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Summary

Chitosan is a polymer of D-glucosamine linked by A-(1—4)
covalent bonds. It is obtained through deacetylation of chitin that
occurs mainly in the shells of crustaceans and the exoskeletons of
insects. It is also found in fungal cell walls, Having relatively rich
natural resources, chitin and their derivatives are widely utilized in
industries. Among those are chitosanoligosaccharides that are reported
to have some  biological activities. The  production of
chitosanoligosaccharides require hydrolysis of chitosan by acid or
enzyme. Chitosanase, the chitosan-depolymerizing enzyme, was purified
from unidentified bacterial culture and its characteristics were
determined. The potential application of chitosan to film manufacture
was also investigated.

Cell-free culture of the unidentified bacteria was filtered with
ultramembrane(NMWL, 1K) to remove low molecular weight
compounds. Ammonium sulfate was added to the filtrate at the level
of 90% saturation to induce precipitation of proteins. The precipitated
proteins were desalted with sephadex G-10 column and fractionated
through sephadex G-100 gel permeation chromatography. Specific
activity of the enzyme before purification was 58 U/mg and was
increased up to 9.7 U/mg through purification procedures. SDS-PAGE
analysis of proteins and enzyme activity staining revealed only one
kind of chitosanase in the bacterial culture. Its molecular weight was
about 30,000 dalton with one kind of subunit. The catalytic unit could



highly be a monomeric protein.

TLC-analysis of enzymatic hydrolysis products of chitosan showed
that the enzyme generated dimeric through hexameric oligomers of
D-glucosamine without producing monomeric D-glucosamine.

Its optimum temperature for catalytic activity was 40C and the
catalytic activity dropped rapidly at the temperatures higher than 45T,
which reflected its low heat stability. The enzyme was stable for at
least one hour at neutral pH ranges from 5.0-—9.0.

Homopolymeric films made of only chitosan and heteropolymeric
films made of both chitosans and 7y —poly(glutamic acid)( 7 -PGA) were
compared. Degree of water absorption and solubility in water of
heteropolymeric films were lower than those of homopolymeric films.
Heteropolymeric films had lower elasticity but higher tensile strength
than homopolymeric films.



I.4 £

Chitin® N-acetyl-D-glucosamine®| A-(1-4)A¢ ez F3FE A1<&d
REA2AM(Fig. 1), ARAY 70%, =% ZA9 30~60%, AAEE £
o] 40% W E A gH(o], 1994). Chitin® 1811d Branconotoll 23l
HAGA Hxz SAHPeH, 1823d Ordierdl 93ld HE 9 g
o]F= Bol@ %9 g2l chitineldt B H Yt (Muzarelli, 1977).
Chitin2 2% 1009t o|4e] AQAnex ddoz NAF, 23HF, TF
Fol dad Az % 10004 olF AAHE Aeg FAHI e AT
d AEAYelH ole BolE3ER] chitosand 7 M2 E ALAR
A FET JUHEI A, 1995).

%3, chitosan< 1894'd Hoppe-Seylerdl] 2j&) W= en o|ge
ZE 19471 F¢ cellulosest A 22 A7 3 HATH Muzarelli,
1977). Chitosan® D-glucosamine®] B8-(1—4) d%o2 F¥dE A&y
1EA FFHE2A(Fig. 1), A9A de) £+ chiting L&A %
@712l Yoz goldssie e & rh(el], 1994).

Chitin} 2 FE=HEL g, AF odF, ds-Ag € 3FFS e
Eoboll dd] olf5x glv}. Chitin® Bl %% %oy} chitosan® pH
50 A=) oA Eol 37 W chitinhtt 8715 W7 o
AN Ay, I, AFAY, &, HARTY, AFFY T A
59 P8, BYFHEH, 4T EH2HE A, AWESN 38 T
ge)7tA Aeld $4& AW Ao naE3 3ivh 28I chitosan©)
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Fig. 1. The Structures of chitin and chitosan.




B & A9 -NH7|7} -NHi'3 o2 A=) T A4 1zxH1
& biocationA 24, XotA#e) o, AR AL, Fd2HER
A8tag, FATEAT d7HA AP E e AR RadHm Yo
(°], 1997b).

wtebA, chitin R chitosan® AFA PG 4F, 4 FE, JYFREA, F
5 F&A, AL 1A, $FF, AlE, EFNFA T FF 9gY
ofol] &8715% A2 TLEIIA AEAYOR T lon, 90d
 AF 2 YgE okl AFTFRE & deddd) o2 Aoz
F3H1 Ak FW  chitin® AWEold] =X gv Aol S,
chitosan §9& =7} ¥ 5Ho] itk ¥ chitosane @¥YHo| &
AsAY pH7L 354 $3EE 4FAE Bels 244 €L 28 vE)
¥ % chitin % chitosan® Aoy 7154 Fol A%e] glojA AFE %
%EF & ddEok &3V HEHAE HA=HC Ik ¥ FA BHE
%, 1997).

T A, AL § TS T8 A4FAS A, AdFz A}y ¢
o7 chiting TN ZFUABAZ 2~4N0 AL 2N N-acetyl”’] &
AASA FYHLZE chitosand A& gvh 233 F4 Hrigen
Bl chitosan® fEdl WoF 47 797 B9 8424 EAN o
FHIL AEHY 4aTF9 ATY 22 A H2dE FFo] AX
HWOR2RY AFH chitosand A4t d7F7F F9=H A Rhizopusd 2

Ha

lo

Fole] AEHe| chitosano]l 33% W2 ZAstm Yo] WA 9%
chitosan A4t-& AFSA 9levi(o], 1997a), Mucoraceaed = %o)o)A
9] chitosan chitin synthetase$} chitin deacetylase’t 37 &34 &



Aette AT E UAAHDavis®t Bartnicki-Garcia, 1984), £ &30
2 "oty €sle chitesan® 129 g A I <oA=
chitosan2 v} £2}3F3 golAeal Aol glojA BTl ol B4
Helgel FA chitosang AJA3t7le] B o At HiE 9
t}(Kafetzopoulos %, 1993).

o] (1994)x AZRAZRE chitosanase® AAdE= Aspergillus sp.
S-11€ Esdd FAY £49 £AFE 30kDag on, 549 54
€ ZAME Z3} 60T, pH 40~5004 HANEPL et Has
Ak #H  (1988)& chitosan 3 Fh PAPo] ¥ IF
Streptomyces sp. KH-1 9] &4 ¥7}= 0.6 Unit/meolow, AA
29 HF pHe 45~55 HFH & & 50~-60CeIAtt R3¢t
T (1996)2 FFFBo] FA chitosanase® M43t Aspergillus sp.
Js4E #2354, A 110,000Da(chitosanase 1)¢
28,000Da(chitosanase I} ¥ T/ AAE AdAY. 12 chitosan2
F2 ;nonomers'-]' °F7te] dimerZ ¥ 3= HCZ Bo} exo-typed] EL
old, I+ chitosan® trimer®l4 ¢ oligomer® ¥3}3t+ endo-typed) %
Az Rusgrcl.

AE7tA 8L chitosanase7t AFEHJed, @727 e ¥ 84
F E=2 7oz HAAGel BRI, 908U EoMEAN e 84
& & chitosanase7t 27T W wigoz At AL/ dolA
wa EARSYOE chitosanoligosaccharide® A48 £ YA HQA

A F7AA g8 durHel chitooligosaccharide(chitin ¥+ chitosang



7V 58 3l Qo] x) = oligomer £ chitinoligosaccharide %}
chitosanoligosaccharide® ¥ #3at= o))l Ax Wioze Z44E Al
43l 8839 ¥ H chitin ¥ chitosan FHEALE o] &3t= AE
g4 ®adel vk &AL Wyl 9@ chitooligosaccharides] 34t
712y QATtrENYe) F2 o]4Ha gled, o WYL dIdYd £
Astel A chitin ¥ chitosang AF A2z e F 4@l ion
chromatography 2 £ AA& WB3te Aoldt. 8y AAEHYL 24
o Abgo.2 e kAol EA B B ojlE BALY #, F
A st | A, A g ue] F&A, AR F gopvx
3 R HA 22 NG Fo|] FHHE o] FAFoE AHHL gl
), AAE o] 4% chitooligosaccharided] AlZ7|&L BA Laage A
43 dFAd 2 A FAdA 5T AzPios AAFHY gL
A7t AW Yr}h. YA O F endochitosanased] 9§ chitosane]
= @ Aol A9 g¢lel chitosanoligosaccharide®] A& # A3}
A g3 A ko], 1998).

438 & (edible film)2 22 R o|AREsr Fo stx9 £57|¢9
FHA 8 (barrier) & 7HA 2 o, NAH 79 o5& ANz
71AH #F4(mechanical handling properties)® &ol&A 3v TRE
FABL F7|4ES BA4sty AFA/MES Eveh: @2 @ a3
D2 AYFY $5% HFAY AL AY, FESAES AAS &
L42FE FAE H4FFH 4F Alold AEEo| gt} A 4WUES A FEo
HGso] AT AF, AFoA FEEAo2Y APHY FE &Aooy
a9 FFE F2ATIY, A2 g8 AFHEERY FE o)FE 23



&t ok gk (Song# Kim, 1999).

HAo} SFE FHHY A9 REVNTE AFAE £ Avd 4
A28t AR AE DEAY £ Jorng @A), Chitosano 2 A 2%
4§ AEdds @ ALFRIAEE Yeidg a8y olFAARAE
brittleness, §72% % E#83 Aol 7I&AMFA WXA K}94(Ryu T,
1999) chitosan® 7 -poly(glutamic acid)(r -PGA)E& &%#sle n¥x 4
L AxsA.

& AF9ME chitosang] ©} 875 Ad# AEZL HATRA LA)2A ]
7bed€ AT 712 ARE duA HGARE g2 E, Ay, pHY
A4 §9 54& ZAEH 2w, chitosandl 7 -PGAE &£%% 44 film
& Az AFZE, 4304, FFH, 4204 5 By HAg A9
&t



I. 4 ¢ 94

L AHgEF

7B AL ANATEE A Add Ay AT w
F F AAE AASGL FAXE WFAL -20Cel YT n@stdEA ds
3 FiE sEEY 2asdo ALEACh

2. AbgA) o}

Chitosan(golHE sl = 85% 014 % D-glucosamine A= A
3,5-dinitrosalicylic acid(DNS): SigmaAl A& & Apg-stgtl.

SDS-PAGE %A% B&#E3Z(low range)¥} SDS-PAGES gel(Ready
Gels 12%)& Bio-RADA} A&FE AMS3t%t. SDS-PAGES] A8 9=
¢l bromophenolbluet= Osakarl A& & 2831 destaining’® HPTLCY
A& i) acetic acide= TediaAl AHFE A3 th. Sephadex G-10,
sephadex G-100, &4 A Mo A&7 Al%Q congo red, agarose gel®
HE7] #¢ agarose(melting temp. approx. 65T, gelling temp. approx.
30C)%+ SDSE& AAs7] % Triton X-100 (octyl phenoxy
polyethoxyethanol)2 Sigmarl AEFE AM&3Rew, Triton X-100L
100mM sodium acetate(pH 5.0)9 1% 2 d7}ate] Al&3¢g o).

TLC A/NEWE Al4¥ n-propanol® WakoA}, ethyl acetate:= Kanto

AL, @B Yol IsizuAl, HPTLC A7N8v|¢) isopropyl alcohole James



BurroughA}, 18] 2 pyridine2 Junseirl A && 242 A8 %)
TLC A7NEvie 718t Aol AHE3 ZE AYe 57 £ 19 Al
F& A3t

3. AHg-717]

F3x 3ZAE 93 Hewlett Packard 8453 UV-visible
spectrophotometers, 32489 water bath(Eyela, Digital water bath
SB-651, Japan)& AH&-3 At Aol AHE® Z gF 4 pHE Meter
Delta 340(model ser. No. M3691)& AH8-3ld @3

Chromatography-& column2Z 100mé buret(2cmX50cm)®, fraction
collectore Model KMC-2000(Vision scientific co. Ltd.)& z}2b AL8-3t9
. 94%8 72 eppendorf centrifuge 5415C(Germany)E AM434 ).

#F @8 WFLE SiemensAHGSZIUO3RK, Germany) AE2 AHg
831t

#elogx e Pall FiltronAHUSA)9) model 7529-10& AH&3t4l1
membrane Omegarl AF(NMWL @ 1K)& AH-8-31%ich.

Texture analyzer®= TA-XT2(Haslemere Surrey GU27, England)E A}
£3589 t. HPTLCE CamagAHSwiss)9) Linomat V& A}8-3t%l1L, silical
gel® silical gel 60Fz«(Merck, Germany)& AH4-3tth. A28 5537
AT A HAFE %7€ EyelarH(N-N Series) A F& AHg3t4t

- 10 -



4.

1) 1% chitosan #l %

714 chitosan® 100mM sodium acetate buffer(pH 4.5)o] £3jA|Z
¥ Whatman filter paper No. 22 ¥t o #dle AL qHE 74
2 AM§-3A T

2) 1% r-PGA Ax

UEAZ AH8-# 7 -poly(glutamic acid)( 7 -PGA)E €582 AL
A2® 100mM sodium acetate buffer(pH 5.0)0} $8A)1A A&3R o).

7 "PGA Bacillus$ AT 93 AAHe edds A 38
2 A go] JMsde, EA%o] 84x10° ~ 115x10%) @ate 544
AR EAZ(Troy, 1973) Bacillus species®] capsule® TFA3E FAHAES
2 ¥48lA 9 oY, Bacillus licheniformis ATCC 9945a%) <lsjA AArd
Aot (Ko® Gross, 1998).

3 2asde AHA
@ ¥eoist

AR BAZ WFele @972 ojHatel ¥x1% 1,000dalton o]
el 848 AANT, NEE F2sA

-.11-



@ 94

o)l s} efo] ammonium sulfated 90% E3}= A HH3 Foln 4T
A 12412 BAAZ F 10,000rpmo A 3087 ¥4 E st 4FAE o
g3 JAEL A AAEEL 100mM sodium acetate buffer(pH
50 &A1 F €d ARE AHE3AT

@ 249

100m¢ buret columnd] WA #HFE AL o, FYdFdAA F7]
€ W7 A3t FEYARE JPEA FEL F FHT FAT A
Z sephadex G-10€ A¢+1 FH/RTE AAS7] $18td 100mM sodium
acetate buffer(pH 5.0)& &8 100mM sodium acetate buffer(pH 5.0)0l
£8d AlE 2ME loadingd ¥}, Flow rateX 05ml/minE fraction
collectorS ©|83ta] 20m¥ EH3HMUcE T AR 8074 A w9
AFE A% 8AHo e FEE EA gel permeation

chrorr'latography AR R o]l &3%,

@ Gel permeation chromatography

100mé buret columndl VA fAMFE A& g, FAMRAM F7)
& w7] 5t fEFdE PEA T8 F FHF5O AT @94
% sephadex G-100& A1 FHFE AAS”] 1819 100mM sodium
acetate buffer(pH 50)& ¥# €9 ¥ %29 A& 20mE loading3t%
. Flow rate™ 05m¢/minZ fraction collector& ©]€3t 2.0m4 28
ST £ Al 80700 Wi S@AFE 245 @Al e B

-12 -



BE ol BME RANERE AESHAT

9 B2ATITH 34

100mM sodium acetate buffer(pH 5.0)°] %< D-glucosamine2 Z}z}
10~250(pe/me)e F=7F HA Alg@ W3 DNSAI %S 4ojA 100TC
A 5§83 FRA 4f, 528 £XE Y431 550nmol FFEE
&A%t FRAFE EEAFFTHNLRE A3 HFig. 2).

5 8454

Fig. 3.3 o] A)g#ol 713(1% chitosan) 0.95m%} EA 0.05mE
I HE o, 37TAAN 2083 ¥gAZ F IN-NaOH 0.1mtE 7}3te]
HEg FAAFIL 10000pmelA 1087 ¥4E8 g 9448 F
de AEdF 0.7TmE A3 FF9 DNSAIH A3 100ToA 583
TR ¥ 52+ £XEL A27x ¥FE 92 550nmolH FF=E
SFARAT. d=T2E A4 e A gFdtte Yo Eo] Ay
& AL LAY EAY7E 1 unit(U)S AR =A3 el A 187

1umole®] D-glucosamine® #2l3te &4 9 Fo2 s},

-13 -



—h
1

Absorbance at 550m

O- 1 i | 1
0 D LY 0 dD y<))

D-glucosamine(ug/mé)

Fig. 2. Calibration curve for D-glucosamine assay by DNS
method.

- 14 -



0.05m¢ Enzyme solution + 0.95mé Chitosan solution(1%)

l

Incubation at 37T for 20min

l

Addition of IN NaOH(0.1m¢)

l

Centrifugation at 10,000rpm for 10min

l

Transfer of supernatant(0.7m¢)

l

Addition of DNS reagent(0.7m)

!

Dipping in boiling water for Smin

l

Cooling to room temperature

|

Absorbance at 550nm

*One unit was defined as enzyme quantity which produced 1gmole of the

sugar determined as glucosamine per minute under the provided condition

Fig. 3. Method for assaying chitosanase activity.

-15..



6) @ilad A vl@A(specific activity) £& 22231 turnover number

Glde giRyE 280me] AReA HAd FFEE Ve ol @
WAZe §FE ERER, €2, Adgdd T WAHF oprimite) #
4ol gt $UdF T EgE I FHEE FFA 9 g2, 9
AL ddnth $id WS otu=Ate] §Fo] gE2I] fEeln.

gl e e 4 (1)d 9§ spectrophotometric method® A4t
ATt

Protein(mg/ml) = 1.45Az0m ~ 0.74A%0m - * = * = =+ + « = = ° (1
F483U/m)F 99 ST =(my/m)ZHE v ¥ (specific activity)(U/
)% & Jhe] ALEAT SHANTG AT NAERY S WP
¥ turnover number® A4}

7) Sodium dodecy] sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE)

SDS-PAGEE mini eletrophoresis kit(Bio-Rad)& Ab&3td 12%
polyacrylamide gel2 25mAolAM 2A13t A719F % F 0.05% coomassie
brilliant blue R-2500.2 30&7 4319 1, destainingS 7% acetic acid
Z 1273 Ax AAEH .

gl RaFe] HFEAZE  SDS-PAGE  molecular weight
standards(low range)& Al83r%12™, phosphorylase b(97,400Da), serum

albumin(66,200Da), ovalbumin(45,000Da), carbonic anhydrase(31,000Da),

_16-



trypsin inhibitor(21,500Da) 18] 2 lysozyme(14,400Da)2 /& Rel}.

8) Chitosanase 8494

SDS-PAGE gel Aol A9 chitosanase 49N e &3 22 Wio
2 AAF49Y. A SDS-PAGEE HAAI# F gel& 1% Triton X-1000]
Egd 4358 9(100mM sodium acetate buffer, pH 5.0)0 g1 nyta}
WA SDSE AAsEY. 2 ¥ 100mM sodium acetate buffer (pH 5.0)
of 0.02% chitosan® 1.5% agaroseE& £3|A#A TE agarose gel¥ ol
SDS-PAGE gel€ overlaydtel 37CollA 1A)7F E<¢F ¥HEA17) 2 agarose
gel2 0.1% congo red® 1A AXE A2 oS FH+L2 HYdo Z
& congo redE A3 3} chitosanase ¥4 bandE #9134t}

9) o) }utd o]& % chitosanoligosaccharide A4k

39) o 3172] = Pall Filtron corporation(model 7529-10, USA)A}e] A
FL AHE3931, membrane€ NMWL 1K FHHAEE AML39t). 05%
chitosan(100mM sodium acetate buffer, pH 4.5) 128 &4 0.8ml(9.7 U/
mg) 9t AR FAAARFHNE 7AFAHRDG. WX 20ToA 1A 20
EE¢ SR, ol dAALE TR AHYES F2 590mi0)
o} A44E-& HPTLC(high performance thin layer chromatography)® %
A3 A

- 17 -



10) Thin layer chromatography(TLC)

1% chitosan(pH 4.5) 0.95m¢} A A 0.05mE AP #ol| Fol 37CA 5
¥, 108, 158, 205, 258, 30% 22lxm 1AM 2z v F 42
g JEA EHAES silica gel plate(Kieselgel 60 Fass, Merck,
Germany)9l spotting® ¥, n-propanol : HxO : ethylacetate : ¢ = 1o}
(6:3:3UV/V)E §W2 A&t AMAIFHT 13467 ¥ TLC plated
oA #d g A F4Y AMEHR 23 MUY dx"
TLC plate 2A0) djggo) =9 0.2% ninhydrin€ EF¥ 5, 110CTAA
1027 719 AdxA1A 249 spotE &3

11) High performance thin layer chromatography(HPTLC)

HPTLC: Camag*te] Linomat IV(Swiss)& A&t on, o3
e 3¢ WHEE  silica gel plate(Kieselgel 60 Fasi, Merck,
Germany)oll AA7F2F 3ml/secd] £E2 WolFWA spotting¥ F, A
708wl 2 isopropyl alcohol : acetic acid : pyridine : water®] 12 : 5 : 5
P8 EREAE AHEstd AAAAY AATE BY F oM EC =q
0.25% ninhydrincll 24 Ax3 H plate’dol s 2@ 29 R4 o
ste] 2¥EYS] ZHA B 493 RAH FYAM AT Hge) Yoz
chromatogram& =A@ 22X FJ=9 ¥F& s FFRAL 4
Alat AT

-18 -



12) AAE 849 54

@ 71& wgALe] A

A2E 005mH FHetd AlEde] ¥, 713 095mE Jtet] & EY
g F 37CoAM Z+z 5, 10, 15, 20, 25, 30, 60 @S AA MY
D-glucosamine®] 4& AFHozH BAHZH HFH 715 &S
a4t

@ A3 pgex

E&E 005m¥ FHatd Ao ¥z, 713 09%5mE Jtsle & &%
& F 25, 30, 35, 40, 45, 50, 55, 60CNA ztz} 2083 HgAA PA-
D-glucosamine®| ¥S A#Fdtd ¥IE2T 49 A4S vlwsido.

@ & ¢AA

RAEE 005mY Hstd AF@e] W1, 25~60CGT 7H4)e 849
A 1A B #gaR97 AR o 71A 095mE 43 37CoAN 2083
WEAA WA 2xEE YAE D-glucosamined] %-& Agsgu}

@ pH ¢AA

Zt pHY buffer 0.95m¢E A A F#ol Hdtn 28 7 0.05mey A
7t8te] vortexer2 ZF EFT F AL(2BT)NA 1A T HA A} 2
F 005m¥ FHste 71 095mek HolA 37ToA 2087 WAL
A4 ¥ D-glucosamined A Fsta] Az pHEZ dolgls x49 84

-19_



£ FHsA.

pH 32 100mM glycine-HCl buffer, pH 4= 100mM citrate-phosphate
buffer, pH 5% 100mM acetate buffer, pH 614 72 100mM phosphate
buffer, pH 814 9 100mM Tris-HCI buffer, pH 1014 11 100mM
carbonate-bicarbonate buffer& 242t AH-83 .

13) Chitosan¥} y -PGA E¥HUE A=

O gA=

Chitosan @& 10x20cn®] &%l 1% chitosan €} 10mE 3
F HAA F of, 50CTAA #7171 P& AR dxdd AR A
At ANEE AddA Ad F$ 3% FEE {587 dEd €8
uptk F wp2 g AMEIR A, F5oIF B S-E desiccatordelH R#
A AMR-E A

Chitosan® 7 -PGA EHHEL HE oA HY A JAE Y43
=d 97)d FHTE /8t A A g JAEL FEE F A
2 tRdle E71& W ¥ chitosan WEH vl3A71A WPoes UEL A
zstgh

@ ARAA=&A

U9 9dA7}E(tensile strength, TS)E= Texture analyser TA-XT2
(Haslemere Surrey GU27, England)2 ZA3st%ich old #BEY Zv|e
15(W)x50(L)mm ©1%1 1, 3mme] grip$ AME-3te 5mne) grip THAAA 10



mn/sec®] speedZ <UZZEE 53 RHE AP} F HHFE Tk
Chitosan¥} y -PGA ¢ E¥AFH Hd7] At AN A4
&= Ak d)d(polyethylene film B)I A1F XA Algsts ¥dY
(polyethylene film A) 1|3l chitosan WE9 UAZEE T3,

® &F&4

Chitosan &% chitosan® 7 -PGA ¢ EHUES 9E & FA 74
€ FANL, A0 WX F 1Nz FAE $459 FAM O o
& F7rEA &S W7kA, 53] vbE A X RAY E/tEe U H
&g T3t

@ &34

Chitosan B &3 chitosani} 7-PGA ¢ EJPUESL W= § BAS =
AU, FFTol 1AL F AHAADIE Aol A=7)A 50T
A E717F fE W7k Az g, FAE SAsd 24 girPoz
8HYE& TN, 52 WY 2 F HAFE PR

® A&y

Chitosan®} y -PGA E#UFo] AANHINN YEHEY § == 7}
TS ZAMEY) 98t EYYEL 100mM sodium acetate buffer(pH
500001 AEHE F B FHEALE 43, BEAY Ao ©E B4
¢ D-glucosamine A4 %€ DNSH oz A s,
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m a3 % 23

BAh9de] A

e FAE wgdg goodHr)g oatate] ¥23F 1,000dalton ©f
o] B4g AAszZ, NBE ¥EFsAC olodA 90% TahrEolA
ammonium sulfate® GAAA 10,000rpmel A 3087 A4 FA
B2g PYsiEth ANEEY 9% AARY A8 EdE FAEL 100mM
sodium acetate buffer(pH 5.0)°]l &3jA121 F gel permeation
chromatography(sephadex G-10)& ol&3te] A&& Byt £4¢T
NE 8070 T 280nmel Mol EFF=E FAste] 2719 ¥l peakE
AAHFig. 4). 1% 109 peakl A EAe] Wbt o] F-E(fraction No.
32~42)& Re}A gel permeation chromatography(sephadex G-100)& &
gatgeh. 2§ A 807l thd 280nmol A o] FE=E 43 671
¢] ¥l A peakE YUTHFig. 5). 1% 1709 peakol A &Aool yehd o
B-E(fraction No. 40~46)& Rotx AFFE ARAA & 4¥9 MER
Ar-&-3ra .

AAY BLE AHE37] 98 2F9 100mM acetate buffer(pH 5.0)
of fAATE. AL2YFe] FNFA FEEF spectrophotometric methodE
Add 23, 0.1mg/mee] A



Absorbance at 280nm
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Fig. 4. Gel permeation chromatogram of chitosanase on sephadex G-10.
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Fig. 5. Gel permeation chromatogram of chitosanase on sephadex G-100.




2. ") 84 (specific activity)d} turnover number

AARN AL HEAL 58 Umgol, AAY Axe w@APL 97
U/mgol A th. AAFAE T8t < 2v) 7l7t¢ 849 F71E Yo
o] (1998)= AAH AL WAL 60 U/mgelnx, AAE &ie] v
A& 328 U/mgelglar Ristged oo vl b L HojZd L & +
AAT. HE, & Mo HAEA @G Agste 1@ Fo

33l turnover numbers 5/sece] Rt}
3. SDS-PAGE #4

A9 AAAKEE HA3}7] Y3l SDS-PAGEE 4% A9 A4LE
AAE7) Aol FoWl= @ s} uFe oJel wdel vehged|
(Fig. 6A), E29 49N E $3s FAME7} chitosanased] HAF=
o, & AZe 189 chitosanase® & AUHE & + UATHFig. 6B).
ghA B Bae 498 @ N9 subunit2 o] FF TAlAY 54
°f ¥& Aoz AZdEd. 13 AAY HAY EAFS
30,000dalton °} 1t} Fig. 73} 8).



97,400(Da)

66,200(Da)

45,000(Da)

31,000(Da)

21,500(Da)

14,400(Da)

Standard Chitosanase

A. Protein staining B. Activity staining

Fig. 6. SDS-PAGE of chitosanase before purification.



Chitosanase Standard

45,000(Da)

31,000(Da)

21,500(Da)

14.400(Da)

Fig. 7. SDS-PAGE of chitosanase after purification.
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Fig. 8. Molecular weight determination of chitosanase.

a. Phosphorylase b (97,400Da)

b. Serum albumin (66,200Da)

c. Ovalbumin (45,000Da)

d. Carbonic anhydrase (31,000Da)
e. Trypsin inhibitor (21,500Da)

f. Lysozyme (14,400Da)



4. Thin layer chromatography(TLC)

1% chitosan(pH 4.5) 0.95m < &4 0.06mE A BH) Ho 37CAA 5
&, 10%, 15%, 20, 25%, 30% 28l 1A 247 wgA ¥ 4%
9] 71EA BE&HAEL silica gel platedl spotting® ¥, AAE&WZ A7)
AZth 12484 F TLC plate® 3294 2@ vhg, oA Y3 A
£z 23 AAAR F Ax¥P TLC plate FH ogLol %2 0.2%
ninhydring 5 H 110TeA 1083 718 A2AH LM ¥E spotd
Bl A, AT AU F2 o|FAI velwtz, dFAe &
AR A gkstet.

5. Chitosanoligosaccharides®] A4t

D-glucosamine A% E&EAZE dFAoA AFA72& HPTLCE
E4E FH+= Fig 99 2ok 5% T899 FFEAL dFA oMY
AFAN7HA Y peak’t BESE 7Y =2 22U Fig. 102 05%
chitosan 1 ¢ 9| chitosanase 0.8m£(0.97 U/m)E& 718t 20CaNA 1213
08¢ THEAINEN FYHHYNMWL, 1K)E EF3F AL
HPTLCE &A% ZAJo|t} o] g FFEAI vmslY B w), o F
HAA KFAAAY AZFF(oligomer)7t FAYHYoH HAEY wg o
THYE2 SFAE AUEA g AeE JEY F (19%6)F o
(197b)9] Bt v& ZA4E dehiglt 28z A40d B8 vy
T AFAQA2s AEr) $, chitosand FA AAZ RANAL
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Fig. 9. Analysis of standard chitosanoligosaccharides by HPTLC.
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= o] FA W Ueld A, chitosane HAZFHoZE o|FAN SY7A &AF
EélHe Aoz ey, oalA, chitosanoligosaccharides?] Aj4kol &
ol atg o] &3 Bautso) AAAYL & ¢ AU

6. AAEAY] 2= &4

A Q chitosanase& AH8-3te] 1% chitosan 0.95meeo A A 0.06mE 7t
§ o8, 37T 22 5 10, 15, 20, 25, 30, 60¥3F WA A3} 208
gho] HgAgd =@t o] AHE E AFoAMYg HAY AL
20802 A8t Fig. 112 #9184 relative activity(%)7} 7134 & 7
-8 100%= 3t AdqAQY @Adge= vug Ao,

DAY Hg2x

AAE chitosanase® AHE3ld 25~60T(BT HA)oA 208 WHEAl
A B 848 ¥ny A Fig. 1249 Zo] HHRgLEE 4T
ojem, 46T ol del= a2 EAol HA FAHUY o (19959 el
(1994)= HAH¥g X7} 60CE T Rudigen o (197b)e HHXE
7} 50C#3 ¥agut il

@ 49 ¢AA

AAY A28 256~60TGBT 2A)dM 1AL T AXYH/ F dolsl
T B2 84& AL W, HCAANE §4& FASHs 50Tl
MEE 84l Zasy] AFdY 60TANE &40 Yehz gttt
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Fig. 11. Effect of reaction time on chitosanase activity.
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110

100

Relative activity(%)

Reaction temperature(C)

Fig. 12. Effect of reaction temperature on chitosanase activity.



Fig. 132 ZA9 <AL 4 2ol A9 ARE I3 £ &
€ Wgdel vaY FEe & 5 AU

7. A% 9 pHel&H

A ¥ chitosanaseE AHE-3t9 pH 3.0-~11.07A 9 2t bufferdl A 14]
Fe AN F dolle i 4E ZAHINYE W Fig. 14904
¢} o] pH 5~9Atolodl M= pHe A%E Ao €A ¥gtew pH 40]3%
ol At pH 100 3elMe EtAdst Hie @40 AL 844 vy
80% ol FAIPLY, diAdez AVIHRG A4FoN EATF A
2 JEAH
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Incubation temperature(T)

Fig. 13. Stability of chitosanase at various incubation temperatures,
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Fig. 14. Stability of chitosanase at various incubation pH,
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8. Chitosan¥} 7 -PGA E€¥d3F A=

D WA=

A ¥He) d (polyethylene film B), H)'d ¥(polyethylene film A), chitosan
i & (chitosan homopolymer), chitosan® 7y-PGA E@&HE(7-PGA-
blended chitosan heteropolymer)& W &37] H3te AFREE FAHA
ot %4 gripe] €01 Aol& BW HdWPo] 49ImmE 7} Bo] &9
Zow g og Uwhd|d chitosan BE «o|A 3, chitosand y -PGA
ELZEE) M AA B HFig. 15). v @ 5§99 Eojvds A3
g & o gripel 713 Wol B0t A2 A H, chitosan? 7 -PGA &
HEEL FH2YHH R oA & gripe] B/t £ F
MA e AFE dEAT. AFe] £85HE Y2 03 dolgte vy
Aoz Hdel 7 HJU:, gwkdld, chitosan ¥EF TolRoH
chitosan¥ y -PGA E¥d 3| 713 w2 o] 2853} (Fig. 16). ¥
dY8E EoluRA HldyPo] WwE Fo] FAIHRIT  chitosand 7 -PGA
EPEL wolvt 440 Ho AL WL Y& godANq UEd 79
ol A% FA W&ol Ax= Yol Yelxtth Ryu F(1999) 23t
® chitosan Wg°] 7|& AFH 2L E9F A& TFANINA Rt
4 nEAske] EIE o] g AT/ AxHE G FRE,
HE ZEAA chitosandt 7 -PGA EYEUEL 71F AFo vl&) 39 A
= IAZEE UEge YJ2RE nEA 242N goE BE A7
gediva yZddd.



Through distance(mm)

Fig

. 15. Through distance of some polymeric materials.

A. Commercial polyethylene film A
B. Commercial polyethylene film B
C. Chitosan homopolymer

D. 7 -PGA-blended chitosan heteropolymer
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Tensile strengthforce/gram>10)

A B C D

Fig. 16. Tensile strength of some polymeric materials.

A. Commercial polyethylene film A
B. Commercial polyethylene film B
C. Chitosan homopolymer

D. 7 -PGA-blended chitosan heteropolymer



@ &34

Chitosan W& chitosan® 7 -PGA E£¥E & FFFo Ui &304
€ XA A, 57 A 1AL chitosan ¥E- 38.15%% FA
A48 et Sl 3, chitosan® 7 -PGA ERETFL 53%8) FA T2 E
VENA A THFig. 17). ©]= chitosan GYHE L 8o I L35y, Y
< B 3 285A 44 RS AYE dddn.

@ Fa4

Chitosan W&} chitosan® 7 -PGA EHEe| A &4A 7159 +
L FT9%49 F7MHEe FA ¥8E SAY A, chitosan BFol
44.46%° FA F71€ VERLA, chitosand y-PGA EFREo]
1841%9 F-A F7+E& WA H(Fig. 18). Chitosan & & AZx3te o
7159 A" A S FEE FFEY BEY FHo ERgol €9
A AL E 5 Added, st chitosand 7 -PGA EFHUS L AA
ZF gr1F BANGE EFige] WIHIE VAL ¥ 4 YN oE
¥3td chitosan?} 7 -PGA E¥IEol &84 FHH48U o A%
B SlojME 7]&9 chitosan U&7 VA3 GEL el A2E
AAREA LAZ AFE X7 dda AZEy.

@ AEHY

Chitosan® 7 -PGAS] EFHLF JIEN EHALE Yo wgA
¥, 448 #97 Dglucosmine® DNSYo 2 ¥y F3}, ALRE
INZE 07 A Eal7 R ey 3A1Z ol FRE RIS A1F s}
o Azke] AgdsF AL AP & 4 AAHFig. 19).
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8

Weight loss(%)
B

-
o
)

Fig. 17. Weight loss of chitosan-based polymers by solubilization
in distilled water.

C. Chitosan homopolymer

D. r -PGA-blended chitosan het.eropolymer



Water absorption(%

Fig. 18. Absorption of water in the air by chitosan-based
polymers.

C. Chitosan homopolymer

D. r -PGA-blended chitosan heteropolymer



@

D-glucosamine(Ab 550m)
& 3

o
8

Incubation time(r)

Fig. 19. Degradation of 7 -PGA-blended chitosan heteropolymeric
film by chitosanase.



a2 o

Chitosan& D-glucosamine°] A-(1—4) d¥ & F ¥ homopolymer
olt}, Chitosane chiting &ol4l Q3 (deacetylation)dted] A=E + Y&
o, chitine M$, A 5 @479 gEolv 2% T AMFEA Y ALY
FAaez AdA N vz FHI AAALo|t Chitin, chitosan EE 1
EaAEolU FEAEY A4UF F&A0l WX EA, od diFg A7
g3 o)FjAxn Yok o F & Robb AL EHEE 08"
chitosan oligomer(chitosanoligosaccharides) ] A 3tolt},
chitosanoligosaccharides®] A4E8d | FYHYW Feg LA
At B AFolAE chitosand ®#3e FH AT wFYe2RE
chitosan 7}5# 8] & (chitosanase) & #3 - FA3NA, F82 FHL A}
sAx, JEHNAY BES A= chitosan?] o] 87154 E AANFHAT. A
7o FAE WFdE Y[ (NMWL, 1K)2 qH3te AEA 9
FHES AAR O FAREES 7I8kY 0% A7), AHQ @
WAL 33439 gel permeation chromatography(Sephadex G-103%
G-100)& chitosanase® AAFAT. AAA H2 9 wEAPL 58U/ ©
Aot AAAAL T 97U/mgo2 FUHEAT. AAAFE T3
SDS-PAGE ®ell <@ wawizde] B3 484 d402 & $79
chitosanase’t #AHRew, 1 FAFL o 30,000dalton ©IR L,
subunite ¥ FFQI A22 FAFAACE Chitosanased] & 7]H9 £
HAES Tejodde TLCEZ EA® 2, o ZhE o|FAddM K7FA



742 9] oligomer& AASIE oW, B FAE B3R A= 5o AU
EAWMS HHLEE 4To|AL, 45T oM e E29 8o 343
AgteElo], HlmA detmAdol @okth EF, o] AAE pH 50~9.0 M
A AL RAHE g4Asy mnste, vy IR FAIGANA
¢AstAr}t. Chitosane 2% A ZE  F 3 ¥EE(homopolymeric  film) ¥
chitosani y -PGAE& &8t Al=2F o] ¥ Y F(heteropolymeric film)2
SRS W, o] UF] FFAHH Bl g L=V FHLUE M
o] @ttt £ o]YUEL FHUFA vist AFAgo] 4@ diild,
AFZ=7 38 Ax ZAch 719 AEIRAZ AD HAY FH o)
Bol & &8 47% R4 L ¥ o, chitosand} 7 -PGA9 &
HHUES A2L FEAEA HEH AFHojof & Aot}
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