI7)1E 7R LMWSCE AZe &, §-34; do] a&/del
FIFE F= 24 7 sl EA1e] uE g34E FERIFowH
LMWSC?] f-d2t AgAZA Y 95498 et sigich =g
olA9 Ao FRRF HLGAZA] 7FsdS ERIT LMWSCE
FEAEA 5 24& AT F e 7eE 7R A A
|24 LMWSC—AWBPY 7231 LMWSC—Ch(cholesterol) 2%
0]4319 in vivo o2 FHAF Mola s SHFeEN FYo]
e HET FRIAL ALARA L) 7S stk

4 H

ME, Za 7NEARRETFHCOS) S (P IEHIZ (AL, 3H)
ol Ao}l A3 Ethylenediamine tetraacetic acid
(EDTA), 3—[4,5—dimethylthiazol—2—yl] ~2,5—diphenylte—
trazolium bromide MTT), 282 Dulbecco's modified Eagle's
medium (DMEM) & Sigma*HSt. Louis, MO) o4 4313 o,
Ethidium bromide (EtBr), °F}2Z3= Promega*HMadison, WI)

E2H, A31d8 Al6%, 2007

oA 28k}, Fetal bovine serum (FBS)-2 HycloneAldllA
FRstgen, QzkolalAAESl 293T2 AraehAIES] Hela
= American Type Culture Collection(ATCC) oA &Fxdo}
Hioksiaic), =8P (green fluorescence protein, GFP)
< 9185R= pEGFP-N13 pCMV—Luciferase Z¢~7|= DNA
+= BD Biosciences Clontech (Palo Alto, CA) X 7181l om,
RS Ea) ZZEAZ) Z2An|E DNAS 22517] $181 Qiagen
Maxi prep kit (Qiagen, Chatsworth, CA) & ARE3IIT). in vivo
AP-E Ysle] Balb/c mice(20 g, 5 weeks)+ Damul Science,
Co.olA T8t on, 7ek Aloke2 15 AlokE AR ¢k
ARE-313iTt.

Clfsl 2xi2ke 7kl LMWSCS| M. thekst EAHEe] COSE
1~3, 3~10, 10~30 KDa 319 gejeigute: B3 24zt &2
3 5 Qlled gi3golo] SaNA AP ERjgdolos vk
A Z opEC 2 A3 v AREVIE o831 3] Al1F
e A T 72 Az Az 13 BEEE F2 gt
o7 Al oA oECZ AFsta HFoR Axd W=
% activated carbon} |2 TAFAE o) 4310 HF2] HAFNY
S AR F 54 AzFo N gkt EARE Zke LMWSCE
Az3Hck

LMWSCS| BN 241, 912] H9& Eslo] Az LMWSC 7
Z9} B3ty EAL FT-IR(Shimadzu, FT—IR 8700, Japan)
2 NMR (‘H-NMR and *C—NMR) (Bruker, Germany, Avance
400 FT-NMR, 400 MHz) & o|83}e] 44 9 ddd oz £4
FATE TR BT AEAY)T =08 AFHAAZETHT (gel
permeation chromatography, GPC—MALS, Wyott, USA) & ©]
L3led AoiExiEr gk B8k £¥ W BE¥ T (polydispersity
index, PDD) & T8}k

DNA-LMWSC 235l 84 ¥ S4 #M. DNA LMWSC &%
A= Dol LMWSCE ¥ 5§ DNAE F7iiA A 795
20 L& 933, 30z 71 2kt 3 3083k 4 Coll BRES
24 14904 1: 168 FARZ Azl E3A 34 I
A3 0.8% optE= AL olgd A7|FE AP TR F
9] A7)= 83 5747R] (dynamic light scattering,
DLS, Otsuka Electronics Co. Japan) & ©]&3l] 431501
w3k B3k40] 59 el F3RRRARA (transmission electron
microscope, TEM, JEOLJEM—2000 FX~1I)-& o]&3lo] S7st
it

in vitro, IEQXKL 0| A% wljokel 293T AIXEE 24 well AlE
ujjok plateo] 3 welld 5% 10702 MEZ pH 7.4 iAol 25A]
20 3 2417 91 Qo |E oA uljoksle] MEE QPIEA F-EA
Hrk 71E 1S AASKL pH 6.2F w5 vlix] 350 uLE gojr=dd
% Zghau|= DNAQ pEGFP-N13} vlekst 1] LMWSC
2 FAM) 1:10, 1:20, 1:30, 1: 400 EEAE 349N F-
plateol] Bojrmaisr 4xz7F Hof) vixE AARCE o) 84 pH 7.4
9] iK1 E Y1 F718 02 BN o) §3le] #EBISIT

in vivo, SRIKt MOIME. o]xe] AFelA Alzd LMWSCE| &
SARA T 23 Helo|=(AWBP) 7t =% LMWSC—-AWBP
(200 ug) 9 FeAHZ] =Y¥ LMWSC—Ch(Cholesterol)
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(200 ug) 7} pCMV—GFP 183 pCMV—luciferase 40 ug# 2
7zt 3= B3-S PA8190T, GFPY luciferase A4S =4
317] A3le] Balb/c vhe-2ell A9 FARSISITE BEAIE FAS 2
4 ¥, GFP &4 ¥-GFP-3AE ©]¥31°] immunohistoche—
mistry” WO R 74 #, v, 83 A 7 2o =3
lom, 24 (negative) 2] & (contro) 08X ZdlAn|=g X
23 R HyeA] P& v~ E, A (positive) & thRT L
2 GFP- expressing transgenic Balb/c WF-18 zFzh ARL31S
o} Luciferase /4¢3 34 3 371 F9002 vhe 244
293 79 Fo luciferaseE w-eldte] 7|Ae] vEgo 2 pe=
g ATE SAsGn o ZEauE DNAR Ad
R AE ARSI

HIZ 4 A8 DNA-LMWSC H&4¢ A 542 HEK
293T 9} Hela cellS AMESIE T, MTT £412 310 S88819ith
96 well AEu} plate?] & wellell 2k 5x10°71¢] AMEE £
T F 24ARF B AFfHolE A wijoksled AEE QPP HA F
ZAZ . plate?] A wijoFlg AAT F A5 Wix] 90 L&
Y1, teket nje] LMWSCE 4% Zekavlt 23k §99(0.5
~20 mg/mL in PBS pH 7.4 ) 10 pl-& FGojr=d] 5 29 et oF
wlolEjoll A wjokelith. LMWSC €08 AAsla MTT &7
HIRIE 1 0 38 HIEE 4olA] 3t welld 40 pLA Gojr=a]ar 2417k
FE kst &, MTT €95 Ak AlEue) nlEZtajol &
Aol 2J3l 444 formazan 23S 100 pLe] DMSOE o]-&3}o]
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Figure 1. FT—1IR spectra of COS and LMWSC.
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e ARAEe g Bash] Al AHEw AR 9 2
5k Al gl mEARFS] TN R3fEAl At o9 A
2 71EAke] oful7)el] ZstAl Gol £l A He, o] 71EAk
AAAEEE B&FolA] Ralths A4S 7HAaL Qick webA
B ATt ko] o3l COSE eelofaahg o831
teket Bxiego 2 #aslet vthe A7) COSE FAANE 53
vl Balke] LMWSCE Alxaigivh sk a83l faxt
Ag &) o)A dAola AZE FAzE AEAE ©]4319] in
vitro$} in vivodllA 2] A2 Hel & &S FAskqlck
CiYst EXIE 71X LMWSC MIX R SMEM. oo auts
o] g3l Bapp g Bg3lE COSe} olF olg3te] gol AlA
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Figure 2. '"H-NMR spectra of COS and LMWSC,
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¥ LMWSCS] 724 & sk FT-IRY} NMRS &33}
KTt Figure 1 #1g 4= gl%o] GAA WS Z3) dolzl
LMWSCE 1730 cm™' ¥20l4 Uehb= 29 937} Ala}
A3 16507 1550 cm™" $-2oA F1EALS] B4 1)39) ofn}
ol=Y|gtk olvl7) 7} AASHA EelFo] Yehdo g fe] o
71E 71 LMWSC7} AZEH PSS E1sldch =3t Figure 2
9} Figure 39 VEbd 'H-NMR# ®C—NMR A#EHo|H %
& A=l 72 1 ppm¥ 20 ppmeld veh b= 2k w3
7F AR S-S Ao ZHN Aol AAE LMWSCrF A&
Aoz AZHALE A LMWSCY #A1% W By e
gelatr] Aste] GPCE &7435.0H, A= Figure 4] Uek
itk Zakdo] AARCRZ Q18] COSoll vls LMWSCS] w2
E AlZt(retention time) o] F& =2|A JePto 2R Hx}ko]

¢.3 The carbon of lactic acid
CH;CO0-
o2
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Figure 3. "°C—NMR spectra of COS and LMWSC.

Table 1. Characterization Results of COS and LMWSC

R DRE S EC IR kS

WolREa-8 & 5= qlglon, LMWSCe) ¥l ¢k 3, 6, 9 KDa®
VERLoH, tHEAME(PDD) 3k 1.279~1.499% Hlwa w3k ¥
A BEE 713e Eelsigitt 'TH-NMR A9A8 2 GPC dlo]
HE olgsle] 339 2A, godsls, 8|3 thiikee] o
3t A3} Z Table 1 VeIt

DNA-LMWSC S &M 3 54 £M COS 9 LMWSCs}
DNAel 23] gAde BE3AE Esp) 98 A719% APs
13 o™ A= Figure 59 YERICE COSE DNASLY] &
A] 1 : 8 odellx BT BAHPCL, LMWSCE] 491
404 BgHA)7F FAESITL o= LMWSCS 28 g4 9o &
g oFIZI7} EAlstE R Go] kA EolqlE COSell vls) &%
733 RS WA =i wep LMWSCrZt @ Ao : &
g FAT 5 V] WiECE AEETE E8AS A 2=
AAE Ao agxo 7 ddsl=d Qo] FR3F 290] He,
B ATellA Azxg 474 AdAle At 77] 2 HelE S
A= Figure 61 JERIIEE B84 271 130~190 nm

15 20 25 30 35

Figure 4. Gel permeation chromatograph of COS and LMWSC,

DNA 1:4 1:8 1112 1:16 114 18 1:12  1:16

DNA/LMWSC complex DNA/COS complex

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

7 AL PDI DDA®
i M (Polydispersity (My/M,)) (Degree of Deacetylation)

COS 3K* 3.0x10° 4.5%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 2.9%10° 3.9%10° 1.3£0.232 96%
LMWSC 6K 5.8x10° 7.4x10° 1.2£0.165 94%
LMWSC 9K 8.5x10° 12.8x10° 1.4£0.199 94%

“fraction 1~3kDa. ‘calculated from GPC. alculated from 'H-NMR data.

£2|H, A314 A6x, 20074
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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.
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Figure 7. Transfection of COS/LMWSC—-DNA complex to 293T cell.

2 g Feje] 7] BEE eR 9lgS & 5 glom,
TS 79 vingd dAFHE SRR on|AE 3
13150}

in vitro, I Z XA} Mo| AE. AxH1x COS @ LMWSC
7} 7R ALAZA §-87FA0] g ERISE] HAsled DNA
o} 742k FAM) 111056 1 407K BEAE AN & 54
A} Ao] A¥E AAsIglon, 1 AE Figure 7o YeRAC
F2L Aol a&-e NP FPhiA (GFP) & w3sk= pEGFP-N1
EHAY|E DNAE ARSIl oH, 22 Bl A 34an3
o7 AAE Ik J3loA & ko] o8B0 A $ EAl
6K2 LMWSCSl DNA E8A1E Ao Al Eor B2 838 &
2 AUTE TEATE AJTko] A EApE0] B2 9KollA
o B s AR 5= gilon), o) A ol S | &
X Yellx] & 28 2t HEE 770 AR BEe ojn)
7} Gl AoEA 39 o|%2] Arl= wEEkR fokt) ERlEe] W
& 3K Y- {Rx; Ao} &go] v & Zog Yehon o)
T Ao 3K LMWSCS) 74 Exlego] 2toba] whe] Fa7}
o, o)ZM DNAZF ol ojs ®al7t Lolyty] miEgl A
o % Atsgth s Al 9K | A9 ARl 27 whtel

LMWSC/DNA E3|2] 27)7F AR R Az ] 3571 =A
Jouty wehd DNAZF LMWSCERE HEEed) A7) o
Ae] VRt Zakta & 5= 9ok 0|24 A AdAol Ak
& e Ao} 58S el ol 8% 947t g8 EE
Ao, COSe LMWSCSE Holagg nlugs 3¢ Afde
2 feloln71E 71 LMWSCe] #o|&8o] o] 9438 #R1g
T At

in vivo, SFIRI UHEE. Jo] AAE el g 7 LMWSC
= UE 71547129 7o) folsiths A4S 7L ck webx
B A7Ee) o) ofn] AlxHo] KA AGAEA L] 7V E0I
H7PES [MWSC—AWBP(A) ¢ LMWSC—Ch(®B)E o83k in
vivo AEE FHsle] fAx FAEEE SFIIcE LMWSCel
VA 590 AEAE B 2AE 24T s A A
A A, LMWSC-AWBP] 73-¢- s} Sold o7 Addt
glom FAHIE(Chyol Z3e LMWSC—Che 74 AULx %]
Hiha S=gao] ofs QIEAR|EAIA HAUFOE MlEue] =
qE F gl EAS 7R AgAelr) £ A= LMWSC—
AWBP 71831 LMWSC—Ch$} pCMV—GFP, pCMV —luciferase
T 717} B 3498 oL Balb/e mRAell FARIATE QA
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Zlo] Ak F- ko] 7t 7] 2R E] GFP} luciferase 38 5%
S13ict. Figure 89 AARHRE] UL Az S-g4 9} A3
@ 5 A 716AE71E TR AR3AF AEAEA LMWSC-Chrt
LMWSC-AWBP &= Zetin| =g} vlugiss) 53] 7k Aol
A B &2 GFP HHEsS eSS IR = gl o]
AAE nlE o 80| 52 LMWSC—Ch9] luciferase 8AL =
dat7] st A YU PR upg-Ao) FARE 3 24 A
710l ohgt A E8-8 54 A Figure 9) tiRTR) EgAn=
£ FAR uhgiof visl ol BX o B 588 VeI

Plasmid

LMWSC-AWBP({4) LMWSC-Ch(B) Untreated

GFP-transgenic

Liver

Lung

Spleen

Kidney

Figure 8. In vivo GFP expression by LMWSC—AWBP(A) and
LMWSC~Ch(B) gene delivery.
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LMWSC—Ch 5347 FFE9S € 5 J30ck 284 79 &
o= o= AT|ME A9 luciferase Lalo] HA} YSkE-S Slst
e, o) B Ader Azg At AgAlE 7Y ool 3
T Fofli= B Ba7t Hof A= wrlr) whiERl Ao R A}
B4k

HEZSM A3, Figure 1001ME tjokst Ex18k0 2 #2507l
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Figure 9. In vivo luciferase expression by LMWSC—Ch gene

delivery.
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Figure 10. Cytotoxicity of LMWSC/DNA complex (a) & COS/DNA complex (b) by MTT assay.
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