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SUMMARY

I. Title of research

Mass production of high functional heteropolysaccharides by improving fermentation of

marine bacterium Zoogloea sp. and its application to the fish based products

II. Objects of research and its importance

- Mass production of high functional heteropolysaccharides by improving fermentation of
marine bacterium Zoogloea sp.
- Developing the fish based products containing heteropolysaccharides to improve

international competition

IM. Contents and scopes of research

m PART 1 : Development of the process technology for the hetero-
polysaccharides’ mass production by marine bacterium Zoogloea sp.

and their applied technology for yielding seafood products

1. Optimization of Zoogloea sp.’s culture conditions for the heteropolysaccharides’ efficient
production and investigation of their texture properties as food ingredients.
. Investigation of optimal culture conditions

- carbon source, nitrogen source, inorganic source, temperature, pH, etc.
. Isolation and purification of heteropolysaccharides
. Investigation of heteropolysaccharides’ production yields
. Investigation on rheology of heteropolysaccharides as food ingredients

— The effect of shear rate

- The effect of temperature and pH

— The effect of inorganic salts

— The special property of liquid current
. Investigation of physiochemical properties

— Water holding capacity, solubility

- Emulsion capacity, tensile strength, jelly strength

- Adhesive properties, binding capacity, texture

- Biodegradation



2. Development of the fermentation technology for the heteropolysaccharides’ mass
production, their application to surimi based products and development of their production
process
. Investigation of Zoogloea sp.’s fermentation condition for the heteropolysaccharides’
efficient production
- Batch fermentation
- Fed batch fermentation
- Semicontinuous fermentation
. Analysis on possibility of scale up
. Development of separation process
. Investigation of optimal processing conditions for surimi based products containing
heteropolysaccharides
- Optimal mixture ratio of ingredient on surimi based products
- Optimization of processing methods for surimi based products
. Investigation of heteropolysaccharides’ influence on rheological properties of surimi based

products

3. Development of industrial utilization technologies

. Economic analysis for production yields

. Determining bioprocess design of high yielding for the heteropolysaccharides mass
production

- Development of surimi based products utilization technologies by addition of heteropoly-
saccharides
- Research forum for surimi based products containing heteropolysaccharides
- Improvement of quality and wrapping

. Sensory evaluation
- Texture, smell, color, taste, etc.

» Analysis and comparison of heteropolysaccharides and commercial ingredients

m PART @O : Applied investigation of heteropolysaccharides’ high
functional properties

1. Investigation of heteropolysaccharides’ biofunctionalities
- Antibacterial activity (In vitro)

- Anticancer activity (In vitro)



— Immunomodulating activity (In vitro)

2. Investigation of functionality and safety as the food ingredient
- Anticancer activity (In vitro)
- antioxidant activity (In vivo)
- Acute toxicity, LDso

— Chronic toxicity

3. Biofunctional analysis of sea food containing heteropolysaccharides
- Antibacterial activity
— Anticancer activity
- Immunomodulating activity

- Antioxidant activity

IV. Results of research

m PART 1 : Development of the process technology for the hetero-
polysaccharides’ mass production by marine bacterium Zoogloea sp.

and their practical technology for yielding seafood products

1. A marine bacterium isolated in the southern sea, Zoogloea sp., was found out having
two species of polysaccharides, WSP(Water Soluble Polysaccharide) and CBP(Cell Bound
Polysaccharide).

2. The optimal culture conditions has been determined.

3. Heteropolysaccharides extracted in flask culture were obtained about 11.2g/L. (WSP :
about 6.9 g/L, CBP : about 4.3 g/L)

4. Heteropolysaccharides were better than commercial polysaccharides in the analysis of the
apparent viscosity, flocculant activity, thermal property, water holding capacity, emulsion
capacity, gelling ability, adhesive properties, binding capacity, tensile strength and
biodegradation.

5. For the mass production, heteropolysaccharides were cultured in batch fermenter, fed
batch fermenter and semicontinuous fermenter. And their productivity were 7.13 g/L,
6.28 g/L and 8.23 g/L, respectively.

6. Separation and purification process were modeled after cultivation heteropolysaccharides

for their mass production



7. Developing the fish based products containing heteropolysaccharides was tried for
improving sea food’s product quality.

8 Development the utilization technology of surimi based products containing heteropolysac
—charides.

9. Modeling the continuous process of heteropolysaccharides’ mass production in pilot plant.

m PART O : Applied investigation of heteropolysaccharides high

functional properties

1) Heteropolysaccharides increase immunomodulating activity by lymphocyte's proliferative
capacity and increase of cytokine (IFN-y) secretion

2) Heteropolysaccharides have effects of delaying cancer incidence and inhibiting cancer
growth.

3) Mouse peritoneal macrophage was activated by the increase of nitrogen monoxide(NO)
production when heteropolysaccharides have been injected in mice.

4) Heteropolysaccharides were certified to be harmless food ingredients.

V. Applications

1. Research results
A. Announcements of scientific papers

@ The foreign papers (SCI) - 4

. Jae-Hyuk Jang, Seoung-Kwon Bae, Dong-Jung Lim, Bong-Jo Kim, Jai-Yul Kong(2002),
Rheological properties of polysaccharides produced by marine bacterium Zoogloea sp.,
Biotechnol. Lett. 24(4):297-301

. Dong—Jung Lim and Jai-Yul Kong, Physicochemical properties of heteropolysaccharides
from Zoogloea sp.(KCCM10036), Biotechnol. Lett. (in submitted)

. Dong—Jung Lim and Jai-Yul Kong, Biosorption of heavy metals by marine bacterium
Zoogloea sp. Water Research (in submitted)

. Young-Boo Jang, Dong-Jung Lim and Jai-Yul Kong, Batch, fed batch, semicontinuous
culture for high viscose polysaccharides production, Applied Biotechnology and Micro

-biology (in submitted)

@ The domestic papers (SCI) - 2
. Byung-Seon Chung and Jai-Yul Kong(2002) A study for functional application of

_10_



heteropolysaccharides I, Journal of Life Science, (in admitted)
.  Byung-Seon Chung and Jai-Yul Kong(2003) A study for functional application of

heteropolysaccharides I, Journal of Life Science, (in submitted)

B. Announcements of scientific meeting

@ The foreign meeting — 3

o Kong, J. Y., Lim, D. J, Jang, Y. B. and Hwang, S. H., Application of
heteropolysaccharides of marine bacterium, The 10th Academic Plaza in International Food
Machinery Exhibition 2003, Abstract, p195-198, vol. 10, 2003. 6. 10.-13, Tokyo, Japan.

. Kong, J. Y, Lim, D. J.,, Hwang, S. H, Ha, S. D. and Kim, B. ]J. Distinctive properties

and applications of polysaccharides produced by marine bacterium Zoogloea sp. The Fourth
Asia-Pacific Marine Biotechnology Conference, 2003. 9. 21-27, pl116, Chiba, Japan.
. Kong, J. Y, Jang, J. H.,, Lim, D. J, Bae, S. K., Hwang, S. H. and Kim, ]J. D.
Pheological properties of polysaccharides produced by marine bacterium Zoogloea sp. The
Fourth Asia—Pacific Marine Biotechnology Conference, 2002. 4. 22-26, p76, Honoluluy,
Hawaii, USA

@ The Domestic meeting - 6

. Jai-Yul Kong, The production of wvaluable materials from marine bacterium, Korean
institute of biotechnology and bioengineering conference 2003, Invited special lecture, p5-9,
2003.4. 11.-12. Busan, Pukyong Univ, Proceedings of current biotechnology and bioenginee
~ring (XII)

- Young-Boo Jang, Dong-Jung Lim, Sun-Hee Hwang, Yeung-Jun Choi, and Jai-Yul Kong,
Effects of polysaccharides produced from Zoogloea sp. on the quality of surimi gel, Korean
institute of biotechnology and bioengineering conference 2003, p765-768, 2003. 10. 22-24.,
Seoul, COEX, Proceedings of current biotechnology and bioengineering (XIII)

. Dong—Jung Lim, Jong-Duk Kim, Yang-Sun Kang, and Jai-Yul Kong, Optimum
conditions to bioabsorption of heavy metals by Zoogloea sp.(KCCM10036), 2002 The
Korean society for microbiology and biotechnology conference, pl97, 2002. 10. 26. Seoul,
Konkuk Univ.

. Dong—Jung Lim, Sun-Hee Hwang, Min-Yong Kim, and Jai-Yul Kong, The study on
bioabsorption of heavy metals by Zoogloea sp.(KCCM10036), Korean institute of
biotechnology and bioengineering conference 2002, p271-274, 2002. 10. 9-12., Cheonan,
Osong international bioexposition site, Proceedings of current biotechnology and

bioengineering (XI-A)
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- Young-Boo Jang, Dong-jung Lim, Jong-Duk Kim, and Jai-Yul Kong, Batch, fed batch,
semicontinuous culture for highly viscose polysaccharides production, Korean institute of
biotechnology and bioengineering conference 2002, p153-156 2002. 10. 9-12., Cheonan, Osong
international bioexposition site, Proceedings of current biotechnology and bioengineering(XI—-
A)

. Dong-Jung Lim, Jong-Duk Kim, Yang-Sun Kang, and Jai-Yul Kong, Physicochemical
properties of high-functional heteropolysaccharides from marine bacterium Zoogloea sp.,
Korean institute of biotechnology and bioengineering conference 2002, p 573-576, 2002. 4.

13. Gwangju, Chonnam Univ., Proceedings of current biotechnology and bioengineering(X)

2. A plan of application

P To make the sea food products with high properties, heteropolysaccharides will be

added to the surimi, razor clam, shrimp, cuttlefish, etc.
P Heteropolysaccharides will be used as food stabilizers, food preservatives, etc.

P Heteropolysaccharides will be applied to the pharmaceutical industry with using their

high functional properties.

_12_
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o} o]¢lel = U Kohjin Co. Ltd, £ 2~Ez2o} Jungbunziauer Xanthan AG, £.~E# Uz

o} Keit Harris & Co. Ltd.,, o}2HEJ Y} Meranol S.A.CLS AA Zr=olA Fvj=r Q)

o d¥Eo|A= pullulangs 2
AFo= MY AF R durFgdtobdd o]&stal o PF-205° gitoly did s A

Alste] PI-202 7B, o oFF, stdE5 3&A A7 Qg oo o]&stal gl

ol
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m A1AFEFA : Zoogloea sp. @ heteropolysaccharides®] o %A 4k

e 2 1 F2 FAEAF RS AT S8eNT

1. Heteropolysaccharides® & AAZA

7t A&

e B A a] BEyste] #F 523 Zoogloea sp.(KCCM 10036)< ©]-&, Marine
medium= 7| Euj A 2 dto] 1.5 %(w/v) agar BHBfA]o|A 30 C, 72 hr <3 & 33 =233
st 25 PA SR AvhulFet 2wl kol ARE-SFATH

L2 ) P R

o A #EE 7R AA-S fs] AREE dAAS wiA RS Table 13
ASW(Artificial Sea Water)ol] Aoz E3u]x]2]l peptoned} ©AUC =2 glucosesS F7}so]
pH 7.8% 43 % autoclaveolA] 121 T J ol &

1
rpm, 30 C 243l 6 St w= widetd o Aol AHgE e Aok S5 Aofe A

—_
()]
o
[
)
M
o
o
S
o
)
)
=
o2
N

stirring speed 180

ttd kel b WHE JFs FE= BAAdS AAs7] $8e] glucose, lactose, maltose,
sucrose, fructose 5= 7272t 1 % (w/v) H7bste] o AL 2 F 714 o Abds JESS S

=
W 94704 FEE A48

2. A9 F3F
HA Ard A4S 9l 771849 tryptone, yeast extract, meat extract. peptone, F7]& A
A NHLNOs, (NH1)2SOs, Mg(NHz): 5= 212t H7bste] tpd ik dd7ded daks 72 H7 4

29E Ak

1
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Table 1 Compositions of the medium

Medium g/L
Peptone 5.00
Glucose 10.00
KCl 0.70
NaCl 23.40
MgCls-6H20 10.60
CaClz-2Hz0 1.10
NaSO, 3.90
NaHCO3 0.20
(NH4)2S04 1.00
KoHPO4 0.01
Tris base 6.05
Distilled water 1L
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v}, NaCle] 93
Z1Eu =2l ¥l AE F NaClel s=7F o+ A% 2 ikl v
T AAES ZAFSA T

st 0~5 %(w/v)el w52 H7bele] 144 hr v ¥ o

H}l. NaSO.%}+ KoHPO,, MgCl; - 6H20 A7}l ik g3k
el 712 FAAE T vEFeE HUMEE NaSO.2F KoHPOs MgCls - 6H0 52 F-7]9 o]
25t 0~1.0 %(w/v), 0~10 mM, 0~15

dge 2Aba)

A W Al WRe

%(w/v) EE2 H7lsle] AFH H 9kt

A} Tris base® 7ol gk A3

el pH 2ERASD Tris7h thd ikl v
& FFEF

%(w/v) A7k 3t HrbelA] e o® o] 144 hr Wi

E dFS 2] dstel TrisE 06
y g gRFe 24

5

oh. Wl pHol W& I
F7] $sko] A AddelA A" wjA 200 A

S 2ALS

Akl m X += %7] pHE 94
pHE 1 N HCl 2 NaOH=Z pH 2~127}#] ZA&to] wjAE A xslo], zZtzto A #S njst

T og AnEe dEsd.

A e rd e g
tho] Aol ggS m A= WAYE S F
| iR zAeR 20, 25 30, 37 T Z+Z 2o ¥ )

.

obi7] flste A AgelA HA

AL & v9d Bibss AHR%

8% IR BEAH A

i
e

2. ¥2 X

7b M ABE A
ZAujeFS 500 ml baffle flaskel 100 mle] W& 3wl x| (Table 2)Z 30 C, 180 rpm, pH

7.8, 18] 1 %(w/v) glucoseE 3 7}3Fe] shaking incubatord A 8 &} T},

1}, Flask ¥ %
(1) 22949 9%

Zoogloea sp.&] M EAQ7GH thdAgAkel] wl x|
Z7rete] w3k th.(Casamino acid, Urea, Thiourea, Beef

= odade] 9Ee Lolrs] sate] e

2 AArds s=dEZ ujA 9
extract, Gelatin, Yeast extract, Proteose peptone, Peptone G, Bacto soytone, Bacto peptone).
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Table 2. Composition of modified marine medium

Component Composition
Peptone 5¢g
NH4NO3 0.0016 g
NazHPO, 0.008 g
Glucose 25 g

Natural Sea Water 1L
pH 7.8
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(2) C/N ratio®] 3

AHkA © 2 polysaccharidese] A4Fe C/N (glucose / peptone)o] 2]&f kg W= o=
dH A Atk C/N Hlo] HAwjdzAe dolrr] fste] C/N HIE 194 7704 243l
PAR ) e o B BT R e) B

o

t}. Fermentation

(1) AufF

g x Auj Y-S agar plateo] @Y colonyE 500 ml baffle flaskss 100 mle] ®j Ao &
3t AL Abgstgon, =48 30 °Col 712 1 %(w/v) glucose, 180 rpm, 18 hr <+ vjk3sh

F 2 g wEslel e

(2) 3 & v &

& wge HAHAYgERAS AHHY] ¢3¢ 3 L working volume, 1 vvm, ©4&<¢
glucose 2.5 %(w/v), 10 %(v/v) inoculum size, 400 rpm, 30 C Z7 oA wjekald om, wjx|
© 121 Tl 4027 EskA

(3) Fr7HA i

F7FA kS 3 L working volume®l feeding volumes 100, 200 28] 12 500 mlZ &3]3}
1, feeding substrate®] TEX 25, 5.0, 10 %(v/v)Z o, 71 9 A& 3EmIy 5o
A A8 ATt feedingS 24 hrotth 353kt

|

(4) grd &4 m
HEd &2l nljoFe WX & wASE FAe wE wjYgo 2 inoculum size 10, 20 %(v/v),

feeding volume< 200, 500 223 1000 mle] A o2 Z+7} feeding 7H2 12 hr¥t 24 hr&
At HA dAEA WG 2SS HAESIAY UHA 21 7E Taw gy sdEH

4] 3F A T

2}. Polysaccharide®] #32 - A 2 F& ZA
(1) 929 &9

ALk o 2834 Fig. 19 YeRRRITE Z2he] 3ol A] ujeF 5, vt sk S
TE Hrbslel & &3k H, 47T, 9,000 rpmol Al 307 A4 EEs T Aol 2uie] cold
acetone= *12]ste] A7 polysaccharideE & F|9oh= ZFolA acetoned FHF7} 12

1
sty Mo oy 2 MAS o] AL polysaccharideE tA ZHo] o] 12 hr B¢ &

AAZAA crude WSPE #3283t CBP= Y4l &g]ol o dojz cell HAE A3 Fy]<f
TUA FHTE o] & dgst FH, 60 ColA 24 hr &<t AshA kA lsle] o]E 6,000
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rpm, 60 C, 205 dAE8e 5, 4 T2 WZAZ $, cetylpyridinium chloride (CPC)E 10
%(w/v)7F = A H7Fske] polysaccharideE #2]sts3th w2 ¥ polysaccharideE 10 %(w/v) NaCl
g 1 Lo =9 CPCe CBPE #2171 ¥, 2819] cold acetones F7}sto] CBPYHS #&|3t &
12 hr B¢t F43 AL FZ2AZ35Y] crude CBPE d31oH, celle pelletS SFFE A2 &4o]
AA

o2HE T F FFY YIS w 02 mm membranes ©]-§3F] 1 oAzl &

Sepharose CL-4B column (2x110cm)& &3A]# Fraction collector® Z+7z} #&3sFo] A A3} o)

2350 of 2 gwl a8 Phenol-sulfuric method, &3 % =4 (Ax nm)¥ Bradford ol <]3)
2y7}y A =Fel ok

A
A9 A e 3ds A7)l S A F Azl ¥ & dxA § FAE vy
2] Nl =2

=4 ET 2 WSPSh CBPE 717F 5.9lol $hol 90 C, 12 hr
Foh Azstel Az FFL Aol dY TS ARG

3) TAZF &4

A FE WSPeF CBP7F ¢4d3] AA" #AE g dxale Tdo el 90 TollA 12
hr S¢F A%E 9t 18] 7 A9 standard F4-& Al 7bo] wE wjk A=RS 3] A 5o
UV/VIS spectrophotometer (Ultrospec 3000, Pharmacia Biotech Ltd., England) 660 nmol] A
ZA% g Axgs vluste] g AATHFig.2).

(4) Scanning electron microscopy (SEM)

Scanning electron microscopy (SEM)=2 A& Ze} 4 T2 glutaraldehyde 2 % (w/v)el
Y3 2 hr 59k WAg $ 30, 50, 80, 90, 95 %(v/v)¥] ethanolol| =AW= F X sto] A= =}
2AtS AR 28 GMS 98] amyl acetateo] B T A WS FHF Xy Eko]

scanning electron microscopy (Hitachi s-2400 SEM, Japan)® ¥ 23}t

(5) Glucose 2H % &3

Glucose®] AH] & wjok A=l 1 mlE DNS (3,5-Dinitrosalicylic acid) method o ¢} 3l
UV/VIS spectrophotometer® 550 nm =A3ta, 1 A37kS standard 24 (Fig. 3)3 ®] us}
of XE 71E anEFE SASAH

(6) e AA L FF EAHF SA
GPC(Gel permeation chromatography, HP 1100series)e]l PSM60, 300, 30005 o]&, 1

ml/min, 100 W ZA3tl A 223ttt A=7]E RI detector, mobile phase® <9 water:
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Culture broth

Dilute with 1 vol of D.W.

Centrifugation
(9,000 rpm, 10min, 4C)

Supernatant Pellet
Mixing with 2 vol. cold acetone Washing twice with D.W.
Collection of WSP Resuspend in D.W. to
(winding with round glass rod) the initial vol.
Washing twice with Heating and mechanical
water:acetone(1:1, v/v) stirred(60 C, 24 hr)
Centrifugation

Dissolving D.W. again (9,000 rpm., 10 min, 60 C)

Dialysis Addition of 10 % CPC

Centrifugation
(6,000rpm, 5min)

Crude WSP Precipitates

Dissolving in 10 % NaCl

Mixing with 2 vol. of
cold acetone

Dissolving in D.W.

Dialysis

Freeze drying

Crude CBP

Freeze drying

Fig. 1. Isolation steps of crude polysaccharides from culture broth.
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A&l =7] 71,400, 464,000, 2,000,000, 5,000,000
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KeN
=
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ATt

(7) FT-IRE4

4 A
FT-IR e(Brlker IFS-88. Germany)°l DT - GS, MCT detector

=
=

FS 93 scale-up®

A
fui
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o}

ki3
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KeR
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gl

il %Skt
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s
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=
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5. 4F A=A E42A

i

7Yz} 60 CellAl &

=
=

TAAZE ] dojx WSPe CBP

i 7]

9]

1]

Fol 91t o] Alxd 7t Az 2R

S
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Dry cell weight (g/L)

0.30

0.25

0.20

0.15

0.10

0.05

0.00
0.0

A 660

Fig. 2. Standard curve of dry cell weight by absorbance.
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12

0.8

0.4

Glucose concentration(mg/mL)

OO 1 1 1 1 1 1 1 ]
0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6

Asgg

Fig. 3. Standard curve of glucose concentration by the DNS assay.
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U 5549 HE
Viscometerdl] ¢J8] =AHH HAH7] Ax AdEE A58 9 data® Power-law equation(1)2.
=2 A st

2
i
o

T=K-Y" - (1)
n : §%%44 (Flow behavior index)
K : %% A4 (Consistency index, cp)
1 A2 (Shear stress, Dyne / cm?)
Y : A@& % (Shear rate, sec ')

o 2RV AR & g&
Polysaccharide & ths ZR7] HE9 2LEAL  circulator(Multi-Temp I,

Pharmacia Biotech)E& ©o]&3te] ZdE 20~80 T 2L=WoA HAuESEw=z =AH3

ofo
Ot
2
s
S
£
ol
2
3R
o

Andrade’s equation(2)& ©

na = A - exp(Ea/RT) ————-—---- (2)
na : 2x7] d% (Apparent viscosity, cp)
A : W%z} (Frequency factor, cp * s)
R : 71 A4 (Gas constant, 1.986 cal / mole - °K)
T : A% (Absolute temperature, K)

Ea : 5843} YA (Activation energy of flow, kcal / mole + °K)

2 2E7] A= pH &4
AR7] AE9 pH o9& 2 N HCI¥ 2 N NaOHel 93] pH 2~122 =43 05 %(w/v)

ZF AlE AL o] gale] &% 30 T, AYEE 186 sec ‘oA AT

ul, NaCl H7ld] 93 2RV A= 9
05 %(w/v) WSPS} CBP 48] NaClS 05~5 %(w/v) H7}s] 048 sec !, 0.93 sec’,

1.86 sec'e] AvtEw &% 30 ColA AH7] AES =439

v, 4% salts H7bel] o ZRV] Ao 49
05 %(w/v) WSP9 CBP 4&9d NaCl, KCl, MgCl,, CaCl,, BaCls, ZnCly, FeSOs, CuSO,,
MgSO.E 0.2 % H 52 H7bete] A& T 186 sec !, % 30 ColA Zr7] A }

=
of ARE WA Fe Fgole] guy] Fwe} vawste] A BB A sk

= =
s =4

ol
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6. =23 FH 5 A

7F. € F & A (flocculant activity)

Nakamura ®'HS W sto] A& (Fig. 4). =, activated carbon(Sigma Co.)& EFA
g2 3] AT (17x190 mm)ol 0.5 %(w/v, 5000 ppm) activated carbon A& 10 mlS ¥
I 1.0 %(w/v) CaCl, &9 100 w5 #H7Fsk th 7] heteropolysaccharide (WSP, CBP)S
A7VstAdth o] EFEAS oF 307 Aol A A"star 2std 2xdoR E9skith

ol 5 103t 2ol AA Fol FIATs FHE Asool A SASAH

¢

. 84 54
Ao Ab8¥ DSC(Differential Scanning Calorimeter, Perkin-Elmer, USA, pyrisl)& Al &

Z aluminum pan®] %1l sample encapsulating pressZ o] g&3lo] W3 F AL A EE
200 C ® & dA&7]78H20 ml/min)el A 10 C/min® 7tdatHA S5 = d3dFs S45HA
ow oluf &x¢} ey FFAFEA Indium (m.p.=156.6 C, heat of fusion=6.8 cal/g)<S A}
&, 2435tk 9% o] thermogramolr FHIAe WAooz dFE ALlsda Ashe
A== (onset temperature: T,), FHi=%=(peak temperature: T,), === (conclusion
temperature: T.) & Ti3Fo] =430t} heteropolysaccharide?] 4 EX4 S FEH(1, 2, 5,

10 %(w/v))ol wet =4, 9)4tsto] Alatekdtt,

O
=
@
S
of
s
>~
Dl
ofo
S
ol
T
|o
fr
0P
e
O
ws)
)
>
il
il
i)
i)
—
o
—
o
—
k9
DO
o
Do
&)
X
=
<
fr
2
BN
ol
ol
2

v st ok YR B Ye % Vortex mixer® 1837 2¢3 g A4 1 hr

St WA % 12,000 rpmoll A 1523 YA EE s S AE AAT D FFEolo YA

#HE AFZ AY 1583 JFEFES 5323 AASA T o] AS Dry oven (110 C, overnight
3

) A RS Az F AFHAON FREFAY FYAN A2TF AF BEHOE A

A

Z+. 5 3}9 (emulsion capacity)
3}2 (Emulsion capacity, EC)2 Marshell, Neu®] WS WEH3o] A9 =, 4 ml
Olive oil?} 6 ml DW= &33t9] O/W type= EAA 715 of7]9 1.0 %(w/v) heteropolys-

accharides #7hshe] 223t AH3s] ekl A2(20 CT)ollA AAE 5 AFsAY dxzao
m

2 7)€ A4 FdH AE LR A Alginate, gellan gum, Xanthan gum, carragenan, 3}3}--3}
A9l Tween20, Tweend0, Tween80, Triton X-100S Al&3&tom HE Aok FF SFA

°F(Sigma, USA)S AF-&3Fsit).
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0.5% activated carbon 10ml + 1.0% CaCls; 0.1ml
!

1min violent agitation

!
add 0.1ml bioflocculant

l

30s violent agitation

l

30s gentle agitation

l
10min standing, 20C

l

1ml upper part of the soln.

!
Asso

Flocculation activity(U/ml)= M;—Bl x100*dilution rate

A : Absorbance of reference sample

B : Absorbance of reaction mixture
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v}, &3] A (solubility)
heteropolysaccharide®] zt& &wjo] th3t &aA =AHS tpSAd & FPsg o &
g S ofg Ao o3& ALksE T

Various solvent(H-0%] 15%) + Dried polysaccharide 2 mg/each other solvent(20 ml)
l

homogenization(20,000 rpm)

l

10 min standing

l

spin down(13,000 rpm) — supernatant — Phenol-sulfuric method(490 nm)

Soluble substance mass(mg/ml) = M;—Bl x 0.9

Solubility (%) = solubility mass x 100

A : total substance mass(mg/ml)
B : soluble substance mass(mg/ml)

* . molarcular weight ratio

HA =

nlm

u}. 9
Z} polymer? film A 5HS HAESZ] ¢938ke] 121 C, 15 min ¥ #H8S A 1, 3,5

%(w/v)e] X Z heteropolysaccharidesE Hvr¥ 274 185 cm petridishoﬂ pAFARE SUBEIE=
Ao 24 hr AZAIZA. o] A4S B2 desiccatordl %7 24 hr A% % filmS I4 AlAo

A A 94%
05 %(w/v) WSPe CBP 48] NaCl, KCl, MgCl,, CaCl,, BaCl,, ZnCls, FeSQ4, CuSOy,
MgSO,Z 0.2 %(w/VEHEE HA7tste] AwEE 186 Sec ', 30 ColA BR7]) A2E =451

ARE AASA G FEAe Puy] Aush vt AL 2

oh JIFF=(RYHE)

Rheometer(Model : COMPAC-100, Sun Scientific Co., LTD., Japan)& A}-&3lo] ==
Fa AAH 2

Azg BEe) APFEE ZASAh Pl U B 9l BEG x 5 cm)
:;Z_

cm adaptorE ©]83}4 tables ©°l&, UFAIA AstArt, =AHZXAE table speed 60



mm/min, chart speed 20 mm/min, load range 20 kg, 1 bite, plunger ® 0.1 cm®= 23S P35}
Atk Jelly strength= ths 2ol o3 -8}tk
Jelly strength(g-cm) = hardness(breaking stress, Kg) x breaking stain(cm?)

Z}. Texture

Textures= Universal testing machine(UTM, Instron model 1011)& A}-&3}e] Table 39 %
Aoz At s H7ME gels Az v, dAS Aoz Zel(H7d 3 cm, F9]
5cm) A7 3 ecm9 cylinderd plungerZ% 7FEA1 9] force-deformation =4& A1, o] A
O 2 HH texture parameterE =43t th. H-A A (brittleness) ¥ 7 E(hardness)= Al 55 A
A7 7 EAA e EA A7 AlHPSde] HuH(kg) R A HA peake] Eol(kg) =
A 24z YER 3 toughness® A3lR 71FE&71A] 7itel=dl B odh G RyY d2 ALt
Hed 2 ARdAs AR A7 dASERE AU HAoR Aikstdn w4
(elasticity) force-deformation 41| A|17}¢tel] <& A7 el A s ebdHyg R
o] WHn = AAaketd al, - A (cohesiveness)> A1 Aol WA ok A2wE
HAN 2 Aakstg or, A (chewiness)e A%, A3 2 g8 Foz yeldn,

o5

LEA RS Table 49 22 =49 A 2dF1 PLd SHFFEFEH AAT &

N

SA T2 Aspergillus nigerE A-83] soft agar overlayHol wzt A3kt 4w
|

FEA Aol Imist FFuA 10 miE He F, olF A o] ol WAk o ex
b 28 T G Gl 4557 YU BE FW m PR YHYEE A
.

7. 99F A7 FRAAEY R AF=A

By PES] Aol G A FAAEA

i
w-olF 2AAE Axst=H glo Az % o8 A =4de ARSI

lo
oo

7h AdAR

2 g A8 A5 FAARA ()84 7]‘?301]/‘1 Alaska pollack(ATEE=AASH)S 79
sto] Az eukek & 500 gl E A2 F 20 T WEiolA BasHA o5 AxRE
A A E5E ARSI

M
rlo
v/
dlo
i
.
rlo
o
oL
o
il
é
BN
of
e
v/
o%
offl
=
N
e
o
82
,
i
(L
ol
9
r]I
%
offl
>,
oy
v
o
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Table 3. Conditions for texture profiles of polysaccharide gel using the

universal testing machine(UTM)

Instrument Instron, model 1011
Sample size ® 3 cm X 2 cm
Deformation 50 %

Crosshead speed 50 mm/min

Chart speed 20 mm/min

Load range 5 kg

Number of bite 2 bite
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Table 4. Composition of agar medium used for A. niger

Component Concentration
(g/100ml)
KH2PO4 0.7
MgSO04-7H20 0.7
NH4NO3 1.0
NaCl 0.005
FeSO47H20 0.002
ZnS047H:0 0.002
MnSO4-7H20 0.001
Agar 1.5
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stephan mixer(stephan UMC5, Stephan Universal Machine Co., Hanelin, Germany)% 1.5%%F
ket o) Kol FEFFS A58 2dS B %= wE FH 747 WSP, CBPE #3272 3%
oEgsta, salts: sEEE H7F T oA 3R dd7E #4dst AlA & pHE HASHY
sausage = 7| (Buffalo, Sausage Maker, NY, USA)E A}-83}o] stainless tube(® 3.0 cm x 25
cm)oll T4, A&k 90 CTollA 1583 7Fdstal Wbl thr] 1583 W§zhsk 5 vjd 9o

ol 18 hr W& wash 5 Ao 54 Ao A&

o ogY e A
WSP, CBP9] #7boll 93 o & aAlA e BAWMsE 2Ae7] $18te] 002~0.1 % H%d
2 HA7Fste] o8 AMAE A=Y HTable 5).
FA7ES oFA Adste] viels & A Eo] surimiE stephan mixero] 1#30% F<F

Y
A3 Z+7te] F Q%S kitchen aidoll Wil 3% &<t surimiEs thA] &3k} w3k oS

& FuF A t}e stainless tubed] %8}t =
of gt X9 HolA AW S 4 Col 18 hr W B3 = A EA Ao AL
=3

2. pH®} salt concentrationd] W& g3 XA}

pHe} salt concentration®] W3lel]l 23k LA# o] EAo] v X+ &S AHur] ¢ v
I 2 Ads AA A (Table 6).

pH:= 7.0, 75, 8.09 W¥ ¢} salt concentrationt 1.5, 2, 3 %= H7Istd o™, pHE oS &

AAE S0 BASAT oA Az olde] A FdetA skl

B4 A4 A& gl Okada®l W oz 453t Adudge] AS(y 3 x 3 cm)$]
off A& 5 mm9 THCRH) plungerE &3] 60 mm/ming £E% 28 WAl rheometer
(Rheometer, Model CR-100D, Sun Scientific Co., Tokyo, Kapan)@ breaking force(g)%}
deformation(mm)#t< =43ttt 18] 3L folding tests= 3 mm F7419 AL X e HALE7}

gow HAS W Fol A7l AE FAs sHS UEhdh

v, A xeo] &3
CIE Lab color= A =}A(ZE-2000, Nippon Densoku, Japan)< ©]-&3te] 2o ¥ A (Lx
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Table 5. Alaska pollack surimi formulation by polysaccharide concentration

Polysaccharide Surimi Ice water Oil Total
conc.(%) weight(g) (ml) (ml) weight(g)

control 0.00 172.55 15.45
0.02 172.40 15.56
0.04 172.25 15.67
WSP 0.06 172.10 15.78
0.08 171.95 15.90

0.10 171.80 16.01 12 200
0.02 172.40 15.56
0.04 172.25 15.67
CBP 0.06 172.10 15.78
0.08 171.95 15.90
0.10 171.80 16.01
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Table 6. The pH and salt concentration formulation by three-level

fractional factory design

Salt
concentration pH
(%)

Surimi Ice water Oil
weight(g) (ml) (ml)

Total
weight(g)

7.0
15 75 160.64 24.33
8.0
WSP 7.0
conc. 2.0 75 156.71 27.25
0.02% 8.0
7.0
3.0 75 148.87 33.09
3.0

12
7.0

15 75 151.71 33.25
8.0
CBP 7.0
conc. 2.0 75 148.01 35.95
0.02% 8.0
7.0
3.0 75 140.60 41.36
8.0

200
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Ab. 3 A formulation

tol o dAAEel VA= ¥ AEsH] ekl A 2= JMPE o] &35 A
A

b
MN
)
‘_&
Ho
1o,
oX,

\I
o|N

< JMP 5.0(SAS institute. INC. USA)el 23+ Turkey’'s HSD test®

A8

8. Tt 3l Potassium Sorbate 7} 5o WE EXFE

Aol A AR S dE FEll 27lsAd BRI Al =4 rAE dFE A
3}7] 918 Xanthan gum, Curdlan, Dextran, Carrageenan¥} H| 1l A A3} ‘jr(Table 7).
Eg A dAAFEE sHERY oS AAA Tl o] &Ha e Ean
WHAE ARESEAL QA ol fFE7IRtol #How, o] t‘Lﬁﬁ o F A A= A
Potassium SorbateE AF&3tal low, AEFH7ME FHol oste] AERS TEE 2g/kg
olgt® gfAlstaL Utk wepA WRA Y HIbpHe wE =
(Table 8).

o

9. &8 H7 wWE EAH
2 AgoA de Az
Attt FEEE= AT A3

(Table 9). EdH el = & A AFa, DAL CARe] AlF 3} vl w sk sit

10. AAFS #5H7}

A AFo] o7t 78 HEWel 93ste] controls 474, H7FE50] control Bt} -5& 4]
5 6, 7402 37| controlBth @FS&Al 3, 2 17802 %789t B5HE Yo AdEstd
gd 99 208 RS F AAEFS 474 AHS Z2AE el F948 H7k= JMP
5.0& ol&sto]l AFsAT

A
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Table 7. Alaska pollack surimi formulation by a variety of polysaccharide

I
_ Surimi  © Oil Polysaccharide Salt Total
Ingredient ] water pH .
weight(g) (ml) (g) (g) weight(g)
(ml)
Control 461.59 89.09 36 0 9 75 600
WSP
CBP
Curdlan
465.48 89.41 36 0.12 9 75 600
Xanthan
Carrageenan
Dextran

Table 8. Alaska pollack surimi formulation by a variety of polysaccharide

on potassium sorbate

I
) Surimi e Oil Polysacchar Salt Potassium Total
Ingredient ] water ) .
weight(g) (ml) (ml) ide(g) (g) sorbate(g) weight(g)
m
Control 461.59 92.27 36 0 9 1.2 75 600
WSP
CBP
Curdlan
461.16 9257 36 0.12 9 1.2 75 600
Xanthan
Carrageenan
Dextran
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Table 9. Manufactures formulation by surimi on flavor

ngredient Surimi  Ice Potassium

) Oil Polysaccharide Salt Total
weight water sorbate Flavor pH ]
(ml) (g) (g) weight(g)
(g)  (mD (g)
1 45091 102.83 36 0.12 9 1.2 0 75 600
2 358.64 166.61 36 0.12 9 1.2 30g 75 600
3 358.64 166.61 36 0.12 9 1.2 30g 75 600
4 450.91 7283 36 0.12 9 1.2 30ml 75 600
5 45091 7283 36 0.12 9 1.2 30ml 75 600

TFE TN 20 BT A= UL 3 EEhelx A= AU 4 A A 5 ASF AL
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m A 2 A% A : Heteropolysaccharides & 1L 7|54 &9

T

1. 47379 £

Kwon -s°] sfgek ZRFelA £ Zoogloea Sp.il'?‘ﬂ e BA F84 udF
(water-soluble polysaccharide, WSP)$} A2 tiF/ (cell-bound polysaccharide, CBP)
E Al AR&stSt

I‘H,

2. 493574 adgy 54

AAAEe] FAe gt E3= v 2ol SA45AT Mouse(C57BL/6)ol A 1] A
F2]3te] RPMI 1640 b ufA]o] /Al A flat bottomed 96 well culture plate®] Z+ well ©ll
0.2 ml (2x10° cell/welDR & EFale], B 7}x] Hwo] thdiFE HArletgdon, Z24%5S Al
3l7] 918te] THE F24 =% 4< phytohemagglutinin-p(PHA-P) 2 BA% F24HFE=52<
lipopolysaccharide(LPS)%= AF&3FAth 5 % CO, 37 T2 wid7]olA 72 hr sidslsd o
*H-thymidineCH-TdR, specific activity: 2.0 Ci/mmol)pulse= 7z} welle] H]FZEE 18 hr 7ol
05 ple] "H-TdRS 7}8te] 2 A8k, *H-TdR incorporation ©] =A< cell harvester® glass
fiberell M3EE F3 * B-counter= 3}

A A EZe] o8k nitric oxide(NO) A4 &3 o] ZAsAth. RAW264.7 macro-
phage cell line RPMI 16408 2] o] 2x10° cells/mlZ F-5A1A 24-well plateo] 0.2 ml¥ 23
sted, 5 9% COz 37 CollA 24 hr wigst & 2 7HA] %29 tdR/E H7tste] 48 hr &,
ol NOZYKE A3l¥ nitrites GriessiH3 02 S48t = 100 plel wiek A= 1
% sulfanilamide(in 30% acetic acid)®} 0.1% N*(1*naphthylethylenediamine dihydrochloride
(in 60 % acetic acid) &% 100 pls 7hato] A2 20E7F WA g & ELISA readerg A&
gtof 540 nmell A FFE=E S48

7]

3. In vitrodl A ¢ &I a3 =4

7t MTTH ¥

obA| o thet ttdFo A2 MTT(3-(4,5-dimethylthiazol-y1)2,5-diphenyl tetrazolium
bromide)®H o2 =A3Att. dMEFZE CEM/S (human leukemia carcinoma cells), LB
100-2 (vinblastine-resistant subline of CEM/S), F/S (mouse mammary carcinoma cell) %
F/M (multidrug-resistant cell of F/S)A 55 AF&3F t).

MTT=Z phosphate-buffered saline( PSB, pH 7.4)°] 5 mg/ml®] T L= xo] HFHH oz o
Hate] 4 Ce o] F2 Fo BH#FTh 2zt A EE 1x10 cell/ml (RPMI + serum 3 3Huf=A]) <]
U= 2 microtitrate plate®] ZF well@d 200 pl® #F3sta1, o2 7FA] w29 tpdFol v als)7]
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A&l FdekAle] dF<d bleomycin (BLM)s Fog & 5 % COo 37 TollA 3~4YU7tE wjekst
t}, vl %F2l microtitrate plate®] ZF wellell A AZ9] wjxE= A A3 t}e 2143 Dulbecco’s
modified eagle medium (DMEM, serum free)¥] A= 10v) 343 MTTE < (0.5 mg/m)< 7+
wellell 100 pl® M7bstct, o] uf AEXE /34 Z2 welldle MTT &4 713t 5 %
COy 37 TollA 4 hr Wit & wellE9 435 wixE A AL, 100 pl®] dimethyl sulfoxide
(DMSO)E 7}3te] A 204 plate shaker® 20&7F &5 MTT7} 3t 5 o] dAE formazan
AAS =9 vt} ELISA reader (Bio-Tek Instruments)E AF&3+e] 570 nm 2 650 nmol| A]

FAE2 =Asto], AE9 viabilityS B8}t

1}, Apoptosis =H

F/MA = RPMIv Ao 10 % FBS(fetal bovine serum, GIBCO BRL, Life technologies,
Inc.), penicillin(lOO units/ml), 2 streptomycin(100 pg/ml)S 7}t 5 % CO.8tel A 37 C
o A wijksta ek &, FM3A/MAI X+ BLM10gxg/ml), WSP(10¢g/ml), 1231 CBP(10ug/ml)°l
tiste]l 24 hr ¥ 48 hr A st AXE FASAT. FAS AEZd A poly(ADP-ribose)
polymerase (PARP) degradation< Western blot analysis® =43ttt WA, =A% AX=
ice—cold lysis buffer(20 mM Tris-HCl, pH 8.0, 1% Triton X-100, 150 mM NaCl, 1mM
EGTA, 1 mM phenylmethylsufonyl fluoride, 20 uM leupeptin, ¥ 10 pg/ml aprotinin)% 15%
& SIAAY. AEERE FE23 WA 100 w2 8 % SDS-PAGEZ H7|9s g +,
Hybond ECL(Amersham) membrane® 2 transferd} i t}. Immunoblot< 5 % nonfat dry milk
7} skf-9 Tris-buffered saline-Tween(TBS-T, 20 mM Tris-HCl, pH 7.6, 137 mM NaCl,
0.1 % Tween 20022 4 TolA overnight® blocking3}$th. Blocking® membranes Tris
buffered saline-Tween (TBS-T)Z 39 A& 3+ % primary antibody(1:1000, PARP(H-250),
Santa Cruz Biotech.)Z 2 hr &<t ¥-8A|Zt} Primary antibodyE A A% & TBS-TZ 39
A #3}al  horseradish peroxidase-conjugated anti rabbit secondary antibody(1:2000,
Amersham Pharmacia Biotech.)2 1 hr &<t ¥H§AZ T Immunoreactivity™= Super Signal
chemiluminescent substrate (Pierce Chemical Company)S ©]-83F¢] Molecular Imager

System (Bio—Rad, Model GS-525)2.% detectiond} %}

o AEH el TIAE FHAA &

A3 AFE¥ BALB/c P92 A% 6~8 FH9 FAHS AREetslnh & Ad o= 109
2¢] rh2g ALgsteTh

124hd = 2% oA WSPeH CBPel €13 718 Asf&ol ke FaA ummw A3
cellS 24 well plated] 1x10%/ml® EF&ti, 3 welldS 3 23
sk 7} Ao Zoogloea sp. A thdA| el CBP, WSPE 71~
/ml FEE FEste] vt mgstaA 2 At E 2

100 ﬂg/ml 300 pg/ml, 600 g

F et welle] AEE 5735}

& Jf u‘}L
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1 ml¢] PBSol H/A171 U3 trypan blue®Z @Asto] Aolol= MEXF 52 HNESFE AL
sto] M FA I AMEe AL E dxa ) vl AESHS

% %Y FA4 JdAT 33

T3 779 C3H mouse (¢7)o] FM3A A%~ (mouse mammary carcinoma cell, F/S) 2
SFANA AEFA F/M AEE moused 5ol HEste] IS dAA7]a, CBP ¥ WSPE %
oJste] 1 g¥E #EEAY. F C3H mouseS 6 whe]¥ 5 #F o2 Yol gz, F/S HE
CBP Fola, F/S #F WSP Foi, /M HE CBP o, 2 F/M & WSP Fojrow
3t o RPMI 1640 (supplemented with 10% fetal calf serum)®j Ao A v A EFE
& mouse?] 9% GToli 1x10° cells/50u=, 8% Soli 5x10° cells/uls dskol HEsS
o, HE 74 ¥HYH CBP ¥ WSP (Zt7} 200 pg/0.1 ml in PBS) 1¥ 13] 1043t 542
= Fosta, dxadds PBSE % Folstel S AVIE AYH R S48k Hluled
o}

4. 54 A3

el

7h BAA R A AESY AF

CBPe} WSP2| AAAEo] 3t 54S MTT(3-(4,5-dimethylthiazolyl)2,5-diphenyl tetra—
zolium bromide) 3™ .2 FA4stdth. A4
S ARS8 Y. MTT= phosphate-buffered saline (PBS, pH 7.4)°] 5 mg/mle TE= =9,
A o R ofakete] 4 To o F& 3ol Hyksto] 45 ool A& Aol A&ttt 2 Al
2 2x10" cells/ml (RMPI + serum X392 o] WX 96 well plate © 72 welld 200 nl¥
T3t 3~4 hr vt 3 o8 71X wx°] CBP ¥ WSPe WHlu+2 =% glycogen (rabbit
liver Type IID< FA3te] 5 % CO, 37 TollA 3L vjdst & ZF welldl A 459 A&
A A the 2143 Dulbecco’s modified eagle medium (DMEM, serum free)©. & 108 3|4
Sk MTTE<9 (05 mg/mDS ZF wellel 100 pul® H7pstth o] w MEE 7314 &2 wellol
= MTTE NS 7181 negative controlZ AF&3FATE 5 % CO. 37 CToAlA 4 hr HFSA]1 71 &
Az A A 7 welld] 100 ple dimethyl sulfoxide (DMSO)E 7}sle] 2o A plate
shakerZ 203t &£5° MTT7F @959 FAJ® formazan Z2AHS =< ¥, ELISA
reader(Bio-Tek Instruments)E AF&3te] 570 nm 2 650 nmolA EF =S =AH&to], ALY

&% (cell viability)S H]n s} ).

M ¥ 2% mouse liver cell?} rat kidney OK cell

_1

M

14
ol
Y

o

U =

AR A dFdsERA A FAAS4LHN JPE del AHEH
=)

-1

3
Atk wAFEHA AHSE 235 &S BALB/c A

01-m =
%0
rr
_|EL
o
[>

[
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%15t

Jof A

= A
=

o

!

wjr
]

Aoz AL

= "

5% 55415 %, 12 hr (&4 8A|~2.% 8

R

—

1

o= 1000
dH =R

Foatow

=

U
)
=

1 CBP
7]
=

-

=

3o ® o] PBS

=0

o
| 7F 7PA o2 144 71A

e

A

R84

3k A

251}

(phosphate buffered saline, t %), PBSel =<l WSP Ho] PBSY

R

vy

7}t
6 hr7FA

O -
T

<

21.2~224 golQt}. duAg e A Fof A
73
=

]

o

T

FAS- 22l 200 mg/100g body weight
mg® = 300, 400, 500, 600, 700 mg/100g body weight7}#] Fo]sle] A}
701-

, A
o]

R4

HAEAAA N AFEE duAE

ol

ol
)
ﬂﬂ

i

By

bl o,

S

S|
ax

=]
FOR® &

5}

BUN(BIlood Urine Nitrogen), Blood glucose, Serum protein, serum albumin, total cholesterol,

Triglyceride

2
o

Hr

jze)

jut

]_

S

13 2ol A}

10714 3o 2 o] PBS(H "), PBSe

=

500 mg/Kg

=

=

9] BALB/c mouse

:?;
1 CBP( mg/ml)¢t WSP(5 mg/ml)

-

T8 859 20 g

=0
=5

ae)

N

A
Al
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R kLS

<]

o A&
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=

=
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=

<
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3wo g2 yFo] CBP
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=
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=
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S
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7h HZAE 2 QYAE £

shel Agel Al

S
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fi%e)
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KeX
=

=]
-
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o
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u

st o,

5

cytokineA§ 4kl Aol A&
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=

o
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_62_

o

T

=]

RPMI 16407 ulj =] o]



M EE 54 A8E moused EZFozRE Esgow, 1 &43t= nitric oxide

G uAAE 249 27
AEZ2e] vdt CBP 2 WSPe <82 *H-thymidine incorporation W3 o2 =434t}
7 HEZE 96 well culture plate® ZF wellol 0.2 ml(1x10° cells/ml in RPMI 1640 medium

supplemented with 10 % fetal bovine serum, glutamine and 2-mercaptoethanol) %S &3}

O

=

1, B lymphocyte 52 %=% &<l lipopolysaccharide(LPS) ¥+ T lymphocyte Z2| %52
¢l concanavalin A(Con A)E HZE%% 5 pg/mlE F7lste] 5 % CO, 37 CTollA 72 hr v
3t o1, *H-thymidine(89 Ci/nmol, Amersham Biosciences, UK) pulse:= 7+ wello] w]ZE 8
18 hr Ao 1 pCi/well®] *H-thymidines 7}8te] 2 A18t3, A X9 thymidine incorporation®]
=42 25 cell harvester (Inotech, Dottikon, Switzerland)® A¥E %3 $ Microbeta

scintillation counter (Wallac, Turku, Finland)Z 3} % t}.

. NO =4

2 Al Zel 9§ nitric oxide XA GriessiE-8-S o] &35to] wjFdo] FA4H nitriteE SH
vt BoA B A A EE RPMI 164081 Ao 1x10° cells/mlz= F-5-A17#, 24 well
platee] 0.2 ml® FF3to] 200 ng/mle] LPSE #H7F8taL 5 % COo 37 CollA 24 hr w3k
£ 50 ple] MY FS el s Griess BES (1% sulfanilamide in 2.5 % HsPOs<F 0.1 %
N-1-napthylethylenediamine dihydrochloride in 2.5 % H3PO,o] &3oH)S 7}ale] 224 10
B27F "b3-A171 & SLT-spectra reader(SLT Lab Instruments, Austria)® 540 nmol A &3 %=

=439 ™| nitrite’s =+ sodium nitrite standard curve®Z ¥ T8¢t}

li{

il

2}. Cytokine &4

CBP i WSP7} %oldl mouseZH-H #el¥ HZAEZE RPMI 1640 WAl 1x10°
cells/ml%Z A7, phorbol-myristate acetate (PMA, 50 ng/ml) % ionomycin(l pM)Z& 7}3}
3l 4 hr 3 "] 503 AgS JA 7] ¢35t normal goat serumS 10 %= H7}ste] 4 Tl
A 15 3 whx] & PBS® washing?dt t fluorescein isothyocyanate(FITC)-conjugated
CD3 antibody (1 pg/1x10° cells)® A @lsle] 4 CollA 15 ¥37F WX gt} Isotype-matched Ig
2 FAHE AMAEES negative controlZ AFESIATH - E AEES A Z3| A} (PharMingen,
San Diego, USA)9] Wl uz} Cytofix/Cytoperm Kkit® permeationd}} o™, A Z 1) 9
interferon (IFN)-y+ fluorescein R-phycoerythrin (PE)-conjugated antibodies(in permeation
buffer) = A3 AEEL CellQuest programel] we} FACScalibur flow cytometer
(Becton Dickenson, San Jose, USA)& #4135t}
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6. Zoogloea sp. KCCM 10036 ¥ #dl 94279 oS8 AA

CBP9} WSPE phosphate-buffered saline®l *<(5 mg/ml), autoclavest®] Mueller Hinton
brotholl 28) Alet s|MH o= Mg & dATFe] ES FHFste]l 37 TolA 24 hr w3t
Aol ARERE o WE FF= A A HFskel 37 TollA 24~48 hr wjFete] &<lst
A}, A F2= E coli, Methicillin resistant Staphylococcus aureus(MRSA) 2 Pseudomonas
aeroginosas AF-&3tA o ditsS Hlusly] 913t A EE gentamycin sulfate®} methi

—cilling AF&3} 33t}

7. 333 F89 A

FAkstAr82 &A% ONOO ¢ AAsew F45dnt &44ka Al A5 DCFDA +
Aoz F43t92H, ONOO Al A %2 Kooyse WHo=R F4atach

7h ARTEY ALS H 4o

APEEZE BALB/c AEY 3 w25 1093 A3A20 & HdAF 169~182 g9l
As FAH oJa] Gt FoATLoR Uro] 6577 AMFSA T AFSTIE S FAlE o
G5 Hrtste] Az ARE AT ke@ 30 mgs 89 FF 19 134 4 T & dixd

677 AR vhesE 7] AR 12 hr B B Fu A4 A2 F odH=22 7w
089 % Az A= kxA U
20 2

doAs A7 5 70 Coll Ysrasid. A9 el 3000 rpmel A

o 7t 23 %9 glutathione®} A A #4+3&E sk =4
Glutathione®] &% =A< Bernt®t Bergmey? WHol uwebq ZAHskdc. A3
=13 NADPH=S 340

)

glutathione glutathione reductaseit-8-< ©]&3} 7}, o] WESoA] AR
nmol A=A sl Ausldon, 393 glutathioned glyoxalase 323 o] &3to] AAl=w

S-lactiosyl-GSHZ 240 nmoll A =4 3sle] A 2slgdc).

2 7t 23 F9 XA A E FHF A
A A #}akst =A 8 thiobarbituric acid (TBA)$} ¥FE-3lo] A A ¥+ malondialdehydeE =4
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A2d AT 2%

m A1AFEFA : Zoogloea sp. @ heteropolysaccharides®] o %A 4k

71 2 31 F2 FAEAE S Y 87
1. 93 3 g

7h @A ge 9%

ALY HEE g3AYY JdFE AHET] fste] 7)Aol glucose 4! maltose,
lactose, fructose, sucroseE ZHZ} 10 g/L9 =2 #H 71l 250 ml flask, 180 rpm, 30 C ol A
132 hr ¥j%ste] #7414 S/ 3L s s AESIAtHFig. 5. ©§a2dS A8 HrbshA &
S AL PYxraLoR sto] AR Ayl WSPY AAES glucose, sucrose, lactose 50 2 B
o] AAE AL (35 g, 3.2 g, 3.1 g/L), CBP+ sucrose, glucose, lactose 2.2 (28 g, 2.7 g,
26 g/L) Wol] AiEE= Aow yeut F 9o Hd AL B?AAe 25 Zolrt oy
glucose®} sucrose, lactose H7Fel F tbd A= 242 62 g, 6.0 g, 5.7 g/Lel Aoz
Eth o]2 g Ay WSPe CBPZ =¥t 34 Fol 47 A48d i bt =
of it vde 2R 2447 dabd F AdsS vEhdd, B8 7 7HA bE B3
A AYAS 7 A stE Aot T3 fructose®t maltosee] g, 7 A WA= 7 H
oyt o, g AAbE e v o= ey

uelA HA BAYo R glucoses AN, glucosed] HAFEE HAAs7] 8 %
= 1,3 5 7,9 %wv)z 2gste] d4% 3 ud3dAts AEs A (Fig. 6). 1 A3
glucose®] F%7F S7Fd ol wel AL g oz FrtEd oY 7 %(w/v) ol % o A
F A Aol et = ole VEEeR SR Qe s AEstel Skeke] o A%
o G&& mAE AR AREHE Ao, =
o] vyttt webA Ho a3t @49 F=E glucose 5 %(w/v)E AABER oM o]
w oAb 2n) 7heF SRSl

=

T Adjd oz gt EE oy
ol

=

U Aade 9%
gRAstel FEFe Fe dade dotRr] #ste] w71 24 o=  tryptone, yeast

extract, meat extract, peptone, F7]ZAYo =z NHNO; (NHy)-SOs Mg(NHsz)s, NaNOs,

KNO; 5& #7bshel & wgshn 3 452 dEagt 7 23, #714292 278
xR ARNE A AFTAAE F Y W vhgtel A WA FRov, 7]
292 Brhsteloby F 443 G Aol #A ¥ tHFig. 7).
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Fig. 5. Amounts of polysaccharide recovered from the culture supernatant

and cell after grown in media containing different carbon sources.

[ Dry cell weight O wsp W cep
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Fig. 6. Influence of addition of increasing concentrations of glucose
on the polysaccharide productions and cell growth.
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A= 069, 0.72, 0.74,
065 g/L& #datA AAHAoY T A 2534 o] velyth WSPe 247t 38,
34, 22 44 g/LZ2 e Aoy, CBPE peptoned #|9)3F A3 oA BFE 05 g/Lolste 4
2 7F vygtomz HA AALQO R peptonelE A AEATH Peptoned FEWEE Hi AL
ALegE A9E 43 05 %(w/v) s&dA4 7 B &9 290 g/L)s Aitstes Aoz v
Epuk

A4S tryptone, yeast extract, meat extract, peptone®| Z}Z;

L

t}. NaCle] <43

712w x]9l ASWAE % NaClel T=7F i+ A% 2 g Adibe)] nx = 93¢S
£ Fig. 89 YelA. & Ao AL&H Zoogloea sp. 4% NaCle] H7F= A ¢
Aol M= A AAsA Xstar v = AAEA ot 1.0 %(w/v) sErt F7bstol e J
Ag A& gddgstel #EHAow Akl NaCl w%=¢ Hl523k 2.0 %(w/v)elA DCW
6.4 g/L, WSP 4.8 g/L, CBP 4.0 g/L= Hul AitgFo] 2=,

olglgt A3z mFo] Zoogloea sp.7t A FATe] 54l AFS & 5 UL, FFAA

G BFe s g AgsHAtn HEE + Uk

FN

A} 3

R4

B=)

2
74

r1r

ol BN

% FU19FY F

7R A Yol mEFo 7 HrtEE F719F%F KHPOs, NaSO;, MgCl - 6H08 s=d = 7}
sto] 1 S AH Rkt KoHPO, H7FaAelA] WSP Aabs2 10~100 uMol A fFAFsE 2
W5 e 9 CBP 49 100 uM s =4 H A S UErW® 1 o]4e] FReAE A
Ghell wet HAs=E 100 pM=E gt old v Aibso] WSP 4.7 g/L. CBP 3.7 g/L
2 F ud AaEe 84 g/LE HAWAE YeERH A (Fig. 9).

Na;SO5 #7HeE 49 06 %(w/v)7HA A2k F7hstd v Aakke]l CBPE 0.8 %(w/v)H-
B #taste Aoz yERyth(Fig. 10). 0.6 %(w/v)olA= WSP 05 g/L, CBP 44g/L, 0.8
%(w/v)oll A= WSP 54 g/L, CBP 4.2 g/Lo& % vt A4 =712 08 % (w/v) (9.6 g/L)=
47 sk ATk,

MgCl; - 6H:02] H7}el digh &S v Zé?%(Fig. 1), A7k &2 iz 0.3-15 %
(w/)o2 H7pg Aol d % nEd #4% 2 3 ko] veth Mg®olo] B #
Fole FFes vAA Fevhe Aotk

aeeg ngog HrhEE ASW AEF KHPOs 100 uM, Na:SOs 0.8 %(w/v), MgCls -
6H-0+= F37HE HHx o2 AT

O

-ll‘l

"}, Tris base® <3
AFsgoll A pH 2EGES st Trise 77 v ALt vl A= 9SS Fig. 12.0] Y
EFRATE Tris base A 7Fd H7FsA] &2 o2 yo] A A3, F Ao ud
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go]l AL Aoz yElyth 28y} flask levele] oW fermentation 2 AA = TrisE #

4shA gkm wke A pH Wbt FAA UelupEE TR Wristel B e A

Hh WA 9] %=7] pH ¥ %
b A Al wiA RS BT 9a, HFAHSRE pHE 2~ 1274 thgstA =4

& sl thd Aol 7 @&A <l pHE AT S G A A ASsE wtol
Hdely 5 A7l 2 E A AFEA @ AW mAEY P E #FF Zoolgoea
sp.(KCCM10036) pH 2~109] & 9o ° = e TtHFig. 13). pH 7.
8~8& FTHoRE dAVY How FAS I A FHoR nte FHjo] TRY] TS K
oun o it olo] HlHsta pH 7.8414 WSP 11.2 g/, CBP 43 g/LZ 713 =4 e
U pH 785 A oz MAAsrh

4 -1ov
>,

Ab. g 2x29 9%
ero mWE ot AAES 2AE Ad 20 TS 37 CoAE A9 AAeA &ken 30
Tl #AZ tbd ko]l 2% 74 =4 Uebgth(Fig. 14).

of, R XA M

olst AFAAA BAYSZ glucose 5 %(w/v), BAYS=E peptone 0.5 %(w/v), NaCl
2.0 %(w/v), KbHPO, 100 uM, NaxSOQ4, 0.8 %(w/v), pH 7.8, 30 CT7} HA Wz o=z AAE
ATH o] FHolAM WEE widS AAlstH wiYF AbEE o A, o AL, HA] 9
viscosity 5 FAsFdtH(Fig. 15).

T+ Ae wjk 7lA 24 hr A3 ¥ stationary phased] ZE3dF o x&x o7 HAZA|
ZF 6 g/L A= & FASE Aoz YEyth dAd o] stationary phaseol =3 A%
FE WSP7F A4ts] 7] Al &betdom wjeF 48 hr $55 CBPE A A8 AAtE & Ao =2 e
Hrh B9 o® HIME glucose™ 96 hr & ¢s] nZdE Qo 120 hr 43 F5FEH WSP
¢} CBP AAatze wmeE 52 F715 A Polysaccharides?t AR o] vk o] HEm A

dlate] F7hekdom 132 hr Z#Al A= 2700 cpAth. WSP, CBP AJXb=ke 51 g/L, 43 g/L
& polysaccharide’} & 94 g/L AAEE Ao 2 eyt

iAo pHE 7~8% dASA FAHASH, #jd 156 hr 43 Foll= Aito] FHAsHr] Al
Zekal vyl AEE 2500 cpR Fw #Asts Bl UEY HlYe FEAH

2. 39 &g - AA
Fig. 1o Yeld m2az=e] Wl o 7 CBP2 WSPE #2]3la Sepharose CL-4B column<
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o]-g3te] AAstATE AA"E WSPe CBPi= GPCE o] &3to] ¥A#S Z43a FT-IR w4
= AT

Zoogloea sp. @ th3e] Hit BAHS 2AE A3 WSP, CBP7F 2H2 4.07x10° 3.43x10°
Row oleld Aye Au7hA il A fd vddF Fol =2 ExFe &Fote o=
el th(Fig. 16, 17). &3 A4ks o] FAE vd o] AFSFs] e 985S F4517] H
AA i oM F4 spectrume A A E Fig. 18 (WSP), Flg 19 (CBP)dll 7z}
UERQth 9F 2 dude] Solxow EhtbE 3400 cm oA 9] B3 F57F UERG e
2880-2980 cm ' %9 C-H stretching< 1400 cm™' ¢} 1600 cm '3-:2oll A& carboxyl”] 9] &
Z7F #FEE AT E3 finger printer region® 800-900 cm ol A 9] W& peak: thEHU B
~glucosidic A%e] FfEo] A= Aoz ARHE 7Ur 1o =3 g3FeEse GPCEARE A
Edds o o #xEE v E
TV =& d9s 45 F AATh

N

L oA TS wigsty 1 &S A TH(FIg. 20). WS 400 rpm, & 7] 71 2
vvm, 8<% 10 %9 7O =2 batch cultureE AAIgF A3} Aol HAAT A7 36~48
hrZ el omz o] A zlo|A g productivitygr substrate¢}2] F#AAAE ZAFSIA T HIA

A &% pmax®E 0036 h'® Yetga, #A49 g NS Y px = 0489/h, 712 FA A4
S Y x5 = 0048/h, 7143 ©F AL Y ps = 0281/hE ALE A}

oyt A¥E oz 23 d o= 2AH R WHgxE o83 g IS AT A
o|t}.

4. -4 polysaccharide®] EA XA - §534 EA

e AAE GHHFE AEFHANER AR 9T | xaAR e 2 fEHY

& A u g

Jm
ox.

7}. WSP9 CBPe ¥5d ZH7] &
AR7IHEs A2 dH, 279 2, 224, Sviet g 4= 28, overlap

parameterd] £ A X E AFstH, H2 S MY v F7F 2A = hydrodynamic
AW

ARG adug, JAuged &) gakd
rgol WEE FERR 2AAY
WSP2} CBPY ZE7] AExE % o&Hoz Z7tsgon, WSP =899 A9 CBP

Goint £ 217 J=E yehldnk(Fig. 21).
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Fig. 16. Estimation of molecular weight of water soluble polysaccharide
by gel permeation chromatography.
Standard a: Dextran (Mw, 5x10°), b: Dextran (Mw, 2x10%, c:
Dextran (Mw, 4.64x10°), d: Dextran (Mw, 7.14x10")
Flow rate: 1.0 ml/min, 40 C
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Fig. 17. Estimation of molecular weight of cell bound polysaccharid
by gel permeation chromatography. Standard a: Dextran(Mw,
5x10%, b: Dextran (Mw, 2x10°%), ¢ Dextran (Mw, 4.64x10°),
d: Dextran (Mw, 7.14x10") Flow rate: 1.0 ml/min, 40C
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Fig. 18. Infra-red absorption spectrum of the isolated water soluble
polysaccharide with KBr pellet.
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Fig. 19. Infra-red absorption spectrum of the isolated cell bound
polysaccharide with KBr pellet.
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Fig. 21. Effect of concentration on the apparent viscosty of WSP and CBP solutions.
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U AdEEe dig 2E7] dxe W
WSP$ CBPY ZR7] AEE AddEed
T} Z74E) wet Ao r HAasteE AES B9 uH(Fig. 22, 23).

2 249 4%, 7 g9 2us] Ant Avsk

W2l THFig. 24). WSPst CBPE Adh&: =7} e
AFAQ HFSE FA9 4Ae Yudon, 1 AE: WSPZH CBPRU ¥, 19
WSP 2 CBPO| ¥E7b $7b84% dggdol 2/ Uehyth w9, o5 AR i

Fobel whek AugEe Sk SEsk gasts Ak w9 54E B

Z}. Power-law 2°] & fAzE 54

olE NEv AdHEe Tt we ddsHe] &
de wmlen, ortaidel S7h= WSP7E Ho @z
WSPe] A, 05 %(w/v) sEdA F5AFn) w2 0.295%
15.736(cp) 2.2 YEeH, CBPY A%+ n 3t 3
A ofEeHA FES EAtHTable 10). 7+ &) 44 542 power-law equation¥} =2
FHHAS B, 55 548 UEl= el ol =2 St wel Zasto] 9
7ol 7S 4 ¢ AT ER 25 WE fFEAS n el ¥stE dvnd, 2%7)
S7bgtel wek n ghol S7kskel e7kaAde] va Aades & AT (Table 11).

g7k AAL ActellM e =4S ofF FA dto] FH g AFIFEAl wf nbEA S
T&dol7l Wl Xanthan gum<> °l¥l 525 A= 7T AFd de AFEHIL e
Aol B B2 AFoA AilEe gdRER A FEokd A&d ZAge] wg =

Arg e

&

w 2E7] AR LE &4
WSP9} CBPY &4 st 20~80 T2 2% H oA v% 2 AdSEEE <25ty

AR7] ARE =43 T 05 %B(w/v) 559 WSP % CBP #8994 tjste] ZH7] d%(ln
n)% =% (/D)9 #AE AdEedz Jelydoh(Fig. 25). 2H7] Aes 2= 92 Ad
5o Z7te wet 7AasteE AEFS HA9om, Fig. 26 oAE 20~80 T L% 9o A

WSP % CBP & that 2r7] Hiol it =% A4S Yetlidtt. WSPe CBP €9
2 tgEx2wo 2 AFE3 Xanthan gumol H]sho] oAl 2RV =g ST &
HAWo A 2] ot Aol theks] Hoju, 53] 80 ColA= WSP £ 9o] Xanthan gum XUt
238ld =2 HAEgts Uetlio] oMo ol&Ado] 7|thEth

0
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Fig. 22. Effect of shear rate on apparent viscosity of WSP solution

at various concentrations.
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Fig. 23. Effect of shear rate on apparent viscosty of CBP solution

at various concentrations.
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Fig. 24. Power law curves of WSP and CBP solutions at 30TC.
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Table 10. Rheological parameters of WSP and CBP solutions

at various concentration at 30T

WSP CBP
Conc.
o n K r* n K T*
[cp] [cp]
0.1 0.315 2.026 0.991 0.372 1.052 0.975
0.2 0.388 3.287 0.999 0.373 1.896 0.979
0.5 0.295 15.736 0.999 0.370 3.841 0.995

r* : Correlation coefficient
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Table 11. Effects of temperature on the rheological parameters

of 0.5% WSP and CBP solutions

WSP CBP
Conc.
(%) K K
sk ES
" [cp] r n [cpl r

20 0.2985 16.459 0.9973 0.3700 4.193 0.9951
30 0.2939 17.010 0.9888 0.3704 3.841 0.9958
40 0.3385 14.909 0.9966 0.3021 1.560 0.9842
50 0.3240 13.920 0.9976 0.3476 3.824 0.9988
60 0.3322 14.305 0.9969 0.4649 2.134 0.9988
70 0.3902 9.166 0.9936 0.4488 2.164 0.9989
0] 0.3905 8.633 0.9970 0.4550 1.790 0.9979

r* : Correlation coefficient
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Fig. 25. Effect of temperature on the apparent viscosity of

0.5%(w/v) WSP and CBP solutions.
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Fig. 26. Effect of temperature on the apparent viscosity

of 0.5% polysaccharide solutions.
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v}, Andrade’s &9l 9& 5 43 o)A
A ZAREHE Andrade’s 25 ol&3dte] ZF M FELdAd

(Table 12), WSP¢] f&@4d3} odlyiAe dd&Ee

ow, CBPE= athA & ®ah gle Ao yeisith 3 7 &

< A or v e gs Bt

Al 2E 7] H =9 pH &4
A e F HAuEHoA 05%2 WSPS CBP 899 #r7] ko] nlX& pHe| <
s Ak AtHFig. 27). WSPSF CBP F&9¢] Hdu7] A
o® Uettom, pH 2~129 W2 HelolA vud A Hreghs B pH HH Aol
Xanthan gum Bt 3 2o =2 YEYT

> 3

rl

ol ZR7] H=d m A= NaCle] F&F

0.5 % WSP9} CBP 4890 NaClS 05~5 % 718+ 0.48 sec ', 0.93 sec?!, 1.86 sec '¢]
Agds, 25 30 CollA 2Ry AEE 543 A3k(Fig. 28, 29), AHEE 047 sec oA =
AE HeE WSPE zHzF 2,800, 4,117, 4,282, 3952, 3,623, 2,305, 2,010 cp = NaCl 3.0 % 7}
A FH7betdl s W, WSP #4892 Hert Frtstdlod, 5%E 7S WE AEst tha
st AEgS 29t wd CBP 49 Z7F 700, 1,400, 2,100, 2,100, 2,000, 1,950, 1,800

2 P

F7he wgt 1 owel nE AusE

Z,
)
a
o
X
N
N,
10
é\“l_',
N
N
=
2
X
k1
N
N
2 _]
dp>
2
o
fr

AN
53], AEdeld dubrow olgHi gl &2 3.0 % ot FolA H= F7He
)

o|Ako] Aol Al 2y B polysaccharide (WSP, CBP) & < ¢]

2 Andrade’s 2ol A-&A1Z1 A3} polysaccharide 582 H]

A9 AEE 7HA = AoRE YeWt olg 7899 FHY] e Y2 WY pH (2712)
q

o} &% (20~80 T)AA tixTo =2 AFE3E Xanthan gum Rt 2 A S HAT T3
3

NaCl9] H7bd m& 2RV JEof WA E WSPY 49 3 %, CBPE 5 % 749 FXo
AR e A% F452 Bt 2% 9Rdl U AE FF 2 FAFE $esaon,

CBP9] 7% gel 4859 7tsd® Hol 25 AolM e A4 & A2 vole Laf=H

o] o] & 7hsAdel & ALem ZdHTh

s GFRE e A AF B A 1 /EAA Bel - e 542 =
Abah gt
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Table 12. A function of temperature of WSP and CBP solutions at various concentration

Shear WSP CBP
rate
[sect Con. Ea A o Con. Ea A o
] (%) (Kcal/mol’K)  (cp-s) (%)  (Kcal/mol’K)  (cp-s)

0.1 5.3054 0.0612 0.8904 0.1 2.2234 2.8972 0.9432
047 0.2 2.6920 6.3983 0.9733 0.2 5.3732 0.0509 0.9340

0.5 2.4495  47.0404 0.9439 0.5 3.4834 2.1773 0.8703

0.1 6.4841 0.0031 0.9393 0.1 3.0137 0.5379 0.7652
1.86 0.2 1.7660 11.1453 0.9608 0.2 3.9417 0.1636 0.9598

0.5 1.7379 59.6204 0.8948 0.5 2.8469 2.3251 0.9106

0.1 7.6872 0.0001 0.9500 0.1 2.9222 0.2523 0.7281
465 0.2 2.2876 2.8777 0.8917 0.2 3.3089 0.2251 0.9277

0.5 1.6228  38.1680 0.8567 0.5 2.3543 2.8791 0.9339

0.1 6.8061 0.0003 0.9389 0.1 2.7420 0.1279 0.8874
18.6 0.2 1.3346 5.9168 0.8147 0.2 2.7974 0.2215 0.8967

0.5 1.0607  35.7303 0.8337 0.5 2.1546 1.7726 0.9481

r* : Correlation coefficient
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Fig. 27. Effect of pH on the apparent viscosity

of 0.5% polysaccharide solutions at 30C.
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Fig. 28. Effect of added NaCl concentration on the viscosity of WSP solutions.
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Fig. 29. Effect of added NaCl concentration on the viscosity of CBP solutions.
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7h &R EA

SHEHNE vns7| Y8 xanthan gumS HlaFo =z AAFAT WSP, CBPe 4%
0.01-1.0 %(w/V)7FA 80 U/mleld A & 2y xanthan gum-$- 0.01-0.1 %(w/v)A %= oA
T80 U/ml o] 245 detiiglern 1.0 %(w/vield 5% HI7HA 5438 dads o
Atk (Fig. 30). L&tk WSP, CBP 4% <84 74 43S & 5 Atk oldg 3 H7HA
SHEA FaELS Jtuste] dad 4 Aol %
TobAl Hol YARE Fawbdte] o3k RAFAA el dojubr] i<l

0.01-0.03 %(w/v)ol A ez 2 AA&EwoA Huzt 923 U/mlgks LFERAITh mia)

=<
(2
o
ol
Lt
il

o,

3
SHAE BAgo]l xe42 S1Ee FAaAT, wie] BAge] 2w &a7 wdaA W
g me SRBANA FHuuT 2o 2ol ojate] BRAlzo] AwEo] LPARA] A
o] Astate Wl Uk nRALAAL AMHOoT AFL Age] ArbEhE Avor A
0% B2 AAEE, AZEEsb w2y pH &% Fo s wuy wol WA fw, E
A% 2o 4Ae 28WAL 47 & 4 9low, sdged] B4 AUE &oldA & 4 Ak
ool otk B A@AT =R oA vFAIA % SPBAL Uehdel w4kl shal]
dgt 2R Aol Aok AT

. 94 54

el 97

4 542 249 =4 FHivE dskd W Yehvs E94 Wstel] FRbE =
(@) o

Ao E9 WMES A7 Y3 Ao 2 DSC(Differential Scanning Calorimeter) S ©] &3}
of o 4 % FEHe €S 449 o ARE dolr gh(Fig. 31). WSP (water
soluble polysaccharide) 7% 162.82 TollA EEs7} dojyrom ojuf 1 g WSPE Fo]+=1
Q3 IS 45349 cal® e TH(Fig. 31, 32, Table 13). CBP(cell bound polysaccharide)
Ae dEs 2x=9 dgyrt 27 166.05 T, 529.78 cal/go =M e THFig. 33, 34, Table

14). 71¥& A 5& Bacillus polymyxa WolF 25 E A& heteropolysacch -arided 7% g
=% 18325 T, =&y 1003 cal/g® YEFW oW, xanthan gum® 4% Z+z 17787 C,
1135 cal/ge & ZAFE S AT =3 A 52 levansucraseS ©] 8, @43 levane] 94 EAS

ZAFSE A3 HUg 1784 C, Ay = 166 cal/go = =A = At

ko)
T =

T e84 wud §ARA NE T AE F2A A%E HAE 5 Aok A4 424
8 + Xanthan gum$ H]ult o2 AE3FA T 05-25 %(w/V)EEHIE 5

Ae AN 1 FER 254% A3 B5Ye gATS Ui ok avER ArEE 3



100

mmmm Xanthan gum
e WSP
= CBP

1.0 1.5 2.0 2

Polysaccharide concentration(w/v, %)

Flocculating activity(U/ml)

0.0 0.5

5

Fig. 30. Flocculating activity of the heteropolysaccharide and xanthan gum.
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Fig. 31. Standard curve of enthalpy on WSP concentration.
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160

Fig. 32. Thermogram of water soluble polysaccharide by DSC.

Table 13. DSC thermogram values of water soluble polysaccharide

Peak temperature Enthalpy (cal/g)

(melting point, °C)

WSP

162.82 453.49
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Fig. 33. Standard curve of enthalpy on CBP concentration.
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Fig. 34. Thermogram of cell bound polysaccharide by DSC.

Table 14. DSC thermogram values of cell bound polysaccharide

Peak temperature Enthalpy (cal/g)
(melting point, °C)
CBP 166.05 529.78
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ALY AtEE 9 Y EEd W wet A @9 dEY FRESTEHS FAEORE AR
1w CBP 4 1.5 %(w/v)7FA 433 g Ad Haars yvediglen 05 %(w/v) WSPo
A 7 =e ®WS4E 127 g water/g polysaccharides X o] 21t} (Fig. 35).

. &t
Z tggHeo WSP, CBPY £3l%<S v wstsdth(Fig. 36, Table 15). Na-alginate®]
A2 30T HFH oilFol FHH7] A Akl 24 hrFol] $d3s] 2 H AT gellan gum,
carragenan 4% geldt= <3 HT}E 55 dA BT AgFH oz o] &%= Tween
A4 Z7] 12-24 hrigst frebss Eaigur 48 hr $HE = HA 3ok
Aol ags At 18y Xanthan gum® WSP, CBP 49 z7]d F3&Ad 5] A
g FHE GAESt FAES YEHeH 48 hr o]F WSP ‘!C‘)I‘ﬁ'?_@
el

Q794N 48R WP A 18 hr A $4¢ FAATRE §2 f;;um shl

o

N

A

ot
or

e :lo

=:|
HH

rob

series, Triton

G FRHAZAS A BEALE A ALE 40 7, 24 2 287142
al

gEofof & Aow AR HY

al, &34

71€ A 5& Bacillus polymyxa KS-1 #F2%EH od& udF 29 formic acid,
formaldehyde, HoO% ol wl-¢- 2 &3l%™ 7% alcoholsF, benzene, DMSO-G ol &3]% A &5
S Bt & 5 Xanthomonas sp. @ ©9dFY Sd#HS AN A3 HO,
formaldehyde, formic acids ol -3 &3S BQow Fr]&uds B84 HAES JA
s Haska

WspPet CBPe] &8s Aol AH&E &l polarityel =LAl #5-HES & F+ At
(Table 16). WSP 7% 7}% polaritygke] =2 H.0°lA 987 % , CBP9 A% 714 %=A
WSP7} CBPell Hl8] AFA71E £3e E4do] @Wol X33 Aog AlmHw o3t Ais
o] WSP, CBP7} 7t7} 179 %, 365 %= CBPZ-$- WSPel vls] ul=

2-propanol®l 4] &3} A
o] Zk&E&d+= AR AmH T Formic acid, phosphoric acid, acetic acid®} %

AE97F Y W

& A A nRdAAET FEFA ] bRkl g AEe Bold, e g5 WO
2 g ARAAEIE T FRe] Sold ¥ TR A &dlwrt SUhE AeR A
=¥

2 AFF - ZF Salts H7te 9% 529
T OedHF AR A PAo] EVFESIER 05 %9 TEolA H:

=
=
4aa, A% B4 aduse 5o 4F 9Es Phael g £6
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Fig. 35. Effect of various concentration on WHC of heteropolysaccharides

and xanthan gum.
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Fig. 36. Emulsion stability of various emulsifier after 72hr.

A: Water(standard), B: Na-alginate, C: Xanthan gum,

D: Gellan gum, E: Tween 20, F: Tween 40, G: Tween
80, H: WSP, I. CBP, J: Triton X-100, K: Carragenan,

Table 15. Emulsion stability test of the heteropolysaccharides and other polymer

X &« —~— T @ mTmoo o >»

Emulsion stability (hr)

Emulsifier o4 05 1 3 5 12 24 48 72 120 144
Water(standard) - - - - - - - - _ _ _
Na-alginate +++  ++ + + + + - - _ _ _
Xanthan gum +++ 4+ A A A
Gellan gum ++ + + - - — — _ _ _ _
Tween 20 +++  +++ ++ ++ + + + + +
Tween 40 +++  +H++ FH+ 4+ ++ 4+ + + + + +
Tween 80 B T o = S S e e S T 8 + + + + +
WSP +++  +++ +++ A+t + 4 + -
CBP R T o o T = e S e o o S e = o I S S S
Triton X-100 +++  +++ ++ ++ 4+ ++ + = - -
Carragenan +++  +++ + - - - - _ _ _ _
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05 % WSP¢ CBP 899 NaCl, KCl, MgCl, CaCl,, BaCl,, ZnCl,, FeSOQs CuSOy,
MgSOsE 0.2 %(w/v) H=% 7bste] Ad&E 186 sec oM 2H7] AEg Z43 Ay}
(Fig. 37, 38), WSP &9 % BaCl, KClo| A& ALstaies 2H7] F=d J&FS F
RNow, 53] ZnChe 4d-vde= v& difrt 268 Ay & 4% VA= ez ey

N 0
=
R
@

o)

Wk ol e d4 WSP, CBP9} & Abo]ol

E 7HA7] Wit o2 AIREY fFedHdd 49 A

= AE F9 v Xanthan gumeoll Hl& &2 oln}

o Ath WSP9 Z &= dwryom 2 FA] o o] &5
x

sl fﬂd e Fde 2 A= FAwTol ¢FdtEE AFREARA &

15 JAH TS HAESH] 9189 xanthan gum,

P g oo Ao NaCl, KCl, MgCl, MgSO.& #1931} %]
& % S7HE Bl CBP7E WSPOl Hls) dffoll gt ubgAdo] A3
A

B Aom

A+F % NaCl, KCl, MgCl,, MgSO,

=7 de Aew A

gellan, carragenan

b
S HEZFo 2 Zoogloea sp.-d WSP, CBP} vl ud}%th Xanthan gums 3 %(w/v) &=l
A ol 5 NPT Ao HE=

279 BEY BEo FHHAOY 5 %lw/v)ol Aol e
]

AR &gt} Gellan ¥ carragenan 4% 1, 3, 5 %(w/v)ollA &35S
°o|E

2 Az 252 & FagA = 540 yEwt WSP, CBP 3¢ 1, 3,

5 %(w/v) ¥ dFPdAol Hem My Fygd dFo] AlzHAdn. 1yt 1 %(w/v) WSP,
1 % CBPel 259 4% A=, 7] T ZF71H¥(30 days) Fol= ZEAA] #Hd, 937

2ol
ol A3 v]Fo] ¥ W WSPS CBPE ¥7/he hEol 4Ee 48
AEE F Qe Aoz AR

oh. A=A E)
Ug 259 JAA =R E)E Fig. 399 dWerddn. 3t == 2
= eItk WSPsh CBPO] Q1373 3 % FEelA 7}
5o Ay ostd 15 %(w/v) tdiF Al
lactan 650 kg/cm®, chitosan 210 kg/cm’® 7] &

s 2R

7t7} 585, 612 kg/cm’® VrEbsETh U
T AAWEE 15% carragenan 800 kg/cm’,

2Abe AT fARE FHE

LHERW AT

=
93 AAzE A P AEE AT 5+ glenz Add FHRom AgH:

carragenandl]l T3] FEE @ Hrbste] AYE Axd F I FEE
carragenan®. & A %3k 277 HI7M Alolo= E
of =4 fhol wel, 2 4o TR wet A= R textureo] FFES W
A 71908 Az Ade.

- 105 -



Table 16. Solubility of the heteropolysaccharide in various solvents

Polarity Soluble substance S luhility (32)

(e* APO?) Mass (mg,/20mi)
Solvent WSP CBP WSP CBP
H,0 High 1.974 1,428 98,7 7.4
B NaOH High 1,408 1,692 70,4 84,5
BN-HCI High 1,428 1,346 71.4 67,3
Acetic acid High 1,424 1,404 7.2 70,2
Formic acid High 1,812 1,680 90,5 84,0
Phosphoric acid High 1,368 1,710 58,4 85,5
Methanol 0,95 1,106 0,944 5,3 47,2
Ethanol 0,88 0,510 1,196 40,5 59,5
N-propanol 0,52 0,486 0,510 24,3 25,5
2-propanol 0,82 0,358 0,730 17.9 36,5
Acetonitrile 0,65 0,456 0,666 22.8 33.3
Acetone 0,56 0,344 0,196 28,0 24,8
Dichlomethan 0,42 0,380 0,504 19.0 25,2
Chioroform 0,40 0.126 0,470 6.3 235
Benzene 0,32 0.126 0,189 6.3 9.4
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Fig. 37. Effect of salts on gel formation of the WSP solution with added salts.
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Fig. 38. Effect of salts on gel formation of the CBP solution with added salts.
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Fig. 39. Jelly strength of heteropolysaccharide film.
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AzE GFFHF filme AEssS 24817 98t A niger vl 1A wjx o] TES o
I s et & oujk] oA To AgS #Ee A3 WSP, CBP & BT 4YA ol
37st7] A Ask el e (Fig. 40), 8¥ o] AyfstuA HFo] s Heol= o] #FHATH
o] AL WSP¢ CBP filme] A& =7F wf¢ ol ds vehds Aot}

6. WEZE 18T UFFY TLH N =

B}

r
ey

A BB " Zoogloea sp.(KCCM10036)= U= ALtels w2 vl oz HFi
= ot WSP(Water-Soluble Polysaccharide)$ A|%¥ 32t} CBP(Cell-Bound
Polysaccharide)®] + 7}A] A2 v& vgdS Aiso. 5 g w715y d5-44717t
A w9 e oko] kATt B4 9y Ahdo] Jgo upel WSPeF CBP Aatske 7Hr] %

T Ue 5Ao] vk =g ¥ Zoogloea sp.= THE "g’&%kﬂr A F7hEFe] Falg
T AOE ApRFHAW 2 2HE g s 5T 5 9
SEMe] Z#E & u] Zoogloea sp.= 7M1l S HoiE gl 7HtAZ A4S 1.0-1.3 m
1-36 m=z BEFEHZ st ArhFig. 41).

o~

U 38 g
o] Aol mAl= Ao dFI C/N Hlol 3] Lopr ity B AL flask Wi 2

(1) 24299 9F

WA casamino acid, urea, thiourea, beef extract, gelatin, yeast extract, peptone G,
proteose peptone, bacto soytone, bacto peptone®} Z& HAHUE flask wjdFstdct 1 A,
thFet a9 F bacto peptone H7bre] v AsbaFo] 370 g/Lo® 7HE & Uth(Fig. 42).
o] AyE nlg o= flask wlde] 49l protease peptone, peptone G, Bacto soytone, Bacto
peptones H7hek WA= HE 7] wj &g A, flask W FH} 5D bacto pepton H 7Fatoll A
o Aste]l b =A dEls o) kRS 113 g/LE 38 Ak A E A rh(Fig. 43-46).

(2) C/N H ¢ &3

o Akl 43S mA = O/N MY 235 flask WlYS Fshe] 24w wgkth C/NH 9
A= 1~7 7HA APl en, C/N H 5744 = vdgAdte]l S7ketsl o 63 72 sk
e el Ao g8 C/N Bl7F 5 off 7.13 g/Lo] vk (Table 17).

o o
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Fig. 40. Growth of A. niger in WSP and CBP films.

(A) WSP, (B) CBP
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Fig. 41. SEM of Zoogloea sp.(KCCM10036) on the batch fermentation
with culture time (a, after 24h; b, after 48h).
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Fig. 42. Effect of the nitrogen source for the polysaccharides production.
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Fig. 43. Time course on the polysaccharides produced by marine bacterium
Zoogloea sp. in 7L fermentor with the batch culture 0.5 %(w/v) bacto
soyton, 2.5 %(w/v) glucose, 400rpm, 1vvm, 10% inoculum size.

The polysaccharides production was 5.61g/L.
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Fig. 44. Time course on the polysaccharides produced by marine bacterium
Zoogloea sp. in 7L fermentor with the batch culture 0.5 %(w/v)
proteose peptone, 2.5%(w/v) glucose, 400rpm, 1vvm, 10% inoculum size.

The polysaccharides production was 5.33g/L.
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—+ Glucose conc.
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-0~ CBP
-= WSP+CBP 16
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Fig. 45. Time course on the polysaccharides produced by marine bacterium
Zoogloea sp. in 7L fermentor with the batch culture 0.5 %(w/v) peptoneG,
2.5(w/v) % glucose, 400 rpm, lvvm, 10 % inoculum size.

The polysaccharides production was 5.02 g/L.
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Fig. 46. Time course on the polysaccharides produced by marine bacterium
Zoogloea sp. in 7L fermentor with the batch culture 0.5%(w/v) peptone,

2.5%(w/v) glucose, 400rpm, 1lvvm, 10% inoculum size.
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Table 17. Effect of the C/N ratio for the polysaccharide production

C/N Carbon Nitrogen Polysaccharide(g/L)

ratio source(g/L)  source(g/L) WSP CBP Total
1 0.5 0.5 3.487 0.787 4.274
2 1.0 0.5 2.063 3.508 5.971
3 1.5 0.5 2.405 3.530 5.935
4 2.0 0.5 2.166 4.081 6.247
5 2.5 0.5 2.409 4.719 7.128
6 3.0 0.5 2.507 1.712 4.219
7 3.5 0.5 2.991 0.218 3.209




L= 4 B

Fr7kA w e s vldo] #AEE At Ae syl % sdHeR wd T
T3 718 S feedingdte] FH A feeding Z71oA Hdle] wkg b=
21w el Qo] 712AQl At A WS Fsto] A4F S shlth

7231, feeding volume? 714 FX9] HA 21& deste] i AMES HESA
Az oz FHA feeding volumed 7| Es=E= 22 200 ml¥ glucose 25 %(v/v)HTh HF

b A Ak 120 hr Wl F @S W 6.28 g/LAom, F widdE 38 LAt

(1) Intermittent feeding conditions

(7h). Feeding volume

Fr7tA m Fol Al feeding W2 Table 18 ¥ 2 Wyoz Agstgleon, Aie Fig.
47-49°0 vrEbd 2o} o] mRAlAbe Z47b 542, 628, 476 g/lelsith AEHom AHA

feeding volume< 200 mlo] A t}.

(4}). Concentration of feeding substrate

Zoogloea sp.24%-E 712 wWidS T3 thd AAS 98 HA V=S Sekaa 25, 5,
10 %(w/v)e] == AdS g3t feeding volumes 200 ml= 3FATE 24 hr (FF o=
feedingst 23}, 25 %(w/v)e 712& Fa3st A9 oo A 5 10 %(w/v)E T3 A H
b =& LS St

ol 71Hd9 unEkE A% VAANE FAdF g eSS F Aor AlsHU(Fig.
50, 51). vt Ak Z+7F 6.28, 512 1¥
% (w/v) S oHFig. 49).

k!
o~
W
1
i}
=
o
e
v
I
i)
=t
fru
B
X
N

X,
off
k1
rir
[\
(@

F7H4 wiegel BB WY oy gakge] Az olfi B #F Zoogloea sprt A
S 9ERl RPYL UEE o/ fEHE AadY Fd, 2RdAn, Al o
AE & B2 583 Adsd R/ Mo Andd adgn o AS HAT &
Moz IHE FAE AAT & Aot o 4HE wASH MFS A

V. D = Dilution ratio, V, = New medium volume

Vi Vr = Working volume
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Table 18. Effect of various feeding conditions for the polysaccharides

production in the fed batch culture

Feeding conditions Cell concentration Polysac.charides
(g-D.C.W./L) production(g/L)
100 0.41 5.42
Feeding volume (ml) 200 0.54 6.28
500 0.59 4.76
2.5 0.54 6.28

Concentration of
feeding substrate 5 0.32 5.12
(% glucose, v/v)

10 0.29 4.35

- 120 -



—{— Glucose
@ WSP
-O- CBP 4
¢ - D.CW
2 ¥ pH
5
-
5 13
=
ie)
© 20 —
c 3
(@] - 2 ~
S o
© ]
(0] iy
(%] (@]
316 S
= 11 2
3 O S
S 0.5 a
=
O
a)

0 12 24 36 48 60 72 8 9% 108 120

Fig. 47. Time course on the polysaccharides produced by marine bacterium
Zoogloea sp. in 7 L. fermentor with the fed batch culture, 2.5 %
glucose. The arrows( | ) indicated the start of medium feeding each

other (2.5 g glucose/100 ml medium).
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Fig. 48. Time course on the polysaccharides produced by marine bacterium
Zoogloea sp. in 7L fermentor with the fed batch culture, 2.5 %(w/v)
glucose. The arrows( | ) indicated the start of medium feeding

each other (5 g glucose/200 ml medium).
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Fig. 49. Time course on the polysaccharides produced by marine bacterium

Zoogloea sp. in 7L fermentor with the fed batch culture, 2.5 %(w/v)

glucose. The arrows( | ) indicated the start of medium feeding

each other (125 g glucose/500 ml medium).
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Fig. 50. Time course on the polysaccharides produced by marine bacterium
Zoogloea sp. in 7 L fermentor with the fed batch culture, 2.5 %(w/v)
glucose. The arrows( | ) indicated the start of medium feeding

each other (10g glucose/200 ml medium).
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Fig. 51. Time course on the polysaccharides produced by marine bacterium
Zoogloea sp. in 7 L fermentor with the fed batch culture,2.5 %(w/v)
glucose. The arrows( | ) indicated the start of medium feeding

each other (20g glucose/200 ml medium).
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A3 o] feeding volume 200, 500 28] 3 1000 ml =, 3A&2 0.04, 0.1 18 0.2=
AatH o™, inoculum sizew= 10 #F 20 %(v/v), feeding 742> 12 hr¥} 24 hr FA o2 6]
s wAS= A¥s 44 AAesd

o] Az}, wkAEZAu|%e] HZA ZHAL feeding volume= 500 ml, 10 %(v/v)2] inoculum
size, feeding 7+t2-& 24 hrold o, 144 hr ®i3t A3}, dAgLrEFe 823 g/Lyow, HE
v QF el 2 8 LYt

(1) Feeding volume

Feeding volumeo] W& ttd ABAFS Table 199] yvERE wlel 2t} 200 mle] feeding
volumes L EE s Zst=d 4= oF7|A171 1000mle] 7 $-ol+= wash out o= o
FAE st do] FAES 235 A oh(Fig. 53, 54). 1 A, v LS 747 6.59,
823 ¥ 417 g/L ol 2¥ER HFH 27L& 500mle] 9 tHFig. 52).

(2) Inoculum size

ot Ak 9lo] inoculum sizeol Wit PSS AESFFOH, AFE 107 20%= FHEA
t}(Table 20).

I Ay, gdAaske 27 823 ¥ 525 g/LAth 20 %9 inoculum sizeE YT A9 B
T 7 VHE vd Aitel ARE A R TEFS % oUYAR FE o]&ste Ao
A2 EtH(Fig. 55). 22402 10 %9 inoculum size’} A<l Ao & A oH(Fig. 53).

(3) Feeding time

Feeding Alztell wE tbd AAHS Lol H gkt

Feeding A1 7F& 12, 24 hr YA o &2 S3&deh. A3 43 Iﬂri‘?i 12 hr AL #=3k 3
Aoz gk o kel AjtsbA] e dkth(Fig. 56). ohd AR ZF7F 591, 823 g/LYTh 1
Hre 2 HA feeding A 7FS 24 hr 7tA<l Aoz ¥3 H tH(Table 19)(F1g 52).

3|8 wjFel HAHZHAL working volume 3 L, 400 rpm, 1 vvm, 30 C, ©A U ZA
glucose 2.5 %(w/v), inoculum size®= 10 %(v/v)olth. o] w 120 hr $o] 11.3 g/19] td=
AArErA T Aok e] HAZAL feeding volumed}t 7129 HE FEE 200 mlet 25
%(w/v) glucose At} vixle] HEL 24 hr (1402 Pt i A2 120 hr F&
o 6.28 g/l om, HF wjFHS 3.8 LAt

HFA S wfj ke A

A& feeding volume 500 ml. inoculum size 10 %(v/v)H L. HFA

e
b2 24 hrol Aot o] st A thEdRFe A2 144 hr $ol 823 g/L i, & mjgdS 8
Lol 3t}

ol el A}, 3|EulY, FH, REASA Mg e v AL, kS FS Table 20
of A est3dtt.
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Fig. 52. Time course on the polysaccharides produced by marine bacterium
Zoogloea sp. in 7 L fermentor with the semicontinuous culture.
The arrows( | ) indicated the time in which the medium (125 g

glucose/500 ml medium) has been replaced.
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Table 19. Effect of various feeding conditions for the polysaccharides

production in the semicontinuous culture

Cell concentration Polysaccharides
Feeding conditions -
(g-D.C.W./L) production(g/L)
200 0.45 6.59
Feeding volume
500 0.50 8.23
(ml)
1000 0.36 4.17
. 10 0.50 8.23
Inoculum size
o)
(%6, v/v) 20 0.66 5.25
12 0.35 591
Feeding time interval(h)
24 0.50 8.23
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Fig. 53. Time course on the polysaccharides produced by marine bacterium
Zoogloea sp. in 7 L fermentor with the semicontinuous culture.
The arrows( | ) indicated the time in which the medium (5 g glucose

/200 ml medium) has been replaced.
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Fig. 54. Time course on the polysaccharides produced by marine bacterium
Zoogloea sp. in 7 L fermentor with the semicontinuous culture.
The arrows( | ) indicated the time in which the medium (25 g glucose
/1000 ml medium) has been replaced. Supply with feed in a interval
for 24h.
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Fig. 55. Time course on the polysaccharides produced by marine bacterium
Zoogloea sp. in 7 L fermentor with the semicontinuous culture.
20 % inoculum. The arrows( | ) indicated the time in which the

medium(12.5 g glucose/500 ml medium) has been replaced.
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Fig. 56. Time course on the polysaccharides produced by marine bacterium
Zoogloea sp. in 7 L fermentor with the semicontinuous culture.
The arrows( | ) indicated the time in which the medium (125 g
glucose/500 ml medium) has been replaced. Supply with feed in

an interval for 12h.

- 132 -



Table 20. Comparison of the batch, fed batch and semicontinuous culture

for the polysaccharides production by Zoogloea sp.

Fed Semi
. Batch ‘
Kinetic parameters batch continuous
culture
culture culture
Polysaccharides concentration (g/L) 11.34 6.276 8.226
Polysaccharides yield
» 0.995 0.510 0.777
(g product / g glucose utilized)
Specific polysaccharides production rate
} ] ) 4312 2.929 4674
(g polysaccharides / g biomass dry weight per day)
Biomass concentration (g/L) 0.526 0.430 0.309
Biomass yield
) ) - 0.046 0.035 0.033
(g biomass dry weight / g glucose utilized)
Specific biomass production rate
) ) - 0.009 0.007 0.007
(g biomass dry weight / g glucose utilized per day)
Specific glucose uptake rate
] ) 4311 5.720 6.067
(g glucose / g biomass dry weight per day)
Final polysaccharides productivity
6.804 4770 9.750

(g polysaccharides/ L total volume per day)
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Fig. 57. The process flow chart for polysaccharides production.
1. Boiler 2. Air compressor 3. Pump 1
4. Tank 1(Seed Culture, 7L) 5. Tank 2(200L) 6. Pump 2
7. Centrifuger 8. Extractor 1 for WSP 9. Extractor 2 for CBP
10. Solvent 11. Evaporator 12. Dialyzer 1 for WSP
13. Dialyzer 2 for CBP 14. Dryer 1 for WSP 15. Dryer 2 for CBP
16. Product 1 for WSP 17. Product 2 for CBP
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Table 21. Changes in whiteness, deformation and breaking force of adding

polysaccharides to Alaska pollack surimi gel

Polysaccharide Whiteness Deformation Breaking Deviation Deviation Deviation

conc.(%) (mm) force(g) (W) (D) (F)
0.00 62.20 5.66 165 1.29 0.30 8.82
0.02 63.11 4.86 174 0.74 0.49 11.30
0.04 63.93 4.89 156 0.48 0.37 6.43
wsp  0.06 63.82 5.27 147 0.47 0.34 8.44
0.08 63.21 4.33 136 0.92 0.28 4.10
0.10 63.44 4.52 124 0.78 0.10 3.97
0.00 56.78 5.25 158 1.20 0.51 9.19
0.02 58.27 5.45 151 0.77 0.42 13.14
0.04 59.84 4.52 135 0.91 0.25 3.29
cgp 0.06 59.97 4.54 140 0.98 0.27 7.23
0.08 58.35 4.80 129 0.19 0.50 4.98
0.10 57.29 4.32 113 0.26 0.52 6.83

- 139 -



T

64 T 1 I T T
v 63 [ I l l
se | l
=g |

60 |

5

0 0.02 0.04 0.06 0.08 0.10

WSP conc.(%)

Fig. 58. Effect of WSP on whiteness of Alaska pollack surimi gel.
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Fig. 59. Effect of WSP on breaking force and deformation of
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Fig. 60. Effect of CBP on whiteness of Alaska pollack surimi gel.
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Fig. 61. Effect of CBP on breaking force and deformation of

Alaska pollack surimi gel.
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Table 22. Changes in whiteness, deformation and breaking force of pH and

salt various Alaska pollack surimi gel containing polysaccharides

NO.* Whiteness Deformation Breaking Deviation Deviation Deviation

(mm) force(g) (W) (D) (F)
1 64.11 6.59 225.00 0.21 0.33 16.09
2 64.60 7.49 245.20 0.43 0.56 10.92
3 64.05 752 253.20 0.12 0.37 11.54
4 64.53 6.69 221.00 0.29 0.31 5.39
WSpP 5 64.75 6.64 179.20 0.50 0.30 5.63
0.02% 6 64.63 6.80 187.00 0.67 0.36 6.63
7 63.62 5.88 146.60 0.71 0.20 5.68
8 63.62 6.30 150.80 0.89 0.32 7.79
9 63.82 6.08 137.40 0.29 0.20 7.73
1 60.05 5.63 164.00 0.60 0.28 8.72
2 60.04 5.74 170.00 1.15 0.43 13.56
3 61.15 5.49 134.40 0.84 0.24 1.52
4 61.08 5.26 137.20 0.61 0.24 5.40
CBP 5 60.17 5.19 147.40 0.78 0.21 6.07
0.02% 6 60.16 5.23 133.00 0.41 0.19 5.52
7 62.35 5.16 94.00 0.96 0.30 3.54
8 61.29 4.82 96.40 0.86 0.24 3.85
9 60.05 4.73 86.80 0.56 0.20 4.55
* 1. salt(%)1.5, pH7 6. salt(%)2, pH8
2. salt(%)1.5, pH7.5 7. salt(%)3, pH7
3. salt(%)1.5, pHS 8. salt(%)3, pH7.5
4. salt(%)2, pH7 9. salt(%)3, pH8
5. salt(%%)2, pH7.5
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Fig. 62. Effect of salt concentration and pH on whiteness of various

Alaska pollack surimi gel containing WSP.
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Fig. 63. Effect of salt concentration and pH on breaking force and deformation

of various Alaska pollack surimi gel containing WSP.
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Fig. 64. Effect of salt concentration and pH on whiteness of various

Alaska pollack surimi gel containing CBP.
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Fig. 65. Effect of salt concentration and pH on breaking force and deformation

of various Alaska pollack surimi gel containing CBP.
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Fig. 66. Prediction profiler of salt concentration and pH on whiteness, deformation,
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Fig. 67. Prediction profiler of salt concentration and pH on whiteness, deformation,

breaking force of Alaska pollack surimi gel containing CBP.
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Table 23. Effect of salt concentration and pH on folding test of various

Alaska pollack surimi gel containing polysaccharides

Species of
o WSP  CBP
surimi gel
Salt conc.
pH Grade ) .
(%) AA= No crack occurs after folding twice, but
7 B C no crack occurs after folding once
15 75  AA A A= Crack occurs after folding twice, but
3 A B no crack occurs after folding once
B= Crack occurs gradually after folding
7 A B
once
2 7.5 B C C= Crack occurs immediately after folding
8 B C once
7 C C D= Breakable by finger press without
folding
3 75 C B
8 C C
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breaking force:= WSP¢ CBP B+ U7 Hus =2#3S YeEW e WSP 22 AS dx
Ttofl nls 2wel 7}7+% breaking forceE WERWTE A xﬂ o2 WSPE CBPoﬂ Hg =o &
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12. Potassium Sorbate 7} FFo W& EAY HAE

7}. Potassium Sorbate ©] 7)o W& EA9 W3}

AENATES PPAD AGHE BAZ Pl gl MR RAT £ U= 24
A=
LN

n A= WS Aty Wz vAdEe] ¢ o] MAS & 4 A W=, AR
A7FsEA] &2 AS 109 &9t 249 WslE vu AES S, Whitenesse U EF5

uf, WSP7} 7} =4 yUgkom, deformation?} Breaking forcew™ HWWFA o= A|7h
ol X]%Oﬂ el A8 Facts e el A th(Fig. 70~72). ol= Alzto]l Aol uhel v
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Fig. 68. Effect of polysaccharides on whiteness of Alaska pollack surimi gel.
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Table 24. Effect of polysaccharides on whiteness, breaking force and

deformation of Alaska pollack surimi gel

Whiteness Deformation Breaking Deviation Deviation Deviation

(mm) force(g) (W) (D) (F)

Control 60.22 5.20 135.00 1.00 0.17 3.32
WSP 64.60 7.49 245.20 0.43 0.56 10.92
CBP 60.04 5.74 170.00 1.15 0.43 13.56
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Fig. 70. Effect of polysaccharides on whiteness of Alaska pollack surimi gel.
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Fig. 71. Effect of polysaccharides on deformation of Alaska pollack surimi gel.
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Fig. 72. Effect of polysaccharides on breaking force of Alaska pollack surimi gel.
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Fig. 73. Effect of potassium sorbate on whiteness of surimi gel.
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Fig. 74. Effect of potassium sorbate on deformation of surimi gel.
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Fig. 75. Effect of potassium sorbate on breaking force of surimi gel.
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Table 25. Comparison of rheology with surimi gel contains spicery

) Deformation Breaking STDEV STDEV STDEV
Whiteness

(mm) force(g) (W) (D) (B)
g5 FH7) 72.92 6.13 189.40 0.55 0.56 5.32
B = =7} 54.66 4.29 45.80 0.37 0.27 2.59
Eelol
) 69.56 479 64.40 0.66 0.14 3.36
x| = A7}
Ag A7t 61.29 6.13 189.00 0.37 0.27 6.24
A5 =7k 8.29 5.21 184.60 0.95 0.31 727
DA A& 22.91 3.26 186.40 0.53 0.19 11.63
CAF A& 32.21 5.14 186.60 4.03 0.28 8.38
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Fig. 76. Comparison of whiteness with surimi gel contains spicery
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Fig. 77. Comparison of deformation and breaking force with

surimi gel contains spicery
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th. whiteness = Z474e] Fg o] MEl oz Qlste] tha Zpolrh AATH(Fig. 76~77).

13. AAIEFS #5377}
HsF 7= 7T HEWel oste] F(HA), =A%, A4 g 3 57 F5S F3Fe] control
474, H7}ekE o] control Bt $-5FA] 5, 6 ¥7], controlB.t} -S4 3, 2, 1H 2
Z o

2 %73 tH(Table 26). H7laY o= 2088 Autslo] ZASIALE Ayx o=z 1 xﬂﬁa

mlo

ZlEoZ etew, 24 3HS 11 {FAFSE =X & YEAT o= v adE e Al
$eu S H7FeE R Fuw AE3F E ¢ dS Aoz AR H(Fig. 78).
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Table 26. Comparison of sensory evaluations with surimi gel contains spicery

frhas

e Fed) 247 472 % 9] 2
1 4.00 4.00 4.00 4.00 4.00
2 4.40+0.73 5.20£0.81 3.90+1.04 4.45+0.92 4.15£0.85
3 3.40£0.80 4.45+0.74 2.1520.77 3.25+0.62 3.20+0.60
4 2.90£0.89 1.81+0.51 3.52+0.97 2.81+£1.12 2.19+0.36
5 2.62+0.86 1.71+0.46 3.43+0.92 2.33+0.56 2.00+0.32

g TN 2 AGEA, 3 AR, 4 BRA=HGI, 5 Seho] mX =W}
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Fig. 78. The Final products
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m A 2 A% A : Heteropolysaccharides & 1L 7|54 &9

1. &4Ed

MTTHO 2 WSPe CBPO dAlxe] digt Myx=Ads Al bleomycind  B]ul&}o]
Table 27 ¥ Fig. 79°] Yeldtt. WSPE F/S M3zl LB 100-2A41 39 diste] A=A
e A ekgkew, CBPE F/S A9 LB 100-2 Al ¥rhE 54§ Holx| erokth
WSPsF CBP= CEM/S A9t F/M AlZolX = Al254de Hola 3=, F/M Az o
g WSPe| Ax=Ado] 7 Zstdvh. WSP7E &84l Al F/S AlZoll= obfdd F ko]
Si=t vste] o] AT AU MEQ] F/M Al2xd tistels gk A 9A48S o
b a2 gl &ekA ¢l bleomycin® F/S A FEo] thgt ICso] 3.2 pg/mlolA] F/M AlE9 27 n
g/mlz °F 84n] F7FE Ao Hlste] WSPE ICs< 27 7951 pg/mlolA 637 pg/ml=z oF
12.3W7F ZF2sklvh. CBPE F/S A3l vlsto] F/MAIEA ICs0] of 204 = s e
Welth ol& 71E Bag A Hl& Hold FqddA s 7ttt & 5 k. WSPel 9
g AlESA ] M =Rd F/M AEE #sto] AlE54d 3 apoptosisete] #HAdS dopr |
$38lo] bleomycin, WSP 2 CBPol| 9]t apoptosis%li BE ZAMEAT

Bleomycin, WSP % CBPE 24417t A g3k 5ol A apoptosis®] marker?] 3Fv}el PARP
degradation®| T&%Q A Fkar, 48417 A eldk -9  bleomycin, WSP 2 CBPel 4 PARP
degradation®] ¥ o]yt o bleomycin, WSP7} CBPell Hls] F/M Al3E9] apoptosisE U 2ol
TEPr= ASs & F UAHFig. 80).

< oIFFEC] apoptosisE FE38HH, o|Z o] thdiFol o3k A
Aoz AAHI ATt Zoogloea sp.o] Y FEX apoptosisE ¥
apoptosisE FEdle 2242 delx 9= bleomycind H| 53 A EZ apoptosisE FEFFH L
W, 2 =837 CBPEY Zl=d o3 F/M Ao tigh Alx5de] FaFaes X g

gy o] gFEe AESA o] apoptosisfri=ol oF ZQAA, I F=71d Tl st =
ozl o & it

Zoogloea sp. 3 ©t3dHFE 100, 300, 600ug/mle] s== vzl H7tsta, FH7MES
2T 02 F/M celle] AFE7 A &S Ao Hodth Fig. 81~84¢ F/M Alxo] #2l¥ WSP
o} CBPF& o] st mAd A F/M Az 474 2 AME F3E UERATE of 7]l A

FAE ko] A3 A maE Blew Edld vdol Azl hske] A AL AlE
=S 73 glon o] FEfstd wlel MXE TyoA] 7] AL ofd Hom el

At}

96A1ZF HiY T thETelE 109l AEZF AESFAOU, 600pg/ml WSP H7b
1.1x10%ell/ml, CBP 1.2x10°cell/ml®] A 37} Agéo}o% M E AEELS 747 89 %, 88 %= 1}
Ebyt u}. e FH7F 2T 96817 A T AMEAEE 1.3x10°0] o, WSP, CBP #H7b
© Zbzb Ha 39x10°, 32x10° 0.2 AIE APESS 33 %, 40 %2 E=A vrEbst
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Table. 27. Comparison of ICs values of heteropolysaccharides and

anticancer drug in various cancer cells

Cells Drugs(pg/ml) ICso
CEM/S WSP 111.7
CBP 94.0
BLM 2.1
LB100-2 WSP 224.4
CBP 203.6
BLM b1
F/S WSP 795.1
CBP 197.9
BLM 3.2
F/M WSP 63.7
CBP 934
BLM 27.0
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Fig. 79. Cytotoxicity of CBP(A), WSP(B) and anticancer drug in various cancer cells.
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Fig. 80. Western blot analysis for PARP degradation of heteropolysaccharides

and anticancer drug in F/M.
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Fig. 81. Growth chart of F/M cells in the culture medium containing WSP.
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Fig. 82. Growth chart of F/M cells in the culture medium containing CBP.
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Fig. 83. Death chart of F/M cells in the culture medium containing WSP.

Fig. 84. Death chart of F/M cells in the culture medium containing CBP.
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YAAAE IR HgFrtEaRE HAHRT] 9t HGAES S gk WSP4
CBP9 9&<S =Ae9tH(Fig. 85). WSPe} CBP T+ 7}A 2% vl ZAxe Z24S a4 7}
AT A9SdEd=2 4E3xl PHA-PY LPSE UHxT o= st A& HAg 23, WSP
7} CBPell Hlstel 2 &37F o Zlow, 500 ug/mle] WSP H7hiol A= thzxatel Hake] ©of
764 WA EE] AT ST

SHEIE dotr ] fdto] HAAMES NOALHe] v A= WSPe CBPo 93=

Ao H FtH(Fig. 86). WSPeF CBPOl 2]d NO Asbzo]l A F7FE 92w, 500 ng/mle] WSP
2 CBP #H7boll Al gizatel vlste] zhzb 128) 9 11.38] NO A4ke] F7he Sit.

HASGYSFALE dZAEES SA4T7Het @A 3stol 98to] tumor necrosis factor (TNF)-a
2 interferon (INF)-y&¢] cytokineEe°| fr2l¥ ™, o] cytokinego] AW} 3gdzt&
o T3 9&s vk dEA Uk T A A ETE o] 7HA] Ao ool ddstEW A
Aozl de] stz &4 2kad 9 NOZS &4 HAATS AdsAEA A 59 &2
o] T7HdT e FER o3 Vds Fote] WS FAAES UehdnE A9t
Rom, Zoogloea sp.o] GETHELE A FA x| tste] NESAHES BYow, HiZAEF2A
I g A Az &g NOALHS S7HA% A& BHW, o] fdRERE 479 2e 7[doe=z A&
g &4 F o, in vivooll A= AGEAFTIeE IA o s
AlALEETE o] R RES EAEe] ABRR
7= ode Aom dHA o, o el Aol it
Aol tiste]= 2 da#iA UdA &

3d7s e Al diE A A AESAd gk o] ofyal =

=
N T
W75 5S SANYORA FLAES YR @k o] UEFES W B4 A

O

°l T ¥ B lymphocyteE2] 542 F7MA17]L,

A9 QA AEe] gdsle] FQa% cytokinese] ®HIE FU7MAIZITHAL St A M EE A E
LAY AFAEES FAsE AAFVIH Fos TS = AlEEA, T AlxEoA &
H &= IFN-y5 9] cytokines B o8] 7k =50l osto] @Astem, &4 44AF 2 NO
e g4 HAATE ANEY gALESS 3}74] ok g A Az ok A5 A5AH $E9
23 aa7t Hed, 98 ggdFEL

=2 T MXE #A=38t9 IFN-y5 9 cytokine?] #HE <
7kA1 719, o] cytokinegEeo|l HAAEE A A A 2 FAES Herdo L o 1y
vg g I FA4E& 8 vFAE ED gAME FA S, NO ikl digk 43, cytokine A3

ol
A

o
12
fot

o =2 o = -
. R
N 24 5L B W9 ade s

7b B A EF Ao gk FIF
CBP % WSP| "M Ee] F24e] tst a3E 2ASHY] 918t CBP ¥ WSPE 4+ X
= 27 593 mouseZH-E 23 v]HA|E, B lymphocyte A A=E A< LPS ¥ T
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Fig. 85. The effect of WSP and CBP on the proliferation of whole spleen cells.
WSP and CBP were added at concentrations from 100 to 500 xg/ml to
whole spleen cells for 72h. After incubation, the degree of lymphocy

—-te proliferation was measured by incorporating 3H-thymidine into the

S O &~ W DN

cellular DNA.

: LPS 10 ug/mé
: WSP 100 pg/ml

. spleen cell (negative control) 7
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Fig. NO production level in RAWZ264.7 mouse macrophage cell lines

by WSP and CBP treatment. RAW264.7 cells (2 X 10° cells/ml)
were plated in 24-well plate and incubated for 24 hr at 37C in 5%
CO; and then stimulated using different amounts of the WSP and
CBP. The NO levels

griess reagent and measuring absorbance at 540 nm.

in the culture medium were assayed using
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lymphocyte T2 A=E2<Q0 Con AE AHelste] v FAEZe F2 5o nx= JIFS FAEA
th CBP 54 FolwelA = LPSol et FAnkgse] tizxa (PBS Foli)ol Hlste]l 100%
(2-fold)57F= oL, WSP 57 Folatdl A& LPSOl ¢Jste] 76%, Con Aol 9]3ko] 54% u|=%
A S 2 o] F7FE Ak (Fig. 87). ®=3F CBP 4 FoaolA = LPSel 93 T4 5ol iz
H3)] 57%, Con Adl o= 37% 7= A3, WSP A Foltoll A= LPSe| 2]3}e] 45%,
Con Aol 9 E 20% AlEZF20] Z7F= AHFig. 88).

U, i A E 9 NO*ﬂ’:}°ﬂ g 9

CBP 2 WSP= $F mouse?] EZFoA FElet A AEZe] NOAAHS LPSE dlA A x
E A539 S W, Fig. 8901]/\1 He -9 gixza (PBS Fofa)Ett CBP 3 WSP Fo
oM Z+7} 36% 2 48%2] NOAAte] Z71= St

o}, Cytokm Aol digh 4%

[FN-y&= W9Rk&e] f= 9 x4 FQa3 93-S 3 cytokinelZ ¢d# A o=z,
CBP 2 WSPe| Fo7F A £ o3 IFN-y9o] Ae fF=d = Jd=7tE ZA8HY Fig.
90l “ERHATE TEN-yo] A4k CBP Folwol A= duE S7b7F gloloy, WSP ool
A S 7k AT

Zoogloea sp.ol A 2] 3 heteropolysaccharide®! CBP&} WSPS E-7}to] Fojdl & Eslh
HAAEES B AZ 24245240 LPS 51 T A2 2445242 Con AZ AF33l&
o F215e] CBP ¥ WSP Fofitol Al S7Fs 1o (Fig. 87), vl x| &gt Aontg-o] +

L HEEH el IFN—Y94 AAE WSP Fol ol = ZF71E QA oH(Fig. 90). &= CBPeF
WSPE EZA A A EE LPSE A=39S wf NO AAE Z7HA A=, o] NOE o7 71A

484 AT Qe Wed BARA Az G4 gl

Y

ofN

ko

rot

N 1R
o
o

st

i)

1 A
oe] A=AEZFH FEHUE UdIFE oA dF ddFES 997l =448 2 Y

4§ tebdts SelAd ok GFREY FARES AT B APAA ALSAH

al
o] IFHEL WY g4 A ¥ T % B lymphocytes 9
B Ak Ao 2d 9 g AEe &5t F
Z1tkal gtoh, gpdREY olefg 2E2] 71de et e oA
%]

243} ghebzkgo] il ¢zl inulin ¥ oligofructose &
Pz

ME 53] A4 F9sty, W97 sS SAAZIG A & lactate HAATE

7 AWA7 s TS T cytokine profiles

=
£ WspA7la &8A 0 IFN-y s =& S7HA71H, & iAo &3t & Fsto] o Al
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Fig. 87. Effect of peritoneal administration of CBP and WSP on the proliferation of mouse
splenocytes in response to LPS and Con A. Mice were injected peritoneally with
CBP or WSP (0.5 mg/ml in PBS) 5 times for 8 days. One day after the lastadmini
—-stration, mice were sacrificed and splenocytes suspended in RPMI 1640 medium
supplemented with 109 FBS were cultured with or without LPS or Con A for 3
days. The proliferation of splenocytes was determined using Hg—thymidine incorpo—

ration.
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Figure 88. Effect of orally administrated CBP and WSP on the proliferation of
mouse splenocytes in response to LPS and Con A. Mice were
administrated orally with CBP and WSP (5 mg/ml in distilled
water)every day for 2 weeks. One day after the last administration,
mice were sacrificed and splenocytes suspended in RPMI 1640
medium supplemented with 10% FBS were cultured with or without
LPS or Con A for 3 days. The proliferation of splenocytes was

determined using Hg—thymidine incorporation.
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Fig. 89. Effect of CBP and WSP on the NO production by peritoneal macrophages
stimulated with LPS. Peritoneal macrophages were isolated from mice
treated with CBP and WSP as described in Figure 1. Macrophages were
suspended in RPMI 1640 medium (1x10° cells/ml) and stimulated with LPS
for 24 hours at 5% COs, 37C. NO was measured as nitrite by using griess

reaction.
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Fig. 90. Effect of CBP and WSP on the production of IFN-yfrom splenocytes. Mice
were treated as discribed in Fig. 3. Splenocytes were stained FITC-conjugated
CD3 antibody for 30 min. at 4T and then the cells were fixed and permeated
with the Cytofix/Cytoperm Kkit. Intracelluar IFN-y stained with fluorescein R-
phycoerythrin conjugated antibodies in permeation buffer was analyzed on a

FACScaliber flow cytometer.
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Fig. 91.
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Effect of polysaccharides intraperitoneally injected on the growth of F/S
tumour cell in mice. Tumour cells were inoculated into the left flank (2
x10° cells) and the right flank (1x10° cells) subcutaneously. CBP or WSP
was treated intraperitoneally into mice on 3rd day of inoculation of tumour
cells and continued every other day, a total of 10 injections. The tumour
size was measured using calipers. Results shown represent the means

SEM for each group, n = 5. Photograph represents mice of 28 days after

Control

tumour cell inoculation.

CBP WSP
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Fig. 92. Effect of polysaccharides intraperitoneally injected on the growth of
F/M tumour cell in mice. Methods are the same as described in the

figure 91 except tumour cell line.
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Fig. 93. Effect of polysaccharides orally treated on the growth of F/S and F/M
tumour cells in mice. 4 mg of polysaccharides dissolved in distilled water
were given orally into mice every day for 8 week before inoculation of
tumour cell lines. F/S cells (A) and F/M cells (B) were inoculated into

mice the by the same methods as described in figure 91.
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Frrgol el AA @skrh olH gk o= WSPe CBP
° 2

7‘3’5“1];3_01] diste] CBPeF WSP7F =4S YeEld F Qerte dolry] fste, A4
mouse {FA|IZE 9} opossum &2 (OK) M X st 2 H MESHS Z:/\}é} ok Al Hoc}‘?ﬂ
of A" CBP @ WSPE #H7}ste] MTT assay = cell viability &
o xzare s H7Ee glycogen¥ s AskAl CBPSF WSP %Eoﬂf\ﬂ =4E& A3 YER

FAEAAALY] o p| Ao A AL Zel WSP, CBP 200 mg/100 g body weight Fof vl

A NGRS Bate] AREEEe BBHA wgon, AFSE a2 AFTE LDy

= 27 200 mg/kge HIE Aow AR AT
2 A= mouseE: A4 1172 & Wiro] WSP Fofat 43, CBP 7ot 4o & Zhzh

300 mg/100g body weight, 400 mg/100g body weight, 500 mg/100g body weight, 600
mg/IOOg body weight, 700 mg/100g body weight, PBS F¢J3F thxvo 2 y5o 13] &7
Fol & 149309 AMgE, dhtsd, Alewis 9 FAAds dEsig o o Aye b
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Fig. 94. Cytotoxicity of CBP, WSP and glycogen in normal mouse liver cells
and kidney OK cells cell viability was measured by MTT assay.
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Fig. 95. Vitality of BALB/c mouse on the various doses.
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Table 28. Blood analysis results of ICR mouse injected WSP

Control

200 mg/100 g

400 mg/100 g

Items not treated ) .

body weight body weight
(n=5)

(n=5) (n=5)
BUN(mg/dL)* 21.0+ 0.7 246+ 09 287+ 1.2
Glucose(mg/dL) 176.0+21.0 192.0+£14.5 182.0+15.6
Total protein(g/dL) 6.0+ 0.8 5.4+ 0.8 54+ 1.2
Albumin(g/dL) 4.1+ 0.6 3.0+ 04 3.1+ 0.2
Cholesterol(mg/dL) 104.0+10.2 110.0+ 8.8 121.0+10.3
Triglycerides(mg/dL) 65.0+ 5.7 65.3+ 6.4 86.0+ 4.6

* BUN : Blood Urine Nitrogen

Table 29. Blood analysis results of ICR mouse injected CBP

Control

CBP

200 mg/100 g

400 mg/100 g

Items not treated ) )

body weight body weight
(n=5)

(n=5) (n=3)
BUN(mg/dL)* 21.0£ 0.7 20.6£1.2 223t 2.3
Glucose(mg/dL) 176.0+21.0 178.0£9.6 179.0£13.6
Total protein(g/dL) 6.0+ 0.8 5.840.8 5.7+ 0.5
Albumin(g/dL) 4.1+ 06 3.9+0.1 3.8+ 0.1
Cholesterol(mg/dL) 104.0+£10.2 98.0£5.4 94.0£12.3
Triglycerides(mg/dL) 65.0+ 5.7 64.5+3.6 57.0+ 45

*BUN:Blood Urine Nitrogen
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Fig 96. The weight change of mice after chronic administration of CBP and WSP.

CBP and WSP were administered by intraperitoneal injection of 5 mg/ml

of PBS once in a day during 2 weeks.
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- Aakdgs ved 4
gb# 3} 7= 100
i s
- TFEAEY ARsEAd 100
ZA}
- AEFAZFTY A7l
]_E 145 27154 100
¥ 3} AL
P Heteropolysaccharides®] i
e I i
- g 100
- WIS ay 100
- & 2% A4 100
- g AL 100
- 3 Ak 100
- B4 - s E 100
= =g (%) 30 40 30 100

A 3AH ATFNEERS 2=

m A1AMHH3A : Zoogloea sp. + 3 heteropolysaccharides® o &4k

e 2} 1 2 FAdAFE S AT S8eAd

1. 43 Ads A eIz
T Zoogloea sp.(KCCM10036)2 A= t& F FT/79 vd WSP
(Water Soluble Polysaccharide), CBP(Cell Bound Polysaccharide)S AAtslE Aoz wa

= Ay AHg3 o
o}, WSP % CBPe AAHS 93k HAwA= AFs]4 11T glucose 5 %(w/v), Ahrgdoz
peptone 0.5 %(w/v), NaCl 2.0 %(w/v), K:HPOs 100 uM, NaSO4 0.8 %(w/v), pH 7.8, 307}

HA Mgz or AAHAT

2. 3o 3, AA
Zoogloea sp. &8 ©del HFEAZFLS WSP, CBP7F 27 4.07x10°% 3.43x10° o o] g
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& A= Au7HA Bad A fFd 935 ol =2 B &£ee AR yeut &
5 34 Ao Soldo yehth: 3400 cm el Aol e F47F dEREEoR 2830-2980
cm ' F9] C-H stretchingg 1400 cm ' 9} 1600 cmfll‘i—goﬂ/ﬂ% carboxyl”| o] &7} #&
¥ 9th. ®3 finger printer regionZ 800-900 cm oA 9] W& peakE T Ul B-glucosidic
Aol HFrE e AR YELTh

5 L #wazoA w¥E%E 400 rpm, &7 $71% 2 vwm, 3FF 10 % £ S =2 batch

E AAE A3 FA ARG NS 36~48 heas A £5% = 0036 h'=
Vel FAE g S Y opx = 0489/h, 7127 Al AAE Y oxs = 0048/h, 712G
S8 Y ps = 0.281/hE A4 H A0}

4. & polysaccharide®] EAZAl - 583 EA

Polysaccharide (WSP, CBP) =& 99 #5545 Power-law 2 % Andrade’s 2o #-&
A7l A3} polysaccharide 892 Y78 G419 23 g7t FA<9 AAS 7HA =
Aoz YElyt ol 89 ARV A= S W8 pH 2~12)9 &% (20~80 )9l
A 2T o2 AFE% Xanthan gum Ht} ®2 F A S EAth E3F NaCle] 7k wa 2
H7] AEe] Wl = WSPe 49 3 %, CBPE 5 % 7HA9 FEoA®E & A= $4%
= Bt 7% Aol A A% dFde ® FATE et en, CBPY A4 gel 45
o] 7heAd e Kol Z+F Aol Aol HFA B AHRE vlo] o A EMA Y o] & Thsdol F A

o2 ZhE

A

=

5. 379 & -3y EH AL
WSP, CBPY A% 0.01-1.0 %(w/v)7FA 80 U/mleld S¥ Aol FAFoZA v TSl
1

xanthan gum7-$- 0.01-0.1 %(w/v)A %= olA%F 80 U/ml o w]asle] 43S HYth WSP
(water soluble polysaccharide) “4-%- 162.82 CollA EEs|7}F dojykom ojuj

1
ol=d HQadt daF& 45349 cal® EFSTE CBP(cell bound polysaccharide) 7 -$-

;| AR 2
w9} eyt Z+7; 166.05 C, 529.78 cal/g o 24 UESTE 05-25 %(w/v)sEHYE =A%
A 11 FEE 455 JAx BaEe A4A%%s Uit o e iR HUbEE A9
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o

AtET eIl =84 Wt we e o9 A9 FESREHS gAagoR AmEm CBP
49 1.5 %(w/v)7HA] 4 232 dehhden 05 %(w/v) WSPAlA 714
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FelZ A5 FAHS Yl o 48 hr o] F WSP9| #3¢td5o] 7H4ash Ho
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Azl Abz e

WSP &9 3¢ ZnClhe dFel 259 CBP: NaCl, KCl, MgCl,, MgSO,2 A% 1}
w2 AFE g8 4% A= F7HE Kol CBP7F WSPe H|&| AfFol dish wkgAe] 4
I3 =2 oz el WSPe A9t dubd oz 2 EARY o] &5 dF T NaCl,
KCl, MgClz, MgSO, 5ol te & s 2 A% fFATo $Fstnz AFHnzA=zA &
=7 e Ao AlgdY, st gA =4 CBP bead €4
Aol 71 % &t

volume 3 L, 400 rpm, 1 vvm, 30 C, &xfo =2 =
2~ 25 %(w/v), inoculum size= 10 %(v/v)ollth o] W 120 hr $9 11.3g/1¢] vd= A
sttt §71 wge] HAHEHL feeding volumed} 71H ] HF FEE 200 mlet 25 % =
Fazgd wA e HEFS 24 hr Ao ® gt far o] AL 120 hr Fo 6.28 g/l
Fom HF: wgde 38 LAt HEAE2 wjke] HAHZXHE feeding volume 500 ml
inoculum size 10 %(v/V)A 3 HEAI 2 24 hro] Tt o] 2stelA thdFe A4k 144 hr
o 823 g/LAa, HFE w8 Lotk AEH o2, Zoogloea sp.(KCCM10036)=+-H

polysaccahrides& A4tsh7] f18] wkAL2] wjFrgo] 7hd aab#Ql Wl Aoz Algdt

=

<

AArsl7] 9ell scale upfﬂ 200 L fermentorel A A4S AES R okrh oA

Zuf 200 Lo tid ¥ 2 7] working volume 160 L& semicontinuous fermentor

H ogﬂ% 745 scale upel ME wHAH| L} v Az WslE Qd] thA Ak A
Ao =

AbRE T, O FAAS S A ARl e ArhH] d3E VA S Ao

bl S 25 % HEujdz(200 L2 HET T HHuwgzd
kvt de AAEEVE B celld vl Aedoz HEd vd AT
&7 oMAE FF Stavd WSP7L 35 HM, Jheteke celle FEXZE KAA oAl
staivd CBP7F 3l4#th 343" WSPe CBPE 747 £4zx2 A4 €9
Az T ZFSE A Fo] AAET ol AE FEF F ALSH oMAES JAFTAIE AA
P lnh 499 2 ugad s Azl & 9 ~ AFEL7AY A dAE 10Y

B
o] 28¥H 1 cycle § 2 kgl 175U LTR{FE A4t 7Hsakdth
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9. BR¥F 7 FAAAEFY FHFEA

WSP9] 749 whitenesst= 3 7Fel Hl&] tha =9k, breaking force= 0.02 %(w/v)ll A
174 g ©ol% 3L, deformation®™ F#H7H7F B =4 YeElWt. CBPe 4% whiteness® 0.06
%(w/v)oll A 7F& =<kal, breaking force= FH7FH T} ko deformationi= 0.02 %9 A
545 mm@ith. o] Ao A WSPS CBPO HZA w%+ 247 0.02 %(w/v)E AR + 39
Fom olF mE AP 002 %(w/v)S polysaccharidesdl Al A o]ttt WSPe 49,
whiteness¥= No.2, 5 6°] At gtS YElRE e, deformation No.l, 2, 3 fFARgkelH,
breaking force= No.l, 2, 37} +AFgtel 2tk CBP2] 7%~ whiteness= No. 7¢] =3kou, A
Ao g M58k o]l o™ breaking forcei= No. 1, 2°0] =% 2™ deformationi= No. 1, 29°]
b E=A dsith o] AnE A E u), WSP, CBP7F #4315 YEFIAIEE No. 285 3
2 AAsA Y. WSP9 CBP &5 deformation®] 749 pHell tiajA= ¢kike] 715 YER
™ breaking forcet salt®} pH7} S7Fshel] 4SS

WSP¢ CBP #H7}*S Folding test 23 WSP9 salt conc.(%) 15 %(w/v), pH 759
surimi gele] 7} =& AA9 5 3°]AaL, breaking force®} deformation®] #ke] =S uheh
folding test #tel Fld o= =t} Deformation WSP7F 749 mm= 714 =%o™ CBP
= gET 1Y gAa 28 ks yErdt Breaking force: WSPeF CBP E% x4 HUub:=
E2S YElgter WSP 22 Atz 8l3] 28] 7172 breaking forceE LEFW T
AA Aoz WSPe= CBPel Hla] =2 SA#%S et oo Fa7bgAfad vds H7hg
oA FL ARE S F doH, AR HUstel: B4 & dFS VA= s
Eput

\I

FI

10. BBF7F AF E4 A= 9F A
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m A 2 A% A : Heteropolysaccharides & 1L 7|54 &9

1. &4Ed

WSP$t CBP+= CEM/S AlE29t F/M A XA = AESAHS Hola =, F/M Aol
g WSPe| Ax=Ado] 7 Zstdvh. WSP7E &84l Al F/S AlZoll= obfdd F o]
S =t vste] o] AT AW MEQD F/M A2xd distels gk A 9A48S o
Bl iz o} sAlQl bleomycin®] F/S A ¥ thdk IC5°] 3.2 ug/mloll Al E/M A X2 27 n
g/mlz °F 84n] F7FE Ao Hlste] WSPE ICs< 77 7951 pg/mlolA 637 pg/ml=z oF
123w 7} #4238k glvh. CBP= F/S Aol Hlsto] F/M Al A ICs5°

oF 204 =
B gk ol 71E Bud Aol val Held FBYe sbvkn B 5 qlok

2. U9 SH2EH

WSPel CBP + 74 EF HZAESY F4S AA S7AFH0. ds4E54d2 433
PHA-PY LPSE iz o= sto] AFS AAg A3, WSP7l CBPel Hlgte] 1 &371 ¢
Zov, 500 pg/mle] WSP Z7batoll i dizatol vlate] o 768 vFAAELY 45 Z7)
At w3 WSPe CBPel 93] NO AAbso]l A Z7FE9ew, 500 pg/mle] WSP 2
CBP #7btoll Al tiztol vlske] Zh7h 12u) 2 11.38] NO A4ke] F7bs Atk IFN-y<o] AJ4t
< CBP FoweA s Aot 717 fllov, WSP Folatol A F7h= St

O

O Foldt RFolA Fge Aol AdEE RS #AT £ den, M AXE HE
WSP Folel A 1 &37t 7bd Zh

4, T A A

gadFiscde Al |1 A 199 HX(25 mg/lml- 39 pl)olA AEHAAE BRE 5= ¢l
Rov g o] gk A4S WESA FE AR e

olf gt AFE mFo] F pA] v It el g AFAA o] flv A2E AAR A
of &&3le] EAZY AEFY TAAAZ AFsetd S o mAE] o A&7 7HE
shthal AlE s A B R S s AF oz sfdke] 7= FIT},

gdFEo] kst ed S M Jd=AE AL ONOO A AE S 2 in vitro 7ol A

A eSS AuE AFAT Img/mle] 1 BEoA Fod vl kst b vEwth 1
2} in vivo AdolA AHE 30mg/daye] AR F T3HE 1mg9 tYEHFE moused] #9
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A 6% ATHUDHONN $EE 52 2hety

i
0
HI

AA whe] 2 Abd o] Al EE 19921 100923 oA 1999 3139E 2 F43] JAstd
200013 ol = 54091 €&, 2003 74091 €2, 2008 1250l ol& Ho= HAYHAY, A
Hi AAE 7]Fo 2 20008 -5 2013 7FA] 26.9%09 o]l2= 1A Aol o
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