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SUMMARY

This research project is composed of 4 parts:

1. Development of a new natural seasoning based on red crab, and
improvement of manufacturing process.

2. Production and application of chitinolytic and chitosanolytic
microorganisms and enzymes,

3. Application of chitin and chitosan to foods.

4. Development of new materials for agricultural and medico-

pharmaceutical applications.

Results obtained in each part can be summarized as follows and
more detailed contents are described in the corresponding

subjects.



Part 1. Development of a new natural seasoning and improvement

of manufacturing process

This subject was aimed to develop a new seasoning based on red
crab(Chitinonecetes opilio) and to improve the process for the

production of chitin, chitosan and the oligomers.

I. Development of a new natural seasoning

Optimal <conditions for hot water extraction and alcohol
extraction were established, We also investigated the
physico-chemical properties of the concentrate of these extracts.
To make base formulation for a new seasoning optimal proportion of
additional extracts(onion extract, radish extract, galic extract,
etc) are combined with the concentrate of red crabs. The mixing
ratio of hot water extract and alcohol extract was optimized for
base formulation. In addition, recovery flavor was added to
improve flavor quality. To produce a flavor-enhanced additive,
addition of alcohol extract was made to the mixture of the
concentrate of enzyme hydrolysate and hot water extract. For
vacuum and spray drying, the temperature, time, pressure, addition
of sugar, gum and dextrin were tested for optimal combination. As
final products of a new natural seasoning based on red crabs, we
have produced three different types in appearance: granular type,

powder type and liquid type, The liquid type is already on market,
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II. Improvement of manufacturing process

The removal of protein from crab shell by enzyme was achieved to
the level of 60%. Based on the optimization of reaction time,
temperature and particle size, a specified chitosan can be produced.

To recover high Ca® from crab shell, we developed a process for
producing Ca’-chitosan and characterized the physico-chemical
properties, As valuable by-product, protein was recovered and its
amino acid composition was determined. The recycling of NaOH was
carried out and its final disposal was proposed to minimize the cost
of chitosan production. The recycling of enzymes and unreacted
substrate was also studied. We developed a process for producing
chitin and chitosan oligomers using enzyme from gizzard of broiler
and papain. The enzymes from broiler converted chitin and chitosan
into water soluble oligomer with an efficiency of 30% and 63%,
respectively, while papain hydrolyzed chitin and chitosan into
corresponding oligomers with an yield of 14% and 68%, respectively.

A method of mass separation of water soluble oligomer was
devgloped with a column of Bio-Gel P-2. The main constituents of
hydrolysates by broiler’s enzyme were di- and trimer of
N-acetylglucosamine for chitin and trimer of glucosamine for
chitosan, However, the major reaction product of papain hydrolysis
was dimer of the corresponding sugar for both chitin and chitosan,

The thermostability of both papain and broiler’s enzyme was

_11-



excellent, as they retained 80% of activities for 3 days at 60T,
particulary papain maintained its activity at 70% even after 3 days

at 70C.

We also proposed a mathematical model to predict reaction

conditions to produce a specific chitosan,

Part 2. Production and application of chitinolytic and

chitosanolytic microorganisms and enzymes.

I. Studies on the production of chitin oligomer by microbial
chitinase
For the production of chitin oligomer from red crab shells, the
production of chitinase from microbial source has been investigated.
The strains capable to grow on the medium containing chitin as a
sole carbon source have been isolated from 300 samples collected
from South Coast. By TLC analysis of the hydrolyzed products, GM13
showing endo-chitinase activity has been selected, The
endo-chitinase activity was higher than the well known
endo-chitinase producing strains, Serratia. marcesens or S,
liquefaciens. GM13 1is Gram-positive strain of variable shape:
coccus, rod or short rod with flagella. The strain GMl13 was
identified as Arthrobacter sp. by the morphological, biochemical and

the carbon assimilation tests. The screening of the thermostable

_12_



enzyme producing strain and the endo-chitinase producing fungi was
unsuccessful, The endo-chitinase production of GM13 was studied
under various conditions, The enzyme production was induced by
chitin and repressed by glucose. During the culture of GMI3 in MC
medium, the chitinolytic activity reached at the maximum after 54
hours of culture and the endo-chitinase showed the highest activity
after 48 hours of culture. The results showed that the ratio of
endo-chitinase to chitinolytic acitivity was maximum at 42 hours of
culture, indicating relatively early production of endo-chitinase
than exo-chitinase. For the production of chitin oligomer from
chitin, the hydrolysed products were analyzed by TLC after 4 hours
of reaction of chitinase from GM13 with the swollen chitin. The
results showed that the chitin dimer was the main product and the
small amount of trimer and heptamer were obtained,

In conclusion, the strain Arthrobacter sp. GM13, selected by
screening large numbers of endo-chitinase producing microorganisms,
showed high endo-chitinase activity than other well known bacteria,
However, the degradation products of chitin by GM13 endo-chitinase
were mainly dimer and the yield of higher oligomer was low due to
the high activity of the enzyme on the oligomer, The chitinase
obtained from thermoduric strains produced chitin dimers from
chitin, Therefore these strains are not applicable for the

production of chitin oligomer. The results suggest that the

..13..



microorganisms degrade chitin to monomer or dimer for the
utilization as a carbon source. However, the further study should be
continued to screen microbial source capable to produce chitin

oligomers,

I. Studies on the production of chitosan oligomer by
microbial chitosanase
For the production of chitosan oligomer from red crab shells, the
production of chitosanase from microbial source has been
investigated, The strains capable to grow on the medium containing
chitosan as a sole carbon source have been isolated from 300 samples
collected from South Coast. By the determination of chitosanase
activity and TLC analysis of the hydrolyzed products, three strains
producing chitosan trimer and the higher oligomers were selected.
Among three strains, GM44 which showed the highest chitosanase
activity and produce relatively higher oligomers was selected for
the production of endo-chitosanase. This strain was tentatively
identified as Bacillus sp. by morphological, biochemical test and
the analysis of fatty acid composition of the cell. The
endo-chitosanase activity of (M44 has been studied under various
conditions. The growth and the chitosanase production was the
highest at 30 *C. As a carbon source, soluble starch was the most

suitable for the production of chitosanase, followed by glucose. In

..14_



contrast, chitosanase production was decreased by using chitosan as
a carbon source, The maximum chitosanase production was obtained
when the concentration of soluble starch was 2%, For nitrogen
source, the yeast extract showed the best results.

For the purification of endo-chitosanase of GM44, the cells were
cultured at 30C for 70 hours. The supernatant was concentrated by
PEG, dialysed and fractionated by column chromatography. The
fraction containing chitosanase was concentrated by centricon and
purified by FPLC. The specific activity of the purified chitosanase
was 1,744 U/mg showing 24 times higher activity than supernatant (72
U/mg) and the yield was 46.5%, By SDS-PAGE of the purified
chitosanase, only one protein band was detected, which was confirmed
as chitosanase by chitosanase activity staining. The molecular
weight of the chitosanase was estimated approximately 45 kDa. The
analysis of N-terminal amino acid sequence of GM44 chitosanase
showed 90% of homology with that of endo-cellulase of Bacillus sp.
KSM330, however the homology was not observed with other
chitosanase, The characteristics of the endo-chitosanase from GM44
were investigated. The results showed that optimum temperature was
70C and 90% of the activity was retained for 16 hours at 40T. At
50C, 80% of the activity was lost after 16 hours, The optimum pH
was 5.0. The enzyme showed high specificity to chitosan and showed

very low activity on chitin, or CM-cellulose as a substrate. When
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the activity was compared using chitosan with different degree of
deacetylation, the maximum activity as obtained with the chitosan of
82% of deacetylation, The degradation pattern of chitosan by the
enzyme showed that dimer or trimer could not be hydrolyzed and
tetramer to heptamer were hydrolysed with low rate. When 4% of
chitosan solution was added with chitosanase of 20 U to 40 U,
chitosan was completely hydrolyzed within 24 hours. The analysis of
the produced oligomers showed that the oligomers larger than hexamer
consisted over 40% at the early phase then decreased to 25% after 20
hours of reaction. Using acetic anhydride, chitin oligomers were
oabtained by acetylation of chitosan oligomers. An attempt was
made to produce chitosanase from recombinant E. coli strain. E. coli
transformant showing chitosanase activity was obtained using pUC19
vector, Cloned chitosanase from Bacillus sp. GM44 was also expressed
in Bacillus subtilis wusing Bacillus, E. coli shuttle vector.
However, the recombinant E. coli and recombinant Bacillus subtilis
DB431 showed 1.5 U/ml and 30 U/ml of chitosanase activity,
respectively, which was lower than that of parent strain Bacillus
sp. GM44. Several experiments should be carried out to increase

chitosanase production by incorporating strong promoter of rRNA.
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Part 3 . Application of chitin and chitosan to foods

I. Physical properties of chitin and chitosan for application
to foods

Four kinds of chitosan were prepared by treating crude chitin
with IN HCl followed by IN NaOH. The physicochemical properties and
antimicrobial activity of the chitosan were investigated.

Moisture, crude ash and nitrogen contents of prepared chitosans
ranged from 5.86~6.72%, 0.46~1.12%, 6.53~7.15%, respectively.
The molecular weights of chitosan-45, 50, 55 and 60 were determined
as 59,000, 32,500, 25,500 and 12,000, respectively. Chitosans
prepared with higher concentrations of NaOH solution showed the
lower molecular weights. According to I.R. spectrum, the degree of
deacetylation of chitin and chitosan(45~60) were 45%, 88~94%
respectively. Chitin had higher water holding and fat binding
capacities than chitosans, but there were no significant differences
among 4 chitosans. In the dye binding properties, chitin had a dye
binding capacity of 11.16mg/g sample, but chitosans except
chitosan-45, almost did not bind the dye. It was assumed that -NH
functional group in the chitin was removed along with the acetyl
functional group because of strong deacetylation condition,

Antimicrobial activities of chitosans were tested against

Lactobacillus plantarum, Lactobacillus fructivorans, and
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Zygosaccharomyces bailii which are known as spoilage microorganisms
of mayonnaise, as well as Streptococcus mutans, a bacteria related
to dental calculus and Serratia liquefaciens, a tofu spoilage
bacteria. Antimicrobial activities of chitosan-50, 55 were slightly
higher than those of chitosan-45, 60. It was assumed that a certain
range of chitosan molecular weight could be necessary for effective

antimicrobial activity.

1. Effect of chitosan addition on the storage stability of

mayonnaise

The effect of addition of chitosan having a high antimicrobial
activity on the storage stability of mayonnaise has been studied
during storage at 25° and 37C. In the antioxidative activity test
of chitosan-50 when added to mayonnaise, all samples did not show
any significant differences when mayonnaise samples were stored at
25C. However, when the samples were stored at 37C, the
preservation of mayonnaise with 100ppm addition of the chitosan was
more effective than that of 500, 1000ppm. There was no significant
difference of POV value among samples when stored at 25C. However,
the POV value of mayonnaise with 100ppm chitosan increased to a
less extent as compared to those of others which were increased
rapidly after 6 weeks storage at 37°C. TBA value of mayonnaise with

100ppm addition of chitosan did not increase significantly as

_18-



compared to those of others which showed an initial increase until 6
weeks of storage at 37C. Although there was no significant
difference in the emulsion stability among the samples when stored
at 25T, mayonnaise with 100ppm addition of chitosan retained over
93% emulsion stability even after 10 weeks storage at 37T,

In microbial challenge test, addition of 100ppm chitesan-50 to
mayonnaise prevented or extinguished the growth of Lactobacillus

fructivorans, and Zygosaccharomyces bailii.

M. Development and quality characteristics of chitosan added
donchimi juice

Three kinds of chitosan with the same deacetylation degree of 78%
were prepared from the crude commercialized chitin obtained from
Chitinonecetes opilio at three different temperatures of 100, 120
and 140°C in 50%(w/v) NaOH solution for 3 hrs, 20 min and 10min,
respectively.

Antimicrobial activities of obtained chitosans were tested
against Leuconostoc mesentercides and Lactobacillus plantarium which
are known as important main microorganisms of dongchimi
fermentation. Antimicrobial activities of chitosan obtained at 140T
for 10min (chitosan-140) was the highest among the 3 chitosans.
Chitosan-140 was therefore selected as the chitosan sample for

further studies on the effect of chitosan addition in dongchimi
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during fermentation at three different temperatures of 4, 10 and 2
0¢C. Addition of 1000ppm chitosan significantly prevented the
lowering of pH values in all dongchimi samples and showed the lowest
titratable acidity,

Addition of 1000ppm of chitosan Ch-140 to dongchimi fermentation
seemed to inhibit the growth of lactic acid bacteria therefore
lowering the acid content, It therefore caused the shelf-life
extension and gave a prolonged palatable period in the dongchimi.
The odor and taste of acidic and sour note were also reduced,
therefore improving total acceptability significantly. The turbidity
of dongchimi juice was reduced and the firmness of the radish were
less reduced, therefore making the product more acceptable and

advantageous for use as a beverage application,

Part 4. Development of chitin and chitosan based materials for
agricultural and medico-pharmaceutical applications.

I. Development of new materials for agricul tural
applications.

We have prepared chitosan oligomers using microbial enzyme and

chemical hydrolysis. When reaction time of acid hydrolysis was

prolonged, the yield of hydrolysis was 80% with a substantial

increase in monomer content, The optimal reaction condition was 60
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minutes and 80C, respectively for obtaining oligomers of DP)4. A
chromatographic procedure using Dowex 50 resin was established.
Fraction 3, 4 and 5 mainly contained trimer, tetramer and pentamer,
respectively, In contrast, ultrafiltration was found to be less
effective in separation of these oligomers. Upon microbial
degradation of chitosan by some strains isolated in our laboratory,
we produced 60% of dp=2~4, 30% of dp=5~7, 10% of dp more than 7,
Ve also prepared N-['C]-labelled N-acetylchitosan,
carboxymethylchitin, chitosan sulfate, O-acetylsalicylchitosan,
trifluoroacetylchitosan. These derivatives were characterized by
FT-IR. The inhibitory effect of chitosan on plant pathogens was
carried out by observing the growth ring after incubation of 7 days.
The test organisms were Fusarium sp. and Phytothera sp. When the
concentration of chitosan was about 0.1%, a significant inhibition
was observed, while chitin did not show any effect, When the
soybean sprout was treated with chitosan, its growth was higher than
that treated with commercial "Indol B”, We also observed an active
growth of fine row of soybean sprout. The field study of chitin
and chitosan on the growth of tomato and soybean was performed.
When tomato seed was soaked in chitosan solution (0.2%, 3times), the
growth rate was highest, compared with irrigation and direct mixing
with soil, For soybean, direct mixing with soil was better than

soaking,
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H. Regulation of immune functions by chitosan derivatives,

The antibacterial activities of synthetic chitosans were
variable depending upon the microbial species and the most effective
concentration to inhibit the growth of E  coli and Listeria
monocytogenes was about 0,25 to 0.5% The pentamer chitosan (DP5)
has in vitro stimulatory effect on the NO production by J774
macrophage cells in the absence or presence of interferon-y.
However, the NO production was not enhanced by other chitin
derivatives, such as Chitosan A, Chitochem, Chitoenzyme, and low
nunber of oligomers (DPl, DP2, DP3). Fl fraction which contains
oligomers bigger than 15-mers showed a strong stimulatory effect on
murine macrophages (RA¥264.7 and J774) by enhanced NO and TNF-a
production and mRNA expression. When BALB/c mice were treated with
chitosan derivatives before microbial challenge, DP5 and F1 showed a
considerably increased host immunity to Listeria and Candida

infections, respectively.

M. Development of chitin and chitosan based artificial skin.
¥e synthesized PEG macromer-chitin IPN, chitosan-alginate complex
and chitosan-poly-L-leucine complex, The physico-chemical properties
of these candidate products for artificial skin were studied using

FT-IR, DSC, intron, and SEM, After chitosan-alginate complex was
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soaked in the solution of Ag-sulfadiazine, the release of this drug

was linear as a function of time,. The antimicrobial effect was
excellent with this material. Wound dressing made of this complex
also showed no cytotoxic effect against L929 cell line. The wound

healing effect was most prominent when chitosan-alginate contained
Ag-sulfadiazine and DHEA. However chitosan alone showed almost
same healing effect. The reason should be elucidated why the
effect of: chitosan-aliginate soaked in Ag-sulfadiazine was inferior
to that of chitosan alone. The histological observations revealed

that the chitosan-alginate containing DHEA and Ag-sulfadiazine was

best among 3 treatments,
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Adzoz FolA Ad % Adr2Y FUWAZ FEE= 2009 =2 +3
o

ot
-

3 A ZAA T} obF Zx7[ctA 0] wjEo] marketingoll uwhel |
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3) & 4
55 5EY olg UAY 47 s WFY B E ZFsA

t}.
&7 @
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7 Qlen} 15% ool A =7 4 gldrct

i

r

gl
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of AlE A} 20%2 fo]l A S4diAden, 55-60TH 2xH
A7 7HF AAY 4o S €2 7 Addrh
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AEHA 18 B S A FEE o Az o alkalio] Az|slY
CaCOs2t B A& AAstY FIUE P43t o] sldle] ¥ NaOH(40-50%)
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ch.
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1) BAFFol w2 &3}
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3. 719, JEY geuwy cREdwy U JE4 Az +ux

model 7B¥l 9 simulation
AEF RS 2ty Yo iE £848 JI8l JIEA EeidS
=
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7t 71", F1EA}Y gelan g oY #e
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F+E ol &3l ¥¥Y 2n & §4& 0.6ol/ning] RALE A

(-4

. F1EA 2228 % model st

FIEAY] FF2 Ax e "ol utel Ay "otdd
BEE NaGHe] s %, 4hgA| 7, g2 E 4 particle sized] F8E&
e ez ZZ4ch YoldEEs NaOHY H =71 50%dul 7H%
AL Ao RIFHI Jort USAT Y WEg2x E A7
= AY BaE=R ¢csten particle sizeo] Ty S HFs 23
g ol gich 28y g2 xet AL JEAL H2A FAAY
Zgol 2 S X AR|EE oo ti¥ AAHA AF o}
€2 YOlNHHEE &Y 4 A ZPAY Aide] 2= dl
th. ojoll miel E dxoME AEY dolEeo] 7]Xxdte "oty
=2} ¥hg2 %, A @ particle size Alo]d] FF AL VAAME =
&stdrt

1) ML, A% W particle sizeo] w2 Yolsdtx o] Ml
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50%(w/w) NaOH €& A}&3to] particle size(l1X4~5cm B 0.5X
0.5em)& 100T, 120C, 140ColAM HhgA|Zt |3t woludd 3}
=& &F3stdch

2) Model2] M A

Yold3ts =A exp[—(1+t)"] n=0+8T

o 71 A

t i wrgAlZE ( min )

-]
=

€ &5 (K)

A, a, B AF

A1) A4 A,q,Bf= Marquardt-Leybenverg algorithm& A}-£ 38}

o AEAE Ha 3ol ZAE 4 e S FFsIg o

o]l & Tabledl] +=F3lgr}.
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bl

N3z 42 % 13

A1 F19e Taol % WA AA HHH )
BY T EAY A2

¥ X NaOHti4l A EL H A9 papain, MFH Oy Esji
Tl ©Y FIMHELE o] &5 wiNAZ HASL BT e F)

E 43 colloidal chiting A =23} r}.

b

Loyl Zafjlaaol ot A A vy A
71" AZE ¢Ist] A Ao Fefo] ALt 2N NaOH chilo] &
28 Ae¥ A}E oy Yot
7b A Fasy
o] B3] A AV} 50mg/ml FEoA vl 50%71 ) AH
o 7% &A% HF pHEe F Al§ X4 BF 5.0 o]t (Fig.2) 2
Theol papain o]dlth. APHY ¢4& 13t FHo| vz
&2 @2 Ao & A S FHFsIAHFig.2). o
o 2 A A ALY NaOHo| 2% ©hjadl A ZEL oy

TE 92U 54 peptideE @7] fdANE AT u YPyol
€

g 5ol 2UHAUE A HA fKf 848 Y Yo &
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4049l 2u] o]ite] EHojA il gl peptided] 342} Ha| - A}
1 @ 3jct,

2. TR JIEY A2
7l 3= 2 ANAE JEA Az
1) 1A= JIBA A2
2EE(200cps)d] 71EALS o™ 100T, 2417, 120C, 20
€ oluels A z=3slof Th(Fig. 3).
2) AR JEA A2
140Col A AHZAIE 102%d] FE7 30cpsFE o|5tE AE g
=3
3) 4271 %
Adate] A71E ¥ JEAY AZAHAME At 277}
22 BSo Y UFATNM HolMEHEE 1P = 7131
o AEl 0BT ZABIGTHFig. 4).

S F NaOHG ol WA Y Aol mwel Yol UEe

ooy A es Hxe Fast E Ao 2y etutth(Fig. 5).

L}, Colloidal 7]€18] A=
213 @ AH(35%), 50% Al QlAH(85%)olA vy HAS el
£ colloidal 7]8l& A R3Sl T AN AR ALY A3} v

£ FilsYol A= ATH
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Fig.1. Effects of pH on deproteinization of crab shells

Sumyzyme(@), Collupulin(Q)
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Fig. 2, Effects of time and protease concentration on
deproteinization of crab shells,

4mg(Q), 8mg(d), 12mg(A), 16mg(V)
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Fig.3. Effect of the reaction temperature and time on the
degree of deacetylation and the viscosity of chitosan
obtained from the uncut chitin.

(A) 100C, (B) 120C, (C) 140TC
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Fig. 4. Effect of size reduction on the deacetylation and
viscosicy of chitosan obtained from the chitin at 100C.

O: degree of deacetylation, @: viscosity
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Fig.5., Effect of the residence time at 80C on the

deacetylation and the viscosity of chitosan obtained from

the uncut chitin,

O: degree of deacetylation, @: viscosity
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A2l f§ BW UL WSEL H4 W AR

A A 30%-40xF 2Ast olon whyd g g AYstn Y=

Cadt <hjAg ¥ 433 NaOH, ojhg 71d, 7% 9 sIEL Bajas

Yo

A AHE& Adstact

1.

Ca" XY 7| EAbY Az
7t Az

120C 9 140CollA WA ZHEE AZRAoA ek AFo|L} &
CaC0; ¢lo] HIE 50% NaOHE A 2ldlo] Wg2x WE F|EAS AHZ
steich. '

. Ca-7| B4t BA
1) cutting mill2 E2f1] s]8log ZdLx AR F|EAte y
st 227 AHE §E& RA HEL 5% ot (Fig.6)
2) g 2= L WA 7o wE golMYsize] W
50% NaOH =& ¥ o2 ANe|sld-& wiol 80%2 ©olMHUNEE ¢
o™ 120CoHA 602 ol Hast AL 140ColA 405 o4 A g
dtojol €& o 47} Uth (Fig.7)
) &3 A A
BE AF7 10~20cps?] BEE HAon 140ToA 408 o]
3, 120Coll A 80& ol AlRE 1% ilo] #H3] Lai=UR
Uz A5 &8/ ¥ Adct
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Fig.6. Effect of reaction temperature and time on the ash

content.

100C(QO), 120C(@), 140C(H)
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Fig.7. Effect of reaction temperature and time on the
degree of deacetylation and the viscosity of Ca-chitosan.

(A) 100TC, (B) 120C, (C) 140TC
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4) +8 F+4

Hb-gA| ol ¥t-g 5o B AA 200~250%2 2L F43)

A

Hch(Fig.8).
5) 2% F+4
LA ol g Zxo R#stA 90~100%2] YL F4s)
Xch(Fig.9).
2. 7JIEA A=A Bg EAY AR

7}. NaOH®] z=jA}l&

gAYl ARG ubgAe] u]Fo] 1.532 50% NaOH& jo] 13
AP Fol HlFo] 1.528 A1Estx] 42 A3 v]Fe ot ¢l
Ao} 23 A1 g Fol: 1.498 ZASEON HCIZ A 4B &=
NaOHs =7t Ztadt Aoz JFFE oA 27 AfA1go] 75t 2
22 & 4 grh
L S A ARALL AL

13 A8 F HAHUY ST 90%E A8t 23] 71x] Abgo] JHs¥

th.

3. &t d gl peptide’d R-& FAIEY
7t. Peptidesd X AESIE 34 g olujit XA
1) ol A 100g% 12g3 59 peptideld LAENE S oo}
2) pH7l Zadtol whel AARE e o] FI} sldon pH
2 olstoll = HE s} gladcth
3) alanine®] ¥&o] t}E ojmixat Hr}l VAHSA oo,
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glycine2] ¥8rL valine, leucine ¥ tyrosinedtsl 4Fo]gir},

Uh. NaOHojl 2j38le 28 whiAdd 4 o ofnicit 24
1) o}E AZAAE 100g THHA 17~20g& 43t FUA A
¥ 2oct.
2) 49 & & EE o glycine W arginined] 3ol Ay
Hog X Yurh

NFANH LR A4 oujaty HiFo] 52 Aoz WAL
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Fig.8. Effect of reaction temperature and time on the

water absorption capacity.

100C(QO), 120C(@), 140TC(M)
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Fig.9. Effect of reaction temperature and time on the o0il
absorption capacity.

100C(O), 120C(@), 140TC (M)
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4. H2 W ojirg AL ALE

Flel 288 Ffole L FHo Aol 38 F=A
ajap-go] 7Hestdrt. FlRPE AR colloidal chitine A4
il loge 0.1 %71 FFHoldct o] wio] colloidal chitino] 7
O BajEasl §¥Ee dems WABay R ¥ol Ea
Bt dol A AlAH A 4 Utk © o] Ffof WUFLAS
A2 ZopFolopnt dee HAF RAJ 7HestAdct
2) FIEAL &3

FIEALY] St 7Y Ho 57l sxoldrt. JIEAY F
folle ¢H ANEY Fol VA3 TAYgol AU o=
I EALE {ol7] 3lo] pHE WA HY Lo Yo &4
= Aes d B4 Bl Ut wetA I EAE Ko pH
& ZFY ¥Foll A4 ARG Jistd 33 o]y Algo] JHesiddrt.

L ZiA e 2t
1) 71d
71424 colloidal chiting AH&3}7] wfBo] NGF YAHEE
3t @2 71AY} B2 E FAlO {4 71 dch
2) 1 EA
uh2 ¥of 2M KOHZ pHE 8.028 RASIY $££4 LAayz

ojtg 7]AE FHLE 43t thA] Abgyich

..86_



5. 2law A 9% x4 @ ¢
NEZg wielz} w AsolA Hadt 718l EHEAE 50, 60, 7
0Cold 8 B8 L A ¥stgct
7b. = spuied
1) 1Y EEA
B -N-acetylglucosaminidase® ] 2} endochitinase@do] RF
60Col A 343 rAstacE, =R 70CAAME 29 ZHR = 80%E
SABY T YA E 50542 S FA st ol o}F GAUL 2
AtHFig.10).
2) FIEAL YA
50Col A& 2d7txl& ¢Bstd o 3Urjols ELHAF o] 30%
b Zastdoh. 60T 70Tl E 24, 3Yol A iiziel uwhet
Aol P oE LA FAUL BYch(Fig. 11).
3) @A FEA4
z uinjge] A s 2o FAGol 3dAel= 10%n]
gt b glch(Fig. 12).

N
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Fig.10. Thermostability of chitinase activity of papain
(A) endochitinase, (B) B -N-acetylglucosaminidase

50C: @-@. 60C: v-v, 70C: B-B
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Fig.11. Thermostability of chitosanase activity of

papain.

50C: @-@, 60C: v-v, 70C: H-B
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Fig.12, Thermostability of protease activity of papain

50C: @-@®, 60C: v-v, 70C: H-R

- 90 -



.

HolA Feldt 7ie Sas

golld el 71 LA 4] ZHfolx 50T, 60T oM =
sputel s} vl AP E BHoU, 70THME AA3] Hdo] 7

At 2dmjoll= v B -N-acetylglucosamidase®@ A 2 A4l

)

el

-

Endochitinase®@ A ¢l A% 50T2 60ColA = ujx3l oaAle Mol
o 70T Z-% 3d Foj 10x¥ =] YA BHch(Fig 13).
2) 71 EAL B2

40~60C7HA = 3U=i7} o= 80xolde] VP& {= Wi
of 70CelME= 1d#lo] 60%2] BHE R FAY ALE EdArt
(Fig.14). 293} 3dold & vixy BLHBEE FA3 JI1IE

A= THE GBS Rolx Arh
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Relative activity(%)

Time(day)

Fig.13. Thermostability of chitinase activity of the
broiler gizzard tissue.
(A) B -N-acetylglucosaminidase, (B) endochitinase

50C(@), 60C(w), 70C(I)
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Fig.14, Thermostability of chitosanase activity of the

broiler gizzard tissue.

40C (@), 50C(V¥), 60C(H), 70C(®)
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EA R 4¢3 model 7Y 2 simulation

AEIRE st ugQes Ry 84 el BN TS &
gl3ta ol& A 2P & ol &3l & Eelste ¥E JEAL A2

¥tmodel & 73t simulationS st rcl.

7h 83 &elawe £
1) 718 gelage] £
F1ele] A Sol: 40~50%7 €402 uelytch
2) JIEAL &elay
Wgdg pH 72 2RI £8&4 Lawd vsEE JES
Basld oo (Fig.15) FIEAIS 30-40%7F A Aol 25l 718482
2 "Agxdch

. #8248 gelawy 24 9
) A A3y 239y

A ogge] $FAZ L Bio-Gel P-28 & Bul2E: FF4E

2|

A

P
T

>

L2455 0.6nl/ninZg, 2018 ¢ B2YFo 2 siddrt.
2) el F FHEEE
23 Az segeade €3 mulele AL FHE

dimer®} trimero]3(Fig.16), F1EAl &eli1we uiujel S dimer?}
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e ASE trimer7t 8 o] &t Fig. 17). Membrane & 2]oj
43t tiel d# ZFos BN HYo £84 S EE

71 EAY iy Ee= shestzlch

120

100 -
~ 80
E
o
E
S 60|
2
s
<]
" 40 F

20 +

0 i i i 1
4 6 8 10 12 14
pH

Fig.15. Separation of water-soluble chitosan oligomers

from substrate chitosan by pH adjustment.
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Fig.16. Separation of water-soluble chitin oligomers on

Bio-Gel P-2., FA: (GlcNAc)z, FB: (GlcNAc)s

(A) broiler gizzard tissue, (B) papain
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Fig.17. Separation of water-soluble chitosan oligomers on
Bio-Gel P-2.

(A) broiler gizzard tissue, (B) papain
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2. J1EAL HZZRZA2 433 podel 7j*¢ 1 simulation
7h. wbg& %, A7t U particle sizeo] W& YolMd s e] W}
50%(w/w) NaOH €& x}L3}od particle size(l1 X4~5cm I 0.5
X0.5cm)Z 100T, 120, 140TColA wH-gAZt ©a|sto] YolAu 3
=g &Astodrt
L "HolMdXxze] F4FH 1y
Yol ste = g A 2to] AyHo] wrel HZole 343 F71
v FUl4x7 AE E3Eo] 80% W ol =HES ¢ 4 U
o WL BEstE YHolMYE el st whgAl o] 24
HS 8HY 4 olvh. =¥ 34U 22 & RAIBIHA particle size
7} 45 g Aol TRE S ¢ 4 QUTH(Table 1).

Table 1., Variation of Degree of Deacetylation (Experimental)

Particle size Temperature Time Deacetylation

(cm) ) ( min ) (%)
0 30.00

60 67.00

1xX4~5 100 . 120 70.00
180 73.00

360 78.00

0 30.00

10 69.70

1xX4~5 120 20 75.14
40 77.83

60 79.05

0 30.00

10 75.00

1x4~5 140 20 77.49
40 84.38

60 84.30

0 30.00

30 69.00

05%0.5 100 45 74.00
60 75.00

X 77.00
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tl. %3 podel 7t

olg]dt F AU Bl Jxste HolMEstEe} WG A, W
$ 2% 9 particle size Alojoj chg3 22 ZEHA By A g
7t8 st ot

Yol E =A exp[—(1+1t)"] (1)

n=a+A8T
71 A
t g2 ( min )
T g 2= (K)
A, a. B BT

A1(1)9] A4 A,a,f= Marquardt-Leybenverg algorithm& A}-& 3}
AEXE H4 23 oM ZAY £ AdE & FAHIH Ly o] &
Table 20 45319t}

Table 2. Value of the constants in Eq. (1)

Constant particle size(cm) value
1X4~5 83.83
A
0.5%05 91.73
a 5.148
B - 0.01482

1) o= ZSU AZA% 24AE ¥ FUHT o0 (Fig.18)

-99_



0
-
© —o— Proocmo enss
0 Ememeny nasm . _-.wu-
© Exwmrts man
© -2
©
»
©
©
;o
=
g:o
: ]
g~ g.,
* ©
g »
W0 [
° °
0 X 60 %0 120 130 100 10 40 270 300 30 WO 30O 6 0 ® VW O D ©® W ©® W KW
Time (min) Thme puirg

00
100
© —o- Preaces et
© O fxpemneny rews
©
©
n - o
. r
i. i
- 2 i®
HE §
5w
- i
0
® »
]
)
°
o

0 10 0 X 4 0 €@ 0 W W 10
Time (min)

E ] © %0
Time {min)

Fig.18. Comparison of estimated results and experimental
results

A: 100C, particle size: 1X4~5cm, AAD = 1.13%
B: 120°C, particle size: 1X4~5cm, AAD = 1.02%
C: 140C, particle size: 1X4~5cm, AAD = 2.61%
D

: 100°C, particle size: 0.5X0.5cm, AAD = 1.40x.
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Ao e e YolddizE F3Y

Ju

&

(1)ollA ©olMd 3 xo} tf§t particle sized]

A__}

2)

A9 particle

ZEH size?

SERRY

Lok
L.

o
size7} 2ol ol ulzl thed 9% s}ke] ®olMEIE e ZJ}J) o] &

1o

[}

Al

AZ B¥FH

HEZ 9 A4 (o] std Ug2Ert HeUsF Yoty

(1)& o] &3t HolMu s}

ZA}ste] ®Qtch(Fig.19).

U+SF olusisE F7ishy "HotMusis

Y Zoldg ¢ 4 dUrh
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Fig.19. Effect of reaction

temperature

deacetylation

(Case of uncut chitin,
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A4d AL

IR 25 NaOHE Ap&3te] A& A AstE chilo] whd &
HEALE ol &Y A FHol U FMHE4L S0mg/nloll A 50%7tA]
Hho] MALHA NaOH AHE P S oA & 4 glevt 54 peptide
§ €& dt f&3tdct. 1A= F1EAH200 cps)S E7] $istd A
£ 100TolA 2x]3F, 120ColA 208 o2 91§& slojof g od
30cps ©]3le] A HFEe] FIEAL 140TColA 108 AEE FESGCH
ARAY30x F= a3t Cag 3 4317] 15t Car+-F|EALY A2
BHE ALY A} 80%8] HolMEHESE 27 $l3AM = 120TolA 60
Fol4d 140TollA 407014 g & AlFAoF HUTH EW 1% X4b & Ao
£33 Z3st7] st E 120ToA 802 B = &S 140T oAM=
4020l WrgZ AACk Hairh ol HELS o 5% I Al

FIEAL Az AlgEHE 50% NaOHS} @A E3asE 33 ALgo]
7Hs sttt ol ¥ NaOHE A sHl47t gol Yo 3R AMIFHL
24 HIE AN v-&& Fstdrt

AR 100g2 27 17-20g2] @A S ¥4+ & +71 ddend A
MNHo2 444 otnlicate] ko] wokth 7AY AlgolM = FEAL
B4 P UEUE pH 8.028 2A3N UAES SLE2A AR
of 7ttt I EA EalEat 71 pHE Alde] ZAFO A 33
o} Algo] sttt 714 &) AL B$ 50-60ToHAE 3¢ Hxol
Ax GAEE Rgon 7181 40-50%71 7] EANS 30-40%7} £84 &
glagoeg M3 zgdon RML x{ H Ao uiel dimer, trimerZ}

MREUT), BOE 487 nmodele AY datas} o}F I wgton
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1. Chitinase &3

Chitin& N-acetylglucosamine(GlcNAc)E 7|E%I9]E st B
-1,4 2¥ges AZAH homopolymerB A EA}8F2 ¢t 1X106 AL
olTh Chiting A, YA, RelA$ S} gL vt yAFE
3} Anl, Au, ¥ E B 23 ANE THsE 4

o, nBENANE 5XF, AR, Aldd 5 AEY HEL

M

b

WA

Chitinasex chiting& 7} 533> A A(chitinolytic enzyme)E
BH3E Sol2A AF, IFHol, AE W FEoAM LAFHI U
th. AFe B¢ chitinaseE MEZ Fuldted chiting F3}3}
B2A Aadd BAYE Y5sted &3, IFBolY BF
cytosolic chitinase: MEWIYAHe] BAY Aoz FEEO A
E9] chitinase: TIE FHolg 7] el Bojste A= &3
32 glon, AEY ZL WAL Tl UL U Y A
gojzizte] stuE A et AZAFH4 232 chitinase®

Z o]l cytosolic chitinaseg} ut& 7} 2 23 ¢] chitingd N
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HYoll BASH: Ao el Fct Chitinases AHAA A o]
22 Fay Ay gL E9stn ASew ohel, ¥z
ol A2 S&AEol dRI] AABIEA olof Y YL &
7} FAE=xl3 gich. Chitinase: F|ElEHAEQ ey
Hzof o] &% 4 ort. sFdEame ¢, d
AelgdE 7IAR Ae A= d8A Adch oy LR
o UYL A (monomer)d] FYUEI} ¥ ETE FIEHE
L2 dHMen 53] 699 sl nnst Y & Feo¥
BE& Bole Ze= ueiuth ¥y FUEI &2 JUSe R
g At s AR YRt 243 Eigel ° #8Y
o2 B3 ot BLY WYY B w9HYU ol RE
23’38} exo-chitinase® t} endo-chitinaseZ} 7]l &2l =
of ZxH ZHog AZIEe}. Chitinase?] % TIE R4 A
BHAY FHolY H Ao o] &3t Roltt. Chitinase B3 A
BBOIE EYol ¥ EY 52 AE5Ed ¥l BH W
YolE AAst22H BYPd UEE FolAU, chitinase FAR}
€ HEo =stEEHN JAZE HES BE 5 A& Ao 4
Ztgch o] ZA§ THol MEHE o FEr] gllA
L exo-8 Bt} endo-B 9] chitinases} X 3}3AQ Hog HIAXID
glet.  wheld  chitinased] o]B¥ SRAEES ALY o
endo-chitinase®] 7io] 223 AoT MY}

k

P

-r

Ja
rlo

2. Chitin £3&/do] a}& chitinased] £&F
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Harman % & Enzyme Nomenclatureo]] 7] 23%}lo] Zujub-gof u}e}
chitinased W H3lelr}l. Enzyme Nomenclatureo Al chitinsl3)
o} #A3td i) chitinase(EC 3.2.1.14)% chiting F2¢E 3
thete 2AR F o3l glom, ii) N-acetyl-B
-glucosaminidase(EC 3.2.1.20)% chitobiose && 1 o]ale]
olF 71 chitinZ]AE& ol &3t wiH|Y  Ygto 5

N-acetyl-B-glucosamine& ditste HAT 2tz stz glirh.

b

AA BEAZ BAdste chitin B3jEAE AT B4 oY 27
22 Pty oYy = FHol BIY RSo| Yol Harman T2
th3t e 89 BYE AAstdrt. F, i) chitinolytic
enzyme2 chiting o] BA3}E= BE HALE FHslE o]0 F,
ii) endo-chitinaset chiting H3gl8 Asle FTAE A,
iii) N-acetyl-B-glucosaminidase: chiting] u]¥g wUglte gy
| N-acetyl-B-glucosamine& A= BARA, iv)
chitobiosidase: chiting} v WYUgto & el N, N'-diacetyl
chitobiose(dimeric unit)& B3l AAZ A ztzt Feoysiarct.
Zef] A}REY  chitobiasex= dimerdl N, N’-diacetyl
chitobioseE 7] T o]l-&3%lo] monomer¢! N-acetyl-B-glucosamine
S AE3te BLE FoFo oL} Harman T2 F o] uwjEd
N-acetyl-B-glucosaminidaseo] X ¥=cia & 4 qdrl. g}
chitobiaseZ} dimeric unito] &HE Fo|dE& Rols BAE F&
¥ 3 ¢glewd, N-acetyl-B-glucosaminidase: dimeric unito]Alg]

chitin® 2 2e] 8)3d wUglo A N-acetyl-B-glucosamined A4
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sl AAE AREI dffol] o] F H4AE FHIA AgSi= A
ol &tz BztHct wetd & chitingsliel #FH A4S
chitinolytic enzyme, endo-chitinase, N-acetyl-f
-glucosaminidase, chitobiosidase, chitobiase S} Zo] S/ =
sl =232 Ftch, o 7] A N-acetyl-B-glucosaminidase,
chitobiosidase, chitobiaset exo-% chitinase® E&FHr}. o
714 V7R F2¥ FAE olE B4 VPSS %A FElA
ZAst=7t st Zolrt, o] EAo| tidts Tronsmo#} Harman<
artificial substrateql p-nitrophenyl-oligosaccharide?d] A}&E&
A et3td . N-acetyl-P-glucosaminidase?] 739 p-nitrophenyl-p
-D-N-acetyl glucosaminide (dimer?|ZAE QA )E 7]AZ A&
3lo] p-nitrophenol group? W&& &A3l2 3, chitobiosidase
o] ZAS$ p-nitrophenyl-B-D-N, N’-diacetylglucos aminide
(trimer7] A2 2R)E 7]AF AR89 p-nitrophenol group?]
utx o 2A3 oM, endo-chitinase= colloidal chiting 7]&
2 A&3tn 510nmoll N T4 =& &Pt HEo TA2AM I
gdoz el of A i) N-acetyl-B-glucosaminidase+
chitobiase2}e] FHo] ¢t¥]3, ii) trimer unitg 7|AZ A}E&3}
L A9 endo-chitinase®} chitobiosidase’} BF 2&Y 5 2qlo]
o]52 Fo| o3¢ EAHol Qrl. YNt o ®RIFHE E3
BaFo] 7182 Folel tY Foldol Wil Wi Tie FF
£ WY TEStY PP assaydte R vl oL ALE

Helct
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3. ojAE2] endo-chitinase

A 2712 thHE 9] endo-chitinase: AN E} ZEoA F= W
A2 AZEo] gct. witdHo] pjPEo|A = exo-chitinaseZ} B
o] RBaxloct 53] MFFHee chitinase FF cthiF 2ol
exo-chitinase?l ZHo =2 vLlelydc). X Z71A] AlFoA Eel"H
endo-chitinaseX=  Streptomyces sp.2 Z 3}  Enterobacter
agglomerans®]  Zo| HIFEALE REolti. FHol F:e
endo-chitinase Trichoderma harzianumol ti3t d3x7} 7}& W
o] ATt 272 B IAH endo-chitinaseE A7s3H th
2 Zch

7}. Streptomyces spp.

Chitind Streptomyces EolA Qo] $& A4, elAdo|d
FAFE HAFLE LeElso] U3 Axso Hrh. Phillips
£ 2 Streptomyces plicatus®] 63kDa chitinasef22E SE2Y3}

o £48e®  63kDa chitinase: ¢1E7]EQ  4-methyl
umbel i feryl (4-MU)-(GlcNAc )22} 4-MU-(GlcNAc)s& 71 A2 AHgstal S

4-MU-(GlcNAc)z .t} 4-MU-(GlcNAc):2HE 4-MUE BAE3le &=

#

7} AtjH o8 ol endo-chitinased ZHog A3gct 17
L} (4-MU)-(GlcNAc) & AR £x2  F3ste  4-MU
(GlcNAc)2& A48t 2 chiting v ¥ wWxholA] (GleNAc) &t
22 A2 L exo-chitinased 7t54& wWAY 4+ ¢dct. S

plicatusol = Ex}aF 47kDa, 49kDa, 61kDa, 63kDa®] 4%-¢]
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chitinase’} 2zlsl= Zo=

Basgdoy o ojie] #AH
7Y SAESHA A7 AWSHA Ygiel

L}, Enterobacter agglomerans

Leonid 52 pythiungo] 23] WP Qo|9} #FZY w
A S o Zgo|BEQ Enterobacter  agglomeransE %€
endo-chitinase?] &21& ¥H<Ustdcrt. o]&EL s¥1geano
4-MU groupo] B-1,4 A¥YSZ AZHH substrate analogued o]
831 chitinase?] Z{F& FE3}Act. E agglomerans® HEl
+2lH 89kDa, 67kDa chitinaseE2] ZH$ 4-MU-(GlcNAc),
4-MU(GlcNAc): B¢ 712 2RE4-MUE AHotsigdony, 59kDa
chitinase= 4-MU-(GlcNAc)z, 4-MU-(GlcNAc)s 7] A 2 el 4-MUE
W&sl4 o0, 50kDa chitinaseX 4-MU-(GlcNAc)soll ut 4-MUE
wastgcel, o] ZA}EHE] 89kDa 3} 67kDa  chitinases:
N-acetyl -B-D-glucosaminidase, 50kDa chitinase+
chitobiosidase, 18|32 59kDa chitinase endo-chitinase®
2 /st
C}. Trichoderma spp

o] 88 chitinaseoll 2&J%t antifungal activityls 32
Trichoderma spp. & th4t o2 1=t} (23, 24). Trichoderma
spp. = Al E3jo] BHAY  polysaccharide lyases,
protease, lipase 2 HAE 443ts FYoI= oA 9o

o, o]FolA AHEH FHEZAQ chitin@ £33t chitinase
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7t AP PG 2Ho MR FAY e BaHALt Cruz &
2 T. harzianum CECT 2413& chiting Sd3t etAdoz 3=
Hano A wjgsted HEFHS chitinased &42e]stadc}.
Ztzte] E=x}are 42kDa, 37kDa, 33kDaolQom, o] MZEFY
chitinaseE2 endo-chitinase®@d& UEelgHA zZz c}E
kinetic 54 & Vel Harman'S& T. harzianum® S 3-E|
endo-chitinase& 2 asla o] endo-chitinase’}
antifungal activitye] £83% 21L& st Aoz W s,
E ol AFIHFL T harzianum} H]sxc3¥t mycoparasiteq!
Gliocladium virens2] endo-chitinased £2|3to antifungal
activity7} 2& u3r}. 53] o] endo-chitinase:= G.
virens?t Atsl= gliotoxing antifungal activityol] A%
A5 F= Aow uEH Al Hayes §2 T. harzianum strain
Pl 2 HEl 42kDag] endo-chitinasefAXIE =23tz 2 &
NNNEdE EA5Qct. O A Serratia marcescens, Bacillus
circulans, S. plicatus, Vibrio parahemolyticus,
Kluyveromyces lactis% M@ 2 3ol chitinaseS3} FA}st
A=t ME3} "R chitinaseE3e| HAgol  utskrh
Carsolio S5& T harzianum IMI 2060402 %¥  42kDa
endo-chitinased Z 2 Y3t i@ FolAe LUHS dFstLrt.
AAZ2Y hAFoA UVIH  endo-chitinases= in  vitroo] A
Botrytis cinerea®] AMXH-& E3Istgd L chitino] HFH

cell wall& H7istd ®Ho REHE ¢ 4 Adch =¥
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Draborg &-& T. harzianum®] endo-chitinased HRojA uUd
AA activett Hels] HAE wWxZFos HulAzch TEolA
¥ H = 44kDa endo-chitinasel: T o]} M FA chitinase2}
ofol At go]l FAIStE e B circulans?] polyclonal
antibody®} cross-reactiong deFicl. T.  harzianum?]
endo-chitinase -FA2RE T reesei?] cellulase FH=A}
promoterdlol] <A 3dte] endo-chitinaseE AAtslz] RBéle= T
reesei ol A WA Zcl o] BL T. harzianum?)
endo-chitinase®} SAo] S dslgon 20u) AL sty

4 gt
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A 23 ANz J Y

A 1A AR L A

N-Acetylchitooligosaccharides(GlcNAc  2-6)+&  Seikagaku,
chitooligosaccharides (GlcN 2-7)% Wakoo A i3ty 2183}
r}. N-acetylglucosamine - HCl 3} Glucosamine - HC12 SigmaA} 2]
AEL S A2s}gr}. Carbohydrate columng waters, TSK-GEL
NH2-60 column} CM-Toyopearl columng Tosoh, Superose 12HR
columng PharmaciaolA] F U3t AR FIHr}. Yeast extract,
typtones n]AE vjx] HAE-L DifcoolA FY3tLct. Silica gel
plate(Kieselgel 60 F254)% Merck®] A& Al&stgden 1 & 4]

4 5FA S AHgstATt.

A2 A AHE ¥
1. Endo-chitinase At M#2] 2384
et 2] gollA] A3 30004 F2] AE2HE endo-chitinase
B4 E MAE A2 S £l 98 0.5%(wv) AUE FUF ¥
Addog T 9= JEulx| AUlo] 1%(w/v)e] glucosed
A4 McG iR E AMEstglch. MCuix]e] 2/3-& Na2HPO4. 7H20
1.28%, KH2PO4 0.3%, NaCl 0.05%, (NH4)2S04 0.1%, yeast

nitrogen base(Difco) 0.67%, swollen chitin 0.5% (pH 6.8)°]%l
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ch.

TR A2 o 1g2 30w BFFHFFol YA F 4oCol A
HA BN F AATAE A H3] sl MC F2 MCGiR| ol
Basgsidcrt. 0CoA wjgstdAM FIUENES vy e
BEAIIe A 2B A7 YR eg & FFE 1332
E Adstdct 12 AUy FFE LB AAufx| o] FF3q F
Y ¥ MCGel MC g Aufx|oll A U EufFstod endo-chitinase
S &AslA endo-chitinase@Ajo] ¥ FFEL HEHoE
st odct.

2. WA chitinase A4t MFe] A3y

W@ chitinase 44t mlgEe] Mutg giadE AZo|A A
¥ty AlE 1g& MCT YA|vfx] 50me(pH 6.8)0ll HF 313 6
0CeolA 1 Fdt epujsioicvt. ojof MCTHiz Y ZAF2
NaZHPO4. 7H20 1.28%, KH2P04 0.3%, NaCl 0.05%, (NH4)2S04 0.1%,
yeast nitrogen base(Difco) 0.67%, peptone 1%, swollen chitin
0.5% ol2icl. 1 34 v ¥ AHorarS MCT agar plateo] HIIE
Wt 55Col A 2A 2t wigstgth. MCT agar plate 4ol =2t U
< ZBUE 122 Feste] B35t 12 ZedFE MCT o)
Ao HFslo] 60CA 4-7d AFujIEe ¥ FF5A9 sl 2
HVE S St 71K B3EAEol &2 +F& st

3. 71 &3 FHol 2324

Ao
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AYY AR A FFAL YyuiAel A N4 Fune
BB WHSHE 003 BYIFFE 1A Relsid

=2
=
3 #e¥ FFEE LR A (colloidal chitin B, &%, t}
2y
=

u
o,
B
ke

& deldle] wjgstH A chitinase activityS H]

4. 2e#FY @

71d, 71E4b 3 n]@EL agar plated|d E2UE A4
# 2x1& agar plateo] EuUste &A3) Ee|¥ single 2EYES
datl, o] 2 UE LB test tube(5me)o] HE3d}o] 30To|A
Al iR F 15%2 glycerolo] VEAIN F -70Co| BE3gc).
oA RAH FFE JIW, JIEA RALE @] T FFRE
AH-& 5] At}

5. £el&F GMI3Y 5%

Endo-chitinase ®/do] &2 Ee|dF MI3L SR $l8)
el Y, B3y FPa dhol§4 & zAstdch A 5
43} BtAol84 2 API kit(Analytab Products, Plainview, USA)
E AH&ste]  ZApstAch. A¥ZF}E Bergey's manual  of

systematic bacteriologyel wle}l B2 FFE T A sIAc).

6. Chitinase T4¥AYH F3

Chitinase?] ¥4 DNS YUY AHFHYE o]L3 total
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chitinolytic activity & A3} e ZiA e o] &%t

endo-chitinase ¥4 & &3 354},

7}. DNS¥Hof 2]%} chitinase ¥4 &R

Chitinase 84 &3 2 IS 30042 71El 713 3004
(2% swollen chitin in 50mM sodium phosphate buffer (pH
6.8))& M3 500CoAlA (UEE H4 BHE &Y HRol:
75C)oll A 302 RFER F diEelsld dEdY BILE
&35t DNS Imto] 45 300u£E H7lsl 587 ZoiA
HHAY F 550molM FREE &FFsidch olg
N-acetylglucosamine& A}-&3lo] A 2§ FEIHMOoZRYH |y
BFE FstAch Chitinase 1 Tl (V) ¢t TUY ZRAA
1A} 7t 5 ¢t lumole?] N-acetylglucosamine® AAdtE H A &

o=z Felstach

L, B zbA o] 2% endo-chitinase ¥ &%

g ztAo] 23t endo-chitinase A& AL 0.02% swollen
chitin(in 50mM sodium phosphate buffer (pH 6.8))1254, Z&
4 250£2} chitinase 125 4131 50CoA] ¥rgA]7|H A A
ol wE ©EZRAE FFE 510mold ZFstct. olgy
endo-chitinase 124 (U)= ¢} U A8 2olN &2 H

=018 #Z&A7le T4 o2 st
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7. F1%lof 2J3} chitinase &4 Z A}
GMI3e ZHE A4tE]+= endo-chitinase®] chitin X4 2
glucoseoll 2]} catabolite repression® R A}stgt}, GMI3F=E

THE MC, MCG, MG brothel ztz} M E3t2 30CofA =z etujads}

A

A 12X A ARE Esldcl. AEE dEesle F
AE AAY F AFdY AP chitinolytic A,
endo-chitinase ¥4-& ZA3slodct olu) MG wx]= MCGH) =] ol A
swollen chitin t§4lo]l 1% glucose’} &Y ¥tAg oz MW
wjxjojoy, MCujx]&= MCGuR=]ollA] glucosed A &I3t3  0.5%

swollen chiting Y3 §tAU o2 A3 wjr|o|t}.

8. 7|l ZAEL &4
vl 342} 2% swollen chiting 50CollA WAl ¥ ]l
U F dAIestd BAIAGIR)E WAL BF AL speed

vaccum centrifuge® ¥ HA|7 F wtE 3 ZolE 2 9} HPLCU Y

o2 M3t

USAZotET 0 (TLC)oll &7 ¥H-ALE 24

Chitinaseo]| &J3 F|gIr-gAIES TLCYYPLoE EAMsct
Wl AtE S TLCol spottingdti Isoamyl alcohol: ethanol:
ammonia: water(50:60:1:30)2] &uofE WISAIE & AMAIZ
88 wgich wal TLC EHo| 50% AH(HS04/Ethanol, 1/1)

£ 53l 120CoHA 1027 dA) A}, TLC plate: silica
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gel plate(Kieselgel 60 F254, Merck, Germany)Z A}&3}lac).

L}, HPLCof 2%t ®wh-gATE &4

Chitinaseol Sjsld W4T VSVEE FRHAOT By
218} HPLCE A}&3}dcl. 80% acetonitrile® mobile phase®
A3t 3, A& & Carbohydrate column(Waters)ol| injection

3lo] #2|3t3 eluant &8 w2 210nmol A} detectiond} g T},

9. Swollen chitin A&

Monreal?] ®W o wig} swollen chiting& A Zstgct Crab
shell chitin(practical grade, Sigma) 10goll 85% phosphoric
acid 50m¢-& F7Ist 3 HE ¥ F2oA sEy Wajsie i3}
Al Zch. SEEE chitino]l F {4 500m¢E VI ¥ Varing
blender & oA A} ZANH swollen chitin&
sintered-glass funnelo|A] FR/RE4E o8 H M Y3l pHE 5.0
F2L2 &% thF IN NaOHE A}&3l pHE 7.028 ZAsHg
T}. Swollen chitino] 0.02% sodium azideS ¥ 7}3} 40Co] B

st A dPo Agstdrt.

10. Chitinase?] E2Y
GM442] chromosomal DNAE Sau3Alo g REBHAI TS
pUC19/BanH1/CIP W E{ &} ligationA]|# Echerichia coli JM83L &

transformationA] ZJTtl. E. coli transformants& LB/Ap/swollen
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chitin plate® tooth-picking Wy og &7 t}& 37Co9

incubationd}®™ A swollen chiting B3 & ZA}sleict.
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A 7l 23l B4 it ndEY el € A

1. Endo-chitinase At MF A3y
2} 2 QoA 2% 3000 B AREES MCC A uiz|o] Fut
TUsta 300CoH wWUPE o BF 17d F=E FAE F 5
ZTzgo] kiAo R o[ g0 ] 1AW Hol FTHHE FA
A7 200 F 2 3-4¢ AE 2 v 2F we] FHH(clear halo)S
FHAAA 122 1045S £estdet. 13 £e2€ #FES
MCGY M v x]of 7 F- 8t 300Col M 23t A EFufergt ¥ 7,000 rpm
off 4 2087 WAEestA AL B chiting HAASIR 4T
& RBch 459 DNS B ¥4} endo-chitinase A

2zt &33s5t4 L 2% swollen chitin} 500CoA & HHgAlHA

|

O
=2

W1gAtE S TLCE EAstgrHTable 1). I Z 3} endo-chitinase
EBHE 7R F5E 15 #Asdct o] FF = MCG g ufA| o]
A 3dte] REY¥S HYAFE FFEN MIRE HRsc
VY Y BHE T st HERLYPLR wfed T A
UYHS AT 43 27 ¥x 2,504 M3 5 w2 EdE
Y Aol 308 ZF ¥ 0.3 ZAIH 1AL Foe ©
EE AY BHEY £ oy R EeHIFEH JEd

chitinase ¥Ao] &2 Ao T U3 A Serratia marcescens, S.

.x?-.

liquefaciens®] WIS AE NgAolE BEE A 22|
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F3tgtHTable 2, Fig. 1). SUY VLGS HAste a2 @
= A2 AME ttE RAEHRE "l 71AY HEIL A F9
Eoon, o]Z& GM13¢] chitinase’} endo-typel 2 7] A& E3j
3l7] W2 Zez AzEgdrt. ulelA endo-chitinase ¥Alo]
718 'S M3 FFE HFHoE MdYste gelan Hag =
Attt

Table 1. Chitinase activity and degradation products the

isolates,

Activity( AdAbs. )
Isolates Time MCGSSOnm) " Diﬁ:iﬁi;&fn
GM13 2d 0.19054 0.37875 NAG2-NAG7
GM2 2d 0.02388 0.0172| NAGl, NAG2

GM4 2d N.D. N.D. NAG1
GM6 2d 0.24515 | 0.44986| NAG1-NAG3
GM7 2d 0.51195 0.71643 NAG1 -NAG3
GM9 1d 0.01772 0.19235 NAG1-NAG2
GM10 1d 0.01913 0.14581 NAGI1 -NAG3
GM14 1d N.D. 0.01419 NAG1-NAG3
GM20 2d 0.43182 N.D. NAG1, NAG2
GM21 2d 0. 38635 N.D. NAG1, NAG2
GM27 2d 0.43422 N.D. NAG1, NAG2

N.D. : Not detectable
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Table 2. Decrease of turbidity of chitin suspension by

endo-chitinase of the isolates.

Turbidity {(Abs. 510nm)
Sample after 30min reaction

Control 2.4631
GM13 0.2789
No.1 2.1190
No. 2 2.0965
No, 50 2.2018
No. 50B 2.1190
S. marcescens 2.1243
S. liquefaciens 1.9845

E

&

]

g

:

:

$

{

Incubation time (min)
Fig. 1. Endo-chitinase activities of the culture

supernatants of various bacterial isolates.
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2. @4 chitinase At AlF A3 Y

AF AR o 1g& MCT wiz|o] Hsistz 60TolAN 13432
W2t A HEA oAy EE enrichmentd} 3 MCT agar plateo] 3
TS B dtdct. =@ plated 60TolA wjgstod 500
% Wdd nREE Eeldtdcot. 228 Udd oHdEEY 7
Vi AN E ZAIRY A3 2d g B¢ FAEEL e
wEL F1¥] 2BE FAEe nBES S £ et wiet
A IR ZAR/E FYstA= Rt do] AFHE UEy ndE
& MCTulx|oll A 4-7Q 2 Aegejstdet. 2 2 AL} ¢
IRl E A E3tA] Bt chitinase VY-S ZAlsiE A
10 F2] M2 VAL E PE4ES o 4+ At old jdA
o] M EE9 chitinase ¥} 718123 AHES Table 3o UHEILY

olch.
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Table 3. Chitinase activity and degradation products of

thermostable endo-chitinase

Isolates Time (AAbCSt.isvsiOt:m) De::oadduacttison
38 3 d 1.1542 NAG2
8A 3 d 1.2797 NAG2
4A 34 1.0597 NAG2
28 34 1.7189 NAGZ

8Bz} 3 d 0. 3842 NAG2
2Bu} 34 0.2393 :igg
2Bt} 3d 0.2469 NAG2
27} 3d 0 NAGI
8A7} 34 0.0797 NAG1
21} 34 0.3223 zigg
38 3d 0. 1589 NAG2

3. Chitinase

o
¢

A BBl 239

N
Jaul
Ar
2
13

wol] ©a Azt 30 o Fo THo|E 142 Ei
5} 2, chitinase ¥Ado] 71&A 4% 2 FE Awsigct a8,
23 AR 24 A3 32 2gAE Austd Jld gelan gat

of o] &d rI¥ FF& %A XZtath
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H2Ad AudF= oMI37}  AAFSE= chitinase?]
573

1. 243 oM13e 53
Endo-chitinase ¥Ao] & B FF M3 3357 98
Fely, gy 54 9 Do o]&84 & Zastgrl. Fig. 2
3} Table 404 R uiel o] Ee|dF MI3L I3 44 A
L 2AM flagellag 71x|3 o] o]FAH S Hart M3 Hes=
78, SR Y, BTRE 5 vUy BPE e HEF
(variable) 22 Utelyict. ol2¥t Held HA4z1 ez 54
g BAY 2AHAEE 23] B o B dF GMI3L Arthrobacter
of &3l ZReE Azt GMI3 F3o FHI EFo= d

TRAY A7 ey e JPFHY £ dFdMEe #
=z

=

& b
rlo

oX

Hog B FF GMI3E Arthrobacter sp. GM13S

AHol AHgstadch

iR e
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TEM (x40,000)

Negative stain (x17,000)

Fig.2. Electronmicrograph (TEM) of selected strain

Arthrobacter sp. GM13
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Table 4. Morphological and physiological characteristics of GM13.

Test Result
Cell shape Rod, cocci and variables
Gram stain +
Motility +

Biochemical test

B -Galactosidase +
Urease -
Arginine dihydrolase -
Ornithine decarboxylase -
Esculine hydrolase +
Arginine arylamidase +
Pyrrolidonyl arylamidase -
Catalase +
Oxidase +

B -Glucuronidase -

Carbon source assimilation

Glucose, fructose, mannose, +
Maltose, mannitol, saccharose, +
N-Acetyl-glucosamine +

Lactose, trehalose, raffinose -

Cellobiose, arabinose, ribose -

+ . Positive response, - : negative response.

2. GM 139 chitinase 4t 573

7}. Swollen chitinel 2]3¥t chitinased] G %=
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Arthrobacter sp. GM13 ZF& MC, MCG, MGujx|oll HF3lxn
121 BF o8 A8E MYt vigL A BLEES &
st 2 Az MCcHRR|olA  chitinolytic ¥4z}
endo-chitinase ¥4 A% ¥ AxPezz FIis o] 364
22t 130/me, 2.24U/m¢& BTt uigio] MGuRz] o] 9 36412
Bjof ¥ 4.4U/m¢, 0.0U/me® UElYIZ MCGuix]e] A zZH
120/mé, 1.28U0/meo 8 vuiElYtcE. o] ZANERE Arthrobacter
sp. GMI3 T F 2] chitinase¥x chitinol]l 2]3] chitinase A34}9]
S5 glucosedl] 2]3|A] catabolite repressiong rles
AL & 4 qldrh. T3 MeuiR]o] A glucosert A3 nzH
36A1 7t o] ¥2] ujoFol A 4.4U/m8] chitinolytic ¥4 & el
gdrt. olalgt AE chitin 8= EeH O E glucose?}
Zastx] ol U] chitinase7} FAHTIE S A48ty

=23

L}, Arthrobacter sp. GM132] chitinase A4t 54
Arthrobacter sp. GM13& MC Auj=lofr ujoksld A uj
A Zto] uwhE ME whwmel g4, chitinolytic ¥4 W
endo-chi tinase 49 HYE 2Z A8t tH(Fig. 3).
Chitinolytic ¥4¢e AL 54A7x  2cE ERHoeny
endo-chitinase¥@ A& 48X 77 & Bort HEY Tyl
o] A% 36A 7R AFxIH o2 FItEo] 424 TR Hoje &
o2 AatEo] olFole o ol @A Frstx] sich

32
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Chitinolytic ¥2dof cth3l endo-chitinase 842 H|§ R=x}3}

Ho4ZA el Hagt €& o 4 ddch

o]

Az2 Ed

endo-chitinase= CT}E& exo-chitinaseol H|8fA] chitin 23|23

7ol i did"cie A& & + Ao

=N
PN

Endo-chitinase (U/ml)
Chitinolytic activity (U/mi)

1

1

1

1

1

1

0 10 20 30 40 50 60
Culture time(hr)

80

0.7
06
0.5
04
03

Protein (mg/ml)
Ratio (endo/chitinolytic)

02
0.1

Fig. 3. The changes of chitinolytic and endo-chitinase

activity during the culture of Arthrobacter sp. GM13 in MC

broth at 30C, 150rpm.

Chitinolytic activity (A), Endo-chitinase activity (Q),

Protein (@), Ratio(endo/ chitinolytic, ---)
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Al 3 A Arthrobacter sp. GM13o] XAt3
chitinased ¢4

(-
2
fr

1. Arthrobacter sp. GM13 chitinase?] A aj

22l #4% Arthrobacter sp. GMI3& MC JAuf=](pH 6.8)0 H
F38laL 30T, 150rpm Z A 3toll A 42212 Agujersiddct. wjof #
Bl S 6,000 rpmol A 208 ¢ YA Eest] FAIY A chitin
£ AASZ LTSS ol BHARIIZ $FAA ZALE
A&t olu of 90% FEo AUl HLHAU FAD
Zo] o3 HAD] HHEH wIAS AL 10oM sodium phosphate
(pH 6.8) ¥3 £ 100mlo] =< ¥ ammonium sulfateE IM = A
5 thF 10,000rpmoll A 157 WA Eelste &3] ¢ FAE

A A% ¥ oln] IM ammonium sulfate?} X713 10oM sodium
phosphate buffer (pH 6.8)2 3 3¥ phenyl-Toyopearl column
o]l loading®led ¥ e|st¢icl(Fig. 4). Ammonium sulfate gradient
2 23%= B 0.243 OM ammonium sulfate X oA A peaks
S Rogri, 3 HR] peak{Set 1)2] 2L chitinolytic EATS
ZHx 2 eladew F Hml peak(Set 11)8] Z-L chitinolytic ¥4
2} Y& endo-chitinase ¥4 ¥ dct T2} MR peak(Set
111)8] A9 g2 F peak®Br} &H& endo-chitinase¥A S XY
th, olite] EBelAAE AeislH Table 532 Zgtr}, 10mM sodium
phosphate #3808 8% Set 11l chitinaset SDS-PAGE A
2}, 65kDa ©¥Ao] ¢4 ASE ¢ &+ dden E©HEHL,

swollen chitin E3|ArE 8 A, 4-MU-chitooligosaccharides <3}
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rir
»
flo
11
N
34
32
i)

3 A]¥ A3} endo-chitinased}

35 - —— —
| ) setll | * E =~
- 3 j\ S E
£ | /1 235
é 25T i 2 E
=

N 5.2
8 9 g
< 1s o a
~ 89
£ . €%
Q 1 235
s | 5
&%E g £
3 8O

0 SRR ARSI R \g

Fraction Number

Fig. 4. Purification of Arthrobacter sp. GM13 chitinase by
phenyl-Toyopearl column chromatography. Fractions showing
chitinase activity were pooled into set I, set Il and Set
III. Chitinolytic activity, A-A: endo-chitinase activity,
O-0O: protein(Abs. 280nm), M-B: (NH4)2S04 gradient,

...........
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Table5. Summary of the purification steps

S o it
Perificati  Tot. Chitinolytic activity Endo-chitinase activity
on Protein @ e act. Sp. act Yield Tot. act. Sp. act. Yield
t ot, act, . ac 1 ot. act, p. 8CL, 1e
step ) Tl (e (%) ()~ (Urag) (%)
Culture Q4 987 8.7 100 1739 ©s 100
supernatant - ’ . .
Lyophilization 41,67 2367 56.8 81 1572 n 90

Phenyl-Toyopeari

Set I 34 1283.7 36.4 4.2 ) 8 0
Set I1 1.6 107.7 61.1 37 19.6 12.2 L1
Set 111 446 416.6 9.5 143 785.2 169.4 43.4

2. Arthrobacter sp. GM132 8 X e|¥ Set I, Set 1I, Set III
chitinase?] H|2

7}. SDS-PAGE

Phenyl-column®. 8 H2|¥® A &£H2] chitinase peaks& A7
B E 8 ¥ coomassie blue Az} HPFGMYPLE EAstart
(Fig. 5 (A), (B)).

g BEge B¢ ¥BEEM Z3 65kDa, 50kDa, 37kDa,
33kDa, 20kDa®] 57F}A] chitinases ¥4 band& B
Arthrobacter sp, GM13-2 Aolx 5% 2] chitinase’} AAtH e
RS 4 4 Ak Set 1118 3§ coomassie Az HPE A
Zz} 65kDa chitinase’l ¢4EZHALLS ¢ 4+ Atk
Endo-chitinase¥@Ado] ¢l Set 18 29 50kDa, 37kDa, 33kDa,

20kDa?] chitinase band:= WAE YO Set 1118 65kDa
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chitinasex= UAH A ¢jotct. ol AzE E uof 65kDas A
23 4F 72 chitinase RIS 2 endo-chitinase ¥4 & UIE}
¥4 4 ¢l exo-chitinase® Az E gt} Chitinolytic ¥ 3}
87 %2 endo-chitinase ©do] A&E W Set 1118 AL 5

%29] chitinaseZ} 2% wWZAE 9},
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M Crudy Soe? Sof ¥ Bex 1

- 5540
ot~ 50K

Fook- 37xDBa
- 3702

i Soution 2003

£330 Sl Ret¥ S fdy MR

GRY DS ¢ 2 M AL P oA DAt T ¢ if

3
) MERRPIPUR NURFYFTINS NP P

& 7

Fig. 5. Comparison of chitinases Set I, Set II, Set III
eluted from phenyl-Toyopearl column chromatography.

(A) SDS-PAGE gel stained with Coomassie brilliant blue
R-250. Lanes: 1, standard marker proteins; 2, crude enzyme
of culture supernatant(404g): 3, chitinase Set I (30xg): 4,
chitinase Set Il (20u4g): 5, chitinase Set III (5u). (B)

SDS-PAGE gel visualized with chitinase activity staining.
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Lanes represent the same samples as in (A) but the amount
of proteins loaded on gel was reduced as followings: crude
enzyme (154g), Set I (14ug), Set II (7xg), and Set II1 (4
#g). (C) Turbidity decrease of reaction mixture by the
chitinases. Turbidity decrease was examined by the same
method of endo-chitinase assay as described in Materials
and Methods., The same amount of chitinse Set [, Set II, and
Set III was added to reaction mixture when calculated in
chitinolytic activity (10U/ml). (D) Products analysis of
the chitinases Set I, Set II, and Set III from swollen
chitin, One 5m¢ of 2% swollen chitin was hydrolyzed by the
same amount of chitinolytic activity (10U) of the
chitinases Set I, Set II, and Set III at 50°C. After
samplify at appropriate time intervals, the reaction
products were analyzed by TLC. S represents the standard
sugar mixtures of monomer(NAGl), dimer(NAG2), trimer{(NAG3),
tetramer(NAG4), pentamer(NAGS), and hexamer(NAG6) of
N-acetylglucosamine(NAG). Numbers represent reaction

time(hr). O.N, overnight reaction.

L}, Chitin E32E 24

ImM sodium phosphate (pH 6.8) &t3&ojo] #HEH 2%

swollen chitin& phenyl-Toyopearl columng ¥ 3}3} Set I,
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Set 11, Set 1ll chitinased F U3t chitinolytic A (10U)S
2 37138t overnight #F-2%¥F 2} endo-chitinase@ o] g
Set 1& ©5E ZAAIA BAoU Set I 7P 4A
3] 33ty ©§EE LA ZHcHFig. 5 (C)).

oM sodium phosphate (pH 6.8) HZL o] HEH 2% swollen
chiting 7| Zeol LY 3U total chitinase YAH L E Set I,
Set 1I, Set 1118 H4AE AHelsla AZEE ANEE A2stg
th. AlE & 15,000rpuofl A 57 Al E2lsted B8 EX S
HASL Z5AE 100°Collq 523 dAelste] a4¥8EE ¢
B ¥ AdEHAY e TLCE F4stgdch(Fig. 5(D)). 2 A
2} Set 1118} -9 dimerd] <o) J}# uli S 02 monomerd
ko] wiolom, Al trimer, tetramer, pentamer, hexamer®
waElgdct. ®£3%F endo-chitinase ¥4 & UENA] 9L Set I
2] Z% Set IlIo] vI3fA trimer o]A4}te] Sejanjr} FAEZA
ook}, ojate] ZFHpgHE] Set III chitinase:= chitin

oligomer& 248} endo-type chitinase®d & 2= glojr},

A 4 3. 65kDa endo-chitinase?] &4

1. Serratia liquefaciens chitinases2}2] njz

H]31 3 endo-chitinase@do] & FFE2A & dFAUAN £
glxlo] @d3H S, liquefaciens GM1403 F32] chitinases$}
Arthrobacter sp. GM13 F59¢] 65kDa endo-chitinase& H]Z 3}l

Rttt (Fig. 6). S. liguefaciens GM14032] 59kDa chitinase$}
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Arthrobacter sp. GM13%] 65kDa endo-chitinase ¥AJ-& W] 3}7]
184 H U’ chitinolytic ¥Ad ol ths A endo-chitinase ¥A
S ulasle B, O A} Arthrobacter sp. GM132] 65kDa
endo-chitinasex S. liquefaciens GM14032] C590i u]3 6u] o] At
2 endo-chitinase 4L 71232 &S o 4 o).
Serratia liquefaciens GM1403%} €59, C38 5] antiserums&
o]-83}o] Arthrobacter sp. GM13 3 ¢] 65kDa endo-chitinase®}
2] immuno- blot A¥VE F3stgct. 3 A3} Arthrobacter sp.
GM13 e 65kDa endo-chitinase+x C59-antiserumz}
C38-antiserumo]] ¥ ®rZ31A| Qolct. o] A2 Hy &4Ee
3t endo-chitinase C65-= 7]&o] #& 2R S. liquefaciens
chitinases®l C59, C38 2 WY UAH [FiMdo] gl HAazs AL

o + Adch
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Turbidity (Abs.510nm)

0 1 1 1 1 i i "
0 5 10 15 20 25 30 35 40
Reaction time (Min)

Fig. 6. Comparison of endo-chitinase activity of the
purified Css of S. liquefaciens and Cg of Arthrobacter sp.
GM13. The same amount {1U) of the enzymes was added to
reaction mixture when calculated in chitinolytic activity.
Symbolis: Cgs, O-0: Csy, A-4. Same of the chitinolytic
activity(1U) was added.

. 2%, pH B FHol 29 GG 24
b xS 4%

crE¥ Cso HAH PFREE Yoty sl3lAd g
2xolN AAYUES FHstATt. AAEES F3Y 2= U4
= 20°Coll Al 80°CAlololmy 10°Ce] ZtH L R chitinolytic ¥A 2}
endo-chitinase ¥4& & stgch(Fig. 7 (A)). oluf 60°CHA

HAYYE Bodvh. d HFEE 2] 43 JlEol de A
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Eloll A 10°C 23 22 40°C oA 70°C7lA] ] LEolN AAES A
¥ HLE  AMIsto

chitinolytic 84 & ZA3l4cl. 2 Z3} Fig. 7 (B)oA] BRE

2] Al 2] Zt&3l=  endo-chitinase}

o] 50°C o]3te] =N 4A1Z AXHE ALY RE Ao ¢

ol glalorl 60°C o]4e] LxoAdE: QA MEo]l A A%}

orch
120 140 T
< == R =
; g
é g// g\/ 10((('/-9\\ k’/ €
z / g, oy
s 7/ [\ 5w 6. g e
B e % B B )
© / &\ O e (2]
) / y o . %0
-.E, 40 \O 2> w
s o 5 s
-5} . [:}]
& = \l S ot
] I .
0 0 e e 80 100 b — 2 T 3 T
Temperature ( C) Time (hour)

(A)

B)

Fig. 7. Effects of temperature on the activity (A) and

stability (B) of endo-chitinase of Ces of Arthrobacter sp.

GM13. To determine the pH stability of the enzyme, the
enzyme was incubated in each buffer for lhr at 37C and
then, the residual activity was measured, Ces.
Endo-chitinase activity, O-0: chitinolytic activity, [J-

[J. Buffers used are: 50mM glycine-HCl(pH 2.0-3.0), citric
acid-sodium phosphate(pH 3.0-6.0),
6.0-8.0), tris(pH 8.0-9.0),

phosphate(pH 11.0-12.0).

sodium phosphate(pH

glycine-NaOH(pH 9.0-11.0),
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L. pHel 3%

22|¥ 65kDa endo-chitinase®] Z|3& pHE dolH 7] ¢3%lH
50mM glycine-HCl(pH 2.0-3.0), citric acid-sodium
phosphate(pdH 3.0-6.0), sodium phosphate(pH 6.0-8.0),
tris(pH 8.0-9.0), glycine-NaOH(pH 9.0-11.0), phosphate(pH
11.0-12.0) &3 &4 & 2185t iy pHE 7HA & 1A S vt
0] Ao WEAA ¥EE St EY T4 pHLF
3& ZAst7]l $lst] Z pHEE A XY 50mM BEFLdol] B
AL A2 F 37°Col N 1AAFS B opS BEVEE &3
st cl. | A2} Chitinase Cg+e=  endo-chitinases}
chitinolytic ¥4 X% pH 5004 221¥EAELE Haon
endo-chitinase ¥ -2 pH 4.004 8.0 AlojojlA] 80 =2 ¥
4dol utetutth, =3} Chitinolytic Y42 7.00]FolH 2053 =
"ol walrh. pH 42 pH 4,004 10.0712] 2] }HEHGo]

50 B2 vy GFSIA Fx HAUchFig. 8).

th 2% ol 4%

Cosoll CHY F&ol2 FRHE ZAsHI] 93] gt F&ol
253 8A WEAA Somogyie® BAHS FAsdUc A F
%ol 2ES 10 w2 UE ¥ A} ZTYstd HFHe=
InM =2 60°CollA Eael 1A A ¥ WAz
520nmofl A 2 FREE ST § Unite 2 BAIste] AFrfH

e
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4E& MEEE uehddct olwf Ffo]l2o] Eoirtx]
H}lE swollen chitinz} ¥F-g3 Fo] ¥MAS 1002 slgdch, Al
YA somogyiol 23 BT U2 AgN0:2t HeCle7t B S
AAAA 2t 7 29, 44xF =2 HEE LIEIAI AgNOs, Helle,
FeSO4 7TH;0= endo-chitinase®@A3 & &3] A 3stgdci(Table.
6).

53] FeSO0y7H0&= H

ot

¥

ol o7 =s|AAC}. FeS0s 7H02]

ox
o

100% o]l  H=x AL

endo-chitinase@A 9t-&

i

FEE  0.0lmMollA  0.1mM, 1oME 2zt 7 FIHAIFE
endo-chitinase¥Al & xxof )3t 77%, 57%, 0% X&%
& Vet E3 1oM FeS0s7TH0& A-2ol M 1A & it
S A]# endo-chitinase@’do] A3 4A4A¥ ¥ 10oM EDTAE 3
7b8to] Mol & chelatingA| 7| thx] H/do] 100% HHE gict

(Fig. 9).
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Relative activity (%)

Fig. 8. Effect of pH on the activity (A) and stability (B)
the

of

Endo-chitinase activity,

Q.

3y

pH

(A)

endo-chitinase

s.
3 4 8 € 7 8 ® 0 1t 2

Ces
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Arthrobacter sp.

chitinolytic activity,



1mM EDTA

-
N

b

N A ® S

Relative activity (%)

0001011 1 O

Fe?* concentration (mM)

Fig. 9. Effect of Fe’ on the activity of endo-chitinase Cegs

of Arthrobacter sp. GM13
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Table 6. Effect of metal ions on the activity of

endo-chitinase Cgs of Arthrobacter sp. GM13.

Chitinolytic Activity Endo-chitinase Activity
Relative Activity(%) Relative Activity(s)
Netal
ions !
Control 100.0 100.0
MgS0¢ 7H;0 80.3 107.3
AgNO; 28.7 25
CaClz 2H0 107.6 110
CuS04 5H:0 97.4 51.5
ZnS0, 96.6 ‘ 71.6
MnCly 4Hz0 86.7 117.7
HgCl, 43.6 30
NiClz 100.0 100.0
CoCly 86.0 46.2
FeSO0y THy0 114.4 0

3. 7139 Fol4

4228 65kDa endo-chitinase?] 7]ABolAd & 2A}sl7] ¢
A cigdt Z1Ao] th¥} chitinase@d & ZAlstAch o 713
2 purified chitin powder, crab shell chitin, swollen chitin,

regenerated chitin, glycol chitin, chitin oligomer, chitosan
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ol 2zt 7]™o] BAE 600CHA 3087 vlgAA WEHEE= NAG
BAG &2 DnsyRol wel FRE 550nmoll 4 HF st o
uj. swollen chitinz} ®bg AlZEule] VP& 100x2 sty Arh
A g xolE WEEE vehddrl. 2y A 7o o
SHEZtaygol 9% endo-chitinase¥ g2 FZYU 4 ¢Ach ¥
A3} solubledt chitin oligomerSol tigt ub-gido] 6w B2
Lotrh. wetd o] A A7} endo-chitinase@Alo] EZolx E13}
32 R E dimer§ BAlste olfE HAME &1 E wE 4%
2 dimer2 HBAI| M dimerE A E3Y £ g7 "YU Aol

2t A = g ci(Table 7).
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Table 7. Substrate specificity of the endo-chitinase Cgs of

Arthrobacter sp. GM13.

Specific activi Relative activit

Substrate

(U/mg) (%)
Swollen chitin 572.9 100
Crab shell chitin N.D N.D
Purified chitin N.D N.D
Chitosan N.D N.D
Glycol chitin 21.25 3.7
Regenerated chitin 361.1 63.0
N-Acetylchitobiose N.D N.D
N-Acetylchitotriose 2985 521.1
N-Acetylchitotetraose 3646 636. 4
N-Acetylchitopentaose 3930 686.0
N-Aetylchitohexaose 3733 651.6
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4. Chitin oligmer ®3l pattern

C652] chitin E3IPFERS XM ZRAstZA FY3E
(Seikagaku, Japan) €4 SeZ0lE JWE ALHAH o
product® AMAslolo] thl  A@stATh  A8Y sIe
dimer(NAG2), trimer, tetramer, pentamer, hexamerm 2z} 7] oj
C655 60oCol Al 10, 30+, 1x1ZH4 A 2|’ 5| 1000Co A 5& 7
7td3te] 548 F¢ % TLCo) 23 AsjAIZict. 2 A dimer:
23l ®| ¢}eti(data not shown) trimer: dimer2} monomerZE,
tetramer+= trimer, dimer, monomer®, 2|3 pentamer$}
hexamer: trimer, dimer, monomer® 2} z} E3) E 2t} o] A%
Az UANE o] AL trimertt] T AatA tfEE dimerd}
monomerZ ¥ AZAE & £ dgdrt. ddE= @] tetramer?)
Bdol LEhtA] & Aoz HolM C65& dimer TIEIE A2 &
Zol ozl trimer THEER AEE Zogr AT} F,

pentamerl} hexamer& trimerl} dimer® =A}E & ZHo|c},

5. 65kDa endo-chitinase?] enzyme kinetics

AME chitin oligomero] T3] £4Ee|H €652 kineticsS
olR ittt trimer¥-¥ hexamer, 1 2]31. swollen chiting 7|3
2 AMgst] A9 10F WEA 5] DNSHo = HUTE &H 3
gdrt. 3 A} BAM chitin oligomero] tiit Ko 10mMoi A
18mMAle] 2  Vmax:s 204  7nmoleNAG/minF Tt} EJ

swollen ~chitinoll cti%¥ Km2 1.364mg/ml, Vmax:= 7.35
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nmoleNAG/mlej gt} (Fig. 10).

NAGS-K; 18.18mM mac )

Vmax S ‘ MGsKm iy NAGS

NAGH-Kr 14.28mM .
L Veax nmdeNAGT Ve
£ NAGSKmy 11.011mM NAGS
E  vmax azmasagmn 0 J /
g U s
2 ’ e
g // py

7
£ /2 _— NAGs
z 7 /g;/A /
2 s =
i "% L 1 )

015 o1 006 0 a5 01 015 02 18] (1/mM)

Fig. 10. Kinetics of the endo-chitinase Cg of Arthrobacter

sp. GM13.

8. Antifungal activity

NAFAEE Hols AE, EE9 endo-chitinasedd M FU
Arthrobacter sp. GM132] 65kDa endo-chitinase: 7]& 9 M43
exo-chitinase® .t} ¥ 3AFAE vielui2lcl. PDA(Potato
Dextrose Agar, Difco.) ¥t#ujzjo] tjAtF<Ql Botrytis cinereas}

Rhizoctonia so]ani‘%‘ HAE 8l 2zt 20Cet 28TColA vidsls
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th SIFAE WA ol Ax g T HFY FoA WA
2% 2cm YolA Roj stainless ring® ¥ F 0.2um filterS
A 38 endo-chitinase® 2z} 2z} 10U, 50U, 100Us}A Hoj=aict
& THA 29 ui Rt F A EAE FAuiA] HolM A
A FZ2o FAE B dojFez yastdct o A3} B
2 gollA AAENE V[HUY 4+ o Ao Aol
endo-chitinaseZ} 3 2]¥® Botrytis cinerea?] A XHo] nzH g
on Rhizoctonia solani: FALA] Ujol WL Ny} AP

(Fig. 11).

Treatpd

Rpdsssodordia solas Trouted

Fig. 11. Antifungal activity of the endo-chitinase Cg of

Arthrobacter sp. GM13,
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|54 Arthrobacter sp. GM13%] endo-chitinase

€ ol &% ISl At

1. Fld &l g4t

GM13 #52] chitinase?} swollen chitin& 44|t H¢F ¥Hg ]
# HEAES TLICR EAM5loch(Fig. 12). a2 Az
endo-chitinase ®4do] 7]&o] R 1™ chitinaseSHT} 453 &
2 22 F Arthrobacter sp. GM132] chitinase= 7|8l & 233}
oq HFLEEH diger§ FE FAstd o 3-7¢ ¥ 2en
HE 23 Fatsigrt. o] 2L endo-chitinases} 7181 & Ea)ste
2|l g Fisrle s wE 422 JiE g E B3
7] 2ol Zelano vlgo] }2 FAog HzHcH

2. Chitinase 3 x} 224

pUCI9 HE|E o] &% genomic libraryE A|R3}o] chitinase
F22x}E screening Fof 2t} E3¥ pLAFR3 cosnidE& o] &%
genomic library& AR Fo Qlon oo Ao 2w WA &

A =2}2] screeningo] {oj¥ Ao HWolr},
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NAG 1

NAG2

NAG3

NAG4

NAGS
NAG®6

S 0.5 1 2 4 15

Reaction time (hr)

Fig 12. TLC analysis of degradation products of swollen

chitin by endo-chitinase of GM13,
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A 6dZFE

Flelo 2 e el &2 E AP4atdl:= endo-chitinased o 7}
2 Yoz wIMF A 43 TLE UASA Estdch iR
o] A, FFolEol LS Rt 29 S st feles 2
Zo M endo-chitinase ¥Ado] W58l ¥ Arthrobacter sp. GM13
F+FE AaAA Eelstddct. 7|20 R3¥ ¥ chitinaseE Rt}
endo-chitinase ¥*d(swollen chiting] &% Zr4&%¥)o] ufj¢ &
onf FIdlgelnn Aate] AdojME 27 o] M E Fatstgl
tl. a2} Eal#F 6MI39 endo-chitinasel: F2 2¢W& A4tsly
2 3 ol gelavo] thdl & 3 BEE M sl 2FY
£2o] elan Aitulgo] ulotrt, YA chitinaseE 2pei Ao A
gyt 42} T2o]A chitinase & Hole 104%2 FF& A
Ug 4 gldich 2y old FFE ¥ 29¥E FE AR &
gl Miols Aygsta] Btk gy @UPAE EF31R
Jlele g RE s E Y P4Y ¢ & chitinaseE LA
Y 4+ gdch ol ¥ Az iR vFEEo] JUE HOJE o
£317] $1%toq 29 HE 1¢eE Eisie §AY dIEd ReE AZG
g # d7E AVAY A2 BAUY S AEsted A JWH
ojolyt Zlog AMzHct W, FEAY AL T 7t =4
gy ik Figlgelan FiaRche vazy & Aoz U

(r
ok

A olty, w3 F|EAL2:2 I E acetic anhydride®} methanol & o]

g35to] oldYHAA HA FLLelanje s ARAY £ gt =}
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A 2FEEY F|EA e A E AASlE= endo-type chitosanaseS
AN et BA JIEAN AL E P F AL EFHo
wtet o] FEA gelin g JElganos ARAIE wio] A
Y Aoz AzdAch wely ¥FY dre JEANES Ras)

endo-chitosanase ¢ Fof A Z3}dc},

rr
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II. ojd=of efst 7|ELt Sl 4ot

A1 s M E

F|E4HE glucosamine(GleN)2] B-1,4 TIEAZA dAANHE
Mucorales & JZol2] HEHojx WALt gy AE2 o= 1}
28 FH Y biomassZ &I FHUE YolMUNAIIEEZHN &4
A L& + ol AZ7A F2 JIEY Y JIY TR o] 84S
Agstaz st= A7t ol FoASIT AT o] TIWFRY EHAUE
A EadelA ¥IFAE, ¥UE, dAZHAL, {AF IS
Az Fol HAHBA JAY ool Ha gch

s o2 2-8 IR FUYEE e rIWLoEN ©
Bolvt 22} cig e} vasiy E5T E4 B¥E S Zech
7i&ol &3 £ el AERFHY &elanjoln o]EL
B, Mo, AFYAE 5 AEYY Fdo| deon, §3
B FdFS FHAA FRAES st2e2d ARAETLAN2A d
AHgE 3 it 2y R4 9 FIR Sejany FS dHY F32
g, BIAE T2 55U AEEE AL Aol /&Y AE S
Tlani g} ApEHEE FYolvt. Y UYHZ S FIMIIE iRAE
A deld 2R B-2FL, Il B HN FAA 5o B¢ o
Ao At dejEgdo] LAY Aol HAA, JIEA  JIUY B¢ t}
SAl AT Fe|Hgo] UAY Ao visA, FEA Y J|RIe] AHS
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URFE ETUY gelanold del¥yol ¥AY Aol EFoih. 7|
E4 % JlY gdan Fold 53 6% olde Aamold o &
S BB e 7M1 202 BANUTh BV, LA AdojA )
E49) ganinct sUe) gelavist o B VA MW Row
SEP1oY
BN QLAY geAnE ARHHOE 24 wE 4 Atk
AR A geaMe $80 WA, B3 WP BYW A%
Y=ol gelnoizt gol Asle BA ok EY U ¥ BRAL
AASI A4 $HE AgHAU WY 2FUEY genolE
A7 A AN EHES £Hso} st o FRol Atk H2 7|
Zo AEAPAS A SN Tad wyol AR s
A e Y WSRAL ST 2% ol ¥y elan g0
gon AgRio] wetd Had TFYES LAINE VE 4 2
£ BAol Atk A 106Uz g A2E Tas Yol A7
gout oty sWesry F4 nad 1FUYEY JY LYLHE
BHE 4 g L oba AUEA Yottt AEN Lan Az
2o A% QBN @ik TaAZ} Aundey, $euioly
FolE BT o} AP TAF AUt 2

fr
e
ry
o
2
rlo
re

- 161 -



A2z Mz 9 3y

A 1A AE L A
N-Acetylchitooligosaccharides(GicNAc 2-6)+ Seikagaku, chito
-oligosaccharides (GIcN 2-7)& WakoolA F3le] Apgstach
N-acetylglucosamine - HC1 3} glucosamine + HC1-& Sigmaxl8] R EE A}
2-3}l¢9t}. Carbohydrate columng waters, TSK-GEL NH2-60 column3}
CM-Toyopearl column-® Tosoh, Superose 12HR column2 Pharmacia®i] A
FUstd AE3telt). Yeast extract, typtones njAE uwjzx] HEL

Difcooll Al F st} Silica gel plate(Kieselgel 60 F254)%& Merck

8 Rg Abgstgden O 9 A2 FFAG4E AHEstATh

A 23 A

1. FJIEA &3 ngEY £
Zt A gollA £HY 3009F AERHE JEA EHELE JHA
t nBES E2slzl ¢ 0.5%8 FEAS ©adoR stE uiA
(MCA)E AlRstaith ofuj MCA uwjx}e] Z4& K2HPO4 0.2%, KHZPO4
0.1%, MgS04.7H20 0.07%, NaCl 0.05%, KCI 0.05%, CaCl2 0.1g, yeast
extract(Difco) 0.5%, swollen chitosan 0.5%¢]rt}, $A¥ A8 IgiE
E 30n¢ HFEFSol A ¥ 4oColl N WA FAAA 5 A5AE
A A3 A 5ld MCAuRX| o Btz wdlgrt, 30CoA wgstAA JIE
2

A Bei#e vlay e gEA5E A ¥ A7 B
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g 4FE 13322 sl 15% glycerol o] ™E}SIS -700CH]
Bastgdct RAdH FF= MCAAAM iRl HEujoste] z Az 9
DNS HdY VAHE s Vo] 2 2FES FFoz MY,
Telst] Aol Agstdct.

2. JIEAL HA(SFIAAR)E BAStE n¥E €A

Eo2} BitlrAlE 5& 50mé M9 Minimal chitosan(M9 salt + 0,5%
colloidal chitosan, pH 5.0) 8jx]&} Czapeck minimal chitosan(NaN03
0.3%, K2HPO4 0.1%, KCl 0.05%, MgS04 - 7H20 0.05%, FeS04 - 7H20
0.001%, 0,5% soluble chitosan, pH 5.0, chloramphenicol 50ug/mé) <
Auhxlol HFstn ztzt 30T 20ColA 17U Agujestdct. u)
FAES TUX JAEx|o] FF3te WP 2 3Y Achujey ciX LB
9} 50ug/ml2] chloramphenicolo] 3-8 PDA Huhujx]of] ztz} Hwter}
st Mzt FBolE 2tz Felstdct. At v FAMES B
3l £4Eesly BBtz 2z2}S§ MI minimal chitosan Czapeck
minimal chitosan®A wjz]o]l FFste] 30T 20CHAM 1:UL AT
gt MRS ddEesty 22 wFFT Y2 2% soluble
chitosan?} 40TelA 6AZHEQ VA7 The WASE TLCE 24

std o}
3. EaldF M44] 5 A

Chitosanase #/do] &3 HlZ3 1FULY i g Riste

el F MUE T3] 3 A AU E4 % A, F
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e, wje¥y S4& zAsidcl. AlEZ}E Bergey’'s manual of

systematic bacteriologydl w2l Z2#FE FAHdldct.

4. A=Y 2

BeldF M3z} M449] HelE FAHAAEoF(TEM) o2 Z ALty
ch. AR E LBuA| oA 31 5 uigYy ¥ FANE Pt FHT
2 13 AMHstdct. o] MEE 2.5% glutaraldehyde?} 1% osmium
tetraoxide (0s04)& A} &3t A A F Qlal 2R (pH 7.0)08
AAstdct. g8 712 X2 ethanol} acetoned] E§E ApL3}d
HEXE ©&4A7] 3 Epon resino] 719 ¥l LKB-ultratome® 2 Mt
st} Z2utHg TE ¥ 7o) B4 E 3] leads} uranyl acetated
thA] Q¥ the FAMAAIYO]Z (Hitachi H-600)& Alg3to] Hdaslyg

=3

5 wjok Lo w& Ee|FF Bacillus sp. GM442] chitosanase g4t

i &xo] uwE B2 FF Bacillus sp. GM44e] FA] B3
chitosanase JAtd& Yol 7] g8 25T, 30C, 37T, 45T, 50CTo]
A Zzt FFE wgstdach 149 E FA B chitosanase ¥4
< 3T 5 MR &2 84S vastdrh

6. Chitosanase ¥4 &%

Chitosanased] ¥ JF|EAEGAoERE gAHsE: VLD IS
EAste] ZAsIt. 100oM sodium acetate SF L (pH 5.0)0) =<
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1% 71EA 8 300ue0] T2 30042 HE7ISI 50ColA 1087
235ttt ¥hg ¥ 10N NaOH 20/£& A 7isted M2 ¥ 12,000rpmoliA 5
7 4 Eestadct. ol BEH WS E Y 3000] 1me DNS §-&
A1 F & oA 58T 7tgstdret. 7ld F FE8] AU ¥

EREE 3%t BEIJIHNoZREY BIYR S FFsA
t}, ¥£3 4.8 D-glucosamine - HC1- & A}R3lod A ST}, chitosanase
o TS (U)E Fo43 Z2AoA £% 1umoled] glucosamined 373

St E&0 o= Fstart.

7. Chitosanase®] At

LBRtA ufx]ofl A} 2}t Bacillus sp. GM44 FFF 5m¢ LBYA|uj=]of
g wFo] FFsI 30ToHA 15413 Aujgdt F o] A& ThA] 150me
LB N ufx]of] 1.5m7 F3te] 4-541 7 o] wjgstdct. olFA wE Al
ool S 3LujR](yeast extract 30g, peptone 60g, KHZP0O4 18g, KH2PO4
9z, MgS04 6.3g, NaCl 1.5g, KCl 1.5g, CaCl2 0.9g, soluble starch
60g, pH 6.8)7F £ 5L WA Z({UR7])o] FHFsHA 30T, 400rpo,

IvwwnO 8 60~70A] 7t o]Ab ujerstdct.

8. Endo-chitosanase?] ¢+ &2

Bacillus sp. GM44 32| mjelg WAPeistel ZHE AAsD
o At=olg 43ttt A5 128 &E polyethyleneglycol (PEG)&
o] &3t o 100mE %23 ¥ 10mM Na-acetate buffer(pH 5.0)8 F

A stgct, 543 ZAALANE CM-Toyopear! column(2. 4x5cm)oil 3¢5}
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L buffer® A|X3 ¥ 0 - IM NaCl gradientE Zo] chitosanase

al

o

ok

2

z

£ &3%t4ct. Chitosanase ¥ & Centricon® & % &%t ¥ Superose
HR FPLC column& ©]& %t gel permeation chromatography ¥ o Z
%

T2l stadct

A
FL

(1=}

Lo Yy
chui 2 8+ 2 Bradford W'Yoll wha}l Bio-RadAl®] microassay WL 2
Aaksldct, o] o] EF2ZME bovine serum albuming Apg3tod 33}

gt

10. Chitosanase?] #HJ|d %

SDS-PAGEY= Laemmli®] wW¥o] ute} <33lgr}. Mini-Protein
kit(Bio-Rad)& A}-&8td 12% polyacrylamide gel S 50mAoll A 40-50%&
7} A719 %3 ¥ 0.05% Coomassie brilliant blue R-2502.82 & 43}
A band& #ABt T

SDS-PAGE gel Atoll A 2] chitosanase A ML 23} ¢ YHe
2 Alxstgdrt. == SDS-PAGES A A} ¥ geld 1% Triton X-1000]
XU 83209 (100oM sodium acetate buffer, pH 5.0)0] ©3H uts}
M SDSE A AStdct. 2 ¥ 100nM sodium acetate buffer (pH 5.0)
of 0.02% chitosan?} 2.5% agaroseS 3 7}8lo] gtE agarose gel $]of
SDS-PAGE gel 2 overlaydlo] 50TolA 1At Feb whgA At BE F
agarose gel& 0.1% Congo red® €M A # chitosanase band& ¥<i3}

et
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H. N-eh otojx it N AF

SDS-PAGE gel®] w2 nylon membrane® . transferdt F
Automated Edman degradation ¥ o8 wiwizle] N-gich olnji- Al A g
< ARSIt old oluxat MAEMLS pulse liquid phase
protein/peptide sequencerS Al &3l ZAASIHTHITZ 7| X23R| WA
H).

12. 71EA Eelan gat

4% F|EAL £ 0] 1-40U B 9] 8] chitosanaseE Az|¥ F AWAFELE
B & g A o] wel FHFm 2 uEAES EAsdcl.
EI 4%2] F|EALS 20U chitosanase® 8, 12, 20A| 7t 7}=E A A

HAtEE& HPLCE £, st A o] @2 |Gy 2

Mo

7h, HE 320t a9 (TLC)o] 23t Hh-gAHE &4
Chitosanaseol] ¢J3t F|EAF ¥hgAIES TLC whHog EAM3tAct
vr2 AHE-2 TLC(silica gel plate, Kieselgel 60 F254, Merck)oll spotting

3t ¥ n-propanol: 30% ammonia water(2:1)& RujE AR3Ste AMAIA
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th. A7 ¥ TLC plated A2ollA U3 vl HUY o2 231 AARAZ
cl. A3 ARAIF] TLC plate FEHo| 0.1% ninhydrino] =EFH
water-saturated n-butanol2 5% ¥ 110ColA 1027 7FEA)A spot

< ¥Jsiarh

L}. High Performance Liquid Chromatography(HPLC)ol] o]%} vF-gALE B

Ao E FEA Selan RS $£A517] sls)] HPLCE 4%
st WEARE 0.2m filter® of ¥t ¥ TSK-GEL(Tosoh) NH2-60
columnoll F¢]3}3L 60% acetonitrile® mobile phase® A5} 0.5mf
/ming] F&o2  Eelsigrl. olgA Eel¥ YWEL differential

refractometer 2 Z &3}t

14. Acetic anhydrided o]&3%F 7| EAt9] acetylation
FIEA 210 & olMEHAA )8l Lelanoeg ABAF I $l3)
Scheme 13+ @& A& Algstaic).

15. 22 thAFE o] &% chitosanase A4}

GM442]  chromosomal DNAE Sau3Ale® HEEHAZN L
pUC19/BamH!I /CIP W g o} ligationA] # E. col i JM83L. 2
transformationA] 3] t}, E. coli transformants& LB/Ap plateE
tooth-picking ¥ o2 &3 t}L 37ColA 24X 7t incubation®}<ict.
3 ¥ 1% chitosano] X %¥ top agar (pH 5.0)& over lays}til 244] 7

o] incubationd}git}. Chitosanase B4 & Zt& E coli transformant
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rr

g b

3t

%2 0% Congo red® top agarg EA3I F =Y F¢jo) £

& B3t ERUSE Austddcl
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Degradation products of chitosan

4 Boiling for 3min

v

 J
supernatant precipitate

concentrate to 9ol
4 methanol 15mf + acetic anhydride 1mf¢: Zhr
methanol 10mf

v

v

supernatant precipitate

washing with 0.1M NaOH-methanol(1:4) 5mé
4 washing with water-methanol (1:4) Sml
Extraction with water 26m¢

\ /

v

supernatant precipitate

€ methanol 90mé

A

v

supernatant precipitate

washing with water-methanol (1:4) 5m¢

Lyophilization

Scheme 1. Procedure of acetylation of chitosan
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A3 & Zda I a3

A 1 A Chitosanase JFAt F3¢ Hg o 5

1. Chitosanase A4l FF A7 Y

Y A7 A 45 UE MCA plated] HAH3| Hatxwsiod 3
0ColA wig3tdA S PFHAIE BEES 154F £28}do
MCABR =] o Zi®tujFAlZict. 4-5¢ wietdle F¢ wixl %2 swollen
chitosan®| F3j7} dojutrt. 2¢d wj} ¥ ujd& 7,000 rpmoll A 20
v ¢ dd st gy T A& @ chitosanase BH S X3l
o] HigdT Nzt JIEA J1AE 50CAHA Al WA F TCol o3y

A Bt SALE S EAMslgrt. I A3} chitosanaseo] &3 VYUY AP

23 ARt trimer o]A4Y ZINE PFAHIE nYAEESS 39F
A& 4 2l2dr}. chitosanase ¥z} 9t-gAtE EM 2 Table 10 UE}
wj odcl.

2. 1B AFAE AAste BB ©Y
Eo BlItlAlE5E 50m¢ MI nminimal chitosan 82| 2} Czapeck
minimal chitosan <JAjwiz]ofA 337t wjPy F LB 50ug/mee]
FuEUy A3 o
100138 A3 BBl 27t Lelstedrh. $elF2EY v
2 2% FEAEAT TN 6ALTL WA The WSHEL TLC

E 2N A MFeR £FHEe EUFFES 7

chloramphenicolo] ¥-F¥ PDA Hutujx|of zZtz}

—
0%
ox
ojft
2

K
.
o
r
K
Mo
2
3[_1'
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'~

2] Rt e} 200iF 2 FIYIEL JEAS Buidda 2 F 1043
< HF USAEEH JEL dFA(ZFIAU)RES Patsidrt
(Table 2).
3. B3 oM44e 53

o} 3009 F 2] Lel#F FolA chitosanase B4do] £3 vla3 2
U= el PYiste T FF M4 FFE 21¢ 48 Ay
4 FL2Z(Fig. 1) Bacillus &of &3l Hog
F MME & o B3] T3 A FAY AP E4 9@ 4y
B3, Qely, ity 54L& ZAstdcHTable 3). L} GMa4 F
Fo EFF54E2 7I€Y Bacillus F 53 Y3 dxstA ggict &
il

F-oll A HoR Held3F GMI4E Bacillus sp. GM44E oty

fr
3
o¥
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Table 1. Chitosanase activity and degradation products of

chitosan by the isolates.
Isolates Degradation products
EG 1 Gl
EG 3 Gl
EG 5 Gl, G2, G3
EG 6 G2, G1, G3, G4
EG 28 G2, G3, G4, G5, Gl
EG 30 Gl
EG 13 Gl
EG 27 Gl, G2
EG 32 Gl
EG 33 Gl
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Table 2. Analysis of degradation products of chitosan by the

chitosanase producing strains.

lsolates | Time | ( 4arc™sehoa) | prodcts
GM44 2d 0. 45621 G2-G6
Sa 2d 0.23959 G3, G4
No. 33 2d 0.16818 G1-G4
SP1401 2d 0.34219 G2-G5
SP1603 2d 0.17462 G1-G5
N13-C2 2d 0.42494 G2
SP102 2d 0.10713 Gl, G3
Ka 2d 0.05089 G2-G4
SP3101 Z2d 0.1664 Gl, G2
SP7902 2d 0.11613 G1-G3
TC802 2d 0.28241 62
No. 3 2d 0.14630 Gi, G2
SP2601 2d 0.21368 G3, G4
N2-S1 2d 0.26608 G3
N13-S4 2d 0.02232 G3-G5
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Fig. 1. Electronmicrograph (TEM) of Bacillus sp. GM44,

Table 3. Characteristics of GM44,

+ . Positive response - . Negative response
Cell shape Rod
Gram stain Gram positive
Spore +
Catalase +
Nitrate reduction +

Citrate utilization -
Biochemical test with a Vitek system — Bacillus sp.

and lipid analysis
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Al 2 A Endo-chitosanase A3}

1. WL o] wE Be|FF Bacillus sp. CM4d4e] FA] AR g
chitosanase A8A}

2zt ofE 2xolA ulQR Bacillus sp. GM448] FA A o
chitosanase A§4}2 Table 4o Uehiglct £2FF Bacillus sp.
GM44= 25T o|3}, 37TolAolAdE Ao =lztx] Rsigdon 30CHA
3ol 713 #AE N chitosanase ¥ E 713 Hach FAAEFo) vl

&}o] chitosanase7} QJAIE L B Foct.

Table 4, The effect of temperature on the growth and

chiitosanase production,

Culture

temperature Cell growth Activity
(T) (Abs. 600nm) (U/me)
25 28.0 38
30 29.1 12.8
37 5.6 10.6
45 N.D. N.D.
50 N.D. N.D.

N.D.: Not detectable

2. ElAY} AAYo] ubE chitosanase?] AAb

Tade FRol @E s FAEE A A3 1EEAE WA
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oA Hrje T4 HAME Bgoen I e ® XEyoladri(Table
5). thE ©addol vy FIEAle] 7Y wiz|o M 2318 HA A
Abdo] yigtrt, o] ¥ ZA}E chitosanase?} constitutive H Al
RE dujsigct. 184 ALY = wE HL PYAL S AR F
2t 2%(w/v)oll M Ao BAREE Byrh(Table 6). o8 712 AL
ol A AP E RAR A2 yeast extractZt 7} F oo o (Table
7), yeast extract 1%2} peptone 3% wjz|ojA Zr] < 50U/mee] HA
¥4g Ryt o)y AAYRA L Bacillus sp. K-8813} Bacillus sp.

7-M2] 4.2U/me, 1.0U/m¢ BT} &2 Zrojgict,

Table 5. Effect of carbon source in the medium on the

chitosanase production of GMd44,

Cell growth Activity

Carbon source (Abs. 600nm) (U/mt)
Glycerol 7.5 0.95
Glucose 6.0 3.23
Glucosamine 5.1 2.06
Sucrose 4.1 1.40
Soluble starch 12.7 3.49
Chitosan N. D 1.17

% The concentration of carbon sources were 0, 5%,

% N. D: Not determined.
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Table 6., Effect of the concentration of soluble starch in the

medium on the production of chitosanase of GM44,.

Concentration of ..
soluble starch At(:ﬁ};z‘gy
(%)
1 13.37
2 17.27
3 11.03
5 2.23

Table 7. Effect of concentration of nitrogen source in the

medium on the production of chitosanase,

Nitrogen source (gﬁél gggzﬁ; Activity(U/mé)
NH C1 0.95 0.72
(NH,)2804 0.54 0.66
CSL 13.6 1.78
Polypeptone 39.6 2.47
Peptone 37.2 0.95
Tryptone 29.2 2.23
Yeast extract 9.5 3.78

* The concentration of nirogen source were 0. 5%,
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A 3 A Endo-chitosanase?] &4 &2

1. GM 44 FF2] endo-chitinase?] £2]
oM44 FFF MCA AAvlx]of A swollen chitosan t§4l 0.5% soluble
starch® tiA] 7] A u)z] 1Lof] HF3ted 30C, 180rpmoflA 70A] 7+A

= ujorstaich vl F o A= olS 6, 000XgolA] 2087 WARe

st

i
st FAE AASIY AL ETAE EoAdrh old wid BT A
chitosanase ¥42 12/méolgltt. WP FTYSE FA o] Y3 PEGE
wa 22271 ¥ 20oM sodium acetate LN (pH 5.0)8 wh B
HqAAAN zFLNoE AE3lgrt. o] ZEAYE CM-Toyopearl
columno] F¢J3t3 S U BE2LNOE AYY F 0-IM NaCl gradient
2 £347ch olul 0.3M NaCl %X oA chitosanase ¥4 & Hol:
peak& Y om(Fig. 2) o EY & Rol #F LYo FHAY ¥
Centricon® & %&3}ddt}). o] %2 9& Superose 12HR FPLC columnoi
ZQAlF]5 100mM sodium phosphate &Y (pH 5.0)0] 100mM KClo}
UHH £9& ARt EAg d2 A& EelAA chitosanase
BEE& Rol: stue £¥E& EdcrH(Fig. 3). & ©AY FAXRE
Table 8o Utelufglct. 2 FH o2 &£4F2H chitosanased] vl ¥ 2

1,744.3U/mgo]l o] 482 46.5% ojtt.
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Fig. 3. Superose 12HR FPLC column chromatography.

Chitosanase activity (QO), Protein (----)

- 180 -



Table 8. Purification steps of endo-chitosanase from Bacillus

sp. GM44,
Step Total protein Total activity Specific acitivity
Yield Purification

(-fold) (mg) (U) (U/mg) (%)
Culture supernatant 161.8 11, 660 72.1
100.0 1.0
PEG concentration 81.8 10, 548 128.9
90.5 1.8
CM-Toyopearl 7.5 8,498 1,139.2
72.9 15.8
Superose 12HR 3.1 5,429 1,744.3
46.5 24.2

2. Chitosanase®] SDS-PAGE A7|g &

CM-Toyopearl columnz} Superose 12HR FPLC columng £3] £:2H
chitosanase peak& 7| %3t ¥ Coomassie blue Gz} VA
Hoz FAstArH(Fig. 4(A), (B)). WY EHY 7§ Coomassie
blue @4 Az w2 ciwa bandd B A X9t Superose 12HR FPLC
column® 2 AL F¥o ZH¢ 31} band TH& RO o] whiy
2134 45kDaoj At B EM A} wiBTA} &4l £ B

£ 3}L}9] chitosanase band2tg& R rct, o] AAQEZHEY Ee

Az

Eis
Bacillus sp. GM44:= R =z}8F 45kDa2] ¥t FF 2] chitosanaset-S& A4l
s} CM-Toyopearl column?} Superose 12HR FPLC columng 23 &4

gEHAdSS & & Adrch
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A} Commassie stainin : -
(kDa) _ A g (B) Actve staining

97 - e pravs
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45— i QK S Yy W e <€ 45kDa

H o e F «

2 oy

10— @ % #

Fig. 4. Electrophoresis of chitosanase of GM44,
{(A) Coomassie blue staining (B) Congo red staining for

chitosanase activity

3. N-gh ojnjxit MEAF

creed N-wigh ofu] 3z 4t NE& 48 2z
A-X-X-K-E-M-K-P-F-P-Q-Q-V-N-Y-A-G-V-1-K& UElytct. o ZAYE
BLASTE S AMA & RAIS|E A2} Bacillus sp. KSM-3302 2 ¢ E2H
endo-cellulose®] N-gha} 90%2] FAM4 S Bk Iy 7120 R

3™ t}E chitosanaseS 3= F Aol ¢l adrcl.

A 4 A &2 H chitosanase?] &4

1. 25, pHe] 9% 9 71AFol4
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42| ¥ 45kDa endo-chitosanase chitosanase?] %3 L5255
dotB 7l ¢l8ilA 30ToA 70C7HA] 5C FHL 10C tHog 2AH
2oy F4¥YE ZAstdcrt. 2 A3} 45kDa endo-chitosanase:=
70ColA HoiHEd & RAcHFig. 5 (A)). 2EAAMLE A3l 9
3ty 30C, 40C, 50C, 60C, 70C, 80ColA chitosanaseS o & A]
AR F O AEaLBEE HFstct. 2 A} 40T 164
7hZ] 90% oo BAEE KAstH oL 50T ME 16413 F o 80%
o TAYGo] HA¥EHATHFig. 5 (B)).

(A) Activity (B) Stability
120 120
. 100} 100
b 80} ~ 80 L
: ]
& 60 & %
[<}]
> 2
= 4 1] 40+
[3)] R
Ty ()
& o
20+ 20}
0 i 1 " n n 1 1 1 1 0 1 1 L
30 40 S0 60 70 80 0 5 0 15 0

Temperature ( °C). Time (hr)

Fig. 5. Effect of temperature on the activity (A) and stability
(B) of the endo-chitosanase of Arthrobacter sp. GM44,
Lt pHe &%

A H

42 2]¥ 45kDa endo-chitosanase?] 2|3 pHE Uolr 7] 2I3|A

0.4% F|EAto] ZAbgAE Hulste] £AI] A F IN-HCIIFS
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IN-NaOHE A} &3} pH 2-78¢le] 7lAL &ALt 7o) A A3
MY HAE MG ¥ RAYLE &35lo 2 pHE F3idct

3 ZA3 pH 5.0004 HojEEES HAcHFig. 6 (A)). 2l

.

He

A
T

M

chitosanase?] pH UFAMEE &337] ¢5le] pH 2-32 glycine-HCl
#38Y, pH 3-6& citrate HS LY, pH 6-82 sodium phosphate
838, pH 9-102 glycine-NaOH ¥#3F§4E 2tz Apg3tgict. o]
ol 100oMe] ¥F &Y Ztzto] A3 HMH ALE HIIRE F, 30T
of A 1At WA thS e HEHLHUALS FFSiAT I ZF
2} pH3.0-10.0 H oA vla? ¢FstAcHFig. 6 (B)).

Relative activity (%)

A)  Activit B) Stabili
120 A) Y 120 (8) ity
100} 100]
:\; v/,,\
801 % 80
S el
2
40} p=1
g |
[:3]
20} ® 2|
o i i i i i 0 N A " i " i N A 3]
0 2 4 6 8 10 12 23456789 101112
pH pH

Fig. 6. Effect of pH on the activity (A) and stability (B) of

the endo-chitosanase of Arthrobacter sp., GM44.
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th. 71 A 5ol4

452" 45kDa endo-chitosanase?] 7|3 HojAd & Z 1517 ¢
3to] chitooligosaccharidesS 2} swollen chitin, CM-cellulose,
starch, peptodoglycang 7] EZ Al&3te] E3jA0 ¥ 2 WFis
o] BIGES FAstAct FFH BALFL JIEA &34 A==
BEELE 102 39 MEEE Ll octH(Table  9).
Chitobiose(2%}) 2} chitotriose(3% )= 3] 31 % Z3lg o
chitotetraose(4% )-chitoheptaose(7% )0l ti¥t =3l 15-24% A=
2 v)323 yglct. o] chitosanase: swollen chitin?} CM-cellulose
of thal 2-3% F==2 of¥ ¥ VP E RHdon peptidoglycani}t A

£2 A3 Zsta] Ratydct. o] A(ZHE Bacillus sp. GM447}

ok

4}3}= endo-chitosanase:= 2|2 F3[Po] v A 7] ufjo
FEALS o] &% I EA e Mild fI¥ Aoz HZHC}
EF FRIT KA ot E JAE AHEER] Bt I EAM tidfAwt

Fold E4& 2rl.

2. Chitosanase?] YWolMEzo] & F|EA 3148 vl

Yol MYl 3} = (Degree of deacetylation, DD)7}  39.22%, 58.9%,
68.1%, 77.0%, 81.9% 87.1% 94.1%8 7| EALE MIH(F )X F¢31o
0.2%2] 7] (pH 5.0)& TEAUTt. & 7] Aol tiyt ALV E v
B Az 81.9%x2] ®olAdEH JFeld He BVHES Hiow
39.2%-87.1% 4o HolAEd Aol tisf s 22 H/ 83.3% o
o] W& B otHTable 10). 94.1%2] 71EAL 7)Ao o3y Ee 2
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842 71§ Bo] ez u2 ¥y vehdgdcl ojn Bad
T2 chitosanasego]l YolAH =7l W2 7 Ao izl W 24
4& Bolx e ¥l Bacillus sp. GM442] endo-chitosanaset: 83%
BEL 2 BHS B Aol I sHFo] ¢ FIEA JIEAE o] &
stnzd FIEL Selanje g Agie] g ALY + UL
Rez JZc}

Table 9, Substrate specificity of endo-chitosanase of GM44,

Substrate Relative activity

(%)

Chitooligosaccharides

Chitobiose N.D.
Chitotriose N.D.
Chitotetraose 15.0
Chitopentaose 16.8
Chitohexaose 20.0
Chitoheptaose 23.8
Swollen chitin 2.8
Chitosan 100.0
CM-cellulose 2.5
Peptidoglycan N.D.
Starch N.D.,

N. D. : Not detectable
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Table 10. Chotisanase activity of GM44 on chitosan substrates

with various degree of deacetylation.

Degree of deacetylation Relative
of chitosan activity
(%) (%)
39.2 83.3
58.9 84.1
68.1 86.2
77.0 97.7
81.9 100.0
87.1 93.4
941 71.0

3. Chitosanase?] 7|EAt&ejn| E3) pattern g F

chitosanase?] &3] patterng X A}3}7] 93] BEF J|EA Leay
(38-7%)2 40TolA 15417t E3jA|H 2 E3PAES TLICE X314
th. 3 A3 29 392 A Estx] Batda, 4BolAd 7971
A FIEAV Ao v3) WS &= EE ot 493 592 3
T 29e=, 69 792 49, 39, 2% Zz Eastdct(Fig.

7).
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Bl -
S 0 16 0 18 0 16 0 168 0 16 8 (hr)
(GleN), (GlcN),  (GicN), (GleN), (GlcN},

Fig. 7. Degradation pattern of chitosan oligomers by chitosanase

of GM 44,

A 5 A JIEA Seam e gt
1. Bacillus sp. GM13¢] chitosanased ol &7 EA g2l 4t
Chitosanase® E3|H ofa] 7}x] 71A 9 vILAE S TLCL HPLCE
BA%d g o Fig. 83} Fig. 93 e ZAE gorh & as JE
Do 2RE 19g AY Yarstx] gt 2WE £ Aty ORFE 3
B ol gy anrt ¥EHE A= yeiulch
4% 7| EA Solo] 10U8] T E 10 - 40U 8¢l ¢] chitosanased A
2 F FA o] WE FMEE FYSHATHFig. 10 (A)). 20U o] %

o BAE Melsts A9 2422 o] A Rajst YEHAD 2 o]
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F2E aA 237 AW A gt 1 - 1008 AAF Aeste F$
60X Z7tA & Aoz E=rt FrtEHdew O olF 2 A £
3] 71 AW A Qatch(Fig. 10 (B)). 20U chitosanased A 2|3l 7
% 8, 12, 20A1ZF ¢ 22 B3y A RE HPLCE E43tq &2ay
Z24& ZAstedct. 2 A3 Fig. 11olM 2E uiel o] 27](8hr)o
67 ol wWol AA Lelndy o 40%F ARty WAL
o] 3/H+E Ax ZAF 204N o 25% F=E Bt HF
Ao 34, 49, 5%, 6Wo| 98%E xlx|slgtl. EF 4Ue AR &
33l A% Fig. 128 22 TLC ZAE At TLColA RE nuist 2

ol FJ1EAt BAEL 193 293 A B A Ydsten

w
oft
2o,
o
1o
o
ALY
3
X
(i
jo1ad

otz Qgch A2 AEY V2B o 2

Y HFol A 6T olF Eam ol YW Aol FFolrh

(GIcN),

(GIeN),

(GlcN),

(GlcN),

(GIcN),
(GleN),

S 2 5 10 15 20 S (ul)
Chitosan

Fig. 8. Thin layer chromatogram of degradation products of

chitosan by chitosanase from Bacillus sp. GM44,
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GikcN 4

Refractive index

10
Retention time (min)

Fig. 9. HPLC analysis of degradation products of chitosan by
chitosanase from Bacillus sp. GM44,

(A) (B)

%10 8200 830U A400] [#1U92U #4y 26U 48U %100 |

Fig. 10. Degradation of chitosan by endo-chitosanase from

Bacillus sp., GM 44,
(A) 10-40 U, (B) 1-10 U
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Fig. 11. Composition of chitosan oligomers produced by

chitosanase from Bacillus sp. GM 44. after 8, 12, and 20 hrs,

| (GIeN),

HGIeN),

(Gl

L (GIcN),

H(GIcN),

L (GIeN),
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12 24 36 48 S50 80 Koyo S
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Fig. 12. Aanalysis of chitosan oligomers produced during 80
hours of hydrolysis by Bacillus sp. GM 44. chitosanase,
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2. Acetic anhydride& o] &% 7| E4}8] acetylation
FIEAL E2lanE Aol ey Wi wal olMUIAA F
ABRs] A8 BEAT}. 80% acetonitriled mobile phase® A&
3ty A]® & Carbohydrate column(¥aters)oll injectiondls] E2]3sl3
eluant &2] @& 210nmoll A detectiondtgr}. ¥F 7|8 e E
24 et FS oMYA Selan e T
3 A dell AEEHACHFig. 13). o] AM}E J|EA Lsnjr &A
3] ol 3 HoS 2oz AZE L MR} IRo] ¥ FUy 2REY
o] @3 ¥}

NAG 2

NAG 3 G4

G5
NAG 6

i . !

10 »
Retension time (min)

Refractive index

Fig. 13, HPLC analysis of chitin oligomers produced by
acetylation of chitosan oligomers.
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3. A2Y chFFE o] & chitosanase At

Bacillus® 5 ¥ Z 2% chitosanase FAXF pUC 19 HE F A&
3]t ol YA A2t E£3 Bacillus-th@F shuttle HWEF o]
€3t A2 DB43loANE WA fUVE FHLo=T pJ27
rRNA promoter(strong promoter) T2l chitosanase SAXIE 4t 3}
of wWHEAATE. &F, MI4FFEHE chromosomal DNAE Ee|¥ ¥
Sau3Al #j¥ ZAE BEE3st 3-10kbe] DNA fragments& £2]3tz
pUC19/BanHI/CIP  WE]9}  ligationdtd E  coli JM83S 2
transformationdlgdtt. ZE2YH FARE chZFolA pUCIIFEE A}
{3t UHFAL o) o 1.50/p18] A a4y S RBch Bacillus-ti
AF shuttle HE|E AHg3sle] 32F DB43lolA wWHAZ wf o
30u/mle] FA BEE BArE 2 ol Hrte REFo HsiA
W2 Ztoldrt, EARUEE &ol7l #AM ZH¥ ¥ promoterqd rRNA
promoter& A}-&3}od chitosanase §-HAE UPAF &= HAEE 8 F
of alt}. ¢t© 2 rRNA promoterd o|-&¥ ANZRY FFJ} wtEo] 2|

of #FEF o83t T A AFE IYA L AYor}

4, Chitosanase?] thar Ea|A A w4y sy

Chitosanase®] FG3 BAYHS /MLt 13 o8 71x ¥YS
Abgstdet. 3 A kg 22 ddel AUUS dgich UdEAS
g ezt FAE AAS ey F o EHS AAS S3iA
ol 2] o} CP-15 depth filter cartridge® E3}AZAr}. 2H 94 4

g Xo} 10K ultrafiltration membrane® Z 20uf =3 ¥ 10mM
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Na-citrate &% (pH 5.0)(buffer A)S & diafiltrationd}gc}. nul
2] buffer AR & ¥lA] 21 CM-Sepharose columnol] # A& loadingdt
¥ buffer AZ MX¥ ¥ 0.1M, 0.15M, 0.2M, 0.25M, 0.3M, 0.4M NaCl
gAog FAE L2t AL BYE buffer AR EMAZ £ 4
ol AH-g3staict.

A}7191 o] (M-Sepharose columnC B HE| B XY HLAE 0.2M NaCl 2
L&A 4 dadch. ol TA S8 o 50% don HE FAO n
¥HYELE o 960U/mgo] 912 SDS-PAGE B M ZA 2} 95% o]de] ¢«x& 7}

2 ZAog vleludct. =& CM-Sepharose matrixo] FXAZ 4 =

fok

A 8] oF2 oF 10,000U/ml of bed volumeo]gt}.

A6d A3 £

FIEAIY] H4AH JI4-E3E B3 23U FIEA & E A
4t317] #13] endo-chitosanase& A4lste o] BES A AA AUt
A}, BealFF GMA47} QA endo-chitosanases 7] 2o BE3%E 7|

EtolA] ZaEHTE "ol 108 ol woten 3-89 JEA &7

x

g 32 Aisidcet, B FF (M4 Bacillus ol &35t &

2 EAHol = gom Bacillus sp. GM44E HHsigct EedF

d=

Bacillus sp, GM44: chitosanased constitutived}A] 2u]3to ujgde
o] FIEANS HIl Al A A} HLAAG HoiXE FXE B
th o] FF& 30TCHAN JIR 2 AN AP ALPAEE Raoy

32

Elalog 7184 AR} XTrot AANORE yeast extractE A}
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23 A 71 &L chitosanase A3 RArt 2%8] 7184 AL
3} yeast extractE A}R3[A jar fermenterof A ujor A] 237 60U/mé
ol TAHEE Rt

CM-Toyopearl columnz} Superose 12HR FPLCE 23] chitosanased&
H 2|8t} SDS-PAGE 9} BHENL E3) e F32 Bacillus sp. GMad:=
3t F7 9 chitosanaseRtS AJ4tsln O Ex}3}2 45kDagd S & 4 Al
ottt &£ H™ 45kDa endo-chitosanase= 70C, pH 5.00A 2 AY
4& Bon pH 3.0 - pH 10.00]A & F3IF o 40C o3ty L=
A 162 Z7E2] 90% o] o] | E fR|stATt U 50Co| 4 &%
M ol FA3] ZAstdct. &4 £ H chitosanase: 2% 3} 3
B2 B3 FastA Rt sIEALZE| a0 E3Fo] JEAL FaY
of vla 20% ojste] VP L Kol Zelan FFo] §olstdrt. &
L swollen chitin, CM-AE 2 Roj tshA] 2-3%2] W YAHLS Rar),
GM44 chitosanaset 81.9% ol 3} 7| Aol izl e VPSS B
deom, 39.2% HolAME3t FIEAto] th3lA A B 70% o|FY &
S BH & M- 5ol Addrt utety FE HolMu R sviYg £
3l 9 718l EElan Ao AAFHoZ AEH 4 UL Ao Yy
T, N-wgh olom|:=4t M EL Bacillus sp. KSM-330 endo-cellulase&}
90%2] FAlE S Hdon B FAJ} CM-celluloseo] ths] & 2.5% F =
o] HBHEE Holeg A& E W "4 FRe LI o]
endo-celluloses} fA1¥ Zloz AztHct & H4LZE J|EASE 74 E
s Al Al wbE A Zho)l whel F R4 Eelame RAZE A ZAY

4 olalc}, Acetic anhydride®} methanol& AlR 3l F|EAIZ2|IME
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Table 1. The 1list of microorganisms used for the test

antimicrobial activity of chitosan,

of

Microbiology Medium

Serratia liquefaciens
Nutrient broth
KCCM NO. 12094

Brain heart
Streptococcus mutans
Bacteria infusion
KCCM NO. 40105

broth
Lactobacillus plantarum Lactobacillus
ATCC No, 8288 broth

Lactobacillus
Lactobacillus
fructivorans
broth
ATCC No. 8014

Zygosaccharomyces bailii
Yeast YMPG broth
KCCM NO. 50165
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FIRIZ} FIEAre] AN E W Cafy RS Table 23} 2t

Table 2. Proximate composition of chitin and chitosan

(Unit : %)
Moisture Ash Nitrogen Ca
Chitin 4.96 2.15 6.48 0.31
Chi tosan-45 6.14 0. 46 6.90 0.12
Chi tosan-50 5.86 0.58 6.53 0.26
Chitosan-55 6,72 0.54 7.15 0.13
Chi tosan-60 6.65 1.16 7.03 0.16

FI¥le $£Ho| 4.96%, F|EAI-45~602 5.86~6.72%S el J]
B £2uo] sIEAIRC Yokony FIEA Agde FEUI
Z Aol7t Yelutx] gkttt HEYF L FI™o] 2.15%, 7| EAH5~602
0.46~1.16%5 Lletfol 7| EA A& Alo]& UElWl Ca P2

& A
74g3te FE A oln] tige Zgol MAHAA AL & + ddrh
Ao Ay Ao HE AR e ARY JIEAY FS £E0l 2

Z} 8.03%9} 8.35% 12|32 A%t F|EALY] HL 7.76%% EAHA AR

F1elo] 0.31%, J|E4t-45~600] 0.12~0.26%% LIep} 272718l

—t
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4. 718l, F|EXY 7|53 54
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EAF 5032} 55% 470, 7] EAF-60-2 440g/100g sampleE A ZH F|EALZ
ol Zxto] & utebuizl ket
RH, o] 52 F|EAato] F|&lKr} 100g sample® @} 50~100g O U
e B $ES FHddtiz Eustden Knorre F]EAle] IR
T} 150% o] @2 42 Fysidria Rasted £ d¥zes o Ay
§ Jehdgdrh.  Knorre o1yt £EF 25 xolE AT A3
4 2E9 xlolol o Ueldtia o, 2 AYolN MaFAgol of
3 IR JIEALY ol F B u olgt RAIY FYE R F3 QT
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U, Magay

HLEFRSE &Pt Y YL (Red No. 40)5EE 5~20mg
dye/ L 2 3l FJEE FHsI2 ol APHS AYdsidct. A2
B AHA L Y = 0.04423X + 0.00899 (r2=0.9996) o] om o] & o} &3}
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2C)L2 2 Q3 acetyl7] o} &7 cthagde] NH7l7t A A= ¢ ¢ 2
& YElWE Zog B AT,
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A2Ad uBE KA 23

gfe = HulojBEF 33 Lactobacillus plantarum?}
Lactobacillus fructivorans Q Zygosaccharomyces bailii 2|3 XA
MaesE 33 Streptococcous mutans®t FH  Eyl ojgZaql
Serratia liquefaciensol ti¥t Ex}gf HE 2§ 7| EALL] SnyE
282 Fig. 6~103} Ut}

Lactobacillus plantarum®] 73 $(Fig. 6) 7| E4}-458 25~ 75ppm 2
g B9 chz7el 2 Xol& Uthix Uskout 100ppn A7HAl o
ZFol ul3] mlPFo] et A tid AL 5 oL} 244
A Fole dxFIL o 4.2X10°CFU/ml, F|EA-45 MylZo] <
8.5X10°CFU/nl®] ool Aste] & xlol§ Uetuz] ettt 2%
22 A3 JIEA-50, 55, 602 A BRE QAL w|fdlgon) JE
AH-60 HIbZol 24A1Z F3 ¥ 1.9x10°CFU/ml, F1EAF-50 A7}l
7.2X10°CFU/ml,  7]E4r-55 M7pFol 3.3x10%FU/mle £o8
Lactobacillus plantarum?] ‘g8 #te] ths] A 3jso] 4% HoE L}E}
st

Lactobacillus fructivorans®] 7% 1/5 AMujx|ojA F& A Ao
L35 Qtol tiRFI} 2441 A}FE 1.1X10°CFU/ml 7} A A3t}
J2B 2 QM Lactobacillus plantarume] Tthi¥t F|EAT Mrletuc} 3
¥ H7Isle) AEY A= Fig. 79 grh

F|E4-458 10ppn F7IY F& AP BREZM Fo HFo] o

Holx glon] 3 7|EA-558 MRS & A 93]

&
Axe 71EA Bt 40ppnd B¢ ol AtEIA nloul= F3f o] E



Q) Lactobacillus fructivoransol] th3l] $4% Sn]HE LS LJERY
=22 Helrh, A v Fo] AldsledolEs JIEA-459 F ¢ 244]
ol 20" WA, F1EAb-500] F$ 16417, 602 20A NS R FEA
-500] 7} #4%¢ AA}E Yetde o2 Bt

ot U= E3f FRQ Zygosaccharomyces bailii &ol ulxt 7|
EAte] MrlE e Fig. 89 ) JIEA-4585 AW B WRFE
o 2d F BRIl =¥ Ut JEANS 10, 30, 50ppmE A 7}stdE
FE=717} 80X 742 A &E AT 70ppng A7 wiRlE= 1002] 2H7HA]
A ot ) EA-508 50ppn B A SE= I EA-458 70ppm M U}
T A9 LY ARG el on 70ppod A 7MY F$ 1304 TR
= 79 ZAol Bolx ¢o} ntayx R nj¥E AAUE S A
t 71EAE-500] 7t AP} Aog HAAch JEA-608 F¢ JE
Ab-55H T FulBE BRI £ Ao s o]y Eol whel AR |
ALY A a2t cha Xolrt ASE ¢ 4 AdTh
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Fig. 6. Effect of various concentrations of chitosan-45(A),
chitosan-50(B), chitosan-55(C) and chitosan-60(D)
on the growth of Lactobacillus plantarium.
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Fig. 7. Effect of various concentrations of chitosan-45(A),
chitosan-50(B), chitosan-55(C) and chitosan-60(D)
on the growth of Lactobacillus fructivorans.
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Az JIEA BF 20ppn B 2T A T3t FHIA eyt
2 10ppn BE HIlE K710l & 182 7}

3 Ao T8 BEAZ A J¥o| st ol AL}
At o2 XMMFLeR 43 Streptococcus mutansol]l ti¥ &I
A 3= Fig. 103 Prh 71E4-458 10ppn B 7HA] chz 29} xlol & 4
Ehulx] efoteu} 303 40ppng HItAE UM thE o Eo] iy A
EZe} oIt 2 A A7t A & &9 ugEo) AtEsictr) 84|t
& 713e2 F48HA Bt B¥E vetddch 23y J1EAE-50
o] 7% 40ppm F7HA] 12A]3t o] Fof colonyst LiElLER] ¢lol AlEH
Ao Hrh o2 nlfo J|EA-50& FX oY ATyt A
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Fig. 8. Effect of various concentrations of chitosan-45(A),
chitosan-50(B), chitosan-55(C) and chitosan-60(D)
on the growth of Zygosaccharomyces bailii.
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Fig. 9. Effect of various concentrations of chitosan-45(A),
chitosan-50(B), chitosan-55(C) and chitosan-60(D)
on the growth of Serratia liquefaciens.
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Fig. 10. Effect of various concentrations of chitosan-45(A),
chitosan-50(B), chitosan-55(C) and chitosan-60(D)
on the growth of Streptococcus mutans.
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2 Aol RS EAIY HE ARSI ole] By §4E
ste} ¥FY S HFAstArt
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6.72%5 YEh} F1le] FE§To] FIEAIRCTE Ygton J|EA AR e
< FEEZ E Aol7t YettA] gt HREYPL €] 2.15%, 7
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¢
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Vgt A olul tiFe ZTgo] AAHAN AL ¢ + Udrh

FEZE ol &8sl FIEAY Y S &Y A2 7| EA-45& Exlgo]
ot 59,0002 s} AA UEelgta F|EA-500] 32,600, 7| EAF-557}
25,500 UelWon 7] E4-602 12,0008 UEhfo] JtF ZAe Ezitg
ook & F1EA A ZA] ALER NaOH =7t & 4& Exlafo] g4
E 38ES 29200 ir spectrung o] 83l ©olMHNEE ¥ A 7|
W2 oF 45%, F|EAI-45~602] ZH 9 88~94x2] WolHEUHTE AL F
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IR} JIEAe] EFS4Y HEAY o] 1 EA 45~60R T Y
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L} chitosan®] ZF¢ 71EAN-458 Astaie AY M4LE FaAstA] ot
EAYA A R3 chitosand 73 o3} 2A(NaOH 55 45~ 60%,
Temp. 138~162TC)2 2 U3} acetyl7] e} 7 tiae] NH27|7F AlAEHS ¢
ot 22 AE Uehle 2oz Rt

Lactobacillus  plantarum®}  Lactobacillus  fructivorans 9
Zygosaccharomyces bailii 18]3l XMMFo8 a3 Streptococcous
putans®t T8 B3 o|FEQ Serratia liquefaciensoll tiit Exlg €T
A 23 FIEAY PR ERALEES A A3 5F3FY v E oy MY
BEFolA 7]EA-45, 602 7| EAF-50, 550¢f u]3] 3}FA 37 cls Hojx
v Z%E B ¥FYo] Z3tA Uehihs dFEH 2ol EX=

e
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I. 7|4 #oto] 2/8t ofUy=9 HaY ATt

qig M E

lo

e
T

HAoe nfeuze AL AMEEHE A8Fe AT o
3} F2 GYS Yon, nfU2RE TUY =EAFI oE 2ol Y F
I PEEHE §F 2 FHAIIT Aoz FHMEY T AEY 7L
X4Ag oujgct. a2 nleyze §3 ¢F4H Ex 5 ¥
ZAIZ17] 1% £l I eE UREFHT QU]

Harrison 5& €9 #77t B, §35¥ Fol vl 4o o
3] R32slg D Dutilh $& AN U nfoURE H2stq
& BY R dFGo] ddled AEY A} FHLF o] thx o vl
3] Pt Hastgct

A, oleuyxe dutAog A Hufu]BEL Lactobacillus
fructivorans%} Lactobacillus plantarum -1 By are
Zygosaccharomyces bailii Fo| tJ¥32¢ nBEZR daA 9rclh

Kurtzman & 17% 9] R3¢ nfeul =M ZRe} 2teelolE &
st o REA RN Tl wAHA AU 71 U A RolA
Lactobacillus fructivorans7t Z&EHtia Biasto onfauz9 i®



A FuBEUS Hastdrh

R U2 A7 Fetol dojutes WAL 2%, ¢Y, IF F
of o3t 7152 Fel, A= A, AY7e oy, WM 5 Ea
A sl JERFo Atsl, maillard 3H-8 Soff oJ3 iz} 3ty @ A9
M 223 njgEe oY HA 5& & 4 drh. AAzA meuz

o A4 e AL AFE 2 59 Uz H2A JEF2} Aof

—u
¢

A FARE ETUst YL ¢FAE « o, AAREY 59
=3 540l oy A Y vtedz A=A EIAHEE HIlsl
gz AsaAddo) iyt B3 o] Qrt 2y FIEAS nl
LUz H7tste] ARFAFEE ¥R LA @7 B2 9w}
7b = ¢t

whety & dFoH= FAGANA JIRlE F&3 Expzdo] tlE
4F7 2 JIEAS Az ez Had BASE o]gEo o
BEAARII AR 2 JIEAS HF, vtau= Az Assty A

e AWAE, F3APE € A Fo H}E zAsALh



N 2 & Mz U 49y
A 13 A=

e Zg YER A8H tffe YT AF, H2E (F) 2
F7 AE, HES ¥F2F, 492 AdAD QLR Y A FoA
TUBt] ARG oen @22 AHY} A& TUst UPsto g A
A ¥ F IS AHEIAC

A 2d AEPY
1. ooy =e] Az
¥ A, oES T F 4 287 FAY F OFERS v2E
2 FNEALS AR XA4HE 713 Hobart mixer(model No. N-50, Hobart
corporation, Troy. Ohio, USA)®E 5%, waring blender® 287t 2 & F
Azt

Table 3. Formula of experimental mayonnaise

Ingredients %
Soybean oil 76.
Vineger® 4
Egg yolk 7
Salt 1.
1
9
0

Sugar
Water
Total 100.

SN OO OO

a)Acidity(7.0%).

2. AM=&HA



7b AHET &3

Peroxide valuer= A|& 5.0g0] chloroform 50ml$} methanol 25ml,
2.5%-CaCl2 25mlE 713] fA& 323 F LA E2(3000rpn, 10min)3}
o chlorofornd& &3ttt £2E5 1mlE 250m 4tz ZetA A0
2]38}oy chloroform-acetic acid(2:3) 2¢ 35mlE 713 F potassium
iodide 23} § 101& AU 75t 182 AYAA B Ghol
1027 ¥k A Zict. o] utg o] 75mle] FH4E 718t 1.0%x AER
S xS T 0.02N sodium thiosulfate® A A 3}o] peroxide value

& F3stach

L}, TBA & &

A& 5.0go chloroform 50ml2} methanol 25ml, 2.5%-CaCi2 25ml&
718 SAE 2% ¥ Y22 (3000rpm, 10min)3te chloroform®& &
5ml ]38ttt o 7lo] 0.2M-TBA 5mlE M7}l 65ColA 90EZQ 7}
AT F Aoz Y3t 530wl N FF=E & stArh

7l B 59 stability rating(SR)E A4tstz 2
5o WyPe H¥dtd FAYsigct. otauy=X 10gE&  50m¢ plastic
centrifuge tubeo] go] 7|9 FAE W F 80T waterbatholl A 303
2t shaking®¥t ¥ 1000Xxgoll M 5% WA E2 3l Aol ¥ J&
g FANE AAYL g FAE FF(F1)3t AN FA(FO)ol iyt
vl 2 uehdigdch £33 PP okt ol AAtstArt
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Emulsion stability = F1 /7 FO X100%

4. A=&3

nfey|Zze] HELE Brookfield viscometer (model RVTDV-II,
Brookfield Engineering Laboratories, Inc., Stoughton, MA)EZ A}&3}
o] 20C, spindle No. 6, speed 1022 & A3} centipoise(cP)E L}

el 2.

5. ojA & challenge test

F|EAte] 100, 500, 1000ppm M 7}Y uvl@U =of Lactobacillus
fructivorans®} Zygosaccharomyces bailii& 2}2z} 10'CFU/g& A 713
¥ A7 2tel] uiet oty = 10g3 BFE B2l d4 100l & stomach
bagoll YL Pro-media SH-001oA 283t FA{ ¥ FTLE YMPG agar
x| o], AAbF 2 Lactobacillus MRS agar ujx|of] HutE oz HE
st Batde 30ToA 244, ARE 25C, 5~6Y wiYgy ¥
colonyE & A starcl).



M3z dat % 1

"L)'{-l

A1E wheuzel olstety S W3

nt2UZRE 2L F 7180l & 60%ol A4S AR TAW AlE]
B2 o] A/ Fdel dojus HAL 25, A&, IAF Fol o
steo] 7159 £, A= Ast, AT iy, ¥4 5 Eey ¥
ot JER Atsiitg Fol o gt 3yl g Mo Wy dojd
F orh. 2 EZ utev2e syl AEY [AYVLE A
+ As T YPoln oo iy JIEAY AL AHE Ueld A2
Fig. 11, 128} Zt},

dA zZhzbe] MEW A Vo3l n]FEo iy JEA HIL MY
AN Fippn L2 n[FE F&AA B LetR oL ooy 2o
FIEALE H7MA] egg yolk whyjgoell &3t AA Fof EAZ A &}
7t #HaY A& didsid JIEAY HEIMsEE 100, 500 2elw
1000ppno 2 ZFStGth.  25Colq A 27 F& 8F7A=
fotstA Fotsictsl 105lo] & o2 Yostded, 7124 500ppm
S F7IY B 27 XolE Holx ¢steort 100ppmz}t 1000ppm
= A U 2RE REJ] oF FIHES tia @AY £ ALt
37T AFFT FF 27 AIREINE 8F#) MY & Foz ¥
3tz 2 ol Fej "olxlx= ZF¥& LietWl 100ppnd] F ¢ 1057

AT A&LHoZ 453t 500ppn3t 1000ppm H T 23]3 343t &
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Fig. 11. Changes in POV of mayonnaise by addition of chitosan-50
during storage at 25°C.
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Fig. 12. Changes in POV of mayonnaise by addition of chitosan-50
during storage at 37°C.
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2 Jd¥EolA 100ppn 3 7}Alofl B3] 500ppm=2} 1000ppm 38 7}A] Ats}eh
Bgol 2318 Ay Az} ole UEAANE 1.0%2 nAZFHINUL
7Y Zlo] 2.0%2] uvlAZAEH JIUE HIY o nz) 34itsisol
FA Jeld AE E o JEA 7tste} AR E &ols] s

<
Me B s=HA7 A2&S ¢ 5+ Atk

¥

2. TBAZFS] ¥ ¥

F1EA1-50& HE7IY vtaulZe] TBA Y] W3he Fig. 13, 149} Zrl.
25CTE AZY vtau2 cf239 39 65712 AL Z5sicirst 1 o)
¥ FH 4B %S KA JIEA HEE 8F7AE tlxT
Aol & uvetWl oyt 10871 A3} st SAols AY FAY % UEld
Th ®HE 37TE AW JIEAES Y ntoUzY BeE 2o of
Z79 TBAZ}Z} A% 8F A F&3] FUistden 1 olFo& tia
H4sts Z¥E R4k E3 500ppn3t 1000ppnd] 71 EALS MR o}
LUZE thz2Fol i3 63712 M AE] Frsictrl 8ol 243 &
Zistd e 1 ol ¥of zastgct T2y 7| E4H-502 100ppn H 7HYE
e Uz TBAZI: A AZ7E B3l A Fristed ¢A HanE
7te] e} FAIY FYE HAFD QUrt

dUFH o2 TBAZL= A9 A4yt Ao apet 243tz dec
A dA glen 3 5o e AYY AYE H 5o WA Ao
Ut BRFEEL YA 54 5 MYoldE TBAZIL A A3
71%F Fotsivizl n4astdct 3] 5L ol Azfel cfs Abdtoj
o3 Y% nalonaldehyde?} F3t, ¥ B ElZgtE o] ZAgto] o3}
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Fig. 13. Changes in TBA value of mayonnaise by additoion of chitosan-50
during storage at 25°C
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Fig. 14. Changes in TBA value of mayonnaise by addition of chitosan-50
during storage at 37°C.



3 A7 £BHE ZoB olgue 23 &4o] YRl ¢ 2
71 W Eolet F&3tdrct.

3. F3tBA

JEAS FEEE Al nRUZRE AXY F T APL

E(25C, 37C)ollA ARSEA s EAte] ntavze] fietFgel o
e ¥8E ZARYE A3t Table 48} Yrh

25CTE AR npeulze] Z¢ dz7 JIEA H7b7 BEF 105
7HA] Fr3teol 2 WS UEhiA Yot F3FHo] B Aer N
AW, ol 2 T maux A=A W AE Pl wtE F3 AP
o vlaAd "M FA A} /3 GBE AEA IR o] 6.5%
ol B¢ FEHHol AFstgen, Uzl A¥ HHAAE IF
5.0 o] U BF LAt st B2 #TA SAHHAAM XY H
ool 7.5%8 IRUFES E/Y n2dZ2E {347 AR B
B Ado] £8° ZoE Hrh

SFel ot nlayze 37 BAHEe Ao 57, L2,
Az, AF, 49 Tol drtx RIaHI oy neyz AFY /T
Hg 3ol dold F Ax FHE VEH AFH &5 ool wE #3
A8 A3 FLE HAXBE o9} RAY 2= 7TAA AFY
mteuze) AL thz 7o) JEA AR B 63 7L f345d
ol7b vehuba] ¢gtont 8F AR tiRFE o 40%4 715 E2H
of #27t A=A 100ppn FIHEE 105771 Z A} Fol= F3d
e ZoA 2 HHE Rolx] ottt a3} 7| EALE 500ppnd 7+
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ot ul2E 7ot Po] 837 FAM F o 40x8] FHsol T4}
ch 1000ppnd] Z$E 8F7IA & & HEHE Holx| oy 8F o
¥ FEHE Z23te Z¥ S UEhddct o2 ojfo| Hof ntguy =
HIY IR0l FHAFFo V¥ + s AP deRes
BojAn olx¥rt YIS Ht ¥ B¢ 2313 FHuAF Yl #aste
ZYE& Bolx orh ol oA Bitds MHolAet 22 Aoy
gEo] ntAXAAN E3 AWo] EelHi o2 Yo e

71 #1&4elol Fo Atwirt 7H4E Holjxls HoR AlgE ALl

Table 4, Effect of chitosan on the emulsion stability of mayonnaise

(Unit : %)
Storage Storage Concentration of chitosan (ppm)
tewp. ‘i 0 100 500 1000
(T) (weeks)
0 100.00 100.00 100, 00 100. 00
2 100.00 100,00 100. 00 100. 00
4 98.66 98.39 97.96 97.95
25 6 97.99 97.88 97.69 97,57
8 97.61 97.94 97.50 98. 28
10 97.41 97.91 97.10 97.54
2 100. 00 100, 00 100. 00 100, 00
4 97.76 98.14 97.84 98.65
37 6 96. 54 97.46 97.04 87.70
8 61.77 96. 04 66.99 93.38
10 39.57 93.77 40.26 84.52




4, A=&H

nfa Uz FEs T oo ntay=xy By FUELE
ARste oY 2AFY stuoltt. J|EA-50& HEHEE ofau R
A7 AE 2% AR72e] ©E vtay=xe A5 HE Fig. 156 o
163} it}

ateu 2 A2 27 JEAES AP otQulE7} cf2Fo ulE
A=7 d A Uehy JIEAS B A A2 Folste RS o
T+ den FIEAE 500ppm M 713 nfaulze] Axst o 70X 103cp
E 713 A Yeldtch(Fig. .ol YZ2E 25CE AAY} AL JE
A B7bsxe] wE AR FHY xolE Rolx Ygtort Hyips
HEF RFoAN X7 255Ut EFo2 zastgon 1 oFoe
M A8l ZAste Z¥S 2Ach

ot 25 37CE AL Z¢E A 25T Z 92 sz A
& 2FFUol 2 Foz ATt 677 HAME #adta 2F
T 2 Fog Zadt:s FA¥S RAHFig. 16). 28y JEAS
100ppn H 7% oo ul2e] AT 8Fafjolx ZAsHA] o A3 3%
& A3t 105ol] & Fo 2 Z4AstdcTt. olAE UMY i
3 E7H TBAZE 2l 3y PolNet nstA g 37TE AR o
U =AM 71 E4tE 100ppn M AEIF 7R A Uepstch
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Fig. 15. Changes in viscosity of mayonnaise by addition of chitosan-50
during storage at 25°C.
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Fig. 16. Changes in viscosity of mayonnaise by addition of chitosan-50
during storage at 37°C.
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A 2 3 uvXE challenge test A}

Lactobacillus fructivorans®l Zygosaccharomyces bailii R -Foll A
FIEA H7L sleul2  AHzal ofeuzx WA Hdl:=
Lactobacillus fructivorans®} Zygosaccharomyces bailiiE& utfu=x
g% 107 CFUE Ul Hsla 71EA-502 52 AHrsio
25T} 37ColM FAHez n]BdgY HE &Y A}E Fig. 17,
182} Zrt,

Lactobacillus fructivorans®} Zygosaccharomyces bailii R5oll A
=AY A7 Eutollel iz BF47t Z4std ntay=x Az
Al B7ERE AR} NaClell 2siMx a4 njggo] Zaste A&
o 4 2dlrh

Lactobacillus fructivorans®] 7% 25CoA 4F AHAA 237}
1.1xX10°CFU/ml 4 A% whd 5] E4-50& 100ppm B7A] 7.0x10°
CFU/g7}t2] Zraste] 239 AN E HJlstdz: HAE vehle
o2 HACTHFig. 17). EY 71 E4F 1000ppnd ¥ 7HA] 32CFU/gE UhE}
ol thf-22] nyEo] 7IEAte] o] ZAo] A& U Hog 4}
g¥of )

RE, 25Ce ZF¢ Atz ez oy
A Ao ALHog A

2

tz 7o B4t BT AL nAEo] 3R AL zasich 37

fr
N
lo
o
2
o
X
2

ool F1EAITLE H7Ist ndES AEAE 5 ¢l

Zch
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FIEA =8 HUt AE HE 25T B AL 1F#o] 2 xlo]
& Uehd ciz7e} 7124 1000ppn M 72 ete] xpolsl o 10°CFU/gE
UER Al olatde FE fA3te Ros BTt 37CY ZF§ 7l
EXd = 23 337 & ol & uEluz] oda 2ol vl
AtH oz nPE Z4AA}E vebulct,

ol &}t A3 Zygosaccharomyces bailiiolM = -§A13HAl LIELLL
25T F¢ At og uBEY ZAKEI} 3R] BuRsA AYH

3 &3t Z¥E BAF oL}t 37C 2 F¢ 3
F7tA] {StA L3Il 3FolFo TiAFIIsE FA RS UElWe
nj 3 Eol 23 7R F43] ZA3itist o ol

o)
o
BASIA] ol AR 228 x| = Ao = LEPLCTHFig. 18).
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Fig. 17. Changes in Lactfobacillus fructivorans of mayonnaise by addition
of chitosan-50 during storage at 25°C(A) and 37°C(B).
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JNEAL 5d A BRE B 25T B9 AL 1535 2 o]
§ Uehd oix3et JIEAL 1000ppm B IPFete]  xtolst A
Lactobacillus fructivorans A}StA ¢ 10°CFU/g& el A& ol &t
2L AYE fAsE 2oz Bt 37TY ZFS JEA 5 £
€ 3F7HA e & Aol& UEehdA] 4 chzFo] vl HAuixog ol

& F4&X}E Ve



Log CFU/mI

—@— Contro
—fl— 100 ppm
- —&— 500 ppm
—v— 1?00 ppm

0 1 2 3 4

Log CFU/mI
[4,] » ~4

E-N

w

2 ! i I
0 1 2 3 4

Time(week)

Fig. 18. Changes in Zygosaccharomyces bailii of mayonnaise by addition
of chitosan-50 during storage at 25°C(A) and 37°C(B).



A3d 4 £

2 @FolME FIEAS AT HE Azt PulPE Lo A3
FAUEhd 222 SEANS nlouZo] Hilslo 25T @ 37CHAM A
B2 AFEY WHE 2ABIY JIEN AU ofoulZ A EAPALS
FAANE F =AY ARE dxsArt.

FIEA Aol mE Faldts M ARHEIIE 25ToAME iR

o BT EFRoAM 2 Aol QAo 37CE ARY FL JEA

100ppn ¥ 713 7397} 500ppmz} 1000ppn Kt} Q3|3 3kArs} & 27} %o

E

mlo

¢ e g Ueludch 712450 EIIY upoul=Xe] TBA Zhe] wHe A
FE VTR AFY 21y FL 27 F43] Y F, 65 ¥
AT S AR WE JIEA-50 HILFF 100ppne M MR nlo 2 E
Ao WEHE Holz] okol A BT TLE FPE BojFa gt}
FIEAL Hlo] ol F3AAEe A 25T ZHss gaent
37Col A ¥ ooy 2] Z2J]E4HE 500ppmt 1000ppm M 7}A] oF 63
ol A 8F Alojof] & Eo7 ZtAZP O 100ppr B7/IFEE 10327F A}
Fol=E fH ntaulzoA WHE Holx ol nfauZe] AR JE
Abe] Rt Fdol 714 £ e HAAYBEI AEALE BoxH olr
Bt & B¢ 238 R gol aste 28 S BAdch
71EAE HUIE nled2e Ax HHE 22 cf23 v FE

7t d wA UElL JIENSE BOMY A ARt FhEte 2AE o4 + Ud

ak

u
(]

v

C

o

flo

oo J|EAHS 500ppn B 71E mpRURe AE7t o 70X10%psE A &
Al Vtelytey.



oy 2o o] E challenge testo|A] Lactobacillus fructivorans&
71 E£4H& 1000ppm E 7FA] 32 CFU/gE& UEehdo] ciif£2 njEo] 7 EAL
ol 3 APEEAY FdAol A E ¥ A2 AEFojict

Zygosaccharomyces bailiiol AT oA el FAgt Z¥o| LielL} 25T Y
7S AR o2 v E RALALET 3R] FEHA AYEo A&
L2 ZAste BYE HAF o} 37T 23 ZF % 3F7x] ¢t
SHAl sttty 3FolFof A FrIste B ¥E veldloy JIEA AL
2] 7
g+

o] &0l 2F7A] F43] Hasirirt o o} ZHAHA dx d

€ FAste ALe= YElhith

4o

N



SAol= da AP o3 BAEY {1 AFIH st xRAIpA
Bz AAY A@glo] oA A2 AR 7 Fol] A =23
B AEAR 4 dE AFolelx ¥ 4 gt EY FAoj= dut A
¢te de 23 F AIE BAEY Hol¥ B ALF & AE&3HA
U E& tIBLE Y dAAH BEI] o, ML AFY @YYt
glo] 2 UL PWAE i 2AriA] AT ¢S dF9 EXAoERE
UHG 2o Ji7i, Fel del AIRE B oilz AIUSAR
71Z80] & + o] YoR AAZE LU YA ZFRZAMY o] 71ty
3 olct.

SXojo] BIH A7 wiFA o viste] go] o]FojH x| ¢
om URH FAujY dF HEe2: FA|nY Wy }F F A
dAee M, FxiulY RPE, wlHUE R EH3 548 &=
of wt& H3, Azt A AP T3, d4ES € dEUE
7Y 88 2z, FulY UEF EY, HPFY, dey YA
3, SXolg LR K40 nAE £F EY ¥, I WL #HX H
7b7b Bxloje HR K30 v §%, F2n] UE g olo] Fojste
Aabdel £2 53 W JAS AUY FRAuF2Y FAFH #Y

&
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FL FxXo] dE F Ax, pH 9 A B FHE Ao A=
£ 16TolA 7¢#lo lactic acidE 0.31%0] €3t pHi 3.47bA] A 3}
Ho Wi 277 wrlEch 3713 Aeid g @y v sk A ¥
A z743tM &8l Jte3tEE ZAAKS AJY F Ao A=,
pH, felge] wsg dAsdR, g ol& U= FAu EF3HUE
A7 S R 2 /U14E EY3taed, 3 52 A &7
B2t FXolY W ulxl= ¥ B AFsAR, FAU=E &
4 e W €Y 2o ot &7 W B JEAPo] E
2 A8 dFEolA AAst gt

Exlulg o]BES Eel AW Fol sid FAn] 4AFF
271 ZINEZMNFQY  Pseudomonasdy, BAVIIMHAMHF] Leuconostoc
mesenteroides, Lactobacillus brevis, Lactobacillus plantarum,
Pediococus pentosaceus’} L}ElL} 2 Z7] 0] &= Leuconostoc
mesenteroides®} Pseudomonas denitrificans7} $AMstn o]|F Fx}7}
BlElY] BI12 Aatygo] el 2o ¥y ut gt O ¥ o9 ¢ F
XoloA] RAFE RS AHSH, Leu wmensenteroides, Lac,
plantarum, Lac. brevis, Pediococcus pentosaceus B Streptococcus
feacalis?) 5%& Hastadrh. g %e Sxlue Wi ool Boist
= AAFE Be SAsdE=d  Leu. mesenteroides, Leu.
dextranicum, Lac, plantarum, Lac. bavaricus, Lac. sake,
Pediococcus pentosaceus, Streptococcus faecalis® 77 #FFoln &
3] Leu. mesentercides$t Lac., plantarum®] 23 %Fo] WAL= W 717

W xlol:= 9o} 80%~100%S x}x|3tn itz Rastgich



HZ FIEANS nAEY S dAsY AE HEAHEH o] Lo
7t it A3 7 R 93, Kendra & Hadwiger& 7| EXF 7}4E3)
o] AE ¥ #Wo|Ql Fusarium solani®] L AAA| 7= &}
7} 9lon, WHEE F1EAr0] E coli®} Staphylococcus aureus W R4t
Zol ¥FFol A& RIstdch oyt J|EAY FFAE mhE
< SASE M IR otul:eI Tt AlF MEHY Ao} o] 2F
HE B8t HEZLE Aoz AFY 43 JAste 2
2 38}

Ao B JIRAY AXEME A2 By ZF7) BREA o
Ae Z3pet olg} oo T A Fo z2AZ W oy &
S HEA JEAto] vjF AR RHEA AR HEHo &

i
oy

5o 23YN JIEA WAt AN REH] wHE T3}

AFo X e TN oJ¥E = FA(Chitinonecetes opilio)H
& 94, gdAE Aelsle FHAeE: Qyuad 2L FUIA
et AEHNE FHol Y 70% YolHYUMEES = JEAS
Azt F|EAte] B2y 54 g9 FXo wE ojPEo oy A
S Z3A}E ZASte] AA Ve REAZAMY tedS AESIR
Z} stgch xg oAE AKgA I MR 2 IEAE DA
AN AzAl] HIIR ¥ X wE 45 HELEEE FAH
o2 FAulFLet Fof cisto] Zel¥eta Fi H3tel njYE A

F4ZA g BeRAE AAsdcL
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N2z Mz oYy

Al 1A A 9L A

EAl(Chitinonecetes opilio) PAREE AME AAs 2 ¢ A
& odzeet oatew Aty o JIW(HEUY 3.5%)& T
A (ZEE &2 22)22FE 2dstdoy, 43t 4 el
(lemX 4~5cm, WXL)E Fig. 1928} o] AA sty xgsldoy "oyt
Z$ole cutting nill(FX2E)E o] &3t 0.5cmx0.5em (WxL)o]3}
2 Este] Apgsigch S0l Mz ALY £F L YFEREYH F
Uste] ALEBIA NaOHE M EFIES Ag3tden ttE E4& 4
0} MerckAbLl FlukaAle] GRF& AH& 3ttt

A 2d AEUd
1. 3UY YolANUHEE Ze 7 EAY A2
71%l 160g& nje] stz S 2 oY 50%(w/v) NaOHE < 4 2 of
74 Fof autstAEA YolMd2} Ao sdeEg A% 100Ce
AE 6A71R], 120C 2 140CoME 1AM7A] Helstdd dFAE
FHog ARE MMM NaOHE S AAL FFRTE FHE wiztx]
6~8% FE MAY F 50CHAM R UFL dF ARt JIEUNS A

Z 3 ch(Fig. 19).



L, Crude chitin l 1,000g commercial grade
| IM HCl 20¢, stirring for 12hr

| Filter |
I

I Residue |
| Washing with dist. water
[ Filter |
I
| Residue ]
| IM NaOH 20 £, heating at 100TC for lhr
| Filter |
|
L, Residue ]

| Washing with dist. water

[ Centrifuge |

| Removing dist. water at 1000X g
l Drying 41 50C for overnight

|
| Purified chitin] 950g

|

| Deacetylation | 160g chitin, 50%(%/V) NaOH soln
l

i T 1
| 100 || 120c || 140 |
|
1
| Filter |
|
I Residue |
l Washing 6 times with dist., water until neutralized
l Ce“tFifUEe | Removing dist. water at 1,000Xg
L Drying I 50C for overnight

[ Chitosan prepared |

r | [
| ch-100 | | ch-120 | | ch-140 |

Fig. 19. Schematic diagram for preparation of chitosan
from chitin,
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2. 71EATS Eci3YA gl n]dEHH 54 &3
7 oHuy 4

HEH7IEZ A Eol 2P 15T AdrldAzYe =,
HEHEFS 550C Yoz Jysigdon Aayge

micro-Kjeldahl®j & 2 A a3} t}.

L S 33
1) A= &3
Brookfield viscometer (model RVTDV-11, Brookfield
Engineering Lab., Inc., Stonghton, MA)S A}&35le F|EAA R
E 1%(v/v) A& Aol 0.5%(w/v)7F HEE oA LV3 type
spindleg Ah&3to| 30, 60rpmoll X 22t 384 ZAH3tn A Y
& Argstarl.

< AZAHUYSY ExAFEIYPer dutFd A=Y
of gA3tArt. A= E JIEAE 24 8 %6 %o Ubbelohde

EAOM BEAZ && AgYo] T3 ATE FAA
€2 dstAztE &l Y3t ez e A HxE2 27
tadch, 7124 0.4g& 0.2M acetic acid + 0.1M NaCl + 4M urea
+E& Yol &35t 100ml2 o 0.4% FIEAL A4S A=RF2

o] )& acetic acid, NaCl, urea?] 2y LNoT JF|EA T
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7t 17642 € wiztx] g Ao 7ERY LU NG W
Yol 10U WSt FPRAATE o] wW, Y2z 2xL:
25TCE MdAstgr}

A F32 3P A=ErYH E£3%es Y + s

Staudinger]oll 2 -&A]# Aatstgct.

th At A8 A A 2a}

T 892 JIEA 1.0 FFF 100mE 715t HFA D
T}S acetic acid 0.5m¢& 7}3] R3jA|7 BFAeje] &9 A}&3td
th. X0 dRol A= EHY F9 HAFQU  Leuconostoc
mesenteroides®} Lactobacillus plantarume AHlZcigtz A ZT-23tz} o
BE AFAAA FHLol Aot 7| EATE 58] 343 MRSBulX]
of B7lste] ztzt 10, 20, 30, 40ppmo] E =& 30TolA 24A] 7+ ujors}
HA BAHeg BIE+E FFsAct. BFFY FH L2 L. plantarun
2 sodium azide-glucose agardli®x]o] L. mesenteroidest sodium
azide-sucrose agardfx|o] BWIEslY oz HEsto] 30TolA 2427

vj ¢} ¥ colony$+ & FF 3t

3. 7J1EAte] 7Y F Ay A=
7b. Al Az
FA0 F(FF : ) E JtYE $iAE ARdAM FUsA F
P8 FES AAY H ARl Myt EVNE AMAY F HEER 1/4

B R Agdtyrt. FAH FFAL FRFE o1&t 27 &3



FETL 3.0%7 HEF 23 8&YL TER FLeol £Z 8% H] &

[
44
3
0%
e
flo
H
A,
ur
ok
oy
o
—a
o
{u
>
of
N

1:1(w/v)o] =& ¢
1.0%, 0.5%, 0.2%2] H] &2 3jA cheese clotho]] #t ¥ w2ojo A7}
stoitt. Fximle 4, 10 3 20Co HFsiAA 7dolM 49U7lx] wH
AlZ dBAIR oot @FN S st FXo F29 pH, AFax,
a9 Aiddr 58 FHFstdl

L. JIEA FA0 §2d Az
2 AdYoME £35E7 3.0 AZE 100nlo] F|IEA 5g3}
0.3% acetic acid& H7I% ¥ 3087 2&ux2 sl | EAS £35]4
A F o] 84 FAulol Hrsto 2 F JIEA Hx 7} 500, 1000ppm
o] =& zA3ldcrt. EY acetic acid BJ} RF L 3.0% 22 Eo
acetic acid& ¥ 7}3}lo] acetic acid?] ZF% %7} 300ppmo] HESF A

E S-S

th Fxio Alge ZA
A0 @ZF(liquid)E 372 cheese cloth® o435l 5 x| n)
# £ (dongchimi juice) A12E 3l493, HXu] 2L Blender(34BLY7,
U.S.A)E nafsta 5000xgoll X 2083 dd £l g 459
37 9 cheese cloth® o{3}3le] ¥ {F EWUE AAY ¥ v 7¢ F

o) (dongchimi radish juice) A|E 8 3} c},

4. J1EAo] FHE FAulY WA &Y &F



7}, Byt 54
1) /o8] pH ¥ HPalx
7} ojz}o¥e] pH:  pH meter(Dong Woo Medical System, Model
DP-215M) 2 Ao FAF3dct AFAEE S0 F2£ 10.0
weE 23ty A0 ACYYPol o3 FHAIFIE o 4ul” 0N
NaOH &f(m¢)& RAte F(%)o2 st
2) dx2 &3

Txu @ZRz B2 FY(radish juice)d 2FHEE €& &
S A (NS-3p, Merbabu Trading Co., Japan)® &3 % 5, €& »

=A%} Mohrd o2 ZHY £F HETY BE FHE o §3lH
&3 =& ZAstach

3) ¥xo %3

FTxo] @29 Ex = Beckman DU 650 Spectrophotometerd A}
23] 113 558nmoll A FRE=E & st}

1) B%e) A% 23
A0 £ Fx HFLS AZ(Z)E W 1/2)2E F$+E 4
%7 otdl TR 35E3IH FI A len EHEe FE 2cn T
Z Axtslod Rheometer (CR-200D, Sun Scientific Co, Japan)&
At-g3tel &3t} Press type(mode I1)o 2]3} Rheometers]
2% 2L pull scaled ¥ F AL 10kg, chart speed:=
10mm/min, table speed: 120mm/mino] ¢lt}. F-92] hardness?]
EZAE 73 FEL2HE 35ESI 27 upper, middle,

lover® FE3to] 21zt 43 ¥hE 23R HIFXE FA|SHACL
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U, o3EYRY 54

1) 33834 9 HAdds &3
Ao AR 1.0S FFHLE 33l FEH FHTl A
M ¥ ZAFSE= PCAwiR| o], Lactobacillusd BAF

o

flo

sodium azide-glucose agarol], 8|3 Leuconostocd AALF-E
sodium azide-sucrose agarol] BIrFsiYe] 2ol &FHstd =
32 Leuconostocsy FHAMF L 30Toll Al 484 7t v ot ¥ e}
G AR+ E F9 ol colony-forming unit(CFU/me) 2 H A3
3, Lactobacillusd BAAFe] ZHLL 30CoA 72417 sjodt

¥ Ueld Ad4E CFU/mE BAstY T

th. @Al
FIEANY =& Weldle] 500ppm I 1000ppnd H7iY FA 0],
acetic acidit H7IY FAnl L ofFfAx A 4L FAOE 4,
10 R 20Cel M 2zt waAsIEA HE 24 F dofues B3 44
HE dotR 7] glste] FAF oz FAnl g T2 WA, Bt 2

2 AANAA V=S Frisidch 2 AR B 542 #F 24

¢

3
EolA 7 tE 42 BAIA € H dA(Ay, 29, 494
i, AIEE )b gh(Argt, FYugl, deol g, AFY %, g2 8,
o EEe 17kA BAE MAsidn FXo Ffe

ff

1

texture{crispness, chewness)g8] 2712 BAIE Z7isidct. Alg5d &

BE d2eos stded 2zt B4 ZFE Mri: tiAE vz %t



93 MAPe= st FeHA A2 FY4 ABLS B4 4
(ANOVA) ol &3l Zt Al=3te] BAPE {242 Duncan®] Wiyo
ohel FFHe tiEulaE AAstArc
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A3y da % a

A 1A JIEAY Ee33y d uPEFTY 54
1. Eeldyy 44
7h ddb A& 84

¥ Al(Chitinonecetes opilio)ol M Fej¥ Z7|el} A7 el ¢ F
UY Lol EE e FEAY £EUY, HEYY 9 AdLygy
&3 A3t Table 59 Zrh 78%2] FUY HolHHHEE Z: JIEA
& 50% NaOHollA 100ColAM & 6412, 120ToME 208, 140TCojM &
1022 WA Azstgded, & Hd¥EoME 22 Ch-100, Ch-120,
Ch-140°] 2t ¥ 3tdct. +EEPLS 2% 8.93%0M FA7|%l 7.96%2

He

!

1= A5t JEALL 8.45~8.69%x2 & Fstd o, AR
& Fole JERRA] ¢glrh

HEUFS 2718 4.05%0 4 FAF|E 2.45%2 s ALHAD
FIEALLE 0.55~0.86%% Ao, L 711 HE ol 2.2%,
AlRPF I EAL 0.49%2 B aslgn UL F]El 2.15% I EAF 0.46~1.16%
gtz Bastde u 2 Ay fabsidch ALk FA JY
6.49%0] 4 FIEALL 6.96~6.72%% &7 FIbstE Ayolglrt. F2 A
A&uFo] FE AR ARY JNEATY AALYYYO] 7.45%0] A3, Al
FIEto] 6.72%2 RIFIP D, ZUE )8 6.48%, I EA 6.53~7.15%2
LA L

2 A¥E} A8 Y-S Jehgadch



Table. 5. Proximate composition of chitin and chitosan obtained

from Chitinonecetes opilio

{(Unit : %)
Chitin,
Moisture Ash Nitrogen
Chitosan
Crude chitin 8.93 4.05 6.01
Purified
7.96 2.45 6.49
chitin
Chitosan-100 8.45 0.55 6.96
Chitosan-120 8.74 0.67 6.91
Chitosan-140 8. 69 0.86 6.72

Chitosan-100 : obtained at 100C for 6hrs
Chitosan-120 : obtained at 120C for 20min

Chitosan-140 : obtained at 140TC for 10min

L =3
Ubbelohde BEAZ AEE &FF3lH I A& &3t 2
23 AlAlgt A Ch-120&= E=}gko] o 852,000 2 713 I A ety
31 Ch-1000] 746,000, J]¥4t-1400] 336,500 Lehfo] 713 ze &2
2tgE& Bt
g, NHE2ET 5E4F EAFo] ZAadte ZFYE HArh ol&

olY AYL ¢ L 2xoN FAZ WA= ARt ¥
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S 2ol HAHsA YotdEitgo] dojus Aoz 23T 5 A

t}.

2. FAAF BSYH 23}
e bl uk g 2] tf E 34l ArnAFLT et a2 Leuconos toc
mesenteroides W Lactobacillus plantarumol thdlo] A 2§ F|Exte] £

Fot sxol e ¥ugE AEE AL

7}. Leuconostoc mesenteroides?] S o]

L. mesenteroidesol ti¥t ¥ F 2L AEZAI Ch-1002 10, 20,
30ppmoll A= At chzFe AL falstdeoy, 40ppmolMe 7] 4
A7l &S dAARLen 2 ¥ dKo] FAE 24A% Fol=
EXH712et Sl ATE Ch-1205 10ppn2t 20ppmoll & Ch-1002F  FAt
stgdom, 30ppmoll A Z7)of T BLE AAAAE & A9 dAR
7t gles, 40ppmoll = Ch-1002} o] 7] 8AA7AE FHE o
A AjZch. Ch-1402 10ppm, 20ppmoil M FHIL7 9 Aeol7t oot
30ppuol M= 3R ztgo] WA ste] 24A1%Fo] FHIFI 6.3%x10°
CFU/mlefl ®]8] 5.0x10° CFU/ml2 oAl 8ol A= At 40ppmoll A
27) 1X10° CFU/ml 8] BF47t 4A%rjols 2.5%10' CFU/nl2 3
Zste] AZAgol BAHdom 1 ¥ 48 FAASAAT 244 25
ol% 6.3%x10° CFU/miol E3}stdct.

olAtz} o] L. mesenteroides?] 3% A 222 Ch-1400] 71 &
5t om 40ppno] Bl & Yol FE &l HAF AT

fr
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U}, Leuconostocdy AAbF42] w3}

L. plantarum®] 7S, B%A 3] AL L. nesenteroidesst K Als}
dov Majizte AVHLZ ot oFY Ao vepyrh

Ch-100, Ch-120 I Ch-140 Z3] 10ppnz} 20ppme} HENME= £33
Zb#ot ztol 7t A AAE A Qfokort 30ppmo A= Ch-140%to] = 3f 2t
€& Bdrlh. F Ch-1402) 30ppn ¥ 7tFolME 8 TS FAEZA
doton 1 FE fus] st 24417 Mol thE AE T vz
stAl 10° CFU/mi2 Z7istgirh. 22y 40ppn A7l FolME AT 2
o]& RoLtu Ch-1402 124 2#7tAl = 10° CFU/mlofA] 10° CFU/ml 2
ZAXHZT, 3 Fx 24X 7R = L. plantarumol] tidle] ¥&E o
ALt & 4 Qo & dHolq AxH AvtA] 51EA F Ch-140
o] L. mesenteroides®} L. plantarum®] A3 2tgo] 43 Ao
Bctslo] gtoge] FXul W MY JIEAS ABEAM A
ch.

A2 A FIEA HIE FAuY HE 54
1. B2ty 54
7. pH W3
7tz H2E 4, 10 9 20ToM BN vEE Helste HIIRE
Fxu] 4o pH HE Fig. 20~220] vietiglct. HEIE 8 pH
Hl st wWE x7)ols oMY viel olHIIA R acetic acidibE

7teh ol thE FEol vl pH7t fYFe= uolm, A WAL

oL A1
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3l JIEA AIIFEo] WxIo s vl2y & %S Yehd: 3
BE Bolrirt wR WL HAAM 23} A vy pHE Fol A
Tl 4TColAM LEAD F¢ d2FE 117l A %7] pH 4.20] =%
o] B]%} chitosan 500ppm 7} Sx o]l 25¢ o] ALl ¢t
3 chitosan 1000ppn ¥ 7} Exjujde WX 43Ud7rlE H %718 pH
4.20] =3tz E3tgdct. 10T dRAME tizFEs UE 9dziel,
500ppn 7| E4t I3 E 17¢Rjoll, 2232 1000ppn 71 EAL HIlFE 18
dzfoll H<%7) pHol =3ttt 20CLHoME 2 FE UE 2d%)
of, 500ppm 7] EAF ¥ 7l 3dU=fol, 2e]i 1000ppr FIEA HIMFE
5dxioll FH=7]Y pHol =&t Yt og RE xoN AL
A/ATE iR 7ol us) pHrt Ao R L2lA Folxl: 28 S 24
=3

SXo] FeEHe pHE &Y ZA(Figs. 23~25) 4T UESY Z %

Q2FE o] F&T]o] =821 chitosan H 7 49U Aol A

A
7}

L%
-

A7l 8ct 2 pHE RAIstgct. 10ToA HAAAE wiE, iz
A %7] pHoll st 15¢0] A8 F o vl chitosan E7l7
21d =] A <%7] pHell =estgdct. 20TolA wWAAF AL dgz23eE

44xjo] A&7 pHoll =slg oLt chitosanB 7l 6~7dxlo] 23

t}.

ozt L ARy AUt O E chitosanH 7} 7} chE o] nu]3j

pH7l &S ZA¥S Ko chitosan?] HII7t Fxuvjdz} ofAsix2 FX| o
RESFAME pHA SIS AAE S ¢ 4+ 3T I E3}= chitosand] &
E7 ES4E FEYS F3Y ¢+ Addrh

- 212 -



0.6

—o— Control

—a— Acetic acid 300ppm
—a— Chitosan 500ppm
—s— Chitosan 1000ppm

04
5
- 0.3
I
Q.
4
o . 0.2
. .
. v
3|
. . —401
s A
v
- E L
I ---------- I 4
2 ‘ | I I} | | 0.0
0 7 14 21 28 35 42 49

Fermentation time(day)

Fig. 20. Changes in pH and titratable acidity of dongchimi juice

during fermentation at 4°¢ for 49 days.
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Fig. 21. Changes in pH and titratable acidity of dongchimi juice
during fermentation at 10°C for 21 days.

_2‘74_

Titratable acidity(% as lactic acid, -—-)



—o— Control
—a— Acetic acid 300ppm
—&— Chitosan 500ppm o5
—v— Chitosan 1000ppm

0.3

pH(

0.2
4
A 0.1
" ¢
v
I *
3 1 l ! 1 ! ! 0.0
0 1 2 3 4 5 6 7

Fermentation time(day)

Fig. 22. Changes in pH and titratable acidity of dongchimi juice
during fermentation at 20°C for 7 days.
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Fig. 23. Changes in pH and titratable acidity of dongchimi radish
juice during fermentation at 4°C for 49 days.
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Fig. 24. Changes in pH and titratable acidity of dongchimi radish
juice during fermentation at 10°C for 21 days.
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Fig. 25. Changes in pH and titratable acidity of dongchimi radish
juice during fermentation at 20°C for 7 days.
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Salt concentration(%)
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—o— Acetic acid 300ppm
—a— Chitosan 500ppm
—v— Chitosan 1000ppm
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Fig. 26. Changes in salt concentration of dongchimi juice

and radish juice during fermentation at 4°¢C for

49 days. — dongchimi juice, ---- radish juice
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Fig. 27. Changes in salt concentration of dongchimi juice

and radish juice during fermentation at 10°C for
21 days. ---- dongchimi juice, ---- radish juice.
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Fig. 28. Changes in salt concentration of dongchimi juice
and radish juice during fermentation at 20°C for
7 days. — dongchimi juice, ---- radish juice.
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Absorbance (5658nm)
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-—e— Control

—a— Acetic Acid 300ppm
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--v—- Chitosan 1000ppm f
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Time(day)

Fig. 29. Changes in the turbidity of dongchimi juice during
fermentation at 4°C for 49 days.
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Fig. 30. Changes in turbidity of dongchimi juice during

fermentation at 10°C for 21 days.
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Fig. 31. Changes in the turbidity of dongchimi juice during
fermentation at 20°C for 7 days.
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Table 6. Change in hardness of radish during dongchimi fermentation
at 4C for 49 days
( Unit : g )

Fermentation time(days)
0 7 14 21 28 35 42 49
upper part 221.46 56.20 59.50 46,10 46.70 48,20 48.80 47.50

Control pgpiddle part 205.38 61.60 64.30 48,90 46,10 5570 52.20 51.20
lower part 242,82 64,80 75.50 56,70 48.50 56.20 60.20 56.30
Acetic upper part 221.46 62.70 47.70 43,00 46.20 49,10 47.70 48.50

acid  piddle part 205.38 72.00 54.80 59.90 46.70 59.70 51.70 55.30
300ppn

Treatpent Part

lower part 242.82 75,60 65,30 57.70 48,60 58.50 57.00 56.90
upper part 221.46 60,70 53.20 47,10 44, 60 52.30 48,60 53.30

Chitosan
500ppo middle part 205.38 66.60 53.20 51.10 45.40 55,10 52,10 54.20
lower part 242.82 73.20 60.40 55.90 57.40 58.50 59.10 58.20
Chitosan UPPeT part 221.46 50.00 49.90 48.80 43.90 46.40 52.20 49.80
1000ppD middle part 205.38 53.50 52.20 55.40 5590 5510 56.30 54.30

lower part 242.82 57.70 60.10 69.20 64.40 53,80 62.20 58,90

Table 7. Change in hardness of radish during dongchimi fermentation
at 10C for 21 days
{ Unit : g )

Fermentation time{days)

0 3 6 9 12 15 18 21
upper part 221,46 64.60 55.00 58,40 53.50 45.00 45.90 29.10

Control  p:iddle 205.38 75.70 65.00 51,70 62.80 48.30 43.80 47.10
part
lower part 242.82 67.50 73.30 66.40 84.00 62.70 56.70 52.00

Acetic upper part 221.46 37,10 51,60 50.2 57,10 43,20 47.30 52.20

acid pviddle 205.38 41.80 66.50 49.30 61.90 55.30 47.30 60.00
300ppm

Treatment Part

part
lower part 242.82 52,00 78.80 48,70 62.90 73,30 54,50 59.00

hitosan UPPeT Part 221.46 7110 54.50 52.90 62.70 46.70 56.00 52.90
500ppm  ®iddle 205.38 30.80 66.50 56.20 67.50 53.10 52,20 57.00

part
lower part 242.82 57.50 72.00 78,70 61.70 62.90 56.90 56.40

Chitosan UPPEr Part 221.46 57.80 64.10 56.80 57.60 48.60 48.60 52.50

1000ppm  middle 205,38 28.80 61.70 62,70 71.30 51.70 68.20 58.70
part
lower part 242.82 56.00 71.30 62.70 71.80 57.60 70.80 65,40




Table 8. Change in hardness of radish during dongchimi fermentation
at 20T for 7 days

( Unit : g )

Fermentation time(days)
0 1 2 3 4 5 6 7
upper part 221.46 73.85 53.30 51.40 66.45 57.90 64.50 62.70

Control middle 205.38 126.35 71.60 71.00 71,20 74,00 72.20 60.10
part
lower part 242.82 97.15 71.60 56.80 75.15 76.40 71.60 62.40

Acetic upper part 221,46 64.85 56.20 50.50 68.30 64.80 61.40 63.40

acid middle 205.38 119.40 60.30 56.30 69.20 66.40 74.00 65.80
300ppm

Treatment Part

part
lower part 242.82 66.05 67.50 53.70 77.40 63.80 81.70 85.80

. upper part 221.46 61.00 63.50 67.00 66.80 83.10 72,60 64.90
Chi tosan

500ppm  ®middle 205.38 109.40 60.40 78.00 69.65 74.30 71.40 79.00
part
lower part 242.82 101.50 73,40 71.30 70.00 93.80 78.20 85.80

. upper part 221.46 76.30 64.00 61.00 65.85 79.60 79,20 79.90
Chitosan

1000ppn middle 205.38 133.15 103.70 63.00 65.75 68.40 78.40 86.40
part
lower part 242.82 66.70 65.70 71.70 82.25 85.60 81.60 96.40

2. o]RE4e W}

Ao 7t dEthe A AYY LETL dojd FElZ o= F2 L
mesenteroidesol]l 23] TIAIE 0.1~0.3%2] 4lo] AL uwjo|n, I
o] ¥ 2 it o] wobA A &3ty o8 AsiyAe] dojuhes A2
L. mesenteroides?] Ft| ZAo|Fo] 2 Uatido] #¥ L. plantarum
of &l riy o] WHEE WEos dA ch weld FAu
ZAo| L3t AalF Z 53| L mesenteroides®}t L. plantarums
TUY FAF U FFY Ao nAe JEANY S AMRA
olEo] ZYH HAuF Y FFFY AHE ZAstdch
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AL AR BE 2357 Aol o]& ¥ AE 4 Zhste B¥E
Bo aurztz] F4¢ HFol glol AY dBFsA /AE T
ztol & BAch FF47t H2AE Uehizizta] dzFe 74,
500ppm F7}F&= 144, 223 1000ppm H 73+ 21Yo] 2850 FE
ato] b EY AL dAgctE AE ¢ 4 ALk 10CoAME W
27188 1 47 3438 F71=] 3gAMEEE 10° CFU/mle F713t4d
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o
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Fig. 32. Changes in total viable cell counts of dongchimi juice
during fermentation at 4°C for 49 days(A),10°C for
21 days(B), 20°C for 7 days(C).
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U. Leuconostocd; RAbF4o] ¥}

TXul F2£ FolA Leuconostocd FAitd o] W= Fig 332 &
th A WA E B tRFo] JIEA HAFEE v 21 £ @
ot ERF JIEA HIlgte] WEsE FXul £ UAIFI HaAFY
BEE 3A dAAFA LRE AAAFE ZLoR Uepych 4CRR
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A7)0l Frtgde] utel BRE AEFolM Z43HTh 10T E 154
Ao} JEAL EHJZ 9 FEAL 500ppn HFE7F A7 7.9x107
CFU/ml, 10" CFU/ml, 18U=iol 1000ppm 7] EAMH7FF7F 2.5%10°
CFU/ml2 HYXE B F FF3] ZAastdoy 20CoH= 4d=]of
2tzb 7.5x107 CFU/ml, 7.7X10" CFU/ml, 2.5X10" CFU/nlE HiF+E
el ¥ 4R 328 314t ANMH O Leuconostocd AAl
2= Fd4o oA R NEA HibeET &S Al JAH
t A8E 24 AAFSe] HYEe HA XA FF4 4 v
Aol & HEE Bola Yt FALFY Aol ARHAE e FI5H
Aol & xjo] glo] tiE Lol RAd4Y Zf UALEN A
Hglol 4Tl E 149, 10CAME 9~12d, 20CoME 3~5U= Y
dE Aol 10° CFU/mlE Uehigded J1EM HibsErt 371845
RHabgol 471 gastgdot, LA 2o FAaF4sr A LA} F
of EHI7A AN&H o8 Frsitizl 2 o] F Y HAirdso 2
Fol gl A YAEAI7A H et ujabdo] oyt BHabdol ¥
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Fig. 33.
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Changes in total viable cell counts of Leuconostoc spp.
of dongchimi juice during fermentation at 4°¢C for
49days(A), 10°¢C for 21 days(B), 20°C for 7 days(C).
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Fig.34. Changes in viable cell counts of Lactobacillus spp.
of dongchimi juice during fermentation at 4°c for
49 days(A), 10°C for 21 days(B), 20°C for 7 days(C).
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Acidic odor

Total acceptability . 7\ Moldy odor

Astringent taste Fresh radish odor

Saur taste Sour odor
Fresh radish tast -
' aste —&— Control
Mol —&— Acetic acid O
—8— Chitosan 500ppm
—B— Chitosan 1000ppm

Fig. 35. QDA profiles in odor and taste of dongchimi

juice on the 49th days of fermentation at 4°TC.
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Total acceptability Moldy odor

Astringent taste Fresh radish odor

Sour taste

Acidic taste
—&— Control

Fresh radish taste

Molc
—&— Acetic acid 3ppir

—8— Chitosan S00ppm
—B— Chitosan 100ppm

Fig. 36. QDA profiles in odor and taste of dongchimi

juice on the 21th days of fermentation at 10T.
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Fresh radsh odor

Vol —&— Aoetic adid 3o
—8— (hitosan F0opm
—B— (hitosan 10000om

Fig. 37. QDA profiles in odor and taste of dongchimi

juice on the 7th days of fermentation at 20T.
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Astringent taste

Sour taste - Control

Fresh ity acetic acid T0porr

—&— Chitosan S0ppm
—B— Chitosan 1000ppm

Fig. 38. QDA profiles in odor and taste of dongchimi
radish on the 49th days of fermentation at

ATC.



Astringert taste : ' / Addc taste

Saur taste MR e
Frech —& Qortrd
—&— Acetic acid Aoy
—8— (Chitosan 80oom
—8— Chitosan 10000om

Fig. 39. QDA profiles in odor and taste of dongchimi
radish on the 21th days of fermentation at

10C.
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Fig. 40, QDA profiles in odor and taste of dongchimi
radish on the 7th days of fermentation at

20TC.



NEA SEEEES 2 UFLEEE FIEA Mkt JIEA BHIT
Hop dagrle] 2ERE @ 27E AR Jega o2 wjxU X
EAE NS o A LA FQ R Fo| JEA HIZe w3
ZYU7t FeRez ZYUcin BIay 3 Fo| dAFE Il fFastdch
EY T A5t YFI| T Ao A4F Fuistdort iR v
8 F1EAt HIbEol oFstA HIiEol 10T A FS, tzIE YA
TH AgtE vepdctaz B3 ol ste] FEAF 500ppn B b7 E 9U A
of, 1000ppn H7tE= 18dzjo] AIBtE Uetfo] chzol uls) BZE7| 27
ol 10d o] AZE £ AUZE AASIdR, HA F JIE4te] AL pH
ot FAIR RS WEHE AnisiA WA A dXste Afo|th. oy

e MRRA EAE Asbsl BEHE ZAW 2 Foluh £33

%

HA FIEA HIEE ZAA e REGo] nAE AAE ZAN = FY iR
ol vl3) FIEAL HIIFe) Alnto] WA ofslA BHIiEdctiE Rt o
At AAAA 71EEE 1 EA 1000ppn A 7H77F T2 A Eof uwjs)
FA HrtEded 71BN FEIFR JEAHFNEI A4 HoMEHA
th. o] F1EALS] NH3'7} A4 H acetic acid W lactic acide} A g3}
At FAste] dajet glo] @ FEAY FE glo] ZaFE JZ

ol FriEE 2oz AR Art

U A0 Boo FA 7t
4Tol A ga3t FAo] T2 At Fe3 FH42 A, &9
W, AEE o, A%, 298, AER st Fhste o i X, A

22k HEYg3t gl 743t Aol e, texture: crispness®}
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chewness7} Stolzl&= F&& Uetdidct oy FyL |EL A7
o} vzt AANAQYA JT R ME acetic acid Bt E VA 3HA
d$otza, FHE/IFE LotAtirl tha] 7)o vy 71EE S BAF
glct. 71EA} 500ppn H7lFE YE FUPAE 2|8} godrist o
710l o}t ytolx o} 1000ppn H7tF & Z7)dlE JIZEs g Wk
L1 FIIHE AGHLE FolAAM WINAE ) $ £ VEEE B
AFdrt ole JIEAY FH2 slo] A BHoR Ay 23
453 Fotzy] dEoz AlgHch 10CHHAM e Fx|un] Fo] Anl
H Y SEE AT LEY AL dAZtE F¥olu acetic acid 3
7t3+2t F1E4t 500ppn B 7EF2] e Aol 4TRrbE 4 AN
£ RL=E Ueikltl ol 10CUEI AubAA Fxo] dEE FAA
A AANAHA V2T BsHIAELE £ 20CHEANE F
H7t+2} acetic acid®] H7tFolrME AU} Algte] FH35] Fristn
Y ZEnte] ZAAA JEEI RNEHOE dolxles ZF¥oldd

th. 2y J1EAF 500ppn H7bFE thE oA etE we RE B}

[}

oyl

—_—

FEoM 2 B8E R JE=7 A3 453t L, 1000ppn 7t

TE BEE BHAAM 7IZx7t 4534 wodrh
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A3 2 £

ZajQte] A Chitinoecetes opilio ZAZHE Aa® 7|8l o &
sted fElutel AERIIE FAU 70%0] 422 HolMEE JEAS AR
F olEY EeidA, UnPEYES ZAY F FAoER HIsio
SXulY FABYYY, 2y 9 T oy sixARE ¥Ystazt
staich.

0% o]t HolM¥HEE Zte JEAS AR ¢ME 50%
NaOH €9 Zo] 100Co A& 6x12, 120ColAE= 208, 140Co A= 10&
b Helstdon o of Y™ JEAY FEE 130, 180 W 30cpsA
H218ke 746,000, 852,000 B 336,5000] &t}

HEE 3% JEAS FAn LR Fo FiUFeE 43T Leu
mesenteroides®} Lac. plantarumol] T]3le HEHME 2%o e AL o
A 2Lg ZAE A3} 718l 140TCol A 1087 w7l F1E4F Ch-140
o] ¥7t5 =7} 40ppmo] ol 1 &7t A s

Exo] g2do] MY | EAF Ch-1408] 500, 1000ppm M7}, acetic
acid 300ppm B7} W FHI tfRFE 4, 10 ¥ 20THA LEAINHAA
Sxo] @29 £ FA 54 AR Axe ke Zrh

Sxo] gZde pH Wte 27 £&5F pirl wiEA uopxl&s F
Pgolgdom FHspel efAlH ol vl FEAF 1000ppn F7MF7F RE
U A @A pH AsE X dAZch FRin] @dFge APAx W
E 227 2E&4E wEA FUlste F¥olden EfAHF vl JE

A} 1000ppm B7127t RE AEFoA A=t JHE wdaten A3



F7tstelet. Fxlu] FoFde pHet Aol Wi Fxlu] @Izt 2
< Z¥8s fd2a = FAeg ety

Sxu] E2det T E=7 FHol SHst=de 4TCoA 28U H]
A, SEHEHHTHE 7T d¥E UE Ao g UEelyth

SAn Fael wEe WiE wEErRE FHs 2t
on, FIEA B2 Y§E7t @AsHA oAl

Sxlo] oo A HEE YE 259 T2 ¢xjo] Fuglol %4
710 FP3] AT F MM Zasts F¥ES Uehidn B
1000ppp 3 7}Zo] 20C U HAA thRTFof Hl3} &2 ZEE Uehuglch

ZFAHFTE FIEA 1000ppn H7F WHEFA 4, 10, 20Ce HUA2x
oAl ©F 1d=o] AA M3ty o] NAI Frsichirt WE wrleds
FHME FAIRE &0 o2ttt Leuconostock Al FEAL
1000ppm H7bFoll A L& X7l FH3] ZAUCtE ITuiz FAHMNA E}
AP} vz FFd4E el dadsles Zaste ¥
B Act Lactobacillusdy BAatd$E LA 7o) S 74P ¥ Ua
Fitol ERAIE T4 Po] HagRso] TEY ¥ UIztA] KA AT

FTs A Z3, JIEAF 1000ppm B 7HFo] acidic odorg} acidic
taste7t WA =AFA £ ozl =AAE o] AAHI, H5Td =
st Al717F RolAH, H&K7TE QAL #rt oflel,  total
acceptability7t 4oH e A2z Ueht} 34 7134& FAld A4
¥t AR H A

F1EA4F 1000ppm H 7t FHE7cx 2ol ¥l3lA, F3] 4T UXE Fof
A &7 27| 0ol 11gAolA 28Uzl g 2. 56 =d A}E ez

BEold

fr

of

p

fio
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palatable period%® 7d7tolA] 214 7te g 3w} AAAZH O, =3
AR AW e AR 14gRioA 35YxiE 2.58 X AHAS

B otdet J1Egol FolAe AlZIE 49Umolq 28U E 40%0) 4} b

en

s
il

et
IR Hote FXu] UEF FNFEEE AAANAAN AL S A
AATNERA HEZE EE HALRI DS dRAI] & B olJal A

BE HEA3 acetic acide®] AbdAiel BtE UAA JIBEE PN

rir

Zo2 Uetsith wetq REF A, HS Ldu/T I B ohy

et 223 U3} 7138 E FIANA F& 2N HAHAch
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Hchitin

A A chitin

Add NaOH((45, 50, 55, 60%)
Heating for S hrs

Heating at 100,
140TC

Chitosan~100

QAR ZA} " 207 AeAA 5

Az 9 #ax &4 Z A}
71538 54 xA
2
HE @4 A e
Ag%c_q;“}_/\}. TTﬂ’\_%_ o | 6‘
B A
u] & challenge
test
A0 o|3ety £
EN!
v AE EAFA}
#5AHA
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g M 2

71El, o] & ®olM Y3 7] EAH(Chitosan), o]5e] ety £ag ¥
3] @ FIRl RENE, oj9} HAY} HAE, 7|8l Q FIEALY H3

AEEE 7L oo AJlsAd AEAIAz|(New Biomaterial) 2 A 3}
ZF BFE, g, g5, 9, AE 5 vly3 Boloq a2 g&o] 7ty
2 gt

7I”lol Zte ALY Fo¥ §EJo2E 1) 4AF Mo £X
e BEAYLY 4L, 2) REHLE A4 e AdaY, 3) Ad%
BE& AU BEME, 1) FE U HE 233 FE s 4E
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3-0H, 6-CH.0H)E 7}z A, 11) tig¢ ¥ EHE Folrh
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N272F Agdry

1. 7| EA &3 (oligomers)?] R A
7h BAE ol €% JIEA vy A

1) &5 g

2 AygAdoj Ea¥ Bacillus sp. P16 LBuix](+1% NaCl,
0.5% powdered chitosan, 1% tryptone, pH 7.0)ol A 7242, 37Co]
A AR i YA 22 (10,000 g x 60 min)dld REALANE
dglct. o] & Ultrafiltration kit (Amicon)2Z &% thg ¥4
3t FAAR3PAL
2) e =

FNEANZEHY AT, dolHE s 85.4%, A7} 400,000 o]
) 5 gof 1 M X4t 233 nle 7I8t 2H4E Jstd Ha thg
#3F 100 12 23l 5% FEA §AS PEUATE A7]o A7)
A (3 mg/ml in 0.1 M sodium acetate buffer, pH 5.5) 1 ml& 7}
3to] 40TolA ARG AA, T8 F 7193l BgS FAAYL o}
< 5AAR3Act olFA ZRAY AR E Horowitz 58 HPS
3l Zeladg ¥4 223der. &, el (4.6 x 50 cm)ol
Dowex 50¥ 800 nlE A3 Ao AAEINZE ZAP 1 EA 23
E 12 g& 0.5 M HC1 &0 o 713 th& F7/4 300 nlE R o
& th& 1.15 M HCl 2.5 LS’—}I 5.5M HCl 2.5 LE £u]3l H=uf
F=2otEaztysdct. b ¥ Ninhidrin #-go2 A3y

570nnd] FHEE FFsdeH, 7 AT YL F AZsch
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Bz ol ZAdeH ARA AL 7o) Y 80 wl g TSt A

th Eage Fe 2 FA
ol2a¥sAY: AW FEZEME 3 g2 E0l Ho] 200 n18 o

2¥42] (Dowex50W H+ form, 1.8x50 cm)of] FAAI#|3, 1.15 N g4t

0
flo

150 ml, 1.8 N HC! 300 ml, 2.54 N HCl 400 nl £ 28 ¢x3 o8 £2&
AlZich gelawd &L Jd3l=]l A Gg A&t 570nmol M FF
E& &33lo y3ldon, JEA S22 TLCE HPLCE #:2] AE
st ot

Ultrafiltration ¥ : Amicon Disflo ultrafiltration membraneg ©]
£33l FIEALY A SteEES Selan AVEE Y + deA
AEscTt. oju AFLE filter: YMI, YM3, YMIOo|don, ol&2] ¢t
WA cut-off molecular weight:= 2} 1,000, 3,000, 10,000 daltono]
th JIEA a0 E ZH40l HolL o/E £AHOL WMIOREH B
HAFle LA LR MIZEA] FHAA 4YELE e
2. A FEANS U4

7b 1 EANY] 2A
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Yol Tl 2 | EAE ZA 317 ¢35l Hirano 59
o} &3}gict.

ol
®
o

L}. N-acetylchitosan gel X

7124 3.2 g& 2% 24t 300 wlo]l €33] =< g, °o] & HtE
300me-S 7Fste] EAM3tct. LA B 5EYR, 10wl B4
e stE A WS WA 0E ol Ay st olF AL
WSt olw) 1417 ojuie] Mt dojyton, o] WG FFH 4ol
51F A A3l x#¥E 1,08 N-acetylchitosan gelS @god, o F

A2 A F xerogel chiting @alch

ch dze] R £ =H

3.2 g8 I Exo]A ZA|¥ N-acetylchitosan gel (ds 1.0 for
NAc)& 29t BAMAY i, o7l F2/4E 715t dAMz aA 2z
o} FAMNAAL} o|F At 0.5% $AHJUYEFOR AL thg, ¢
g 718t we 2 RAV o 72 g HEE stodct. ol F A
AHUER £ (28 g/60 nl)ofl EAAA 227 F& A2 Aol &
Tt 2 ¥ & 200 wlo] H=F 2Estyct. olFA s, 14% 5443

UEEF §ool 2% &3zl 7|d &o] 2AFH AT

+

2}. Carboxymethylchitin®l Z A
of dzZe] JFYULAE S5 Rol ©IA BZAAIY thg, sodiun

chloroacetate (28 g, 12 eq. mol/ mol GlcNAc)S AT RoA
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L Fe2at 8 nlg WEYE A FHA 30E ojito] AH )3}
~3.5

88 CM-chitin sodium salt& @ ony, o] XHE salt-free

7]
o
CM-chitino] o] Ft}.

o}, O-acetylsalicylchitosan®] 2]

2 AdYAolA /Y aspirin 7.2 g2 dicyclohexylcarbodiimide
4.33 g& anhydrous dioxane 40 mlojl oA A2ojlA 32t HbgA]Z
T AAES A48t 98 AdsHsidcrt. ol & g oA =)
23351 aspirin anhydride® dgr}.

0.32 g8 J|E4HE 2% acetic acid 25 mlo] ¥¥o]3 7)ol 50 mle]
HEtE S Jistoct. o7lo] ZF A2 10932 aspirin
anhydrideg 73t} 3tE WA 3ldon, ol FHfo BN ¥
0.1% NaOHE 7}3lo] F33le] o] & ctiA] FHY r} A sta st
2 B dzstHc

¥}, N-Trimethylacetylchitosan®] Z|

0.32 g&] 71E4bE 2% acetic acid 25 mlof] o] oJ7je] 50 nle
e ES  JpstAdch g7l ZFIAYt29 109 % 2
trimethylacetic anhydride& 7}3lo] 312w} ulx|sigion, ol F&F
ol 4% F 0.1% NaOHE 7}3lo] dze|ste ol & tir] £43 t}
T AdsFstn dtE S siste] AAA AT dAdEe Fo ol
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B Azstgcl.

A}, Trifluoroacetyl chitosang] Z =

0.32 go J1EANE 2% acetic acid 25 mlol] ol o 7jo] 50 wle]
He&g  Zhstddch oq7lo] ZEIAIEQ AL 0.3
trifluoroacetic anhydrided 7}5le] 3}2u wxjsigon, o8 2§
ol T3 F 0.1% NaOHE 713t d#e|33te o] & thx] 4% v}
& ¥FARAAL

o}. Chitosan sulfate ZA|

10 go] J|E4 (doldd3x 0.85) 1 L 2% Xilo] £33, &
L£ES AAY t}S, 2.5 M NaOH S8 o8 Z3}slgdct. MIs= A
BEES o} $3H312, FFHT, ded, 74 ogg, oHE o2
AXF thE, 80 mld FAH ¥ < (pyridine)ol] VE}SIATE. 60 mle
AA veldg FetaAo i olF SR ¥4t 10 nl &

3t& &AL (chlorosulfonic acid)& 30-40% St wWaweg 713ty

o

b o 7lel 271t F1EAr dEtY 40 ml (F1EAL &7 3.5 23)& 7}
132, vlEF=olA 1412 7tdstdt. A7t WBdZsta, 200mle] F
Faol ¥od FP¢ Zqgoo] dojHcrt. 75 m1e] 2.5 M NaOH 4§
& 7}8ta, 500 mlo] oREE AMg3te R4t} JEAY UEFHS
AAAATE o] BAL tiA 200 nld] EH5ol &3l FFH4 Zof

A 347t FAY oS 9L 100 ni7tA] ZedEA3ia, 10 mlo E3

(]
fd

NaCl 4L 9& 7}5}3, 150 ml ethanol-& A}&3}od cThA] A A A A,
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2}, N-['C]-labeled N-acetylchitosan®] ZA|
271k (2)%e] Wy oz ['“Cl-l-acetic anhydride& A}gslo] ®

21" N-['C]-labeled N-acetylchitosang Z s} c}.

3. #4
7}. TLC

Ae]stA ubste] HAE A]FE n-propanol:water:ethylacetate:
ammonia (6:3:3:1, v/v) SuliAlolA H/E i U=z ¥y
&3tAch.

L}, HPLC

Shimadzu liquid chromatograph LC-10AS (column: Shim-Pack
CLC-NH2: eluant: 60% acetonitrile; flow rate: 1,0 ml/min:
detector: differential refractometer)& Al&3l L 1dS E43}

4l
ch. FT-1IR
Nicolet Instrument FT-IR (Model 520P)& A}£-3}lo] IR spectrumE
43t
4. 718l S =N BEYY

7b. FUEY AR A& JIEA M E3} HA
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FUEF (Fhuchal, 1008 F 8.47 g)& 24A17F ER] wolA A &
1% 7124t Geofof AollA 2412t AR AL o] & 64T FJAgolA
20C, S5 80%xe] gzAolA vtz 21 FLE ALt cfz27
Ex FUE 4% ZFAA indole BE A8 HdE Mol whet Helstdd
th.

U 7Ik/71EA 2 O REANY 58 22 S84 It
71"l frEANSY HdE& £MEANY AEE T 2T o4
718l (DA 2.33%), F1E4} (DA 76.9%), FIEAL LeligS ZAsig e
o, EoiE (FF, 93) F 58 A EE HYdle 2 E,
F, 282 T M WYz JEA FEANES FA BE Ed A
sto] lotel 27 ARS THUSIACL
) EutE Fxte) A A g
EnE Fx & 40YUFES ZH5Y JIEA £Y(DA 76.91%, 100
mg/100 ml 0.2%3 1t 4§ of)o] 24X 7 A=Aty FAY F FFrol
A2 AEZ0|E 7 Petri dishol 27C 297 XA wolatelrst ¢
T ZFAE A pot(5x5)o] HE 12 g& ¥ ¥ FaE nEs}
givt. ¥F F 30U, 459 AAFo 2%, d, A, e
o], #AF T& ZAstdch
2) B¢y BFA
1AL &3} JIEAE Y §9E EnEFAE oA/ A
of Zt pot ¥E EHo| FF 25 ¥ BF A2t
) EGe TN
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7R, 1B, JIBELEEY RUANEE 2 potW 366 mg (33
kg/10a) g2t 22F & T Aelst thA] potoll AT
4) J1BA = dobg A}

EnEFate F1EA F5H UolE g XAls] Bzl EnfEFa
0-HE 0.1% 2L Ao kA JNEA LAL HEHET 2
control, 0, 0,05, 0.1, 0.5, 1.0, 2.5%0ll4 Ztz} wolAlA (25T)
wolgg ZAabstdrt.

th ¥3¥Y 23X

A, 2 d¥gded R/Fd 4F gl oy 7 EAty A]4
23S dA FAAsIAh dFFS Py s JEAS /Y LB
af ol A 37 C, 150 rpno 2 AR PSP oM 1 B]-S 660nmof A 2
FZE=E St WHE, 0.2%2] JEAE PR3 LB vix|olA A
ol i FS AUstsdc

¥H, ciIY Hx9 (0, 10, 100, 250, 500, 1000, 2000 ppm) 7| E
A 71", JIEA el B& AW PDA vizlo] F& F%0 HF
stof 20C AAolAM wiRstEAN wid Fate ANE ZFstdct. Ay
&2 229 o] iy v &EAM el
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M3z Zdd ® a3

r)'
N
>
A
2
2.
10,
a
o
u
fd
ofl
lo,
N
2
W

I
-

7b davbeigel A Leagy Az 24 ¥y

F)EAF 30 gofl A @4 300 mlg 7}Stef BOTCOlA WA RS @
2] ste] At JlEE WY b2 AEE g TYAE HPLCE B A%
o g+ &2 o3 $YE(dp: degree of polymerization)?] &l
9] 24& ZAY AAE Table 10 vepuich. Table lo] Ueldoz
g ATE FIANELFE &0l FI5te 81-85%F {AIFA|T il
monomer®] ¥&Fo] FItstATh. wEEAIZE 602A dp 4 ol 2EY
o] gelago]l 7t wol A4E ol

FirE AHER FIR/FIEALY TheRAols EATY =, WUE4]

B, X Fol Y A AL A AU 2L 1FYE

ZeFe Fihe Y HE2AL ofF d HYUH Aoy, £ A

T2 AzejM EA dib steEgel Yty nF YR FEA

el 2gdE A5 St A% AR 2ol Fay A

o2 tlelytich,

e

- 332 -



Table 1. Effect of reaction time on the composition of chitosan
hydrolyzate by HCl hydrolysis
Products Reaction Time (min)
20 40 60 70 80 100
Monomer 25.1% 36. 2% 31. 4% 34, 0% 48. 3% 37.6%
Dimer 18.8 17.5 19.6 19.6 17.9 19.7
Trimer 23.9 17.9 16.6 16.5 13.6 15.5
Tetramer 8.6 7.9 9.6 9.1 7.9 9.0
Pentamer 7.1 6.3 8.2 7.5 5.6 7.0
Hexamer 8.2 6.3 6.7 6.1 3.4 4.9
Heptamer 5.0 5.6 5.6 5.3 3.2 4.6
Octmer 3.2 2.2 2.3 1.9 - 1.7
Yield (%) 33.0 48.0 85.2 82.4 81.4 81.9
U e HHEY %
ojf W AYE] FFA} FFL TLC YL HPLCE o] &3tHrh.

HPLC &4z A
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Fig.1. HPLC chromatograms of standard chitooligomers (monomer to heptamer)

(lower) and HCl hydrolyzates of chitosan (upper).

Fig. 2= 80T, 602 @4l 7H+E3¥ A2E LS 718t &2 t}

< Dowex 50 column chromatography®t Az}l2 A} J7}-E3E2 AA 5 2oz
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LHrolAle A& BoEch 2z £YEo] /Y 2elamE HPLCE B43lo ¥
AT F3}E Table 20 Felstalct. oY EY¥ FI-2 glucosamine monomer
&, F2& dimer&, F3& trimer&, F4: F2 tetramer®} U pentamerE, F5
i tetramer?} pentamer& ¥Rt ATt of A Al e uhios
A3 o= (dp 5 °)5le]) F1EA Le|nge AAYoz AY A=RuniEely]
€ AHEst Al e 4 oSS AAISHs Zolth. 2L} Table 1o UElY
d EE Jheu &% EX3= dp 6 ol AEL AA #4517 ojiyct

o|FA slo] ZRAH JIEA S0 (FI-F5)E FF Aol AIL3I=S AT
st

ax

Absorbance
&

b

Qe

Rez .

ke 8 T

e 28
LI £ v B¢

A 40 SC /O & 100 120 4
trection numrbear

Fig.2. Dowex 50 column chromatography of chitosan hydrolysates.
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Table 2. Composition of the chitosan oligomer fractions separated on Dowex

50 column
Fraction

F1 F2 F3 F4 FS

Monomer 98.0 3.0 0 1.0 6.6
Dimer 2.0 85.0 1.0 1.0 4.7
Trimer - 8.9 97.0 2.0 8.7
Tetramer - 2.0 2.1 76.0 39.6
Pentamer - 1.1 - 20.6 30.4
Hexamer - - - - 6.0
Heptamer - - - - 3.9

Octamer - - - - -
Yeild(%) 46.9 24.8 17.1 10.0 1.45

t}. Ultrafiltration membraned o] &3 1w £

C}& 2 2 Amicon Disflo ultrafiltration membrane& ©]&3}e] 7| &
At At Zhe R ES SElan AVEE ¥ 5 deA FEA
th olml AE3 filter: YM1, YM3, YMIOo|gleom, ol&e whwa
cut-off molecular weight:= 2z} 1,000, 3,000, 10,000 daltone]t}., 7|
EA &2 E FFFo Kol olF WIS FHAIIIE WALER
WIZHA B2AA 4RO E Urelth a2 o] Wy Table 30 U
Ehd ForM R uig} o] B ZeaWE Eelsts Wie=
= 27 3L AeR =y
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Table 3. Composition of the chitosan oligomer fractions separated with

Diaflo wultrafiltration membrane

Fraction
YM10-cut YM1-cut YM3-cut  YMl-filtrate

Monomer 27.9 21.8 23.4 31.8

Dimer 20.1 16.1 18.8 22.5

Trimer 16.8 13.6 17.4 16.8
Tetramer 10.2 7.3 12.2 g.2
Pentamer 8.9 10.7 11.9 7.7
Hexamer 6.7 9.6 10.7 5.0
Heptamer 6.5 9.2 5.7 7.0
Octamer 2.9 5.8 - -
Nanomer - 3.3 - -
Yeild(%) 6.6 9.8 26.9 56. 4

2. n]BE BAE &Y 1FYE JIEL ST =
£ Adgaold £t g o Eo] gast: JELEZNELE A
|3l F1BAE BaHOR IRt FEASNIYE BUL
o5 R BEEE FUNsYoE YUY of 10-500 ng/g HHALR
th. ©o]& Dowex 50 Y I 2npEetwlste] EYY Z}E Fig 39
Uelyict 712419 8/ £Yoz UroRod, & Y &
2oy ZRA S HPLCE 23 A3}l Table 49} Tt EHYIL oY

2

F& BY2: 39RE, £Y32 YFE, TYH4E 459U FE, £Y5E
5-6WFE, TY62 5-8¢FE, £Y73} 82 6-8FFRE TH &2
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Absorbance

Fig.3. Dowex 50W chromatography of chitooligosaccharides produced by

enzymatic hydrolysis,
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Table 4. Chitooligosaccharide compositions of 8 fractions separated on

Dowex 50W column. Each fraction was analyzed by HPLC.

Degree of Polymerization

Fraction " pp;  ppz  DP3  DP4 DP5 DP6  DP7  DP8 DP9

F1 18.1 58.0 8.63 6.81 4.7 3.8 -

F2 3.53 6.7 73.8 6.03 515 4.73 -

F3 - 6.3 8.14 537 7.57 11.5 6.29 4.09 2.0
F4 - 3.6 3.7 27.3 3.6 131 89 6.6 4.9
F5 2.17 3.4 3.9 7.7 33.8 185 11.3 9.1 7.7
F6 - 3.5 4.4 54 27.6 29.4 17.3 12.4 -
F7 - 4.8 6.5 6.7 122 21.2 20.5 16.6 11.4
F8 - 2.6 9.0 9.0 126 16.7 189 18.0 7.7

Fig. 42 & d3Aold 22| ¥¥ njgEo] PRt A2 F o] 8% |
o] BE3PArES TLCE A% chromatogramo|th, Fig. 404 & uje} o] olF
o8 Aae FIEANS Bt FUE 20149 JEA ANE PAatsid
th olF R ojBEES 1FUE Selan Y cfPPLE AT AL £32
7hsdol # Bt
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Fig.4. TLC chromatograms of chitosan chitooligosaccharides.
Soluble chitosan was incubated with the each supernatant of the screened
Bacillus sp. P1, P2, P11, P20, P21, P30, P53 and P54, and the products

were analyzed by TLC

Fig.5. Effect of enzyme reaction time on the composition of
chitooligosaccharides. Soluble chitosn was incubated with the culture
supernatant of Bacillus sp. P21, for various time intervals and the

products were analyzed by TLC,
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a3 WA o2 vjd e JIEAS wiIsiAE o, wiY A%

BBE AR AANE Fig. 5ol Vrehict

e Lo
By

3%

i

PEAI LS 0EAM 4AD7kA] ZARE Az, F4 BEELS FUE 3T E
3 ol 1FUS JIEA Sejadelden, Ae] FAsldx Lelay
e 8 HYE Rolxl sten, 3| Wt A HAsA ourh ol
] A7 FAHo| ¥ Y (transglycosylation activity)S Zt=dlA sy £
= Zlo|th. Fig. 62 o] FIEAIE Lo F| B4 MhgEele] A W3
Al Zoll uiel &P R Aojct.

[+

Fig. 6. Viscosity changes of 1% chitosan solution during incubation with

the culture supernatant of Bacillus sp. P21 or commercial enzyme E7.
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o] #F7t HAMsHe A4S JEANEHAL BHL RS AMEY Hlu A
AAE A3 B E79 2ZolE mjxx] RetAoL} o] HAV 2EANE T)
2 AP AY4E LHUCHE o] Ak JIEANS WISt RA¥Y0]
2 2oz WSk Fig. 7& o] HA9t AutEis E79 JEA FMWAES
HPLCE £ vl2g A}E BoZErlh ol ZojMu} o|df ol4te] &eladd
2 PHEZ YUY 4 ogon], T H2 FEA BB 2AoNE H
Aol & LAY 4 gladrt ol Ao ZAB YoR o] H
FHE Xt} o] AAL A rtA] 4AE YU X7 Aok Aojrt
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6.321

Fig.7. HPLC chromatograms of chitosan hydrolyzates. Soluble chitosan was
incubated with the culture supernatant of Bacillus sp.2l or commercial

enzyme E7, and the prpoducts were analyzed by HPLC.

H2d 7124 A A4
1. N-["C]-labeled N-acetylchitosan®] ==
N-{"C]-labeled N-acetylchitosang 4}7]|%t 2w o8 chitosanz}
(1-YC)-acetic anhydride® A} &3l ZAslgom(EX AL 9.4%), o]

& ttE dFAEAA A FstAc
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2. 91E4H, A7) &l, carboxymethylchiting] ZA|

A AR el HiranoF e Wy og FEAS 2Aslgdon, o
N EALE oldY sty AAFVE ZAstgct W, <P NULY
& ZA¥ th¥ carboxymethylchiting ZAslgch. oA ZAH )

Bl FIEAL, I €le] FT-IR spectrumo] R A}E|¢lt}(Fig.8).

\/p\%/\

‘J\\,v\.

=,

2)

Transmi ttance

3

Fig.8. IR spectrums of chitin (3), chitosan (1) and regenerated chitin (2)

prepared from squid pen.

71812 1651, 1550, 1379 cm-1olA 2}2} CONH2] stretching, CN &
glofl thit CO stretching, CH2 waggingg& ElIW = amide band& K
tl. ®oldYH FIEAL amided] FEFHA wF FAst ol
1454cm-10] 4 7% o & R o 872m-101A AMEE W& B4ct. ol

FIEALS oY A AAEFNYL t}A] anmide U E HHIto F|TISY
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232 by g5 Borh olAAEL Muzzarellio] B33 IR
spectrumz}l YX|3lE Zoln, ol AAUEL B AHPAM ZAE 7|

W3 7l EAtel HANA 2AHAZE AlAbste Holt),

3. O-acetylsalicylchitosan, trimethylchitosan, trifluoracetyl
-chitosan, chitosan sulfate®] RA|

271y WY og O-acetylsalicylchitosan, trimethylchitosan,
trifluoracetylchitosan, chitosan sulfate 5& ZA3tHct. o] 59
FT-IR spectrung ZA}stgt}. (Fig.9)
O-acetylsalicylchitosan®} trifluoracetylchitosan®] Z A= o}& rl=x|

B39 dt o
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Fig.9. FT-IR spectra of N-trimethylacetychitosan(A),

N-trifluoroacetylchitosan(B) and N-(0-acetylsalicyl)-chitosan(C).

4. 71E4 Badge ¥4

A71% W © 2 chitosan sulfated AZ3tPd o 10 go 7| EALS
2HE 2.9 g9 HFAUAES Bt o] WHoT AL A JEAS
g A7 1 BT 1EY HU/E ZAE o2 RuFH glon £ d7

ME olf WAENG +usHA Ruch

H3E 1 W IIEA REANY HERA
1. FUEY A& nxe JIEALY 9

249 B3 FvE AME Y A2 JEANS EE3tAA T

ot

Exte]l FUEY Aol e d¥E& ZAPStgch Table 50 H<Ql v}
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ot ol F1EALY] Al AFolA uef ALHI e FUE Ay ¢
A Indol B Ae] F¢ Bch FUEY ARFE AL AAE =
AFdch. ol& ¥HAEE BEMstd 2719 dol: T Az jolo] xo]
7 ey e APolA x|zt dFHAC &, AEWY H:
FUEY Fe A¥E dAztdeu FlEAY AHlEe 2 AAE AdF
2 de Ae® MAr JEAMY Al 279 FA/ANRY ulE
AstAl 7l B¥oladrt ol FUEe AEHIY Ao Hlsld JE
g MY ¥ d FFHA AUt A& gojyct ¥H
& AP FUEY e AR Uge] ustdch ol:
ol& A¥rhd 2o W3} RS FAUAIE A UAS
AAsle e gos FAY 7Nt e B2 AAAC) A Fo
A AU FIEA A A A Biosproutd] Azl Fzte FIEA Al A
ot fFAbStSATh

I B AL

0
B
2

&

o

]
j =1

Y

Table 5, Effect of chitosan on the growth of soybean sprouts

Length Shoot Length/
Treatement Weight/Shoot
Shoot Root Total Shoot Weigth
1% chitosan {12.3%£1,218.9+1,5(21.3%2.2 0. 608 20.2
Indole B {11.2%2.0{4.2+1.7 {15.3%3.1 0.759 14.8
Biosprout (12,9+1.5{8.7+1.1/21.6*+1.3 0.653 19.8
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Z3E AAsHAh

5 -
00 ¥ | ¥ fﬂ 1 ¥ {
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Fig.10. Effect of chitosan on the growth of E.coli ATCC 25922.

Fig. 102 7|EAto]l E. coli ATCC259222] 4 &of mjXl:e 48

tt

ABP 2o, 0.2-0.25% F|EA (1% 7| EA &9 BE 83.9) ¥
oM i@ B VA3 A= A& EAFi o). o]
ol 0.02%8] FIEANS R v FKo] fAI] A
Athe AAE I SEAA 2ol 9l Hojrh. ol M 4t
|3 FFY o] HEY = A& Zojrt. & APA BFFAU

fr

fr
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A 41FF ]S 0.2% J|EA ¥H LBufx|olA Rapstdw
Bl, 0.2% JIE4 wiz|o] N HAste 7FFE 13 dusden, o
¥ 5ES JEG €f AN 4 A%E AESD Urt. o]
ZFES g2 F JIEAY nFE ZKAA A HAUEZES EF73
ed {88 2247 § £ S Aot
U, HEEYE 8o oy x
1) FAZF HA
%, Fusarium solani, Fusarium oxysprum, Botrytis cinerea,
Aspergillus niger %52 ZHo|F & Erwinia®y 1%, Pseudomonasd;
1%, E. coli, Bacillus subtilis 5¢ MZF& ¥Rt
2) FIEAL Hele A
°ol& n]ME& 0, 0.001, 0.025 0.05, 0.1, 0.2 L2 7|E
AbE ¥-R3he PDABIX| o] Helsled 792t wigEie H¥WE Hl 23}
drt. 3 A3} RE FHolY Aol JIEA 0.1%2] sxoA #¢
Al A= Rg Hastdrh Table 604 B ujejzto] 0.1%
FIEA BEA IS 3% FIRAYWES 68% I F{o]
Hoch a8y s E 3 &t uojsidc
3. A8 A%l o 8 FENY 9%
EUEE uieg 78l E3(33 kg/a), JEA 23 1 AF JE
elag 83 g ¥F, JEA IE (0.2%8d) 3Y A=) 5
A2l g sl B S 3043} 45Y0] @ASILATE (Table 7,8). thXoj
Hlste Jl%l 52 A AL RE AR YA Aoz ety
ch BS| o|§& Eatel TUNAY Aol 2 T Ach oA 2

.
g

o2
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B ol 45U Fo WFRAME o] Letyt). (Fig. 11, 12)
Table 6. Effect of chitosan on the growth of fungi
Conc, of chitosan Control value (%)
(ppm) Phytopthora sojae Fusarium gramineanum
Control 100 100
10 84.9 97.2
100 83.3 95.8
500 44.2 63.1
1000 27.0 32.5
2000 25.8 28.9

Fig.11. Photographs showing the growth of tomato plants after

plantation in pots(A) and in total plants (B),. A:

chitosan coating C: <chitosan solution watering D:

control B:

chitosan

oligomer’s solution watering E: chitin treatment to soil F: chitosan

treatment to soil G: chitosan oligomer’s treatment to soil
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dFe B, FlEAte &3 Aelod sIEAMEIY AN Y F2
A& g Roden Fa vEA o 7R Fgo] yulth. olg} o] HEY A
Foll X ¥l M2 vt=A dehd 22 AE F&/, A =4
Bo] e A uRHAS HeE AUt

Table 7. Growth of tomato plants 30-days after transplantation

Plant Maximum g\ Gtem Plant Stem Leaf  Root
Treatments ht No- of leaf ;o ot "ht Weight Weight Lnied Dried
(cn) leaves length RN Gy Mg i feight Teignt

A 35.8 21 5.1 9.8 265 29 1.2 0.116 0.066

B 40.5 21 5.9 12.1 285 3.7 1.10 0.123 0.056

c 4.0 21 53 13.4 27.7 3.2 1.37 0.13 0.053

D 477 24 6.0 149 329 4.6 1.64 0.153 0.064

E 55.0 31 6.4 16.0 39.0 7.8 3.16 0.274 0.106

F 497 29 6.4 12.8 368 6.3 2.93 0.244 0.081

G 425 25 55 149 281 4.0 2.8 0.254 0.088

A: control B: chitosan coating C: chitosan solution watering D:
chitosan oligomer’'s solution watering E: chitin treatment to soil F:

chitosan treatment to soil G: chitosan oligomer’s treatment to soil
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Table 8. Growth of tomato plants 45-days after transplantation

Leaf Root
Root Stem Plant Stem Dried Dried

lenght ht Weight Weight . .
1 length W t W t
) feaves 108D ) (em) (8) (8) "B U

46.1 27 5.4 17 29.1 4.61 4.91 0.232 0.120
57.2 39 6.0 17.7 39.5 8.54 9.72 0.454 0.205
54.5 42 6.1 16 38.5 865 8.68 0.375 0.173
44 6.3 18.7 40.8 10.17 9.57 0.387 0.161
66.1 57 6.9 17.3 48.8 15.46 16.92 0.630 0.386
69.5 56 7.0 18.1 51.4 16.25 18.74 0.725 0.338
69.0 53 6.9 18.0 51.0 15.44 19.35 0.723 0.311

Treatments ht

QO mMmonm >
[34]
(1<)
w

At control B: chitosan coating C: chitosan solution watering D:
chitosan oligomer’s solution watering E: chitin treatment to soil F:

chitosan treatment to soil G: chitosan oligomer’s treatment to soil

Table 9. Effect of chitosan treatment on the germination of tomato

seeds. Unit: Number of gerninated seed(%)

A B c D E F G
1d 0 0 0 0 0 0 0
2y 9(45) 0 2(10) 0 0 0 0
3g  18(90) 18(90) 17(85) 0 1(5) 0 0
494  20(100) 19(95) 19(95) 6(30)  3(15) 0 0
59 . 20(100) 20(100) 9(45)  5(25) 0 0
6 . : . 14(70) 12(60)  1(5) 0

A: Control B: 0% Chitosan C: 0.05% Chitosan D: 0.1% Chitosan
E: 0.5% Chitosan F: 1.0% Chitosan G: 2.5% Chitosan
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e B 229 EntE Fxte dolo mAE %S Fuds 2
HE BejFdrh &, JEA 2 2E Ak gyoz FA Yol
& AaAzLed, 0.1% ol4¢e] sEoldE wolgs LA zestd
oh 34 0.05% RN BRI B Y Y 2ach

H4d 42

FIEANS GALR ZheEsi4A] 602 80T Sl Hao] A §
adem, o % AeEol e dprt 2~471 7} 60%, dp7t 5~77}R]
7b 30%, 7o]4to] 10x7} My gen, [MC]-79e ETHY JEAY c}o}
B FEME Y48t FT-IRE HAsidrt.  AE4 H4F Fusariun
sp. &} Phytotera sp. ol 7|EAL £ 0.1x0]4ollA FAo] VH3] A4
¥ Hoch FUE F Aol uiy sIEAY E3E AFAHE “Indol B
Brl 24¢ #AANE Rgon EulEs doldyE FEAEY(0.2%)
of AzAlste Zo] BFL Eo THsis FouT 2 AJE Ui
th tiFeY Ffole HdE HAI 7p3 wolgo] yeton Eg E
U B2 FIEA SElag AeloA st At Fdcl
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. 7|EA REMEL HAIS =Y A7

izt M E

Tanigawa 52 719& &et2E ulg &7lol FAAAAM Azl A
2 & uESA]F| W interleukin-182] Bat& F7MA|cin R 39
31, Marcinkiewicz §-& nhf2olM £84 JIEAS BGHH 2 iyt
T-2] &4 MAdHAGYL (T-dependent humoral immune response)o] 3}%l
¥E& BIstHct. E Kyotani §2 71EY UURHAMY dAXE F3
microsphereo] F|®lolL} FIEALE R AA|F olAH VX2 Fol Fosid
Aot gk st 4SS Baddct. 2 folx JRl/IIEALS O F
Ao uiel cigt BE¥F 54& vepdcoia g8 olch
Tyt 23 ol Ro] JthE & R/ EA FENEC] hAMREY HY
5ol A 9% #HIAA . 2 A AR2EAM dYTe T AA
7% (recognition function)® 7] Al X2} T (effector
function)?] 2| & J¥E ©ste A AR Ao nX= F¥FS A
A ozt 9gHZ VA Y= tumor necrosis factor-a (TNF-a) @
nitric oxide (N0)&] M %ol nx& 43S st oje A ntes
ol 8] Listeria monocytogenes®}t Candida albicans 73 @0 tidt s FuH-g

of mxlE FIEALY] B BHSIACH
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N2z ALy H

1. 2% E

QUAEFTE(F)oA LY H¥ 83-127¢ B4} BALB/c nh92E
o FEQe] Ag3idrt. MAEF EE veAEL AUV 18 o x
28 cnd cage™ 6mtE] ol3tE Yol UL ¥g FF AR oA

Ar& 3t ot

2. 419 9wz

Ovalbumin (OVA), complete Freund’'s adjuvant, incomplete Freund’s
adjuvant, 1ipopolysaccharide (LPS: E, coli 0111:H4),
2-mercaptoethanol, sodium pyrophosphate, 3-[4,5-Dimethylthiazole-
2-y1]1-2,5 diphenyl tetrazolium bromide (MIT), actinomycin D &
SigmaAl  (St. Louis, MO) AFE& AMgstax, & 4o AHEd
chitosanZ FE Y (&) HES A&31dz, ol& BN EEL
& A3l R E V4 E23]A 3 Chitoenzyme, 2|2 G4l ZlsE3A]
2 chitocheng BASIATE ol& $E BAEE thA] o]Lau4A
FHAIIL datel §2AU F vl 742 BioGel & A}€3lo] x4
2ol miel ¥ &2 E (D1, D2, D3, D4, D5, F1, F8, F9, FI10)&
< Ad¥ol AHg3tdrt. olE ZF JIEAS A A Mo HF phosphate
buffered saline (PBS)efl R3JA|Z1¥F 60TColA 3023 EAeslq BF
sttt Al ¥EujorS ¢354 fetal calf serum (FCS), L-glutamine I
RPMI 1640 ¥j=]&= GIBCOA} (Grand Island, NY) AHE& Ap&3lgict. 2

2] 32 brain heart infusion (BHI) uWjX], Brewer’s thioglycollate Hjx]
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+ DifcoAl (Detroit, MI) HF& AH&3tdcrt. RNA & kiti: QIAGEN
(Valencia, CA)ollA F¢istaict. FAA-FHPAL AyH-g (RT-PCR)E
213l &= Taq DNA polymerase, Moloney murine leukemia virus reverse
transcriptase® GIBCOA} (Grand Island, NY) AHEE AIE3l¥E2
random primer?} RNasin Promegai}(Madison, WI) AE & A}&3}Y

=

3. FAE

2 dFolA oo UFAE JIEAY YFAEJE A 9
3l S. typhimurium (LT2 strain: ATCC 19585, ©}3} ST)S, E. coli,
L. monocytogens (serotype 191 strain 10403, o]3} ILM) % C
albicansg& A}&slgr}t. ST, E. coli, IM2] ujorS $]5td: BHIu|
A& o|&3tAdil CAE u|g3l7] $18le)= Sabouraud Dextrose agard
Ag3tdct, 29 ZA] @€ BALB/c upfAo] HiE BUAH HEHS
X3, wiGF tieFArle ds S EFE 28 AP EF

3t 70T 2AL WEIle] BRyAAN dujan) Apgsigrl.

4. NXE uj

INF-a & &3317] 918 A A MEFA LI29A X2} nfeAZHE £
2| ¥t Al M X 2] v ¥ S 2] 3}o 10%  FCS, L-glutamine,
2-mercaptoethanol 12]3 3} AA7F M7 RPMI 1640 A} L3} nl$

29 tA M EFQ J774 (ATCC)M 2} RAW264.7 M X2 v S $31H

1

= RPMI 1640°]L} Dubecco’s Modified Eagle’s medium (DMEM) (GIBCO
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A}, Grand Island, NY)& A}&3tgcl.

5. upf2oe] HHEYA gt

Ovalbumin (OVA)E PBSo] &3l 2500 x g2 30T HUAY
the ozt HEsto] i A1&AIZEA] -20To] B ATt o] F th4
complete Freund’s adjuvant®} 1:12 E§ste] H2E KE 0.2 n1 &
o Aol H7lo] FANSIA 15U ¥ c}lA| incomplete Freund’s adjuvant
o} 1:92 EYst A2 FEHY(0.201)E 1F7Y FHoE2 npgr
&7bol wbg FApstct

6. BHE¥ A EHUN HHe

OVA fEtdog F Fatstn 15YUe] A ¥ Batd H4+E A3
st 2} HLE FAIZIA] Jci] F 2500 x g2 1023 WA
sto] -20Ceo] B#stdct. ol& E4EF EF A Rof thA 50,000
Xg2 3087 JAY g A FHst g AHEAI7ZEAR] -20Co] B
#stoict. AN AAXNE stds U3 v=o VAS ¥LS
AgHEUlN WgA i (HF5E: 100pg OVA} ¥-0VA A &
el 1:5 M) vhe2e] B ol 0.5 014 FYsidch

7. 0} A28l Candida W Listeria 734
HAEUAN ANAFH B URF oL EFe dFFY
Fo  (5x106 CA/m}-¢A, 105 LM/o}$A)& 1 ml PBSE @Eo] F4}

stk 7 A2e 2P AR ABFel 2% AYIY 3utelY oy
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25 ZYAHE YA 274 WA mE AFSE HAEIA olE
& 0.05% Tritono] H7}H PBSUofA =& FRALO]A (Tekmar Co.,
Cincinnati, OH)ZE u}s}3lgdc}. o] 22 piRes e BX2LYyosg
100 Agt M5t olo] dFF Z HAYE BHI WA E=
Sabouraud Dextrose 8jZ|*}oll &3 HEt 5% gHatrtA s g7 fol A

e F Py+E AFstdct

8. J1EAtY] F2E &FF
Zt ARE AIEH HA Yo st P wixE 28] Agt ¥ c}
= dFof wigyt 2t FAE dF Y HFSI 37T, 24X wjg}

9. TNF-a 9 %3

718l A7 obes Aol e TNF-a o Fatz BF M=
23E NPHU TNF-a o) Patol nlxE A3}E FEste BAA
th & AYTU SZUAHAESRES INF-a 9 Y 2A7) $A
£ A EFUAMEE Py dsiA Eelstn 24-well wjgutel
vell® 10° AIEEZ 1 wiPE Tl o8 7tA] 832 S Ax 54
th. ol & tiAl uwi wiA] el 1ug/ml LPSE Foidta thA] 2442
gt oy FEuMgds AL dd, A3} F 4T BAISAC
¥ gl A A oMY TNF-a @ AAHE 2] fsiMe 74 +9
e AS gAY JHoR A 19F 10° LM B o] ZEA

132 g 59 ¥ 25ug LPSE 0.2 nl2] &30z FW] FArstadch

N
fd
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FARE 2A|1 2 Foll A4S sl P Eesiddr}. o] A} w)
T BEAUA TNF-aBS FPAoR &A31s) #18lod & actinomycin
D Ezstoll L929 A EE A7l $HE FHsE KratzFo] 1§
T NYEES g HY s ALgsldl. & 2 owellw 1042 LIRS
96-well M X wjotutellA 37°C, 18417 FQt ujoadsln ¢ ¥ TNF-q 2
AL ARE 2v) Al HA3te] 2zt M AG actinomycin(HFHEE: 2 u
g/ml)3} @A FFSIATE vl 2421 ¥ 1929 M EQ HEEE HZF
HOo 2 MITE 715l MAlE = formazan A A& 570nm I}A3}e] ELISA

UEIIE A&t B&H3tATt

10. NO9] &3A

AMAEANN B = N €33 o2 4tsis o] nitrite2 AHE
B E o]o]] Griess reagent (1% sulfanilamide/0.1% N-(1-naphthyl)-
ethylenediamine dihydrochloride/2.5% H3P04)& E3§}sld A2 10
B YA vl ELISAREIE A8t 540nmutAold FREES &
stadct.

11, JAA-FgT L A4 43 (RT-PCR)

o9& E7 oAl M EolA total RNAE RNeasyTM total RNA kit
(Qiagen)Z S &3tAct wigutolA wix|E A A lysis bufferd
Y= RNA & AFE AAsidct. 2% RN SEE ERIYE
Al (Hitachi, Tokyo, Yd&)E 260 nmolA] 0DE & A3l Axtstgcl,

0.5-1 u g2l RNAO]| reverse transcriptase® 7}8}31 37CollA 1A ¥k
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& AlA first strand cDNAE RHS it G AL ubg A8 5 u1§ 33}
o] template® 3}l ¥ 25 £ 12] volune® 2 PCRE 3slgtdl wtge) =
4&-50 oM KCl, 10 mM Tris-Cl, 1.5 mM MgCl2, 0.25 uM each
primer, 100 M each dNTP, 2.5 U Taq DNA polymerase¢|¢lt}. PCR 7]
AIZ PCR ROBOT (Z}QlAtal, ¥=2)F A}L&3ld 94C-30x, 55T-30X%,
72C-12& 1 712 303 ubgA T PR g AME 10 p1E 231
ethidium bromide7} X H 2% agarose gelE AH/1FS3tgct. UV
transilluminator (UVP, San Gabriel, m]Z)o] gelS &3 &3 bandZ
¥ ¥ ¥ Polaroid camera (Polaroid, Cambridge, m|=)& A}z2&
g stdct.

Primers= Hlo]ol(F)o] #d& o3t iNOS}t TNF-a, 222
3 glyceraldehyde 3-phosphate dehydrogenase (GAPDH) specific
primer& A Z3t%t}. ol& primers] A7) MEL th r}
iNOS 5’ Primer: CACGAATTCGCTTGCCCCTGGA

3’ Primer: ATAGGATCCTTTGATCCTCACA
TNF-a 5’ Primer: CCTGTAGCCCACGTCGTAGC

3’ Primer: TTGACCTCAGCGCTGAGTTG
GAPDH 5’ Primer: CATGACCACAGTCCATGCCATCAC

3’ Primer: CATGTAGGCCATGAGGTCCACCAC
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N3zt A2t Y 2%
A1 Y8 1B HdY nyE YIag
Table 10& 37}4 J|E4 ARTol B7x maEe W&A
& BolFa Atk FEA gelawe] Exiwe] mel 2en nA
o FFol mhet 3 oA Agol Aoy e Ueiyrh Lol o

1,50090 &elao] E coli®} L. monocytogensol thste] B} 7t 3t
TEAE UEtlen, ¥$F3LES UelE B5E ¢ 0.25 - 0.5 %0]
drt. ¥WH C albicansol] tislod: Z J1EAS] FF Lo zlolE

el A] oby] Btgich.

Table 10, Effective dosage of chitosan oligomers on the growth

inhibition of some microorganisms

Microorganisms Chitosan Size(aver.) Effective Dosage
S. trypymurium MW 10,000 >2%
M¥ 3,000 2%
M¥ 1,500 1.0%
E. coli MW 10,000 2%
M¥ 3,000 2%
MW 1,500 0.25-0. 5%
L. monocytogens MW 10, 000 2%
M¥ 3,000 0.25-0.5%
MW 1,500 0.25%
C. albicans MW 10,000 1-2%
MW 3,000 2%
M¥ 1,500 2%
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A2d AgFAaz
1. 714 Roj7} npf A9 L. monocytogenes Zt@ol njx|= o &
B dz2FR 4F F=M2 Jloj¥]l (Taiyo chem, chitosan A, DP4
J2l3 DP5)3t FK-23& FAA (2 mg/ml £9& 0.2 nl 7Y F¢)%
AT BHol A4  F(105LM/up-$A)E 1 ol PBSo| K83l
%

Zastach, ZeA7 19%o] 2t AWEY 3upele) nleAs

PBSUjol A} 22 F2ALo]A (Tekmar Co., Cincinnati, OH)Z u}ays}
gt o] ZAutajol-g PBSE 10wf Al 3 A3l olo] Uyl zt 3
A of-g BHI wix| ol 3 HFsla 5% gHalstA wfdsluelA  wjaddt
¥ AY+&E AA A3 Fig 120142} o] Taiyo chem ®= chitosan A
§ AAASE olg w29 wZU L monocytogenes & ERF
ol 2358 VA3 Z7istedl DP4, DP5 2|3 FK-2385 A Ax 3t

¥l Al 8] L. monocytogenes 4+ thRFol H|dto] HA3F 7tAdACT

- 362 -



b
[~
PO .

Unireated
Taiyo Chem
Chitosan A

]
{.

ROGCANE

-’
-]
R .

Live Bacteria in Spleen (cfu)

N
[~
POV .4

-~
[~
N

Fig.12. Effect of chitosan treatment on the course of a primary
sublethal L, monocytogenes infection. BALB/c mice were treated i.p.
with 1 mg or various derivatives of chitins daily for two days
before challenge. Each group of animals received a i.p. injection of
105 L. wmonocytogenes contained in a total of 0.5 ml of normal
saline. Mice were killed one day after infection. The number of
viable L., monocytogenes per spleen was determined by plating on
trypticase soy agar. Results expressed are the meantSD from three
mice per each time point,

Symbol : « Number of L. monocytogenes challenged.
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2. YB3} 7| Eato] CandidaZt@ol ulX & 4%

OVA-H Aot FU(OVA)E Tt ZEH P Yol FAY
BALB/c up§2of 5x10° o] C. albicans& H7ZU=Z @A zct. Zg
3dF S HEsld A ARUY BIFLE At FAR S ]
3t Figure 130 ¢} Zo] Me|stx] 92 tizFo wlstd AR
W C albicans®] = HAFHPNE FAY FoAHE & 1008|F=
F7tetda dgEuNe] npfLe 7 EAE £ CandidaZt ol

i AygL2 Fristalch

ut

02 & ros
i {33 s
3 L3 troxauan complus
£3 1C+Shrutovan
303

102

C. albicans in Kidney
8

Treatment
Fig.13. Effect of chitosan and immune complex on the resistance of mice
infected with Candida albicans(C, albicans). BALB/c mice were untreated or
treated with immune complex [100 pg OVA plus anti-OVA (0.5 ml of 1/5
dilution of OVA-immune serum,) i.p.] Jjust before challenge. Three and
eight days after infection with 5x106 C. albicans, i.p., kidneys from
three animals were homogenized respectively and the number of viable C.
albicans organism was determined by plating on Sabouraud dextrose agar.

Results are the mean * SD from three mice per each time point,
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AH3d ¥dax

1. Al Mo TNF-a ABate] nlxl: o8

"

A Ml X3 RAV264.7 MEE A8 wjdstH A Fl, F8, FIS
2tz} 0.2%2] o2 HIgAF|T olES wellW 1054 & 24X UE
¢ wigste] AW INF-a o H97HE AME ulastych (Fig. 14a).
RAW264.7 M B i qute] wiggroz ofzte]  TNF-a & Aisigde
W oufgguiol F8U F9S At HE d¥S Yehdx ol stgdeou
F1& A X3l RA¥264.7 tiA MIERHE Agare] TNF-o & atstyg
th.  ¥W F8L} FIE= 100 ng/ml 2] LPSEx|stolM W2 d8g UEell
2] ohy stgley F12 LPSTSAN X Fo] ulste] TNF- g 4to] A3

3 7t5] ol (Fig. 14B).
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Fig.14. Production of TNF-a by RAW264.7 cells treated with
chitosans, RAW264.7 cell were cultured at 1x10°/ml in RPMI1640
media. Then, they were treated with 0.2% chitosan alone(A), or 0.2%
chitosan in the presence of 100 ng/ml LPS(B) or 50U/ml mIFN-r(C) for
1 day. TNF-a activity in culture supernate was assayed by the
1.929/ActD cytotoxicity method

50 U/mle] IFN-rZaislolld& F1, F8, F9 2E IFN-rctE SRt}

TNF- @ Bibsol $713td 2 250 = FlolA @A stact (Fig. 14C) .
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2.. F71A] cell linesollxe] NOAAYol nlxl= 4y
7. RAW 264.7 Al X

oln] MEZEE2 YUY njSA AN X2 RAW64.7 M EE A YT
ol wigstAM ZtF FIEALS ARG o] W PBSO] EHAUF 6
0ColA 3087 dAelstd FFsID oS uiUYZ QA RAW264. 74 Xof

HEAIA olE HEZXE PAE N0 ¢S FFstATHFig. 15).

)
100 4 Frelis
4 BB FlemiFNer
2
8 I raups
% ) M FoemiEN-r
St ®7 8 m
© 1 B rours
> 50 2 roumipNee
S L £33  mediom
b ” n - LPS
4 £21 mifNer
o

Fig.15. Production of nitric oxide by RAW264.7 cells treated with
chitosan. AW264.7 cells were cultured at 1x10°/ml in RPMI640 media.
Then, they were treated with 0.2% chitosan alone, or 0.2% chitosan
in the presence of 100 ng/ml LPS or 50U/ml wIFN-r for 1 day. Nitric

oxide was determined by the method using Griess reagent.
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IFN-7 & A7IstA] 93 S EATS AXsHd FIE AYstae N0t
& A oA Fedod, JIEAZ YA IFN-y (50 unit/ml)E ¥
7 A 7}stE Flo] INF-y 3 R o3t th2Fof u[sto] N0 A4to]l @A 3
Z7tstdct. = FIEAN} ¥4 LPS ( 0.1 mg/ml)E  ©A AJISIH F1F

A 2ol AR 2718 UERIATHFig. 16).

RAW 264.7 J7T14
25 2%, -
20 . 2
e FHy(-)
i" ' o~ FNy(0)
i'°r 10
r—"‘-_ﬂ—’-'_‘.
5 .
/“ i ’(’
9 cdlte =" N " (Y O K RS rrivirrs JUPRNE
a0 $ 2 3 A 5 ¢o 1 3 3 4 ]
F1{%) F1{%)

Fig.16. Dose-dependent increase of macrophage NO production by
chitosan F1. Macrophages were incubated for 24 h with various
concentrations of F1 plus or minus IFN-r (50 U/ml). The cells were
cultured at 3x10'/well (200 pl volume) in 96-well plate. The amount
of nitrite in culture supernatent was measured with Griess reagent,.

Means of triplicateXxSD are shown.
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. J774 A oA NOA At mxlE of 8
op-- & A M ZF RAW264.72t= B SV TIE MEF JIT4MAEE
APl A sigstE A Z4F FIBEAS WEAA olE HMERFEH 4

A9 Nool S & stalch(Fig. 17).

Fi
F14LPS
FiamiFN-r
F8

FB+LPS
FB4miFN-y
;s
FR4LPS
FO4miFN-r
rediun
P8
tdFN.y

GRooEpROoANN

Fig.17. Production of NO by J774A cells treated with chitosan,

J774A cells were cultured at 1x10°/ml in RPMI1640 media and treated
with 0.2% chitosan alone, or 0.2% chitosan in the presence of 100
ng/ml LPS or 50U/ml mIFN-r for 1 day. Nitric oxide was measured by

the method using Griess reagent,

F12 RAW264.7%}= e F1 gh&xA v LPS ( 0.1 ng/ml)&2}3}ol
NoOg g A okriAld 4 qldeu, Fizb ¥# IFN-7 (50 U/ml)E @&
7 A sk INF-y ghE T4 tizFel ulste] Noo Adito]l ®A3 F
Jtstch
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3. iNOS Q! TNF- @ mRNAL R o] nmjxji: 7| EAF F1o] o3

RAW264.7 HIZE AHBUOA wg3tAAM F1E& A FL g4
7 o]lE MXEHE UHPEE iNOS W TNF-a mRNAE 2 A slcl (Fig.
18). IFN-7 &2}3}ollA iNOS mRNALE -2 Flofl 2j3le] dA3] F71stAd
oo TNF-a oRNALEE F1 T &5l 2718 B g oL} iNOS mRNA
YA S 7ol n A= Rt ¥ INF-y 2 LPSTL 84 EAfste =

oA+ F12 iNOS I TNF-@ oRNA L&) H2E Letfz] Ratoct

v - e INOS

n Tz\.?l~;t

hanieid e o GAPDOH

Fig.18. Effect of Fl chitosan (0.2%) oligomer on iNOS and TNF-a
expression by RAW264.7 murine macrophage cells. RAw264.7 cells were
stimulated with F1 oligomer in the presence of IFN-r (50 U/ml) or
LPS (100 ng/ml). After 4 hours of incubation, RNA was extracted and

RT-PCR was done,
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H4d AE

7B A dY Ve Z2EME £xt3o] 1,500 2ay
e] E.coli®} L. monocytogenesol tislo] 0.25-0.5%0] 3Fo] L3}
gdrh. obf Lo JENE FASAS 3, 448U Taiyo Chenoly 7]
EX Aelo|lME ulZU2 L monocytogenes?] %2t7t Z7tstd ot DP
7t 4-5Q0 genolM e VHS] Zasted HAUF challenge of cit
237 fstdct. 23 dY ERAel JEAE FAo A Aesid
2% C albicans®] Zt@o] &0 54},

olE =AM ¥ ZAZAM TNF-a 2 N0 HHE A AR cell
line RAW 264. 704 F12 LPS ©& Ag| Fof H]dle] TNF-a 4ol F
7 sjolch. EQ N0 Adol A RAVW 264.7 M2} J774 M X sty
AEYR Z3} FlolAgt Nog ol ddon FEALS INF-y 8 o]
Fol & Z% 1AL H o] o3ste] Noof A4do] ZFrtstgct. wbdo
J7740 = RAV 264.73}%& el F1 959 x3s gdoy F1zb IFN-
y (50 U/ml)ollA} IFN-y ©©& BTl "4 Nog] Aol &9ict. =g
iNOS mRNAS] W82 F1 &2 3ol IFN-» HEA] B} "4 oc).
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. 2|4 AN E o|=2

ro
o

SIE L g3
iz M 2

SEA Alaal) Fope] AFEA 2§ EAl it B d37) YA
ol d3AH%, AFIF, AFHY, YFAI], JdFAHI] Sol iyt @3l
A QR JAE AT ded, d¥Ee AEIHI o=yt =y Foy
3} 71ed WEE Yty Fadel oidt BAlo] IREEA o] Fofy o
TFde] s AP ot HIole AHOE U AEE £ g AA
o Z 7|BE AFAoE wE EFE AEY I g HFAIE A7
BEERA ARG AE MY A7t AP ERelets FHolN E PE 7t
Ao olrh ol T2 R & AMRE VE JF Fole AFTHF, AFAUA,
A3, I, JAFEZ Fol der I FoA AFy T mfY B} 3
22t 7% wiEol 8% yFote] tiMEHe] ohd dEAHAY PR B}
ZAES UL F s A HEARE A d37 us] WP QL
€ vl A3y FY JE LB A R I EAte] AA FH U Qch

YL A Yol F2 JH JEAS AFUNE AMER U] ¢
sto] 2l A G&A] JIAA B AE Bl ¥HE eV AF
P e AULE oz RG] & U JBEAS YERE AR o
710l AANAjdo] FL polyethylene glycol (PEG), polypropylene glycol
(PPG), PEG-PPG 5-& o|&3}H 7|8l = F|EAE2}8] intrapenetrating polymer
netvorks (IPNs) F2& 3t 2 B4 4 AFIF2MY 78 & ©HASL
ik B0 )
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obgel, BAFYL] $2 FIEANS WL AEE AUsy] st o
FoldA PATEALY] dFU GAAAY] AR FYAE B ol &
Zistety 43 o dFIR2AY THsd S 2abstazt stdlch tgo] JEA
5] AFuF= Aol vie Bsl7] difo] dEYWEEEI} AX HAEEL
€ uehd @8 el &
poly(L-leucine) (PLL)S 7| EAlo] graft¥}l 3jojr] 1 oL BUstax} 31y

FgeldA  AFIEE  HEHUHR e

t}.
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N2z AEdd
1. PEG macromer?] 34

WA GAolA FuF S o] §3to] PEG(EAIF:7500)E BAIY

1288 500m] U3 ZatA Agte] 150mle] #WAILNe Y 7|EYR

X
ku

2

oA 80CE 7}€dAl# PEGE %4t} PEGE ¢ £ o 0.46ml o] Eg]
o Aolnl} 0.61nle] ol YAZo]=F HA 80TCoA 32 #
SAZATh ¥ Ezoetgoinl FEelo]=F AER o] AE §9&
Pato] BAHAFA PEG macromerE @9t} ¥ PEG macromerE 40T 2
A2 Az7 A 1247 A=2AZch. ¥4 schemed Fig. 190 LIE}W

=3

HO-{-CH:» —~CH:—O-}H

~+—— Acryloy! chloride
@weuem Tricthyl amine

CH,—CH—C—O+{-CH: —cn:—o«);i—cn—cn,

Polymerization and gelation

?h-zuj—cr(-cm «:H%I?IJH,

1 «—— Biodegradation

o
HO-{CH: —CH:—O}H + n(CH:-CH—(g—OH)

Fig.19. Reaction scheme of the preparation of PEG macromer, PEG

network and their degradation,
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2. PEG-chitin IPN &] A2

PEG macromer: f-chitin®] FAH|E 1:2,1:3,1:42 3}lo] sjujak(2.4
wt-% W/V)o] Jach o §A4g HFLE o3t 08} WEY AA
ct}. of7lo]l  FAAIAQ  2,2-dimethoxy-2-phenylacetophenone
N-vinylpyrrolidoneo] ¥ #1¢] fofo] Hrisiadct. ¢ {A4L
450w UV PR E o] & 3lo] 208 Zalsidct. W ZaAtFo] snjare
st delRuct olFA dold UES FHFFol HAF ok
¢} PEGE A AsAcrh njbge] PEGE A AFo FHAARA 3id
PEG-chitin IPN M && ARt}

7}, FT - IR & &
2 Al FT-IRE {71 &ufo]] %= FLo:= UE Hel=2, w2 ¢
= ZAfoe KBr 243 EY ¥, Nicolet Instrument FT-IR (Model

520P)& A}-&3te & stalch

U deE &%
Y& the A g ol 83l FFstarch
WC (wt.-%) = [(Ws-Wd)/Ws] x 100
Ws: o] =€ A

Wd: JEF

t}. DSC & A
A E IPNse] R dolex, ZAALXE, {§HL DSC (Du Pont
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Instrument 910)& A}& st &Pt -100CHE 300C7HA] 2%
E= 10C/nin2 XA,

gt. IPNY 71AI3 Z43A &3
HZY IPNSY QAT = QAE 10 mn/nin 52 Toyo Baldwin

UTM-400& o] &3t} & stglrt.

3. 71EA-4UA SN B8 % 24 24

FNEALE 2% XAto] Kol(1 wt-%), YA FHSo =d F(1
wt-%), F &AE EUSI RIE F ofA Y3t casting ¥ F F7] A
238ld filpg wHEoth oA TE filme] IR ZF L 1000~2500cm™
o] HM9loA] IR spectrometer(Bruker IFS-66 FT-IR)S o] &3l A3}
drh. BHE FFE 3 A =& 6x10-3 wt-% 7} HEF JEL
S Zibo], &AL FH gl o pHE 42 UE F UV spectrometer
ol 4 ut 450 nooll A &= & FPF3tATE JEAIS Rite], &AL
ZH5ol 5o pHE 48 Y30 F LIS EYPsiq H=2E AZAR
A= & FAslocl

o
=

4. Wound dressing?] Az W B4 =x}
7b. A=

HA 1 wt-%o] F|EANE FAAZAZATE olAFolA oFE(AgSD,
DHEA) & U3t= LRHE loadingAlZctt. FZAZXH 71 EAF matrix§ &

A4 &A(1 wt-%)oll HAAA HUNE F AN Fo FAIAZX AA
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Cl’. Olg‘} Q'\%‘ 1‘[’%% °‘13‘I‘\’i 'ﬂ'%&}(ﬁ sample% Z}Z}' ﬂ].%i}eic}‘ O]
FA A ZRF dressing?] T8

o

P o|g 37T FF4 S0l ¥
AR Fol Aol wet $Eue FA A%E FFsAch Az
dressing] ®@, Y@ o DR HelE FAHAz} Yol (ISM-350K)

2 ZFstarl.

fiad

-

U gyAY g4y ZA

dF el  weHe|olE  agar plate  $o] seeding A ¥l
drug(AgSD, DHEA)-imprenated wound dressingS plate$]oll covering 2]
NFo] 37ColA 2° S incubation AlFIchZo] dressing THE
porer& o] &3lo cuting®t Fof FA AArt €S FHE HAAA

Fo FaEol ol agaro] plating A|H 2~3Y F<¢ incubation

o

A7l ¥ colony & counting 3t&ich

ch AR A¥

Mouse(BALB/c)e] 5% $|& shaving AlZFo] 90TAH 202 T
heat blockg o]&3td AL U¥ct HA 29 E drug-impregnated
wound dressing2 8 3UE 9t covering Ty IpAME el &AH 222G
HAAsZIMA  dAHos HAY Fol MEL  dressinglE
covering s|Et}. ulF WAty AN PEAAM MEL dressing2

2 IANAA Frh

gt FALEAE0E 2
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A Z3 wound dressing?] ¥, YA U whAd ] HelE Pol-AuE I

B3 ¥ FaAAHu] A (JM-35CK) 28 Bastg ).

op. GEYE AlE W MESHAA

H 2 wound dressingo] UELE YxA|Z Fo] o A8

My

PBS(pH=7.4, 0.1M)Rdoll4 37°C2] incubateroll A A]Zto] whES opZut
& ZAE ¥stoch

HEo thgt 42 L929(mouse fibroblast)E o] &3t MITH Yol
o5t Wit

up, 22 A A}
3t5-¢lofl wound dressingE TEF 4371 AU HE YA
A2 E 22|l 10% formaldehyde® 1R A]Z1¥F hematoxylin-eosin

2 gAY ¥ 242 WYYu o AYstAc)

5. 71EAtel] PLLY| graft®} W&

I E AL spongeE FTAZARYLLE AR F o]AE& LL-NCAE CH2CI2

fojol] = Foll HAAA AdL2oA 482 HF L A 2T
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N3z Zat H aF

A134 PEG macromer-chitin IPN 34 q HA

1. PEG macromer-chitin IPN2] ¥4 #ql

PEG 1.5 k £} PEG macromer®] FT-IR spectrad Fig. 200] vtepsict.

(@) \’“\v

T~ (D)

T
3400

(<)

Transmittance (%)

| TP S WY S S PR W | [ TSNS SR |
4000 3500 3000 2000 1700 1300

Wavenumber e H

Fig. 20, FT-IR spectra of (a) PEG, (b) PEG macromer and (c) semi IPN,

IPollA Ueldnle}l gol PEGHME 3447 e loj OHZIE A% F4
t7} el 9t PEG macromero] A& acrylation® @ <¢ldle 1 JF<&

the] Z =7t ostA Eodth. PEG macromeroME 1726 cn ' o] A2

- 379 -



Tzl Uetkted o] AL acrylateZ]E 3 sl2Rd/2 A% F
42 zZv2Hc}, 2872 cm'e) F4t)= PEG L} PEG macromer?] C-H Al

Zo2 Q¥ F4uish Uetutch

2. PEG macromer-chitin IPN¢] B4 %3
7}, IPNS ¥&

}/3E PEG-chitin IPN®] AJZtel] wtE ¥4&S Fig.210] el
th 2ol A vepd ulel Zo] RE IPNE 20E8 o] 48] HPo|
EEHAR B-chitin THA F ol 4ol 48% Htul PEG
macromer7} EHol uietd U4+EL2 60xolM 812 F7IE AL B
-chitin®o] F7lgte] wmely Y4&L F7tE At oA B-chitin

Bol 7t wets Ztaxst #4F7] wiEoleta 474l
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&
T ° °
=
3
g e Qe PC1 -1
2 —&—PCl-2
§ —o—— PC1-3
i A AL " L A i
30 40 50 60

Time(Min)

Fig.21. Swelling kinetics of semi-IPN,

. IPNS] dF 43

Y4 ¥ IPNS DSCH A/ ZA L Fig.22¢] ueldch. oA Lield
vi2} zlo| PEG macromertt&E-& 63Told Z3 FdRE=ES vehuiu
chitin/PEG IPNAlo A= ¢}5la W FEAE 52T 54 TAololA Y
ettt chiting 5 ZAW FH2 Asto ol  HsiA AU
T}. Table 110] Y3V I[PNse] EFHAEA, ZAHUEE Ueldth. o
Uepd uie} o] AR stadel mtetd AFHEE FH3] AaHIA
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3 otgd &8l A”IE ZolHch of REL IPNo| EEA

PEG macromer$tERUIE= AANE Q wj3xs
ATTh et o] 42 sl IPNoIAe] PEGY SiHe Heos

23t
I Z4F7] dEoletx

o]

THL FEH I ZotArh

(@

T
63
82 ©

40 60 80
Temperature (°C)

(a) and semi IPN

Fig.22. D.S.C. melting thermograms of PEG macromer

hydrogels: (b) PCi-1: (c) PC1-2 and (d) PC1-3.
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Table 11. Thermal properties and crystallinities of PEG maromer and

semi-IPN hydrogels

Sample T(TC) TC) A4H; (Jg=') Crystallinity(%)
PEGM -53 63 195 88
PC1-1 18 52 24 11
PC1-2 21 52 10 5
PC1-3 20 54 <10 <5
a -chitin 236" - - -
B -chitin 17¢° - - -

th. IPNS 71A3 43

IPNS] 71A13 4EA A2 = Z2E Table 120] Liepylct. d=4]
U &4 BEF JIdY g3l FIUU4E dR¥Z=EE FUMHACE &
3 Az S IPNY AARE P2 4P S FAE YRR LR
AR =B =2 A Z=& FAsIZ Addct &2 €S
ZHA 2 A E EFSaM &AM §2 71AF Z=E 7HAR 7]

3
fEol dFIFEAL JHedE xR drtn At
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Table 12. Mechanical properties of PEG maromer and semi-1PN

hydrogels

Sample EWC(%) DT::si le str‘engt.h(l‘vﬂ;:;)t
PEGM 10 - -
PCl-1 60 21.8 1.35
PC1-2 73 33.1 2.12
PC1-3 81 35.0 2.41
a-chitin 20 - -
B -chitin 48 - -

A2l JFIEA-EA ERAY UY W AF FEAY 5A
L EgaAe] g4 9 54
7h BgAY ¥4 ¥
FIEAN dPate]l LEAT HUANE FA3=IE A 4t
o JNEA £E&9 ADN FE&EAE TN e filsd IR
spectrag &3 Zz} Fig. 230] el vl o] &4ite] st=25A
718 Ft28d A7t 1068 cm lA W Ho] 1618 om ™2 shiftE vl
OoJRE JIEALY ofmiTlel UNALY FIE2HAAI|IL o]2AYUS Y
o Zoleta B ZHrl.
LEAY SPAPLE Y=HFPol 3t HA3A=u Fig. 240
LEld vie}b ol Ew|IE 50/50(wt/wt)ollA st EBEI E Ao

Rol ¢z FIBAIS H}UYFEHoE AP & RE €+
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olgich, =y MY A= FPAE Fig 250 Uehd upe} o] Uzl
2 FIEAY SN &Y VB dAM B F FEQY
SEIURCT W HoT Bol YA} JEAS M2 HFXHES
al

drte A& & + At

»

}

—

1

¢

C
1618
@
S 5 1
B
£ /!
g .
£ {a)
oo
1608
i e 1 : 1 5
2500 2000 1500 1000
Wavenumber(cm'1 )
Fig.23. IR spectra of alginate (a), <chitosan (b), and

chitosan/alginate polyelectrolyte complex {c).
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Fig. 24.

100

£

< ®

@ Y- @ g o

£ o

E | 'Y

§

= ™

80
1 ! i A 1
0 1
Mixing ratio( wt/wt )
Turbidity of mixture of alginate and

solution with various mixing ratio.

=440nm)
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100 -
i ®
[ o ® ® ® o
| & * 3 * * e
L ]
5 - - - ]
Qb. 10
2 A
i A
R A
® alginate(A)
[ ® chitosan(C)
| A AC complex
¢ (A+C)2
1 A 2. A T . | 'y i "N A Aot 2 4 L
o1 .1
Concentration ( wt-% )
Fig. 25, Effect of concentration on the viscosity of

chitosan-alginate mixture,
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L, F|EAN-A4A B3N 28 &F
FEA-LGAY BN Ao mE £EFES FAY A3s)
Fig.260] L}E}YICE.

100
2 4
2 ﬁ—?
! el
&
3
3
€
&
o
g 4
£
g
2 -~ CA2
-4~ CA-
—h— CA-8
13 I} i ]
0 100 200 300 400 500

Time { min )

Fig.26. Water regaining of wound dressing made of various chitosan

-alginate complex.
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A Uetd uie} o] BN A4 A= dsto wpE
Aol FEFES FH3] FUSIAR 1A Aol FHo xHFH AT
Y 58N 457 St e +ETS 4% A4

vEtyich

[+
B

fr

th F1EAF-E A BN Py

FIEA 5ol ¥ B Wt (Fig.27)8] HejRcoh 4A4y BUNE
BEY ¥ ¥ 3 dH(Fig.27) Vel ofF F=2& Felz HA
o ol AE B dUide] BN FHoE FeHHE

e Zer Algdch
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(a) b)

Surface of chitusan sponge matrix Sutface of chitosan/alginate sponge matrix

Cross-section of chitosan sponge mutrix Cross-section of chitosan/alginate sponge matrix

Fig. 27, Scanning electron micrograph of <chitosan (a) and

chitosan/alginate (b) sponge matrix.

2. SUMe AFWEZAHY B4
. EA-GA BUAZEY gAY BB
JNEA-LAA HgAe] FAA ANl Y YAADFE in
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vitro{pH7.4, 37C)ollA 2] & UPY ZA2}E Fig 284 Vel E=d 4]
Ztoll mhel MPHog WRIH= AFS Byon BN ¥4Hert F
Jigol wizl ALPY BLZ UAslo AdEYS ST UAEHES UER

=5

Total released( wt-% )

70

Fig.28. Release of AgSD from AgSD-soaked wound dressing made of
chitosan - sodium alginate sponge matrix. Drug loading was 20% of

initial freeze-dried chitosan
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U, JIEA-ARA B3Ae] 33y A

SN FFAUA A dErio] N g R AF feejo} dF A
Pseudomonas aeruginosa®] ti¥ 3@ AAIA}E Fig.299] LEllE=
o 453 ¥F5dS UeldS ¢ + Ada S¢A 4847 37
Holl mpe} FFP2 G FA¥E bl oL dEYESEETL
L8z dgioletn ¥ztHch
th AESE A4

FEAE ©EAA1U JNEA-LTA H]A wound dressing?] HES
BE& LI29H ZF o] &3l FFstdct. ¥FAE AT A3 ©A3}A
U AZde ARFAH0A & o7t ek

4000 B
3500 ;- Gauze + vaseline |
H CA-1+AgSD |
© _ i [S58 CA-2 + AgSD i
g 3000 G CA-3+ AgSD |
[ =4
2 2500 i-
e
[
-]
B 2000
c
g
o 1500 :--
=
3
5 1000 i~
800 -
ForITIN ... —d

CA-1 CA-2 CA-3
Wound dressing

Fig.29. Survival of residual Pseudomonas aeruginosa in the agar
plate covered with AgSD-impregnated wound dressing., Initial seeding

of Pseudomonas aeruginosa was 5x10%/cm?. Drug loading was 50 l.lg/cmz.
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AH|3A 7] E4to] Poly-L-leucine(PLL)?] graft®} ut-g

1. J1EA-PLL &3] ¥l

AFIF 22 {FYY FIEAdo] FelFolidg graftHdle] 1
54€ ZAEst4rch Hx  Foladg  #BAEYEAU  L-leucine
N-carboxyanhydride (LL-NCA)E& #A4stz =
Heg AsiAct. ol&& I EHAI I fste FEA
LL-NCAE CH2CI20f] ¢l &ofof HAAA U2oA 48A1%F L WUFA
Zck,  old  FIEAF AEAo]  Eelfolide graft  wHFoA
LL-NCA/chitosan = 5 (w/w)Ql ZA$ graft& 20.8%0]2lt}. Graft¥}e]
HItUES 1AL 2HAIY 4o &= AF otwlx7] 7t LL-NCAY 5
Haje] @a¥g FAY AYY HI ostdFol st graft W§ol
AP gt Bz g,

2. FT-IR

oA UAHY JEA ©w& JEA-g-EeFolAY FT-IRE =4}
stelct. JIEA WM E FAHA] U2 anvide ] band7t E2[FojAlo]
graftg 22 Ql%to] 1650cm-14#2of] Uehts 2o Hol graftd &
Z]Folalo] a-helixE& BAst7] wfoletn AA=ATE FIEANA
o}stAl Ut 1550cm-1 $29 amidell FFris &Fa|Folilo] graft
o2 F4ust 3A Yeld Aoz Bt (Fig.30)
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Wavernambers (om-1)

Fig.30. FT-IR spectra of chitosan(a) and chitosan-g-poly (L-leucine) (b).

31
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3. dxjEn|7x B
ANEA 5 J|EA-Ze|FolAe] ¥Ez} W g Fa} HAHD]

A& AHgdle] BB (Fig.31, 32) 71EA AEXE EdHo &
+13
ol ZE THY £ Addct. 2 JEA @R W JEA-E2
Folale] cid e Az B2 HAYS B graftd} Yoz UAdte] 71
e A7 FHolxlam UddEd oA B Pyt olyzt Rzt
graft Wr-go] dojyt7] wiFoletir Bz

o] Bold &e|Fojilo] graft¥ted 2 el s 2P

(b)

Fig.31. Scanning electron microscopic observation of surface of

chitosan (a) and chitosan-PLL (b).
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Scanning electron micrograph of cross-section of chitosan

Fig. 32.

(a) and chitosan-PLL (b).
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H4d #E ol 8 AT A8 % 23 A4
90T 2027 Y& AY Holl 222 EAN JtAo] vidIE
ulE 2U(Fig.33-A), F1EAL ©E(Fig.33-B), F|EA-dA4bggao] 4
HA Tl A g © A1 Z(Fig. 33-C)3} FIEA-A N4 Bito] Ay
Adsiriold gl HHF 7 DHEAE ©A A2 ZA(Fig.33-D)& 344
of Ztztel A8 & 15U P 2 &F AAXRFARE EHo2AN 2
ol Uehduiel go] AHAFREYEAE JNEA WY JEA-EA
A E3Ao] A9} DHEAE ¥2 Zo] 713 AREMNI A thgol
FIEA-AAL BN ¥FAE Y& ol 7HF EH(J e AL
ZF22A vtdUE ulE JHAIAT FEA-GAAEUAN A YA
§ $2 ol FIEA BEEC @ AU olfL ofF ¢ £ 92

" 2 ol fHE w3l #istq AYEE AP Fo olrh

)
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PP LONN LI NS

Chitosanionly)

Fig.33. Wound surface covered with drug impregnated wound dressing

15 days after application of chitosan and chitosan-alginate complex
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A5d dE

F1el, F1EAL Az Ty Ao A= PEG macromer-chitin IPNS ¥
dsto] ggol 81x2 Fuistaon, FIHEHL 52C~54TE YELR
I FEA F2 1A BAHE vehde dF3 N Jtedel A UEt
wth.  EY J]EXt-alginate complex: 1A]3t o] +EFS o] HY
o xdstden, w2 i FEeds s ddrh
Ag-sulfadiazine®} &L 208 7ixl: A x¥ayog ZJ% ¥ 0=
plateaudi] EW3tgct. o] 7]E4b-alginate?] MEEAH LS L9294 Xof A
g Heg ntdxled o, Pseudomonas aeruginosadl th3t sponged] 7+
of FAHASTE JA3IArh BAAF BHNME J|EAt-alginate
complexo] Ag-sulfadiazinez} DHEAS o] Fo¥t o] £4slgdon 23

3 FaolMx 7t Folch
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