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ABSTRACT

Marine bacterium, as a microbial source producing polysaccharides, was newly isolated from the
eastern and western sea of Korea and was identified as Zoogloea sp. (KCCM 10036). It produced two
different types of polysaccharides, especially | WSP (water-soluble polysaccharide) and CBP (cell-
bound polysaccharide). The former was isolated from the supernatant of centrifuged broth by acetone
precipitation, and the latter was isolated from the pellet by acetone and CPC (cetylpyridinium chloride)
precipitation. The productivities of polysaccharides were increased with the addition of promoting a-
gents such as biotin, ampicillin and surfactant. After batch fermenting, the productivities of WSP and
CBP were reached to maximum values of 9.0g/¢, 2.5g/¢ in the culture medium containing 1% of glu-

cose as a carbon source.
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Sl A= 1925 SAg =T 4004 ATERE
< &% PHB(poly- B—hydroxybutyric acid) &
intracellular biopolymer 24, def&a To| #|glx
A& W AEH sy °IIL11] AAEAR &3
H1(3), #429¢ do7)A ok AEs| thermo-
plastic polyester24] oz] 7}z &z oA Zhziuty
dt}(4). Cell wall biopolymer 2% lipopolysac-
charides} f-glucan ¢ E 4 9Jow, extracellu-
lar biopolymer® <22 9] extracellular poly-
saccharide= A|E9 2¥-o slimeelt} capsuleg
Yagao), ulzy sj47} esta Al ulgo] A
A E B oldel(5), 53 EEW ghakd B4
2 uS4o2 Poldol FAA, §3H4, b,
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olo} 2ol thekdk 715E FHA ol4E S poly.
saccharide & *)}4}6}‘; FREZ A= Zoogloea rami-
gera7]- Ak ZE2t %75710] =& AEe} Exisk
£ 7hAm, pH, o, 7IAAel AekgEol) dhatol o
% A Ao ¥TE 9lh(7, 8).

Z2eft AF7HA] Zoogloea sp.= AvbH o 2 &
79 polysaccharideZ AAibsl= 7302 otelz 9
<l ukste] B Ao AH4-® Zoogloea sp.(KCCM
10036)= #HT2ZFE Fejsle], xF7a Bu=
Zoogloea sp.ot= el HE o2 F 71x FF9
polysaccharide, % water-soluble polysaccharide
(WSP)} cell-bound polysaccharide(CBP)& 4
’&?&4(9 11). ©]F polysaccharidet= 7}t A& o}
£ glucose, galactose, mannose 2] FA8]& AU
(WSP, 2:2:3;CBP, 1:1:2), @A4&1])9] o 50% =
uronic acid® A o] ¢)Lo] Falglqich(12). =
&, ol F £%9 polysaccharide: L% &34
F35(13)3} antitumor activity® 7}z ¢)o.v
(14), 2 F A% cell-bound polysaccharidex T
Azt G40 AR 2AY o|8rbsAE THA T =
5 o5 tjekat olgo] Zids 2 rh(15).

wehA] & dFoll & polysaccharides 4tste
3okA Zoogloea sp.(KCCM 10036) 2] Al#3td E
AE& ZAEH FAlel o] #F71 MAkstE polysac-
charide®] 4kdA o4& EHo g MarEzI9)z1E
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& A7l AHE FF tE dete Sas) 4
doke] ApARo A HF TR S5
ez, £ TFe 2Fuid wysnuA
A aheFato] 4°Coll BaAsldc)

F845 SYZA

Feid B2 Batadv| 4 (Carl Zeiss Jenane-2,
x1000%0) A+ 3k, ey A= rapid
multi-system, API 20E and 20NE(Analytab prod-
uct Inc., France)& o]&3ldy, #F9 Ao
Bergey’s manual of systematic bacteriologyol| <]

3 #ahlct(16).

o] L s

279 el 3 REAe 2] Y AR
w2 = glucose 10g/¢, peptone 5g/¢, NH,NO,
0.0016g/¢, Na,HPO, 0.008g/¢, NaCl 23.4g/¢,
KCl 0.7g/¢, MgCl.-6H,0 10.6g/¢, CaCl, 1.1g/¢,
Na,SO, 3.9g/¢, NaHCO; 0.2g/¢, (NH,).SO, 1.0g/
¢, K,HPO, 0.01g/¢, Tris(hydroxymethyl)amino-
methane 6.05g/¢ ¢] =44 #Ud, pHE 788 =
Aspo] AHE-SHH(17). &, glucose®] $ =& o
g APl Feo et ¥ & 245t} Algs)
AL, glucoses] o] 7] 4& A}gd AHelE glucose
WA Agolde A2el Hlshed g, mo
ZA Aol = agar(1.5%, w/v)E Hrlstgdoh, 4
T2 3ok 500ml baffled flaskol] 7]Eu)=)
100mlE ¥ 30C2 =49 shaking incubatore]
4 200rpm 9] BFA4EE 547 33ttt Fermen-
tor(5 £ jar fermentor, KFC Co., Korea) & o]-43}
3l Esekell e JA] 712 wixE o848t T, work-
ing volumeg 25¢, wiokez= 300C, £
2vvm, 2T 200~ 1,200rpm ‘J”-A-J 3} =24
ol 4] ulekstgdr}. Fermentor HES 23}t seed cul-
turet 30°C 9] shaking 1ncubator°ﬂ/\-] 200rpm e 2
1227} &} flaskoll o wiekstod 2%7} A shodc).
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ofoll 218 23e17l crude polysaccharide?) 22
1g. 13} o] wjokel 30mlel| Feke] 2548
Y7lshed A &3k 5, 33,000 x gol| 4] 1087
1228+ & water-soluble polysaccharide( WSP)
cell-bound polysaccharide(CBP) & Zz}3}eic}.
= Ao 2819 acetoned #Hr}sle] AH
= acetone!water=1:19 &M o T ofz
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Culture broth

Dilute with 1vol. of D. W.

Centrifugation(33,000 X g for 10min)

|
| )

Supernatant Pellet

!

Mixing with Washing twice
2vol. of cold acetone with D.W.

| |
Collection of WSP(winding Resuspend in D. W.
with round glass rod) to the initial vol.

Washing twice with Heating
water/acetone(1:2, V/V) (60°C for 2hours)

Dissolving in D. W. again Centrifugation

(33,000 x g for 10min)
|
Dialysis Addition of 10% CPC
| \
Freeze drying Centrifugation
(11,000 x g for bmin)

Crude WSP Precipitates

Dissolving in 10% NaCl

Mixing with 2vol.
of cold acetone

Dialysis

Freeze drying

Crude CBP

Fig. 1. Isolation steps of crude polysaccharides
(WSP and CBP) from culture broth.
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3}9\15}(18).
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Gel Chromatography
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pore size7} 0.24n¢] membranes o]4£3tod o3}
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phate buffer& %%"-“.gi 3t Sepharose CL-4B
column(1.7 x80cm)& o|-&3}od gel filtrationd 3
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Table 1. General characteristics of Zoogloea sp.
Tests Results Tests Results
Gram stain - Citrate utilization(CIT) -
Oxidase +° H:S production(HS) -
Caralse + Urease(URE) +
Mortility + Tryptophane desaminase(TDA) -
Starch hydrolysis + Indol production(IND) -
Skim milk hydrolysis - Acetoin production(VP) -
Gelatin liquifization + Gelatinase(GEL) +
Ammonification + Glucose utilization(GLU) +
Methy! red - Mannitol utilization(MAN) +
TCBS agar - Inosito! utilization(INQO) +
MacConkey agar - Sorbitol utilization(SOR) +
Pigment formed by colonies - Rhamnose utilization(RHA) +
Fluorescent pigment production - Sucrose utilization(SAC) +
Floc formation + Melibiose utilization(MEL) +
Bgalactosidase(ONPG) - Amygdalin utilization(AMY) -
Arginine dihydrolase(ADH ) - Arabinose utilization(ARA) -
Lysine decarboxylase(LDC) - NO; production(NO+-NO.) -
Orthinine decarboxylase(ODC) -
*:negative reaction, ": positive reaction
07 . r - 0.07 0.7 . . . 007
06t - 710.06 06 i -0.06
Y v ' 1005 ~ 005
H M £ H
So04f J0.04 é = {004 <
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2 2 2 A‘O‘.n —g
< 02} 1002 < < M 002 £
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to 15 30 40 50
Fracnon No.

Fig. 2. Gel filtration of WSP on column(1.7x 80
cm) of Sepharose CL-4B. The eluent was
50mM sodium phosphate buffer(pH 7.0)
containing 0.5M NaCl. V, represents the
void volume of the column(—@— Total
sugar, —O— Total protein).

B Aol AF8-E Zoogloea sp.7} A T
59 polysaccharides= #4929 £Hd o}
polysaccharide AJAteko] <dgkg k= 7jo 2
wtth. Water-soluble polysaccharide: B4-%2.
A fructosed AHE3LES A, HdAAakkE He

r2 B ofy

Fraction No.

Fig. 3. Gel filtration of CBP on column(1.7 X80
cm) of Sepharose CL-4B. The eluent was
50mM sodium phosphate buffer(pH 7.0)
containing 0.5M NaCl. V, represents the
void volume of the column(—@— Total
sugar, —O— Total protein).

8l cell-bound polysaccharide® glucoseS Al-4&
S Aol H2E 2ot (Table 2).
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Table 2. Effects of carbon sources on cell growth and polysaccharides production.

Productivity[g/ ¢, dry matter]

Carbon source[ 1%, w/v] Dry cell weight[g/¥¢ ]

Water-soluble polysaccharide

Cell-bound polysaccharide

None 0.180
Glucose 0.200
Maltose 0.390
Fructose 0.120
Sucrose 0.157
Lactose 0.130

0.000 0.237
3.200 1.700
4340 1.440
6.260 0.447
2.120 0343
1.620 0.190

Table 3. Effects of glucose concentration on cell growth and polysaccharides production.

Productivity[g/ ¢, dry marter]

Carbon source[ 1%, w/v ] Dry cell weight[g/? ]

Water—soluble polysaccharide

Cell-bound polysaccharide

0 0.180 0.00 0237

1 0.200 0.20 1.700

2 0.253 1057 1.451

3 0.341 1198 1310

5 0321 13.85 1310

7 0.373 401 1,240
©f <§&-& Table 30| »mmggq TAE AxY .
(0.5% peptone) & AH&-3ted glucosed] HE & el
s A, B 55, F C/N ratioo] uld £ 3
ko] polysaccharide®] 4te]l Zvishoict. =& 3z oo £
glucose®] 557} 5% o]AboA= 238 polysac- ;E , 1.3
charide ] Atago] Zhisle AL Bo Ba Y £3 E
HA%E ZA7h FsHdon, ot YHEE of4 =
9] eba e polysaccharide AAbe- A #igcts o} 2 Lo &
& Ruge dAse AAE dehlddh2l). & ol , ' ' L 3
H, glucosed] T F7}2 <ol polysaccharide?] 00 02 04 06 08 10 12

Aakede F7kstgl oy CBP Ajabeke] Zrtebe o
A3kA] egstth. & =olMe ol 84e] g CBP
o] FEAA F48E 71, CBPAAb 7”{}57& 1
%9 glucosed 7|A= "}04 Agstch.

AFSAMALEXIOIR} (Flask Q)

Fig. 42 %€] polysaccharide 42211z} 2 4] 9
bioting AF&3slgE 79, flask ufekel A —b‘]
CBPo| Aatae] 34 78S & 5 Ao o
cell?] A2 r}= polysaccharided] AJAkdl] 21_71]
e e AL o4 4 99deh o] uronic acidE

o] 531 )& polysaccharide?) %%, COOH
carrier 2 biotino| polysaccharide2] F4te] o3t
03301:2. u)x= 7o _7_-_5]1;].

3k CBPS] 2|c) 443 cigo] WSPe| 448

Concentration[mg/¢ ]

Fig. 4. Effects of biotin concentration on cell
growth and polysaccharide production in
flask culture, incubated at 30C for 144hr,
pH 7.8(—0O— Water-soluble polysaccha-
ride, —@— cell -bound polysaccharide,
—{J— Dry cell weight, ).

F7FA717) 98, AE2e} §%g vXE MnSO,
ampicillin, surfactant® 22+ F7}5 A3+ MnSO,
2] A9+ polysaccharide?] QiR th= A E e A}
ol o BE 9e 0)0¢ & & dsdoH(Fig. 5).
283 polysaccharide *ﬁ*% #g ampicillind}
surfactant®] 24 sx & zb2t 0.6mg/¢, 0.4mg//
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cell growth[g/2, dry weight]

Polysaccharide production and

Concentration[ uM ]

Fig. 5. Effects of MnSO, concentration on cell
growth and polysaccharide production in
flask culture, incubated at 30°C for 144hr,
pH 7.8(—C— Water-soluble polysaccha-
ride, —@— cell-bound polysaccharide,
—[J—Dry cell weight).

4

[g/¢, dry weight]

e

Polysaccharide production

i

T T T T
0.0 0.2 04 0.6 08 10
Concentration{ mg/¢ ]

Fig. 6. Effect of ampicillin and surfactant concen-
tration on water soluble polysaccharide
production in flask culture, incubated at
30°C for 144hr, pH 7.8. Ampicillin and sur-
factant were added after 48hr incubation
(—@— Ampicillin, —O— Tween 80).

o|t}(Fig. 6). Ampicillin® surfactant= AT A
A AAAel d8E u|xz] %A 8] ¢5te] 4847
wfeFsled AZ A £ Adrlsigic). olabn e "3
ALZ 29Iz} ol 4] surfactant—- H7bstd e AL
74 ge %9 po ysacchamdea AAabstol o, of
+ surfactant2 4] A}4-% tween 800 B]o|-2A A

2 % 754¢ %7}"]74 A F74A171H, am-

picillin® 9% gram negative bacteriad] & 33
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Fig. 7. Time courses of polysaccharide produc-
tion, cell growth, viscosity, pH, and glucose
concentraton in the fermentor culture. The
fermentation was conducted at 30°C. Dis-
solved oxygen was roughly at 2.0ppm(—O
— Dry weight of WSP, —@— Dry weight
of CBP, —A— Dry cell weight, —r—
Concentration of glucose, —M— Apparent
viscosity, —{— pH).

o2 243 polysaccharide®] AJate] Z7}% 7o
2 2tEsch. 2817 MnS0,9) 72 oﬂL xﬂi ot
A& 75 o843t polysaccharided) HAe Z7}A)
2 EA o2 Algstedont celld °“’P° <7 }*]?]E
e o drk(22).

HEMD Polysaccharide®| A4AH Fermentor
)

1% glucosed Bt4-YUo 2 fermentor wjoke 3}
A o MEAAI polysaccharide #Atekzle]
AE Fig. 7o detuiglct. o] Zs 714 glucose
© 48A|Zkl A T2A1TE Abelo] Ao} mAtEglow,
A ¥ 7)ol A of 4" 7247 o] R
B= S7FsHA] 949k, polysaccharide®] AjAke F
o 43} FAld Aztsol, WSPe] A 7|4l
o} 5] sl 144x]7y;}z] 9.1g/¢ 135 A= S
ot CBPY Afele FAZAH 2 AaAxs} A
o Zgted, 132*]7‘}"1] 2.5g/¢ AAr=ESiT). Vis
cosity 9] A3 3 36412 Aerta] F4g
7 Bl ¥, 1477 A e gt 571 By
o} o]2dt viscosity ] Al&AQl Zrle B o7
el Sl 238 vl 4ol shis) e
7}, polymer2] ¥, short-chainS9) A £9 o
ol ZlasEE Ao AL "ch(20). £3F viscosity
T 144417 o] %ol 25 Hastded, o)7L pro-

= 02 0
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tease, A-galactosidase, B-glucosidase 52 &4}
ekt ol EH7] @i Aoz Asdn.

ER

doko 2 8B polysaccharided AAtshs Ald&
2)ste] 548 A7 Zoogloea sp.(KCCM 10036)
sz om, o] okl Zoogloea sp.= A= ot
FEF diFal 449937 (WSP)eh HlE
F3F5F(CBP)E Aol Aatsie] Ag7hA] 2
g B8 ogEge g2 oS Bydd o
Z WSPE (A8 A7 wjofde) A5do 25 H
acetone AAHl <& £ej3i9dx, CBP= I
Z2E acetone % cetylpyridinium chloride 2]
o es) Lelstsich WSPs} CBP: B g
grostgd o, o) & CBP7} Bl &2 ol g
£< vehgie. WSPE ohsk A4bslr] g #A
el 9L fructoseds, CBPY #A$-+= glucosedd
t}. Polysaccharide A4F&#1¢l2}2 biotin, ampicil-
lin, 281 surfactant® ztztk wiz|d AHrletd s
Ao ztztel w7} 0.2mg/l, 0.6mg/f, 0.4mg/l
ol o] Aateko] 74t =2 ghe Btk 1% 9 glu
cosed B4 Yo E &tod fermentor wiok3dlslg o,
9.1g/0 °) WSPe} 2.5¢/0 & CBP7} AJ4rs|sict.
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